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ABSTRACT

Objectives To test a new approach to characterise
accessibility to tertiary care emergency health services in
urban Cali and assess the links between accessibility and
sociodemographic factors relevant to health equity.
Design The impact of traffic congestion on accessibility
to tertiary care emergency departments was studied with
an equity perspective, using a web-based digital platform
that integrated publicly available digital data, including
sociodemographic characteristics of the population and
places of residence with travel times.

Setting and participants Cali, Colombia (population
2.258 million in 2020) using geographic and
sociodemographic data. The study used predicted travel
times downloaded for a week in July 2020 and a week in
November 2020.

Primary and secondary outcomes The share of the
population within a 15min journey by car from the place of
residence to the tertiary care emergency department with
the shortest journey (ie, 15 min accessibility rate (15mAR))
at peak-traffic congestion hours. Sociodemographic
characteristics were disaggregated for equity analyses. A
time-series bivariate analysis explored accessibility rates
versus housing stratification.

Results Traffic congestion sharply reduces accessibility

to tertiary emergency care (eg, 15mAR was 36.8% during
peak-traffic hours vs 84.4% during free-flow hours for the
week of 6-12 July 2020). Traffic congestion sharply reduces
accessibility to tertiary emergency care. The greatest impact
fell on specific ethnic groups, people with less educational
attainment and those living in low-income households or
on the periphery of Cali (15mAR: 8.1% peak traffic vs 51%
free-flow traffic). These populations face longer average
travel times to health services than the average population.
Conclusions These findings suggest that health services
and land use planning should prioritise travel times over
travel distance and integrate them into urban planning.
Existing technology and data can reveal inequities by
integrating sociodemographic data with accurate travel
times to health services estimates, providing the basis for
valuable indicators.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Our study investigated affordably measured dynam-
ic accessibility to tertiary care emergency services
for the entire population using massive amounts of
measurements and provides an equity perspective.

= The platform was developed using a person-centred
design; it communicates findings using basic de-
scriptive statistics, graphics and cartography.

= Travel times account for traffic congestion and are a
proxy for travel costs (ie, distance, cost and time).

= Sources used to measure travel times are empiri-
cally known to be accurate, but variations of their
precision across sectors and populations, like the
algorithms behind the measurements, are unknown.

= Models need to be retrained if conditions change
ostensibly.

INTRODUCTION
Background and rationale
Every minute counts in life-threatening
emergencies that do not leave time for refer-
rals (eg, insufficient tissue oxygenation,
critical bleeding, significant tissue damage
and poisoning). The well-being of patients
depends on getting immediate attention in
a tertiary care facility that offers essential
subspecialised care by highly skilled personnel
and sophisticated facilities, including special-
ised surgical theatres and intensive care units.

This study tests a new approach that allows
stakeholders to explore different assumptions
and scenarios, for example, different time-
to-destination thresholds, traffic congestion
levels or accessibility for the whole or parts of
the population.

The study delivers baselines for accessi-
bility by car (automobile) to tertiary care
emergency departments in Cali, Colombia. It
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assesses the impact of traffic congestion on accessibility
and health equity, using a car (private or for hire) as the
means of transportation because it is how Cali residents
typically reach tertiary care facilities in emergencies.
This approach also makes it possible for future studies to
analyse accessibility with other means of transportation or
under different assumptions.

Accessibility is a dynamic spatial attribute measured as
the travel time needed to reach a health service location
(destination) from the origin of the demand (place of
residence in this study).'™ Travel times fluctuate over
time and with traffic congestion. Accessibility has been
challenging to study and monitor, and poor accessibility
can be detrimental to health equity.**"’

Traditional assessments of accessibility in urban plan-
ning seldom consider its dynamic nature; origin—destina-
tion studies and surveys usually lack a dynamic assessment
showing the effects of infrastructure, population changes
or traffic on accessibility and health equity."' '

Traditional assessments are onerous, done every 5-10
years, using lengthy surveys that lack the specificity of
health services and the geographical granularity of traffic
analysis zones or TAZs (instead of more expansive neigh-
bourhoods or communes). The conditions assessed may
have changed when results become public, rendering any
proposed solutions irrelevant.” ¥ This study explores an
approach that addresses critical limitations of traditional
accessibility assessments to expose the links between equity
and accessibility to tertiary care emergency services.'’

