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Abstract

This paper presents a social media data analysis framework applied to multiple datasets. The method developed uses
machine learning classifiers, where filtering binary classifiers based on deep bidirectional neural networks are trained on
benchmark datasets of disaster responses for earthquakes and floods and extreme flood events. The classifiers consist
of learning from discrete handcrafted features and fine-tuning approaches using deep bidirectional Transformer neu-
ral networks on these disaster response datasets. With the development of the multiclass classification approach, we
compare the state-of-the-art results in one of the benchmark datasets containing the largest number of disaster-related
categories. The multiclass classification approaches developed in this research with support vector machines provide a
precision of 0.83 and 0.79 compared to Bernoulli naive Bayes, which are 0.59 and 0.76, and multinomial naive Bayes, which
are 0.79 and 0.91, respectively. The binary classification methods based on the MDRM dataset show a higher precision
with deep learning methods (DistilBERT) than BoW and TF-IDF, while in the case of UnifiedCEHMET dataset show a high
performance for accuracy with the deep learning method in terms of severity, with a precision of 0.92 compared to BoW
and TF-IDF method which has a precision of 0.68 and 0.70, respectively.

Keywords Disaster response - Machine learning - Text analysis - Message filtering framework

1 Introduction

The recent increase in the scale and scope of natural disasters and armed conflicts in recent years has motivated public
health interventions in the humanitarian response to considerable gains in equity and quality of emergency assistance
[1]. The use and integration of social media in people’s daily lives as a new resource to broadcast messages and social
media data (SMD) analysis have contributed to deploying new technologies for disaster relief [2]. These contributions
mostly refer to the detection of certain patterns usage in people’s activity during disasters and natural hazards [3] such
as activity volume, recovery information, frequent terms for preparation and recovery, questions about the disaster
events, search for safety measures, or situational expressiveness. The identification of these patterns can potentially be
addressed through text analysis techniques, natural language processing and machine learning methods.

In the context of disaster response, there is both a reduced number of available benchmark datasets and a lack of
evaluation approaches to ensure the robustness and the generalisation capabilities of supervised machine learning
approaches. These limitations present important tasks to address most of the challenges described earlier. Therefore,
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further research and development of frameworks become a need to effectively train meaningful and robust models.
Indeed, this is a crucial step (1) to filter the massive-unconstrained textual information from SMD collections and (2) to
inform automatically about certain message categories which are relevant to the disaster domain. These are the two
main research challenges addressed in this work.

In this paper, we present a filtering framework approach with its elements to extract raw messages from social media
data and to detect those that belong to relevant disaster categories via machine learning classifiers. These classification
models are trained on benchmark datasets of disaster response and extreme events. We show a comparison of quantita-
tive results for the different methods applied to these benchmark datasets with respect to existing works. We highlight
the novelty of this work in four key contributions:

- We build a new classification model from benchmark datasets containing the largest number of multiple disaster-
related categories relevant to the disaster response domain. To the best of our knowledge, our model outperforms
their existing results on multiclass classification tasks.

- We present new state-of-the-art results with the original form of the largest disaster-response dataset, in contrast
to the current evaluations available. This is to provide with a more reliable validation strategy and results for future
comparisons of machine learning approaches in the disaster domain.

- We build several binary classifiers for the main disaster category groups using deep bidirectional neural networks
of pretrained Transformer models, showing clear benefits in performance boost in comparison to traditional hand-
crafted feature models. We present a novel use of these deep learning approaches by fine-tuning pre-trained models
on these benchmark datasets. This procedure is also applied for the first time to train a deep learning classifier on a
large historic dataset of unified records from UK CEH (Centre for Ecology & Hydrology) [4] and MET (Meteorological
Office) [5], which describes extreme events with their multiple severity levels.

- Finally, we present a web interface developed to illustrate the use of the framework with an example of application
for the different classification methods.

This paper is organized as follows. Section 2 presents a summary of the most relevant tools for disaster response and
their underlying APIs along with their main features and limitations. Bearing this in mind, we highlight the research
gap addressed in our proposed framework. In Sect. 3, we present our methodology for the data pre-processing and our
approaches for model category learning. Sections 4 and 5 provide a concise description of the benchmark datasets used
to train our machine learning models and their evaluation, respectively. Moreover, in Sect. 5 we propose an extension of
the evaluation approach for the multiclass classification approach to address a fundamental research gap to train robust
multiclass models for the purpose of disaster response. Section 6 describe the models utilised and the results obtained,
followed by a discussion of the results presented with respect to the state-of-the-art in Sect. 7. Finally, we show an exam-
ple of usage of our models with a developed web interface in Sect. 8. Section 9 concludes the paper.

