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Purpose: Research on countermeasures against social disasters by analyzing the Itaewon disaster that
shocked Korean society.

Method: In order to study how to respond to social disasters considered as the Itaewon disaster, we analyze
domestic laws and compare overseas cases.

Results: Until the Framework Act on Disaster and Safety Management is revised to resolve legal issues for
events without organizers, local governments should be responsible for planning, controlling, and safety. In ad-
dition, even if there is no organizer, the contents and risks of the event should be shared among related agencies
and systematically responded by sharing roles through the "Regional Safety Management Committee" organized
by the head of the local government under the law.

Conclusion: The Itaewon disaster has many implications. It should be an opportunity to identify public safety
problems such as crowd accidents and check social disaster response systems to move toward a properly estab-
lished "Safe Korea" through revision of related laws and system and system maintenance.

Itaewon, Itaewon Disaster, Social Disasters, Crowd Management, Basic Act on Disaster and Safety
Management Super Drugs

1. Introduction

The streets of Itaewon on Oct. 29, 2022 were filled with 130,000 people trying to enjoy the
Halloween festival. At 10:15 p.m., a narrow alleyway from Itaewon Station passing by the Ham-
ilton Hotel to the World Food and Culture Street attracts many people, falls, and causes a crush-
ing accident. This incident, which claimed 58 precious lives, is called the "Itaewon disaster”.

2. Basic Act on Disaster and Safety Management

Article 3 of the Framework Act on Disaster and Safety Management divides disasters into two
categories[1]. The first is a "natural disaster" caused by typhoons, floods, heavy rains, strong
winds, wind waves, tidal waves, heavy snow, cold waves, lightning, drought, heat waves, earth-
quakes, yellow dust, algae, tides, volcanic occurrences, and other natural phenomena(2].

Second, damage over the scale prescribed by Presidential Decree, paralysis of the national
core[3], the spread of infectious diseases or livestock infectious diseases under the Infectious
Disease Prevention and Management Act, and "special damage to fine dust reduction and man-
agement" are defined[4].
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3. Problems in Responding to the Itaewon Disaster and Social Disaster

The Itaewon disaster is a crushing accident and a social disaster caused by a dense crowd.
This is not the only time that there has been a crushing accident in South Korean society. Since
67 deaths occurred in 1959 in the Busan Public Stadium crush accident, 31 people were killed
in a crush accident on the stairs of Seoul Station ahead of the 1960 Lunar New Year.

In 1980, five people were killed by oppression at Yongho Elementary School in Busan, one
was killed during a New Kids on the Block concert at the Olympic Gymnastics Stadium in Jamsil,
Seoul, in 1992, two were killed in a public broadcast There were also cases where 11 people
were killed in the crush.

The problem is that 17 years after the crushing accident in Sangju, Gyeongsangbuk-do, 158
people died in Yongsan Itaewon, the center of Seoul.

Until now, South Korean society has focused more on natural disasters than social disasters.
While the system to respond to natural disasters such as typhoons, heavy rains, floods, and
earthquakes was well established, social disasters, including fires, often led to accidents that
were so big that the word "disaster" was attached. Recently, the Jecheon Sports Center fire and
the Icheon Logistics Warehouse fire are mentioned. In addition, the Itaewon disaster can be
seen as an incident that made us realize the seriousness of the damage and scale of social dis-
asters.

The Itaewon disaster was reported by major media in developed countries abroad. Most of
the respondents said, "As an advanced country that joined the G20, | can't believe such a disas-
ter occurred in a country called Korea, which has risen to a cultural powerhouse due to K-POP
and Hallyu, and in Itaewon, where people and cultures from various countries abroad are har-
monized.”

When a disaster that is large enough to be called a disaster occurs, laws and regulations are
enacted, systems are reorganized, and regulations and rules are made. In addition, related agen-
cies are trying to widen the gap in disasters by fiercely conducting meetings and discussions
through TFs in which the public and private sectors cooperate and developing manuals and
guidelines through conclusions drawn here.

Until now, South Korean society has undergone many changes through large and small disas-
ter situations. The Disaster Response Contral Tower was established during the Roh Moo Hyun
government after the Daegu subway disaster in 2003, and has fluctuated according to the gov-
ernment.

The Roh Moo Hyun government decided that a comprehensive crisis management control
tower was needed, so the Blue House National Security Council (NSC) had to deal with safety
and disasters along with pending unification, diplomacy, and security issues. Since then, the Lee
Myung Bakn government has abolished the system and entrusted disaster response to the Min-
istry of Public Administration and Security.

The Park Geun Hyen government changed the existing Ministry of Public Administration and
Security to the Ministry of Safety and Security, saying it would put "safety" first, and when the
Ferry Sewol disaster broke out in 2014, it took out "safety" separately to create the "Ministry
of Public Safety and Security." In addition, the Ministry of Security and Public Administration
turned it to the Ministry of Government Administration and Home Affairs, abolished the Coast
Guard for failing to respond to the disaster, and instructed local governments to create disaster
safety-related departments. However, in the end, the Park Geun Hyen government was criti-
cized for not responding to the disaster, and the Moon Jae Inn government organized the dis-
aster response at the Crisis Management Center in the underground bunker of the Blue House.
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Since then, the relocation of the presidential office to Yongsan under the Yoon Suk Yeol ad-
ministration has led to the "ltaewon disaster" that has forced criticism that the function of the
crisis management center has become nominal. In the end, despite much effort and mainte-
nance by previous governments, the fact that problems in responding to disasters continue to
occur can be seen as a proof that there are various problems.

In this disaster, the government's "disaster response governance" with citizens, merchants,
and experts who are well aware of local risks did not work. In order to prevent accidents at local
festivals, the "Regional Safety Management Committee" organized by the head of the local gov-
ernment under the law did not work to share the contents and risks of events among related
agencies and systematically respond through role sharing.

The Yongsan-gu Office formally held the regional safety management committee, which had
been held every time, and there was no plan on the day of the disaster and no on-site control
was carried out because related agencies did not participate. The subway, which had to pass
without stopping, was passed without stopping after the disaster, and the emergency medical
system, including on-site DMAT(Disaster Medical Assistance Team), was operated belatedly.

The first patient, who was transferred to Soonchunhyang University Hospital, the nearest
general hospital, arrived in an hour and a half. There was no traffic control that should have
been done at the scene, police forces were not properly deployed, and fire departments were
late to raise the response level, and institutions and systems that needed to respond to disasters
did not work.

The Local Festival Site Safety Management Manual published by the Ministry of Public Ad-
ministration and Security in 2021 was prepared in accordance with Article 66-11 of the Frame-
work Act on Disaster and Safety Management. This manual contains information that applies to
local festivals held by central administrative agencies, local governments, and the private sector,
and local festivals are expected to attract more than 1,000 visitors at the moment.

