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Transport Findings 

This study analyzed transit deserts in Seattle using spatial principal component 
analysis. We ranked factors related to transit deserts and incorporated the spatial 
and temporal features of transit services. We found that transit access was the 
main factor that contributed to transit deserts. We identified clustered and 
scattered transit deserts. The clustered ones were in dense areas outside of transit 
corridors, and the scattered ones were located across low-density areas. These 
findings imply that transit planning and affordable housing should be integrated, 
and that micro-transit can fulfill the mobility needs of people living in transit 
deserts. 

Research Questions and Hypotheses 
In the US, affordable housing is sponsored by both federal and state authorities 
to accommodate low-income residents (Nedwick and Burnett 2015). Transit 
provides opportunities for residents to access jobs, and is a cost-effective way 
to mitigate the mobility constraints of disadvantaged groups (Blumenberg and 
Ong 2001). However, since the cost of housing is usually two or three times 
the cost of transportation, most low-income households choose affordable 
housing over easy access to transit, resulting in a spatial mismatch and leading 
to transit deserts (Badami and Haider 2007). 

Jiao and Dillivan (2013) defined transit deserts as areas with transit services that 
are unable to meet the mobility needs of disadvantaged groups. Transit deserts 
are often present in suburban areas where transit operations are not cost-
effective, and are fairly rare in urban settings (Taylor, McCullough, and Legg 
2008; Jiao and Dillivan 2013; Jiao 2017; Cai et al. 2020; Jiao and Cai 2020). In 
most previous studies, transit deserts were analyzed qualitatively without using 
detailed quantitative information. 

This study asks the following research questions: 

Answering these questions can help policymakers integrate transit plans with 
affordable housing programs and identify solutions that address the mobility 
needs of underserved groups. 

• How to identify transit deserts that spatially overlap with affordable 
housing programs? 

• What factors determine the locations of transit deserts? 
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Data and Methods 
Seattle is a quickly growing city with skyrocketing rent, gentrification and 
increasing unaffordability. The rapid rise in living costs is a signal of the city’s 
success but also of its widening inequality. Seattle has 683 subsidized housing 
programs that are independently or jointly supported by five authorities. These 
programs reflect the city’s intention to shelter low-income households and to 
improve social equity. 

Transit options in Seattle include the bus and the metro. The city operates 
four metro lines, and many affordable housing programs are located adjacent 
to these lines. In contrast, the bus system covers a larger area, with more than 
3,000 bus stops and 237 routes in King County. Statistics show that residents 
are fairly dependent on transit in the Seattle Metropolitan area (McIntosh et al. 
2014). 

Data and Model Specifications 
In this study, each affordable housing program represents an analytical unit. 
Walking or biking play key roles in impacting transit dependence. A 5-min 
walk covers approximately 0.25 miles (Kim et al. 2005; Guerra, Cervero, and 
Tischler 2012), and this value was used to quantify built environment features. 
To simplify the analysis, only the built environment features around each 
affordable housing program were quantified. 

Transit access and services are also vital for identifying transit deserts. This 
study used the number of bus stops, bus routes, metro stations, and metro lines 
to quantify transit access, and used bus operational frequency and business 
hours on weekdays to quantify transit services. The data sources are described 
in Table 1, and a data summary is presented in Table 2. 

Method: Spatial Principal Component Analysis (sPCA) 
Transit deserts cannot be directly quantified but can be expressed using related 
variables. Transit can only be accessed at certain times at specific locations, 
but prior studies have largely ignored the spatiotemporal attributes of transit. 
In this study, temporal attributes were captured using transit service hours, 
and spatial attributes were examined by applying sPCA, which is a descriptive 
methodology similar to the principal component analysis that adjusts for 
spatial proximity (Jombart et al. 2008). This method was able to rank transit 
desert-related factors while incorporating spatial and temporal features. 

Findings 
Spatial connectivity is defined as the degree of overlap between analytical units 
(Calenge 2006). In this study, it refers to the overlap in variance between 
neighboring affordable housing programs. As shown in Fig.1, the programs 
located in downtown Seattle have a more connected structure than clusters 
located in the city’s peripheral regions. 
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Table 1: Variable Description. 

Variable Variable Description Description Source Source 

Built Environment Built Environment 

Junction (#) The number of junctions inside an affordable housing unit’s buffer area. 
King 
County 

Sidewalk (103 feet) The total length of sidewalks inside an affordable housing unit’s buffer area. Seattle 

Bike Lane (103 feet) The total length of bike lanes inside an affordable housing unit’s buffer area. Seattle 

LUM 
Entropy of five types of land use, including commercial, industrial, public, residential and 
other within an affordable housing unit’s buffer area. 

