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a b s t r a c t 

The basic characteristics of extreme events are their infrequence and potential damages to 

the human–nature system. It is difficult for people to design comprehensive policies for 

dealing with such events due to time pressure and their limit knowledge about rare and 

uncertain sequential impacts. Recently, online media provides digital source of individual 

and public information to study collective human responses to extreme events, which can 

help us reduce the damages of an extreme event and improve the efficiency of disaster 

relief. More specifically, there are different emotional responses (e.g., anxiety and anger) 

to an event and its subevents during a whole event, which can be reflected in the con- 

tents of public news and social media to a certain degree. Therefore, an online computa- 

tional method for extracting these contents can help us better understand human emo- 

tional states at different stages of an event, reveal underlying reasons, and improve the 

efficiency of event relief. Here, we first employ tweets and reports extracted from Twit- 

ter and ReliefWeb for text analysis on three distinct events. Then, we detect textual con- 

tents by sentiment lexicon to find out human emotional responses over time. Moreover, 

a clustering-based method is proposed to detect emotional responses to a certain episode 

during events based on the co-occurrences of words as used in tweets and/or articles. Tak- 

ing Japanese earthquake in 2011, Haiti earthquake in 2010 and Swine influenza A (H1N1) 

pandemic in 2009 as case studies, we reveal the underlying reasons of distinct patterns of 

human emotional responses to the whole events and their episodes. 

© 2017 Elsevier Inc. All rights reserved. 

1. Introduction 

The world is currently threatened and shocked by unpredictable and frequent extreme events, such as various types 

of nature (e.g., earthquakes, flood, storm) and man-made disasters (e.g., industrial accident, transport accident), economic 

crisis and violent conflicts. In facing of uncertainty and huge hazards of extreme events, relief managements should first 

understand and reason human responses to extreme events. Then, people from different fields will take necessary actions to 
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decrease the unpredictable damages of extreme events. Benefit from available online media, which records great real-time 

data on human behaviors, can extract creditable and valuable knowledge to support human decision making process in 

the every stage of extreme events through integrating the process of event-related information collection, communication 

channels, and computational methods [1–3] . 

Currently, online social media has provided important data source for us to measure and probe into individual behaviors. 

These data have been used to detect general events, e.g., political elections [4] and financial markets [5] . Because of the 

inevitable and unpredictable characteristics of extreme events [6] , people will experience different emotional responses at 

different states [7] , and take appropriate behaviors for overcoming and/or recovering from the impacts of events [8] . For 

example, anxious people are more sensitive to the negative side of event-related information and can be easily influenced 

by rumors [9] . Sometimes, people prefer to evacuate and/or escape from the diaster zoom if they perceive more risk and 

are fearful about the severity of events [10] , such as the spontaneous evacuation at Three Mile Island due to the nuclear 

crisis [8] . Based on existing psychological studies, people will take actions to avoid perceived potential dangers if they have 

a higher anxious or fearful emotion, and to overcome encountered troubles if they have a higher angry emotion [8,11] . More 

importantly, some irrational crowd behaviors are caused by such emotions [8,10] . 

According to existing researches, human emotional responses are usually revealed via news articles, reports [12,13] , and 

tweets [1] in different stages of an extreme event. Thus, it would be desirable if such responses are timely and accurately 

captured by analyzing the contents from creditable mass media and professional relief-related media. Understanding and 

reasoning human emotional responses based on these media can readily help governments and health agencies to gain 

greater insights for meeting different requirements of preparedness and then to provide effective relief missions accord- 

ingly [1,2] . 

1.1. Motivation 

Besides including different stages, an extreme event often consists of some episodes or subevents [14] . For example, 

tsunami, as the associated subevent of an entire event, is an episode of an earthquake [8] . Specifically, these subevents can 

attract various of concerns and result in distinct emotional responses at different times. Although some existing researches 

apply sentiment analysis for detecting human emotional responses to events from textual contents [12,15] , most of them fo- 

cus on the effect of whole event, rather than subevents of such event, and cannot explore which subevent plays a dominant 

role in the dynamic changes of human emotional responses. 

Although some existing researches apply sentiment analysis for detecting public emotions from certain contents [12,15] , 

they do not address which episode of an event plays a dominant role in the change of human emotional responses. There- 

fore, the question becomes whether or not it is possible to introduce a new real-time detection method that is distinct 

from those addressed in the existing work, for the purpose of further exploring and describing which episode triggers hu- 

man collective emotional responses to an extreme event. In order to explore this question, a novel clustering-based method 

is proposed for identifying episode-specific information from all the event-related tweets and/or articles released by Twit- 

ter and/or ReliefWeb. Here, Twitter is a popular social media, and ReliefWeb is the most popular online source for re- 

liable and timely humanitarian information on global crises and disasters 1 . With the proposed method, we can analyze 

emotional responses to each episode of the whole event over time based on the semantic lexicon LIWC (Linguistic In- 

quiry and Word Count) [7,16] , which is a textual dictionary including more than 4500 words, which are categorized into 80 

groups. 

1.2. Our contributions 

This paper intends to develop an automatic analytics for reasoning human emotional responses to extreme events based 

on event-related textual contents released by social and public media. The contributions are mainly from three aspects. 

First, based on the words co-occurrences in event-related reports or tweets, a clustering-based analysis is used to remove 

irrelevant contents from the data stream and identify different event episodes during the period of an entire event. Different 

from the keyword-based analysis in which some manual selected words are used to represent an event, a cluster with 

some words, automatically generated based on the similarity measure of words, is used to denote a specific event or event 

episode. Second, based on the semantic lexicon LIWC, the words in each cluster can be divided into event-related words 

and emotion-related words. Therefore, a real-time detection is developed for analyzing the distinct dynamics of human 

emotional responses to events episodes through counting the ratio of emotional words in each cluster. More important, 

we can reveal the underlying reason about which event episode triggers the change of human emotional responses. Final, 

we explore the distinct emotional responses to different types of events and further compare heterogenous responses of 

individuals and special relief agencies to the same event. And some psychological theories and studies are used to interpret 

these patterns. 

1 http://reliefweb.int/about 
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