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1. Introduction

In growing cities, issues of vulnerability, socio-spatial segregation, and inequality are
aggravated by risks brought forth by climate change in communities that are exposed
to a range of social, economic, and environmental strains. The challenges that such
climate-change-impacted cities face require context-specific solutions that respond to
the needs of the most vulnerable. Recent research demonstrates that informal urban
communities in highly densified urban areas or in rural-urban peripheries especially
struggle to adapt to climate-change-related risks in sustainable, affordable, and appro-
priate ways (Satterthwaite et al. 2017). In the context of the Global South, and Latin
America in particular, approaches to reducing vulnerability through risk management
and climate change adaptation are typically based around top-down decision-making,
coupled with a lack of institutional capacities to address the accumulation of risks
within low-income and informal settlements. The implementation of such ‘traditional’
forms of governance has yielded limited success in creating sustainable solutions in
these communities. Appropriate mitigation and adaptation measures, including
necessary infrastructure solutions, are difficult to implement due to resource implica-
tions, but also due to complex socio-economic, political, and institutional processes,
particularly around low-income and informal settlements.

Recently, ‘smart’ technologies have been implemented by city authorities with the aim
of creating more integrated, habitable, and sustainable cities through the application of
intelligent, efficient technological strategies at a large urban scale (Barrionuevo et al.
2012). A wide range of ‘smart city’ strategies and programmes have been applied: for
example, in urban transportation systems to monitor and optimise mobility; in resource
management systems to optimise resource use (for example, energy, water, waste); and in
governance to facilitate data management, improve institutional transparency and com-
munication strategies, and promote citizen participation and inclusion, through a myriad
of digital platforms. However, these strategies have typically been developed and imple-
mented in a top-down manner and frequently omit a consideration of the needs of,
potential impact on, or benefit to people living in informal or vulnerable communities
(Greenfield 2013, Hollands 2015, Kitchin 2014). How such ‘innovative’ technological
approaches could be leveraged to address climate-change-related risks in an inclusive
way, to deliver a tangible reduction in vulnerability, is poorly understood.

Recognising the need for greater community ownership of risk reduction initiatives,
theoretical discourses in the field of risk management have gradually evolved from a
recognition of the importance of community-based and local-level risk management
(e.g., Lavell 2003, Maskrey, 1984, 2011), to the current focus on interlinkages between
building resilience and sustainable development (e.g., beginning with Wilches-Chaux,
1993), and the importance of integrated risk management and citizen participation
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(e.g., Sendai Framework (UNISDR 2015) and Sustainable Development Goals
(UN General Assembly 2015)). These developments have begun to permeate into
governance. For example, in Colombia, both the national Constitution (Asamblea
Nacional Constituyente 2021) and the Medellin 2020-2023 Municipal Development
Plan (Alcaldia de Medellin 2020) place an emphasis on citizen participation, despite
varying degrees of success in implementation. In Mexico, citizen participation is pro-
moted by the national Constitution (Camara de Diputados 2021), but national civil
protection legislation has been criticised for being too reactive and lacking integration
across sectors and government levels (Alcantara-Ayala et al. 2019). Mexico City is
leading the way in respect of integrated risk management in the country, having passed
progressive legislation (PAOT 2019) creating new institutions and programmes that
are intended to improve coordination between city and local-level governments, and
promote a culture of risk prevention, citizen participation, and co-responsibility
(Garcia Ferrari et al., under review).

In this context, researchers and policymakers are requesting guidance and tools
that consider not only the scientific understanding of risks on a local level, but also
the capacity of citizens and community groups who live in impacted areas to adjust to
and cope with the consequences of climate change (Davies et al. 2009, IPCC 2007,
Pelling 2011). Key issues that impact local capacity to adapt to climate change include
(1) differences in perceptions of risk and potential infrastructure solutions among
stakeholders (from community to government); (ii) the consideration of diverse social,
economic, and environmental issues, such as the different types of knowledge (formal/
informal, technical/social) required to interact in defining solutions and policy imple-
mentation strategies; (iii) a dearth of financial resources; and (iv) differences in
stakeholder’s needs and power balance. A thorough understanding of these factors
requires knowledge identification, knowledge development, and compromise at a
range of power levels and across diverse actors, aimed towards the co-production of
climate change adaptation strategies and sustainable infrastructure (UN-Habitat
2011). In recent years, such co-production approaches, originally developed in the
public services sector, have been successfully applied to risk management (e.g., Aguilar-
Barajas et al. 2019, Fraser 2017, Lopez Meneses & Caniadas 2018). These approaches
consider that complex problems, such as those related to extreme climate events or
water justice in the context of an aggravating climate emergency, represent opportun-
ities for solutions to be co-produced by a range of relevant stakeholders, such as
community members, governments, non-governmental organisations (NGOs), and
technical and/or scientific experts (Aguilar-Barajas et al. 2019). The co-production
process is based on multifaceted knowledge sharing—through a ‘dialogue of
knowledges’—towards building short- and long-term capacity to maintain or rapidly
return to the desired functions of the city in the face of a crisis (ibid.).
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Our ongoing research in the cities of Medellin (Colombia) and Puebla (Mexico) is
exploring the potential for co-produced mitigation and adaptation solutions to reduce
climate-change-related risks in vulnerable informal and low-income urban areas. In
particular, our research has highlighted integrated water management as a key concern
in these areas, due to inadequate access to clean water, coupled with risks associated
with increasingly frequent high-intensity rainfall events. As the factors driving
insufficient water access and the nature and perceptions of risks vary in each location,
our research seeks to identify context-specific solutions that contribute to reducing
structural inequalities and risk, increasing social equity, and adapting to climate
change. Further, our research is exploring how these solutions can be upscaled from
the community level to a wider city context, leveraging community-informed ‘smart’
technologies to more effectively monitor and mitigate risks. Our approach has been
rooted in understanding opportunities for co-development of ‘actions’ in close collab-
oration with local private and public sector stakeholders, to integrate multi-scale
feedback-rich systems for risk monitoring and adaptation. The overarching goal of
this work is to develop transdisciplinary knowledge and build capacity for policy
implementation around issues of water governance, water security, integrated risk
management, and co-produced water and risk management infrastructure.

This paper draws on the lessons from these transdisciplinary experiences, providing
evidence on how bottom-up solutions can contribute to solving not only water access
issues, but also to reducing vulnerability to climate-change-related risks and increas-
ing the well-being of communities inhabiting informal and low-income urban areas.
In this contribution we explore the following research questions:

1. How can stakeholder perceptions of climate-change-related risks in vulnerable
informal and/or low-income urban areas help to identify priorities for risk
mitigation and adaptation?

2. How can a ‘dialogue of knowledges’ between stakeholders help to co-create
technically appropriate and culturally accepted water management strategies for
risk mitigation and adaptation?

3. How can alternative approaches rooted in co-production between diverse
stakeholders contribute to building resilience on a local level for integrated risk
management via ‘smart’ technologies?

The following section presents an overview of key concepts serving as the
theoretical framework upon which we base our analysis of case studies in Medellin
and Puebla, addressing the gap between top-down governance that has failed to
provide meaningful change and the need for effective solutions to manage climate-
change-related risks at the local level. We first review the causes of vulnerability to
climate-change-related risks in growing urban areas and the concepts of building
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resilience and adaptation. We then summarise the role of co-production approaches
to build adaptive capacity to climate-change-related risks. Finally, we explore the
potential for co-created ‘smart city’ solutions to increase adaptive capacity in vulner-
able urban communities. In Section 3, we then outline the scope and focus of our
previous and current research in Medellin and Puebla. Finally, we discuss the
significance of our findings in relation to the outlined theoretical framework in
Section 4.

