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The article presents results of a research project aiming to develop theoretical and empirical

contributions on participatory approaches and methods of citizen science for risk mapping

and adaptation to climate change. In the first part, the paper presents a review of the

literature on key concepts and perspectives related to participatory citizen science, intro-

ducing the concept of the “right to research”. It highlights the mutual fertilization with

participatory mapping methods to deal with disaster situations associated to climate change.

In the second part, the paper describes and presents the results and conclusions of an action-

research developed on the coastline between the states of São Paulo and Rio de Janeiro,

Brazil in 2017–2018. It involved affected communities as protagonists in mapping and

managing risks of natural disasters caused by extreme climate events, by combining citizen

science approaches and methods with Participatory Geographic Information Systems (PGIS)

and social cartography. The article concludes by pointing out the contributions and limits of

the “right to research” as a relevant Social Science approach to reframe citizen science from a

democratic view.
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Introduction

The current climate emergency of anthropogenic origin has
exerted a broad spectrum of impacts affecting life and the
environmental balance of the planet, with the consequent

increase in disaster situations at different scales, largely associated
with extreme weather events such as droughts and floods (Adger
et al. 2018; Anderson et al. 2018; Cinner et al. 2018). The
repercussions of current climate change are global and thus
require articulated efforts on a planetary scale. But their causes
and impacts are different and unequal, and they are especially felt
by the most vulnerable regions and social groups (Cutter et al.
2009).

The strategies to face climate change have been based on two
main axes: (1) the mitigation of its main causes, and (2) the
adaptation and resilience of people as well as socioeconomic and
ecological systems to its impacts (IPCC, 2014). Effective responses
to the disaster risks related to climate change are still incipient at
both government, private sector, and community levels. The
current paradigm of disaster risk management focuses on
recovery actions (post-disaster actions), and less on prevention
and mitigation (Birkmann et al. 2009; Marchezini et al. 2018;
Hicks et al. 2019), even though there have been advances in
adaptation and preparedness measures to tackle these events
(Iwama et al. 2021). Policies and actions at different levels are
expected to provide communities with greater capacity and safety
to tackle some of the already irremediable effects of climate
change. Participation and sensitisation of the most affected and
vulnerable social groups, policy makers and private actors in these
actions play a decisive role.

Scientific knowledge is crucial for improving decision-making,
aimed at supporting mitigation and adaptation agendas as well as
at monitoring and providing early warning services and systems.
On the other hand, the scope and urgency of these problems pose
new issues to the modes of production and circulation of
knowledge and information necessary to face them. The com-
plexity and difficulty of accessing relevant data to address the
causes and impacts of climate change have hampered their use
and social appropriation, as well as cooperation in this area.
Participatory and community-based approaches and methodol-
ogies have shown promising results for disaster risk management,
as they encompass multiple dimensions and factors influencing
the resilience of communities (Ensor et al. 2016; Kondo et al.
2019). In this context, citizen science is increasingly perceived as
playing a role, promoting science dissemination and social
participation.

This article presents results of a research project aiming to
develop theoretical and empirical contributions on participatory
citizen science for mapping disaster risks of climate change. It
argues that the urgency and complexity of responding to disaster
risk situations associated to or amplified by climate changes place
new demands and highlight the need for new approaches to
citizen science, where Social Sciences have a role to play. In this
sense, it mobilises the concept of the “right to research”, coined
by the Indian anthropologist Arjun Appadurai (2006), proposing
a broader definition of research that stresses the relevance of
fostering the production and documentation of knowledge by
common people as a way of enabling them to make their voice
heard, particularly in situations of social and environmental
vulnerability.

In the first part, the paper presents a review of the literature on
the key concepts and perspectives related to participatory citizen
science, introducing the concept of the right to research. This
section ends by pointing out the mutual fertilization with parti-
cipatory mapping methods to deal with disaster situations asso-
ciated to climate change. In the second part, the paper presents
the context, methods, and results of the action research

component of the project, developed along the Southern coast of
Brazil. This research component mobilised local affected com-
munities as protagonists in mapping and managing the risks of
floods and landslides resulting from the impacts of climate
change, by combining citizen science approaches and methods
with social cartography and Participatory Geographic Informa-
tion Systems (PGIS). The article concludes by highlighting the
contributions and limits of the “right to research” as a relevant
Social Science approach to reframe citizen science from a
democratic view.

Citizen science from a democratic perspective and the right
to research
Climate change addresses new issues and poses new questions to
the information regime on science, technology, and innovation. It
is argued that “the climate regime has become substantively more
complex over time and because there is now a wider set of actors -
cities, states, business, civil society […]” (Morgan et al. 2014,
p. 8). In this context, the debate on open science has gained
prominence, mainly in two of its axes: open research data and
citizen science (Albagli et al. 2015).

The opening of research data––to make it freely accessible,
shareable and (re)usable - has been pointed out as a crucial ele-
ment for increasing the speed, quantity, and quality of scientific
research results. But it does not guarantee the necessary capacities
for the social production, appropriation and use of data, nor does
it question the kind of knowledge that is made visible and
recognised as relevant. It is also crucial to provide means and
conditions of valuing and considering the experiential knowledge
of different social and cognitive actors (Collins and Evans, 2002),
and to make room for citizen innovation (Sauermann et al. 2020;
Albagli et al. 2019).

