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Abstract

In the COVID-19 pandemic's wake, the necessity for efficient isolation facilities escalated worldwide. Even after the
emergency situation has been addressed, ongoing preventive measures for effective risk response continue to be
essential. This study proposes a dynamic model for effectively allocating and operating isolation facilities, with a specific
focus on South Korea's Residential Treatment Centers (RTCs). It sets out criteria for the suitable selection of RTCs,
focusing on facility ownership, isolation suitability, and operational efficiency while considering the entire process of
securing, converting, and operating facilities as RTCs. Furthermore, the Facility Location and Scheduling Model adopts a
strategic approach to managing inevitable trade-offs in resource allocation and offers a quantifiable method to determine
the location and operating schedule of RTCs. Drawing from a case study in Incheon Metropolitan City, the study highlights
that while public facilities offer advantages in accessibility and conversion, private facilities are vital for effective response.
Therefore, it emphasizes the importance of governments and local authorities in identifying and collaborating with
potential private facilities for emergency conversion into isolation centers. These insights can contribute to a resilient
society by suggesting strategies for operating isolation facilities in future infectious disease outbreaks.
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| . Introduction

The World Health Organization (WHO) announced in
May 2023 that the status of COVID-19 had transitioned from
a public health emergency of international concern, initially
declared in January 2020, to a continuing health threat
(WHO, 2023). Nevertheless, the WHO highlighted that the
global population has yet to completely escape the public
health risks caused by COVID-19 and advised ongoing pre-

ventive measures for effective risk response even after the
emergency situation was lifted (WHO, 2023).

At the onset of the outbreak, when the virus was not well
understood, the rapid increase in patients led to issues like a
shortage of beds and disparities in medical resources, and it
was pointed out that isolation measures were needed for
mild patients who account for 80% of all patients (N[inistry
of Health and Welfare, 2020a).

Facility-based isolation is widely used in South Korea,
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China, and Singapore (Chen et al., 2021). In South Korea,
many isolation facilities called “residential treatment centers
(RTCs)” were introduced to manage patients from the early
stage of COVID-19.

The RTCis an independent medical facility that was oper-
ated separately from conventional hospitals. Its purpose is to
isolate and monitor individuals with mild symptoms,
thereby conserving advanced medical resources and miti-
gating the risk of disease transmission. It has been evaluated
as a successful initiative in distributing medical resources
during a crisis (Park et al., 2020). In Korea, RTCs are classified
into two types: central and local. The national government
operates the central type and serves patients on a regional
level by collaborating with two or three neighboring local
governments. In contrast, the local type is managed by indi-
vidual local governments and accommodates patients from
their respective jurisdictions. Candidate facilities for RTCs
include both public and private establishments, such as edu-
cational and training facilities, university dormitories, and
hotels. These facilities are designated as RTCs based on con-
sultations and private facilities were paid a certain fee for
using them as RTCs.

Despite such achievements and necessity, significant chal-
lenges were encountered in securing facilities for RTCs due
to issues like resident protests, inequitable distribution of
facilities, patient transter, and conflicts during negotiations
for utilizing private facilities. For instance, resident protests
have been a contributing factor in delaying the opening of
RTCs, regardless of whether the facilities were publicly or
privately owned. In order to secure the requisite number of
beds to accommodate a rapidly increasing patient popula-
tion, both public and private facilities were concurrently
considered. Subsequently, those facilities that received
owner approval were officially designated as RTCs. The
number of beds in RTCs was increased to accommodate the
growing number of patients, recorded as 10,808 on Decem-
ber 22, 2020, 17,764 on December 21, 2021, and 20,244 on
March 5,2022 (Ministry of Health and Welfare, 2022).

Through the experiences of dealing with COVID-19, it was
recognized that the impacts of infectious diseases are not
limited to the health and medical sectors but can pervade
society. Therefore, it was underscored that the importance
of securing facilities for preventing the spread of infectious

diseases as social capital is crucial for preparing for potential
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future uncertainties (Ha, 2020).

Since the 1970s, over 30 major novel infectious diseases
have been discovered, and new infectious diseases continue
to emerge (Chun, 2015). Due to continuing globalization
and urbanization, the spread of such novel infectious dis-
eases could potentially occur at any time (Jo,2020).