2. Theoretical framework

2.1. Climate change vulnerability and adaptation in growing low-income and informal
urban areas

Increasing urbanisation has driven the growth of low-income and informal communi-
ties in areas exposed to a range of environmental risks and climate-change-related
hazards. The United Nations currently estimates that over one billion people globally
live in vulnerable informal settlements, and this number increased between 2014 and
2018 (United Nations 2021). These complex areas are often affected by weak govern-
ance and limited financial capacity for research, policy development, and action.
Low-income and self-built urban areas may also be shaped by development patterns
that create new risks or exacerbate existing risks. These factors result in growing
vulnerable populations living on land that is unsafe, under-serviced, and insufficiently
safeguarded by planning policies (Baker 2013). Key issues that affect vulnerability of
the urban poor include inadequate basic services (that is, water, sanitation, proper
drainage, reliable transport, roads, or health services), as well as tenure insecurity,
poor financial security, social networks, and ad hoc adaptation to climate change and
environmental hazards (ibid.). These vulnerable communities are increasingly exposed
to climate-change-related risks, such as drought or high-intensity rainfall events trig-
gering flash flooding and landslides, yet are often least able to cope with the associated
impacts because of a limited capacity to adapt (Davies et al. 2009, Hardoy & Romero
Lankao 2011). Furthermore, weak governance and a lack of policy development con-
tribute to shifting the focus of public sector authorities to the most pressing problems
impacting these communities via short-term programmes (UN-Habitat 2011) that
tend to focus on infrastructure, resources, or health challenges in isolation, and fail to
integrate local human resources, knowledge, and adaptation strategies. Such develop-
ments are especially problematic in Latin American cities, which have experienced
sharp urban growth and where IPCC (Intergovernmental Panel on Climate Change)
scenarios forecast increasingly common extreme climate events (Magrin et al. 2014).
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In this context, building resilience requires new strategic approaches that integrate
communities into decision-making, as those directly affected by climate-change-
related risks ‘have the best practical knowledge’ because these phenomena affect their
lives and livelihoods on a regular basis (Anderson & Holcombe 2013). In addition,
given the heterogeneous and unequal impacts of risk in different geographic and
demographic contexts, it is critical to understand risk accumulation patterns linked to
varying degrees of hazard, exposure, vulnerability, and resilience (Maskrey 2011).
Within this approach, vulnerability not only refers to the extent to which a commu-
nity is exposed to severe climatic events or trends, and the effects on lives and the
environment, but also how these events affect the ability of communities to adapt to
shocks (CARE 2014). Linking the notions of vulnerability and climate change adapta-
tion is the concept of adaptive capacity (or adaptation capacity), defined by the IPCC
as: ‘The ability of a system to adjust to climate change (including climate variability
and extremes), to moderate potential damages, to take advantage of opportunities, or
to cope with the consequences’ (IPCC 2007: 21). Approaching vulnerability from an
adaptive capacity perspective can help to better examine the ‘factors that influence a
system’s ability to modify behaviour to better cope with external pressures, such as
climate change’ (Ekstrom er al. 2013). Risk management strategies that integrate the
adaptive capacity of citizens and community groups living in urban areas prone to
climate-change-related risks, especially in low-income and informal settlements, are
therefore critical (Satterthwaite ez al. 2017).

Pelling (2011) details a three-level framework considering adaptation as an
opportunity for systemic reform and gains in terms of well-being and rights, rather
than an exercise in preservation of the status quo. Pelling defines the three levels of
adaptation as: (1) resilience, enabling stability in the face of shocks and a return to the
status quo; (2) tramsition, enabling incremental social change and the exercise of
existing rights; and (3) transformation, empowering communities with new rights
claims and achieving radical change in political regimes. This framework facilitates
understanding the social, cultural, and political pathways through which adaptation
may be achieved, and frames adaptation as a means of redressing existing social and
environmental injustices.

Addressing, minimising, monitoring, and adapting to risks also encounters
challenges related to differences in the perception of risk among stakeholders (for
example, between informal urban communities and public sector institutions), as well
as a lack of effective options for communicating formal, informal, professional, and
lay knowledge on how to mitigate and adapt to risk, in addition to a lack of clarity on
the responsibilities and roles of stakeholders (Etkin & Ho 2007). Addressing these
challenges in relation to climate change requires an integrated approach aimed at
empowering informal urban communities in observing their environment, understanding
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potential strategies for risk management, and leveraging their knowledge to implement
suitable adaptation strategies that respond to the specific economic, social, urban, and
environmental patterns (Smith ez al. 2020a), and thus contribute to moving beyond
resilience towards adaptive transformation (Pelling 2011).

2.2. Co-production approaches to build adaptive capacity to climate-change-related
risks

In the Global South, co-production initiatives have been implemented to address
inadequate community service provision, and to bridge the gap between top-down
public management systems and the often disadvantaged citizens accessing these
services (Mitlin & Bartlett 2018). Such co-production processes have been shown to
strengthen community capacities, empowering low-income and informal communities
to collaborate around their needs, contest power, and negotiate with public sector
authorities (Allen et al. 2017, Mitlin 2008, Mitlin & Bartlett 2018, Watson 2014).
Following on from experiences with community-based disaster risk management
during the 1980s and 1990s that included explorations of co-production, this approach
is beginning to gain traction in the field of risk management (e.g., Aguilar-Barajas
et al. 2019, Anderson & Holcombe 2013, Fraser 2017, Lopez Meneses & Cafiadas
2018, Moser & Stein 2011). These co-production approaches recognise that building
resilience requires solutions that are designed and implemented based on knowledge
held within different stakeholder groups (e.g., Aguilar-Barajas et al. 2019).

Within this alternative approach, the co-production of risk management can be
achieved through the implementation of a ‘dialogue of knowledges’ between diverse
stakeholders in a specific territory, by creating a space for knowledge exchange and
conflict resolution to allow negotiated agreements and solutions to be reached
(e.g., Garcia Ferrari ez al. 2021, Smith et al. 2020a, 2020b, 2021). This dialogue entails
placing local knowledge on a level platform with technical and scientific knowledge,
allowing actors such as community representatives, government institutions, NGOs,
the private sector, and academia to collaborate and co-design strategies for risk
management that are culturally and technically appropriate and accepted, and there-
fore sustainable. This approach is especially valuable where conflicts exist between the
interests of the community and those of other stakeholders, which is particularly
common in informal and low-income communities, and offers promising opportunities
for reducing vulnerability to climate-change-related risks.

Co-production also constitutes a method of questioning urban production
processes that create social injustice and inequality (Maguire & Cartwright 2008,
Stevenson & Petrescu 2016), and moves beyond concepts of user involvement and
participative design to directly engage stakeholders on the principle of equal
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partnership (Stevenson & Petrescu 2016). This approach, where stakeholders bring a
diverse range of skills and knowledge based on lived and professional experience,
bridges the gap between those who produce the built environment and those who use
it (Allen et al. 2017, Stevenson & Petrescu 2016). In line with Pelling’s framework
described above, co-production represents a means of altering existing relationships
between actors and modifying ongoing practices, empowering communities with the
notion of urban citizenship (Mitlin & Bartlett 2018), and opening up opportunities
for adaptive transformation through negotiated, agreed action.