Citizen science has attracted increasing attention as a tool to
cope with social, environmental, and territorial issues. It has
consisted mainly of voluntary non-scientist collaboration in col-
lecting and interpreting data useful for research, such as images,
sounds and other types of records, improving research results,
and lowering costs (Irwin, 1995; Bonney et al. 2009; Haklay,
2013).

Citizen Science initiatives have been facilitated by new com-
putational resources––graphical user interfaces, photo upload and
validation, web applications based on geographic information
systems, Volunteered Geographic Information (VGI), simple
online data feed systems––which can be used in smartphone
applications and other mobile devices that make it possible to
connect directly to the Internet. These digital platforms and tools
facilitate the connection and contribution of volunteers. Sup-
ported by digital tools and platforms, citizen science associates in-
depth data obtained from the proximity and situated experience
of local observers with large amounts of data from the con-
tribution of many individuals territorially dispersed (crowdsour-
cing), thus linking big and small data. When combined with
sophisticated technological devices such as satellite images and
other remote sensing technologies, it opens new possibilities of
spatial and temporal approaches for socio-ecological research
(Dickinson et al. 2012; Bonney et al. 2014).

On the other hand, criticism has been expressed of the fact that
citizen science initiatives “have normally taken place in affluent
locations, excluding illiterate or literate populations living in
remote areas” (Comandulli et al. 2016, p. 36). By contrast, the
concept of “extreme” citizen science is advocated (Stevens et al.
2014), claiming “to allow any community, anywhere in the
world––from marginalized groups living on the peripheries of
urban areas to groups of hunters and gatherers in the Amazon
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rainforest––start a Citizen Science project to deal with their own
issues.” (Comandulli et al. 2016, p. 36). Therefore, it is argued that
a quantitative and pragmatic perspective on citizen science––to
increase the speed, reach and volume of research results––should
be combined with a qualitative and democratic perspective: to
promote greater porosity and dialogue between science and the
broad spectrum of spaces and actors of knowledge production
(Albagli et al. 2015; McCall et al. 2015).

This view fits with Arjun Appadurai´s claim that the entitle-
ment to perform research should be considered as a right. The
author argues that, in a world of rapid change, informed citi-
zenship is a demand of full and democratic citizenship––as
opposed to marginal citizenship––and should be seen “as
belonging to the family of rights”. This makes research a crucial
capacity that should be “part of the lives of ordinary people”
(Appadurai, 2006, p. 173), as “a genuinely inclusive and uni-
versally available capacity” (Appadurai, 2006, p. 169).

From this perspective, Appadurai proposes the concept of the
“right to research”, that is “the right to the tools through which
any citizen can systematically increase that stock of knowledge
which they consider most vital to their survival as human beings
and to their claims as citizens.” (Appadurai, 2006, p. 168). By
research Appadurai designates “a specialised name for a gen-
eralized capacity, the capacity to make disciplined inquiries into
those things we need to know”, as a means of supporting decision
making that requires information “beyond their current knowl-
edge horizons” (Appadurai, 2006, p. 167). In this respect, the
author stresses “the value of documentation as intervention”,
as a tool which brings “the capacity to research within the
reach of ordinary citizens” (Appadurai, 2006, p. 175).
Documentation––meaning here the ability of people to register
their observations and to share them as data and information––is
at the core of citizen science, increasingly making use of digital
platforms and tools.

Appadurai connects the right to research to “the capacity to
aspire”, understood as “the social and cultural capacity to plan,
hope, desire, and achieve socially valuable goals” (Appadurai,
2006, p. 176). However, he points out that this capacity is
unevenly distributed in society. This link is at the core of social
change: “Without aspiration, there is no pressure to know more.
And without systematic tools for gaining relevant new knowledge,
aspiration degenerates.” (Appadurai, 2006, p. 176).

When mobilised as a means of empowering non-scientists in
formulating questions, hypotheses and analyses, citizen science is
in line with Appadurai’s proposal. From this perspective, the
engagement of non-scientists as volunteers or protagonists in
research activities is not only motivated by pleasure, leisure, or
even altruistic reasons. It is also driven by the citizens desire to
intervene more actively in issues that directly interfere in their
lives, and whose decisions are often based and restricted to expert
opinion.

The connection between the right to research and the right to
the city––a notion developed by Henri Lefebvre in the 1960s that
can be extended to the right to the territory in a broader sense––is
in turn proposed by Udvarhelyi (2011). She argues that engaging
in research is not only “a means to political participation”, but
also a way to develop “counterhegemonic action and practice”
(Udvarhelyi, 2011, p. 391). This requires a “critical look at how,
where, why, by and for whom knowledge [about the territory] is
produced” (Udvarhelyi, 2011, p. 388–390). She adds: “This is why
the production and possession of knowledge, access to informa-
tion and the power of interpretation all become central to the
struggles that take place on the social and spatial battlefield of the
city.” (Udvarhelyi, 2011, p. 388).