Innovative approaches using accessible web-based plat-
forms are an opportunity for evidence-informed deci-
sion making and planning to improve health coverage.
These platforms allow stakeholders to test assumptions
and reach conclusions and capitalise on features such
as big data from smartphones that can provide accurate
travel-time estimates. Therefore, dynamic, affordable and
updatable assessments that account for traffic congestion
could be used, thus focusing on travel times instead of
travel distances.” ® '* "' They might allow stakeholders
to explore data, test assumptions better and reach action-
oriented conclusions.'® This study integrates the equity-
relevant data we used to perform equity analyses.

Objectives

This study aims to characterise accessibility to tertiary
care emergency health services in urban Cali and the
links between accessibility and sociodemographic factors
relevant to health equity.

METHODS

Study population and setting

This study is about emergencies requiring attention in
tertiary care institutions. By early July 2020, COVID-19
pandemicrelated quarantine and stay-athome orders
had been lifted, and traffic projections showed substantial
congestion. By November 2020, some measures had been
reinstated, car travel was restricted by licence number

and traffic projections showed reduced travel times, espe-
cially in central city areas.'"'

This cross-sectional study was conducted with data
downloads for the urban area of Cali, the third largest city
in Colombia and the largest urban centre in the south-
west and Pacific regions, with an estimated 2.258 million
residents in 2020. About half of the population lives in
low-income housing, 42% in middle-income housing and
8% in high-income housing. Housing stratification does
not necessarily represent the income of individuals.” **

About 84% of the population identifies as white, 14%
as Afro-Colombian and a small proportion as indigenous
or nomadic people like the Rrom. In December 2020,
unemployment rates in Cali were 26.7% for women and
18.5% for men, a l-year increase of 12.5% and 8.8%,
respectively.

The situation was worse among young people, and an
estimated 52% of women and 47.2% of men relied on the
informal economy. The COVID-19 pandemic punished
the local economy. While one in five people was unem-
ployed, the rates were higher among people in low-
income households. Cali also absorbed 139000 migrants
from Venezuela between 2016 and 2020, including 25 000
in 2020.**

Poverty, inequity and discrimination drove social unrest
that led to violence after a 2021 national strike.* *°

The city government is dividing its 22 communes into
six to eight districts, which might lead to negotiations
over resources and issues such as access to essential

services.?’ %8

Targeted sites and participants

The study targeted the 14 tertiary care institutions with
emergency departments registered in the Ministry of
Health Special Registry of Health Services Providers
(REPS in Spanish). The registry listed the same institu-
tions in July 2020 and January 2021; all provided surgery
and intensive care services. Those institutions are listed in
online supplemental file 1.*

Study design

This study includes two cross-sectional analyses inte-
grating publicly available data using digital technologies
and analytics. The study generated new knowledge of
potential value when implementing evidence-informed
approaches to improve accessibility and health equity.
The study used updatable data to measure travel times
and evaluate the effects of interventions and changes to
infrastructure, service provision, traffic congestion and
population. The following study methods seek to address
current challenges for assessments of accessibility to
health services'":

» Dynamic assessments of travel times to account for
traffic variations.

Inputs from diverse stakeholders to create an interac-
tive platform that displays intersectoral data on dash-
boards so stakeholders can interpret data quickly and
accurately.

|
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» Disaggregated data to enable straightforward equity

analysis of accessibility.

» Situational analysis of the accessibility to specific

services for urban areas.

» An approach suitable for monitoring health equity

related to accessibility.

The data for the cross-sectional analyses were obtained
from the internet-based AMORE Platform (https://www.
iquartil.net/proyectoAMORE), hosted by iQuartil SAS,
an analytics company, and developed under the leader-
ship of the principal investigator (LGC).

The AMORE Platform integrates data from:

» 2018 National Census Data for Cali, obtained from the
official public databases of the Colombian National
Department of Statistics (DANE in Spanish).**

The administrative divisions of Cali were obtained

from the Colombian IDESC Geoportal; Traffic Analysis

Zones (TAZ) were matched to the census blocks.' *

The origin for each journey is the population-weighted

centroid for the TAZ of the place of residence. Simi-

larly, the destination is the centroid for the TAZ
hosting the tertiary care emergency department with
the shortest travel time.