Addressing local resilience within the approach of co-production and from a
perspective that understands multidimensional risk requires considering three
essential elements (Brugnach ez al. 2017):

(1) Scale: Addressing risk at the local scale and at the community level is particularly
important as ‘local risk management represents the best—and often the only—
option for direct action on the most specific conditions of vulnerability, acting on
the capacities and resilience built through the history and social context of a com-
munity’ (Duran Vargas 2011). Communities affected by risks tend to know their
territory and are better prepared to monitor threats and respond via adaptation
strategies. Consequently, risk analysis for different hazards must be evaluated
together with socioeconomic processes at the local level, in order to better under-
stand vulnerability (Maskrey 1989).

(i1) Knowledge: The effectiveness of risk mitigation depends on the integration of
multifaceted knowledge, built collaboratively between actors (Hallegatte et al.
2018). This approach equates local knowledge with scientific and institutional
knowledge. The co-production of knowledge to identify relevant solutions at the
local level has been identified as key for sustainable community development pro-
cesses and must be implemented through a grassroots approach (Ekanayake
1990). Further, this element strengthens the opportunity for a ‘dialogue of know-
ledges’, in which community knowledge takes a significant role in the negotiation
of mitigation strategies, and different types of experience are strengthened and
complemented (Smith ez al. 2020a).

(ii1) Power: Vulnerable groups must be empowered to influence decision-making at the
local level, using community knowledge to respond to risks, assuming an active and
participatory role in risk assessment, mitigation planning, capacity building,
and monitoring (Pandey & Okazaki, n.d.).

Overall, the literature suggests that co-production strategies implemented as part
of community-based and local-level risk reduction initiatives should aim to achieve
the following objectives:
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a) Allow communities to collaborate around their needs, contest power, and negotiate
(e.g., Allen et al. 2017, Mitlin 2008, Mitlin & Bartlett 2018, Watson 2014).

b) Allow communities to unlock the necessary political and economic resources to
reduce their own vulnerability and manage risk (Maskrey, 1984, 2011).

¢) Allow a restructuring of relations between civil society and the state (Maskrey
2011), redressing power imbalances and antagonisms (Mitlin & Bartlett 2018),
bridging the gap between those who produce the built environment and those who
use it (Allen ez al. 2017, Stevenson & Petrescu 2016).

d) Place different knowledge types (for example, traditional, local, technical,
academic) on a level platform (e.g., Aguilar-Barajas et al. 2019, Allen et al. 2017,
Borquez et al. 2017, Brugnach et al. 2017, Maskrey, 1984, Stevenson & Petrescu
2016).

e) Ensure the sustainability of agreed mitigation or adaptation solutions by ensuring
community acceptability (Maskrey 1984) as well as appropriation by local groups/
organisations (Lavell 2003).

f) Allow upscaling of local-level actions to the regional scale, through partnership
with public sector authorities (Maskrey 1984).

g) Ensure equitable inclusion of indigenous people through appropriate collective
decision-making, multi-scalar negotiations, blended knowledge, and power-
sharing structures (Brugnach ez al. 2017).

h) Build short- and long-term capacity to maintain or rapidly return to the desired
functions of the community in the face of a disturbance by implementing context-
specific, acceptable, and sustainable mitigation and adaptation measures
(Aguilar-Barajas et al. 2019).

In this regard, examples of co-production of risk and water management demon-
strate that third parties, such as NGOs and academia, play a valuable role in bringing
additional knowledge types to supplement that existing in the community, as well as
ensuring continuity, through supporting the management and sustainability of
medium- and long-term strategies.

2.3. Increasing adaptive capacity to climate-change-related risks through co-created
‘smart’ technologies and infrastructure

Rapid urban growth, coupled with the growing impacts of the climate crisis, has
resulted in a global paradigm shift to design innovative and sustainable ‘smart city’
solutions (via infrastructures and services) to address these intractable problems
(Bibri & Krogstie 2017). Chourabi et al.(2012) argue that ‘smart cities’ can be concep-
tualised as an icon of a sustainable and liveable city. However, there is a diversity of
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perspectives, focuses, and scopes for the strategies developed within ‘smart city’
approaches (see further discussion in Albino et al. 2015 and Chourabi et al. 2012),
demonstrating how vague the term ‘smart city’ remains, both in theory and in prac-
tice. Although ‘smart cities’ is a contested concept that has not found an overall
consensus (Angelidou 2014), the notion generally represents a new urban revolution
that will successfully replace the industrial era in the organisation of cities, in terms of
infrastructure provision (Picon 2015).

In addition, many climate change experts, national politicians, and city leaders
have acknowledged ‘smart city’ infrastructure and solutions as being at the forefront
of climate change action in urban contexts (Appleby 2020, Calthorpe 2011, Luque-
Ayala & Marvin 2015, Moreno Pires et al. 2017, van der Most et al. 2018, White
2016). Thus, cities have attempted to implement ‘smart city’ technology to facilitate
monitoring of and adaptation to climate change risks, as well as to capture local
community knowledge. ‘Smart’ technology is therefore proposed as a tool to increase
resilience and confront challenges from a multi-framework approach, integrating
policy, communities, and technologies, based on information and communication
(Chourabi et al. 2012, Mustapha et al. 2016). There is also tentative evidence that
‘smart’ technology should be used as an opportunity to engage with a range of actors
and decision-makers at different geographical scales to enable improved responses to
specific current and future community needs (Pelton & Singh 2019).

Within the above context, an understanding of how ‘smart’ technologies will
increase the well-being of the most vulnerable citizens is still lacking, as ‘smart city’
initiatives tend to be implemented in a top-down manner that does not necessarily
consider the needs of or benefit fto people living in low-income and informal urban
areas. Critics of typical top-down ‘smart city’ projects argue that, within the ‘triple
helix’ of government, knowledge production, and industry, citizens are often over-
looked in policymaking as they are not seen as equal agents in the construction of
resilience and in risk management (de Lange & de Waal 2013). Alternative ‘smart city’
approaches to resilience and risk management have therefore been proposed, such as
crowdsourcing monitoring data on flooding (e.g., Frigerio et al. 2018), which offer the
opportunity for community ownership of risk reduction initiatives through their
engagement and empowerment to act on complex collective urban problems. For
vulnerable communities to be more resilient to climate change risk, ‘smart city’ projects
must recognise that citizens have to play a central role (ibid.).

Advocates of a ‘smart city’ approach to supporting urban communities vulnerable
to climate change risks argue that providing the means for citizens to leverage technol-
ogy and recognise a ‘smart city’s’ capacity for effective change empowers citizens to be
more resilient and adapt to risk more effectively (Lytras & Visvizi 2020). However,
although previous studies have shown that urban communities can effectively
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minimise, manage, and adapt to environmental risks (Hill & Martinez-Diaz 2020),
these findings are limited to communities that use one specific technology and/or solu-
tion, such as renewable energy or a community currency. Research on community
adaptation to climate-change-related risks through creating empowerment across
geographical scales and a variety of climate change impacts is still lacking.

