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1 ABSTRACT 

Urban decline is a critical issue in shrinking cities. The collapse of the American housing market in 
2008 resulted in widespread foreclosures/abandonment throughout many U.S. cities. Many 
municipalities in the Rustbelt, a historical region that has experienced massive depopulation since 
the 1960s, were hit particularly hard, leaving them characterized by vacant land, a visible symptom 
of decline. Research on how to deal with vacancy and abandonment has become a crucial urban 
issue. The specific aspects of sustainable urban form which can potentially aid in counteracting 
decline have not been thoroughly evaluated. It has been shown that cities developed around 
sustainable public transportation systems tend toward growth and stability as opposed to decline. 
This research seeks to better understand the relationship between proximity to public transportation 
hubs and urban decline and whether greater access to said public transportation hubs can 
encourage urban regeneration using Dayton, Ohio as an area of investigation. Dayton has suffered 
a 47% population decrease since 1960; these conditions have resulted in an abundance of 
declining area. This paper 1) presents an index for measuring area of urban decline using suitability 
modeling and 2) compares the spatial location of that decline to the proximity of three primary public 
transportation hubs. Results indicate that proximity to multi-modal transportation options is related 
to lower amounts of decline. Therefore, stronger policies encouraging complete streets, related 
alternative transportation options, and enabling mobility may be a strategy for preventing decline 
or spurring regeneration in declining areas in shrinking cities.  
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2 INTRODUCTION 
The Shrinking Cities International Research Network (SCIRN) defines a shrinking city as “a densely 

populated urban area that has on the one hand faced a population loss in large parts of it (for at least 5 
years, more than 0.15% annually), and is, on the other hand, undergoing economic transformation with 
some symptoms of a structural crisis (Stryjakiewicz 2013, p. 28).”  Shrinking cities are characterized by 
declines in population, while the symptoms of structural change can include vacancy, abandonment, 
poverty, and increased crime rates. The United Nations (2012) projects that between 2011 and 2050, the 
world’s population will increase by 2.3 billion; urban populations are expected to double during this time 
and account for approximately 67% of the world’s population. Despite this massive projected increase in 
urban population, there are still many cities which are expected to deurbanize.  
Nearly one-quarter of all shrinking cities in the world are located in the United States, and many of those 
lie within the Rust Belt (Li, Newman 2016). The Rust Belt is a region in the upper Midwest of the U.S. that 
is popularly characterized by substantial population loss and decline, and this is primarily attributed to the 
shrinkage of the once-powerful American industrial sector. Cities such as Dayton, OH, Detroit, MI, and 
Milwaukee, WI were once the industrial heartland of the United States, but with a shift toward the service 
sector since the 1960s, a decrease in steel and iron production, and movement of manufacturing jobs to 
the south, neighborhoods in these areas have been especially subject to decline. The population of Dayton 
has decreased 46% since the 1960s, a loss of nearly half of the city (US Census Bureau 2015).  In order 
to remedy the issue of decline and support regeneration, a number of approaches have been taken by both 
researchers and planners within communities. Previous literature has shown that equal access to 
transportation can be a key to curbing poverty and inequality, both of which are symptoms of the decline 
occurring in Dayton, Ohio (Glaeser, et al. 2008). By examining decline in this shrinking city in the Rust Belt 
and further examining the accessibility to public transportation hubs in the same area, this investigation 
hopes to better understand the relationship that exists between the two, and how public transportation hub 
locations might be used in the future to frame urban regeneration and recovery. 
  
3 LITERATURE REVIEW 
 
3.1 Urban Decline 
 There are many social, economic, structural, and environmental factors which can contribute to 
urban decline, but the most cited cause is depopulation—people moving out of urban spaces. Other drivers 
may include globalization, economic recession, deindustrialization, suburbanization, high rates of 
unemployment, natural disasters, environmental pollution, war, and epidemics (Hollander et al. 2009). It is 
important to keep in mind that most causal factors contributing to decline are fundamentally linked, and 
cities most often endure several simultaneously rather than one at a time. For example, population 
migration can be an umbrella effect that encompasses deindustrialization, job loss, and a need for structural 
reorganization. However, natural disaster, war, or epidemics may occur independently and unprompted by 
other economic or social changes. As a result of this linkage, urban shrinkage is a process, not an 
instantaneous phenomenon that may be self-perpetuating.  

