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Abstract

This article proposes a governance approach for the prioritization of sustainable development goals (SDGs) in
the city of Medellin (Colombia, South America). The governance approach proposed in this study stems from
the articulation of technical and participatory approaches. The technical approach took as reference the
document CONPES 3918, which defines the national sustainable development agenda in Colombia. The
participatory approach was supported by the Medellin Citizen Perception Survey, which reflects the most
important aspects of the quality of life for citizens. The results indicate that priorities for sustainable
development in Medellin should be oriented to SDG 17, SDG 3, SDG 8, SDG 5, and SDG 4. The consistency test
(CR) indicates the instrument applied is consistent.
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Resumo

Este artigo propée uma abordagem de governanga para a priorizagdo dos objetivos de desenvolvimento sustentdvel
(0DS) na cidade de Medellin (Colémbia, América do Sul). A abordagem de governanga proposta neste estudo decorre
da articulagdo de abordagens técnicas e participativas. A abordagem técnica tomou como referéncia o documento
CONPES 3918, que define a agenda nacional de desenvolvimento sustentdvel na Colémbia. A abordagem participativa
foi apoiada pela Pesquisa de Percep¢do do Cidaddo de Medellin, que reflete os aspectos mais importantes da qualidade
de vida dos cidaddos. Os resultados indicam que as prioridades para o desenvolvimento sustentdvel em Medellin devem
ser orientadas para os ODS 17, ODS 3, ODS 8, ODS 5 e ODS 4. O teste de consisténcia (CR) indica que o instrumento
aplicado é consistente.
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Introduction

In September 2015, the United Nations General Assembly launched the 2030 Agenda of the Sustainable
Development Goals (SDGs), which is considered a more ambitious proposal than its predecessor
(Millennium Development Goals - MDGs), as this includes 17 goals, 169 targets, and 232 indicators
(Srivastava, 2018; Londofio & Cano, 2021); and since then, the prioritization of SDGs has become a challenge
for different governments (Londofio & Cruz, 2019). For some authors, the priorities of the SDGs must be
aimed at ending poverty, preserving the environment and guaranteeing prosperity in the world (Banerjee
et al 2019), while other authors consider it important to address each goal individually. For instance, Asi &
Williams (2018) focused on SDG 3, Nam-Chol & Kim (2019) studied the indicators necessary to achieve SDG
7, and Vanham et al. (2018) highlighted the importance of achieving SDG 6. However, this article proposes
a comprehensive approach to the SDGs aligned with works comprehensively addressing the 17 SDGs such
as the work of Biggeri et al. (2019) which considers the design of an index collecting the interactions
between the 17 SDGs, and the work of Sachs et al. (2019) that is aimed at achieving all the SDGs mediated
by the following transformations: education, gender and inequality (Transformation 1), health, well-being
and demography (Transformation 2), energy decarbonization and sustainable industry (Transformation 3),
sustainable food, land, water and oceans (Transformation 4), sustainable cities and communities
(Transformation 5), and digital revolution for sustainable development (Transformation 6).

Thus far, the prioritization of sustainable development problems has been related to the development
needs of different countries. This explains why in developing countries the priorities and availability of
indicators have been oriented to social and economic problems like poverty and unemployment, while in
developed countries it is easier to find environmental indicators present (Boggia & Cortina, 2010). This
work proposes an alternative prioritization of SDGs using a governance approach, which is based on
technical and participatory approaches. Typically, the technical approach has predominated in the
prioritization of SDGs, where governments are based on a series of objective or scientific indicators
(Londono, 2018). However, with the 21st century being “the century of the people” (Novo, 2009), there is
evident interest in linking the perceptions of stakeholders to SDG prioritization, which is known as the
participatory approach (Londofio & Cruz, 2019). Therefore, this article aims to propose a methodology for
the prioritization of SDGs at the sub-national level following a governance-oriented approach, which is
supported by objective criteria, but with broader participation of stakeholders.

To achieve this purpose, Section 2 addresses the theoretical framework justifying the choice of the
governance approach and discussing the importance of this methodology in overcoming remaining gaps in
SDG prioritization on a subnational scale. Section 3 presents the methodological proposal at a subnational
scale applied in the city of Medellin (Colombia). It uses the analytical hierarchy process (AHP) to articulate
the SDG framework (Technical Approach) with a life quality survey of that city (Participatory Approach),
thus facilitating government action regarding sustainable development (Governance Approach). Sections 4,
5, and 6 respectively show the results, discussions, and main conclusions of this work.