For vulnerable urban communities, the challenge of adaptation to
climate-change-related risks is partly related to the need for more complex information-
sharing that integrates feedback-rich systems across multiple actors throughout
society. Experiences with ‘smart city’ technologies have shown that technical know-
ledge is only one part of the solution. A greater challenge lies in such technologies, as
well as the knowledge and communication that they provide and require, being
accepted, understood, and legitimised, in order for appropriate courses of action to
be identified and implemented to increase resilience. Achieving this technology usage,
applicability, and impact, particularly in informal areas, requires a better understand-
ing of the needs and capacities of informal urban communities in relation to climate
change risks, and the co-production of adaptive actions between communities and
public sector actors (Albino et al. 2015). The challenges faced by the concept of ‘smart
cities’ therefore reflect a need for context-specific solutions and actions, but also offer
excellent potential for knowledge upscaling, allowing impact and risk reduction
beyond the neighbourhood scale.

3. Research methodology: co-producing solutions to
climate-change-related risks in low-income and informal urban
communities in Medellin (Colombia) and Puebla (Mexico)

Through our work in the cities of Medellin and Puebla, we have developed participatory
action research methodologies to understand perceptions of risk and stakeholder
priorities in terms of risk management, as well as appropriate and sustainable mitiga-
tion and adaptation solutions, in low-income and informal urban areas in Latin
America (Table 1). This research led to the identification and pilot testing of co-
produced monitoring, mitigation, and adaptation strategies for environmental risks,
which are aggravated by climate change. In Medellin, these efforts focused on co-
created action to monitor and mitigate landslide risk in informal neighbourhoods,
including ‘smart’ communication to facilitate knowledge exchange and increase
adaptive capacity. In Puebla, the focus was on ‘smart’ technology for sharing
knowledge and adaptation solutions to climate change risks in relation to water
management at the urban-rural edge of a growing metropolitan area. In these case
studies, the research explored the diverse perceptions of climate-change-related risks



Table 1. Summary of action-research methodologies applied in the completed research phases

Medellin and Puebla (ongoing work continues in these cities, see text for further details).

MEDELLIN, COLOMBIA

SUMMARY OF ACTION-RESEARCH METHODOLOGIES

Research Phase & Neighbourhoods

Research Method

[Description

Phase 1: 2016-17
"Resilience or resistance? Negotiated
mitigation of landslide risks in informal
settlements in Medellin" (see Smith et
al., 2020a; 2020b)

Initial case study community: Pinares
de Oriente, Comuna 8, Medellin

Objective 1: Understand local perceptions of risk

Focus groups with residents and community leaders

2 focus groups (total around 50 participants)

Semi-structured interviews with residents and 16 interviews
community leaders
Semi-structured interviews with key stakeholders in |6 interviews

the public sector

Workshops with third sector actors

Obj 2: Pilot participatory

ing and mitigation strategies

Transect walks and participatory mapping exercise
with residents to identify critical monitoring points

Training of community members to record signs of
slope instability using mobile phone photography
and WhatsApp groups

Preparation of a detailed guidance manual,
including monitoring points, frequency of
observations and safety conditions; workshop; and
field walk.

Regular monitoring of selected critical points by
community members; information reviewed by
academic/technical team

Community-based researchers collected data and
uploaded it to WhatsApp groups during the rainy
season (May-October 2017)

Technical survey of the area, including land and
housing, to identify potential interventions for
mitigation of landslide risk

Training of community members and implementation
of appropriate technical solutions, in collaboration
with architecture and geology/geotechnical research
team experts, to mitigate landslide risk in the
neighbourhood

Mitigation works carried out by the community at
the level ofindividual households, lanes and
streets, with a focus on benefitting the community
as a whole (September-October 2017)

Evaluation workshops with the community-based
monitoring team, academic/technical team, and
public and third sector agencies, to assess the
success of the pilot monitoring and mitigation
schemes and aspects to be optimised.

2 workshops (total around 50 participants)

Objective 3: Expl the p fal for

risk the

and publi £

actors

d strategic |

Jointworkshops between community
members/leaders, public sector and third sector
actors, to reflect on the project findings and identify
ways forward for, and hindrances to, institutional
mechanisms to facilitate agreement and jointaction
between the stakeholders involved in risk
management and mitigation strategy-building and
implementation at different scales

Bi-lateral and multi-stakelhoder (open) meetings; a
multi-stakeholder working group was also set up to
determine a future risk reduction strategy atthe
local level, as well as potential larger infrastructure
intervention with possible municipal financing - the
group includes: community representatives; the
municipal Planning Department (DAP); Disaster-
Risk Management Department (DAGRD); Social
Housing Institute (ISVIMED); and the Urban
Development Company (EDU).

Phase 2: 2017-19

"Co-production of landslide risk
management strategies through
development of

community-based infrastructure in Latin
American cities" (see Smith et al.,
2020b; 2021)

Expansion of methodology to two
additional communities: El Pacifico
(Comuna 8) and Carpinelo 2 (Comuna
1), Medellin

C it 1: Understanding local per

of risk

Semi-structured interviews with community residents
and leaders

13 interviews in El Pacifico; 19 interviews in
Carpinelo 2

Semi-structured interviews with government
representatives, NGOs and local academic
institutions

Interviews with: Municipal Planning Department
(DAP); Municipal Disaster Risk Management
Department (DAGRD); Social Housing Institute
(ISVIMED); Urban Development Company (EDU);
NGOs Con-Vivamos and Corporacién Montanoa;
Colegio Mayor de Antioquia.

t2: C ity-based ing of

risks

Transect walks and participatory mapping workshop
to identify monitoring points in each neighbourhood

5 monitoring points in El Pacifico; 6 monitoring
points in Carpinelo 2

Training of community volunteers to monitoring
critical points using mobile phones

1 workshop in El Pacifico (around 20 participants);
1 workshop in Carpinelo 2 (around 15 participants)

Regular monitoring of selected critical points by
community members; information reviewed by
academic/technical team

Community-based researchers collected data and
uploaded it to WhatsApp groups during the rainy
season (August-October 2018)

Workshops for qualitative analysis of photographs,
held with community volunteers, facilitated by the
research teams

2 workshops in El Pacifico (around 25 participants
in each); 2 workshops in Carpinelo 2 (around 20
participants in each)

Final evaluation workshops with the community
volunteers, facilitated by the research teams

1 workshop in El Pacifico (around 25 participants);
1 workshop in Carpinelo 2 (around 20 participants)

G t3: C P 9

Jointidentification between community members
and research team of appropriate future strategies
for risk mitigation in each neighbourhood;
Stakeholder mapping.

Co-produced mitigation strategy document.

Comp: 4: Agr king and strategy bui

ilding

Open public meetings (cabildos) held in 2017 and
2018, attended by community members and local
government representatives, on the theme ofrisk
management and integrated neighbourhood
improvement.

Attended by over 600 residents.
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Phase 1: 2019 Objective 1: Understand percepti of climate change-related risks

‘Developing collaborative smart city Focus groups with community members 6 focus groups (around 12 participants in each)
solutions to manage adaptation and Focus groups with local government representatives, |4 focus group (average of 8 participants in each)
monitoring climate change related risks |private sector actors and NGOs
in Mexico' Site visits

Interviews with local government representatives 3interviews

San Andrés Cholula

Objective 2: Co-create actions to mitigate climate change-related risks
Community-led capacity building workshops on 5 workshops (around 12 participants in each)
urban planning and citizen participation

Workshops with community members on planning |4 workshops (around 12 participants in each)
tools and guidelines

PUEBLA, MEXICO

Presentation and validation of research findings and |3 worshops (around 20 participants in each)
action co-creation workshops with community
members, government representatives, technical
experts and academia

Preparation of educational infographic materials and
dissemination of research findings via social media

across stakeholders, and the potential actions and solutions that could be agreed at
the neighbourhood scale and later replicated across wider urban areas.

