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Abstract. This paper is the first to empirically examine tlesidents' willingness to pay for on-
street parking permits as well as the cost of orgisising an identification methodology based
on house prices for Amsterdam. The average cosrws$ing is €1.30 per day. The average
residents’ willingness to pay for a parking permit€8 per day. Further, we show that the

introduction of paid parking in a neighborhood @ases house prices in this neighbourhood.



1. Introduction
In the literature on the economics of on-streekipgr, parking policy has received substantial
attention (Vickrey, 1969; Arnott et al., 1991; Vedi et al., 1995Borger and Wuyts, 200 Rroost
and van Dender, 2008). A general conclusion is thaen heterogeneity of demand for on-street
parking, it is welfare improving to impose parkitagiffs. Furthermore, these tariffs must be the
same for different users of parking spaces. Initiellowever, parking policies discriminate
between residents and non-residents. In largescitesidents frequently have access to parking
permits which allow them to park at a fraction bk tparking tariffs faced by other users.
Economic theory suggests therefore that this pohdl generally induce large inefficiencies.
There are exceptions, of course. The main exceiarinen the residents’ willingness to pay for
parking exceeds the on-street parking tariff. Thars type of policy may be justified. So, the
first motivation of the current paper is to estim#te residents' willingness to pay for parking
permits and to compare this measure to the ontgiegking tariff.

In the literature the importance ofuising for on-street parking has come to the fore
(e.g., Glazer and Niskanen, 1992; Calthrop, 200Zjekson and De Palma, 2004; Arnott and
Inci, 2006; Shoup, 2005, 2006). It is generallyidadd that in downtown areas in large cities,
due to underpricing of parking space, cruisingdarking implies substantial welfare losses. As
emphasised by Arnott and Inci (2006), traffic expelo not know what proportion of cars on the
downside city streets are cruising for parkingh@ligh studies such as Shoup (2005) suggest that
the average share of traffic cruising for parkiag30 percent and the average cruising time just
under 8 minutes. Cruising involves costs not ordgduse of additional cruising time, but also
because of additional walking time to the pointdefstination (Arnott and Rowse, 1999). In
addition, cruising creates uncertainty about thialttravel time, which is known to create
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additional costs (e.g., Small et al., 2005). Althloucruising is key to this literature, there are no
empirical estimates of the costs associated wiilsitcry. Therefore, the second motivation of this
paper is to estimate the residents' costs foriagifer parking*

In order to identify the residents' willingnesspay for parking permits as well as the
residents’ cost of cruising, we use a combinatibmethodological steps. First, we focus on
capitalisation of residential parking charactecst(in particular, private parking spaces) into
house prices Although the use of house prices as an identifinastrategy is obvious for
economists, the empirical parking literature igsotéis strategy completefy.Second, we
employ area fixed effects estimation techniques. By includingetl effects, we control for a
myriad of unobserved spatial factors that may deitee house prices, including local congestion
and the number of on-street parking lots. Although application of area fixed effects is
standard in the hedonic house price literatureemploy areas that are much smaller than usual,
which makes the identification strategy more coowig. In our sample, the average distance
between houses within the same area is only 28emethird, we make use of the institutional
environment of Amsterdam, where the large majasftyesidents (91 percent in our sample) do
not have private parking and may have to cruisepfimking places near their residence. We
make use of the observation that owners of resgkendth private parking places do not have to
cruise, thus employing information about privatekpay allows us to estimate the residents' cost
of cruising. Fourth, in Amsterdam, about most restd live in paid-parking districts (70 percent

in our sample) and about one out of four residemtthese districts has to wait for parking

!In the current paper, we focus on the private sco$tcruising. However, cruising may also induce
additional congestion, noise, stench, dust pagialed C@-emission and therefore will increase societal
costs of travel. These external costsra@ncluded in the estimates.
% |In a range of empirical hedonic housing price nedie presence of private parking is included, bu
exact interpretation of the estimated effects rmgeof cruising costs etc is not possible (e.gv&ison,
2004; Goodman and Tibodeau, 2003).
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permits. The average waiting time is more thanelyears. We are able to derive the residents'
willingness to pay for parking permits using inf@tion about the private parking spaces in
areas with waiting lists for parking permits, whimte capitalised into house prices.

The outline of the paper is as follows. In Secttrwe shortly discuss the relationship of
our empirical paper with the theoretical literatuhe Section 3, we describe the institutional
parking environment for Amsterdam. Then we intraube methodology to identify the
residents' cost of cruising for parking, as welltlas willingness to pay for on-street parking
permits in Section 4. Furthermore, we discuss tom@metric methodology to identify the effect
of changes in parking policy on changes in hougeegr In Section 5, we discuss the data and in
Section 6 the empirical results of the estimatedohé price models. Section 7 concludes our

paper.

2. Literature

The setting of our empirical study that focusesresidents' parking in Amsterdam is closely
related to essentially all theoretical studies eoning on-street parking (e.g. Vickrey, 1969;
Verhoef et al., 1995). These studies universaltpmemend the use of parking tariffs. We aim to
examine the effect of parking tariffs on house gsicwhich helps us to examine the welfare
implications for residents.