The governance approach to prioritizing SDGs at the subnational level

Commonly, the technical approach has predominated in the prioritization of sustainable development
topics and indicators because it is supported by objective indicators and measurements of the economic,
social, and environmental dimensions (Lyytim€aki et al, 2014) to support political decision-making from a
scientific base (Mineur, 2007). This approach aims to enhance efficiency, which takes precedence over the
participatory approach (Moreno et al, 2014). In the participatory approach, the perceptions of the
stakeholders are linked (Holden, 2011), since, for better political action, it is necessary to know and
understand the value system, as well as the requirements, concerns, and expectations of those who
constitute the territories (Moreno & Fidélis, 2015).
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On the other hand, the governance approach explores the prioritization of issues related to sustainable
development from government contexts (Holman, 2009). In this regard, Kardos (2012) states that
governance represents how power is exercised in the management of economic, social, and environmental
resources, contributing to the development of a country. To achieve this purpose, the public administration
requires a long-term commitment, since on many occasions the governments of the moment are focused
solely on showing their short-term management but not on building a long-term vision that guarantees a
commitment to sustainable development (Cassar et al. 2013). Therefore, it is necessary to articulate
governance and sustainable development.

In this regard, Moreno & Fidélis (2012) define governance for sustainable development as the set of
institutionalized patterns by which sustainable-development policies can be interpreted and applied. The
foregoing implies that the use of objective or scientific indicators does not guarantee sustainability (Samuel
et al. 2013), but additionally requires the management of a complex system constituted of various agents
with varied interests. Thus, the governance approach for sustainable development must focus on the link
between the technical and participatory vision. However, it should be clarified that this relationship does
not precisely obey a linear model, since it is expected that tensions will appear between participating agents
(Etzkowitz & Leydesdorff, 2000).

This work focuses on a governance approach for sustainable development, which articulates technical
and participatory approaches (Moreno & Fidélis, 2012). However, governance for sustainable development
tends to achieve a balance between economic growth, protection of the environment, and improvement in
human development. For this, it is essential that governments take measures that contribute to reducing
carbon dioxide emissions (Omri & Mabrouk, 2020), and the management of the SDGs can represent a way
to achieve this objective. Additionally, in the governance approach for sustainable development, it is
necessary to consider elements of collaborative governance, since its achievement requires the
participation of multiple stakeholders (Vazquez-Brust et al., 2020). In this sense, citizen participation is one
of the most determining factors for the improvement of the quality of life and one of the conditions for
subnational entities, like cities, to advance towards the fulfillment of the SDGs (De Guimaraes et al., 2020).
Consequently, urban governance processes that pursue compliance with the SDGs must transcend top-
down models and move towards bottom-up models, in which citizen participation is essential (Aina et al,,
2019). The present study uses both approaches, since in the technical approach (indicators from the
CONPES 3918 document) the top-down model predominates, while the bottom-up model predominates in
the participatory approach obtained from the quality-of-life survey since the citizens define the most crucial
aspects for their quality of life.

Both the 2030 Agenda and the Paris Agreement created a framework for action on sustainable
development at the national level (Sachs et al.,, 2019). Therefore, subnational governments face different
alternatives like selecting the 232 indicators of the 2030 agenda, relying on the national sustainable
development agenda, drawing their subnational agenda, among others. This study proposes to use the
national sustainable development agenda at the sub-national level and prioritize the SDGs according to the
characteristics, needs, and requirements of each locality to replace the management of the 232 indicators
of the 2030 Agenda at the subnational level.

One of the main limitations at the subnational level is the availability of relevant indicators to assess
compliance with the SDGs (Moreno & Fidélis, 2015), especially in developing countries (Londofio & Cruz,
2019). In fact, in countries of the global south, the predominant indicators for monitoring the SDGs are related
to the social and economic dimensions, since the priority problems to be solved are related to income
generation and poverty reduction (Boggia & Cortina, 2010). The study of Coulibaly et al (2018) confirms this
trend showing the governments of 34 African countries should prioritize SDG 8, SDG 3, and SDG 6 because
these goals represent the key problems afflicting those countries. Similarly, the UNDP (2017) conducted some
national studies in Asian countries, concluding that the priorities of India should be oriented to SDG 10, SDG
4, SDG 3, and SDG 1; the priorities in Bangladesh should be focused on SDG 1, SDG 3, SDG 4, SDG 6, SDG 8, and
SDG 13; and Nepal should prioritize SDG 9. On the contrary, the priorities of developed countries (global
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north) have been associated with environmental problems (Londofio, 2018). However, Sdnchez et al (2018)
performed several case studies in municipalities belonging to the Nordic countries, finding that the
prioritization was not oriented towards environmental aspects but rather at the functioning of cities as living
laboratories, which is mainly related to smart and sustainable cities from the SDG 11.

