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Image 1: A painting representing Cali used in our presentations, with permission from Adriana Cabal Aulestia, the 
artist and copyright holder. 
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Abstract 
Background: Traffic congestion restricts timely access to health services, worsening 
health inequities. Existing tools to measure or predict accessibility are often costly, 
highly specialised, and ill-suited to intersectoral decision-making. Advances in open 
georeferenced data (e.g. census, health service registries), big data, and 
participatory, people-centred approaches now allow the creation of policy-ready 
cartography and metrics to guide equitable service planning. 
 
Objective: To develop and test, in urban Cali (Colombia), a participatory, low-cost 
methodology to measure and predict the impact of traffic congestion on access to 
critical health services—tertiary emergency care, haemodialysis, and radiotherapy—
integrating equity considerations and ensuring usability for intersectoral decision-
making. 
 
Methods: This doctoral research, presented as a compendium of publications, 
applied spatial analysis, open and big data, and principles of implementation 
research. The doctoral candidate led the co-design of the AMORE Platform, a web-
based interactive tool integrating geographic information systems (GIS), traffic 
application programming interfaces (APIs), and socio-demographic data to conduct 
dynamic travel-time assessments and predictions. A key innovation was engaging a 
large, diverse group of knowledge users and interest-holders to co-conceptualise, 
design, and test the platform, ensuring outputs, like maps and data visualisations, 
were accessible to all actors and useful when debating about urban and health 
service planning. 
 
Results: Congestion disproportionately affected peripheral, low-income, and some 
ethnic minority populations, reducing access to services concentrated in affluent, 
low-density sectors. Dynamic models showed that strategically placing services in 
densely populated eastern districts could substantially reduce travel times and 
inequities. Visual tools and spatial metrics supported scenario modelling and 
informed policy dialogue. The methodology can be scaled, replicated, and applied to 
close-to-real-time evaluation and long-term planning. 
 
Conclusions: This unfunded doctoral project delivered a participatory, equity-
focused, scalable method for assessing and improving accessibility in congested 
cities. It produced policy-oriented data and cartography that have influenced land-
use planning and policy in Cali and offers a transferable model for developing 
accessibility metrics in other urban contexts. The work demonstrates the value of 
combining spatial analysis, participatory governance, and health equity to align urban 
and health service planning. 
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Figure 1: Hand-drawn contribution donated in 2024 by the late Arq. Enrique Sinisterra O'Byrne, an urbanist, 
emeritus professor at Universidad del Valle, and collaborator for this doctoral project (AMORE Project). 
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1 Introduction 

Public health has long relied on spatial analysis to reveal patterns invisible to the 

naked eye and to turn those patterns into action. From early disease maps to modern 

digital dashboards, mapping has served as both a diagnostic tool and a catalyst for 

change—bringing together evidence, decision-makers, and communities to address 

shared challenges.1,2  

 

This doctoral project extends that tradition through an innovative, data driven and 

participatory approach to evaluating and improving accessibility (see Glossary, 

section 9.2), understood as an individual’s ability to travel and participate in activities 

given the available transport and land use system, and operationalised here using 

travel time to destination as a proxy, within congested urban settings (see Glossary 

entry on traffic congestion). It applies advances in geospatial technologies, open 

georeferenced data on housing, populations, and health services, and high-volume, 

real-time travel-time data to generate policy-ready evidence.3–5 The central question 

is urgent and underexplored: how does traffic congestion affect equitable access to 

essential health services?3,6 The study focuses on urban Cali, Colombia, a large, 

diverse, and rapidly growing city with significant challenges in transportation, health 

systems, and equity, offering a test case with direct policy relevance.6,7 

 

The value of such approaches becomes clearer when viewed through a historical 

lens. One of the most frequently cited examples comes from mid-nineteenth-century 

London, where the physician John Snow and the Reverend Henry Whitehead 

investigated one of the city’s most severe cholera outbreaks. In 1854, the inner-city 

district of Soho became the epicentre of an epidemic that killed hundreds within 

weeks. At a time when miasma theory dominated medical thinking, Snow 

systematically mapped cholera deaths alongside the locations of public water 

pumps, revealing a marked concentration around the Broad Street pump. He also 

examined the journeys made and the time people spent travelling to collect water 

(Map 1). Whitehead’s detailed interviews with local leaders and residents gave 

momentum to Snow’s spatial findings, helping to mobilise support across different 
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constituencies. The subsequent removal of the pump handle was followed by a rapid 

decline in cases. Together, their work demonstrated how mapping, combined with 

local knowledge and rigorous analysis, could challenge prevailing assumptions and 

inform decisive public health action.1 

 

The urgency of implementing innovations is just as crucial today as it was in Snow 

and Whitehead’s time. While delayed action may eventually lead to similar insights, 

the costs of inaction, especially regarding traffic congestion and its effects on 

healthcare accessibility, are substantial, with real consequences for individuals, 

families, and communities.2 Traffic congestion is a pervasive and often overlooked 

force shaping urban life.8 Although it has become normalised, its impact remains 

harmful, hidden in plain sight and, importantly, manageable. 

 

 

 
 

Map 1: “His next ingenious step was to represent the time it took to travel to the Broad Street pump on his map and to calculate 
who was most likely to use each water pump in the area. Snow drew a curve on the map that marked the points where the Broad 
Street pump was at equal walking distance from neighbouring water pumps.” 2 “It was, as the historian Tom Koch astutely notes, 
a map organized as much around time as around space: instead of measuring the exact distance between two points, it 
measured how long it took to walk from one point to another.”1   

 

Johnson’s reflection on Snow’s contributions also resonates with this work:  

“No doubt science would ultimately have come around to the waterborne 

theory, but it might well have taken decades longer without the clarity and 

reproducibility of the Broad Street story and its accompanying map. How many 

thousands more might have died in that interval?”.1  
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This thesis follows the tradition of Snow and Whitehead but adapts it for the 

complexities of contemporary urban life. Where their maps were static, this project 

delivers an interactive, web-based platform, the AMORE Platform, co-designed with a 

diverse group of interest-holders, including urban planners, health authorities, 

service providers, civil society representatives, academics, and data scientists. The 

platform integrates geographic information systems (GIS), traffic application 

programming interfaces (APIs), and socio-demographic data to assess and forecast 

accessibility under varying conditions. Its participatory design ensures that outputs—

maps, metrics, and scenario models—are understandable, relevant, and actionable, 

allowing interest-holders to test options, identify priorities, and align urban and 

health service planning with the shared goal of greater equity.9,10 

 

Building on this foundation, the thesis adopts a compendium-of-publications format 

to present the conceptual development, testing, and application of the AMORE 

Platform. The methodological framework combines spatial analysis, open and big 

data integration, and principles of implementation research.5,11–21 The research 

process was structured to ensure early and continuous engagement with interest-

holders, embedding their priorities into the platform’s design and validation.22–28 Data 

sources included official georeferenced registries of health facilities, population and 

housing census data, and dynamic travel-time estimates drawn from traffic APIs. 

Analytical procedures incorporated GIS for spatial modelling, statistical methods for 

equity analysis, and scenario-based modelling to explore alternative service 

configurations. By integrating these methods within a participatory process, the 

project sought not only to generate robust evidence but also to embed it in the 

decision-making processes of urban and health service planning.6 People naturally 

describe journeys in terms of travel time and often consider congestion, yet planning 

continues to overlook this reality. 
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“La casa de los cuáqueros quedaba a 20 minutos de distancia y fue Roser 

quien les abrió la puerta” [The Quaker's house was at a 20-minute distance, 

and it was Roser who opened the door for them].Footnote 1  

 

This thesis demonstrates that citywide estimates of travel times, accounting for 

traffic congestion, are technically and economically feasible through the integration 

of open and big data, a reality that remains overlooked in urban and health services 

planning. The thesis is organised as follows. Chapter 1 presents the conceptual 

background and rationale for the study, situates it within the literature on spatial 

analysis, health equity, and urban accessibility, and introduces the policy and 

research gaps the project addresses. Chapter 2 outlines the research objectives. 

Chapter 3 describes the methodological framework, including data sources, spatial 

modelling techniques, and participatory processes used in the co-design of the 

AMORE Platform. Chapter 4 presents the core publications that comprise the 

compendium, each focusing on a specific aspect of the research: the integration of 

open and big data to assess dynamic accessibility; the equity impacts of traffic 

congestion on access to tracer health services; and the use of scenario modelling to 

inform intersectoral planning. It also highlights the results. Chapter 5 offers an 

integrative discussion including limitations, future research directions, and 

considerations for implementation. It also provides a reflection on the methodology's 

implementation and scalability. The thesis lists recommendations for applying this 

approach in other congested urban contexts to improve equity in health service 

accessibility. In Chapter 6, it synthesises the thesis’s contributions to policy-oriented 

knowledge and to the development of approaches to health services accessibility 

research.  

 

This doctoral research advances the core objectives of the PhD programme in 

Biomedical Research Methodology and Public Health at the Universitat Autònoma de 

Barcelona. It applies rigorous methodological tools, including spatial analysis, 

 
1 Isabel Allende, Largo Pétalo del Mar. [A Long Petal of the Sea] Capítulo 5 - 1939. (2019) ISBN 978-
84-01-02339-2 
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epidemiology, and integrated knowledge translation, to address real-world 

challenges in health equity, service accessibility, intersectoral collaboration, and the 

social appropriation of knowledge.29–36 Its execution required sustained cooperation 

with interdisciplinary teams, active engagement with interest-holders, and the 

mobilisation of networks and resources across sectors and institutions.37,38 By 

combining data-driven insights with people-centred approaches, the thesis 

contributes to improving population health, strengthening public health systems, and 

informing evidence-based policies, hallmarks of the program’s mission. 

 

Scientific Foundations  

• Geospatial Modelling of Accessibility: The project utilises Geographic 

Information Systems (GIS) to estimate realistic travel times to healthcare 

services, considering traffic congestion and other urban dynamics. 

Isochrones and spatial metrics enable both visual and quantitative 

assessments of accessibility.39–45 

• Integration of Public Open and Big Data: This involves integrating open, 

interoperable datasets from national censuses, healthcare provider registries, 

traffic analysis zones, and big data travel times derived from the Google 

Distance Matrix API.4,46–48 

• Application of Public Health and Policy Frameworks: The project adopts a 

people-centred approach, drawing from design thinking, implementation 

research, and integrated knowledge translation. It is synergic with the 

Sustainable Development Goals (SDGs) and the 2024 WHO Strategy for Urban 

Health, supporting land-use planning, promoting intersectoral governance, 

and maintaining a strong focus on equity.10,37,49–53 

• Replicable and Scalable Methodology: A web-based interactive platform 

facilitates the broader application of the methodology to other cities and 

service types. Its modular structure supports scenario analysis, comparative 

studies, and local adaptation by knowledge users. Annexe 9.10 lists some 

open-access sources that could assist replication in other cities.9,54   
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The increased availability of open and big data, coupled with geographic information 

systems, enables reliable travel time estimates that account for traffic congestion 

from an equity perspective. 3,4,6,45 During the conceptualisation of this doctoral 

project, we noticed that most emerging studies in this field lacked knowledge users’ 

and interest holders’ input and other considerations, such as simplicity and 

interactivity, which could make them suitable for translating findings into public 

policy, intersectoral action, and people-centred solutions.3,6,9,14,29,55,56  

 

 
Figure 2: Sustainable development goals that will likely benefit from improved accessibility to critical health care. 

 

This thesis, which addresses the policy challenge of monitoring and enhancing 

access to essential health services in cities with significant traffic congestion, 

contributes directly to the United Nations' Sustainable Development Goals (SDGs) 

outlined in the 2030 Agenda (Figure 2).52 Most prominently, it supports SDG 3 (Good 

Health and Well-being) by generating assessments that inform equitable access to 

essential health services, while also advancing SDG 9 (Industry, Innovation and 

Infrastructure) and SDG 11 (Sustainable Cities and Communities) through innovative, 

evidence-based tools for urban and health service planning. Explicitly addressing 

inequities contributes to SDG 10 (Reduced Inequalities) and SDG 13 (Climate 

Action). At the same time, its participatory and intersectoral ethos resonates with 
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SDG 16 (Peace, Justice and Strong Institutions) and SDG 17 (Partnerships for the 

Goals). The detailed mapping of this work to some SDG indicators is presented in 

Annexe 9.14 

 

Although travel time is the most intuitive way for urban dwellers to describe the 

length of commutes and journeys, the metrics, measurements, and monitoring 

systems required to assess accessibility in traffic-congested urban areas remain 

underdeveloped. These measures are largely absent from Sustainable Development 

Goal indicators and lack standardisation, thereby limiting their usefulness for 

monitoring inequities and holding decision-makers accountable.57,58 Addressing this 

policy gap requires intersectoral action, as urban health outcomes are shaped by 

infrastructure, geography, and transportation systems.59,60 Policymakers, knowledge 

users, and other interest holders must therefore collaborate to align and shape urban 

and health agendas.10,22,61,62 Such alignment depends on access to appropriate data 

and analytic insights that support meaningful dialogue, negotiation of shared 

objectives, and a shared understanding of the structural drivers of inequity.9,60,63,64  

 

Addressing this challenge is not merely about providing data (as John Snow did); it 

requires bringing the issue into the realm of democratic policymaking (as Henry 

Whitehead demonstrated).1 It involves creating processes that amplify the voices and 

needs of diverse interest holders, ensuring that their perspectives are reflected in the 

data and knowledge used to inform change. To this end, we integrated principles of 

people-centred design, implementation research, and knowledge translation in the 

development of technological tools to measure and predict accessibility, focusing on 

a series of case studies involving selected health services. To raise awareness of the 

policy challenges, participants at engagement events were greeted with banners 

displaying a two-dimensional map of Cali, marked with existing service locations. 

They were asked to indicate one or two places where they would add new services. 

This visual and straightforward exercise sparked discussion and revealed how limited 

awareness of population distribution and travel times can lead to distorted intuitive 

decisions about service placement (Figure 3). 
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Figure 3: Instructional slide displayed at the entrance of the event, inviting participants to mark on posters where 
new service locations could maximise accessibility, thereby prompting reflection on travel time and population 
data in urban and health services planning.65 (Open the file by clicking the image) 

 

This thesis, developed within the Doctoral Program in Biomedical Research 

Methodology and Public Health, contributes to the program’s mission to advance 

population health by applying epidemiological and knowledge translation tools and 

methodologies. It aims to improve health outcomes and address the needs of 

individuals and communities by engaging with key areas, including urban and public 

health, social justice, health equity, epidemiology, health systems research, 

implementation research, and healthcare quality. 

 

In many metropolitan areas, traffic congestion severely delays access to essential 

services, particularly healthcare.44,66–68 These delays create structural barriers that 

exacerbate existing inequities and hinder progress toward achieving the Sustainable 

Development Goals (SDGs).4,17,20,44,58,67,69–71 Yet, despite its profound impact, urban 

and health service planning rarely addresses traffic congestion, largely due to the 

absence of actionable, equity-focused metrics and practical optimisation 

interventions.17,44,72  
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This doctoral research developed the AMORE Project to tackle this gap by uniting civil 

society, public officials, and scientists to co-design and pilot an interactive, web-

based tool: the AMORE platform.9,10,27,50,56,73,74 “AMORE” stands for Análisis espacial 

con Macrodatos para Orientar los Resultados en pro de la Equidad en salud — 

“spatial analysis with big data to guide health equity outcomes.” The name also 

serves as a tribute to my family, whose support and encouragement, especially after 

my father’s death, motivated me to pursue and complete my professional training.  

 

Barriers for a comprehensive approach to evidence-informed tackling of accessibility 

with an equity perspective include unsupported problem characterisations, failure to 

provide an equity perspective, lack of interest holder participation, ignoring 

governance structures, timeliness issues, scientific communication failures, and 

siloed approaches, as well as fixed assessments or prescriptive solutions to 

problems that require flexibility and adaptability.9,10,25,49,50,75–78 Key outputs include six 

peer-reviewed publications, including the three case-study reports underpinning this 

thesis’s compendium.3,6,79–82 We developed two sets of bilingual infographics, 

launched a website that hosted the AMORE Platform’s interface for each test case, 

and created multimedia to communicate our project and its findings. Our social 

media presence includes a LinkedIn page with over 1,800 followers, featuring 

engaging opinion leaders, policymakers, urbanists, health services planners, patient 

advocates, academics, and service providers. 

 

Our multimedia collection comprises 24 open-access multimedia tutorials, 

informative videos, and animations, and it continues to expand. We also have 20 

press releases and recordings from 20 events. Additionally, the project has 

generated eight preprints and has been cited in seventeen articles. During this 

process, the doctoral student contributed to the development of research reporting 

standards for equity in observational studies (STROBE-Equity), cluster, and 

randomised studies.83–89 Advocacy by interest holders has influenced local policy. 

Engagement is reflected in presentations and outputs produced by multiple 

collaborators across a wide range of sectors, knowledge users, and action groups. 

23 of 324



Influential journals and prominent event organisers interested in this research 

granted publication and registration waivers and offered travel stipends. This thesis 

received accolades from the World Health Organization and Colombia’s National 

Academy of Medicine of Colombia. It has also been featured and cited by leaders 

across diverse fields and disciplines, cities, and countries. Graduate students have 

developed research building on these advances, and the doctoral student and his 

collaborators have been invited to advise local organisations and multilateral 

collaborations to advance, scale up, and implement the methods and findings.80,90–92  

 

Working with knowledge users, interest holders, data scientists, and research experts 

led us to develop inclusive communications and shared goals. We used travel time 

metrics that most citizens understand and addressed a knowledge gap identified by 

geography, mobility, and public health experts in reviews.10,34,44,60,62,68,75  

1.1 A four-minute presentation of the project proposal.93 

 
Video 1: AMORE Project presentation (2020)94 (Open the file by clicking the image) 
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2 Objectives 

This thesis addresses a clear problem in urban health and transport policy: the lack 

of tested, accessible, adaptable, and policy-relevant tools to support public debate 

and the engagement of interest holders and the diverse sectors that shape decisions 

and actions influencing travel times to critical services in cities affected by traffic 

congestion.20,34,68,95–99 As a result, metrics that account for traffic congestion and 

incorporate an equity perspective remain underdeveloped, despite travel time being a 

key determinant of access to essential health services and of health equity (see the 

Glossary in section 9.2).63,64,68,100–102 Existing analytical tools are primarily designed for 

expert use, limiting their capacity to inform public policy processes or to enable a 

shared understanding of how traffic congestion shapes inequities in access.3,9,103,104 

Moreover, many of these tools are difficult to update as urban conditions evolve. They 

are often prescriptive and rigid, constraining decision-makers’ ability to test 

alternative scenarios and meaningfully compare policy options.3,9  

 

Primary objective  

Develop and test a participatory approach that generates dynamic accessibility 

assessments, identify up to two facility locations that maximise urban accessibility in 

Cali, Colombia, and forecast the impact of new locations on accessibility, with an 

equity perspective.6 

Specific Objectives  

1. Assess the temporospatial characteristics of accessibility and equity for 

tertiary emergency care, haemodialysis, and radiotherapy services when 

travelling by car in urban Cali, Colombia. 

2. Produce dynamic accessibility assessments using selected travel-time 

thresholds, allowing comparison across different times of day and traffic 

conditions. 
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3. Determine whether populations in situations of vulnerability—by socio-

economic status, geographic location, or ethnicity—incur longer travel times 

when accessing the selected tracer services. 

