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Abstract

Objective: The aim of this study is to evaluate the accessibility of primary care physicians (PCPs) in Eastern Quebec
by employing an enhanced two-step floating catchment area (E2SFCA) methodology. This approach will facilitate the
identification of patterns in primary care accessibility that may not be readily apparent through the use of regional
availability measures.

Methods: To evaluate the accessibility of primary care physicians (PCPs), an enhanced two-step floating catchment
area methodology was utilized. This approach considers both the population supply of PCPs at the dissemination
area level and the travel time between PCPs and dissemination areas. Additionally, a continuous distance decay
Sfunction (ff) was employed.

Results: The enhanced two-step floating catchment area (E2SFCA) methodology is effective in identifving possibly
underserved areas that could have otherwise appeared to have sufficient access when evaluated using traditional
provider-to-population ratios. The availability of primary care services is contingent upon the presence of adequate
road infrastructure. Populations residing in areas with limited access to main road networks may experience
compromised access to primary care. This issue disproportionately affects vulnerable individuals who lack private
transportation options.

Conclusions: The application of the enhanced two-step floating catchment area methodology can facilitate the
identification of areas experiencing a shortage of primary care physicians. This information can be used to inform
the development of regional medical workforce programs, such as "plans régionaux d’effectifs médicaux", and to
support the establishment of rural residency initiatives.

Key words: Enhanced 2-Step Floating Catchment Area (E2SFCA), Access to Primary Care Physicians, Gravity Model, Quebec

Province, Medical Workforce

Introduction

The provision of adequate healthcare services in the province of
Québec presents a significant challenge due to its unique geographic
location and expansive size. There are notable disparities in
healthcare delivery within the province, with rural and remote
populations facing considerable disadvantages. These individuals
often must travel long distances to access healthcare services and

frequently experience shortages of healthcare professionals [1-3].
For many rural and remote populations, access to healthcare is a
critical concern [4].

Limited availability of rural healthcare services frequently
impedes access to necessary care. This lack of access to services
disproportionately affects aging populations in rural communities,
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and a higher prevalence of diabetes has been observed.
Additionally, rural areas exhibit elevated mortality rates for a
range of pathologies [5].

The limited availability of healthcare services in remote areas
contributes to the poor health of populations residing far from
major centers, compounded by difficulties in accessing primary
care physicians and specialists [3,6]. The addition of one family
physician per 10,000 population nationally would reduce mortality
by 34.6% [6]. The shortage of healthcare providers in rural areas
has been well-documented, and the absence of clinicians is a major
concern for individuals residing in these regions [7,8].

To meet the healthcare needs of a population, dedicated healthcare
resources must be both available and accessible. Optimal access to
healthcare can only be achieved if service offerings are sufficient
and located within an acceptable proximity. Availability and
proximity should be considered in tandem when assessing access
to healthcare services. This concept is referred to as “spatial
accessibility” and forms the foundation for a more comprehensive
measure of access.

Although nearly 90% of the rural and remote population would
technically have access to a family physician or CLSC (community
health centre) within a 15-minute drive, the number of health care
providers tends to decrease from urban to rural areas. This is
illustrated by the variation in general practitioners (GP) utilization
rates per head of population (McGraill and Humphreys, 2009)
[4]. Earlier research observations posit that patients who grapple
with geographic obstacles to primary care may be hospitalized
more frequently, particularly in the instance of patients living in
clinically underserved zones [9].

Theliterature has extensively documented the disparity in healthcare
access between urban and rural populations. A preponderance of
research indicates that rural areas generally have limited access to
healthcare services [4,10]. However, there is a paucity of studies
investigating the impact of geographic remoteness on healthcare
access. For example, Hausdorf et al. (2008) observed that residents
of remote areas reported lower levels of satisfaction with their
access to healthcare [11]. Additionally, Laditka et al. (2009) found
that hospitalization rates increased with greater degrees of rurality
[10].

While the majority of research on healthcare accessibility
has focused on urban regions, several studies have evaluated
accessibility in rural areas [4,10,12-17]. One issue that has received
limited attention is the variation between urban and rural contexts,
which might be of importance, considering that 59,4%% of the
population in our study area is considered rural (SRQ, 2018).
Salze et al (2011) conducted a study in France that highlighted
the significance of rurality in reducing access [18]. Furthermore,
numerous studies have corroborated the association between rural
residency and reduced access to and utilization of healthcare

services [11,14,19,20].

In Quebec province, the government has implemented programs
to mitigate the difficulties rural populations face in accessing
healthcare services, albeit with limited success. These programs
continue to utilize administrative boundaries at the regional
or local level, exacerbating the issue of access by obscuring
underserved rural areas [21]. The majority of these programs focus
on providing primary care services, as they serve as the primary
entry point into the healthcare system for most individuals seeking
care. Despite these efforts, the number of emergency room visits
appears to substantiate the scarcity of available family physicians,
with 71% of emergency room visits in 2019 being related to non-
urgent consultations. However, without an advanced tool for
measuring access, it is difficult to accurately assess the impact of
these programs and quantify their effectiveness.