This study proposes that the prioritization of SDGs at a subnational level requires coordination
between national and subnational policies and the latter with the agents that constitute the territory. In this
regard, Kardos (2012) called this coherence vertical and horizontal integration respectively. Similarly,
Moreno & Fidélis (2012) referred to this phenomenon as vertical-regional and horizontal-sectoral
integration. This work will follow this orientation for the application of the proposed methodology.
Therefore, horizontal integration (Top-down) is provided by the technical approach derived from the
indicators of the national sustainable development agenda (document CONPES 3918), and vertical
integration (Bottom-up) is provided by the participatory approach represented in the quality-of-life survey
(perceptions of citizens).

To provide a methodology for the prioritization of SDGs at the sub-national level, the selected
subnational level is required to fulfil a series of criteria. First, a national SDG framework serving as a guide
for the selection of indicators at the subnational level is required, facilitating regional-vertical integration
(Kardos, 2012; Moreno & Fidélis, 2012). Colombia provides a framework of SDGs that is supported in the
document CONPES 3918, defining indicators by which to assess sustainable development; and this is used
as the selected guide frame. Second, the subnational level must utilize some tool that allows for horizontal-
sectoral integration (Kardos, 2012; Moreno & Fidélis, 2012), thus integrating the sectors and agents that
constitute the territory. The city of Medellin has a quality-of-life survey aimed at citizens to investigate
priority issues to improve life quality. Third, the selected subnational level must provide availability of
indicators to assess sustainable development, which also meets the city of Medellin, guaranteeing a more
reliable measurement of sustainable development (Shaaban & Scheffran, 2017). On this basis, the city of
Medellin is selected to implement the proposed methodology of prioritizing SDGs using a governance
approach. As shown in Figure 1, Medellin is a city located in the northwest of Colombia, South America, and
represents the capital of the Antioquia State, its population is approximately 2,400,000 inhabitants.

I Rural zone / .
7 & " Urban Zone Rural
; I ( . zone
South America Colombia Antioquia Medellin
Continent Country State Municipaility
Figure 1 - Location of the city of Medeliin. Source: Prepared by the Authors.
Methodology

The methodology to be implemented in this study for the prioritization of SDGs at the sub-national level
is based on two types of information sources to address the technical and participatory approaches. For the
technical approach, economic and social policies focused on different fields of interest in Colombia are used,
represented in the CONPES (Consejo Nacional de Politica Econémica y Social - National Council for Economic
and Social Policy) documents. Specifically, CONPES 3918 establishes the sustainable development
indicators (SDIs) and strategies for the fulfillment of the 2030 Agenda and its SDGs in Colombia, simplifying
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the public management of the SDGs and generating a framework for its implementation at the sub-
national level.

For the participatory approach, the study was based on the "Medellin como vamos" program, which
has as its main objective to monitor and analyze the quality oflife in the city of Medellin, with a metropolitan
perspective in specific sectors, and is led by an inter-institutional alliance (Non-governmental institutions,
universities, business associations, private companies, foundations, compensation funds). This program
includes the Quality-of-Life Survey, which is aimed at the citizens of Medellin to measure their perception
of the most important aspects of the quality of life. As shown in Figure 2, a governance approach for
sustainable development is provided from the articulation of technical and participatory approaches. The
articulation refers to the relationship between the SDIs established in CONPES 3918 and the prioritization
of these indicators based on the results of the Quality-of-Life Survey that measures citizen perception.

Document Conpes 3918 Technical Approach Participatory Approach Quality of Life Survey

Colombian national agenda for N P
. Objective/scientific indicators . . . ) .
sustainable development Perceptions, requirements, Perceptions of the inhabitants of
and measurements of the

indicators. Defines the N concerns, and expectations of [® Medellin about priority issues to

ic, social and . . . . .
indicators (SDI) to evaluate the e.conomlc soc-1a an. inhabitants (stakeholders) improve life quality
17 SDGs environmental dimensions

I I
!

i Governance Approach i

Represents the link articulating technical and
participatory approaches. Association of
preferred issues in the citizen perception survey
with SDI from Conpes 3918

!

Prioritization of SDGs

Assignment of preferences through the AHP
method. Defining the importance of each SDI

AHP Method

Pairwise comparisons Normalized matrix and

1
1
1
1
:
i Scale for paired comparisons performed by an Expert Panel indicator weighing calculation reliable indicator weighing
1

1

1

1

1

1

based on Saaty (1994) scale supported by the results of the to provide the weighting for model

Quality-of-Life Survey each SDI

1
1
1
i
1
Consistency test to provide a \
1
1
1
1
1
1
1
1

Figure 2 - Methodology for the prioritization of SDGs at the sub-national level. Source: Prepared by the Authors.

