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Planners, academics, and policy-makers recognize the importance of transit-oriented development (TOD) in building resilient and sustainable cities, though implementation has not always lived up to expectations. TOD is an example of a network governance problem as actors from multiple organizations (developers, lenders, and multiple government agencies at different scales), each with their own goals, must come together for an extended time to manage risk and implement a single solution. Less well-studied is the importance of spatial data and state-level coordination to this task, both in identifying sites and in developing policies at the state or regional level to encourage and prioritize TOD in certain areas. This study uses a 1+n case study model, focusing on a primary case (Connecticut's TOD efforts) but using the experience of other states (MassGIS and the New Jersey Transit Villages program) to inform the primary case. Working from interviews with Connecticut stakeholders and participant observation in TOD policy development, the study explores the coordination and governance challenges surrounding state intervention as well as the role that Connecticut's weak state geospatial data play in the efforts to develop TOD projects. Connecticut was until recently one of only five states without a state geographic information officer, making it a “black swan” case that can illuminate the perhaps unseen role that strong spatial data infrastructures play in other states' policymaking. Moreover, the comparison between New Jersey's Transit Villages Program and Connecticut's efforts signal that more work is needed to manage the difficult paradigm shift toward state support of TOD.
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INTRODUCTION

Transit-oriented development (TOD) is a term that originated from Peter Calthorpe's work in cities on the West Coast of the United States without legacy rail systems (Renne and Appleyard, 2019). It originated as a way to shift auto-oriented cities to more sustainable urban forms through the construction of “pedestrian pockets” around new transit projects (Renne and Appleyard, 2019). The context for TOD in cities with legacy rail systems and street patterns that pre-date the car is different, in that the urban fabric necessary for TOD may exist, but brownfield clean-up emanating from the industrial legacy of such cities may make new development costly.

With some notable exceptions (Renne, 2008), there has been relatively little research on state-level policymaking around TOD, particularly around the prioritization of new-build vs. legacy sites. Connecticut, Massachusetts, and New Jersey all contain legacy rail, and have explored or completed the development of new transit lines recently, but Connecticut's TOD efforts lag behind the other two. New Jersey's Transit Villages Initiative began in 1999, while Connecticut's grant program began in 2012.

This paper benchmarks Connecticut's efforts to support transit-oriented development against its peer states, New Jersey and Massachusetts. We identify New Jersey's Transit Villages Initiative as a model for state-level coordination and municipal support, while MassGIS provides a model of robust spatial data infrastructure at the statewide level. Both Connecticut and New Jersey operate transit at the state level, and operate or have operated state grant programs for TOD, but New Jersey's Transit Villages program is older and has been in continuous operation since 1999. MassGIS was cited in interviews as a potential model for Connecticut's data struggles. Until December 2021, Connecticut was one of only a few states without a state geographic information officer (Wood, 2021). There is also no single state repository for geographic data, and no standard for commonly used layers, such as parcels. Transit level shapefiles are available where transit is operated by the state, in contract with private providers, but the availability of transit operated by local transit districts is more variable. As such, there are no statewide data on transit use or the ability to easily identify the most used lines or stops, much less an inventory of stop amenities.

The central question that we address in this paper is what effect does the lack of coordination and of robust data have on the state's TOD planning efforts? Using a 1+n case study model (Mukhija, 2010), we assess the outcomes of Connecticut's transit-oriented development policies with respect to governance and data availability, using a mixed-methods approach. We find that while the legacy cities represent many of the most TOD-ready areas along the line, the state's focus on new-build transit, a reluctance to include buses in their TOD plans, and a lack of meaningful performance metrics to guide state funding hinder TOD efforts in the state. These three effects collectively represent a failure to coordinate TOD efforts across multiple departments and policy areas at the state level. These tensions between existing and new-build TOD, and around TOD as a multimodal project are not unique to Connecticut, but New Jersey in particular provides an instructive example of how to manage these tensions.



CASE BACKGROUND

The state of Connecticut defines transit-oriented development (TOD) as “the development of residential, commercial, and employment centers within one-half mile of walking distance of public transportation facilities, including rail and bus rapid transit and services, that meet transit supportive standards for land uses, built environment densities, and walkable environments, in order to facilitate and encourage the use of those services (CGS 13b-79o).” The definition accords with Peter Calthorpe's initial conception of the idea: building out islands of dense, mixed-use, walkable neighborhoods connected by transit, and slowly expanding those islands to transition away from auto-dominated land uses (Calthorpe, 1993). However, along the Metro-North New Haven Main Line, cities are as much returning to past transit-oriented urbanism as they are building new TOD.

The New Haven Line links Connecticut's two southwestern counties, Fairfield County along the border with New York and New Haven County to its east, to New York City (Figure 1). Fairfield County is one of the most unequal places in the country, with wealthy suburbs interspersed with declining post-industrial cities like Bridgeport (Sommeiller and Price, 2018). Strung out along the 74 mile-line are the relatively walkable downtowns of Greenwich, Stamford, Norwalk, Fairfield, Bridgeport, Stratford, Milford, and New Haven, all built before the car dominated city streets. Some of these downtowns, notably Stamford, Bridgeport, and New Haven, were redeveloped to accommodate the car, necessitating efforts to restore the dense, mixed-use downtowns, and the transit service that once supported them (Polinski, 2015). Restoring TOD around these areas means activating and valuing the existing transit resources and walkable urban gird.
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FIGURE 1. Overview map of the Metro-North New Haven Corridor, showing racial demographics.


The state department of transportation is heavily involved in the provision of transit along the corridor but only tangentially involved in development. It owns the rail infrastructure and provides two-thirds of the operating subsidy for the New Haven Line, manages the parking provision at stations, and provides the operating funding for bus transit along the corridor (CTDOT, 2012). In Stamford and New Haven, the state also serves as the contractor for local bus service, while transit districts serve that function in Norwalk, Milford, and Bridgeport. Connecticut, however, is a strong home rule state, meaning the localities control the land use around stations. Connecticut has in the past been one of the few states with a state development plan, but the most recent plan was never officially approved by the state legislature and local plans are not required to be consistent with the state plan (Lewis and Knaap, 2012).



