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METRIC CONVERSION FACTORS
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fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 Liters L
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yd® cubic yards 0.765 cubic meters m°
NOTE: volumes greater than 1000 L shall be showri in m
MASS

0z ounces 28.35 grams g

Ib pounds 0.454 kilograms kg

T short tons (2000 Ib) 0.907 megagrams (or "metric ton")| Mg (or "t")

TEMPERATURE (exact degrees)
0 : : [9)
F Fahrenheit 5 (F32)/9 Celsius C
or (F32)/1.8
ILLUMINATION
fc foot-candles 10.76 Lux Ix
fl foot-Lamberts 3.426 candela/nf cd/m?
FORCE and PRESSURE or STRESS

Ibf poundforce 4.45 newtons N

Ibffin 2 poundforce per square inch 6.89 kilopascals kPa
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Executive Summary

CTfastrak, a bus rapid transit service connecting four central Connecticut (CT)
municipalities (Hartford, West Hartford, Newington, and New Britain), received final funding
approval in 2011 and opened for service in March 2015. This new service may be encouraging
transit-oriented development (TOD) along the busway, including newlrgtiaies, restaurants,
office space and housing. These potential impacts of CTfastrak are expected to affect property
values. Buta priori, the magnitudes of thenarketimpacts are unknownand they likely require
time to materialize

CTfastrak is uniqubecause most of th@.4-mile busway was built in former and existing
rail rightof-ways. This minimized the construction disruption to existing businesses and residential
properties, unlike the complications with new rapid transit services, such agdigjhin other
cities (e.g., Vancouver, BC).

The final aim of thiswo-phasestudyis to measure the impact of CTfastrak on real estate
and urban economic development in the aforementioned municipalifié® change iproperty
valueswill be analyzedbefore and after two crucial dates: the announcement of the funding
commitment for the project in 2011 and the commencement of service in 28@&h an analysis
could examine and control for\ariety of factors such aproperty characteristics, location,
zoning, vacancies, and other potential determinaotsnarket values

The first phase of this projedhe focus of this reportinvolvesd SG G Ay 3 (G KE dol &
collectingsome ofthe necessary data for the second phaBaase 2will includeanupdate of the
data anda GIS andlata analysis studyfehe impacts on residential property values, businesses,
residents and towns in the areas surrounding CTfastrak stati®ese avill be completecbver
the nextseveralyears.

Three productdiave beergenematedin the first phase of this project: a literature review,
geospatial database, aralvisual, written, and quantitativeescription of the data in the
geospatial database. The literature review foctise other studies examining the real estate
impacts of bus rapid transit as well as other forms of rapid transit. The geospatial database
contains norAlocational, locational and landse characteristics of parcels in the aforementioned
four municipalities. These characteristics include: property valuegguty sales, walking/driving
distance to nearest CTfastrak station, value of travel time savings, raetereal estate values,
tax revenue, rental properties, affordable housing, square footage, current plgm®posals for
new real estate developmenremediated properties, aerial photographs, and USPS vacancies.
This database can be easily analyzed and updated using standard GIS software. The description of
the data in the geospatial database outlirtee type of information, the source of the datandin
the cases where the data were generated by the authors of this reg@tmethodology used.

The geospatial database is generated so that it candeelto analyze the impact of the
CTfastrak on real estate and economic development in Hartfordf Wasford, Newington, and
New Britainlt isrecommend that the second phase of this research project should include the
analysis of the following factors: property values (assessed and sale values), larslloahle
property taxrates and revenueghe number of residential and commercial properties (i.e.,
including singldamily, rental and affordable housing), square footaged current plansor
proposasfor new real estate development and vacancies. Other factorsriatalso be
considered includéhe characteristics that play a role in bus rapid transit becoming capitalized
into real estate values and urban economic development, such as: urban design and placemaking,

Xiv



changes in travel costs, changes in modal choice, environmental remediatiomgeshian
emissionsand possiblghanges in traffic noisG@hese impactwill be analyzedn two different
ways. One ithrougha visual representation of maps, aerial photography, and state highway
photography, to demonstrate how the neighborhoods in anduand the CTfastrak stations have
changed over timeTheother possiblemethodologyfor studying these impacts s&atistical
analysis, such anultivariateregression analysend/or other statistical techniquesThese
techniques can be applied to the dattored in the geospatial databassuch that annual changes
in the aforementioned factors can be analyzed over approximately thesesdralyearsfor two
time periods: beforeversusafter the announcement of the funding commitment in 20ahd
before vesus afterthe commencement o€Tfastralservice in 2015.
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CHAPTER Background
1.1Introduction

With the final funding commitments in 2011 and teebsequenbpening of service in
March 2015, a Bus Rapid Transit (BRT) service connecting downtowrr¢Hartfo New Britain
has become a reality8ate of Connecticut, 2017a). This Connecticut Department of
Transportation (CTDO®vned service, entitle€Tfastrakis the first BRT system in Connecticut
(State of Connecticy2017b). BRT is a system of bustes that either entirely or primarily run
along a busonly roadway (State of Connecticut, 2017c). CTfastrak is unique because most of the
9.4-mile busway was built in former and existing rail rigitways. This minimized the
construction disruption to @sting businesses and residential properties, unlike the complications
with new rapid transit services in other cities, such as the new rail rapid transit line in Vancouver,
BC (Cohen and Brown, 201

CTfastrak has theapacityto providequick and frequat service fora largenumberof
passengerso and from ten stations near a multitude of destinations in Hartford, West Hartford,
Newington and New Britain (Figure 1). For example, CTfastrak passengers wait less than 10
minutes for a bus during peak perieof traffic and have the ability to walk only a short distance
from these BREitesto manyactivity points, such aghe XL Centeletna, Inc. The Mark Twain
House & MuseurmCentral Connecticut State UniversgyS &G | F NI F2 NRQ& ,2 F f YI N
andNew Britain City Hall (State of Connecticut, 2017c). An added benefit of this bus service is that
CTfastrak routes are also integrated within the larger CTtransit system, which is a-QVD&T
regular bus service that connects the communities of WaterpGheshire, Southington, Bristol,
Plainville, New Britain, Newington, West Hartford, Hartford and MancheStat¢ of Connecticut
2017d). Other advantages of this BRT service include (State of Connecticut, 2017c):

Gradeseparated rightof-way

High-quality vehicles that are easy to board and provide a quiet, clean and comfortable
ride

Prepaid fare collection to minimize boarding delays

Integrated fare systems, allowing free or discounted transfers between routes
Integration with pedestrian and bicycledisities, taxi services, intercity bus, rail transit and
other transportation services

Excellent customer service

Effective security for transit users and pedestrians

Highquality bus stations with TransiDriented Development (TOD) in nearby areas

The nev service has given many residents and businesses faster and more reliable travel
times to and from the urbawgore. It hasalsoenabled some New Britain area residents who did
not have automobilestoowS I aA f & 02YYdziS (2 { #K&gnadimassSQa Ol L
transit routes have the potential to improve the lives of residents by reducing the financial,
temporal, and psychological costs of commuting to wehqpping and recreation sites. All of
these potential impacts of CTfastrak can affect propedlues and economic development.
Furthermore, TOD can lead to a critical mass of economic activity so that agglomeration
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economiesare enhancegdwhich can result in urban swdenters, as described by Cohen and Brown
(2017) for Vancouver, BC, CanatheS F 2 NBE X 2y S gl & (G2 YStbadza2NE / ¢7F
examire how property values and economic development have changed before versus after the
funding commitment fotthe project (andor before versus after the commencement of service).
Although the potentialmpacts of CTfastrak are expected to affect property values and
economic development in the aforementioned four municipalities (Hartford, West Hartford,
Newington and New Britain)he a priorisizeof the impact are unknown. CTfastrak will
presumablyaffect a number of other municipal characteristics related to property values and
economic development, including property sales, tax revenue, rental properties, affordable
housing units, square footage, current plasrroposals for new real estate develognt,
environmental remediation, and vacancies. Similar to property values and economic development,
the degree to which the CTfastrak drives those chamgesesently unknown
Given the fact that CTfastrak received funding approval and opened foresenhic
recentyz. Y ye 2F [/ ¢FFadNr1Qa AYLI Oladd bachandidentdani A f f
photographicrecordsand/or statistical descriptionand analysesConsequentlydocumenting the
changes irsuchvariables over approximately the rieseveralyears will be crucial to
understandingi K S & &fiedtST¥ gatn a better grasp of the expected changes, a review of
the findings from other studies focusing on the impact of BRT on property values and economic
development is essentiad review of this literature is presented in the next section.

1.2 Review of Existing Bus Rapid Transit (BRT) Literature

Thepurposeof this section is to review the existing literature that focuses on the impact of
BRT on property values and economic depaient. This reviewdraws uponsources that are
entirely or primarily related to BRT. When appropriate, however, some refergrantsinto other
forms of rapid transit (e.g., lightail) and the general body of transportation and econasnic
literature. Thissection is subdivided into twsub-sections. The firstub-section focuses on the
findings from studiesf factors directlyor primarilyrelated to property values and economic
development. This section includes a discussioth® effects of BRT on prop#y and land values
(i.e., assessed and sales values), local tax revenue, the type and quantity of nearby properties (i.e.,
residential, commercial, and rental properties as well as affordable housing), square footage,
current plansor proposals for new ral estate developmentand vacancies. The secosab-
section focuses on factors that become capitalized into property values, such as changes in travel
costs, changes in modal choice, environmental mediation, noise effects and urban aedign
placemaking.