3.1. Co-produced strategies for managing landslide risk in Medell/n, Colombia

An estimated 44,600 households within informal communities are exposed to the risk
of landslides in the Medellin Metropolitan Area (Smith e al. 2020a). This number is
expected to rise by at least 13,000 by 2030 (URBAM & Harvard Design School 2012).
The risk to inhabitants of these areas created by informal development practices
became clear in 1987, when a landslide killed over 500 people in the low-income
community of Villatina, substantially contributing to the estimated 784 deaths
of low-income residents due landslides in Medellin over the last eighty years
(O’Shea 2014). Despite the increased awareness of landslide risk caused by this event
and the subsequent plan by the city administration to relocate parts of informal com-
munities, local residents resisted relocation. This resistance evidenced a lack of trust
in institutions, fuelled by a perception of double standards towards informally settled
areas, with a refusal of city authorities to invest in risk mitigation infrastructure in
these areas, contrasting with a willingness to build different types of infrastructure for
the benefit of either the state or private companies. This distrust was also heightened
by the possible influence of armed groups behind much of the informal land
allocation.

Research phase 1. initial pilot study community

Initial research in Medellin focused on the development of co-produced solutions to
monitor and mitigate landslide risk in informal communities at the urban—rural city
edge (Smith et al. 2020a, 2020b, 2021). The research took place in the Pinares de
Oriente neighbourhood, within Comuna 8, one of the low-income districts located
high above the city in the north-eastern sector, where largely self-built communities
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have grown on steep slopes. In this neighbourhood, 180 households occupy 1.52
hectares of land, with 80 per cent of these having arrived following displacement due
to the internal armed conflict in Colombia. The community straddles the notional
urban edge according to the city’s development plan, with the area north of the
boundary exposed to high and non-mitigatable risk of landslides, according to the
classification by the local planning authority. A seasonal stream that runs down the
steep hillside disappears under the self-built houses, and there is generally very poor
management of water runoff and drainage. As a result, many homes are exposed to
the risk of landslides, exacerbated by poor water management and increasingly
frequent high-intensity rainfall events driven by climate change (Aristizabal Giraldo
et al. 2020).

The pilot study in Pinares de Oriente was led by a multidisciplinary team of
researchers, including expertise from sociology, planning and slum upgrading, geo-
technical and environmental engineering, as well as architecture and construction.
This collaboration allowed for a structured dialogue between academics, local govern-
ment, and informal urban communities, with the overall aim of exploring the scope
for, and acceptability of, landslide risk-reduction strategies from the community and
state perspectives. The research objectives were to (a) investigate the perceptions
of risk and landslide risk among the community and public-sector organisations;
(b) pilot participatory monitoring and mitigation strategies in the case study community;
and (c) explore the potential for negotiated strategic landslide risk management
between the community and public sector actors.

This research phase involved around seventy households, participating through
focus groups, interviews, and workshops (Table 1; Medellin, Phase 1). A series of
interviews with households were carried out to understand their perceptions of land-
slide risk, which was initially denied by local residents, due to fear of eviction. Through
the project, the community’s stance shifted from denying risk to admitting concern,
especially during heavy rain. Through engagement with the community, trust was
built between the research team and those involved from the local neighbourhood,
which led to the achieved openness and willingness to engage in participatory
monitoring and mitigation of risk.

Through a survey of the community and the hillside above it, transect walks
together with members of the community, and a participatory mapping exercise, four-
teen critical points for monitoring were identified, mainly in relation to water courses
and embankments, as well as underbuilds below houses. Community volunteers
agreed to monitor the selected critical points, to which aim the research team prepared
a simple guidance manual. Each point was monitored by a pair of volunteers, who
agreed to take photographs at those points on a regular basis, following the guidance,
and to send the photographs to a WhatsApp group set up for each critical point.



Adaptation strategies for people 21

The research team also studied the factors impacting landslide risk to identify key
mitigation works that could be undertaken by the community using appropriate
technical solutions. This mitigation focused on the risk of small landslides within the
community, rather than large-scale land movement that would require major engin-
eering—or even relocation. The mitigation works focused on managing rainwater
infiltration (a major factor in triggering landslides on the hillsides surrounding
Medellin) and interventions were aimed around shared spaces, to ensure benefit for
the whole community. The mitigation work was structured around a range of
geographical scales and the corresponding levels of responsibility based on land-
ownership around the intervention areas: a) community groups focused on the spaces
around common access pathways (which are the responsibility of the local authority);
b) groups of homeowners focused on spaces around groups of houses, where often
inaccessible space is created due to informal construction; and c) individual home-
owners focused on their own dwellings. The objective of these works was to channel
rainwater towards the lower areas of the community, which are serviced by a munici-
pality-owned drainage system, adding a fourth scale of responsibility and connecting
the interventions across the community to the public network.

Regarding the use of smart technology, the research identified that an indispensable
aspect of the success of the community-based monitoring methodology was having
designated community leaders on the ground who motivated and encouraged residents
to continue uploading digital photographs to the WhatsApp groups. The leaders sent
messages on a regular basis via WhatsApp, strengthening participation and thanking
people when they posted or added a photograph. Whilst digital technology helped to
connect the research team with the community and facilitated a methodology for
monitoring with precision, the social connections in situ remained fundamental
for the successful application of the technology.

The research found that (1) community-based monitoring of landslide risk can be
effective, but requires an ongoing and close link between the participating residents
and the research team; (2) there is a need for local researchers and community leaders
who are able to visit the area regularly and discuss the practicalities of data collection
with the participants, as this provides ‘a face’ on the ground; (3) it is necessary to share
with participants how the information is used and analysed across the involved
national and international academic institutions to build trust; and (4) although the
researchers and community members agreed upon the scale and ambition of the
monitoring points, it proved to be challenging for community volunteers to cover all
of these points on a regular basis, with some critical points receiving much lower
attention than others, depending on the availability and interest of those undertaking
the monitoring exercise (Smith et al. 2020b). In terms of capacity building, rooted
in the experiences and approach of the research project, the local NGO ConVivamos
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created a Hillside Neighbourhood School (Escuela de Barrios de Ladera) at the wider
scale of Comuna 8§, in collaboration with community leaders. The school was opened
to all residents and focused on sharing knowledge around landslide risks, as well as
monitoring, mitigation, and adaptation actions.

This initial example of community-based monitoring of landslide risk in Medellin
raised awareness among the community of the importance of appropriate manage-
ment of water drainage for risk reduction. In addition, the research process promoted
local understanding of the factors responsible for landslide risk and the importance
of community-level monitoring the environment. The research led to better informed
residents in regards to appropriate mitigation actions that can be taken by and within
the community with guidance from academic institutions, and this knowledge
exchange is being sustained by the Hillside Neighbourhood School.