Recognition of the right to research of individuals, commu-
nities, and social groups as coproducers of knowledge, from the

beginning and at various stages of research, can contribute to new
approaches and cultures in ways of doing science and make the
resulting social learning processes more robust. In this sense,
citizen science may challenge the traditional bases of knowledge
production (David-Chavez and Gavin 2018; Lam et al. 2020) and
may also bring about greater social impact (Shirk et al. 2012;
Haklay, 2013; Kondo et al. 2019). The relevance of combining
multiple knowledge systems beyond scientific knowledge, as an
extended peer community––or post-normal science (Funtowicz
and Ravetz, 1997; Tengö et al. 2017)––has also been acknowl-
edged. In particular, research on collective intelligence indicates
that diversity matters, and that new leaps of logic, innovation, and
invention are more likely to arise when people of different
backgrounds and abilities work together toward a common goal
(Dickinson et al. 2012).

The next section focuses on the possible applications of citizen
science combined with participatory mapping to cope with dis-
aster situations associated to climate change.

Citizen science, participatory mapping and research in
climate change and disaster situations
The relevance of citizen science in disaster risk reduction (DRR),
particularly regarding environmental, social, and sanitary
hazards, has been demonstrated (Hicks et al. 2019; Marchezini
et al. 2018). Citizen science can promote community-based data
collection and record local observations on the effects of climate
change. It may be instrumental for improving research on climate
change patterns, as well as for innovating in statistical analysis of
heterogeneous data, thus contributing to the advancement of
scientific knowledge. It can assist in the understanding of local
and global patterns of climate change, give substantive indications
of its effects, as well as in the calibration and refinement of ser-
vices and instruments related to weather forecast, flood alert,
among others, contributing to the early warning of hazards that
help assess and manage impacts (Reyes-García et al. 2019; Chari
et al. 2019; Savo et al. 2016; Hicks et al. 2019; Marchezini et al.
2018; Mosites et al. 2018).

However, initiatives for participatory risk mapping are still
peripheral and not yet systematically incorporated into disaster
risk management (Keefer et al. 2011; Di Giulio et al. 2014; Iwama
et al. 2016; Hicks et al. 2019; Serrao-Neumann et al. 2020). The
“triple disaster” - earthquake, tsunami, nuclear meltdown––in
Japan, in 2011, put in evidence the role of citizen monitoring and
bottom-up decision-making processes to tackle these situations,
making room for participatory mappings and participatory sci-
ence to be considered in public policies in a more systematic way
(Kenens et al. 2020). Citizen science has been recognized as a way
of promoting public engagement, especially of affected commu-
nities, in adaptation, mitigation and resilience actions (Hicks et al.
2019; Paul et al. 2020). Studies conducted in different contexts
(Mercer et al. 2012; Cadag et al. 2018; Marchezini et al. 2018;
Kondo et al. 2019; Kenens et al. 2020; Iwama et al. 2021) have
shown that citizen engagement empower people to better
understand and act in response to disaster and impacts from
extreme or slow-onset climate events.

Participatory action research (PAR) methodologies have been
tested to engage local affected communities as protagonists in risk
mapping of natural disasters associated to extreme climate events,
and in designing adaptation strategies to these occurrences
(McCall and Peters-Guarin 2012; Iwama et al. 2021; Trajber et al.
2019). It is expected that they can increase the effectiveness of
actions to mitigate and adapt to climate change. “By involving
those most affected by climate change in environmental science
and advocacy, not only are they better positioned to understand
and respond to change but to participate in governance around
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climate issues.” (Baumgartner and Zarestky, 2017). In the same
direction, in the Paris Agreement on Climate Change, there is an
explicit recognition that the axis of adaptation must also be based
“as appropriate, on traditional knowledge, on the knowledge of
indigenous peoples and on local knowledge systems” (UN, 2016).

The action research reported in the next section highlights the
potentials and difficulties of mobilizing citizen science from a
more participatory and democratic perspective, in line with the
concept of the right to research.

Experimenting on the ground
The action research component of the project was carried out
from 2017 to 2018 in the region that lies between the Northern
coast of the state of São Paulo State (SP) (from the cities of
Caraguatatuba and Ubatuba) and the Southern coast of Rio de
Janeiro State (RJ) (up to the city of Paraty) (Fig. 1). That region
was selected because it encompasses critical areas of landslide and
flood risks (Iwama et al. 2014), as well as local communities with
potential for involvement in participatory experiments (Albagli
et al. 2019). It is made up of a mosaic of protected areas, including
indigenous lands and quilombos (areas occupied by slave des-
cendants), playing an important role in the preservation of nat-
ural resources.

It should be noted that recurring problems affecting urbani-
zation processes in Brazil – such as land concentration and the
absence of consistent housing policies; irregular occupation of
hillsides and riverbanks; inadequate provision of infrastructure
and utilities, especially precarious supply of drinking water and
basic sanitation – make risk and vulnerability situations even

worse as the intensity and frequency of extreme weather events
increase, particularly in coastal areas (Merkens et al. 2016). The
action research component of the project was developed follow-
ing three steps (Fig. 2).