We will limit our discussion of cruising to studi@gich focus exclusively on cruising
(Arnott and Inci, 2006; Anderson and de Palma, 20B#nott and Inci (2006) assume an urban
area where on-street parking may, or may not, bg &aturated. Parking duration per trip is
fixed. They then focus on optimal parking policyhem the government may not use a
congestion toll, but may levy a parking fee and rdatermine the number of on-street parking
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lots (these assumptions are in line with the simafor Amsterdam). Cruising for parking is
shown to be pure deadweight loss. The optimal pahaplies that the parking fee should be
raised to the point where cruising for parking ustjeliminated and the number of on-street
parking spaces must be chosen such that the paf&mgquals the congestion externality.
Although one may argue that this result only haldsler a number of potentially restrictive
assumptions (e.g., it is not clear whether theratitn assumption is too restrictive), the key
message is important for our study, because iti@aghat the deadweight loss of cruising for
residents is equal to the residents' private dostussing identified in the current paper.

Anderson and de Palma (2004) also analysed theoetos of cruising but explicitly
model the expected number of parking spots searbbéate finding a vacant one. Hence, the
costs of search are a function of the (endogenaletlyrmined) parking vacancy rate. They show
that the market equilibrium with unpriced parkigslis socially inefficient, because the vacancy
rate is too low. This result is consistent withngport engineers who advice a vacancy rate of
about 10 to 20 per cent in order to avoid cruigiBboup, 2005). In this model, welfare can be
improved by local governments by setting an optipatking tariff. This result is relevant,
because in Amsterdam, parking tariffs are substhimimost locations. However, in particular in
the evening, demand for parking is dominated bidesds with parking permits who return from
work and as a consequence, parking vacancy ratesaumy streets are close to zero after 7 p.m.
until early morning

In the literature on the economics of parking, shedy by Glazer and Niskanen (1992)
suggests that the use pdirking permitsin addition to gparking fees per unit of timenay be
welfare improving. Using a partial model, Glazed ddiskanen (1992) demonstrate that when
congestion is untolled, a higher parking tapifr unit of timemay not substitute for a congestion
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toll, because it induces additional demand for p@rkand can therefore increase traffic
congestion. In contrast, a positikanp-sumparking tariff may substitute for a congestion tol

and therefore increase welfare, as the demanddiding as well as the demand for travel will

fall. This result may be relevant in the contextedidential on-street parking pricing, as it gives
some justification for the use of residential pagkpermits that will indeed reduce the demand
for parking as well as the demand for car trdvéle emphasise that in most cities, including
Amsterdam, parking permits are essentially provittedfree. Hence, the study by Glazer and

Niskanen (1992) suggests that the price of pargergnits should be increased.

3. Parking policy in Amsterdam

Parking environments policies strongly differ betwecities (and countries), so we will shortly
describe the relevant characteristics for parking\insterdand. Private residential parking (as
well as parking through parking lot operators)xs@mely limited: only 9 percent of residences
have a private parking spot (also the capacityrofape parking lot operators is a small fraction
of the number of residences), whereas 79 percerst aleast one carso the large majority of
residents rely on on-street car parking. About &cent of residences are located in areas with
paid-parking. In these areas, residents can apmplypfarking permits that are essentially
(subsidised) lump-sum parking fees. Residents'ipgrgermit fees are maximally € 0.80 per

day. On-street parking tariffs are substantial émerage, € 2.20 per hour), but there are no

% Note that given the assumption that the residgmatting time is given, which may be a reasonable
assumption, then a parking permit and a parkingpgreunit of time are equivalent, and the resujts b
Glazer and Niskanen (1992) do not apply.
* We use data on owned residences for AmsterdanoBaliscussion refers to owners of residences in
Amsterdam, except when stated otherwise.
® This statistic has been calculated using a ndtiboasing demand survey that includes information
about car ownership (Dutch Housing Survey, 2002).
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congestion toll§. In contrast to many other cities in the world (d.gndon, Paris), there are
essentially no permit-only parking areas, so alstreet parking space is available to all users
(non-residents, residents with parking permitsidexgs without parking permits). As a result,
residents with permits still have to cruise forkiag lots (except those with private parkirg).

One important, but possibly unusual, characterwtihe parking policy in Amsterdam is
that in areas with paid-parking, on-street parkpgrmits are only offered to households
occupying residences without private parking. Femtiore, any household may maximally
receiveone permit(with the exception of a few small areas wheresebwolds do not receive any
parking permit and one small area where householag receive two parking permits). The
parking permit is valid only in the area directlyr®unding the residence, so the permit is used
for residence parking and seldom for other purpésgs commuter parking).