Factors directly or primarily related to property values and economic development

This subsection reviews the existing literature that focuses on the sfié@RT on a
number of factors directly or primarily related to property values and economieldpment. The
general relationship between BRT and these factors is related to the proliferation of individuals,
especially urban Millennial workers, who prefer to walk or take public transportation for work,
shopping and recreation (Bartholomew and EwiR@11; Gose, 2017Becauseaot all of these
individuals can afforthousingwithin walking distancef theseactivity sites demandshould
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increasefor housingeloseto public transit statios with access to major points of interest. It is
assumed thatlemand forhousing near stationwith faster and more frequent forms of public
transportation (e.g., bus rapid transi)ill increaseraisingproperty values near stations and
shifting real estate development plans away from building suburban office patktoavards

TOD. Simultaneously, this increasing demand is also expected to have a similar positive
relationship with other factors related to property values and economic development. Rapid
transit stations are also expected to increase local tax reveiteequantity of residential housing,
the quantity ofcommercial propertieghe quantity ofrental properties, the quantity of affordable
housing structuralsquare footage, and plares proposals for new real estate development, as
well asreducingvacanes. The remainder of this section details the findings from other reports on
these relationships, which witlelp to guide oufater empirical analysis dfenefits associated with
the improved accessibility provided by BRT stations.

Property andland values gssessed andalesvalues)

Multiple studies have found that BRT systemseaseproperty values in North America,

Asia and South America (Perdos@alvo et al., 2007; Perk and Catala, 2009; Rodriguez and Mojica,
2009; MufiozRaskin, 2010; Dubé et &2011; Cervero and Kang, 2011; Panero etéall2;
Revington2015; Deng et al., 2016; Hamidi et 2D16; Calvo, 2017; Gose, 2017). In North
America,at leasttwo studieshaveconcluded that property values increased around BRT stations.
Perk and Catal@2009) examined the impaci property value®2 ¥ t A GG a06 dzZNBKQa 91 a
of the oldest operating BRT systems in the country. The authors found evidehigghef property
values near the stationsut these effects decrease #we distancefrom the stationsincreases
Pittsburgh singldamily homes within 100 feet from a station experienced an increase in property
values of approximately $19.00 p#t000 of market valuewhile properties as far as 1,000 feet

away from stations experienced an increas@roperty values of only $2.%%er $1000 of market

value Dubé et al. (2011) estimated the economic impact of the introduction of a new bus rapid
transit system in Québec and found that the BRT service generated an increase in house price
ranging from2.9% to 6.9%.

In Asiaat leastthree studieshavefound evidence of property values rising around BRT
stations in Seoul and Beijing. Cervero and Kang (2011) studied the impact of converting regular
bus systems to medialane BRTservices on property vaiis in Seoul, South Kordsdot only did
BRT improvements encourage property owners to convert their siiaghély residences tbigh
densityapartments and condominiums, but also there were estimated land price premiums of up
to 10% for residences within Bneters of BRT stops and estimated land price premiums of more
than 25% for areas of retail and other nogsidential uses within 150 meters of BRT stops. Jun
(2012) analyzed the redistributive effects of BRT on development patterns and property values in
Seoul, South Korea. First, BRT systems contributed to the increased development density in urban
centers and thus helped to attract suburban firms into the urban core. Second, although the BRT
system had little impact on the redistribution of residen@ativities, it had a more substantial
impact on nonresidential activities. Thus, the author concluded that residential locations must be
less sensitive to accessibility improvements made by the BRT than are nonresidential locations in
{ S2dzf © ¢ KeanMdRBUsingsS @isddtt @derienced the highest property value gains and the
outer urban areas experienced a decline in property valAesther study of BRT in Adig Deng
et al. (2016pnalyzed the impact of BRT on residential property values imgehina. The
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authors found that the new BRT had a positive impact on surrounding properties, with their
hedonic price model showing that the asking prices of residential properties increased by 1.32% to
1.39% for every 10 closer to the BRT station.

In South Americagt leastfive studies found evidence of property values increasing near
BRT stations. Perdorr@alvo et al. (2007) analyzed the impact of the TransMilenio BRT system on
land and buildingricesand found that the residential properties lated in the TransMilenio area
of influence increased between 5.8% and 17.0%. Rodriguez and Mojica (2008) analyzed the impact
of the TransMilenio BRT system extensions on property values. After the BRT extension, the
authors found that the asking price ir@sed15% to 20%or the properties already served by the
BRT system before the extensjdnut not for properties located along corridors without a local
BRT station before the extension. Rodriguez and Mojica (28@9)analyzed the impact of the
extenseyda G2 .2320tQa ¢NIyaaitSyArAz2 aeaidisSy 2y GKS
transit system. After controlling for structural, neighborhood and regional accessibility
characteristics of each property, the authors found that the asking prices épepties offered
during the yeain whichthe extension opened and in subsequent years were 13% to 14% higher
than prices for properties in the control area. Additionally, they found that the appreciation was
similar for properties within 500 m and propes between 500 m and 1 km of the BRT extension.
MufiozRaskin (2010) analyzed the impact of the TransMilenio on property values of residences
within walking distance to the system in Bogota, Columbia. The author found that the housing
market placewvalue pemiums on the properties in the immediate walking proximity of feeder
lines. MufiozRaskin (2010) also found thaiddle-incomeproperties were valued more if they
were located closer to the system, while the opposite was truddarincomehousing. Calvo
(2017) studied the effect of BRT infrastructure on property values in Bogota and Barranquilla,
Columbia, between 1999 and 2011. The author found that the public investments associated with
the BRT infrastructure causéighervaluatiors of residential anccommercial properties, and
therefore argued that this effect is a positive economic externality of the BRT system.

At least tvo publicationshavefound that the announcement of a new BRT system did not
affect property values. FloreBewey (2010) estimatkthe impact of the announced BRT on
property values in Ecatepec, Mexico, and found that the announcement of a BRT corridor had no
impact on property values. Zhang and Wang (2013) examined the impact of various forms of mass
transit on land development iBeijing, China. The authors found no association between the
announcement of the BRT system and property value changes.

Thefindings of thesgrevioustwo publications are not surprisingiven that many studies
havefound considerableariability in theestimated change in property and land values arising
from different types of transit investments (e.g., regular and rapid heang lightrail systems
Vessali, 1996; Baw®now and Kahn, 2000; Bowes and Ihlanfeldt, 2001; Brinckerhoff, 2001;
BabalikSutciffe, 2002; Cervero and Duncan, 2002; Smith and Gihring, 2006; Hess and Almeida,
2007; Kahn, 2007; AtkinséPalombo, 2009; Goetz et al., 2010; Bartholomew and Ewing, 2011,
Mohammad et al., 2013). These variations have been generally attributed to theenaittine
data in previous studies, particularly spatial characteristics, temporal effects and methodology
(e.g., type of land use, type of service, the life cycle maturity of the system, the distance to the
station, the geographical locatioandaccessibity to the road Ryan, 1999; Debrezion et al., 2007;
Mohammad et al., 2013). Some have found that the extent to which transit sefifees home
values depends on a multitude of factors, including the quality of the service (reliability,
frequency, sped, etc.), size of the market, quantity of parking for suburban commuters, and the
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degree to which the service reduces freeway congestion (Landis, et al., 1994). Others have
reportedthat the additionalvalue created in a particular location is influencedabhost ofother
factors, including the scope of the transit system, real estate market conditions, traffic congestion
and other neighborhood qualities (Fogarty et al., 2008¥act, the Cohen and Brown (2017) rail
rapid transit study found variation ithe property value impacts within a city, depending on the
locations of the properties and the travel times to various landmarks in the city of Vancouver, BC,
Canada, before versus after the announcement.

Including the previously mentioned study by Perdsfalvo et al. (2007), there were three
articles that explored the impact of BRT systems on land values. Perdomo (2011) analyzed
residential land values near the TransMilenio BRT system in Bogot4, Columbiazddsing
statistical methodologies (includymonparametric approachesuch agpropensityscore matching
and econometric approachesich aspatialhedonicprice analy®s), they found that access to the
BRT system raises land values. Estupifian and Rodriguez (2008) studied the built environment
chamacteristics related to stofevel ridership for the TransMilenio BRT system in Bogota,
Columbiaand found that better pedestrian environments around TransMilestapscontributed
to higher land values.

Local property tax revenue

As a consequence okimng demand for and value of housing and commercial properties
near BRT stations, many communities have experienced increases in local property tax revenue
(Fogarty et al., 2008; Cervero and Kang, 2009; Perk and Catala, 2009; Dube et al., 2011; Noland et
al., 2012; Panero et al., 2012; Mohammed ef 2013; Mathur 2015). This is especially true in
communities where BRT stations are located natableg, or property that provides tax income
for local governments, and ndhon-ratable€, such as places edligious worship, parks, and
properties in enterprise zones. This addaead revenue is a major selling point for local
governments considering invesents inBRT services.