2 Literature survey of key tools and platforms for disaster response

There exists a comprehensive list of tools, platforms, and tutorials' for analysing social media data that are beyond the
scope of this article. U.S. Department of Homeland Security (DHS) [6] provides an alphabetized list of them that includes
product information.

Although demographic data are some of the most common data collected worldwide, in the context of disaster
response this type of data is not enough to assist affected populations and to guarantee their availability before, dur-
ing or after disasters [7]. To address these issues, Poblet et al. [8] describe a high-level taxonomy to classify the different
platforms and apps depending on the phase of the management disaster cycle, availability of the tool and its source
code, the main core functionalities, and crowdsourcing role types. Nevertheless, the variety of tools in the context of
disaster response is considerably high. In this section, we refer to recent key tools suitable for natural disaster response
along with their main scope, features, and limitations (Table 1).

Due to the large number of studies in the literature of speciality, tools developed recently have been selected, and
in line with the main features and scope of our framework, or those having functionalities that complement each other

! https://towardsdatascience.com/how-to-build-a-real-time-twitter-analysis-using-big-data-tools-dd2240946e64.
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Fig. 1 Schematic Diagram of —_— ]
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to address specific joint applications for disaster response. However, one may notice the literature does not provide a
holistic framework for SMD supported by rigorous machine learning evaluations. In this paper, our goal is to address
some of the key limitations on SMD analysis and evaluation modelling in a holistic manner, as the main contribution to
the state-of-the-art in artificial intelligence for the disaster domain.

3 Methodology

In this section, we present our proposed framework for the disaster filtering approach illustrated in Fig. 1. The data pre-
processing is discussed in Sect. 3.1 as part of the data preparation module. Then, in Sect. 3.2, we present our modelling
approaches and category selection for binary and multilabel classification. We base on the principles from the Sphere’s
humanitarian standards [9] to abstract higher-level categories of information needs into simpler categories that are
relevant to the disaster domain. This is described in detail as category mining in Sect. 3.2.3. We use the messages that
belong to the original and simplified categories for training our multiclass and deep binary models, respectively. These
learning approaches are supported by their evaluation discussed in Sect. 5 and model results in Sect. 6. Finally, the
classification examples are presented as part of a developed web application, which shows the steps of the framework
architecture in Sect. 0.

3.1 Preprocessing data for disaster response and text analysis

First, we use a Twitter preprocessing library [10] for cleaning mentions, hashtags, smileys, emojis, or reserved words such
as RT; the BS4 library [11] to parse HTML URLs, and regular expression [12] operations in Python to remove anything that
is not a letter of a number in all the messages. Then, we prepare the data into training, validation and testing splits for
the learning process as explained in Sect. 5.

In addition to the grouping strategy for some categories explained in Sect. 4.1, for the category ‘severity, we treat with
the class imbalance problem by augmenting the minority subcategories via grouping moderate and severe events into
one single class and reducing the majority class by keeping the mild events into another class.

3.2 Learning category models

After preprocessing the data (Sect. 3.1), first we base on Naive Bayes (NB) and Support Vector Classification (SVC)
approaches for multiclass classification in one of the benchmark datasets with the largest number of disaster catego-
ries. Then, we build binary classifiers for different target categories based on traditional handcrafted features followed
by the proposed fine-tuned DistilBERT deep learning models.

@ Springer
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3.2.1 Multiclass classification

Our multiclass classification approaches for comparison are based on naive Bayes [13] methods and support vector
machines [14] for text classification. To build the models, we use [15] to implement the Pipeline and Grid Search tech-
niques. The Pipeline consists of a structure that uses TF-IDF fractional counts from the encoded tokens. Then, Grid Search
is used to perform an exhaustive search over specified parameter values for the given estimators, including multinomial
naive Bayes and support vector classification. We use these techniques to find the relevant parameters for these desired
models.

