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Abstract

Collecting and analysing data after an earthquake is essential to determine its impact. In 2014, the
European Mediterranean Seismological Centre (EMSC) launched the LastQuake system. This system
collects intensity reports from users to help provide rapid situational awareness. However, text data
collected through crowdsourcing platforms is unstructured. Therefore, natural language processing
techniques such as sentiment analysis are necessary to extract meaningful information. On the 26th
November 2019, following an earthquake in Albania, the LastQuake app recorded 28,220 reports with
user comments. For the current analysis, we sampled comments posted on the exact day of the
earthquake, in Albanian: 1678 comments (6%). The most frequent polarity detected in comments from
LastQuake app users was negative (52%) followed by far by positive, neutral and unrelated
comments. However, manual classification is time-consuming and not feasible during the emergency
phase. Therefore, we tested the accuracy of two automatic classification models for sentiment
analysis: ‘troberta” and ‘txIm’. These models were fine-tuned using already classified text data from
the 2020 Aegean earthquake. Using the manual classification as the reference to evaluate the accuracy
of automatic classification models for sentiment analysis yields accuracies of 71% for the ‘troberta’
model and 56% for the ‘txIm” model.

Keywords: earthquake; Albania; Albania earthquake; Durrés; LastQuake app; natural language
processing; sentiment analysis; accuracy troberta; txIm

1. Introduction

In our daily lives, we post about our achievements, problems, activities, opinions and/or upload
videos on social media platforms such as Facebook, Instagram, Twitter/X, Reddit, Snapchat, TikTok
or YouTube to interact with our contacts, followers or subscribers on those platforms. When an
earthquake, any other kind of natural phenomenon or man-made disaster happens social media
platforms such as Twitter/X, Instagram, Facebook and YouTube ‘explode’ with posts including
images and videos of the event, reporting population trapped, damages in buildings and
infrastructure, requesting and announcing humanitarian aid and donations, portraying
humanitarian actions and sending solidarity messages. After an earthquake, it is necessary to
understand its impact to provide relief and improved mitigation strategies [1]. Eyewitness reports
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have always been part of seismology [2]. Text and image data provided by users through social media
platforms are valuable for emergency response [2-7] post-disaster needs assessments, earthquake
reconnaissance missions [1,6,8], post-disaster recovery assessments [9-12], and preparedness
projects.

In addition to social media platforms, there are crowdsourcing platforms that collect text and
image data from volunteers. In the field of earthquake reconnaissance, seven crowdsourcing
platforms have been identified [5]: LastQuake app [13], Did You Feel It? (DYFI) [14], Earthquake
Network [15], MyShake Project [16], Raspberry Shake [17], QuickDeform [18] and the Taiwan
Scientific Earthquake Reporting (TSER) system [19]. The LastQuake app is a smartphone app for
global earthquake eyewitnesses that was launched in 2014 by the European Mediterranean
Seismological Centre (EMSC) as part of a multichannel rapid information system, which also includes
websites and a Twitter quakebot. This app collects reports of perceived intensity from users, along
with their comments, to help us provide rapid situational awareness[13].

Text data obtained from social media and LastQuake app users is unstructured, necessitating
natural language processing (NLP) techniques [20,21]. Natural language processing is a branch of
artificial intelligence that enables machines to understand human language[22,23] by analysing
sentences and words, applying various approaches to extract information, and delivering outputs.
One specific NLP technique is sentiment analysis, or 'opinion mining'. This NLP application classifies
people's opinions, attitudes and emotions towards entities [24] and their attributes, as expressed in
sentences, phrases and text volumes into a specific polarity (positive, negative or neutral)[25,26].
These entities can be products, services, events, organisations, individuals, issues, or topics [27].
Sentiment analysis can be performed at three levels of granularity: document, sentence, feature or
aspect level. In the case of sentiment at the document level, the aim is to detect the polarity of an
entire review or of a whole opinion, which could consist of several sentences; while in SA at the
sentence level, the goal is to detect the polarity expressed in each sentence [27,28].

