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A big data approach to identify the loss of 
coastal cultural ecosystem services caused 
by the 2019 Brazilian oil spill disaster

ANNA KAROLINE AZEVEDO, FELIPE A.S. VIEIRA, JHONATAN GUEDES-SANTOS, 
JOÃO ARTHUR GAIA, BARBARA R. PINHEIRO, CHIARA BRAGAGNOLO, RICARDO A. 
CORREIA, RICHARD J. LADLE & ANA C.M. MALHADO

Abstract: In August 2019, the Northeast coast of Brazil was impacted by an extensive oil 
spill, with immediate effects on marine and coastal ecosystems and signifi cant impacts on 
tourism and food security. The human dimension of those impacts also includes the loss 
of cultural ecosystem services (CES); the non-material benefi ts stemming from strongly 
rooted cultural practices and relationships with nature. CES are of great importance 
for local residents and visitors that fl ock to Brazilian iconic beaches, however, they are 
diffi cult to measure using traditional assessment methods due to their subjective and 
non-tangible nature. Here, we use a big data approach to assess and map the loss of CES 
in the Northeast coast of Brazil caused by the recent oil spill. We analysed 2,880 digital 
images (published on the image sharing platform Flickr) taken before and during the 
disaster in affected locations, using a combination of automated techniques. Results 
showed a sharp decline in the number of users posting photos of locations affected 
by oil spill, and a decline in photos representing landscape and cultural appreciation. 
Our big data approach provides a fast and automated way to assess CES at large spatial 
scales that can be used to monitor the social impacts of environmental disasters. 

Key words: big data, oil spill, culturomics, cultural ecosystem services. 

INTRODUCTION 
Oil spill events have significant impacts on 
ecological processes and social structures arising 
from complex interactions in socio-ecological 
systems (Chang et al. 2014). Beside ecological 
damages, oil spill events are characterized by 
a wide variety of impacts on humans, including 
reduced food security, economic losses 
(mainly commercial fi shing and tourism), and 
interrelated effects on health of individuals and 
the well-being of communities (de Oliveira et al. 
2021). This complexity impact has causal effects 
which should be considered in contingency 
planning to provide integrated and immediate 
responses to mitigate environmental damages, 

recover the ocean economy and compensate 
local communities (Lord et al. 2012, Chang et al. 
2014). 

In August 2019, an enormous amount of 
crude oil appeared on the Northeast coast 
of Brazil (Escobar 2019, Lourenço et al. 2020). 
The origin of this oil spill disaster remains 
unclear more than a year after the onset of 
its appearance on the coast (Zacharias et al. 
2021), the oil spill was the most extensive ever 
documented in tropical oceans. More than 
5000 tons of oil residue were removed from 
the landscape, having reached more than 800 
beaches across more than 3,000 km of coastline, 
with immediate impacts on biodiversity, tourism 
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and food security (de Oliveira Soares et al. 2020, 
Ribeiro et al. 2020, Câmara et al. 2021, Zacharias 
et al. 2021). The vertiginous drop in tourism 
revenue and fish trade caused by this tragic 
event severely affected coastal communities’ 
health, well-being and economies (de Oliveira 
Soares et al. 2020), the effects of which may be 
felt for generations (Ladle et al. 2020). 

The uncertainties, doubts, and lack 
of information about the disaster were 
exacerbated by a weak and delayed response 
by federal institutions (Gonçalves et al. 2020; 
Zacharias et al. 2021, Brum et al. 2020, Soares 
et al. 2020). Moreover, the negative impacts 
of the oil spill were further amplified by the 
COVID-19 pandemic, generating synergistic 
negative consequences on the economy (e.g., 
artisanal fisheries and tourism), public health 
and ecosystems (Magalhães et al. 2020). The 
interlinked social-ecological systems of the 
Brazilian coast (Diegues 1999) were severely 
threatened by this large-scale environmental 
disaster, impacting the economies and lifestyle 
of thousands of traditional communities and 
leading to a widespread loss of associated 
ecosystem services (MEA 2005) including Cultural 
Ecosystem Services (CES). 

CES comprises diverse non-material benefits 
stemming from strongly rooted cultural practices 
and relationships with nature, including spiritual 
enrichment, cognitive development, reflection, 
recreation, and aesthetic experiences (reviewed 
in Milcu et al. 2013). CES has considerable 
importance for local residents and for the 
millions of visitors that flock to Brazil’s iconic 
beaches, especially those in the Northeast of 
the country (Retka et al. 2019). 