3.2.2 Binary classification

3.2.2.1 BoW and TF-IDF We base on the approach from [16] to build binary classifiers for the different target catego-
ries based on traditional hand-crafted features: Bag of Words (BoW) and Term Frequency Inverse Document Frequency
(TF-IDF). These two methods use the NTLK library [17] to perform tokenization by breaking the raw text into words,
sentences called tokens, stop words removal filtering out noninformative words, and stemming by reducing a word to
its word stem or lemma. The BoW method learns probabilistic models able to distinguish between the class of frequent
terms appearing in the messages related to the target category and the class of those terms appearing in the rest of mes-
sages. The difference with respect to the TF-IDF method is that the TF-IDF learns probabilistic models able to compen-
sate the BoW models by terms that appear in the inverse of the number of documents. Based on the approach provided
in [16] to train these models for each target class, we then process the input test message into terms and classify it into
the class that gives a higher probability of its terms being present.

3.2.2.2 DistilBERT Our deep binary classifier models are based on Distilled BERT [18], which stands for a distilled version
of BERT (Bidirectional Encoder Representations from Transformers [19]) and is 60% faster than BERT and 120% faster and
smaller than ELMo (Embeddings from Language Models [20]) and BiLSTM (Bidirectional Long-Short Term Memory [21])
networks. DistilBERT is based on the compression technique known as knowledge distillation, from [22, 23], in which a
compact learning model is trained to reproduce the behaviour of a larger learned model. These learning and learned
models are also called the student and the teacher, respectively, although they can consist of an ensemble of models. In
supervised machine learning, a model performing well on the training set will predict an output distribution with high
probability on the correct class and with near-zero probabilities on other classes. The knowledge distillation is based on
the idea that some of these ‘near-zero’ probabilities are larger than others and reflect, in part, the generalization capabili-
ties of the model and how well it will perform on the test set.

This lightweight version of BERT representations into DistilBERT models presents clear advantages in terms of speeding
up their training processes without a noticeable lose of performance. It is particularly useful in practice when compu-
tational resources are limited, but also to ease transferability and reproducibility for both research and development of
applications beyond the disaster domain.

We use the Distilled BERT [18] method through the Python library Transformers [24]. This involves end-to-end tokeniza-
tion, punctuation, splitting, and wordpiece based on the pre-trained BERT base-uncased model. Then, we fine-tune the
DistilBERT model transformer with a sequence classification/regression head on top for General Language Understanding
Evaluation (GLUE) tasks [25]. Overall, for these tasks DistilBERT has about half the total number of parameters of BERT
base and retains 95% of its performances. In our experiments, we set the maximum number of training epochs to 10
for fine-tuning, and the number of global steps to evaluate and save the final models varies depending on the target
category for which the models are fine-tuned.

3.2.3 Category mining

The multiclass classification approach utilises the multiple categories provided by the original datasets. On the other
hand, our binary classification approaches employ a strategy to abstract higher level categories in two datasets to
fine-tune independent deep learning models. Our first deep model aims to distinguish disaster-related messages from
nondisaster-related messages. Then, we abstract categories for medical-related information formed by the categories ‘aid-
related;, ‘medical products; ‘other aid; ‘hospitals, and ‘aid centres’to fine-tune our second deep binary classifier. Similarly,
another higher-level category group for information related to humanitarian standards is formed by the categories‘medi-
cal help; ‘water, ‘food; and ‘shelter’ to train another deep classification model. We apply this category mining approach
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to create these higher-level categories following the grouping criteria of information needs from Sphere’s humanitarian
standards [9]. Finally, we perform a similar strategy to fine-tune a deep binary classifier of flood events to distinguish
mild flooding from moderate and severe flooding.

4 Data

In this section, we specify the differences of all the data used in our analysis. First, we describe the annotated datasets
we use to learn models with our methodology for different target categories relevant to disaster and crisis management.
The set of messages from annotated datasets is preprocessed at first glance using a similar procedure to that described
in Sect. 3.1.

4.1 Annotated datasets

We consider a set of annotated datasets to learn and evaluate our machine learning models via feature-based and deep
learning methods. To the best of our knowledge, this is the first time these datasets have been used and evaluated for
purposes related to crisis and disaster response. The following items describe the datasets:

- The Social Media Disaster Tweets (SMDT) [26] dataset consists of 10,876 messages from Twitter. Each message was
annotated to distinguish between disaster-related and nondisaster-related messages. There are 4673 messages out
of the total, which are labeled as related to disasters, and 6203 messages annotated as not relevant to disasters. No
data splits are provided for evaluation.

