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Abstract: This paper presents an analysis of Seattle’s redevelopment under Washington State’s urban
containment policy and the city’s own urban village plan, with a particular focus on outcomes that
arise via a combination of urban planning and land market activity. By comparing the city’s parcel
layer between 2010 and 2020, the analysis tracks changes in the form of land consolidation and
subdivision, which indicate the intensity of redevelopment activities motivated by the market. It
reveals that much redevelopment has happened in single- and multifamily areas, but multifamily
areas are more likely to have changed. By implementing an exploratory discrete choice model, the
analysis also reveals that urban village policy may reduce redevelopment within Seattle—but one
subtype, so-called urban hubs, is more likely to accommodate redevelopment. This leads to further
discussion of the goals and effectiveness of this urban village policy. Overall, the findings of this
work form a picture of a happy, healthy, and sustainable city that sets a high bar for other cities
seeking to achieve the same success.

Keywords: urban containment; urban village; redevelopment; parcel; density

1. Introduction

A long-running question in urban planning (and allied fields, including urban eco-
nomics) is the extent to which land-use policies versus land markets shape the outcome
of urban development. Since at least the 1980s, scholars have sought to evaluate how
effectively policies and markets work together to deliver desired outcomes (see [1] for an
extensive account of the earliest research in this area). The main goal of urban planning
is to mediate markets—by channeling them, restraining them, and otherwise directing
them—in a manner that results in various normative goals within cities (see [2]). Many
studies have examined the impacts of policies on urbanization around the world [3–6]. One
of the main topics addressed by this work is how effective growth management policies
are at restraining urban sprawl or, in other words, promoting compact urban form. A
deep pool of theoretical and empirical research reviewed by Carruthers et al. [7] evaluates
whether planning matters, often by way of how it interacts with small- and large-scale
market forces to shape the outcome of development.

The case examined here is Seattle, located at the heart of the Puget Sound Region of
Washington State. Seattle is an excellent laboratory because it is a world city that has expe-
rienced waves of economic and population growth over recent decades. As documented in
Section 3.2 of this paper, it has experienced intense growth pressure demanding sophisti-
cated planning, plus careful attention to land and housing markets. As one of the few cities
in the United States experiencing both intense growth and systematic growth management—
in the form of Washington State’s Growth Management Act (GMA)—Seattle’s experience
is at once unique, meaning that it merits investigation, and leading, meaning that its policy
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experiments hold lessons that other cities can learn from. A question of both practical and
scientific importance is: how has Seattle weathered its intense experience?

This paper responds via an analysis of changes in Seattle’s parcel layer between
2010 and 2020, with particular attention to its innovative urban village plan. The GMA’s
central policy instrument is a cross-jurisdictional urban growth boundary (UGB) that
deliberately pressures the regional land market by limiting the supply of developable space
and directing growth toward urban centers. The UGB is not complicated in its mechanics
but it certainly complicates Seattle’s position as the epicenter of the growth.

The city is built primarily out of single-family housing, a land use that is notoriously
unresponsive to growth and change—no matter how intensely it occurs. Nonetheless, Seat-
tle’s population has grown from about 563,000 people in 2000 (a level not seen since 1960) to
753,000 in 2019, an increase of nearly 200,000 people, or 33%, in under 20 years (all data are
from the BEA’s Regional Economic Information System. See Table 1). Putting a finer point
on the question above—how, exactly, has Seattle accommodated its growth?—the present
authors’ initial supposition was that the city did so through large-scale redevelopment
or, in other words, by creating density through the consolidation of small parcels into
large parcels holding multifamily housing. However, quite the opposite, it turns out, has
happened: Seattle has netted more than 7500 parcels over the past 10 years, a stunning
average of approximately two parcels a day. Some small parcels have been eliminated by
being consolidated into larger parcels, but many more have been created by subdividing
already small parcels into even smaller ones. This surprising outcome is the product of
planning and markets working together.

The work presented in this paper examines redevelopment outcomes in the City of
Seattle vis-a-vis the UGB and other planning activities—namely, the urban village (UV)
plan. The analysis has both positive and normative elements: it looks at what has happened
in Seattle and evaluates the outcome of development there against the intentions of policies
aimed at shaping that outcome. By looking at how planning and markets work together,
the analysis is closely aligned, philosophically, with that of the urbanist Bertaud who made
a strong argument for balancing the two. Even as Seattle has planned its way forward, the
city has been impacted by economic forces that lie beyond the power of land-use policy
to impact directly. Indeed, a more naïve—or arrogant, depending on one’s perspective—
approach to planning there could have resulted in the kind of inelastic housing supply and
extreme bubbles found in coastal California’s cities [8].

The remainder of the paper is organized as follows. The background discussion
considers urban containment in the context of consumer cities, an idea that has gained
currency since it was advanced by Glaeser et al. [9] 20 years ago. Next, the empirical
analysis documents the basic facts of what happened in Seattle’s parcel layer over the
preceding decade, a painstaking task. It then explores the determinants of redevelopment
in the city via a probit model that takes parcel change as a qualitative (yes/no, or 1/0)
dependent variable. Last, a policy discussion considers how, working together, planning
and markets are shaping Seattle’s future. The results form a picture of a happy, healthy
city that sets a high bar for other cities seeking to achieve the same success. The paper
concludes by noting that, together, Seattle’s stardom and the careful management of that
stardom have preserved the city’s qualities, even as it has assumed an elite status as a
global city.
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Table 1. Population and economic growth in the Puget Sound, 2001–2019.