Sentiment analysis can be performed manually or automatically. Manual classification of text
data is time-consuming and not feasible during the emergency phase. Therefore, sentiment analysis
uses automated text analysis to extract information from the text [21]. There are pre-trained large
language models [29] that are further fine-tuned for sentiment analysis, such as Twitter-RoBERTa ,
referred to as 'troberta’ [26], and BERTweet, referred to as 'btweet' [30]. Both models are based on the
RoBERTa architecture [31]. These transformer-based language models [32] consistently outperform
prior sentiment analysis approaches and adapt well to domains, including social media text data. We
hypothesise that automatic text data classification extracted from intensity-felt reports from
LastQuake app users is helpful for emergency response evaluation and damage assessment following
earthquakes.

2. Materials and Methods

2.1. Case Study Area

The 2019 earthquake series in Albania started with an MW 5.6 earthquake at 15:15 Central
European Time (CET) on the 21st September [33]. However, the data analysed in this article is about
the earthquake with a moment magnitude MW 6.4 and a focal depth of 20 km that struck Albania’s
northwest region at 03:54 (CET) [2,34] on the 26th November 2019. The epicentre was 16 km west-
southwest of the town of Mamurras in Kurbin municipality (41.511°N 19.522°E). It was the strongest
earthquake in Albania for the last 40 years, causing damage in the municipalities of Durrés, Lezhé,
Tirané [2,35], Krujé, Shijak, Kaméz, Kavajé, and Kurbin [34], mainly in the city of Durrés, the village
of Kodér-Thumané and the town of Lag. The second shock had an MW 5.1, and the third and largest
aftershock had MW 5.4 and occurred at 07:10 CET [35] on the same day. The location of the epicentre
and intensity reports in the Modified Mercalli Intensity Scale (MMI) of the first earthquake on the
26th are depicted in Figure 1 and listed in Table 1.
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Figure 1. Epicentre and intensity reports after the Albanian earthquakes in 2019 between the 25th November,
2019 and the 11th January, 2020. Data Source: EMSC. Source: [1] Figure 1. Page 405.

Table 1. Intensity felt, as reported by LastQuake app users, during and after the 26th November 2019

earthquake in Albania.

Intensity Comments Percentage
MMI Nr %
I 270 16
I 308 18
I 424 25
v 247 15
\% 166 10
VI 132 8
VII 70 4
VIII 36 2
IX 17 1
X 8 0

The earthquake caused 51 deaths and between 600 [2] and 913 injuries, including 255 from the
aftershocks [33]. One thousand two hundred people were evacuated in Thumané, Tirané, Durrés,
Krujé, and Lezhé [36]. Reports indicated that 11,490 housing units were categorised as either
destroyed (see Figure 2a) or requiring a complete rebuild (see Figure 2b). Additionally, 83,745
housing units were partially or slightly damaged (see Figure 2c). Around 17,000 people were
displaced to live in temporary shelters [35].
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Figure 2. Damages in buildings caused by the 2019 Albania earthquake. Source: EMSC.

2.2. Information Extraction

2.2.1. Data Collected

LastQuake app users submitted 28,220 reports of the intensity felt during earthquakes between
the 25th November, 2019 and the 11th January, 2020. However, for this sentiment analysis and to test
the accuracy (ACC) of the pre-trained large language models, we take only a sample of 1678 (6%)
intensity felt reports submitted through the LastQuake app on the day of the earthquake, the 26th
November,2019, written in Albanian.

2.2.2. Data Process and Analysis

These intensity-felt reports submitted by LastQuake app users were translated into English by
the second author, who is not only a native speaker but also an expert in seismic risk and were
manually classified into polarity by the first author according to rules defined for the classification of
the 2020 Aegean earthquake [37]. These classification rules are listed in Table 2.

Table 2. Classification rules for sentiment analysis.

Polarity Rules

= Emergency response actions.
=  Expressions of solidarity.