While urban decline is identified primarily by depopulation, but other city characteristics can also 
be used as indicators to identify instability and propensity for decline. Understanding these indicators 
requires an understanding of the duplicity of many urban realities. For example, suburbanization and sprawl 
are closely tied to economic growth and social stability. At the same time, however, they can also be seen 
as contributing factors to both urban depopulation and decline (Lee et al., 2018) and increasing the supply 
of vacant land within a city (Wiechmann and Pallagst 2012). This suggests that economic growth and social 
stability are important measures for urban decline. As a similar example, a younger population is often seen 
by city officials as contributing to the vibrancy and growth of an urban area, whereas other studies have 
indicated that cities with older residents typically have lower vacancy rates (Newman, et al., 2016), denoting 
a more stable demographic. In these ways, the indicators of urban decline can influence one another in 
unforeseen ways.  
 Factors other than depopulating that have been shown to be drivers of decline have can be grouped 
under the phenomena of globalization and deindustrialization, or disinvestment such as education level, 
changing racial composition of a city, and economic change (Immergluck 2008). Newman, Gu, Kim, and Li 
(2016) found a statistically significant positive relationship between unemployment rate and vacancy, 
showing that cities with a higher rate of unemployment were more vulnerable to vacancy and abandonment. 
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This is important because unemployment rate is typically used as an indicator for assessing economic 
conditions at a municipal level. The rationale for educational attainment (Glaeser, Kahn, Rappaport 2008; 
Mallach 2012) poverty, and income rates (Newman, Lee, Berke 2016) look very similar; as the percent of 
persons 25 years of age and older with less than or equal to a high-school graduate education, the percent 
of persons whose household income lies below the 50th percentile, or the percent of persons living below 
the federal poverty level increased, vacant urban land would also tend to increase. The connection between 
many of these concepts cannot be completely disentangled. Jobs follow people, who follow jobs, which in 
turn depend upon the economy, and the sequence of causation is circular. It is difficult for a city to 
experience one negative social, economic or cultural effect without feeling the consequences of others. In 
terms of land, Mallach (2016) shows that low property values, foreclosed properties, and parcels or 
properties that are delinquent, vacant, or structurally unsound are reliable indicators of vulnerability to 
vacancy, which contributes to—and is affected by—decline. The capacity of an individual to own and 
maintain a home or property is often a reflection of that individual’s or family’s economic and/or social 
situation, including income, employment, or education.  

The use of suitability models can be used to determine the potential effects of urban public 
transportation hubs in that these models have the ability to overlay multiple variables. Suitability mapping 
is an application of ArcGIS for planning aiming at identifying spatial patterns of land use conditions 
according to specified requirements, preferences and inventory mapping overlays (Malczewski, 2004; 
Newman and Kim, 2017). Suitability overlay models combine multiple rasters by applying a common 
measurement scale of values to each raster which can be weighted according to judged importance and 
merged for an integrated output (Mutke et al., 2001; Newman et al., 2017). Each variable used in this study 
was given equal weight of influence in the creation of a composite decline index for the purpose of suitability 
modeling because varying factors contributing to decline have been shown to be highly interrelated 
(Newman et al., 2018). 
 
3.2 Transportation 
 With deindustrialization in the Rust Best during the mid-1900s and relocation of manufacturing 
south into the Sun Belt, jobs and people moved as well, causing a shift in the structure of Dayton and many 
other Rust Belt cities. The purpose of this research is not to dissect the particularities of those changes, but 
rather to draw from that idea of economic and social change to understand other processes that still occur 
today. In the race for resources, access to and availability of reliable transportation has long been 
associated with human capital, an indicator of social stability. A person who feels secure in their ability to 
move about within an urban space—between work, home, leisure—is less likely to seek out a home 
elsewhere. Further, existing research has shown that a positive relationship exists between access to public 
transportation systems and the recovery of socially vulnerable populations (Moon 1990), that failing public 
transportation systems may increase inequality (Glaeser, et al., 2008), and that access to transportation 
can be crucial to escaping poverty for many individuals (Park and Newman 2017). 
 The use of many Rapid Transit systems and public transportation elsewhere in the United States 
has affected regeneration and developmental pursuits in a positive way, and spurred new development in 
many areas experiencing growth stagnation. For example, the Rapid Transit System in the San Francisco 
Bay Area was developed around two dozen different stations over the course of the latter half of the 
twentieth century, resulting in substantial increases in both residential and nonresidential buildings and 
(Cervero, Landis 1997; Moon 1990). Other authors cite better access to transportation in central cities as a 
primary cause for the urbanization of poverty and spatial inequality in many areas (Park, Huang, and 
Newman 2016).  