THE ROLE OF THE STATE IN TOD GOVERNANCE

TOD represents a significant challenge of coordination. TOD is an example of networked governance, requiring multiple actors from both the public and private sector to collaborate on a complicated project, manage multiple goals, and mitigate risk for an extended period (Mu and de Jong, 2016). It also in many cases requires a paradigm shift, as car-oriented regions reorient their planning strategies to conduct integrated land use and transit planning (Curtis, 2012). As such, there is an extensive literature on the challenges of implementing high-quality TOD (Curtis et al., 2009). Research has found tensions between maximizing transit's competitiveness with the car with respect to speed and shaping walkable places; the shortest distance between two points does not always run through downtown (Curtis, 2008). Similarly, TOD is manifestly a project that occurs at multiple scales, with regional transit actors interfacing with local planners to shape specific station areas, resulting in usually incremental and contextual change (Paulhiac Scherrer, 2019). Where state/regional actors can play a larger role, as part of a redevelopment agency or land development agency, TOD outcomes may be better than when local governments are left to plan alone, though this is dependent on the state or region's commitment to TOD (Curtis, 2012). While theory suggested that coordination between transit agencies and land use planners could be improved by bringing debates within an organization, experience in Western Australia found that network building and outcome-focused regulation was more important than in-house organizational structure (Legacy et al., 2012).

Paying attention to TOD outcomes has also been a feature of the literature, drawing a distinction between transit “oriented” development, which is designed in a way to foster walkability and prioritize non-car trips, and transit “adjacent” development (TAD), located near a station but not supportive of transit for reasons of density, diversity of uses, or design (Renne, 2009). TAD developments may have cheaper housing, but those costs are offset by higher transportation costs because travel behavior is not meaningfully different between traditional suburban development and TADs (Kamruzzaman et al., 2015; Renne et al., 2016). As such, there is a two-part implementation gap at play, the first being whether to act at all on TOD principles, and the second is whether the projects that meet TOD goals.

While land use regulation remains a fiercely guarded responsibility of the local level, states play multiple roles in TOD governance (Renne, 2008). They control transportation investments and funding, and in all three states reviewed here, that funding includes significant operating assistance for transit as well as capital funding. They also can coordinate across departments to streamline permitting and support pilot programs, and in general use financial and regulatory incentives to reward towns for “doing it right” (Renne, 2008, p. 103). In the background of this coordinating role, and understudied, is the role state departments play in providing standardized data usable for performance measurement. This article explores the significance of both the coordinating function and the data function for state DOT governance.



BEST PRACTICE CASES

New Jersey and Massachusetts represent two pieces of a concerted state-wide support for TOD—multi-agency coordination providing support for municipalities and state-level GIS data coordination. Below, we lay out each program and the key lessons learned to develop a set of evaluation questions for Connecticut.

The New Jersey Transit Villages Initiative began in 1999 with the goal of supporting municipalities in providing dense, walkable districts near existing transit stations (Noland et al., 2012). Municipalities apply to a multi-agency Transit Village Task Force for a transit village designation. Transit villages are eligible for both access to a dedicated (though small, generally $1 million a year) fund and priority for other funding from the Task Force's agencies. The process of assembling the application, which includes developing ideas for TOD sites in town is as important as the funding itself, because it involves coordinating among the various town stakeholders and agencies to develop a shared vision (Munoz, 2018). Municipalities are held to a set of TOD standards found in Planning for Transit-Friendly Land Use: A Handbook for New Jersey Communities (Diepeveen et al., 1994). Developers also get “one-stop shopping” from state agencies, rather than having to go through separate processes with each agency (Drake, 2001). Since 1999, the program has grown from 5 to 34 municipalities, with the City of Newark the most recent addition in 2021 (Newark Gets Transit Village Designation, 2021).

In addition to the New Jersey Transit Villages program, NJ Transit has its own Transit Friendly Planning Program that assists municipalities in developing “vision” plans for transit and a Real Estate and Economic Development unit that actively solicits TOD proposals on properties owned by NJ Transit (NJ TRANSIT, 2021). NJ Transit also worked with the Voorhees Transportation Center at Rutgers to develop a transportation and land use mapping tool (NJLUTRANS.org), but the land use data have not been updated since 2017.

Massachusetts's Executive Office of Energy and Environmental Affairs developed the Massachusetts Geographic Information System (MassGIS) in the 1980's. In 2010, recognizing the value of MassGIS outside of solely environmental projects, the state moved MassGIS to the Executive Office of Technology Services and Security and maintained its board of stakeholders from across the MassGIS community. MassGIS's tools and data have been used to evaluate the effects of various plan scenarios on vehicle miles traveled (Ferreira et al., 2013) and to conduct a healthcare needs analysis (Edward and Wang, 2016). More recently, the Massachusetts Housing Partnership utilized MassGIS data to create TODex, mapping density around Greater Boston transit stations (TODEX, 2021). TODex was made possible by MassGIS's collection and standardization of each town's assessed parcel data, its creation of an address database for 911, and its maintenance of data for all transportation modes. While the Massachusetts Housing Partnership still had to supplement with private data for large, complex, mixed-use buildings, the standardized data formed the basis of an automated assessment process able to quickly compare station areas for TOD potential.

Both New Jersey and Massachusetts support municipalities in developing TOD proposals. In New Jersey, the thrust comes from the department of transportation and the transit provider, the departments which have the most to gain from TOD. While New Jersey did develop a data tool, it did not necessarily create the infrastructure for continual updates. In Massachusetts, the focus was on the GIS data, with a state agency designated to continually update and maintain the necessary data for coordination.