Due to their subjective and non-tangible 
nature, CES have been difficult to measure 
at large spatial scales using traditional 
assessment methods such as contingency 
analysis, structured interviews and participatory 

mapping techniques (Cheng et al. 2019). Such 
methods can provide high quality data, but 
are often costly, geographically restricted and 
lack standardization (Bragagnolo et al. 2016). 
Moreover they are time consuming which is in 
contrast with the immediate response that oil 
spill disasters demand. Some of these limitations 
may be overcome by the development of 
big data approaches that infer human value 
and sentiment towards the environment 
from the digital representation of words and 
images  (Ladle et al. 2016, 2017, Sherren et al. 
2017). Social media and computer science can 
provide new approaches, methods and tools to 
study and map CES at different scales (Richards 
& Friess 2015, Gliozzo et al. 2016, van Zanten 
et al. 2016, Vieira et al. 2018). Such methods 
potentially allow for a fast, cost-effective and 
large-scale approach to evaluating CES that can 
be used in isolation or to complement more 
traditional approaches (Richards & Tunçer 2018, 
Retka et al. 2019). 

Here, we extend the big data approach 
developed by Retka et al. (2019) to assess the 
loss of CES during the 2019 Brazilian oil spill. 
Specifically, we analysed 2,880 digital images 
taken in 245 locations of the coastal region 
affected by the oil spill and posted by 237 users 
on the popular file-sharing platform Flickr. 
Downloading and analysis of images were 
carried out through automatized procedures 
based on Flickr and Google Cloud Vision’s 
application programming interfaces using R 
software. Geographic coordinates of locations 
affected by the oil spill were retrieved from the 
official database of oil observations created by 
the Brazilian Institute of the Environment and 
Renewable Natural Resources (IBAMA). 
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MATERIALS AND METHODS 
Data collection 
Data collected included georeferenced images 
taken in areas of the Northeast coast of Brazil 
affected by the oil spill (Figure 1). We chose the 
widely used image-sharing platform Flickr (www.
flickr.com) which allows free programmatic 
access to its database unlike other popular 
social media platforms such as Instagram and 
Facebook. Firstly, relevant photographs were 
identified and downloaded based on their 
location, through an automated interaction 
with Flickr via its Application Programming 
Interface (API) using R software (R Core Team 
2021; See R codes in additional data available 
at https://osf.io/j8tr9/?view_only=6dddcd6464
1342af8b12b7495c4ccf3a). We downloaded all 
photos within a 1 km x 1 km grid correspondent 
to the region affected by the oil. Each square 

of the grid was used as a sample unit in our 
analyses. For each sample unit, we calculated 
the number of photos, users, and types of CES. 
Only photographs published in the period of 
01/09/2018 to 11/03/2020 were downloaded, 
starting one year before the first oil record until 
the data collection date. 

In total, we downloaded 4,730 photographs 
and their associated information, namely: i. link 
to the photograph; ii. geolocation (lat/long); iii. 
date and hour of capture; iv. date and hour of 
upload, and; v. username. After the identification 
and exclusion of users outliers (e.g., photos from 
professional/dedicated users), a total of 2,880 
photographs from 237 users remained and were 
utilized for further analysis. 

Furthermore, we also collected information 
about the oil presence along the northeast 
Brazilian coast through daily reports published 

Figure 1. Non-cumulative observations of oil stains along Northeastern brazilian coast through months of the 
disaster. Note: biweekly observations. a: Aug-Sep; b: Sep-Oct; c: Oct-Nov; d: Nov-Dec; e: Dec-Jan ; f: Jan-Feb; g: Feb-
Mar. Source: adapted from The Brazilian Institute of the Environment and of Renewable Natural Resources (Ibama 
2020). 
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by the Brazilian Institute of Environment and 
Renewable Natural Resources (IBAMA) (2020) for 
the period 30/08/2019 to 19/03/2020. The reports 
contained the geolocation of 4,154 observations 
of oil in situ. In order to avoid bias, we excluded 
all incomplete oil observations (e.g., without 
date and/or geographic coordinates). This step 
allowed us to define the dates in which each 
sample unit was first affected by the oil, which 
were later used as baseline for all exploratory 
and statistical analysis.

Cultural Ecosystem Services (CES) 
identification 
In order to identify CES representations in our 
dataset, each photograph was analysed with 
the Google Cloud Vision’s machine learning 
algorithm for label detection in images. This 
procedure returns 5 keywords per photo 
and allows the grouping of images based on 
their similarity using a hierarchical clustering 
technique for text analysis. The main output 
of hierarchical clustering is a matrix-based 
dendrogram in which the height where branches 
containing two objects are first fused represents 
their similarity (distance). Following 5 clustering 
simulations, we identified 16 clusters as the 
optimal number to identify specific groups of 
photos (e.g. photos of specific animals/plants or 
activities) which could then be broadly translated 
into CES categories. The authors analysed the 15 
most frequent keywords in the photos of each 
cluster and independently classified them into 
CES categories, following the CES typology used 
by Retka et al. (2019). Then, a final classification 
was agreed in which 13 of the 16 clusters were 
considered to be associated with a CES category, 
corresponding to 84.6% of the total photos. 