Puget Sound Region King County/Seattle King County, % Puget Sound King County, % 2001

Population GDP PC GDP Population GDP PC GDP Population GDP PC GDP Population GDP PC GDP

2001 3,092,927 $199,619,567 $64,541 1,754,090 $150,633,799 $85,876 56.71% 75.46% 133.06% 100.00% 100.00% 100.00%
2002 3,118,302 $200,297,457 $64,233 1,758,685 $150,395,689 $85,516 56.40% 75.09% 133.13% 100.82% 100.34% 99.52%
2003 3,133,021 $203,266,418 $64,879 1,763,440 $152,296,884 $86,364 56.29% 74.92% 133.12% 101.30% 101.83% 100.52%
2004 3,158,967 $207,319,154 $65,629 1,775,297 $154,383,667 $86,962 56.20% 74.47% 132.51% 102.14% 103.86% 101.69%
2005 3,198,265 $221,612,161 $69,291 1,795,268 $163,798,247 $91,239 56.13% 73.91% 131.67% 103.41% 111.02% 107.36%
2006 3,257,081 $230,116,812 $70,651 1,822,967 $167,978,707 $92,146 55.97% 73.00% 130.42% 105.31% 115.28% 109.47%
2007 3,304,467 $246,628,564 $74,635 1,847,986 $178,911,909 $96,815 55.92% 72.54% 129.72% 106.84% 123.55% 115.64%
2008 3,355,042 $250,289,363 $74,601 1,875,020 $182,767,774 $97,475 55.89% 73.02% 130.66% 108.47% 125.38% 115.59%
2009 3,414,797 $242,211,495 $70,930 1,912,012 $175,591,711 $91,836 55.99% 72.50% 129.47% 110.41% 121.34% 109.90%
2010 3,449,241 $247,960,025 $71,888 1,938,351 $179,699,824 $92,708 56.20% 72.47% 128.96% 111.52% 124.22% 111.38%
2011 3,503,891 $256,144,097 $73,103 1,974,200 $187,148,065 $94,797 56.34% 73.06% 129.68% 113.29% 128.32% 113.27%
2012 3,558,829 $268,999,178 $75,586 2,011,197 $200,193,173 $99,539 56.51% 74.42% 131.69% 115.06% 134.76% 117.11%
2013 3,612,347 $278,715,088 $77,156 2,047,223 $207,842,599 $101,524 56.67% 74.57% 131.58% 116.79% 139.62% 119.55%
2014 3,675,160 $290,986,145 $79,176 2,085,225 $218,470,774 $104,771 56.74% 75.08% 132.33% 118.82% 145.77% 122.68%
2015 3,739,654 $306,164,721 $81,870 2,126,178 $229,721,323 $108,044 56.85% 75.03% 131.97% 120.91% 153.37% 126.85%
2016 3,816,355 $318,450,834 $83,444 2,166,350 $240,149,410 $110,854 56.76% 75.41% 132.85% 123.39% 159.53% 129.29%
2017 3,885,579 $337,774,548 $86,930 2,203,836 $256,067,584 $116,192 56.72% 75.81% 133.66% 125.63% 169.21% 134.69%
2018 3,935,179 $364,252,252 $92,563 2,228,364 $278,127,160 $124,812 56.63% 76.36% 134.84% 127.23% 182.47% 143.42%
2019 3,979,845 $382,789,623 $96,182 2,252,782 $294,329,768 $130,652 56.60% 76.89% 135.84% 128.68% 191.76% 149.03%

Note: The Puget Sound Region consists of King, Pierce, and Snohomish Counties; GDP is in constant (chained 2012) United States dollars; all data are from the BEA’s Regional Economic Information System.
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2. Literature Review

The thinking of this paper is organized around the conceptual model presented in
Figure 1, which is helpful for the structure it imposes on a complex set of forces and
the interaction between them. The model shows that city-level urban redevelopment
materializes in the form of parcel-level consolidation and subdivision. This redevelopment
is shaped by market forces, including the attractiveness of city living, the consumer city
element, and the value differentials it gives rise to. At the same time, urban redevelopment
is shaped by planning, in the form of growth management (the UGB and UV policies)
and other land-use regulations. Importantly, land-use regulation can be stubborn because
it tends to follow the market, meaning that it both enforces and preserves patterns of
development—particularly in the context of housing (see Pogodzinski and Sass’s seminal
analysis from 1994 [10]).
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2.1. Urban Containment vs. Consumer City

To begin, the idea of urban containment can be traced back to Garden Cities of
Tomorrow by Ebenezer Howard in 1898, where he proposed self-contained communities
contained by green belts. Over the past several decades, urban containment has been
implemented in U.S. cities to promote compact, mixed-use urban form. In 1973, Oregon
passed the Oregon Land Use Act, with an emphasis on urban containment and compact
development [11]. Oregon’s legislation, on which Washington’s is based, restricts urban
development from occurring outside the state’s urban growth boundaries [1]. Oregon is
also notable because its framework was the first to make the leap from urban growth control
strategy to a comprehensive growth management strategy [7,12]. In 1990, Washington
enacted the GMA, mandating cities to develop comprehensive plans aimed at managing
growth. Importantly, the very first goal of the GMA is to achieve concentrated urban
growth, or compact development patterns [13]. This idea of concentrating and designating
urban growth is introduced in the following content of urban village policy.

