
Evaluating Equity: 

A Method for Analyzing Transit Accessibility of Affordable Housing Units

Presenter: 

Jing Guo (jguo31@vols.utk.edu)

Advisor: 

Dr. Candace Brakewood, Associate Professor at University of Tennessee, Knoxville 
(cbrakewo@utk.edu)

July 27, 2023

ACKNOWLEDGMENTS: This research was funded by the Tennessee Department of Transportation Grant Number RES2021-08.  We would like to thank the 

Project Manager, Emily Duchac.



Outline
1. Introduction

2. Data and Method 

1) Step 1: Measure transit accessibility

2) Step 2: Evaluate transit equity of individual affordable housing locations

3) Step 3: Propose transit service modifications for affordable housing locations 

with a high inequity index

3. Results

1) Discussion about Memphis

2) A new case study in Nashville

4. Limitations and Future Work



Introduction1

1. Freeman, L. (2005). Displacement or succession? Residential mobility in gentrifying neighborhoods. Urban Affairs Review, 40(4), 463-491.
2. Giuliano G. (2005) Low Income, Public Transit, and Mobility. Transportation Research Record. 1927(1):63-70.

Objectives: 

• Evaluate transit equity of individual 

affordable housing locations

• Identify specific affordable housing 

locations that have inequitable transit access 

• Propose short-term transit service 

modifications to potentially increase transit 

accessibility for existing individual affordable 

housing locations

Some low income households 

move to lower density suburbs 

that have lower housing costs 

Economic growth and 

revitalization in urban areas

Housing prices increase in 

urban areas

Transit 

accessibility

Affordable (subsidized) housing programs 

increasingly important for low income households

• Infrequent transit service in 
many suburban areas

• Low income households are 
more likely to use transit

Housing 

affordability



Data and method2.1

Links of affordable housing data (obtained from HUD):

LIHTC: https://hudgis-hud.opendata.arcgis.com/datasets/HUD::low-income-housing-tax-credit-properties/about  

Multifamily: https://hudgis-hud.opendata.arcgis.com/datasets/HUD::multifamily-properties-assisted/about 

PH: https://hudgis-hud.opendata.arcgis.com/datasets/HUD::public-housing-buildings/about 
HUD: The US Department of Housing and Urban Development

Origins: Affordable 

Housing locations  (in 2022) 

• Low-Income Housing Tax 

Credit (LIHTC) 

• Assisted Multifamily 

Housing (Multifamily) 

• Public Housing (PH)

Transit network 

GTFS in February 2022

Destinations: job locations 

Longitudinal Employer-

Household Dynamics (LEHD) 

Origin-Destination Employment 

Statistics dataset in 2018

Multifamily includes Section 8 Project Based Assistance, Section 202, and Section 811 

Step 1: Measure 

Transit Accessibility

Tool

Method

QGIS & Conveyal

Cumulative 

opportunity measure

Step 2: Evaluate Transit Equity of Individual 

Affordable Housing Locations

➢ Inequity Index:

𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑢𝑛𝑖𝑡𝑠 %

𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑙𝑒 𝑗𝑜𝑏𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 𝑎 𝑔𝑖𝑣𝑒𝑛 𝑡𝑖𝑚𝑒 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 %

Step 3: Propose Transit Service Modifications for Affordable Housing Locations 

with a High Inequity Index

Method

1. Investigate the surrounding road network and nearby 

transportation services 

2. Propose transit modification to improve transit accessibility 

3. Evaluate transit accessibility before and after the transit 

modification

Tool

QGIS 

Conveyal

https://hudgis-hud.opendata.arcgis.com/datasets/HUD::low-income-housing-tax-credit-properties/about
https://hudgis-hud.opendata.arcgis.com/datasets/HUD::multifamily-properties-assisted/about
https://hudgis-hud.opendata.arcgis.com/datasets/HUD::public-housing-buildings/about


Method2.2

➢ Step 2: Identify affordable housing units 

with limited transit accessibility:

• Higher inequity index means higher demand 

(higher number of units) and lower supply 

(lower number of accessible jobs)

➢ Step 3: Propose transit modifications in Conveyal 

software:
o Convert to frequency: Replace the scheduled trips for one or 

more existing trip patterns with frequency based timetables. 

o Reroute: Detours, extensions, and curtailments to routes in 

existing travel patterns.

o Others…

Analysis tool: https://conveyal.com/ 

Street network
Street network

Affordable housing 

locations Maximum transfers: 3 
Job locations

Travel time:

60 minutes

Waiting 

Origin Destination

Departure time:
Each possible minute 

from 7 – 10 AM

➢ Step 1: Measure transit accessibility 

https://conveyal.com/


Discussion about Memphis3.1

1) Map of Regional Transit Accessibility and Location of Affordable Housing in Memphis

Case 3 was selected affordable housing for proposing transit improvements; more detail on the next slide.