Using social cartography, this work engaged three local com-
munity groups in the collective production of their own maps of
social risk and of evacuation routes as well as in the adaptation of
strategies at a local level––maps of flooding, landslides, and sea
level rise threats. These participatory maps were vectorized using
the QGIS software––Participatory Geographic Information Sys-
tems (PGIS) - and compared to data produced by scientific and
technical institutions. In addition, interviews were conducted
with long-time residents. These steps are detailed below.

Phase I - GIS and SDI. The first step involved preparing a
geodatabase with QGIS, a free/open-source Geographic Infor-
mation System, using data from the Geological Survey of Brazil
(CPRM) at a scale of 1:25.000. The purpose was to indicate areas
of low, medium, and high susceptibility to flooding or landslides,
defined according to the occurrence of these risky events (Fell
et al. 2008). See Table SM1 in Supplementary material section.
The data produced by scientific institutions are often historically
dated, while locally collected data facilitates its agile updating and
the covering knowledge gaps.

For the analysis of flooding susceptibility, three steps were
adopted: 1 – morphometric analysis: quantitative analysis of the
interactions between physiography and its hydrological dynamics
that provides knowledge of river dynamics; 2 – HAND (Height
Above Nearest Drainage) (Rennó et al. 2008) algorithm which

Fig. 1 Study area: Caraguatatuba and Ubatuba, in the state of Sao Paulo (the Juqueriquere river basin and Iriri/Onça river basin, respectively). Paraty,
in the state of Rio de Janeiro (the river basin Carapitanga). Source: Digital maps from CBH-LN; IBGE; OTSS; ESRI base map.
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measures the altitude difference of the Digital Elevation Model
(DEM) and the respective flow into the nearest drain, considering
the superficial flow path that topologically links the points of
surface with the drainage network, with applications using high-
resolution spatial data to urban areas (Nobre et al. 2016); 3 – the
morphometric analysis overlapping with the HAND model
results was carried out by means of Boolean logic, classifying it
at high, medium and low susceptibility to flood (Table SM2).

Phase II - CoAdapta working groups Local meetings. A total of
15 meetings was organized with local groups selected for their
activism on issues of local community interest. The identification
and selection of participants for these meetings were based on
previous research involving local communities in the region
(Iwama et al. 2016; 2014; Di Giulio et al. 2014; Albagli et al. 2019),
as well as consultations with the Forum of Traditional Commu-
nities of Angra dos Reis, Paraty and Ubatuba. These meetings

Fig. 2 Methodological approach. Phase I - GIS mapping and SDI, Phase II - CoAdapta working groups (WGs) and Phase III - integrating the knowledge and
communication results.

Fig. 3 CoAdapta working groups (WG): WG Juqueriquerê (Caraguatatuba-SP), WG Iriri/Onça (Ubatuba-SP) and WG Carapitanga (Paraty-RJ).
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aimed at: (1) presenting the joint work proposal of social carto-
graphy as a strategy for work focused on citizen science; (2)
working collaboratively on questions for the interviews of local
residents, in order to capture their perceptions about risks and
climate change adaptation in their territories to face these events;
(3) presenting and delivering field activity material (ques-
tionnaires, audio recorders, support maps for social cartography);
(4) setting goals and deadlines for activities, including the pro-
duction and dissemination of work.

Community groups. From these meetings, three working groups
(WGs), called CoAdapta local teams, were formed, each one
corresponding to a river basin1 and counting on the participation
of community leaderships. They were: (WG1) the Morro do
Algodão Community in the Juqueriquerê River Basin, in Car-
aguatatuba, SP. This region has been undergoing significant
changes in its landscape and occupation due to the installation of
a gas treatment unit in the municipality and the expansion of
access roads (Teixeira and Iwama, 2017); (WG2) the Ubatumir-
imCommunity in the Iriri/Onça River Basin, in Ubatuba, SP. The
caiçara community has been fighting for their territory for years
due to the conflict over the use of natural resources caused by the
overlapping of protected areas (Simões et al. 2016); (WG3) the
Quilombo Campinho Community in the Carapitanga River
Basin, in Paraty, RJ. Quilombola communities have been fighting
for their rights for land for decades (Fig. 3).

After the capacity building of these working groups, the
snowball sampling (Goodman, 1961) was adopted to select
participants for a social cartography activity and for interviews,
based on the network of contacts of the identified leaders. Each
local leader was asked to indicate individuals in their commu-
nities (respectively the working groups WG1, WG2 and WG3),
considering the following criteria: (i) people aged over 60; (ii)
period living in the territory; (iii) experience with a disaster event
(e.g., landslides and floods after intense rainfall experienced by
residents of Morro do Algodao in 1967). Interviews were carried
out by local research teams for two months. The results of the
interviews were then analysed, taking into account the literature
on perceptions of climate change risks (Leiserowitz, 2006; Slovic
et al. 2010; Di Giulio et al. 2014; Iwama et al. 2016: Bradley et al.
2020).

Social cartography. The CoAdapta WGs carried out the training
of community researchers in the use of social cartography for
disaster risk mapping. Social cartography activities were devel-
oped with CoAdapta WGs to map and record flood and landslide
risk areas, vulnerability situations and the strategies used in those
situations, employing QGIS open-source software and semi-
structured interviews. In these activities, both supporting maps
with satellite background images and paper panels were used.
Satellite maps supported the identification of landmarks - such as
health centers, schools, bridges––while mental maps revealed
their memories and told stories about territorial dynamics.