For example, the Philadelphia, Pennsylvania Neighborhood Transportation Initiative was a 
successful approach in achieving long-term change for declining neighborhoods. Based on various housing, 
economic, and social characteristics, the Initiative made recommendations for the demolition of more than 
5,000 homes over a five year period (Newman et al., 2018). The program was innovative in that it prioritized 
declining neighborhoods for public investment related to demolition and reuse. Through careful 
identification and selection of areas, investment spurred where it otherwise may not have occurred as new 
modes of transportation were linked to these once declining areas for regeneration purposes. The primary 
motivation for analyzing transportation as a part of this spatial analysis comes largely from connections 
such as these.  
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It is important to remember that the effects of a transportation system are constantly working 
simultaneously with the effects of market forces, economic changes, land-use changes, and other planning 
interventions such as zoning and growth policies (to name a few). Though, as previously noted, the 
foundational question in understanding how to mitigate urban decline is that of causation, that is not the 
purpose of this research. Both market and institutional forces work together, complimenting and reinforcing 
one another, to shape all transportation-land use outcomes. 

4 OBJECTIVES 
Newman, Lee, and Berke (2016) suggest that solutions for encouraging urban regeneration vary 

greatly and remain somewhat elusive. Case studies citing factors from institutional changes to public 
property ownership reform to leveling of entire neighborhoods show that the underlying question is one of 
determining causation. The research seeks to better understand the relationship between proximity to 
public transportation hubs and urban decline and whether greater access to said public transportation hubs 
can encourage urban regeneration using Dayton, Ohio as a study area. To achieve this, we map decline 
using a weighted suitability model in ArcGIS and examine spatial conditions related to decline using quarter 
mile buffers around existing transportation hubs within the city.  

5  DATA AND METHODS 
Methodology of this research can be divided into two primary sections: 1) a suitability model using 

ArcGIS to measure declining area (See Figure 1), and 2) a distance buffer comparing declining area in 
close proximity to accessible transportation hubs to those farther away. To begin, a decline index for the 
City of Dayton was created by combining twelve raster data sets as variables contributing to urban decline 
(based on the literature) using ArcGIS suitability modeling. Each of the variables chosen can be used to 
illustrate the level of decline in a specific area, but it is important to remember that no one variable alone 
should be thought of as an independent sole cause or of decline; taken together, all twelve demographic, 
built environment, and land use characteristics can serve as a composite indicator of urban decline. This 
analysis measured and mapped population density, median age, minority population, educational 
attainment, poverty level, median income, unemployment, foreclosures, median property value, structurally 
sound buildings, vacant buildings, and delinquent parcels of land at block group and parcel levels within 
the city boundaries of Dayton. Data was taken from the American Community Survey 5-year estimates 
2008-2012, yearly census estimates, and shapefiles provided by the City of Dayton (see Table 1). The 
process for this research is explained below. 

Figure 1. Visual representation of methodology (Diagram by authors) 
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Table 1. Variable Sources and Relationship to the Development of the Decline Index. 
Variable Description Data Source Symbology Direction 

Population Density  ACS 2008-2012 Negative 

Age Median Age ACS 2008-2012 Negative 

Race (non-minority) Whites as a percentage of total population ACS 2008-2012 Negative 

Educational Attainment Percentage of individuals over 25 who 
hold a high school diploma 

ACS 2008-2012 Negative 

Poverty Percentage of total households in poverty ACS 2008-2012 Positive 

Income Median household income ACS 2008-2012 Negative 

Unemployment Percentage of non-military civilians who 
are unemployed 

ACS 2008-2012 Positive 

Foreclosures Percentage of properties within block 
group that are foreclosed 

Census est 2003 Positive 

Structurally Sound Percentage of buildings within block group 
that are structurally sound 

Census est 2004 Negative 

Property Value Median Property Value ACS 2008-2012 Negative 

Vacant Buildings Single abandoned buildings Census est 2014 Each case coded as 3 

Delinquent Parcels Single revokes property due to unpaid tax Census est 2004 Each case coded as 3 

 
 Step 1: File Conversion – In ArcGIS, the shapefiles required conversion from vector to raster data 
(pixels) for a more accurate comparison of layered variables and to ensure overlay capabilities. During this 
step, the cell size was standardized for each mapped variable, which becomes important later in analyzing 
the total area and the percentage of declining area within a space.  