Finally, it is important to understand the condiBdor obtaining a parking permit. First,
obtaining a permit requires one to have a regidtadgress in the neighbourhood for which the
permit is issued. Second, applying for a permituneg one to own a car; this condition will
prove very important in the invitations of the riésuater on. Third, about 25 percent of the
residences in paid parking areas are located ssambhere there is a waiting list for obtaining a

parking permit with an average duration of morentBayears. The number of households on a

® On-street parking charges are high compared teeiteof the world. In fact, only in London are kiag
charges higher.
" We have employed the Dutch Housing Survey (WB@22Qo derive that 62 percent of households
own one car, 16 percent own two or more cars, vasegl percent do not own a car. For the whole
population (including renters), ownership of carsAimsterdam is comparable to other European cities
such as London, Berlin, and Paris (about 300 carshpusand inhabitants).
8 The Amsterdam parking policy seems to imply thaif an efficiency perspective the share of resilent
with one car will be too high. Given the structwfeparking tariffs, one may expect that the shdre o
households with two cars in Amsterdam is less tbap may expect based on characteristics of
households. This has been supported by empiriddé¢eve.
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waiting-list is estimated to be about 30 percenth& number of households with a parking

permit obtained after waiting.

4. Identification methodology
In the current paper, we aim to ident(fy the residents’ costs of cruising for parking érdthe
residents’ willingness to pay for on-street parkpegmits using a hedonic house price estimation
procedure. We make standard assumptions abouwtsngy market (Rosen, 1974). Hence, we
assume a perfectly competitive housing market migimy buyers and sellers, where a continuum
of house and environmental attributes are availdblerder to estimate the cost of cruising and
the willingness to pay for on-street parking pesmite will focus on the pricing of one specific
housing attribute: privateff-street parking space

To simplify the exposition, we will assume that Wwave data about houses that are in
exactly the same location and are identical extmpthe presence of off-street parking spHce.
Owners of houses that are at the same locationefeaetly the same external conditions relevant
for car use (the number of on-street parking spaeas the residence, the level of congestion,
on-street parking tariffs), so differences in hopgees only reflect differences in the presence of

(off-street) parking space.

4.1 The costs of cruising
The basic idea we aim to exploit to identify thestcof cruising is that residents who own a
parking lot (and use it for parking, and not fohet purposes) do not have to cruise, whereas

residents without private parking (who have a pagkpermit) may have to cruise for on-street

° This has been estimated based on the ratio afeesé duration and waiting time duration.
Y E g., imagine two apartments in the same building one of the apartments has a private parking |
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parking. To identify the cruising costs, one hasale into account: (i) demand for parking lots
other than demand faar parking, (ii) the cost and availability of parkipgrmits, (iii) physical
differences between offstreet and on-street parlotgy and (iv) differences in preferences for
on-street or off-street parking.

First, we have to take into account that resideray have a demand for off-street parking
space that is unrelated ¢ar parking. This is particularly so in areas wherestreet parking is
for free and there is sufficient on-street parkiag,demand for parking is never saturated. In
these areas, residents' private parking lots aeguéntlynot used for car parking, but for other
purposes (e.g. storage, playfield for children)evaas the residents' cars are parked on-street
(usually in front of the house). Therefore, we amly onhouses in areas with on-street paid
parking In these areas, private parking lots will seldptné used for other purposes than car
parking, because on-street parking charges ardaguiad (recall that households of residences
with private parking do not have access to parlgagnits) which makes it extremely unlikely
that households will use their parking lot for athetivities than for parking.

Second, one has to take into account the fee ®pé#rking permit. It turns out however
that for Amsterdam these fees are small, so, for, et us assume that parking permit fees are
absent? In addition, it must be guaranteed that theredsfficient number of permits available.
In certain areas of Amsterdam, there are waitistg for parking permits. We will take this into
account by controlling for the length of the wadfihst (as well as using interaction terms for
waiting lists and parking places).

Third, we have to take into account that on-stpagking lots differ from offstreet parking

lots in terms of size as well as in protectiontd tar. So we will control for different types type

™ In our application, we will take these fees, which indeed small, into account.



of off-street parking lot (e.g. type of garage) dodus on off-street private parking lots that are
outside(and therefore do not rely on any parking consiong. *Fourth, we have to assume that
in the absence of cruisingesidents are indifferent between off-street idetparking and on-
street parking in front of their residence.et us be more precise about this. Given heterigen
of households, it is plausible that some househeldgrefer off-street parking (e.g., those with
expensive cars), whereas other households willepreh-street parking (e.g., those who may
make many trips per day). Households with a prefeefor off-street parking will then sort
themselves into houses with off-street parkinggda

Given these conditions (parking lots are only us®dcar parking, no parking permit
fees, permits are freely available, standardisedkimpg lots) and one additional assumption
(indifference between on-street parking in front their residence and off-street parking),
households will be indifferent between on-streetl §orivate) outside off-street parkiranly
when it is guaranteed that the on-street parkingifofront of their residence is vacanthe
latter condition will only be satisfied given thibsence of cruisingdence,given the presence of
cruising, households will prefer private outsidd-sifeet parking, and the monetary value
attached to (not) having to cruise will capitalisethe house price.