Some of the major interest in the newly generated tax revenue comes from the enamn
which some BRT systems are funded and the type of communities where BRT systems are built.
Similar to other forms of transit and rapid transit, BRT and the surrounding TOD are often funded
through a financial strategy known as Tax Increment Finankimmgyvn more commonly by the
acronym of TIF (Rayle, 2015). TIF is an approach to financing a new project where future gains in
property tax generated from that development are leveraged to finance it. Hence, the local
communities or state takes onfeandal risk and must be able to ensure, or guarantee, tat
estimatedgains intax revenueassociated with thgroject materialize in a timelwayto justify the
request for TIF. Other than recouping tax revenue floatdsthe initial investments on the BR
projects and related TOD, another reason why tax revenue is a popular subject is that local
communities also hope to capitalize on property tax revenue resulting from the BRT to help fund
publicprograms (Panero et ak012). Many of these programs argended torevitaliz the
communities where BRT systems are bbitimproving the quality of life for existing residents
andaiding otherareasin the municipality that do not directly benefit from the increased access or
increased property values aneéaelopment related to the BRT system.

Many communities not only expect the fiscal benefit of transit being increased property
tax revenuebut they also view an increase in tax revenue as a good indicator of TOD success
(Fogarty et al. 2008; Perk and Caté2009). There are a number of studies that have looked at
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property tax revenue related to BRT and other transit improvements in this light (Cervero and
Kang, 2009; Dube et al., 2011; Noland et al., 2012; Mohammad et al., 2013; Mather, 2015). Almost
all of thesestudieshave noted that the new stations have resulted in an increase in tax revenue,
including as much as a $5.2M (in 2GDAD increase between 1992 and 2004 in Quebec.

Multiple studies havénighlightedsomeimportantissuesegardingthe relationship
between BRT and tax revenue. Noland et al. (20b2¢d that interpretations of changes in tax
revenuecan be complexThe authors found that property values in communities with high tax
rates tend to grow slower and experience slower increasesximaaenue than other areas with
lower tax rates. As it pertains to measuring the relationship between BRT and tax revenue, this
finding suggests that municipal differences in tax satey help explain spatial variations in tables
or figures depicting eshated tax revenue (i.e., if the tax rate is not otherwise controlled for in
any longitudinal descriptions or analyses of changes in tax revenue). For instance, a municipality or
intra-urban area (e.g., a neighborhood) with higher tax rates may producé¢aessvenue than
others, but this statistical difference does not necessarily reflect poor performance of thenBRT
generating higher demand and pushing up property values for nearby properties.

Mohammad et al. (2013)rovided another notabléinding of municipal preferences
toward taxing transit catchment areas. These authors found that some cities charge higher tax
rates in catchment areas to capitalize on the rising demand for these properties. In terms of
descriptions or analyses, this taxing approaadlght cause researchers tocorrectly measureéax
revenue gains related to BRT, especidiynearby stations.

Rayle (2015) highlightedpotential problemthat does not necessariipvolveresearcherQ
approach to measuring or estimagtax revenue chnges associated with BRT or BRlated
TOD. This author concluded thgdvernmentalemphasis on tax revenue gaimayresult inpublic
officials consciously or unconscioustgirgeting theirTOD marketingt higherincome residents,
potentially displacng lower income residents as rents, property valaad taxesrise. This
problemis especiallyelevantfor local governments that are casftrapped, experiencing short or
longterm economic stress, or heavilgpendenton property taxesto function.

Resdential, commercial and rental properties includingffordable housing

The quantity of residentigiroperties commerciaproperties,rental propertiesand
affordable housing (i.e., with proper government interventiamg all expected to increase near
BRT stations in response to the increasing demand for these locations with high transit access.
Developers are paying particular attentionttos patternbecause transit catchment areas,
particularly in downtown urban areas, are fetching higher sand sales values than elsewhere in
the urban center and oftem surrounding suburbs (Panero et,&012). Although the literature
suggests that proximity to transit increases property values for and subsequently the supply of all
types of properties, multifanily and commercial properties (i.e., including vacant properties that
are converted into these types akeg tend to experience the highest premigand often
dominatethe new development or redevelopment in the transit catchment area (Hamidi et al.,
2016; Gose, 2017). In fact, despite the fact that many studies focus on the impact of transit on
singlefamily housing, these uses are generally viewed as the least favorable near transit stations
because they achieve the lowest premiums (i.e., not as mamyhwmes get built as a result) and
the residents who live in these homes typically depend on private automobiles even when public
transportation options are available (Billings, 2011). Miatnily units, other rentahousing and
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commercial properties begfit from a new transit option more than singftamily homes. The

owners of these properties can more quickly capitalize the changes in their property values. For
example, rental owners can profit bgisingrentswhen it comes time to renew leases, whesea
singlefamily homeownersnay simplypay more taxes unleghey want to sell their property. The
renters and some urban stores usually do not need parking spaces beyond what is available on the
street. Also, the externalities of being located within wagkdistance of a station aotentially
strongerfor renters and business owners than sinfdenily homeowners. For instance, more
pedestrian traffic could translate to an increase in customers for a commercial propattihis

change mighsimply entdlia less peaceful environment for a sindgenilyhomeownerdue to the
increasedvehiclenoise and people getting on and dffisesduring all hous of the day and night.

Arecent metaanalysis of the value of transit gnglefamily homes in the Unitedt&tes
found that the average singlamily home premium was lower théor other types of properties
(e.g., multifamily, rental and commercial) and it was significantly lower than the premium
reported ina previous metaanalysis; the current study found2a3% premium and the older study
found a 4.5% premium (Hamidi et,&016). This might explain why one would expecttibenber
of non-singlefamily properties near BRT and other types of transit stattonacreasefasterthan
for singlefamily homes.

Other thanproperty types, researchers havdentified other factors that affect the
demandfor properties with transit access. One factor was regional compactness. The
aforementioned metaanalysis found that the highest transit premiswccurredin compat
regions with transit accessibility (Hamidi et &016). The authors also found that regional
compactness might explain the relationship between transit premiums and the type of transit
technology (e.g., light rail vs. heavy rail vs. BR/Mth regard b changes in property values and
development trends,lie concept of regional compactness might play an important rotelating
findings from specific areas to the general literature.

Another important factoiin helpingto explain the changing demand asdpply of
LINELISNIGASAE ySENI .we FTYyR 20KSNJ (eL)JSa 2F GNIyaa
et al. (2016) actually found thahcorporatingwalkability of the stationamong othercontrol
variablesrevealsthat transit premiumgeneraly have decreased over time. Duncan (2011) found
that the pedestrian environment helge explain whether communities view proximity to the
transit station as an amenity @adisamenity.The author notel that the prices of rental units in a
good pedestriarenvironment sharply declirtewith station distancewhereas the prices of rental
units in a bad pedestrian environment slightly increased with station distance. Hence, there may
be more development of rental units in more positive pedestrian environmemddessin
negative pedestrian environmentsince the individuals who value a more typical residential
neighborhood place less value on transit access and likely have a greater sensitivity to (real or
perceived) effects of station proximity, such as ti@fhoise, strangers, and crime.

An additional factor playing a role in the change in quantity and type of properties near
transit stations is rentontrol or the presence of affordable housing (Bocarejo eall3; Mathur
2015). Although theréaas beergrowth of newy built residentialunits near transit stations and
many public officials focus on TOD encouraging muszdevelopment, there is concern over the
affordability of housing in transit catchment areas for lower income households and even the
middle class (Bocarejo et 22013; McKenzie, 2015; Renne et al., 2016). Some have found that
there are barriers, such as the high cost of land near transit stations, making it difficult to develop
and maintain affordable housing within transith neighlmrhoods (Zuke and Carlton, 2015). Rayle
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(2015) noted that some criticize TOD plans for contributing to issues of affordable housing
because they tend to push lower income households into more affordatlisingbut out of
transit-accessible areas (e.g.,peripheral areas of the city). Renne et(@016) also argued that

the amount of noarent-controlled affordable housing in a TOD would likely decline if the demand
for housingin the TOD outpaces the suppbausinghe neighborhood to quickly gentrifyAn

example of this trend is noted by Kahn (2007), who found that some public officials are approving
plans to remove older (affordable) singtmily homes in current or planned transit catchment
areas for luxury condos and townhouse units to capitakd®olly or in part,on potential tax

revenue gains.

Some researchers have pointed out examples where governments have successfully
intervened in TOD to ensure affordable housing is built and maintained near transit stations, such
as in New Jersey (Nolandadt, 2012). Selling development rights has been one approach used to
ensure the presence of affordable housing in transit catchment areas (Renne et al., 2016). This
strategy has been previously applied in Palm Beach County, FL; Seattle, WA; and NBW. York,

One issue that has been the subject of discussion is how TOD affects the middle class.
There is mounting evidence th@ODhousing is targeted to the luxury market and/or successfully
protected for the subsidized market. However, others have arguatliths often unattainable for
the middle class (Renne et,&016).Middle-classhouseholdsare in a odd position because they
cannot afford the rising cost of the properties and reimt TOD, yet oftethey do not qualifyfor
subsidy programs. If theglready live in these areas, theyay be unableo afford to stay. If they
are new to the areas and want taccupythese transitrich neighborhoods, theynaybe unable to
afford the housing or rental unitsitially or in the longrun.