The examples of New Jersey and Massachusetts suggest the following questions for the Connecticut case. First, to what extent is there governance coordination at the state level to support TOD in municipalities and to what degree does it leverage the state department of transportation's vested interest in TOD? Second, how does the coordinated effort hold towns to a set of TOD standards? Third, to what extent are there useful transportation and land use data to support TOD, and if so, what does it tell us about the state's readiness for TOD?



METHODOLOGY

To answer these questions, we conducted a content analysis of the TOD plans for all towns along the Metro-North main line that had conducted studies and then contextualized the findings with 13 interviews. On the quantitative side, after a fruitless search for standardized land use data, we analyzed the street networks and bus transit around the main line stations, to assess whether there was sufficient urban fabric to support TOD.


Content Analysis of Existing Plans

For the content analysis of plans, we searched town websites for TOD plans. If none were identified, we googled the station name and TOD. In one instance, Darien, this revealed a development rather than a plan, and we searched successfully within the city website and developer website for the plan that initiated the development (Connecticut Main Street Center Resource Team, 2006). Bridgeport and Stamford stations are unique in that rather than having station area TOD studies, the TOD is included in the general town plan. We focused on the Downtown Plan for Bridgeport, and in Stamford, we supplemented a recent bus and shuttle study with presented material on Stamford's TOD efforts (Downtown Special Services District, 2007; WESTCOG, 2018; Woods, 2018).

In total, we found 17 plans for the 21 stations along the corridor. Six stations (Greenwich, Riverside, Old Greenwich, Rowayton, Green's Farms, and Southport) had no plans, while Stamford and New Haven Union Station had two each and Fairfield covered two stations in one plan. We also included Bridgeport's Barnum Station TOD plan in the review even though the station was not constructed. The plans range in date of publication from 2006 to 2020. All but two of the plans were completed after Governor Malloy established a state TOD program to support planning efforts in 2012; New Haven completed its TOD report for its Union Station in 2008 and Darien's plan was based not on TOD specifically but completed as part of a Main Street project in 2006. The range of years is instructive, in that it provides a window into changes made to TOD planning over the period. Most notably, the newest plan (East Norwalk) is the first to incorporate sea level rise into its analysis.



Interviews

Interviewees were identified through snowball sampling, in which initial interviewees are asked to recommend others whose perspectives might be valuable. Snowball sampling has some limitations, in that interviewees may only offer those participants who agree with them, biasing the sample. To counteract this, we made our initial contacts through towns and councils of government, including places that were both friendly and hostile to TOD. Because of interview request-response rates, the interviewees were biased toward Fairfield County and places that were embarking on or had experience with TOD. To the extent possible, we tried to capture the voices we were not hearing through reference to their TOD plans.

In total, we spoke to four town planners or economic development specialists, two transit agency directors, two real estate developers and one real estate banking specialist, two planners for the state department of transportation, one executive director of a council of governments (COG), and one transportation activist. For each interview, we asked them to describe their involvement in TOD efforts in Connecticut and what they saw as the primary obstacles to TOD. We probed for specific policies, if any, and asked them to describe the decision-making process around a TOD project they had been involved in. Following Guthrie and Fan's interviews with developers on TOD (Guthrie and Fan, 2016), as much as possible, the interviewer kept themselves out of the conversation, to capture the experiences from all sides of TOD in Connecticut.



Street Network Analysis

To assess the station area's capacity for transit-oriented development in the absence of detailed, standardized parcel data, we analyzed the walkability of the surrounding street network. We calculated the intersection density of station areas, the link-node ratio, the number of city connectors exiting the station area, and walkability for the street level analysis of station areas (Table 1). The intersection density serves as a quick estimate of block size and walkability: denser street grids have more spaces for economic activity and, therefore, more possible destinations within a short walk. The link-node ratio measures the number of streets per intersection (Ewing, 1996). Used in combination with intersection density, it serves as a valuable indicator of connectivity, with some cities incorporating a standard ratio of 1.4 links per node to measure whether a neighborhood is walkable (Dill, 2004). The city connectors concept measures how accessible the neighborhood is to other neighborhoods. Our definition of city connectors began with state numbered routes but extended to any major roadway (e.g., West Ave in Norwalk) that extends beyond the station area. The walkability assessment was qualitative, based on an estimation of travel speed, road width, sidewalk availability, and building frontage (as opposed to parking or large lawns; Marshall and Garrick, 2010; Marshall et al., 2015; Marshall and McAndrews, 2017).


Table 1. Street level analysis metrics.
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Bus Network Frequency Analysis

We conducted an online search to identify all the bus routes that connected with the Metro-North mainline, or connected to a route that connected to the main line. These routes spanned five transit districts: CT Transit-Stamford, Norwalk Transit District, Greater Bridgeport Transit District, Milford Transit District, and CT Transit-New Haven. We then pulled their pre-Covid schedules from online and calculated the average daily headway. We also identified peak times and the number of buses per peak, to account for buses with high frequency at the peak and low or no frequency off-peak.

The following section lays out the findings for each analysis, and then the discussion section draws out the common threads of a failure to see investing in cities as transit-oriented development, the omission of bus transit planning as part of an overall transit-oriented development strategy, and a reluctance to reduce parking at both the state and local levels.