The problem was that the Itaewon disaster was an event without an organizer. In this regard,
both the ruling and opposition parties are attempting to revise the law by supplementing the
contents that have been problematic. A total of 18 proposals were proposed to revise the
Framework Act on Disaster and Safety Management from November 1 to December 5, 2022,
after confirming the legislation of the National Assembly's bill information system. It also in-
cludes details on measures by density, disaster safety text messages, the establishment of an
integrated disaster safety data system, and the establishment of a reporting system.

Obviously, the disaster will revise the Framework Act on Disaster and Safety Management,
and it is expected to compensate for the problems of events without organizers. In addition,
the Ministry of the Interior and Safety's "Local Festival Site Safety Management Manual" should
be reorganized in line with the revision of the law. However, the fundamental problem is that
despite the large crowds, the narrow alley was not controlled and the high concentration of
crowds led to the disaster. In the end, South Korean society's safety prediction and control sys-
tem has not been operated and numerous young people have been sacrificed, the fundamental
problem of "how should South Korean society operate the disaster management system, includ-
ing crowd management?" must be solved.

4. Measures to Cope with Social Disasters
Article 4 of the Disaster Safety Act stipulates the responsibilities of the state and others, say-

ing[5], "The state or local governments should be responsible for protecting the lives[6], bodies,
and property of the people from disasters or other accidents[7], make efforts to prevent and
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reduce damage[8]." In addition, Article 6 stipulates that “the Minister of Public Administra-
tion[9], and Security shall oversee and coordinate disaster and safety management affairs con-
ducted by the State and local governments[10]”.

In order to prevent social disasters such as the Itaewon disaster, the Ministry of Public Ad-
ministration and Security, the subject of disaster safety management, must reorganize related
laws and systems, and ambiguous laws and regulations must be clearly revised in cooperation
with the National Assembly. In addition, remember that the organizer of the local event is a
"local government" and must fulfill his/her responsibility from the safety plan of the event to
on-site control and social response.

Until the Framework Act on Disaster and Safety Management is revised to resolve legal issues
for events without organizers, local governments should be responsible for planning, controlling,
and safety. In addition, even if there is no organizer, the contents and risks of the event should
be shared among related agencies and systematically responded by sharing roles through the
"Regional Safety Management Committee" organized by the head of the local government un-
der the law.

Although the local event is hosted by a local government, the police dispatched their experi-
ence in crowd management at the request also revealed various problems in the disaster. Of
course, the police play a role as a support organization, not as an organizer of local events, but
on the other hand, they play a key role in crowd management[11]. As stipulated in Article 5 of
the Act on the Execution of Duties of Police Officers, the police may issue warnings, detention,
or evacuation measures against "extreme congestion and other dangerous situations." The po-
lice, who have been doing their best to prevent various rally protests and safety accidents, have
no choice but to say that they were letting go of the disaster. In other words, it can be seen as
a failure of prediction. The police should reflect on this disaster and be reborn through great
innovation[12].

Through consultation between the government and the National Assembly, clear scope and
authority should be established by reflecting specific authorization provisions in the Act on the
Execution of Police Officers' Duties, Framework Act on Disaster and Safety Management, Per-
formance Act, Road Traffic Act, Security Act, and Act.

In particular, the police have a principle that discretionary power shrinks to zero when the
public is in a dangerous situation. In other words, it is mandatory to intervene immediately in
dangerous situations. However, the provisions of the current Police Officer's Duty Execution Act
related to crowd management need to be specified in more detail.

Articles 5 (prevention of risk, etc.), 7 (entry to prevent risk), 8 (confirmation of facts, etc.),
and 8-2 (collection of information, etc.) should be added to direct force when crowd concentra-
tion, and the authority to intervene and control immediately[13].

In addition, when the Framework Act on Disaster and Safety Management is revised, the po-
lice should prepare and deliver detailed guidelines, supplement equipment and careers for
crowd management, strengthen education and training for crowd management and public
safety, operate information reporting and risk prediction systems.

5. Measures and Implications for Responding to Social Disasters from Overseas Cases

In developed countries abroad, system improvement and maintenance were carried out after
the crushing accident in which a large number of deaths occurred. Japan changed its security
system by revising the National Public Safety Commission rules and the Security Business Act
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after the 2005 firework accident in Akashi, Hyogo Prefecture, and establishing “busy expenses”
in addition to the existing “residential expenses” and “traffic guidance expenses”.

The United States puts forward three principles when there is a festival or event. First, safety
is secured by limiting the number of people, installing protective fences, and securing emer-
gency spaces. It is also noteworthy that the "Special Events Continuity Planning" created in 2005
by the Federal Disaster Management Administration (FEMA), a crisis management control tower,
is used as a guideline to “prevent crushing” in the event of a large event.

Regulations on crowd management are also clearly in place. The U.S. stipulates that authori-
ties should take related measures in advance if more than two to three people flock per square
meter, and the U.S. Department of Justice's "LSSE" and the U.S. Centers for Disease Control and
Prevention (CDC) make recommendations when attending large events for travelers on its web-
site.

In the wake of the 9.11 terror, the U.S. formed a national committee, reviewed the current
that U.S. intelligence agencies failed to integrate and dig into dangerous signs, and established
a national intelligence integrated system.

The Itaewon disaster has many implications. It should be an opportunity to identify public
safety problems such as crowd accidents and check social disaster response systems to move
toward a properly established "safe Korea" through revision of related laws and system and
system maintenance.
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Purpose: Korean police officers play an important role in disaster situations through initial response, rescue
and first aid for the injured, control and maintain order at the scene, traffic control, reporting and conveying
information, and using alternative communication methods. They also continue to influence the safety of resi-
dents after disasters by guiding citizens to evacuate, protecting vulnerable groups, and supporting recovery at
the scene. As such, the police are important to the safety of citizens in disasters, and this study aims to explore
the perception of disaster response and followership according to police rank and career path.

Method: The data processing of this study was conducted using the statistical package program SPSS 23.0
Program, and statistical verification was performed as follows according to the purpose of data analysis. First,
frequency analysis was conducted using the SPSS/PC+23.0 Program to identify general characteristics. Second,
One Way ANOVA was conducted to identify differences in police disaster response awareness according to police
rank and career path. Fourth, cross-analysis (Chi-Square) was conducted to identify the correlation between po-
lice rank and career path. Fifth, exploratory factor analysis was conducted to examine the followership of police
organizations.

Results: The higher the police rank, the higher the awareness of disaster response, and those who were police
officer candidates had the highest awareness of disaster response. Rank and career path were statistically re-
lated, and the followership factors of police organizations were structured as ‘exemplary followership’, ‘creative
followership’, and ‘active followership’.

Conclusion: Followership of police is very important in disaster situations. The importance of follow-
ership in disaster situations is dealt with in various aspects such as rapid and efficient response of the
organization, maintaining consistency and integration, conveying information and communication,
managing stress and uncertainty, strengthening cooperation and teamwork, maximizing the effective-
ness of leadership, and improving resilience after disasters. Through followership, police officers effec-
tively support their superiors in disaster situations and play an important role in helping the entire
organization achieve its goals.

