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ABSTRACT

As cities in developing countries struggle to cope with astrondrpimaulation growth that
threatens to eclipse infrastructure capacities and cripple eoonamd environmental
sustainability, many cities are turning to Bus Rapid Tra{®&fRT) to provide high capacity at a
low cost and attract drivers to buses. Also important to mode ciwiparking. This paper
examines parking supply, price, and policies in Curitiba, Brazil, tigghat model city for BRT.
The goal of this exploratory paper is to expand the current bodyecdture on Curitiba’s
transportation and land use connections and to bring attention to how pofpiagts parking,
and how parking influences mode choice. This paper provides a reviparlohg literature,
concluding that restricting parking reduces vehicle mode sharegiaesl examples of policies
other cities have implemented such as maximum parking allowahes, from interviews, this
paper explains the history of parking policy in Curitiba and exanfhe case studies to
determine how this has affected supply, demand, and price. The pspeoaipares this data
with socio-economic statistics and data on urban form. The restitiaisCuritiba adopted
minimum parking requirements similar to most U.S. cities, evengathe BRT lines. There is
high supply and in all five cases, and high demand where income and deadiighest. The
lessons from this paper are especially relevant to poor counttisgoaongestion and pollution
and seeking low-cost solutions and can help define what a modebciparfking management
would look like.
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INTRODUCTION

Cities in developing countries struggle with population growth that témeainfrastructure
capacities and impedes economic and environmental sustainability. Athengost severe
transportation problems are traffic congestion and air pollution. Padpincies are searching for
strategies to improve their transportation systems, some di@g invested in transit
improvements such as Bus Rapid Transit (BRT). This has improved omsdiior public
transportation users and providers, but has had varying succeskevétiafj congestion.
Parking, however, has significant influence on mode choice, and pananggement can be a
low-cost tool to help poorer countries reduce congestion, curb pollution andyenémeir
transportation infrastructure.

Because of the popularity of BRT, this paper seeks to conneetrchson Curitiba with
research on parking. Many see Curitiba as the model cigusRapid Transit (BRT). The goal
of this paper is to expand the body of literature on Curitiba'sspartation and land use
connections and to bring attention to how regulatory policies impact paskimgly and price
and parking’s influence on mode choice. Until recently, most of thengdsdéas been around
Curitiba’s BRT systems, however the conversation of transportatiomnsptieeds to be
broadened. This paper will examine literature on parking, descritmmgparking supply and
price affect mode choice, and alternatives that some cigesmmementing. In the summer of
2005, the author traveled to Curitiba to research parking requirenmehts axamine the effects
of parking regulations. For the case studies, five stations etereen based on their different
characteristics and data was collected on supply and price diredf-and on-street parking
spaces, and regulations of on-street parking. Transportation and larmmtofsssionals were
interviewed within the Curitiba municipal government to obtain an uradetstg of minimum
parking regulations, policies and enforcement. This data was adalyithin a framework of
factors that influence parking: socio-demographic, urban foneh,de@mand. These comparisons
will show that high supply (even in the CBD), low prices, and mininparking requirements
promote automobile driving and that Curitiba’s parking managemennsykies not support its
BRT program. The goal then is to begin the conversation on wivedans to be model city for
parking management.

LITERATURE REVIEW

Curitiba is the city that most communities recognize as utistg the original BRT system. In
the 1960s, Jaime Lerner and the newly-formed Urban Research and Planiitung loisCuritiba
(IPPUC) created a plarrl@no Diretor) that prioritized transportation investments. It coordinated
transportation and land use, emphasized public transportation, anddstreaseial feasibility.

It created four priority corridors (axes), known as trinargsaxhat consist of three high capacity
roads to and from the central business district (CBD). The ceptidlhas exclusive bus lanes
and slow-moving vehicle traffic. The external two roads are #aile, one-way, auto-oriented
roads, one leading into the CBD and the other leading outwards. A majbuse-transportation
coordination was to steer density to these axes, which came tnctm¢ world’s first BRT
system. This system allowed Curitiba to build a high qualityspartation system without
incurring a large debt. It also helped push development outside thea@BBeduce downtown
congestion.
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This downtown congestion, like in most downtowns, results from a high nuafber
vehicles compared with the capacity of the constrained roadwaysdn genters where space
is at a premium, an over-reliance on personal vehicles quickijtgas congestion and air
pollution. As vehicle ownership rates rise with personal incomes, pnshdé congestion and air
pollution increase. Therefore many countries have looked to the U.Srdtegies for managing
automobiles. These strategies usually stress abundant parking. Hotheveegative effects of
parking have gone practically unnoticed until the 1990s. Most of thatrezsearch on parking
comes from the United States and Europe, therefore the outcothis oéview will focus on
situations in these two areas; but this paper assumes thainttiplps discovered can be applied
to many urban contexts worldwide.

