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Abstract: The use of indicators for sustainability assessment in the urban planning process is a
widely used approach. With the definition of the Agenda 2030 and the role of cities in achieving
sustainable development goals, much work has been devoted to the definition of evaluation frame-
works and indicators to assess policies and plans and support decision-making in the transition to
sustainable urban environments. Therefore, there is currently a wide range of indicator frameworks
for the sustainability assessment of human settlements. However, considering the effects of the
COVID-19 pandemic on the urban sustainability paradigm, the need to reassess the relevance of
existing assessment frameworks in the post-pandemic context has been highlighted. Thus, this arti-
cle aims to illustrate a selection of indicators to evaluate urban sustainability in developing coun-
tries” post-pandemic contexts, using Colombia as a case study. This work comprises the characteri-
zation of the post-pandemic relevance of a set of sustainability indicators through the participation
of stakeholders associated with the development process of social housing in urban environments
in Colombia. Within a Delphi process, the initial indicators were taken from local and international
sustainability frameworks validated before the pandemic. Further, a final selection was made
through the evaluation of a survey from a sample of 45 stakeholders, and different participatory
mechanisms with experts. These results acknowledged the relevance of factors, such as atmospheric
conditions, risk management, the performance of public transport systems, and the availability and
accessibility to key services, in the achievement of urban sustainability. These results will support
the sustainability assessment of the development of post-pandemic recovery policies in Colombia
and serve as a reference for other contexts in developing countries.

Keywords: urban sustainability; indicators selection; stakeholders” involvement; developing
countries; Delphi method; sustainability indicators; SDG11; post-pandemic; COVID-19

1. Introduction

The international sustainability agenda seeks to support the development of the
world towards closing the socioeconomic gap, ending poverty, protecting the planet, and
improving people’s lives, within the paradigm of sustainable development. That is to say:
to take action towards a development that satisfies the needs of the present without com-
promising the resources of future generations so they will be able to please their needs
too [1,2]. Currently, more than half of the world’s population lives in cities, and it is pro-
jected that this will increase up to 70% by 2050 [3,4]. However, cities are also responsible
for approximately 70% of global GHG emissions and are one of the main sources of con-
tamination [4]. Thus, to achieve a sustainable future, improve people’s lives, and reduce
the impacts on the planet, involving the cities is critical.
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Consequently, among the 17 sustainable development goals of the United Nations
(SDGs), SDG 11 is entirely focused on achieving more inclusive, safe, resilient, and sus-
tainable human settlements [5]. Furthermore, in different studies that have analyzed the
overlaps in the SDGs and the development plans for the sustainability agenda, cities have
been defined as a factor transversal to several goals [6,7]. It has been stated that the cities
should be involved in the strategies to achieve the goals [8,9]. However, cities are highly
complex systems, composed of diverse systems that need to operate synchronously in
daily life [10]. Thus, the development of policies to achieve the sustainability agenda at
the urban level must permeate this systemic nature to be integrated into the operation of
cities [3].

Therefore, there arises the need to quantify the conditions of sustainability in cities
and to follow up on the impact of the strategies defined to move the sustainability agenda
forward. For this task, one of the most widely used approaches in the evaluation of public
policies and urban planning is the use of indicators. Even if it has certain limitations, re-
lated to the boundaries of the analysis, the evaluation of indicators is widely used because
it offers several benefits. The assessment process through indicators allows us (i) to meas-
ure and monitor the impact of different actions or policies in an evaluated system, (ii) to
inform decision-makers in a synthesized way about the status of a system, or the possible
consequences of a choice, and improve the level of awareness about a problem before
making decisions, and (iii) to integrate the evaluation of different systems typically non-
related and to give the alternative to assign rankings and weighting processes to perform
multi-dimensional evaluations [11]. In this, the definition of indicators becomes a key fac-
tor for the evaluation and development of the sustainability agenda. Consequently, with
the definition of the SDGs, 231 indicators were defined to monitor the 17 goals [12]. In
particular, 14 monitoring indicators were assigned to Goal 11 [12-14]. However, in recent
years, multiple studies and projects have been developed to define the frameworks and
systems of indicators with greater complexity to obtain more detailed evaluations of pol-
icies at different scales and to assess the conditions of different urban systems according
to their particularities [15-17].

Since the definition of the Agenda 2030, different initiatives, projects, and certifica-
tion systems have proposed other sets of indicators and there has been a discussion of
which ones are more relevant [16,18]. Likewise, how to integrate the systemic nature of
the sustainability agenda and the environments to be evaluated is an ongoing discussion
[9,19-21]. In addition, the importance of defining indicators in detail to meet the particu-
larities of the different contexts in which they are to be assessed has been discussed
[15,16,22]. Even if the objectives of the sustainability agenda are common at the interna-
tional level, the conditions of the cities and the different geographical contexts have cer-
tain distinctive aspects of each place for which indicators must be selected methodologi-
cally to ensure their local relevance. Consequently, it is crucial to involve stakeholders in
participatory processes during the definition of the sustainability assessment framework,
including the selection of indicators [23].

Nevertheless, in recent years, with the arrival of the COVID-19 pandemic and its neg-
ative effects on the life of cities, a discussion was opened on the paradigm of urban sus-
tainability and the key role of resilience to disruptive events such as a pandemic [24,25].
The socioeconomic effects on people’s lives were negative with a greater impact on vul-
nerable communities and the developing world [26]. These effects, among other impacts
that have been discussed in the literature [24,27,28], opened the discussion about how
relevant or pertinent the existing sustainability frameworks and indicators are for the as-
sessment of urban environments in the current post-pandemic conditions. In this regard,
some studies have proposed the evaluation of the pertinence of the SDG11 indicators after
the COVID-19 outbreak [29-34].

Given this background, within the framework of the development of a tool for sus-
tainability assessment in developing countries, this paper answers the question: how
should social housing urban environments be evaluated to achieve a carbon-neutral
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scenario within the sustainability agenda in the post-pandemic context? Consequently, its
objective is to illustrate a selection of indicators for sustainability assessment in the social
housing environments of developing countries’ cities. Moreover, this study is focused on
the current post-pandemic conditions, through the participation of stakeholders in the ur-
ban development sector. Colombia was selected as a case study due to its relevance as a
developing country member of the OECD [35]. Recently, in the OECD National Urban
Policy Review of Colombia, different problems were highlighted [35]. This report dis-
cusses flaws in the conditions of the low-income (social) housing sector, associated with
the quality of housing, and the poor conditions of habitability at the urban scale in me-
dium and low-income urban environments. It also highlights the need to improve neigh-
borhood sustainability conditions, combat socioeconomic injustices, improve people’s liv-
ing conditions, and restore the social fabric in the country’s cities [35,36]. Likewise, it is
discussed that in the planning model of several cities, policies and strategies are not artic-
ulated with each other toward the sustainability agenda. For example, it is mentioned that
the system of cities and the housing development model is not articulated with the initia-
tives to promote urban sustainability and the decarbonization of cities [35]. To achieve the
aforementioned objective, the work carried out in Colombia is methodologically com-
posed of a multi-step approach framed on a Delphi process, a structured data-collection
method that aims to facilitate a group of experts in achieving agreements on a topic. The
method has been used to develop definitions of criteria and objectives within different
disciplines [37—40]. The inclusion of the stakeholders through participatory approaches
offers the validation of theoretical proposals and adds extra value to the evaluation of
different alternatives given by the expertise of selected individuals [23,40]. Furthermore,
in city development and planning the complexity of the problems requires the participa-
tion of different multidisciplinary actors. Their inclusion in the process to define metrics
for different evaluations means an advantage to capture the mindset of the stakeholders
involved in each process and to find convergence among them [23].