Disaster Response Awareness, Police Officers, Ranks, Entry Paths, Followership

1. Introduction
1.1. Background of the study

The Korean police play an important role in disaster situations, both directly and indi-
rectly[1][2][3]. Directly, first, the police are the first to arrive at the scene of a disaster to assess
the situation and initiate initial response[4][5]. Second, the police rescue the injured, provide
first aid, and request medical assistance when necessary. Third, the police control the crowd
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and maintain order to prevent chaos and maintain public order by preventing additional acci-
dents and crimes at the disaster site. Fourth, the police control traffic to ensure smooth move-
ment of emergency vehicles and restrict access to the disaster site[6][7]. Fifth, the police accu-
rately assess the situation at the scene and promptly report it to relevant agencies, and also
convey important information to the public. Sixth, the police continue to convey information
through alternative means of communication because communication networks may be para-
lyzed in disaster situations[8][9]. In addition, the police indirectly evacuate residents in the dis-
aster area and nearby areas to safe places. Second, the police give priority to protecting those
in need, such as the elderly, children, and the disabled[10][11]. In addition, they support on-
site recovery operations after disasters and provide various support to residents who have suf-
fered disasters[12][13].

The importance of Korean police officers in disaster situations is that they are closely related
to the safety of citizens not only in national emergencies such as wars, but also in general dis-
asters and emergencies through these various roles.

1.2. Purpose of the study

Depending on the rank and career path of the police officer, the factors of awareness and
followership in responding to disasters play a more important role in disasters.

1.2.1. Police ranks

Table 1. Followership characteristics by police rank.

Classification Ranks Characteristics

The lowest rank in the organization, a stage for learning
Police Officer the police organization, performing practical work
according to instructions.

While following the instructions of the superior, the role
Lower ranks Senior police officer of leading subordinates requires followership that gives
trust to the superior and encourages the subordinates.

A person with abundant field experience, and begins to
Assistant Inspector lead the team, and the ability to understand the
superior's strategy and implement it is required.

As a mid-level leader in the organization, the role is to
effectively convey the superior's instructions and guide
subordinates. Smooth communication with the superior
is important.

Inspector

Middle ranks
Make important decisions within the organization and act

as a mediator between the superior and subordinates.
Strategic thinking and reliable feedback to the superior
are required.

Senior Inspector

Responsible for the operation of the department and the
role of concretizing the superior's strategy. The ability to
share the superior's vision and goals and encourage
subordinates is important.

Superintendent

Higher ranks As the chief of police in charge of the region, the role is
responsible for the security and safety of the local
Senior Superintendent community. The role is to convey the organization's vision
to subordinates and strategic thinking is required to meet
the superior's expectations.
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As the highest rank in the organization, the role is to
establish and implement national-level security policies.
Although leadership is important, loyalty to superiors
(such as the Commissioner General of Police) and a deep
understanding of policy are also required.

Superintendent General
Senior Superintendent General
Chief Superintendent General

Commissioner General

1.2.2. Police entry path (origin)

In Korea, police entry path (origin) is divided into graduating from the police academy, pass-
ing the officer candidate exam, and passing the general recruitment (career recruitment and
open police officer recruitment) exam|[14].

First, graduates of the police academy have high expertise through four years of systematic
education at the police academy, have strong ties within the police organization[15], and have
well-established networks with colleagues and superiors. In addition, they are appointed as jun-
ior officers from the beginning of the police organization, so they have many opportunities to
demonstrate leadership from the beginning[16].

Second, graduates who pass the officer candidate exam often have diverse academic back-
grounds and job experiences, so they often have innovative and creative thinking, and can
quickly adapt to the police organization based on their diverse experiences and present new
perspectives[17]. In addition, since they are appointed as junior officers from the beginning,
just like graduates of the police academy, they are given the opportunity to demonstrate lead-
ership within the organization through rapid promotion[18]. Lastly, those who passed the gen-
eral recruitment (career recruitment and police officer recruitment) exam have abundant prac-
tical experience and a high level of understanding of the field situation, and since they start
from a lower rank and are promoted step by step, they have a solid foundation in the basics of
police work[19][20]. In addition, they tend to grow through sincerity and patience within the
organization, and followership is required to faithfully follow the instructions of superiors.

2. Methods of the Study
2.1. Study population and sampling methods

In this study, among police officers in the security department as of 2020 who In this study,
among police officers in the security department as of recent who had experience in work re-
lated North Korean defectors, 100 trainees in the Police Human Resources Development Insti-
tute were surveyed via self-administration method. Among the collected survey questionnaires,
91 were selected as valid samples, excluding those whose answers were incomplete or missing.

Table 2. The general characteristic of the research subjects.

Description N (%) Total
Male 61 (67.0%)
Gender 91
Female 30 (33.0%)
20s 7(7.7%)
30s 28 (30.8%)
Age 91
40s 30 (33.0%)
50s or older 26 (28.6%)
Education Level High school graduate 14 (15.4%) 91
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Junior college graduate 30 (33.0%)
College graduate 43 (47.3%)
Graduate school or higher 4 (4.4%)
Policemen/women 1(1.1%)
Senior policemen/women 19 (20.9%)
Assistant inspector 18 (19.8%)
Rank 91
Inspector 29 (31.9%)
Senior inspector 14 (15.4%)
Superintendent 10 (11.0%)
General recruitment 75 (82.4%)
Special recruitment 5(5.5%)
Employment path Police Academy 2 (2.2%) 91
Police cadet 9 (9.9%)
Other 0 (0.0%)
5 years and less 13 (14.3%)
6-10 years 32 (35.2%)
wor}-(?negt;)stzl gslril:oedo?‘];icer 11-15 years 13 (14.3%) o1
16-20 years 13 (14.3%)
Longer than 20 years 20 (22.0%)
2 years and less 16 (17.6%)
The period of working at 3-5 years 56 (61.5%) o1
the security department 6-10 years 17 (18.7%)
Longer than 10 years 2 (2.2%)
10 or less 18 (19.8%)
The number of 11 to 15 people 42 (46.2%)
police officers in the 91
organization 15 to 20 people 24 (26.4%)
21 or more 7(7.7%)
Tier 1 areas (big cities) 80 (87.9%)
Work location Tier 2 areas (small/medium-sized cities) 11 (12.1%) 91
Tier 3 areas (rural areas) 0(0.0%)

2.2. Measuring instrument

The appropriate method for each verification method was chosen to increase the content
validity and verify the construct validity of the questionnaire. Content validity was validated
through consultation with relevant experts to adopt survey questions suitable for the purpose
of the study.
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Table 3. Disaster response questions.

Questions

Q-1 I can perform CPR (consciousness check - breathing check - chest compression) correctly in order.

Q-2 | can distinguish between hemostasis (direct compression / indirect compression) and take correct
measures depending on the wound.

Q-3 | can distinguish between fracture and sprain emergency treatment (using splints, triangle bandages)
and take correct measures depending on the situation.