During the early part of the $0century in the United States, parking was never a
problem, because most people did not own cars. But as the price declined and ownership
rose, the lack of attention to parking led to congestion spaityfirom double parking and
parkers searching for spacel.(The solution for most communities was to adopt off-street
parking requirements for each land use or type of business. Thesaletenmined either by
consulting various handbooks (which themselves were based on very littlehgseasimply to
copy those of similar cities. The handbooks usually prescribed so rmadiing for
developments to be sufficient for all but the busiest hours of thelgading to partly or mostly
empty lots for the rest of the time.

Minimum parking requirements guarantee a large supply of offtgbaaking, usually for
free (even in many CBD’s, employer-paid parking, which is éreeery inexpensive to the user,
is common). A vicious cycle begins of over-driving because an overysapglunder-pricing of
parking creates an over-demand, and observed parking over-demand is uséadviergsupply
requirements 4). Abundant off-street parking has many costs, ranging fronr@nvental to
congestion to limiting access to employment. Willson and Shgum(their study on employer-
paid parking and its effect on mode choice, found that free paekiogurages single-occupant
vehicle (SOV) driving. Numerous studies indicate that providingiparinduces driving, and
usually SOV driving because parking is usually frzé)(

All of this research shows that U.S.-style minimum parking reguants lead to
abundant supplies that encourage higher SOV mode choice. This leadsttraneportation-
related pollution, and when infrastructure is constrained, this ofels l® congestion. However,
some cities are reducing parking supply. For example Copenhagen, Remsn@ducing its
supply by 2-3 percent per year. In Munich, Germany, parking supglyction is used as the
chief device to decrease car travel, especially to the intye(5). Even cities in the United
States are beginning to pick up on this trend to limit parking sufgaly.Francisco, New York
City and Portland, Oregon have already imposed off-street parkingmum allowances in
certain areas, and Washington, DC will soon too.

As a planning tool, using parking price and supply to influence mode chacedwved
little attention until the past decadé).(Oversupply of parking, which leads to a lower price
(usually free) increases vehicle mode share because the rhagginper trip is much lower than
the actual cost. However, Shoup shows that when drivers pay, theylafsv@). This seems
intuitive as an economic rule. Many cities already use parkinge to reduce driving.
Copenhagen has raised parking prices in areas well serveanit,tand Ottawa is eliminating
free parking for federal employeé€s).(

Generally, downtowns require less parking than suburban shoppingscbatause of
good transit and pedestrian connectior)s fMany cities have recognized this and acted upon it
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with maximum parking allowances for new developments. They have fhahdvhen parking
supply is limited and transit and walking are encouraged, citre®uaidd more densely without
the threat of congestion reducing mobility. Government regulationaffact prices of private
supply by restricting supply itself. Privately owned parkisgéry expensive in Zurich, and in
Munich, parking garages are forbiddes). ( Recently, some cities have also begun variable
priced on-street parking using multi-spaced meters, pricingrpadifferently at different times
depending on demand. Washington DC has already implemented thisidentiak streets
around the new Baseball Stadium, where four hours of parking can cost as much as $20 USD

With regards to transit, studies show that raising the priceresating the supply of
parking has a higher impact on increasing transit ridership tharownpgr service does4j.
Therefore, to increase transit ridership, these examples timglgities could regulate parking in
areas well served by transit. Indeed, Copenhagen has higher pariieg in such areas and
Munich is reducing parking supply around train stations and in the GRCDpwntowns in
many cities around the world are known for their walkability, and ipuibhnsportation is
essential to provide accessibility for those outside of downtown witheubegative effects of
providing parking (tearing down buildings, reducing density, requiring exmernzarking
structures)§).

The recent nature of the attention to parking may explain why Kaistiparking
management policies have been mostly ignored. However, Rabinovitch and Centelwiefly
about parking in Curitiba. Rabinovitch states that “In titeglitional center ... [n]Jew parking
areas are not allowed...” but that in other areas, parking requiteraee necessary for building
permits or new commercial activitie9)( Two years later, Robert Cervero writesTimansit
Metropolis “[In Curitiba, o]ff-street parking is privately owned and very expesis(5). He
briefly sums up the situation:

... Within structural axes, the city imposed no parkiequirements until the early 1980s... In
practice, off-street parking was supplied, thouglfaa lower levels than found elsewhere in the
city. Since higher-income households owned mosh@fcondominiums that lined the transitway,
parking demands quickly outstripped supplies,... k& ¢arly 1980s, the city imposed the same
parking standards as elsewhere in the city... Eveil stops within the structural axes today face
the same parking standards as retail plazas opdhiphery of the city. In fact, retail parking
demands in outlying areas tend to be less thargai@msitways since poor households without
cars generally reside on the outskirts and shopbgea Incomes rather than urban densities are
clearly the stronger determinant of parking deman@uritiba.

