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Analysing and visualising mobility vulnerability and
recovery across Florida neighbourhoods: a case study
of Hurricane lan

Jinpeng Wang?, Yujie Hu ©2, Li Duan® and George Michailidis®

ABSTRACT

Effective hurricane preparedness and response demand a thorough understanding of the impact on
mobility patterns. While existing studies have explored mobility disruptions caused by hurricanes, very
few have delved into the impact, considering both mobility vulnerability and recovery, on a state level.
Utilising mobile phone location data, this research examines the mobility patterns of Florida residents
throughout Hurricane lan. The findings reveal that the hurricane profoundly disturbed the mobility
patterns of Floridians. The state experienced a maximum average daily mobility reduction of 63.41%,
with certain neighbourhoods coming to a complete standstill at 100% cessation in mobility. On
average, Florida neighbourhoods needed 2.61 days for mobility recovery, though this period stretched
to as long as 92 days in the most severely affected areas. The bivariate map highlights a prevailing
trend: neighbourhoods with prolonged recovery periods also witnessed more substantial reductions in
mobility. This dual disadvantage underscores the critical need for increased focus on these
neighbourhoods. Furthermore, our findings highlight the significance of factoring in forecasted
hurricane paths when analysing mobility impacts, as we noted more substantial effects on
neighbourhoods along the predicted trajectory.

ARTICLE HISTORY
Received 12 March 2024; Accepted 13 June 2024

KEYWORDS
Human mobility; mobility networks; spatial networks; mobile phone location data; vulnerability; recovery;
Hurricane lan; Florida

JEL CLASSIFICATIONS
R58; R41; R23; Q54

Hurricanes frequently disturb human mobility patterns (He et al., 2024; Hong et al., 2021;
Tanim et al., 2022). On 28 September 2022, Hurricane Ian, a Category 4 hurricane, struck
Florida, significantly impacting communities along the southwest coast (Figure 1). Neverthe-
less, there has been a lack of comprehensive investigations into the impact of Hurricane Ian
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Figure 1. Bivariate map illustrating maximum daily mobility reductions and duration for mobility
recovery across Florida’s census tracts throughout Hurricane lan.
Source: Data gathered from Spectus (Cuebig, Inc.), NOAA National Hurricane Center, United States

Census Bureau

on mobility patterns, particularly considering both mobility vulnerability and recovery, on a
broader spatial scale.

This regional graph explores the impact and recovery of mobility patterns across Florida
neighbourhoods from September to December 2022. The mobility patterns are derived from
mobile phone GPS trajectory data provided by Spectus, a location intelligence platform.
Data are collected from anonymised users who have opted-in to provide access to their location
data anonymously for research purposes, through a CCPA and GDPR-compliant framework.
Each dataset entry comprises a de-identified user ID, latitude, longitude and timestamp.

The mobile phone data are aggregated at the census tract level on a daily basis to construct a
series of mobility networks capturing total movement flows between tracts. A pre-burricane base-
line for mobility is established by calculating the average daily movement flows within each tract
for each day of the week throughout the first three weeks of September (1 September—21 Sep-

tember). The Aurricane stage is defined from 27 September, when the hurricane traversed the
Florida Keys, until 29 September, after the hurricane exited Florida. The post-burricane recovery
stage spans from 30 September—31 December.
During and after the hurricane, daily movement flow volumes for each tract are compared to
their pre-hurricane baseline volumes. The maximum percentage reduction in flows across all
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days during the hurricane indicates mobility vulnerability, while the time for mobility to recover
to 90% of the baseline reflects the speed of mobility recovery. On average, the state experienced a
maximum daily mobility reduction of 63.41% during the hurricane, with certain tracts experi-
encing a complete 100% cessation in mobility. Post-hurricane recovery took an average of 2.61
days, but severely affected tracts took up to 92 days to recover fully.

The figure illustrates, for each tract, the extent of the maximum daily mobility reduction and
the duration of mobility recovery. Generally, tracts with extended recovery periods also wit-
nessed more substantial reductions in mobility. For instance, the coastal neighbourhoods
around Fort Myers, where the hurricane made landfall, exhibited both high impacts and a pro-
longed recovery period. These tracts warrant the most attention due to their dual disadvantage.
As the hurricane weakened, the impact on mobility reduction gradually decreased inland.
Remarkably, cities such as Tampa, Orlando and Daytona Beach experienced a more substantial
decline in mobility compared to the inland areas directly on the hurricane’s path. This obser-
vation could be attributed to the early hurricane forecasts predicting a more northerly trajectory
(see the dashed path in the figure), resulting in precautionary measures and a greater mobility
reduction in these regions.
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