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Abstract: During the first year of the COVID-19 pandemic in Jakarta, Indonesia, the government
designated some hospitals as specific COVID-19 healthcare centers to meet demand and ensure
accessibility. However, the policy demand evaluation was based on a purely spatial approach.
Studies on accessibility to healthcare are widely available, but those that consider temporal as
well as spatial dynamics are lacking. This study aims to analyze the spatiotemporal dynamics of
healthcare accessibility against COVID-19 cases within the first year of the COVID-19 pandemic, and
the overall pattern of spatiotemporal accessibility. A two-step floating catchment area (2SFCA) was
used to analyze the accessibility of COVID-19 healthcare against the monthly data of the COVID-19
infected population, as the demand. Such a spatiotemporal approach to 2SFCA has never been
used in previous studies. Furthermore, rather than the traditional buffer commonly used to define
catchments, the 2SFCA in this study was improved with automated delineation based on the road
network using ArcGIS Service Areas Analysis tools. The accessibility tends to follow the distance
decay principle, which is relatively high in the city’s center and low in the outskirts. This contrasts
with the city’s population distribution, which is higher on the outskirts and lower in the center. This
research is a step toward optimizing the spatial distribution of hospital locations to correspond with
the severity of the pandemic condition. One method to stop the transmission of disease during a
pandemic that requires localizing the infected patient is to designate specific healthcare facilities to
manage the sick individuals. ‘What-if’ scenarios may be used to experiment with the locations of
these healthcare facilities, which are then assessed using the methodology described in this work to
obtain the distribution that is most optimal.

Keywords: spatial accessibility; healthcare accessibility; two-step floating catchment area (2SFCA);
COVID-19; Jakarta

1. Introduction

COVID-19 was initially identified in late December 2019 in Wuhan City, Hubei
Province, China [1–4]. Within a few weeks, the disease had spread to 20 countries world-
wide [5,6]. On 30 January 2020, the WHO declared the COVID-19 outbreak as a Public
Health Emergency of International Concern (PHEIC) [6]. Various interventions have been
put in place to restrict the geographic spread of the disease, including local to national level
lockdowns [7–10], vaccination [11,12], social distancing [13–15], personal protection [14],
and sociocultural protection [16]. However, the spread of the disease reached 215 countries
in early May 2020 [17].
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The pandemic in Indonesia started in early March 2020 and reached 56,385 confirmed
cases, with 2876 deaths by the end of June 2021 [18–20]. Jakarta, as the country’s most
populace city in Indonesia (15,907 people per km2 by 2020, based on [21]), has suffered
from the highest number of confirmed cases during the first year of the pandemic period
(see Figure 1). Figure 1 shows an increasing trend during the observation window (March
2020–March 2021) in COVID-19 cases in Jakarta. From early to mid-2020 (March–July), the
case numbers were still below 50,000 but then started going up continuously until reaching
50,000 cases in September. The number then doubled in November and became 150,000 at
the end of 2020. The positive cases remained high the following year and hit nearly 350,000
in March 2021.
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government of Jakarta amended the number of COVID-19 designated hospitals several 
times to deal with the rise of the COVID-19 incident. However, how the policy affects the 
spatial accessibility of COVID-19 healthcare facilities from infected populations has not 
been evaluated. Silalahi et al. [27] analyzed spatial accessibility in the early pandemic pe-
riod, but the study did not consider the evolution of the policy. 

Studies on the spatial accessibility of COVID-19 healthcare facilities have been con-
ducted worldwide with various focuses, such as identifying potential healthcare shortage 
areas in Florida (USA) [28,29], proposing a rapid accessibility measurement using CyberGIS 
in Illinois (USA) [30], measuring transport accessibility in Brazil [31], introducing new 
method on travel distance measurement using Baidu Map API in Wuhan (China) [32], and 
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Figure 1. Cumulative number of confirmed cases of each province in Indonesia March 2020–
March 2021 ([22]).