In this case, the selection of indicators according to their relevance in the current post-
pandemic context of Colombian cities should include a participatory approach to catch
the perspective of the stakeholders in the selection and validation process. The methodo-
logical approach started with a preselection of indicators suitable for the case study. Later,
within the framework of the Delphi method, a sample of stakeholders was invited to par-
ticipate to evaluate the relevance of the preselected indicators. Finally, according to the
results of the survey and its validation with experts, a selection of the most relevant indi-
cators and a definition of KPIs is proposed.

Notably, this study approaches a common issue in urban planning and sustainability
assessment research. However, some differentiating factors make this work relevant in
the current conditions. The work presented in this paper is framed within the context of
research that aims to develop a system to support the achievement of urban sustainability
in the social housing environments in Colombian cities. Thus, the indicators and the se-
lections presented in this paper define the evaluation framework to build a tool, and de-
fining a set of indicators validated by a heterogeneous group of participants incurred a
difficulty in involving stakeholders who come from different sectors (public administra-
tions, academia, construction, sustainability consultancy, etc.). Even before the pandemic,
it was stated that the needs of emerging economies towards the achievement of the SDGs
might differ from the ones prioritized in stronger economies [3,41]. Moreover, the defini-
tion of an assessment framework in this study considers that, in a developing country, the
pandemic might have influenced the prioritization of dimensions that seek human settle-
ments that are more sustainable, resilient, safe, and inclusive.

This article is divided into four chapters including this introduction. Subsequently, a
detailed description of the methodological framework, followed by the presentation and
discussion of the results, and the conclusions and future steps of this work are illustrated.
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2. Materials and Methods

To reach the aforementioned objective, the work carried out in Colombia was meth-
odologically composed of a multi-step process based on a Delphi method process [23,42].
The work proposed a robust inclusive methodology. It is therefore helpful to break it
down into the main elements that frame it to understand the research process stages em-
ployed in this study. To this end, Figure 1 a schematic flowchart of the methodological
approaches which are organized into 3 main stages is shown.

Screening

Identify sources of urban sustainability indicators
Projects, Frameworks, Manuals, etc.)
I

2 v
Identify Identify
Identify indicators from sources of Identify indicators from sources of
the national context (Colombia) the international context

Preselection of indicators

Filtering indicators suitable for the
Colombian context

Stakeholders analysis

Reconstructive selection (bottom-up)

Survey design

Sample of experts

Validation through stakeholders

I

Stakeholders analysis

Public survey
Snowball sampling
Online survey: Rating scale - indicators' relevance
Sample of actors to involve v
in the survey Survey results
(n=142) (Total answers: 45)
Board of Indicators' relevance score in Suggestions about
experts Colombian post-covid context the indicators
Validation

Semi-structured interviews

l

Set of Indicators for urban sust.
assessment

Definition of KPIs

Workshop - Playing cards
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Figure 1. Methodological framework.

e  Stage 1: Pre-selection of a set of indicators suitable for the Colombian context. Ini-
tially, a review of sources of indicators for this framework at the national and inter-
national levels was carried out. Subsequently, based on existing and previously val-
idated assessment frameworks in Colombia, and filtering based on feedback from
different stakeholders at the national level, a pre-selection of indicators relevant to
the context of the case study was proposed (56 indicators).
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Stage 2: Feedback from the stakeholders. Selection, integration, and participation of
the different stakeholders. In this stage, a participatory process was carried out
through an online survey. This stage started with a stakeholders” analysis to define
the desired sample, and then it was followed by the design and application of the
survey to evaluate the relevance of the pre-selected indicators in the current context
(post-COVID) in Colombia. The survey design, based on the principles of the Delphi
method [43,44], was carried out through an iterative process of feedback with a sam-
ple of experts to validate the questionnaire before its publication. Later, the survey
was published, and three rounds of invitations were made with a new selection of
stakeholders based on snowball sampling. Therefore, after the rounds of invitations,
a total of 142 invitations to participate in the survey were issued, and in the end, a
sample of 45 participants was obtained.

Stage 3: Final selection of the indicators based on the results of stage 2 and their val-
idation. The results of the survey were processed to obtain a relevance index for each
of the proposed indicators, and with the participation of experts through semi-struc-
tured interviews, a process of validation of these results was carried out to finally
propose a selection of the 30 most relevant indicators. Finally, the next step was to
define the selection of the KPIs for the evaluation of the urban sustainability of social
housing environments in Colombia. To do so we organized a workshop with experts,
in which the different participants had to discuss, select, and rank the most relevant
indicators of the sample selected with the survey with the Simo’s playing cards
method proposed by Figueira and Roy (SRF) [45].

The process to define a comprehensive set of indicators for the actual paradigm in

the case study comprised different operational steps to retrieve a selection that offers a
systemic and multidisciplinary assessment of the sustainability conditions in an urban
settlement. Stage 1 illustrates the pre-selection of indicators that later would be critically
assessed by the stakeholders according to their relevance in the post-COVID context. This
preselection started with an identification of different sources of sustainability indicators
from the literature (i.e., papers, working papers, policy papers, certifications, books, and
project reports) that were proposed before the 2020 pandemic. After an extensive review
of initiatives and frameworks developed in Colombia and internationally, several sources
were organized and filtered, and in the end, the 7 main sources presented in Table 1 were
selected to support this selection.

Table 1. Sources of indicators.

N. Framework Organization Location Year Indicators Source
Global Indicators Framework for the UN-Sust. International — 2017 231 [12]
SDGs Development Global (14 for SDG11)
2 Urban Sustainability Framework World Bank Intergf‘;;:;al_ 2018 182 [18]
3 Urban Environmentél in.d.icators —Green OECD International — 2017 80 [46]
growth in cities Global
i ity of th
Systemic Perspective for Low Carbon Air;::rél;}l,o;}zi:n National —
4 Cities in Colombia. A Regulatory and ’ 1 Colombian 2020 80 [47]
Policy Approach Green Building cities
Y APP ' Council
CCAP, Findeter National —
System for Monitoring and Evaluation of ! ’ .
the TODS NAMA CIUDAT, WWF, Colo.r.nblan 2020 48 [48]
Hill Consulting cities
6 CESBA-MED Project CESBA-MED:  International— ), 178 [15]
Sustainable cities European cities.
ESCI Indicators. In “Methodological International —
7 Guide: Emerging and Sustainable Cities IDB Iberoamerican 2016 127 [49]

Initiative

cities
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The framework of 80 indicators proposed in the project “Systemic perspective for low
carbon cities in Colombia. A regulatory and policy approach” [47] served as a baseline of
indicators that were progressively modified to finally have a preselection of 56 indicators
to be evaluated in this paper. This initial preselection was performed according to the
feedback of experts and insights from international references dealing with the current
paradigm of urban sustainability. The baseline framework of 80 indicators [47] was devel-
oped and validated by a board of experts and external advisors to be representative and
relevant for the Colombian context just before the pandemic [47].