To address this issue, we will employ an advanced access
measurement method capable of identifying underserved areas
while circumventing the limitations inherent in traditional access
measures based on crude administrative boundaries. Specifically, we
will compare the population-to-provider ratio using administrative
boundaries to the E2SFCA in order to investigate healthcare
access in the eastern region of Quebec province. We will first
examine the rationale behind gravity-based access measurement
methods before delving into a detailed discussion of the method
employed in this research, the characteristics of our study area, and
the results obtained when utilizing a more sophisticated method
in comparison to the traditional administrative approach based on
fixed population-to-provider ratios within administrative areas.

Literature Overview

According to the framework proposed by Joseph and Phillips
(1984), measures of potential access can be categorized into two
distinct approaches: regional availability and regional accessibility.
The regional availability approach, commonly referred to as the
provider-to-population ratio, assesses the potential for access within
rigid administrative units and has been extensively employed in
government initiatives and academic literature to identify areas
with shortages of healthcare providers [22-24]. In addition to
being relatively straightforward to interpret, population-provider
ratios offer a simple analysis of spatial access values. However,
their utility is constrained by two major assumptions. Firstly, they
only account for variations within fixed geopolitical boundaries.
Secondly, they are predicated on the assumption that individuals
do not seek healthcare services outside of their designated
administrative unit [24-26].

The degree of internal variation increases as the level of aggregation
of rational service areas (i.e., the size of the areal unit) increases,
while the issue of permeability decreases. The inverse is true for
lower levels of aggregation. Consequently, calculating population-
provider ratios within administrative borders can significantly
impact the results when working at different scales, giving rise to
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a well-documented source of statistical bias in geography known
as the modifiable areal unit problem (MAUP). As such, research
utilizing population-provider ratios has yielded inconsistent
results and has been subject to the effects of the modifiable areal
unit problem (MAUP) (Openshaw, 1984).

In contrast to regional availability measures, regional accessibility
measures are often more challenging to compute (Joseph &
Phillips, 1984). This is due in part to the complexity of the issue, as
both supply and demand are spatially distributed and may overlap,
and competition exists among both suppliers and consumers [27].

When assessing accessibility to services, it is crucial to incorporate
some form of travel impedance to measure the distance between
supply (i.e., physicians) and demand (i.e., population) [22,28,29].
Travel impedance, expressed in terms of distance, time, or cost
to the nearest service or facility from an individual’s residence
or population center, is a simple, intuitive, and widely employed
measure of spatial accessibility [30,31]. When utilizing travel
impedance to calculate access, an increase in travel distance
generally corresponds to a decrease in accessibility. Travel
impedance can be calculated using various distance measures,
including Euclidean (i.e., straight-line) distance; Manhattan (i.e.,
rectangular) distance or distance along two sides of a right-angled
triangle opposite the hypotenuse; the shortest travel distance
along a transportation network; and the shortest travel time along
a transportation network [32-35]. Due to the fact that Euclidean
distance measures presuppose linear trajectories, their capacity to
accurately represent the modes of travel utilized by individuals
is limited. Consequently, their utility as a tool may be restricted.
With advancements in GIS technology, road distance and travel
time have become the most commonly used measures of travel
impedance.

Due to the conflicting nature of the two assumptions, utilizing
population-to-provider ratios as a means of calculating spatial
accessibility is considered overly simplistic [7,24,30,36]. To
address some of the limitations inherent in distance-based
accessibility measures, gravity models were developed. These
models, in conjunction with population-provider ratios and
nearest service analysis, have frequently been employed to assess
potential spatial accessibility to health services. In contemporary
health literature, population demand is commonly represented by
the geographic or population-weighted centroid of a given area,
while physician supply is determined by the actual location of
services and is typically geocoded to a specific address or zip code
aggregation [37].

In an effort to address the issues associated with regional
availability measures, a variety of techniques, commonly referred
to as gravity models, have been developed. These models are
designed to predict the potential interaction between population
location and all available service points within a reasonable
distance [24]. Such models provide a measure that accounts for

both proximity and availability [25]. At their core, gravity models
examine flows or movements between two sites, such as a patient’s
residential location and a doctor’s office. As the distance between
the provider and consumer increases, the number of interactions
decreases, thereby reducing the attractiveness of a service and
increasing the associated travel impedance. These techniques
reveal greater spatial variation as they utilize finer-resolution
spatial data and eliminate issues associated with rigidly defined
borders. The gravity model is considered to be the most reliable
method for measuring spatial access because it takes into account
the decreased likelihood of access with increased distance from
service sites and has been employed in other studies related to
spatial access to health care.

The primary limitation of using the gravity model is the distance
decay coefficient (), which requires different values for measuring
urban and rural access to PHC physicians. A high value indicates
that individuals are less likely to travel far for a service, while a
lower value indicates that individuals are willing to travel greater
distances for a service. The latter results in lower variance of
accessibility scores and thus stronger spatial smoothing [38].