Google Distance Matrix API. For this baseline assess-

ment of the Cali urban area, predicted travel times

were downloaded on 3 July 2020 for the week of 6-12
July 2020, and on 27 October 2020, for the week of

23-29 November 2020. Travel times varied substan-

tially during the COVID-19 pandemic and while it is

unclear how this influenced Google Distance Matrix
algorithms,”’ empirical and anecdotal reports suggest
they remained accurate.

The 14 tertiary care institutions with an emergency

department in Cali were identified using REPS.”

Databases were integrated and tested between August

2020 and October 2021 using: KNIME open-source data

analytics reporting and integration platform, Python

programming language software (back end) and an inter-
face (front end) developed with interactive data visualis-
ation software Microsoft PowerBi.

>

Patient and public involvement

The AMORE Project Collaborative Group is diverse,
with over two dozen contributors representing different
stakeholders and sectors. Group members participated
throughout the design, conduct and reporting of this
study and the dissemination of results. The contributors
and some public servants participated in the cocreation
of knowledge and are listed in the Acknowledgements.
These collaborators offer different governance perspec-
tives: authorities, service providers, service users and
organised civil society, including academics, advocates
and experts from various fields of knowledge.”**

Data integration and output

The AMORE Platform dashboards and visualisations
provide descriptive indicators using simple maps, dials,
bars and data. These indicators show travel times using
the shortest journeys and descriptive statistics for each
urban TAZ at a given traffic congestion level. The displays
for July and November can be accessed on the project’s
website. The AMORE Platform allows users to perform
equity analyses by disaggregating sociodemographic char-
acteristics.”* The top section of the Platform (figure 1)
has nine traffic congestion clusters and their representa-
tion in the week. A dial shows the share of the population
within the set travel time threshold.

The middle section displays a population pyramid and
maps the 14 tertiary care emergency departments, travel
times and population density (figure 1). Each section of
the pyramid or map can be toggled to filter populations.
The choropleth maps can be expanded and rotated for
a 3D display, with TAZ height representing population
density (online supplemental file 2). Selecting a TAZ
displays its ID, population and travel time.

Choropleth maps consist of TAZs established by
MetroCali (Integrated Mass Transit System) in 2015
for the urban area and linked to the geotagged census
block information, matching the population with these
TAZs."” The geometric matching of blocks and TAZs
yielded 507 inhabited TAZs within the urban perimeter.

Popul Households
2,258,823 596,051
Complexsurgery  Hemodiayis chas  Radiot hepy U

14 0 0

Zones % Zones
507 100 %

Travel time by zone

+ » =4 +

Cali

Figure 1 AMORE Platform situational analysis.
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The origin—destination times were estimated from the
population-adjusted geographic centroid of each TAZ
to the respective centroid where each institution was
located.

The Colombian census was completed through inter-
views with an adult for each household. Data were
stored, linking it to a city block code to anonymise it.
The AMORE Platform used the census microdata cate-
gorisations and, for a few variables, aggregate groups
for simplification (eg, education was simplified with
guidance from an expert in the Colombian education
system, Psychologist Myriam Lorena Rosero Herndndez,
ME).

In 2019, Colombia’s National Administrative Depart-
ment of Statistics (DANE in Spanish) recommended
adjusting the 2018 population of Cali upward by 18% from
the original census data due to underregistration.” *°
DANE advised making further adjustments due to inter-
censal growth, migration and updates.** ** These adjust-
mentsamounted to 28.1%,and DANE did notdisaggregate
the adjustment data. Therefore, 495219 records were
randomly selected and duplicated, reaching a population
of 2258823 inhabitants, keeping the distributions. These
are displayed in the AMORE Platform by toggling the
census adjustment (figure 1, ‘Data type’).

The right section of the platform displays sociodemo-
graphic characteristics (figure 1).

The AMORE Platform displays the absolute and rela-
tive figures for the georeferenced data of inhabitants,
both for the city or selected TAZs within a travel schedule
figure 2. The variables integrated into the platform are
listed in table 1.