Other than this brief description, the only quantitative data elats on Curitiba’s
parking are minimum parking requirements.

METHODS

Because of Curitiba’s preference of public transportation overpthvate automobile, one
expects Curitiba to have a comprehensive parking plan or policy thad alsal support public
transportation, perhaps limiting parking in areas targeted for public trartgparéand that prices
in these areas would be higher. Previous literature on Curititaisportation focuses on the
BRT and land use (e.g. type, density). However, there is onlyligig snention above of
parking. This vagueness paints an incomplete picture of Curitimads use and transportation
policies, and an incomplete picture of urban transportation and land nséglan general. This
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paper narrows the gap of understanding on the interaction of these two aspects pfambag.
The result will be a window into the comprehensiveness of Curitiba’s transpopaticies, and
examples of tools that other cities can use to reduce congestion and air pollution.

This paper will examine the actual outcomes of Curitiba’s pgrkimmnagement by
employing case studies of specific locations and intervievls @izens and members of the
local government. Locations were chosen because they represergrditiypes of development
and demographics. As representative samples, one terminal vi¢éhidBD was chosen, along
with two outer ring terminals, and two mid-route stops (eachitainand mid-route stop are
along the same line). The specific sites were chosen based on their idsetloipment, because
the goal of determining Curitiba’s parking management cannot hievad in undeveloped
areas. In order to show that Curitiba uses parking policies to support the developiteBRT,
this paper will document parking supply, demand, pricing, socio-demogragbitimation, and
regulation and compare it to the literature reviewed.

Case Studies

In order to assess the outcomes of Curitiba’s parking managegstains the area within a
400m (quarter mile) radius around five different stations of the B&SIsystem was examined.
These sites are shown in Figure 1.

Informally, the two lines along which the study areas liesargly referred to by their
end terminals (Pinheirinho and Boqueirdo). In order to avoid confusiostutig uses the labels
Line 1 for the Pinheirinho line and Line 2 for the Boqueiréo line. Linkeads towards the
southwest of the CBD through a number of wealthy neighborhoodsRé&ist.Carneiro) to the
city’s industrial sector (Terminal Pinheirinho). According toagddiousehold incomes decline
with distance from the CBD. Terminal Pinheirinho is the final destination fandghé-south line
transecting the city. Line 1 leads northwards until Pragca Riod3a and was planned in order to
address high demand along this part of the route. Line 1 is a typical trinary axis.

Line 2, containing Estacdo Jodo Viana Seiler and Terminal Casmuptithe typical
trinary axis, but rather represents an axis resembling Bagdt@nsmilenio with only one
roadway containing three auto lanes on each side of the exchussvianes. The area is not
zoned at the same high density, and this line was never consihered the structural axes, but
rather as an afterthought to connect the poor areas with the IEBfads past many auto-
oriented businesses such as car dealerships and mechanics.gBuldinypically not more than
three stories in height and big-box stores with large parking doés not uncommon.
Neighborhood retail is smaller and less frequent.

The terminals are typical; within them, passengers can ¢énatesflifferent lines without
paying an additional fare between the feeder lines, the expmasss, and thénterbairro
circular routes that avoid downtown. This fare integration setsiardpart from most Latin
American cities.
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FIGURE 1 The Case Study Sites
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Study Areas
Praca Rui Barbosa This downtown station is the main transfer hub in the CBD fordbtine

five BRT routes and dozens of conventional routes. This is not an i@deasée terminal (with
free transfers) because it was created before the intédeate system existed. As one would
expect, there is a high level of mixed uses, including a marlatyieh, a hospital, residences,
pharmacies, schools, etc. Parking around this stop is either puvédeeslots, underground, or
paid on-street. The Praca itself contains a large undergroufithéot is also surface parking for
employees at certain schools and the hospital.
Estacéo Petit Carneire This stop along Line 1 straddles the border between the Agua

Verde and Vila Isabel districts. This is a middle- to upper-incamea, with high car ownership
and median incomes almost three times the city’'s median. Degaditigh, but similar to the
CBD. Most on-street parking is unregulated, except for a few ibhGten spaces. Next to the
station is an athletic and social club for upper income clients with amplaedt-parking. There
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are also many smaller shops, pharmacies, etc., and most lackwmepff-street parking. A
couple of private lots exist that provide car-washing service.