In this regard, it is necessary to identify local resources that
can be promptly allocated for emergency healthcare, such
as isolation and treatment when an infectious disease out-
break occurs, and to seek a utilization system including
resource allocation and scheduling based on local infection
trends and characteristics.

This study suggests a model for the location and schedul-
ing of isolation facilities, which are an essential element of
disaster management resources, in response to infectious
diseases with characteristics of community spread. To
achieve this, we first investigated the distribution of facility
resources utilized as isolation facilities and made the list of
candidate list for isolation facilities. Secondly, we develop the
facility location and scheduling model using optimization

techniques.

Il. Literature Review

In the wake of the COVID-19 outbreak, research on the
location and capacity design of emergency facilities has gar-
nered significant attention. Researchers have striven to for-
mulate effective and resilient facility locations, such as test-
ing and vaccination facilities, hospital operations, and casu-
alty transportation (Liu et al., 2023: Rautenstrauss et al.,
2023; Risanger et al., 2021; Shaker Ardakani et al., 2023;
Taiwo, 2021; Thul and Powell, 2023; Yin et al., 2023).

We concentrate on the problem of locating and schedul-
ing isolation facilities, considering effective operating costs
and patient dispatching distances. There are numerous prior
studies concerning temporary facility location and casualty
allocation planning in the context of health emergencies
like disease outbreaks and natural disasters (Devi et al., 2022
Liu et al,, 2019; Sun et al., 2021; Verma and Gaukler, 2015).
For instance, Verma and Gaukler (2015) proposed disaster
response facilities for emergency supply storage during an
earthquake to minimize transportation costs under the
constraint of a limited number of facilities. Kongsomsak-

sakul et al. (2005) proposed a location-allocation model for
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flood evacuation shelters considering the decision of
authorities and evacuees.

While these studies assumed fixed demands for facilities,
situations like pandemics often require the selection of loca-
tions considering factors such as cost and time (Boonmee et
al., 2017). Consequently, a dynamic facility location problem
has been proposed for temporary facility planning. Given
the dynamic nature of COVID-19 and the changing
demands for facilities, addressing the dynamic change of
demands becomes a critical issue. Hosseini-Motlagh et al.
(2023) suggested COVID-19 control strategies by locating
screening facilities, health facilities, and isolation facilities in
order to minimize transmission rates, ta.kjng into account
factors such as positive rates, underlying conditions, and
death rates. Aydin and Cetinkale (2023) considered the sce-
nario of a large-scale earthquake occurring during an ongo-
ing pandemic and proposed a model for determining the
necessary number and location of temporary healthcare
facilities based on a revised compartmental model for
COVID-19 transmission.

Based on the previous literature, this study made three
primary contributions. Firstly, this study developed a model
for the location and operating schedule of isolation facilities,
taking into account dynamic patient needs. Although some
studies have proposed facility location models that consider
dynamic changes in demands, these models assume that
the assigned facilities operate throughout the entire period.
In contrast, in countries like Korea, patients with mild
symptoms were isolated outside hospitals, utilizing both
private and public facilities, with varying operating periods
based on infection numbers (Yang et al., 2020). Thus, the
effective operation ofisolation facilities necessitates flexibility
in response to infection trends.

Secondly, our model considered both facility conditions
(capacity, ownership, and staff) and accessibility. Especially,
considering accessibility is a significant challenge due to the
lack of location information for patients at a fine-grained
spatial scale. Many countries collect patient information at
the city level, and infection predictions have been conducted
at the city or county level. Our model considered the mean
accessibility, taking into account the spatial distribution of
RTCs and population, and makes it possible to strike a bal-
ance between facility cost and patient accessibility.

