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Here, we present a hierarchical multiscale analysis of disaster-
related Twitter activity. We start at the national level and progres-
sively use a finer spatial resolution of counties and zip code tabulation
areas (ZCTAs). First, we examine how geographical and sociocultural
differences across the United States manifest through Twitter activ-
ity during a large-scale natural disaster (that is, Hurricane Sandy).
We investigate the response of cities to the hurricane and identify
general features of disaster-related behavior at the community level.
Second, we study the distribution of geo-located messages at the
state level within the two most affected states (New Jersey and
New York) and, for the first time, analyze the relationship between
Twitter activity and the ex-post assessment of damage inflicted by
the hurricane. We verify the external validity of our findings across
12 other disaster events.
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RESULTS

Context of the study
Hurricane Sandy was the largest hurricane of the 2012 season and
one of the costliest disasters in the history of the United States. Sandy
was a late-season hurricane that formed on 22 October 2012 south-
west of Jamaica, peaked in strength as a Category 3 hurricane over
Cuba, passed the Bahamas, and continued to grow in size while moving
northeast along the United States coast. The hurricanemade its landfall
on the continental United States at 23:30 UTC on 29 October 2012
near Brigantine, NJ, with winds reaching 70 knots and with the storm
surge reaching as high as 3.85 m. According to the National Hurricane
Center (51), Sandy caused 147 direct fatalities and is responsible for
damage in excess of $50 billion, including 650,000 destroyed or da-
maged buildings and more than 8.5 million people left without power—
some of them for weeks.

Both broadcast and online media extensively covered Hurricane
Sandy, generating a large volume of Twitter messages that became
the basis for this study. Our raw data include hurricane-related mes-
sages (see table S1 for hurricane-related keywords and Materials and
Methods for description of data) posted between 15 October and 12
November 2012, in a period that precedes the formation of the hur-
ricane and extends beyond its dissipation. In total, we have 52.55 million
messages from 13.75 million unique users. Because we are interested in a
spatiotemporal analysis of Twitter activity, we focus exclusively on mes-
sages and users with known locations, which limits the data to 9.7 mil-
lion geo-coded tweets from 2.2 million unique user accounts.

We perform the analysis at the national and state levels. At the
national level, we use cities as a natural (in terms of spatial extent
and population size) basis for aggregation and comparison. Cities
are important because of their dominant (52, 53) and increasing
(54, 55) socioeconomic role in all aspects of human life (56–58), both
in the real world and online. In addition, similarities or differences in
the way cities react to a major natural disaster, like Sandy, are of in-
terest to social scientists and climate adaptation policy-makers alike
(8, 59). Our analysis covers the 50 most populous urban areas ac-
cording to the 2010 U.S. Census. At the state level, we progressively
use a finer spatial resolution of counties and ZCTAs to analyze the
local distributions of Twitter activity and hurricane damage. At every
level of spatial resolution, we aggregate messages that have latitude
and longitude falling within the boundaries of a respective region of
interest (metropolitan area, county, or ZCTA). We use boundaries
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and population estimates of all administrative areas as determined
by the 2010 U.S. Census.

After aggregating the tweets by location, we use time stamps for
temporal analysis. We allocate messages into nonoverlapping bins of
24-hour duration aligned with the time of minimum activity. Com-
parison metrics include the total number of active users, number of
messages posted, classification of these messages into original and re-
tweeted messages (including identification of the source as local or ex-
ternal to a particular community), and sentiment. Because the number
of tweets originating from different urban or zip code areas varies
greatly, we compare characteristics as normalized by the total count
of distinct users for each area who are active during the data collection
period. For consistency, each keyword is considered separately, and
normalization uses the count of users engaged in the activity on a par-
ticular topic to avoid the bias that may arise because of the different
sets of prevalent topics in different cities.

Dynamics of Twitter activity across regions and
hurricane-related topics
The messages studied here cover a range of keywords with varying
relevance to Hurricane Sandy. Because of this, we deal with three
dimensions in our analysis: spatial, temporal, and topical.

