
Model Fusion for Efficient Flood-Related Twitter Posts Detection

Georgia Christodoulou1, Stelios Kontogiannis1, Konstantinos Avgerinakis1

1 Catalink Limited, Nicosia, Cyprus

Abstract
The evolution of Artificial Intelligence has impacted many aspects of our lives. Recently, the aim has been
placed on building intelligent and autonomous systems, able to assist the first responders to plan and manage
their actions faster and more efficiently in emergency situations. For emergency events, data can be usually
gathered from many sources, however one of the most valuable can be considered the collection of real-time
data from social media. Real-time reporting through social media can be leveraged to monitor the progress of a
critical situation, and then be exploited to improve the monitoring, organisation and response of the event from
the responsible departments. In the presented work, we developed two modules, including a Natural Language
Processing model recognising which social media posts may refer to ‘floods’, and a Computer Vision model
distinguishing between the image posts that depict a ‘flood’ situation, from those that do not. While both models
achieved remarkably accurate results, we decided to fuse their prediction scores to see if we can improve their
performance, leading finally to the introduction of two low level AI representations and one higher level that
leverages the former to provide its decision. Their comparison and valuable insights are presented in the
following paragraphs.

1 INTRODUCTION

Flood is one of the most common natural disasters, happening when an excess of water submerges normally dry ground.
Floods are frequently caused by prolonged periods of heavy rain, quick melting of the snow, storm surges from tropical
cyclones or tsunamis in coastal zones. Floods can wreak havoc across a large area, killing people, damaging private
property, and destroying vital public health facilities. More than 2 billion people worldwide were impacted by floods
between 1998 and 2017 [15]. The most vulnerable people to floods are those who reside on floodplains, in non-flood
proof structures, or who lack warning systems and awareness of the risk of flooding. In essence, there are three primary
forms of floods: flash floods, river floods, and coastal floods. All three of them are becoming more frequent and intense,
and climate change is projected to contribute to this trend [16].

Throughout history, numerous technological advancements have shielded human lives from danger. In our times, the
widespread use of smartphones allows individuals to report problems in real time. For instance, Twitter has become a
vital tool for emergency communication, leading more and more organisations to consider automating Twitter monitoring
for satisfying their purposes. If someone tweeted about an emergency or impending tragedy and it was promptly
detected by NLP models, we would be able to react more quickly than usual, potentially saving lives. The goal of this
competition based on the overview paper [1] is to develop a machine learning model that can determine which Tweets
are about actual disasters and which ones are not, potentially contributing to the concept of using Twitter for actual
natural disasters.

2 RELATED WORK
On the one hand, researchers mainly focus on exploring computer vision methods for flood monitoring, flood
inundation mapping, debris flow estimation and post-flood damage estimation [2]. Since Convolutional Neural Networks
(CNNs) are best suited for processing images, they have been employed for this kind of tasks and have demonstrated
great success [6]. Szara et al. [5] proposed a method that initially extracts handcrafted features from the data, and then
trains conventional machine learning and deep learning models (VGG-16) for floodwater detection on roadways. Kang et
al. [7] proposed a Fully Connected Network (FCN) for flood mapping on satellite images, while Gebrehiwot et al. [3]
introduced a similar CNN architecture that is trained to extract flooded areas from UAV imagery. Thirumarai Selvi et al. [4]
suggested an AlexNet-based model, for mapping flooded regions on remote sensing satellite images. Several works
investigate encoder-decoder model schemes for satellite image segmentation and classification of flooded and
non-flooded areas, such as Nemni et al. [8], Hashemi-Beni and Gebrehiwot [9] and Liu et al. [10].

Another interesting piece of work that inspired us, was [11], which employs and trains CNNs for real-time fire
detection. Two state-of-the-art, powerful and compact CNNs, NasNet and ShuffleNetV2, are developed and trained in
order to perform fire detection in real-time. As we explain in Section 3.1, we worked with ShuffleNetV2 and we
re-purposed it for flood detection.