The project proposed a methodology and a toolbox to support sustainable urban de-
velopment through the analysis of two case studies in Colombia, the social housing urban
macro-project Ciudad Verde, in the municipality of Soacha, and Lagos de Torca, an urban
development under construction in Bogota. Their methodology proposes a sectoral ap-
proach that considers urban ecosystems, integrated water management, energy use, waste
management, sustainable mobility, and buildings and infrastructure [22,47]. Later, the
project performed transference of knowledge to test and validate the methodology in
other Colombian cities. The methodology was applied to other case studies in three cities
with different geographical and sociodemographic conditions [22]. On the outputs of this
analysis were stated a set of recommendations on the indicators and needs for sustainable
cities in the post-pandemic era. Among these, an opportunity was identified to make the
framework more flexible and scalable to other territories in the country by selecting new
indicators. In addition, it was suggested to include indicators to evaluate from a more
complex way the ecosystems within the urban environments [22].

Likewise, these issues were approached in the monitoring framework for TODs in
Colombia, in which a smaller number of indicators (48) are sorted into three levels of in-
formation to give flexibility in the measuring process according to the capacity of the mu-
nicipalities to acquire the data from a multiscale point of view [48]. It has also been re-
marked on that there is a need to define indicators that could be measured through public
data, and to use them as a driver for the public administrations to improve their data
acquisition and management protocols, so the monitoring of the indicators through time
could be guaranteed [22,47]. Based on these references, the preselection of indicators
should result in a shorter list of indicators than the 80 indicators of the baseline. Further-
more, these indicators should preferably be quantifiable with public data sources. In the
end, the literature regarding the paradigm of sustainable cities in the post-pandemic era
highlights the importance of the liveability conditions within compact urban environ-
ments, with proximity and access to key services and public spaces, playing a key role in
the urban sustainability conditions of compact-polycentric cities [47,50,51].

These recommendations, consigned in the literature, and the suggestions of the Co-
lombian stakeholders described before were the criteria to modify the baseline of indica-
tors and define the preselection of 56 indicators. The frameworks described in Table 1
served as sources of indicators to enrich and modify the baseline. The 182 indicators from
the urban sustainability framework [18] and the 178 indicators from the CESBA project
[15] were mined to find suitable indicators to modify the baseline indicators according to
the suggestions of the stakeholders in Colombia. Finally, the preselection of 56 indicators
presented in Table 2 was defined to be further validated by the stakeholders. The aggre-
gation of the indicators follows the structure based on different criteria and issues (for
each category) used in the CESBA project [15], instead of the sectorial approach defined
in the project used for the baseline of indicators. This is to promote the systemic analysis
of the urban environments while avoiding the technical bias in the quantification of the
indicators that could lead to the mistake of keeping the analysis within a strict sectorial
categorization.
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Table 2. Preselection of indicators.

Id. Criteria Issue Indicator
1 Urban densit
Urban structure and y ;
2 form Land use composition
3 Built Urban Conservation of land
4 Systems . Walking distance of public transport
Transportation . - . -
5 . Extent and connectivity of bicycle paths separated from vehicular traffic
infrastructure —=
6 Intermodal facilities
7 Jobs Self-containment
8 Affordability of housing rental
9 Income equity for residential households
10 Economic activity Average annual per-capita income of residents
Economy
11 Employment rate
12 Provision of social housing units
13 Affordability of residential utilities
Cost and Investment - - — -
14 Total final thermal energy consumption for building operations
15 Total final electrical energy consumption for building operations
16 Share of renewable energy on-site, relative to total final thermal energy
. consumption for building operations
Energy Consumption - - . - -
17 Share of renewable energy on-site, relative to final electrical energy consumption
18 Total primary energy demand for building operations
19 Electrical energy consumption in public space
20 GHG emissions from energy embodied in construction materials used for
Atmospheric Atmospheric construction, maintenance, or replacement(s)
21 emissions emissions Total GHG emissions from primary energy used in building operations
22 Total GHG emissions from buildings, private, and public mobility
23 . Consumption of potable water for the residential population
Consumption 5 p B -
24 Consumption of potable water for non-residential building systems
25 Non-renewable Access to solid waste and recycling collection points
26 resources Solid and liquid Separate collection and disposal of solid waste and recycling
27 wastes Percent of reused or recycled materials used for construction or renovation
28 Adaptive re-use of existing buildings and structures
29 Recharge of groundwater through permeable paving or landscaping
30 Outdoor Surface water (runoff) management
31 environmental Summer thermal comfort conditions
32 quality Winter thermal comfort conditions
33 . one year
Environment B .
34 Green zones and recreation areas availability
35 B " d Green zones and recreation areas accessibility
36 cosystems an Heat island effect in the local area
landscapes ;
37 Tree coverage for shade and management of local ambient temperatures
38 Ecological sensitivity classification of the area
39 Traffic and mobility Quality of public space
40 services Performance of the public transport system
41 Quality of pedestrian and bicycle network
42 Public and private Availability and proximity of key food and retail services
43 . facilities and Availability and proximity of a primary school
Social aspects . s P
44 services Availability and proximity of a secondary school
45 (Proximity — Availability and proximity of children’s play facilities
46 Reachability) Availability and proximity of leisure facilities
47 Availability and proximity of cultural facilities
48 Availability and proximity of key services
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49

50
51
52
53
54
55
56

Management and

community Involvement of residents in community affairs
involvement

Society, culture, and

Community involvement in urban planning activities

Compatibility of urban design with local cultural values

Compatibility of public open space with local cultural values

Perceived safety of public areas for pedestrians

heritage
& Impact of overhead electric distribution system on the visual environment

Perceptual quality of area development

Aesthetic quality of new facility exteriors

Once the preselection of the indicators was defined, thanks to the review of the di-
verse sources and the feedback received from different stakeholders in Colombia, the set
of indicators validated before the COVID-19 pandemic was the starting point for the next
stage: to define the relevance of these indicators from the current post-pandemic condi-
tions to the future towards the achievement of the sustainability agenda.

Stage 2 started with two main activities: the definition and design of the participation
mechanism, and the stakeholders’ analysis to define the desired group participants. Ini-
tially, due to the practicality of involving the stakeholders remotely, it was defined using
a survey as the main participatory mechanism for this evaluation. However, within the
framework of the Delphi method, the feedback of the stakeholders across the design and
analysis of the survey was crucial in the creation process. Thus, the design of the survey
was defined within a cycle of review and validation with two experts from the sample of
stakeholders. These experts reviewed the survey before making it public and officially
submit it to the sample of stakeholders. The survey was designed and structured in Span-
ish (it is available at the link: https://forms.office.com/r/ttiY7PgbSN (accessed on 30 De-
cember 2022)). It was composed of eight sections. The first section was the heading with
the survey’s name, the research context, the survey objective, and a general explanation
of the survey’s structure, followed by the declaration of consent to participate in the study.
The second section asked for the participant’s personal information to build a profile of
the respondent, based on their academic and professional background. Further, from the
third to the eighth section, the participants had to evaluate the relevance of each indicator.
From the third, each section of the survey corresponded to the evaluation of one of the
seven categories of indicators defined in the preselection. The participant had to evaluate
the relevance of each indicator using a Likert scale from 0 to 4, where 0 is equivalent to
absolutely irrelevant, 1 is irrelevant, 2 is slightly relevant, 3 is relevant, and 4 is critical.
Furthermore, they had two non-mandatory open questions in which they were able to
suggest new indicators for each category, suggest modifications to the existing ones; and
provide information about data sources to quantify the indicators of each section. In the
end, after two rounds of feedback from the experts revising the questionary, the survey
was published.