Despite being conceptually more rigorous and comprehensive,
the majority of criticism directed towards the gravity model has
focused on its lack of intuitive interpretation, its requirement
for more data input to calculate, and its sensitivity to zone size
[13,24,25,36,39]. Additional criticism pertains to the difficulty in
selecting or empirically determining the distance-decay function
[24,25,36].

The floating catchment area (FCA) method employs circular
buffers around census tract population centroids to compute a
physician-to-population ratio based on the number of enclosed
facilities. Utilizing this method, the radius of the buffer represents
the catchment and reveals the distance that individuals are willing
to travel to access health care services. Services located within
the catchment area are considered fully available within that
catchment. However, this assumption is inherently flawed. A
physician within the catchment may not be fully available to serve
residents within the catchment because he or she may also serve
residents located nearby but outside of the catchment.

Similar to earlier iterations of the gravity model, the FCA method
was criticized for only accounting for supply and neglecting the
demand side of the equation. In light of its numerous limitations,
the FCA method was subsequently improved upon. In 2000, Radke
and Mu addressed the supply-demand issue with the development
of a spatial decomposition method that was later termed the 2SFCA
method by Luo and Wang (2003) [36]. Rather than producing ratios
of physicians to population within a neighborhood, this method
acknowledges that individuals may seek care in a neighborhood
other than their own by using a buffer around medical clinics
to calculate a provider-to-population ratio. In the second step,
population catchments are calculated by identifying all physician
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services that fall within a threshold distance and summing the
ratios from the first step. This ratio is considered to represent the
spatial accessibility for the population location [40].

Despite the variations among the numerous FCA versions, there
are several characteristics that they all share. All FCA methods
are enhancements of the advanced gravity model and thus belong
to the category of gravity-based spatial accessibility models.
They incorporate information regarding supply (i.e., health care
services), demand (i.e., population), and distance, and they combine
elements of both regional availability (i.e., supply-demand ratios)
and regional accessibility.

The 2SFCA method, also developed by Luo and Wang (2003), is
a widely recognized and utilized approach that originated from
earlier versions of the FCA methods, with a specific focus on
primary care in rural areas [36]. This method has been employed
in numerous recent studies to measure healthcare accessibility
[4,24,37-46].

The 2SFCA method retains many of the advantages of a gravity
model while also being intuitive to interpret as it generates a
specific form of physician-to-population ratio [36]. To accurately
capture spatial accessibility, which encompasses both proximity
and availability, the 2SFCA method employs two distinct elements
in its calculation: the location of primary care services and the
population as well as the number of services and population size
at each location. Distance impedance is treated as a dichotomous
measure in the 2SFCA method; any distance within a threshold
is considered equally accessible while any distance beyond the
threshold is considered equally inaccessible. The first step of
the 2SFCA method involves determining the population that
falls within the catchment area of each service provider (i.e., the
potential population size being “served”). The second step involves
allocating services to the population by identifying the services
that fall within the catchment area of each population radius.
The calculation of both steps produces a familiar population-to-
provider ratio.

The 2SFCA method employs floating catchment areas (windows)
rather than fixed boundaries. The size of the window is determined
by the maximum travel impedance, with all services contained
within considered accessible. A notable characteristic of the
2SFCA method is that, irrespective of the threshold value selected,
the sum of the weighted mean values of GP ratios is equivalent to
the supply and demand ratio in the larger study area.

Despite its widespread use, the 2SFCA method has several
limitations (Luo and Wang, 2003). For instance, it does not
account for distance decay within catchments and relies on fixed
catchment sizes for all physician (i.e., supply) and population
(i.e., demand) locations (McGrail & Humphreys, 2009). Distance
decay is assumed to be negligible within a catchment, which may
not hold true in large geographical regions with widely dispersed

populations and extensive catchments. This effect is particularly
pronounced in rural areas. Catchment sizes for both supply
and demand are not differentiated between densely populated
metropolitan areas and sparsely populated rural or remote areas.
The results of the 2SFCA method are highly sensitive to the size
of the unit of analysis (i.e., census tract). Another significant
limitation is the assumption that all residents of a catchment area
utilize services equally, regardless of population characteristics.
However, recent demographic studies have shown that health
service utilization varies by age group, highlighting the importance
of accounting for such variations when modeling access to
healthcare services. The demand amount is assumed to be constant,
but in reality, demand at one service site may decrease when
other sites are available simultaneously. As a result, the 2SFCA
method may overestimate demand for some service sites, with the
overestimation effect increasing with the number of service sites
in the vicinity (e.g., in urban areas with high concentrations of
medical sites). Additionally, the method employs a dichotomous
measure (i.e., all locations outside of the catchment have no access
at all), which can lead to underestimation of accessibility in larger
(i.e., rural) study areas and overestimation in smaller (i.e., urban)
study areas, particularly in large or irregularly shaped study areas.