Figure 1 illustrates some of the characteristic features of Twitter
activity. The pattern demonstrated by keywords strongly related to
the hurricane (“sandy,” “storm,” “hurricane,” “frankenstorm,” etc.) is
shown in Fig. 1A: the number of messages slowly increases with a
strong peak on the day of hurricane landfall, followed by a gradual
decline in the tweet activity level. Geographically, the trend is similar
almost everywhere, but the magnitude of the normalized response
changes depending on the proximity to the hurricane, determined
through the shortest distance to the path of the hurricane (60).

An alternative way to summarize the activity is shown in Fig. 1B,
where the normalized activity is presented as a two-dimensional heat-
map. We rank cities by their proximity to the hurricane, and we rank
words by the average normalized activity. At the peak of the disaster,
event-related keywords rank higher and activity increases with prox-
imity. Consequently, we see that the upper-left corner of our city/topic
matrix shows a high level of activity. In summary, as the disaster
approaches and peaks in intensity, so does the normalized local Twit-
ter response. In addition, the content of the message stream changes,
and keywords most associated with the event dominate the agenda.

When we aggregate our data over the period between 20 October
and 12 November 2012, we find that tweet activity declines with in-
creasing distance from the hurricane path up to 1500 km and is nearly
constant for all places farther away. These features are summarized
in Fig. 2A and fig. S1 (for all keywords). This relationship between
proximity and activity level is a dominant feature, accompanied by two
other relationships. The first one is an inverse relationship between
activity on the topic and originality of the content expressed through
the fraction of retweets, which reflects the balance between content
creation and consumption. The areas directly hit by, or close to, the
disaster show a lower ratio of retweets (more original content) in the
stream of messages generated, as can be seen in Fig. 2B and fig. S2.
The second relationship is between the activity and the global pop-
ularity of local messages (defined as the count of messages that get
retweeted, normalized by the local user count), with content from af-
fected areas attracting higher attention elsewhere, as shown in Fig. 2C
and fig. S3. The activity-popularity relationship (and, to a lesser degree,
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Fig. 1. Example of the spatiotemporal evolution of Twitter activity across keywords. (A) Geographical and topical variation of normalized activity (the
number of daily messages divided by the number of local users active on the topic during the observation period). The horizontal axis is an offset (in hours)
with respect to the time of hurricane landfall (00:00 UTC on 30 October 2012). Activity on hurricane-related words like “sandy” increases and reaches its peak
on the day of landfall and thengradually falls off. Qualitatively similar trends are observed everywhere, with distance to the path of the hurricane affecting the
strength of the response (compare magnitudes of activity peaks between New York, Chicago, and Miami). Different temporal patterns are exhibited by
different keywords: “gas”-related discussion peaks with delay corresponding to posthurricane fuel shortages, and activity on “storm” has a secondary spike
attributable to November “Nor’easter” storm. (B) Summary of activities by topic and location. Color corresponds to the level of normalized activity (blue, low;
red, high). In columns, places are ranked according to their proximity to the path of the hurricane (closest on the left; farthest on the right). In rows, words are
ranked according to the average activity on the topic. Evolution of the event brings disaster-related words to the top of the agenda, with the northeast
showing the highest level of activity.
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Fig. 2. Characteristic featuresof Twitter activity across locations (labeledby color according tohurricaneproximity; blue, farther fromthedisaster;
red, closer to the disaster). In all panels, the primary plot shows results for messages with keyword “sandy” and an inset for keyword “weather” to contrast
behaviors between event-related and neutral words. (A) A primary feature is the sharp decline in normalized activity as the distance between a location and
the path of the hurricane increases. After the distance exceeds 1200 to 1500 km, its effect on the strength of response disappears. This trendmay be caused
by a combination of factors, with direct observation of disaster effects andperception of risk both increasing the tweet activity of the East Coast cities. Anxiety,
anticipation, and risk perception evidently contribute to themagnitude of response becausemany of the communities falling into the decreasing trendwere
not directly hit or were affected only marginally, whereas New Orleans, for example, shows a significant tweeting level that reflects its historical experience
with damaging hurricanes like Katrina. (B) The retweet rate is inversely related to activity, with affected areas producing more original content. (C) The
popularity of the content created in the disaster area is also higher and therefore increases with activity as well. None of the features discussed above
are present for neutral words (see the insets in all panels).
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