* Preparedness measures.

Positive
=  Reports of light intensity felt
= Reports of light shakes felt
= Reports of short seismic movements.
=  Reports of aftershocks
= Reports of damages in buildings and/or lifelines.
= Reports of fear and anxiety.
Negative = Reports of injuries and/or casualties.

=  Reports of long seismic movements.
= Reports of strong intensity felt.

=  Reports of strong shakes.

Examples of intensity felt reports classified into each polarity can be read below:
Positive

= Slight

*  Felt nothing

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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= The only thing is to pray that it doesn't happen again. I hope you are well and there are no more
victims. May they rest in peace...
Negative

*  Fear

=  Horrible, May God protect us

*=  They are not stopping, there are a lot of shakings. We do not know what to do, to stay inside or
outside

The manually classified sample of text data will serve as the benchmark to evaluate the ACC of
two automatic classification models for sentiment analysis: ‘troberta’ and ‘txIm’. While ‘troberta’
classified the comments already translated into English, txlm is a multilingual model that classified
the original text in Albanian,. These models were fine-tuned using already classified text data from
the 2020 Aegean earthquake [37]. The methodology followed is presented in Figure 3.
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Figure 3. Methodology.
3. Results

3.1. Data Collected

The most frequent intensity reported in the MMI by LastQuake app users was III (weak),
followed by II (weak), and one at IV (light). Still, some users reported an intensity of X (extreme) and
XI (violent), but the number of these reports is not statistically significant.

3.2. Data Process and Analysis

The most frequent polarity detected in comments from LastQuake app users was negative (52%),
followed by positive (21%), neutral (21%), and unrelated (5%). The results of the manual sentiment
analysis applied to the sample are depicted in Figure 4 and Table 3. Using the manual classification
as the reference to test ACC, the comparison of classification results indicates ACCs of 71% for
sentiment analysis using the ‘troberta’ model and 56% using the “txIm” model. The ACC results, along
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with the average confidence in classification are shown in Table 4. In this conference paper, we
estimate the ACC of the automatic classification models based on the number of coincidences with
the manual polarity classification.

M Positive M Negative Neutral Unrelated

Figure 4. Sentiment analysis results at the report level.

Table 3. Sentiment analysis results at the report level (manual classification).

Polarity Reports Percentage
Category Number %
Negative 878 52
Positive 358 21
Unrelated 87 5
Total 1,678 100

Table 4. ACC results of the automatic classification.

Transf‘o 1.'me.r -based NLP Average confidence ACC
classification models

troberta 0.88 71%

txlm 0.78 56%

Keywords among the dataset of each polarity are extracted using word clouds [38]. For this
research, we extracted complete sentences identified by their frequency in the comments, along with
reports of the intensity felt from LastQuake app users. The frequency of a word, expression, or
sentence is represented by the size of the font and its placement on the word cloud; the higher the
frequency, the larger the font and its placement in or around the centre of the word cloud. The most
common expressions among intensity-felt reports classified as negative polarity were: ‘Horror’ (54),
for positive polarity ‘Slight’ (37) and for neutral: ‘It was felt’ (27). Unrelated comments were not
analysed. The word clouds depicting the frequency of expressions with negative, positive, and
neutral polarity are shown in Figure 5a, 5b, and 5c, respectively.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 5. (a) Word frequency analysis for expressions with negative polarity. (b) Word frequency analysis for

expressions with positive polarity. (c) Word frequency analysis for expressions with neutral polarity.

