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Abstract
Spatial Analysis of the
Association Between the

Socio—Economic Variables and
the Incidence rate of COVID-19

in Seoul

Jeongheon Kim
The Graduate School of Public Health

Seoul National University

Introduction: In general, COVID-19 1is become pandemic and
threatened entire the world. Although the COVID-19 National
Prevention Regulations were implemented, the outbreak kept
generating and occurring a variety of places. Many studies did
analyze the COVID-19 to identify the relationships among factors, but
a few studies used the spatial regression model to investigate. The
purpose of this study is to provide and utilize the basis for health
policies appropriate to the district units by studying the factors
affecting the rate of occurrence of COVID-19.



Methods: Seoul COVID-19 data were used. Global and local Moran'’s
I was used to explore the spatial distribution and to identify the
clusters with the spatial autocorrelation by using GeoDa software.
OLS, SLM, SEM model were implemented on the global scale to
identify  the relationship between the incidence rate and

socio—economic variables.

Results: Across the 25 districts of Seoul, the incidence rate of
COVID-19 depicted a negative spatial pattern (I=-0.049) but captured
both hotspots and coldspots across the districts. In terms of model
fitting, the adjusted R of OLS, SLM, SEM was 0.365, 0.369, 0.365,
and each of AIC was 157.519, 159.398, 157.517.

Conclusion: Through the COVID-19 incidence rate, space patterns in

the districts of Seoul were identified and hotspots and coldspots were
detected. Although no other variables have been significant, it
suggests that there is no choice but to move to engage in economic
activity. In this regard, health policies for each autonomous district
should be established, and it is necessary to curb the occurrence of

COVID-19 by supplementing public medical personnel.
keywords : COVID-19, Incidence Rate, Spatial Analysis,

Socio—Economic variables
Student Number . 2019-27919
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1. INTRODUCTION

1.1 Background

Coronavirus disease-19 (COVID-19) is the disease infected by
the SARS-CoV-2 virus, and it became the important issue globally
through the fast spread (WHO, 2020a). COVID-19 is classified to
‘Group 1 infectious diseases’ and can be infected droplets by coughing
or touching contaminated objects. COVID-19 has respiratory
symptoms (cough, fever, feebleness, difficulty with breathing, and
pneumonia) with a wide range of severities, and other symptoms
such as sore throat, headache, or diarrhea can be revealed. On the
other hand, it can be also occurred asymptomatic patients, which

means there is no symptoms but infected (KCDA, 2020).

In COVID-19 Weekly Epidemiological Update report on
August 31 in World Health Organization (WHO), a cumulative total
case of COVID-19 is approximately 25 million cases and 800,000
deaths has been estimated globally. Also, it is still increasing the
infected and dead every day. On the American regions, the
cumulative cases were about 53%, and the cumulative deaths were
nearly 55% of the global cases each. About 16% were estimated in
the cumulative cases and about 9% were estimated in the cumulative
deaths on South-East Asia. For the region of Europe, the cumulative
cases and deaths were 17%, 26%. 4% of the global cases were the
cumulative cases of African region and 3% of the global deaths were

the cumulative deaths. The cumulative cases of Eastern



Mediterranean were estimated about 8% and the cumulative deaths
were estimated approximately 6%. In terms of Western Pacific region,

the cumulative cases and deaths were estimated 2% and 1% of the
global cases (WHO, 2020b).

In case of South Korea, the total cumulative patients of
COVID-19 on September 1, 2020 were 20,182 and 324 patients has
been estimated for the cumulative deaths since the start of the
outbreak. In the -capital area, the cumulative patients of Seoul,
Incheon, and Gyeonggi were 3,961, 740 and 3,323. On the other hand,
Daegu had the most confirmed cases among the non-capital areas,
which has 7,049 confirmed cases (KCDA, 2020).

According to WHO, COVID-19 was discovered and occurred
in Wuhan, China at the first time in 2019. On March 11, 2020, WHO
has declared the pandemic of COVID-19 officially (WHO, 2020c). For
South Korea, the first patient was reported on January 20, 2020, and
since then, the number of infected people has increased rapidly due to
the outbreak of patients among Sincheonji church members in Daegu
city. The number of newly confirmed patients was decreased due to
the implementation of the COVID-19 National Prevention Regulations,
but as the outbreak of Itaewon club, Saranjeil church spread once
again, prevention rules such as intensive social distancing Kkept

implementing (Kim et al, 2020).