Empirical studies have tested the effectiveness of various urban containment policies
on urban redevelopment. Dawkins and Nelson [14] found that state growth management
programs may promote residential construction activity within urban areas. Nelson and
Sanchez [15] used a cross-sectional analysis of American metropolitan areas and found that
those pursuing what were labeled “strong” containment efforts performed best in terms of
reducing exurbanization. In this study, “strong” containment efforts were defined as those
that direct development within UGBs and restrict development from occurring outside of
them. Hortas-Rico [16] showed that the urban containment policies have helped to reduce
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city blight. Carruthers and Clark [17] looked at the single-family housing market in King
County and found edge effects of urban containment in Seattle’s single-family housing
market. The focus of that study was not on UGBs, but Figure 2, new graphs (not previously
reported) based on the same data, shows the edge effects of the UGB via the single-family
housing market. In short, the data show that the distance from the UGB in either direction
has a positive effect, indicating that it is a fault line in the regional housing market, similar
to edge effects reported by Knaap and Nelson [1]. The individual charts show, against
distance from downtown Seattle, the natural logarithms of: (a) sales price; (b) sales price
per square foot; (c) lot size, in square feet; (d) price per square foot and lot size, together; (e)
neighborhood (census tract) median housing value; and (f) neighborhood density.
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Next, the rise of the consumer city has led to the densification and revitalization of
urban areas, raising the question of policy versus market forces. Despite the containment
policies, some believe in the market’s force of densifying urban areas to help achieve the
containment goals. Bertaud [18] argued that the market creates order without design. He
believed that while urban planners often try to limit density, land price is a more influential
determinant. As Glaeser et al. [9] noted, cities, as centers of consumption, provide many
urban amenities; they also pointed out the importance of density in facilitating consump-
tion. On the other hand, the idea of endogenous zoning argues that zoning appears to
follow the market [10]. Thus, whether the current densification and redevelopment result
from urban containment policy or market force remains an open question. In addition,
previous theoretical studies have investigated the role of a “value differential” in urban
redevelopment decision making [19–21].

2.2. Urban Redevelopment

Meanwhile, studies have explored different indicators for redevelopment activities,
such as parcel changes (this research only focuses on vector data using parcel layers; other
studies also apply raster data (see: [22,23])) [24–26], building or demolition permits [3,27,28],
and surveys of developers [29]. Kwon et al. [6] studied the causes of demolition or
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redevelopment of hanoks (traditional Korean houses) using a probit model based on parcel-
level datasets. They found out that the characteristics of parcels, neighborhood, and urban-
scale factors may affect the redevelopment of hanoks. Longo and Campbell [30] added
a spatial factor into their study: they used a spatial discrete choice model based on the
geospatial data and land-use database and found that the determinants of brownfields vary
in different locations and that the adjacent sites’ reuse decisions also have an impact on the
reuse of the site. In addition to the spatial relationship between parcels, previous research
has also looked into certain policy areas and their effects on redevelopment. A recent
research study [5] explored the determinants of land redevelopment in Shenzhen, China. It
discovered the different effects in SEZ and non-SEZ areas were due to ‘the institutional
differences and development conditions’ between these two areas. Lewis [3] investigated
the determinants of a parcel receiving building permits for renovation. Her findings show
that many policy areas have a positive impact on the probability of renovation.

Parcel changes, such as subdivisions and consolidations, have been used as the indica-
tor for urban redevelopment. Zhou and Kockelman [24] built a land-use model based on
the parcel changes between 1995 and 2000 in Austin, Texas. They focused on parcel subdivi-
sions in undeveloped parcels, but they did not look into the impact of the social-economic
characteristics of the neighborhoods. Gallagher et al. [25] looked at parcel amalgamation
in redevelopment as a solution to urban sprawl and densification in Australia. As they
noted, this requires ‘a transformation of the dwelling types’, ‘or transformation of the urban
structure and form of the city’. Nevertheless, their studies did not include quantitative
empirical data analysis. Fredrickson et al. [26] detected the parcel subdivision (aggregation)
and consolidation (amalgamation) in Auckland’s urban area between 2004 and 2014. The
redevelopment through parcel changes resulted in higher dwelling densities than other
developments. As interesting as the results are, they did not apply statistical models, rather,
only stylized facts.

Missing from the current literature is a holistic approach that looks into subdivision
and consolidation together as the determinants of redevelopment. In addition, a study on
parcel-level changes and determinants of urban redevelopment has never been conducted
in Seattle, which, as noted, is a natural laboratory that represents the implementation of
urban containment policy at both the state level and local level with a very generalizable
lesson to offer to other cities in terms of containment, densification, and redevelopment.
Thus, it is crucial to conduct a study on Seattle that sorts out the numbers and policies and
examines the possible determinants behind all these. It tests the hypothesis that urban
containment, in the form of urban village policy, is related to urban redevelopment, shown
as parcel changes.