The stakeholders’ analysis followed a variation of the typology of methods presented
by Reed et al. [52]. For this paper, the selection of stakeholders was initially performed
through a reconstructive bottom-up categorization, based on the authors involved in the
reference studies of Table 1 that were developed in Colombia, followed by a snowball
sampling approach. The reconstructive bottom-up started with the compilation of the au-
thors, collaborators, advisors, and other individuals involved in the projects [47,48]. Fur-
thermore, the analysis comprised the screening of the institution(s) that the initial sample
of stakeholders represented, followed by the identification of other stakeholders in the
organizational hierarchy structure of those institutions. Later, the analysis was extended
to other institutions that were of interest for the planning, promotion, and definition of
policies for urban and social housing development. Similarly, a plural sample of institu-
tions and individuals from both public and private sectors with expertise in the analysis
of indicators for urban sustainability assessment, and who play different roles in the
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hierarchy of their institutions, was obtained. Likewise, it covered the participation of pro-
fessionals working in the construction and urban planning sectors. The outcome of this
approach was a group of 70 people. This initial sample of stakeholders was later used as
a source to identify and involve other stakeholders through a snowball sampling ap-
proach. The invitations to participate were submitted in three rounds of emails and one-
to-one invitations to participate in the survey. First, an email with an invitation to partic-
ipate in the survey was sent to the initial sample of 70 people. However, the share of re-
sponses after two weeks after the invitation was sent was approximately 1%, thus, another
email with a reminder and description of the exercise was sent. At the same time, based
on the first answers of the stakeholders and the advice of experts, an extra sample of 35
stakeholders was identified and a first invitation was sent to this group. After some re-
sponses, another sample of 37 relevant stakeholders was identified and invited to partici-
pate in the survey via text message instead of email. In the end, 4 months after the survey’s
publication, and 142 invitations being sent, 45 stakeholders took part in the study by an-
swering the questionnaire.

Table 3 presents the general stakeholders’ analysis. It shows a general categorization
of the stakeholders by the definition of the institutions or sectors of interest. In addition,
it shows the cluster in which it was classified, and the level of the operation from a terri-
torial and administrative point of view.

Table 3. Stakeholders’ categorization.

Stakeholders Cluster Level Nature
Ministry of environment and sustainable . .. . . .
Government and public administration National Public
development
Ministry of Transport Government and public administration National Public
Ministry of housing, city, and territory Government and public administration National Public
National planning development Government and public administration National Public
Local (Different
Mayor’s office and city council Government and public administration oca ci(tiels)eren Public
Local (Different
District mobility office Government and public administration oca ci(ti;s)eren Public
Local (Different
District habitat office Government and public administration oca ci(ti;s)eren Public
District planning office Government and public administration ~ Local (Bogota) Public
Local (Different
District environment office Government and public administration oca ci(ti;s)eren Public
Bogota urban development and renewal company Government and public administration  Local (Bogota) Public
IDECA Government and public administration ~ Local (Bogota) Public
Private—
Transmilenio S.A. Government and public administration ~ Local (Bogota) El‘if)l?c
. . .. . Private—
Metro Linea 1 SAS Government and public administration ~ Local (Bogota) Public
CGBC Construction and Design National Private
Housing developers Construction and Design National Private
Home construction companies Construction and Design National Private
Architectural designer co. Construction and Design National Private
Environmental consultancy Consultancy and research National Private
Private—
GIZ Consultancy and research National rva ?
Public
Engineering school—University of the Andes Academy and research Local (Bogota) Private
Engineering school —University of the North Academy and research Local (Bogota) Private
Engineering school —University of the Santander Academy and research Regional (Santander) Private
Engineering school —National University Academy and research Local (Bogota) Private
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Local (Different

Engineering school —Pontifical Javeriana University Academy and research cities) Private
Architecture school —University of the Andes Academy and research Local (Bogota) Private
Design school —University of the Andes Academy and research Local (Bogota) Private
Interdisciplinary center for development studies Academy and research Local (Bogota) Private
Housing observatory — University of the Andes Academy and research Local (Bogota) Private
World bank Multilateral bank International Private

Interamerican development bank Multilateral bank International Private

NGOs NGOs Local (Bogota) Public

In stage 3, the results of the survey allowed us to define an index of relevance for
each indicator according to the stakeholders’” points of view. The relevance index was
computed as the mean of the answers to the survey for each indicator taking into account
all the participants. In addition, the open questions of the survey allowed to retrieve feed-
back and recommendations about the indicators and the availability of public data to cal-
culate and spatialize them. Based on the Delphi method, a discussion with experts was
defined to validate the results of the survey. The discussion aimed to evaluate the results
of the survey and the final output was a ranking of the most relevant indicators to perform
urban sustainability assessments in Colombian cities according to the survey.

Later, a workshop with experts in the definition of indicators was held to define a set
of KPIs and a ranking from the final selection of indicators resulting from the survey and
its validation. In detail, the workshop was designed to filter the indicators into a subset of
the most relevant according to the expertise of the participants, and it relies on the Delphi
method [23,37] and the SRF playing cards game [45,53] to reach a consensus among the
criteria of the experts. Ultimately, from this process, it is expected to retrieve a ranking of
the relevance of the indicators according to the responses of the stakeholders to the sur-
vey, and a second ranking result from the workshop with the experts that takes prioritizes
a smaller amount of indicators, that will be taken as KPIs to assess urban sustainability in
social housing environments in the current post-pandemic scenario in Colombia.

3. Results and Discussion

Each of the 56 indicators proposed in the preselection was critically assessed by the
stakeholders based on how relevant they considered each of them for the urban sustaina-
bility evaluation in Colombia. The valuation of each indicator through the Likert scale
allowed us to define an average value of relevance for each of them. Through this, we
retrieved a first look at the most relevant indicators according to the surveyed stakehold-
ers. Table Al (available in the Appendix A) presents the overall mean index of relevance
for the whole list of indicators. This overall index comes from the average score given to
the indicators taking the whole sample of answers. From this evaluation, the five indica-
tors with the highest relevance were: Performance of the public transport system (3.76/4), Am-
bient air quality concerning PM2.5 over one-year (3.62/4), Consumption of potable water for the
residential population (3.58/4), Urban density (3.53/4), and Awvailability of green zones and rec-
reation areas (3.53/4). These indicators represent the dimensions of Social aspects, Environ-
mental, Non-renewable resources, and Built urban systems of the framework defined in
the preselection. Moreover, the evidence shows that, on average, the 56 indicators were
evaluated at least as slightly relevant. Table Al shows that with the complete sample of
stakeholders, the indicator with the lowest index of relevance was the Total final thermal
energy consumption for building operations (2.40/4) from the Energy dimension.

Furthermore, from the seven dimensions of the framework defined in the preselec-
tion, on average, the indicators with the highest relevance were the ones classified in the
Environment dimension (Table 4). Moreover, on average, the indicators evaluated as less
relevant were the members of the Energy dimension. Nevertheless, since no indicator
from the preselection was considered irrelevant, then the analysis of these results turned
into which of these are the most relevant for the current Colombian context. Overall,
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according to the scale of evaluation in the survey, an indicator was considered completely
relevant when assigned a value of at least 3.

Table 4. Aggregated relevance index for each category of the indicators’ framework.

Dimension Overall Mean Relevance Ind.
Environment 3.22
Built urban systems 3.18
Non-renewable resources 3.10
Social 3.09
Atmospheric emissions 3.02
Economy 2.90
Energy 2.86

In addition to the general evaluation, the results were sorted according to the profile
of the stakeholders, specifically based on the working background of the participants. In
this way, the stakeholders were classified into three groups: those who declared to have
experience working in the private sector, in the public sector, and in the specific construc-
tion sector. This categorization relies on the importance of these sectors in the definition
and materialization of development strategies, even if these are not framed toward the
achievement of the urban sustainability agenda. Consequently, the answers to the survey
were divided into three subsamples, and for each of them, the average relevance given to
each indicator was computed. The result of these calculations for each one of the indica-
tors is also consigned in Appendix A (Table Al).