3.3. Validation

It is ideal to visit the affected area to validate and the classification rules for sentiment analysis
with local stakeholders and intensity felt reports submitted by LastQuake app users. In the
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framework of the International Scientific Symposium on the theme "Earthquake of 26 November 2019
with a magnitude of 6.4 in Durrés, Albania: Regional Seismicity, Regional Geodynamics and Seismic
Risk (ISDE)-2023, conference organised in March 2023 in Tirana, Albania by the Institute of
Geosciences (IGEO), the Albanian Association of Earthquake Engineering (AAEE) and the
Empowerment Project Foundation (EMPRO), it was possible to do a small exercise of validation of
classification rules with the participants of the conference. The first author asked the conference
participants to determine the polarity of a comment at the document and sentence level, using
Mentimeter. This is an interactive platform that facilitates audience engagement. The results of the
document-level (comment) and sentence-level classification validations are shown in Figures 6a and
6b, respectively.

Joinat mentl.com use code 4361 0058

Sentiment analysis (SA):'l felt the quake, short but
strong. | am 200km away from the epicenter, in
Gostovar. Pray for Albania. Mother Albania'

8

Positive Negative Meutral Unreloted

(@)

Joinat mentl.com use code 43610058

Sentiment analysis (SA):'l felt the quake, short but
strong. | am 200km away from the epicenter, in
Gostovar. Pray for Albania. Mother Albania’

Pasitive
L]
- ! b
@ | Negative »
] o
b o
o o
= : =]
[= ] c
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=] =3
= i
w

Unrelated

4

(b)

Figure 6. (a) LastQuake app user comment related to the 2019 Albania earthquake classified at document level
(comment) by participants at the ISDE-2023 conference on the 29th March, 2023. (b) LastQuake app user
comment related to the 2019 Albania earthquake classified at the sentence level by participants at the ISDE-2023
conference on the 29th March, 2023.

Within the framework of the ISDE-2023 conference, a tour of the earthquake-affected areas and
historical sites in Albania was organised, which allowed the first author to visit some of the places
where some intensity reports were submitted in the city of Vloré. The spatial distribution of the
polarity of the intensity reports felt in Albania, Tirana, and Vloré is mapped in Figures 7(a), (b) and
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(c), and the location of a sample of three buildings from where the intensity reports were sent is

shown in Figures 8 (a), (b) and (c).
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Figure 7. Spatial distribution of the polarity of the intensity reports felt by LastQuake app users in (a) Albania,
(b)Tirana and (c) Vloré.

(a) Intensity felt: II (weak) (b) Intensity felt: II (weak) (c) Intensity felt: II (weak)
A nightmare Unimaginable’
Author: Negative
‘troberta’: Negative (0.95) ‘troberta’: Negative (0.93)
‘txml”: Negative (0.87) “txml’: Negative (0.95)

Figure 8. Sample of three buildings in Vloré from where LastQuake app users sent the intensity reports. Photos:
Diana Contreras. The 31st March, 2023.
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4. Discussion

The intensity felt reported by LastQuake app users is guided by pictures that represent the
effects of each intensity on the MMI on the population and the built environment. However, the
intensity reported by LastQuake app users will change according to their location with respect to the
epicentre of the earthquake, the construction characteristics of the place where they are at the time of
the earthquake, their personal experience with earthquake activity and their willingness to report
useful, reliable information. One of the reasons we did not analyse unrelated comments was that
most of them were written in improper language and did not provide information relevant to this
research.

Most of the comments submitted with the LastQuake app's intensity report, with negative
polarity, relate to fear and intensity. Comments with positive polarity are related to slight or no
intensity felt and emergency response actions, which were mainly requests for the protection of God,
besides evacuation and solidarity messages, to a lesser extent. Research studies indicate that prayer
is beneficial for mental conditions such as anxiety [39], which an earthquake could trigger, but the
practice of emergency response actions aimed at protecting physical safety must also be encouraged
among populations living in areas exposed to hazards. Comments with neutral polarity allowed us
to infer characteristics of seismic activity during the observation period.

Between the two automatic transformed-based NLP classification models for sentiment analysis,
'troberta’ has a higher ACC than 'txml'. However, the 56% of ACC of 'txml' is acceptable according to
Maksimava (2020)[40], who considers that an automatic sentiment analysis model needs to be at least
50% accurate to be considered adequate. An ACC of 63% with a corresponding misclassification rate
of 37% was obtained by Contreras et al. (2022) [1] on the automatic sentiment analysis of Twitter/X
data, also related to the 2019 Albania earthquake, but using MonkeyLearn, a no-code machine
learning platform, integrated to Medallia [41] since 2022.