Square footage

As the value of the properties with BRT transit access rises due to increasing demand, so
does the value of the square footage or each livable unit of the properties. There is an incentive
for owners of commercial buildings to expand the square footagéeif £xisting properties or for
developers to build new commercial properties (especially office space) to capitalize on the new
foot traffic as their market area grows (Bose, 2017). Owners of rental units can charge more rent
when they expand the size ahits, earn more rent from building more units, or do a combination
of the two. Singldamily households can likewise adtbre squaregootage to their properties
(e.g., add additional rooms or expand their kitchens/bathrooms) to capitalize on higher sales
values if they are planning to move out of the area.

Although the change in square footage would appear to be an important factor in studies
examining the impact of BRT on property values and economic development, it is often only used
as a control (Landiet al., 1994; Ryan, 1999; Rodriguez and Targa, 2004; Smith and Gihring, 2006;
Debrezion et al., 2007; Perk and Catala, 2009; Mdreekin, 2010; Cervero and Kang, 2011,
Bocarejo et al., 2013; Zhang and Wang, 2013; Calvo, 2017). For example, propedyavaloften
compared by looking at the ratio of the property value to the square footage. In a survey of
studies over approximately the last fifteen years, there is one circumstance where the authors
examined the change in built area (i.e., as measurestjirare meters) as a consequence of a BRT
system but not the change in the living area of thpseperties(Bocarejo et al., 2013).



Current plansor proposals for new real estate development

The demand for residential and commercial properties neanditastations iexpanding
due to the proliferation of young workers who opt to use public over private transportation to get
to work, shopping centers, or recreational sites (Gose, 2017). This rise in demand has increased
property values and restanddeaeased vacancies in nearby neighborhoods, especially for
locations within walking distanagf the stations. Consequently, these processes have shifted the
priorities and plans of real estate developers (e.g., away from suburban office parid{}tn
markets of all sizein the United States and abroad. They currently view big investmentansit
infrastructureas a major stimulus for the development of surroundiaglestate.

The authors of the New Jersey Transit reports recognized positive andveegécts of
transit investments on plansr proposals for new real estate development (New Jersey Transit,
1994; New Jersey Trans2003. They found that there is a general perception that the new
stations will attract new and more inteive developmern, particularly in the areas closest to the
stations. Many existing residents worry that this potential increase in developmenhduite
many undesirable changes, such as more traffic, npe@ple and inappropriate developments.
Thus, itcouldthreatenor even destroy the very qualities that the community values and from
which it derives its identity. Whether this fear playst in realityseensto vary amongst
communities and depergbn the level of involvement of the local and/or regional planning
departments. Some of the successful planning tactics to avoid these fears becoming reality
included: ensuring that the new stations and new development hetpegistablish and celebrate
the local community identity, outlining a rational basis for defining rehgrowth and change
should and should not occur, promoting convenient retail that served the community at large and
not onlytransit riders, strengthening connections between the community and stations for
walkers and bicyclists, heightening the senssl@red responsibility for the interaction between
transit owners/operators anthe community, and bolstering the communal sense of security. The
types of development, services and uses identified in the restaving the best potential to
simultaneoust meet the needs of commuterggsidents and businesses included:

Residential development near the station
" Too often the search fairatables near transit investments leads to office

and retail development, not housing, and when housing was provitled,
usually was apartment complexes (i.e., generally not desirable for families
and childrentwo demographicsegarded akey to the vitality of any
community)

Information centers about transit service, community activities, events,

retail/merchant service, and entertainment/recreational destinations

Staging areas for a multitude LJdzo t A O S@Sydia yR I OQGADAGA

markets, arts and craft fairs, concerts, First Night celebrations and other

performances

Essential services and conveniences fhatlitate trip-linking (i.e., the ability to visit

several destinations during one journey), such as day care centers, dry cleaning

shops, coffee shops, newsstands, branch bankspiises, health clinics, libraries,

police dispatch centers, governm@hor municipal centers, pharmacies, auto

services, convenience stores, variety stores, grocery stores, bakeries, foeouiake
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sites and restaurants

Uses that generate pedestrian activity throughout the day as well as those that are
open 24hours a dayd.g., taxistands, athight delis and police stations) are

preferred because they create a sense of security and surveillance around the
station

Businesses that serve the needs of commuters (e.g., concierge services if the facility
size is limited) andlpy a function relative to other amenities in addition to being
easy to use, welnaintained, comfortable for passengers, and welcomed by the
community as a source of civic pride

Safe, clean, vibrant and active mixes of land use centered around the stadiach

as retail, housing, private offices, other employment centers, governmo#ices,
school and health care facilities, tourist destinations and recreational sites
Destinations or points of interest that are located in an easy and interesting walking
distance from the stations

Shared parking facilities or regular parking garages (i.e., provided that developers
who benefit from this extra parking pay their fair share of the infrastructural
improvements and the regular parking garages do not blockitieedf sight to the
station, have dropoff and pickup areas on the streets, and increase traffic during
peak times)

Development that was focused around the statian®rderto lower the impact on
traffic

Over the past decade, at least two articlesveanalyzed whetheconcernsabout the
negative effects ofransit investment are becoming realized, specifically examining the impact of
BRT systems on development patterns. Bocarejo et al. (2013) found that the BiRjGtatwork,
TransMilenio, is one ohe major contributing factors to the rapid densificationtbé city during
the 2000s and early 2010s. The areas influenced by this system experienced significantly higher
increases in density compared to others, especially in the outermost neighborhendsidy
feeder routes. However, despite the fact t BRT systemsontribute to changes in the land use of
nearby areas, such as new major shopping centers around the terminals, they do not induce
higher increases the amount ofbuilt areas for commeral, office or even residential land use. A
review of the literature shows that there was no specific policy that produced specific
developments in areas close to the bus rapid transit system and that changes have been produced
by the market. The TransMilentrunk corridors and feeder routes have had an influence on
containing the size of the city by providing adequate access to the central business district and the
main employment areas of Bogota. Other studies have shown that the introduction of thésrsyst
positively affected commercial property values. Increased accessibility caused the value of
properties to rise and this effect declined with increasing distance from the TransMilenio corridor.
However, conclusions regarding the residential propertiesameixed

Rodriguez et al. (2016) studied the land development impacts of BRT in Bogota and Quito.
The authors found the impacts were heterogeneous in different parts of both cities. The building
activity depends on contexthe increased building activiiy treatment areas occasionally
matched the increased building activity in some control areas, but not in others. However,
development along road extensions in Bogota was considerable. The authors also found that the
largest impact on development in botities tended to concentrate near era-line terminals and
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whether BRT stimulates land development depended on a number of institutional factors,
including thebehavior ofdevelopes, market conditions, land availability, and land regulations.

Vacancies

Transit investments are expected to reduce both residential and commercial vacdneies
to increaseddemand for residential properties within walking distarfoem stations, particularly
by Millennials, and the added competitive advantage for firms in recruiting staff who prefer public
over private transportation (Hamidi et al., 2016). This increased demand has spurred investment
in areas that developers woulbt have otherwiseacquired such as older abandoned, industrial
sites near a transit station (Panero et al., 2012). For example, Cervero and Dai (2014) found that
the availability of cheap vacant parsélelps explain high levels afonstructionnear perpheral
BRT feeder lines in previously undeveloped areas of Bogota, Columbia.

BRT stations revitalize areas that are not just completely vacant, such as older factory
buildings and foreclosed industrial sites with fragmented ownership, but also placekwih
occupancy rates anareasthat are struggling to find a competitive advantage. Transit stations
generaly spur lower vacancy rates and high absorption rates of buildings that were partly vacant
(Ryan, 1999; Smith and Gihring, 2006). For exampksearch report by Jones Lang LaSalle, a
global property company, found that office buildings with transit access have approximately 3.7
percentage points lower vacancy rates than offices without transit access (Gose, 2017).-A meta
analysis found that trantsstudies have found vacancy rates near stations as much as 11% lower
compared to other areas with similar types of joint development projects (Perk and Catala, 2009).
As a consequence of this increasing interest in the vacant land near transit staacast
properties are often cited as one of thpeoperty types attaining the highest premiums as a result
of transit access (Hamidi et al., 2016). For the aforementioned reasons, chamvgesiriand are
viewed as essential characteristics to monitor whanalyzing the effestof new BRT and other
transit systems.