Thirdly, we identified the critical RTCs necessary for effec-

tive isolation, considering different infection scenarios and
operation strategies. Allam and Jones (2020) emphasized
urban restructuring focusing on emergency preparedness
to control pandemics and showed that many cities con-
structed new medical facilities to increase the capacity for
handling emergency cases. Identifying important and criti-
cal RTCs for infectious disease management makes it possi-
ble to respond rapidly based on prior consultations and pre-

vent the decrease in the functioning of cities.

lll. Methodology

1. Target Area and Period

In this study, we investigated resources that can be utilized
as RTCs and applied the suggested model in Incheon Metro-
politan City. As of the end of October 2021, there were
approximately 19400 cumulative confirmed cases, making
it the third-highest in the country, following Seoul and
Gyeonggi Province (Statistical Geographic Information Sys-
tem, n.d.).

We selected Incheon for two primary reasons. Firstly,
Incheon operated RTCs, which included both public and
private facilities. Regarding COVID-19 response facilities,
two private hotels located in Jung-gu, which is close to
Incheon International Airport on Yeongjong Island, were
converted and operated as temporary residential facilities (as
of October 2020). Additionally, two training centers located
in Jung-gu (established in September and December 2020)
and one training center located in Seo-gu (established in
December 2020) were transformed and operated as RTCs
(Central Disaster and Safety Countermeasures Headquar-
ters and Central Disease Control Headquarters, 2021). Sec-
ondly, Incheon includes both urban and rural areas, and the
uneven distribution of facilities can cause inconvenience for
patients due to long distances.

This study analyzed a 100-day period starting from July 30,
2020, as the target period for analysis. Even though we
selected Incheon for the case study, we developed a facility
location and scheduling model that can be universally

applied to various cities.
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2. Analysis on Facility Candidates

We gathered information on RTCs that were established
and operated nationwide from March to December 2020.
Our study focused on 55 facilities with accessible operational
data. The data collection process involved the comprehen-
sive utilization of government and local authority press
releases, media reports, and online portal searches (N[inistry
of Health and Welfare, 2020b; Shin, 2020). The collected
information included previous usage of the facilities prior to
their conversion into RTCs, ownership (govern—
ment-owned, shared, privately owned), operating entities
responsible for their establishment (central government,
local authorities), and facility size. Additionally, we explored
the ease of facility procurement through interviews with
relevant stakeholders.

Based on these findings, in the selection of spatial
resources in Incheon Metropolitan City, we identified
potential facilities through the architectural administration
system based on <Table 1> of the Enforcement Decree of
the Building Act. When considering dormitories, university
dormitories were included based on the previous operating
cases. Among the extracted facilities, we excluded unsuit-
able facilities based on relevant laws. Specifically, we
excluded facilities in the absolute protection zone defined by

the Educational Environment Protection Act.

3. Infection Scenarios

Using the effective reproduction number, we set the two
scenarios for the stages of infectious disease spread. The pro-
cess involved estimating the effective reproduction number
based on the actual number of infected patients, setting the

stages of disease spread, and creating patient occurrence sce-

Table 1. Selected facilities for candidate

Facility groups Uses of buildings

Education and

it Education centers
research facilities

Living zone training facilities
Natural zone training facilities
Youth hostels

Training facilities

Multi-family housing ~ Dormitory

General lodging facilities
Living lodging facilities
Tourist accommodation facilities

Lodging facilities
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narios based on the effective reproduction number. We set
the two effective reproduction numbers depending on the
severity of the spread.

To estimate the effective reproduction number, we uti-
lized the COVID-19 incidence. The calculation of the effec-
tive reproduction number was performed using the ‘EpiEs-
tim’ package in R, assuming a generation interval that fol-
lows a gamma distribution with a mean of 4.8 days and a
standard deviation of 2.3 days, as suggested by the WHO-
PAHO (Pan American Health Organization, 2020).

Based on the estimated effective reproduction number and
COVID-19 incidence in Incheon, we projected the infection
scenario using the ‘Projections’ package in R. <Figure 1>
presents the estimated number of patients to be isolated in
two scenarios. According to the experiences of previous
patients (Ministry of Health and Welfare, 2020a), we
assumed that 80% of infected cases should be isolated.

Scenario 1 represents a scenario with the same effective
reproduction level observed during the highest spread in
Incheon Metropolitan City (August 6th to August 24th,
2020). In this scenario, the estimated maximum number of
daily new cases was 26, the maximum cumulative number
of individuals under isolation during the spread period was
242, and the cumulative number of confirmed cases was 660.