Regional-vertical integration for the SDGs (CONPES 3918)

In Colombia, the SDG agenda is supported in the document CONPES 3918, which defines the indicators
that should evaluate the 17 SDGs to meet the 2030 agenda in Colombia. This exercise was conducted by the
National Government of Colombia, the National Planning Department (DPN), and the National Statistics
Department (Dane). The indicators contained therein are shown in Table 1. The indicators from the CONPES
document serve as a guide for the sustainable development evaluation at the sub-national level in the city
of Medellin and represent the technical approach because they are objective/scientific indicators (Mineur,
2007; Lyytim€aki et al., 2014). The indicators for each dimension were defined by experts from
organizations like the National Government of Colombia, DPN, and Dane. To distinguish between the SDGs
of the 2030 agenda and the goals defined in the Colombian national agenda (CONPES 3918), the latter will
be called sustainable development indicators (SDI).
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Table 1 - SDGs and their indicators according to the document CONPES 3918

SDGs Indicator defined in document CONPES 3918 Code
1. No poverty Multidimensional poverty index SDI1
2. Zero hunger Mortality rate due fo malnuftrition in children under 5 years SDI2
3. Good health and well-being Maternal mortality rate SDI3
4. Quality education Higher education coverage rate SDI4
5. Gender equality Percentage of women in state management positions SDI5
6. Clean water and sanitation Access to drinking water (%) SDIé
7. Affordable and clean energy Electric power coverage SDI7
8. Decent work and economic growth Labor formality rate SDI8
9. Industry, innovation, and infrastructure Households with internet access SDI?
10. Reduced inequalities Gini coefficient SDI10
11. Sustainable cities and communities Households with a quantitative housing deficit SDIT1
12. Responsible consumption and production Recycling rate and new use of solid waste SDI2
13. Climate action Reduction of total greenhouse gas emissions SDI13
14. Life below water Thousands of marine protected areas SDI14
15. Life on land Thousands of hectares of protected areas SDI15
16. Peace, justice and strong institutions Homicide rate per 100,000 inhabitants SDI16
17. Partnerships The chosen indicator should reflect alliances between the SDI17

private sector, government, and other actors.

Source: Adapted from CONPES 3918.

Horizontal-sectoral integration for SDGs (Quality of Life Survey in Medellin)

The Quality-of-Life Survey of Medellin is performed every year and records the perceptions of the
inhabitants of that city. In the way that it takes account of the needs and concerns of inhabitants, it is part
of the participatory approach defined by authors like Holden (2011), Moreno & Fidélis (2015), Serna et al.
(2017), and Londofio (2018). The most recent Quality of Life Survey is from the year 2019; it was performed
by the survey firm Ipsos Napoledn Franco, with 1531 surveys conducted based on a margin of error of 2.5%
and a confidence index of 95%. The proposed methodology is based on the question: What are the most
important aspects of your quality of life? The results for the answer to this question are shown in Table 2.

Table 2 - Most important aspects of the quality of life in Medellin

Most important issues of quality of life Percentage of the population surveyed

1. Health 76%
2. Employment 51%
3. Education 46%
4. Housing 29%
5. Family and friends 23%
6. Security 15%
7. Food 14%
8. Income and material possessions 10%
9. Others (Recreation, equality, well-being, mobility,  31% (on average each issue is chosen by

fransportation, public space) 5.1% of the population)

Source: Medellin quality of life survey Alcaldia de Medellin (2019).

Methods for the prioritization of SDGs

When evaluating sustainable development at different territorial scales, it is common to note the
application of different weighting techniques to prioritize several SDGs (Alam et al.,, 2016; Ciommi et al.,
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2017). To weigh the SDGs and their indicators, techniques like equal weights, linear regressions, and
perception surveys can be used (Serna et al.,, 2017; Londoiio et al,, 2019). However, these methods provide
some limitations as SDGs are being prioritized. In the case of equal weights, all dimensions and indicators
would receive this, so there would be no prioritization. Consequently, this study considers a multicriteria
method as the most indicated to establish the weights and priorities for the SDGs and their indicators
(Janeiro & Patel, 2015) because sustainable development is a process that involves people, institutions,
natural resources, and the environment (Munier, 2005), indicating that its problems are multidimensional.

In this regard, Diaz-Balteiro et al, (2017) found that 93 out of 271 technical articles focused on
measuring sustainability use multicriteria techniques based on the analytical hierarchical process (AHP),
which was introduced by Saaty (1980). The AHP method sets preferences following a format of pairwise
comparisons, supported on a fundamental verbal scale. According to Saaty (1994), the AHP method
performs a preference assignment, a matrix of pairwise comparisons, and a standardized matrix, and the
results must be proved by a consistency test. Therefore, the AHP allows to establish the weights and
priorities for SDIs, allows prioritizing preferences (in this case based on the citizen perception survey and
expert criterion), and guarantees consistency in the prioritization process.