4. Compare equity-oriented accessibility patterns at two distinct moments of 

the COVID-19 pandemic, highlighting how changes in mobility conditions 

affected vulnerable populations. 

5. Quantify the absolute and relative changes in accessibility attributable to 

traffic congestion. 

6. Model the potential improvements in accessibility that could be achieved 

through the expansion of services and identify optimal locations for such 

expansion based on accessibility optimisation criteria. 

 

The general objective of this thesis was to assess dynamic accessibility evaluations 

for selected healthcare services in urban Cali, Colombia, and to predict the potential 

improvements that could be achieved if new services were strategically introduced. 

We stated that we would accomplish this by engaging stakeholders, considering 

traffic congestion, utilising analytics and modelling, providing an equity perspective 

by disaggregating data, and employing sources such as big and open data to facilitate 

scalability and replicability.  

 

Our specific objectives focused on examining the relationships among traffic 

congestion, accessibility, and equity.  

 

 

 

[CHAPTER SEPARATION - SPACE INTENTIONALLY LEFT BLANK] 
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3 Methodology used in developing the doctoral work 

3.1.1 Design and rationale 

This thesis follows a compendium of publications format. The methodological core 

comprises two cross-sectional, city-wide spatial analyses of car-based travel time 

accessibility, complemented by scenario modelling that tests how the addition of 

services could improve accessibility. Methods were co-designed with knowledge 

users and interest holders to ensure policy relevance and transparency. 

3.1.2 Setting  

The setting was urban Cali, Colombia (Map 2). The tracer services studied were 

tertiary emergency care—where every minute counts—and ambulatory 

haemodialysis and radiotherapy, selected to represent frequently used services 

associated with high-cost chronic conditions.68,97,98,105–113 Together, these services 

capture distinct yet complementary dimensions of urban health service accessibility 

under conditions of traffic congestion. 

 

 
Map 2: Cali’s location in Colombia and the Valle del Cauca Department, and the spatial layout of the 22 
communes and five districts that formed the city’s urban area in 2020. Included with permission. 114–116 

27 of 324

https://doi.org/10.1186/s12889-022-14907-x


The rationale for selecting these tracer services lies in the differing implications of 

prolonged travel. In tertiary emergency care, delays can be detrimental to prognosis 

and may lead to additional treatment needs. Radiotherapy and haemodialysis, by 

contrast, are critical ambulatory services that require frequent travel—often several 

times per week—keeping patients and carers occupied for hours.95,98,108,113,117,118 This 

entails direct, indirect, and intangible costs that can strain household economies 

and, in some cases, lead to catastrophic health expenditure.108,119–122 In Colombia, 

utilisation of these services is monitored through Colombia’s High Cost Account, 

ensuring the availability of reliable use data.111,123 

 

Cali is Colombia’s third-largest city and, in 2020, had an estimated urban population 

of 2.258 million residents. It is the dominant city in Colombia’s Pacific region, and its 

health institutions receive referrals from across this region. The city is divided into 22 

communes, organised within five districts (Map 2) and is transitioning to a special 

district with six administrative localities.124–127 About half of Cali’s population lives in 

low-income housing, 41% in middle-income housing, and 9% in high-income 

housing, including resident workers (Figure 4). About 84% of the population identifies 

as of white descent, and 14% identify as afro-descendent, with a small proportion 

identifying as Indigenous or Rrom.6 When the population and services are mapped, 

the city’s socioeconomic segregation and the distribution of the studied services in 

low-density, wealthy areas confirm findings from descriptive studies (Map 3).128–130  

 
Figure 4: Distribution of Cali’s population by housing socioeconomic stratum, drawn from one of the project’s 
infographics. (See Figure 6)  
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3.1.2.1 Car-based travel as a pragmatic proxy for urban accessibility 

Considering that the study had no external funding and that acquiring detailed travel-

time data through commercial application programming interfaces entails 

substantial costs, the selection of transport modes needed to be parsimonious and 

analytically defensible. We relied on semi-structured interviews with key informants, 

including service providers, community workers, patient advocates, and service 

users, to identify transport modes that were both commonly used and policy relevant 

for accessing the selected tracer services. 

 

Searches of Google Scholar and MEDLINE, complemented by consultations with 

collaborators, identified no studies in Colombia that formally assessed transport 

mode preferences for accessing haemodialysis, radiotherapy, or high complexity 

emergency care. However, convergent evidence from informant testimonies and from 

publications by community workers and patient advocates consistently indicated 

that car-based travel, referring to travel by automobile, was the predominant means 

of access across all three services. This typically involved the use of a private vehicle 

or a hired car rather than public transport. Patient advocates further noted that the 

COVID-19 pandemic reinforced reluctance to use public transport, particularly 

among haemodialysis and radiotherapy users, who were aware of their compromised 

immune status.131–135 

 

Ambulance services were reported to be primarily deployed for road traffic injuries 

and to exhibit long and unpredictable response times for other emergencies, limiting 

their reliability as a means of access. This assessment was corroborated by news 

reports and by the twenty-eight interviews completed between July 2020 and March 

2022, which included local mobility and public health civil servants (Figure 5).6,136–138 

As a result, individuals frequently relied on being driven by an acquaintance or on 

hiring an automobile, both in emergencies and for scheduled ambulatory care. 
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Figure 5: Description presented at the 7th Global Symposium on Health Systems Research, November 2022.137 

From an analytical standpoint, focusing on car-based travel enabled consistent 

estimation of travel times across the urban area, thereby facilitating comparability 

between neighbourhoods and across alternative service-location scenarios. While 

this approach does not capture the full diversity of mobility modalities, it provides a 

conservative and standardised basis for assessing the spatial effects of traffic 

congestion on access to essential services. Importantly, the use of car-based travel 

times does not imply normative assumptions regarding preferred modes of transport; 

rather, it reflects a pragmatic modelling choice grounded in observed practices and 

constrained by available resources. In this context, car-based travel constituted a 

reasonable proxy for urban accessibility for the purposes of delivering a proof of 

concept.6,131–135 
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Map 3. Tracer service locations and dominant housing socioeconomic distribution (Red represents low-income 
and indigo high-income housing with intermediate shades for the six income levels). The height of each TAZ 
represents its population density.130  

The Mayor’s Office of Cali is supported by fifteen secretarial bureaus, several of 

which are directly relevant to this study, including Mobility, Public Health, 

Infrastructure, and Territorial Development and Citizen Participation. In addition, the 

municipal administration comprises ten administrative departments, including 

Municipal Planning and Information and Communication Technologies. The Mayor’s 

Office is overseen by the Municipal Council, seven members of which serve on the 

Planning and Land Commission. The current organisational structure is presented in 

Annexe 9.17.139–141 

 

3.1.3 Engaging knowledge users and consolidating the collaborative team.  

This section describes how knowledge users were engaged and how the collaborative 

team evolved over the course of the doctoral programme. It is complemented by the 

annual reports submitted to the University (Annexe 9.18), which document progress, 

and by recordings, outputs, and timelines posted on the project’s Padlet.13,31,33,93,142–147  

The work recognises the need to approach accessibility by embedding research 

within a systems perspective that extends beyond any single sector or organisation, 

identifies challenges, and co-designs, tests, and applies solutions and improvements 

with multiple actors, nodes of influence, and interest contributors.148,149  
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Throughout the process, the doctoral work prioritised collaboration with local people 

and institutions and was intentionally organised to foster ownership. Members of the 

collaborative were supported to act as active representatives of the project and, 

where appropriate, to take the lead on specific activities such as interviews, 

presentations, and external engagement, working in coordination with the doctoral 

student and sharing resources. An explicit equity lens was applied throughout, and 

momentum was sustained with support from the full group using a range of 

communication tools.150   

 

The overarching strategy adopted by the doctoral student was to anticipate the types 

of knowledge, expertise, and perspectives required at each stage of the research and 

to engage them progressively, in consultation with thesis advisors and key 

informants. This strategy aimed to build a shared vision across sectors and interest 

holders; agree on indicators, data sources, and common goals; promote ownership 

and accountability; strengthen local knowledge and capacity; and mobilise political 

and citizen advocacy for evidence-informed improvements in urban and health 

services planning.10,60,62  

 

Beyond core disciplinary expertise in urban health and mobility, the approach 

explicitly incorporated service providers, user and patient networks linked to the 

tracer services, and individuals with lived experience, engaging actors across 

constitutional, operational, and collective levels of governance.10,12–14,60,151 

Recognising the role of urban observatories as knowledge brokers in Latin America 

and drawing on existing regional networks, the doctoral student also engaged with 

urban observatories in Bogotá and other cities, including Lima (Perú), facilitating the 

identification of additional collaborators and partners.152–154 

 

The collaborative group and key informants included a strong representation of 

individuals with deep contextual knowledge of Cali.79,81,82,93,147,155,156 These comprised 

policymakers, civil servants, service providers, patients (as service users), and 

academics from a wide range of disciplines, including social sciences, health 

32 of 324



systems and services research, public health, geography, mobility, economics, 

programming, data science, and policy advisory fields, with many contributors based 

in Colombia and particularly in Cali. Their sustained engagement throughout the 

study was critical for assessing local evidence, interpreting its relevance within 

specific social and institutional contexts, and integrating local knowledge with 

empirical findings. This collective expertise informed judgements regarding the 

representativeness, accuracy, and appropriateness of the data sources and 

analytical outputs generated or used by the project.10,60,151 

 

The subsections below describe how this engagement strategy was operationalised 

over time, with particular attention to the consolidation of the collaborative team and 

the evolving roles of knowledge users. 

 

3.1.3.1 First academic year – February to September 2020 (Annexe 9.18.1).  

Between February and September 2020, the doctoral project focused on framing a 

policy-relevant research problem and testing its feasibility under constrained 

conditions. This shortened academic period concentrated on conceptual 

development, exploratory analyses, and the identification of disciplinary and 

intersectoral competencies required to address accessibility, traffic congestion, and 

equity in health services planning. Engagement was initially concentrated among 

thesis supervisors, public health researchers, urban mobility specialists, and data 

scientists, establishing a shared analytical language and confirming the viability of 

using open data and travel-time big data in the absence of external funding. 

 

From the outset, the project was conceived as a co-produced endeavour, grounded in 

participatory research traditions and oriented toward iterative knowledge translation. 

Early engagement prioritised shared understanding, transparency, and reflexivity. 

Visualisations (graphs, maps, and slide-based materials) were used to communicate 

emerging ideas, and meetings were recorded with consent to support reflexive note-

taking and the systematic maintenance of research logbooks. As the COVID-19 

pandemic unfolded, all activities were conducted virtually. 
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The initial working group was intentionally assembled to combine expertise at the 

intersection of data science, public health, and mobility. It included senior data 

scientists, professors in public health and innovation, and specialists in mobility and 

geomatics. This group functioned as an early co-production space where feasibility, 

analytical decisions, and policy relevance were discussed collaboratively. 

 

During this year, the doctoral student engaged participants through the Data Science 

for All challenge (see Section 3.4.2), developing early prototypes and testing the 

proposal in a national data-science training and challenge organised by Colombia’s 

Ministry of Information and Communications Technologies and an international 

consortium. In parallel, a knowledge-translation strategy based on visual and 

narrative methods was initiated. Internal seminars led by Prof. Ciro Jaramillo 

supported collective deliberation on mobility concepts, the selection of tracer 

services, and their relevance to equity-oriented accessibility analysis. 

 

Additional expertise was progressively incorporated, including social sciences, equity 

research, and health systems and policy research. Communication channels 

(including WhatsApp groups) were established for contributors and working groups. 

Ten meetings were held with key informants, a concept note was developed, and the 

first AMORE platform prototypes were tested. Informants included advisors from the 

Mayor’s Office of Cali, the Deputy Ministry of Information and Communications 

Technologies, emergency response authorities of Valle del Cauca, and the municipal 

Secretariats of Public Health and Mobility. Follow-up working sessions supported the 

joint definition of research questions, identification of knowledge gaps, and appraisal 

of potential policy impact. 

 

A university-managed cloud environment was used for shared storage and version 

control. Tracer services were agreed upon, census data were adjusted to 2020, and 

official georeferenced datasets for health services and Transport Analysis Zones were 

compiled. Descriptive, diagnostic, and predictive modelling strategies were 
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collectively agreed upon, culminating in the drafting of the project protocol. By the 

end of this period, the foundations for sustained co-production, visual knowledge 

translation, and policy-relevant analysis were firmly established.  

 

3.1.3.2 Second academic year – October 2020 to September 2021 (Annexe 9.18.2). 

During the second academic year, the project moved from conceptual framing to 

formalisation and early validation. A multidisciplinary protocol was co-developed 

and refined with collaborators from public health, epidemiology, urban planning, 

mobility analysis, and integrated knowledge translation.157 This process clarified 

tracer services, equity-relevant indicators, and analytic strategies, and resulted in a 

peer-reviewed protocol publication, marking the project’s first major scientific 

milestone. 

 

Engagement expanded beyond academia to include urban observatories and civic 

organisations, reinforcing the importance of transparency, usability, and 

interpretability. Early dissemination occurred through seminars and invited talks 

spanning health systems research, urban studies, and public policy, functioning as 

validation checkpoints rather than dissemination endpoints. 

 

Operationally, contributors compiled and curated approximately 800 references, 

developed new prototypes for situational analyses and predictive modelling, and 

identified one or two locations optimised for accessibility. The platform identified 

traffic-congestion clusters and linked congestion levels to travel times, producing 

disaggregated, equity-focused visualisations (choropleth maps and infographics). 

This year, 27 targeted training sessions were delivered; the collaborative group grew 

to 8 active members; and a LinkedIn page was launched to communicate with peers, 

experts, and collaborators.  
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3.1.3.3 Third academic year – October 2021 to September 2022 (Annexe 9.18.3).  

In 2021–2022, the project entered a phase of substantive operational development. 

Data collection was completed, and the AMORE platform was developed and 

iteratively tested, enabling dynamic situational and predictive analyses. Key 

milestones included the publication of the approved protocol following ethical 

review, the release of the first empirical publications, and the establishment of a 

functional, interactive platform.3,6,158 

 

Dissemination expanded across disciplinary forums in public health, health services 

research and planning, urban mobility, and data science, providing cross-sector 

validation. The number of contributors increased to more than two dozen, with more 

than forty key informants, including service providers, patient advocates, analysts, 

and civic actors. Engagement extended to urban observatories in Colombia and Peru, 

equity networks, and doctoral groups focused on sustainable urbanism. A 

collaboration was also initiated with an international project coordinated by 

Universidad del Valle addressing mobility in low-income and peripheral 

neighbourhoods of Cali. 

 

The shared Zotero library expanded to 1,446 references, and collaborators 

contributed multimedia guidance to support the interpretation and reuse of the 

platform outputs. The University responded to a cyberattack it suffered in 2021, 

establishing a new work environment with Office 365, losing files stored in the Google 

ecosystem that was hacked.159,160  

 

3.1.3.4 Fourth academic year – October 2022 to September 2023 (Annexe 9.18.4). 

The 2022–2023 period marked a transition from scientific credibility to broader 

external validation and influence. The project was presented—by invitation and 

competitive selection—at national and international forums spanning global health, 

urban planning, mobility, demography, public policy, and health systems research. 

Participation in the World Health Organization’s LEAD Innovation Challenge 

functioned as a structured validation process, leading to methodological refinement 

36 of 324



and expanded engagement with Colombian and regional experts advising policy 

processes. 

 

Collaboration expanded to 36 contributors, including urban observatories, doctoral 

networks, demographers, public policy schools, civil society organisations (e.g. City 

Cancer Challenge), regional transport and accessibility networks, patient 

organisations, and representatives linked to each tracer service. Operational outputs 

expanded substantially, including new multimedia products, four additional 

infographics, and sustained growth in social media engagement. The project’s 

LinkedIn community reached approximately 600 followers. Published articles 

accrued more than 8,400 downloads. The project was featured in press releases and 

presented at prominent international events across Chile, Colombia, Denmark, 

Mexico, Spain, Switzerland, the United Kingdom, and the United States. 

 

3.1.3.5 Fifth academic year – October 2023 to September 2024 (Annexe 9.18.5) 

During 2023–2024, the project demonstrated clear indicators of uptake and 

influence. Three peer-reviewed articles were published, two in first-quartile journals 

(both designated Editor’s Choice), with high download and citation rates. The 

methodology began to be emulated and adapted by external research groups, 

indicating transferability beyond the original context.79–81 

 

Strategic partnerships were consolidated with civic organisations, urban 

observatories, and service-delivery initiatives, supporting application of findings in 

municipal debates and accountability processes. The collaborative network 

expanded to approximately fifty contributors, many of whom independently 

presented the work in sector-specific forums. Social-media engagement and use of 

the Padlet-based repository continued to grow, reinforcing visibility and shared 

ownership. Importantly, findings were cited in Cali’s 2024–2027 Development Plan 

and in the academic evidence informing the city’s Land Use Plan. Publications had 

accrued more than 20,000 downloads and over a dozen citations across diverse 
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disciplines. Findings were also presented at a regional emergency preparedness and 

response panel in Quito.  

 

3.1.3.6 Sixth academic year – October 2024 to September 2025 (Annexe 9.18.6) 

The final academic period focused on consolidation and synthesis. The requirements 

for thesis submission as a compendium of publications were met, and the research 

line was explicitly articulated as implementation-oriented. Engagement extended to 

intergovernmental organisations and development partners, positioning the 

methodology within regional discussions on urban health monitoring and equity. 

 

By this stage, the collaborative group functioned as a distributed community of 

practice, with contributors independently applying, adapting, and teaching the 

approach. Indicators of maturity included sustained growth in collaborators (≈50), 

social media followers (>2,200), article downloads (>25,200), and citations (>30). The 

Zotero virtual library hosts about 2,800 references. The project’s methodology was 

discussed in policy dialogues and case studies and recognised by international 

institutions. A joint working group and agreement between the Inter-American 

Development Bank and the Pan American Health Organization were established to 

advance accessibility metrics that account for traffic congestion and to create a 

regional open-data clearinghouse. We are aware of three graduate students who 

developed their theses by building on the AMORE project. A highlight was returning 

results to interest holders in Cali through a public event organised by Universidad del 

Valle, accompanied by national media coverage. The doctoral student received an 

award for excellence in innovation from the WHO Director. 

 

3.1.3.7 Summary 

Across the doctoral trajectory, operational development and intersectoral 

collaboration evolved in tandem. Early conceptual alignment enabled 

methodological coherence; subsequent co-development of tools and publications 

built scientific legitimacy; and sustained engagement across disciplines and sectors 
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fostered ownership, validation, and policy uptake. Quantitative indicators—growth in 

publications, collaborators, events, and communities of practice—mirror qualitative 

shifts in how the project was used: from exploratory research to a shared decision-

support resource. This progression demonstrates that intersectoral, people-centred 

research can achieve influence and change when collaboration is treated as a core 

methodological component rather than an adjunct to dissemination. 