Q-4 | can distinguish between wound emergency treatment (cuts / burns) and take correct measures
depending on the wound.

Q-5 | can accurately operate a fire extinguisher as well as the method of using a fire extinguisher.

Table 4. Followership questions.
Questions

Q-1 My leader's work helps me achieve social goals or personal dreams.

Q-2 My leader does not wait for instructions from the police organization, but acts by firsthand
determining what is most important to achieve the organization's goals.

a3 My leader independently creates and actively presents new ideas that can contribute to the goals of
the police organization.

Q-4 My leader tries to solve difficult problems on his/her own rather than relying on others.

Qs My leader helps superiors and colleagues review their ideas or plans once again, even if they express
opposition.

Q6 My leader actively and frankly acknowledges his/her strengths and weaknesses rather than avoiding
the assessment on him/her.
My leader has a habit of evaluating himself how wise the judgment was made by superiors such as

Q-7 ; ) . . A
superintendent or senior superintendent, rather than just taking orders.

Q-8 My leader often refuses when a superior asks him/her to do something that conflicts his/her personal
interests.

Q-9 My leader decides and acts according to his/her ethical standards, not by the standards imposed by
superiors and others.

Q-10 My leader insists on his/her views on important issues, even if they cause conflicts with superiors or
give a bad impression to the organization.

Q-11 | think my leader's personal goal is in good harmony with the police organization's top goal.

Q-12 My leader works very devotedly as well as providing the best ideas and abilities for the organization.

Q-13 My leader enlivens colleagues with enthusiasm for work.

Q-14 My leader actively exerts his/her ability to become a more valuable member in the police
organization.

Q-15 My leader tries hard to do better in the work that the police organization considers important.
My leader takes the initiative in finding and taking the lead in his/her duties to successfully complete

Q-16 . .
the work that are even outside the scope of a given task.

Q-17 My leader does and contributes more than what is given when he/she is not given the role of
accountability.

Q-18 My leader helps colleagues get good reviews even if he/she is not recognized.

Q-19 My leader understands the police organization's needs or goal constraints and tries hard to meet
them.
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2.3. Data processing and analysis method

The data processing of this study was conducted using the statistical package program SPSS
23.0 Program, and statistical verification was performed as follows according to the purpose of
data analysis.

First, frequency analysis was conducted using the SPSS/PC+23.0 program to identify general
characteristics.

Second, One Way ANOVA was conducted to identify differences in police disaster response
awareness according to police rank and employment path.

Third, cross-analysis (Chi-Square) was conducted to identify the correlation between police
rank and employment path.

Fourth, exploratory factor analysis was conducted to identify followership in police organiza-
tions.

3. Results
3.1. Differences in disaster response awareness by police rank

Table 5. Analysis of differences in disaster response awareness by police rank.

N M SD F sig post hot
Police officer 1 2.0000
Senior police officer 19 2.7368 .56195
Assistant inspector 18 2.8333 .38348
Q-1 3.165 .011
Inspector 29 2.7931 49130
Senior inspector 14 2.9286 47463
Superintendent 10 3.4000 .69921
Police officer 1 2.0000
Senior police officer 19 2.8947 .65784
Assistant inspector 18 2.8333 .51450
Q-2 5.479 .000
Inspector 29 2.8966 40925
Senior inspector 14 3.2143 .57893
Superintendent 10 3.7000 .48305
Police officer 1 2.0000
Senior police officer 19 2.7895 .63060
Assistant inspector 18 3.0000 .68599
Q-3 3.285 .009
Inspector 29 2.9310 .65088
Senior inspector 14 3.2857 .61125
Superintendent 10 3.6000 .51640
Police officer 1 2.0000
Senior police officer 19 3.1053 73747
Assistant inspector 18 3.3333 48507
Q-4 5.080 .000
Inspector 29 2.9655 .56586
Senior inspector 14 3.2857 46881
Superintendent 10 3.9000 .56765
Q-5 Police officer 1 2.0000 3.700 .004
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Senior police officer 19 3.2105 71328
Assistant inspector 18 3.1111 .67640
Inspector 29 3.1034 .55709
Senior inspector 14 3.2143 .57893
Superintendent 10 3.9000 .31623

Note: A: Police officer, B: Senior police officer, C: Assistant inspector, D: Inspector, E: Seniorinspector, F: Superintendent.

<Table 5> shows that the difference in awareness of police disaster response by rank could
not be fully analyzed due to the lack of a sample of police officers due to the nature of the
subjects of the survey, but Q-2 and Q-4 were higher at the 0.1% level, Q-3 and Q-5 were higher
at the 1% level, and Q-1 was higher at the 5% level.

3.2. Differences in disaster response awareness by police entry path

Table 6. Differences in disaster response awareness by police entry path.

N M sD F sig post hot
Police officer open
recruitment 75 2.7733 .50866
Special
recruitment 5 3.0000 .00000
at National police 6.852 .000 D>A
i i
university 2 3.0000 .00000
Police Officer
Candidate 9 3.5556 .52705
Police officer open
recruitment 75 2.9200 .53927
Special
recruitment 5 2.8000 44721
@2 National poli 7.868 000 D>A,B,C
ational police
university 2 3.5000 .70711
Police Officer
Candidate 9 3.7778 .44096
Police officer open
recruitment 75 2.9333 .64375
Special
recruitment 5 3.2000 .83666
a3 National police 3.979 .010 D>A
i i
university 2 3.5000 .70711
Police Officer
Candidate 9 3.6667 .50000
Police officer open
recruitment 75 3.0800 .58725
Special
recruitment 5 3.8000 44721
s National poli 7.149 000 B,D>A
ational police
university 2 3.5000 .70711
Police pfficer 9 3.8889 60093
candidate
Police officer open
recruitment 75 3.1067 .60568
Special
recruitment 5 3.4000 .89443
@ National poli 5.913 001 D>A
ational police ) 4.0000 00000
university
Police Officer
Candidate 9 3.8889 .33333

Note: A: Police officer open recruitment, B: Spedial recruitment, C: National police university, D: Police officer candidate.
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<Table 6> shows the difference in the awareness of disaster response by the security police
according to the recruitment route. The analysis results show that Q-1 officer candidates were
higher than the police officer recruitment, Q-2 officer candidates were higher than the police
officer recruitment, special recruitment and police academy, and Q-4 special recruitment and
officer candidates were higher than the police officer recruitment by 0.1%. Q-5 and Q-3 officer
candidates were higher than the police officer recruitment by 1% and 5%, respectively.

3.3. Correlation between police rank and recruitment route

Table 7. Correlation between police rank and recruitment route.