3. Study Area
3.1. The Puget Sound Region

There has been remarkable economic and population growth in the Puget Sound
Region. The Seattle metropolitan area is in the Puget Sound Region and is one of the
largest metropolitan areas in the United States. It is composed of three counties, including
King County, where Seattle is located. The economic pressure on the city over the past
two decades is documented in Table 1, which lists population, real GDP, and per capita
GDP for the Puget Sound Region and King County. The left-hand side of the table shows
the numbers themselves and the right-hand side shows the numbers for King County as
percentages of: (i) the Puget Sound; and (ii) their own starting values. King County has
consistently held more than half (~55%) of the Puget Sound’s population and accounted
for three quarters (~75%) of its productivity, placing its per capita GDP at about a third
over (~133%) that of the region as a whole. Meanwhile, since 2001, the county’s population
has increased by nearly a third (~129%) and its GDP has doubled (~192%), raising its per
capita GDP by half (150%).
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3.2. Seattle

Seattle, the heart of the Puget Sound Region, is one of the most important American
cities and, also, one of the most attractive. Among other good things, the city is known
for its stunning natural beauty, high quality of life, extraordinary human capital, and rich
popular culture. Over its distinguished history, the so-called Emerald City has served, via
its proximity to Asia, as a key maritime port and, as home to Boeing, the chief of the North
American aerospace industry. More recently, the Puget Sound has reinvented itself as a
tech juggernaut, with a massive agglomeration economy anchored by Microsoft, Amazon,
and other global companies. (Seattle has the headquarters of large IT companies [31], and
large innovative companies are seeing tremendous investment growth [32], including life
sciences industry in Seattle [33]. The economic influence of large company headquarters
will continue to increase in the future [34].) All the while, Seattle has remained at the
center, growing and changing through path-breaking urban planning and environmental
policy. Its approach stems, in large part, from the state’s GMA, which established a multi-
jurisdictional urban growth boundary (UGB) intended to direct development inward and
upward, particularly within Seattle.

3.3. Seattle’s Urban Growth Management

This study looks into urban containment by focusing on the Urban Village Element
of the Seattle Comprehensive Plan, adopted in 2020 [35]. As mentioned above, Seattle is
subject to numerous levels of urban containment policy, including those legislated by the
state, county, and municipality. As required by the GMA, communities in King County
have set up the UGB in its earlier comprehensive plans (see Figure 3).
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In addition to its external urban growth boundary, the City of Seattle created its Urban
Village Element as a way to predict, manage, and control future growth, allowing densifi-
cation and population increases to occur symbiotically with the current built environment
(see Figure 4). The Element designates six high-density urban centers—or miniature central
business districts—and twenty-four urban villages as primary, localized areas to absorb
future housing and job growth. Within the twenty-four urban villages, the Comprehensive
Plan also identifies separate levels of containment and development expectations for its
twenty-four urban villages, dividing them among six hub urban villages—Lake City, North
Rainier, Bitter Lake Village, Ballard, West Seattle Junction, and Fremont—and eighteen
residential urban villages. Where residential urban villages have largely been developed
as single-use districts catering to commuters, hub urban villages have been designed as
self-sustaining, mixed-use pods of medium-density development. Hub urban villages
concentrate new residential and commercial development within several transit-accessible
hubs in an effort to reduce commute times and create a polycentric growth pattern [36].
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Seattle’s urban village strategy has been successful over the past twenty-some years at
promoting vibrant development symbiotic with the character of the Emerald City, even
under the limitations posed by the GMA-mandated growth boundary—‘over 75 percent of
the city’s new housing and new jobs were located inside the urban centers and villages
that together make up only about 17 percent of the city’s total land area’ [35]. According
to Seattle’s Comprehensive Plan, there is an ambitious goal of development within urban
centers and urban villages, which are prescribed to accommodate 70,000 housing units and
115,000 jobs; beyond these targets, the Urban Village Element clearly discusses the need to
set aside plentiful land for open-space preservation, greenspace, and forestry as comple-
ments to new urban growth. This strategy of designating urban centers and urban villages
has enabled Seattle to manage its urban growth—while keeping the character of the city
intact—by encouraging compact and mixed-use development in specific, targeted areas.

4. Model Implementation
4.1. Data

This study is conducted at the parcel level of Seattle. Data used for this study include
parcel datasets of year 2010 and year 2020 obtained from the Assessors’ Office in Seattle.
The two parcel datasets were compared in order to determine where the parcel changes
happen. The analysis also makes use of the latest land-use dataset from the City of Seattle
Zoned Development Capacity Model in Seattle’s GeoData website. The 2020 parcel dataset
and the parcel changes are integrated with the land-use dataset. All socio-economic
explanatory variables come from the American Community Survey (ACS) obtained from
the U.S. Census at the block group level. Five-year estimates of year 2010 and the latest
available, for 2019, were used.

4.2. Preliminary Analysis for the Model

After the datasets were cleaned, as described below, Table 2 shows the distribution of
parcels for different urban villages. (The urban center and urban center village belong to
the larger category of urban center.) The majority of the parcels (82.44%) are outside urban
villages. Residential urban villages have the largest number of parcels among other urban
villages, and urban centers have the smallest number of parcels. From just a glance at the
urban village plan (see Figure 4), we can tell that residential urban villages, even though
their total areas do not seem to be much larger than those of urban centers and urban hubs,
have a much larger number of parcels.

Changes in parcels are used as the indicator for redevelopment activities. As men-
tioned in Section 2.2, using parcel changes is only one way of detecting urban rede-
velopment activities. Even though development activities can happen without parcel
changes, the change of parcel boundaries represents a large part of the process, often
involving demolishment of previous buildings and new construction, indicating a high
redevelopment intensity.