Scenario 2 represents a scenario that applies a disease
spread similar to the cluster outbreaks in the Daegu-Gyeo-
ngbuk region in March 2020 to Incheon Metropolitan City.
In this scenario, the estimated maximum number of daily
new cases was 240, the maximum cumulative number of
individuals under isolation during the spread period was
2,292, and the cumulative number of confirmed cases was
around 6,274.

The real number of infections can be used for the sug-

gested model. However, we used the estimated number of

Isolated
patients

Increasing period | Decreasing period

2500

2000 — Scenario 1

1500 —— Seenario 2

1000

500

0«

20.7.30. 8.13. B.27. 9.10. 9.24. 10.8. 10.22. 1.5

Figure 1. Infection scenario
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infections to discuss the differences in RTCs scheduling and
allocation results under the same assumption exempting

the effective reproduction number.

4. Facility Operating Strategies

Regarding the facility operation strategies, we established
two options considering the range of facilities for securing
necessary capacity: one utilizing only publicly-owned
resources and the other incorporating privately-owned
resources. In addition, we incorporated the aspect of facility
location conditions from the perspectives of the neighbor-
ing population and accessibility. The neighboring popula-
tion was defined as the sum of the population withina 1 km
radius of the candidate facility. We calculated the population
by 250 m by 250 m grid in 2021. The accessibility of each facil-
ity was defined by the mean network distance from all pop-
ulation grids. High accessibility considering all populations
can be considered as good location that can reduce the
travel time of patients. However, it should be noted that it
does not exactly indicates the accessibility of patient consid-
ering the real number of infections. <Table 2> summarizes
the six different strategies, and we compared the perfor-

mance of each strategy.

5. Facility Location and Scheduling Model

This study presents the model to determine the number
and location, and operating period of RTCs to secure the
necessary facilities considering operating costs, patient travel
distances, and neighboring population. We assumed that
the number of confirmed cases is estimated at the city level.
Then, all confirmed cases with mild symptoms are assigned
to RTCs.

The objective function, represented by Formulation (1),

Table 2. Selected facility for candidate

Infection Scenario 1 s'::':‘gi;"z
Options S$1-1 S1-2 S1-3 S1-4 S2-1 S2-2
Publicly-owned e @ ° @ ® °
Privately-owned @ & @ ® @
fetforno . . ‘
Accessibility @ °

aims to minimize the sum of facility operating cost, patient
travel distance, and neighboring population. The facility
operating cost includes the difficulty of conversion, neces-

sary staff, and initial conversion cost.

Minimize Eﬁa‘e(Rsci‘i‘Sg +wpP. +wpD.) + Fy,, (1)
it

Subject to
Em“c‘- =y, Vi (2)

Tip Ty = Yiy Vit t>0 (3)
Zt:?fu =1 Vi (4)
Zx:(?:‘n_ms‘eﬂ) =0 (5)
; 0,1,2,---,14,if T—t = 14
V"twe{o,---,?’—t ifT—t<14
Sets

I: Set of candidate facilities 1= {1,2, ..., I}
T:Setof time period f= {0,1,2,..., T}

Parameters

R;: Conversion difficulty of facility

S;: Necessary staff of facility 7

¢;: Capacity of facility 7

P;: The number of population within a 1 km radius of
facility 7

D;: Population-weighted mean network distance of facility 7

w p, w p: Weights of neighboring population and accessibility

n,: The number of patients to be isolated at 7 period

F': Conversion cost

Decision variables

z;,: Equal 1 if RTF is operated in location 7 and period #
otherwise, 0

y;i: Equal 1if RTF is established in location 7 and period #

otherwise, 0

<Table 3> provides an overview of the parameters used in
the model. The conversion difficulty (R,) was decided by the
ownership of the facility, based on the investigation of previ-
ous RTSs and the interview. Public training facilities were
assigned a low value as they are managed by the public sec-
tor and are not fully occupied by users. Conversely, private

hotels were assigned a high conversion difficulty value due

Journal of Korea Planning Association Vol.58, No.5(2023)  §1
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Table 3. Parameters for location and scheduling problem