Assignment of preferences

When it comes to preferences being assigned to SDGs, it should be remarked that the purpose of this
methodology is to contribute to SDG prioritization based on a governance approach. Therefore, the technical
approach from the document CONPES 3918 must be articulated with the participatory approach derived
from the citizen perception survey of Medellin using an expert criterion, represented in Table 3. Then, the
preferred issues in the citizen perception survey are linked with the SDG indicators from CONPES 3918.

Table 3 - Articulation of the citizen perception survey and the indicators in document CONPES 3918 for the SDGs

Preferred issues in the SDI from Justification
citizen perception survey CONPES 3918
(Code)
1. Health SDI3 One of the key indicators in the 2030 agenda in SDG 3
SDIn7 This indicator affects human health and is the result of the
consensus of stakeholders
2. Employment SDI8 Belongs to the national agenda regarding SDG 8
SDI5 In the Quality-of-Life Survey, citizens mention the issue of gender

equality, but the indicator in document CONPES 3918 is aimed at
increasing female employment in state offices

3. Education SDI4 One of the key indicators found in the 2030 agenda in SDG 4
4, Housing SDI6 One of the key indicators in the 2030 agenda in SDG 6
SDI7 One of the key indicators in the 2030 agenda in SDG 7
SDI9 One of the key indicators in the 2030 agenda in SDG 9
SDIT1 Belongs to the agenda regarding SDG 11
5. Family and friends
6. Security SDI1é Belongs to the agenda regarding SDG 16
7. Food SDI2 Belongs to the agenda regarding SDG 2
8. Income and material SDI1 Belongs to the agenda regarding SDG 1
possessions
9. Others (Recreation, SDIT0 Belongs to the agenda regarding SDG 10
equality, well-being, SDI12 Belongs to the agenda regarding SDG 12
mobility, transportation, SDI3 Belongs to the agenda regarding SDG 13
public space) SDI14 Not applicable because Medellin is a city without access to the sea
SDI15 Belongs to the agenda regarding SDG 15

Source: Adapted from CONPES 3918 and Medellin quality of life survey “Medellin cébmo vamos” (2019).
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After articulating document CONPES 3918 with the citizen perception survey of Medellin, the
importance of each SDI must be defined. For this, use is made of the original Saaty (1994) scale, which offers
nine qualifications. This preference scale indicates which SDI is more important than which other, and
allows us to assign weights or priorities to each goal. Table 4 shows this preference scale.

Table 4 - Scale for paired comparisons

Intensity  Definition Explanation

Equal importance
between both elements
Moderate importance of

1 Two activities contribute equally to the objective

3 one over another Experience and judgment slightly favor one activity over the other

5 Strong importance Experience and judgment strongly favor one activity over the other
E i j t il ly f tivit th

5 Ve Siteie Tsenelies xperience and judgment very strongly favor one activity over the
other

9 Absolute importance Experience and judgment absolutely favor one activity over the other

2,4,6,8 InTermedlng values Used to represent the compromise between the priorities listed above
between adjacent scales

Source: Taken from Saaty (1994).

The prioritization of an SDI is engaged in by an expert panel and must ensure logical coherence in
meeting transitivity criteria of preferences. Therefore, if the Health issue is preferred over Employment, and
the Employment issue is preferred over Education, then the Health issue should be preferred over
Education. This procedure is performed with each issue and is verified through a consistency test.

Pairwise comparisons

The AHP introduced by Saaty (1980) had as its purpose the establishment of preferences following a
format of pairwise comparisons, with the support of a fundamental verbal scale that aims to define the
importance of each variable concerning the others. The proposed question is this: is the item in the row
more important than the item in the column? When comparing the same variable, the rating will be 1, so the
main diagonal of A is equal to 1 (ai=1 or a;=1). Below the main diagonal there are the inverse ratings to
those that appear above it, and in this case, the judgment matrix contains values from 1 to 9 and their
corresponding inverse values.

Normalized matrix and indicator weighing calculation

To obtain the weights for each indicator, the judgment matrix for indicators must be normalized by
dividing each value over the total of the column where it belongs following Eq. (1). Next, the rows of all the
standardized values (sa;) are summed and divided by the number of indicators (in this case 16), as shown
in Eq. (2), to obtain the weighting for each indicator (Wi).

aij .
N .
Wi:@ vieN (2)

Once judgment matrix A is completed, the problem becomes one of vectors and eigenvalues: Aw = Aw,
where A is the reciprocal matrix of pairwise comparisons, w the eigenvector that represents the ranking or
priority order, and A the maximum own value representing a consistency measure for the judgments.
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Consistency test

To verify the consistency of the AHP, it is necessary to calculate the consistency ratio (CR) proposed by
(Saaty, 1980), which is based on a consistency index (CI) and a random index (RI) as shown in Eq. (3). If CR
< 0.10, the consistency is reasonable; whereas if RC > 0.10 the hierarchical analysis model is inconsistent
(Saaty, 1994), and the assignment of preferences and pairwise comparisons must be made once more to
obtain a reliable indicator weighing model.

