
Systems Science and 
Simulation in 
Implementation Research

Tak Igusa, PhD
Civil & Systems Engineering
Johns Hopkins University



Simulating Interventions to
Improve the Built Environment

Simulation Intervention

School-aged children and 

adolescents in the Baltimore city 

food environment

Urban farms

Food and employment access in 

a mobility desert

Ride share and

shuttle services

Mobility in rural municipalities
Deployment of connected 

autonomous vehicles (CAVs)



Simulating Interventions to
Improve the Built Environment

Simulation Intervention

School-aged children and 

adolescents in the Baltimore city 

food environment

Urban farms

Food and employment access in 

a mobility desert

Ride share and

shuttle services

Mobility in rural municipalities
Deployment of connected 

autonomous vehicles (CAVs)



The food environment surrounding
a school in Baltimore City





Collaboration with nutrition 
interventionalist, Dr. Joel Gittelsohn
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individual metabolic models
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Research participation with
Baltimore City policy makers



Revised model with intevention levers



Revised model with intevention levers



Project sponsor: National Institutes of Health, Grant: U54HD070725

Urban Agriculture Bill
signed by the Mayor of Baltimore
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Johns Hopkins PhD student, Todd Chang, presenting

Community meeting on improving mobility 
in a Baltimore City neighborhood



Mobility desert study area



Food Desert:
Closest grocery store

Light rail station:
Connection to jobs

Cherry Hill, South Baltimore



► Most residents 

do not have a car.

► Bus service is 

limited.

► Low accessibility 

to healthy food

and 

employment.

Cherry Hill, South Baltimore



Simulation of Urban MObility (SUMO)

►Commercial, open-source code
for simulating traffic

►Detailed, individual travel behaviors

Google Maps SUMO

Demographics + traffic 

data



Visualization of traffic simulation
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Simulation of the AV ridesharing intervention



Simulation of the AV loop shuttle intervention



Simulation results: travel time comparison

Baseline (public transit) AV loop shuttle 



Simulation result: change of travel behaviors

Baseline (public transit) Strategy 2: AV loop shuttle

Proportion of travel time of different behaviors.
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Public health impacts of CAVs

►Improving access to health care, nutritious food sources, 
education, and employment

►Reducing negative consequences of conventional traffic. 

►Serving the needs of underserved communities and populations 
in the State of Maryland.

Sources: https://publichealth.jhu.edu/2021/new-report-finds-stark-transit-inequity-in-baltimore-city



Preparing for community outreach:
Assessing mobility gaps

►Example metric: households without a car
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