The word-frequency analysis of the text data classified into negative and positive polarity
allowed us to assess the relative level of preparedness among the population and their emergency
response actions. In this case, the prayer to God was the most frequent after the expression of horror.
The word-frequency analysis of the text data classified into neutral polarity indicated the names of
the cities where the earthquake was felt, without considering the distance to the epicentre, geological
conditions or geographic coordinates from which the intensity felt report was submitted.

The result of the interactive sentiment analysis validation of the intensity felt report at the
document level during the ISDE-2023 conference session matched the polarity predicted by 'troberta’
(Confidence: 0.48) and 'txml' (Confidence:0.86): negative, while the first author classified this
comment as positive. However, the result of the classification of the intensity felt report at the
sentence level indicates that there are sentences with positive and neutral polarity, which can explain
the modest level of confidence in the polarity predicted by 'troberta’. It is essential to clarify that the
intensity felt report was presented to the public in English. It is also necessary to consider whether,
for the complete validation of sentiment classification rules, comments must be presented to
stakeholders in their original language, in this case Albanian. The visit to areas where intensity felt
reports were submitted showed no on-going repairs, allowing us to validate the reported intensity.
The polarity detected in comments from LastQuake system users could be used as an indicator of the
impact an area experiences after an earthquake.

5. Conclusions

Intensity felt reports are mainly around the earthquake's epicentre, but there are also reports far
from it, aligned to the seismic faults and with a negative polarity. Understandably, the main polarity
among the comments included in the intensity felt reports submitted through the LastQuake system
were negative, considering that earthquakes are traumatic experiences for people. What is particular
about the case of Albania is the large number of comments expressing distress on the LastQuake
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system, either praying or cursing. The problem is the low number of emergency response actions or
preparedness reported compared with the high number of comments reporting distress.

Given that ‘txml’ classified the original text in Albanian, it would be a suitable transformer-based
NLP classification model for an application supporting emergency response, despite its lower ACC
than 'troberta’. The issue with the latest version, despite its higher ACC, is that during an emergency,
there will not be time to translate users’ comments into English.

The ISDE-2023 conference offered us a valuable opportunity to test how a session with
stakeholders to validate classification rules for sentiment analysis can be conducted, and to use
Mentimeter to capture the results of this session. The opportunity to discuss the classification rules
linked to each polarity will improve the results of the manual classification and the ACC of the
automatic one. Pictures of buildings from where intensity felt reports in Vloré were submitted are
evidence of the viability of using sentiment analysis of comments from LastQuake app users as an
indication of either damage or the need to improve preparedness in specific areas of the cities to face
future earthquakes, thereby helping control the anxiety generated by them.

Considering the number of expressions of fear regarding the earthquake and the lack of
emergency response actions reported by LastQuake app users in Albania, the Albanian Government
must prioritise community-level preparedness through training and drills for evacuation, light search
and rescue, first-aid, and psychological first aid. We call on LastQuake system users to use the app
only to report the intensity felt after an earthquake, and to avoid addressing other topics for which
other apps are more appropriate.
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Abbreviations

The following abbreviations are used in this manuscript:

ACC Accuracy

AAEE Albanian Association of Earthquake Engineering

CET Central European Time

EMPRO  Empowerment Project Foundation

EMSC European Mediterranean Seismological Centre

IGEO Institute of Geosciences

ISDE The International Scientific Symposium on the theme "Earthquake of 26 November

2019 with a magnitude of 6.4 in Durrés, Albania: Regional Seismicity, Regional
Geodynamics and Seismic Risk

MMI Modified Mercalli Intensity Scale

NLP Natural Language Processing

TSER Taiwan Scientific Earthquake Reporting
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