FINDINGS


Considerable Variation Among Local TOD Plans

To assess the degree to which towns meet TOD standards, we conducted a content analysis of all TOD plans along the corridor. We assessed them in four areas: parking, their problem-solution framings around congestion, their treatment of the bus network, and the attention paid to street network design and walkability (Table 2). For parking, we used a five-point scale, in which cities gained 1 point for each of the following: planned parking reduction, removal of parking minimums, provision of shared parking, preferencing structured over surface parking, and placing parking behind buildings. For congestion, the assessment had two parts: first, whether they even viewed congestion as a problem (some cities desired congestion as a sign of economic development), and second, if they did, whether congestion was used as a reason for or against implementing TOD strategies. As such, in the congestion column, an x represents a city who was not concerned about congestion, while a plus symbol indicates congestion used to support TOD and a—for cities where congestion was used to oppose it. At two stations, Stratford and Fairfield Metro, congestion was used to support pedestrian improvements but also used to be tentative about encouraging new development, so they have both. For the bus network, cities received a zero if they failed to include the bus network in their TOD plan, a one if their sole intervention was improvements to stop amenities, a two if they addressed improving bus access to stations, and a three if they considered route changes, increased frequency, or the ticket interface between rail and bus. One city received a−1, as they included the bus network only to reject any proposed improvements. For walkability, stations received one star if it was a goal of the plan, two if they included a basic suite of measures, such as complete streets, and three if they discussed active interventions that prioritized pedestrians over cars, such as mid-block crossings, street narrowing, driveway consolidation, slower speeds, and in the case of Fairfield Metro, a pedestrian-only crossing over a body of water.


Table 2. Station plan analysis.
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The station plan analysis shows considerable variation. Four plans—Darien, South Norwalk, East Norwalk, and Bridgeport—score highly in all four aspects. Of those, only the East Norwalk study was funded by the state TOD planning grants. The other three, funded by the state–Westport, Barnum, and Milford—are a step above most of the remaining plans, but have either only average attention to walkability or to the bus network. When looked at standard-by-standard, plans to set parking maximums rather than minimums and plans to increase frequency or adjust bus routes were equally rare, and no city had both contained within a single plan. In sum, there is no single set of enforced standards guiding TOD planning in Connecticut. New Jersey's plans are enforced by the existence of the Transit Village program and NJ Transit's Planning for Transit-Friendly Land Use handbook. The comparable handbook in Connecticut, the Transit-Oriented Development Toolkit for CT (2013), was produced by a consortium of advocacy groups and non-profits and following it is not a requirement for planning and development grants. Linking state coordination and resources to a set of standards would remove variation and improve the quality of station area TODs.



State-Level Coordination Focused on New-Build Transit

Much of the state's focus on TOD over the last decade has been not on the Metro-North corridor but along the Hartford Line and the CT Fastrak bus rapid transit in the middle of the state. Interviewees suggested that state agencies perceived the Metro-North corridor as being able to “organically” develop TOD due to existing market demand (Interview with state employee, 4/27/21). In contrast, the two large capital investments represented opportunities to catalyze denser development opportunities in other locations.

The focus away from the Metro-North corridor and larger cities in general is visible in the distribution of grants from the Transit Oriented Development Planning Grant program (Figure 2). The program first started as a project of the department of transportation (DOT) in 2015. Subsequent rounds in 2016 and 2017 became Planning and Implementation Grants, funding construction of complete streets improvements and property acquisition in addition to planning, and awarded by a network of state actors in the Department of Energy and Environmental Protection, the Department of Economic and Community Development, the Office of Policy and Management, and the DOT. Of the 17 plans reviewed below, only four (East Norwalk, Saugatuck, Milford, and Barnum) were funded by the program, supporting the DOT's understanding that towns along the corridor would be able to stimulate TOD without significant state attention. Figure 2 shows the dollar amount of grant activity by town. Grants were made outside of TOD areas for complete streets efforts, and larger numbers generally reflect implementation projects rather than planning projects. As Figure 2 shows and the interviewees discussed, the bulk of activity happened away from the Metro North corridors, with some funding for Stamford and New Haven, though Stamford's investment was along a branch line station.
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FIGURE 2. TOD grant distribution by town.


Among real estate finance professionals, TOD is one of the most preferred types of real estate investment along the Metro-North main line, but it does not always feel that way from the perspective of planners and advocates. This tension lies in the fact that while there is demand for more car-lite living, the supply of TOD is limited by the difficulty of finding and gaining approval for suitable sites. First, the New Haven main line is a premium service compared to the branch lines. The main line has more frequent service and electric trains; the first improves access, the second reduces noise. As such, access to one of those 21 station areas is a scarce commodity. Second, not all communities along the line are excited about or welcome growth. The Westport/Saugatuck station TOD plan, for example, contains a preamble from the community-appointed committee that worked on the plan expressing alarm at the estimations of market demand and its possible effects on the existing community. The plan then identifies five possible development sites, of which none would provide a sufficient rate of return at currently allowed densities due to the high costs of property acquisition. One developer we spoke to estimates that the parking lots at the Westport/Saugutuck station are the second most valuable location in all of Connecticut, exceeded only by the lots at Darien, a station two towns closer to New York City. Moreover, the Saugutuck TOD plan opposes structured parking, the current best practice to build out of the tension between a perceived need for parking to facilitate access to the train and the desire to build more human-scaled and less car-oriented development around prime transit hubs. There is a lack of political will to support TOD in some areas where the market would absorb it, and significant eagerness for TOD in areas with little demand.

The large cities along the Metro-North line (Stamford, South Norwalk, Bridgeport, and New Haven) represent the best opportunities for TOD, and their advancement along the process of reducing car use is reflected in the market estimates of parking requirements. In Stamford and New Haven, interviewees provided estimates of less than one parking space per bedroom. Fifteen years ago, anywhere along the line would have been 1.67 spaces per bedroom, now in South Norwalk they would do 1.2. Other than Stamford, New Haven, and South Norwalk, very few places along the corridor are sufficiently urban for a developer to feel safe providing less than 1.67, but might be willing to do so for a place right next to the station. Unfortunately, in many towns, the parking minimums are high enough that the developer is not pushed to ask what the market demands. This may change as the result of a bill recently passed at the state level. Pub. Law 21-29 sets residential parking requirements at 1 space for a 1 bedroom and no more than 2 for 2+ bedrooms unless the local planning and zoning commission opts out of that provision. Bridgeport has also recently removed parking minimums in its North Downtown area and is seeking to remove them citywide. However, as long as the state DOT views parking as its primary land use mission around the stations, as was stated in interviews, the tensions around parking will remain.