In terms of econometric specification, this implibat we must focus on outside private
parking lots. We are mainly interested in the dffe#fqprivate outside off-street parking on house
prices when the residence is in a paid-parking,dreather words, in the interaction between

outside private parking and the presence of parkipg Recall that we have assumed that we

2 Note, however, that our results indicate thatrema with paid parking the economic value of agigv
parking space is the same for outside parkingdst®r garages, indicating that when parking spaoes
used for car parking, residents are rather indiffebetween the type of parking implying that colting
for different types is not essential.
'3 The indifference assumption implies that theraligays at least one vacant on-street parking spot a
negligible walking distance of the residence.

10



have data on houses which are at the same locatibre identical except for the presence of a
parking space. In this case, the effect of theratt#on variable of outside off-street parking with

paid-parking captures the households' costs oioifor parking (near the residené@).

4.2 The residents' willingness to pay for on-stpgaking permits

In the current paper, we also aim to identify theidents’ willingness to pay for on-street parking
permits'® In paid-parking areas of Amsterdam, residents auittoff-street parking lots have the
right to buy one on-street parking permit, but ome areas, the number of parking permits
supplied by the local government does not meetémand for permits. The number of parking
permits is district-specific and parking districtse a waiting list leading to waiting times which
vary by district® Now suppose we have information about two resiégrat the same location.
The household of one residence has to wait a oetitae before obtaining the parking permit,
whereas the household of the other residence dutdsane to wait as it owns a private parking
lot. In this situation, the former household (whmed not have a parking permit) has to pay the
same on-street parking fees as other users or mskef alternatives (such as parking at the
edge of the cities where paid parking is absemtyse commercial off-street parking operators.

Identification of the residents' willingness to pay on-street parking permits is now possible

4 Arguably, the assumption that the marginal housetindifferent between parking in front of their
residence or off-street is restrictive. Note tleg theoretical literature on the decision betweeistoeet
and off-street (commercial) parking either assurtiest (conditional on cruising) car drivers are
indifferent (e.g. Arnott., 2006) or assumes thaiveis prefer on-street parking (Calthrop, 2001),
suggesting that our estimates of cruising are coatee (too low).
> In the current paper, we ignore renters, who atgest to the same parking policy as owners. As
renters typically have below-average incomes, plé@uisible that the willingness to pay for parking
renters is less than that of owners.
6 Households may only join a parking permit waitlisg (that is specific to their residence regioren
they have moved to regions in Amsterdam with aingiist. Under specific circumstances, resideng t
are on a waiting list and move to another regioth\&iwaiting list, may use their elapsed waitimgetito
get a higher position on the waiting list.
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because, in areas with queues, the utility dertellaving a parking lot, and not having to wait
for a parking permit, is capitalised into housecesi We have calculated the costs for parking
only in the evenings and during the weekend insarggh waiting lists. Theaverage dailycost

of on-street parking is € 20, so parking on theedtcan thus becomes an extremely costly matter

for residential parking.

4.3 Unobserved spatial heterogeneity

In the estimation approaches discussed above, aisé pay much more attention than usual to

unobserved spatial heterogeneity, because theergsidvalue derived from private as well as on-

street parking depends much more on local circumstathan most other characteristics that are
relevant to households (e.g., the size of the Holree example, it is not uncommon that in one

street the number of parking places is saturatdtereas a few blocks further a number of

parking places is vacant. In this situation, thinested effect of private parking on house prices

might be inconsistent due to omitted variable bvasen it is not taken into account that houses
are located in different streets.

In an ideal setting, as discussed above, one wikddo have information about houses
that are all inexactlythe same geographical location (on top of eachrpguch as apartments).
In this extreme situation, unobserved spatial logiemeity can be ignored. We will see that our
empirical approach comes close to this ideal ggttime use an area fixed-effects estimation

approach, where the average distance between heitkeésthe same area is only 28 metres.
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5 Data, descriptives and econometric methodology

The main aim of our paper is estimating the regglenillingness to pay for certain parking

characteristics. This essentially entails attachangonetary value to the marginal utility that
residents derive from these characteristics. Oupigral approach is estimating a hedonic
housing pricing function, in which the specific fie@es of parking are included in the regression
as well as a large number of housing, spatial amkiipg policy characteristics.

Information about house prices is provided by thech association of real estate agents,
NVM (see Gautier et al., 2009, for a similar apglion). In Amsterdam, the NVM is involved in
approximately 90 percent of all housing transadiohhe original dataset received by NVM
contains 29,606 housing transactions that tookepteatween January 2004 and December 2008.
In Amsterdam, there are about 90,000 (owned) howse®ur dataset contains approximately
one third of all housing stock.

We know theexactlocation of each house (the street and house mynalpel a large
number of detailed housing attributes (e.g. gardie&,number of rooms). Importantly for the
current paper, a distinction is made between fiyges of private parking spaces: aatside
parking spot, a carport, a garage (for one eacjpmbined carport and garage (for two cars), and
a large garage (for two cars).

