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mitigating climate-change-related risks 

in low-income and informal urban communities 
through co-production
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Abstract: Traditional top-down strategies to reduce climate-change-related risks have often 
failed to produce tangible results in vulnerable urban areas of the Global South. Approaches 
based on the co-production of adaptation solutions between diverse stakeholders offer 
 promising alternative strategies. This contribution draws on our experiences in growing 
 informal and low-income urban areas in two Latin American cities, Medellín (Colombia) and 
Puebla (Mexico). These communities lack adequate access to clean water and are exposed to 
risks related to increasingly frequent high-intensity rainfall events, making water management 
a key consideration for risk reduction. However, the factors driving insuf�cient water access 
and the perceptions of risks vary in each location, demonstrating the need for context-speci�c 
solutions. We explore how increasing community agency and co-creating knowledge for risk 
management between diverse stakeholders at a range of geographical scales can contribute to 
redressing existing social and environmental injustices, by identifying, implementing, and 
 scaling up technically appropriate and culturally sustainable solutions aimed at reducing 
 climate-change-related risks.
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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-speci�c solutions that respond to 
the needs of the most vulnerable. Recent research demonstrates that informal urban 
communities in highly densi�ed 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 dif�cult 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, ef�cient 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 bene�t to people living in informal or vulnerable communities 
(Green�eld 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 �eld 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 Medellín 2020�2023 Municipal Development 
Plan (Alcaldía de Medellín 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 (CÆmara de Diputados 2021), but national civil 
protection legislation has been criticised for being too reactive and lacking integration 
across sectors and government levels (AlcÆntara-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 scienti�c 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 
(i) 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 de�ning solutions and policy imple-
mentation strategies; (iii) a dearth of �nancial resources; and (iv) differences in 
 stakeholder�s needs and power balance. A thorough understanding of these factors 
requires knowledge identi�cation, 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, López Meneses & Caæadas 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 scienti�c 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 Medellín (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 
 insuf�cient water access and the nature and perceptions of risks vary in each location, 
our research seeks to identify context-speci�c 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 Medellín 
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 �rst 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 Medellín and Puebla. Finally, we discuss the 
 signi�cance of our �ndings 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 �nancial 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 insuf�ciently 
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 �nancial 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 �ash �ooding 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), de�ned 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 in�uence a 
system�s ability to modify behaviour to better cope with  external pressures, such as 
climate change� (Ekström et 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 et 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 de�nes the three levels of 
adaptation as: (1) resilience, enabling stability in the face of shocks and a return to the 
status quo; (2) transition, 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 speci�c economic, social, urban, and 
environmental patterns (Smith et 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 �eld of risk management (e.g., Aguilar-Barajas  
et al. 2019, Anderson & Holcombe 2013, Fraser 2017, López Meneses & Caæadas 
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 speci�c territory, by creating a space for knowledge exchange and 
con�ict resolution to allow negotiated agreements and solutions to be reached  
(e.g., Garcia Ferrari et al. 2021, Smith et al. 2020a, 2020b, 2021). This dialogue entails 
placing local knowledge on a level platform with technical and scienti�c 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 con�icts 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 et al. 2017): 

(i)  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 speci�c conditions of vulnerability, acting on 
the capacities and resilience built through the history and social context of a com-
munity� (DurÆn 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). 

(ii)  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 scienti�c and institutional 
knowledge. The co-production of knowledge to identify relevant solutions at the 
local level has been identi�ed 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 signi�cant role in the negotiation 
of mitigation strategies, and  different types of experience are strengthened and 
complemented (Smith et al. 2020a). 

(iii) Power: Vulnerable groups must be empowered to in�uence 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).

c) 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 et 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 et 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- 
speci�c, 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 
speci�c 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 bene�t 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 �ooding (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 �ndings are limited to communities that use one speci�c 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 identi�ed 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 re�ect a need for context-speci�c 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 Medellín (Colombia) and Puebla (Mexico)

Through our work in the cities of Medellín 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 identi�cation and pilot testing of co- 
produced monitoring, mitigation, and adaptation strategies for environmental risks, 
which are aggravated by climate change. In Medellín, 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 












































