
Are e-scooters just the first sign of a shared-mobility 
revolution? If they are, then researchers at the University of 
Arizona intend to make sure that the emerging transportation 
system has functional models on par with other modes of 
transportation. In 2018, approximately 100 U.S. cities had 
already launched shared e-scooter programs, accounting 
for 38.5 million trips. However, the models to manage 
e-scooter sharing are only recently being developed. In a 
project funded by the National Institute for Transportation 
and Communities (NITC) and led by Dr. Jianqiang Cheng, 
the research team set out to develop data-driven, decision-
making models for shared-mobility system design and 
operation in Tucson, Arizona. 

“The decision making process for e-scooter companies 
is complex. One of the first questions is where to locate 
the scooters – In the transportation network, where 
do e-scooters need to be placed to meet demand? 
The second question is how to distribute them. It gets 
more complicated when you introduce different electric 
charging methods, so that some scooters are being 
collected by paid contractors and others are being 
charged by customers, through incentives,” Cheng said. 

As the researchers see it, the main benefits of shared 
mobility are threefold:

1. It’s an affordable first/last mile option for people who 
cannot afford to own a vehicle; 

2. It’s environmentally friendly, using fewer resources more 
efficiently; 

3. It offers a novel solution to the problem of traffic 
congestion.

The model they created can provide decision makers with 
a robust solution that enables low cost and high service 
quality.

WHAT DOES THE MODEL DO?
 
Cheng, along with Dr. Xiaofeng Li, Dr. Yao-Jan Wu, and 
doctoral student Abolhassan Mohammadi Fathabad, created 
a two-stage stochastic programming model, for the planning 
and operation of large shared mobility networks in the 
presence of demand uncertainty. 

The model, using a random probability pattern, can answer 
several questions that arise at the company and policy-maker 
levels:

• In the face of uncertain demand, how many e-scooters 
should be placed in the network and in which locations? 

• How many charging facilities are needed, where and at 
what capacities? 

• How should the network be evaluated and adjusted daily, 
to continue to meet demand while minimizing costs?

The model, developed using data from the City of Tucson, 
allows for optimal placement, charging, and rebalancing of 
unused (idle) scooters to meet demand in the most efficient 
manner possible. 

Successful operation of a shared mobility system requires 
both careful planning and strategies that minimize 
operational costs for the company while also increasing the 
customer satisfaction rate (i.e., an e-scooter is available when 
it is wanted). 

From a longer-term planning perspective, it is necessary to 
consider e-scooter demand patterns on a seasonal basis and 
plan accordingly for long-term economic benefits. 

The final report offers a detailed walk-through of the 
computational model.
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POSSIBILITIES FOR FUTURE RESEARCH

By predicting scooter rentals, relocations, idle periods, and 
charging times, the model offers e-scooter management 
companies a ready-made decision-making system to to 
effectively design and operate shared e-scooter systems, and 
thus help to ensure system reliability and cost-effectiveness. 

In the future, this research could be extended in several 
directions. First, to increase the robustness in uncertainty 
modeling, researchers could develop a distributionally robust 
optimization framework (a modeling framework for decision-
making under uncertainty). 

Another possible direction is to develop new approaches to 
solve the e-scooter planning problem when more variables 
are introduced that would require the model to be capable of 
solving more complex problems.
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THE REPORT and RESOURCES

For more details about the study, download the full
report Data-Driven Optimization for E-Scooter System 
Design at nitc.trec.pdx.edu/research/project/1382

Photo by Cait McCusker

NATIONAL INSTITUTE FOR TRANSPORTATION AND COMMUNITIES     Project Brief 1382    June 2022

http://https://nitc.trec.pdx.edu/
mailto:asktrec@pdx.edu
http://nitc.trec.pdx.edu/research/project/1382



Accessibility Report



		Filename: 

		1382_Project_Brief_-_Data_Driven_Optimization_for_E-Scooters.pdf






		Report created by: 

		


		Organization: 

		





[Enter personal and organization information through the Preferences > Identity dialog.]


Summary


The checker found problems which may prevent the document from being fully accessible.



		Needs manual check: 0


		Passed manually: 2


		Failed manually: 0


		Skipped: 1


		Passed: 28


		Failed: 1





Detailed Report



		Document




		Rule Name		Status		Description


		Accessibility permission flag		Passed		Accessibility permission flag must be set


		Image-only PDF		Passed		Document is not image-only PDF


		Tagged PDF		Passed		Document is tagged PDF


		Logical Reading Order		Passed manually		Document structure provides a logical reading order


		Primary language		Passed		Text language is specified


		Title		Passed		Document title is showing in title bar


		Bookmarks		Passed		Bookmarks are present in large documents


		Color contrast		Passed manually		Document has appropriate color contrast


		Page Content




		Rule Name		Status		Description


		Tagged content		Passed		All page content is tagged


		Tagged annotations		Passed		All annotations are tagged


		Tab order		Failed		Tab order is consistent with structure order


		Character encoding		Passed		Reliable character encoding is provided


		Tagged multimedia		Passed		All multimedia objects are tagged


		Screen flicker		Passed		Page will not cause screen flicker


		Scripts		Passed		No inaccessible scripts


		Timed responses		Passed		Page does not require timed responses


		Navigation links		Passed		Navigation links are not repetitive


		Forms




		Rule Name		Status		Description


		Tagged form fields		Passed		All form fields are tagged


		Field descriptions		Passed		All form fields have description


		Alternate Text




		Rule Name		Status		Description


		Figures alternate text		Passed		Figures require alternate text


		Nested alternate text		Passed		Alternate text that will never be read


		Associated with content		Passed		Alternate text must be associated with some content


		Hides annotation		Passed		Alternate text should not hide annotation


		Other elements alternate text		Passed		Other elements that require alternate text


		Tables




		Rule Name		Status		Description


		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot


		TH and TD		Passed		TH and TD must be children of TR


		Headers		Passed		Tables should have headers


		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column


		Summary		Skipped		Tables must have a summary


		Lists




		Rule Name		Status		Description


		List items		Passed		LI must be a child of L


		Lbl and LBody		Passed		Lbl and LBody must be children of LI


		Headings




		Rule Name		Status		Description


		Appropriate nesting		Passed		Appropriate nesting







Back to Top