 

 

 

 

[SPACE INTENTIONALLY LEFT BLANK]

39 of 324



Table 1: Chronological summary of the doctoral project 

Academic 
year 

Focus and strategic 
purpose Key operational developments Outputs and indicators of achievement Collaboration, reach, and validation 

2020 (Feb–
Sep) 

Problem framing 
and feasibility under 
constraints 

Definition of research questions; 
identification of tracer services; 
exploratory analyses using open 
data; alignment with supervisors and 
core experts 

Preparatory analyses and concept notes; no 
formal publications 

Small core team (supervisors, data 
science, public health, urban mobility); 
early consultations with civic and urban 
observatory actors 

2020–2021 Formalisation and 
early validation 

Co-development of multidisciplinary 
protocol; refinement of indicators 
and methods; ethics and 
institutional alignment 

Draft protocol preprint; early seminars and 
invited talks.  

Growing multidisciplinary group; 
engagement with urban observatories 
and civic actors; early cross-sector 
validation 

2021–2022 Execution and 
scientific credibility 

Completion of data collection; 
development and testing of the 
AMORE platform; first full analyses 

Editorial (Q3); original research article (Q1); 
preprints; initial open datasets. Peer reviewed 
protocol published (Q1) with ethics approvals 

Expanded collaboration including 
service providers and patient 
advocates; presentations in public 
health, health services research, urban 
mobility, and data science forums 

2022–2023 
External validation 
and intersectoral 
scaling 

Iterative platform refinement; 
predictive and prescriptive analyses; 
systematic open science practices 

Multiple preprints; datasets in Open Science 
Framework; >70 explanatory videos; 
interactive dashboards; BMJ Open results. 

~36 contributors; participation by 
invitation and competition in global 
health, urban planning, mobility, 
demography, and policy forums; WHO 
LEAD Innovation Challenge finalist 

2023–2024 
Adoption, 
replication, and 
policy anchoring 

Consolidation of partnerships; 
application of findings in municipal 
and civic processes 

Two Q1 publications plus contributions to Q1 
published reporting guidelines on equity in 
observational research, platform appraisal, 
and two master’s thesis; high download and 
citation rates; interactive web interfaces 
publicly available. 

~50 collaborators; emulation in other 
countries; growth of social media and 
Padlet communities; inputs to Cali 
2024–2027 Development Plan 

2024–2025 
Synthesis and 
implementation 
readiness 

Thesis by compendium finalised; 
articulation of research line; 
engagement with intergovernmental 
actors 

Compendium of Q1 publications and thesis 
submitted for review; policy-relevant 
syntheses; continued cross-disciplinary 
citations 

Mature community of practice; 
independent use and teaching of the 
approach by collaborators; recognition 
by PAHO/WHO and development 
partners 
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3.1.4 Units of analysis 

The units of analysis for journey origins were the Traffic Analysis Zones (TAZs) in which 

residences were located, measured from the population-weighted centroid of each 

residential TAZ. For tertiary emergency care, destinations were defined by the service 

entrance coordinates. For ambulatory haemodialysis and radiotherapy, destinations 

were represented by the population-weighted centroid of the TAZs hosting these 

services. 

 

With a population of 2.26 million, Cali is a tropical city in southwestern Colombia, 

located near the equator. It lies in a seismically active region between the Cauca 

River to the west and the Western Andean Mountain Range to the east, which 

separates it from the Pacific coast. The Cali River crosses the northern part of the city, 

shaping both its landscape and infrastructure. The surrounding valley supports 

extensive agricultural activity, particularly sugarcane plantations, which underpin the 

regional economy and influence land use, labour markets, and environmental health. 

Beyond its agricultural base, Cali functions as an industrial and cultural hub. These 

geographic and socioeconomic conditions shape urban development, transportation 

planning, and exposure to environmental risks, all of which are highly relevant to 

studies of health accessibility and equity. Taken together, these features made Cali 

an appropriate and strategic choice as the case study city for this thesis.  

 

As the principal city of Colombia’s Pacific region, Cali serves as the leading centre for 

public health, higher education, and regional governance. Strategically located, it 

connects the country’s southern Andean region with other Andean conurbations, 

while also linking the Pacific trade routes with the Atlantic. Urban expansion has 

followed a predominantly elongated north–south axis, contributing to the main 

corridor linking the Pacific region and coast to the country’s interior. This spatial 

configuration generates both challenges and opportunities for the analysis of 

transportation flows, health service accessibility, and spatial equity. 
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Cali is also home to the main campus of Universidad del Valle, one of Colombia’s 

most influential public universities. Frequently consulted by decision-makers at the 

local, regional, and national levels, it provides a strong multidisciplinary platform with 

recognised expertise in public health, engineering, and policy. Its alumni, faculty, and 

students actively contribute to public initiatives and policy development. University 

leadership has expressed interest in this project, particularly in advancing geospatial 

accessibility studies and travel time assessments. A recent static baseline 

assessment of healthcare accessibility offers a valuable point of contrast with the 

dynamic approach developed in this thesis.161 

 

Although research at the intersection of health systems, policy, and urbanism is 

growing, contextual factors remain decisive. The economic factors shaping policy 

decisions vary significantly across municipalities, underscoring the need for methods 

that enable comparability across settings. Approaches that standardise accessibility 

assessments enable benchmarking, monitoring, and continuous improvement, while 

also deepening understanding of their societal impacts. In this regard, the data 

collected for Cali not only informs local policy but also helps identify knowledge 

gaps, strengthen monitoring frameworks, and define future research priorities. 

Importantly, the data infrastructure and methods available for Cali are also 

applicable to other Colombian cities with traffic congestion, as well as to many cities 

across Latin America and worldwide (see Annexe 9.10), thereby reinforcing the 

multicentric relevance of this work. Accordingly, this thesis presents lessons learned 

and recommendations to support local and multicenter studies aimed at improving 

health access and equity. 

 

3.1.5 Data sources.6  

• Population and housing: 2018 census microdata (DANE), with a documented 

adjustment to approximate 2020 conditions.  

• Health services: official registries and validated facility geolocations for the 

three tracer services, obtained from the National Special Registry of Health 

42 of 324



Services Providers (REPS), the initials in Spanish. It included fourteen tertiary 

care emergency services (code 501 plus high complexity), eleven 

haemodialysis services (code 733), and five radiotherapy services (code 711). 

• Geographic boundaries for traffic analysis zones (TAZs) from the 2015 IDESC 

portal, plus complementary sector boundaries to complete coverage. 

• Road network and congestion: dynamic travel time estimates obtained from 

Google Distance Matrix application programming interface (API) for two time 

windows in 2020, July 6 to 12, and November 23 to 29. 

 

3.1.5.1 Bibliographic collection 

Throughout the project, we sought to remain abreast of relevant developments 

building on the expertise of the research team, without undertaking a formal 

systematic review. The principal researcher and project coordinators invited 

members of the multidisciplinary team to contribute key publications from their 

respective fields and to submit relevant references. These were organised and 

curated in a shared virtual Zotero library (see footnote 2)2.  

 

Purposeful literature searches were conducted during the first half of 2020, while the 

study protocol was under development. These included searches of the Web of 

Science Core Collection, Google Scholar, PubMed, LILACS, Epistemonikos, 

EvidenceAid, and the McMaster Health Forum’s Health Systems Evidence, as 

documented in one of our reports.81  Database alerts were subsequently established 

to monitor emerging publications. Although a systematic review was initially 

considered and a protocol was registered, this workstream was not completed, as 

doing so would have compromised the timely completion of the broader project.92  

 

The bibliographic collection continued to expand throughout the project and 

encompassed a wide range of sources, including literature reviews (integrative, meta 

 
2 Project’s collaborative Zotero collection. 
https://www.zotero.org/groups/2499307/mapas_din%C3%A1micos_y_acceso_equitativo_en_salud/li
brary 
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narrative, realist, systematic, overview, and scoping reviews; see Annex 9.12), policy 

and normative frameworks, individual empirical studies, preprints, and other relevant 

materials.162–164 Initial references were identified through keyword searches 

developed for a scoping review. However, these records were lost following a 

prolonged ransomware cyberattack that compromised the University’s Google Suite 

accounts, including Google Drive and email services.165,166 

 

Additional references were incorporated through expert exchanges, hand searching, 

key informant input, and materials shared via social media, particularly through the 

project’s LinkedIn page, which has attracted over 2,200 contacts. This approach also 

enabled the identification and screening of relevant materials emerging from the 

events, networks, listservs, and subscriptions accessed by the diverse group of 

authors and collaborators involved in the project. The search strategy was later 

reconstructed as faithfully as possible and published in our report on haemodialysis 

and in a related review protocol.81,167 Ongoing surveillance enabled us to identify 

systematic reviews and overviews on health services accessibility,3 both general and 

tracer service-specific, including several relevant publications published as late as 

2025.20,34,44,58,64,67,69,168  

 

From this corpus, we identified literature reviews relevant to our research focus 

(Annex 8.11), including studies addressing dynamic accessibility, traffic congestion, 

and the use of open and big data, and, in some cases, equity considerations. Most of 

these reviews were conducted by highly specialised and relatively homogeneous 

teams, typically drawn from geography, engineering, or public health. None, however, 

incorporated a participatory approach or presented findings in formats readily 

interpretable and actionable for interest holders such as civic leaders or patient 

representatives. These studies predominantly relied on static accessibility 

assessments with fixed parameters, often highlighting problems without offering 

interactive tools to explore scenarios or identify solutions.3,6,9,14,29,55,56   

 
3 Zotero virtual collection of topic reviews 
https://www.zotero.org/groups/2499307/mapas_din%C3%A1micos_y_acceso_equitativo_en_salud/collections/9MZ9T43I/collection   
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In contrast, our project pursued a broader, explicitly people-centred objective, 

engaging a diverse group of knowledge users and other interest holders to test a novel 

approach to leveraging open and big data to examine the relationships among 

accessibility, traffic congestion, and equity.4,5,18,76,169–172 These relationships were 

understood to intersect with broader concerns regarding poverty, equity, human 

rights, and health.44,68,75,102,173–177 

 

3.1.6 Variables and derived measures. 6,82 

• Primary outcome: travel time by car (minutes) from residential TAZs to the 

nearest eligible service. Travel times are intuitively frequently used and 

understood by people planning their travel in busy cities.  

• Derived indicators: proportion of population and population within pre-

specified travel time thresholds for a specific traffic congestion level, a 

measurement of cumulative dynamic accessibility; absolute and relative 

changes in accessibility from free-flow to congested conditions; between-

group differences across equity stratifiers. Cumulative accessibility 

opportunities were calculated as the proportion of the population within 

specified travel-time thresholds for defined congestion levels.178,179 

• Equity stratifiers from the census: residential socioeconomic stratum (1–6), 

TAZ or city sector when a TAZ is unavailable, and available sociodemographic 

markers (e.g., self-identified sex, ethnicity, civil status, health status, 

education-level proxies, where applicable). 

3.1.7 Analysis methods 

• Dynamic accessibility: compute travel times per origin–destination pair for 

each of the nine traffic congestion clusters, for each day and hour of the two 

weeks assessed in 2020; summarise sectors, families, houses, and people 

covered for the selected travel time thresholds. For emergency services, we 
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arbitrarily selected fifteen minutes, and for ambulatory high-cost conditions, 

twenty minutes.  

• Scenario modelling and optimisation: identify the one and two candidate 

locations (TAZs) where new services would maximise city-wide accessibility 

(population within threshold) and estimate gains relative to the status quo. 

• Equity analysis: compare indicators across stratifiers and quantify gaps 

between groups and sectors. 

• Graphic representation: in choropleth maps, city maps showing existing and 

proposed service additions, descriptive graphs and charts for absolute and 

proportional numbers. Colours and designs were selected with science 

communication experts and key informants.  

3.1.8 Quality assurance, reproducibility, and sensitivity 

• Geocoding Quality Assurance: coordinates for each service were verified, 

and errors, such as a transcription typo, were corrected. 

• Replicability: Results from the API queries used to download travel-time big 

data were published and stored on OSF.io to facilitate replication. An 

epidemiology master’s student used these for her capstone.  

• Sensitivity checks: are possible by changing parameters, like travel time 

thresholds, in the web-based interactive AMORE Platform. Platform results 

were found to be sound and show consistent variations in the direction and 

magnitude of change. The platform allows for comparison of findings from 

using the unadjusted vs adjusted census denominators. 

3.1.9 Ethics and data protection.6 

The protocol received ethics clearance from Universitat Autònoma de Barcelona 

(CEEAH-6100, 16–20 Sep 2022) and Universidad del Valle (CEIFI 010-2022, 25 Jul 

2022). Analyses use aggregated, non-identifiable data and comply with institutional 

and national standards. 
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3.2 Reflexivity statement 

In accordance with current guidance on reflexivity in health research, reflexive 

practice was treated as an ongoing, structured element of this doctoral work rather 

than as a one-off retrospective task. The doctoral student’s positionality as a public 

health physician and health systems researcher, with longstanding involvement in 

international health and research, knowledge translation, research quality, equity, 

community engagement, participatory research, and integrative approaches to health 

challenges, influenced the formulation of research questions, choice of methods, 

and emphasis on policy relevance and implementation. 

The study was conducted in close collaboration with local institutions and actors in 

Cali, Colombia, as well as with local and international interest groups—including 

knowledge users. This proximity facilitated access to relevant data, planning 

processes, and valuable contextual knowledge for analysing geographic accessibility 

amidst traffic congestion. At the same time, it required ongoing reflexive attention to 

how institutional priorities, professional relationships, and considerations of policy 

feasibility could shape the study design, analysis, and interpretation. To support this, 

analytical decisions, assumptions, and trade-offs were openly discussed with the 

collaborative group and academic advisors throughout the research process. 

 

The doctoral student’s prior experience working in low- and middle-income settings, 

particularly in Cali and Colombia’s Pacific region, helped identify contextually 

suitable policy and implementation options and facilitated mobilisation of local 

expertise. The student had made significant contributions to the coordination and 

support of health research standards and policies at the global, regional, and 

national levels. Involvement in initiatives focused on defining, assessing, and 

strengthening research ecosystems, including equity-related reporting standards, 

shaped the analytical approach of this study. 

 

Equity considerations guided the identification of target populations, selection of 

tracer services, and choice of spatial and socio-demographic stratifiers. Engaging 

with knowledge users and other interest holders enhanced contextual validity and 
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supported knowledge dissemination and appropriation. Reflexive monitoring of this 

engagement helped reduce risks such as selective framing of inequities, alignment 

with narrow analytical frameworks or dominant policy agendas, and over-

technicalisation, which could diminish the relevance of findings for public policy and 

plural interest-holder dialogue. Whenever possible, analytical strategies were 

predefined, and conclusions were validated through multidisciplinary review and 

iterative analysis feedback. 

 

The researcher’s dual role as analyst and facilitator of dialogue across various 

governance levels, including academic, policy, health providers, and users, is 

recognised as a potential influence on interpretation and knowledge translation. This 

was addressed by transparent reporting of analytical steps, uncertainties, and 

limitations, allowing readers and decision-makers to assess the credibility, 

robustness, and transferability of findings to other urban settings. The collaborative 

group comprised individuals from a wide range of disciplines, professions, and 

personal backgrounds. Beyond formal roles, many contributors relied on direct 

experiences with health services and urban mobility systems, enriching 

interpretation and grounding the analysis in real-world conditions. 

 

Annexe 9.15 provides further detail on relevant experience gained throughout the 

research process, and summarises the doctoral student’s trajectory, with references 

to his professional profile and selected research outputs. 

3.3 Methods by publication (compendium) 

The three studies listed here constitute a compendium of publications, published in 

high-impact, top-quartile journals, supported by accompanying documents that 

provide the necessary background and methodological approach. 

3.3.1 Study 1 – Tertiary emergency care (BMJ Open, 2022) 

Cuervo LG, Martínez-Herrera E, Osorio L, Hatcher-Roberts J, Cuervo D, Bula MO, 

Pinilla LF, Piquero F, and Jaramillo C. “Dynamic Accessibility by Car to Tertiary 

Care Emergency Services in Cali, Colombia, in 2020: Cross-Sectional Equity 
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Analyses Using Travel-Time Big Data from a Google API.” BMJ Open 12, no. 9 

(September 1, 2022): e062178. https://doi.org/10.1136/bmjopen-2022-062178.  

Design: Cross-sectional, city-wide analysis of dynamic travel times to tertiary 

emergency care for two 2020 weeks, considering traffic levels from free flow to peak 

traffic windows.  

Data and measures: Residential TAZ origins to tertiary emergency facilities; 

outcome is travelling time (minutes); indicators include cumulative population within 

the fifteen-minute threshold; equity comparisons by socioeconomic stratum, sector, 

and other available stratifiers. 

Analysis: Compute dynamic travel times from API; summarise indicators by traffic 

context and equity strata; estimate absolute and relative losses under congestion. 

Summary: The study quantified the extent to which traffic congestion reduces 

accessibility to tertiary emergency care and widens gaps between sectors and 

socioeconomic and demographic groups. The study quantified the impact of traffic 

congestion on travel times from the place of residence, by car, to the tertiary care 

emergency service with the shortest travel time. It showed that specific vulnerable 

populations are likely to face longer journeys, raising social justice concerns. 

Findings point at the pertinence of considering equity and congestion in assessing 

accessibility.  

3.3.2 Study 2 – Haemodialysis (The Lancet Regional Health – Americas, 2024) 

Cuervo LG, Villamizar CJ, Osorio L, Ospina MB, Cuervo DE, Cuervo D, Bula MO, 

Zapata P, Owens NJ, Hatcher-Roberts J, Martin EA, Piquero F, Pinilla LF, Martínez-

Herrera E, Jaramillo C, on behalf of the AMORE Project Collaboration. “Dynamic 

Measurements of Geographical Accessibility Considering Traffic Congestion 

Using Open Data: A Cross-Sectional Assessment for Haemodialysis Services 

in Cali, Colombia.” The Lancet Regional Health - Americas 34 (June 1, 2024): 

100752. https://doi.org/10.1016/j.lana.2024.100752 
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Design: Cross-sectional, city-wide analysis of dynamic travel times to haemodialysis 

services during two 2020 weeks, considering traffic levels from free flow to peak 

traffic windows. Scenario modelling for the one and two-TAZ areas where new 

services would maximise urban accessibility to haemodialysis services.  

Data and measures: Residential TAZ population weighted centroids to the 

population weighted centroids of TAZs hosting haemodialysis services; catchment 

area and population coverage within the twenty-minute thresholds; equity 

disaggregation as above. 

Analysis: Contrast measurements with traffic congestion levels. Compare free-flow 

vs peak traffic; run optimisation to find candidate TAZs for new services; estimate 

city-wide and equity-specific gains. 

Summary: Congestion markedly amplified geographic, socioeconomic, and ethnic 

inequities by lengthening travel times for frequent-use dialysis care, with the greatest 

penalties in densely populated eastern and peripheral areas. Locating facilities in 

one or two optimal TAZs substantially improved accessibility and reduced 

disparities. The study includes testimonies from interest holders.  

3.3.3 Study 3 – Radiotherapy (International Journal for Equity in Health, 2024) 

Cuervo LG, Villamizar CJ, Cuervo D, Zapata P, Ospina MB, Valencia SM, Polo A, 

Suárez A, Bula MO, Miranda J, Millán G, Cuervo DE, Owens NJ, Piquero F, Hatcher-

Roberts J, Paredes GD, Navarro MF, Minotta IL, Palta C, Martínez-Herrera E, 

Jaramillo C, on behalf of the AMORE Project Collaboration. “Improving 

Accessibility to Radiotherapy Services in Cali, Colombia: Cross-sectional 

Equity Analyses Using Open Data and Big Data Travel Times from 2020.” 

