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As policymakers look for solutions to mitigate the growing housing crisis and
sustainable urban development, upzoning is becoming an increasingly popular
tool. By altering a community’s zoning code to allow for denser development,
advocates hope to increase housing capacity and affordability. However,
upzoning's effects on urban life, which we define as encompassing housing,
greenspace, demographics, and transportation, remains unclear. Existing research
primarily consists of isolated studies on each of these aspects’ relationship
with land use. In this study, we develop a holistic path analysis model by
joining 2002-2010 lot-level and aggregating them with 2010-2018 tract-level
datasets within NYC, investigating the impacts of upzoning on urban life as
a whole. Unlike existing research, this model considers the delayed effects of
upzoning by longitudinally separating upzoning from the dependent variables
to elucidate the correlation of upzoning with different aspects of urban life. An
imagery-based approach was used to more accurately measure greenspace, and
a complex path analysis using densification as the main intermediate variable
with significance thresholds was applied, enabling satisfactory model fit while
preserving only significant connections between land-use and urban life. We
find a positive correlation between densification and upzoning, through which
upzoning is positively associated with increased home values and urban greening.
However, no associations are identified between upzoning with rent prices, racial
gentrification and transportation patterns. These results suggest that 2002—-2010
upzoning in NYC does not fully realize its goals of increasing housing capacity and
affordability. The comprehensive analysis of the impact of upzoning on broader
aspects of urban life discussed in this study will be beneficial for future policy
making and urban planning.
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1. Introduction

As the housing crisis intensifies, researchers, policymakers, and residents alike are
searching for new solutions. The rising price of housing as well as persistent suburbanism are
contributing to new economic pressures and inequality throughout the American economy
(Winke, 2021). At the same time, a continued demand for urban living spaces is shifting
the paradigm amongst urban planners, with concepts such as transit-oriented development
uniting public transport and land use regulation (Atkinson-Palombo, 2010; Barbour et al.,
2020). Upzoning, specifically a type of land use change, allows developers to build denser
buildings by increasing theoretical residential capacity, with the hope of creating more
supply in the housing industry and lowering prices (Nzau and Trillo, 2019; Dong, 2020).
In the 2000s and 2010s, upzoning accelerated and major cities such as Seattle, Portland,
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and Chicago began to adopt the practice, with the specific
goal of promoting urban density and alleviating the housing
crisis (Freemark, 2020; Kim, 2020; Dong, 2021). In addition,
multiple Californian state initiatives have attempted to relax zoning
regulations and promote construction (Dougherty, 2020). In New
York City specifically, from 2002 through 2010 Mayor Bloomberg
rezoned over one fifth of the city (excluding park land), with
upzoning accounting for a significant proportion of rezoning
activity (Armstrong et al., 2010; Laskow, 2014).

However, upzoning’s effectiveness at both lowering housing
prices and increasing housing construction is still unclear, and
there is a general debate over whether or not upzoning is an
effective policy to alleviate the housing crisis and create more
affordable housing (Rodriguez-Pose and Storper, 2019). Tenant
advocates argue that upzoning can lead to increased land prices
because landlords will be able to sell their property for more
due to the increased development potential, resulting in harmful
redevelopment. On the other hand, others believe that upzoning
will allow for greater population densities, alleviate price pressures,
and spur housing construction (Davis, 2021).

Upzoning and associated densification (the increase in density
of people living in urban areas) may also significantly impact urban
life, leading to greater public transit use and more greenspace
(Kim and Li, 20215 Jahrl et al., 2022). However, there is currently
no comprehensive study to examine the potential impacts of
upzoning on transportation, city demographics, and greenspace.
In addition, much of the existing literature related to land use
considers upzoning and its effects during the same time period (to
be discussed in the background section). This paper studies these
relationships between upzoning and descriptive metrics of transit
use, greenspace, and densification by connecting upzoning data
from one time period to dependent variables from a subsequent
time period. This accounts for natural delay between zoning
changes and physical/social changes within a neighborhood. The
objective of this paper is to build a comprehensive model uniting
the land use, transportation, and greenspace dimensions of urban
planning in a single framework and longitudinally evaluate how
upzoning from 2002 to 2010 affected urban life in NYC.

2. Background

Research on the impact of upzoning on urban life has so
far been split into many different areas, of which we specifically
focus on housing, gentrification, transportation, and greenspace.
Some studies directly focus on the effects of upzoning on
housing construction and prices, as well as specific demographic
effects. Freemark (2020) analyzed the effects of upzoning reforms
surrounding transit stations in Chicago during 2013/2015 on
the census-tract level and found that upzoning was associated
with increased housing prices, but no significant increase in
housing construction in the following five-year period. Greenaway
et al. (2020) and Kuhlmann (2021) found a similar increase in
housing prices for upzoned areas of Minneapolis and Auckland,
respectively. However, others find positive associations between
the restrictiveness of zoning regulations and the price of housing,
particularly in highly demanded areas such as San Francisco
(Glaeser and Gyourko, 2003; Kok et al., 2014), while some studies
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find an increase in housing supply associated with upzoning
(Kashian et al., 2020; Dong, 2021).