The interviews also revealed uncertainty as to whether commuter rail-based TOD is sufficient to reduce the need for a car. One developer used an intra-Connecticut trip as an example, stating that even if a Milford-Darien commuter wanted to take the train to work, she would still have to drive to Milford station, and there is not enough parking at Milford for her to find a spot. One COG executive director made a similar argument that even if all the TOD sites were developed in their region, people would still drive to the station from single-family houses. As long as the land use remains car-oriented, car travel is inevitable.

Bridgeport stands out somewhat in the development context. Located in the middle of the line, it is the state's largest city, with 148,654 residents counted in the 2020 census, and one of its most impoverished localities. While the median household income in Connecticut is $78,444 (2019 dollars), the median income in Bridgeport is $46,662. Twenty percent of Bridgeport's residents are below the poverty level, compared to 9.7% statewide. These data points help to explain why despite having a strong gridded street network and extensive bus network, it was not mentioned by any developer as a primary TOD site. In Bridgeport, the rent you can charge on a building does not always cover the cost of construction, a phenomenon an economic development professional referred to as an “appraisal gap.” It is as expensive to build in Bridgeport as it is in Stamford or New Haven, if not more so due to brownfield remediation, but rents are somewhat lower. As such, the Bridgeport planners recommended state programs that help to reduce the appraisal gap, reducing the costs of development even for construction that is not specifically designated as affordable housing, in the hopes of spurring Bridgeport to be a functional market.



Even With the Scarce Available Data, It Is Possible to Develop Meaningful Performance Metrics

In the absence of statewide standardized land use data, we attempted to identify spatial data by which to assess a station area's ability to absorb TOD. Despite considerable effort attempting to locate land use data, we were unable to find a layer that covered the entire length of the corridor. We pivoted to an assessment of local street and bus networks as the data most available, and also as meaningful metrics for the DOT to use in operating decisions.


Street Network Analysis

Our street network analysis uses publicly available road network data, combined with Google Streetview, to develop basic metrics of a pedestrian friendly area. The goal is to identify existing walkable areas to focus TOD efforts, as well as to identify aspects of a station area that need improvement. Table 3, below, displays the results of the assessment and is sorted by intersection density.


Table 3. Street network analysis of Metro-North station areas.
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To understand how transit supportive a station area's street network is, the indicators need to be incorporated in combination with each other. Figure 3 provides an example set for comparison. While Southport (A) has a high intersection density, it is not well-connected, with only a few routes crossing under the rail lines and highway. The walkable downtowns of Fairfield (B) and Greenwich (C) cover less than half of the station area, leading to a lower intersection density. Union Station in New Haven has a dense and well-connected street network, but the parking lots on Union Avenue and the highway disamenity along Water Street lower the walkability of the area (D). The proposed Barnum Station site places the highest of any of station areas on the intersection density and link-node metrics, but the existing sidewalks need repair. Five stations—Rowayton, Old Greenwich, Cos Cob, Riverside, and Green's Farms—lack city connectors and are therefore unsuited to TOD without significant, and likely politically infeasible, development. These metrics can be used to put numbers to the “transit-supportive standards for land uses, built environment densities and walkable environments” currently included in the state definition of TOD (Sec. 13b-79o), and can also guide towns in prioritizing how to improve the street network near their stations.


[image: Figure 3]
Figure 3. (A–D) Sample analysis maps for transit-supportive street networks.




Bus Network Analysis

There are two governance models for bus transit in Connecticut; the transit district model and the CTTransit model. In the transit district model, a local transit district plans and operates service, with funding provided largely by the state. In the CTTransit model, the state-owned CTTransit contracts for transit service, with service areas broken into divisions. There are ten transit districts and eight CTTransit divisions. In both the transit district model and the state-run CT Transit model, coordination of transit and land use is formalized only at the level of the regional council of governments, which produce plans that include both transit and land use. On the day-to-day level of project approval and service adjustment, the relationships are currently only informal. This lack of a formal process leads to situations like one described in interviews, in which a medical office relocated from a downtown location well-served by transit to a new greenfield office location. Under current arrangements, unless the project is over a certain size threshold, that kind of move is something the transit agency only learns about when the office calls up and asks for more service to their location. Ideas put forward by interviewees for more formal coordination include linking land-use proposals to transit service, or promoting transit corridors, which receive improved service as density along the corridors increases.

Currently, the large majority of all transit funding in the state comes from the state, whether CT Transit or the transit districts provide the transit service. However, the state only maintains data on performance for the transit they provide, making it difficult to compare transit across the corridor. For example, the state knows the top 100 busiest bus stops, but only among CT Transit lines, which notably omits Greater Bridgeport Transit, one of the busiest providers in the state. To develop our comparison, we assessed the frequency of 97 bus routes that interface with the Metro-North mainline.1 Of these routes, only five have average daily headways of less than 20 min, and only New Haven's Whalley and Grand Avenue buses have headways more frequent than 15 min. Headways refer to the amount of time in between buses serving a given stop. Four buses an hour, evenly spread, means 15-min headways. Headways of 15 min or less are the gold standard of “show up and go” service, service that does not require the user to consult a schedule, though some advocates are pushing for 15 min to be considered the bare minimum for service labeled “frequent” (Higashide, 2019). Eighteen routes have average daily headways of between 20 and 30 min, reflecting routes that have “show up and go” service for some parts of the day and provide skeleton service in the off-peak and evening hours, including the Coastal Link, a joint venture among Norwalk Transit District, Bridgeport Transit District, and Milford Transit District. The remaining routes run either heavily peaked service, with almost no off-peak service, or regular service that operates less frequently than every 30 min. Figure 4 highlights how New Haven's investments in bus frequency make effective TOD possible to a greater degree than elsewhere. Bridgeport also has excellent coverage every 20 min, with 95% of its residents within a quarter mile of a bus route. Stamford and Norwalk have less robust networks, while the Westport service barely registers. Milford's service is not depicted on the map because it does not have GTFS data, but it has two all-day hourly bus routes and one route that runs hourly only doing the morning and afternoon peaks. Investing in transit in Stamford, Norwalk, and Bridgeport, and in TOD in those cities with robust bus networks best leverages the existing state resources spent on transit.