International Journal for Equity in Health. 23, 161 (2024). 

https://doi.org/10.1186/s12939-024-02211-6  Video-abstract: 

https://youtu.be/8lC1JqywAwk 

Design: Cross-sectional, dynamic accessibility assessment for radiotherapy at two 

2020 weeks, representing distinct traffic conditions, plus scenario modelling for the 
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one and two TAZ where new services would maximise urban accessibility to 

radiotherapy services. 

Data and measures: Residential TAZ origins and service TAZ destinations, in both 

cases from the population-weighed centroid; outcome travel time; coverage within 

twenty-minute thresholds; equity stratification by housing socioeconomic stratum, 

sociodemographic characteristics of the population, and sector. 

Analysis: Contrast measurements with traffic congestion levels. Compare free-flow 

vs peak traffic; run optimisation to find candidate TAZs for new services; estimate 

city-wide and equity-specific gains. 

Summary: Radiotherapy services are scarce and predominantly located in affluent, 

low–population-density areas. Consequently, traffic congestion exacerbates 

structurally unequal access by disproportionately increasing travel times for 

peripheral and low-income populations. Congestion substantially lengthened travel 

times to radiotherapy services, with the greatest penalties observed in densely 

populated eastern and peripheral areas. Modelling the placement of one or two 

additional facilities in optimally selected traffic analysis zones markedly improved 

accessibility and reduced inequities. The study also incorporates testimonies from 

interest holders. 

3.3.4 Related frameworks 

The AMORE project builds on multiple conceptual and political frameworks, including 

people-centred healthcare, research for health, integrated knowledge translation, the 

social determinants of health, health equity, social justice, and the UN Agenda 2030 

with its Sustainable Development Goals.9,23–27,29,30,37,53,56,73,74,83,162,174,175,180–200 The 

“research for health” concept, coined at the Bamako Ministerial Forum, puts an 

emphasis on considering contributions from different fields of knowledge and 

disciplines to improve health and address problems in an integral manner. It was a 

shift from health research done in isolation from other sectors and fields of 

knowledge, and this paradigm shift was promoted by global and regional research 
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policies agreed by WHO member states, including every State in the 

Americas.180,183,201–203 The project exemplifies research for health by generating 

actionable evidence explicitly designed to inform decision-making that impacts 

health. Rather than producing knowledge for its own sake, the study aligns 

methodological innovation, data integration, and modelling with concrete policy 

questions faced by local authorities, urban and health planners, and service 

providers. 

 

The project operationalises people-centred healthcare by shifting the analytical 

focus from service availability alone to the lived experience of accessing care. By 

measuring real travel times under congestion and incorporating testimonies from 

interest holders, the project foregrounds how health systems function from the 

perspective of patients and carers, particularly those requiring frequent ambulatory 

care for prolonged periods of time, or time-sensitive services such as emergency 

care.14,23,25,27 

 

The project adopts an integrated knowledge translation approach by looking integrally 

at the problem with the continuous involvement of interest holders, including 

policymakers, planners, clinicians, patients, and civil society actors, throughout the 

research process. Knowledge is co-produced, iteratively interpreted, and translated 

into tools, visualisations, and policy-relevant scenarios, ensuring relevance, usability, 

and uptake.29,181,184,204,205 

 

Mobility, spatial segregation, and urban form are treated as structural social 

determinants of health within AMORE’s analytical framework. By demonstrating how 

traffic congestion interacts with residential patterns and service location, the project 

makes visible how non-health-sector decisions systematically shape access to 

essential care.40,44,206 

  

Equity is a central analytical lens of the AMORE Project. Accessibility metrics are 

stratified by geography, socio-economic conditions, and population density, allowing 
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the identification of systematic and avoidable disparities. The project moves beyond 

average effects to examine who benefits, who is disadvantaged, and under which 

conditions. The project was also an opportunity to apply current and developing 

health equity-reporting recommendations.30,53,84,85,88,207,208  

 

This thesis is grounded on a social justice perspective by exposing how existing urban 

and health system configurations disproportionately burden already disadvantaged 

populations. By modelling alternative facility locations and policy scenarios, it 

supports redistributive actions aimed at reducing unjust and preventable inequalities 

in access to essential services.37,53,77 

 

This thesis project supports the implementation of the UN Agenda 2030 and its 

Sustainable Development Goals, particularly SDG 3 (Good Health and Well-being), 

SDG 10 (Reduced Inequalities), SDG 11 (Sustainable Cities and Communities), and 

SDG 17 (Partnerships for the Goals). By linking urban mobility, health systems 

performance, and equity-oriented policy action, the project provides an applied, 

local pathway for advancing these global commitments.7,37,207,209,210 

 

In preparation for these publications, we presented the idea through various media, 

including an editorial and research protocols.3,6,93,94,147,157  

 

Throughout this project, under my leadership, we maintained parallel streams of work 

to communicate with relevant audiences, engage interest-holders across sectors, 

generate and discuss evidence highlighting key contextual issues, identify and 

present actionable solutions, validate findings, and promote knowledge uptake while 

considering political options to shape urban and health services planning at different 

levels of governance.9,10,25,50,51,54,209,211–216 

 

3.4 What this study adds 

This study makes several key contributions: 
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• Provides novel, policy-relevant data by integrating open and big data sources 

with geospatial analyses, generating dynamic accessibility indicators with an 

explicit equity focus. 

• Contributed directly to the formulation of Cali’s 2024–2027 Development Plan 

and land-use policy, while offering a replicable methodological framework and 

practical digital tools that can be adapted to other cities. 

• It demonstrates that citywide estimations of travel times, accounting for traffic 

congestion, are technically and economically feasible. 

• Introduces a participatory, people-centred approach for assessing 

accessibility to critical health services, actively engaging knowledge users and 

other interest-holders throughout the process. Collaborators participated at 

every stage of the project, from its conceptualisation, the development of 

communication tools and the platform, obtaining testimonies and insights 

from interest holders, reporting results and representing the study in diverse 

scenarios, and advocating for implementation and social appropriation of 

knowledge. 

• Demonstrates an effective and organic knowledge translation pathway to 

policy, linking academic research with urban and health planning agendas. 

This work was volunteer, did not require external funding, and has resulted in 

the project's continuity and engagement with related initiatives with local 

partners.  

• Quantifies the impact of traffic congestion on access to hemodialysis, 

radiotherapy, and tertiary emergency care, highlighting disproportionate 

effects on vulnerable sociodemographic groups. 

 

These contributions were the result of deliberate design. A theory of change was 

developed by the principal investigator, with inputs from initial collaborators and 

agreed upon by the collaborative project contributors. It provided the conceptual 

framework guiding the project, including the selection of additional collaborators and 

the refinement of the doctoral thesis protocol. 6 The revised protocol was reviewed 

and approved by the Institutional Review Board of the Universitat Autònoma de 
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Barcelona and by the Ethics Review Committee of the Universidad del Valle in Cali, 

Colombia, ensuring compliance with international academic standards, national 

legislation, and local ethical requirements. 

 

With the Theory of Change guiding the project (see Publication 1), the selection of 

networks, sectors, and interest-holders was structured to ensure representation 

across governance levels. Following Abimbola’s multi-level framework for analysing 

primary health care governance, the project engaged: (i) authorities and public 

servants representing constitutional governance (government); (ii) delegates from 

collective governance, including communities, civic organisations, technocrats, 

academics, and researchers; and (iii) service providers and users representing 

operational governance.25,61 This mapping closely matches the categories of interest-

holders formalised in the World Health Organization’s Strategic Approach to Urban 

Health and associated policy briefs published in 2024 and 2025.7,10,156,207  

 

Publication 1 – a theory of change to guide the protocol and interest-holder analyses 158(Zoom or click for detailed 
view) 

 

55 of 324

https://doi.org/10.6084/m9.figshare.20485404.v2


3.4.1 Outputs and communication tools 

Central to this engagement was the development of communication tools that 

translated complex analyses into accessible formats. A four-minute video animation 

(Video 1) and infographic (Figure 6) were created to present the policy problem, the 

methodological approach, and the project’s vision in a relatable manner. These tools 

incorporated local cultural elements, bilingual narration, and music to enhance 

contextual resonance. 217–219  They were piloted with key informants and collaborators 

(Figure 5), refined through iterative feedback, and subsequently used as teasers to 

spark curiosity, invite contributions, and promote dialogue across diverse governance 

levels. 

 

These communication tools were illustrative and constituted integral components of 

the participatory methodology. By enabling effective engagement with knowledge 

users and other interest-holders, they strengthened the project’s people-centred 

approach and exemplified efficient knowledge translation into policy and practice. 

 

The approved protocol was published in 2022 in F1000Research, with the Theory of 

Change. F1000Research is a digital journal with a 105 H-index and Scimago Journal 

Rank of Q1 for three knowledge areas, including Medicine. By May 2025, it had about 

1,000 views. The embedded document is in Annexe 9.1.   

 

• Cuervo, LG, Jaramillo C, Cuervo D, Martínez-Herrera E, Hatcher-Roberts J, 

Pinilla LF, Bula MO, Osorio L, Zapata P, Piquero Villegas F, Ospina MB, and 

Villamizar CJ. “Dynamic Geographical Accessibility Assessments to 

Improve Health Equity: Protocol for a Test Case in Cali, Colombia.” 

F1000Research, November 28, 2022. 

https://doi.org/10.12688/f1000research.127294.1 
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Publication 2: Approved study protocol 6 (Click on the image to open the file) 

 

The selection of networks, sectors, and interest holders was informed by Abimbola’s 

proposed multi-level framework for analysing primary health care governance. It 

proved well aligned with the WHO’s Strategic Approach to Urban Health and its Policy 

Briefs.7,10,25,49–51    
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Figure 6:  2020 Infographic with preliminary data. (Zoom or click for a detailed view) 
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3.4.2 Prototypes of the web-based AMORE Platform 

An early and significant contributor to this project was Daniel Cuervo, an industrial 

engineer and partner at IQuartil SAS, a data science company based in Bogotá, who 

served as lead data scientist to the AMORE project. We discussed conceptual 

developments in travel-time optimisation for emergency services before the initiation 

of the doctoral programme, and Eng. Cuervo advised the project throughout its 

evolution, participating in consultations with knowledge users, other contributors, 

and key informants, supporting the leadership and guiding the data sciences team—

a practice recommended for the development of digital platforms.56 

 

At the time this doctoral research commenced, the Ministry of Information and 

Communication Technologies of Colombia (MinTIC), in collaboration with the 

Colombian government and CorrelationOne, launched the Data Science for All 

(DS4A) certificate programme to strengthen national capacities in artificial 

intelligence and data science. This initiative sought to address local needs through a 

nationally scalable training programme designed to certify data scientists in 

Colombia.220,221 It was also a competitive process with more than 12,000 applicants. 

Daniel Cuervo was one of the 537 selected participants to DS4A who joined from 45 

cities and graduated from the 10-week training program.  

 

The DS4A certificate program assigned participants to small teams that developed 

real-world capstone projects, applying their skills to address pressing development 

challenges in Colombia and to build the country's AI ecosystem. Daniel Cuervo was 

assigned to “Team 33”, one of the 92 project teams established. Daniel shared with 

them the project’s concept of an interactive digital platform that integrated big and 

open data to assess and predict accessibility by measuring the interactions between 

traffic congestion, travel times to essential health services, and health equity, 

supporting the project’s objectives (see page 25).222    

 

Team 33 held weekly and ad hoc meetings with the doctoral researcher to define 

needs and requirements, review draft versions, and share developments with key 
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informants and collaborators, while iteratively testing models (Figure 7) in 

accordance with best practices.56,223 Team 33 was one of the top five teams to reach 

the programme’s grand finale and present to CorrelationOne trainers, MinTIC’s 

leadership, other DS4A participants, and government and academic 

representatives.224 

 
Figure 7: Team 33 data folio, prepared with AMORE Project's guidance.224(Zoom or click for a detailed view) 

 

Three prototypes were completed during the DS4A programme. Team 33 utilised 

these “Series 1” prototypes for training and their final presentation (Figure 9).224 The 

development processes are summarised in Figure 7 and Figure 8. 
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3.4.1 Platform development workflow 

 
Figure 8: AMORE platform development workflow (high-resolution; optimised for zooming
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Figure 9:  Interfaces for the five screens of AMORE Platform v1.3-20210212 (zoom or click for a detailed view) 

 

Following completion of the programme, Team 33 was dissolved, and subsequent 

prototypes were developed and refined in collaboration with IQuartil SAS, the data 

science company contracted to continue the work. 

 

Eng. Daniel Cuervo and Eng. Luis Fernando Pinilla provided programming support to 

integrate additional haemodialysis and radiotherapy services into the platform, 

enhance user interfaces, incorporate adjusted census data, and improve prototype 

performance. As the project progressed, Eng. Pinilla left IQuartil SAS and was 

replaced by Eng. Pablo Zapata, who took on programming responsibilities, 

contributed to data visualisation, final prototypes, and brought in valuable 

perspectives from lived experiences. 
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Prototype 2 integrated these enhancements and added accessibility predictions to 

situational analyses for the three tracer services (haemodialysis, radiotherapy, and 

tertiary emergency care), representing both chronic and acute essential 

healthcare.225 It utilised adjusted census data and measurement data from July and 

November 2020, presented in a vertical layout with separate interfaces. Version 2 was 

released on 12 February 2021. 

 

Subsequent releases progressively incorporated improvements. On 18 February 

2021, user feedback informed the adoption of new colour palettes recommended by 

designers and potential users. On 29 March 2021, a release added Spanish-language 

interfaces and displayed predictions for additional services. A later version, released 

on 3 September 2021, included design refinements and error corrections, such as 

verification of coordinates for a misplaced service. Based on user testing, the 

platform reverted from a vertical to a landscape format to match typical monitor 

proportions. This adjustment was implemented in Version 3, released on 6 February 

2022, which also introduced bilingual interfaces (Figure 11). 

 

A subsequent release on 14 March 2022 incorporated an additional interface with 

tables that simplified data collection for publication, grouping socioeconomic strata 

into low (1–2), medium (3–4), and high (5–6), following conventions in Colombian 

public health reporting. On 23 March 2022, further corrections included adjustments 

to service coordinates. We then measured travel times from the population-weighted 

centroids of each residential Traffic Analysis Zone (TAZ) to the centroids of service-

hosting TAZs. While this could introduce slight reductions in precision, these are 

likely to be negligible for urban and health services planning, and TAZs substantially 

simplify computations. We analysed 14 tertiary emergency services, 11 

haemodialysis units, and five radiotherapy facilities across 507 TAZs and 15 service-

hosting TAZs.  

 

Version 3 was the final set of prototypes used for reporting. They included bilingual 

interfaces, dedicated English interfaces for publication screenshots (as requested by 
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journals), and supplementary tables and figures (Figure 10, Figure 11, Figure 12 and 

Figure 13). The platform’s interactive maps could be expanded and rotated, providing 

three-dimensional choropleth visualisations that linked travel times to TAZs (Figure 

10). These maps revealed that health services were concentrated far from densely 

populated eastern areas and peripheral neighbourhoods—patterns also documented 

in other Latin American cities.226 

 

Good practices applied during development included the continuous involvement of 

data scientists throughout the conceptualisation, development, and implementation 

phases.56 The process incorporated design thinking and AGILE methodologies, and 

prototypes were made publicly accessible to enable knowledge users to explore 

scenarios, validate findings, and contribute ideas for further improvements. 
44,73,74,185,223  

 

The interactive nature of the AMORE Platform, allowing users to modify parameters, 

was considered essential to avoid reliance on impractical fixed thresholds for 

policymaking.9 This feature is particularly relevant given the absence of standardised 

benchmarks for travel times, a variable that is inherently continuous and context-

dependent.  

 

 

 

 

 

[SPACE INTENTIONALLY LEFT BLANK] 

 

64 of 324



 
Figure 10: Composite images of the platform used for published reports. This is Figure 2 of the report on 
haemodialysis. (Open the file by clicking the image) 

 

3.4.2 Applied data sciences 

The presentation layer of the AMORE Platform (the front end; Figure 9 and Figure 11) 

was developed using Microsoft Power BI™ and displays descriptive and bivariate 

statistics through dashboards that integrate filters and heatmaps (choropleth maps). 

Interactive images functioned as filters, enabling users to select or combine 
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sociodemographic variables, travel times, health services, and traffic congestion 

levels. This design was tested for accessibility and comprehension with diverse 

interest-holders, including non-specialists and the wider public.80,152,153,211,227 

 

Iterative consultations with key informants, data end-users, science communicators, 

and experts guided refinements to improve clarity and design. Feedback form 

knowledge users at every stage of development provided data scientists with a deep 

understanding of the contextual challenges and needs. Applying design thinking 

principles, the team refined interface layouts, presentation logic, and colour coding 

of visual elements.73 

 

The platform’s data access and processing layer (the back end) was developed using 

Python (Python Software Foundation) and the Konstanz Information Miner (KNIME). 

Python was applied for artificial intelligence routines, machine learning, and 

geometric operations within geographic information systems. KNIME, while not 

natively geospatial, was utilised for statistical analyses and demonstrated a strong 

capacity for data extraction, transformation, and loading.6,228 

 

 
Figure 11: Situational analysis for accessibility by car, November 2020. Interface and filters.82 
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Figure 12 Baseline car accessibility to haemodialysis in November 2020 and projected improvements from 
strategically adding services in one or two traffic analysis zones (TAZs) that maximise accessibility.81 Top panel: 
baseline assessment (23–29 November 2020). Middle panel: accessibility prediction after adding one optimising 
TAZ. Bottom panel: accessibility after adding two optimising TAZs. (Open the file by clicking the image) 

 

 

 

[SPACE INTENTIONALLY LEFT BLANK] 
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Figure 13 Collage of AMORE Platform images showing accessibility baseline and potential improvements for 
tertiary care emergency services based on the July 2020 travel time measurements.116 (Open the file by clicking the 
image) 

  

3.4.3 Using open and big data to assess accessibility 

The AMORE Platform integrated multiple data layers:6 

1. Georeferenced data on tracer services. Case studies included tertiary 

emergency hospitals, haemodialysis units, and radiotherapy services 

obtained from Colombia’s National Special Registry of Health Service 

Providers (REPS). Specifically, Cali’s 14 tertiary hospitals with emergency care 
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(REPS “Alta complejidad” + 501), 11 haemodialysis units (370 chairs, REPS 

733), and 5 radiotherapy services (REPS 711). 

2. Georeferenced population and housing microdata. Colombia’s 2018 

census (DANE) was adjusted to reflect 2020 conditions, accounting for 

intercensal growth, under-registration (18%), and migration by randomly 

duplicating 28.1% of the population. These adjustments did not produce 

significant differences compared with the unadjusted data, but improved 

representativeness for publications. The platform allows toggling between 

adjusted and unadjusted data.229,230 

3. Traffic Analysis Zones (TAZs). Based on the 2015 database, complemented 

by census sectors for areas without TAZ coverage. TAZs offered adequate 

granularity for accessibility analyses with far fewer data demands than block-

level units (507 TAZs versus 13,558 blocks).79,81,82,116 Population-weighted 

centroids were calculated to more accurately represent residential 

concentrations (Figure 14). 