Gentrification is a process where new development pushes
out existing residents in favor of younger, whiter, wealthier, and
more educated immigrants (Davis, 2021), and has been found to
be positively associated with lower distances to central business
districts as well as low homeownership (Freeman and Cai, 2015).
Within NYC, there has been a significant history of gentrification,
particularly from the 1970s onwards (Sutton, 2020). With regards
to upzoning, several studies show a positive connection between
upzoning and increase in the proportion of the white population, a
barometer for gentrification (Aravena et al., 2020; Davis, 2021).

In addition, research on the connection between land use
(though not necessarily upzoning) and urban transportation habits
is also multifaceted. In Phoenix, Atkinson-Palombo (2010) found a
two-way association between transit use and upzoning. In southern
California, Kim and Li (2021) found that upzoning was associated
with general urban densification, while exploring the impacts of
both upzoning and densification on transit capacity. By employing
a structural equation model (SEM), Kim and Li found that areas
marked for future transit development were more likely to be
upzoned, while upzoned areas were more likely to be marked
for future transit development. Densification has also been linked
to increased public transit use and decreased vehicular carbon
emissions (Jones and Kammen, 2014; Choi and Zhang, 2017),
but in some cases only up to a threshold (Zhang et al, 2021).
Additionally, Merlin et al. (2021) suggested that transit can only
be accurately examined when considering both transit accessibility
and transit ridership, and by determining a positive relationship
between transit accessibility and transit ridership.

Some studies also link upzoning and zoning regulation changes
to the changes in urban greenspace. Within NYC, increases in
residential capacity from 2003 to 2007 have been found to be
disproportionately further from parks (Been et al., 2010). Hsiao-
Tung (2011) employed a SEM model using confirmatory factor
analysis, determining the “green plot ratio” (the plant-coverage
percentage of a lot, determined through satellite imagery) to be the
most important factor in determining the value of the nearby urban
“eco-community”, which is considered as an important vision for
urban development in Taiwan. Zoning can also have significant
positive effects on urban greenspace (Hill et al., 2009). Within the
wider literature, urban greenspace has been found to have several
positive effects on the community, including better mental and
physical health (Kaczynski and Henderson, 2007; Braubach et al,,
2017; Cox et al., 2017).

Some papers focus on the causes of upzoning. Gabbe (2018),
for example, used a logistic regression to analyze how a series
of neighborhood and lot level characteristics influenced the
probability that lots in Los Angeles were upzoned between 2002
and 2014, finding that non-residential, low-density lots were more
likely to be upzoned. In Durham, NC, Whittemore (2017) found
that before the mid-1980s, communities of color were more likely
to be commercially or industrially upzoned, reflecting biases within
upzoning decisions that were later corrected.

In sum, many of the individual links between upzoning and
various sectors of urban life have been explored. However, a
unified model is lacking in the existing research to examine the
coupled effects of upzoning on transportation, greenspace, and city
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demographics. Also, the lack of a broader focus might lead to
important connections and mediated relationships being ignored.
By aggregating these links into a single model, a full picture of urban
life can be developed, which could be beneficial to improve the
efficacy of upzoning and understand its impacts, which is essential
for effective land usage and future urban planning.

This study seeks to answer several questions regarding
the effects of upzoning on urban life. Firstly, we evaluate
whether upzoning succeeds at increasing densification and
housing affordability. In addition, we examine how upzoning and
its relationship with demographics and transportation patterns
shifts within an integrated urban model. Finally, we determine
whether upzoning leads to decreased greenspace, as a result of
increased densification.

3. Methods

Descriptive statistics for all variables are presented in Table 1.

3.1. Land use data

This study integrates both tax lot (individual property) level and
census tract (small, relatively permanent statistical subdivision of
a county) level data in order to link upzoning to tract level urban
metrics, such as greenspace, demographics and transportation.
The use of census-tract level data allows for quantification at the
neighborhood level, while remaining small enough to provide a
large sample size for the model, with a total of 2,119 tracts with non-
zero population considered (out of a total of 2,160 tracts in NYC)
(Figure 1).

Following Been et al. (2010) and Davis (2021), a lot is defined to
be upzoned if it undergoes a 10% increase in maximum residential
development capacity. In NYC, this is primarily done through the
mechanism of floor area ratio (FAR), which is defined by the ratio
of the maximum residential development capacity of a lot to its
size (Barr and Cohen, 2014). In order to calculate the maximum
residential development capacity, this study used the Primary Land
Use Tax Lot Output (PLUTO) database (NYC Department of City
Planning, 2002/2010). The maximum 2002 residential development
capacity for every lot was obtained by using 2002 PLUTO data
and multiplying the FAR by the lot size for each lot in NYC. The
same calculations were applied to the 2010 and 2018 PLUTO data
sets, allowing for the identification of whether and when lots were
upzoned. After spatially matching lots to census tracts, values were
computed for the primary variable of interest, the proportion of lots
within each census tract which were upzoned between 2002 and
2010. In order to differentiate the effects of upzoning between 2002
and 2010 and upzoning between 2010 and 2018, the proportion of
lots upzoned from 2010 to 2018 is preserved as a control in the path
analysis model. This enables the model to quantify and compare
the effects of upzoning on varying time scales as well as control
for the effects of upzoning happening simultaneously vs. before the
study period.