To address the limitations of the 2SFCA method, Luo and Qi
(2009) developed an enhancement that incorporates a distance
decay function into the floating catchments of both algorithmic
steps [13]. The original 2SFCA method was constrained by the
assumption of equal access within catchments and the assumption
that locations outside of the catchment have no access. To overcome
these limitations, the authors proposed an update to the 2SFCA
method that included a distance-decay parameter. By assigning
weights to steps one and two within the 2SFCA method, the model
was able to address the issues previously identified in the health
service literature. Each catchment is divided into multiple sub-
catchments, with varying weights defined by a weight function that
can be adjusted depending on the type or importance of a service.
This approach acknowledges that services closer to the census
tract centroid are more accessible. Furthermore, the magnitude
of the Gaussian weights used in analysis can be varied according
to research context or service type (i.e., primary care, specialized
care, etc.).

The distance decay function measures the relationship between
service usage and distance, assuming that other factors influencing
service usage remain constant. Health care service utilization tends
to decrease with increasing distance from a service provider (Joseph
and Phillips, 1984), similar to other forms of spatial interaction.
Estimating the B parameter in the distance decay function is crucial
as it specifies the impedance to travel created by distance or the
willingness of individuals to travel between zones. Omitting this
parameter is equivalent to assuming that distance (i.e., time) is a
negligible barrier within a catchment. While many studies employ
exponential or power functions with arbitrary values depending on
the type of area, fewer attempt to identify the optimal function type
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and value by fitting the function to utilization data [36,39,47-49].
However, such data are often unavailable, leading researchers to
use arbitrarily determined impedance coefficients when calculating
potential spatial access to medical services.

Distance decay may be implemented using a discrete stepped
model approach (e.g., Luo and Qi, 2009; Wan et al., 2012) or a
continuous mathematical function (Langford et al., 2012) [13,50].

Function

However, in either case, the question arises as to the precise
nature of the distance-decay function that should be adopted [4].
Wang defined six different distance-decay functions, with the
crude 2SFCA method characterized by its use of a binary discrete
function that exhibits no decay within a catchment and complete
decay outside of a catchment. Kwan (1998) identified the three
most common forms as the inverse-power function, Gaussian
function, and the negative exponential function (figure 1).

Distance

Figure 1: Inverse-power function on the left, Gaussian function in the middle and negative exponential function on the right.

Langford etal. (2012) also noted two other commonly used distance
decay weightings: linear decay and Butterworth filter [51]. There
is limited evidence to support the selection of one decay function
over another, which can be problematic as accessibility [36,50].
Efforts are ongoing to identify the most appropriate parameters for
a distance decay function that can accurately capture changes in
travel behavior across different urban and rural settings.

The Enhanced Two-Step Floating Catchment Area (E2SFCA)
method offers several advantages over the original 2SFCA
method. By employing multiple distance decay weights in place
of the dichotomous 0 and 1 values used in the 2SFCA method,
the E2SFCA method is able to differentiate accessibility within
catchments and is more closely aligned with the gravity model. The
E2SFCA method treats more distant providers as less accessible
through the use of distance decay coefficients and measures
distance in travel time through the actual road network. As a result,
the E2SFCA method is now widely regarded as the gold standard
of FCA methods.

Method

Measures of accessibility register the range individuals must
surmount to access the resource, while measures of availability
evaluate the level or bulk of services attainable, frequently inrelation
to the size of people that must be accommodated [52]. Provider-
to-population ratio, measures the potential for access within strict
administrative units and has been widely utilized in government
initiatives and available literature for identifying health shortage
areas [22-24,53]. Policymakers frequently interpret scarcity areas
by determining PPR per physician zone, for the straightforward
motive that it is an easy calculation and gives a handily intelligible
figure of accessibility [54]. Thus, the need for healthcare is often
established by basic population counts per administrative area,

excluding the curable morbidity as the more suitable proxy [55].
Besides being relatively easy to interpret, population-provider
ratios provide a straightforward analysis of spatial access values
but are limited in their use by two major assumptions. First, they
only account for variations within strict administrative boundaries.
Second, they are limited by the assumption that individuals do not
seek services outside of their administrative unit [24-26].

In response to those problems, a range of techniques, often referred
to as gravity models, have been developed. These models are meant
to predict the potential interaction between population location
and all available service points within reasonable distance [24].
Those models provide a measure that accounts for both proximity
and availability [25]. Most broadly, gravity models examine flows
or movements between two sites, such as a patient's residential
location and a doctor’s office. Physicians cohabit in a mesh of
imbricated catchments, and people are unimpeded to consider
healthcare where they please and from who they want but as the
distance between the provider and consumer increases, the number
of interactions decreases, thus diminishing the attractiveness of
a service and increasing the associated travel impedance [54].
These techniques reveal more spatial variation as they utilize
finer-resolution spatial data and remove issues of rigidly defined
borders.