According to the average relevance of the indicators, for the stakeholders in the pri-
vate sector, the five most relevant indicators were: Performance of the public transport system
(3.69/4), Consumption of potable water for the residential population (3.59/4), Ambient air quality
concerning PM2.5 over one year (3.59/4), Urban density (3.55/4), and Availability of green zones
and recreation areas (3.55/4). In contrast, the indicator with the lowest index of relevance
was the Share of renewable energy on-site, relative to total final thermal energy consumption for
building operations (2.34/4). For the sample of stakeholders from the public sector, the five
indicators with the highest relevance were: Performance of the public transport system
(3.89/4), Affordability of residential utilities (3.78/4), Ambient air quality concerning PM2.5 over
one year (3.72/4), Perceived safety of public areas for pedestrians (3.67/4), and tied in fifth place,
Urban density and Quality of pedestrian and bicycle network (3.61/4). In contrast, the indicator
with the lowest index of relevance was Total final thermal energy consumption for building
operations (2.28/4). Finally, for the sample of the construction sector, the five most relevant
indicators were: Performance of the public transport system (3.93/4), Consumption of potable
water for the residential population (3.86/4), Urban density (3.79/4), and tied in the last two
places, Availability of green zones and recreation areas (3.71/4), Accessibility of green zones and
recreation areas (3.71/4), and Quality of public space (3.71/4). In contrast, the indicator with
the lowest index of relevance was Total final thermal energy consumption for building opera-
tions (2.29/4).

In the evaluation of the survey segregated by the field of work, the results show that
for all three categories, on average, no indicator in the preselection has been assigned as
irrelevant. Even if there is an inclination to set some indicators as critical in the sustaina-
bility assessment, on average, each of the indicators has been given a relevance index of
at least 2.4; more than half of the preselected indicators have a value higher than 3. There-
fore, it was still necessary to define a threshold to select the most relevant from the prese-
lection.

Starting from the labels given to each value of the Likert scale, the selection of the
value 2 implies an indicator slightly relevant in the evaluated context. Though, to select
the most relevant indicators, it was decided that these should have a value of at least 3,
which is equal to the label relevant in the evaluation scale. Thus, the indicators to be in-
cluded in the selection should have an average value of at least 3. The application of these
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criteria produced a selection of 30 indicators as a result of the survey, which meant that
all of them were defined by the stakeholders as relevant or critical for the sustainability
assessment of Colombian cities in the current post-pandemic scenario.

To validate the results of the survey and its analysis, a meeting was set with three
experts from the sample of 45 stakeholders involved in the selection exercise. It started
with the presentation survey’s results, including the final selection of 30 indicators. Fur-
ther, each one of them took 5 min to analyze the list of 30 and compare it with the full list
of 56 indicators and their respective indexes of relevance. The first highlight was the dis-
cussion regarding the fact that no indicator from the preselection was set as irrelevant in
the survey. It was concluded that a good pre-selection of indicators was made. Therefore,
none of these indicators were discarded by the stakeholders involved in the survey.

Regarding the selection of indicators, the analysis raised two general concerns. First,
it was stated that the number of indicators (30) in the final selection was little compared
to the number used in international frameworks of sustainability indicators, where gen-
erally the assessment framework could have over 50 indicators of different natures (see
Table 1). Simultaneously, it was noted that some key indicators for the assessment of sus-
tainable cities, specifically in vulnerable communities, such as the social housing environ-
ments and urban decarbonization targets, had not been prioritized in the final selection of
30 indicators. For instance, the indicator of self-containment, which is responsible for
measuring the capacity of an urban environment to supply the job demand for its inhab-
itants [47], or the GHG emissions from the embodied energy of the materials and pro-
cesses used for construction [47,54]. In this regard, the discussion led to the proposal of
adding these indicators to the selection as a complement to the 30 indicators even if the
results of the survey had not prioritized them. Within the same logic, the inclusion of three
other indicators were proposed: the affordability of housing rental, the provision of social
housing units, and the total final thermal energy consumption in buildings” operation.
The selection exercise had as a result a set of 35 indicators (Table 5) chosen by the stake-
holders in various stages or through different participatory mechanisms.

Table 5. Final selection of indicators based on the survey.

( Ovell‘:r ll\(/lean) Name Unit Dimension
1 Performance of the public transport system min/day (time d.edlcated to Social
commuting)

2 Ambient air quality concerning PM2.5 over one year pg/m? year Environment

3 Consumption of potable water for the residential population m3/inh. year Non-renewable
resources

4 Urban density area—territorial surface Built urban systems

5 Green zones and recreation areas availability m?/inh. Environment

6 Green zones and recreation areas accessibility m—min. Environment

7 Quality of pedestrian and bicycle network nominal scale Social

8 Quality of public space nominal scale Environment

9 Affordability of residential utilities % of minimum wage Economy

10 Perceived safety of public areas for pedestrians nominal scale Social

11 Availability and proximity of a secondary school m—min. Social

12 Availability and proximity of key services m—min. Social

13 Availability and proximity of a primary school m—min. Social

14 Walking distance to public transport m. Built urban systems

15 Total GHG emissions from b.u.ildings, private and public {CO2-eq/year Atmospheric emissions

mobility
. . . . . Non-renewable

16 Access to solid waste and recycling collection points m —min.
resources

17 Surface water (runoff) management m/h (drained by NBS and Environment

SUDS)
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18 Land use composition m? by land use—% Built urban systems
19 Intermodal facilities intermodal nodes/km? Built urban systems

. . . . % of waste in final disposal (t Non-renewable
20 Separate collection and disposal of solid waste and recycling
not recycled/t of waste) resources
21 Total primary energy demand for building operations kWh/m? year Energy
22 Availability and proximity of children’s play facilities m—min. Social
Tree coverage for shade and management of local ambient .
23 - Environment
temperatures
24 Income equity for residential households USD—-COP Economy
25 Total final electrical energy ?onsumptlon for building KWh/m? year Energy
operations
Consumption of potable water for non-residential building Non-renewable

26 m?3/m? year

systems resources
27 Availability and proximity of key food and retail services m—min. Social
28 Electrical energy consumption in public space kWh/year Energy
29 Total GHG emissions from primary energy used in building {CO2-eq/year Atmospheric emissions

operations
30 Heat island effect in the local area Temp. Environment
31 Self-containment % Economy
GHG emissions from energy embodied in construction
32 materials used for construction, maintenance, or tCO2-eq/year Atmospheric emissions
replacement(s)

33 Affordability of housing rental USD/COP/%Minimum Wage Economy
34 Provision of social housing units % Economy
35 Total final thermal energy consumption for building KWh/m? year—m?/m? year Energy

operations

The concern regarding the number of indicators included in the selection was man-
aged with the consensus of experts highlighting that an assessment framework should be
flexible and open to the possibility of integrating new indicators, according to the needs
and the context of when or where they are being applied. Therefore, the indicators that
were not prioritized in the selection but were part of pre-selection exercises, or even some
indicators that were not handled in this study, could be included in this selection to enrich
the assessment framework if the features of the case study require it. However, with this
in mind, it was also critical to define a group of indicators that, under the current situation
of the cities in Colombia, should be evaluated in all the scenarios as key performance in-
dicators (KPIs). Therefore, it was necessary to define which indicators of the selection of
35 could be the KPIs to evaluate the sustainability conditions of the cities in Colombia,
with special attention on the urban areas with a high presence of social housing units.