Using PLUTO, this study also collected two lot classification
metrics—whether a lot was classified as residential in 2010 and
whether it was classified as mixed-development (residential and
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TABLE 1 Descriptive statistics for all (tract-level) variables used in path
analysis model. Statistics are calculated with the 2,119 NYC tracts used in
the model.

Independent variable Mean Standard

deviation
2002-2010 percent of tract upzoned ‘ 22.1 ‘ 36.7
Densification indicators
Change in population density from 2010 804.2 3,383.3
to 2018 (people/sqkm)
Change in residential density from 2010 275.9 986.5
to 2018 (units/sqkm)
Dependent variables
Housing variables
Change in per capita income from 2010 7,166.1 10,081.1
to 2018 (adjusted for inflation)
Change in median gross rent from 2010 341.5 267.5
to 2018 (adjusted for inflation)
Change in median home value from 91,813.2 157,756.8
2010 to 2018 (adjusted for inflation)
Demographic variables
Change in percent of car commuters —13 8.9
from 2010 to 2018
Change in percent of public transport 0.68 9.96
commuters from 2010 to 2018
Change in percent of car trips under 45 6.5 13.6
minutes from 2010 to 2018
Change in percent of public transport 0.9 3.7
trips under 45 min from 2010 to 2018
Change in White proportion from 2010 —-1.8 10.4
to 2018 (%)
Change in Black proportion from 2010 —1.1 7.6
to 2018 (%)
Change in Hispanic proportion from 0.85 8.8
2010 to 2018 (%)
Change in Asian proportion from 2010 1.75 6.65
to 2018 (%)
Change in greenspace coverage (square —23,269.9 119,985.6
meters) from 2010 to 2018
Change in percent of households with —33 9.5
children from 2010 to 2018
Change in proportion of people with a 4.1 9.2
bachelor’s degree or higher from 2010 to
2018 (%)
Change in percent of multi-family 0.23 7.65
housing units from 2010 to 2018
Change in percent of occupied housing —0.23 6.2
units from 2010 to 2018
Change in percent of households in the 1.3 6.582
same house from 1 year ago from 2010
to 2018
Control variables
2010-2018 percent of tract upzoned 2.5 8.5
Population density in 2010 19,136.5 13,520.7
(people/sqkm)

(Continued)
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TABLE 1 (Continued)

Independent variable Mean Standard
deviation

Residential density in 2010 (residential 8,048.0 6,734.0

units/sqkm)

White proportion in 2010 442 31.3

Black proportion in 2010 26.5 31.5

Hispanic proportion in 2010 26.2 23.1

Asian proportion in 2010 12.6 159

Median age in 2010 36.1 6.8

Per capita income in 2010 29,359.5 22,752.0

Percent of multi-family housing units in 77.3 24.7

2010

Percent of occupied housing units in 91.6 6.3

2010

Median gross rent in 2010 1,125.9 303.0

Median home value in 2010 509,572.8 167,346.1

Percent of households with children in 34.8 13.9

2010

Percent of households in the same house 88.9 7.6

1 year ago in 2010

Percent of people with a bachelor’s 30.3 20.1

degree or higher in 2010

Percent of car commuters in 2010 31.5 19.2

Percent of public transit commuters in 53.9 16.1

2010

Percent of car trips <45 min in 2010 71.6 16.8

Percent of public transport trips 37.5 21.7

<45min in 2010

Greenspace coverage (square meters) in 110,396.7 275,638.8

2010

Average distance to a park (feet) in 2010 1,217.9 667.7

Percent of buildings that are residential 82.1 20.3

in 2010

Percent of buildings that are 8.0 9.1

mixed-development in 2010

Percent of residential properties that are 1.7 6.5

subsidized in 2010

commercial uses within the same lot) in 2010, both of which were
then aggregated to the census tract level as proportions. These serve
as important indicators of how the land in the census tract is being
used, and mixed-development buildings have been shown to relate
to the demographic makeup of a tract—for example in Chicago
(Freemark, 2018). Including these metrics accounts for the possible
differences between heavily residential and heavily non-residential
census tracts, as well as between census tracts with a significant
number of mixed-development lots and those without a significant
number (Shen and Sun, 2020).

The NYU Furman Center holds a database of subsidized lots in
NYC, which are lots containing residential properties that receive
housing subsidies, such as rent aid and public housing. Using
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unique Borough-Block-Lot (BBL) identifiers, this study matched
these data of lots subsidized in 2010 to the NYC PLUTO data,
which was then combined at the census tract level. From this we
create a variable measuring the proportion of subsidized lots within
a census tract, with the reasoning that residing in a subsidized
property might make residents less likely to move out, slowing
redevelopment (Davis, 2021).

