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Abstract: Sustainable development goal (SDG) 3 promotes well-being and healthy lives for people
of all ages. However, based on the literature, one of the main challenges to achieving SDG 3
is inequality in access to health care. In order to support the efforts of the local government of
the province to contribute to the achievement of SDG thru equitable access to health care, this
study measured the spatial accessibility of healthcare facilities in Marinduque, Philippines. It used
distance-based (i.e., travel-time) and area-based (i.e., enhanced two-step floating catchment analysis
or E2SFCA) metrics. The distance from each healthcare facility to different villages in the province
was established using QGIS and Google Maps. The distance traveled was measured using three
(3) modes of transportation: tricycle, jeepney, and private vehicle. The E2SFCA scores were calculated
for different population groups: the general population, women, children, and the elderly. Based on
the results, island villages and those areas in the inner portion of the province lack physical access
to healthcare facilities. Such a limitation was apparent in the distance- and area-based accessibility
metrics. Among the population group considered in this study, the women population showed the
lowest accessibility scores.

Keywords: E2SFCA; QGIS; physical access; women; children; elderly

1. Introduction

Promoting well-being and ensuring healthy lives for all ages is the theme of Sustainable
Development Goal (SDG) 3 [1–4]. According to Guégan et al. [5], SDG 3 relates to others
since the outcomes of other goals can directly or indirectly influence individuals and the
population’s health and well-being. For example, climate change (under SDG 13: Climate
Action) can affect people’s health and well-being [5,6]. Air pollution and urban-island heat
from urbanization (under SDG 11: Sustainable Cities and Communities) can negatively
affect human well-being [5,7]. In contrast, economic and land urbanization can improve the
population’s health [5,7]. One of the primary challenges to achieving SDG 3 is inequality in
access to health care [3].

Access to healthcare is the access of a consumer or community to a service, provider,
or institution appropriate to the proportion of their needs [8]. It is critical in achieving
overall population health [9,10]. According to Evans et al. [11], access to healthcare has three
dimensions. These three are physical accessibility, financial affordability, and acceptability.
Physical accessibility refers to the availability of good health services within reasonable
reach in case people need them. Financial affordability measures the ability of people to
pay for services without financial hardship. Acceptability is the willingness of people to
seek services. Although access to health care is an internationally recognized goal to meet
individual health needs, more than 400 million people worldwide lack access to one or
more essential health services [12,13].

Assessing physical access to healthcare services is imperative for planning and has
been a long-standing concern of planners (i.e., community and public health) and policy
makers [14,15]. The measurement of spatial accessibility is critical to developing effective
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public-health interventions [16–18]. In addition, finding areas with limited spatial acces-
sibility allows planners to see the effect of opening, relocating, closing, or modifying the
services of existing facilities [19]. Meanwhile, limited physical access to healthcare ser-
vices is a major contributing factor to poor population health in developing countries [20].
According to Noor et al. [21], timely arrival at the appropriate diagnostic and treatment
service provider strongly influences the outcome of any disease outcome. Furthermore,
people’s health worsens due to a delay in receiving or an inability to receive healthcare,
leading to a loss of income and higher healthcare costs [20].

The measurement of spatial accessibility is categorized into two (2) broad categories:
area-based and distance-based metrics [18,22]. Area-based measures use supply (i.e.,
healthcare services) and demand approaches for healthcare within specified areal units (i.e.,
census tracts) [10,18]. Although area-based measures are highly affected by areal units of
analysis, they provide a practical and straightforward method to summarize inequality in
healthcare access [18]. Meanwhile, distance-based measures quantify travel time or distance
to health facilities from the population center, considering the conditions of the roads and
the means of transport [18,23]. Measuring travel time to assess healthcare services is the
recommended methodology by the World Health Organization (WHO) [23].