Factors that play a role in BRT becoming capitalized into real estate values and urban
economic development

This subsection reviews the existing literature that focuses on factors that become
capitalized into property values, such as travel costs, modal choice, environmamediation,
noise effects and urban design/placemaking. These factors help explain why BRT might affect
property values and economic development. Two of the factoasel costs and environmental
remediation will be directly examined as a part of the present research. The other fachadal
choice, emissions, noise and urban design/placemalkirgnot directly examinedutare
included in this literature review beaae researchers have noted that they affect the impact of
BRT andhus might help contextualize any findings and/or explain variations in the data described
or analyzed during subsequent phase#ghis research
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Changes in travel costs

Examining chares in transit costs is one of the most fundamental components of studying
the impact of transit improvementfNew transit options often reduce the cost of travel and these
savings get capitalized into the value of real estate (Fogarty et al., 2008; Zihigaag, 2013;
Stokenberga, 2014; Hamidi et al., 2016). The logic of this argument is generally based on location
theory (Alonso, 1964; Muth, 1969.fundamental premise obtation theoryisthat highly
accessible places provide travel cost savings,wihi¢urn causes properties suchareas tobe
more highly valuedhan areas with less accessibility.principle, he value ofa propertyincrease
until the travel cost savings become fully capitalized into the price of the property (Duncan, 2011).
Thus, any changeis the accessibility of an area, such as the installation of a new BRT station,
would theoretically trigger this capitalization process for nearby properties that achieve transit
cost savings. One should expect that the greatest reduciiotravel costs and increasas
property values generally are associated withh-densityneighborhoods that have new
transportation options providing a high level of transit connectivity that previously did not exist
(McKenzie, 2015).

However, for prperty values to universally rise (i.e., not depend on local circumstances,
suchaswhere each homeowner or renter works), homeowners and renters must obtain transit
cost savings to major points of interest (Bose, 2017). Common examples of these paitesest i
include top employers, city halls, shopping centers, and other recreational sites. Many TOD studies
have also emphasized the netxladd new transit stations to decrease transportation costs to the
city center(s), especially in areas plagued witific congestion and urban decline (Kahn, 2007,
Bartholomew and Ewing, 2011).

Compared to other forms of transit, BRT is widely recogrémsmhe of the more efficient
means of reducing travel time ®&uchpoints of interest (Vermeiren et aR015). Mos forms of
rapid transit have high travel time savings (Siedler, 2014). Yet, BRT is especially popular due to the
lower costs of implementing and maintaining the system compared to other types of rapid transit
(e.g., light or heavy raiBartels et al. 208).

Despite the perceived benefit of BRTaamethod of reducing travel costs, there are mixed
reviewsof its effectiveness. For example, MurBaskin (2012) found that sonh@wver-income
households often fail to achieve travel time savibgsausghey camot afford to remain or
relocate in areas near BRT stations. Other researchers admit that TOD (i.e., all forms, including
TOD related to BRT) are generally more expensive places to buy and rent housing, but contend
that the increase in housing prices onteand reduction in transportation cost cancel each other
out and thus do not cause the displacement of current residents (Renne et al., 2016). In fact, Rayle
(2015) argued that the critics who discuss issues of displacement primarily focus on thebleticea
rise in property values but tend to overlook the associated but less visible transportation savings
that accompanythesehigher housing costs

Changes in modal choice

Over the past century, but especially during the 1990s, there has been muchriconce
about the shrinking modal share of public transit and the increasigalcosts of private
automobile traffic (Cervero and Kang, 2011; Dube et al., 2011). Although the concerns remain a
popular issue, new forms of public transit have helgednterthese trends. Rapid transit,
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especially BRT, is globally considered one of the more popular means of increasing the modal
share of public transportation.

A number of studies have highlighted the abibhBRT to encourage multimodal
transportation and to educe the share of private automobiles and paratransit around the world
(MunozRaskin, 2010; Hensher et al., 2014; Rodriguez et al., 2016). For example, Bartels et al.
(2016) found that BRT is effective at spurring a modal shift for multiple communitsding
individuals whdoeforerarely usel public transportationsuch aghoseresiding in both higher and
lower/middle-incomesuburbs. Delsaut and Rabuel (2016) and Satiennam (l6) argued that
the ability of BRT to capture these individuals tend dependon whether the BRT stations are
GAGKAY 6l f1Ay3 RAAGIYOS 2F (GKS daffetsNaveadtimdlS & A RS Y
savings. Thus, spatially examining the interplay of proximity to stations, reduction of travel costs
and property véues is crucial to understanding the potential usage and impact of a BRT system on
modal choice in nearby communities (Hamidi et al., 2016).

Environmental remediation

Environmental remediation can play a role in the implementation of BRT systems and
ocaursas a result of an effective BRT system. However, the former isaadeless discussed in
the literature than the latter. For example, Connecticut is one of theswateswhere
environmental remediatiorand construction of the BRT stations and routesurred around the
same time

Multiple studies have discussed the potential of BRT and other rapid transit systems to
help revitalize vacant and formerly noxious areas. Panero et al. (2012) mentioned that BRT is
widely viewed as an effective way of mming interest in otherwise ignored vacant factory
buildings and foreclosed industrial sites. Fogarty et al. (2008) also noted the increased interest in
investing in not only these properties but entire, often economically depressgighborhoods
wherethese sites are located.

Gose (2017) recently shared the results of his interviews with developers about this subject
in aNew York Timearticle. The author noted repeated accounts of developers indicating the
crucial role that new transit stations plan their investment decisiongdeshares multiple quotes
from developers who state that they would not have otivisebeen interested in former
industrial buildings and neighborhoods had the transit infrastructure not edisthe author
provides case studied this trend from across the United States, including sites in Boston;
Washington, DC; Virginia; Chicago; and Bellevue, Washington.

Changes in emissions

Reducing emissia@and air pollution rates through BRT remains a high priority for many
public oficials and their community members (Perdoi@alvo et al., 2007; Lindau et al., 2014).
growing body of literature indicasthat BRT is considered a catalyst for decreasing these forms of
pollution (Estupinan and Rodriguez, 2008; Fogarty et al., 2008igred and Mojica, 2008;
Cervero and Kang, 2009; Hidalgo and Gutierrez, 2013; Siedler, 2014; Rodriguez et al., 2016). BRT
and public transit ridership gains usually result in fewer vehicles on the road, decreases in
congestion, noise and emissions and @aged quality of life (Panero et ,&012). In addition to
BRT encouraging modal shifts away from the more polluting forms of transportation (e.g., private
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automobiles and paratransit) and lowering traffic congestion, researchers also cite the
requirementof hybrid fueling or low emission buses as a major factor in achieving these emission
goals (Dube et al., 2011; Panero et 2012; PageSeekin, 2015; Rayle, 2015; Cass and
Faulconbridge, 2016Additionally, combinatiors of thesetrends are also citeds a means of

reducing overall energy consumption (Floigswey, 2010).

However, some critics still questidrow effective BRT and TCGiDe as means of reducing
emissions and other forms of pollution. Bocarejo et al. (2013) argued that loneeerty value
premiums near some BRT stations can be attributed to negative noise and emission effects of the
buses. Duncan (2011) noted that some individuals are still debating the degree to which TOD
ameliorates congestion, emissions, energy consumption, inequdlagaess and sprawl.

To quell some of these naysayers, Gallivan et al. (2015) published a report on the impact of
transit on greenhouse gas emissions and energy from the perspexdtiaad use changes. The
authorsconcludedthat transit, such as BRT, i3 effective means of reducing pollution, finding
that greenhouse gas emissions are substantially reduced by transit. The land use effect of transit
results in aroverall8% decline in Vehicle Miles of Travel (VMT), transportation fuel use and
transportation greenhouse gas emissions in U.S. cities because public transit provides more
walking and biking opportunities and reduces the length of car journeys. Gallivan et al. (2015) also
found that transit ridership, as a means of transporting people on busesgreho would
otherwise travel by private automobile, has reduced VMT, transportation fuel use and
transportation greenhouse gas emissions by 2%, which is relativelydigm thatonly 4% of
passenger trips in U.S. metropolitan areas are currently nigdeublic transit. Compared to a
hypothetical scenario without public transit across U.S. urban areas, the authors noted land use
benefits of transit range from 1% to 21% reductions in VMT, transportation land use and
transportation greenhouse gas emiss#iMhe largest decreases are found in urban areas with
dense development, higher route densities of travelpre frequent transiservice, and the
availability of light rail. Gallivan et al. (2015) additionally highlight the fact that the addition of a
new station to a neighborhoodithout previoustransit access generally increased activity density
(i.e., a combination of population and employment density) by 9% and decreased VMT,
transportation fuel use and transportation greenhouse emissions by 2%rvéattkmile radius of
the new station.

Noise effects

The literaturecontains a mixture of claims and findings regardimg noise effecs of BRT.
Some individuals argue that BRT helps reduce noise effects by encouraging modal shifts away from
private transportation (Estupinan and Rodriguez, 2008; Rodriguez and Moijica, 2008; Panero et al,
2012). Others argue that BRT genestawanted noise, especially in areas located closer to
stations (e.g., within a-fninute walk from stationsPerdomeCalvo et a] 2007; Perk and Catala,
2009; Rodriguez and Mojica, 2009; Duncan, 2011; Noland et al., 2012; Delsdrdlaurel 2016).
Even more common argtudies that seem to attributany negativémpacts neastations to noise
effects and not to other aspects efation environment (Bartholomew and Ewing, 2011; Cervero
and Kang, 2011; Bocarejo et al., 2013; Rodriguez et al., 2016). Often these studies make
assumptions about the noise effects without us{jog stating that they usehoise data or
considemgany noise hrriers installed at the stations, such as those described by M&askin
(2010), tosupportthese conclusions. In rare cases, some just do not consider the effect of noise at
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all (Siedler, 2014).