_a

CR =
RI

(3)

For the consistency index Eq. (4) is used, where Amax is the maximum eigenvalue obtained by
multiplying the total sums vector of the paired-comparisons matrix with the vector-weighted values of the
normalized matrix. On the other hand, n represents the number of elements of the matrix (NxN).

Cl = Amax—n (4)

n-1

The random index is taken from a standard generated at random and depends on the number of
elements compared. Eq. (5) is used for obtaining the random index, where the coefficient 1.98 is used when
n>10 (Aguarén & Moreno-Jiménez, 2013).

1.98 (n—2)
n

RI = (5)

Results

By articulating the scale for paired comparisons with the hierarchy of SDGs assigned in Table 3 and the
support of an expert panel, it is possible to achieve the pairwise comparisons for each of the SDIs that
measure sustainable development in the city of Medellin, as shown in Table 5. Then, these results were
normalized using Eq. (1) obtaining the Normalized matrix shown in Table 6, and Eq. (2) was applied to these
data to obtain the weights of each SDG shown in Figure 2.

Based on the results from Table 6 and figure 2, Eq. (4) and Eq. (5) were applied to obtain a CI equal to
0.061 and an RI equal to 1.733. In this manner, the consistency ratio (CR) is 0.035, with CR <0.10, so the
AHP model is consistent and reliable for the prioritization of SDGs. The sustainable development ideals tend
towards the full achievement of all 17 SDGs, however, in real cases, this task is not easy due to the existence
of opportunity costs, which require the prioritization of public investments since the Government resources
are scarce. Thus, according to Figure 2, public policy priorities in the city of Medellin should be directed to
those indicators with superior weight, like air quality index (SDI17), Maternal mortality rate (SDI3), labor
formalization rates (SDI8), percentage of women in state management positions (SDI5) and higher
education coverage rate (SDI4). These five SDIs together represent 64.55% of the priorities for sustainable
development in Medellin.
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Table 5 - Matrix of paired comparisons

SDIl SDI2 SDI3 SDI4 SDI5 SDI6 SDI7 SDI8 SDI? SDI10 SDI11 SDI12 SDI13 SDI15 SDI1é SDI17
SDI1 1 05 0143 02 0167 025 025 0167 025 2 025 2 2 2 0333 0.143
SDI2 2 ] 0.167 025 02 0333 0333 02 0333 3 0.333 3 3 3 05 0167
SDI3 7 6 ] 3 2 4 4 2 4 8 4 8 8 8 5 1
SDI4 5 4 0.333 ] 0.5 2 2 0.5 2 6 2 6 6 6 3 0.333
SDI5 6 5 0.5 2 1 3 3 1 3 7 3 7 7 7 4 0.5
SDIé 4 3 0.25 05 0333 1 1 0.333 1 5 1 5 5 5 2 0.2
SDI7 4 3 025 05 0333 1 1 0.333 1 5 1 5 5 5 2 0.2
SDI8 6 5 0.5 2 1 3 3 1 3 7 3 7 7 7 4 0.5
SDI9 4 3 0.25 05 0333 1 1 0.333 1 5 1 5 5 5 2 025
SDI10 05 0333 025 0167 0.143 02 02 0143 02 1 0.2 1 1 1 025 0125
SDIN 4 3 0.25 05 0333 1 1 0.333 1 5 1 5 5 5 2 0.25
SDI2 05 0333 025 0167 0.143 02 02 0143 02 1 0.2 1 1 1 025 0125
SDI3 05 0333 025 0.167 0.143 02 02 0143 02 1 0.2 1 1 1 025 0125
SDI15 05 0333 025 0167 0.143 02 02 0143 02 1 0.2 1 1 1 025 0125
SDI16 3 2 02 0333 025 0.5 0.5 0.25 0.5 4 0.5 4 4 4 1 0.2
SDI7 7 6 1 3 2 5 5 2 4 8 4 8 8 8 S 1
Sum 55 4283 5343 1445 9021 22838 22838 9.021 21.88 69 21.88 69 69 69 3183 5243
Source: Prepared by the authors.
Table 6 - Normalized matrix
sDi1 SDI2 SDI3 SDI4 SDI5 SDI6 SDI7 SDI8 SDI9  SDI10 SDI11 SDI12 SDI13 SDI15 SDI16  SDI17
SDI 002 001 003 001 002 001 0.01 002 001 003 001 003 003 003 001 0.03
SDI2 004 002 003 002 002 001 0.01 002 002 004 002 004 004 004 002 003
SDI3 013 014 019 021 022 017 017 022 018 012 018 012 012 012 016 019
SDI4 009 009 006 007 006 009 009 006 009 009 009 009 009 009 009 006
SDI5 0.11 012 009 014 011 013 013 011 014 010 014 010 010 010 013 0.0
SDIé 007 007 005 003 004 004 004 004 005 007 005 007 007 007 006 004
SDI7 007 007 005 003 004 004 004 004 005 007 005 007 007 007 006 004
SDI8 0.11 012 009 014 011 013 013 011 014 010 014 010 010 010 013 0.0
SDI9 007 007 005 003 004 004 004 004 005 007 005 007 007 007 006 005
SDI0 0.01 0.01 002 001 002 001 0.01 002 001 0.01 0.01 0.01 0.01 0.01 0.01 0.02
SDI1 007 007 005 003 004 004 004 004 005 007 005 007 007 007 006 005
SDI2 0.01 0.01 002 001 002 001 0.01 002 001 0.01 0.01 0.01 0.01 0.01 0.01 0.02
SDI3 0.01 0.01 002 001 002 001 0.01 002 001 0.01 0.01 0.01 0.01 0.01 0.01 0.02
SDI15 0.01 0.01 002 001 002 001 0.01 002 001 0.01 0.01 0.01 0.01 0.01 0.01 0.02
SDITé 005 005 004 002 003 002 002 003 002 006 002 006 006 006 003 004
SDI7 013 014 019 021 022 02 022 02 018 012 018 012 012 012 016 019