We do not have information about the size of théside parking spot, so we do not
know the number of cars that can be parked onsti$. Fortunately, this lack of information is
not problematic, because in the relevant areasoaesfon, outside parking spots are seldomly
large enough to contain more than one car, exaaptafsmall proportion of single-family

dwellings. To guarantee that the outside parking spntains only one car, we exclude single-

" A carport is usually attached to a house, witbaf,rbut not fully enclosed by walls. A garage tiyf
enclosed by walls.
13



family dwellings. We also exclude observations #&t extreme outlier$. The analysis is based
on 24,804 observations. The average house pri€@3d,159.

In the Netherlands, the most detailed administeatigighbourhood unit is defined by the
6-digit zip code. Six digit zip code areas are $ymahd in Amsterdam typically include 12
residences (that are on the same side of one)stfdet average distance between howsdsn
a zip code area is only 28 metres, whereas onlgréept of the observations are within an area
for which the average distance is more than hundnettes. In our sample, we distinguish
between 6,241 areas, so the mean number of obeawvaer area is about 4.

In the analysis, we apply area fixed effects, bbguably even within these small areas,
spatial variation in house prices may occur, beeafsvariation in closeness to the city centre
and in local environmental characteristics sucme@ise and other amenities. Hence, we also
control for distance to the city centre, the near@évay station and the nearest highway ramp.

Because it is fundamental to our identificatiorattgy that we control for unobserved
spatial heterogeneity, we have re-estimated alletsoselecting only observations for which the
average distance between houses of the same ateasighan hundred metres. Given this
selection, the average distance between houség giime area is only 22 metres. As the results
with the selected observations are identical toothginal sample with all observations, we only
report the results based on the original sample.

From several offices of the municipality of Amstand, we have obtained information
about parking tariffs by neighbourhood, as wellrdsrmation regarding the (expected) length of

waiting-lists for parking permits. Parking tariféexd waiting times vary per year and per area.

8 More specifically, all housing with a price of $ethan €30,000 or more than €4,000,000, with a
housing area below 20 square metres or with mane 10 rooms are excluded. Further, a-typical tyjfes
accommodations, such as houseboats, are exclumladtie sample.
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The average parking tariff is € 2.30 per hour. @kerage waiting time for obtaining a parking
permit is 39 months. Waiting times are not admiaiste data that are obligatory to collect, but
are derived by us based on information using a aoaibn of measures (e.g., recent waiting
times, number of parking permits issued over aagerperiod combined with number of
households waiting). Waiting time is therefore nueed with substantial measurement error,
whereas at the same time changes in waiting ligtsganerally small. To avoid identification
based on measurement errors in changes in waitimggt we will not use the exact waiting time
but employ only a dummy indicator of the presenta ovaiting list'® Later on we will also
distinguish between areas with short waiting l{gss than 1 year) and areas with long waiting
lists (between 1 and 5 yeaf8)About 37 percent of residences in paid parkingsuae located
in an area with a waiting list for parking permits.

Table 1 provides basic information about the awerhguse price, the percentage of
residences in a waiting-list area and the percentafgresidences with private parking. It
indicates that all residences in areas with a lyoparking tariff that exceeds € 3.50 and 17
percent of residences in areas with lower tarifes satuated in a waiting list area (areas without
paid-parking do not have waiting-lists as no pagkipermit is required here for on-street
parking). The table also shows that 9.7 percerdllofesidences have a private parking space,

and 3.2 percent an outside parking spot.

' For a small number of observations, the waitimgtis less than 4 weeks. We assume that the waiting
time for these observations is zero.
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6. Empirical results
6.1 Main results
Table 2 provides the results of the fixed effeatsldnic price analysis. In addition to area-
specific parking characteristics specific for thheaa(low and high parking tariffs, presence of
waiting list for parking permit) and the presendea@rivate parking space, we include a large
number of controls specific to the residence. Welsise that we allow the estimated effects of
the parking lots to depend on whether the residenoaly in a paid-parking area or whether the
residence is also in an area with a waiting-listdermits. The reported standard errors allow for
clustering based on area in line with Moulton (1990

Our first main result is that in areas with paaiHpng, an outside parking spot increases
the house price by 6.8 percent (see column (1)ainlel2). The second main result is that if the
house is also located in a waiting-list-area, ttienpresence of an outside parking spot increases
the house price by an additional 5.7 peréérthe third main result is that the introduction of
paid-parking reduces house prices by 3.7 percentthere is no difference between the effects
of low or high parking tariffs. Note that duringetiperiod of observation, parking tariffs have
never decreased, so the effect of the low parkangf tcan be interpreted as the effect of the
introduction of paid-parking. The fourth main reassl that the introduction of a waiting-list for
parking permits seems to reduce house prices (iim @stimate is -1.7 percent), but the effect is
statistically insignificant. Note that the lattdfeet is entirely identified using changes overdim
in the presence of waiting lists, so it is likelyat we will need a longer period with more

pronounced changes in the waiting lists to iderthfg effect appropriately.