3.2. Demographic data

Most neighborhood information was collected at the census-
tract level. One of the datasets the U.S. Census releases
every year is the American Community Survey (ACS), which
offers highly detailed demographic, economic, social, housing,
and transportation data by census tract (US Census Bureau,
2010/2018a, 2010/2018b, 2010/2018c, 2010/2018d, 2010/2018e).
This study employed the five-year ACS for 2010 and 2018, i.e. data
collected over the period 2006-2010 and 2014-2018. Because the
study period is significantly longer than the ACS data collection
period, this avoids any associations caused by data overlapping in
the 2010 and 2018 ACS datasets. For each of the collected metrics,
two variables were created—a control variable using the 2010 ACS
data and a difference (delta) dependent variable using the change
between 2010 and 2018 ACS data.

Since one of the key arguments of upzoning proponents is
that upzoning increases population density without gentrifying
(pushing out disproportionately non-white, older, uneducated,
poorer residents) neighborhoods (Dougherty, 2020), metrics
collected include the population density and racial makeup of each
census tract, education levels, as well as the median age, the latter
two of which serve as proxies for gentrification (Operti et al., 2022).

In order to analyze the economic impacts of upzoning, this
study utilized the ACS economic and housing datasets. Median
per capita income is used as a measure of economic status.
In addition, median gross rent and median home value within
each tract were collected from the ACS housing dataset in order
to analyze housing prices, for both renters and homeowners.
Considering the housing makeup of a tract, this study also used
the proportion of lots which were multi-family as opposed to single
family housing. Additionally, data were collected for the proportion
of housing units in a tract which are occupied and the proportion of
households which were in the same house a year ago, both of which
indicate the relative housing stability and community maturity of
the tract (Rohe and Stewart, 1996). Lastly, this study tracks the
proportion of households which are families and have a bachelor’s
degree or higher, both of which shed light on the social character of
a tract.

3.3. Transportation data

Using data from the ACS, this study also aims to capture
several dimensions of transportation within NYC, particularly
the accessibility and actual use of transit modes. To do so, we
use the proportion of workers who use public transit to get
to work within each census tract as a proxy for public transit
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FIGURE 1

A map of 2002-2010 upzoning within New York City shows its concentration within Manhattan, the Bronx, and corridors throughout Brooklyn. Most
tracts were either not upzoned at all or mostly upzoned (figure should be in color online).

use. In order to measure transit accessibility, we calculated the
proportion of workers using public transit with trips to work
under 45 min, the threshold which best explains transit use (Wu
et al, 2019). Analogous metrics are used for the proportion of
commuters using cars and proportion of car commuters with
trips under 45min, allowing for comparison between the two
transport modes.

3.4. Greenspace data

The observed variables for greenspace were calculated using
NYC’s biannual orthoimagery survey, specifically the 2010 and
2018 surveys, as well as public parks data from PLUTO. To find
park proximity, the closest park to each lot is determined using
the distance between the centroids of the lot and parks. These
measurements are used to calculate the average distance to a park
within a tract. Full greenspace data can be found in Appendix A.

In addition, a previous study by Braubach et al. (2017) found
that the benefits of urban greenspace were not constrained to just
public parks but rather were created by all forms of urban nature,
including roadside trees. Since no currently available numerical
data exists for a comprehensive analysis of all NYC greenspace, we
directly generate these data using orthotiles at 6-inch resolution.

Frontiersin Sustainable Cities

We first geotagged images, enabling geographic association with
Census tracts. We then employ a modified version of the existing
vegetation index ExG, used to detect vegetation from overhead
imagery. EXG uses the formula 2 * G—R—B, with G, R, and B being
normalized intensities from 0 to 1 for the green, red, and blue light
bands, respectively (Woebbecke et al., 1995; Torres-Sanchez et al.,
2014; Yun et al., 2016). At the same time, NIR light is incredibly
effective at separating vegetation from non-vegetation, making it
commonplace in spectral band imaging (Xue and Su, 2017). Since
our orthoimagery also contains a near-infrared band, we substitute
near-infrared light in place of green light. Taking this into account,
parks and true greenspace were differentiated from other green
objects using a vegetation index = 2 * NIR—R—B, with NIR, R,
and B being raw intensities from 0 to 255 for the near-infrared,
red, and blue light bands, respectively. Rather than normalizing
values to create a continuous scale from —1 to 1, this index was
thresholded at a value of 45 to create a binary mask of greenspace
coverage, where an index >45 indicates greenspace. This binary
mask was applied to every orthotile in NYC, and each tile clipped to
census tracts. The pixels in the mask identified as greenspace were
converted to their area in square meters, establishing the greenspace
area for each tract (Figure 2). This method includes some red roofs,
which is a known issue with vegetation indices (Zhang et al., 2010;
Neyns and Canters, 2022). The variables collected from our various
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FIGURE 2

(A) A NYC orthotile; (B) the tile is cropped to a tract; (C) sufficiently green areas are identified in the image; (D) the isolated green pixels are summed
and converted to square meters to calculate a greenspace coverage score; and (E) logarithmic visualization of 2018 greenspace, with lighter areas
representing more greenspace. The background shows the size of tiles compared to the city as a whole (All images should be colored online).