Step 2: Reclassification – Each variable is valued differently because of the varying data 
characteristics and representation of a unique concept—some with percentages, some as whole numbers 
representing one thing, and others as decimals representing another—and a comparison of all variables 
requires standardization. This standardization of measurements was achieved using the Reclassify tool in 
ArcGIS. Each set of variable values was reclassified using Jenks Natural Breaks into 5 categories scored 
1 through 5. For this analysis, a reclassified value of 1 indicates a pixel of low decline, while a reclassified 
value of 5 indicates high decline. By standardizing all variable values in this way, all urban characteristic 
data has been broken into 5 categories of analysis; low decline (1), moderately low decline (2), moderate 
decline (3), moderately high decline, and (4) high decline (5) (see Figure 2 and Table 2).  
 Step 3: Overlay – To combine all reclassified variables to create a decline index, the Weighted Sum 
tool was used in ArcGIS. In this study, each variable was analyzed with equal influence and importance, 
and received equal weight. Further analysis—both longitudinally and across cities—would be required to 
investigate the true influence of each decline indicator. The suitability output using a Weighted Sum yielded 
values ranging from 22 to 51—twelve variables each on a scale from 1 to 5—which required one additional 
reclassification into 5 categories, this time using equal intervals. The output, then, was a map of levels of 
decline by block group in Dayton on the 1 to 5 scale accounting for LL twelve variables. 
 Step 4: Multi-Ring buffer – The second major methodological step was the creation of distance 
buffers around transportation hubs in Dayton. Shapefiles provided by the City of Dayton of active and 
abandoned rail lines, state roads, local roads, municipal roads, and the Greater Dayton Rapid Transit 
Authority (GDRTA) bus system were used to identify five major public transportation centers (hubs) in 
Dayton. These hubs are designated as such by the city of Dayton. Two hubs were excluded as they were 
technically outside of the city’s urban boundary—which left three hubs within the city for the analysis: 
Westown Transit Center, Wright Stop Plaza Transit Center (downtown), and Eastown Transit Center.  
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Figure 2. Suitability Mapping Output: decline index mapped for each individual variable    

(Diagram by authors) 
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Table 2. Suitability Mapping Output by Variable. 

Variable Total Raster Count Decline Category % of Total Area 
Population Density 203 320 735 1 3 
  2 5 
  3 16 
  4 30 
  5 49 
Median Age 203 320 735 1 4 
  2 38 
  3 32 
  4 15 
  5 11 
Race (non-minority) 203 320 735 1 22 
  2 17 
  3 18 
  4 14 
  5 28 
High School Diploma 203 320 735 1 5 
  2 38 
  3 19 
  4 31 
  5 8 
Poverty 186 419 928 1 32 
  2 18 
  3 18 
  4 22 
  5 10 
Median Income 203 320 735 1 13 
  2 19 
  3 17 
  4 36 
  5 15 
Unemployment 203 320 735 1 18 
  2 32 
  3 25 
  4 22 
  5 5 
Foreclosures 203 552 093 1 8 
  2 26 
  3 35 
  4 19 
  5 12 
Structurally Sound 203 552 093 1 8 
  2 17 
  3 0 
  4 33 
  5 42 
Median Property Value 203 320 735 1 15 
  2 14 
  3 27 
  4 31 
  5 13 

 
 

Each transit center is supported by the GDRTA multimodal transportation network which consists 
of diesel, hybrid diesel and electric trolley buses with over 3,000 stops on 34 routes throughout the region, 
supporting more than 9 million passengers a year (Rafter, 1995). The GDRTA’s goal is to connect people 
and communities through offering train, vehicle pedestrian, and bike share programs. One quarter mile 
buffers were placed around each transit hub and the area of decline and spatial conditions within each 
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buffer were examined. The one quarter mile buffer is a standard distance for buffer analyses due to its 
relatively comfortable walking distance and the degree of influence to a point that is provides (Li et al., 2016) 
(see Figure 3). 