On the other hand, Natural language processing (NLP) has embraced transfer learning as a standard practice
since word-embedding [24], sentence-embedding [23], and more recently BERT [20] based models have demonstrated
considerable improvements in downstream tasks. Despite the existence of some pre-trained language embeddings,
performing natural language processing in non-English languages—such as the Italian tweets used in the
competition—is challenging. Even though multilingual natural language processing is still an ongoing research area, it is
currently possible to achieve great results employing the following three methods:  leveraging multilingual models [18],
applying English translation for non-English content [19] and, lastly, the technique we deployed, which involved working
with a particular non-English model [20].
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3 APPROACH

3.1 Computer Vision Model
The computer vision algorithm was developed based on ShuffleNetV2 [12]. The reason that we chose the particular
model to work with was that it can be easily deployed on IoT devices, since the architecture is lightweight, and so it can
be easily employed for flood detection applications. ShuffleNetV2 is specifically designed for mobile vision applications
and it is an improved version of ShuffleNetV1 [13].

Fig 1: The fundamental units of the new architecture are the re-designed building blocks of ShuffleNetV1. (a) the
basic ShuffleNetV1 unit; (b) the ShuffleNetV1 unit for spatial down sampling (2x); (c) ShuffleNetV2 Normal cell;
(d) ShuffleNetV2 Reduction cell (for spatial down sampling, 2x).
DWConv: depthwise convolution. Gconv: group convolution
Figure source: [12]

More specifically, ShuffleNetV1 has been re-designed in such a way so that it satisfies some specific guidelines that
the authors propose and explain in their work [12]. For example, they suggest to have equal number of input and output
channels in the convolution layers, and carefully choosing the group number of convolutions, to minimise the MAC1.
ShuffleNetV2 introduces the channel-split operator and changes the design of the building blocks of ShuffleNetV1 (Fig.
1(a) and 1(b)). The new building blocks are the Normal Cell and the Reduction Cell. The Normal Cell (Fig.1(c)), splits the
input feature channels into two branches. One branch remains as identity, while the other branch contains three
convolutions with the same input and output number of channels. After convolution, the two branches are concatenated
so the number of input and output channels is the same. The channel-shuffle operation is also incorporated in order to
enable information communication between the two branches. The Reduction Cell (Fig.1(d)) on the other hand, is used
for spatial downsampling. The channel split operator is removed, so the number of output channels is doubled. The
building blocks are stacked to build the whole network. The overall architecture of ShuffleNetV2 is summarised in Table
1.

The number of channels in each building block is scaled to generate four networks of different complexities. For the
task of flood detection, we used the simplest architecture, i.e. the one with the 0.5x level of complexity, since it has the
least number of trainable parameters (1.4 million) and executes the least number of FLOPs2 (41 million).
For the model training, we used the Transfer Learning technique, where a pre-trained model can be repurposed on a
new problem. For our training, we used as a starting point the ShuffleNetV2, that has been pre-trained on ImageNet
dataset [14]. Then, we removed the fully-connected layers and we added new ones, while all the convolutional layers
were set as non-trainable. The fully-connected layers were re-trained, but this time on the flood detection dataset, which
is a combination of images collected from different sources. Some data were distributed from the MediaEval contest,
while we completed the dataset with freely available data found from Unsplash [25], Pixabay [26], Flickr [27]. The rest of
the data sources can be found at the references section[28][29][30][31][32].

2 Float-Point Operations, i.e. the number of multiply-adds
1 Memory Access Cost



Table 1: Overall architecture of ShuffleNetV2, for four different levels of complexities. For our work, we used the
0.5x level of complexity, since it contains the least number of weights and requires the least FLOPs. Table
source: [12]

3.2 NLP Model

Initially, any noise that might make it difficult to classify the tweet's text had to be carefully removed. We used regular
expressions techniques Regex3 to remove any links, users, hashtags, or audio/video tags and more specifically, the
model was given lowercase text without square brackets, links, punctuation, words with numbers, and emojis. Using
tokens is, for the most part, a necessary evil since recent methods have demonstrated the possibility of
removing them altogether and instead operating on the raw text directly [21]. Given the non-English text, we chose a
huggingface4 model, more precisely the bert-base-italian-cased5, whose source data includes a recent Wikipedia dump
and other texts from the OPUS6 corpus collection.