FIGURE 3

2002-2010 2010
Upzoning Controls

2010-2018 Densification Indicators

Population Residential

Densification Densification

2010-2018 Dependent Variables

f } .
Demographics [« Transportation [« Greenspace

A diagram of the proposed model. An arrow indicates regressions from one variable into other variables. Regressions exist within the dependent
variables, but not between the densification indicators or control variables (see

)
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TABLE 2 Information for the model using the filtering strategy.

Fit statistic Value

Degrees of freedom 762
Baseline degrees of freedom 1,015
Chi-squared value 4,425.6
Chi-squared/degrees of freedom 5.8
CFI 0.94
GFI 0.93
AGFI 0.90
NFI 0.93
TLI 0.92
RMSEA 0.05
AIC 541.8
BIC 2,086.6
Log-likelihood 2.1

data sources were integrated into a unified dataset, which can be
found in Appendix B.

3.5. Path analysis model

Since each dimension of city planning interacts with every
other dimension, urban planners must consider how the effects of
interventions on one specific dimension of the city will affect every
other dimension. To do so, a model which can fully capture the
interrelated effects and relationships between variables is required.
We use path analysis (Figure 3), which is a statistical technique
used to estimate an entire system of relationships between variables,
allowing the analysis of variable associations such as two-way
connectors, as well as direct and mediated effects (Hamilton, 2017).
This was conducted with Python, using the Python package semopy
(Meshcheryakov, 2020).

The complexity of the proposed model necessitates a novel
filtering strategy for its development. Development began with an
initial skeletal model, which aims to model existing relationships
found in upzoning literature, such as between upzoning and
densification (Kim and Li, 2021), as well as from the densification
indicators to dependent variables. Following existing research on
the immediate effects of upzoning, upzoning is also connected
directly to several dependent economic variables such as housing
prices (Freemark, 2020). Then, linear regressions were conducted
between dependent variables to other dependent variables, and
from controls to dependent variables, and those with a p-value
more significant than 0.3 were added to the skeletal model.
This captures loosely connected parts of urban life which may
or not become significant as the model is developed. After the
initial model’s performance was then evaluated for goodness of fit
with maximum likelihood, a method for determining parameters
of a statistical model. Three rounds of filtering were applied,
wherein initially significant linear regressions estimated within the
model that had become statistically insignificant or were not large
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TABLE 3 Impacts of the 2002—-2010 upzoning on all dependent variables
of urban life and their statistics.

Variable Coefficient S.E. p-
value

Population densification 14.1 2.1 1.1E-11

(people/sqkm)

Residential densification 2.8 0.6 7.9E-6

(units/sqkm)

Median gross rent growth ($) —0.034 0.27 0.9

Income growth ($) 13.1 7.4 7.7E-2

Home value growth ($) 87.6 29.0 2.3E-3

Change in % White —0.12 0.03 2.1E-4

Change in % Black —0.03 0.006 1.3E-5

Change in % Hispanic 0.46 0.09 2.7E-7

Change in % Asian —0.54 0.13 3.8E-5

Change in % car commuters —0.16 0.03 1.3E-7

Change in % public transport —0.07 0.02 2.6E-5

commuters

Change in % car accessibility 0 0 1.00

Change in % public transport 0.2 0.05 1.4E-5

accessibility

Change in greenspace (square 146.0 49.0 2.7E-3

meters)

Change in % occupied units 0.08 0.01 1.3E-8

Change in % multi-family —0.003 0.005 0.6

units

Change in % households in 0.05 0.01 1.2E-4

same house 1 year ago

Change in % households with 0.36 0.05 7.8E-12

children

Change in % bachelor degree 0.065 0.015 1.6E-5

or higher

enough were removed. The first round removed highly insignificant
relationships with a threshold of p >0.9, with further rounds of
filtering removing progressively more significant relationships with
thresholds of p >0.4, >0.075, and >0.05. At each round of filtering,
the model was refitted, gradually improving parsimony until all
connections were significant at p < 0.05. All significance thresholds
for the filtering process, though nonstandard, were tuned to
optimize performance and maximize the number of significant
connections, enabling satisfactory model fit with RMSEA <0.06,
AGFI > 0.9, and CFI approaching 0.95 (Fan et al, 1999; Hu
and Bentler, 1999). As a result of the increased number of
parameters, the chi-squared metric performed worse compared
to the aforementioned fit metrics though this matches known
behavior with regards to path analysis (Hooper et al, 2008).
Through all rounds of filtering, a cut-off of 0.001 was used in
deciding if the magnitude of a relationship was large enough to
preserve. Every connection is significant at p=0.05, with nearly all
significant at p = 0.01. Fit statistics are shown in Table 2.