The definition of the KPIs was executed through another participatory exercise with
the participation of a panel of experts, based on a Delphi process and the method of the
SRF playing cards. For this approach, a deck of cards representing each of the 35 selected
indicators was made (see Figure 2). The participants were introduced to the framework of
the research and the results of the selection of indicators. Later, they were also introduced
to the methodology of the workshop, which was divided into two parts. First, they had to
filter from 15 to 20 indicators through an open discussion of their criteria and view of the
actual paradigm of urban sustainability in Colombia, focused on the priorities to be eval-
uated in environments with a high presence of social housing. Later, in the second part,
they had to define a hierarchical order of the indicators that they prioritized following the
rules of the playing cards game [45].
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Figure 2. Filtering process—workshop part 1.

Table 6 presents the indicators that were prioritized in the filtering exercise. The ex-
perts decided to prioritize 20 out of the 35 available indicators. Figure 2 presents the layout
of the cards used to filter the critical indicators in the first part of the workshop, the first
two lines of cards are the indicators prioritized by the experts. In the discussion to discard
15 of the 35 indicators, the convergence point was the application of the indicators to fol-
low the targets of SDG11, with special attention on the secure and socioeconomically in-
clusive urban environments. In this regard, the board agreed to propose the modification
of two indicators in the list of 35 to prioritize them in the filtering process. The first mod-
ification was the definition of the indicator Affordability of housing rental to make it more
sensible to the population. The modification consisted into expand the indicator into af-
fordability of housing in general, which meant including in the definition indicators of
other living conditions different from rental (e.g., payment of a mortgage loan, or a lease).
On the other hand, they also asked to change the indicator Surface water (runoff) manage-
ment for a comprehensive indicator of risk management for natural disasters. The surface
water management indicator had the chance to capture the mitigation potential of flood
hazardous events. Nevertheless, to be prioritized as a potentially generalizable indicator
for different environments in the country, the indicator should integrate the evaluation of
other potential risks that could be critical according to the context of each city.

Following the first part, the participants had to sort the 20 indicators in a hierarchical
ranking of relative importance concerning the others. According to the SRF methodology,
the cards had to be placed from the most to the least important. The hierarchy defines that
each level of the cards means that the actual card is one times more important than the
subsequent card. However, there is also the chance to place different cards (indicators) on
the same level, meaning that they were equally important. In the case that between some
indicators the relative importance would be higher than one times, the algorithm allows
placing one or more white cards between the different indicators, to indicate that the in-
dicators are two, three, or n-times more important than the subsequent.

With this in mind, the participants arranged the 20 indicators in the setup presented
in Figure 3. From the arrangement, it must be remarked that the experts agreed to arrange
two indicators sharing the first position with the same importance. In addition, they
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placed four indicators on the fifth level with the same importance and they decided to use
one white card between the tenth and eleventh position of the ranking. Finally, they also
decided to place the same importance on the last two indicators (positions 19 and 20).
With this in mind, the column “Position” in Table 6 shows the place (from the most to the
less important) of each indicator after the application of the playing cards. The rows with
more than one value represent indicators that were placed with the same importance in
the ranking, such as Ambient air quality concerning PM2.5 over one year and Natural disasters
risk management sharing the position of the most important indicator.
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Figure 3. Ranking of indicators according to the SRF method —workshop Part 2.

The definition of the first 10 indicators as the most critical answers to the vision of
the cities, in which in some environments the basic needs are not satisfied, as these 10
indicators intend to measure the conditions of an urban environment regarding the basic
needs or the bare minimum conditions that a city should provide to its inhabitants in their
residency area. The indicators that start the ranking respond to the necessity of preserving
life by providing safe urban environments from natural hazards such as floods, fires, and
landslides. The first place is shared because air quality-related diseases are the main envi-
ronmental risk factor related to mortality in Colombian cities. For the experts, these two
indicators must be the first control that has to be fulfilled to think about achieving sus-
tainable cities, and closing socioeconomic gaps. This is also directly related to the targets
of SDG11: 11.1 (safe and affordable housing), 11.4 (protect the world’s cultural and natural
heritage), 11.5 (reduce de adverse effects of natural disasters), 11.6 (reduce the environ-
mental impact of cities), 11.7 (provide access to safe and inclusive green and public space),
and 11.B (Implement policies for inclusion, resource efficiency, and disaster risk reduc-
tion). After ensuring an environment that is prone to preserve human life, the definition
of the indicators in positions three to five are related to the opportunity of having a house
with access to basic utilities. In this regard, it was discussed that stating the first indicators
as a priority, the development should provide formal urban environments that translate
into safe and adequate houses. However, in the discussion, it was highlighted that these
indicators aimed to measure the closing of the quantitative habitational deficit, although
it does not cover completely the measurement of the qualitative habitational deficit, which
should be tackled in parallel to the quantitative. The following four indicators were placed
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on the same level because they are all considered services that, regardless of the socioec-
onomic conditions, all the cities should provide to their residents in their neighborhoods
to achieve the objectives of the sustainability agenda. During the discussion, it was con-
sidered to propose the redefinition of these indicators as a compound index of accessibil-
ity to services and facilities in the residence area, however, it was not decided to get a
better monitoring of the provision of these services in the area of analysis. The tenth indi-
cator was the performance of the public transport system, as a driver to provide an effi-
cient operation that satisfies the needs of the population to move within the city. Even if
it was intended to prioritize other indicators, such as the job rate within the residence area
(self-containment) or indicators related to the efficient consumption of public services, the
provision of the right transport system could derivate to better conditions of living even
if it does not mean that all the activities are being developed in the area of residence, as it
is the goal of paradigms such as the cities of proximity. This was broadly discussed be-
cause, due to the conditions of the real estate market in Colombian cities, finding a place
to live near a place of work is not feasible for most of the population, even less so if the
target of analysis is zones with a high presence of social housing and vulnerable commu-
nities.

As stated before, the first 10 indicators in this exercise were prioritized over the oth-
ers, including placing a white card to explicitly define a gap of importance between the
two groups. Hence, after the discussion of the ranking, it was accepted to propose these
10 indicators as the KPIs that should be measured and optimized towards the achieve-
ment of the sustainability agenda and to improve the living conditions in a city, especially
in vulnerable areas and social housing environments.

One of the big discussions in the arrangement and prioritization of the indicators was
the position of the indicator that tracks the GHG emissions, and that putting it in the last
place of the ranking would deliver a message of relegating the importance of carbon-neu-
tral development strategies. However, the consensus was arrived at that even if it is a
crucial metric, potentially with the optimization of the others, it would also be reduced by
the carbon intensity of the urban environments. It was also highlighted that the plans to
mitigate climate change should improve people’s living conditions as the path to achiev-
ing a carbon-neutral scenario. Finally, it was remarked that even though the other 10 in-
dicators were not defined as KPIs, it must be remarked that these have been stated as
highly important, and their analysis would always be relevant to monitor the progress
toward a sustainable transition, and the decarbonization of urban environments. In the
end, these 20 indicators have been prioritized from the first set of 56 indicators as critical
metrics in the current paradigm of sustainable cities in Colombia.

Table 6. Selection and ranking of indicators—playing cards.