Several researchers have measured spatial accessibility to determine access to health
care. Mathon et al. [24] used an enhanced two-step floating catchment area (E2FCA) to
assess the geographical accessibility of health services for people living on the border of
Haiti and the Dominican Republic. Paul and Edwards [25] estimate the availability of public
health care in developing countries of the Caribbean using an improved two-step floating
catchment area (2FCA) approach. Verma and Dash [26] used the travel-time approach
to measure the geographical accessibility and spatial coverage of public health care in
remote rural areas of India. Shaikh and Malik [27] use spatial accessibility with other non-
spatial factors to determine effective health utilization in two districts in Pakistan. Recently,
Bakar et al. [28] evaluated the spatial accessibility of health facilities among patients with
cerebral palsy in Peninsular Malaysia.

The two-step floating catchment analysis (2SFCA) is a widely accepted method to
measure healthcare spatial accessibility [10,16,29]. According to Lou and Qi [10], this
methodology is a unique case-gravity model that was first proposed by Radke and Mu [30]
and later modified by Luo and Wang [16] and Lou and Wang [31] . It uses a particular
physician-to-population ratio, which makes it intuitive to interpret while having the most
advantages of a gravity model [10]. There are two (2) limitations of 2SFCA [10]. First, it is a
dichotomous measure (meaning that all locations outside the catchment have no access at
all). Second, it does not differentiate distance impedance within the catchment (meaning
all population locations are assumed to have equal access to physicians). However, several
studies have attempted to address these limitations, including the enhanced two-step
floating catchment analysis [10,32]. The E2SFCA uses weights to differentiate travel time
zones, which account for distance decay [10,32].

In the Philippines, several researchers have studied access to health care in the country.
However, most of these researches explore only determinants of health care access, and
none measured the spatial accessibility. Thind and Cruz [33] reported that a mother’s
educational attainment and the number of illnesses determine the desire to seek care. How-
ever, such a decision considers family economic status and household size. Dror et al. [34],
Quimbo et al. [35], and Gouda et al. [36] reported the effect of insurance coverage on
health service utilization in the country. Bondy et al. [37] identified that maternal education
affects the immunization levels of children in the country. Higuchi [38] revealed that
financial constraint is key to why Filipino diabetic patients practice intermittent medication.
Kim et al. [39] reported that the cost of treatment, the quality of care, and the accessibility
to transportation accessibility affect the choice of hospital for children with pneumonia in
Muntinlupa City.

The purpose of this study is to measure the current spatial accessibility of different
villages in Marinduque, Philippines to healthcare facilities, using distance-based (i.e., travel
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time) and area-based (i.e., enhanced two-step floating catchment analysis, E2SFCA) ap-
proaches. Network-derived distance and travel time are also compared using QGIS and
Google Maps. In addition, the study intends to measure the accessibility scores of different
vulnerable groups (i.e., children, women, and the elderly) to various health facilities in the
province. Lastly, the study aims to provide recommendations to improve accessibility in
the province.

2. Materials and Methods
2.1. Study Area

The province of Marinduque is the heart of the Philippine archipelago [40–42]. It has
rolling terrain, mountains in the inner region, and low-lying coastal areas [43]. The province
consists of six (6) municipalities; each has a rural health unit, while others also have
hospitals. Municipalities manage these rural health units and are responsible for providing
primary and preventive care [1]. Meanwhile, the provincial government oversees the
hospitals, which provide tertiary-level health services. Table 1 shows the list of health
facilities in the province, while Figure 1 shows the location of different health facilities and
road networks in Marinduque.

Figure 1. Map of healthcare facilities and road network in the province of Marinduque. Note that the
thicker black lines in the map represent the municipal boundary, while the grey black lines are the
village boundary.
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Table 1. Healthcare facilities in Marinduque, Philippines.