After fitting the model, we calculate the total effects of variables
on one another using a depth-first search algorithm for finding all
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possible simple paths between two vertices in a directed graph. In
order to focus on the most useful direct and mediated connections,
this study limits the maximum search depth of links in a path
to two. A complete overview of model coefficients, connections,
standard errors, and p-values can be found in Appendix C.
A summary of all direct and indirect paths can be found in
Appendix D.

4. Results

Table 3 summarizes the key impacts of the 2002-2010 upzoning
in the NYC on different aspects of urban life, from which several key
features can be identified. First, a significant (p < 0.001) positive
correlation is identified between 2002 and 2010 upzoning and
change in population density (population densification). For every
1% increase in the percent of upzoned lots, population densification
tends to increase by 14.1 people per square kilometer. For a
completely upzoned tract, this translates to an additional bonus of
7.4% of the average 2010 tract population density over the average
tract.

Second, our model finds that the 2002-2010 upzoning is
positively associated (p < 0.001) with increases in residential
densification, with an increase of 1% more upzoned lots associated
with 2.8 more residential units per square kilometer. A fully
upzoned tract would see, on average, an additional increase of
3.5% of the average 2010 residential unit density. Notably, 2010-
2018 upzoning also has a significant (p < 0.01) positive effect on
residential densification, but has no significant effect on population
densification. This suggests that population densification is a
downstream effect of residential densification, and takes time
to occur.

At the same time, other non-upzoning factors play significant
roles in affecting both population and residential densification. For
example, an increased percentage of both occupied housing units
and median age in the control set of 2010 data was associated
(p < 0.01) with significant decreases in densification, while each
$1 increase in median rent in 2010 was associated with, on
average, 0.58 fewer people and 0.24 less residential units added
per square kilometer. This suggests that, regardless of upzoning,
the relative availability and affordability of living in a community
has significant consequences for the extent to which it densifies.
In addition, an increase in the percentage of both car and public
transport commuters in 2010 is associated (p < 0.001) with
increases in both types of densification, but public transportation is
associated with more densification, suggesting that the use of public
transit vs. cars is a differentiating factor in attracting new density.

However, the model finds no association between upzoning and
median gross rent growth between 2010 and 2018, as the negative
direct association between upzoning and rent growth is canceled
out by a variety of positive associations mediated through other
variables such as changes in the population density, income, and
proportion of households that are families. This is highly surprising
as downward pressure on rents is one of upzonings main goals,
and yet the model finds that the links between upzoning and
any effect on rent growth are small in magnitude. The impact of
community maturity seems to be more impactful on rents—for
every 1% increase in the percentage of households living in the same
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house in 2010, median rent increases by $11.4, and by $18.6 for
each additional percentage point gained from 2010 and 2018. At
the same time, there exists a strong positive association (p < 0.01)
between 2002 and 2010 upzoning and median home values, with an
additional increase in home value of $88 for every percent of a tract
upzoned, of which $74 is mediated by population densification.

An increase in upzoning of 1% is associated (p < 0.001) with
a significant decrease in the proportion of white residents of 0.11
pp (percentage points), which is mediated through an increase in
community maturity. In addition, upzoning is also associated with
divergent effects for the proportions of minorities within a census
tract, with each percent increase in upzoned lots in a tract associated
(p < 0.001) with decreasing the proportion of Asian residents in a
tract by 0.5 pp but increasing the proportion of Hispanic residents
in a tract by 0.5 pp while having little effect on the proportion of
black residents.

Upzoning also has significant impacts on transportation in
NYC. Our model suggests that upzoning is associated (p < 0.001)
with a decrease of 0.15 pp fewer car commuters for every 1% of
lots upzoned, and a decrease of 0.07 pp fewer public transport
commuters. In effect, a completely upzoned tract would have
both a more negative change in car use, as well as a slightly less
negative change in public transport use compared to the average
tract. Additionally, our model finds that 2002-2010 upzoning is
associated (p < 0.001) with an increase in public transit accessibility
(as measured by the percentage of trips under 45 min) of 0.2 pp for
every 1% of a tract upzoned, but has no significant impact on car
accessibility. Other factors that impact transit include the percent
of multi-family units in 2010, which is positively associated (p <
0.01) with increased public transit accessibility but not with changes
in car accessibility, and the change in multi-family units from 2010
and 2018, with a 1% increase in the proportion of multi-family units
resulting in 0.6 pp of public transit use and —0.5 pp of car use.

Lastly, our model shows that 2002-2010 upzoning had a
strong association (p < 0.001) with urban greening (change in
greenspace), with each additional percent of a tract upzoned adding
an average of 146 square meters of greenspace. In addition, urban
greening is positively associated with the percent of units which
were residential in 2010, with an average increase of 261 square
meters per additional percentage of residential units. Our model
finds that distance to a park in 2010 was negatively associated (p <
0.01) with urban greening, while the amount of greenspace in 2010
was positively associated with urban greening.