In the United Nations report, it is explained that COVID-19 is
the social and economic crisis for humans. It is clearly revealed a
socioeconomic impact and a burden of disease on both developing
countries and advanced countries (United Nations, 2020). In terms of
economic aspects, OECD predicted the economic growth rate will be

decreased to 1.5% and IMF anticipated it will be decreased down to



-3.0% on this year. IMF expected a real GDP to recover to -1.2%
year-on-year in 2020 and 3.4% in 2021 (IMF, 2020). In research
report of South Korea, COVID-19 intensified the risk such as the
decline of house income and lifetime of the vulnerable. For causing
house income decline, it included reduction in sales, close temporarily

or close business, unemployment, and reduction in working hours
(Korea Institute for Health and Social Affairs, 2020).

Many studies are published related to COVID-19 with
Geographical Information System (GIS). GIS is an important tool to
perform a spatial distribution of infectious diseases and it is helping
to analyze and visualize the spread of COVID-19 (Mollalo et al, 2018,
2019). For example, Johns Hopkins University Center for System
Science and Engineering (JHU CSSE) utilized a GIS dashboard that
provides real-time data on the global spatial distribution of
COVID-19, including the total number of confirmed cases, mortality,
and recovered case. This real-time database is easily accessible to
the public and can track diseases that spread over time (JHU CSSE,
2020). Following the GIS, the spatial model is an important factor for
statistical investigation of geographical relationships between several
explanatory variables and disease outbreaks like COVID-19 (Mollalo
et al, 2020). One of COVID-19 with GIS studies, it reviewed
COVID-19 articles based on the geospatial and spatial-statistical
analysis. This study categorized spatiotemporal analysis, health and
social geography, environmental variables, data mining, and
web-based mapping. On the health and social geography category,
some studies examined the correlation between the geographic,
socilo—economic status, but few studies examined using the spatial
model (Franch-Pardo et al., 2020).



1.2 Literature review

As many explanatory variables such as socio—economic status,
demographic, geographic variables are correlated to COVID-19, the
literature review focused on the variables mentioned above and spatial
model. For searching some studies, the keywords were set up
‘COVID-19, ‘SARS-CoV-2’, 2019-nCoV’ or ‘coronavirus disease 2019’
together with different conjugations of the words ‘spatial analysis’,
‘spatial regression’, ‘geographic information system’, ‘demographic’,

‘environmental’, ‘socioeconomic status’ in PubMed and EMBASE.

Records identified
through searching (n = 34)
= PubMed (n=13)

« EMBASE (n=21)

Records after duplicates removed

n=4)
h 4
Records excluded (n = 17)
Recordsi g L »| » Notrelevant to topic (16)
(n=30) * Letters/Comments/Abstract/Editorial (1)

¥
Full-text articles
assessed for eligibility
(n=13)

Figure 1. Flow chart for searching literatures



For instance, Ehlert et al., 2020 was examined the COVID-19
incidence rate and socio—economic status using spatial model; Spatial
Autoregressive model (SAR), Spatial Error Model (SEM), and Spatial
Autocorrelation model (SAC). It resulted the case and death rates
were positively associated with early cases, mean age, population
density, and the number of people employed in elderly care. On the
other hand, they were negatively associated with not only the density
of doctors but also the density of schoolchildren and infant care. de
Souza et al, 2020 were shown that it analyzed the association
between the incidence rate of COVID-19 and Municipal Human
Development Index (MHDI), Social Vulnerability Index (SVI). As a
result, SVI were positively associated with COVID-19 incidence rate,
whereas MHDI were negatively associated with the incidence rate.
According to Mollalo et al., 2020, the analysis of the association
between socio—economic status and the incidence rate was performed
by using spatial model; Spatial Error Model (SEM), Spatial Lag
Model (SLM), Geographically Weighted

Regression (GWR), Multiscale GWR (MGWR). The result was
shown that the incidence rate was associated with income
inequalities, household income, medical expertise such as the
proportion of practitioner and nurse, and the spatial variation was
also showed with those significant variables. You et al., 2020 was
examined the spatial analysis between the COVID-19 morbidity rate
and social and economic factors; built environment, economic
activities, and public service status. The results showed an increased
COVID-19 morbidity associated with the density of increasing
population and aged population, construction land area proportion,

public green space density with positive estimated coefficients.



Otherwise, increasing average building scale, GDP per unit of land
area, and hospital density were the negative estimated -coefficients

with the decreased morbidity.