 

 

Figure 3. Final reclassified suitability mapping output (Diagram by authors)  

 

6 RESULTS 
After calculating percentage of decline within each ¼ mile buffer and combining that data, it was 

found that no pixels of high decline (category 5) existed in any of the buffered areas, or the areas within 
accessible proximity to a transportation hub. Next, the declining area that did exist (category 4) increased 
from 2.16% in the ¼-mile buffer to 4.54 percent in the 1-mile buffer. Transitional spaces (category 3) 
increased with movement away from the hub, occupying 45.99%, 49.60%, 54.15%, and 56.56% percent of 
the space within the ¼, ½, ¾, and 1-mile buffers, respectively. Space in moderately low decline (category 
2) occupied approximately 42 percent of the space in both the ¼- and ½-mile buffers, 31.79% within ¾ mile 
of the hub, and 23.99% within 1 mile. Finally, space in low decline (category 1) occupied 9.44%, 4.43%, 
10.08%, and 14.88% percent of the space within the ¼, ½, ¾, and 1-mile buffers, respectively. Taken 
together, these category 1 and 2 spaces represent areas of low decline or well-conditioned space, which 
increases significantly with movement towards a transportation hub (see Figure 4 and Table 3). When 
comparing all buffered space to all of the space in Dayton that exists outside of a buffer, there is more 
transitional space, less decline, and more well-conditioned space outside of the buffers (see Figure 5). 
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Figure 4. Decline within all buffered areas by percentage (Diagram by authors) 
 

The Westown hub is located on the Western edge of the city and the Eastown hub, the east; the 
Wright Stop Plaza is located within the downtown of Dayton. In general terms, a majority of the lower decline 
area was located in close proximity to the Westown hub. This make intuitive sense, as the city is divided by 
the Miami River both spatially and economically. Western Dayton is characterized by higher amounts of 
vacancy, abandonment, and tax delinquent properties. It also has higher minority population, lower average 
income, and higher unemployment than eastern Dayton. While Westown has the most high declining area, 
it is important to mention that most of the high decline are resides outside of the buffer zones around each 
hub. A majority of the declining area in relative proximity to the Eastown hub exists north of the hub in a 
neighborhood in transition. It was once characterized by vacant lands but has since been redeveloped. The 
downtown hub has small, localized declining parcels but is not necessarily threated by the onslaught of 
general decline. 

However, the area in decline within the downtown maybe harder to develop. Many studies have 
found that small, disconnected, and isolated declining parcels are harder to repurpose than larger swaths 
or clusters of individual vacant/abandoned areas. This may limit the regeneration potential in the downtown. 
While Eastown seems to be on the upswing, Westown’s spatial conditions may make regeneration difficult. 
Hopefully, the existence of the transit hub is sparking some change within the general areas. According to 
the aforementioned results of this study, this seems to be a probably outcome or can be cautiously inferred.  

7 CONCLUSIONS 

7.1 Discussion and Implications  
This research sought to investigate whether proximity to public transportation is related to the 

spatial distribution of neighborhood decline using Dayton, Ohio as a case site. Results from this analysis 
show that a relationship indeed exists between the two and that if more well-developed space is 
concentrated around the transportation hubs, it may then be argued that a sustainable public 
transportation system can help deter neighborhood decline and/or spur future regeneration of declining 
neighborhoods. It can keep cities and urban spaces unified, and can allow people the opportunity to move 
effectively and efficiently throughout those spaces, allowing them to thrive. Moreover, accessible 
transportation may also increase the amount of transitional space in a city, saving what may be at risk of 
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falling further into decline. This leads to the conclusion that greater availability of & access to public 
transportation can potentially encourage urban regeneration.   