Social cartography consists of carrying out mapping according
to a community´s own vision vis a vis maps produced by experts,
incorporating some concepts and techniques of cartography and
geoprocessing (e.g., scale, symbology, representation, metadata).
Social cartography methods are widely used in natural resource
identification and management, in socio-environmental hazard
mapping as well as in legitimising customary land and resource
claims (McCall, 2014). Participatory mapping has been adopted
as a way of supporting local communities and traditional
communities to produce knowledge about their territory and, in
this way, empower them to claim their rights more efficiently and
to engage in participatory spatial planning (Crampton, 2001;
Acselrad H org. 2013; Marchezini et al. 2017). Social cartography
has also been combined with geotechnologies such as GPS
(Global Positioning Systems) or GIS (Geographic Information
Systems), which have become increasingly accessible to non-
specialists (McCall, 2014; Haklay, 2013; Marchezini et al. 2017;
Albagli et al. 2020), culminating in a Participatory Geographic
Information System (PGIS).

Interviews. Interviews were conducted by community researchers
in their own communities. The target audience consisted of
people living longer in the territory (people sixty years old or
above) and younger generations socially and politically active in
the territory. A semi-structured questionnaire was constructed in
conjunction with these groups to identify changes in the land-
scape, risk areas, extreme rain or extreme drought events and
implications for land use and disaster events. The questions were
organized into five themes: (i) interviewee profile, (ii) residence
time, (iii) disaster risks, (iv) prevention and adaptation, and (v)
forms of communication and visualization of knowledge and
information2.

The interviews were also intended to support the mobilisation
of the local community in participatory activities for the
identification of geodynamic risk areas (flood, landslides,
erosions, coastal erosions, among others) and situations of
exposure and social vulnerability (constructions near riverbanks,
risk situations for housing, number of teenage or elderly women,
people with physical or mental difficulty). Each questionnaire was
accompanied by a consent form to participate in the research,
with a total of 46 people (n= 46) interviewed by community
researchers. The Juqueriquerê community group had n= 12
respondents; the Iriri/Onça community group had n= 17
respondents; the Carapitanga community group had n= 17
respondents (Table 1).

Phase III - Integrating knowledge and dissemination/com-
munication. The mappings resulting from social cartography
were inserted into the geographic database structured using the
free software QGIS (Phase I), to make it available to local groups.
To this end, workshops on Geographic Information Systems
(GIS) using QGIS were organized to present the tool and enable
these groups to build their own databases, as well as to access

Table 1 CoAdapta working groups (WGs) to participatory action research.

CoAdapta Working group |Watershed/
municipality

Community Traditional/Local leadership Community members
engaged (n)

Juqueriquerê River Basin – Caraguatatuba (SP) Morro do Algodão
Community

1 Local leadership 12

Iriri/Onça River Basin - Ubatuba (SP) Ubatumirim Community 3 Traditional leadership - caiçaras/
artisanal fishers

17

Carapitanga River Basin - Paraty (RJ) Quilombo Campinho
Community

2 Traditional leadership - quilombolas 17
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available information produced by research and governmental
institutions about their territories. In these QGIS workshops,
preliminary results of social cartography were crossed and com-
pared with the official mapping of risk areas produced by the
Geological Service of Brazil (CPRM) and the Institute of Tech-
nological Research (IPT).

These different stages of the empirical study are shown in
Table 2.

Results
Participatory citizen science associated with the use of
community-based data feeding tools. The action research helped
to demonstrate how the different types of maps produced in the
study could be integrated, combining scientific knowledge with local
knowledge and enhancing the identification of risks and adaptation
strategies. Figure 4 show the 3D maps of susceptibility of flood and
landslides overlapping with hazards from social cartography.

Table 2 Study steps by each CoAdapta WGs.

Activities Juqueriquerê Group 
(Caraguatatuba)

Iriri/Onça Group (Ubatuba) Carapitanga Group 
(Paraty)

Preliminary 
Activities    

Social 
Cartography

Interviews

GIS 
Workshops

Source: Photo records (Allan Iwama and community researchers 2018).
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Maps and scales overlapping. The overlap of maps (social carto-
graphy and technical scientific cartography) provided an opportunity
for joint reflection by the community researchers and their neigh-
bours on the scope of the areas at risk in the selected territories,
broadening their view as to the boundaries of the watersheds. For
example, flood and landslide susceptibility maps originally used by
the Geological Survey of Brazil (CPRM) and Technological Research
Institute (IPT), on the 1:25,000 mapping scale, indicate areas on a
smaller scale when compared to those produced through social
cartography by local communities––usually at scales more detailed
such as 1:1,000 to 1:10,000. This reflection allowed local communities
to have a broader view of their watershed, expanding their perception
of the specific risks occurring where they live. It was from this
experience that they were also able to visualize strategies to design
exit points (evacuation routes) in events of flash flood or floods.