Other studies (Lou et al., 2020, Maciel et al., 2020, Zhang et
al., 2020) have shown the spatial correlation, distribution, and
nonlinear relationship. In case of Lou et al, 2020, the study was
employed geographically weighted random forest (GW-RF) to
estimate the nonlinear relationship between COVID-19 death rate and
risk factors such as going to work by walking, airborne benzene
concentration, householder with a mortgage, unemployment, airborne
PM,5 concentration, and percent of the black or African American.
Those variables were highly associated with the spatial distribution of
the death rate. Maciel et al.,, 2020 was analyzed the univariate and
bivariate spatial correlation between the COVID-19 incidence rate and
MHDI, and the result showed the moderate positive correlation and
high-high clusters were formed and located in the metropolitan area
and municipalities in the north region. According to Zhang et al,
2020, multiple regression model was used to investigate the risk
factors. This study showed the positive correlation between the
incidence and mortality of COVID-19 and socio—economic factors
(population density, proportions of elderly residents, poverty, and
percent population tested.

According to background and reviewed literatures, the
associations between the various variables affecting the COVID-19
incidence rate were largely attributed to socioeconomic status (SES),
environmental factors, and medical personnel resources. Ahmed et al.,
2020 suggested that there would be socioeconomic disadvantages and
inequalities in the occurrence of an epidemic. However, there are only

a few examples of factors that occur in each administrative district of

q&r)eti



geographical variation using spatial models. Therefore, it needs to
utilize the global/local spatial model to reflect regional characteristics
in the Seoul Metropolitan Government’'s COVID-19 risk factor
identification. The purpose of the study is to provide and utilize the
basis for health policies appropriate to the district units by studying
the factors affecting the rate of occurrence of COVID-19. On the
hypothesis of this study, there is a significant spatial heterogeneity of
COVID-19 incidence rate in the level of Seoul's district unit,
socio—economic variables, and there is a significantly spatial difference
in terms of the association between the incidence rate of COVID-19

and soclo—economic variables.



2. MATERIALS AND METHOD

2.1. Study area

Seoul 1s the capital city and most populous city in South
Korea. Seoul 1s one of the most important transportation hubs in
South Korea. Seoul has many lines of subway so that many people
could easily move from district to district. Since the first patient was
occurred on the early of this year, On 16 August 2020, a total of
1,947 confirmed cases of COVID-19 were reported in Seoul.
Administrative districts of Seoul have 25 districts: Jongno-gu,
Jung-gu, Yongsan-gu, Seongdong-gu, Gwangjin—-gu, Dongdaemun-gu,
Jungnang-gu, Seongbuk-gu, Gangbuk-gu, Dobong-gu, Nowon-gu,
Eunpyeong-gu, Seodaemum-gu, Mapo-gu, Yangcheon-gu,
Gangseo—gu, Guro-gu, Geumcheon-gu, Yeongdeungpo—gu,
Dongjak-gu, Gwanak-gu, Seocho—gu, Songpa-gu, Gangdong-gu. In
this study, the spatial regression analysis was applied in the

administrative divisions that refer to 25 districts in Seoul (Figure 2).

2.2. Data selection and preparation

The Korea Disease Control and Prevention Agency (KCDA) is
monitoring daily the level of region, and district of COVID-19 across

the South Korea. For this study, the COVID-19 data from KCDA

daily report were retrieved and reuploaded to the Seoul open data



website (data.seoul.co.kr). For the incidence rate of COVID-19, the
age—standardized incidence rate was computed for the district and
combined to the Seoul district boundary shapefile obtained from the

National Spatial Data Infrastructure Portal (data.nsdi.go.kr).

'” 9

Uijeongbu-si . Seongdong-gu
2. Dongdaemun-gu
3. Seodaemun-gu
4, Geumcheon-gu

5. Yeongdeungpo-gu
Namyangju-si

Yangju-si

Goyang-si

-

Wy f Nowon-gu

H“‘\. \90 7 \
‘j .. T /

,c:‘;' : % Jongno-gu i
~{§9 ; Gangseo-gu \\ \“‘ it Jang-gu J: M /
o NS
\\_/_7_7_% «g/\ﬁ = ”Yongsan gu> > /]
o | r i - g
o %“gﬁw J/“-\\ 5 \ T_/ ‘\ | Songpa - Hanam-si

? Bucheon-si ' Guro-gu ( ’ Dongjak-gu \ N

L W e 4 r \Gangnam-gu
“"‘3 L | Seocho-gu' o

ot \ Gwanak-gu Y k]

Figure 2. Administrative districts of Seoul

For socio—economic variables, average income, the proportion
of doctors and nurses in public health center, and population density
are included as explanatory variables, and sex, age of the confirmed

patients, education level, economically active population, pure

alkas LT



population mobility are included control variables for this study. All
explanatory and control variables were retrieved from the Seoul open
data website, public data portal (data.go.kr) and merged to the
corresponding Seoul district area. For specific description of variables,

table 1 provides the detailed explanation of variables.