- The Multilingual Disaster Response Messages (MDRM) [27] dataset contains 30,000 messages drawn from events
including an earthquake in Haiti in 2010, an earthquake in Chile in 2010, floods in Pakistan in 2010, superstorm
Sandy in the U.S.A. in 2012, and news articles spanning many years and 100 s of different disasters. The data have
been encoded with 34 different categories related to disaster response and have been stripped of messages with
sensitive information in their entirety. Untranslated messages and their English translations are available, which
make the dataset especially utile for text analytics and natural language processing (NLP) tasks and models. To the
best of our knowledge, this is the largest annotated dataset of disaster response messages. The data contain 20,316
messages labelled as disaster-related, in which 2,158 are floods. Pre-stablished training, validation and testing splits
are provided for this dataset. We employ our category mining approach from Sect. 3.2.3 to identify 16,232 messages
related to medical information, and 9010 are related to humanitarian standards’ information.

- The long-term dataset of unified records of extreme flooding events reported by the UK Centre for Ecology and
Hydrology (CEH) and the UK Meteorological Office (MET) between 1884 and 2013 [28]-from now abbreviated as
‘Unified CEHMET'-is a unique dataset of 100 + year records of flood events and their consequences on a national scale.
Flood events were classified by severity based upon qualitative descriptions. The data were detrended for exposure
using population and dwelling house data. The adjusted record shows no trend in reported flooding over time, but
there is significant decade to decade variability. The dataset opens a new approach to considering flood occurrence
over a long-time scale using reported information. It contains a total of 1821 records with three impact categories of
mild, moderate, and severe events. From these total number of records, we found 661 records with descriptive mes-
sages—464 for mild events, 69 for moderate events, and 91 for severe events.

5 Evaluation of machine learning models

In the case of the MDRM dataset, training, validation, and testing splits are provided by the dataset [27]. We use these pro-
vided splits to train our binary classifiers with handcrafted features and deep bidirectional Transformer neural networks.
All splits are created ensuring a suitable balance ratio between positive and negative class samples for the different target
categories ‘disaster; ‘medical,’humanitarian standards; and ‘severity; which are controlled by an empirically set parameter.

However, for the multiclass classification approach, we use the entire MDRM dataset to perform the evaluation using
random splits of 33% for testing and 66% for training the models. Then, we train our classifiers using fivefold cross valida-
tion and compute the average scores for each metric. This is done to make results comparable with [29], given that all the
results we found for this dataset do not follow the proposed splits provided by the dataset on the multiclass classification
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Fig.2 Learning curve and scalability of the multiclass classification approaches (a) Bernoulli naive Bayes, (b) multinomial naive Bayes, and
(€) support vector classification, using original splits of the MDRM dataset

task. In addition, there is no information specified in those results about any validation strategy performed in their
evaluation, such as the k-fold cross validation which we do perform to provide with reliable results. We use this evalua-
tion only for comparison purposes with existing reported results for this dataset. The performance of the SVC multiclass
classification approach with this strategy reach the training process after 8000 samples, with no further improvements
after that point when adding more samples.

Therefore, we perform an additional evaluation with the original form for the splits of the MDRM dataset to enhance
current results and to allow future research comparisons. To the best of our knowledge, there are no previously published
results for this dataset despite of the dataset being also publicly available with its original splits in competition platforms
such as Kaggle.? Therefore, we provide for the first time a reliable machine learning evaluation for this dataset on the
disaster response domain. Figure 2 plots the learning curves to show the performance and scalability of our NB-based
approaches and the SVC multiclass classification approach. In this case, the improvement is progressively slower during
the training process as we add more samples until the point where the performance on the validation data is close to the
performance on the training data. This is due to the reduced number of validation samples in this setting of original splits
of the dataset with respect to the above setting using random splits. In this setting, we see a considerable improvement
in the learning process in all our methods, especially in our SVC model. All models are trained using an Intel i7 CPU at
2.60 GHz and 16 GB RAM. The SVC approach took 120 h to train the model.