The changes in these parcels between 2010 and 2020 are compared via a geospatial
analysis. This analysis divides the changes in parcels into three types: parcel consolidation,
parcel subdivision, and parcel boundary changes. Since each parcel has its own PIN,
or parcel identification number, it is possible, with care, to detect changes from 2010 to
2020—in particular, whether parcels have been subdivided, merged into a larger parcel, or
have simply changed their geographical boundaries to some extent. For the last scenario,
a five-meter threshold was used to detect the boundary changes—if the centroid of the
parcel has changed its location by over five meters, its boundary is considered to have
changed. By setting up this threshold, the analysis is able to offset the bias caused by the
parcel boundary data collection process. In addition, sometimes several parcels can share
one PIN—in which case they are taken to be one parcel. This is why, in Table 3, it can
be seen that the total number of parcels is different from the total number of parcel PINs.
However, there is only a small number of different parcels that share one PIN.
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Table 2. Descriptive statistics of categorical variables used in Model-1b.

Urban Village Name Number of
2020 Parcels

Number of
2020 Parcels Percentage

Urban Center Northgate 318
1078 0.65%South Lake Union 262

Uptown 498

Urban Center Village Downtown 938
4362 2.64%First Hill–Capital Hill 2238

University District 1186

Hub Urban Village Ballard 2190

5182 3.13%
Bitter Lake Village 370
Fremont 889
Lake City 515
North Rainier 1218

Residential Urban Village 23rd and Union–Jackson 2471

16,731 10.11%

Admiral 280
Aurora–Licton Springs 1876
Columbia City 1178
Crown Hill 838
Eastlake 732
Green Lake 490
Greenwood–Phinney Ridge 271
Madison–Miller 800
Morgan Junction 642
North Beacon Hill 587
Othello 1003
Rainier Beach 536
Roosevelt 713
South Park 953
Upper Queen Anne 154
Wallingford 1339
West Seattle Junction 811
Westwood–Highland Park 1057

Manufacturing Industrial
Centers Ballard–Interbay–Northend 534 1695 1.02%

Greater Duwamish 1161

Outside Villages Outside Villages 136,378 136,378 82.44%
Total Total 165,426 165,426 100.00%

Table 3. Seattle parcel changes.

Seattle Parcel Changes Year 2010 Year 2020

Total number of parcel PINs 176,836 184,555
Total number of parcels 176,779 184,497
Total number of PINs in 2020 but not in 2010 - 8965
Total number of PINs in 2010 but not in 2020 1247 -
Total number of PINs in both 2010 and 2020 175,532

Boundary changes (5 m threshold) 5484
Ratio of boundary changes 3%

Total number of PIN changes 6731 14,449
Total number of parcel changes 6735 14,454
Ratio of parcel changes 4% 8%

As shown in Table 3, there have been a lot of activities, consolidating and subdividing
parcels, but, critically, parcel subdivision is the predominant form of creating new houses.
Between 2010 and 2020, 8965 new parcels were added and 1247 parcels disappeared. Most
of the missing parcels from 2010 have been consolidated into bigger parcels in 2020. Most
of the new parcels in 2020 come from the subdivision of older parcels. Comparing the two
numbers reveals more parcel changes occurred from subdivision than from consolidation.
This surprising outcome strongly suggests to the present authors that it is the result of the
joint force of planning and market working together.
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The large amount of parcel changes over the past decade shows the intensity of
redevelopment activities in Seattle. The total number of parcel changes is calculated by
adding new parcels, disappeared parcels, and parcels with boundary changes. As we can
see, there is an 8% ratio of parcel changes in 2020, which accounts for 12,454 parcel changes.
Detailed spatial distribution is shown in Figure 5.
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Parcel changes were spatially joined with a current land-use map and used to sum-
marize the parcel changes in different zoning areas. Due to the different accuracy levels
of different data sources, the parcel dataset in 2020 is slightly different from the parcel
information in the land-use dataset. In the following content, the analysis is based on the
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parcel information in the land-use dataset. In addition to this, only privately owned land
was kept in this research. After cleaning the dataset, a total number of 165,426 observations
were left available for this model.

As shown in Table 4, it is evident that most of the changes are located in areas that
are currently zoned as single or multifamily residential land use in 2020. Single-family
land use and multifamily land use have the largest number and the highest ratio of parcel
changes. Most parcel changes happened in single-family land use with a minimum lot
size of 5000 square feet (Residential, Single-family 5000). Land use with intended pri-
mary building type as two- to three-story apartment buildings or townhouses (Residential,
Multifamily, Low-rise 2 (detailed definition of multifamily zones can be seen here: Recom-
mendations for New Multifamily Zones Concept Report. (2006). https://www.seattle.gov/
Documents/Departments/OPCD/Vault/Multifamily/MultifamilyConceptReport.pdf, ac-
cessed on 15 January 2021)) has the second largest number of parcel changes. Regarding the
ratio of parcel changes, land use with intended primary building type as two to three-story
duplexes, triplexes, and townhouses (Residential, Multifamily, Low-rise 1) has the highest
ratio of 30.49%, which is almost one-third of the total parcels in this category. Generally, the
single-family land-use types have a lower change ratio compared to multifamily land-use
types. This shows that a large amount of redevelopment activities for multifamily houses
have happened in the past decade, indicating considerable residential density increase,
which may also be the evidence of compact and mixed-use neighborhood development.

Table 4. Parcel changes in different land-use zones (top 14).