A total of 1,947 confirmed cases from January 20 to August
16 were included in spatial analysis. The features of COVID-19 data
in Seoul were involved infected patients, age-standardized population,
and the incidence rate per 100,000 people each 25 districts in table 2.
On the infected patients, ‘Gwanak-gu’ district has the most infected
patients, which the number of patients i1s 156 people, whereas
‘Jung-gu’ district has the least infected patients, which the number of
patients 1s 28 people. Generally, the number of female patients i1s
more than male patients, and the average age of the COVID-19
patients about 46.1 year on the COVID-19 data features. ‘Gwanak-gu’
is the highest incidence rate of COVID-19 (31.64 per 100,000), while
the lowest incidence rate of COVID-19 is the ‘Gwangjin-gu (12.35
per 100,000).

_10_



Table 1. Variables in this study

Variable name

Description

Source of data

Average income

The proportion of
doctors

The proportion of
nurses

Population density

Education level
population

Economic active
population

Pure population
mobility

Incidence rate of
COVID-19

The average income in the level of
Seoul district

The proportion of doctors in public
health center

The proportion of nurses in public
health center

The total population of Seoul
district/the area of Seoul district

The proportion of people who
graduated above college/university

The proportion of people who have
occupation
in Seoul district

Number of net migration
people/mid-year population
in Seoul district

Age-standardized incidence rate in
Seoul district
(confirmed cases/age—standardized
population*100,000)

Public data portal

Seoul

Seoul

Seoul

Seoul

Seoul

Seoul

Seoul

open data

open data

open data

open data

open data

open data

open data

website

website

website

website

website

website

website
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Table 2. Features of COVID-19 data in Seoul district

Infected Number of Number of Age-standar (I:r(l)c\ig]e)n_cleg

District patients male female Mean age dized rate
Gersom  patients patientsGea) - pomulation - er

Jongno-gu 33 16 17 40.9 146,603.00 22.51
Jung-gu 28 14 14 46.0 121,678.00 23.01
Yongsan—-gu 69 39 30 52.0 218,821.00 31.53
Seongdong-gu 67 30 37 51.8 299,044.00 22.40
Gwangjin-gu 43 22 21 43.3 348,116.50 12.35
Dongdaemun-gu 63 32 31 44.9 340,267.50 1851
Jungnang-gu 59 28 31 51.8 394,293.50 14.96
Seongbuk-gu 133 51 82 51.3 431,427.00 30.83
Gangbuk-gu 41 21 20 415 310,925.50 13.19
Dobong-gu 84 28 56 56.7 332,026.00 25.30
Nowon—-gu 84 40 44 449 532,511.50 15.77
Eunpyeong-gu 35 40 45 44.6 473,512.00 17.95

_12_



Seodaemun-gu
Mapo-gu
Yangcheon-gu
Gangseo-gu
Guro-go
Geumcheon-gu
Yeongdeungpo-gu
Dongjak-gu
Gwanak-gu
Seocho-gu
Gangnam-gu
Songpa-gu

Gangdong-gu

48

69

31

128

93

42

79

31

156

36

111

123

61

27

28

43

65

47

23

41

34

71

38

99

53

32

21

41

38

63

46

19

38

47

85

48

o6

70

29

44.0

44.4

42.7

49.8

39.5

45.3

49.7

46.2

39.5

50.5

53.3

43.8

45.0

303,057.00
366,806.50
455,764.50
587,369.00
400,902.00
229,269.50
360,221.00
390,350.00
493,055.00
423,950.00
531,575.00
662,019.50

425,410.00

15.84

18.81

1777

21.79

23.20

18.32

21.93

20.75

31.64

20.29

20.88

18.58

14.34
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2.3. Spatial pattern and autocorrelation

To 1dentify the spatial pattern and autocorrelation of incidence
rate of COVID-19, we draw the choropleth map using natural breaks
degree of outcome variable, the incidence rate of COVID-19 and we
examine the Global and Local Moran’s I to quantify the similarity of
the outcome variable among areas that are defined as spatially related
and to identify local clusters and local spatial outliers using GeoDa
software.

Moran’s I generally ranged from +1 to -1. A zero value of
Moran’s I indicates the null hypothesis of no clustering, a positive
Moran’s I means positive spatial autocorrelation, which means similar
areas of values are clustered. However, if there is a negative value of
Moran’s I, it indicates negative spatial autocorrelation, which means

that neighboring areas do not tend to have similar attribute values.