Terminal Pinheirinho— Along Line 1, this is the closest terminal to the Industresit&
(Cidade Industrial), and lies in a lower-income location. Density is low compardt wiher
stops. Most on-street parking is informal and rarely filled to capacityeTibe small parking lot
at the terminal, potentially for park and ride customers. Otherrgaikcludes a few large retail
stores and several smaller stores with parking in front.

Estacdo Jodo Viana SeilerOnly a few stops outside the CBD on Line 2, this station
straddles the Prado Velho and Parolin districts along the BRTtlaxisis not considered a
structural trinary axis (Line 2). Instead, high levels of autoteotraffic run alongside the
exclusive bus lanes, more resembling the Bogota style BRTthaétBRT between six lanes of
roadway. This route is not zoned for the same density as the fothrestructural axes, and
therefore provides an important contrast to Line 1. Nearby igge,laindeveloped plot, a
supermarket with over 800 parking spaces, several auto-oriented dsesinand low-density
commercial and residential development. On-street parkingesaind plentiful, and off-street
parking is generally surface parking. Median income is belowcttyes median, although
vehicle ownership rates are much higher.

Terminal Carmoe- Carmo lies along the non-trinary axis on Line 2 within the Bodaeir
district, which is a lower-income area. Beyond this terminal,litree extends to much of the
city’s public housing. Automobile ownership rates are average, ammhikling, both on-street
and off-street, is free. The area surrounding is residentiah meighborhood retail, lunch
restaurants, and shopping markets for individual vendors.

Analysis Framework

The factors that affect parking supply and pricing, such as poditidspolicies, urban form,
price, demand and socio-demographic characteristics, are very lategireAccording to the
literature, politics and policies are arguably the most impofttor, influencing urban form
through zoning codes and targeted investments; parking price through girice-street spaces
and taxes (if any) on off-street spaces; and parking supmgygdhrregulation of on-street spaces
and off-street supply. If policies encourage or require dense tolbranthis will restrict parking
supply and raise prices. This will make transit and walkingenattractive, thus reducing
demand for parking. However, policies that allow or require b payking supply and promote
less dense urban form reduce parking price, leading to lesg traesand walking, and a higher
demand for parking. Socio-demographic characteristics algoaptale, in that higher income
and personal vehicle ownership rates also lead to higher parking demand.

Because public policy is arguably the most important factortatteparking supply and
price, this discussion begins with the events leading to Curitib@gti@n of minimum parking
requirements, how new parking supply is regulated, and enforcement tfeen-sarking
regulations. Then this paper will explain the existing supply okipararound the five sites,
broken down into three categories: on-street (both free and pdidjredt private lots, and off-
street private parking for customers and residents. On-glagking spaces are not delineated,
therefore supply for each study area was measured by courthing thie number of cars parked
or, in cases of empty parking, every six paces (according to therauyudgment of the average
length for a parking space). Only commercial off-streetepawhich consist of private lots or
lots that were used and owned by a specific business were coRagdential parking was
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intentionally avoided because of the interest in parking’s affect etbenchoice, not on auto
ownership. Off-street quantities were either provided by thedsdtdg, owner, or manager of an
establishment, or counted. This can lead to issues of unreliabilgynployees’ or owners’
perception of their own lot, especially if they provide free parkkollowing supply is a short
description of parking demand at each of the stations.

A look at demographic statistics includes median income and vehiclershp rates.
Urban form is measured in terms of density, both residential aminercial. Although only
commercial parking was counted, residential density and incomdaterte land values, which
imply the economic strength of an area. Commercial densitygertant as trip attractors, which
should have a stronger influence on commercial parking demand and priceesigential
density.

Finally, the study compares parking prices. For private parkinggemsyithe prices were
normally posted outside or provided by the attendant. For costs of mgattiiyng, minimum
and maximum prices are provided depending on the specific hours tiklyrngpot is reserved,
i.e., only at night, 12 hours a day, 8 hours a day, etc. The author centhargba’s median
monthly incomes to both monthly parking rates and hourly rates (mudtipjie8 hours, 10 days
a month for non-regular drivers) to determine whether it is relatively eixgens

In order to show whether Curitiba’s parking management system ssigpertpublic
transportation system, this paper compares the existing ddtgrmeNious research that shows
that less parking supply equates to more transit riders andriessy, especially in areas with
high density and high transit access.