Frequency (%)
Division PoIi((:)e Zificer Special National police Police officer Total
p recruitment university candidate
recruitment
Police officer L 0 0 0 1
(100.0) (0.0) (0.0) (0.0) (100.0)
. . . 19 0 0 0 19
Senior police officer (100.0) (0.0) (0.0) (0.0) (100.0)
. . 18 0 0 0 18
Assistant inspector (100.0) (0.0) (0.0) (0.0) (100.0)
25 3 1 0 29
Inspector (86.2) (10.3) (3.4) (0.0) (100.0)
Senior inspector 11 2 0 ! 14
P (78.6) (14.3) (0.0) (4.1) (100.0)
Superintendent 1 0 1 8 10
(10.0) (0.0) (10.0) (80.0) (100.0)
xz(p) 74.265(0.000)***

<Table 7> The results of analyzing the correlation between police rank and entry route were
=74.265, p=0.000, indicating that there is a correlation between rank and entry route at the
significance level of <0.001. In particular, the entry route as an officer candidate was high at 8
(80%) in the upper ranks of superintendent and above.

3.4. Factor structure of followership in police organizations

In order to determine the construct validity of the 19 items of the Leader's Followership Scale,
exploratory factor analysis (EFA) was conducted to extract latent factors. The MSA was 0.903,
indicating that the data is suitable for factor analysis. In addition, the results of Bartlett's sphe-
ricity test were =852.883, p=0.000, which means that the correlation between the variables of
the 'Leader's Followership Scale' was recognized based on the significance level of 0.05, indi-
cating that factor analysis is possible overall. Accordingly, three subfactors were extracted, and
they were named as Factor 1. 'Exemplary Followership' of the 'Leader's Followership Scale',
Factor 2. 'Creative Followership', and Factor 3. 'Active Followership', respectively.

Table 8. Test of the sphericity of police organization followership.

KMO's sampling adequacy (MSA) test 0.903
Approx x2 852.883
Bartlett's sphericity test Degrees of freedom(df) 171
p .000"**

Note: *p<.05, **p<01, ***p<001.
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Table 9. Structure of police organization followership.

Iltem Commonality Factor
1 2 3
Followership 17 .696 .833 442 .468
Followership19 .626 772 .403 .294
Followership15 .606 724 .520 469
Followership13 .561 .709 127 .512
Followership18 .502 .700 .516 429
Followership16 .530 .699 .405 471
Followership12 479 .682 .392 468
Followership14 491 671 479 .489
Followership3 .647 438 .818 426
Followership2 .674 .376 .804 .343
Followership4 .561 413 .739 431
Followership1 540 .524 .706 .397
Followership5 444 417 .651 403
Followership6 .533 .376 .332 .826
Followership8 .692 .514 473 .820
Followership9 .689 531 487 .752
Followership7 .602 .555 .455 .695
Followership11 .535 .625 420 .669
Followership10 .542 .560 .598 .613
Factor name fcfl)l(gwggi?l/p folclgsva:r\;ﬁip fo||§5vtlevr§hip

Eigenvalue 8.496 1.374 1.084

Variance ratio 44.714 7.231 5.705

Cumulative variance ratio 44.714 51.946 57.651

Note: Extraction method: CFA(common factor analysis).

4. Discussion

Based on the results of this study, first, the higher the police rank, the higher the awareness
of disaster response. This is because factors such as greater responsibility and authority, rich
experience and knowledge, strategic thinking and planning, leadership, external cooperation
and coordination, education and training opportunities, and evaluation and feedback are com-
bined. In this way, higher-ranking officers deeply recognize the importance of responding to
situations such as disasters and can seek response measures.

Second, the higher awareness of disaster response among officer candidates appears to be
due to a combination of factors such as a rigorous selection process, systematic education and
training, diverse backgrounds and experiences, leadership and management skills, high motiva-
tion and passion, comprehensive problem-solving skills, recognition of the importance of net-
works and cooperation, and continuous self-development[21]. These factors contribute to police
officer candidates playing an important role in disaster response as well as within the police
organization and achieving excellent performance. As a result of analyzing the correlation be-
tween police rank and career path, =74.265, p=0.000, indicating that there is a correlation be-
tween ‘rank’ and ‘career path’ at the significance level <0.001. The followership of police organ-
izations is divided into ‘exemplary followership’, ‘creative followership’, and ‘active followership’,
each of which plays an important role in achieving the organization’s goals and development
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through its own characteristics and strengths. Exemplary followership provides stability and re-
liability, creative followership strengthens innovation and problem-solving capabilities, and ac-
tive followership increases the vitality of the organization and promotes cooperation with lead-
ers. Each type of followership complements each other and provides the ability to respond to
the diverse needs of the organization.

5. Conclusion

In a disaster situation, followership of the police is particularly important[22][23]. Follow-
ership is an attitude and behavior that plays an important role in supporting the leader and
achieving the organization's goals. First, in a disaster situation, it is necessary to respond quickly
and effectively to quickly execute orders and allocate resources efficiently. Second, it is neces-
sary to maintain consistency and integration within the organization and expand consistency
and integration. Third, it is necessary to accurately convey and communicate information to
clearly understand the instructions of superiors and convey them to other members. Fourth, in
a disaster situation, members with strong followership can reduce stress and confusion by sys-
tematically acting according to the instructions of the leader, ultimately overcoming uncertainty,
strengthening teamwork, and enhancing leadership effectiveness. In this way, followership ac-
cording to the rank and career path of Korean police officers will serve as important basic data
for achieving the organization's goals through cooperation with superiors and command of sub-
ordinates within the police organization in a disaster situation. Through this, police officers will
be able to maintain the stability and efficiency of the organization and take more solid respon-
sibility for the safety of the people.
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Purpose: In this study, the relationship between each factor and soil erosion is evaluated in order to simply
approximate the amount of soil erosion and sediment runoff in small-scale watersheds or disaster impact assess-
ments.

Method: In this study, Linear regression analysis between soil runoff, soil erosion, and topographic factors
results in the following criteria: curve number, flow length, bare soil percentage, sand composition ratio, 30-
minute maximum rainfall intensity, surface sand, maximum daily probability rainfall, and catchment area be-
tween Correlations were analyzed, and the relationship between soil runoff was analyzed and compared.

Results: In the correlation analysis of soil erosion and soil runoff for each factor, it was analyzed that the
correlation between the basin area and the slope was high. The results of the correlation analysis between the
RUSLE equation and the factors did not show a high correlation.

Conclusion: The regression equation presented in this study can be applied to the comparative review
of the simple estimation and examination of soil runoff in small-scale disaster impact assessment.