Discussion about Memphis3.1
2) Sort affordable housing by the value of inequity index

• Top 14 low-access affordable housing in Memphis 

Case 1

Case 2

Case 3

Case 4

Case 5



Discussion about Memphis3.1
3) Propose transit modifications for affordable housing with low-transit accessibility:

Transit distribution:

• Route 40 Stage:
•6 am – 10 pm | 1.5-

hour frequency 

•2 trip patterns 

Transit modification:

• Possibly increase frequency in AM-peak hours (from 90 
minutes to 60 minutes)

• Case 3:   
•Wesley Highland Meadows

•Address: 3517 Andy Way Lane

•# units: 200

•# accessible jobs:  135

Route 40

• Draft recommended network from Transit 

Vision Memphis:
• Cancel the Route 40

• Add a new route 14 with a similar shape of route 40

• Route 14: 60-minutes frequency  

Case 3

Figure: Satellite view of Wesley Highland Meadows, the 

surrounding road and the transit network



Discussion about Memphis3.1
3) Propose transit modifications for affordable housing with low-transit accessibility:

*We only consider trip patterns on weekdays

Figure 2: Adjusted AM-peak frequency for MATA 

transit route 40

Figure 1: Departure time and count of trips for trip patterns 

of MATA transit route 40



Discussion about Memphis3.1
4) Evaluate transit modifications in Conveyal:

Figure 1: Overlapping isochrones before and after modifying 

MATA transit route 40 for Wesley Highland Meadows

Figure 2: Charts of transit accessibility results before and after 

modifying MATA transit route 40 Wesley Highland Meadows



A new case study in Nashville3.2

1) Map of Regional Transit Accessibility and Location of Affordable Housing in Nashville

No PH in Nashville 

Case 1 was selected for proposing transit modifications; more detail on the next slide.



A new case study in Nashville3.2
2) Sort affordable housing by the value of inequity index

• Top 15 low-access affordable housing in Nashville 

Case 1

Case 2

Case 3

Case 4

Case 5

Case 6



A new case study in Nashville3.2
3) Propose transit modifications for affordable housing with low-transit accessibility:

Figure: Satellite view of Terrace Park Townhomes Phase II and the surrounding 

road and transit network

Case 1:  
• Terrace Park Townhomes Phase II

•  Address: 3110 Elm Hill Pike, Nashville TN 37214

• # units: 172

• # accessible jobs: 258

Transit distribution:

• Route 18 (Downtown – airport):
• 5 am – 12 am | about 45 minutes 

frequency during AM peak

• 6 trip patterns 

Network distribution:

• The nearest bus stop: 
• Elm Hill Pike & Nelson Pl WB

• 1.7 mile

• 4 minutes driving | 34 minutes walking

• Roadway to the nearest bus stop: 
• Elm Hill Pike

• Two-lane, two-way roadway with two solid 
yellow lines

• Speed limit of 40 mph 

Transit modification:

• Possibly extend route 18 to make it pass 
through affordable housing units.

Route 18



A new case study in Nashville3.2

Figure 1: Modification summary for WeGo transit trip patterns 16566 

Figure 2: Modification summary for WeGo transit trip patterns 16563

Modification in Conveyal:

• Select two patterns: 
• Trip #16563, and trip #16566

• Route geometry

• Average speed: 50 km/h

• Default dwell time: 1 minute per stop

• Total added travel time: 10 minutes 

Case 1

Case 1



A new case study in Nashville3.2
4) Evaluate transit modifications in 

Conveyal:

Figure 1: Overlapping isochrones before and after modifying 

WeGo transit route 18 for Terrace Park Townhomes Phase II

Figure 2: Charts of transit accessibility results before and after modifying 

WeGo transit route 18 for Terrace Park Townhomes Phase II

Cost assessment is required for future research!



4 Limitations and future work

Limitations  

1. Only consider transit accessibility to 
jobs

1. Measure transit access to other essential 

services, such as grocery stores, healthcare 

facilities, schools etc.. 

2. Transit travel time threshold should be 

adjusted considering typical transit travel time 

in specific areas

2. Transit travel time threshold was set 

to 60 minutes in this study 

3. The evaluation only considered 

changes in transit accessibility to 

specific affordable housing locations

Future work  

①

②

③
3. Analyze the impact of transit service 

changes on all nearby affordable housing 

locations 

4. Only accessibility levels of fixed 

transit routes were measured ④
4. Measure accessibility of demand-response 

transportation services

Cost 

assessment!



Questions and comments?

Thanks!

Presenter: 
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Advisor: 

Dr. Candace Brakewood, Associate Professor at University of Tennessee, Knoxville 
(cbrakewo@utk.edu)
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