Since there are no splits provided for the other datasets, in all remaining settings, we generate the splits via random
sampling with 40% for testing and 60% for fine-tuning the binary classifiers. For the MDRM dataset, we fine-tuned each
deep bidirectional Transformer neural network using an NVIDIA Tesla V100 GPU and 16 GB RAM, and the processes took
between 2 and 5 days depending on the category model. The severity model for the Unified CEHMET dataset contains a
slightly less number of samples, and its deep bidirectional Transformer neural network was fine-tuned using an NVIDIA
GeForce RTX 2060Ti and 16 GB RAM, and the process took 38 h.

The results are provided in terms of precision, recall, F1-score, and binary classifier accuracy. Their values are between
0 and 1 and higher is better. Note that we do not provide results for accuracy in test data in the multiclass classification
because when the class distribution is unbalanced, the accuracy metric is considered a poor choice, as it gives high scores
to that predict only the most frequent class.

To calculate the above metrics we considered the method developed in [15]. These metrics are essentially defined for
binary classification tasks, which by default only the positive label is evaluated, assuming the positive class is labelled ‘1"
In extending a binary metric to multiclass or multilabel problems, the data are treated as a collection of binary problems,

2 https://www.kaggle.com/landlord/multilingual-disaster-response-messages.
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Table2 Comparison of

- ) . Micro Avg. scores MDRM dataset
multiclass classification
methods using random splits Bernoulli NB Multinomial NB SvC
Precision 0.59 0.79 0.83
Recall 0.57 0.51 0.57
F1-Score 0.58 0.61 0.67
Table_ 3 Compa.rison. of Micro Avg. scores MDRM dataset
multiclass classification
methods using original splits Bernoulli NB Multinomial NB SvVC
Precision 0.76 0.91 0.79

one for each class. There are then several ways to average binary metric calculations across the set of classes, each of
which may be useful in some scenario. We select the ‘micro’average parameter because gives each sample-class pair an
equal contribution to the overall metric (because of sample-weight). Rather than summing the metric per class, this sums
the dividends and divisors that make up the per-class metrics to calculate an overall quotient. Microaveraging may be
preferred in multilabel settings, including multiclass classification where a majority class is to be ignored.

Therefore, we compute the micro-Average Precision (mAP) from prediction scores as:

mAP = Z (Rn - Rn—l)Pn (1M

where P, and R, are the precision and recall at the n-th threshold and are calculated with the true positives, false posi-
tives, and false negative predictions.

For the binary classifiers, we use additionally the accuracy metric to compute the count of correct predictions. Its
value is 1.0 when the entire set of predicted labels for a sample strictly match with the true set of labels; otherwise it
is 0.0. Assuming ¥; is the predicted value of the i-th sample and y, the corresponding true value, then we calculate the

accuracy of correct predictions over ng,,, ., as:

Rsamples ™ 1

1

acc(y,y) =
nsamples i=0

6 Models and results

We use the MDRM dataset described in Sect. 4.1 to learn classifiers able to discriminate between the samples annotated
into the categories of this dataset.

In Table 2, we compare the results of our multiclass models based on multinomial NB and SVC with existing results
[29] based on Bernoulli NB classification® on random splits of the dataset. However, we report the results of our fivefold
cross validation to provide a more reliable evaluation, showing that our models still outperform the existing reported
results trained on this dataset. For simplicity, we do not show all results for each category, but we report the micro aver-
age results among all categories for precision, recall and F1-score.

There are multiple versions with similar codes available* using NB-based multiclass classification models where clas-
sification results have not been reported for this dataset. Although the MDRM dataset has been recently incorporated into
the Kaggle platform’, there are no reporting results on the original splits of the dataset. The results from our evaluation
as specified in Sect. 5 are reported in Table 3, again showing an outperformance of our method in terms of precision, in
this case achieved with the multinomial NB approach despite the accuracy scores being higher in the learning process

3 Public repository https://github.com/ioslilyng/DisasterResponse.
4 https://github.com/agpt8/Disaster-Response-Classification.
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Table 4 Comparison of binary

classification on smdt and Target category Disaster

mdrm datasets for the disaster  Dataset SMDT MDRM

category . —
Method/Metric BoW [16] TF-IDF [16] BoW [16] TF-IDF [16] Distil BERT [18]
Precision 0.82 0.80 0.89 0.89 0.91
Recall 0.62 0.63 0.89 0.91 0.95
F-score 0.70 0.71 0.89 0.90 0.93
Accuracy 0.77 0.77 0.82 0.83 0.87

