
Big Data-Driven Human Mobility Analytics

Daily Visitor Estimation with Twitter

Our research seeks to develop a near real-time (one-day lag) Twitter census that gives a
more temporally granular picture of local and non-local population at the county level.
Internal validation reveals over 80% accuracy when compared with users’ self-reported
home location. External validation results suggest these stocks correlate with available
statistics of residents/non-residents at the county level and can accurately reflect regular
(seasonal tourism) and non-regular events such as the Great American Solar Eclipse of
2017. The findings demonstrate that Twitter holds the potential to introduce the dynamic
component often lacking in population estimates. This study could potentially benefit
various fields such as demography, tourism, emergency management, and public health
and create new opportunities for large-scale mobility analyses.

Understanding Tourist Movement PatternsIntroduction

Understanding the characteristics of tourist movement is essential for the tourist behavior
study since they are significantly related to the whole suite of tourist industry management
from attraction planning to commercial product development. This research introduces a
graph-based method to detect the tourist movement pattern from the Twitter data. The
New York City in the United States is selected to demonstrate the proposed approach. The
detected tourist movement patterns can help the tour product development,
transportation, shopping center and accommodation development.

Human mobility has long been a matter of interest for many disciplines and particularly as
a subject of study of geography. In a context of unprecedented human movement, where
short- and long-distance travel becomes more and more common, the research of all
kinds of mobility is a necessity. The study of migrations and mobility has historically been
severely limited by the absence of reliable data or the temporal sparsity of available data.
Using geospatial digital trace data such geotagged social media data and cell phone data,
the study of population movements can be much more precisely and dynamically
measured.

We have conducted a series of innovative studies on human mobility using such
geospatial digital trace data, including understanding tourist movement, estimating daily
visitors, measuring place connectivity, and tracking population migrations.
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Extracting Global Population Flows
In response to the soaring needs of human mobility data, especially during disaster events
such as the COVID-19 pandemic, and the associated big data challenges, we develop a
scalable online platform for extracting, analyzing, and sharing multi-source multi-scale
human mobility flows. Within the platform, an origin-destination-time (ODT) data model is
proposed to work with scalable query engines to handle heterogenous mobility data in large
volumes with extensive spatial coverage, which allows for efficient extraction, query, and
aggregation of billion-level origin-destination (OD) flows in parallel at the server-side. An
interactive spatial web portal, ODT Flow Explorer, is developed to allow users to explore
multi-source mobility datasets with user-defined spatiotemporal scales.

Li Z., Huang X., Hu T., Ning H., Ye X., Huang B., Li X., (2021), ODT FLOW: A Scalable Platform for Extracting, Analyzing, and
Sharing Multi-source Multi-scale Human Mobility, Plos One, 16(8): e0255259.

Measuring Multi-scale Place Connectivity

Shaped by human movement, place connectivity is quantified by the strength of spatial
interactions among locations. For decades, spatial scientists have researched place
connectivity, applications, and metrics. The growing popularity of social media provides a
new data stream where spatial social interaction measures are largely devoid of privacy
issues, easily assessable, and harmonized. In this study, we introduced a global multi-scale
place connectivity index (PCI) based on spatial interactions among places revealed by
geotagged tweets as a spatiotemporal-continuous and easy-to-implement measurement.

Li Z., Huang X., Ye X., Jiang Y., Martin Y., Ning H., Hodgson M., Li X., (2021), Measuring Global Multi-Scale Place Connectivity
using Geotagged Social Media Data, Nature Scientific Reports
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Making Sense of Geospatial Big Data

The left maps revealed the spatiotemporal
dynamics of visitors at the national scale
before, during, and after the 2017 Solar
Eclipse.

The early effects of the Eclipse can be
observed on August 19 when the national
parks along the totality path (e.g.,
Yellowstone and Crater Lake) start to attract
more visitors than normal. On the day of the
solar eclipse (21 August), all the counties
within the totality path recorded over two
standard deviations above the mean in the
daily percentages of visitors, resulting in a
clear green belt matching well with the
totality path. The day after the solar eclipse
(22 August), the green belt begins to fade
but is still observable, especially around the
national parks, indicating that many visitors
did not leave after the solar eclipse.

The figure (left) illustrates the tourist graph construction: the hollow circle represents the
original locations of the tweets tourists publish; the bigger solid circle represents the
centroid coordinate of the cluster; the grey dash line shows the tourist trajectory tracked by
their tweets; the solid blue line represents the aggregated edge between two
attractions/vertices. The figure (right) shows the popular point-to-point routes identified by
the weighted degree for each node. The top three routes emerge: 1) from Top of the Rock
Observation Deck to Times Square; 2) from Times Square to World Trade Center, and 3)
from Central Park to Times Square.

Our investigation suggests that PCI has great potential in addressing real-world problems
that require place connectivity knowledge, exemplified with two applications: (1)
modeling the spatial spread of COVID-19 during the early stage of the pandemic and (2)
modeling hurricane evacuation destination choice. The methodological and contextual
knowledge of PCI, together with the open-sourced PCI datasets at various geographic
levels, are expected to support research fields requiring knowledge in human spatial
interactions.

Place Connectivity Index (PCI) between
two places is defined as the normalized
number of shared persons (unique
Twitter users) between the two places
during a specified time period (left
figure).

Demonstration of PCI at four geographic levels computed with the 2019 global geotagged tweets zoomed in from 
world country level to US census tract level.

As of October 2021, the system has attracted over 3000 visitors from 57 countries, serving 2.9 billion flow extractions. 


