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Two cases of public transportation for today

This is super hard



Public transit in general
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Cost-effectiveness and 
financial burden are of 
top-most concerns for 
transit agencies

Maximize Ridership
Subject to Limited Resources
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Working with Transit/Paratransit Agency
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Working with Transit/Paratransit Agency



Working with the community

• We worked with a local paratransit agency
• ADA-compliant service complements fixed-route transit 
• An essential connector between disadvantaged population group and healthcare services
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ClasTran serving Jefferson, Shelby and 
Walker County in Alabama

Nie, Q., Qian, X.*, Guo, S., Jones, S., Doustmohammadi, M., & Anderson, M. D. (2022). Impact of COVID-19 on paratransit 
operators and riders: A case study of central Alabama. Transportation research part A: policy and practice, 161, 48-67.

ESRD: End-Stage Renal Disease (Source: TCRP report 203)
139 million annual trips needed ó 70 million by transit/paratransit



Working with the community
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Half-year data in 2020



Change of Functionality
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Elastic demand à Inelastic demand 



Change of Functionality
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Riders’ Age Distribution Exposure Duration for Riders

Very high risk…

Need to minimize transmission risk! 



The underlying transportation problem

• Ridesharing: boost efficiency and save cost
• Dial-a-ride problem (DARP）
• Special case of pickup-and-delivery problem

with time window (PTPDW)
• Location and request time of O&D
• Max capacity
• Maximum ride length
• Extensively studied

• Philosophy challenged during COVID-19 Efficiency vs Transmission Risk?
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Model
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Pareto Front
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DARP

Real-world routes: higher cost w/ excessive exposed risk
DARP: cost-minimizing solution              Min-RDARP: risk-minimizing solution

Min-RDARP

Real-word

Min-RDARP

DARP



Generalization- Equity-aware DARP

• The Equity-of-Travel (EoT) emerges if a disadvantaged rider (DAR) 
receives a different level of service compared to other less-
disadvantaged riders.
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DAR

Non-DAR

Suburban Urban

60min ride

40min ride



Generalized Model

Pick-up Drop-off

D
D

Phantom Rider Contact duration = Total trip time

Adding a `Fake Rider’ who contacts with everyone else
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A one-stop solution for Equitable DARP
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Service safety/equity for ridesharing Service equity for food delivery

Workload balancing

Working hours

Transportation for disadvantaged group
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Public Charging Station



Why Public Charging Stations (PCS) ?
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This layout is suited for 
a concise explanation
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Is anything missing in our planning?
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Great….

• But do we understand EV 
users?

• How should we plan charging 
stations? 

• What do we need in order to 
plan the charging station?



How do we deploy charging stations?
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Convenience, Cost and Clientele

One-way decision only



How were PCSs utilized in the real-world?
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We mined one month of trajectory from 20,000 electric taxi drivers using 425 PCSs 

Significant amount of detour

Wasted resources

Lei, T., Guo, S., Qian, X.*, & Gong, L. (2022). Understanding charging dynamics of fully-electrified taxi services using 
large-scale trajectory data. Transportation Research Part C: Emerging Technologies, 143, 103822.

Additional Travel Time to get to the selected PCS
Why do they detour?

1) Maximize Utility or 2) Habit?

Distribution of daily charging demand across all PCSs
6% of PCSs served over 50% of charging demand

35% of PCSs used <10 times a day



Charging at a Public Charging Station:
A travel decision or a social activity?
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A motivating question
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When deciding between two candidate charging stations, will one choose 
(1) a standalone Tesla Supercharger 2 minutes away, or 
(2) a slower charging station that is 5 minutes away, but is adjacent to a 

Starbucks shop?



Two quick facts on charging demand
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Rank 1 location of 
charging stations

Rank 1 location of daily 
activities



To answer, we need to explore:
• Who has access to public charging stations?
• How access to stations is related to access to 

activities? 
• What are the underlying deployment strategies?
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How are we deploying charging stations?

Question:
• Is there a general trend across metro areas in 

the US?



Data

For 10 metropolitan areas across the 
US:
• Location of the available public 

charging stations as of June 2023 
(AFDC)
• Sociodemographic status of census 

block groups (ACS)
• Location of places and activities 

(SafeGraph POI)
• Road network 

(OpenStreetMap)charging stations
27

public charging stations in Atlanta, GA



The multidimensional nature
• Opportunities nearby charging stations 

• Census block group’s (CBG) access to charging stations
From your neighborhood to the nearest charging stations

    Accessibility from charging station to nearby CBGs
• All the CBGs that are near this station

    Charging induced activities
• If my goal is to find a charging station but great to find something to spend the time

• Activity induced charging
• If my goal is to do the activity, while it is great to find a charging station…
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Activities near charging stations
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We compare how likely can we find things to do around public charging stations



Accessibility from CBG to charging stations
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higher level of EVSE adoption

The standard measure of accessibility from each CBGs in terms of distance

Income distribution



The other way: from stations to CBGs
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Boston, MA

Atlanta, GA

New York, NY

Those stations are not 
equally important Income distributionPOISsPopulation coverage

Vs. baseline 



Charging Induced Activities
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Activities that are available to EV users by accessing to their nearby stations



Activity Induced Charging
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Charging opportunities that are available to EV users by accessing to their nearby activities

We expected this!



Can we observe a trend?
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Two sides of PCS deployment:

- EV users face inconvenience while finding suitable 
charging facilities that align with their preferred activities.

+ But they will likely find something to do while charging

+ Most EV users can conveniently charge their 
vehicles while engaging in their preferred activities.

- But difficult for other users when their activities
are less aligned with charging stations



Charging deployment scenarios
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1. Spatially uniform
without any specific criteria

2.Demand-based 
prioritizing areas with higher population

3.Profit-based
prioritizing areas with higher income

4.Equity-based
considering the accessibility of block groups to 
charging stations

Redistributing the stations across the metro area:



Charging Station Deployment Scenarios for Portland, OR

very high 
number of 

stations very 
close to each 

other

large area 
without any 

station (because 
of lower relative 

income)

focused on areas 
with high 

population 
while 

considering the 
accessibility of 

the others

same area 
which has a 

high coverage 
now



Charging deployment scenarios
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Uniform
• Atlanta, GA 
• Phoenix, AZ
• Portland, OR

Demand-based
• Los Angeles, CA
• San Francisco, CA
• Washington, DC

What is the underlying strategies 
(which scenario is the closest to current 

layout in terms of access to charging stations)

Profit-based
• New York, NY
• Boston, MA
• Miami, FL

Equity-based
• Dallas, TX



A single PCS can change the nearby area!

• Jan. 2019
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League City, TX 77573

• Jan. 2022

Who visits the 
nearby places?



Who Visits the Nearby Places?
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Grocery Stores,
CA

(14,132 PCSs)

Grocery Stores,
FL

(2,755 PCSs)



Which Brands Are Associated With Charging 
Stations?

• For grocery places in Florida (by end of 2022):
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Short Answer: Less affordable brands that 
attract higher income customers

*% of locations within 200 meters of a PCS

Lowest PCS coverage*

(%5.5)

(%7.8)(%4.4)

Highest PCS coverage*

(%50.0)

(%28.6)

(%28.6)
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What will be the hidden cost for using an EV?

How much do people pay at the POIs?



Thank You!
xinwu.qian@ua.edu

Xinwu Qian
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