PSRC 

Sociodemographic Sociodemographic 

Households (#) The number of households in the TAZ. PSRC 

Population Density 
(# per acre) 

The number of people divided by the area in the TAZ. PSRC 

Employment 

Pct. Cons & 
Manufact. (%) 

The number of constructions, resources and manufacturing jobs divided by the total number 
of jobs in the TAZ. 

PSRC 

Pct. Retail & 
Foodservice (%) 

The number of retail and foodservice jobs divided by the total number of jobs in the TAZ. PSRC 

Pct. Finance & 
Insurance (%) 

The number of finance, insurance, real estate and other services jobs divided by the total 
number of jobs in the TAZ. 

PSRC 

Pct. Gov. & Edu. 
(%) 

The number of government and education jobs divided by the total number of jobs in the TAZ PSRC 

Race* 

Pct. White (%) The percent of white people in the census tract. ACS 

Pct. Black (%) The percent of black people in the census tract. ACS 

Income (103$ per 
year)* 

The median household income in the corresponding census tract. ACS 

Pct. Poverty (%)* 
The number of people at or below the Federal Poverty Level divided by the total in the census 
tract. 

ACS 

Transit Access and Transit Access and 
Service Service 

Local Access (103 

feet) 
The mean distance between an affordable housing unit and nearby bus stops and metro 
stations. 

Seattle 

Bus Stops (#) The number of bus stops in an affordable housing unit’s buffer area. 
King 
County 

Bus Routes (#) The number of bus routes in an affordable housing unit’s buffer area. 
King 
County 

Metro Stations (#) The number of metro stations in an affordable housing unit’s buffer area. 
Google 
Maps 

Metro Lines (#) The number of metro lines in an affordable housing unit’s buffer area. 
Google 
Maps 

Bus Frequency (#) 
The aggregate frequency of bus service in an affordable housing unit’s buffer area on a 
weekday. 

Google 
Maps 

Operating Hours (#) 
The aggregate number of bus operation hours that are within an affordable housing unit’s 
buffer area on a weekday. 

Google 
Maps 

Abbreviations: 
Seattle: City of Seattle. 
PSRC: Puget Sound Regional Council (Survey Unit: Traffic Analysis Zone; Survey Year: 2014). 
ACS: American Community Survey (Survey Unit: Census Tract; Survey Year: 2014). 
Note: 
Variables labeled with * were not incorporated into the sPCA. 
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Table 2: Descriptive Summary 

Variable Variable Mean Mean St. Dev. St. Dev. Min. Min. Max. Max. 