Table 3. Final Reclassified Suitability Mapping Output by Buffered Area. 
 Decline Category Raster Count  Percentage of Total Area 
Total City Area 1 22 468 902  0.123706657 
 2 68 704 858  0.378267185 
 3 64 875 334  0.375183039 
 4 24 682 943  0.135896466 
 5 898 463  0.004946653 
  181 630 500  1 
¼ Mile Buffer 1 166 175  0.094461141 
 2 745 732  0.423906698 
 3 809 185  0.45997616 
 4 38 097  0.021656002 
 5 0  0 
  1 759 189  1 
½ Mile Buffer 1 315 507  0.04432129 
 2 1 050 410  0.428510642 
 3 3 531 293  0.496063359 
 4 221 423  0.031104708 
 5 0  0 
  7 118 633  1 
¾ Mile Buffer 1 1 625 657  0.10080046 
 2 5 127 483  0.317934623 
 3 8 734 490  0.541590637 
 4 639 846  0.03968428 
 5 0  0 
  16 127 476  1 
1 Mile Buffer 1 4 228 237  0.148880851 
 2 6 814 855  0.02399585 
 3 16 065 957  0.565699923 
 4 1 291 091  0.045460727 
 5 0  0 
  28 400 140  1 
Remaining City Space 
(Area not within 
buffered zones) 

1 18 240 665  0.119040802 
2 61 890 003  0.403901701 
3 48 809 377  0.318505942 
4 23 391 852  0.152658076 
5 898 463  0.005863479 
 153 230 360  1 

 

 
 

Figure 5. Comparison of decline within and outside of all buffered areas by percentage      
(Diagram by authors)  
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 For example, the inclusion of complete streets measures to connect communities to the exiting 
transportation hubs cold help to amplify this regeneration. A balanced transportation system that includes 
complete streets measures can bolster economic growth and provide efficient connections between 
residences and destinations. Simultaneously, they can be a fiscal asset to cities which may be 
characterized by a large amount of declining area. Integrating sidewalks, bike lanes, transit amenities, and 
safe crossings into the initial design of any urban regeneration project spares the expense of retrofits later. 
The costs associated with retrofitting new facilities for travelers are also minimized. Finally, they would allow 
for multiple methods of getting to and from work for local residents, contributing to the local economy and 
bolstering employment opportunities for residents, thereby reducing threats of decline.  
 As the developing world rapidly urbanizes, the demands on transport systems also grow often at a 
faster pace than the population. Based on our results, this circumstance is still consistent in shrinking cities. 
Given the above tendency, an effective and coordinated approach to urban regeneration could be to ensure 
that sound policies be put into place for urban transportation. Such policies could lay the basic framework 
for regeneration planning but must be based on a thorough inventory and prioritization of vacant land 
conditions. It is, however, important to remember that this analysis is not determining a causal relationship 
or a diagnosis of decline in Dayton. Rather, Dayton is used as a case study to determine positive the spatial 
relationship between accessible transportation and urban decline. Further longitudinal research would be 
required to determine whether targeting transportation can reverse the process of decline, especially in 
transitional spaces. Creating a city dynamic that is centered around a sustainable transportation system 
can certainly be an important element of the regeneration process.  By connecting the spaces where people 
live and work, a community can create accessibility for all residents, ultimately creating better means for 
people on the move.   
 
7.2 Limitations 
 There are a few limits to this study. First, not all data sources are consistent. While some is from 
the American Community Survey 5-year estimates, others were taken from yearly Census estimates. This 
was due to the limited availability of recent information on all variables. This study was not longitudinal, but 
rather, sought to snapshot the situation of shrinkage in Dayton holistically. Further, the ephemeral nature 
of vacant land data makes vacancy and delinquency difficult attributes to capture with high levels of 
precision. 
 Though most variables in the analysis can be cited as accurate and telling of the characteristic they 
seek to portray, educational attainment can be particularly difficult to measure. This analysis used data on 
individuals with a high school diploma to distinguish between those with relatively higher and relatively 
lower education, but it has also been shown that the level of bachelor degree or higher education is where 
the difference really emerges between the “uneducated” and the “educated” (Mallach 2012). This evidence 
was found after the completion of analysis, and should be considered as a way to refine variable selection 
and measurement for replications of this research. Finally, the findings of this research are simply looking 
for a basic relationship and are quite generalized. Treating all of the 12 variables equally and further 
reducing them to a scale of 5 levels of decline broadly generalizes correlation and categorized findings into 
approximations.  
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