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Executive Summary 

Background 
Previous studies have focused on the causes and characteristics of displacement associated 
with transit investments. However, little is known about how displacement from the transit-
accessible urban core may impact transportation costs, duration and travel patterns. 
Furthermore, there is limited literature documenting longitudinal changes in VMT before and 
after displacement. 
 
Objectives 
This study sought to examine the relationship between displacement and changes in 
transportation costs, accounting for a variety of factors known to affect travel patterns. The 
study sought to explore how displacement impacts vehicle miles traveled (VMT), and travel 
patterns before, during, and after an involuntary move. 
 
Methodology 
Using GPS tracking, we aimed to record the travel patterns of San Francisco residents who were 
being involuntarily displaced – before, during, and after their move. Potential study participants 
were referred by partner agencies, or responded to recruitment flyers posted at local 
community locations. Participants were to begin collecting GPS data and answer survey 
questions two weeks prior to moving and continue for two weeks after their move upon which 
they would participate in an off-boarding survey. GPS and survey data was to be cleaned and 
analyzed to design a larger study.  
 
Challenges 
Only two out of 28 individuals recruited during the seven-month study recruitment period were 
able to enroll in the study. Challenges arose associated with study design and implementation 
that prevented its completion. A large set of conditions needed to be in place in order to 
execute this study, including the time and capacity of partner organizations to provide client 
referrals for this study, recruiting a pool of applicants that met the study eligibility criteria 
which included a known move-out date at least two weeks post-contact, and ensuring the 
reliability of the GPS tracking app. The significant time and demands of the study design and the 
relatively small incentive also made this an unattractive study for people undergoing a stressful 
life event.  
 
Conclusion 
While this study failed to collect data, there is still value in exploring the transportation costs of 
displacement. Future studies may be more successful if using a lighter touch research design 
that does not involve a GPS app or follow-up surveys, in addition to providing stipends for 
partner agencies to help in recruitment and fewer eligibility criteria   
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Introduction 

California’s housing crisis has spurred residential displacement of low income households from 
its high-cost coastal regions. Previous studies, including our own, have attempted to identify 
the causes and characteristics of displacement, with particular attention to the role of transit 
investment (Chapple et al. 2017). However, the costs of displacement are not well understood. 
In particular, as households move involuntarily from residences in high density neighborhoods 
in close proximity to transit, services, businesses and other locations to suburban, less 
accessible neighborhoods, there may be new transportation costs associated with the loss of 
accessibility. This could take several forms: travel modes may shift and consequently vehicle 
miles traveled (VMT) may increase as residents move away from transit options; residents may 
not adjust their activity patterns, for instance continuing to patronize services near their 
original location resulting in longer travel distances; and/or new activities associated with the 
displacement (such as the search for a new job) may add temporary new travel. 
 
A significant and growing body of research documents the increase of VMT associated with 
living far from transit-accessible locations in the urban core (Boarnet & Wang 2017; Chatman et 
al. 2017; Ewing & Cervero 2010, Park et al. 2018). Yet, there is a dearth of studies on the 
changes in VMT and travel costs associated with displacement. Transportation and housing 
justice activists have argued for years for the need to account for potential transportation costs 
of the displacement of low income households from transit accessible neighborhoods (CJJC, 
2014; Transform and CHPC, 2014). When low income households move, they look for 
affordable places to live, which are often not in centrally located, accessible neighborhoods. In 
Philadelphia, for instance, Ding, Hwang and Divringi (2015) found that low-credit score movers 
moved to worse off neighborhoods than their original neighborhood, and New York, Newman 
and Wyly (2006) found that renters who moved were forced to look for housing in the outer 
boroughs of New York as Manhattan was becoming increasingly gentrified. In our survey of 
displaced households from San Mateo County, CA we found that only 20% of households 
reported staying in the same neighborhood while 33% left San Mateo County, generally moving 
to the Central Valley or eastern communities in the East Bay (Marus and Zuk, 2017). 
 