This pattern has raised concerns about the responsiveness of the healthcare systems
throughout the city, while the accessibility to healthcare centers is an important compo-
nent in controlling the disease and mortality dynamics [23–25]. Several hospitals have
been appointed COVID-19 designated hospitals in Jakarta to fulfill the demand [26]. The
government of Jakarta amended the number of COVID-19 designated hospitals several
times to deal with the rise of the COVID-19 incident. However, how the policy affects
the spatial accessibility of COVID-19 healthcare facilities from infected populations has
not been evaluated. Silalahi et al. [27] analyzed spatial accessibility in the early pandemic
period, but the study did not consider the evolution of the policy.

Studies on the spatial accessibility of COVID-19 healthcare facilities have been con-
ducted worldwide with various focuses, such as identifying potential healthcare shortage
areas in Florida (USA) [28,29], proposing a rapid accessibility measurement using Cyber-
GIS in Illinois (USA) [30], measuring transport accessibility in Brazil [31], introducing new
method on travel distance measurement using Baidu Map API in Wuhan (China) [32],
and delineating the spatial scope of services of COVID-19 medical facilities in Yunnan
(China) [33]. These studies make use of a single source of demand, which is the population
size, as well as a fixed supply (number of hospitals). The accessibility approach demon-
strated in this paper, which takes into account the spatiotemporal dynamics of demand
(cases) and supply (COVID-19 designated hospital), is novel.

This paper aims to analyze the spatiotemporal patterns of healthcare (COVID-19
designated hospitals) accessibility against the COVID-19 cases within the first year of the
COVID-19 pandemic. The 2SFCA method [34], which has been widely used in recent
years [35–38], is used to measure the spatial accessibility of COVID-19 designated hospi-
tals. The method is chosen because studies [34–36] confirmed that the 2SFCA technique is
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more precise in measuring accessibility than other standard measures, such as density mea-
sure [25]. The 2SFCA was based on the spatial interaction between supply and demand [39].
In this study, supply (number of beds in hospital) and demand (number of COVID-19
infected population) are studied spatiotemporally. Moreover, we demonstrate the use
of automated catchment delineation based on the road network for the 2SFCA analysis
using the Service Area toolkit in ArcGIS Pro. The rest of this paper is organized as follows:
Section 2 describes the material and methods used in this study, followed by Section 3 with
the results. Section 4 presents the discussion, followed by the concluding remarks.

2. Materials and Methods
2.1. Study Area

The Special Capital Region of Jakarta (DKI Jakarta), the capital of Indonesia, has been
selected as the study area because of its population density. Jakarta covers a total area of
664.01 km2, and in 2020 its population was 10,562,088, which gives a population density
of 14,555 people per km2 [21], making it the most populous province in Indonesia. It is
located in the western part of the island of Java between 6◦12′ South latitude and 106◦48′

East longitude (Figure 2). This province consists of five municipalities (north, south, east,
west, and central Jakarta) and one regency (Seribu Island). However, in this study, we only
focused on regions in Java and dismissed analysis in Seribu Islands.
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Figure 2. Location of study area showing the population distribution. The population number is in
thousands of people (analyzed from gis.dukcapil.kemendagri.go.id, accessed on 23 January 2022).

2.2. Research Framework

This study is divided into three main parts (Figure 3). The first part is data preparation
(see Section 2.2.1). The second part is spatiotemporal accessibility analysis, and for this
purpose, the 2SFCA method was implemented. The detail of the 2SFCA analysis is elabo-
rated in Section 2.2.2. The third part is analysing the spatial variation of accessibility based
on the spatiotemporal data (see Section 2.2.3). The research process begins with gathering
administrative data, monthly COVID-19 data, and the hospital’s location. Administrative

gis.dukcapil.kemendagri.go.id
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boundary data are combined with monthly COVID-19 data to produce spatiotemporal data
on COVID-19 cases. The accessibility of healthcare services is then analyzed using 2SFCA
by incorporating spatiotemporal hospital data. Figure 3 shows details about the research
flow chart.
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2.2.1. Data Preparation

In this part, spatial data of census tract (administrative boundary) in the lowest level
and monthly COVID-19 data were used to prepare the spatiotemporal data of COVID-19
cases on a monthly basis. The data sources are (1) daily reports of COVID-19 data [40], and
(2) designated hospitals for COVID-19 data [41]. Data on confirmed infections and deaths
from daily reports were merged to get the total monthly number. The spatiotemporal
data of COVID-19 assigned hospitals are also prepared in this part. Four periods are
involved in the analysis based on the governor act of hospitals assignment as COVID-19
referral hospital [39–43].