Position Name Unit Dimension
1,2 Ambient air quality concerning PM2.5 over one year pg/m?® year Environment
1,2 Natural disasters risk management - Environment

3 Affordability of housing USD/COP/%Minimum Wage Economy
4 Provision of social housing units % Economy
5 Affordability of residential utilities % Economy
6-9 Availability and proximity of key services m—min. Social
6-9 Availability and proximi.ty of key food and retail M —min. Social
services
6-9 Availability and proximity of a primary school m—min. Social
6-9 Availability and proximity of a secondary school m—min. Social
10 Performance of the public transport system min/day (time dedicated to commuting) Social
Consumption of potable water for the residential . Non-renewable
11 . m?/inh. year
population resources

Total final thermal energy consumption for building

operations kWh/m? year —m*/m? year Energy
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13 Perceived safety of public areas for pedestrians nominal scale Social
14 Quality of public space nominal scale Environment
15 Availability and proximity of children’s play facilities m—min. Social
16 Self-containment % Economy
17 Separate collection and dlsPosal of solid waste and % of households Non-renewable
recycling resources
18 Total final electrical energy ?onsumptlon for building KWh/m? year Energy
operations
19,20 Total GHG emissions .from b.u.lldmgs, private and {CO2-eq/year Atmospheric emissions
public mobility
Total GH issions f i i
19,20 otal GHG emissions from primary energy used in {CO2-eq/year Atmospheric emissions

building operations

4. Conclusions and Future Developments

The present study reports the process of indicator selection for urban sustainability
assessment in the post-pandemic era through the involvement of stakeholders linked to
urban planning and development, and sustainable development policies, with different
points of view on the evaluation of urban systems. This paper illustrates in detail the pro-
cess of indicator selection applied to the context of cities in Colombia, with special atten-
tion to social housing urban environments.

The selection work started with an identification of the background of similar exer-
cises in which indicator systems were defined at the case study and international level.
Based on this background, a pre-selection of indicators was proposed and further critically
evaluated by a sample of stakeholders to determine their relevance in the current para-
digm of post-pandemic sustainable cities. Subsequently, the exercise followed the devel-
opment of a stakeholders” involvement mechanism based on an online survey and a series
of interviews with experts in Colombia to make an initial selection of relevant indicators.
This participation process was framed by the Delphi method, in which a constant feed-
back cycle is established among the participants of the exercise. Starting from the pre-
selection of 56 indicators, the survey allowed us to retrieve a selection of 30 indicators that
were considered relevant or critical for the evaluation of sustainability in the system of
cities in Colombia. Later, through a process of validation of the results with interviews
with experts, an additional selection was defined to obtain a final series of 35 indicators.

Later, starting from these 35 indicators, with the help of a board of experts in moni-
toring and assessment, a workshop based on the SRF playing cards methodology was
performed to select a set of KPIs and a rank of the most critical indicators for the context
of Colombian cities. The outcome of this fraction of the work was a sample of 20 indicators
sorted hierarchically according to the relative importance of each indicator concerning the
others, in which the 10 most relevant indicators were defined as transferable KPIs for the
assessment of urban sustainability in social housing environments in different cities of the
country.

These indicators were sorted in a framework of 7 dimensions toward the definition
of a comprehensive evaluation defined since the preselection. From the selection exercise,
it was possible to retrieve some information related to the priorities of the stakeholders
according to their selections. Even within the diversity of the participants, there was a
consensus on the relevance of the indicators to evaluate the performance of the public
transport systems of the cities; the environmental conditions that affect personal health
(i.e., air quality); and the accessibility and availability of key services, for example urban
green areas, education facilities or health facilities. In addition, it was found a specific
willingness to prioritize the evaluation of socio-economic conditions such as the afforda-
bility of the utilities in the residential sector, the offer of jobs, and the household income
in perspective with the cost of living. These are examples of the criteria with high rele-
vance in the mindset of the stakeholders in the current post-pandemic paradigm of urban
sustainability in Colombia. The prioritization of these criteria in the results of the survey
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and its validation exercise, responds to the reality of the cities in the country. For instance,
the National Health Department has stated that health issues related to bad air quality are
the main source of mortality related to natural risk factors in Colombian cities [55]. On the
other hand, in a study of the activity and mobility patterns in the capital city during the
COVID-19 outbreak, the results showed that in lower-income areas people had less chance
to shift into teleworking and had to be exposed to longer commutes using the massive
transport system, which was also a vector of high exposition to biological risk for these
vulnerable communities. In addition, these low-income zones also are typically very
dense, and the people had to spend most of their free time at home because they did not
have a place to go in their neighborhoods [51]. These areas have also the highest concen-
tration of social housing projects, and these issues are part of the historical spatial inequal-
ities of the cities and were more exposed during the pandemic. Thus, these are issues that
have to be tackled and should be prioritized within the development strategies to follow
the Agenda 2030 in urban areas.

The same principle could be reflected also in the definition of the KPIs pursued in the
workshop with experts, where from the selection of the indicators they defined a ranking
of the most critical for the evaluation of an urban environment towards the achievement
of the Agenda 2030. These KPIs respond to the evaluation of the basic services that a city
should provide to its inhabitants in their zone of residency. The prioritization of the indi-
cators responds to an evaluation of the bare minimum of safety to secure people’s life and
progressively increase to other standards of life quality, for example the provision of for-
mal, adequate, and affordable housing. Subsequently, it starts to expand the analysis from
the units to the built environment and the services that should be offered around the
house, and it closes with the evaluation of the public transport system as the service to
navigate the city into another scale of analysis.

This approach is relevant in the local context, particularly when it is intended to as-
sess sustainability conditions in areas with a considerable presence of social housing. It is
also the reflex of how the societies working towards the achievement of the SDGs start
from different conditions and the road could be longer and harder to transit for develop-
ing societies, and the international cooperation to assist developing countries in this tran-
sition seems crucial. Moreover, due to the particular context of the case study of this paper,
it should be required to keep performing the exercise of indicator selection to monitor the
impact of the urban policies toward the sustainability agenda in a way that recognizes
that, while the metrics start to improve, the definition of the indicators start to change
towards the definition of more ambitious thresholds to make a progress in closing the
gaps and leaving no one behind. It is to be remarked that the indicators prioritized in this
research should not serve as a metric to monitor ambitious development scenarios, since
they have been validated to measure the fulfillment of the bare minimum standards of a
formal city that seeks to transit into the sustainability agenda. Furthermore, it must be
remarked that this approach has the limitation that it has been developed within the
framework of a formal city, and it must be highlighted that in the world there is a huge
share of the population living in urban slums or informal settlements, and monitoring the
progress of these environments towards the formalization and regeneration of other indi-
cators, such as the coverage of public services, should be included in a relevant assessment
framework.

Even with these considerations, this work provides a framework to assess urban sus-
tainability in the context of Colombian cities, and its value relies upon the selection of
indicators that have been validated by relevant stakeholders in an extensive process of
stakeholders’ involvement. Moreover, it offers a guide to scale this kind of exercise in de-
veloping countries, since it provides a theoretical and methodological guide to define an
evaluation framework for urban sustainability in other contexts of the developing world
where there is still a deficiency regarding the basic needs that cities should offer to the
vulnerable communities. Thus, it could help different stakeholders from the urban devel-
opment sector. Policymakers could help themselves from this study by retrieving the
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indicators proposed in this article to evaluate and follow policies for sustainable urbani-
zation or the regeneration of marginal areas towards the improvement of living conditions
in the cities. It could also serve as a guide to researchers that can take the framework as a
reference to extend the works into other dimensions of the system of cities, even for a
general and comprehensive evaluation of urban metabolism or for specific sectorial as-
sessments of urban subsystems.