The E2SFCA method treats more distant providers as less
accessible, through the use of distance decay coefficients,
while distance is measured in travel time through the actual
road network. The advantage of the enhanced two-step floating
catchment area method is that distance decay weights substitute
the dichotomous 0 and 1 in 2SFCA. Through such a strategy, it is
accepted that services that are closer to the census tract centroid
are more accessible. In addition, the magnitude of the Gaussian
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weights used during analyses can be varied according to research
context or the nature of the service type [25,56,57]. Consequently,
it solves the issue of not differentiating accessibility within the
catchment and is theoretically more analogous to the gravity
model, thus improving the finer discrimination analysis capacity
of the method. As such, localized, and often hidden, over or under
deserved areas can be enlightened, most particularly in rural areas.

The E2SFCA has been identified as the most sensitive method to
use in the rural environment, particularly for geographic access
to primary care [4]. Incidentally, results from Bauer et al. (2020)
posit that FCA methods work best especially in non-emergency
contexts, as time is less of the essence [55]. In an emergency, only
the closest facility will be "available" while in a non-emergency
context, one might be more inclined to access another facility for
other reasons (insurance coverage, past experience, etc.).

Data and Methodology

In measuring access to primary care, it is essential to consider
the location and size of both providers and population by
calculating the proximity between them. Population data and
location were obtained from the 2016 Canadian national census,

N

using dissemination areas (DAs), which are the smallest standard
geographic areas containing all census data (in our study, DAs had
an average population of 496 and a size of 342km?2).

Data and location for all general practitioners (GPs) were obtained
from the Ministry of Health Directory and the College of Physicians
data (2021), which are updated annually. To verify the accuracy of
this information, every medical clinic in our study was contacted
in fall 2022, with a 98% agreement rate with the official data.

The geographical scope of our study encompasses the four
easternmost regions of the province of Quebec. These regions
are predominantly rural in nature, with the exception of several
small urban centers that serve as administrative hubs, including
Saguenay, Rimouski, Gaspé, and Sept-iles. Two small universities
located within these regions offer training for select health
professions; however, individuals seeking to become general
practitioners must complete formal medical education in Quebec
City or beyond. Externships and portions of residency programs
may be completed within these regions. Nursing education is
more readily accessible, with numerous small colleges situated in
smaller population centers throughout Eastern Quebec.
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Figure 2: Eastern Quebec map; Cote-Nord area North; Gaspesie area East; Saguenay area West and Bas St-Laurent South
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The Cote-Nord region, encompassing a land area of 247,655 km?,
constitutes a significant portion of the northern shore of the Saint
Lawrence River estuary. As per the 2016 Canadian Census, the
region’s population amounted to 92,518 individuals, distributed
among 33 municipalities. This region had the equivalent of 77 full
time general practitioners to deserve the entire area, giving a ratio
0,83 GP per 1000 inhabitants, but can go as high as 1.39 and 1.37
for the Manicouagan and Minganie area. The regional economy is
primarily driven by industries such as mining (predominantly iron
ore), lumbering, aluminum production, and tourism. The region is
home to several large mining companies, including ArcelorMittal
Mines Canada and Cliffs Natural Resources. Additionally,
fourteen hydroelectric dams supply Hydro-Québec with more than
10 gigawatts of power. These dams play a crucial role in meeting
the energy needs of Quebec and contribute significantly to the
province’s economy.

The Gaspésie-Iles-de-la-Madeleine region encompasses a land
area of 20 272 km? and has a population of 92 403. To serve this
region, 131 general practitioners were calculated for a ratio of 1,45
GP per 1000 inhabitants, but this ratio can go as high as 2.70 in the
Avignon area. The interior of the peninsula is characterized by a
rugged northward extension of the Appalachian Mountains known
as the Chic-Chocs. Historically, the peninsula’s economy has been
centered on industries such as fishing, agriculture, and forestry. The
region includes the Gaspé Peninsula and the iles-de-la-Madeleine
archipelago and lies at the eastern extreme of southern Quebec.

The Bas-Saint-Laurent region is delineated by the Saint Lawrence
River to the north, New Brunswick and Maine to the south, and
the Gaspé Peninsula to the east. Spanning an area of 28,319 km?,
it has a population of 197,385. For this region, it is 227 general
practitioners that were enumerated for a ratio of 1.15 GP per
1000 inhabitants, and up to 2.30 for the Basques region. Since
the early 20th century, the region has undergone a transition
towards secondary and tertiary processing of its resources and is
actively seeking to establish new markets in fields such as marine
technology, biotechnology, sustainable construction, and peat
utilization. Comprised of eight regional county municipalities and
114 municipalities.

Saguenay—Lac-Saint-Jean is characterized by the Saguenay Fjord,
which is formed by the estuary of the Saguenay River and extends

through much of the region. With a land area of 98,713 km?, it has
a population of 275,552. 288 general practitioners for the whole
region gives a ratio of 1.04 GP per 1000 inhabitants, and up to
1.34 for the Maria-Chapdelaine area, ans 1.31 for the Domaine-
du-Roy area. The manufacturing, education, health and social
assistance, and trade sectors collectively account for nearly half of
the region’s GDP.