However, noise whether its effect is positive, negative nonexistent- and other aspects
of the station environmenare potentially important factorsvhen examining the impact of BRT or
other transit stations on property values and economic development (Currie, 2006). Some have
used noise and other aspect§the station environment to determine which communities are
more sensitive to real or perceived disamenities of station proximity (MtRagkin, 2010;
Duncan, 2011).

Urban design and placemaking

As noted in the previous section, noise effects and odsgects of the station
environmentare important to consider as a means of contextualizing unigag&erns ofproperty
valuechangesand economic development near stations. Station environment is largely a
byproduct of urban design and placemaking. Whle present research does not incorporate the
urban design and placemaking strategies impleredrat each of the CTfastrak stations, this
section is included to recognize tpetentialimportanceand utility of these subjects to help
contextualize findingfom subsequent phases of this research. This section largely pulls from
information on the crucial role of urban design and placemalasgt pertains to transjderived
from two major reports completed by New Jersey Transit.

Although New Jersey Transtaff or their collaborators did not specifically analyze the
impact of BRT on real estate and economic development, they highlighted a number of expected
benefits of transit investments (i.e., including BRT) on urban design and placemaking in at least
two major reports (New Jersey Transit, 1994; New Jersey Trad88,. The New Jersey Transit
staff and other contributors$o the reports found that transit stations and nearby public areas have
great potential for positively transforming the local comntigs that may or may not be assessed
in quantitative impact analysed oeal estate. The authors noted that there are multiple wyrs
transit investmentgo improve the quality of life of commuters and the community at large. For
example, they stated thahe decision®f travelers to opt for public transit over private
automobiles increases the activity of the community, helps manage and direct growth and change
in the community, maximizes the use of the road systems (more passengers per vehicle lessens
the need for new lanes, signal systemsw or widened right®f-way, etc.), and reduces
congestion so that all travelers experience lower travel times and the community receives better
air quality. They also discovered evidence that these sites enharaecttnomic vitality of local
areas and help create strong downtown centers. Transit stations can build a sense of community
by functioning as a venue for a wide range of community activities and events. Not only do these
areas provide a link to other plasén a community, but they also have the ability to bring people
together by serving as the focus of communal life and a center of civic pride. They shape the image
of the community by becoming a visible point of identity for the neighborhoods, distmzifoa
even municipalities that they serve. Given the appropriate design, these sites provide a sense of
orientation, a feeling of safety and security, and an attractive and-mvalhtained environment
that fosters an increased level of civic responsibditg interest for residentssjommuters and
workers. The stations themselves tend to encourage modes of transportation in addition to, and
even instead of, private automobiles. With the proper planning, these sites can be incorporated
into vibrant pedestran- and bicyclingriendly streetscapes where there is a demand for certain
amenities such as bike paths and storage locations. The community members often desire
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environments around the stations that provide a sense of security and predictability faita/po
walking experience, as well as safe and comfortable areasrépingoff andpickingup transit

users, parking, waiting for transit services, and making direct transfers between transit modes. If
these factors are obtained, then these ardmsomemore attractive for the existing community,
visitors and developers.

Renne et al(2016) explored the affordability of some of the aforementioned transit
station environments throughout the United States. The authors specifically compared housing
and transportation costs in approximately 4,400 fixealite transit stations across the United
States, which included many BRT systems. They classified each station area asrtesnisd
development (TOD; station areas with a walk score of 70 or greater grusa housing density of
8 units per acre or more), transsidjacent development (TAD; station areas with neither a walk
scoreof 70 or greater or a gross housing density of 8 units per acre or more) or a hybridsef the
two types (station areas with eitmea walk score of 70 or greater or a gross housing density of 8
units per acre or more). Based on this classification system, the authors foun@iG@itaare
expensive places to buy and rent housing, but more affordable than hybrid areas and-transit
adjacent developmentbecausehe lower cost of transportation offsets housing costs. As such,
housing and transportation officials should prioritize increasing the density and walkability of
hybrid and TAD station areas, which accounttiao-thirds of all staton areas across the United
States.

1.3 Problem Statement

The costs obus(and other types of) rapid transit are generally well understood; however
the potential benefits are often more challenging to quantify because they typically depend on
local comlitions. Therefore, the primary focus of this Phase 1 study is to begin collecting much of
0§KS a0l asriCuidsBakeeRdd fola future Phase 2 data analysis study on the potential
G2 ONBFGS agdlf dzS¢é¢ F2NJ LINE LIS ddngin tRedanéss Sraundnglza A y S
the stations. In addition to the direct property value effects, this can lead to additional local
property tax revenues due to the property value increases, which in turn can induce further public
spending(or property tax ragé reductions)and another round of property value increases. Since it
takes substantial time for these impacts to develop, an understanding of the expected impacts of
the property value increasesn property tax revenues is deferred until the future Phageart of
our study. It is expectethat the data analysis for before versus afteitl be initiatedin Phase 2 of
this study,approximatelyfive years following thdarch2015 commencement date of CTfastrak
serviceand approximately nine years followiniget 2011 funding commitment datd here are
other related benefits, such as brownfield remediation near the stations, andrdatabeen
gathered in Phase 1 so that this issue barstudiedin Phase 2.

An important first step in achieving the Phase 2 ahjees is developing a baseline of
conditions existing before the announcement of CTfastrak. The purpose of this Phase 1 is to
develop and document this baseline. After several years of annual updating of conditions, a new
snapshot of conditions will be geloped after five years of service. Then, in Phase 2, all of the
collected data will be merged and a set of detailed statistical analyses of CTfastrak impacts on
property values will be conducted.
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CHAPTER Research Approach

This chapter focuses dhe longterm objective of the present research and the necessary
stepstakento achieve this objective as a part of the first phase of this projHut section
outlines the researclapproachutilized in Phase 1 of this proje¢tpwever, detailed descriptits
of the data andoresentations of selected baseline dateaps and tables are contained in Chapter
3: Data and MethodologyA comprehensive array of maps for all variables and CTfastrak stations
are too large to present herd’lease see Appendix for margormation.

2.1 Objectives

LongTerm Objective

Longterm objective: How does CTfastrak become capitalized into property values?

Phase 1 Steps in Achieving Objective

1. Determine availability of data for collection in Phase 1

All of the data soures necessary to complete subsequent phases of this research project
have been identifiedThis includes data from local, state and fedg@lernmentagencies as well
as a few private agencies. This list of data sources insladaicipal assessors, murpai
economic development agencies, municipal planning departments, Capitol Region Council of
Governments (CRCOG), Connecticut Department of Transportation (CTDOT), United States
Department of Transportation (USDOT), United States Cdisesy Lincoln Instute of Land
Policy, Federal Housing Finance Authority (FHFA), Connecticut Housing Finance Authority (CHFA),
Connecticut Office of Policy and Management (OPM), United States Environmental Protection
Agency (EPA), Connecticut Department of Economic Colityridevelopment (DECD),
Connecticut Department of Energy and Environmental Protection (DEERheaddited States
Postal Service (USPS).

2.520dzYSy i SEA&AGAY3 aolaStAaySé O2yRAGAZ2Yy & LN
commencement of CTfastrak sars.

The data identified in the first stepave beerprepared so as to gain insigintod 0 I 8 St Ay S
conditions of Hartford, West Hartford, Newington and New Britaotth prior to the 2011 funding
commitments and before the 2015 commencement of CTfasteakice.Data have been prepared
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on a number of variables already highlighted in the literature review section of this report. This list
of variables includes: estimated annual property values, assessed property values, assessed land
values, sales valuesstamated local property tax revenue, numbersihglefamily properties,

number of multifamily properties, number of rental properties (i.e., apartments and condos),
number of commercial properties, number of affordable housing properties, square footage,
number of vacant properties, value of travel time savings, number of current plans/proposals for
new real estate development, and number of environmental remediation projects. In addition to
these variables, aerial photography and other photographic exadée.g., from theCTDOBtate
Highways Photolod)avebeencollected to help illustrate what the CTfastrak station catchment
areas looked like before the announcement of funding in 2011 and before the commencement of
service in 2015.

3. Collect data to caoelate property value changes with proximity to CTfastrak stations

{2YS LINBLISNI & @FfdzS SFFSOGa Yreée o6S I LI} NBY
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study, property value datahavebeencollected from before th funding securitization date of
2011, and/or at the start of service in March 2015. Estimated annual property values, assessed
property values, assessed land valusmsi sales valuebave beerutilized to ollect data on
LINR LISNII @ @ f dzSa 2 FSNJI (A vsBrtimeg Which Yseas Ogeh SoudbeR 3 NI Y
Routing Machine (OSRM) and open street mapdetermine distancend travel timewas used
to determine such information about eactearest CTfastrakation. Attentionhas beerfocused
on properties within a twemile radius of the CTfastrak stations; and separately, Hate been
collected for properties that are within a twamile drive of the stations.