From now on, regarding the particular context developed in this study, it is necessary
to define a baseline for three urban environments to be used as a case study in Colombia.
Further, it will be required to make a spatial impact assessment in which the indicators
selected in this paper must be calculated and spatialized for the selected three control case
studies. These case studies are expected to be in urban environments with a high presence
of social housing in Bogota.
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Appendix A. General Results of the Survey —Relevance Evaluation of the Indicators

Table A1. Compiled results of the relevance index.

Rank Private Public

1 i
(Overall 1d Name Unit Dimension Overa Sector Sector Construction
Mean Sector Mean
Mean) Mean Mean
. min/day
Perf f th lic t t
1 g9 Performanceof the publictransport 4 jictedto Social 3.76 3.69 3.89 3.93
system .
commuting)
Ambient air quality concerning 5 .
2 33 PM2.5 over one year pg/m? year Environment  3.62 3.59 3.72 3.50
Non-
tion of potabl ter f
3 23 Consump A able water for m3/inh. year renewable 3.58 3.59 3.50 3.86
the residential population
resources

area—territorial ~ Built urban

4 1 Urban density 3.56 3.55 3.61 3.79
surface systems

5 34 Green zones ar,ld rfe?reatlon areas m?/inh. Environment 3.56 3.55 3.56 3.71
availability

6 35 Oreenzonesand recreation areas m—min.  Environment  3.53 3.52 3.56 3.71
accessibility

lity of i icycl
7 4 Qualityofpedestrianandbicycle oo e Social 3.53 348 3.61 357
network
8 39 Quality of public space nominal scale  Environment  3.51 3.48 3.56 3.71
% of i

9 13 Affordability of residential utilities ° ° Vr:;gemum Economy  3.49 3.28 3.78 3.29

10 53 Perceivedsafety of publicareasfor . oo Social 347 331 3.67 3.36
pedestrians

11 44 Availability and proximity ofa m—min. Social 3.42 3.41 3.39 3.36

secondary school
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Availability and proximity of key

12 48 : m—min. Social 3.42 3.52 3.22 3.57
services
13 43 Availability and proximity of a m—min. Social 3.40 3.34 3.44 3.21
primary school
14 4 Walking distance to public m. Built urban 338 331 350 350
transport systems
Total GHG emissions from Atmospheric
15 22 buildings, private and public tCO2-eq/year . p 3.36 3.28 3.50 3.21
. emissions
mobility
Access to solid waste and recyclin Non-
16 25 vaste SN IEYEmE  m—min. renewable  3.36 3.48 3.22 3.36
collection points
resources
3/h i
17 30 Surface water (runoff) management rlr\lﬂé S if;lgf]%z;’ Environment  3.36 3.41 3.28 3.50
m? by type of land .
Built
18 2 Land use composition use - uilt urban 3.33 3.41 3.22 3.14
o systems
19 6 Intermodal facilities intermodal - Builturban , o) 3.21 3.50 3.36
nodes/km? systems
Separate collection and disposal of % of waste in final Non-
20 2 P . P disposal (t not renewable 3.29 3.28 3.39 3.07
solid waste and recycling
recycled/t of waste) resources
21 g Totalprimary energy demand for oo Energy 3.27 341 3.06 343
building operations
2 45 Availability and proximity of m—min. Social 3.20 3.03 3.44 3.00
children’s play facilities
Tree coverage for shade and
23 37  management of local ambient - Environment  3.16 3.07 3.28 3.14
temperatures
24 9  Ineomeequity for residential USD—COP  Economy 3.1 3.07 3.17 3.43
households
Total final electrical energy
25 15 consumption for building kWh/m? year Energy 3.11 3.21 3.00 3.14
operations
Consumption of potable water for Non-
26 24 prion of potat mi/m?year  renewable 3.1 321 2.89 3.21
non-residential building systems
resources
27 g Availability and proximity ofkey L Social 311 3.03 3.22 3.29
food and retail services
Eloctrical .
28 19 ectricalenergyconsumplionin ey en Energy 3.04 3.10 3.06 3.50
public space
29 2 Total GHG emissions from primary O2-eq/year Atm?sPherlc 3.04 314 204 3.07
energy used in building operations emissions
30 36 Heat island effect in the local area Temp. Environment  3.04 2.79 3.39 2.79
31 o Averageannual per-capitaincome g op Economy  2.98 2.90 317 329
of residents
Community involvement in urban # Of spaces opened
32 50 unity involvement in u and # Of Social 2.96 2.83 3.11 2.93
planning activities ..
participants
33 38 Ecological sensitivity classification ecosystem' services o @ ironment  2.93 3.00 283 307
of the area quantified
Compeatibility of public open space . .
34 52 . nominal scale Social 2.93 3.00 2.72 3.14
with local cultural values
Share of renewable energy on-site,
35 17  relative to final electrical energy % Energy 291 2.90 2.94 2.93

consumption
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Availability and proximity of

36 46 . e m—min. Social 2.89 2.86 2.89 3.00
leisure facilities
Non-
Rech, f h h
g7 g9 Rechargeof groundwater throug m? renewable  2.87 2.90 2.67 2.71
permeable paving or landscaping
resources
38 7 Self-containment % Economy 2.84 3.00 2.56 3.00
. . # Of spaces opened
39 49  [Imvolvementofresidentsin and # Of Social 2.84 2.93 2.72 2.64
community affairs ..
participants
40 5 Compatibility of urban designwith oG Social 2.84 2.93 2.61 3.14
local cultural values
Summer thermal comfort operative .
41 31 .. Environment 2.82 2.90 2.56 2.93
conditions temperature
4o 47  Availability and proximity of m—min. Social 2.82 2.79 2.83 2.86
cultural facilities
Extent and connectivity of bicycle . .
43 5  paths separated from vehicular km cycle }nf./km Built urban 2.80 2.66 3.00 2.79
. road inf. systems
traffic
44 11 Employment rate % inh. Economy 2.80 2.86 2.78 3.14
Percent of reused or recycled Non-
45 27 materials used for construction or % renewable 2.80 2.86 2.67 2.86
renovation resources
46 3 Conservation of land % m?/m? Builturban ) 2.76 2.67 2.79
systems
47 56 Aesthetic quahty. of new facility nominal scale Social 2.71 2.86 2.50 3.00
exteriors
P 1 lity of
48 55 erceptual quality of area nominal scale Social 2.69 2.66 2.78 2.86
development
GHG emissions from energy
embodied in construction materials Atmospheric
49 20 . . tCO2-eq/year . 2.67 2.76 2.56 2.50
used for construction, maintenance, emissions
or replacement(s)
Adaptive re-use of existin, Non-
50 28 bt & # Buildings renewable  2.67 2.83 2.50 257
buildings and structures
resources
51 32 Winter thermal comfort conditions Operative Environment 2.62 2.79 2.33 2.64
temperature
52 8 Affordability of housing rental USD/COP/%Minim Economy 2.60 2.59 2.61 2.57
um Wage
Impact of overhead electric m of exposed
53 54  distribution system on the visual distribution Social 2.60 2.55 2.61 2.71
environment network
.. . . . %
54 12 Provision of social housing units (SH Unts/H Units) Economy 2.49 2.55 2.44 2.86
Share of renewable energy on-site,
55 16 relative to total.fmal therma} energy % Energy 944 234 261 957
consumption for building
operations
Total final thermal energy
h/m2 _
56 14  consumption for building kWh/m? year Energy 2.40 2.45 2.28 2.29
m3/m? year

operations
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