Data sources and measurements

Bias

Each source is susceptible to biases and imprecision,
but these are unlikely to be of a magnitude that would
change conclusions. Some of the data sources and

Population Households
1,280,320 352,710
Complexsurgery  Hemodiaysischars Radiotherapy ICU Beds

14 0 0

aaaaaaaaaaa

% covered population

% Zones
67 %

Zones
339

cali ‘7

Figure 2

Table 1 Census data included in the AMORE Platform
dashboards and maps

O Luis Gabriol Cuervor © Developing by IQuari LLC.

Geotagged variables Platform display

Age in completed
years grouped by
quinquennium (census)

Ethnicity, self-described

Population density per TAZ

Health service: tertiary care
emergency departments

Health status (sick/ Absolute and relative figures of

healthy) modified aggregation

Highest education level  Travel time thresholds

attained (slider+choropleth heatmap)

Literacy Travel times and population per
TAZ

Marital status Overall accessibility for filtered
population

Population pyramid by
gender and age
Report of disability/
physical condition

School attendance
Household inhabitants
Housing inhabitants

Housing socioeconomic
stratum

Housing type

We used the controls listed in box 1 to conduct univariate and
bivariate analyses.
TAZ, traffic analysis zone.

the timing of their updates can introduce bias. For
example, the census is updated every byears. Since the
last census in 2018, there has been a significant flow of
migrants to Cali, and job losses rose during the COVID-19
pandemic.”** * These developments likely make our

Koverage by sociodemographic variables

Gender Difficulty

s o [ i 1 g
LI i ¢ @
Demographics, filters activated by pressing columns

Situational analysis, filters and visualisations 21 November 2020.
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Box 1 AMORE Platform displays resulting from
integrating travel times with census data and the traffic

analysis zone (TAZ) for the residence and destination
health service

Variables that change according to traffic, travel time threshold and
other filters.

Travel time threshold filter for the analysis.

Drop-down list with institutions that can be toggled for inactivation.
Drop-down list to select people registered by the census, the 28.1%
adjustment or the adjusted census data.

Traffic levels identified with a K-means clustering algorithm.

Absolute and relative figures or each variable.

Choropleth maps organised by TAZs.

Intensive care beds data for selected institutions taken from the Special
Registry of Health Services Providers (REPS).

People with accessibility for a selected time threshold and traffic level.
Blocks with accessibility for a selected time threshold.

TAZs within the time threshold by traffic level.

Household inhabitants.

Housing inhabitants.

Housing by power bill economic stratum.

results appear more favourable than they are. The census
had underregistration from failed or incomplete visits,
under-reporting of people living in households or people
absent in each of the three times registrars visited. The
estimates for migrants and intercensal growth are broad
and likely unevenly distributed among the population,
and no precise measurement errors are available.” **

Traffic patterns may have changed with the imposition
and lifting of pandemic-related restrictions, thus altering
traffic predictions. Stay-at-home orders and traffic restric-
tions may have changed traffic congestion, causing
unusual and uneven patterns of accessibility. Google
Distance Matrix API may have more accurate travel times
for areas where more people travel with mobile phones
and in cars.

Income categorisation is determined by the individual
household electricity bill, which is graded from 1 to 6,
with 6 representing the highest income households.
Some homes may have been misclassified (eg, due to
error or corruption) and that low-income people are
living in higher income households. This is possible
for relatives and domestic workers residing in high-
income housing and earning minimum wages or having
no income. This kind of misclassification would intro-
duce some bias that would over-represent high-income
populations.

The Colombian census recognises ethnicity, but some
people likely found it difficult to choose their ethnicity.
The census lacks an option for residents of white or
mestizo descent, two large groups not explicitly listed on
the census. Similarly, people with multiethnic parents
may find it challenging to choose one ethnic category.

Traffic restrictions linked to car licence numbers
affect households and neighbourhoods differently; more

affluent families are more likely to own more cars and be
less affected by these measures.”®

To reduce data downloads, we performed a cluster
analysis (using a K-means method) of the travel times
on a sample of the total weekly hours. This allowed us to
identify the hours of the week with similar traffic conges-
tion levels by measuring the incremental changes against
the minimum travel time. We determined that nine clus-
ters allowed us to discriminate traffic congestion based on
sensitivity analysis to represent the 168 hours of the week.