Disaster Prevention, Debris Flow, Correlation, Soil Erosion, RUSLE

1. Introduction

As land in its natural state is exposed due to development due to rapid expansion of cities
and changes in land use, a lot of soil flows downstream during torrential rain, causing damage.
During the longest rainy season in 2020, landslides and soil runoff in many places across the
country caused a lot of life damage, and during torrential rain in 2023, a lot of life damage
occurred in the Gyeongbuk region. Due to changes in land use and the increase in torrential rain,
damages such as an increase in soil runoff, landslides, and collapse of steep slopes are frequent
and increasing in scale. Therefore, studies on the evaluation between the methodology and the
factors for calculating the soil runoff have been steadily conducted. In general, the soil runoff
rate varies depending on the topography, surface, characteristics of soil, and the size of rainfall
event in the basin, and when the basin area is small and the slope is steep, the soil runoff rate
increases. The soil leaked downstream due to organic material runoff due to soil loss and the
loss of a fertile soil layer increases the river level and reduces the cross-sectional area of the
waterway. Ji Yong-geun et al. (2017) conducted a study on the calculation of the soil runoff
amount in the Erosion control Dam basin and the analysis of basin characteristics[1]. Shin Sang-
hoon et al. (2015) studied the characteristics of the soil runoff according to the spatial distribu-
tion of rainfall by measuring the temporal variability of the soil runoff according to the spatial
distribution of rainfall[2]. Through GIS spatial analysis, Seo Jun-pyo et al. (2018) found that the
valley, valley width, and collapse amount of the source had an effect on the cumulative amount
of soil leaked downstream, and proposed an estimation equation by finding that it showed a
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high correlation with the valley length[3]. Mahoseop et al. (2012) analyzed the factors affecting
the each stand runoff and soil runoff in the mountainous basin, and the slope, forest floor, soil
hardness, basin area, and flow path length showed a significant correlation of 1% and cumula-
tive rainfall of 5%, and the factors affecting the generation of runoff soil were in the order of
cover rate, cumulative rainfall, and forest physiognomy order[4]. Kwon Hyuk-jae and Kim
Hyung-ki (2020) applied RUSLE, MSDPM, and LADMP to mountain rivers to compare and analyze
the soil runoff, and analyzed the effect of vegetation cover factors, conservation management
factors, and soil erosion control factors on the soil runoff calculation results[5]. Kim Joo-hoon
et al. (2005) induced the relationship between the soil outflow in the basin and the floating
amount flowing into the river[6]. Son Kwang-ik and Kim Min-cheol(2010) caused changes in the
characteristics of soil runoff due to the rapid urbanization of the basin, delay time, and flood
runoff changes such as peak flow, and qualitatively analyzed the land-use distribution change
for three years in the pilot basin through changes and actual measurements[7]. Kim Tae-woo et
al. (2016) analyzed the amount of soil runoff for rainfall, soil map, geological map, forest phys-
iognomy map, slope, stream network, fountain shape, watershed shape, and the shape of the
basin as the biggest cause of the landslide[8]. As in previous studies, studies between soil runoff
and occurrence factors have progressed considerably and steadily. Choi et al(2011) is vegetated
diversion ditch, runoff and sediment yield could be reduced by 11.8% and 40.4%, respectively[9].
Im et al(2012) is compared to RUSLE, there are limited references for model parameter values
of LISEM in Korean practices. Helped by physically-based model structure, LISEM is expected to
simulate sediment yield in a more reasonable manner, compared to RUSLE, once the appropri-
ate ranges of model parameters are suggested in the future[10]. Kim et al(2022) is the amount
of debris flow was calculated through the empirical equations of RUSLE, NILIM, and Marchi,
which are widely used to calculate areas affected by debris flow, and debris flow measured
through precise measurements and field surveys was compared[11]. Kwon(2011) is calculation
results of sediments yield prediction models were compared with the amount of dredging data
for the Inje, Gangwon mountain region of Korea[12]. Ko et al(2013) is soil erosion and sediment
yield amount of 2005 using single storm rainfall were estimated high compared with 2000, but
for sub-basin 2, the values rather decreased due to changes in land use, and the land coverage
of 2005, since there are many classifications of land usage compared with 2000, enabling to
reflect more accurate land usage condition, could deduce appropriate results[13]. Kang(2005)
is a range of parameters of sediment yield equations considering local characteristics are pro-
posed by analyzing the field data and estimation equations of sediment yields[14]. To estimate
the sediment discharge controlled by sediment-filled check-dam and thereby enhancing factor
for check-dam design and dredging criteria, we surveyed slope failures and stream-bed fluctu-
ation caused by geomorphic disturbances (i.e., landslides and debris flows) in Inje, Gang-
wondo[15]. Lee and Kang presents an integrated approach to estimate SY for ungauged coastal
basins, using a soil erosion model and a sediment delivery ratio (SDR) model. For applying the
SDR model, a basin specific parameter was validated on the basis of field data[16]. In addition,
many researchers have conducted studies on the reduction of sediment runoff and proposed
various mitigation measures for mountain basins and forest fire areas[17][18][19].

Much research has been done on RUSLE in evaluating and applicating the model in various
ways and calculating the amount of debris flow[20][21][22][23][24][25][26][27][28][29].

However, many studies have examined methods for calculating sediment erosion and sedi-
ment runoff, but there has been a lack of assessment of the degree of correlation between them.
Most of the factors of sediment runoff do not show a high correlation with topographic factors,
etc., and are calculated by the influence of each factor.

In this study, the correlation between the amount of soil erosion and the amount of soil runoff
was examined by using the disaster impact assessment data calculated by applying to the RUSLE
formula, a general-purpose formula for calculating the amount of soil runoff[30].
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2. Debris Flow Correlation Analysis
2.1, Study area

The watersheds of this study were analyzed using previously conducted disaster impact as-
sessment data. In this study, factors correlated with each RUSLE parameter were selected to
analyze the correlation for each fac-tor on soil erosion and soil runoff. The degree of correlation
between each factor was analyzed individually, and the regression equation was derived with
the correlation between the factors at each stage.

Figure 1. Study area.

3. Development Correlation Equations
3.1. Correlation analysis results

The matrix was constructed by correlating the curve number (CN), watershed area (A), flow
path (L), bare land (DE), sand composition ratio (SA), 30-minute maximum rainfall intensity (130),
surface slope (S), and daily maximum probability rainfall (R24), which affect soil erosion (SE).

As a result of the correlation analysis, the amount of soil erosion (SE) is closely related to the
watershed area (A), and positive correlation was analyzed in the order of flow path length (L),
bare land (DE), sand composition ratio (SA), 30-minute maximum rainfall intensity (130), surface
slope (S), and daily maximum probability rainfall (R24). In the correlation analysis result, the
watershed area (A) was 0.847, followed by the flow path extension (L) of 0.718, showing the
highest correlation, and the lowest correlation was found to be 0.018 for the daily maximum
probability rainfall (R24).

Table 1. Correlation matrix at soil erosion(SE).

SE 130 R24 SA L S CN A(ha) DE
SE 1.000 0.265 0.018 0.291 0.718 0.163 -0.253 0.847 0.472
130 0.265 1.000 0.101 -0.179 0.283 -0.221 0.230 0.288 0.345
R24 0.018 0.101 1.000 0.292 -0.063 0.124 -0.183 0.036 0.002

1 — 2 1
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SA 0.291 -0.179 0.292 1.000 0.043 0.183 -0.375 0.313 2.89
L 0.718 0.283 -0.063 0.043 1.000 0.001 -0.071 0.839 0.518
S 0.163 -0.221 0.124 0.183 0.001 1.000 -0.270 0.181 -0.299
CN -0.253 0.230 -0.183 -0.375 -0.071 -0.270 1.000 -0.171 0.064
A(ha) 0.847 0.288 0.036 0.313 0.839 0.181 -0.171 1.000 0.058
DE 0.472 0.345 0.002 0.289 0.518 -0.299 0.064 0.580 1.000

Table 2. Correlation matrix at unit area(SEU).