Name Municipality

Boach RHU1 Boac
Boach RHU2 Boac

Dr. Damian Reyes Memorial Hospital Boac
Buenavista RHU Buenavista

Gasan RHU Gasan
Mogpog RHU Mogpog

Sta. Cruz RHU1 Sta. Cruz
Sta. Cruz RHU2 Sta. Cruz

Sta. Cruz District Hospital Sta. Cruz
Torrijos RHU Torrijos

Torrijos Municipal Hospital Torrijos

The main livelihoods in the province are fishing and farming [40,41]. Furthermore,
Marinduque has a higher rate of poverty and malnutrition than its regional neighbors [44,45].
It takes around three (3) or more hours to reach mainland Luzon by ferry. Therefore, it is
imperative to measure the spatial accessibility of health facilities in the province to identify
potential inequality in access to health care and help local planners and policymakers
develop strategies for effective public-health intervention.

The total population of the province is around 236,000. On average, there are 1080
individuals per village. The most populated village is Poblacion, Torrijos (3389 individuals),
while the least populated is Sabong, Boac (85 individuals). Approximately 45% of the
Marinduque population are female, 11% are children, and 7% are elderly. In terms of
village population, the highest number of women are in Tiguion, Gasan (2966 females),
while the lowest number are in Tumapon, Boac (181 females) . In terms of the number of
children, Yook, Buenavista has the highest number (3249 children), while San Miguel, Boac
has the lowest number (216 children). Bayuti, Boac (200 elderly) has the lowest number
of elderly, while Lapu-Lapu, Sta. Cruz (3221 elderly) has the highest. Figure 2 shows the
distribution of different population groups in Marinduque.

2.2. Data

The Marinduque village boundary map (i.e., GIS map) was from the Global Adminis-
trative Boundary map (https://gadm.org/ accessed on 11 December 2021 ). The geographic
location of the healthcare facilities in the province was from previous studies of Salva-
cion [40,41]. The Marinduque road network map was from the Provincial Planning and
Development Office (PPDO). Data on the general population, women, children, and the
elderly were from the community-based monitoring system (CBMS) [45].

2.3. Distance and Travel Time Measurement

The distance and travel time from each village to different public health facilities
were measured using QGIS network analysis and Google Maps. The village centroid
served as the origin distance for each village [46]. The Marinduque road network GIS
map was used to calculate the distances from the village to a particular health facility.
Meanwhile, to calculate the distance of each village from the nearest healthcare facility
using Google Maps, each village was paired with each healthcare facility through the input
box of the origin and destination. The distance measured using these two approaches
was also compared. The minimum distance and travel time to the healthcare facilities of
each village were calculated to generate a distance-based accessibility measure. Travel
time accessibility was based on the average speed of different transportation modalities in
the province (tricycle, jeepney, and private vehicle) because these are the major transport
system available in the province. The average travel speed for the tricycle was set at 15 kph,
for the jeepney at 20 kph, and for the private car at 30 kph. Meanwhile, E2FCA was used to

https://gadm.org/
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measure the spatial accessibility of different general populations and specific population
groups (i.e., children, women, and elderly) for each village in the province.

Figure 2. Map of the population distribution of different population groups in the province of
Marinduque: (a) general population; (b) children; (c) women; and, (d) elderly.

2.4. E2SFCA

The E2SFCA formula used in this study was from Nakamura et al. [32]. This method
adopts a weighting coefficient (Equation (1)) based on the distance decay function [12,32]
using the calculated distance from each village to the specific healthcare facility from
the QGIS network analysis. The catchment population for each hospital is the sum of
the individuals of each village weighted by the distance decay (Equation (2)). Then,
the provider-to-population ratio of the catchment of a particular hospital for each block
was the reciprocal of the catchment’s population weighed by the distance decay. The sum
of the ratio of the weighting coefficient to the catchment population for each block is the
E2SFCA score (Equation (3)) [32]. The average travel time thresholds for patients to reach
a healthcare facility were within 15 and 60 min, respectively, adopting previous studies
elsewhere [47,48]. The E2SCFA scores for each population group (i.e., general, children,
women, and elderly) were calculated using CBMS data. For example, for the general
population group, the total population per village was used as an input, while for a specific
group, the reported population of children, women, and the elderly per village was used.
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Wi,j =


1, di,j < d15
d60 − di, j
d60 − d15

, d15 ≤ di,j ≤ d60

0, d60 > di,j

(1)

where di,j represents the distance (km) between village i and healthcare facility j. d15 and
d60 are the average distances to reach a healthcare facility within 15 and 60 min, respectively.