ZZ w (x =% )x - Yl =Fhy, -5)

Il I

= : ﬁ | = | -
ZZ W, Z(\ -T) ZZH Zl\l -X )

Figure 3. Global and Local Moran’s I statistics
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2.4. Spatial regression analysis

To identify the association between the COVID-19 incidence
rate in Seoul and the socio—economic variables, we examined the
Ordinary Least Square (OLS) model for the residuals whether there
1s spatial autocorrelation. If there is a spatial autocorrelation of the
residuals in OLS model, we examined the 2 different spatial models
on global scale; SEM, SLM.

In the global level of the spatial analysis, the OLS model is
the general regression method that examine the relationships between
outcome variable and explanatory variables (Ward and Gleditsch et
al.,, 2018). The general form of OLS is showed below.

y, =B, tz,0+¢

where y; is the COVID-19 incidence rate of Seoul as the outcome
variable, 0By 1s the intercept, X; 1S the explanatory variable, G 1s a
coefficient of each term, and & i1s an error term on the level of Seoul
district(i). It is assumed that the variance of the error is the same
for all independent variable values. The use of 7 for slopes and
independent variables indicates that in simple regression models,
increasing only the slope and independent variables results in a

multiple regression model.

The SEM model has the assumption of a spatial dependence

in the error term of OLS and is fragmented the error term into two

_15_



terms. The general form of SEM model is showed below (Anselin et
al., 2003).

y; = By Tx,8+AWE, +¢

where ¢ means the spatial factor of the error, A expresses the level

of correlation between components at the level of Seoul district 7.

The SLM model is assumed dependence of the space between
the outcome variable and explanatory variable and incorporated
dependence into the regression model with a “spatially lagged
dependent variable”. The form of SLM model is showed below
(Anselin et al., 2003).

y; = By Tx,8+p Wy, +¢

where p indicates the spatial lag parameter, and WW; is the vector of
spatial weight. For this weight matrix, it specifies the neighbors at
location 7, and relates the outcome variable to the explanatory

variables at that locations.

To compare the spatial models, all spatial models including
OLS were analyzed with the same variables. On the scale of global
models, the spatial weight matrix was loaded with Queen’s contiguity
and implemented with the matrix using GeoDa software. For local

scale models, using AICc method, the optimal number of data is

_16_



selected and applied to local regression coefficients to apply fixed
Gaussian for spatial kernel. The adjusted R® and AIC were used to
compare the local models when it explains the incidence rate of
COVID-19 in Seoul district unit.

2.5. Ethical issues

The Institutional Review Board of Seoul National University
approved our study (IRB No. E2010/003-004). Data for this study was
downloaded after IRB approved and processed the analysis. Public
data portal and Seoul open data are the integrated platforms that
provides public data generated or acquired by public institutions in
one place. This provides public data in various ways, including file

data, open API, and visualization.

_17_



3. RESULTS

3.1. Descriptive analysis

The descriptive statistics of variables are shown in table 3. A
total of 25 districts of Seoul city were included in analysis. The
incidence rate of COVID-19 was implemented as the outcome
variable, average income, the proportion of doctors in public health
center, the proportion of nurses in public health center, population
density, pure population mobility, the number of economic active
population, and the number of people who graduated above
college/university was examined as the explanatory variables for the
spatial regression analysis.

The average of the incidence rate of COVID-19 is 20.50 (SD
+ 5.25) per 100,000 population across the Seoul districts. The average
income of 25 Seoul districts is about 1.417 (SD + 0.092) at the level
of 1,000,000 won unit. The average of the proportion of doctors and
nurses in public health center among 25 districts is 9.28 (SD = 2.55)
and 4853 (SD + 4.70). The average population density is
approximately 1.741 (SD + 0.481) among 25 district areas. The
average of pure population mobility is -057 (SD + 1.06), and the
proportion of economic active population is 46.96 (SD = 1.806) on
average. The mean proportion of people who graduated above
college/university is 34.61 (SD £ 6.066) through the 25 districts in
Seoul city.

_18_



Table 3. Descriptive statistics of variables (N=25)

Variable Unit Min Max Mean Std.dev
Incidence rate of Per 100,000 12.35 31.64 20.50 595
COVID-19 € ’ : : : :
Average Income 1,000,000%¢ 1.299 1.670 1.417 0.092

The proportion of
doctors in public % 3.00 14.00 9.28 2.55
health center

The proportion of
nurses in public % 37.90 55.90 48.53 470
health center

E‘;g‘;?g‘;ion Iy 0.677 2655 1741 0.481
f;‘ﬁ)r]fﬂﬁ?,p“laﬁon - ~2.70 1.80 057 1.06
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The proportion of
economic active % 43.50
population

The proportion of

people who

graduated % 25.10
over

college/university

50.50

50.40

46.96

34.61

1.806

6.066
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3.2. Spatial pattern and autocorrelation