In the Juqueriquere river basin (Fig. 4a), local communities
have indicated the existence of events of flash floodS in areas of
medium flood susceptibility––specifically in the Morro do
Algodao district. The risks associated with gas leaks pose an
additional danger besides floods in these areas (Iwama et al. 2013;
Teixeira and Iwama, 2017). According to a local community
member:

“…since the installation of the Gas Treatment Plant (the
UTGCA – Usina de Tratamento de Gás de Caraguatatuba)
in 2006, the gas pipelines have been built underground.
From time to time, there is a gas leak in the pipe valves, and
these gas leaks are not always resolved in time. Sometimes
people had to evacuate the area to protect themselves.
Furthermore, we know that there are floods here, and when
there is a lot of rain combined with the effects of high tide,
it is a catastrophe” [Local community, in 2017]

Temporality of risks. Based on the interviews, it was possible to
observe the period, seasonality, frequency, and duration of risks.
In addition, there are points indicated on the maps of social
cartography where coastal erosion frequently occurs in the three
watersheds. The most affected areas were beach infrastructure
(kiosks at Praia das Palmeiras) in the Juqueriquere river basin;
and fluvial and coastal dynamics in the Iriri/Onça and Car-
apitanga river basins, with direct effects on fishing for Caiçaras,
Quilombolas and indigenous communities (Figs. 4a–d). Also, in
both the Iriri/Onça and Carapitanga river basins, strong winds
have been reported that affect the banana plantations (mainly in
the Ubatumirim district) and house roofs. The local community
said:

“…strong winds occur mainly in the months of July and
August when they end up damaging the banana plantation
or untangling the houses. […] often the local people call it
„northwest wind („vento noroeste‟), but it seems that now
it has become more and more frequent…” [caiçara de
Ubatumirim, 2017]

In the Carapitanga river basin, the occurrence of high intensity
drought in 2015 was reported. It was a large-scale event, which
occurred throughout the state of Sao Paulo and reached the south
of the state of Rio de Janeiro, affecting the water supply and
causing a reduction of water in springs and water courses
(Pacheco et al. 2017; Anazawa, 2018). As a positive side effect, a
Water Workshop for the Carapitanga river––“Oficinas das
Águas”––was created, a joint initiative of the Observatory of
Sustainable and Healthy Territories (OTSS in Portuguese) and the
Traditional Communities Forum of Angra dos Reis, Paraty and
Ubatuba. As a result of this workshop a collaborative map of

Fig. 4 The representation of 3D maps with social cartography maps overlapped on digital maps of susceptibility areas (CPRM 2016) using QGIS
software. a Juqueriquere River Basin (Caraguatatuba); (b) Iriri/Onça River Basin (Ubatuba); (c) Higher and (d) Lower Carapitanga River Basin (Paraty).
Source: digital maps from CPRM (2016); MMA (2018). Icons from Noun project.
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water scarcity and other elements in the Carapitanga river basin
was produced3. An oral testimonial about this event was:

“…Between 2014 and 2015, there was a major drought here
and the river waters decreased a lot, which provoked a
certain level of conflict in the area… And it was good that it
brought us together around a basin which sometimes is
very dry, sometimes overflows…” [Leadership of the
Traditional Community Forum of Angra, Paraty and
Ubatuba, 2018]

In the Iriri/Onça river basin, agroforestry systems have been
increasingly used as a key strategy for food security and local
production of organic food, and they have also been important
towards reducing risks of landslide disasters:

“I noticed the importance of the way of planting, using
agroforestry, to prevent soil erosion and flood, and people
reacted positively to this approach, […] the land is better
looked after” [Caiçara community in the Iriri/Onça
watershed, 2018]

The project also included activities of social cartography,
storytelling and spatial databases built by the communities to feed
the Cemaden-Educacao platform4, an interactive national citizen
science platform to collect, organize, share, and exchange
experiences for education and disaster risk reduction. This
platform includes a social cartography approach, oral histories,
crowdsourcing and other participatory methods.

Legend. The legends of the risk maps and indications about the
degree or level of risk (expressed in colours) were made according
to the perception and experience of the communities in risk areas.
To this end, the following questions were submitted to the par-
ticipants: “How would you represent this risk area?”/ “What
degree of risk did you attribute to this danger?”/ “What colour
would you use to indicate this type of danger or degree of risk?”.
After that, participants were encouraged to make comparative
reflections between the results of the maps, the legends they
produced through social cartography, and the risk mappings
made by government institutions.

Capacity building through “learning by doing”. Action research
resulted in several types of learning: (i) the training of community
researchers in the production of maps via social cartography, in
the use of GIS for data geovisualization, and in conducting
interviews; (ii) expanding the practical learning of the project’s
scientific team in the use of action research methodologies, social
cartography, and storytelling for the purposes of citizen science;
(iii) two-way learning between interviewers and interviewees
from the respective communities on the effects of extreme

weather events in their territories and possible adaptation
strategies.

Community strategies. This process provided an opportunity for
local communities to design their own strategies for identifying
risks associated with floods, flash floods, landslides, strong winds,
and gas leak hazards, and for identifying evacuation routes to
safer locations. The exercise demonstrated that participatory
experiments in co-producing knowledge and information about
the territory not only contribute to reflections on their actions or
non-actions in the face of risk, but also produce practical results
on what to do and where to go, when they are in situations of
imminent danger.