To measure access in those regions, we will be using the floating
catchment area (FCA) method. This methods uses circular buffers
around census tract population centroids to compute a physician-to-
population ratio from the number of enclosed facilities (Figure 1)
to anticipate the potential interaction between population location
and all accessible service points within sensible distance [13,24].
When distance between physicians and patients grows, the number
of interactions drops. The model then takes the following form:
3.
A =% —— Eq1
i j dl.j.Vj.
Where, A represents the sum of the spatial accessibility from
population i, S, is the number of general practitioners at location j,

dj constitutes the travel time between i and j and V'is the population
demand defined as following:

P,
Vf_ Zdﬁ
k "k

Where, P, is population demand at location k, d,; is travel time
between k and j while £ is the distance decay (travel impedance)
coefficient.

Eq.2

Through this methodology, the buffer radius can represent
catchment and reveals the distance that individuals are willing to
travel in order to access healthcare services on the principle of a
cost-minimization behavior [58].

Services falling within the catchment area are considered fully
available within that catchment. In light of its many limitations,
the FCA method was improved upon. In 2000, Radke and Mu were
able to address the supply-demand issue with the development of
a spatial decomposition method that was later termed the 2SFCA
method by Luo and Wang (2003) [36].
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Figure 3: Measure of geographic access to general practitioners with service delimitation and population demand.

Using the "closest facility" tool of the Network Analysis module
of QGIS with the TravelTime (™) API, we determined network
routes and calculated proximity within a maximum catchment
size of 100 minutes between geocoded medical clinics and the
population centroid of the dissemination area. Distance between
60 minutes and 120 minutes is generally accepted as the most
sensible choice in a rural context [21,50,59,60]. Data for the road
network were obtained from Open Streets, and travel time, instead
of distance, was used by combining road length with average
speed. The E2SFCA method was used on the exported data with
a spreadsheet. Our beta coefficient was linear and corresponds
to a 1% decrease in access per driven minute. Linear coefficient
are often used in a rural context, and are easier to calculate, while
maintaining the internal rationale of the beta coefficient in the
E2SFCA method [39,59-61]. Categories on our maps were made
using thresholds of the lower and upper family physicians’ ratios
recommended in the literature.

Indeed, ideal ratio of general practitioners to population can vary,
but the most often recommended ratios are situated between 2.25
to 4.05 family physicians per 1 000 inhabitants (COGME, 1995;
Cooper et al., 2002; Dill and Salsberg, 2008; GMENAC, 1981;
Hicks and Glenn, 1991; Markit, 2021, ratios that can easily be
converted to population per physician, as used in the E2SFCA
method [19,62-66]. This interval being quite wide, it will be used
as the lower and upper limit upon which access will be deemed
insufficient (under 2.25) or overprovisioned (4.05). This will
create 3 categories of access that can demonstrate the level of
access offered to the population. Those thresholds will be used in

the E2SFCA method and the administrative map using the classic
PPR.

The E2SFCA method makes possible the aggregation of those
elements to create an accessibility measure. To start, a ratio of
population to provider needs to be calculated for each healthcare
clinic by including all population locations that are within our
defined threshold (in this case, 100 minutes). There is no distance
decay in the first part, as every clinic is static. Then, in step two,
another population-to-provider ratio is calculated, but this time for
every population centroid in each of the DA while using a distance
decay of P that represents distance friction. The impedance
function reflects reality as it translates the cost of traveling further
as a barrier to access, putting far away clinics as less accessible to
the population. Otherwise, access would be the same for everyone
in the catchment area, which is not realistic. Additionally, it is
imperative to maintain the level of access on the map, even in
unorganized areas known as TNOs (7erritoire non organisé). These
regions, located in Canada, are not incorporated as municipalities
or Indian reserves. The primary level of governance in these areas
is typically provincial or territorial, although adjacent localities
may also provide governance. Populations often traverse these
regions for access or reside there permanently, despite the absence
of municipal services. These areas may also become part of an
existing community [4,13,21].

Results
Utilization of the E2SFCA method necessitates two parameters:
a maximum catchment time and a distance decay. In this article,

J Huma Soci Scie, 2023

Volume 6 | Issue 10 | 349



we compared the population-to-provider ratio using administrative
boundaries to the E2SFCA to investigate healthcare access in the
Eastern part of Quebec province.

According to data from Statistics Canada in 2016, there were 14
Dissemination Areas (DAs) in which over 20% of the population
had a commute time exceeding one hour to reach their workplace.
Moreover, in 13 DAs, no residents had a commute time of less
than 15 minutes. Given the longer commute time to work, it is not
surprising that access to primary medical care may also take longer
due to the vast area one must traverse to access any kind of service.
Private automobiles were the predominant mode of transportation
to work, accounting for 75% of all transportation in over 90% of
DAs. Furthermore, in more than 77% of DAs, less than 10% of the
population commuted to work by walking, and in 48% of DAs, no
residents walked to their workplace.

In rural areas, the absence of public transit often means that even
a 10-minute commute can represent a significant barrier to access,
particularly for more vulnerable individuals without access to a
car. Many studies utilizing the E2SFCA method do not apply space

aheﬂewille

_ /Bale:saint-Paul
LaTuque,/ ~} 8 '

decay for the first 10 minutes, which may seem reasonable as 10
minutes is generally considered a short time to travel to access a
healthcare clinic [4,5,9,21,39,60,67].