Moves to lower cost neighborhoods could result in higher transportation costs, especially if 
they’re farther from jobs and lack transit infrastructure. The Joint Center on Housing Studies 
found that in the search for more affordable housing, low income households end up trading 
off accessibility and end up spending nearly three times more on transportation (JCHS, 2016). 
As part of our study on displacement and transit oriented development, Chatman and 
coauthors (2017) analyzed data from the California Household Travel Survey on travel patterns 
of recent movers who went from transit-accessible to transit inaccessible locations. Given the 
small sample sizes, especially for the population of interest (low income households moving 
from zip codes “near” transit to zip codes “away” from transit) Chatman and coauthors 
concluded that the data was not statistically reliable. However, of the 41 participants with 
incomes less than $50,000 a year, the average VMT more than doubled for those that moved 
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from zip codes with a transit station to zip codes without transit, when compared to 
participants that moved from and to transit accessible zip codes (Table 1).  
 
Table 1. Average VMT for different mover’s profiles, by income category using CHTS (2010-2012) data 

Recent mover 
(last 5 years) VMT 
by mover profile 
and income 

$0 to $49,999 
$50,000 to 

$99,999 $100,000+ NA 

Total N3 
Average 

VMT 

 

N Avg VMT1 N Avg VMT N 
Avg 
VMT N 

Avg 
VMT 

Away to Near2 1,050 30 697 46 703 54 153 33 2,603 41 

Away to Away 1,122 32 892 53 680 61 162 41 2,856 46 

Near to Near 121 13 108 26 120 32 15 35 364 24 

Near to Away 22 28 12 24 18 43 3 66 55 34 

Total 2,315  1,709  1,521  333  5,878  

Source: Chatman et al. (2017) 
1 Daily VMT aggregated to the household level, "complete households" only. 
2 Previous residential location defined at the zip code level. “Near” is defined as having a rail station in the home zip code area. 
3 16% of households in the CHTS data moved in the previous five years. Previous address locations outside of California are 
excluded. 

The limited research and accounts from advocates point to the hypothesis that low income 
households may be burdened by increasing transportation costs when displaced from centrally 
located residences. This proposition, however, necessitates further exploration and research. 
This study aimed to begin to fill this gap by first testing an increasingly common tool used for 
measuring travel patterns - a GPS smartphone app - combined with surveys to accurately 
characterize the travel patterns and costs of displacement. Due to many barriers, described in 
the results section, we were unable to collect data to test this method, however. We did learn a 
lot about how to design such a study, which will be valuable for future research as the demand 
for this knowledge is unlikely to diminish. In the next section of this report we detail the 
methodology we developed, followed by the results highlighting the challenges we faced and 
concluding with recommendations for future studies. 
 

Methodology 

This study was designed to explore the impact of displacement on transportation costs through 
primary data collection and analysis. The main research questions this study sought to examine 
were:  
 

1) Are displacement and the loss of accessibility related to changes in transportation 
costs when accounting for other household factors?; and  
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2) How does displacement impact travel patterns (VMT, the number and length of trips) 
before, during, and after a move?  
 

To answer these questions, we took a mixed-methods approach, which adapted data collection 
instruments we have used in other studies on travel patterns of low income households and the 
socio-economic impacts of evictions. In this section we present the methods of the research as 
designed, divided into data collection instruments, recruitment, screening and selection, and 
data collection and analysis.  
 
The overall study design was structured to begin data collection two weeks prior to the 
participant being displaced and end two weeks post-move. We chose this one month period in 
an attempt to collect data during a semi-normal week before the move, assuming that people 
begin packing and running extra errands approximately a week prior to moving and that it 
would take an additional week to settle into their new housing. Thus, we assumed this one 
month period would allow us to capture two “normal” weeks of travel as well as two weeks 
that would represent heightened activity due to moving. Although we recognized that travel 
patterns may be transient for a longer period, due to the pilot nature of this study, delays in 
getting IRB approval, and the one-year grant cycle, we chose to limit data collection to a month. 

Data Collection Instruments 

Our research team adapted instruments we’ve developed for related research to the design of 
this study. From our study funded by the Air Resource Board (#16RD003) on the travel patterns 
of low income residents living near and far from high quality transit, we adjusted our surveys 
that capture travel patterns as well as many socio-economic characteristics. We also adapted 
questions used in our study about the impacts of evictions (Marcus and Zuk, 2017) to capture 
information specific to the participant’s housing situation, search and other socio-economic 
impacts of the move. Because we wanted to understand the housing, transportation, economic 
and other circumstances of the participant both before and after the eviction, we separated the 
questions into a before and after survey (see Appendices G and H for the instruments).  
 