Partnerships with local schools. In addition to community
groups, a partnership was also established with the municipal
school Presidente Tancredo de Almeida Neves in Ubatuba, with
the participation of the pedagogical coordinator, the geography
teacher and 40 high school students. The following activities
were carried out: the construction of handmade rain gauges;
social cartography workshops; and training in the use of Geo-
graphic Information Systems using the free software Quantum
GIS (Fig. 5).

Discussion
The points for discussion raised by the results obtained in the
study are presented below. They also demonstrate the challenges
and barriers to obtaining the expected outcomes.

Integrating knowledge from different systems. The mapping of
risks through social cartography, together with the mapping of
risks produced by official institutions, illustrate the possibilities of
integrating results between the accumulated local knowledge and
the scientific knowledge produced about the regions5. With these
results, the possibilities for mapping risk areas and strategies for
adapting to the risks of disasters associated with climate issues are
expanded, connecting different types of knowledge, and pro-
moting greater engagement of communities living in these areas.
Our results showed the possibilities and potential of ways to work
with data produced from local knowledge, such as newsletters and
spatial databases using digital maps through the Cemaden-
Educacao platform6 (Trajber et al. 2019). However, there are still
no applications of this material integrated with the official risk
and vulnerability maps in the region. In Brazil, there are few
studies that have integrated different knowledge systems––the
scientific, traditional, and local knowledge––into disaster risk
maps. Some studies have sought this integration (Marchezini
et al. 2019; 2017; Iwama et al. 2014), but more systematic studies
are still needed showing the methodological challenges for

Fig. 5 Activities in Presidente Tancredo de Almeida Neves Municipal School, in Ubatuba – Southeast of Brazil. a Social cartography to identify risks
around the school in Ubatuba downtown; (b) Artisanal pluviometer to build a network of rain monitoring. Source: Iwama (2018).
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supporting a community-based disaster risk management and for
the construction of a public policy agenda to climate change.

Social technologies and the right to research. The experiment
promoted the building of the communities´ capacities in the use
of community-based data-feeding tools and systems. It was noted
that community researchers had difficulty handling the geovi-
sualization tool and visualizing it through graphics, even with the
training they received. In addition, intermittent access to the
internet does not allow them to properly access the platform and
use the interactive map. Where the lack of a digital platform still
creates access problems in communities farther from urban
centers, it is appropriate to use satellite printed maps in social
cartography activities to signal critical locations and to identify
escape routes. Despite the increased use of digital platforms and
social technologies, the citizen science initiatives committed to
community participation need to contribute to building local
working groups that can support each other in data collection and
local knowledge production.

On the one hand, digital platforms can support large-scale
citizen science initiatives. Those initiatives based on social
technology––such as social cartography––focused on collabora-
tive knowledge production, can go beyond crowdsourcing
methods for data collection. They should promote a closer
involvement of the community in co-creation processes, where
the non-scientist participants are actively involved in the research
stages or even conduct research independently (Shirk et al. 2012;
Haklay, 2013; Paul et al. 2018; Hicks et al. 2019; Marchezini et al.
2018).

Our study indicates that participatory citizen science, when co-
designed with traditional and local communities from the right to
research perspective, strengthens bonds and trust between the
community and scientific researchers. The participation of
community members not only as data collectors, but as active
participants in the development of the research, is increasingly
adopted, especially in interdisciplinary and transdisciplinary
research, leading to a more dialogic form of communication.
This can increase the inclusion of social technologies for citizen
monitoring that meets local demands and favours community
development, providing autonomy, resilience, and the capacity to
adapt to the effects of climate change in their daily lives.

Building a common agenda. Efforts were needed to build a
common agenda for the three community groups to make the
execution of the three proposed stages in the project compatible
and coordinated, whilst still preserving the specificities and
contexts of each territory. Based on community participation in
the CoAdapta project activities, each working group took
advantage of their experiences to establish their own agenda for
strengthening their community, using the lessons learned in the
project (interview methods, data collection using mobile and GPS
applications, and territory mapping programs). A Whatsapp
group was created to facilitate the updating of information among
study participants and to motivate the joint progress of the work.
From these meetings, the participants of the three groups
installed the software on their personal computers or those of the
Community Association of Residents, starting their own surveys.
Furthermore, in addition to the CoAdapta wiki7 and website8, the
records of activities in a field diary of community researchers
were shared online, creating a channel to develop common pro-
tocols and to share concepts/points of view as transparently as
possible.

Development of bonds of trust. The action research component
of the project lasted one year. The feasibility of executing its

objectives in this short time frame was only possible due to
previous experiences in projects involving these communities
(Iwama et al. 2016). This facilitated the building of bonds of trust
and the establishment of the communication channels necessary
for a better understanding of the proposal by the communities, on
the one hand, and the listening to their local demands, on the
other, in a process of mutual learning.