Study Limitations

This paper is not an exhaustive study, but rather meant as an toqyldook at parking
management in Curitiba. One limitation of this study is thatethsrlittle representation of
middle-income areas. This merits further research, and maythienapplicability of the results
of this study to the entire city of Curitiba. In addition, off-strearking supply quantities that
were provided by an establishment could not be verified for accu@tber explanations for
guantities and prices of parking supply could include land values, ddevelopment vis-a-vis
minimum parking requirements, and bus passenger capacity. This dataot possible to
obtain.

RESULTS

Politics and Policies

The story of Curitiba’s minimum parking regulations is similarthat in most U.S. cities.
Drivers looking for parking were creating congestion. Curitiba held ipuileetings to
demonstrate the need to remove parking vehicles from public roakdsmanimum parking
requirements per land use and on studies done by the IPPUC aSddietary of Urbanism.
These are spelled out in Decree 582 of 199@h regards to the bus system, this was not
planned with the BRT in mind, but rather only in order to reduce congestiused by parkers
searching for a space. Regulation of off-street parking igeldrto the minimum requirements
for number of spaces and the dimensions thereof in new developments lunsiegsses. Before
being developed or established, the Secretary of Urbanism retlevgplans to ensure
accordance with the local land use codes for various requiremeartsng® quantity and
geometry are thus enforced.
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With regards to new private parking lots, there are no lawsaggglthe price or supply
of private parking. There are also no regulations limiting the nartgin of new private lots or
spaces. Few exceptions apply, i.e. streets with no automobilec,trBRT-only streets and
pedestrian malls. Even in the CBD, a building can be torn down anadedphath a parking lot
(unless protected under historic regulations). Also in the CBD I¢asvieere), if the land use
changes, for example from a single-family home to a remtguand the new use requires more
parking, this new owner will have to acquire parking nearby in ow@péerate the new use.
These policies contradict previous researghad 5) that state that parking is intentionally
limited in the CBD in order to promote public transportation.

The public supply of paid on-street parking is thoroughly enforced. thdiVihours are
purchased as tickets either from traffic agents of Urbanisée&uritiba S.A (URBS) (the semi-
private organization that also manages the entire public transmoisgstem), informal vendors
and watchpeople, or nearby shops. The driver then displays up to kets tigth the time, date,
and license number of the car. On-street parking is diligentigrced by traffic agents who are
dispatched to patrol areas, writing the license plate numbercbf @a. The fine is R$53.00
(~$22.00USD) according to the Brazilian National Traffic Code. élmx, before forcing
violators to pay this hefty fine, Curitiba gives them the opportupityuy a pack of ten tickets
for R$7.50 (~$3.13USD) within a specific grace period. Other regulatesireet parking exists
for 15 minute parking, handicapped drivers, and retail loading zonaicTagents most often
enforce other violations based on complaints called into the locaegitinformation and
Service hotline. No Parking zones are clearly marked. Agentscenthese violations based on
complaints and observations.

Supply

Most on-street parking throughout Curitiba is free, along curbs and alongrtiseof the express
bus lanes. Paid on-street parking is found mostly in the CBD aretjudated by URBS. The
Brazilian National Traffic Code of 1998, charged URBS with nigsfic functions, including
enforcing parking. URBS can convert free on-street parking ith gdathe request of the area,
however it rarely does. In areas with high and medium densigteroff-street lots provide the
only long-term parking option. Many offer amenities such asur#y (especially at night),
washing, and even valet service. Many residential buildings pHeking for their dwellers.
Newer large retail stores offer parking for customersvall. In some cases, businesses rent
spaces from neighboring private lots. It is noteworthy that tae¥every few off-street public
parking lots, except for BRT terminals with limited parking.

Table 1 shows us that parking supply is very different amongttpes,sbut probably
more telling is the ratio of paid parking. Praca Rui Barbosa ifCBI& has the highest number
of total spaces and most of the spaces are paid. The otheritemuihave relatively similar
supply, showing that the chance of finding free parking increaghsdistance from the CBD.
Parking supply seems to expand with higher prices, rather thaedidy high density and
transit access.. This points to the actual outcome of Curitibe&kinggoolicy, that there is little,
if any regulation limiting parking supply.
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TABLE 1 Parking Supply Compared with Median Incomes and Vehicle Owner ship
Median Median Vehicles
— Total | % of Spaces Income/mo per
Study Area District . Income/mo
Spaces Paid (R$) - 2000 ($USD) - Person
2000 (2000)
Curitiba Curitiba Total N/A N/A R$ 1,392.00 $580.00 0.45
Praca Rui
Barbosa Centro 5,396 84.5% R$ 2,979.00 $1,241.25 1.07
Est. Petit Carneiro | Agua Verde 3,358 16.8% R$ 4,173.00 | $1,738.75 0.68
Est. Petit Carneiro Vila Isabel R$ 3,576.00 | $1,490.00 0.60
Terminal
Pinheirinho Capédo Raso 2,521 2.5% R$ 1,191.00 $496.25 0.50
Est. Jodo Viana
Seiler Prado Velho 2721 0.0% R$ 795.00 $331.25 0.73
Est. Jodo Viana
Seiler Parolin R$ 1,191.00 $496.25 0.70
Terminal Carmo Boqueirdo 2,588 0.0% R$ 1,392.00 $580.00 0.40