4. Travel-time big data. Hourly car travel times between 507 origin TAZs and 15 

service-hosting TAZs were procured for two representative pandemic weeks 

with differing mobility restrictions: 6–12 July 2020 and 23–29 November 

2020.79,81,82,116 Travel-time clusters were derived using k-means, reducing the 

dataset from 168 hourly measurements per week to 9 representative 

congestion clusters, thereby reducing data needs by three orders of 

magnitude.6,82,116 

 

The integration of these datasets enabled situational analyses that underpinned the 

three core publications derived from this research. 
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Figure 14: Definition of population-weighted centroids for each TAZ and sectors 

 

3.4.4 Identifying where to locate new services to optimise urban accessibility 

Once travel times were measured and disaggregated by sociodemographic group and 

spatial unit, it became necessary to identify locations where additional services 

could maximise urban accessibility. Measuring every possible TAZ combination (507 

× 506) across congestion clusters would have required prohibitive computational 

resources. 

 

To address this, a predictive optimisation model was developed using a 

computational optimisation method inspired by biological evolution called a genetic 

algorithm. The algorithm iteratively selected TAZs without services, compared 
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accessibility gains with those of neighbouring TAZs (mutations), and repeated the 

process until no further improvements were possible. After 50 iterations, the best-

performing TAZ was selected. The algorithm produced results in minutes, allowing 

feasible computation on standard computers or laptops. 

 

Comparisons with a recursive exhaustive model showed equivalent results. However, 

the recursive model was highly resource-intensive, requiring several days of 

processing to evaluate multiple service locations. The genetic algorithm, therefore, 

provided a practical and efficient alternative for identifying TAZs where new services 

would yield the greatest improvements in accessibility.231–233 

 

3.5 Summary of methods 

The analyses and prototypes presented in Section 3.3 provided the empirical and 

methodological basis for synthesising broader insights. These are summarised here 

as key messages with relevance for policy, practice, and future research.  

 

Aligning urban and health agendas to address the impact of traffic congestion on 

accessibility and equity represents a complex policy challenge. Addressing this 

challenge requires intersectoral collaboration and a pragmatic research approach 

oriented towards implementation and actionable policy insights. This study adopted 

a people-centred methodology, combining research, implementation, and 

knowledge exchange tools to engage diverse interest-holders in the planning of urban 

and health services. 

 

Through a participatory, intersectoral network of volunteer contributors and key 

informants, the project examined the links between traffic congestion, travel time to 

essential health services, and equity in geographical accessibility. This work 

contributes to advancing the Sustainable Development Goals (SDGs), recognising 

their interconnected and multidimensional nature. While geographical accessibility is 

a recognised social determinant of health, its relationship with traffic congestion and 
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equity has remained underexplored in many urban settings where congestion is 

increasingly prevalent.8,234,235 

 

Interest-holders contributed directly to the conceptualisation, enhancement, and 

application of digital tools to measure and predict access to essential health 

services. Their engagement went beyond the research team, fostering awareness and 

momentum for adopting metrics that account for temporal variation (time of day and 

week) and equity considerations. This participatory process was operationalised 

through a web-based digital platform that integrated open and big data to measure 

and predict cumulative accessibility opportunities for three tracer health services, 

representing both chronic and acute care. 

 

Three case studies were conducted in Cali, Colombia, assessing accessibility at two 

time points in 2020. The AMORE Platform demonstrated the capacity to model 

potential improvements in accessibility if new services were introduced, and to 

identify urban sectors where such additions would yield the greatest optimisation, 

thereby providing actionable evidence for decision-makers in urban and health 

planning. 

 

Beyond technical outputs, the project fostered intersectoral and multi-interest-holder 

dialogue on aligning urban and health planning. Participants included opinion 

leaders, academic institutions, government authorities, data scientists, technical 

experts, service providers, and civil society representatives such as patient groups 

and civic organisations. Research results were disseminated through open-access 

publications, multimedia content tailored for diverse audiences, and professional 

platforms such as LinkedIn. From inception to dissemination, the project was 

discussed in local and international forums, engaging actors across sectors, 
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including data scientists, science communicators, and specialists in public policy 

and political science (Page 287, Figure 21).93,147 

 

Planning and findings were also presented at local events coordinated with Cali’s 

leading academic institution, promoting the timely translation of knowledge into 

public policy. This facilitated the integration of research insights into decision-

making, as reflected in Cali’s 2024–2027 Development Plan and evolving land-use 

strategies. The project further strengthened the evidence base on health service 

accessibility, inspired postgraduate research, and informed civic and institutional 

debates. For example, PropacíficoFootnote 4and City Cancer ChallengeFootnote 5 continued 

collaborating with the AMORE Project, Universidad del Valle, and service providers to 

explore the role of accessibility in healthcare pathways and to develop strategies to 

reduce diagnostic confirmation times for breast cancer.  

 

Taken together, these contributions demonstrate the feasibility and utility of a 

participatory, data-driven approach for aligning urban and health agendas, advancing 

equity, and accelerating the translation of research into actionable policy and 

planning. 

 

The following chapter situates these findings within the broader body of evidence, 

discusses their implications for policy and practice, and outlines opportunities for 

future research. 

 

 

[CHAPTER SEPARATION - SPACE INTENTIONALLY LEFT BLANK]  

 
4 https://propacifico.org/en/ 
5 https://citycancerchallenge.org/ 
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4 Results 

We explored the policy problem of determining the links between traffic congestion, 

health equity, and accessibility by: 

• We developed an interactive web-based platform that illustrates the effects of 

traffic congestion on travel times for TAZs and populations, quantifying 

accessibility. The platform also identifies one or two TAZs where new services 

would maximise urban accessibility, illustrating, graphically and with 

measurements, the potential improvement.   

• We engaged diverse knowledge users and other interest-holders throughout the 

conceptualisation, implementation, reporting, and advocacy that enabled the 

translation of findings into policy. 

• We engaged with expert and non-specialist audiences interested in operational 

implementation and in advancing public policy analysis beyond problem 

description.9,10,12–14,37,49–51,54,153,154,205,211,227,236–238 

• We inspired further research and sustained momentum, as the approach and 

outputs were considered for adoption and adaptation by intergovernmental 

organisations, research groups, and NGOs, as documented in the AMORE 

Project’s repository of products and collaborations, and thesis 

reports.54,80,83,91,93,131,132,213,239–252 

To facilitate communication of this approach and to engage diverse audiences, an 

infographic and several videos were produced to summarise the AMORE Project and 

the platform (e.g., Figure 15). Infographics, videos, animations (e.g., Figure 16 and 

Figure 17) and presentations aimed to communicate the policy problem, 

methodological approach, and platform features in accessible formats for diverse 

interest-holders. Beyond local use in Cali, it has been employed in academic, civic, 

and intergovernmental forums, contributing to broader uptake of the approach and 

inspiring collaborations as documented in the AMORE Project’s Padlet repository.93 
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Figure 1 Infographic for the AMORE Project and platform.81 (Open the file by clicking the image) 
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Outcomes:  

• Cumulative accessibility assessments by car for three tracer services—

tertiary emergency care (acute, time-critical), haemodialysis, and radiotherapy 

(chronic high-cost care)—during two study weeks (6–12 July and 23–29 

November 2020). Accessibility was reported at 15-minute travel thresholds for 

tertiary emergency services and 20-minute thresholds for haemodialysis and 

radiotherapy. The interactive platform enables exploration of alternative 

parameters.80,239,252,253 

• Prediction of cumulative accessibility gains under scenarios in which services 

were strategically added at one or two TAZs to maximise urban 

accessibility.79,81,116 

• Demonstrated that including traffic congestion in assessments yielded 

credible assessments and predictions to inform public policy and interest 

holder deliberations. This was conveyed through animated images such as 

Figure 2 and Figure 17 (click to activate the animations).254   

 
Figure 2: Static vs Dynamic assessment. Digital versions (animated right image) show changing accessibility as 
traffic congestion increases. 254 (Open the file by clicking the image) 
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Equity and spatial patterns. Analyses confirmed that Cali is a structurally unequal 

city, with most tracer services concentrated along a South–North corridor on the 

western slopes, creating stark accessibility differences among communes and 

neighbourhoods. This concentration leaves residents in peripheral and low-income 

areas—particularly in the Northeast and Agua Blanca districts—without access to 

essential services, including haemodialysis, radiotherapy, and tertiary-level 

emergency care (Figure 4). While these districts contain some first- and second-level 

hospitals, accessing higher-level services requires long journeys that are further 

exacerbated by congestion. 

 

The findings underscore the urgency of addressing these inequities. The proof-of-

concept demonstrated that traffic congestion disproportionately affects low-income 

and marginalised communities, and that strategically expanding services can 

enhance both equity and overall accessibility. These insights highlight the importance 

of incorporating traffic congestion into accessibility assessments and have already 

begun to influence urban planning and public policy in Cali.255–257 

Figure 3: A dynamic illustration shows the effects of traffic congestion and new services on geographic peak-traffic 
accessibility, based on the July 2020 radiotherapy assessment.63 (Open the file by clicking the image) 
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Distributional impacts. More than half of Cali’s residents face long car journeys to 

reach the tracer services during regular service hours. These access barriers 

disproportionately affect residents of the East, Northeast, and Agua Blanca districts, 

as well as peripheral communities. Accessibility declines most steeply under 

congested conditions for those in the lowest socioeconomic strata, though the 

problem is not exclusive to the poor. Approximately half of the highest-income 

stratum (around 4% of the population), residing in sparsely populated southern 

areas, also experience poor accessibility. Residents in low-income housing are 

primarily concentrated in dense outlying urban areas, including the East, Northeast, 

Agua Blanca, and the western foothills along the road to the Pacific, with particularly 

affected neighbourhoods such as Terrón Colorado, Siloé, and areas between the 

Meléndez and Cañaveralejo river basins in Commune 18. These inequities have been 

corroborated in testimonies reported in our publications.79,81,82,116,128,131–133,256–259 

 

 
Figure 4 Location of tracer services, population, and dominant housing socioeconomic stratum for each TAZ.116 
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Figure 5 Cali’s socioeconomic segregation as displayed in the AMORE Platform’s displays.81 

 

Figure 4 and Figure 5 illustrate Cali’s pronounced socioeconomic geographic 

segregation, with tracer services clustered in affluent, low-density areas along the 

South–North corridor. For all three tracer services, congestion sharply reduced 

accessibility, particularly for residents of outlying districts, low-income housing, 

populations with lower educational attainment, and minority groups such as Afro-

descendant communities. 

 

Policy-relevant predictions. Modelled scenarios demonstrated that exclusion from 

services is responsive to interventions that locate services closer to where people 

live. Predictions indicated that if service fragmentation were addressed, strategically 

placed additional services could substantially mitigate the effects of congestion. 

Travel times for most residents could be reduced to levels comparable to those under 

free-flow conditions (e.g., late at night or early in the morning). While this study could 

be refined to compare the relative benefits of developing new services versus 

upgrading existing facilities—an approach tested in early prototypes—the findings are 

sufficient to emphasise the need to expand coverage and address inequities. Land-

use plans and service delivery strategies should prioritise the eastern and 
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southeastern neighbourhoods, where new integrated services would most effectively 

reduce disparities. 

 

Common goals: The diverse group of contributors remained active and engaged 

throughout the study. They participated in meetings, responded to communications, 

tested the platform, validated findings, and proposed improvements to analytical 

outputs and reports. Several contributors also provided testimonies or formally 

represented the project in external forums, reporting back to the collaboration, 

sharing data and contextual knowledge, and participating in the devolution of results 

to wider audiences. This sustained involvement demonstrates a high degree of 

ownership, engagement, and commitment, particularly given the demanding nature 

of these processes and the tight timelines involved. 

 

The strategic objectives established through the participatory approach and 

methodology were met and, in several respects, exceeded. This is evidenced by 

citations of project findings in policy documents, case studies, and peer-reviewed 

publications; the commissioning of reference book chapters (ongoing); and 

participation in working groups that have continued beyond the completion of the 

doctoral work. The project has effectively acquired momentum of its own. Academic 

collaborators continue to mentor graduate students working on topics that build 

directly on the project’s contributions, while international organisations that were not 

initially engaged are now partnering to develop public goods. These efforts advance 

traffic-sensitive accessibility metrics with an explicit equity lens and further extend 

the methodological approach. In addition, peers and authors of related research have 

proactively engaged with the project and its findings. 

 

1.1 Core compendium publications 

Diverse interest-holders co-authored the three publications forming the backbone of 

this doctoral compendium. Collaborators who joined the project were invited to 

contribute according to their roles, which were recognised using the CRediT 
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(Contributor Role Taxonomy, credit.niso.org) framework. Contributorship and 

authorship were assigned following the recommendations of the International 

Committee of Medical Journal Editors (ICMJE). All acknowledged contributors and 

authors reviewed and approved the manuscripts and disclosed potential conflicts of 

interest in accordance with ICMJE requirements.260,261     

 

The three publications listed below constitute the core of the doctoral compendium. 

Each is introduced with a summary that specifies its order in the compilation, the 

journal of publication, the corresponding journal metrics, and a brief description of 

its content. The introductions are followed by the required embedded articles, 

presented in sequence, to demonstrate both their individual contributions and their 

collective role in advancing a participatory, data-driven approach to understanding 

the effects of traffic congestion on healthcare accessibility and equity. 

1.1.1 BMJ Open – Accessibility to tertiary care emergency services.  

The first publication of the compendium was in BMJ Open, a journal with an H-index 

of 176 and ranked Q1 in Medicine by Scimago. By the end of 2025, it had received 

nineteen citations, over 5,400 abstract views, and 6,350 full-text downloads. This 

report presents cumulative dynamic accessibility assessments for tertiary care 

emergency services in Cali, Colombia 

• Cuervo LG, Martínez-Herrera E, Osorio L, Hatcher-Roberts J, Cuervo D, Bula 

MO, Pinilla LF, Piquero F, and Jaramillo C. “Dynamic Accessibility by Car to 

Tertiary Care Emergency Services in Cali, Colombia, in 2020: Cross-

Sectional Equity Analyses Using Travel-Time Big Data from a Google API.” 

BMJ Open 12, no. 9 (September 1, 2022): e062178. 

https://doi.org/10.1136/bmjopen-2022-062178 
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Publication 1 Situational analysis for tertiary care emergency services 82 (Open the file by clicking the image) 
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1.1.1 The Lancet Regional Health Americas – Accessibility to haemodialysis.  

The second publication of the compendium was in The Lancet – Regional Health 

Americas, indexed in Scimago, with an H-index of 37 and ranked Q1 for Health Policy, 

Internal Medicine, Public Health, Environmental and Occupational Health. The 

journal has an impact factor of 7.0 and a CitScore of 8.0. By the end of 2025, it had 

been cited six times. The article was the Editor’s Pick for the issue. It presents 

dynamic accessibility assessments and forecasts of improvements from the addition 

of new healthcare services. It identifies up to two facility locations that maximise 

urban accessibility in Cali, Colombia.  

• Cuervo LG, Villamizar CJ, Osorio L, Ospina MB, Cuervo DE, Cuervo D, Bula 

MO, Zapata P, Owens NJ, Hatcher-Roberts J, Martin EA, Piquero F, Pinilla LF, 

Martínez-Herrera E, Jaramillo C, on behalf of the AMORE Project 

Collaboration. “Dynamic Measurements of Geographical Accessibility 

Considering Traffic Congestion Using Open Data: A Cross-Sectional 

Assessment for Haemodialysis Services in Cali, Colombia.” The Lancet 

Regional Health - Americas 34 (June 1, 2024): 100752. 

https://doi.org/10.1016/j.lana.2024.100752 

 

 

 

 

 

 

 

 

 

Publication 1 Situational analysis and predictions for haemodialysis and editor’s pick 81(Open the file by clicking 
the image)  
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1.1.1 International Journal for Equity in Health – Accessibility to radiotherapy.  

The third compendium publication was published in the International Journal for 

Equity in Health, with an H-index of 93 and ranked Q1 for Health Policy and Public 

Health Environmental & Occupational Health by Scimago. The journal has an impact 

factor of 4.7. By the end of 2025, it had 5570 downloads and five citations. It 

remained one year as the journal Editor’s Choice. The report describes the 

development and testing of the platform through a participatory approach that 

delivered dynamic accessibility assessments, forecasts of improvements from the 

addition of new healthcare services, and identified up to two facility locations that 

maximise urban accessibility in Cali, Colombia. The report included a videoabstract. 

• Cuervo LG, Villamizar CJ, Cuervo D, Zapata P, Ospina MB, Valencia SM, Polo A, 

Suárez A, Bula MO, Miranda J, Millán G, Cuervo DE, Owens NJ, Piquero F, 

Hatcher-Roberts J, Paredes GD, Navarro MF, Minotta IL, Palta C, Martínez-

Herrera E, Jaramillo C, on behalf of the AMORE Project Collaboration. 

“Improving Accessibility to Radiotherapy Services in Cali, Colombia: 

Cross-sectional Equity Analyses Using Open Data and Big Data Travel 

Times from 2020.” International Journal for Equity in Health. 23, 161 (2024). 

https://doi.org/10.1186/s12939-024-02211-6  Video-abstract: 

https://youtu.be/8lC1JqywAwk 

 
Publication 1 – The Editor's Choice lasting one year.79 (Open the file by clicking the image) 
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1 Integrative discussion 

This chapter integrates the three case studies, draws out their broader implications, 

and distils operational lessons from the AMORE Project.6,79,81,82,116,262 The work 

addressed the primary objective by co-developing, with interest-holders and data 

scientists, an interactive web platform that measures dynamic accessibility to 

selected health services in Cali and forecasts the potential gains from strategically 

adding capacity. In doing so, it incorporated traffic congestion and an equity 

perspective, employed big and open data, and delivered two measurement rounds for 

three tracer services without external funding. The availability of comparable data in 

many cities suggests both scalability and replicability.263–270  

 

In relation to the assessment of temporospatial accessibility and equity, the results 

reveal a pronounced amplification of accessibility differences as congestion 

increases, disproportionately burdening low-income and peripheral communities. 

The dynamic assessments generated by the platform enabled hour-by-hour 

comparisons under varying congestion levels. Analyses examining vulnerable 

populations consistently showed greater disadvantage among residents of lower 

housing strata, Afro-descendant communities, and those with lower educational 

attainment. Comparing equity-oriented patterns across two pandemic moments 

confirmed that mobility shifts differentially affected these groups. Overall, traffic 

congestion significantly reduced both total and disaggregated accessibility, 

highlighting its central role as a determinant of urban health equity. Finally, modelling 

of potential improvements and optimal locations indicated that adding sufficient 

capacity for tertiary emergency care, haemodialysis, and radiotherapy—particularly 

in the east and northeast—would raise peak-hour accessibility towards off-peak 

levels and place most residents within short travel times of essential services.  