4. Collect data to correlate property value changath changes in monetary and time costs
of travel

Typical assumptions on the value of passenger time, the cost of car ownership, parking
costs, and any other relevant costave beerobtained from various Transportation Research
Board reports and handb] &8 0S®3Id> GKS ! d{ ® 5SLI NLYSYyd 27
+| fdzZl A2y 2F ¢NFY @St ¢AYS Ay 902y2YAO !ylrtfeara
properties to downtown Hartfordhas beengathered. Thikias beeraccomplished using
dosrmtimeé ¢ A G K { ¢ ltolcalculat® dFivie GrheMi@n a given set of properties to
downtown Hartford. These propertiemethose that are located in neighborhoods within a two
mile radius of each of the CTfastrak stations, and separately, arieodrivingdistance from the
stations.
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5. Collect data to control for general price movements

LY SEIYAYAy3 isyNPIS&AG NBI (R34 X 68V LIG G2 a02yi
movements (such ageneral business cyclesNE I f Sadl 6S a)@yadsingthée yR a0
sales prices by a price index for Hartf@ncta housing and land in order to isolate the effects of
CTfastrak from metr@rea wide business cycles. The metré NI F2 NR F NBlF a[ F YR |
+ fdzSaé¢ RIFEGEF FNRY (KS 4dndho@idg pyice indexesifarindddagfor@ ¥ [ |
Metropolitan Statistical Area from the Federal Housing Finance Authority (Fld#&beerused
as controls. Municipal Fiscal Indicators from 2@0Q4, for all 169 Connecticut cities/towrigve
also been obtainedrom the Connecticut Office of Policy and Management (OPM), toitdelgify
andcontrol for general price movements.

6. Collect assessed property values{mad postannouncement of CTfastrak

Datahave been collectedn assessed values, which will beeded for Phase 2 analyses
similarto those described above. Since properties in Connecticut are generally reassessed every
three years, this assessment data will be collected again in Phase 2, to estimate the total wealth
effect to landowners as a result the announcement and/or CTfastrak service. It will also be
useful in Phase 2 for studying potential changes in local property tax revenues that may have
accrued to the municipalities where the bus stations have been located. Additionally, assessment
andsales data from additional surrounding towhave also been collectegvhich may ultimately
be usad as control areas in our analysfdso,he assessed values datagether with the sales
data,have been usetb obtain estimates of property values in ysdetweenrevaluationsfor
properties that have not sold’hese calculations were mafldlowinga procedure similar to that
followed by most of the assessdrsthese towns, by comparing the ratio of the assessed value to
the sale price for properties #t sold, with the assessed valaéproperties that did not sell.

Assuming this ratio is constant in small geographic areas around the properties that sold, one may
use this ratio to obtain an estimate of property value for other nearby properties thatatigell.

7. Collect data on current property tax revenues for municipalities where new bus stations
are located

Qurrent levels of local property tax revenues that accrue to the municipalities where the
new bus stations are locatdthve been calculatedhishas beeraccomplished by obtaining the
GANI YR fAa0G&aE FNRY GKS G2y |adaSaaz2NB gKSNB i
town have beerutilized to determine the expected property tax revenues at the current time.
é8j dzi £ A1 S R haveibeeh cakitlafe®rie Or both of theséave been usedogether with
the assessd values dataand property data byax-exemptstatus to calculate local property tax
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revenuesWhile the townwide or citywide tax revenues are given directly in the Geaticut
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calculatedfor subsections of cities/towns nearby the CTfastrak statiges Figures 16 and 1T

Phase 2 this exercise will be repeated, to compare e tax base has changed over the first

several years of CTfastrak service.

8. Document the number and mix of dwelling units (owszeccupied vs. rental, percent
GF FF2NRI60f S¢ K2dzaAy3dxr SG0d0 gAGKAY | NIFy3aS

This taskhas addresgd the questions: What is the number of rental properties within a
range of reasonable distances from the stations? Wihatre of these i©2 Y 8 A RSNBR & FF2
K 2 dza ATkisHat&has been collected frahe Connecticut Housing Finance Authoatyd town
officials.Data have been obtaineffom CRCOG on the land use type of each property, based on
occupancy status (ownevs.renter-occupied. For affordable housinghe affordable housing
appealdists by city/town havéoeen collected. These Issshowannual totals for each municipality
from Connecticut Housing Finance Autho@HFA)for 20022015; this includes information on
the total number oféassisted units (housing units assisted with special fundifrgm each
municipality.This afforéble housing data is available on a municipaltge level.

9. Collect baseline data on total building square footage within a given radius of bus stations
for Phase 2 evaluation of how these measures have changed

TKS dol aStAySé al ddalikil ah@residenthSrogefiebdye beansS NO
collected forthe municipalities in whickhe CTfastrak stationare located Informationhas been
collected on total building square footage within a given radius of the bus stations to develop the
baselinefor use in Phase,&vhenchanges in these figuregll be examinedThis informationhas
been obtainedrom the municipal assessor offices

10.Investigate current plans and proposals for new real estate development

This hformation has been obtainedtom municipaleconomic development and other
town officials in Hartford, West Hartford, New Britain, and Newington.

11.Collect data for Phase 2 analysis of how land cleanup has affected nearby property values
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Data needed for a Phase 2 analysis of environmiemtiaediation effects on property
valueshave been collectedData needed in Phase 2 to examine how the cleanup of the land
where a former police station and welding faciltgre located has affected nearby property
valueshave beercollected. This invobd collecting sales price and/or property value ddtastsof
all remediated brownfield sites in the four municipalitiegve been obtainedfom the Northeast
branchof the U.S. Environmental Protection Agency (U.S. EPA) and the Connecticut Department of
Economic and Community Development (DE@BJ subsequently geocodebh Phase 2, this data
will be utilized (supplemented by updated data from the first five years of service) to conduct a
GKSR2YAO¢ LINPLISNIi @ LINAOS [ yI X ®ig analysié ih Bhask gwila Oa A
enable a determination to be made of how prices of properties in proximity to the brownfields
have changed, before versus after the CTfastrak announcement date.

12.Collect data on property vacancies

Locatleveldataon property vacancies from the U.S. Postal Services vacancy dataebase
been compiled

w»
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Aerial photographs and maps of the neighborhoods near the CTfastrak statwe been
acquired Photographs of neighborhoods near several of the CTfastrak statians also be
obtainedfrom the CTDOhighway photolog archivewarious years)After determining what
resourcesvere available in Task 1, collaborative relationshigge developedvith other
organizationssuch as the Connecticut Department of Energy and Environmental Protection
(DEEP), via the Capital Region Council of Governments (CRCOE)DTestate highway
photologshavealso besn utilized to develop some dhe baseline maps and/or photographs.
collage of selected photos from this database has been included in this report as an example of
K2g AdG Oly 0SS dzaSR (G2 RSLIAOG | &aadNBSO OASsE
environment. Other photos from ik database aravailable. Please see Appendix for more
information.

14.Compile data in a parcétvel geospatial database to facilitate tracking of use, changes in
use, building type, square footage, sales, sale prices, assessed values, etc.

All of the appropriate datéhas been compilethto a parcellevel geospatial database that
can be easily analyzed and updated using standard GIS software. The database $a@ktate
tracking of changes in parcels (use, change in use, building type and sopiagefcsales, sale
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prices, assessed values, etEQr example, the assessment data, the location of the CTfastrak
stations and other variables of interest (e.g., remediated brownfields) can be superimposep
of multiple years of aerial photography tnake maps that help readers visualize changes in the
built environment and property values occurring near the stations over timehase 2this GIS
data can be posted onlin® allowthe public or otheistakeholdergo visualize built environment
changes, calculate statistics, create customizable maps, or download via interactive mapping
software. To aid noiGIS users, the data provided in the geospatial databasalsoincluded in a
separate foldein tabular format to allowthose who are not famgir with Gl1So calculate
statistics for a multitude of variables based on proximity to each of the CTfastrak stafitease
see Appendix for more information.

22



CHAPTER ®ata and Methodology

This chapter focuses on the geographic extent of current studf the impact of BRT on
real estate and economic development, data used in these studies and the associated
methodology. The literature reviewed in this section is primarily from pegrewed sources. In
addition to discussing other studies, this chapintroduces some of the data collected in the first
phase of the present research and disassome methodological recommendatisfor
subsequent phases.

3.1 Geographic Extent of Subject Sites in Current Studies of the Impacts of BRT on Real Estate
and Urban Economic Development

Previous research has explored the impact of BRT on real estate in many places around the

world. Most studies have focused on BRT systems in North AmAs@and South America.

Examples include the development of BRT s @olumbian cities of Bogota, Barranquilla, and

Quito; the South Korean city of Seoul; the Chinese city of Beijing; the Canadian city of Québec; the
American city of Pittsburgh; and the entire United States (Perd@alvo, 2007; Estupifian and
Rodriguez, 208; Perk and Catala, 2009; Rodriguez and Mojica, 2009; Bemsy, 2010; Muficz
Raskin, 2010; Cervero and Kang, 2011; Dubé et al., 2011; Perdomo, 2011; Jun, 2012; Bocarejo et
al., 2013; Zzhang and Wang, 2013; Deng et al., 2016; Rodriguez et al., 20l6pRain®016;

Calvo, 2017). The most researched BRT system is the TransMilenio in Bogota, Columbia, which is
one of the largest BRT systems in the world.