Zone Abbreviated Rank of
Changes

Total Parcel
Changes

Total Number
of Parcels

Ratio of
Parcel Changes

Residential, Single-family 5000 SF 5000 1 4047 100,287 4.04%
Residential, Multifamily, Low-rise 2 LR2 2 2173 9651 22.52%
Residential, Multifamily, Low-rise 1 LR1 3 2094 6868 30.49%
Residential, Multifamily, Low-rise 3 LR3 4 1693 9847 17.19%
Residential, Single-family 7200 SF 7200 5 1338 24,981 5.36%
Residential, Single-family 9600 SF 9600 6 330 2361 13.98%
Neighborhood Commercial 2 NC2 7 312 2367 13.18%
Commercial 1 C1 8 237 1506 15.74%
Neighborhood Commercial 3 NC3 9 195 1832 10.64%
Neighborhood Commercial 1 NC1 10 99 748 13.24%
General Industrial 2 IG2 11 97 1088 8.92%
Residential, Multifamily, Mid-rise MR 12 92 907 10.14%
General Industrial 1 IG1 13 86 395 21.77%
Commercial 2 C2 14 62 397 15.62%

In the following model—which is exploratory, not definitive—there is a binary de-
pendent variable registering if a parcel has changed (=1) or not (=0) in the past ten years.
Some explanatory variables for the model are from the City of Seattle Zoned Development
Capacity Model. These variables include whether the parcel is a landmark or not, the
land-use type, the year the building was built, which urban village the parcel is in or not,
and the development ratio. The development ratio is a ‘ratio of what exists to what could be
developed’. The higher value of this variable means the more developed the parcel is. The
social-economic explanatory variables are shown in Table 5. For the land-use variables, we
used a simpler version of the land-use type, shown in Table 6. For urban village variables,
there is a general binary variable indicating whether the parcel is inside an urban village or
not. There are also five categories of urban village types and a category of outside village.

https://www.seattle.gov/Documents/Departments/OPCD/Vault/Multifamily/MultifamilyConceptReport.pdf
https://www.seattle.gov/Documents/Departments/OPCD/Vault/Multifamily/MultifamilyConceptReport.pdf
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Table 5. Descriptive statistics of variables used in the model.

Variable Mean Std. Dev. Min. Max.

Parcel change 0.08 0.27 0 1
Parcel size 7074.02 20,963.17 0 3,740,803.00
Landmark 0.00 0.04 0 1
Year from 2020 65.23 32.96 5 120.00
Development ratio 0.90 0.63 −1.00 93.56
Dist. from city center (ln) 10.04 0.46 5.55 10.77
Urban village 0.18 0.38 0 1
Population density 10 (ln) 8.92 0.60 5.54 11.71
Median family income (ln) 11.39 0.46 9.16 12.43
% education 10 6.82 8.73 0 46.01
% Native 10 0.68 1.74 0 13.25
% Asian 10 12.65 14.29 0 74.27
% Black 10 7.04 11.34 0 68.59
% Black change 10–19 −0.77 8.15 −56.70 35.35
% Native change 10–19 0.21 2.28 −13.25 14.81
% Asian change 10–19 0.42 9.95 −40.84 65.02
n = 165,426

Table 6. Descriptive statistics of categorical variables used in the model.

Land-Use Type Number of PARCELS

SF (Single family) 127,716
NC (Neighborhood commercial) 5000
MR (Multifamily, mid-rise) 973
L (Multifamily, low-rise) 26,488
I (Industrial) 1933
HR (Multifamily, high-rise) 118
D (Downtown) 938
C (Commercial) 2260
Total 165,426

4.3. Model

Since the variable of interest—whether the parcel has changed or not—is dichotomous,
a linear regression is not an option. Thus, a probit/logit model should be used instead to
evaluate its relationship with the independent variables. Since the logit model is limited in
several important ways [37], this study elected to use a probit model under the assumption
of normal distribution of all latent variables. The probit model is quite general when this
assumption is not violated [37].

Probit is also a common analytical tool that has been widely implemented in urban
studies. For example, Longo and Campbell [30] investigated the reuse decisions of brown-
fields in England using a spatial probit model; Yates and Mackay [38] reviewed the housing
choice literature and used a discrete choice model to study the housing market in Sydney,
Australia; and Lewis [3] used a probit model to investigate how a parcel receives a renova-
tion building permit based on the certain characteristics of the parcel and the neighborhood
and location. Similar to this research, Kline and Alig [39] used a probit model of land use
to examine how effective growth management in Oregon has been at protecting forests
and farmland.

In this analysis, Yi is a binary (1/0) variable that describes whether or not a parcel
has changed, registering value 1, if yes, or 0, if no. Yi* is the latent variable expressed in a
linear function of the characteristics of the parcel:

Yi* = Xβ + ei, ei ~ N(0,1), (1)
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Yi =

{
1 if Xβ+ ei > 0

0 otherwise
(2)

The probability Pr(X) that an alternative is chosen, Yi = 1, is:

Pr(Yi = 1|X) = Pr[Yi* > 0|X] = Pr[−ei ≤ Xβ|X] = Φ(Xβ) (3)

where Φ(Xβ) is the standard normal cumulative distribution function (cdf). While the
probability of Yi = 0 is:

Pr(Yi = 0|X) = 1 − Pr(Yi = 1|X) (4)

For further details, see: [40–44].
Equation (1) was estimated twice, with a single urban village variable (1a) and the

urban village variable broken down by type (1b). The results are provided in Table 7. An
overarching finding is that urban villages are not, in general, associated with concentrated
redevelopment. However, a more mixed land use with housing and employment may
promote redevelopment. What is more, parcel changes are more likely to yield multifamily
housing. The details are summarized in the following section.

Table 7. Maximum likelihood estimates of transition models.