As such, we deliberately applied our distance decay from the first
minute of travel time. As for the upper limit, many studies use
a 60-minute maximum catchment size, which again, might make
sense as an hour seems like a long time to travel to access a general
practitioner [4,21,47,68-71]. The reality, however, is that many
rural inhabitants are willing to drive farther than that to consult
their physicians [39,59,60,67]. As such, the 100-minute upper
limit in our study coupled with a distance decay of 1% per driven
minute made things elegant and easier to understand and above all,
simpler to interpret.

Figure 2 illustrates the access level when using the recommended
general practitioner lower and upper limit threshold applied within
fixed administrative boundaries as used by the Ministry of Health.
Using this method, primary care access appears quite homogenous
and difficulties in accessing care would seem minimal and
exceptional rather than the norm.

) Health regions

Administrative access
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] Recommended
Above recommendation
200 400 km

Joseph-de-Beauce NN

Figure 5: Level of access to general practitioners using the enhanced two-step floating catchment area method.
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The most notable discrepancy in accessibility, when contrasting
the two methodologies, is the reduction in accessibility further
from the provincial capital (lower left) as demonstrated by the
E2SFCA. In contrast, the conventional PPR method indicates
minimal accessibility issues except for a few regions in the
northernmost part of the studied area and on the north side of the

In the Bas-Saint-Laurent region, an analysis using the E2SFCA
method indicates satisfactory primary care accessibility up to the
end of the Transnational Highway. However, as one progresses
eastward, there is a subsequent reduction in accessibility. This
reduction in primary care accessibility is also evident in smaller
towns that lack direct access to the highway. According to the
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The region of Saguenay presents a unique case within the context
of our study. It is the most populous area under examination, with
the majority of its inhabitants residing in the southeastern part of
the Lake. As illustrated in Figure 7, when distance is incorporated
into the methodology for assessing access to healthcare, it
becomes apparent that the number of general practitioners may
be insufficient to serve the entire population. In fact, 94.9% of
the dissemination areas fall below the recommended physician-
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Figure 7: Level of access: PPR on the left and E2SFCA on the right.

Gaspesie peninsula. The E2SFCA unequivocally illustrates that a
well-developed road network is crucial for optimal accessibility,
as evidenced by improved accessibility in regions with highway
access and diminished accessibility as the road network transitions
from highways to regular roads, rural roads, and ultimately dirt
roads.

Figure 6: Level of access: PPR on the left and E2SFCA on the right.

E2SFCA method, 5.4% of the dissemination areas have low
access to primary medical care. In contrast, the PPR method does
not indicate any such deficiency in access. This highlights the
limitations of the PPR method in accurately reflecting regional and
rural real access levels.
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to-population ratio. This stands in contrast to the results obtained
using the PPR method, which overstates average access by
indicating better than recommended ratios for all dissemination
areas. Additionally, it is important to note that the road network
beyond the City of Saguenay, which circumnavigates the lake,
does not extend significantly into the mainland. This results in a
pronounced deficiency in primary care accessibility for rural areas.
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Figure 8: Level of access: PPR on the left and E2SFCA on the right.

In the Gaspesie region, the incorporation of distance into the
assessment of primary care accessibility reveals a marked
deficiency in access. Even the easternmost Gaspé region exhibits
suboptimal primary care accessibility. The only area within the
region that fares marginally better is the southwestern portion,

which is in proximity to the Bas-Saint-Laurent region and the
province of New Brunswick. While the PPR method does not
indicate any access deficit, an analysis using the E2SFCA method
reveals a staggering 58.3% of all dissemination areas in the
Gaspesie region with low levels of access to primary care.

Figure 9: Level of access: PPR on the left and E2SFCA on the right.

A similar pattern to that observed in the other regions is also evident
in the Cote-Nord region, where diminished road access correlates
with reduced primary care accessibility. The areas surrounding
Baie-Comeau and Sept-Iles, which are the two largest population
centers in the region, exhibit better accessibility to primary care.
However, as one ventures further inland, primary care accessibility
deteriorates significantly. Utilizing the E2SFCA method to assess
access reveals that 28.8% of the region lacks sufficient access to
primary care. This stands in stark contrast to the results obtained
using the PPR method, which did not indicate any access deficit
whatsoever.

The differences between the Enhanced Two-Step Floating
Catchment Area (E2SFCA) and Provider-to-Population Ratio
(PPR) methodologies for assessing primary care accessibility are
significant and have important implications. The E2SFCA method
is a spatial accessibility measure that takes into account multiple
transportation modes, providing a more realistic representation

of accessibility. This method is particularly effective in revealing
concealed accessibility issues that are frequently correlated with
actual problems in accessing primary care.

In contrast, the conventional PPR method considers everyone
within an area as having equal access to primary care, regardless
of factors such as distance or transportation options. This can
result in the concealment of accessibility issues, particularly in
remote and rural areas where distance can be a critical factor in
accessing primary care. As such, the PPR method is inadequate for
evaluating primary care access in these areas.