Therescantresearch published on the impact of the CTfastrak on real estate and economic
developmaent. The fact that this system recently opened up for service is one of the primary
reasons why there ittle to no research on this systemegardingits effect on property values
and other aspects of economic development. There is another reason tblasely associated
with the newness of the system that explains why little research exists on this suivjaoy
changes associated with the CTfastrak may not yet have materialized or been fully capitalized into
property values. As previously mentionedesie effectsare likely to requirea few years to
develop and thus any currefata analysi®n the subjeci(as of the time of writing this report)
would be premature.

3.2Data Sourcedsed to Study the Impact of BRT on Property Values

The studies focusg on the impact of BRT on property values and economic development
have used a variety of data sources. Renne .€R@alL6) utilized a combination of Zillow sales and
the United States Department of Housing and Urban Development Location Affordabiéy Ind
Perk and Catala (2009) analyzed MetroSdetta (a comprehensive database of residential,
commercial, industrial and vacant propertieBubé et al (2011) used data from the Multiple
Listing Service, which they acquired from the Chambmabilierede Québec (Québec Real Estate
Board). Others relied on a multitude of local sources of property value and sales data. This list of
local sources includs combination of the information from the Columbian National Department
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of Statistics and Bogotéa City Phamg Department (Estupifidan and Rodriguez, 2008; Bocarejo et al.,
2013; Rodriguez et al., 2016); the Columbian Department of Housing Control (Cervero and Kang,
2011); MetroCuadrado.com (Perdor@alvo et al., 2007; Rodriguez and Mojica, 2008; Rodriguez

and Mojica, 2009); Instituto De Informacion Geografica, Estadistica Y Catastral Del Estado De
Mexico (Flores SgS& wnanmnoT Fyydzaf flyR adaNBSéa FTNRY
Kang, 2011); the Bank of Korea Interregional Ifputput Transaction Tdes (Jun, 2012); and a
combination of data from the Beijing Real Estate Exchange Information Center, Home Search Net
and New Wave News (Zhang and Wang, 2013). A few studies, however, did not clearly state the
local sources that they used in their resea(Blerdomo, 2011; Deng et.a2016; Calvo, 2017).

In the presenttudy, variety of datehas been collectechainly from governmental sources
and a few private entities if the dataere not available from a government agency (e.g., think
tanks, such as thdricoln Institute of Land Policy). As noted in the previous chapter, our data
sources include: municipal assessor offices, municipal economic development agencies, municipal
planning departments, Capitol Region Council of Governments (CRCOG), Connepacumé&rd
of Transportation (CTDOT), United States Department of Transportation (USDOT), United States
Census, Lincoln Institute of Land Policy, Federal Housing Finance Authority (FHFA), Connecticut
Housing Finance Authority (CHFA), Connecticut OfficelafyRmd Management (OPM), United
States Environmental Protection Agency (EPA), Connecticut Department of Ecandmic
Community Development (DECD), Connecticut Department of Energy and Environmental
Protection (DEEP), atide United States Postal ServifgSPSYillow.com® dataspecifically their
z-estimate data were initially discussed as a possible source of individual property data; however,
the Zillow datavere not collected due to administrative hurdles with the Zikdstaff. Instead,
annual estinateswere generatedased on an approach suggested by numerous asseisstirs
Central Connecticut area. dfle detailed explanationof these decisionsare provided later in the
report.

The following paragraphgresent abrief description of the data andny calculations that
were made to derive the datare outlinedif anyalterationswere madeto the original sources.
Simultaneously, figureand tables are presentet illustrate the data that haveeen collectedo
depictthe baseline conditions in Hdord, West Hartford, Newington and New Britaifthese
figures and tables are also usttillustrate how these characteristicould possiblype
documented and analyzed over time in subsequent phasdisis project Local changes as much
as possiblare focused on in this repoftecause the areas closest to the stations expectedto
be affected more than those located further from the stations. However, in some circumstances
(e.g., changes in affordable housing))y municipal datds availableConsegently, for these
variablespnly thefiguresand tableghat focus on the aforementioned four municipalitiase
shown Otherwise, foibrevity, an extensive set of figuresn the characteristics of the
communities neapne CTfastrak station in New Britaiaptly named the New Britain Statipare
presented The reportfocuseson thissinglestation for two reasonsHrst, residents near this
station havemuchto gain in terms of travel time savingstravellingto downtown Hartford a key
employmentdestinationin the region Second,providinga full set of local maps and figures
covering alll1 CTfastrak stations is impractical due to size limitatiointhis report A
comprehensive set of local figures for all CTfastrak stations are avalaistes of tle local station
maps in figures that show all four towns, and some other supplemental figures)cdueled in the
appendix section of this reparPlease see Appendix for more information.
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The locatios of the CTfastrak stationsere obtained from the CDOT staff involved in
maintaining theCTfastrak websité~igure 1)Measures of proximity to these stations werased
on the aforementionediatitude and longitudeof these stationgnd the use of th@srmtimetool
(Huber, 2016)The locations of the stainsextendsouthwesterlyfrom the center of Hartford
through the southeast corner of West Hartford and northwest corner of Newington into the
center of New Britain.

Yearly estimated property values (FigureS8Yyare derivedirom data provided by the
muniOA LI | dicesS Eta geitiniy t@ pfoperty values (Figure$4Tables 13), land
values (Figures-3; Tables %), sale price (Figures 1(B; Tables ) and square footage (Figures
13-15; Tables 910) were also collectedYearly estimated pragty values were calculated by the
authors of this report based on a suggested methodology from the assessors in the Central
Connecticut area for approximating annual property values in situations where there is no nearby
sales price information availabl€his technique estimates the property value by multiplying the
most recent assessed value of a specific property by the ratio of the most recent sales value to the
assessedalue for all armdength transactions of the entire muni@pty or a specific duregion
The assessment data illustrates a wide range of values and sizes of residential properties near the
New Britain CTfastrak station. Condominiums and commercial properties, however, are generally
valued lower than other areas in New Britain, despiteew high priced sales.

Zillow.com® datavere initially vieweds a possible means of determiniagnual property
value changes. However, after discussing this idea with the Zillowistaéfsdecided to focus on
datathat could beobtained from the lgal assessors and othgovernmentalhonprofit sources.

Estimated local property tax revenue is calculated using the assessment data and the mill
rates fromi K S | & & S & &@ ddilnates dffpbpedyIas revienweere calculated The first
iscalcuasb R 60l ASR 2y GKS NIXaGSa ftAaAGSR o0&Figuk$s; I aasSa
Tables 1112). The other estimation is based on the Ogbherated equalized mill rates (Figure
17). Regardless of the mill rate, there is a surprising number of ptiepagenerating a relatively
high amount of tax revenue near the New Britain CTfastrak station.

The number of singlamily properties (Figure 19; Tabl8)Lnumber of multifamily
properties (Figure 20; Tablel), number of rental properties (i.e., apartmis, boarding houses
and condominiums; Figure 21; Tal®), number of commercial properties (Figure 22; Tdlfg
and number of affordable housing properties gquivalently, assisted units; seégures 23-24)
are created from data provided by the mukid.J- £  3aS&da2NBRQ 2FFAO0Sax /|
previously mentioned, onlgnunicipalinformation about affordable housingould be acquired
When mapped, this property type data shows that, for example, the area surrounding the New
Britain CTfastrak statios primarily comprised of commercial properties and midtnily homes.
Although the number of assisted units is rising between 2009 and 2015 in all four towns, Hartford
and New Britain have added more assisted units than Westford and Newington

Quarterly vacancy rate informatiowas acquired and geocoded the Census tracelel,
from 20062016 (Figures 231; Tables 1718). These data are from the USPS vacancy database,
which is also associated with the United States Department of Housing and Uglalopment.
The data show, for example, that the residential and commercial vacancies are increasing between
the first quarter of 2009 and 2015 in the census tract where the New Britain CTfastrak station is
located, but not in a number of the adjatetracts. AdditionallyJists of vacant or undeveloped
land parcelsvere obtainedf N2 Y (0 KS Ydzy A OA LBighire 31 Bablés ATRAakEodly 2 T F A
appears to be oa undeveloped parcel iwalking distance to the New Britain CTfastrak station.
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Figure 1- The locations of the current CTfastrak statigysllow dots)as of 2017 superimposed

on 2016 aerial photographf.e., the stations identified by the numbers 9 and 10 are considered
one station by CTDOT; however, for identification purposes only,ategeparately mapped and
each is given anique identifying numbersourcesiocational data of the CTfastrak from CTDOT
and the aerial photography from DEEP
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Figure 2 Estimated 2015 valu@n constant 2015 USDJ residential properties near the New
Britain CTfastrak statiofyellow star)based on the recentales to assessed value ratio of
residential properties per 2010 censbi®ck group superimposewn 2016 aerial photography
(sourcesassessment and sales data from New Britain Ass&38ime,other calculations made by
authors and aerial photography from DEEP
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