Source for income figures: IPPUC
Source for vehicle ownership rate: Detran (PR), Bgraphic Census 2000; compiled by IPPUC/Data Bank
Note: Descriptions reflect data on the entire @istbairro) in which the stations and terminals lie.
Note: Dollar amounts were calculated using an exgbaate of R$2.40 = $1.00 USD, the approximatéange
rate at the time of data collection.
Note: Est. Petit Carneiro and Est. Jodo Viana Sk#len the border of two districts. Thereforeamhation from

both districts is shown.

Socio-Demographic Influence - Income and Vehicle Owner ship
Personal income plays a large role in parking demand and prideerHigrsonal income affects
vehicle ownership rates, trip length and frequency, and a highibty to pay the costs of
driving. Low income in many areas forces people to live fartfteen the CBD, where transit
service is not as premium. In Curitiba, many low-income busepgsss living in poorer areas
would have to wait for longer headways and pay additional faredrdosferring from
conventional lines if they do not own a vehicle.
The collected parking data only includes commercial parking, butémse compared

with personal income levels by assuming that the target iadevel of a business is the income
level of surrounding residents. Therefore, the assumption is thatwileke more parking in
areas with higher incomes. In fact, this is what Table 1 fev@ae Centro, Agua Verde and
Vila Isabel districts have the biggest parking supply and the mpast spaces. This data
reinforces Cervero’s point that wealthier areas have higherngademand and consequently
supply, despite being situated closer to the CBD. Worth noting, hows\kat the poorest four
districts also contain a sizable quantity of parking. Therefore délotors such as urban form
must play a role.

As Table 1 shows, the two sites with the highest vehicle ownerateg (Praca Rui
Barbosa, Est. Petit Carneiro) also have median incomes aboveytheTdiis infers that income
influences automobile ownership, although this certainly is not lidiesr also noteworthy that
each district except one has a higher vehicle ownership ratethileaentire city. Therefore
proximity to the BRT lines does not equate to lower vehicle ownership rateserettaanples.

Parking Demand and Urban Form - Residential and Commercial Density
Parking demand was qualitatively examined (Table 2): along Liparking demand decreases
with lower density. Around Est. Petit Carneiro, on-street parking was normailgtdearanging
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from half to three quarters filled, and mostly filled in the sunding neighborhoods. Around
Terminal Pinheirinho, Est. Jodo Viana Seiler, and Terminal Carngtreet parking was never
filled, and empty spaces could be seen for blocks along the bgsadaden the neighborhoods.
This follows Cervero’s point that poorer areas have lower parking demand.

It is expected that the highest priced parking in Curitiba woulddwentown. However,
with the goal from the firsPlano Diretor of 1966 of distributing the commercial and residential
activity along the structural axes, one might expect the pndesupply to be somewhat uniform
along the trinary axis. However, as Table 2 shows, high resitidetigity correlates with high
commercial parking supply and demand, most likely because both mghydand high parking
demand (and consequently supply) are the result of high land values.

TABLE 2 Demographic and Commercial Density and Total Number of Spaces

. Parking
On-Street . Demograph|c Number Spaces
L . Total Population| Density per of
Study Area District | Parking 2 per
Spaces (2000) KM Comm.
Demand : Comm.
(2000) Firms :
Firm
Curitiba
Curitiba Total 1,619,453 36.73 120,375
Praca Rui :
Barbosa Centro High 5,396 31,864 98.95 17,489 0.31
Est. Petit Agua .
Carneiro Verde Medium | 3,358 49,867 104.67 4,769 0.64
Est Pelit | yjja 1sabel 10,949 90.41 987
Carneiro
Terminal Capéo
Pinheirinho Raso Low 2,521 34,618 67.9 2,302 0.89
Est. Jodo Prado
Viana Seiler Velho 6,911 29.15 1,093
Est. Jodo .
Viana Seiler Parolin Low 2,588 12,008 53.18 1,295 200
Terminal -~
carmo Boqueirdo| Low 2,721 69,013 46.27 6,157 0.44

Source: IPPUC and Municipal Secretary of FinandéRg Curitiba S.A

Note: Demographic descriptions reflect data orethiire district bairro) in which the stations and terminals lie.
Note: On-street parking demand was qualitativegneixed by the author: high demand indicates thatepwere
difficult to find; medium demand indicates that sps were normally available, ranging from halfhree quarters
filled; and low demand indicates that on-streekipay is little used, if at all.