[image: Figure 4]
FIGURE 4. Frequency map of bus service along the Metro-North corridor.


Any investment in bus transit needs to contend with stigma around buses. Interviewees described the structural racism that shapes transit use in Connecticut. One developer, went so far as to say “white man doesn't ride a bus,” in explaining why his company focuses on rail for TOD. His solution is to build other services, like light rails and streetcars, that do not have the same connotation, believing that the negative stigma of the bus will not be resolved in his lifetime. While not stated explicitly, this reluctance to confront the structural racism around buses in Connecticut seems to also animate city proposals for circulators or micro-transit, as public officials seek a non-stigmatized service rather than investing in the existing bus network.





DISCUSSION AND CONCLUSION

When compared to peer states, Connecticut demonstrates that absent a strong coordinated program, TOD plans exhibit significant variation in content and quality, that state-level programs can overlook existing TOD potential in favor of supporting TOD around new capital investments, and that even with scarce available data, meaningful performance metrics are possible. Compared to benchmark programs in New Jersey and Massachusetts, Connecticut lacks statewide data, metrics, and standards by which to evaluate programs and projects and develop plans. Without metrics to ground evaluation, state grantmakers and departments are instead defaulting to TOD as originally defined, using new transit investments to create small pedestrian pockets in otherwise auto-oriented environments, rather than building on existing multimodal investments and walkable areas. The focus on building TOD around new service rather than existing service creates a blind spot toward to the potential to jumpstart economic development in Connecticut's older cities by leveraging transit-oriented development.

Connecticut is behind the curve for the availability of standardized GIS data. In attempting to find the data necessary to measure intersection density and the link-node ratio, the ease of calculation varied by county. In Fairfield County, whose regional council of governments has the staff and resources for significant GIS work, there are “local streets” and “local intersections” shapefiles and parcels with standardized zoning information. These kinds of standardized data did not exist for New Haven County, necessitating hand counting of intersections and streets. Moreover, no council of government had any sort of financial information, like sale price, available by parcel. This constraint makes independent assessments of the market nearly impossible. Similarly, while the National Housing Preservation Database contains geospatial data for federally subsidized affordable housing, CT is only now beginning to map its locally subsidized housing. With the December 2021 appointment of a state GIS officer, Connecticut can now begin to take responsibility for this sort of standardization, a gap that should be rectified.

The state lacks clear metrics for transit-oriented development and investment, leading to a focus around new transit investments rather than existing multimodal networks. While the state's definition of TOD includes the phrase “transit-supportive standards,” those standards are not defined. Using metrics like intersection density and link-node ratio can encourage towns to build dense, connected, and walkable projects, in addition to existing attention paid to complete streets style improvements. These metrics could ensure that development on large parcels, like Fairfield Metro, is built with small block sizes and a dense connected street grid, as additional connectivity is needed to bring the Fairfield Metro station area up to 100+ intersection density and 1.4 link-node ratio.

Absent such metrics, the state chooses to focus its TOD efforts in less dense areas, believing that the cities will take care of it themselves. While it is true that the market for TOD is more present along the Metro-North Line, this narrow understanding of TOD has created blind spots around the other essential aspects of TOD, such as reducing parking, improving bus service, and focusing attention where there are already strong walkable street networks. Such metrics also need to recognize that TOD is a multi-modal project, rather than development around rapid transit stations. Given the lack of good transit service other than the commuter rail in many towns, a reluctance to imagine a car-lite lifestyle is understandable. With the state's role as the main transit funder, they also have levers to coordinate transit and land use planning by targeting transit funding to key corridors, supported by incentives for densification. Performance metrics are needed for state bus service. The state can also incentivize focusing development along these corridors in the transit operating document, committing to giving more funding to those districts coordinating with cities and investing in resilient corridors. At the local level, transit districts can build in more scope for local governments to contribute financially to transit and support quarterly meetings between cities and transit providers.

While this research focused on Connecticut, it is among the first work to untangle the disparate understandings of TOD in existing vs. new-build transit contexts. In addition, it is part of a small but growing literature on state development planning and TOD. Future research should continue the research of TOD at the state-wide level, exploring how best to implement resilient corridors.

A TOD strategy aimed at existing transit-oriented built environments would leverage state funding to restart a virtuous cycle in existing walkable areas. Performance measures that favored urbanized environments would improve existing transit assets and focus state resources on the cities. By investing in the transportation resources that provide the city's backbone, public money would support the smaller private developer network currently existing in cities to reinvest in their properties and create incremental growth.
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FOOTNOTES

1An online search conducted in Fall 2020 revealed 101 routes that either connected to stations or connected to routes that stopped at stations, but schedules were only available for 97.



REFERENCES

 Calthorpe, P (1993). The Next American Metropolis : Ecology, Community, and the American Dream. New York, NY: Princeton Architectural Press.


 Connecticut Main Street Center Resource Team (2006). Downtwon Darien: An Action Plan for the Revitalization of Downtown Darien. Connecticut Main Street Center Available online at: https://yourdowntowndarien.com/wp-content/uploads/2015/07/Darien-Revitalization-Resource-Team-Report.pdf (accessed February 3, 2022).


 CTDOT (2012). Connecticut State Rail Plan. Available online at: https://portal.ct.gov/-/media/DOT/documents/dplansprojectsstudies/plans/State_Rail_Plan/StateRailPlanFinal11812pdf.pdf?la=en (accessed April 3, 2022).