Parameters Definition Calculation
Publicly-owned training facilities: 1.0
S . : 5% Publicly-owned dormitories: 1.5
ggoanversson M ity ﬁ{ggr?{;ﬁ Z%Ztiﬁg?ﬁg&uauon RpseUaE Privately-owned training facilities: 1.5
: 9 Privately-owned dormitories: 1.5
Facility Privately-owned accommodations: 2.0
operating - - - -
cost Eegést?r?ri:;?;f‘ hekidig rcdicdzand Less than 100 individuals: 50 people
Necessary staff () | E tFi)s divi dge d into three levels according to the 100 to less than 200 individuals: 65 people
: =4l E 200 or more individuals: 80 people
capacity of facility
Conversion cost (F)  + Fixed cost for conversion A large number, 1000

* Mean network distance from all city areas

weighted by the population
Accessibility (D;)

distance; otherwise, set 10 0.0

* w pis the weight for considering D; and equal to
5.0 if the strategies consider patient travel

Ef'id-}
D= -1
EP:'
I

4, The road distance from facility 7 to grid j
»;- Residential population in grid j

* The population within a 1 km radius of the

candidate facility
Neighboring population (7;)

* w pis the weight for considering £; and equal to

5.0 if the strategies consider neighboring
population; otherwise, set to 0.0

to negotiation, guest, and cost-related challenges. The
required number of staff members (S) was estimated based
)

on findings from Yang's (2020) investigal‘ion1 . Conversion
cost (F) was set as large to prevent excessive selection and a
too-short operating period. Regarding locational features,
The population-weighted mean network distance to the
facility from the entire city was used for quantifying accessi-
bility. Finally, the population within km of the candidate
facility was considered as the neighboring population (P,).
This model considers each facility independently and does
not account for the cooperation between facilities to pre-
vent inter-facility infection.

Formulation (2)—(5) are necessary constraints. Formula-
tion (2) ensures that the capacity of the operating facility is
greater than or equal to the number of patients to be iso-
lated during period 7, including both newly confirmed cases
and cases already under isolation before period f. The isola-
tion period for patients is assumed to be 14 days. Formula-
tion (3) determines the establishment of a facility during
period 7. Formulation (4) prohibits the re-designation of a
previously released facility for use as an RTF. Lastly, Formu-
lation (5) stipulates that the operating period of a designated
facility should be at least 15 days (14 days for isolation and

one day for preparation).

82 rREAE, X583 H53 (2023)

IV. Results

1. Distribution and Characteristics of Facility
Resources

By extracting building usage data from the architectural
administration system and examining each facility's status,
we investigated and classified candidate facilities suitable for
use as RTCs in Incheon Metropolitan City. As a result, a
total of 30 resources with 6,700 rooms were identified.

Identifying the parameters of each facility is essential to
apply the facility location and scheduling model. Thus, we
summarized the features of the 30 surveyed facilities based
on their building usage, ownership, and isolation capacity in
<Table 4>. The facility resources were classified into three
categories based on the number of rooms: small-scale for
fewer than 100 rooms, medium-scale for 100 rooms or more
but fewer than 200 rooms, and large-scale for 200 rooms or
more. <Figure 2> presents the distribution of candidate
facilities. The candidate facilities tend to cluster in specific
areas rather than being evenly distributed throughout the
area. In terms of specific areas, there is a concentration of
facilities in Jung-gu, Yeonsu-gu, Seo-gu, and Ganghwa-gun,
while Dong-gu and Ongjin-gun appear to lack candidate
facilities.