5. Discussion

5.1. The impact of 2002—-2010 upzoning on
urban life

Table 4 summarizes the significant non-upzoning correlations
with different aspects of urban life highlighted in this study.
The positive correlation between 2002 and 2010 upzoning and
median home values can be attributed to the paths mediated by
population densification and increased income, both of which
have a significant, positive association with home value. This
provides some evidence that upzoning does lead to appreciation
in home values, corroborating existing research (Freemark, 2020;
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TABLE 4 Significant non-upzoning relationships highlighted by this study.

10.3389/frsc.2023.1149753

Relationship Coefficient S.E. p—value
% of households in the same house in 2010 and median gross rent growth ($) 114 22 1.4E—7
Change in % of households in the same house from 2010 to 2018 and median gross rent growth ($) 18.6 32 6.4E—9
Transport

% multi-family units in 2010 and change in % public transport accessibility 0.52 0.16 1.2E-3
Change in % multi-family units and change in % car commuters —0.54 0.17 1.6E—-3
Change in % multi-family units and change in % public transit commuters 0.59 0.11 4.5E—-8
% car commuters in 2010 and change in % car commuters —2.40 0.40 3.2E-9
% car commuters in 2010 and change in % public transport commuters —1.60 0.38 2.5E-5
% public transport commuters in 2010 and change in % car commuters —1.27 0.32 9.7E—5
% public transport commuters in 2010 and change in % public transport commuters —1.85 0.28 3.5E—11
Change in % car commuters and change in % public transport commuters —5.25 0.94 2.24E—8
% public transport accessibility and change in % public transport commuters —0.29 0.10 5.6E—3
% public transport accessibility and change in % car commuters —0.43 —0.10 2.8E—5
Change in % public transport accessibility and change in % car commuters —0.19 0.065 3.2E-3
Change in % car accessibility and change in % car commuters —0.05 0.025 0.042
Change in % car accessibility and change in % public transport commuters —0.06 0.030 0.031
Greenspace

% of units that are residential in 2010 and change in greenspace (square meters) from 2010 to 2018 261.00 88. 2.7E-3
Average distance to a park (feet) in 2010 and change in greenspace (square meters) from 2010 to 2018 —9.58 2.6 1.8E—4
Greenspace coverage (square meters) in 2010 and change in greenspace from 2010 to 2018 0.14 0.006 54E—119

Kuhlmann, 2021). This increase could be the result of increased
development potential, leading to land speculation (Davis, 2021).
Although previous studies (Aravena et al., 2020) have found
a positive association between upzoning and the proportion of
white residents within a tract in 2010, our model finds the opposite
effect when analyzing the change in the proportion of white
residents from 2010 and 2018. This mixed picture challenges the
demographic effects purported by anti-gentrification activists who
believe upzoning will lead to an influx of disproportionately white
immigrants. Instead, changing racial makeup was found to be
heavily influenced by the racial makeup of tracts in 2010, which may
reflect differences between the diverse communities of NYC.
While decreasing car use and dependency certainly aligns
with the intentions of upzoning advocates, the decrease in public
transportation use with upzoning is notable, especially when
compared to the effect of change in the proportion of multi-
family units to benefit public transit use at the expense of car
use. This could reflect shifts to other transport modes, such as
biking and walking, that this study does not capture. In addition,
transportation-related control variables play an important role
in changing transit patterns. Tracts with more car and public
transportation use in 2010 had relatively less car and public
transportation use from 2010 and 2018, while an increase in car
use was associated with a decrease in public transportation use.
Interestingly, higher public transport accessibility in 2010
(as measured by the percentage of trips which were under
45min) was associated with a decrease in public transport
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use, but an even stronger decrease in car use, while there was
no relationship between car accessibility in 2010 and changes
in transport patterns. Looking at changes in accessibility
from 2010 and 2018, an increased change in public transport
accessibility was associated with a simultaneous decrease
in car use, while increased change in car accessibility was
in both

public transport and car use. The significant relationships

associated with smaller, simultaneous decreases
between accessibility and use agree with the conclusions of
Merlin et al. (2021), which suggests that both dimensions
are necessary to consider. Note that the divergent effects of
accessibility on transportation patterns may be due to the
differences between the two modes of transport, which warrants
further research.

While urban greening is positively associated with upzoning,
it is not related to densification, suggesting that increases in
greenspaces are occurring in conjunction as a result of deliberate
city policy or naturally due to increased municipal attention.
Urban greening is also affected by existing greenspace in 2010 and
residential proportion, while being negatively associated with the
distance to a park. This suggests that urban greening is biased
toward areas which already had significant amounts of greenspace
and access to parks, which could reflect the flexibility or ease
of adding new greenspace in already green areas. This builds
on previous research on inequalities between different types of
zoned land uses (Mincey et al., 2013). Although the greenspace
estimation method ExG detects some red roofs, this results in a
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negligible overestimation of real greenspace, with little effect on the
relationships involving urban greening.