Research phase 2: expansion of refined methodology to two additional communities

The initial action-research experience in Pinares de Oriente was expanded to two
further communities in Medellin (Table 1; Medellin, Phase 2) with a similar exposure
to landslide risk due to their location on steep slopes, high above the city in the north-
east sector. The aim of this research was to apply a refined methodology to
neighbourhoods with different histories and community characteristics, to explore the
potential for transferring this approach to different socio-economic and political con-
texts within the same city (Smith ez al. 2020b, 2021). The settlements chosen for this
phase of the research included El Pacifico (in Comuna 8), a dense and consolidated
neighbourhood, and Carpinelo 2 (in Comuna 1), a more recently settled and much
less consolidated community (see Smith ez al. 20200 for further details).

Engagement with these additional communities began through negotiations
facilitated by local NGOs, which determined the process and agreements for the
co-production of knowledge. Research in each area was then conducted following a
similar structure to that in Pinares de Oriente, including: 1) understanding local
perceptions of risk through interviews with community and government stakehold-
ers; 11) implementing participatory monitoring strategies, via selecting critical points
with community researchers, who then regularly uploaded photos to WhatsApp
groups; and iii) facilitating agreements between local community members, NGOs,
and city authorities around pathways forward for risk reduction. Key refinements to
the initial research methodology, based on lessons learned from the action—research in
Pinares, included more extensive training on monitoring practices for community
volunteers, along with fewer critical monitoring points (see Table 1), to increase
engagement and volunteer retention (Smith ez al. 2020b). In addition, administration
of the WhatsApp groups, including a weekly top-up of mobile phone data, was
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conducted locally by a community leader and academic researcher based in Comuna
8, to encourage regular participation. These measures resulted in more consistent
participation and therefore more systematic data collection (Smith es al. 2020b).
Another key change to the action-research methodology was conducting regular
workshops with community volunteers to jointly analyse the incoming data and
ensure co-production of knowledge.

Although funding was not available for risk mitigation interventions within these
two additional communities, possible future interventions were jointly identified by
community members and the research team (Smith ez al. 2021). Stakeholder mapping
was also conducted to provide the communities with a departure point for future actions
to be agreed. A key conclusion from research phases 1 and 2 was that landslide risk
mitigation in these communities in the north-east sector of Medellin is intimately
connected with drainage, as well as with pedestrian (and in parts limited vehicular)
circulation pathways through the neighbourhoods (Smith ez al 2021). The research
therefore highlighted that landslide risk management at the neighbourhood level in
these areas is intrinsically linked with the urban infrastructure, demonstrating the scope
for the co-production of risk mitigation infrastructure in the built environment.

Research phase 3: linking community-based water and risk management with
institutional plans and programmes

The initial research phases in Medellin highlighted the importance of integrated risk
and water management to reduce vulnerability in the informal communities of the
north-east sector of the city. Our ongoing research in Medellin is therefore focusing
on the co-production and testing of appropriate infrastructure solutions that engage
with national and local investment programmes for neighbourhood improvement.
The research is exploring the development and implementation of co-produced
water-related and risk management solutions within wider spatial planning and
housing-related policies in three new case study neighbourhoods: El Faro (Comuna
8), Bello Oriente, and San José la Cima 2 (the latter both in Comuna 3).

The research is providing a framework for co-created water management
infrastructure, identifying responsibilities across different stakeholders: that is, at the
family/household level, within groups of neighbouring houses, with the community
network at the neighbourhood level, and institutional responsibility for public infra-
structure. This is being carried out through a series of workshops and focus groups
within the framework of a ‘Laboratory of appropriate technologies for the strength-
ening of community autonomy in water and risk’, integrating a disciplinary dialogue
between environmental, technical, and social knowledge within a comprehensive
approach linking water infrastructure and risk management with enhancing
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community agency and action. Preliminary diagnostic activities have identified that
integrating climate change adaptation within a long-term planning vision is a strategic
priority both within community organisation agendas and within institutional policies
and programmes. This synergy has opened opportunities for establishing a ‘dialogue
of knowledges’ between community members and local government, with the potential
to shift the balance of power in risk management in informal areas of Medellin
towards increased community agency, through co-producing innovative and
sustainable solutions to water-related risk management.

3.2. Understanding and mitigating climate-change-related risks in Puebla, Mexico

Rapid urbanisation around the city of Puebla has created a sprawling metropolitan
area, which is increasingly encroaching on neighbouring communities, affecting both
the social and the environmental fabric. Increased demand for water for residential
and industrial use, combined with deforestation and land-use change which have
reduced aquifer recharge, threaten the viability of community wells. In addition,
surface water flows such as rivers and streams are highly polluted due to poorly
regulated discharge from urban areas and insufficient water treatment from industry
(e.g., Casiano Flores & Bressers 2015). In parallel, climate change has been accom-
panied by a significant reduction in overall precipitation in central Mexico, driving
increasing water scarcity, while very heavy rainfall events have increased (Groisman
et al. 2005), promoting flash flooding.

Research phase 1: identifying climate-change-related challenges and possible ‘smart
city” adaptation strategies through an interactive dialogue between stakeholders

Our initial research in the municipality of San Andrés Cholula focused on
understanding the impacts of climate change in low-income, urban-rural edge com-
munities affected by the expanding urban fabric. The city of Puebla is one of the
fastest growing municipalities in Mexico. Between 1980 and 2010, San Andrés Cholula
experienced a greater rate of urban growth (4.6 per cent) than the Puebla city centre
(2.1 per cent) (OECD 2013), effected through a large-scale urban development plan.
Through implementing an interactive dialogue between community members, public
sector organisations, NGOs and other stakeholders, the research aimed to identify
climate-change-related challenges at the local level and provide a framework for the
agreement of possible ‘smart’ solutions based on the experiences of local people. This
approach contrasts with a recent unsuccessful top-down attempt to implement ‘smart
city’ technologies in one of the municipality’s neighbourhoods, Santa Maria
Tonantzintla, which discounted the experiences and knowledge of the targeted urban
communities and was rejected by residents (Wattenbarger 2018).
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Over twelve months, the research team engaged in qualitative data collection
through focus groups, workshops, site visits, and semi-structured interviews with
government authorities, local urban and rural communities, civil organisations, and
academic actors (Table 1). To understand local stakeholder perceptions around
climate-change-related risks, a series of focus groups were held with local community
members, including representatives from six districts in the municipality—Santa
Maria Tonantzintla, San Francisco Acatepec, Cabecera de San Andrés Cholula, San
Bernardino Tlaxcalancingo, San Antonio Cacalotepec, and San Rafael Comac—who
were all members of a grassroots movement named ‘Cholultecas United in Resistance’
(Cholultecas Unidos en Resistencia), created in reaction to recent urban development
decisions that failed to consult and consider local needs. Focus groups were also con-
ducted with actors from the public, private, and third sectors, including environment
and urban planning researchers, local public officials, entrepreneurs, civil organisa-
tions, and NGOs such as Oxfam, UNDP (United Nations Development Programme),
and Ayuda en Accion (Help through Action, an NGO has worked across Mexico over
the past twenty years helping to defend the rights and dignity of vulnerable commu-
nities). During these participatory processes, discussions took place around the history
of the community, and the challenges and vulnerabilities in terms of climate-change-
related risks. An important challenge perceived by local communities was in relation
to the 2018 San Andrés Cholula Urban Development Plan, due to the impact of urban
expansion in reducing agricultural land and displacing local communities due to
higher taxation and a fragmented urban structure.