Source: Prepared by the authors.
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5.48% J 5.48% 3.80%

Figure 2 - SDI priorities for the city of Medellin. Source: Prepared by the Author.

Discussion

The results of this work show that the most relevant sustainable development priority for the city of
Medellin is oriented to the health issue since the two indicators with the most considerable weight were
SDI17 and SDI3, which belong to this issue. SDI 17 indicates that air quality is the result of the consensus
derived from private, governmental, and different alliances that constitute the territory. Consequently, poor
air quality constitutes a public health problem in Medellin since the city is surrounded by mountains that
do not allow adequate air circulation, concentrating particulate matter inside the valley. In the case of SDI3,
although maternal mortality rates are lower than the world and national average, this is still an issue that
the city government must prioritize.

Likewise, this study prioritizes the issue of employment represented by the SDI8 and SDI5. In this
regard, SDI8 refers to the rate of labor formality due to the high labor informality in Medellin and in
Colombia, which has been accentuated during the confinement of the Covid-19 pandemic (Han, et al., 2021),
so it will likely continue to persist as a priority in upcoming quality of life surveys. In the case of SDI5, which
refers to gender equity when measuring the percentage of women working in public positions, it is
important to improve the values of this indicator because it presents values lower than those required by
the United Nations, and lower than the national average, for which it is necessary to promote the
participation of women so that they can be elected for public office. The issue of education occupies the third
place of preferences, represented in this study by the SDI4 for coverage of higher education. The
prioritization of this indicator under the governance approach reflects the government of Medellin must
provide the conditions for citizens to access higher education and prepare for the labor market, which
continuously requires a qualified workforce.

According to the above, the priorities represented in SDI17, SDI3, SDI8, SDI5, and SDI4 reflect the
sustainable development priorities in the city of Medellin correspond respectively to SDG 3 (Health and
well-being), SDG 8 (Decent work and economic growth), and SDG 4 (Quality education). This order is
granted explicitly for the city of Medellin, and it does not have to be the same for all the cities of the Aburra
Valley or other cities in Colombia, since this prioritization depends on the realities and particularities of
each locality. Although the priorities of developing countries have focused on social and economic
dimensions, and on environmental problems in developed countries (Boggia & Cortina, 2010; Tanguay et
al,, 2010), this cannot be generalized when prioritizing the SDGs since the SDGs are multidimensional, and
they can affect in diverse ways the specific realities of both developed countries in the global north and
developing countries in the global south.

For example, in Hunan, Province of China, a study showed that SDG priorities varied from urban to
provincial, however, the trend shows that priorities focus on sustainable cities and communities (SDG 11),
life on earth (SDG 15), decent work and economic growth (SDG 8), and responsible consumption and
production (SDG 12) (Han et al., 2021). This study coincides with the work of Sanchez et al (2018) for
different cities in Nordic countries, identifying the trend of prioritizing the SDGs is centered on SDG 11
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(Sustainable cities and communities). Likewise, the study of Abubakar & Aina (2019) shows that SDG 11 is
among the main priorities in the urban areas of Nigeria due to the size of the population and the problems
of urban settlements (Abubakar & Aina, 2019). Consequently, in cities of the developed north, in middle-
income cities like Hunan, or cities belonging to the developing south like those belonging to Nigeria, there
may be a coincidence in the prioritization of SDGs, in this case, SDG 11, although the needs that encourage
such prioritization differ in each context.