While the NYC 2002-2010 upzoning was successful at
achieving some of the goals intended by upzoning advocates, there
were important exceptions, particularly with regards to public
transport use, rents, and housing prices. In addition, densification
is demonstrated in several instances to be a mediating variable in
relationships involving upzoning. However, upzoning was often
not the most impactful factor in modeling the changes in urban life.
The impacts of upzoning are balanced by other existing and more
durable factors, showing that upzoning alone may not be able to
achieve the full results hoped for.

That being said, upzoning is just one of a plethora of tools
available to urban planners. Even as upzonings in the 2000s are
being evaluated for their success, new urban planning paradigms
are continuing to take hold. With further study, the full effects of
upzoning can be revealed in greater detail, allowing urban planners
to use upzoning as effectively as possible.

5.2. Analysis of the model development

The effectiveness of the filtering strategy for developing a
complex model shows its viability as a tool for path analysis.
By thresholding on significance of connection and magnitude of
connection, only the most useful and impactful connections can
be preserved, helping to narrow the focus for analysis. The ability
to set different thresholds at each level of filtering allows a wide
range of approaches to tuning the size, parsimony, and model fit
of the filtered model. In addition, sensitivity analyses conducted
showed that the specific filtering thresholds had negligible effects
on the estimated slope coefficients of connections, showing the
robustness of the filtering method and allowing for more flexibility
as to adjusting model complexity. Despite the holistic model’s
unprecedented size, it was in the range of acceptable models,
satisfying several key cutoffs, such as the RMSEA, described by Hu
and Bentler (1999).

However, employing a large number of variables creates a
new set of issues which are not entirely mitigated by the filtering
strategy. For example, the sheer complexity of the model creates
nearly 2000 direct, indirect, and total paths, from which only
those relevant to upzoning and most important to urban life
were presented. Another unresolved problem is the existence of
increasingly lengthy indirect paths, as tens or hundreds of unique
paths begin to accumulate in the total coefficient. As paths stringing
together four, five, or more variables begin to be considered, they
lose meaning and interpretability. This problem was avoided by
limiting the maximum path length of considered connections to
just direct or indirect paths with a mediator variable, but future
research into evaluating the significance of longer paths is necessary
to gain a full understanding of complex path models.

More importantly, the proposed model succeeds at integrating
various dimensions of urban life, many of which could not be
included in previous research focusing on upzoning. This opens the
way for a wider application of path analysis to analyze an entire
system, such as NYC urban life, rather than specific subsections
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such as transportation (Kim and Li, 2021), housing (Freemark,
2020) or environment (Choi and Zhang, 2017). As more areas
and more variables capturing urban life are incorporated into a
holistic model, better fitting and comprehensive models are likely
to offer even greater insights into cross-dimension connections.
By considering how different parts of urban life affect each other,
urban planners will gain more detailed and accurate information
concerning city policy, enabling more knowledgeable decision-
making.

With regards to this study, several limitations exist which may
restrict the interpretation of its findings. One limitation is the time
interval between the measuring of upzoning and the measuring
of our dependent variables. A longer time period would enable
the analysis of longer-term effects, and perhaps more complex
relationships between time periods provide further insight into the
implications of upzoning. However, many large metropolitan areas
such as Minneapolis, Chicago, New York City, and Seattle have
only begun enacting major upzoning legislation during the mid-
to-late 2000s (Kim, 2020), limiting our study to the span of roughly
two decades.

In addition, this study does not take into account other land
use policies, nor does it differentiate between city-initiated and
private-initiated upzonings, which breaks with much of the existing
upzoning research (Been et al., 2014; Davis, 2021). This could lead
to overlooking possible divergent effects between different types of
upzonings, which may have impacts on zoning’s effectiveness. More
research is also required to understand how upzoning interacts with
other parts of zoning codes, such as transit zones, limited height
districts, minimum parking and setback requirements, and their
effects on urban life.

A final limitation arises with the fact that this paper only
investigates relationships found in NYC. This means that our
conclusions may be specific to cities with characteristics similar to
those of NYC, such as high density or developed transit systems
(Loo et al., 2010). In addition, much of the upzoning occurring
in 2002-2010 was concentrated within Manhattan and transit
corridors, which means our results may be more heavily influenced
by uniquely urban census tracts. Future research may include
replication of our methods across different cities and densities,
in order to more confidently make generalized conclusions about
upzoning and provide more compelling arguments in support of
policy recommendations.

6. Conclusions

In this study, we performed a systematic investigation of
the impacts of upzoning on urban life. A holistic model was
developed utilizing a path analysis approach to connect 2002-2010
upzoning and control variables to 2010-2018 dependent variables.
Our results show that upzoning has mixed effects. Upzoning
was associated with increased densification, greenspace, and
public transit accessibility, but not increased proportion of white
residents, raising doubts on connections to racial gentrification.
At the same time, it also increased home values with no effect on
rents, suggesting that upzoning could be negatively impacting on
affordability in a community. It was also associated with a negative
absolute impact on transit use, which raises questions about how
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upzoning and transportation can be effectively paired to avoid
this in the future. These advances could enable planners to use
upzoning more effectively and build upon the mixed effects of
NYC’s experiment in upzoning in order to truly improve all parts
of urban life.
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