Future developments. The challenge here is to establish strategies
for project continuity together with the communities. One of the
planned actions is to continue and to expand partnerships with
local schools. This proposal is in line with the construction of
learning communities for disaster risk reduction, a strategy that
also involves the ongoing cooperation of the National Centre for
Monitoring and Early Warnings of Natural Disasters (Cemaden)
through its Cemaden-Education project.

Another alternative is to generate the participatory approach
coupled with new strategies to communicate data and results to
communities, identified as relevant during the research with the
communities, while presenting benefits for reducing soil loss
caused by extreme rains and consequent floods. The main
alternative proposed was to strengthen agroforestry systems as a
land use strategy for subsistence purposes. This initiative has
already been tried out with the support of the Hydrographic
Watershed Committee of the North Coast of São Paulo, through
the Technical Group on Agroecology and Agroforestry Systems9

and the Agroecology group of Observatory of Territory Sustain-
able and Health (OTSS in Portuguese)10, and with the support of
researchers engaged in the preparation of proposals to raise funds
for new projects. Also, to create a local economy of organic
products through training and articulation with local producers
to carry out joint purchases of material for these crops.

Expand the ways of recording information. The creation of a
strategy with community groups was suggested so that photo-
graphic records of changes in the surroundings of their homes
and neighborhoods can be inserted into platforms such as QGIS,
or Google Maps or Google Earth itself. Other proposals were for
recording these observations in workbooks; using artisanal rain
gauges to measure the amount of rain and the associated flood
risks, in a given location; building a timeline with the community
on the occurrence of extreme weather events and the problems
generated in those territories; and preparing a participatory 3D
model for visualization of the territory.

Open data, for whom? Finally, the exercise fostered a debate
about the possible uses of data produced by community mapping
which may eventually be contrary to the interests of those com-
munities. More specifically, it was pointed out that information
on territorial overlaps with protected areas was used to incrimi-
nate people from those communities. Citizen science initiatives,
in line with the open science principles, must give transparency to
the research procedures and to the use of its results.

Conclusions
The right to research proposed by Appadurai, when applied as a
Social Science conceptual approach to reframe the theoretical and
empirical scopes of citizen science, reinforces two central aspects
of its democratic perspective. One of them is the idea that
research is a right, that is, a requirement for the full exercise of
citizenship, playing a role in disputes and conflicts over the uses
of territory. The other aspect refers to the recognition of the range
of actors who are able to carry out research and obtain significant
results both for the advancement of knowledge and for
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confronting issues relevant to the well-being of societies and the
equilibrium of the planet.

In this study, the right to research was exerted through prac-
tical experimentation by the locals as research agents, combining
citizen science, action research and social cartography methods.
Bringing affected communities together around climate change
adaptation topics and strategies can help to engage and
“empower” them in risk management strategies. Stronger recog-
nition of their perception of risk may increase the possibilities
and conditions for their engagement in these actions, strength-
ening their resilience to the risks and disasters of climate change,
and increasing their influence in the design of strategies and
public policies in this field. Involving and incorporating knowl-
edge of local communities about that territory, by mobilising
participatory methods and community-based data-feeding tools,
has the potential to broaden and democratise the perspective of
environmental research as well as to increase learning and the
effectiveness of actions and policies in dealing with climate
change.

On the other hand, citizen science and other participatory
approaches are not enough to subvert information and knowledge
asymmetries and power relations. Capacity building, digital
inclusion and open infrastructure are needed to enhance parti-
cipatory citizen science and mapping tools. Crucial to these are
the protocols and forms of governance that make room for the
recognition of the points of view of different social and cognitive
actors. Above all, it is necessary to establish more democratic
governance systems for decision-making processes on territory
management that affect citizen participation in climate change
issues (Albagli et al. 2019). Hence, there are close relationship
between citizen science, open infrastructure, and data justice.

For the new editions of the CoAdapta project, which have
developed citizen science toolkits for observations on climate
change, it is expected that research protocols be formulated
more openly, both in the decision-making process about the
steps of the research, as in the social appropriation of
citizen data.

Data availability
The dataset generated or analysed during this study is not publicly
due to privacy restrictions because involved human participants.
Partially data from this project is available on the website https://
www.coadaptalitoral.net/mapping-platform.html and from the
corresponding author on reasonable request.
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Notes
1 The river basin is defined by Brazil’s National Civil Protection and Defense Policy
(2012) as the territorial unit for analysis and disaster prevention actions related to
bodies of water (Cemaden Educação).

2 See more at https://www.coadaptalitoral.net/.
3 https://www.google.com/maps/d/u/0/viewer?mid=15lHnzhEvah-
brmOyt0jyD8tzjsA&ll=4.312356666109498%2C-44.71811151281769&z=12.

4 Available at: http://educacao.cemaden.gov.br/site/news/ODYwMDAwMDAwMTA5.
5 See more at https://www.coadaptalitoral.net/mapping-platform.html.
6 http://educacao.cemaden.gov.br/site/project/ | http://educacao.cemaden.gov.br/site/
map/.

7 https://wiki.ubatuba.cc/doku.php?id=coadapta_litoral:coadapta.
8 https://www.coadaptalitoral.net/.
9 https://cbhln.com.br/ct-agrosafs.
10 https://www.otss.org.br/agroecologia.
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