Local Access (103 feet) 0.86 0.26 0.37 3.00 

Junction (#) 65.44 37.00 8.00 194.00 

Sidewalk (103 feet) 47.36 9.76 10.14 67.79 

Bike Lane (103 feet) 4.89 4.83 0.00 26.31 

LUM 0.57 0.24 0.00 1.00 

Households (#) 37.31 45.26 4.00 466.00 

Population Density (# per acre) 7.78 7.09 0.00 78.99 

Pct. Construct. & Manufact. (%) 12.08 12.37 0.00 83.73 

Pct. Retail & Foodservice (%) 23.39 20.25 0.00 87.03 

Pct. Finance & Insurance (%) 52.71 21.49 2.08 98.24 

Pct. Gov. & Edu. (%) 11.82 18.92 0.00 96.39 

Bus Stops (#) 12.13 6.63 0.00 36.00 

Bus Routes (#) 18.14 23.69 0.00 101.00 

Metro Stations (#) 0.45 0.93 0.00 4.00 

Metro Lines (#) 0.46 0.74 0.00 3.00 

Bus Frequency (#) 446.13 158.49 0.00 1,109.33 

Operating Hours (#) 17.13 2.85 0.00 19.48 

The eigenvalues from the sPCA are shown in Fig. 2(a), with a red bar 
representing the first eigenvalue. There was a sudden decrease between the 
first and the second value, indicating that the first sPCA accounted for a large 
proportion of the variance, and was the main component contributing to 
transit deserts in Seattle. 
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Fig. 1: The spatial connectivity of affordable housing programs. 
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Fig. 2: (a) Eigenvalues of the sPCAs; (b) Contribution of each variable to the first sPCA. 
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sPCA cannot provide a statistical inference but can sort factors according to 
their weights, as shown in Fig. 2(b). Transit access contributed the most to 
transit deserts, with the number of bus routes (No. 2), the number of metro 
lines (No. 3), the number of metro stations (No. 4), and the number of bus 
stops (No. 5) contributing the most. The local walking and biking 
environments also played key roles in defining transit deserts. The number of 
junctions ranked No. 1, the density of bike lanes No. 6, and the density of 
sidewalks No. 7 among all the selected variables. 
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Fig. 3: (a) Structure of the first sPCA; (b) Clustered and scattered transit deserts. 
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Fig. 3(a) presents the structure of the first sPCA. Black areas display the global 
structure while white areas represent the local structure. The scores range from 
-3 to 5. A positive score indicates a global structure, and a negative score 
suggests a local structure. A high absolute score indicates good transit access, 
while a low absolute score suggests transit deserts. Fig. 3(b) displays the 
identified affordable housing program-based transit deserts with scores ranging 
from -0.3 to 0.5. As shown, both clustered (blue) and scattered (red) transit 
deserts were identified. 

Transit deserts are closely related to urban form. In this study, affordable 
housing programs in downtown Seattle and near the University of Washington 
(UW) form global structures while others located in more suburban areas form 
local structures. Most bus routes pass through major corridors and dense areas 
to serve more riders. Examples include the I-5 corridor connecting downtown 
Seattle and UW. However, areas outside the corridor are likely to be 
underserved, like with clustered transit deserts shown in Fig. 3(b). This 
corridor effect is reinforced by the metro system. In Seattle, the Link light-rail 
connects UW, downtown Seattle, and the Sea-Tac International Airport. In 
areas outside this corridor, transit access is limited. 

In conclusion, the variables of transit service and local access are important 
for identifying transit deserts (Welch 2013). Furthermore, economically 
disadvantaged households are affected more by these transit deserts. There are 
three clustered transit deserts in Seattle, located around the Atlantic, Minor, 
and Stevens areas. This study analyzed the key socioeconomic indicators of 
these three transit deserts and compared them with Seattle’s average, as shown 
in Table 3. The results show that the proportion of black and poor households 
in these transit deserts were much greater than Seattle’s average, confirming 
that vulnerable groups suffer more due to limited transit access. The other 
scattered transit deserts were sparsely distributed across low-density areas, 
where buses are no longer cost-effective. 

For policy implications, when selecting sites for developing new affordable 
housing units, planners should analyze existing transit options. Similarly, when 
changing bus stops and routes, the location of affordable housing programs 
should be accounted for. The mobility needs of disadvantaged groups deserve 
more attention when planning transit. For clustered transit deserts, revising 
existing transit plans to cover such underserved areas is the best solution. For 
scattered transit deserts, regular bus or metro stops are unrealistic. In many 
cases, transit is not cost-effective for serving these low-density areas with high 
levels of car ownership. Authorities should avoid such areas as sites for 
affordable housing programs because of a lack of access to transit. Another 
mitigation strategy for such urban transit deserts is to provide on-demand, 
micro-transit services. Finally, we also noted that more connected streets and 
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Table 3: Comparison of Socioeconomic Factors between Individual Areas and Seattle. 

Clustered Transit Deserts Clustered Transit Deserts Variables Variables Area’s Mean Area’s Mean Seattle’s Mean Seattle’s Mean T-value T-value 

Atlantic Pct. White 44.1% 69.6% -23.659 

Pct. Black 23.8% 7.00% 19.349 

Income 57.504 70.975 -2.812 

Pct. Poverty 19.8% 10.8% 6.050 

Minor Pct. White 66.4% 69.6% -1.200 

Pct. Black 14.4% 7.00% 6.365 

Income 73.824 70.975 3.079 

Pct. Poverty 14.2% 10.8% 5.399 

Stevens Pct. White 78.7% 69.6% 18.039 

Pct. Black 7.2% 7.00% 0.5129 

Income 79.010 70.975 3.229 

Pct. Poverty 12.3% 10.8% 2.152 

denser bike lanes led to a lower probability of a transit desert. Consequently, 
the development of alternative modes of transportation, such as walking, 
biking, and e-scootering, is also helpful. 

Several limitations of this study deserve attention. First, sPCA is a descriptive 
methodology, not an inferential analysis. This study referred to many existing 
studies when conceptualizing the model, but the validity of this analysis is 
conditional on the assumption that the selected factors are significant 
predictors of transit deserts. Second, the results can vary greatly depending on 
the city. For example, the level of transit access and services is vastly different 
among various US cities, which may constrain the generalizability of these 
findings. 
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