We also adapted our protocols from our ARB study where we used a GPS smart-phone app, e-
mission1, developed by a UC Berkeley researcher (see Appendix F). We adapted existing 
protocols for smartphone deployment, participant training, quality control, and data retrieval. 
This GPS app was designed to collect individual locational data to gather additional information 
on participant’s travel patterns. Participants can install and log into the app on their smart 
phone using an email address or unique code generated by the research team in place of their 
name or personal email address. Once the participant joined the user interface for the study, 
the locational data from the participant’s smartphone was automatically transferred to the 
research team’s private server when they were connected to WiFi. 

                                                 

 
1 https://e-mission.eecs.berkeley.edu/#/home 

https://e-mission.eecs.berkeley.edu/#/home
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Recruitment 

We utilized several strategies to recruit potential participants for this study including recruiting 
from eviction defense clients and flyering. As designed, we sought to recruit participants who 
were about to be displaced, onboard them to the study and install a GPS app to collect data 
prior to their displacement, during their move and after the displacement, to assess changes in 
their travel behavior before and after their move. In order to identify participants on the verge 
of being displaced, we contacted a number of tenants’ rights and eviction defense 
organizations, beginning with colleagues from San Francisco’s Mayor’s Office of Housing and 
Community Development who connected us with tenants’ rights counselors. Upon discussing 
the study and the need to identify and onboard participants prior to their displacement, the 
tenants’ rights counselors noted that they often do not know if or when a tenant is ultimately 
displaced. We therefore focused our recruitment efforts with eviction defense organizations.  
We partnered with the Tenderloin Housing Clinic, the Housing Rights Committee of SF, and the 
Eviction Defense Collaborative, who identified and gave us study participant referrals for clients 
who were about to be displaced from their residence in San Francisco. Staff at the organizations 
used a recruitment script (see Appendix C) to assess client interest in participating in the study. 
If interested, the agencies released client contact information to our research team. Some 
organizations did not have capacity to directly assist with client referrals, and instead posted 
study recruitment flyers on their community boards for individuals to contact us directly. In 
addition to coordinating with these organizations, we also posted recruitment flyers (see 
Appendix A) at local community centers, and several branches of the SF Public Library. 

Screening & Selection 

All client referrals and persons responding to recruitment flyers were screened to determine 
eligibility. Potential participants had to be San Francisco city residents and had to be moving 
out of their current housing situation a minimum of two weeks after enrolling in the study to 
allow for sufficient time to collect data on the participant’s travel patterns prior to moving. 
Participants were required to have a smartphone with the most up-to-date operating system, 
have a working Google Play or Apple App Store account, and have or make space on their 
phone to download the GPS app. Finally, all participants were required to speak English for this 
pilot study. 
We either met in-person or called all potential participants to conduct the initial screening. For 
in-person screening meetings, we reviewed and obtained informed consent (see Appendix B) to 
conduct the initial screening. Individuals who were contacted over the phone gave verbal 
consent prior to the initial screening (see Appendix D). Following the screening, eligible 
individuals who agreed to participate in the study were asked to sign an informed consent form 
(see Appendix E). 
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Data Collection 

Following the screening process, individuals who were eligible and agreed to participate in the 
study were asked to meet with researchers twice, once at the start and once at the end of the 
study, which was planned to last approximately one month (two weeks pre-move and two 
weeks post).  
 
The first meeting was to occur two week prior to their move and was intended to begin data 
collection: to sign informed consent, download the GPS app (see Appendix F) and respond to a 
survey about their travel patterns, housing situation, occupation, and other information that 
would be used to interpret GPS data. The second meeting, scheduled at the end (approximately 
two weeks after moving) was to un-install the app, download the GPS data and answer another 
survey. Survey questions were designed to compare participant’s transportation costs before 
and after their move. During the final visit with participants, our research team would delete e-
mission from their phones.  
 
