
Impact of COVID-19 on Human Mobility Dynamics

Disparities in Social Distancing

This study reveals the human mobility from various sources and the luxury nature of social
distancing in the U.S during the COVID-19 pandemic by highlighting the disparities in
mobility dynamics from lower-income and upper-income counties. We collect, process,
and compute mobility data from four different sources. We further design a Responsive
Index (RI) based on the time series of mobility change percentages to quantify the general
degree of mobility-based responsiveness to COVID-19 at the U.S. county level. The results
suggest that counties with higher income tend to react more aggressively in terms of
reducing more mobility in response to the COVID-19 pandemic. Most states present a
positive difference in RI between their upper-income and lower-income counties, where
diverging patterns in time series of mobility changes percentages can be found.

Twitter Reveals Human Mobility DynamicsIntroduction

The rapid spread of the virus at a global scale highlights the need for a more harmonized,
less privacy-concerning, easily accessible approach to monitoring the human mobility that
has proven to be associated with viral transmission. We analyzed over 580 million tweets
worldwide to see how global collaborative efforts in reducing human mobility are reflected
from the user-generated information at the global, country, and U.S. state scale.
Considering the multifaceted nature of mobility, we propose two types of distance: the
single-day distance and the cross-day distance. To quantify the responsiveness in certain
geographic regions, we further propose a mobility-based responsive index (MRI) that
captures the overall degree of mobility changes within a time window. The results suggest
that mobility patterns obtained from Twitter data are amenable to quantitatively reflect the
mobility dynamics.

U.S. population movements during the weekend in selected weeks from February to July in 2020, as derived from 
geotagged tweets.

Since February 2020, Geoinformation and Big Data Research Laboratory (GIBD) has been
actively engaged in fighting against the COVID-19 crisis using big data, machine learning,
and geospatial analysis. Teamed up with multidisciplinary researchers from campus at the
Big Data Health Science Center and across the nation, and funded by NSF, NIH, and the
Office of the Vice President for Research at USC, GIBD has been conducting a series of
studies with an aim to better understand the dynamics of human mobility during the
pandemic and its impact on the geospatial spread of the virus. The studies range from
extracting population flows from billions of geotagged tweets, building indices to quantify
human movement, to analyzing socioeconomic disparities in mobility patterns, and
developing web portals for large-scale human mobility data visualization and sharing. The
findings are disseminated as peer-reviewed journal articles, preprints, blog posts, news
reports, visualization tools, and downloadable datasets.
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Predictive Modeling with Big Movement Data

Human movement is one of the forces that drive the spatial spread of infectious diseases. To
date, reducing and tracking human movement during the COVID-19 pandemic has proven
effective in limiting the spread of the virus. Existing methods for monitoring and modeling
the spatial spread of infectious diseases rely on various data sources as proxies of human
movement, such as airline travel data, mobile phone data, and banknote tracking. However,
intrinsic limitations of these data sources prevent us from systematic monitoring and
analyses of human movement on different spatial scales (from local to global). This study
aims to develop a novel data-driven public health approach using big data from Twitter
coupled with other human mobility data sources and artificial intelligence to monitor and
analyze human movement at different spatial scales (from global to regional to local).
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COVID-19 Effects on National Park Visitation 

Effective quantification of visitation is important for understanding many impacts of the
COVID-19 pandemic on national parks and other protected areas. In this study, we mapped
and analyzed the spatiotemporal patterns of visitation for six national parks in the western
U.S., taking advantage of large mobility records sampled from mobile devices. Based on
comparisons with visitation statistics released by the U.S. National Park Service, our results
confirmed that mobility records from digital devices can effectively capture park visitation
patterns but with much finer spatiotemporal granularity. In general, triggers of visitation
changes corresponded well with the parks’ management responses to COVID-19.
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Time series in mobility change percentages of the top 10% and the bottom 10% in wealth for all available 
counties in the four mobility sources

The results also revealed 
that parks initially saw the 
greatest increases in 
visitation after reopening 
originating from nearby 
states, with visitorship
coming from a broader 
range of states as time 
passed. Our study 
highlights the capability of 
mobility data for providing 
spatiotemporally explicit 
knowledge of place 
visitation. Changes in visitation between 2019 and 2020 by visitor origin for the six parks.

  

  

  

  

 

  
  

  

  
  

  

  

  

 

  

  

  

  

  

Illustration of (left) the infection risk modeling based on the incoming population to a location; and (right) the 
impact modeling of an infected location to other locations. 

This figure shows the daily average human movement distance and daily new COVID-19
cases from February to July 2020 in South Carolina. The data for movement distance is from
Feb. 21 to Jun. 30 (blue dash line). The data for new cases is from Mar. 6 to Jul. 10 (orange
dash line) . 7-day moving average of the two datasets are presented as solid lines. Visually,
the reduced mobility, together with other measures taken by the state, have contained
initial phase of the outbreak in April and May as we saw a slight decrease in the number of
daily new cases starting around April 10.

Human Mobility, Policy, and COVID-19

The trend of the two 
lines also suggest the 
increase of human 
mobility from mid-
April has a positive 
association with 
COVID-19 cases with 
a delayed effect. 
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