Data analysis 
In order to assess the effect of the oil on beach 
cultural ecosystem services, we explored the 

temporal and spatial distribution of photographs 
and oil observations per month in each sample 
unit. Also, we tested the hypothesis that CES 
provision would be lower in the sampling 
units which had occurrence of oil by exploring 
if the frequency of photographs containing 
representations of CES was associated with 
oil presence. To do this, we assessed changes 
in the number of photos representing CES in 
each sample unit in two moments: before and 
during the event. We used an ANCOVA (Analysis 
of covariance) to estimate the effect of the 
event on CES values and Mann-Whitney tests to 
compare CES, users and photographs before and 
during the oil spill. 

RESULTS 
We identified four categories of Cultural 
Ecosystem Services (CES) in the photographs 
analysed: 15.9% of photos were associated 
with nature appreciation, 48.9% with landscape 
appreciation, 19.1% with social recreation and 
16.1% with artistic or cultural expressions. 
From all photographs analyzed, 32.3% were not 
associated with any CES category and were not 
considered for further analysis.

The average number of photos taken by 
unique users during the oil disaster decreased 
when compared to the period before the spill, as 
expected. Also, the richness of CES represented 
in the photos of each user during the event was 
slightly lower than in the period before (Table I). 
Therefore, both the number of photos per user 
and the richness of CES per sample unit were 
significantly higher in the period before the oil 
spill. Despite this general pattern, the results 
pertaining to some individual CES showed 
a different and unexpected response, with 
the number of photos associated with social 
recreation and nature expression being slightly 
higher during the oil spill (Figure 2). However, 
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the differences observed for these CES before 
and during the oil spill were not statistically 
significant according to a Mann-Whitney U Test 
(Table II). 

Overall, the temporal distribution of CES was 
lower during the oil spill than before the event, 
with the exception of social recreation (Figure 3). 
The ANCOVA results indicate that the effect of 

number of photos and users on representation 
of CES is distinct between the two moments 
analyzed, before and during the disaster (Table 
III). That is, the regression lines representing the 
relationship of photos with CES and users with 
CES, have different slope coefficients. Thus, as 
the number of users and photos decrease, the 

Figure 2. Percentage of Cultural Ecosystem Services represented along the Brazilian coast, before and 
during the oil spill. 

Table I. Photos, Users and Culture Ecosystem Services richness/count in sample units between the periods before 
and during the oil spill disaster.

Before During

Mean/SD

Photos / user 3,83 (6,60) 3,56 (5,39)

CES richness / user 0,95 (0,66) 0,94 (0,72)

CES richness / sample unit 1,27 (0,93) 1,19 (0,92)

User / sample unit 1,53 (1,49) 1,33 (0,84)
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Figure 3. Temporal representation of Cultural Ecosystem Services by spatial unit along the Brazilian 
coast, before and during the oil spill. 

Table II. Summary results of pair comparison with Mann-Whitney U test before and during the oil disaster.

Mann-Whitney p-value

Users 28640 0.1879

Photos 27241 0.9909

CES Richness 28773 0.2545

Culture Expressions 27473 0.7952

Social Recreation 26668 0.6219

Landscape Appreciation 28861 0.2533

Nature Appreciation 28656 0.1919
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provision of cultural Ecosystem Services also 
decreases. 

DISCUSSION 
As anticipated, our results confirmed that the 
2019 Brazilian oil spill had a negative impact 
on the provision of coastal Cultural Ecosystem 
Services (CES) in comparison to baseline 
conditions. Several interacting factors are likely 
to have contributed to these results; i) a direct 
effect of the oil on the capacity of the coastal 
environment to provide CES. For example, the 
scenic beauty of the beaches is likely to have 
declined due to the presence of oil. Likewise, 
the oil may have physically impeded or diminish 
the quality of recreational activities such as 
surfing and snorkeling; ii) widespread negative 
publicity about the oil spill in traditional and 
digital media – much of it inaccurate (Lemos et 

al. 2020) – may have contributed to a decrease 
in the number of people visiting the affected 
coastal areas (Ribeiro et al. 2020), and may 
also have influenced visitor behavior. It is well 
known that tourism is ‘hypersensitive’ to oil spill 
events (Cirer-Costa 2015) and the 2019 event was 
extensively covered in the international and 
national media. 