 Curtis, C (2008). Evolution of the transit-oriented development model for low-density cities: a case study of perth's new railway corridor. Plan. Practice Res. 23, 285–302. doi: 10.1080/02697450802423559


 Curtis, C (2012). Transitioning to transit-oriented development: the case of Perth, Western Australia. Urban Pol. Res. 30, 275–292. doi: 10.1080/08111146.2012.665364


 Curtis, C., Renne, J. L., and Bertolini, L. (2009). Transit Oriented Development: Making It Happen. Farnham: Ashgate Publishing, Ltd.


 Diepeveen, J. L., Edwards Kelcey Inc Skidmore, O.& M., and Lehr & Associates Joyce Wilson Graphic Design (1994). Planning for Transit-Friendly Land Use: A Handbook for New Jersey Communities. Federal Transit Administration. Available online at: https://rosap.ntl.bts.gov/view/dot/561 (accessed January 24, 2022).


 Dill, J (2004). Measuring Network Connectivity for Bicycling and Walking. Transportation Research Board Annual Meeting (Washington, DC: Transportation Research Board), 20.


 Downtown Special Services District (2007). Re-Imagining Downtown Bridgeport. Available online at: https://www.bridgeportct.gov/filestorage/341650/341652/346105/342427/Appendix_A_-_Downtown_Plan_2007.pdf (accessed February 3, 2022).


 Drake, D. L (2001). Next Stop: Transit Villages. Somerset, NJ: Business News New Jersey, 28.


 Edward, J., and Wang, S. (2016). Using geographic information systems to conduct a needs analysis to develop targeted health service interventions for underserved hispanic populations in Massachusetts. Nurs. Res. 65:E110. doi: 10.1097/NNR.0000000000000152

 Ewing, R (1996). Best Development Practices: Doing the Right Thing and Making Money at the Same Time, 1st Edn. Chicago, IL: Routledge.


 Ferreira, J., Diao, M., and Xu, J. (2013). Estimating the vehicle-miles-traveled implications of alternative metropolitan growth scenarios: a Boston example. Trans. GIS 17, 645–660. doi: 10.1111/tgis.12017


 Guthrie, A., and Fan, Y. (2016). Developers' perspectives on transit-oriented development. Transport Pol. 51, 103–114. doi: 10.1016/j.tranpol.2016.04.002


 Higashide, S (2019). Better Buses, Better Cities: How to Plan, Run, and Win the Fight for Effective Transit. Illustrated edition. Washington, DC: Island Press.


 Kamruzzaman, M.d., Shatu, F. M., Hine, J., and Turrell, G. (2015). Commuting mode choice in transit oriented development: disentangling the effects of competitive neighbourhoods, travel attitudes, and self-selection. Transport Pol. 42, 187–196. doi: 10.1016/j.tranpol.2015.06.003


 Legacy, C., Curtis, C., and Sturup, S. (2012). Is there a good governance model for the delivery of contemporary transport policy and practice? An examination of Melbourne and Perth. Transport Pol. 19, 8–16. doi: 10.1016/j.tranpol.2011.07.004


 Lewis, R., and Knaap, G.-J. (2012). Institutional structures for state growth management: an examination of state development plans. State Local Govern. Rev. 44, 33–44. doi: 10.1177/0160323X11429712


 Marshall, W., Garrick, N., and Marshall, S. (2015). Street Networks. Handbook on Transport and Development. Available online at: https://www.elgaronline.com/view/edcoll/9780857937254/9780857937254.00020.xml (accessed July 31, 2021).


 Marshall, W. E., and Garrick, N. W. (2010). Effect of street network design on walking and biking. Transport. Res. Rec. 2198, 103–115. doi: 10.3141/2198-12


 Marshall, W. E., and McAndrews, C. (2017). Understanding livable streets in the context of the arterials that surround them. Transport. Res. Rec. 2605, 1–17. doi: 10.3141/2605-01


 Mu, R., and de Jong, M. (2016). A network governance approach to transit-oriented development: integrating urban transport and land use policies in Urumqi, China. Transport Pol. 52, 55–63. doi: 10.1016/j.tranpol.2016.07.007


 Mukhija, V (2010). N of one plus some: an alternative strategy for conducting single case research. J. Plan. Educ. Res. 29, 416–426. doi: 10.1177/0739456X10362770

 Munoz, D. J (2018). Transit villages: how NJ is reimagining the walkable, live-work-play downtown. njbiz 31, 6–7.


 Newark Gets Transit Village Designation (2021). New Jersey Business Magazine. Available online at: https://njbmagazine.com/njb-news-now/newark-gets-transit-village-designation/ (accessed December 11, 2021).


 NJ TRANSIT (2021). NJ TRANSIT. Available online at: https://www.njtransit.com (accessed December 11, 2021).


 Noland, R. B., DiPetrillo, S., and Lahr, M. L. (2012). Residential property values and New Jersey transit village program. Transport. Res. Rec. 2276, 78–88. doi: 10.3141/2276-10


 Paulhiac Scherrer, F (2019). Assessing transit-oriented development implementation in canadian cities: an urban project approach. J. Plan. Educ. Res. 39, 469–481. doi: 10.1177/0739456X19873942


 Polinski, A (2015). Transit Era Hartford: Using the Past to Plan the Future. (Master's Theses). Available online at: https://opencommons.uconn.edu/gs_theses/856 (accessed April 3, 2022).