Note: Est. Petit Carneiro and Est. Jodo Viana Sk#len the border of two districts. Thereforeamhation from
both districts is shown. Parking Spaces per Comialdfam for these stations is the number of spacesnd each
station per the average of the two districts’ numdfdirms.

In addition to looking at populations, the quantity economic activities tsm lze
examined. Table 2 gives us the number of economic activities im diatrict. While it is
understood that a corner snack shop will require far fewer parking ssphaa a bank
headquarters, these numbers give us an indication of the amounviby atteach district. As is
to be expected, the CBD has the most economic activity, and comtfoleghe number of
commercial firms, the CBD has the lowest ratio of parking spaoeept for Boqueirdo.
Boqueirdo has more economic activity than Agua Verde, but fpaming spaces and no paid
spaces. This could be a result of businesses tailored to pedestrians becauseedidomntome
and the lower-than-average vehicle ownership rate.
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Price

Despite the abundance of free parking in many areas, drivérshstose to pay. In central
locations such as malls, parking is charged per hour. Many off-stneleon-street spaces also
have informal “watchpeople” who guard the vehicles, sell hourly pgrckets, and even wash
cars. Since the price of the “watchpeople” is informal and ysdalbendant on a tip, the impact
was not recorded. On-street parking costs R$0.75 (~$0.31 USD) per hour, hmaeyeprivate
vendors add a price, which can in some cases double the cost.e®ffpsivate lots that charge
have various prices based on presence of a roof, the quality ofdb&séshent, and the services
they provide. Downtown, hourly prices range from about $R2.00 to about R$6.00 $R0683-
USD) per hour depending on the provider. Also, prices vary depending alurtdigon of the
stay. Finally, monthly prices vary based on how many hours a dapattker wishes, for
example 8 hours a day vs. 12 hours a day vs. nightly.

Price is a useful tool to analyze the quantity of parking viseatwe demand. Table 3
shows that the price of parking is highest in the CBD, which isctegebecause of high land
values. In addition, a perhaps unintended consequence is that these hagsealpd encourage
transit and other modes. With distance from the CBD, price desremseexpected. Two
phenomena are worth mentioning. First, only parking along Line 1 {tietraxis) is priced,
not along Line 2 (the atypical axis), most likely due to the aoble orientation of Line 2
despite the BRT system. Second, although pricing decreases along teeive to distance
from the CBD, the average hourly price only diminishes by a maxiraf 33 percent. More
telling is the decrease in ratio of paid spaces from 84.5 pesoaumid Praca Rui Barbosa to 2.5
percent around Terminal Pinheirinho (Table 1).

TABLE 3 Parking Prices

Average Daily Monthl
) 9 Parking as Average Monthly ronthly
Study Average Price for 8 o . Minimum
. % of Minimum / Maximum :
Area Hourly Price Hours/ Per . : Parking as % of
Median Price .
Day Median Income
Income
Praca Rui R$ 2.97 R$ 10.30 R$ 84.24 /1 144.70
Barbosa ($1.24 USD) | ($4.29 USD) 7.40% ($35.10/60.29 USD) 6.05/10.40%
Est. Petit R$ 2.28 R$ 9.51 R$ 54.06 / 89.40
Carneiro ($0.95 USD) | ($3.96 USD) 6.83% ($22.52/37.25 USD) 3.88/6.42%
Terminal R$ 2.00 R$ 8.65 N/A/ R$ 90.32
Pinheirinho | ($0.83 USD) | ($3.60 USD) 6.21% ($37.63 USD) N/A 1 6.49%
Est. Jodo
Viana
Seiler N/A N/A N/A N/A N/A
Terminal
Carmo N/A N/A N/A N/A N/A

Note: Average prices were calculated by multiplying single hourly price at each paid parking pteviby the

number of spaces, and then divided by the totalbeurof spaces.

Note: Daily parking as % of median income was daleal based on the price of parking for 8 hours days a
week for a regular parker, but not a parker regaterugh to purchase a monthly space.
Note: The median income of Curitiba is R$ 1,392$%80.00). Source: IPPUC.