 

These findings have direct implications for planning. The eastern districts, home to 

roughly half of Cali’s population, require tertiary emergency capacity capable of 
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meeting demand within clinically relevant thresholds throughout the day; otherwise, 

the inverse care law will continue to perpetuate exclusion.271,272 Scenario testing with 

alternative thresholds can support evidence-informed decisions that balance clinical 

requirements, user preferences, and urban constraints. The approach has already 

informed the city’s 2024–2027 Development Plan and land-use deliberations. 
116,128,256,257,273,274 

Methodologically, the project synthesised good practices across domains to assess, 

forecast, and potentially monitor metropolitan accessibility. Twelve citywide 

measurement exercises (three services, twice each) achieved notable efficiencies 

through intersectoral collaboration, with hourly observations over two weeks covering 

30 services across 15 TAZs for car travel.79,81,116,241 This aligns with calls to integrate 

urban and health agendas, including WHO’s Strategic Approach to Urban Health, and 

positions AMORE as a benchmark case for developing congestion-aware, equity-

focused metrics.7,10,37,49–51,80,83,84,91,156,211,275,276 

 

Across services, common patterns emerged: marked inequities and clear scope to 

mitigate them by adding well-sited capacity. The findings stress the risks associated 

with service fragmentation as a potential barrier in Colombia’s current reform 

discussions, as patients frequently travel across the city for complementary 

care.79,81,116,277–285 By diagnosing the problem dynamically and demonstrating feasible 

solutions, the work provides a scalable approach to narrowing equity gaps rooted in 

congestion and urban segregation, thereby strengthening the technical basis for local 

planning and universal health coverage. 

 

Looking outward, dynamic accessibility assessments can accelerate the Sustainable 

Development Goals (SDGs) by linking local action to global commitments: improving 

coverage and equity (SDG 3 and SDG 10), informing infrastructure and transport (SDG 

9 and SDG 11), contributing to climate mitigation and sustainable mobility (SDG 13), 

and fostering transparent decision-making and partnerships (SDG 16 and SDG 17). 

The same architecture can guide fairer distribution in other sectors (for example, 

nutrition, education, or justice). See Annex 8.14 for relevant indicators.7,37,286–289 
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By operationalising the categories later included in WHO’s Strategic Approach to 

Urban Health, the thesis project anticipated and contributed to the advancement of 

its application and was chosen as a case study to illustrate its application.6,7,10,49–51,207 

1.1 Limitations and overcoming them 

Several limitations were identified in our supporting articles and during the 

implementation process. Many could be addressed as the methodology and tools 

evolve, new data layers are integrated, and ongoing health reforms advance. 

 

A first consideration is that our estimates reflect potential rather than realised 

accessibility. Residents do not necessarily use the nearest service within a given 

travel-time threshold. Structural and behavioural factors—such as insurer 

contracting, workplace proximity, provider reputation, or carers’ preferences—often 

shape choices. This is particularly relevant for frequently used ambulatory services 

like haemodialysis and radiotherapy. Consequently, the model may overestimate 

effective accessibility. Its accuracy will improve as health-service fragmentation 

diminishes and empirical correction factors become available. 

 

Complementary services, including nutritional or psychosocial support, are not 

always co-located within the same Traffic Analysis Zone (TAZ). The project’s evidence 

and methods can subsequently be applied to identify such gaps and inform co-

location policies. Emergency services function differently because Colombian 

legislation mandates unrestricted access to life-threatening conditions; yet even 

there, users may bypass the nearest facilities. 

 

Round-trip conditions for ambulatory care differ by direction and time of day, yet our 

analyses only measured outbound car travel.68,133,135 While car use was contextually 

appropriate for the case studies, broader implementation should consider other 

modes, costs, and user preferences, ideally with more detailed sociodemographic 
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disaggregation.6,131–133,251  Future studies could examine full commuting patterns and 

the characteristics of necessary complementary services.95,98,108,117–119,284,290–294 

 

Our analyses used place of residence as the journey origin. Further work could 

identify alternative points of departure, such as workplaces or likely places where 

tertiary emergencies occur.295–298  Extending the analysis to the wider metropolitan 

region could refine recommendations, although results consistently highlight the 

need for additional capacity in the east, northeast, and Aguablanca districts and 

neighbouring municipalities. 

 

Traffic patterns have changed since the data collection period.299 Although the 

pandemic has ended, Cali remains among the most congested cities in Latin 

America. Regular reassessment is therefore necessary. Technology transfer and local 

appropriation were only partly achieved, limiting the city’s capacity to conduct 

ongoing analyses. Nonetheless, continued collaboration with civic and professional 

partners—such as ProPacífico and City Cancer Challenge—has fostered dialogue on 

travel times as a determinant of accessibility, which is encouraging for future 

uptake.213 

 

Progress will remain limited without agreed-upon metrics and standards that link 

congestion, accessibility, and equity, formally embedded in urban policy frameworks 

and high-level intersectoral agreements.57,76,169,275,300–304 Despite a growing body of 

work on dynamic accessibility, few studies are accessible to non-specialists or co-

produced with knowledge users and interest-

holders.19,20,44,66,67,69,71,72,168,234,245,248,249,267,269,305–315  

 

This research drew on implementation-science principles, adopting a pragmatic, 

real-world approach to intersectoral planning.12–15,29,55,191,238,316–319 Reporting followed 

established frameworks, including StaRI for implementation studies;320 STROBE-

Equity and PROGRESS+ for equity reporting;83,84,321,322 SQUIRE for quality 

improvement;323 GRIPP2 for public involvement;320,324 and TIDieR for intervention 
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description and replication.325 The expanding availability of big and open data makes 

this a timely moment for scoping reviews to consolidate emerging 

methods.4,18,92,164,169,270,300,326–328 Economic analyses are also necessary to link 

accessibility gains to the direct and indirect costs incurred by patients, families, 

providers, and systems due to service segregation.108,119,170,294,329 

 

The methodology was tested within Cali’s urban area, although the city functions as a 

referral hub for Colombia’s Pacific region. Broader assessments could inform regional 

planning and redistribution of services. Our most recent prototypes introduced 

several improvements; however, limited funding prevented us from maintaining a 

function that compared the effects of adding new versus upgrading existing 

facilities—a valuable feature for future iterations. 

 

Implementing change will also require further engagement with planners and 

providers, as many still rely on distance-based metrics or underestimate the 

implications of congestion. Some attempts to add new services failed because they 

were sited near existing ones or constrained by zoning regulations. Scaling up will 

require institutional backing, data clearinghouses, and standardisation efforts that 

multilateral organisations could champion. 

 

 

 

 

 

 

  

The validity of our estimates depends on the consistency and periodic updating of 

underlying data. Census and travel-time data must be updated to capture 

demographic and infrastructure change.230,330–336 TAZ boundaries, seldom revised, 

should evolve with urban development. Although these factors may not substantially 

alter our conclusions, they underscore that the results reflect a specific point in time. 

“This is not just another proposal aimed at public policy decision-makers—of which there are 

many, and of great quality. This is an exercise that, because it can be easily used by anyone 

and updated or replicated without major limitations, not only has a high persuasive power, 

but is also highly useful for health service providers—often private entrepreneurs—as it helps 

them offer better care to their patients while maximising the efficiency of their operations.” 
Felipe Piquero, collaborator, lawyer, author of an autopathography, and a recurrent user of the 

analysed health services.- Padlet/Multimedia(142) 
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Traffic heterogeneity also requires local calibration; in fourteen cases, we adjusted 

TAZ congestion levels to maintain internal consistency.  

 

While available empirical evidence and widespread application indicate that the 

Google Distance Matrix API yields plausible travel time estimates and is used to 

calibrate other algorithms, the proprietary nature of its methods renders its internal 

functioning largely inscrutable. As a result, researchers have limited insight into how 

large-scale mobility data are processed, calibrated, and validated, which constitutes 

an inherent limitation when relying on such big data sources for scientific 

inference.5,99,309,337–339 

 

A distinctive strength of this study is its ability to translate complex analyses into 

policy-ready formats. Colour-coded choropleth maps can reflect specific targets—

such as achieving 95% accessibility during peak congestion—and the interactive 

platform allows users to test alternative thresholds rather than relying on a single cut-

off.79,81,82,116 Few comparable studies combine congestion and equity analysis with 

participatory co-development and identification of optimal service locations. 
10,27,28,43,56,66,75,91,95,169,174,177,180,187,191,197,249,306,312,318,340–364 These features make the evidence 

actionable for decision-makers.9,10,25,212 

 

Engagement with interest-holders enhanced the relevance and impact of the work, 

though such collaboration is context-dependent and difficult to replicate. It relies on 

trust, local experience, and power dynamics that cannot be reduced to formulae or 

reproduced mechanically. 

 

 

 

 

“The project offers a replicable and adaptable tool, tested in the reality of Santiago de 

Cali, that is already guiding better decisions about where key services should be placed to 

serve people better.” Felipe Piquero, collaborator, lawyer, patient advocate, and author.  
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1.2 Future directions and ongoing contributions 

The three manuscripts in the Core Compendium report the main findings from each 

case study.79,81,82  

Predictions for tertiary emergency care, excluded from the papers due to word limits, 

were developed in an invited manuscript that integrated results from the three 

analyses. This work modelled potential improvements from strategically locating new 

services in one or two TAZs to optimise citywide accessibility for haemodialysis and 

radiotherapy. Peer review at the International Journal for Equity in Health 

recommended dividing the paper to expand methodological detail, leading to plans 

for two separate submissions—one focused on tertiary emergencies and another 

integrating findings for chronic care.116  

 

Publishing intersectoral work proved challenging. Although some journals welcome 

such studies, their review processes often require expertise across multiple 

domains—public health, urban planning, data science, mobility, and policy. Editors 

frequently struggled to find reviewers confident across these areas, leading to 

extended timelines. Many declined review invitations, citing unfamiliarity with 

aspects of implementation research or science communication.365 Nonetheless, 

journals that ultimately published our studies demonstrated openness and 

constructive dialogue, validating both our findings and methods. This experience, 

discussed further in Chapter 1.4 below, underscores the importance of journals in 

strengthening editorial guidance and reviewer networks for intersectoral research. 

 

Beyond these articles, new opportunities have emerged. Routledge and INTalInc-LAC 

selected the AMORE Project for inclusion in a forthcoming book, and the World 

Health Organization published it in December 2025 as a case study of its Strategic 

Approach to Urban Health.207 Additional work presented to the Colombian 

Nephrology Association in 2025 built on AMORE data with extended equity 

analyses.91 Collaboration also continues with civic and professional organisations—

including ProPacífico and City Cancer Challenge—to apply project findings in real-

world planning and operational contexts.213   
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The data continue to reveal the profound spatial segregation that shapes accessibility 

in Cali. Roughly half of residents live in low-income housing, two in five in middle-

income housing, and fewer than one in ten in affluent areas. Tracer services remain 

concentrated in high-income, low-density districts, while large populations in the 

eastern Aguablanca sector lack them. Historical insights from collaborating social 

scientists reveal that many of these neighbourhoods arose from informal settlement 

on land exposed to seismic and flooding risks, following displacement from 

Colombia’s Pacific coast and subsequent migration from Venezuela. Over time, 

legalisation processes have enabled the provision of basic services but not yet the 

specialised ones analysed here.229 

 

Despite the expansion of first- and second-level hospitals and community centres 

through programmes such as Desepaz, tertiary emergency, haemodialysis, and 

radiotherapy services remain scarce in the east, northeast, and Aguablanca (Map 2). 

Other low-income areas—such as the western slopes of Siloé and Terrón Colorado—

and even the affluent yet isolated neighbourhoods of Pance also face long travel 

times due to limited road access and public transport. Across all three case studies, 

traffic congestion further amplifies these inequities, disproportionately affecting 

residents of lower socioeconomic status, Afro-descendant communities, and those 

with limited education.79  

 

Nonetheless, the projections generated through the AMORE Platform offer cause for 

optimism. By strategically locating additional services, particularly in Aguablanca 

and the northeast, urban accessibility for all three tracer services could improve 

substantially, delivering the largest equity gains. These ongoing contributions expand 

the reach of this research and reinforce the integrative discussion presented in the 

following section. 
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1.3  Implementation Research recommendations from running the 

AMORE Project 

Drawing on five years of implementation, this section synthesises empirical lessons 

to inform future people centred and cross sector research initiatives. These insights 

derive directly from the design, testing, and scaling of the AMORE Project, and reflect 

its collaborative, adaptive, and participatory character. Elements of their 

implementation are documented across project reports, presentations, and 

audiovisual materials, and are also evidenced throughout the project’s 

development.93  

 

1.3.1 Groundwork and Planning 

• Begin with a clear theory of change and map the skills, capacities, and lived 

experiences (accessing tracer services) required to address project’s 

objectives. 

• Engage key collaborators early—knowledge users, service providers, patients, 

and other interest-holders—and mentor junior team members.13,184,366–368 

• Establish robust support systems for science communication, project 

management, and continuity to ensure sustainability during transitions or 

unforeseen challenges. 159,160,330,336 

• Consider good practices and research reporting standards from the outset. 

For example, understanding the requirements for reporting equity in 

observational studies can help shape the entire research process, from design 

through analysis to dissemination.322,369  

 

1.3.2 Strategic Communication 

• Develop a communication strategy that promotes coherence, transparency, 

and inclusion. 
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• Use accessible tools (such as Slack, WhatsApp, Zoom, and Miro) and 

culturally appropriate multimedia formats (videos, infographics, and plain-

language materials). 

• Test and refine messages with diverse audiences, maintaining regular and 

participatory communication. 

 

1.3.3 Engagement and Advocacy 

• Anchor research in existing policy frameworks and shared societal values. 

• Present concise previews (e.g., animations, one-pagers, or infographics) to 

engage partners and informants. 

• Integrate lived-experience testimonies into policy dialogues, ensuring that 

beneficiaries’ voices inform decisions. 

• Stay focused on core goals while navigating external agendas and institutional 

priorities. 

 

1.3.4 Cross-Sectoral Learning 

• Encourage participation across disciplines and adapt terminology to different 

professional and community audiences. 

• Facilitate direct interaction between data scientists, communicators, project 

managers, and decision-makers to promote shared understanding. 

• Support research that explores mobility, inequities in accessibility, economic 

costs, gendered patterns, and behavioural factors influencing 

access.34,75,76,79,169,226,234,326,340,370–372  

 

1.3.5 Sustainability and Amplification 

• Empower collaborators to act as ambassadors and share ownership. 

• Prioritise open access and multimedia outputs to ensure reach and equity. 

• Balance ambition with context—replication depends on social conditions and 

timing within policy cycles. 
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• Build knowledge-action networks (e.g., across Latin American cities) to share 

metrics, align urban and health planning, and sustain momentum. 

• Share ownership by empowering collaborators to act as ambassadors and 

champions of the work. 

• Prioritise open-access and multimedia outputs to promote equity and reach. 

• Balance ambition with context—replication depends on local conditions, 

resources, and timing within policy cycles. 

• Foster regional knowledge-action networks, particularly across Latin 

American cities, to exchange metrics, align urban and health planning, and 

sustain momentum.68,75,76,91,136,152,161,172,248,250,263,277,300,315,373–387 

 

Together, these lessons encapsulate the internal learning derived from implementing 

and scaling the AMORE Project. Section 1.4 below presents targeted 

recommendations for policymakers, service providers, civic organisations, 

communities, and researchers, helping diverse knowledge users apply and adapt 

these insights to strengthen accessibility, equity, and intersectoral action within their 

own contexts.  

1.4 Recommendations and actions for impact116 

These lessons from implementation research draw on the internal experience of 

designing, testing, and scaling the AMORE Project. They demonstrate how 

accessibility can be measured while considering traffic congestion, and how such 

evidence can be mobilised to reduce inequities and improve planning. 116 

 

Building on this foundation, this chapter looks outward, presenting 

recommendations for different knowledge users—policymakers, service providers, 

civic organisations, communities, and researchers. Each set is tailored to its 

audience, offering practical guidance on applying and adapting these insights to 

strengthen accessibility, equity, and intersectoral collaboration. The collaborative 

group has continued its advocacy, has additional publications in the pipeline, and 

has established partnerships, giving continuity to the project. As new synergistic 
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studies have emerged, we have engaged with authors to share knowledge and 

promote collaboration. This is also reflected in the growth of the project’s LinkedIn 

page, which by the end of 2025 had 2253 followers, including many such authors, 

leaders from relevant organisations, and interest holders from diverse sectors, 

disciplines, and governance levels.   

1.4.1 For policymakers 

• Integrate accessibility needs into metropolitan and regional planning 

instruments, aligning with health reforms. 

• Collaborate with communities, sectors, and providers to place new services 

strategically within the current administration (e.g., 2025–2026). 

• Introduce transport stipends tied to travel-time assessments, targeting 

support to populations facing the longest or most complex journeys while 

reducing subsidies for those with convenient local access.98,110,113,118,290,388–390 

• Use cartography and dashboards to visualise accessibility and mobilise cross-

sector campaigns toward universal access (e.g., the “paint our city green” 

concept).116,247,391 

• Legislate for service integration, ensuring comprehensive and conveniently 

located healthcare. 

• Establish monitoring and evaluation systems to track accessibility for health 

and other essential services (e.g., food security, education, legal aid, 

emergency response).113,196,249,270 

• Evaluate the impact of adding services for suburban and rural populations 

alongside metropolitan centres. 

• Broaden assessments to cover diverse transport modes and regions. 

• Advance standardisation, clearinghouses, and agreements to sustain future 

developments. 
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1.4.2 For service users, providers, and advocates including non-government 

organisations 

• Advocate for a whole-of-government and societal approach to mitigate traffic 

congestion’s effects on health equity.44,68,102,191,392 

• Demand actionable data and participatory processes that enable coordinated 

policy responses for health justice. 10,13,27,55,186,187,198,341–343,347 A recent example: 

in April 2025, City Cancer Challenge and ProPacífico convened a workshop to 

improve data science applications for breast cancer diagnosis. Similarly, the 

DS4A included a call from Colombia’s Ministry of Technology for follow-up by 

the National Department of Planning.213,224,393 

• Adapt participatory processes and tools to raise awareness among 

populations that are often neglected or excluded. 

• Apply and adapt AMORE methods to monitor accessibility in other cities and 

services.50,79,116,247 

• Explore integration with health system operations—for example, linking travel-

time data with appointment systems or insurance to improve access to 

convenient slots.116,209,394 

• Leverage Cali’s new status as a Special District with decentralised local 

administrations as an opportunity to address service segregation and use data 

for more equitable distribution.126,395,396  

1.4.3 For urban observatories 

• Integrate urban observatories with digital monitoring platforms, linking 

accessibility metrics to equity. 

• Promote data-driven planning and policies in congested urban environments. 

• Streamline data integration and ensure flow toward observatory dashboards. 

• Support evidence-driven metropolitan and regional decision-making on 

accessibility. 
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1.4.4 For research teams and sponsors 

1.4.4.1 Intergovernmental organisations, multilateral institutions, and philanthropic 

entities 

• Support open-source, equity-focused platforms and dashboards to monitor 

and improve accessibility in congested cities.3,4,9,51,75,246,300  

• Promote standards, norms, and best practices while advancing digital public 

goods.397,398  

• Establish data clearinghouses for metropolitan and regional accessibility 

analyses.263  

• Sponsor implementation research integrating accessibility into health 

planning. 