 Renne, J (2008). Smart growth and transit-oriented development at the state level: lessons from California, New Jersey, and Western Australia. J. Public Transport. 11:5. doi: 10.5038/2375-0901.11.3.5


 Renne, J. L (2009). From transit-adjacent to transit-oriented development. Local Environ. 14, 1–15. doi: 10.1080/13549830802522376


 Renne, J. L., and Appleyard, B. (2019). Twenty-five years in the making: TOD as a new name for an enduring concept. J. Plan. Educ. Res. 39, 402–408. doi: 10.1177/0739456X19885351


 Renne, J. L., Tolford, T., Hamidi, S., and Ewing, R. (2016). The Cost and Affordability Paradox of Transit-Oriented Development: A Comparison of Housing and Transportation Costs Across Transit-Oriented Development, Hybrid and Transit-Adjacent Development Station Typologies. Housing Policy Debate. Available online at: https://www-tandfonline-com.ezproxy.lib.uconn.edu/doi/abs/10.1080/10511482.2016.1193038 (accessed July 28, 2021). doi: 10.1080/10511482.2016.1193038


 Sommeiller, E., and Price, M. (2018). The New Gilded Age: Income Inequality in the U.S. by State, Metropolitan Area, and County. Economic Policy Institute. Available online at: https://www.epi.org/publication/the-new-gilded-age-income-inequality-in-the-u-s-by-state-metropolitan-area-and-county/ (accessed July 28, 2021).


 TODEX (2021). MA - Transit-Oriented Development Explorer. Available online at: https://mhpcenterforhousingdata.shinyapps.io/todex/ (accessed November 17, 2021).


 WESTCOG (2018). Stamford Bus and Shuttle Study. Western Connecticut Council of Governments. Available online at: https://www.stamfordct.gov/home/showpublisheddocument/7991/637620421917730000 (accessed February 3, 2022).


 Wood, C (2021). Connecticut Names Its First Geographic Information Officer. StateScoop. Available online at: https://statescoop.com/connecticut-geographic-information-officer-alfredo-herrera/ (accessed January 24, 2022).


 Woods, D. W (2018). “Implementing Stamford's transit-oriented development plans,” in Regional Conference on Sustainable Development 2018. Available online at: http://www.livegreenct.org/wp-content/uploads/2018/06/2_Woods-Stamford.pdf (accessed April 3, 2022).


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Ray, Garrick and Atkinson-Palombo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/frsc-04-869532-t001.jpg
Metric

Intersection density

Link-node ratio

Count of Gity connectors
Walkability

Definition
Number of intersections per square mile

Number of links (streets connecting two
intersections or an intersection and a dead
end)/number of intersections or dead ends
Multi-lane roacways and state numbered routes
Comprised of provision of pedestrian infrastructure,
building frontage, and perceptions of safety based
on road width and observed speed

Purpose

Measure of density

Measure of connectivity

Measure of permeabilty
Measure of walkability

Calculation

Number of intersections within half-mile
buffer/z(0.5)

Number of links/Number of nodes

Identified by Google Map scan

Identified by observation of Google Streetview
images of roadways along the likely travel
paths away from the station.





OPS/images/frsc-04-869532-t002.jpg
Station

Greenwich

Cos Cob
Riverside

Old Greenwich
Stamford (1)
Stamford (2)
Noroton Heights
Darien
Rowayton
South Norwalk
East Norwalk
Westport
Green's Farms
Southport
Fairfield

Fairfield Metro
Bridgeport
Barnum Station
Stratford

Miford

West Haven
Union Station (1)
Union Station (2)

Year

2014

2013
2016
2018
2006

2016
2020
2018

2019
2019
2007
2016
2015
2017
2016
2008
2013

Parking Walkability Congestion Bus network

No plan
1 . : -1
No plan
No plan
3 - + 0
2 - + 2
o - X 1
4 i 1
No plan
2 + 3
N 2
2 - + 2
No plan
No plan
3 s X 0
3 +- 0
4 i X 2
2 = X 2
1 = +1- 3
1 N 1
1 M o
1 - X o
1 - X 2

“walkability was a plan goal, **walkability analyzed, ***included active interventions to

improve walkabilty.





OPS/images/frsc-04-869532-g003.gif





OPS/images/frsc-04-869532-g004.gif
Legend

Sverage buses per
hour






OPS/images/frsc-04-869532-t003.jpg
Station Count of Intersection density Link/node Number of city connectors Walkability

intersections (intersections / square mile) ratio exiting station area assessment
Barnum Station (proposed) 126 160.4 1.75 2
State Street 122 155.3 155 2
Union Station 98 124.8 1.76 2
South Norwalk 92 117.1 1.68 3
East Norwalk 89 1133 1.87 2
Miford 89 1133 144 2
Southport 87 1108 1.21 2
Stratford 84 107.0 1.39 7
Stamford 83 105.7 1.45 3
Bridgeport 82 104.4 1.60 5
Noroton Heights 79 100.6 1.35 2
Fairfield Metro 76 96.8 1.41 4
Darien 68 86.6 1.35 4
Fairfield 68 86.6 1.52 2
Rowayton 65 8238 1.33 0
Greenwich 61 777 121 2
Riverside 61 e 1.31 0
West Haven 60 76.4 1.46 2
Old Greenwich 54 688 1.34 0
Westport 46 586 1.31 3
Green's Farms 30 382 1.35 o
Cos Cob 25 318 1.25 0

Red = unwalkable, Orange = poor walkability, Yellow = room for improvement, Green = walkable.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Transit-Oriented Data: The Importance of Data and Coordination to Transit-Oriented Urban Transformation



		Introduction



		Case Background



		The Role of the State in TOD Governance



		Best Practice Cases



		Methodology



		Content Analysis of Existing Plans



		Interviews



		Street Network Analysis



		Bus Network Frequency Analysis







		Findings



		Considerable Variation Among Local TOD Plans



		State-Level Coordination Focused on New-Build Transit



		Even With the Scarce Available Data, It Is Possible to Develop Meaningful Performance Metrics



		Street Network Analysis



		Bus Network Analysis













		Discussion and Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Footnotes



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Sustainable Cities

Transit-Oriented Data: The
Importance of Data and Coordination
to Transit-Oriented Urban
Transformation





OPS/images/frsc-04-869532-g001.gif
Race and Bty (Censis 2020
100t = 100onle
© ume
© Hapricor Ltio

s Bk Arcan mccn

275 58






OPS/images/frsc-04-869532-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Sustainable Cities