The spatial pattern of COVID-19 incidence rate in Seoul i1s
shown in Figure 4. In Figure 4, the incidence rate was divided by 5
degrees using natural breaks. There are 6 districts (Seodaemun-gu,
Gangbuk-gu, Nowon-gu, Jungnang-gu, Gwangjin—gu, Gangdong-gu)
which the incidence rate is below 17.70, 6 districts (Eunpyeong-gu,
Mapo-gu, Yangcheon-gu, Geumcheon—gu, Songpa—gu,
Dongdaemun-gu) which the incidence rate is more than 17.70 and
less than 20.29, 5 districts (Gangseo-gu, Yeongdeungpo-gu,
Dongjak-gu, Seocho-gu, Gangnam-gu) which the rate is more than
20.29 and less than 2240, 5 districts (Dobong-gu, Jongno-gu,
Jung-gu, Seongdong-gu, Guro—gu) which the rate is more than 22.40
and less than 30.83, and 3 districts (Seongbuk-gu, Yongsan-gu,
Gwanak-gu) which the rate is more than 30.83.

_21_



- < 17.770 (6)

 [17.770, 20.290) (6)
[ [20.290, 22.400) (5)
Il (22.400, 30.830) (5)
Il >= 30.830 (3)

Figure 4. Spatial pattern of the incidence rate of COVID-19 in

Seoul

Figure 5 showed the Global Moran’s I value of the incidence
rate of COVID-19 in Seoul. The result of spatial autocorrelation using
Global Moran’s I was -0.049 (p=0.498). This indicated it may have
similar districts located each other but dispersed spatially due to the

negative value of Moran’s L

_22_



Maran's |: —0,049

—_

=+ _| |

e

— [m}
[ |
[mm]

Lol R (] o
= =7 =) =
E o o - T
M & [m}
7z : ° .

| v o

= [m}

w

- _

_

o

':""'\-l- 1 | | | 1

2 B0 -1,60 —1,50 0,40 1.40 2,40

IMZ

Figure 5. Global Moran’s I of the incidence rate of COVID-19

To i1dentify the local spatial correlation across the 25 districts,
we also examined the Local Indicator of Spatial Association (LISA).
According to LISA analysis within p-value is 0.05, study area which
exists the spatial autocorrelation can visualize the hotspot and
coldspot. The hotspot (High-High) is the area with a high value
similar to the surrounding area, whereas the coldspot (Low-Low) is
the area with a low value similar to the surrounding area. The result
1s shown 1n Figure 6. For the area of hotspot, Yeongdeungpo-gu and
Dongjak-gu are included. In case of coldspot, Jungnang-gu and

Songpa-gu are included.
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Although it was the negative spatial correlation, it should be
chosen the spatial regression model because it can occur the bias in
estimating OLS. After it identifies the spatial autocorrelation in the
residuals of OLS, the spatial regression model was investigated. A

proper model selection was used R® and AIC.

INC
Not Significant (17)
I High-High (2)
I Low-Low (2)
[ Low-High (3)
[ High-Low (1)

Figure 6. LISA of the incidence rate of COVID-19
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3.3. Spatial regression analysis

In the scale of global estimation, the OLS, SLM, and SEM
model was examined the association between the incidence rate of
COVID-19 and socio—economic variables (table 4). In table 4, there is
a positive relationship between the incidence rate of COVID-19 and
some of socio—economic variables such as the proportion of doctors,
the proportion of nurses, pure population mobility, and the proportion
of people who graduated above college/university. It elaborated that
high proportion of doctors and nurses in public health center, pure
population mobility, and high proportion of people who graduated over
college/university increased the incidence rate of COVID-19. On the
other hand, the negative relationship between the incidence rate and
socio—economic variables like average income, population density, and
the proportion of economic active population was identified. It
explained that high average income, population density, and
economically active population could reduce the incidence rate across
the districts. Considering to a selection with the value of R? and AIC,
the SEM model (R% 0.365, AIC: 157.517) was selected in this study.

We investigated the correlations between all pairs of variables
(Table 5). The largest Pearson’s r was 0.84 between the average
income and the proportion of people who graduated above
college/university. In case of the incidence rate of COVID-19 and
other variables, higher value was 0.36 with the variable, which is the

proportion of nurses in public health center.
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Table. 4 Regression table of the incidence rate of COVID-19 in association with socio—economic

