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Mobility Plummet in light of COVID-19

(Source: Google COVID-19 Community Mobility Report) 

United States

• A 20-30% reduction of movement in 
the U.S. from early 2020 to 2021
• First case in US: Jan 21, 2020
• Georgia lockdown mandate: Mar 14, 2020

• Varying Impacts by purpose of trips
• Most reduction in Transit and Workplaces trips
• A “retaliatory” bounce-back on Parks



Mobility Changes: An uneven geography
• Regional and Metro/Urban-level research

• Mobility Trend Tracking - GeoDS Lab@UW-Madison
• Course-grained hotspot detection (Zhu et al., 2022)

• Neighborhood-level study is limited
• Socioeconomic disparities - “Staying at home is a 

privilege” (Huang et al., 2021)
• Knowledge Gap: fine-grained mobility changes by types 

and its spatial interpretation/association
Median household income (thousands of dollars)

(Source: Huang et al., 2021) 



• On the neighborhood level, how does the mobility for different types of 
movement vary?
• Key Hypothesis: The pattern of changes are different and may not merely follow the 

socioeconomic pattern. 

• To what extent is the neighborhood-level built environment characteristics
associated with the disparity of mobility change, if existing, after controlling for 
SES factors?
• Key Hypothesis: More Compact, denser neighborhoods may experience a lighter impact.

Research Question



Research Design – Study Area

• Fulton County, Georgia
• Most populous county (1M+) in GA

• House of the state capital: Atlanta

• General Context: The Growth Line

• Unit of Analysis: census-tract
• N=204
• CBG-level data also available but unstable

Growth

No Growth



• POI-based Aggregated Cellular Data from SafeGraph
• Aggregated at census-block-group or census-tract level

• Sampled: 5-10% sampling rate

• POIs categorized by 2022 4-digit NAICS Code

• Tech Specs:
• Time frame: March 2019 – March 2021

• Num. of POIs: 66,310

• OD pairs: 1M (2019), 800k (2020)

• Privacy Concerns

Research Design - Data



• Built Environment Characteristics
• Selected by literature and experiences

• Four Domains: Density, Connectivity, 
Diversity, and Centrality

• SES Variables
• Income, race, education

Research Design - Data



• Longitudinal Descriptive Analysis
• Comparison: pre-COVID vs. COVID

• Metrics: 1. frequency of trips per capita

• 2. weighted Shannon Entropy of trip types (diversity)

• 3. weighted average distance to destinations
• Trip Types: Restaurant, Park, Healthcare Facilities

• OLS and Spatial Lag Principal Component Regression

Research Design – Method



Results - Descriptive

Diff = # of 2020 - # of 2019

Freq. of trips 
per capita

Weighted Shannon
Entropy of trips 

Weighted avg.
distance to dest.



• Trip frequency reduction follows the growth line 
pattern
• 48% overall decline
• The “Growth” region show a 52% more reduction than the 

“No-Growth” 

• Urban tracts travel to more distant destinations 
compared to suburban tracts
• An average of 1.2-mile INCREASE within the city limit of 

Atlanta, compared to a 1-mile DECREASE for others

• No visible pattern found on Entropy

Results - Descriptive

Growth-No Growth

Urban - Suburban

Random



Results - Descriptive

Restaurants Parks Healthcare Facilities

Freq. of Trips per capita

* Digitalization of the urban food system 



• Good cumulative variance 
explained: 75.1%

• Great match with pre-
conceived conceptual 
structure: 4 Factors
• FC1 - Density + Connectivity
• FC2 - Diversity
• FC3 - Density
• FC4 - Centrality

• Strong association between 
connectivity and density

Results – PCA/FA



• Inner-ring suburban tracts 
have lower connectivity 
than most outer suburban 
tracts

• Bivariate correlation: First 
three factors have moderate 
to strong associations with 
the change in trip distance 

Results – PCA/FA



Results – Regression



• All factors are significantly associated with trip frequencies and trip distance 
• Density, connectivity, and diversity increase the chance of having FEWER reduction on trip 

frequencies

• Surprisingly, those “good” traits INCREASE the average travel distance during COVID-19

• Highest goodness-of-fit from the spatial model on trip distance (R2 = 0.602)
• no association found on entropy (diversity)

Results – Regression



• Built environment characteristics show a strong association with overall mobility as 
well as mobility to public spaces

• The mix of economic adversity and poor-quality built environment can lead to 
serious impact on disadvantaged population during public health crisis
• A combination of the urban-suburban and growth-no-Growth 

• Some trips cannot be replaced by the digitalization of food/work. Urban design in 
the post-pandemic era should prioritize those experiences.

Discussion and Conclusion
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