L Thus, the total increase in the house price fooaiside parking spot in a waiting-list area is512.
percent. It is important to realize that these ltesare average effects, so these percentages amgy v
through the city.
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The first main result allows us to derive the aoistruising for parking. Recall that the
cost of cruising for parking can be derived frone @ffect of an outside parking spot on the
house price in a paid-parking area, which is 6:18q#& of the house price. The average housing
price in a paid-parking area is € 279,593, implyihgt the capitalised cruising cost is € 19,012.
Interpretation of this measure is not so straigitéod, so we prefer to have a measure for the
daily cruising costs. To estimate these costs, llageto assume a discount rate and take into
account that the mortgage interest expenses faitguis deductible from labour income in the
Netherlands. Assuming a 50 percent marginal incemeaté” and a 5 percent discount rate, the
annual cruising cost is € 473, implying a dailyismg cost of € 1.30. This cost entails the time
cost of searching for the parking spot, walkingejnand the cost of uncertainty involved in
searching the spot. As this is the first study gasure this cost, we cannot benchmark this result
by comparing it to other studies, but this resakms reasonable to us. For example, let us
assume that the resident’s value of travel timeloing uncertainty) ranges from € 10 to € 20
per hour. Then, the average implied cruising tirmegay is 4 to 8 minutes, in line with Shoup
(2005).

Recall that the results by Arnott and Inci (200@)ply that the deadweight loss of
cruising is equal to the residents' private crgsinst. Household income of home owners in the
paid-parking area of Amsterdam is about € 70,000ypar, indicating that the deadweight loss
for cruising is 0.7 percent of income. Clearly, tbgs of cruising is substantial.

To estimate the households' willingness to payparking permits, we focus on the

second main result which shows that an outsideipgudpot increases the house price by an

2 |n the Netherlands, for owners of housing, theeetevo marginal income tax levels. The 52 percent
level applies to annual incomes exceeding € 54,The 42-percent-level applies to annual incomes
ranging from € 17,878 to € 54,775.
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additional 5.7 percent for residences in waitirgg-kreas. In these areas, the average housing
price is € 321,324. Hence, the capitalised houskshalillingness to pay for a private (outside)
parking lot to avoid waiting for a parking pernst€ 20,156. Again we have to take into account
that mortgage interest payments are tax-deducsbléhe capitalised willingness to pay (given a
50 percent marginal income tax rate) implies a eath € 10,078. Again, we find it more
convenient to have a measure per day. The averagmgvtime is 1,170 days (39 months), so
the households' average willingness to pay to iniately receive a parking permit is € 8.55 per
day.

The households' willingness to pay for a parkingrpefar exceeds the parking permit
tariff (which is less than € 0.80 per day), suggestinefficient use of parking space.
Furthermore, the households' willingness to pamighlower than the daily on-street parking
tariff, which is on average € 20 with a minimum ©f12 (these parking tariffs have been
calculated given the assumption that during weekdagly evening parking is required,
otherwise the weekly cost would be substantiallghki)?®* This makes it plausible that the
willingness to pay for the parking permit is nobae-to-one function of the on street parking
tariff, but measures the willingness to pay forkpag given the alternative choices available to
households to avoid on street parking close tadk&lence (e.g. parking in the periphery of the
city, parking with private operator garages, notihg a car}*

We are in deriving some other welfare implicatiahshe Amsterdam parking policy. In

many downtown areas, it is common to observe tmatimplicit) price for on-street parking is

% Note that if the households' willingness to pagesds the parking tariff, then the willingness &y as
measured by us/ould be equal to the parking tariff and waitiray the parking permit would have no
behavioural consequences.
# In order to register for the waiting list houset®imust have a car. It is plausible however thatyma
households register their car when buying propanty then sell the car.
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muchlower for residents than for non-residents. Oraigible explanation is that residents have
voting power and therefore impose a parking tasifficture that favours residents. It may be
thought that residents will favour higher on-streatking tariffs if sufficient parking permits are
issued, as this reduces demand for parking, anmdftire decreases residents' cruising costs. This
will certainly be true if parking tariffs also dease congestion and residents ignore the negative
impact on visitors. In Amsterdam however, resideateive maximally one parking permit, so
residents with a demand for (more than) two cagg,(ewvo-earner households) are more likely to
preferlower on-street charges (if they ignore the revenuecetieparking policy).

Total tax revenues from parking policy in Amsterdamount to € 131 million, about €
570 per residence (in paid parking areas). Letsssirae that the revenues of the paid parking
policies as measured by uare not capitalised into house prices. This assumption ey
appropriate because parking charges for Amsterdansteeet-specificwhereas revenues are
effectively used per parking district, so increaseshe local parking tariff of a certain street
have negligible influence on any reductions in ldeaes in the street (see, Shoup, 2004, who
argues for such a local tax system, where revefnaeslocal parking tariffs are recycled to local
residents).