2.2.2. SFCA Analysis

A two-step floating catchment area (2SFCA) [34] was used to analyze the accessibility
of COVID-19 healthcare (see Figure 3) to the monthly data from the COVID-19 infected
population. The 2SFCA method [34] measures the spatial accessibility of COVID-19 desig-
nated hospitals based on the spatial interaction between supply and demand. Initially, this
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method evaluates physical accessibility to health care services based on a gravity model
and spatial decomposition method [39,42].

The 2SFCA method uses a two-step search procedure [43], as indicated in Equation (1).
There are two kinds of catchment involved in the calculation. The first catchment expresses
the service area of each hospital. The second catchment indicates the possible travel area
from the center of the area. Lee [44] suggested that the maximum service distance is 30 min
travel. In this study, we applied automated catchment delineation based on the road network
using Service Area toolkit in ArcGIS Pro, limiting the catchment areas to 30 min of travel
time [44]. The supply-to-demand ratio Rj is calculated by dividing the capacity (the number
of beds) of a COVID-19 referral hospital Sj (the supply) by the total of the COVID-19 infected
populationPk (the demand) within a catchment area (first catchment). This step assesses the
supply’s ability to meet the needs of the COVID-19 infected population within its service
area. The accessibility index Ai for demand point i is calculated in the second stage as a
sum of the Rj calculated in the first step, as indicated in Equation (2). The total is based on
all service providers within the catchment (second catchment), which conceptualizes the
population’s activity space at site i.

Rj =
Sj

∑k∈ {dkj≤d0} Pk
(1)

Ai = ∑
j∈ {dij≤d0}

Rj = ∑
j∈ {dij≤d0}

Sj

∑k∈ {dkj≤d0} Pk
(2)

2.2.3. Zonation of Accessibility and Spatial Disparity Analysis

We use multivariate clustering in ArcGIS [45] to regionalize areas with similar charac-
teristics. The Multivariate Clustering tool uses unsupervised machine learning techniques.
These clustering techniques do not depend on a collection of features that have already been
pre-classified to direct or train the approach in order to identify clusters in the spatiotempo-
ral accessibility data [46]. On the other hand, we conducted a multi-ring buffer analysis
with a radius from 2 to 22 km with an interval 2 km from the city center and covering whole
areas of the city. The multi-ring buffer and the clustering results are then overlayed. The
cluster value and the distance attributes are examined by Pearson correlation to find out
whether the accessibility follows a certain pattern.

3. Results
3.1. The First Year Period of COVID-19 Pandemic in Jakarta

COVID-19 cases in Jakarta continued to increase from March 2020 to February 2021.
Nearly 350,000 cases were confirmed by February 2021 (Figure 4). However, this was
followed by a high recovery rate in COVID-19 patients. Based on data from January 2021,
DKI Jakarta became one of the provinces with a >80% recovery rate out of the 16 provinces
in Indonesia [47]. Meanwhile, the death rate due to COVID-19 has also increased from
time to time. Based on the graph, the number of cases, recovery, and death rates due to
COVID-19 have parallel increasing trends.
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Figure 4. Cumulative figure of COVID-19 data in Jakarta ([40]).