The behavior of local people and their 
access to CES was also likely affected, although 
this group is less likely to contribute to Flickr 
and therefore needs to be evaluated through 
alternative approaches (Vieira et al. 2018). In 
addition to losing CES, local people also had to 
contend with contaminated fish and shellfish 
stocks which significantly reduced markets for 
their products (Ribeiro et al. 2020, de Oliveira 
Soares et al. 2020) and created a public health 
emergency (Pena et al. 2020). Recent data 
suggest that fish and shellfish sales decreased 

Table III. ANCOVA carried out to verify differences on the cultural services assigned to users and their photos 
between the periods before and during the oil spill disaster.

All Cultural Ecosystem Services

(Before) (During) (During) (Before)

Photos

0.036*** (0.003) 0.080*** (0.008)

t = 12.138 t = 9.702

p = 0.000 p = 0.000

Users

0.339*** (0.031) 0.573*** (0.073)

t = 10.777 t = 7.894

p = 0.000 p = 0.000

Adjusted R² 0.309 0.361 0.260 0.271

Residual Std. Error 0.774 (df = 326) 0.741 (df = 164) 0.801 (df = 326) 0.792 (df = 164)

F Statistic 147.333*** (df = 1; 
326) (p = 0.000)

94.122*** (df = 1; 164) 
(p = 0.000)

116.150*** (df = 1; 
326) (p = 0.000)

62.322*** (df = 1;
164) (p = 0.000)

Note: *p<0.1;> **p<0.05;> *** p<0.01
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by more than 50% in affected areas, impacting 
on food security, subsistence and cultural 
maintenance in these already socioeconomically 
vulnerable communities (de Oliveira Soares et 
al. 2020). To comprehensively assess the loss 
of CES and other ecosystem services on local 
people we recommend a multimethod approach 
that integrates social surveys and participatory 
methods, allowing the perceptions of local users 
to be explored and uncovered (Vieira et al. 2018). 

More generally, our study demonstrates 
the potential utility of automatized assessment 
of CES at large scale for monitoring the social 
impacts of environmental change. Our machine 
learning approach (following Richards & 
Tunçer 2018) greatly simplifies and accelerates 
the processing of social media photos and 
has notable advantages over the manual 
classification of photos (cf. Retka et al. 2019), 
namely it is: (i) very fast; (ii) cheap; and (iii) can 
be applied at any spatial scale to very large 
datasets. However, our method still incorporates 
various biases that are characteristic of digital 
data (Correia et al. 2021) such as the identity of 
the people (mainly tourists) who take and share 
photos on file-sharing sites (Retka et al. 2019). 
As mentioned above, more robust assessment 
of CES requires a multiple-user (e.g. tourists, 
local residents, researchers) and multi-method 
(e.g. photo analysis and semi-structured 
questionnaires) approach (Hausmann et al. 
2018, de Souza Queiroz et al. 2017, Vieira et al. 
2018). 

Another limitation of our method is that 
photos provided by a specific user group will 
only ‘capture’ a limited subset of CES (Retka et 
al. 2019). This is because sharing a photo on 
a website such as Flickr is dependent on the 
contributor’s personal perspective, by that as a 
visitor, a religious adherent or an artist. The types 
of images uploaded by users in the internet also 
depend on the digital platform they use to share 

their photo and it is likely that sharing patterns 
on Flickr may differ from other platforms such 
as Panoramio or Twitter because the user 
profiles are different (Toivonen et al. 2019). While 
each platform may serve specific purposes on 
social media content research, Flickr has been 
extensively used in a range of nature-based 
tourism assessments, including CES spatial 
and temporal evaluations (Teles da Mota and 
Pickering 2020, Keeler et al. 2015). Furthermore, 
despite rapidly evolving algorithms for image 
content analysis, their utility ultimately depends 
upon the training datasets used for machine 
learning. These datasets influence the capability 
of the algorithms to recognise certain classes of 
image elements and thus, to detect elements 
that may represent CES. In the current study we 
use two-step processes of converting images 
into text and then associating text groupings to 
CES. In the future it may be possible to generate 
more accurate CES assessments by training 
algorithms to directly associate images with CES. 

In conclusion, we were able to detect 
a fall in the provision of cultural ecosystem 
services during and after the 2019 oil spill off 
the northeast coast of Brazil using an innovative 
machine learning technique. Going forward, 
it will be important to evaluate the rate of 
recovery of coastal CES, especially in the context 
of the COVID-19 pandemic which has resulted in 
a loss of public interest in natural areas around 
the world (Souza et al. 2021). Our data clearly 
demonstrate the destructive impacts of the oil 
spill on the capacity of coastal environments to 
provide cultural services, significantly reducing 
the value of these areas for both visitors and 
local communities. 
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