There are only two medium to large-sized public-
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Table 4. List of candidate facilities

No. Building uses Ownership Capacity
1 Education and research Publicly (national) T'
o facilities Publicly (national) 17
3— Publicly (municipal) 14
4— Privately 128
5— Publicly (national) 32
6— Publicly (national) 31
?— Publicly (municipal) 14
8— Privately 172
9— Publicly (national) 17
10  Dormitories Publicly (national) 1,345
T Publicly (national) 852
? Privately 1,740
? Privately 249
T Privately 71
T Publicly (municipal) 32
? Privately 304
T Privately 109
? Privately 70
19 Youth hostels Publicly (national) 8
? Privately 88
T Privately 31
? Privately 24
? Privately 15
24 Accommodations Privately 220
? Privately 192
? Privately 163
? Privately 170
; Privately 98
; Privately 82
K Privately 409

ly-owned facilities that have low conversion difficulty and
high operating efficiency. In contrast, privately-owned facil-
ities are evenly distributed in terms of size. However, facili-
ties belonging to training centers or institutes, which have
been commonly utilized as RTCs, are all small-scale, result-

ing in low operational efficiency.

2. Facility Location and Scheduling Results

1) Scenario 1: S1-1 vs S1-2

In Scenario 1, the maximum number of daily isolated

Figure 2. Distribution of candidate facilities

patients is 242, which, in terms of total capacity, can be
accommodated within the publicly-owned facilities. How-
ever, except for two large-scale facilities (over 1,000 rooms),
the publicly-owned facilities in Incheon are mostly small-
scale, with fewer than 100 rooms. <Figure 3> presents the

capacity of the assigned facility and the number of isolated

Capacity / lsolated pationts
800
oo
&0
500
400

300

200 ;
100 —=

153 13-Aug 20-Aug 27-Aug 03-5ep 10-3ap 17-Sap 24-Sep 01-Dct 08-Oct 15-Det. 22-Oct 25+

(a) S1-1: Only pubilcly-owned facility operation

Capacity / lsolated patienta
200
150

100

* Jﬂh_\JDE-ﬁug'l}M:q 20-Aug 27-Aug 03-5ep 10-3ap 17-Sap 24-Sep 01-0ct 08-Oct 15-Oct 22-0Oct 28-0ct 05-Mov
(b) S1-2: Both publicly- and privately-owned facility operation

Figure 3. Operating facility capacity and the number of iso-
lated patients for S1-1 and S1-2
Note: In the bar graph, each color represents a different facility, and the
height of the bar indicates the capacity of that facility. Blue bars rep-
resent public facilities, while red bars represent private facilities. The
solid line depicts the number of isolated patients.
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Table 5. Summary of S1-1 and S1-2

S1-1 S1-2
Criteria No.of Capacity No.of Capacity
facilities ratio (%) facilities ratio (%)

Small 3 16.8 1 497
Capacity Medium - - 1 509

Large 1 832 3 =

Public 4 100.0 1 491
Owner :

Private = 5 1 509
Staff (people/day) 90.8 TAT

Mean accessibility

(km) 135 251

patients. If only publicly-owned resources are considered, it
would require converting four facilities, including the large-
scale facility. This would lead to inefficiencies during the ini-
tial stage of infection due to the high vacancy rate. There-
fore, securing privately-owned facilities through a mixed
conversion approach from the early stages of infection
spread is necessary.

<Table 5> presents the comparison between S1-1 and S1-2.
The capacity ratio is the value calculated by considering the
number of operating days, which represents the share of a
specific category of facility within the total capacity. Mean
staffis the value obtained by dividing the sum of the product
of the operating days and the necessary number of staft for
each facility by the total number of days in the target period.
In this case (A1), by securing one medium-scale private-
ly-owned resource, the number of resources to be converted
(from 4 to 2) and the necessary staft (from 147 staff per day
to 120 staff per day) can be reduced. Thus, during the initial
stages of infection spread, it would be beneficial to isolate
patients in publicly-owned resources, which are more easily
convertible, while preparing to convert a medium-scale pri-

vately-owned facility for the rapid increase in patient num-

bers.