Overall, the research identified three overarching challenges experienced by the
local communities:

*  Water Management: The recent urbanisation and population growth are affecting
the recharge of the aquifer from which most people extract water from wells for
household use. In parallel, new housing developments are increasing the demand
for water. Water security risks therefore exist due to aquifer overexploitation, as
well as changes in agricultural practices and inadequate waste management from
housing and industry, which are observed to be polluting the soil and the water. In
addition, participants identified that urban development and ‘progress’ linked to
paving and construction have increased the risks of flooding.

*  Urban Expansion: Rapid urbanisation has occurred in the absence of territorial
planning, driving the loss of agricultural land, traditional housing, a loss of
identity, a lack of neighbourhood cohesion, a lack of inclusion of green areas,
and deforestation.

*  Pollution: Poor waste management and the use of chemical fertilisers have led to
the contamination of soil and water; rubbish in the streets is contributing to
flooding by blocking drains; and air pollution is affecting residents, connected



26 Garcia Ferrari, Kaesehage, Crane De Narvaez and Bain

to congestion and poor-quality public transport. In particular, communities
linked the use of chemical fertilisers with education and behavioural issues.

Although government-enforced regulation was viewed as important, the need for
knowledge acquisition around risks was strongly expressed by local communities.
Specifically, communities wanted greater knowledge of the impact on the natural
environment of adaptation strategies they may put in place to tackle climate-change-
related risks, and raised the need to collect and share information within their
community and with public sector organisations. Education, in terms of receiving as
well as collecting data, was therefore viewed as a priority, to inform communities’
everyday decision-making and practice in relation to the environment. Moreover,
residents valued better understanding of the negative influence that their actions may
have on the natural environment and welcomed knowledge of potential strategies,
such as recycling, managing food waste, and sustainable crops, to mitigate these
negative impacts. As a transition from traditional agricultural land use towards urban
land use is occurring in this area, more sustainable agricultural practices were identi-
fied as a priority, due to a concern that the development of crops could worsen climate
change impacts and perhaps increase flooding. A particular threat highlighted for this
area was the removal of trees without considering soil conditions, the potential for
absorbing rainwater, and buffering the negative effects of chemicals used on crops.
Sustainable waste management was also identified as key in terms of knowledge
development.

Another challenge identified by the communities was related to coping with the
impacts of high-intensity rainfall events before, during, and after they occur. For
example, receiving timely warnings of heavy rainfall was viewed as critical to mitigate
damage from flooding. Although most members of these urban communities have
Wi-Fi access and use data on their mobile phones, a specific communication tool is
not in place to provide warnings and trigger specific actions before and during a heavy
rainfall event. Opportunities for action in these areas therefore relate to education
and knowledge exchange programmes, infrastructure systems for water collection and
drainage, water filters, and community-informed technological solutions.

Through understanding local perceptions around risks, and the actions being
taken at the community and institutional levels, the research sought to create oppor-
tunities for knowledge exchange between communities, and technical, professional,
and government actors, in order to agree and co-create actions focused on tackling
climate-change-related risks. The research explored short-, medium-, and long-term
impacts of the identified risks at the household level, in the public space and in the
productive (agricultural) space, within an integrated framework considering different
geographical scales, which was rooted in jointly determining the different levels of
responsibility when developing solutions. The findings of the research in relation to
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climate-change-related impacts perceived at the local level were presented and
validated through three multi-stakeholder workshops where possible actions for
reducing these risks were identified and agreed. In addition, as the Urban Development
Plan was perceived as a key factor increasing risk, the research team helped to engage
communities in the consultation process for the Plan, promoting a platform for
negotiation.

The research identified a range of challenges in relation to climate change within
this complex area interlocking both urban and rural conditions. The project provided
a framework for knowledge development and exchange, engaging and promoting
community-level action. At the same time, the research generated a platform for
dialogue and reflection between local residents and authorities, mediated by academic
representatives, on the basis of which agreements were reached to incorporate
community needs into the Urban Development and Environmental Management Plans.
The knowledge developed and actions agreed at the neighbourhood level were
upscaled by small resident groups leading projects to recover old water channels and
ditches, plant trees, and transform their own houses to contribute to rainwater capture.
In collaboration with institutions, these efforts could be scaled up to achieve wider
impact across the region.

Research phase 2. co-creating water security in the Upper Atoyac River basin

Communities in San Andrés Cholula perceive that urban development policies and
programmes have been an important driver of water pollution, water scarcity,
and inadequate water management. Through generating trust and commitment from
local organisations, government institutions, and communities, our initial research
identified a knowledge gap around actions and policies that could, in combination
with technological solutions promoting knowledge exchange and communication,
reduce the negative impacts of climate-change-related risks. This research demon-
strated that ‘smart’ decision-making should not only be rooted in public participation
but also in informed public action with a long-term vision.

Importantly, the initial research highlighted that water management and
governance at a range of geographic scales—from the household level, to the neigh-
bourhood and municipality levels—is key to addressing climate-change-related risks
in the area, motivating a broader range of stakeholder consultations in urban and
rural communities over the wider river basin relevant to the city of Puebla, the Upper
Atoyac River basin (UARB). Qualitative and quantitative data collection has contrib-
uted to developing water security indicators incorporating the aspects of scarcity,
quality, and vulnerability. In addition, hydrological modelling is allowing us to project
the future trajectory of these indicators under regional climate change scenarios,
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with the aim of identifying critical areas of water scarcity, and co-developing and
testing strategies for improved long-term water security in the UARB.

4. Discussion

4.1. Importance of local perceptions of climate-change-related risks to inform risk
management strategies

Despite the growth and mainstreaming of participative approaches to risk management
(Maskrey 2011), these have had limited impact at the global scale. This has been
attributed to a lack of understanding of underlying drivers of risk, such as uncon-
trolled urbanisation, land-use change, or the growth of informal settlements. It is
therefore essential to review, conceptualise, and implement action around the social
dimension of risk management. In addition, many risk reduction initiatives imple-
mented at the local scale by NGOs and other extra-community actors lack local
ownership and tend to end when the programme ends, undermining sustainability
(Maskrey 2011). In order to achieve long-term action and change, it is essential to
understand the willingness and capability of stakeholders to participate in locally
based initiatives, as well as the geographical scale of actions that are needed, and the
responsibilities (that is, powers) of different stakeholders within strategies to reduce
risk.

In addition, due to considerable uncertainty around the regional impacts of
climate change, the lay knowledge of people who experience local impacts is of crucial
importance for guiding risk management. Moreover, household coping strategies are
an essential component of risk management, but developing the full potential of these
strategies requires community empowerment and, often, technical assistance. Our
action-research approach engaging with local communities in Medellin and Puebla
has helped to understand the complexity of the risks associated with poor water
management, which results in increased vulnerability to climate-change-related risks
(for example, exposure to landslides, flooding, and/or water scarcity, depending on the
setting). In addition, the research demonstrated that urban communities are able to
identify their own vulnerabilities in the context of climate change impacts, and are
willing and capable of co-producing risk management solutions to build local resili-
ence to the impacts of climate change, when working in collaboration with local
organisations and academia. Furthermore, these experiences have shown that com-
munity engagement should occur at all stages of a project, from planning to execution
and maintenance, allowing local people to take ownership of the proposed actions.