*The DistilBERT method is not applied to the SDMT dataset due to its reduced number of total samples

Table 5 Comparison of binary classification on mdrm and unifiedcehmet datasets for the disaster categories medical, humanitarian stand-
ards, and severity

Dataset MDRM UnifiedCEHMET

Target category Medical Humanitarian Standards Severity

Method/Metric BoW [16] TF-IDF [16] Distil BERT [18] BoW [16] TF-IDF [16] Distil BERT [18] BoW [16] TF-IDF [16] Distil BERT [18]

Precision 0.73 0.67 0.80 0.73 0.84 0.83 0.34 0.39 0.78
Recall 0.73 0.78 0.83 0.38 0.24 0.75 0.39 0.51 0.92
F-score 0.73 0.72 0.81 0.50 0.38 0.78 0.37 0.44 0.84
Accuracy 0.72 0.69 0.80 0.75 0.74 0.86 0.68 0.70 0.92

with the SVC method. From the outcomes of these results, we encourage future authors who want to train new machine
learning models on this dataset for the disaster response domain to use both validation strategies for the purpose of
proper model selection using both random and original splits.

In our binary classification, Tables 4 and 5 show a clear outperformance of the DistilBERT deep learning models at
identifying the four main disaster categories on both the MDRM and UnifiedCEHMET datasets. We use the resulting mod-
els fine-tuned on these datasets for our filtering approach on the remaining data collections. The handcrafted feature
methods BoW and TF-IDF are taken as a baseline model to show initial performances in all three datasets. However, we
skip to applying the DistilBERT method to the SDMT dataset due to its reduced number of total samples to learn more
generic deep learning models. Thus, the resulting disaster model we use for filtering is the one fine-tuned on the MDRM
dataset, and likewise for the medical and humanitarian standards’ models. The results of these experiments especially
highlight the ability of the DistilBERT method at learning models despite it dealing with smaller datasets. This improve-
ment can be shown the recall metric for the humanitarian standards category and, especially, all four metrics for the
severity category. To the best of our knowledge, this is the first time these datasets have been used to train relevant
disaster models for these disaster-related categories via deep learning NLP-based methods.

7 Discussion

From the performance evaluation of our machine learning models and the results, there are several aspects to consider.

In terms of multiclass classification approaches, SVC model outperforms the NB-based models in all metrics when
using random splits, with 0.83 of precision compared to 0.59 and 0.79 of precision for the Bernoulli and multinomial NB,
respectively. By contrast, the multinomial NB leads the precision scores of 0.91 for precision using the original splits of
the datasets. This fact points the multinomial NB as the best choice for classifying the test messages of the MDRM dataset
among its 34 disaster-related categories. Nevertheless, the exponential scalability and logarithmic performance of the
SVC model indicate the model will potentially outperform again both NB models with increased number of available
training samples, leading to better classification messages among the 34 disaster-related categories in longer training
periods. As we add more samples to the training data, the NB-based methods present a linear scalability and some
unstable performance increases in the case of Bernoulli NB. By contrast, the SVC method generally increases its learning
costs in terms of computing time with respect to NB.
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Fig.3 a Multiclass classification approach to learn an SVC model to distinguish the 34 disaster categories of the MDRM dataset. The disas-
ter-related categories are shown along with their distribution percentages of sample messages for each category; b Binary classification
approach of deep learning models with bidirectional Transformer neural network models. We fine-tune one model for each group of main
disaster categories: disaster-related, humanitarian standards, medical, and severity. The deep model of severity is fine-tuned on the Unified-
CEHMET dataset, and we show the number of messages for each grouped category of severity levels

In general, we can conclude that the random splits at 66:33 ratio for training and testing provide useful indicative
results in terms of model accuracy, as it was done in the previous existing works. For a full performance evaluation, how-
ever, the use of original splits provided by the dataset leads to reliable results and hence more robust models. Thus, we
encourage future studies on the MDRM dataset to evaluate performance results using the original training, validation,
and testing splits. This will lead to more generalization capability of the trained models with potential implications in
applications that involve reliable filtering of disaster-related messages.