Pj = ∑
i

Wij × Pi (2)

where Pj represents the population around hospital j, Wi,j represents the weighing coeffi-
cient, and Pi represents the population within village i.

E2SFCAi = ∑
i

Wi,j × Sj

Pj
(3)

where E2SFCAi represents the E2SFCA score of village i, Pj represents the population
around healthcare facility j, Wi,j represents the weighing coefficient, and Sj represents the
number of healthcare facility j.

3. Results
3.1. Distance Measurement

Figure 3 compares the distance measurements generated using Google Maps and
QGIS. There is a strong correlation (r = 0.92) between the distance using Google Maps and
QGIS. Meanwhile, mapping the average residuals per village of the linear model fitted
between the two data sets reveals a varying spatial pattern of difference between the two
approaches (Figure 4). Compared to QGIS, the distance from Google Maps healthcare
facilities to villages in the inner part and the island part of the province is longer. It shows
the opposite in most towns in the city centers.

Figure 3. Scatterplot between distance measure generated using Google Maps and QGIS.
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Figure 4. Map of residuals between Google Maps and QGIS generated distance measurement.

3.2. Minimum Distance and Travel Time

Figure 5 shows the map of the minimum travel distance of the different villages in
Marinduque to the nearest healthcare facility. The minimum travel distance to the nearest
healthcare facility is around 6 km. The shortest travel distance to the nearest healthcare
facility is about 140 m, and the farthest is 20 km. Meanwhile, in terms of travel time, the
different transportation modalities show varying proportions of villages with access to
the nearest healthcare facility within the 15- to 1-h travel time (Figure 6). Roughly 34%
of the villages are within the 15 min travel time to the nearest healthcare facility, 62% are
within the 15–60 min travel time, and 3% are outside the 60 min travel time when using
tricycles as the medium of transportation (Figure 6a). Using the jeepney as the mode of
transportation, the proportion of villages within the 15 min travel time increased to 49%,
while the percentage of areas within the 15–60 min and beyond the 60 min travel time
decreased to 50% and 2%, respectively (Figure 6b). Lastly, when using the private car as a
mode of transportation, the proportion of villages within the 15 min travel time was around
73%, 26.5% within 15–60 min, and 0.5% beyond the 60 min travel time (Figure 6c).
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Figure 5. Minimum village distance travel to the nearest healthcare facility in Marinduque, Philippines.

Figure 6. Cont.
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Figure 6. Map of travel-time interval to the nearest healthcare facility of different transportation
modes: (a) tricycle; (b) jeepney; and (c) private car.

3.3. Accessibility Scores

Since the tricycle is Marinduque’s most common mode of transportation, an average
speed of 15 kph is the set speed to calculate the distance of 15 and 60 min of travel time
for the E2SFCA. In addition, the QGIS-generated distance measurement data was used to
calculate accessibility scores because the Marinduque provincial government road network
map provided better coverage of the entire province compared to Google Maps. Based
on the calculation, the accessibility scores for a different population group in Marinduque
varies spatially (Figure 7). However, the spatial pattern of the scores for each population
group is almost similar. There are higher accessibility scores in the northeast and northwest
part of the province, while the island and interior villages have the lowest accessibility
scores. The general population’s accessibility scores ranged from 0 to 0.022, with a mean of
0.004. The children’s population has higher accessibility scores than the general population.
The accessibility scores for the children’s group range from 0 to 0.25 and have a mean of
0.039. The mean accessibility score for women was 0.001, ranging from 0 to 0.048. Lastly,
the elderly population had the highest accessibility score, ranging from 0 to 0.36 and with a
mean of 0.05.