For each day and hour time band, we estimated the
percentage difference between the minimum time of that
trip and the travel for the time band. We calculated the
average of this metric for all the journeys of the sample
to obtain clusters. For example, the traffic from 18:00 to
19:00 on weekdays and from 12:00 to 14:00 on Saturdays
behaves similarly for this cluster, representing the highest
traffic congestion. Creating these clusters again reduces
information requirements and costs.

Using hourly assessments is arbitrary; travel times could
be measured every minute or second. However, more
frequent checks would increase costs (ie, from data down-
loads, computing time, people time) by orders of magni-
tude without substantive changes in the conclusions.
More frequent checks would thus be impractical and of
little value. Details of the effects of these optimisations
will be the subject of a future manuscript.

Using congestion clusters and TAZs for the 14 institu-
tions made it possible to obtain the city estimates with
a sample of 1159536 measurements downloaded from
Google Distance Matrix API. The geometric matching of
blocks and TAZs yielded 507 inhabited TAZs in the urban
perimeter.

Populations are not evenly distributed across TAZs. We
therefore adjusted TAZ geographic centroids by weighing
population distribution. Because centroids had irregular
shapes, population-weighted centroids could end outside
the boundaries of a TAZ. This required relocating the
adjusted centroid to the nearest border, potentially
generating some seconds of imprecision in estimates.
Similarly, using the TAZ of a hospital instead of the loca-
tion of the emergency department entrance also gener-
ates imprecisions.

Traffic patterns are not homogeneous within the city or
its TAZs; traffic flow patterns vary in time and direction.
We therefore sorted traffic times so that cluster 9 always
represented the maximum traffic congestion, cluster 1
the minimum traffic congestion and intermediate clus-
ters were sorted accordingly. Figure 3 illustrates the clus-
ters and variations.

The definition of an acceptable travel time threshold to
reach a tertiary care emergency department is arbitrary,
and we found no international standard. For this analysis,
we chose a threshold of 15 min at peak-traffic congestion
times that was the most frequently considered by inter-
viewed local public servants and members of the AMORE
Project Collaborative Group; it is within the thresholds
found in the literature.**!
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Figure 3 Travel time clusters from free-flow to peak traffic, by time and day.

Notably, the distribution of traffic levels is skewed towards
heavy congestion from Monday to Saturday between 06:00
and 22:00, with the mode being cluster 8 (40/168 hours, or
24% of the week); Cali is a congested city.

RESULTS

Participants

The study included the adjusted population of 2258823
people, representing 596 051 households living in 582 814
housing units. The size and representation of populations
are disaggregated in table 2.

Most of the population is mestizo or white (83.7 %) or
Afro-descendants (14.5%). Islanders and Rrom people
represent less than 1% of the population. Absolute and
relative figures disaggregated by sociodemographic char-
acteristics are presented in table 2.

Descriptive data
The analysis found that most of the low-income population
could not reach the nearest tertiary care emergency depart-
ment within 15min during peak-traffic times, whether in
July 2020 (92.3%) or November 2020 (81.4%; online supple-
mental file 2 and online supplemental file 3, respectively).
The analysis also shows that accessibility is a substantial
barrier to low-income households with high population
density and those living in peripheral TAZs, amplifying
inequities.

Main results

The effects of traffic disaggregated by household income
level, ethnicity, gender and age, education level, and civil
status are presented in figures 4-6; table 2 shows differ-
ential accessibilities by housing stratum during peak and
free-flow traffic hours, with the differential being more
detrimental to the poorest and more affected by peak-
traffic congestion.

Traffic variations and their effect

6-12 July versus 23—29 November 2020

The July travel time predictions pointed to 831 982 people
(36.8%) living within 15min of travel time from tertiary
care emergency services, but this increased to 1.28 million
(56.7%) in November. The distribution of accessibility

when disaggregating data by income level indicated lower
accessibility for the poor and those living in peripheral
TAZs (figures 4 and 5, and evident in online supplemental
file 2 and online supplemental file 3 to those familiar with
the demographic distribution of Cali). These populations
also have a higher representation of minority ethnic
groups and people with lower educational attainment.

table 2 shows the data obtained from the AMORE Plat-
form for the July 2020 and November 2020 assessments,
which lets users explore equity considerations.