Note: Dollar amounts were calculated using an exgbaate of R$2.40 = $1.00 USD, the approximatbaxge
rate at the time of data collection.
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Also, daily parking (10 days/month) as a share of median incomee regular (but not
daily) parker is highest in the CBD. Since it comprises 7-8guerof median income, the price
should dissuade the median Curitibano from driving regularly to downtadiparking all day.
Two possible results should occur: either alternative modes witidye popular or drivers will
choose other locations with free or less expensive parking. Montkly shbw a similar result,
although assuming that monthly parkers are employees, they Hideefldixibility in work
location.

CONCLUSION AND DISCUSSION

Curitiba, Brazil, is world-renown for its integration of land ws®d transportation planning.
Many policies have supported the BRT system, including the yrisas, minimum densities,
and the focus on the pedestrian environment. Researchers and jsih@alesdocumented these
policies and their outcomes, but the issue of parking has remainedisiglgrhidden. Parking
provides access to destinations for drivers, but it also camés/ negative externalities. The
most pertinent outcome to Curitiba is that large parking suppliegea@dys minimum parking
requirements result in free or low-cost parking which, theorgtjcaifomotes automobile use.
This counters the intentions of the land use policies that aim to promote public trarsporta

The goal of this paper is to extend the literature of Cut#tilzad use and transportation
planning to cover parking because policy may be one of the mastnti&l factors in parking
supply and price. In 1990, Curitiba established the Decree 582 of 1990, settimgyim parking
requirements (even along the BRT routes and in the CBD) irsdhee spirit as many U.S.
communities in the mid-2D century. However, after half a century, this has hurt public
transportation ridership and increased driving in the U.S., leadinghty ptoblems such as
congestion and air pollution.

Looking at five case studies along two BRT lines (a trinatig and an axis with low
density), parking price varies slightly along the trinary aisl is free along the low-density
axis. The real indicator of supply versus demand, however, is the poopoftpaid versus free
parking. Not surprisingly, the highest rate of paid parking ie&@BD (85 percent), but the
next highest rate is only 17 percent. This suggests that privdiegaperators are increasing
the supply relative to demand. Cervero states that parking supply eadpihighly correlated
with income. This is true, however residential density also @ayde. Commercial density, on
the other hand, is ambiguous: in the CBD, parking supply, demand, and gmnecégyh, but
around Bogqueirdo, with the second highest commercial density, patopdy and demand are
low and parking is free. This is most likely due to the fact ithgoorer areas, despite average
vehicle ownership rates, most commercial activity is pedestrian based.

Two major factors may prolong the popularity of Curitiba’s minimyarking
requirements until congestion and/or pollution become unbearable. Hihsthe/immigration of
poor, rural migrants, Curitiba’s bus ridership will remain at cépdor a very long time, so
there is no push to attract more riders. In fact, without incremsedtments in capacity for
transit, bicycles, etc., personal vehicles will have to absorb firtareases in travel demand. If
Curitiba’s future strategy is to encourage personal vehideelr the minimum parking
requriements will help promote this. However, this is contrarjhéopro-transit policies of the
model BRT city.
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Second, with one car for every two persons, and this rate only imgeasitomobile
owners constitute an ever-growing political force, regardlesthefintentions of the city to
promote public transportation. Minimum parking requirements are onlysggre of these
changing politics. The contemporary mayor, Carlos Alberto Ricles ®tected because he
promised, among other things, to reduce congestion by converting twstigays into one-way
streets to form a binary ring around the CBD. Whether or not Gariill make similar
decisions that many American cities have made which have dduer-reliance on the private
automobile remains to be seen.

The lesson is that Curitiba has many good things to teach the world regardsiiy knad
use, and BRT. Density requirements, land banking, a focus on inexpéeshreques and
innovations are all examples of this. However, this study demorssttate parking policy has
developed apart from transit policy and promotion, and is not coordinatid goals of
improving bus ridership.

Assuming that environmental sustainability and roadway efficieareypriorities of a
transportation and land use policy, then a model city for parking maeagevould encourage
alternative modes such as transit, bicycles and walking. In tdeduce congestion and air
pollution from transportation, cities must, among other things, rediimag. Despite better fuel
efficiency, air pollution from vehicles has not decreased. In iaddib air pollution, a vehicle
consumes space on the road and in parking lots, which will lead to congestionpawtesaare
reached. BRT and other transit improvements are essential talipgpai feasible alternative to
driving, but the carrot is always paired best with the stick. Inrotherds, in addition to
incentives to use public transportation, a valuable tool to reduce vemcle share is parking
management. Reducing supply through parking maximums in the zoningsceidiective if the
proper governmental structures are in place; and policies thetdarking often receive a
surprising amount of support from developers who are willing to busisl parking as long as
other developers will too. In addition, proper management of on-stpstes, including
enforcement and pricing to prevent spillover parking problems, is a key part of tésgias.
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