Based on our estimates, paid-parking reduces hguysioes by approximately 4 percent.
Recall that we use area fixed effects, and thd lefvearking tariffs is the same within each area.
Hence, the effect of paid parking is identifiedngsidifferences over time. It is plausible that
changes in local parking tariff can be considergdgenous with anticipated local changes in
house prices, so the identified effect can be meted as causal.The average housing price in

paid-parking areas is approximately € 280,000, hso reduction is about € 11,200, which is

% Changes in parking tariffs are usually announdeoutitwo months before the actual change takes
place (so in November the is announced, and inalgrar February the change takes place).
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equivalent to an annual loss of € 280 per housefmiegn a discount rate of 5 percent and a
mortgage reduction of 50 percent). Thus, for homsaeers, the direct loss (ignoring revenues)
caused by paid-parking is € 280 per year. Hendgjriplies a net welfare gain of roughly € 300
per household as a result of parking policy.

Finally, as a side result, it appears that in are#isout paid parking, in line with the
discussion above, residents attach much less valpeivate parking than in case of paid on-
street parking, because residents will frequerglyble to park on the street for free. In addition,
it is important to note that, in case of paid-paggiresidents seem to be indifferent to owning an
outside parking spot, carport or a single garaggicating that the value of the parking space is
expressed exclusively through the added value &okipg, in line with our assumption that in

paid parking areas, residents use parking spaohsserely forcar parking.

6.2 Sensitivity analyses
The effect of parking tariffs (no, low tariff, higtariff) and waiting list is identified using a
difference-in-difference methodology. A standargecbon to such a strategy is that changes in
parking tariffs are correlated to changes in hqusees for reasons unknown to us. For example,
during the period of observation, paid parking basn introduced mainly at the edge of the city,
and it may be the case that house price incredsen® @&dge of the city were less than in the
centre for reasons unrelated to parking. To dedh whis criticism, we have included four
additional controls that interact the year of oliagon with the distance to the centre. The
results are presented in column (2) of Table 2.

Furthermore, one may object that our specificatiba large number of different types of
parking spaces is too flexible, in particular whes focus on the additional effect of the waiting
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list, because the number of observations per MVarigblimited. As a consequence, standard
errors are quite large, so interpretation of thmfpestimates may not be appropriate. We have
therefore estimated a third specification (see roolu3) of Table 2), where we restrict the
coefficients of parking spaces of identical sizébéoequal to each other. Essentially, the results
do not change.

We have re-estimated specification (3) distingunghbetween short (less than one year)
and long (more than one year) waiting lists. Thesealts show that waiting lists shorter than one
year have no effect on the price (0.0002, with daac error equal to 0.0189), whereas the effect
of longer waiting lists is negative (-0.015), btill ;nsignificant (standard error 0.015). It appea
now that the additional effect of short waitingtdison single parking places is positive but
insignificant, whereas the additional effect ofdomaiting lists on single parking spaces is 0.056
(with a standard error of 0.018). So, it appeasprae would expect, that the additional effect of

0.46 of specification (3), is identified using longiting lists.

7. Conclusion

In the growing economic literature on downtown agk the importance of cruising, searching
for a parking spot, has come to the fore (e.g.,o&rand Inci, 2006). This paper is the first to
examine empirically the (private) cost of cruisifith be more precise, we focus on the cost of
cruising forresidentsin Amsterdam, the Netherlands. In most large itrethe world, parking
for residents is directly or indirectly subsidisedit policies largely differ in detail. In
Amsterdam, in large parts of the city, on-streakip@ lots are not for free: parking tariffs are

among the highest in the world. Despite these paytking tariffs, cruising for on-street parking
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spaces is still common in many areas of Amsterdageause many residents have access to
parking permits at a low price.

In the current paper, we have identified the resglecosts of cruising based on the
difference in selling prices of residences with anthout private parking places. Unobserved
heterogeneity is taken care of by using a arealfefect estimator. The average distance of
houses within the same area is only 28 metre. Wrodstrated that the costs of cruising
capitalise into housing prices. These costs ammatdd to be about € 1.30 per day.

In areas with paid parking, households that livehiat area, but only those that occupy
residences without private parking, may obtaieon-street parking permit (which can be used
in the neighbourhood of their residence). The ftéoif the residents' parking permit is much less
than the tariff for on-street parking space usedhayresidents who have to pay the same tariff
for parking as non-residents. In certain areasrak#&rdam, residents have to queue for on-street
parking permits with average waiting times of mtiran 3 years. We have demonstrated that the
costs of waiting for parking permits are capitadiseto housing prices, which allows us to derive
the residents' willingness to pay for on-streekimay permits (given the structure of on-street
parking tariffs set by the municipality). We demwate that the average residents' willingness to
pay for a parking permit is about € 8 per day wharhexceeds the parking permit's tariff, but far
below the on-street tariff (which is applicabler&sidents without a permit). This suggests large
efficiency losses of parking policy regarding tlee wf on-street parking lots. In particular, if the
on-street parking tariff is a good indicator of #a@nomic costs of parking, then this suggests
that the welfare costs due to the common policyoffer parking permits to residents are

substantial, in line with suggestions by theorétaanomists (see, for example, Arnott and Inci,
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2006) as well as numerical simulation models (Cafihet al., 2000; Proost and van Dender,
2008).