Figure 5 depicts the spatial distribution of the monthly increase in COVID-19 cases in
DKI Jakarta across all areas. COVID cases began in September 2020, as shown in Figure 5,
and spread throughout DKI Jakarta over the next five months. The case’s high velocity
could be attributed to areas with high mobility. COVID-19 cases peaked in almost every
region in January 2021.
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Figure 5. Spatiotemporal dynamic of COVID-19 confirmed cases ((a) March 2020, (b) April 2020,
(c) May 2020, (d) June 2020, (e) July 2020, (f) August 2020, (g) September 2020, (h) October 2020, (i)
November 2020, (j) December 2020, (k) January 2021, (l) February 2021). (Source: analyzed from [40]).
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3.2. COVID-19 Healthcare Services Dynamic

As shown in Figure 6, different hospitals have been assigned to serve COVID-19
patients at different times. Between April 2020 and March 2021, the number of hospitals
assigned grew. Figure 6a depicts six hospitals at the start of the pandemic, 30 in May 2020,
and 45 from September to December 2020. The 59 hospitals assigned in January 2021 are
shown in Figure 6d. Figure 6’s addition of hospitals does not match Figure 5’s distribution
of cases since the added facilities are all in Central Jakarta. East Jakarta’s hospitals, the
most densely populated area, clearly have limited capacity.
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Spatiotemporal Dynamics of COVID-19 Healthcare Service Accessibility

When the pandemic began in March 2020, the level of healthcare accessibility for the
COVID-19-infected population in Jakarta was reported to be high (Figure 7). Between April
and May of 2020, accessibility was reduced. Some areas have less access to healthcare
facilities due to increased COVID-19 cases. Although adding new hospitals in June helped
improve accessibility, accessibility slightly decreased from July 2020 to February 2021.
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2020, (i) November 2020, (j) December 2020, (k) January 2021, (l) February 2021).

Some areas had persistently poor accessibility. They are in the Penjaringan, Kembangan,
Cilincing, and Ciracas sub-districts. Figure 7 shows that people living on the outskirts of
cities are far from hospitals. People who live in the inner-city of Jakarta, where a few large
hospitals are located, have better access. Figure 7c shows that there was a significant decline
in access in Jakarta’s eastern area before it improved, as shown in Figure 7d, due to the
addition of a number of hospitals in June. However, healthcare accessibility declined again
on the following month, despite the fact. This indicates that the condition of COVID-19 in
DKI Jakarta is almost evenly distributed, implying that people living far from the hospital
will have difficulty accessing health care.

Figure 8 illustrates the temporal distribution of accessibility. By the end of the period,
average accessibility had decreased while the number of infected people had also increased.
The worst condition was reached in January 2021, when the total number of confirmed cases
increased by 71% at the national level [52] that was started from two cases in March [53].
The figure also shows that increasing the number of hospitals from 6 to 30 by June 2020
significantly affected healthcare accessibility. However, adding 15 hospitals in September
did not significantly improve conditions compared to August 2020. This was because
the rules were stricter from April to June 2020, known as Large-Scale Social Restrictions
(PSBB) [54], whereas from June to September, the policy used was the Transitional PSBB,
which allowed workers to enter offline (WFO) with 50% capacity.
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Figure 8. Temporal dynamics of accessibility of healthcare services from the infected population.

The transitional lockdown regulation was extended from October to January 2021,
after which it was replaced with the Enforcement of Community Activity Restrictions
(PPKM) for the Java and Bali regions. The difference between PPKM and PSBB is that
PPKM only applies to seven provinces on Java and Bali. WFO capacity has also increased
to 75% occupancy, with a maximum capacity of 50% for teaching and learning activities.
Due to an increase in COVID-19 positive cases and the leniency being used, the degree
of community access to hospitals is minimal during this lockdown time. Because the
government believes that cases can be controlled, and the COVID-19 vaccine has been
distributed since December 2020, then the new normal period was applied.

3.3. Accessibility Clusters

Figure 9a shows the results of the multivariate clusters of accessibility based on twelve-
month spatial data of accessibility. There are 60 sub-districts categorized in low accessibility
(cluster 1), and each of 100 sub-districts for moderate (cluster 2) and high accessibility
(cluster 3). During the research time, certain areas outside of Jakarta are less accessible
to healthcare compared to the inner city. On the contrary, the inner city is less populated
compared to the outskirt as illustrated in Figure 9b. The accessibility is strongly correlated
with the distance from the center of the city of Jakarta (Figure 9c). The farther from the
inner city, the lower the accessibility (R = −0.78, ρ < 2.2 × 10−16).
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4. Discussion and Future Works