Other analyses

Figure 6 shows that people living in low-income house-
holds face longer travel times and are more severely
impacted by traffic congestion; they thus invest more
resources in accessing services.

Myriads of analyses can be done by modifying traffic
congestion clusters, travel time thresholds or toggling
population groups or institutions. For pragmatic reasons,
this article focused on sticking to the 15min threshold
and exploring accessibility at peak hours in more detail,
which is a good scenario when planning for emergencies.

Palenque, Islanders, Rrom and indigenous people
represent 0.5% of the population of Cali. Minority ethnic
groups benefitted the most from the reduction in traffic
congestion. The noticeable improvement among the
Palenque resulted from most living in the southeastern
neighbourhoods of El Morichal, El Retiro, El Vallado and
Ciudad Cordoba, which fell within the 15 min threshold
when traffic eased in November (see figure 7).

DISCUSSION
Main findings
The analysis shows substantial variations in access to
tertiary care emergency services due to traffic conges-
tion and the links between geographical accessibility
and other social determinants of health. The two points
of estimate were for early July and late November 2020,
and their substantial variations stress the importance of
having updatable sources.

The unusually light traffic congestion of November 2020
mighthave been due to the mobility restrictions associated

6
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Figure 4 Accessibility by income to tertiary care comparing July and November 2020.

with the COVID-19 pandemic. Lighter traffic congestion
improved accessibility for an additional 448338 people,
most living in low-income households. These people were
also within the 15 min threshold (figure 4), and their loca-
tion can be visualised by comparing online supplemental
file 2 and online supplemental file 3. Table 2 shows acces-
sibility at peak-traffic hours disaggregated by sociodemo-
graphic characteristics relevant to equity. "™

The longest journeys were 46min in July and
November. These journeys started from densely popu-
lated, impoverished eastern neighbourhoods along
the Cauca River (Aguablanca district) and sparsely
populated wealthy villas in the southern edge of the
city, bordering Jamundi.

Easing traffic congestion brought an additional 22%
(244 579) of people in the low-income household and
19.4% (181 409) more people living in middle-income
households within the 15 min threshold.

Improvements were not notably disparate among
the different groups (sex, educational attainment and
literacy, age and civil status). In terms of education,
people with higher educational attainment (a bachelor’s
degree or higher) were less impacted by traffic changes
(69020 people) and those with lower educational attain-
ment were more highly impacted (eg, 282505 people with
primary, middle, high or technical school education).
The variations seemed unimpressive in relative terms
but are notable in absolute numbers, considering that an
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Figure 5 Accessibility by sociodemographic characteristics in July and November 2020.
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Impact of traffic congestion on accessibility to tertiary care emergencies, by economic stratum of the dwelling

With peak traffic congestion

100%

<20min <30 min <40 min

Travel time to reach the service

——I (lowest) Il =l =—IV —V —=VI(highest) ---TOTAL

With free flow of traffic

<10 min <20 min <30 min <40 min

Travel time to reach the service

additional 332406 people with primary, middle, high or
technical school education were included as congestion
eased. Variations in congestion resulted in substantial
accessibility improvement, with nearly half a million more
people within a I15min accessibility threshold, almost

Comparing age groups, children and the young and
working age populations gained more accessibility with
the changes in traffic, as the elderly tend to live closer to
traffic congestion can lead to
notable accessibility measurement changes among popu-
lations that concentrate around the borders of assessed
travel time thresholds, as seen among the Palenque

Online supplemental files 2 and 3 show that tertiary
care health services are far from where most of the popu-
lation lives. Geospatial analysis, big data, and predictive
and prescriptive analytics could inform service planning
in ways that maximise accessibility if new services address