2) Scenario 1: S1-3vs S1-4

To consider the suitable location of facilities, we consid-
ered location features: neighboring population and accessi-
bility of patients. S1-3 added only the neighboring popula-
tion to the objective function. <Figures 4 and 5> present a
summary of the results and the spatial distribution of

selected facilities, respectively. The result shows that operat-
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Capacity [ solated patients

200

150

100

= 30-Jul D6-Aug 13-Aug 20-Aug 27-Aug 03-Sep 10-S2p 17-Sap 24-Sep (1-Dct 08-Oct 15-Oct 22-Oct 20-Oct 05-Now
(a) 31-3: Consideration of neighboring population

Capacity / Isolated patienta

13-Aug 20-8ug 27-Aug 03-5ap 10-5ap 17-Sap 24-5ep 01-0ct 08-0ct 15-0ct 22-Oct 28-0ct 05-Nov

(b) S1-4: Consideration of neighboring population and accessibility

Figure 4. Operating facility capacity and the number of iso-
lated patients for S1-3 and S1-4

Note: In the bar graph, each color represents a different facility, and the
height of the bar indicates the capacity of that facility. Blue bars rep-
resent public facilities, while red bars represent private facilities. The
solid line depicts the number of isolated patients.

ing the privately-owned training center in Seo-gu and the
publicly-owned training centers in Jung-gu (Yeongjong
Island) would be sufficient for the response. However, it
should be noted that the facility in Yeongjong Island has low
accessibility from the population and to the hospital. As a
result, the travel distance for isolated patients would signifi-
cantly increase. S1-4, which considered both the neighbor-
ing population and accessibility from the population,
showed that securing three resources in Seo-gu and Bupy-
eong-gu would be necessary for response. Although S1-4
requires a slightly increased number of resources, the mean
travel distance for isolated patients would decrease by nearly
half in <Table 6>. Considering the current entry and dis-
charge procedures that patients have to return to their
homes by themselves, selecting resources based on location
tactors could lead to an increase in the convenience of

patients.

3) Scenario 1: S2-1vs S2-2
In Scenario 2, the maximum number of daily isolated

patients is 2,292, which, in terms of total capacity, can be
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—=+ ® Candidate facilities

= Hospitals

[\ || © Selected facilities (Public)

v \_{ (O Selected facilities (Private) 0 bim

(a) S1-3: Consideration of neighbori-ng population

e ;<> /__J \_\\\ {
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—=+ ® Candidate facilities
= Hospitals
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4

(b) S1-4: Consideration of neighboring popu!;sltion and accessibility

Figure 5. Spatial distribution of selected facility in S1-3 and
S1-4 (Circle size of selected facility: capacity of
each operating facility, grid color; the number of
population)

accommodated within the publicly-owned resources
within the city. However, similar to Scenario 1, it would
require the conversion of multiple small-scale resources,
leading to a significant decrease in efficiency. Therefore, it is

necessary to secure both publicly- and privately-owned

Table 6. Summary of S1-3 and S1-4
S2-1 52-2

Criteria No.of Capacity No.of Capacity
facilities ratio (%) facilities ratio (%)
Small 1 491 2 2656
Capacity Medium 1 509 1 745
Large = = . .
Public 1 491 1 51
Owner
Private 1 509 2 949
Staff (people/day) 747 682

Mean accessibility

(km) 261 145

facilities from the early stages. For Scenario 2, two strategies
were compared: the capacity-only strategy and the capacity
and location feature strategy. <Table 7> summarizes the
model result, and <Figure 6> presents the operation sched-
ule of facilities. The capacity-only strategy would involve
utilizing six resources, including one publicly-owned
resource in Jung-gu (Yeongjong Island) and one private-
ly-owned resource in Ganghwa Island in <Figure 7>, to
accommodate isolated patients. The estimated allocation of
staffs for daily operations would be approximately 160 indi-
vidualsin <Table 7>.

However, a more suitable resource allocation can be
achieved when considering both the population density in
the surrounding areas of spatial resources and the travel dis-
tance of isolated patients. Asshown in <Figure 7>, utilizing a
total of five resources centered around Seo-gu and Yeon-

su-gu would be sufficient to respond to the situation.