variables
OLS SLM SEM
Variable
Coeff. Coeff. Coeff.
(Std.E) t(p) (Std.E) z(p) (Std.E) z(p)
(int 0 101.643 1578 104.667 1.909 101.248 1.905
Intercep (64.413) (0.133) (54.827) (0.056) (53.158) (0.057)
A I -34.343 -1.192 ~34.296 -1.438 ~34.007 ~1.433
verage lncome (28.800) (0.249) (23.856) (0.151) (23.731) (0.152)
ghet proportion Ob{ healtn 0719 1.622 0.730 2,001 0.718 1.960%
octors 1n  public hea (0.443) (0.123) (0.365) (0.045) (0.366) (0.050)
center
The proportion gf health 0412 1.818 0.404 2.165% 0.410 2192+
nurses in - publc  hea (0.226) (0.087) (0.186) (0.030) (0.187) (0.028)
center
Population Densit -2.003 ~0.806 -2.025 -0.990 -2.004 -0.977
opulation Lensity (2.486) (0.431) (2.046) (0.322) (2.051) (0.328)
Pure population 0.607 0.565 0.527 0.596 0.530 0.655
mobility (1.074) (0.530) (0.885) (0.551) (0.885) (0.512)
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The proportion of
economic active population

The proportion of
people who graduated
over college/university

Lamda

RZ

Log likelihood

Akaike info criterion

-1.471
(0.934)

0.399
(0.387)

-1.575 -1.505 -1.930
(0.134) (0.780) (0.054)
1.032 0.408 1.270
(0.317) (0.321) (0.204)
0.365 0.369
=70.760 -70.699
157.519 159.398

-1.470
(0.770)

0.397
(0.319)

-0.016
(0.266)

-1.909
(0.056)

1.245
(0.213)

-0.061
(0.952)

0.365

—70.758

157.517

p<0.05%/OLS (Ordinary Least Square), SLM (Spatial Lag
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Table. 5 Correlation coefficient matrix table of variables

The The The
Incidence proportion proportion . Pure proportion The proportion of
rate of I%Xgérangee of doctors in  of nurses in POD%II};?OH population of economic people who
COVID-19 public health public health y mobility active graduated above
center center population
Incidence rate of 1
COVID-19
Average Income 0.13 1

The proportion of
doctors in public 017 _014 1

health center

The proportion of
nurses in public 036 015 OOO 1

health center

Population Density -0.25 -0.38 0.17 -0.16 1

Pure population 0.22 0.19 0.00 -0.03 0.07 1

mobility

The proportion of
economic active -0.25 -0.49 0.33 0.08 0.4 -0.32 1

population

The proportion of

people who 0.12 0.84 -0.13 0.2 -0.21 0.16 -0.15

graduated above
college/university
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4. DISCUSSION

Using 1,947 confirmed cases of Seoul COVID-19 data, this
study searched for the exploration of the spatial distribution,
autocorrelation, and the relationship between the socio—economic
variables and the incidence rate of COVID-19 in the level of districts
using spatial regression models. Based on the finding, global Moran’'s
I of the incidence rate of COVID-19 was a negative value (I =
-0.049) but could find the hotspots and coldspots under the p-value
(p<0.05). Combined with the incidence rate and socio—economic
variables for using spatial regression model, the proportion of doctors
and nurses variables were significantly associated with the COVID-19
incidence rate, indicating that the area which 1s the high value of
proportion of doctors and nurses in public health centers could have a
protection from the incidence rate of COVID-19. Examined
global-scale spatial regression models on this study, SEM model was
shown better to elaborate the association between the incidence rate

of COVID-19 in Seoul and socio—economic variables.

Some studies (You et al., 2020, Zhang et al.,, 2020, Pathak et
al., 2020) were shown that the increasing population density can
increase the COVID-19 incidence rate. Compared to those studies, the
population density variable was not significantly associated with the
incidence rate. This is because population density did not impact the
movement. In other words, the people of movement could be
considered about causing the incidence rate of COVID-19. Seoul had

the widest transportation including buses and subways so that people
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can easily move from district to district. In case of pure population
mobility, it was significantly associated with the COVID-19 incidence
rate. With the study of Jiang et al., 2020, population mobility was
discovered by the rapid transmission, and could likely to be infected
by COVID-19 within 11-12 days after people moved from Wuhan to
other cities. Also, some studies mentioned the asymptomatic carriers
could contribute the rapid transmission of the COVID-19 occurrence
(Yu et al.,2020, Bai et al., 2020).