The AMORE Platform used data modelling and clus-
tering to estimate travel times between the origin and
destination TAZ, lowering the cost of using big data and
still delivering accessibility. Operational costs are thus

salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale[al sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

low, and platform updates for monitoring and evaluation

are affordable. The trade-off for affordability is impreci-
sions in estimates. These imprecisions are more likely to
affect populations living near the 15min threshold and
those further away from TAZ centroids with heavy traffic
congestion. However, these imprecisions are unlikely to

Figure 6 Impact of traffic congestion on accessibility, by economic stratum, July 2020.
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Figure 7 Location of the Palenque people.

change the overall urban assessment.
Predicted travel times from the Google Distance
Matrix API are accurate and are fed by big data from
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smartphones. Other databases, such as Waze Transport
SDK API, can be used to generate estimates, but these
providers do not release prediction algorithms. It is
thus impossible to know the magnitude and variations
introduced by unforeseen events, like pandemic-related
restrictions, and to estimate the impact of resulting errors
or biases on estimates.

Colombian law requires hospitals to treat patients
in emergencies. Modelling for this study assumed that
people would resort to the hospital with the shortest
travel time. However, people may go to a different
hospital if they know it better, their insurer recommends
it or it has a good reputation. Our estimates are thus
likely optimistic.

While choropleth maps allow users to explore the travel
times from a specific TAZ, panels do not reflect that a
origin of a journey will not always be the place of resi-
dence. This limitation will spread differently at different
times and for diverse populations.

The relevance of our findings could change if the regis-
tered tertiary care facilities changed in REPS (ie, a new
institution opens, or an existing institution is reclassified
as tertiary, changing the results). The interactive platform
allows for prompt updates and reanalysis in response to
these contingencies.

Interpretation

The AMORE Platform reveals accessibility and its health
equity implications, providing new dynamic data that
account for the effects of traffic. It does so more precisely
and at a fraction of the costs of household surveys and
origin—destination studies, providing a new tool to inform
service plans, programmes and policies.

Integrating publicly available data from public sources
might be a breakthrough that improves evidence-
informed decisions regarding the location and provi-
sion of health services. Visualisations might help
stakeholders interpret the data and agree on a common
objective and metric: painting the city green by covering
its entire population and offering equitable accessibility
to all people.

Updating the AMORE Platform is cheaper and faster
than updating other origin—destination studies; its assess-
ments are granular and sensitive to variations and can be
used to monitor and evaluate changes. In emergencies
such as earthquakes, a modified platform could provide a
prompt situation analysis by feeding real-time data down-
loads rather than predictions.

These findings suggest that with congested traffic in
peak hours, most Cali residents (63%) are beyond the
15min travel time threshold by car to the nearest tertiary
care emergency department. However, this figure fell to
43% when traffic congestion eased.

Reduced accessibility is unevenly distributed and
reflects the inverse care law: people who live in low-
income households or have less education face longer
journeys to tertiary care emergency departments. Inci-
dentally, heavy traffic also affects people on the periphery

of Cali, including some high-income households, as
congestion clogs roads they use to reach tertiary emer-
gency care facilities.

Accessibility is one of many potential access barriers
to health services and a critical one. Other factors that
affect access to healthcare (eg, rights, quality or supplies)
are meaningless if patients cannot reach tertiary emer-
gency care in a crisis. Additional barriers to accessing
health services (such as non-compliance with Colombian
law, perceived or present quality issues, or institutional
reputation) are beyond the scope of this study and merit
consideration.

Researchers and planners can use data mining to
optimise new tertiary care emergency services locations
that maximise accessibility. Data mining could inform
which existing institutions should be prioritised for an
upgrade to improve accessibility or point at the optimal
location for new ones, thus informing sound choices.
These data are unique and provide an opportunity to
enhance health services planning. Stakeholders and
health equity advocates should encourage the integra-
tion of accessibility considerations in urban planning
processes.