In the study design, participants who successfully installed the smartphone application, 
completed two surveys, and uninstalled the application were supposed to receive a debit gift 
card for $125. However, due to the study’s early cancellation, the two participants who 
successfully enrolled in this study received a $40 debit gift card. These amounts were assessed 
to be high enough to encourage participation, but not so high that it would have functioned as 
a coercion for low-income households. 

 

Results 

A total of 28 individuals were contacted over a recruitment period of seven months to 
determine eligibility to enroll in this study. They were recruited through a combination of client 
referrals and flyers posted at agencies and community center locations. Only two of the 28 
individuals met our eligibility criteria and enrolled in this study. 
 
Challenges arose throughout the study implementation period that prevented completion of 
this study. A large set of factors needed to be in place in order to execute this study. Evictions, 
and moving in general, are known to be very significant life stressors. This fact, in addition to 
common challenges in recruiting from a population that may have many other demands on 
their time, likely contributed to the challenges we faced in recruiting for this study. 
Acknowledging the stressful period, a considerable time commitment given the research 
design, and the potentially sensitive request of tracking participants’ movement, we anticipated 
needing to provide a sizeable incentive to participants. In our proposal we suggested offering a 
$200 incentive. However, when applying for IRB approval, which entailed months of 
amendments due to privacy concerns over the GPS application (despite receiving approvals for 
very similar research protocols previously), the Committee on Human Subjects notified us that 
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the maximum stipend we could offer was $125. We imagine this ultimately was not enough of 
an incentive once potential participants learned more about the project. Additional challenges, 
which we discuss further below, included limited agency capacity to help us recruit, 
smartphone compatibility, and technology challenges. 

Agency Capacity 

In the initial study proposal, we stated that we would partner with the San Francisco Planning 
Department to provide participant referrals. However, we later learned the Department does 
not have direct contact with tenants. As a result, we reached out to a number of non-profit 
agencies and community-based organizations that directly serve our subject population for 
referrals. Many of these agencies and organizations had insufficient time to assist the research 
team with participant recruitment and referrals. Instead, the majority of agencies and 
organizations simply posted a recruitment flyer up on their community boards. 
It is possible that with more client referrals from agencies, we could have anticipated a higher 
pool of potential study participants and a larger participation rate. However, we recognize the 
time and resource limitations these agencies may have faced in providing referrals. Future 
studies should seek to fund agency partners to ensure they have dedicated staff that has the 
capacity to conduct recruitment tasks. 

Eligibility Criteria 

Participants had to meet a series of criteria in order to be eligible for this study, such as a 
known move date that was two weeks after study enrollment, a compatible smartphone for the 
GPS tracking app, and English language proficiency. These criteria were designed to fulfill the 
characteristics of our pilot study design. However, when carried out, we found that the criteria 
were perhaps too restrictive to allow for enrollment of our subject population. 

Incompatible Participant Move Date 

The timeline for participant’s move was often not in alignment with our study timeline. 
Approximately 40% of all potential participants were ineligible because their move date was 
less than two weeks ahead of time or unknown (see  
 
 
 

 

 

Table 2). This meant that we would not have had sufficient time to collect data on their travel 
patterns prior to moving or we would be unlikely to collect data post move. Future pilot studies 
should create more flexible eligibility criteria to assess the optimal amount of time before and 
after a move for data collection. 
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Table 2. Number of Unenrolled Referrals / Respondents By Outcome 

 

Smartphone Compatibility 

One person who responded to our recruitment flyer met all other study eligibility requirements, 
but their current cell phone was incompatible with the app designed for the study (see  
 
 
 

 

 

Table 2). In our ARB study that used the GPS app and sampled from a similar populations we 
found a fraction of potential participants did not have compatible phones, either because their 
operating systems were too old, they didn’t have enough data storage to download an app, or 
they did not have active accounts in the app stores. Other individuals who were screened by 
agencies that were helping with recruitment may have been filtered out due to the smartphone 
requirement. 

Language Barrier 

Given that this was a pilot study, we decided to only recruit English-speaking participants. We 
notified the agencies assisting us with recruitment to this effect, but did not specify this on our 
recruitment flyer. Therefore, two individuals who responded to our flyer were ineligible due to 
a language barrier (see  
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Table 2). Catering to English-speaking individuals may have narrowed our pool of potential 
participants. 