4 RESULTS AND ANALYSIS

4.1 Computer Vision Model Experiments
The model was trained to distinguish images that contain floods from those that do not. Τo find the optimal model,
different experiments were conducted, trying different number of channels at the last convolutional layer (conv5), several
hyper-parameter combinations and different optimization algorithms (Stochastic Gradient Descent and Adam
optimization). For the model training, we split the dataset into training (85%) and validation (15%) dataset. The first was
used for the model training, while the second was used to validate the performance of the model and to tune the
hyper-parameters accordingly. Some of the experiments that we executed are summarised in Table 2. Due to the fact
that our dataset was imbalanced, we measured the performance of the models using F1-score. The model that scored
the best performance was model 7, with F1-score = 0.81.

One difficult part of the whole procedure was to gather appropriate negative data (i.e. images that did not contain
floods). It is straightforward to gather data that contain floods, but for the negative class, it was not that easy since we
had to include images from rivers, the sea and other water bodies in general. In that way, we trained our model with the
indent to be able to distinguish between images that contained water bodies, and those that contained floods.

Table 2: Summary of some of the experiments conducted in order to find the optimal model.

6 https://opus.nlpl.eu/

5 https://huggingface.co/dbmdz/bert-base-italian-cased

4 https://huggingface.co/

3 https://docs.python.org/3/library/re.html
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Fig.2 Normalized confusion matrices for the training and validation dataset. The flood class scored 82% and
83% classification accuracy for training and validation, while the no_flood class scored 96% and 97%
respectively.

4.2 NLP Model Experiments
The algorithm was also trained to distinguish between tweet texts that reference floods and those that do not. In an effort
to find the best model, numerous tests were run using different combinations of hyper-parameters. We utilised K-Fold
cross validation to divide the dataset into 5 consecutive folds for model training, and we determined the f1 score for each
validation-train split. The first was used to train the model, and the second to evaluate the model's performance and
modify the hyper-parameters as needed. The average F1-score of our validation sets was around 94% even from the
first trials. As a result, we made minor model changes while still attempting to significantly raise the high F1 score.
Having to confirm that our model did not overfit the data was a challenging aspect of the entire process. We therefore
tested multiple K-fold splittings with varying K values and many training epochs, but the average F1 score results
remained consistent at around 94%. Our search for assurance of not overfitting was satisfied by results on the hidden
test set in the following table. Given that False Positive (FP) and False Negative (FN) make up a minor part of the True
Positive (TP) and True Negative (TN) tweets, there is little evidence of overfitting, as can be seen.

Fig.3 Brief results; Run type: automated using textual information only.

4.3 Model fusion
The two models mentioned above were integrated in this section in an attempt to make a combined prediction for the test
set. We chose to lean more heavily on the CNN model because we were not certain whether the NLP model was
overfitting or not. Additionally, since the majority of the predictions made by our NLP model had a confidence level of
above 94%, we decided against using the average of the two models and instead moved forward with some manual
criteria. For each tweet where the CNN model scored at least 80% confidence score towards the positive or the negative
class, we therefore allocated the respective value, while for the remaining tweets, we took the average. As we can see in
the table below, this technique performed at about 85%, which is slightly inferior to the NLP model prediction.

Fig.4 Brief results; Run type: automated using fused textual and visual information (including using image data
from external sources).

5 CONCLUSIONS
This research presents three methods for categorising tweets related to flood catastrophes, which may enable further
use of Twitter to mitigate the effects of severe natural disasters. It has been proven that both non-English text and
images from tweet posts can be used effectively. Based on the findings, we may infer that the NLP model outperforms
the computer vision model mostly due to the data itself, as images frequently lack acuity when describing the context of a
tweet. Future work will focus on ways to enhance the fused version of our model, such as utilising OCR7, weighting more
text when an image lacks pertinent context or when we detect a human being in the bulk of the image, along with
expanding the use of NLP models in non-English languages like German, French, and others.
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