On the other hand, in a study performed in sub-Saharan African locations, one of the recurrent
problems is related to access to energy, which is why the achievement of SDG 7 (Affordable and clean
energy) is prioritized (Chirambo, 2018). In Jakarta, the capital of Indonesia, alternatives are required for
the use of groundwater, which is why they prioritize SDG 6 (clean water and sanitation), considering the
particularities of overpopulation, sanitation, and wastewater management in Jakarta (Kooy, Walter, &
Prabaharyaka, 2018). Similarly, the work of Horn & Grugel (2018) in the city of Quito, Ecuador, indicates
that the priorities are focused on SDG 10 (Reduction of inequalities). This last work addresses a type of
country and city similar to our study since Ecuador represents a middle-income country as is Colombia, and
the work of Horn and Gruge (2018) considers the national policy to establish the subnational policy of
sustainable development in Quito. However, our study considers the participatory component when
selecting priorities, providing an approach of governance for sustainable development.

Therefore, the contribution of our work focuses on the use of an approach of governance for sustainable
development based on the articulation of technical and participatory approaches, representing the technical
approach through the national policy of sustainable development from CONPES 3918, guiding subnational
policy (vertical integration), and representing the participatory approach through the quality of life survey,
which collects the perceptions of citizens, reflecting the integration of actors at the subnational level
(horizontal integration). Another contribution of this study is to allow the ranking of the SDGs to provide
priorities in sustainable development. In this regard, in the study of Lamichhane et al (2021), each SDG
received the same weight to perform a comparative analysis of sustainable development in OECD countries.
Likewise, the work of Londofio and Cruz (2019) evaluated the level of sustainable development in the nine
subregions of Antioquia (Colombia), assigning the same SDGs weighing to each subregion, limiting the
prioritization of SDGs according to the specific needs of each subregion. Therefore, some particularities of
each subregion could be omitted, and precisely our study allows identifying the priority issues in each
locality related to sustainable development through a governance approach.

It could be considered that this study presents a limitation since as the number of indicators to
prioritize increases, the analysis by paired comparisons becomes more complex, therefore increasing the
size of the paired comparisons matrix and the normalized matrix shown in Tables 5 and 6. For example, the
prioritization of the 232 indicators of the 2030 agenda would imply a complex procedure involving a 232 X
232 paired-comparisons matrix. However, this study assumes the positions of Jain & Tiwari (2017), and
Shaaban & Sheffran (2017), who recommend selecting a manageable number of indicators, facilitating
public management and the monitoring of sustainable development policies. Consequently, this study
adopted the Colombian national agenda defined in the document CONPES 3918 as a reference for
sustainable development, proposing an indicator for each SDG and then prioritizing 17 indicators instead
of 232.

Conclusions

This study contributes to a reduction in the deficit of investigations oriented towards the prioritization
of SDGs are concerned. The application of this work at a subnational scale supported the integration of a
technical approach with a participatory approach, providing a practical tool for the governance of
sustainable development. For this, the countries of the municipalities to be analyzed must have a national
sustainable-development agenda, and the municipality must utilize a tool to allow for the participation of
agents that constitute the territory.
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In the case of Medellin, for the technical approach, the relationship between national and subnational
policies (vertical-regional integration) took as reference the document CONPES 3918, which defines
Colombia's national agenda on sustainable development. For the participatory approach, the relationship
between the subnational government and the agents that constitute territory (horizontal-sectoral
integration) was supported in the citizen perception survey of Medellin city. The proposed tool allowed it
to be established that public-policy priorities for sustainable development should be focused on the air
quality index, maternal mortality rate, labor formalization rates, percentage of women in state management
positions, and higher education coverage rate since those indicators presented superior weights. Although
the integration of technical and participatory approaches represents a component of governance, the
Mayor's Office of Medellin must improve its communication with citizens and generate processes of citizen
education for sustainable development to achieve significant progress in this matter.

The proposed prioritization model for sustainable development proved to be consistent, so it can be
replicated at other latitudes for prioritizing public policy at the subnational level. Therefore, this study can
be implemented in other cities worldwide, adopting the quality-of-life surveys of each specific city, with
which different results are expected in the prioritization due to the different needs and circumstances that
each city faces, diverse cultures, geographic, topographic, environmental, and economic conditions,
among others.

Finally, this work is valuable in respect of the advancement of the state of the art of academic works
oriented towards the prioritization of SDGs. Likewise, this type of prioritization is effective in
complementing methodologies that aim to evaluate sustainable development through composite indices,
specifically in the indicator weighting phase that then allows for the aggregation of indicators. Future works
should expand the governance approach proposed in this study by including monitoring and feedback to
citizens on the prioritization of SDIs and the results obtained in the measurement of sustainable
development at the subnational level.
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