One strategy to reduce the spread of diseases such as COVID-19 is to localise infected
patients to particular healthcare institutions. This strategy has been employed in cities
in China [33] and India [54], as well as in our case study area of Jakarta, Indonesia [27].
This study has evaluated the spatiotemporal accessibility to such healthcare services (those
that have been designated to treat COVID-19 patients specifically) during the pandemic
period. This is an important step toward better matching the geographic distribution of
hospital locations to the number of patients and the severity of the pandemic. Accessibility
to healthcare services strongly correlates with the population’s health [55], making it is
essential to evaluate policies in the context of healthcare facilities’ capacities and accessi-
bility [56]. We used a two-step floating catchment area (2SFCA) approach to evaluate the
spatiotemporal accessibility over the first year of the pandemic. The study shows that: (1)
some areas on the outskirts of Jakarta experience low accessibility for the entire period, and
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(2) the accessibility tends to follow the distance decay principle where it is high in the inner
city and low in the outer city.

Spatial disparities in health services are a common problem in urban areas that have
been examined in other big cities such as Beijing and Seoul [57,58]. One of the reasons for
this is the centralization of healthcare services, where large hospitals have developed in the
inner city [59]. This is not the case in Jakarta, however, as hospitals are quite widely dis-
tributed. That said, only a portion of all hospitals were appointed as COVID-19 designated
hospitals, which has significant implications for accessibility to COVID-19 services specifi-
cally. In addition, the government may change the designation of healthcare institutions if
the pandemic situation worsens and the number of patients rises, so accessibility must be
regularly re-evaluated. In order to ensure that infected populations have sufficient access to
healthcare facilities, the distribution of infected persons should be taken into account when
choosing which healthcare facilities should be designated to treat COVID-19. In our study,
we found that these choices may not have been ideal as patients in the outer areas of the
city appear to have lower levels of accessibility when compared to those in the inner areas.
One of the potential future benefits of this work is that we can select the most optimal
healthcare accessibility for each period of the pandemic by applying ‘what-if’ scenarios,
designing different types of healthcare facility distribution using the approach employed
in this paper.

Despite its effectiveness and potential for use in maximizing hospital appointments
during a pandemic, the spatiotemporal accessibility analysis used here could be improved
by addressing a number of issues. The first relates to data accuracy. Due to limitations on
testing capacity and residents’ willingness to be tested, the number of cases used in this
study will not be precise [40]. Indonesia’s testing rate varies [60–62], and it was ranked
fourth among the world’s worst testing rates at the start of the pandemic period [63].
Fortunately, however, Jakarta has a better COVID-19 test rate than the rest of Indonesia [47].
Second, it was preferable to take the hospitalization rate into account when calculating
hospital demand. The 2SFCA method, as previously stated, was developed to assess physi-
cal accessibility to health care services, with the number of infected people representing
demand. Hospitals are not located or designed in such a way that they can accommodate
the entire infected population, so alternative locations for COVID-19 treatment should
emerge. To reduce the burden on hospitals, the Indonesian government and other countries
introduced the term self-isolation at home for asymptomatic and symptomatic patients.
This information should be considered to measure accessibility.

5. Conclusions

This study examines the spatiotemporal dynamics of healthcare accessibility in Jakarta
during Indonesia’s first year of the COVID-19 pandemic. The study shows that some
locations on the outskirts of Jakarta had low accessibility during the study duration. The
accessibility pattern complies with the distance decay principle, where accessibility tends
to follow the same pattern inside the city. It contrasts the population distribution, which
is higher in the city’s outskirts and lowers in the center. Spatial accessibility evaluation
should be conducted when planning the distribution of healthcare since accessibility to
healthcare is an important aspect for combating the pandemic. This study is a step toward
better matching the geographic distribution of hospital locations to the number of patients
and the severity of the pandemic condition. Appointing particular healthcare institutions to
manage sick people during such a pandemic scenario is one strategy to reduce the spread
of illness. ‘What-if’ scenario analysis can be applied to design multiple configurations of
healthcare facilities, then evaluated by the approach presented in this paper to explore
optimum distributions.
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