Although the average income variable of each district of Seoul
was not significant, it may tend to consider that people in a low
average income area could be more occurred the COVID-19 infection.
Regarding on the study (Whittle et al, 2020), it showed the
COVID-19 positivity rate and socioeconomic predictors (low-income,
population density, youth population, proportion of black population)
had associated each other, and i1t addressed the public health
management 1s needed during the pandemic of COVID-19. This is
because people living in a low-level income community may have
less access to high quality of healthcare, and workers who are also
in the level of lower income may go to work outside to get paid and
more likely to have a change to get infected the COVID.19 (U.S.
Bureau of Labor Statistics, 2018)

In relation of medical experts such as primary care physicians
and nurse, the proportion of nurse practitioner was the key to
manage the COVID-19 incidence rate (Mollalo et al., 2020). Similarly,
the proportion of doctors and nurses in public health center may tend
to reduce the COVID-19 incidence rate in this study which the
variables were significant. Previous study emphasized the importance
to train young professionals on the frontline, but healthcare experts

are still lacked compared to OECD average in case of South Korea,
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especially in public health center. To cope with the COVID-19, the
proportion of healthcare professionals are needed and properly

deployed against the outbreak.

One of the limitations of this study was data availability. Due
to Personal Information Protection Act of COVID-19 patient pathway,
a basic demographic information of the confirmed cases was difficult
to know and calculate the incidence rate from the Seoul open data
portal. Another limitation was the scale of the district of Seoul.
Another limitation 1s that this study did not analyze at the level of
local unit so that Modifiable Area Unit Problem (MAUP) could be
possible occurred (Jung et al, 2015). In response, the study argued
that it 1s desirable to use as a small-scale unit as possible in small
area or micro—data studies because the larger the scale, the greater
the degree to which the characteristics of personal information
collected from the sensors are lost. For each examined variable, it did
not consider the multicollinearity so that the power of explanation of
the model and the fitness of model that used in this study could be

decreased.

While it showed the relationship between variables had a low
explanation, there are some reasons to argue the limitation. According
to the report (Kang et al., 2007), point pattern analysis basically is
implemented with X, y coordinates but it cannot show that observed
events were always associated if the event i1s occurred at the same
place. This 1s because even if correlations are estimated through
spatial concentration, there may be no real significant associations
between events that are assumed to be spatially related if there are
serious gaps In the time of occurrence for each event. Further
direction of this study could be suggested that spatiotemporal point

pattern analysis should recognize the limitations of point pattern
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analysis that emphasize only spatial aspects and expand the causal
relationship between events appearing in space to time to find more
reliable interrelationships. About the coefficient of spatial regression
results, the value of standard error of intercept and average income
showed widely. It indicated there is a difference between estimated
value and parameter. However, in case of South Korea, even though
the structure of the population is very diverse, there was no
dependence on socio—economic factors. This suggests the possibility
that our social economy is not developing in a way that meets the

diverse needs of our communities.

Despite the limitations, this study showed the spatial pattern
and captured the hotspot and coldspot using the COVID-19 incidence
rate across the Seoul city. It is the first study to examine the
relationship between the incidence rate of COVID-19 and
socilo—economic variables using the spatial regression model even
though few variables were significant. According to this study
findings, it suggests socio—economic factors related to COVID-19
should consider for health policy and need a variety of experts to
cease the pandemic. As social distancing has been reorganized and
implemented recently, providing economic supports and health
supplements should consider and proceed to people in Seoul where

the district is lower income, high density of elderly population.
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5. CONCLUSION

This study was focused on the COVID-19 incidence rate
across the 25 districts of Seoul city. In relation of spatial distribution,
it had negative spatial inequalities but the hotspots and coldspots
were captured across the district in Seoul. We employed the spatial
regression model in a way of global (OLS, SLM, SEM) scale. The
SEM model was a good fitting model to explain the relationship
between socio—economic variables and the COVID-19 incidence rate
despite many explanatory variables were not significant. To the best
of our knowledge, there is a lack of research on using geographic
model of COVID-19 in South Korea. So, this study can be regarded

as a basis for future geographic modeling of the diseases.
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A&A COVID-19 2R EH AS AAH 4
ARGl I T2 24

14 A
uAstE A gRel A
Neohetn Base

A7 Z2U195 A AAHeR fF3Ho]l Ho B AHE]
AR Qvh. ZEU19 Wl o] AP EJAAN, ALE=
e ek FaoA DAEI Qv Z2U9E A4 B
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723 MEA 25789 AATE Fote] Z2U9 EAE 59 ¥
A7 844 (1=-0.049) & = YA R, 2570 AA 5 o] StAagty 2=
23S ¥ 5 AT Z=U19 T E S ASAEAA a9 3F F3t
39 24 S Fdskda, AATE Baa Wl oAb B ks AR vl o
WA F7E Feolet A vEbstt 2o 2y A9 SHelA OLS, SLM,

7}
SEM®] AAAT+= 0.365, 0.369, 0.365°]%, AIC#= 157.519, 159.398,
157517 ERSE

2g: @9 BAES FAA AEA 2509 AAT 0 FRAEL
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