SEU 130 R24 SA L S CN DE
SEU 1.000 0.395 0.072 -0.071 0.294 -0.049 -0.053 0.233
130 0.395 1.000 0.101 -0.179 0.283 -0.221 0.230 0.345
R24 0.072 0.101 1.000 0.292 -0.063 0.124 -0.183 0.002
SA -0.071 -0.179 0.292 1.000 0.043 0.183 -0.375 0.289
L 0.294 0.283 -0.063 0.043 1.000 0.001 -0.071 0.518
S -0.049 -0.221 0.124 0.183 0.001 1.000 -0.270 -0.299
CN -0.053 0.230 -0.183 -0.375 -0.071 -0.270 1.000 0.064
DE 0.233 0.345 0.002 0.289 0.518 -0.299 0.064 1.000

Table 3. Correlation matrix at soil runoff(SY).

SY 130 R24 SA L S CN A(ha DE

SY 1.000 0.269 -0.067 0.108 0.719 0.146 -0.093 0.769 0.048
130 0.269 1.000 0.101 -0.179 0.283 -0.221 0.230 0.288 0.345
R24 -0.067 0.101 1.000 0.292 -0.063 0.124 -0.183 0.036 0.002
SA 0.108 -0.179 0.292 1.000 0.043 0.183 -0.375 0.313 0.289
L 0.719 0.283 -0.063 0.043 1.000 0.001 -0.071 0.839 0.518

S 0.146 -0.221 0.124 0.183 0.001 1.000 -0.270 0.181 -0.299
CN -0.093 0.230 -0.183 -0.375 -0.071 -0.270 1.000 -0.171 0.064
A(ha) 0.769 0.288 0.036 0.313 0.839 0.181 -0.171 1.000 0.580
DE 0.484 0.345 0.002 0.289 0.518 -0.299 0.064 0.580 1.000

In the correlation analysis with soil erosion per unit area (SEU), the correlation was high with
the 30-minute maximum rainfall intensity (30), but the soil erosion amount per unit area (SU)
was not highly correlated with topographic characteristics factors, so statistically significant re-
sults were not derived. In general, it is known that rainfall intensity, duration, and rainfall pat-
terns affect soil erosion (SE), but it was analyzed that the correlation as generally known in the
calculation results of soil erosion in 27 districts applied in this study did not appear. Unlike what
is theoretically known, these results show that the relationship between the factors applied to
the calculation of soil erosion by RUSLE does not necessarily show a high correlation.

In the regression analysis to estimate soil erosion, the correlation coefficient was high at
0.858 in the regression equation consisting of a combination of watershed area (A), curve num-
ber (CN), 30-minute maximum rainfall intensity (130), daily maximum probability rainfall (R24),
slope (S), and sand ratio (SA), and even if bare land ratio (DE) and slope (S) were added to this,
the correlation coefficient was the same.
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In the regression analysis result of the soil outflow per unit area (SEU), it was analyzed that
it did not show a high correlation as in the correlation analysis result between factors.

Table 4. Correlation matrix at RUSLE component.

SE R K LS VM
SE 1.000 0.180 0.098 0.415 -0.038
R 0.180 1.000 -0.009 -0.002 0.101
L 0.098 -0.009 1.000 -0.125 0.016
LS 0.415 -0.002 -0.125 1.000 -0.600
VM -0.038 0.101 0.016 -0.600 1.00

Table 5. Estimate of soil erosion(SE) regression equation by step by step.

Step Estimation equations R?
1 SE=-26.135+38.168A 0.847
2 SE=90.397+37.313A-1.301CN 0.854
3 SE=78.893+36.373A+0.339130-1.510CN 0.856
4 SE=101.611+36.272A+0.379130-1.626CN-0.060R24 0.857
5 SE=100.337+34.980A+0.372130+18.158L-1.645CN-0.056R24 0.857
6 SE=87.329+33.844A+0.410130+27.662L+0.112SA-1.582CN-0.065R24 0.858
7 SE=77.577+34.142A+0.449130+31.768L+0.150SA-1.519CN-0.068R24-2.381DE 0.858
3 SE=78.163+34.241A+0.446130+31.236L+0.150SA—1.521CN—0.068R24 0.858

-2.7975-2.493DE
Table 6. Estimate of units soil erosion(SEU) regression equation by step by step.
Step Estimation equations R?
1 SEU=-28.971+0.567130 0.395
2 SEU=-30.015+0.486130+27.540L 0.438
3 SEU=0.245+0.536130+24.937L-0.388CN 0.454
4 SEU=11.377+0.524130+25.433L-0.462CN-0.069SA 0.459
5 SEU=18.877+0.498130+20.750L+1.577DE-0.504CN-0.097SA 0.462
6 SEU=14.494+0.478130+21.432L+1.722DE+0.019R24-0.486CN-0.115SA 0.465
7 SEU=13.336+0.480130+20.493L+1.986DE+0.019R24+7.5315-0.477CN-0.121SA 0.466
Table 7. Estimate of soil runoff(SY) regression equation by step by step.

Step Estimation equations R?

1 SY=-1.276+12.381A 0.769
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2 SY=7.436+13.119A-0.196SA 0.782

3 SY=0.598+10.650A+31.831L-0.142SA 0.786
4 SY=1.192+10.286A+28.671L+1.985DE-0.158A 0.788
5 'SY=-2.147+8.880A+36.011L+3.917DE+41.834S5-0.178SA 0.793
6 SY=4.168+8.888A+35.329L+3.859DE+43.0385-0.1565A-0.027R24 0.795
7 SY=-1.081+8.653A+36.603L+3.660DE+45.1255+0.057130-0.139SA-0.031R24 0.795
3 SY=8.957+8.597A+36.076L+3.816DE+44.3555+0.066130-0.151SA-0.032R24- 0.795
0.110CN
Table 8. Estimate of RUSLE regression equation by step by step.

Step Estimation equations R?
1 SE=45.481+33.286LS 0.415
2 SE=-4.288+49.141LS+99.912VM 0.492
3 SE=-45.148+51.647L5+104.735WM+126.904K 0.521
4 SE=-76.939+50.536LS+97.622WM+126.846K+0.059R 0.541

3.2. Correlation analysis of soil runoff

As a result of conducting a correlation analysis on topographic and rainfall factors affecting
the soil runoff (SY), the watershed area (A) was found to have the highest correlation at 0.769,
followed by the flow path length (L) showing the highest correlation. The rainfall factor, 30
minutes maximum rainfall intensity and the maximum daily probability rainfall (R24), showed a
relatively low correlation. In the case of the target district applied in this study, it was judged
that the topographic characteristics, especially the curve number (CN), watershed area (A), and
flow path length(L), rather than rainfall, affect the size of the soil runoff. In the calculation of
the regression analysis equation for estimating the soil runoff, the correlation coefficient was
high at 0.795 when the combination of watershed area (A), sand composition ratio (SA), flow
path length(L), bare land ratio (DE), slope (S), and daily maximum probability rainfall (R24), and
the 30-minute maximum rainfall intensity (130) and curve number (CN) were added to calculate
the regression equation, and the correlation coefficient was the same as 0.795.