(1a) (1b)

β Marg. z β Marg. z

Constant −0.186111 −0.78 0.375755 1.53
Parcel Information
Parcel Size 0.000001 *** 0.0000002 6.75 0.000001 *** 0.0000002 7.00
Landmark −0.185170 −0.0197167 −1.56 −0.165550 −0.0178725 −1.40
Year From 2020 −0.001559 *** −0.0001917 −10.02 −0.001626 *** −0.0001995 −10.44
Development Ratio −0.259072 *** −0.0318441 −19.52 −0.262473 *** −0.0322144 −19.68

Land Use
D −0.907741 *** −0.0556887 −11.64 −0.799361 *** −0.0530005 −9.58
HR −0.129668 −0.0144165 −0.80 −0.013349 −0.0016217 −0.08
I −0.696829 *** −0.0503602 −12.77 −0.581932 *** −0.0457716 −5.24
L 0.466801 *** 0.0729119 13.57 0.460451 *** 0.0716010 13.12
MR −0.063696 −0.0074583 −0.98 −0.001919 −0.0002352 −0.03
NC −0.051865 −0.0061402 −1.30 −0.023561 −0.0028429 −0.58
SF −0.412899 *** −0.0603938 −11.44 −0.398897 *** −0.0579269 −10.84

Location
Ln (Dist. from City Center) −0.064536 *** −0.0079325 −5.48 −0.100016 *** −0.0122754 −8.15
Urban Village −0.038106 ** −0.0045954 −2.62
Manufacturing Industrial Center −0.189814 −0.0201606 −1.66
Hub Urban Village 0.117838 *** 0.0157293 5.14
Residential Urban Village −0.060763 *** −0.0071849 −3.70
Urban Center −0.330965 *** −0.0314595 −6.11
Urban Center Village −0.231142 *** −0.0239116 −6.36

Neighborhood characteristics
ln (Population Density 10) −0.142550 *** −0.0175217 −16.87 −0.138169 *** −0.0169581 −16.06
% Change in Population Density 0.000009 *** 0.0000011 6.58 0.000010 *** 0.0000012 6.71

Demographics
ln (Median Family Income) 0.098293 *** 0.0120818 6.98 0.086688 *** 0.0106396 6.05
% Education, 2010 0.003347 *** 0.0004114 3.79 0.002953 ** 0.0003625 3.27
% Native, 2010 −0.010827 * −0.0013309 −2.35 −0.011088 * −0.0013609 −2.39
% Asian, 2010 −0.002685 *** −0.0003300 −5.04 −0.002050 *** −0.0002517 −3.79
% Black, 2010 0.006489 *** 0.0007976 10.83 0.006176 *** 0.0007580 10.19
% Black Change, 2010–2019 0.001298 0.0001596 1.82 0.001537 * 0.0001887 2.15
% Native change 2010–2019 −0.009123 −0.0011214 −2.61 −0.009661 ** −0.0011857 −2.75
% Asian Change, 2010–2019 −0.000432 ** −0.0000530 −0.69 0.000351 0.0000431 0.55

n 165,082 165,082
Log-likelihood −40,762 −40,698
Pseudo R Square 0.1049 0.1063

Note: * p < 0.05, ** p < 0.025, *** p < 0.05.

5. Empirical Findings
5.1. The Effectiveness of Urban Village Policy

Urban village indicator in (1a) has a negative effect on urban redevelopment, but in
(1b), the hub urban village indicator carries a positive sign. Table 7 shows that the effect
of being located in an urban village is significantly negative. This is contradictory to the
initial expectation—urban villages in Seattle’s city plans are designated areas for urban
growth. This may also indicate that urban village policy overall may not promote redevel-
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opment activities that involve parcel changes. Another explanation is that urban village
designations are consistent with the current urban developed areas, thus leaving fewer
opportunities for redevelopment, which leads to the negative coefficient. As mentioned
above, the urban village policy can also result from an endogenous zoning effect, wherein
land-use policy follows the market. As stated in policy documents [36], urban village
designations were shaped to ‘fit Seattle’s established, densely developed, and complex
urban neighborhoods’. In this case, it is sensible that parcels within an urban village are
less likely to be redeveloped. Using “outside village” as the reference level, the result,
in (1b), is that hub urban villages are more likely to contain parcel changes. The rest
of the urban village types—including residential urban village, urban center, and urban
center village—are less likely to have parcel changes compared to “outside village”. The
distinct characteristics of hub urban villages compared to urban centers and residential
urban villages may be the reason for this positive effect on redevelopment. The marginal
effect estimated by the model is not that large, which means whether the parcel is within
the urban villages does not have great bearing on the probability of redevelopment. In
addition, as mentioned before, this analysis only deals with the redevelopment activities
through parcel changes—an analysis of redevelopment without parcel changes may yield
different results.

5.2. Parcel Changes in Multifamily Land Use

It is more likely for a parcel to change if it belongs to the multifamily land-use category
and less likely for a parcel to change if it belongs to the single-family land-use category. This
finding makes perfect sense: as noted in the introduction, single-family housing, usually
the most protected of all land uses, is notoriously stubborn to change. Using commercial
land use (C) as the reference level, the estimates show that multifamily low-rise land use is
the only land use that has a positive impact on the probability of a parcel changing. This
result is statistically significant in both models. This land-use designation also has the
largest magnitude of discrete change effect compared to other land-use types. The fact
that parcels in multifamily land use are more likely to change may come from the need for
larger-scale multifamily buildings. In addition, since outside village areas consist primarily
of single-family houses, this result may be interpreted as evidence that Seattle’s planning
strategy has been successful in directing growth away from single-family areas.