Technology Issues Barrier 

Upon concluding data collection and analysis for our ARB study (after this study already began) 
we discovered some critical issues with the application’s design (which is still in development 
mode) making it difficult to use for consistent data collection and field work purposes. For 
instance, when the app developer pushed an update while e-mission was already running on a 
participant’s phone, it stopped sending the user’s data to the server. This became a concern for 
our study when the app developer decided to push another update for this app after two 
participants had already been enrolled in our study. Due to concerns that we might have lost 
our participant’s data, we had to schedule another meeting with them to delete and re-
download the app on their phones. This placed an unexpected burden on participants to spend 
more time coordinating their participation in our study, and was one of the factors that led to 
our cancellation of this study. 

Conclusion 

This study aimed to test out a research design, GPS app, and survey instruments to estimate the 
travel costs of displacement. We failed to collect data due to challenges associated with study 
design and implementation, making recruitment excessively challenging and completion with 
the rare qualified participants infeasible. Despite these challenges, there is still value in 
exploring the transportation costs of displacement, given the urgency, size, and scale of the San 
Francisco regional housing and displacement crisis, as well as the dearth of literature exploring 
this issue. 
 
Future studies could be more successful if study implementation is designed with the 
challenges we encountered in mind. Specifically we believe that funding partner agencies for 
recruitment purposes is key to ensure they have the time and resources needed to identify and 
recruit potential participants. Agencies often run housing clinics that may be another venue for 
participant recruitment. A future pilot should also relax eligibility criteria, perhaps enrolling 
participants without a known move-out date in a more exploratory design. Furthermore, given 
the significant stressors occurring in displacees lives during the time of eviction actions, we 
recommend designing a lighter touch study that would minimize the time commitment and 
burden on potential participants. It’s possible that a retrospective survey may be sufficient, and 
would not require engagement during an already stressful period. For this reason, we also 
believe a GPS app may not be a necessary component to a future study.  
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Appendix B: Study Participant Screening Consent Form 
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Appendix C: Agency/Partner Recruitment Script (for Case and Control Groups) 
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Appendix D: UC Berkeley Researcher Screening Script 
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Appendix E: Study Participant Consent Form 
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Appendix F: GPS Application Description 

We will use a GPS application developed by K. Shankari, called “E-Mission” to collect individual 
locational data for a period of at least two weeks. The application has been published on 
Google Play for android phones and on Apple Store for Apple phones. Participants will be able 
to download the appropriate application for the device that they own. In addition to the 
consent form signed by the participants, the application will show the user agreement form for 
the E-Mission application, and the participant must agree to the application terms of service 
(Figure 1). Only UC Berkeley researchers will have access to the collected application data. K. 
Shankari will not be able to access our participant’s data. 
The app will prompt the participant to decide whether or not to allow the application access to 
his/her device’s locational service (Figure 4). Depending on the study protocol, the participant 
has rights to reject collecting individual locational data by denying the service. The same is true 
for motion and fitness data and notifications (Figure 2 and 3).  The participant will be asked to 
log-in using an email address and password generated by UC Berkeley researchers that will be 
associated with the data in place of their names. Once a participant has downloaded the 
application, a researcher will assist them in changing the User Interface (UI) to the UI for this 
study.  Once the participant has joined the UI for this study, the locational data for each 
participant from the individual devices will be automatically transferred to the research team’s 
private, protected server when the participant is connected to Wifi. The data will be encrypted 
at rest and in motion, and all identifiable data will be eliminated completely or coded, the key 
to which will be kept in a separate encrypted and password protected file on the password 
protected computer in the locked office of Karen Chapple. Only Miriam Zuk, Karen Chapple, 
Audrey Lieberworth and Abby Brown will have access to the passwords to unlock these files. 
 
The application will be deleted from the participant’s phone at the second meeting with the 
research team, unless the participant wishes for the application to remain on their phone. For a 
detailed description of E-Mission data storage, communication, and encryption, please refer to 
Protocol ID #: 2014-04-6267. 
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Appendix G: Participant Survey (Before) 
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Appendix H: Participant Survey (After) 
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