Table 7. Summary of S2-1 and S2-2
$2-1 $2-2

Criteria No.of Capacity No.of Capacity
facilities ratio (%) facilities ratio (%)
Small 2 78 : :
Capacity Medium - - 1 56
Large 4 922 4 94 4
Public 3 793 2 778
Owner
Private 3 207 3 222
Staff (people/day) 160.3 1333
Mean accessibility 175 158

(km)
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Figure 6. Operating facility capacity and the number of isolated patients for S2-1 and S2-2

Note: In the bar graph, each color represents a different facility, and the height of the bar indicates the capacity of that facility. Blue bars represent public
facilities, while red bars represent private facilities. The solid line depicts the number of isolated patients.
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Figure 7. Spatial distribution of selected facility in S2-1 and S2-2 (Circle size of selected facility: capacity of each operating

facility, grid color: the number of population)

V. Discussion and Conclusion

In the wake of COVID-19, the importance of effective iso-
lation facilities for mild symptomatic patients has been
underscored. While countries like South Korea have imple-
mented strategies such as RTCs, significant challenges
remain in securing suitable facilities and eftectively operat-
ing them. In this study, we propose a model for allocating
and operating isolation facilities in response to community
spread infectious diseases. This study had four main findings.

First, we suggested a facility location and scheduling

86 rREAE, 583 H53 (2023)

model in consideration of dynamic patient needs and facility
operating periods. Unlike traditional models that operate
under static assumptions, our model recognizes that disease
spread is a dynamic process with evolving demands. Hence,
it provides scheduling of facility operations based on the
projected number of confirmed cases, ensuring an efficient
and responsive allocation of resources. Also, the suggested
model can be introduced in geographic contexts.

Second, we provided criteria for the selection of suitable
facilities to be utilized as RTCs from a wide range of facilities

available in the local communmity. Considering that RTCs
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function as isolation facilities, our criteria primarily focused
on the suitability of the building usage for individual isola-
tion purposes. Furthermore, we took into account the
entire process of securing, converting, and operating facili-
ties as RTCs, which led us to establish selection criteria based
on the ownership status of the facilities to ensure ease of
acquisition and conversion, as well as the facility size to opti-
mize operational efficiency. These criteria can serve as valu-
able guidelines for implementing a similar approach in dif-
ferent regions.

Third, our model provides a strategic approach to the
trade-offs that occur in resource allocation, considering
both facility cost and accessibility. These trade-offs can man-
ifest as conflicts between the ease of conversion of a facility
and its location, or between operating costs and patient con-
venience. By quantifying these variables and incorporating
them into an objective function, our model offers an analyt-
ical way to navigate these trade-offs and arrive at optimal
solutions. Especially, our model can consider the accessibil-
ity of patients by introducing a mean accessibility that
accounts for both population and facility distributions, even
in the absence of fine-grained location information.

Fourth, this study identitied critical facilities considering
different scenarios and strategies. Our result highlighted
that while public facilities have advantages in terms of acces-
sibility and conversion, private facilities can be critical in
ensuring effective response, especially in the early stages of
infection spread, to avoid resource inefficiencies. Urban
planning emerged as a response to public health problems,
including epidemics. Urban restructuring focusing on
emergency preparedness to control pandemics is important
to prevent the decrease in the functioning of cities. Identify-
ing important and critical RTCs can contribute to urban
planning for securing public health. However, the actual
process of securing private resources for Residential Treat-
ment Centers (RTCs) often entails legal and administrative
complexities, emphasizing the need for advanced planning
and coordination. If local governments can proactively
identify private facilities suitable for conversion into RTCs
and designate them as “disaster management resources”
based on the Framework Act On The Management Of
Disasters And Safety, their response measures are likely to be
more effective in emergency situations.

However, this study has several limitations. The modeling

parameters were simplified due to insufficient information
and computational efficiency. For example, the operating
cost based on the operation history can improve the reality
of the model. Additionally, the study only considers patients
with mild symptoms, whereas, in reality, the emergency
supply chain considering the connection between RTCs and
hospitals, is required to respond to different symptom sever-
ity. Lastly, considering inter-municipal cooperation is neces-
sary to apply our model to small cities that manage patients
at the provincial level due to a lack of facilities and staff at the
city level.

Note 1. Yang (2020) conducted a study on 14 residential treatment
centers in operation during 2020 and found that the average
facility was staffed by approximately 56 individuals—comprising
34 administrative and 22 medical personnel. This finding
highlights the necessity for a minimum staffing level in RTCs,
Irespective of patient count. It suggests that selecting facilities
with a capacity exceeding a certain threshold is crucial for
efficient operation.
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