Figure 7. Cont.
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Figure 7. Accessibility scores of different population groups in the province of Marinduque: (a) gen-
eral population; (b) children; (c) women; and (d) elderly.

4. Discussion

This study measured the spatial accessibility of villages to healthcare facilities in
Marinduque, Philippines. Using two approaches (i.e., QGIS network analysis and Google
Map), the study measured the distance between villages and healthcare facilities. Al-
though there is a strong correlation between the two measurements, there are still dis-
crepancies. Wang and Xu [49] reported similar discrepancy results but a high correlation
(R2 = 0.91) between the travel time calculated using ArcGIS Network Analyst and Google
Map. Such discrepancies can be attributed to updated data, geometric accuracy, and the
algorithm for calculating the travel time [49]. For example, Wang and Xu [49] cited that
Google Maps has more updated data compared to what they used in ArcGIS Network
Analyst. In the case of Marinduque, the differences can be due to the presence or absence
of Google Maps road network data in the province. For example, in villages in the inner
part of Marinduque, where there are limited or no available Google Maps road-network
data, the application tries to provide a longer route to connect the village to a specific
health facility.

With accessibility to healthcare facilities, the study showed the consistent disadvan-
tages of the island villages and those in the inner portion of the province, for example,
islands in the municipality of Sta. Cruz, the Tres Reyes Island in Gasan, and some interior
villages in Boac are consistently beyond 60 min travel time via tricycle or jeepney. Similarly,
the E2SFCA scores of these villages are below the standard ratio of 1/10,000 population to
healthcare facility and can be classified as shortage areas [50]. Meanwhile, the relatively
low E2SFCA score of the villages in the southwest part of the province is worth noting.
These villages are in the municipalities of Gasan and Buenavista, where the RHU is the
only available healthcare facility and is relatively farther from hospitals. Children and
the elderly have higher E2SFCA scores due to their smaller population size than the other
groups. However, the low range of E2SCFA scores for the women population is due to the
larger population size of women per village compared to children and the elderly, which
affects the provider-to-population ratio in the E2SFCA calculation.

Optimal access to healthcare decreases health inequalities and improves health sta-
tus [51]. In the case of Marinduque, the provincial government needs to find ways to
improve spatial access to healthcare facilities in the province to provide universal health
coverage to its constituent. For example, a hospital near the boundary of Gasan and Buenav-
ista can improve the spatial accessibility of its villages. An additional RHU can do the same
for the interior portion of the municipality of Boac. Additionally, the provincial government
can also consider short-term medical trips or missions to areas with limited to no access
to healthcare facilities. Access to healthcare for the female population should also be a
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priority in the province. According to Rukmana [52], women are more likely to be affected
by infectious diseases and suffer illnesses due to the lack or deprivation of preventive
health services. Meanwhile, this study only covers accessibility to infrastructure and only
considers the physical locations of healthcare facilities. The issue of healthcare capacities,
such as the number of physicians, bed capacity, and propensity to avail healthcare services
among the population of Marinduque, is beyond the scope of this study.

5. Conclusions

This study evaluated the spatial accessibility of healthcare facilities in each village in
the Marinduque province using travel time and E2SFCA. The results showed that access
to healthcare facilities varies between villages in Marinduque. However, areas in the
inner part and those on smaller islands have consistently limited access to health facilities.
Furthermore, among the population group (i.e., general population, children, women,
and the elderly), women have the lowest accessibility score. The results of this study
can help policymakers in Marinduque to design effective measures to improve healthcare
accessibility in the province, especially for children, women, and the elderly population
of the province. Meanwhile, other parts of the country can adopt the approach used in
this study; distance measurements from Google Maps can be an alternative in areas with
limited or no GIS data on the road network.
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