Planners and service providers wishing to combat
social injustices must examine this new evidence that
distance and congestion combine to exclude the most
vulnerable and socioeconomically disadvantaged from
critical health services. Planners and service providers
must then consider bringing services closer to these
populations. This new evidence and approach raise
opportunities to address inequities, improve indicators
and engage stakeholders in urban planning. Future
studies will examine the impact of this approach. This
evidence supports planning using travel time and moni-
toring accessibility and equity when assessing the quality
of health services.”” ™

This situational analysis is insufficient to drive change.
Integrating evidence about accessibility and equity into
stakeholder and intersectoral dialogues, decision-making
processes and other strategies that seek the social appro-
priation of knowledge by stakeholders and sectors might
be catalysts for implementation.” **

This report is part of the broader AMORE Project.
Future reports will explore the potential of optimising
the location of up to two new emergency departments.
Future studies will assess the use and appropriation of
data, and the advocacy of stakeholders, including those
in the AMORE Project Collaborative Group (table 3)."*

Interactive platforms can help decision makers explore
different assumptions and myriads of other results of
combining different thresholds and traffic levels, allowing
data to speak for itself.'® >

Looking ahead, identifying and proposing public policy
plans and partnerships could improve health equity and
bring hope to residents of Cali. These measures could
also reduce social injustices, including the burden of the
inverse care law that vulnerable populations pay more to
access essential health services.* ! >
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Table 3 Contributions by members of the AMORE Project Collaborative Group approving the manuscript

Revision
Draft and Conceptual User Stands by Approved
Surname Given name writing comments contributions perspectives manuscript final version
Agredo Lemos Freddy Enrique . . . . .
Avila Rodriguez German . . .
Bula Maria Olga . o o . o .
Concha Eastman Alberto o . o o
Cuervo Daniel . o o o o
Cuervo Luis Gabriel . o o o .
Franco Oscar o o .
Garcia Crhistian o . o .
Guerrero Rodrigo . . . . .
Hatcher-Roberts Janet . . . o .
Jaramillo Ciro . o o . . .
Martinez Arambula  Fernando Rafael o . .
Martinez Herrera Eliana . o o . o .
Merino Juarez Maria Fernanda . o o .
Osorio Lyda . o o . . o
Ospina Maria B . . . .
Paredes Gabiriel o o o .
Paredes-Zapata David . . . . .
Pinilla Luis Fernando . . . . . .
Piquero Felipe . . . . .
Rojas Oscar . . . .
Rosero Hernandez ~ Myriam ° ° .
Tobar-Blandon Maria Fernanda o . . .
Zapata Murillo Pablo . . .

Generalisability and applicability

This study is reproducible in other settings with dynamic
travel time data (eg, Waze or Google Maps) and georefer-
enced service and population data that make situational
analyses accessible. Information accuracy depends on
the accuracy of sources, the modelling used to conduct
searches and maintaining data that are affordable and
easy to interpret.

Travel times, infrastructure and populations change.
Travel times and census data may thus need to be updated,
and traffic clusters may need to be adjusted.

The proposed approach highlights the dynamic nature
of travel times and uses TAZs to offer a granular assess-
ment of the city. The scale of these assessments is suitable
for informing short-term or long-term policies and plans
and can be periodically revised as conditions change.

Conclusions and future directions

These results test an approach to provide a situational
analysis. Defining potential improvements by adding
services and using data by decision makers and other

stakeholders are part of the broader AMORE Project
and the subject of future reports. Travel time is a contin-
uous variable and could be the subject of myriad analyses
beyond the purpose of this study. Our aim is to demon-
strate the possibility of conducting an affordable situa-
tional analysis with existing data providing information
that decision makers and other stakeholders might use,
something to be assessed in future studies.

The web-based platform allows users to change assump-
tions or variables, explore different scenarios or perform
sensitivity analyses. The possibilities are numerous and
include expanding the study with more bivariate and
multivariate analyses that go beyond the objectives of this
report.

Ethical considerations

This observational study on quality improvement for
health services planning does not research human
subjects. It integrates anonymised coded secondary
data sources obtained from publicly available open
records.” ** No identifiable private information was used
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in the study. Oversight of the project has been provided
by the Doctoral Programme on Methodology of Biomed-
ical Research and Public Health at the Department of
Paediatrics, Obstetrics & Gynaecology and Preventative
Medicine at the Universitat Autonoma de Barcelona.
Contributors to this study are members of the AMORE
Project Collaborative Group and public servants in their
official capacity; they are listed in the acknowledgements
(table 3).
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