In terms of the binary classification, we conclude that the DistilBERT models based on deep bidirectional Transformer
neural networks outperform the traditional machine learning models in all the classification tasks from our category
mining. This is especially noted for the ‘severity’ classifier, with a difference of improvements in precision around 40%-50%
less with respect to the DistilBERT model. This means that we provide with state-of-the-art results for the detection of
medical-related information, humanitarian information, and severity information of messages. We provide novel models
to classify categories that are found to be relevant in the context of disaster response.

As we described above in our performance evaluation, one should note the complexity and increased costs of fine-
tuning the deep bidirectional Transformer neural networks to learn these types of models. Nevertheless, the resulting
DistilBERT models are still lightweight and therefore permit transferability and feasible reproducibility at testing times.
For this purpose, the next Sect. 8 reflects the online application of these type of methods to classify input messages.

To the best of our knowledge, the combination of data sets and methods used in this work provides the scientific
community with new state-of-the-art evaluation and performance comparison to steer future studies and Al-based
applications in this field of research.

8 Framework architecture and interface

In this section, we present a web application developed to illustrate the architecture of the framework,’ the steps of the
employed classification approaches, and some examples of usage with input texts. Despite the high complexity of the
deep machine learning models trained as part of our research framework, we kept the interface as simple as possible to
provide visual insights of our methodology and examples of classification outcomes.

Figure 3 shows the methodology described in Sect. 3.2 for the multiclass classification and binary classification, the
latest including the category mining approach. This illustrates the two core parts of our disaster framework, which

5> An explanatory video of the framework and web application is attached along with this paper as a supplementary material.
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Enter a message to classify into multiple categories from the MDRM dataset

Multi-classifier Note
. 3l!g\

MESSAGE MESSAGE
Delmas 33 in Silo, need water. People need aid and water urgently after the serious damage caused by extreme heat, wildfires and storm
I3
Result Result
Request Disaster (0.96392316)
Offer Humanitarian Standards (0.9924791)
Aid Related Medical (0.90291667)
Medical Help Severe (0.99842995)
(@) (b)

Fig. 4 Examples of (a) multiclass classification and (b) binary classification for test input messages

precedes the evaluation and results of the models in Sects. 5 and 6, respectively. On the other hand, Fig. 3 shows the list
of 34 categories defined by the MDRM dataset along with the distribution of percentages for each category according
to their number of sample messages. This is to provide simplified insights about the type of information learned by our
classifiers related to disasters, and the uses and applications we can get out of it in the context of disaster response.

Figure 4 shows examples of the web application interface for an input target message we aim to classify into the 34
disaster-related categories and to the four main disaster-related categories, respectively. Note that the deep classification
shows the confidence scores of each Transformer model.

9 Conclusion

This paper provides a novel and rigorous framework to analyze and identify key text information revealed in social media
related to disasters. We introduce a survey with our selection of tools and platforms for disaster response among the
high variety of options. In our framework, we emphasize the need for further evaluation of machine learning classifiers
in this domain on benchmark datasets both in multiclass classification and in binary classification settings. We present
a new state-of-the-art performance evaluation and results on these datasets achieved with SVC and multinomial NB
approaches depending on the settings of the dataset. Furthermore, this study provides a novel approach in the usage
of these methods, including deep bidirectional Transformer neural networks, to train several models from benchmark
datasets containing the largest annotated messages of disaster-related categories. This paper also delivers a specific cat-
egorization mining strategy for the main disaster categories to train our deep learning models along with their strategy
for performance evaluation. Our developed interface shows this combination of deep learning models. We conclude
from both the methodology and empirical application results that the score shows the potential to explain informative
and influential information in a variety of large-scale data sets. This is worth noting because such information leads to
higher prediction performances, thus helping to improve the accuracy of classification methods for message filtering
purposes. Finally, we illustrate our web interface to provide simplified insights of this research to motivate future stud-
ies and potential applications in humanitarian response, including management of crisis or natural hazards, needs of
resource allocation, or emergency assistance. For the next generations of benchmark datasets in the context of disaster
response, we consider additional crowdsourcing tasks essential to gather higher amount of quality-diverse data. This
will steer to boosted performances in data-hungry models such as deep neural networks, as well as increased robustness
and generalization capabilities of the models based on the evaluations presented in this work; hence leading to provide
better information for decision makers in the disaster domain.
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