In particular, our research in informal and low-income areas at the urban—rural
edge in cities of Latin America has shown that more integrated participation of local
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people in risk and water management in a territory leads to 1) a more accurate
understanding of the impacts of climate change and development decisions on daily
lives and livelihoods, and 2) data collection at finer spatial and temporal scales than is
often possible for the institutions traditionally responsible for risk management. In
the context of increasing the adaptive capacity of vulnerable urban communities to
climate-change-related risks, these experiences highlight the need to first understand
risks as experienced by people living in a given setting, and to explore means to con-
nect government actions with community knowledge, to enable the identification
and agreement of sustainable solutions, and potential upscaling of mitigation and
adaptation strategies.

4.2. Establishing a ‘dialogue of knowledges’ to identify technically appropriate and
culturally accepted risk management strategies

In order to achieve a greater degree of risk reduction, it is important to expand actions
from the local scale to address structural issues on a greater scale, which are com-
monly beyond the reach of local actors (Maskrey 1984, 2011). It is therefore essential
to explore the scope for ‘co-production’ at different geographical scales and across
different organisations, to understand priorities, responsibilities, and roles. Our
research has explored these alternative forms of engagement between local communi-
ties and government institutions for risk management, beyond merely consultative
forms of public participation. Co-produced solutions piloted through our collabora-
tive research demonstrate the need for stronger involvement from both community
and state institutions in the development of more informed and integrated risk
management strategies, across different levels of responsibility (for example, individ-
uals, communities, and municipal governments) and the corresponding geographical
scales (that is, individual dwellings, groups of dwellings, neighbourhoods, municipal-
ities, and river basins). Academia and local NGOs can play a significant role in
facilitating these interactions and establishing channels that allow opportunities for
negotiation and agreement, particularly in engaging a wider range of stakeholders in
risk management and risk governance.

Our research in both Medellin and Puebla demonstrates that increasing the
adaptive capacity of informal and low-income urban communities in the face of
climate change entails empowering them to use their knowledge and resources to
understand and monitor risk. Establishing a means for dialogue and knowledge
exchange can then support effective interactions between stakeholders: for example,
communities and public sector authorities responsible for decision-making and for
the development and implementation of risk management programmes. Our experi-
ences in Medellin and Puebla showed that integrated risk management strategies that
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place local knowledge on a level platform with other forms of knowledge can increase
community agency by empowering local people to participate in decision-making,
allowing a shift in the power dynamics at the local and neighbourhood scales.
This shift can enable both technically appropriate and culturally accepted, and
therefore more sustainable, solutions to be reached, as well as opportunities for
upscaling actions, opening a pathway beyond simply building resilience at the local
level, towards adaptive transformation in the framework of Pelling (2011).

4.3. The role of ‘smart’ technologies in building resilience and adaptive capacity

Our experiences in Medellin and Puebla motivate reflections on the vulnerability of
low-income and informal urban communities, climate change adaptation, and the role
of ‘smart’ technology in risk management. Our research demonstrates that connect-
ing these concepts through a qualitative action-research programme can bridge
interdisciplinary divides and provide novel insights for adapting to climate-change-
related risks. The research in Medellin demonstrated that ‘smart’ technology can serve
as a channel for communication that facilitates a regular, continuous dialogue between
stakeholders (in this case, communities and technical experts), which is especially
effective when community members are empowered to act as equal stakeholders
participating in data analysis and decision-making. The research in Puebla showed
that communities need easily accessible information and communication tools to
enable them to share observations of their environment and identify appropriate
adaptation actions. Furthermore, governments require detailed knowledge of local
impacts to guide policies and programmes that truly meet community needs. Our
research therefore motivates greater interaction between communities and public
sector organisations in the creation and implementation of ‘smart’ technologies
intended to facilitate risk management and sustainable urban development. Examples
of valuable technological solutions are those that provide two-way (communities and
authorities) access to data on local resources, risks, and adaptation actions, through
hosting community managed maps, discussion forums, infographics, and interactive
visualisation tools.

Our research shows that local citizens are able to monitor their environment at a
finer resolution than the authorities responsible for risk management. However, these
actors do not easily influence decision-making. Our action—research has demonstrated
the value of easily accessible information and communication tools able to link
top-down, ‘traditional’ forms of governance with bottom-up initiatives, facilitating
knowledge exchange around potential climate change and urban development impacts
and strategies. ‘Smart’ technological approaches that facilitate this dialogue hold the
potential to harness local knowledge, resources, and participation, as well as technical



Adaptation strategies for people 31

and professional knowledge that tends to be compartmentalised within privileged
sectors of society. On the basis of our experiences in Medellin and Puebla, we argue
that co-producing and co-managing appropriate ‘smart’ technologies therefore
represents an important step to catalysing sustainable knowledge exchange between
stakeholders, and empowering communities through shared responsibility to adapt to
climate-change-related (and other) risks.

5. Concluding remarks

Adaptation solutions should be relevant and tailored to local climate change impacts,
which in urban environments are intimately connected to development policies and
strategies. Our research has highlighted that communities are able to identify solu-
tions if horizontal flows of knowledge are enabled and relationships of trust are
established. If supported by suitable technologies, the knowledge generated by action—
research approaches, such as those in Medellin and Puebla described in this paper, can
spread beyond the local level and beyond the timescale of these projects, allowing
continuity in data collection and dialogue. Nevertheless, solutions may be difficult to
identify at the necessary scale without financial support and policy enforcement.
Context-specific and appropriate technologies therefore need to be identified, and the
participation of local residents as well as local (and national, where necessary)
governments is needed to co-produce and deliver appropriate adaptation and mitiga-
tion strategies. This is where we believe that ‘smart’ technology can serve as the
connection bringing communities, their experiences, needs, and knowledge, together
with the required political influence, financial support, and scaled policy develop-
ment. We therefore advocate for the development and implementation of strategies
that use ‘smart’ technology, when these are co-produced and co-managed between
diverse stakeholders, to help establish trust and continuity of data collection, dialogue,
and risk management beyond political cycles.

With respect to the challenges facing low-income and self-built communities in the
Global South exposed to climate-change-related risks, our work has contributed to
strengthening organisational and technical capacities at the local level, developing
methodologies with the potential to increase community autonomy and question
traditional forms of governance. Within this perspective, our work has promoted the
decentralisation of the management of ‘common goods’, recognising stakeholder
organisational capacities and interests, as well as conflicts, in risk governance. This
approach encourages social cohesion and communal appropriation of the developed
solutions and infrastructure, promoting the expansion of the margins of local democ-
racy. Therefore, co-produced actions to tackle climate-change-related risks, could be
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linked with a higher level of autonomy and agency at the community level when
making decisions around urban and resources management. Vulnerable communities
can be empowered by interactions and dialogue between different stakeholders.
Our research has provided evidence that informal urban communities are able to
monitor their territory and implement and use ‘smart’ technology to mitigate climate
change risks if (1) these technologies allow bottom-up participatory adaptation
measures, and (2) training and support from a multidisciplinary team including repre-
sentatives from public sector organisations as well as academic researchers and
technical experts is provided. Future research should explore the potential for these
strategies and techniques to be rolled out at a wider scale with community-based
researchers, leveraging training and communication programmes, establishing mech-
anisms replicable to different cities, and creating society-wide change by rebalancing
community/institutional power relations—using co-produced ‘smart’ technology that
incorporates community knowledge and experience, and simultancously helps to
create and influence climate-change-related local and national policies.
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