In Amsterdam, parking permits are essentially ated for free which induces a waiting-
list. An alternative way to allocate parking pemsniand likely economically more efficient,
would to introduce tradable parking permits. Irstbase, the municipality only has to decide the
total number of permits that will be distributed @mg residents. Residents are then free to trade
these permits (maybe only with other residents)a soarket in parking permits is created, with
corresponding market prices for permits. The maactical difficulty with trading systems is the
initial amount of permits to be distributed. Howgvm case of on-street parking permits, the
amount can be determined in a fairly objective waing information about the number of on

street parking spaces and the desirable parkingegaate (Anderson and De Palma, 2004).
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Table 1 Descriptives

Tariff=0 0 <Tariff<2.2 2.2 <Tariff<3.5 Tariff > 3.5 Total

Average transaction price 181,281 256,387 284,106 365,482 251,159
Number of observations 7,174 12,292 2,130 3,209 24,805
Residences in waiting-list areas (percent) 0.00 17.18 16.62 100.00 22.90
Private parking (percent) 13.81 7.95 7.37 8.53 9.67
Outside private parking (percent) 6.48 1.92 1.78 2.34 3.28
Garage (percent) 2.15 2.22 1.60 1.30 2.02
Carport (percent) 4.54 3.33 3.57 4.00 3.78
Carport and garage (percent) 0.18 0.20 0.14 0.22 0.19
Double garage (percent) 0.46 0.27 0.28 0.01 0.38
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Table 2. Hedonic House Price Analysis

(1) (2) (3)
Parking area characteristics

On-street parking (low tariff) -0.037 (0.010) -0.037 (0.012) -0.042 (0.009)
On-street parking (high tariff) -0.049 (0.022) -0.049 (0.022) -0.050 (0.027)
Waiting-list for parking permit -0.013 (0.016) -0.013 (0.016) -0.012 (0.015)
In paid parking areas

Parking spot (outside) 0.068 (0.012) 0.068 (0.012) 0.069 (0.012)
Carport 0.060 (0.010) 0.060 (0.010) 0.059 (0.010)
Garage 0.078 (0.014) 0.078 (0.014) 0.077 (0.013)
Carport and garage 0.102 (0.025) 0.102 (0.025) 0.091 (0.022)

Double garage

In paid parking areas with parking permit waiting-list

0.143 (0.030)

0.143 (0.029)

0.149 (0.026)

Parking spot (outside) 0.057 (0.029) 0.057 (0.029)

Carport 0.038 (0.019) 0.038 (0.019) 0.046 (0.017)
Garage 0.038 (0.029) 0.038 (0.029)

Carport and garage 0.040 (0.039) 0.040 (0.039)

Double garage 0.079 (0.057) 0.079 (0.057) 0.061 (0.040)
In areas without paid parking

Parking spot (outside) 0.000 (0.011) 0.000 (0.011) -0.001 (0.010)
Carport 0.027 (0.015) 0.027 (0.015) 0.016 (0.014)
Garage 0.024 (0.015) 0.023 (0.015) 0.024 (0.015)
Carport and garage 0.090 (0.030) 0.090 (0.030) 0.073 (0.037)
Double garage 0.099 (0.069) 0.099 (0.069) 0.091 (0.065)
Housing characteristics

log(inside square metres)) 0.742 (0.009) 0.742 (0.009) 0.741 (0.009)
Number of rooms 0.011 (0.002) 0.010 (0.002) 0.011 (0.002)
Central heating 0.051 (0.004) 0.051 (0.004) 0.050 (0.004)
Garden 0.031 (0.005) 0.031 (0.005) 0.033 (0.005)
Well maintained garden 0.046 (0.007) 0.044 (0.007) 0.047 (0.007)
Building period (10 dummies) yes yes yes
Housing type controls (e.g., apartment, flat) yes yes yes
Locational characteristics

Distance to CBD (100 m) 0.001 (0.001) 0.001 (0.001) 0.001 (0.002)
Nearest train station < 200 m 0.052 (0.046) 0.053 (0.042) 0.053 (0.042)
200 m < Nearest train station < 800 m 0.024 (0.017) 0.020 (0.016) 0.020 (0.016)
Nearest highway ramp <200 m 0.015 (0.044) 0.020 (0.043) 0.020 (0.043)
200 m < Nearest highway ramp < 800 m 0.026 (0.024) 0.025 (0.024) 0.025 (0.024)
Interaction terms between year and distance to CBD no yes yes
Year controls yes yes yes
Area controls yes yes yes
Number of areas 6,241 6,241 6,241
Number of observations 24,804 24,804 24,804

note: Robust standard errors allowing for area clustering are in parentheses
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