• Call for harmonised metrics of accessibility that reflect equity and universal 

health coverage goals.37,57,399  

• Develop practical checklists to guide working groups and assessments in 

adapting or replicating this approach.400  

• Facilitate research agenda-setting and creation of regional public goods 

through partnerships with governments and organisations.42,44,67,70,401 

1.4.4.2 Research institutions and academic teams 

• Advance implementation research and social innovations that address policy 

issues holistically.12,13,55,143,145,238,317,402–404  

• Organise interdisciplinary research on policy translation, economic analyses, 

and methods to improve service accessibility.67,72,76,77,110,121,169,171,184,300,372,405–408  

• Explore economic impacts across levels: patients (out-of-pocket costs), 

providers (satisfaction, costs), and society (equity, coverage, complications, 

quality of life).67,72,91,110,171,300,405,406,408,409   

• Conduct policy-relevant scoping reviews assessing accessibility, traffic 

congestion, and equity.44,58,68,69,92,168 

• Align international urban health and mobility agendas (e.g., Bloomberg 

Philanthropies, WHO, UN-HABITAT) with local equity goals.10,37,50,51,53  
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• Create incentives for cross-disciplinary research addressing public policy 

challenges.12,13,55,402  

• Study local economic implications of poor accessibility and test virtual 

services to reduce travel needs.  

• Use interactive, participatory resources to model space-time links and 

scenarios in formats usable by decision-makers and communities.  

1.4.4.3 Research reporting and review 

To address these challenges more systematically, journals and reviewers can play a 

pivotal role. Recommended actions include: 

 

1.4.4.3.1  For journals 

 • Establish cross-disciplinary reviewer pools that include not only disciplinary 

experts but also networkers (akin to knowledge brokers or boundary spanners) 

who can connect perspectives across fields. 

 • Develop structured guidance for editors and reviewers on how to handle 

manuscripts that cut across multiple sectors. 

 • Recognise and value partial yet complementary reviews so that no single 

reviewer is expected to cover the entire scope of an intersectoral manuscript. 

 • Encourage editorial teams to adopt a constructive, dialogue-based approach 

with authors, as our positive experiences demonstrated this can be both 

feasible and beneficial. 

1.4.4.3.2  For reviewers 

 • Contribute insights in their areas of strength without feeling compelled to 

cover all aspects of a complex manuscript. 

 • Embrace a collaborative ethos, trusting that colleagues from other fields will 

provide complementary perspectives. 

 • Where possible, act as networkers by helping to bridge disciplines, situate 

findings within broader debates, and link evidence with policy and practice. 
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Such measures would not only expedite the review process but also ensure that 

intersectoral work is fairly assessed and published.  

 

Beyond the publishing sphere, strengthening the reporting and review of intersectoral 

research is crucial for advancing equity-oriented urban health and health services 

planning, addressing the social determinants of health, and achieving the 

Sustainable Development Goals. These goals inherently require working across 

sectors, developing partnerships, and generating evidence that can inform policy 

questions, which, by their very nature, demand bridging between disciplines and 

fields of knowledge.9,175,188,191,351  

 

This trajectory also resonates with the mission of the doctoral programme in 

Biomedical Research Methodology and Public Health, which seeks to advance 

methodological excellence in biostatistics and epidemiology and apply these 

disciplines to population health, health systems research, and the evaluation of 

healthcare quality. The AMORE Project and this thesis illustrate how rigorous 

methodological approaches can be combined with intersectoral, equity-oriented 

perspectives to generate policy-relevant evidence, offering a practical example of the 

kind of scholarship the programme aims to foster. 

 

1.4.4.4 Training and education 

• Promote a people-centred, multi-interest-holder approach to research on 

social determinants. 

•  Support education and training in implementation research and participatory 

methods that identify actionable, context-specific solutions.9  

1.5 Core Contributions 

• Revealing territorial inequities and solutions – Identifies underserved 

populations, maps accessibility gaps, and models improvements from 

strategically adding services. 
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• Supporting intersectoral decision-making – Provides actionable data and 

visual tools to engage civic organisations, providers, patient advocates, and 

authorities in joint planning. 

• Influencing public policy – Informed Cali’s land use and development plans, 

positioning equity and accessibility as policy priorities. 

• Fostering social innovation and participation – Convened diverse actors in 

co-developing and implementing tools, enhancing ownership and impact. 

• Enabling monitoring and evaluation – Created scalable, low-cost, equity-

sensitive indicators to support both real-time assessment and long-term 

planning. 

 

By articulating open and big data with participatory people-centred approaches, the 

AMORE Project demonstrates how health equity and accessibility can be measured, 

modelled, and meaningfully improved. Its lessons extend beyond Cali, offering 

adaptable strategies for other cities facing congestion and inequities. The project’s 

ongoing momentum—fuelled by intergovernmental organisations, civic actors, and 

researchers—underscores its potential as a scalable public good for advancing 

sustainable and equitable urban health. 
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2 Conclusions 

Co-designing the platform with collaborators and incorporating inputs from 

knowledge users, interest holders, and key informants strengthened its relevance and 

accessibility, as well as the advocacy capacity of participating actors, thereby 

promoting local appropriation of the findings. This participatory and intersectoral 

ethos was essential for bridging evidence with decision-making and for ensuring that 

the tools developed were not only technically robust but also meaningful and 

applicable to policy and practice. 

 

This thesis functions as implementation research by generating context-sensitive, co-

produced, and policy-relevant evidence that decision makers have demonstrably 

taken up. Its citation in policy documents is not incidental; rather, it reflects 

outcomes consistent with its implementation-oriented design and intent. 

 

Building on this foundation, the thesis demonstrates that travel times, particularly 

when adjusted for traffic congestion, provide a realistic and intuitive measure of 

accessibility to healthcare services in urban environments. Although people naturally 

describe journeys in terms of travel time and often consider congestion, planning 

systems have yet to incorporate these perspectives, despite the growing availability 

of open and big data that make such applications feasible. The analyses in Cali 

confirm that it is both technically and economically viable to generate citywide 

dynamic accessibility assessments using existing data, and that presenting this 

evidence through intuitive interfaces and an interactive platform enhances its value 

for policy and planning. 

 

These assessments reveal substantial inequities in access to essential services such 

as haemodialysis, radiotherapy, and tertiary emergency care, underscoring the 

structural limitations of a segregated city where critical health services are 

disproportionately concentrated in low-density areas. This spatial imbalance reflects 

broader patterns of social injustice and planning bias that systematically 

disadvantage populations in densely populated or underserved zones. Importantly, 
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the thesis also demonstrates that these inequities are not immutable: the interactive 

platform enables the estimation of potential optimisation scenarios, informs debates 

on healthcare fragmentation and disconnectedness, and shows that strategically 

locating services to make them accessible to all residents would markedly reduce 

disparities. Populations experiencing vulnerability who require frequent or urgent 

treatment often bear a disproportionate travel burden, which is further exacerbated 

during periods of peak congestion. Whereas static measures tend to obscure these 

inequities, dynamic temporospatial analyses offer a more accurate and policy-

relevant understanding of accessibility. 

 

The methods developed here are transferable beyond Colombia, as comparable data 

are increasingly available in countries. This scalability reinforces the multicentric 

relevance of the work and its potential to inform international policy agendas. The 

findings also contribute directly to the monitoring and advancement of several SDGs. 

By advancing dynamic, equity-focused measures of accessibility within a 

participatory framework, this thesis supports global efforts to foster healthier, fairer, 

and more resilient cities. 

 

This project therefore makes a novel contribution that is directly relevant to the 

objectives of a doctoral programme in biomedical research methodology and public 

health. It advances methodological innovation by integrating dynamic accessibility 

metrics with participatory approaches, while also responding to pressing local needs 

in Cali and Colombia. The timing is particularly auspicious, as the city’s new political 

divisions and the formulation of the 2024–2027 Development Plan, alongside 

revisions to the land use plan, create immediate opportunities to translate the 

findings of this thesis into policy and practice. This alignment highlights the value of 

the work for harmonising urban and health services planning. At the same time, the 

methods and tools are transferable and scalable to other urban contexts worldwide, 

thereby supporting the achievement of the SDGs. In doing so, the project exemplifies 

how rigorous methodological research can generate practical solutions that address 

171 of 324



inequities in healthcare access, inform decision-making, and contribute to building 

more equitable and sustainable societies. 

 

In short, this thesis demonstrates that accessibility can be accurately measured 

when traffic congestion is accounted for, and that doing so provides robust, 

actionable evidence to reduce inequities, align urban and health services planning, 

and build healthier and fairer cities. 
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2.2 Glossary and abbreviations 

• Accessibility: “a fundamental concept in transport geography and urban 

planning. It refers to individuals’ ability to travel and participate in activities 

given the available transport and land use system (Pirie 1979, Pooler 1987)”.39 

In this study, geographic accessibility refers to a characteristic that depends 

on the origin of a journey (the population-weighted centroid of the traffic 

analysis zone where a resident dwells), the location of the service with the 

shortest travel time from that origin, and the predicted journey time.40 It can 

be described as the possibility for health service users to effectively reach 

these services, providing a performance measurement of the urban and 

transport systems. Accessibility is therefore linked to land use and 

transportation.4,41,42 Four components are often considered when assessing 

accessibility to opportunities such as health services: land use, transport, 

temporal, and the individual.42,43 Accessibility, for some, captures the 

possibility of individuals to participate in activities, such as reaching a health 

service.34  

• Accessibility indicators: These indicators describe the ease of access to 

opportunities, such as health services. There are numerous and evolving categories 

of accessibility indicators, and for this study, we focus on how transport systems 

enable people to reach desired services or locations. Specifically, we focus on travel 

times and populations that, by utilizing a transport system, will likely reach a (health-

related) service within a specified travel time threshold, given a certain level of traffic 

congestion.43–45 This study’s proposed approach addresses several limitations 

identified in analyses of accessibility definitions that focused on policy and 

purposeful travel to tracer chronic care and acute care services, which were raised 

at the outset of this project.45 In this study, most indicators are expressed as 

absolute population or percentage of the population. These indicators are 

disaggregated by the sociodemographic characteristics of the population, housing 

characteristics, and location.6 An analysis has highlighted the need for indicators for 

standalone services, accounting for specific contexts, policy needs, and the 

availability of geographic information systems that provide accurate travel-time 

measurements and predictions.3,4,45  
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• Acute care: a global burden of disease assessment proposes that “acute care 

involves conditions that have a short, relatively severe course, and potentially 

curable or reversible".225 Examples pertinent to this work are the so called 

“first hour quintent” conditions: cardiac events, acute coronary syndromes, 

strokes, respiratory failures, and severe trauma.113 Also, other conditions such 

as epileptic status, abrupt mental changes, major bleeding or severe adverse 

events such as a serious allergy, sepsis, or treatment complication.113,410,411 

• AMORE, the project's and platform’s name, is the Spanish acronym for 

Análisis espacial con Macrodatos para Orientar los Resultados en pro de la 

Equidad en salud, or “spatial analysis with big data to guide health equity 

outcomes.” This name also honours the doctoral student’s family. The project 

engaged current and former policymakers across various sectors, interest 

holders, and knowledge users (e.g., civil servants, government officials, 

service providers, service-user advocates, and non-governmental 

organisations), as well as academics, science communicators, and data 

scientists. These contributors influenced the conceptualisation, 

implementation, reporting, and knowledge use. They helped design a web-

based, interactive platform that integrated open and big data to measure and 

predict accessibility to tracer services, applying research recommendations 

to support participatory policy shaping.6,7,9,61,342     

• Chronic care: a global burden of disease assessment proposes that “Chronic 

care focuses on the management and long-term treatment of medical 

conditions that are persistent, progressive despite treatment, and typically 

incurable”.225  

• Congestion, traffic: The US Department of Transportation has been defined 

traffic congestion as an “excess of vehicles on a portion of roadway at a 

particular time resulting in speeds that are slower -sometimes much slower -

than normal or “free flow” speeds. Congestion often means stopped or stop-

and-go traffic.”412  An OECD report states “Congestion is a situation in which 

demand for road space exceeds supply.”413  
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• Cumulative opportunities accessibility (also called cumulative 

accessibility opportunities): This metric represents the number of residents 

estimated to reach any studied services at a given time, travelling by car from 

their residence to the service location with the shortest travel time. It applies 

an arbitrary travel time threshold, represented as an isochrone in the AMORE 

Platform’s cartography. It does not account for whether an individual can 

access one or multiple services within that threshold. 6,178,179,412,414  This is a 

dynamic concept, as accessibility changes throughout the day.4  

• Cumulative opportunity measures (see cumulative opportunities 

accessibility: see above.   

• Dynamic spatial-temporal accessibility measurements (DSTAM): place-

based measurements applied in our accessibility assessments to service 

(opportunity) offering the shortest travel time given traffic congestion and 

other network characteristics.415  

• Dynamic cumulative accessibility: refers to the population covered by the 

isochrone for a travel-time threshold at a given moment.  

• Equity, and Health Equity: according to the World Health Organization, 

“Equity is the absence of unfair, avoidable or remediable differences among 

groups of people, whether those groups are defined socially, economically, 

demographically, or geographically or by other dimensions of inequality (e.g. 

sex, gender, ethnicity, disability, or sexual orientation). Health is a 

fundamental human right. Health equity is achieved when everyone can attain 

their full potential for health and well-being. Health and health equity are 

determined by the conditions in which people are born, grow, live, work, play 

and age, as well as biological determinants.  Structural determinants 

(political, legal, and economic) with social norms and institutional processes 

shape the distribution of power and resources determined by the conditions 

in which people are born, grow, live, work, play and age.”322,416  

• Global Navigation Satellite Systems, Precise Navigation Satellite 

Systems, and Positioning Navigation and Timing systems are 

interchangeable terms that refer to satellite networks synchronised to 
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pinpoint locations. These systems can collect travel time data and establish 

journey times based on characteristics and information from those traversing 

parts of a journey. These systems seamlessly provide timing and positioning 

to many transportation systems and billions of smartphone users.417  

• Governance: The Pan American Health Organization’s Policy on Research for 

Health CD49/10 adopted a governance definition describing it as the 

processes for collective action that structure the interaction between actors, 

process dynamics, and the formal and informal rules with which society 

determines its behaviours, makes decisions, and applies them.180,418  WHO’s 

Strategy for Urban Health defines governance as the framework through which 

decisions affecting the health of urban dwellers are made, delivered, and 

accounted for.49   

• Health Equity: Health equity occurs when everybody can achieve the 

fundamental right to health because unfair, avoidable, or remediable 

differences among groups of people are absent, whether those groups are 

defined socially, economically, demographically, geographically, or by other 

dimensions of inequality.195,419 Health equity is integral to urban governance.420   

• Implementation research: “systematic approach to understanding and 

addressing barriers to effective and quality implementation of health 

interventions, strategies and policies. IR is demand-driven and the research 

questions are framed based on needs identified together with relevant 

stakeholders/ implementers in the health system”11  

• Interest-holders refer to groups of people with a legitimate interest in the 

issue, economic, social, environmental, or, particularly in this case, equitable 

health services accessibility. This concept has recently emerged to replace 

“stakeholder,” which reminds people of power relations in territorial claims 

instead of the intended collaborative or shared nature of contributions 

towards advancing rights and impact.421 

• Knowledge (action) networks: “social relationships and the networks these 

relationships constitute are influential in explaining the processes of 

knowledge creation, diffusion, absorption, and use”.1  
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• Knowledge users frequently refer to those using knowledge to shape change 

through decisions and actions. These could be policymakers, managers, 

patient advocates, or communities, and in this study, those directly or 

indirectly shaping urban and health services planning agendas.10,22,422,423 

• Optimising urban accessibility refers to implementing land adjustments that 

maximise the population’s ability to reach a type of health service within a set 

travel time threshold and means.407 

• People-centred healthcare: “An approach to care that consciously adopts 

individuals’, carers’, families’, and communities’ perspectives as participants 

in, and beneficiaries of, trusted health systems that are organised around the 

comprehensive needs of people rather than individual disease, and respects 

social preferences. ... People-centred care is broader than patient and person 

centred care, encompassing not only clinical encounters, but also including 

attention to the health of people in their communities and their crucial role in 

shaping health policy and health services”.24 The World Health Assembly’s 

Framework on integrated people-centred health services calls for people-

centred health services, and the framework is being promoted.23,25–28  

• Spatiotemporal Accessibility Assessment: Evaluates accessibility by 

integrating both spatial and temporal dimensions, providing a comprehensive 

view of how access changes over time and space. (See Dynamic spatial-

temporal accessibility, Temporal Accessibility Analysis, Time-Dependent 

Accessibility)19–21 9,11–13,15,190,238 

• Stakeholder: a term that originates from colonial and land-claiming language 

as it refers to staking a claim, which can be problematic in contexts involving 

Indigenous peoples, land rights, or post-colonial societies. It can be vague or 

misunderstood, especially outside business or policy circles. In policy circles, 

it is frequently used as a synonym for an interest-holder, although there is a 

growing trend to use the latter term, which focuses on rights and impact 

instead of power or influence. Terminology evolved as this work progressed. 

This report will use the proposed term “interest holder”, described above.421 

242 of 324



• Research reporting standards: guidelines adopted by publishers, knowledge 

brokers and producers to enhance the value and quality of research.424,425  

• Social Justice: “The objective of creating a fair and equal society in which 

each individual matters, their rights are recognized and protected, and 

decisions are made in ways that are fair and honest.”173,426 

• Temporal Accessibility Analysis: Focuses on how accessibility varies across 

different periods, accounting for service availability and demand fluctuations. 