From an equity standpoint, the E2SFCA method is distinctly
superior to the PPR method. By revealing concealed accessibility
issues, it provides a more accurate picture of primary care access
and can inform policy decisions aimed at improving equity in
healthcare. In light of these considerations, it is important to
carefully consider the choice of methodology when assessing
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primary care accessibility and to question the political implications
of utilizing one approach over the other.

Discussion

Our results clearly demonstrate the need for an improved tool to
measure access in rural Canada. Current government programs
aimed at improving rural health access rely on administrative
boundaries at the regional or local level, which exacerbates the
access problem by obscuring underserved rural areas.

Our research increased the level of detection of variations by
capturing small area variations in rural areas using the smallest
possible geographical scale (dissemination area), thereby
enhancing sensitivity in identifying underserved primary care areas.
Unlike most studies that continue to use fixed administrative areas,
compounding the Modifiable Areal Unit Problem (MAUP), the
E2SFCA method is better suited to identifying underserved areas.
In this study, we clearly observed that the larger the areal unit, the
more severe the internal variation problem becomes. Calculating
PPRs with predefined administrative borders introduces a clear
bias against rural access to primary care. As a result, the use of
population-provider ratios should not be encouraged, as micro-
level data are essential for understanding relationships at their
closest level of interaction. Relying on simple measures such as
PPRs perpetuates inequity [72].

The E2SFCA method has the potential to enhance the current
planning tool that underpins the equitable allocation of funding
for rural health. The increased sensitivity of the E2SFCA method
in detecting variations in access is demonstrated in Figures 3 to 7,
which compare its results with current administrative classifications
for the population of Eastern Quebec. This comparison reveals that
access to primary care within existing healthcare regions is not
homogenous and that there is a significant discrepancy between
the levels of access determined by the traditional method and those
determined by the E2SFCA method across most of the territory.

This article introduces a novel method for measuring access that
is more effective in evaluating shortage areas than traditional
administrative methods. These advancements are associated with
improvements in the 2SFCA method, including the implementation
of a distance decay function and the avoidance of arbitrary
catchment sizes with uniform access levels. Furthermore, the
method overcomes the limitations of using administrative borders
by establishing “borderless” areas of primary care access. While
geographical access is crucial for primary care, it is important
to note that the method assumes equal utilization of services
by all residents, irrespective of population characteristics. This
assumption results in a constant demand amount that does not
account for variations in healthcare needs among different areas
based on their socio-economic characteristics.

Measuring access is a complex undertaking, particularly when
considering actual service utilization by the population and

perceived barriers to healthcare such as suitability, affordability,
awareness, and equity in service provision. These dimensions
are more challenging to measure within small areas and often
necessitate large-scale surveys. The incorporation of these
indicators into the measurement process would increase its
complexity and diminish the advantages of using the E2SFCA
method. One potential solution is to employ a social and material
deprivation index when feasible [78]. Despite its limitations, the
E2SFCA method provides a convenient framework for developing
a refined measure of spatial access in primary healthcare.

Conclusion

The aim of this study was to evaluate the accessibility of primary
care physicians (PCPs) in Eastern Quebec using an enhanced
2-step floating catchment area (E2SFCA) methodology. This
approach facilitated the assessment of primary care access patterns
that are not easily discernible through traditional access measures.
The E2SFCA methodology took into account dissemination area-
level population supply of PCPs and travel time between PCPs and
dissemination area-level population, employing a linear distance
(B) decay function based on distance traveled by car. This was
particularly pertinent given the inadequate public transportation
system in the region under study, and its absence in the most
remote and vulnerable parts of the area.

The results of our study demonstrate that the E2SFCA method is
better able to identify medically underserved primary care areas
than the traditional PPR method by enabling the calculation
of spatial accessibility at a much finer spatial resolution. The
E2SFCA approach can assist in the identification of PCP shortage
areas, the development of regional medical workforce programs
(plans régionaux d’effectifs médicaux), and the establishment of
rural residency programs.

Our research illustrates the application of the 2SFCA method in
the province of Quebec, using primary care access as the primary
driver, and reveals variations in spatial access patterns that were
not visible using the current administrative approach employed by
the Ministry of Health.

From a methodological perspective, this study represents the first
application of the E2SFCA method to measure spatial accessibility
to primary care facilities in Québec outside of an urban
environment. In practical terms, the study provides a fundamental
understanding of inpatient care status within the studied area by
revealing variations in accessibility scores across the territory
and identifying areas with poor accessibility. This information
is valuable for guiding policymakers and local managers. In
Québec, a significant amount of public funding is allocated in the
form of incentives to facilitate the recruitment of physicians in
remote areas with shortages of primary care providers. Our results
demonstrate that the E2SFCA method offers a superior alternative
to the PPR method for allocating such resources in the context of
resource scarcity. Incorporating deprivation data to improve equity
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of access to primary care could enhance fairness for vulnerable
populations.
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