5.3. Social and Other Factors

Specific socio-economic characteristics show some statistically significant and ana-
lytically interesting results. Neighborhoods having a denser population are less likely to
go through parcel changes, while population density increase has a significant positive
impact on the probability of parcel changes. Similarly, higher-income neighborhoods are
more likely to have parcel changes. Neighborhoods with a greater percentage of African
American residents in 2010 and those experiencing an increase in it are more likely to have
parcel changes. As urban village strategy in Glasgow is criticized as a poor example of
sustainable and socially inclusive redevelopment [45], whether urban village in Seattle
has led to social inequality among different demographic groups is a question that merits
further exploration.

Parcel size has a positive influence: a current large parcel is more likely to have experi-
enced change in the past ten years, which is sensible. The more the parcel is developed,
as measured by the development ratio, the less likely it has changed in the past decade.
In other words, the places that still have a prospect of development are more likely to
experience changes in the past ten years. The distance to the city center (Pike Market) also
matters significantly—the further it is from the city center, the less likely it has experienced
changes. This shows that overall parcel changes happened in central urban areas. Since
we use the 2020 land-use data, the coefficients of land-use-related variables show the
relationship between current land use and past parcel change activities.
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6. Discussion and Conclusions
6.1. Limitations

This study has several limitations. First, the probit model results are very preliminary—
many other variables are not included in this model. More built environment factors can
be added to the model in the next step. For instance, Seattle is a hilly city. Thus, the
topography is also an essential factor in affecting the redevelopment activities. Second, this
study only discusses the redevelopment activities in the form of parcel changes. For other
kinds of redevelopment activities without changing parcels, there could be different results
in the model. Third, there is a collinearity issue between the various variables. For instance,
the land-use type and the urban village may be related. Some urban villages are in the
city centers with a lot of commercial or mixed-use land. Some urban villages are mostly
residential land. The coefficients of this model can be more accurate if the collinearity
issue is solved. Fourth, this study uses the current land-use data—it would work better if
we could obtain land-use data from 2010. Land-use data from 2020 show, for the current
land-use types, the changes in parcels that have happened; land-use data from 2010 can
show the relationship between the initial land-use types with the parcel changes, which is
better. In addition, this study does not discuss the land-use changes in the past ten years.
Last but not least, spatial correlation can be considered in the next steps. These limitations
can be addressed and improved in future analyses.

6.2. Implications for Urban Planning

When making urban growth management strategies, urban planners need to under-
stand and work with the power of the market toward a more sustainable future. On the one
hand, Seattle shows an example for global cities how to promote future growth through
urban planning strategies. In general, the changes of parcels are market activities driven by
profits. With the influence of various urban village policies, the redevelopment activities
in Seattle have shown a preference for a more mixed-use and compact urban living style,
which aligns with urban planners’ goal for sustainable growth. On the other hand, urban
planning policies also need to accommodate the emerging needs from the market and
adjust the growth management strategy accordingly, such as supporting the future growth
driven by the market.

6.3. Conclusions

To conclude, the urban village strategy works in terms of densifying urban areas, but
it indicates that among all types of urban villages, only hub urban village has successfully
designated urban growth within it during the past decade, while the overall negative effect
of urban village can be explained by endogenous zoning. By looking into parcel changes,
this study shows how market and planning work together in Seattle to accommodate
its urban growth in the past decade. We can see that very intense urban redevelopment
activities involving parcel changes have happened in the last ten years. Apparently,
Seattle has a large number of parcel subdivisions rather than parcel consolidations toward
densifying the urban areas. Many of the parcel changes were for multifamily and single-
family housing development. Multifamily land use is most likely to have parcel changes,
indicating a successful densification strategy of designating urban growth away from
single-family areas.

Since there is a regional discrepancy between different programs [12] and a difference
in evaluation of the effectiveness of urban growth management, the result of an overall
negative impact in this study can be contradictory with some other studies. For instance,
Long et al. [46] showed a quite effective UGB policy in Beijing in containing ‘human activi-
ties’. Dawkins and Nelson’s [14] empirical results also show that state growth management
policies may have an overall positive effect on the redevelopment of central cities. Since
this study focuses on a different geographical area, uses a more recent time frame, and only
investigates parcel-changes-indicated redevelopment, the different conclusions will need
further exploration.
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Nevertheless, this study is consistent in illustrating the different effects on develop-
ment in/outside of certain policy areas. For instance, Lai et al. [5] showed that the effects
of factors such as location and land-use status are different in the special economic zone
(SEZ) and non-SEZ. Lewis [3] found that many policy areas have either positive or negative
impact on the probability of renovation in Baltimore City. The magnitude of the impact of
policy is small [3], which is also the same with this study.

This research also indicates that mixed land use may lead to more redevelopment,
such as the case of the hub urban village. As indicated by our title ‘planning and markets
at work’, even though developers are only driven by the market profit, their preference
for mixed land use aligns with urban planners’ goal for a mixed-use neighborhood and
a sustainable future. While the urban policies are shaping the market, it should also be
recognized that this policy influence not only comes from a single urban village policy but
also results from multi-scalar policy efforts toward diverse urban sustainability visions [47].

However, the unbalanced redevelopment in the hub urban village compared to other
types of urban villages may further indicate an unbalanced growth distribution within
single urban villages. This leads to our further question of the implementation of urban
village policy, such as how it should be improved in the future accordingly.
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