(See: Time-Dependent Accessibility, Spatiotemporal Accessibility)43 

• Time-Dependent Accessibility Assessment: Analyses accessibility 

considering the temporal dynamics of transportation networks and service 

operations.43 
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2.10  Data Repositories for Urban Accessibility Analysis: Open Access 

Census and Health Services262 

Countries with Open Access Digital Census Providing Disaggregated 

Sociodemographic Data, by WHO Region  

AFRO (Africa)  

• Ghana – Ghana Statistical Service: https://statsghana.gov.gh/  

• Kenya – Kenya National Bureau of Statistics: https://www.knbs.or.ke/?p=5732  

• South Africa – Statistics South Africa: https://www.statssa.gov.za/?page_id=3839  

 

AMRO (Americas)  

• Argentina – National Institute of Statistics and Censuses (INDEC): 

https://www.indec.gob.ar/indec/web/Nivel4-Tema-2-41-135  

• Brazil – Brazilian Institute of Geography and Statistics (IBGE): 

https://www.ibge.gov.br/en/statistics/social/population.html  

• Canada – GeoBase / Statistics Canada: 

https://www150.statcan.gc.ca/n1/en/type/data  

• Colombia – National Administrative Department of Statistics (DANE): 

https://www.dane.gov.co/index.php/en/statistics-by-topic-1/population-and-

demography/national-population-and-housing-census-2018  

• Mexico – National Institute of Statistics and Geography (INEGI): 

https://www.inegi.org.mx/programas/ccpv/2020/  

• Peru – National Institute of Statistics and Informatics (INEI): 

https://www.inei.gob.pe/estadisticas/censos/  

• United States – U.S. Census Bureau: https://www.census.gov/data.html  

 

EMRO (Eastern Mediterranean)  

• Egypt – CAPMAS: https://www.capmas.gov.eg/  

• Jordan – Department of Statistics: http://dosweb.dos.gov.jo/  
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EURO (Europe)  

• France – National Institute of Statistics and Economic Studies (INSEE): 

https://www.insee.fr/en/accueil  

• Germany – Destatis: https://www.destatis.de/EN/Home/_node.html  

• United Kingdom – Office for National Statistics (ONS): 

https://geoportal.statistics.gov.uk/  

 

SEARO (South-East Asia) 

• India – Office of the Registrar General & Census Commissioner: 

https://censusindia.gov.in/  

• Indonesia – Badan Pusat Statistik (BPS): https://www.bps.go.id/  

 

WPRO (Western Pacific)  

• Philippines – Philippine Statistics Authority (PSA): https://psa.gov.ph/population-

and-housing  

• Vietnam – General Statistics Office: https://www.gso.gov.vn/en/  

 

Regional and Global Repositories  

• WorldPop – High-resolution population data for over 135 LMICs.: 

https://www.worldpop.org/  

• IPUMS International – Harmonized census microdata for over 94 countries.: 

https://international.ipums.org/international/  

• GeoSUR – Geospatial data from Latin America and the Caribbean.: 

http://www.geosur.info/  

• GADM – Global administrative boundary datasets.: https://gadm.org/  

• CEPALSTAT – Centralized statistical data platform from ECLAC.: 

https://statistics.cepal.org/portal/cepalstat/index.html?lang=en  

257 of 324

https://www.insee.fr/en/accueil
https://www.destatis.de/EN/Home/_node.html
https://geoportal.statistics.gov.uk/
https://censusindia.gov.in/
https://www.bps.go.id/
https://psa.gov.ph/population-and-housing
https://psa.gov.ph/population-and-housing
https://www.gso.gov.vn/en/
https://www.worldpop.org/
https://international.ipums.org/international/
http://www.geosur.info/
https://gadm.org/
https://statistics.cepal.org/portal/cepalstat/index.html?lang=en


• Free GIS Data Repository – Over 500 GIS data sources including population and 

boundaries.: https://freegisdata.rtwilson.com/  

  

Countries with Open Access to Digitised and Georeferenced Health 

Services Information (By WHO Region)  

AFRO (Africa)  

• Ghana – Ghana Statistical Service: https://statsghana.gov.gh/  

• Kenya – Kenya National Bureau of Statistics: https://www.knbs.or.ke/?p=5732  

• Nigeria – HeRAMS Nigeria: https://www.who.int/initiatives/herams/herams-nigeria  

• Sierra Leone – GRID3 Health Mapping: https://grid3.org/  

• South Africa – Statistics South Africa: https://www.statssa.gov.za/?page_id=3839  

 

AMRO (Americas)  

• Brazil – Open Healthcare Access Map: https://heigit.org/all-countries-of-central-

and-south-america-now-on-open-healthcare-access-map/  

• Colombia – Open Healthcare Access Map: https://heigit.org/all-countries-of-

central-and-south-america-now-on-open-healthcare-access-map/ REPS – Registro 

Especial de Prestadores de Servicios de Salud: 

https://prestadores.minsalud.gov.co/habilitacion/  

• Mexico – Open Healthcare Access Map: https://heigit.org/all-countries-of-central-

and-south-america-now-on-open-healthcare-access-map/  

 

EMRO (Eastern Mediterranean)  

• Egypt – WHO GHFD Pilot: 

https://ggim.un.org/2unwgic/documents/RAVI%20SHANKAR.pdf  

• Jordan – Department of Statistics: http://dosweb.dos.gov.jo/  

 

EURO (Europe)  

• France – Health Data Hub / INSEE: https://www.insee.fr/en/statistiques  
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• Germany – Destatis / GovData: https://www.govdata.de/  

• United Kingdom – ONS Open Geography Portal: https://geoportal.statistics.gov.uk/  

 

SEARO (South-East Asia) 

• India – Data.gov.in Health Facilities: https://data.gov.in/sector/health-family-

welfare  

• Indonesia – Badan Pusat Statistik (BPS): https://www.bps.go.id/  

 

WPRO (Western Pacific)  

• Philippines – Philippine Statistics Authority (PSA): 

https://psa.gov.ph/statistics/health-statistics  

• Vietnam – General Statistics Office: https://www.gso.gov.vn/en/  

 

Regional and Global Repositories  

• Global Healthsites Mapping Project: 

https://wiki.openstreetmap.org/wiki/Global_Healthsites_Mapping_Project  

• GRID3: https://grid3.org/  

• Open Healthcare Access Map: https://heigit.org/all-countries-of-central-and-

south-america-now-on-open-healthcare-access-map/  

• WHO Geolocated Health Facilities Data (GHFD): 

https://www.who.int/data/GIS/GHFD  

• WHO Global Health Facilities Database: https://www.who.int/news/item/10-03-

2022-who-global-health-facilities-database-ensuring-access-to-primary-healthcare-

and-uhc  

 

2.11 Ongoing activities and reports 

The AMORE Project has been: 

• Selected in a competitive process by the World Health Organization for a case 

study publication about its Urban Health Strategy.  
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• Chosen in a competitive process to deliver a book chapter to INTAL-InC LAC 

who will consider it for publication with Routledge/Taylor & Francis. “Making 

way for accessibility. Governance, plans, and policy for urban mobility, urban 

form, and social inclusion in Latin America and the Global South.”.  

• Contacted to expand on its assessments in collaboration with various 

Universidad del Valle’s faculties. 

• Considered for a policy brief on urban mobility and health to be developed by 

the Cali Mayor's Bureau.    
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2.13 Student’s applied professional and academic experience  

• Motivation and framing. The project originated from a practical policy 

question in Cali: how traffic congestion affects timely access to time-critical 

services, and how evidence could guide equitable service planning.  

• Co-design. Knowledge users and interest-holders were involved throughout, 

with iterative feedback cycles to refine inputs, outputs, and usability 

features.142,145,317,404 

• Collaboration. Multidisciplinary contributors clarified roles early to balance 

scientific integrity with practical constraints. Ethics and data-sharing were 

completed prior to analysis. 

• Reflections on platform development. Iterative co-design ensured usability 

and transparency; documentation was maintained to support reproducibility. 

• Reflections on knowledge translation. Briefings, infographics, dynamic 

images (e.g., GIFs), and other multimedia supported dialogue with diverse 

counterparts and knowledge users, and tested interpretability. 

• Knowledge translation. Building on experience summarising and preparing 

evidence to inform policies and actions, and developing policies on research 

for health, nationally and internationally.31–33,167,427–435 

• Challenges and mitigation. Communicating uncertainty and findings 

demanded simplified visuals. 

• Lessons learned. End-to-end engagement of knowledge users, interest 
holders, and data scientists. Target-oriented communication tools. Intuitive 
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and simple equity-focused metrics and graphics accessible to interest 
holders. 

 
 
 
 

2.14 SDG Indicators Where Metrics of Accessibility and Traffic 

Congestion Intersect 

Selected UN-defined SDG indicators most directly relevant to this thesis (based on 

the UN SDG Global Indicator Framework【UN Stats, 2023 update】): 

• SDG 3 (Good Health and Well-being) 

o 3.8.1: Coverage of essential health services (including access to quality 

essential health-care services). For example, the proportion of the 

population able to reach a tracer service within a given time threshold, 

by any suitable means.  

o 3.8.2: Proportion of population with large household expenditures on 

health as a share of total household expenditure or income. For 

example, the proportion of the household’s annual income that 

represents out-of-pocket expenditure for accessing health services.  

• SDG 9 (Industry, Innovation and Infrastructure) 

o 9.1.1: Proportion of the rural population who live within 2 km of an all-

season road (adaptable as a proxy for urban health facility access). For 

example, adding an indicator for urban areas, such as the proportion of 

the urban population who live within a 15-minute journey to a tertiary 

care emergency service by the most accessible means of 

transportation.   

• SDG 10 (Reduced Inequalities) 

o 10.2.1: Proportion of the population living in low-income housing (or 

classified as low income), disaggregated by age, sex, and persons with 

disabilities, who face journeys equal to or greater than 20 minutes to 

tracer ambulatory care health services of frequent use. 
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o 10.2.1: Proportion of the population in low-income housing (or 

classified as low-income), disaggregated by age, sex, and persons with 

disabilities, who face 15 or more minutes to reach a tertiary care 

emergency centre by car (hire or private). 

 

• SDG 11 (Sustainable Cities and Communities) 

o 11.2.1: Proportion of population that has convenient access within xxx 

meters to the integrated public transport network. 

o 11.3.2: Proportion of cities with a direct participation structure of civil 

society in urban health services planning and management. 

• SDG 13 (Climate Action) 

o 13.2.2: Total greenhouse gas emissions per year.  

▪ Estimated greenhouse gas emission changes from 

implementing solutions for enhanced accessibility 

o 13.3.2: Number of countries that have integrated climate 

mitigation/adaptation into policies, strategies, and planning, for health 

services accessibility. 

• SDG 16 (Peace, Justice and Strong Institutions) 

o 16.6.2: Proportion of population satisfied with their travel time to tracer 

health services. 

o 16.7.1: Gender, age, ethnicity, and disability differences in accessibility 

compared to historical trends and national distributions (reflecting 

inclusivity). 

• SDG 17 (Partnerships for the Goals) 

o 17.16.1: Proportion of the national urban population residing in cities in 

which patient networks and service providers actively engage in 

monitoring health services accessibility. 

o 17.18.1: Proportion of the national population residing in cities offering 

disaggregated health services accessibility data.  

 

If applied to other sectors 
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• SDG 2 (Zero Hunger) 

o 2.1.2: Proportion of urban population living beyond a 15-minute walk 

from a food dispensary or market.  

o 2.2.2: Proportion of children living in poverty (including extreme 

poverty) who must walk more than 15 minutes to reach a meal 

dispensary or school with meal services.   

• SDG 4 (Quality Education) 

o 4.a.1: Proportion of schools reached by children within 15 minutes 

from their residence by their available transportation means. 

o 4.5.1: Parity in travel times between (female/male, bottom/top wealth 

quintile, etc.) travel times to school. 

 

Adapted from: 

United Nations (2023). Global indicator framework for the Sustainable Development 

Goals and targets of the 2030 Agenda for Sustainable Development. Updated 

framework by the Inter-Agency and Expert Group on SDG Indicators (IAEG-SDGs). 

Available at: https://unstats.un.org/sdgs/indicators/indicators-list/ 

 
 

2.15 Enabling developments 

2.15.1 Reflections on observations 

During the preparatory phase, I drew on observations arising from the contrast 

between the everyday use of consumer smartphone navigation applications (such as 

Waze, Google Maps, and TomTom), which provide real time travel estimates, and the 

continued reliance of many planning processes on static or Euclidean measures, or 

on approaches that fail to account for the effects of traffic 

congestion.3,4,44,53,68,76,161,169,234,314,326,436–438 Having used in car GPS navigation devices 

since 2003, this disconnect became particularly salient and shaped my motivation to 

explore more pragmatic, equity-oriented tools for service planning. Personal 
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exchanges with peers and family, as well as discussions with mentors and 

colleagues, helped to crystallise these insights. 

 

2.15.2 Intersectoral engagement 

My tutor, Dr. Xavier Bonfill, encouraged identifying a director with intersectoral 

expertise. Following Dr. Lyda Osorio’s advice, Professor Ciro Jaramillo joined as thesis 

director. This strengthened governance and created bridges across health, mobility, 

and urban planning. 

 

2.15.3 Communication and engagement 

From the outset, emphasis was placed on science communication and engagement 

with non-academic partners. Early collaborators (e.g., J. Hatcher-Roberts, M.B. 

Ospina, J. Miranda) and forums (Salurbal, Ciudades Cómo Vamos, Global Health 

Learning Network) helped shape the project and facilitated partnerships. Several of 

these activities generated visibility through social media highlights and press releases 

issued by institutions, organisers, national media, and international organisations. 

Thanks to our collaborators’ strong sense of ownership and engagement, we were 

able to present the project at events and courses in Bogotá, Cali, Copenhagen, 

Geneva, Lima, London, Medellín, Mexico City, New York, Ottawa, Quito, Rome, 

Santiago, Valencia, and Washington, DC. 54,152–154,209,227,393,439–442 

 

2.15.4 Validation and team growth 

Participation in symposia and international networks expanded the team, bringing in 
collaborators such as E. Martínez-Herrera, M.O. Bula, and G. Millán. Patient 
advocates and civic leaders enriched the work with lived experience and institutional 
memory. A broad mix of experts—ranging from high level civil servants and former 
municipal, departmental and national authorities to technical health, emergencies, 
and mobility planners, and patients, —provided perspectives that grounded the 
project in real policy contexts, and supported an integrated approach to knowledge 
translation.9,162,184,190,216,351,368,401,443–445 136,209,241,298,446–450 136,243,276,451 155 152 153,154 135 
136,137,244,448,452–456 133,457 251,439  Image 1 was taken in September 2024, when the project’s 
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leadership first met in person at the event at which results were presented to local 
interest holders and leaders in Cali.  

   

 

 
Image 1 September 18, 2024, first leadership encounter at Universidad del Valle, following four years of virtual 
collaboration.  

 

2.15.5 Complementary training 

• 2021–22: Online certificate, Analysing Health Systems: Lessons from COVID-

19 (LSE). 

• 2025: Certificate in Community Engagements, Social Innovation, and 

Implementation Research for Health Impact (TDR/WHO).13 

• Coordinated BMJ–TDR–SESH Global–Sida–PAHO supplement on social 

innovations for health.143 

These, along with self-led, uncertified training, contributed to the project’s 

management and resilience. For example, developing video editing skills, or in 

managing collaboratively maintained Zotero libraries, which allowed consolidating 

references from searches, experts, and contributors. Despite the loss of the original 

scoping review to a ransomware attack, the strategy was reconstructed and 
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published, and the library evolved into a dynamic shared knowledge base that guided 

the project and illustrated its participatory ethos.  

 

2.15.5.1 WHO Innovation Challenge and Award 

The AMORE Project was presented in the WHO’s 2023 LEAD Innovation Challenge. 

Our proposal, Driving Towards Equity, advanced to the final stage and was 

awarded the WHO LEAD Innovation Award by the Director-General in 2024. This 

recognition (Image 2) stimulated further institutional interest, including from 

PAHO and the Inter-American Development Bank.  155 93,210,210,458,459 263,460  

  

 

 
Image 2: Certificate issued by the WHO’s Director General, with the signature obscured per request of his office 

 

 

2.15.5.2 National Academy of Medicine of Colombia – 2025 Scientific research awards  

On December 10, 2025, the project earned an Honorary Mention at the 2025 

Scientific Research Awards of the National Academy of Medicine of Colombia, in a 

competitive process (Image 3). 
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Image 3 Honorable Mention to the research project issued by Colombia's National Academy of Medicine  

2.15.6 Logo and communications 

One of our first priorities was to build a coherent visual identity that would convey the 

project’s ethos and strengthen recognition across platforms. The AMORE logo, 

designed in 2021 by Ingrid Faber (Figure 20) represents a flower created from location 

icons, with petals in Sustainable Development Goal colours to highlight people’s 

accessibility needs. Complementary artistic contributions enriched our 

communications: Adriana Cabal Aulestia’s paintings of Cali, volunteer cover designs 

by Lina María Botero and Paula Saenz, and hand-drawn illustrations by architect 

Enrique Sinisterra. Together, these elements promoted cohesion among contributors, 

symbolised the project’s intersectoral and equity-driven values, and enhanced the 

clarity and impact of our public-facing materials.12–15,55,238,316–319 We also worked with 

science communicators to produce visual abstracts, videos, tutorials, and 

infographics.47,185,198,217,219 The project’s LinkedIn page had 2,260 followers by 

December 31, 2025.  
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2.15.7 Communicating the project 

To introduce the project to academic and policy audiences, our first publication was 

an editorial in Gaceta Sanitaria (Publication 1) outlining the policy and research 

challenges addressed by this thesis. The article, “Improving equity using dynamic 

geographic accessibility data for urban health services planning”, summarised the 

problem of using static measures in planning and positioned dynamic accessibility as 

a practical alternative. By December 2025, it had received over 8,600 views and ten 

citations from various disciplines.3 

 

Figure 1: AMORE Project logo and font 
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Publication 1: The editorial presents the policy and research problems.3 (Open the file by clicking 

the image) 

 

Infographics and a four-minute animation were the first communication products 

shared with interested parties. These visual resources often served as an accessible 

entry point, sparking curiosity and encouraging audiences to explore the project in 

greater depth. Together with testimonies, artwork, and other multimedia elements, 

they reinforced the project’s focus on equity, ensured resonance with civic and 

institutional audiences, and laid the foundation for broader dissemination and uptake 

of the findings.3,93,94,131–133,236,251,253,461–463. Testimonies from Commune 18 residents and 

others convey a compelling presentation of the policy issues.133,251,457 Any social or 

health field worker in these peripheral areas of Cali will find the testimonies relatable 

(Video 1). 
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Video 1: Testimonies by Populab describing accessibility challenges.133 (Open the file by clicking the image) 

 

2.15.8 Career-long trajectory (selected reflections) 

Earlier professional contributions to participatory approaches, community-oriented 

primary care, implementation research, systematic reviews, evidence overviews, 

living reviews, evidence-based guidelines, other knowledge translation tools, 

capacity development in integrated knowledge translation, evidence-informed 

policymaking, balancing benefits and harms, and other forms of integrating relevant 

knowledge to decisions for health policies and actions. These experiences are noted 

here to document continuity and influence, without adding new data or analyses. A 

professional profile is available on LinkedIn, and research outputs are documented in 

ORCID 0000-0003-2732-5019, ResearchGate, Web of Science Researcher ID, Google 

Scholar, Scite, SAGE Policy Profiles, and TDRGlobal. 
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2.16 Visual timeline  

 
Figure 2: Timeline of project publications and presentations until the radiotherapy report's publication. Colour 
coding represents meetings with key informants in blue, presentations in red, publications in green, public 
communications in yellow, preprints and multimedia in white. (Open the file by clicking the image) 
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An initial thesis protocol was submitted to my doctoral advisors and published as a 

preprint. It was deemed too ambitious and reliant on factors beyond my control, such 

as its transfer into policy, thus it was trimmed to focus on testing the participatory 

approach to complete the assessments and predictions. The initial protocol was: 

• Cuervo LG, Cuervo D, Hatcher-Roberts J, Martínez Herrera E, Pinilla LF, 

Piquero F, Ospina M, and Jaramillo Molina C. “AMORE Project: Integrated 

Knowledge Translation and Geospatial Analysis to Improve Travel Times 

to Health Services (Accessibility) and Health Equity in Cali, Colombia: A 

Proof of Concept Using Mixed-Methods Research.” Preprint. Thesis 

Commons, November 19, 2021.  

 

 
Publication 2 – the preliminary thesis protocol 157 (Open the file by clicking the image) 
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2.17 Municipal administration official chart.139  

 

 
(Open the reference’s link by clicking on the image). Highlighted entities denote institutions relevant to 

the scope of this thesis, based on the doctoral student’s analytical assessment. 
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2.18 Reports to the Doctoral Programme's Follow-up Commission 

2.18.1 2020 
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2.18.2 2021 
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2.18.3 2022 
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2.18.4 2023 

 

 

304 of 324



305 of 324

https://padlet.com/Proyecto_AMORE_Project/Collaborators


306 of 324



307 of 324



308 of 324



309 of 324



310 of 324



 
 
 
 
  

311 of 324



2.18.5 2024 
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2.18.6 2025 
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“I asked, ‘How far is the airport?’ He said, ‘25 minutes.” 

—Ismo Leikola, Finnish comedian.464 
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