In the correlation analysis between the RUSLE equation and the factors used, the correlation
with the topographic factor (LS) was found to be 0.415, and the correlation with the rest of the
factors was found to be less than 0.2. In the application of the formula, it was analyzed that
each factor had a low correlation, unlike the result expected to have a high correlation, as it
was judged that there would be a linear relationship in the form of a product.

As a result of analyzing the regression equation using the RUSLE factor, the correlation coef-
ficient was analyzed to be at most 0.541 even if all factors were applied, which was calculated
using the characteristics of the basin and rainfall, but the correlation was not high in relation to
the factors directly applied to the 27 districts calculated by the RUSLE equation.

These results are similar to those in many previous studies that the calculation of soil runoff
did not show good results in deriving correlations with topographic factors and rainfall charac-
teristics, and it is judged that the unit values applied to calculating factors are complex and do
not show high direct correlation.
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In fact, the factors that apply to RUSLE are 24-hour probability rainfall in rainfall factors, 30
minutes maximum rainfall intensity, and soil type, structure, and soil particle size in soil factors.
The length and slope of the slope in slope factors, and the value of the land cover factor for
calculating the value applied as a soil cover factor and soil preservation countermeasure factor
are variously nonlinear, so it is judged that there is no direct correlation with the results calcu-
lated by topography and rainfall factors and RUSLE. Nevertheless, the regression equation pre-
sented in this study shows the result of a correlation coefficient close to 0.8, so it can be con-
sidered as a simple way to estimate the amount of soil runoff in a small watershed.

4, Conclusion

In this study, the correlation between topographic factors and rainfall factors applied to the
RUSLE formula, which calculates soil erosion and soil runoff, was analyzed and a regression
equation was derived and presented. As for the project target districts applied in this study, 27
districts of the disaster impact assessment conducted in the Gyeongbuk area were selected and
analyzed. As a result of the analysis, in the correlation analysis between soil erosion and soil
runoff for each factor, it was analyzed that the watershed area and slope had a high correlation.
The correlation analysis result between the RUSLS equation and the factor did not show high
correlation.

In the regression analysis to estimate the amount of soil erosion calculated by sequentially
applying each factor in this study, the correlation coefficient was high at 0.858 in the regression
equation consisting of a combination of watershed area (A), curve number (CN), 30-minute max-
imum rainfall intensity(130), daily maximum probability rainfall (R24), slope (S), and sand ratio
(SA). In the calculation of the regression analysis equation for estimating private output, the
correlation coefficient was high at 0.795, when the combination of watershed area (A), sand
composition ratio (SA), flow path length(L), bare land ratio (DE), slope (S), and daily maximum
probability rainfall (R24). Therefore, it is judged that the regression equation presented in this
study can be applied for comparative review in simply estimating and reviewing the amount of
soil runoff in small-scale disaster impact assessment.
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Purpose: The purpose of this study is to present a plan to respond well to disasters by using the Korean disaster
safety communication network. The only well-established Korean disaster safety communication network in the
world will be used to minimize damage to people's lives and property by exerting synergy between agencies
dispatched to the disaster site by allowing various related agencies to respond to disasters in a linked manner.
To ensure this, research should be conducted to make the best use of the Korean disaster safety communication
network.

Method: In order to suggest a way to make good use of the disaster safety communication network, research
methods such as literature research, on-site inspection, and opinion collection were applied. The literature survey
studied the actual state of domestic and foreign construction related to the disaster safety communication net-
work, and the research method was applied so that the current state of use of the disaster safety deep-seated
network could be confirmed through on-site surveys and opinion collection, and problems could be analyzed to
suggest alternative measures. This is a research conducted in the direction of strengthening the field utilization
of the disaster safety communication network.

Results: As a result of the previous study, it was identified that the Korean disaster safety communication
network has a well-established infrastructure and is partially utilized by disaster officials, but some of them are
not properly utilized due to a lack of understanding of wireless communication between various organizations
through group communication. To overcome this, communication procedures for group wireless communication
should be established, disaster management should be performed using the disaster safety communication net-
work, and disaster safety communication network training scenarios should be developed for each type of disas-
ter so that they can be actively implemented.

Conclusion: Once established, the disaster safety communication network is not complete in itself. In order
for a well-established disaster safety communication network to function properly, it is necessary to develop a
group wireless communication procedure for the disaster safety communication network and continue commu-
nication training in accordance with the developed communication procedure. To ensure this, continuous com-
munication training should be conducted by actively utilizing the disaster safety communication network com-
munication training scenario developed through this study. Since these efforts are not made in a moment, disas-
ter management activities of disaster management officers should be established as a culture. Continuous and
in-depth research should be continuously conducted to this end.

Disaster Safety Communication Network, Communication Procedures, Mutual Communication,
Communication Training Scenarios, Professional Education

1. Introduction

The purpose of this study is to present a development plan to effectively respond to disasters
by making good use of the already established Korean disaster safety communication network.
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No matter how well the disaster safety communication network is established, this study is an
important study because disaster response cannot be performed properly if the communication
network is not properly utilized.

The only well-established Korean disaster safety communication network in the world will ena-
ble various related organizations to respond to disasters in a linked manner through real-time
wireless communication at the disaster site, thereby exerting synergy[1]. To this end, it is nec-
essary to make the best use of the Korean disaster safety communication network.

However, the 1:N wireless communication method through the disaster safety communication
network in the real world is not easy for disaster officials. In particular, it is difficult for the
heads of disaster management agencies or disaster management support organizations that do
not usually communicate wirelessly to respond to disasters in connection with related organi-
zations using the disaster safety communication network in the event of a disaster[2]. It is no
different from an athlete who has never trained before going out to the competition and win-
ning the prize. Therefore, in this study, the 1:N wireless communication procedure was im-
proved so that the well-established Korean disaster safety communication network could be
well utilized, and a communication training scenario was developed so that the communication
training could be conducted on a regular basis[3].

2. Construction of Domestic and Foreign Disaster Safety Network
2.1. Types of disaster safety communication network

As shown in <Table 1>, wireless communication technology for the disaster safety net is
largely divided into the Trunked Radio System (TRS) method and the mobile communication
method. There are TRS methods such as TETRA (Terrestrial Trunked Radio) and iDEN (Integrated
Digital Enhanced Network) methods, which are disaster safety communication networks used
by most European countries[4]. In the case of the UK, a disaster safety net applied with Tetra
technology was initially established and operated, but low wages are planned with an LTE-based
disaster safety net. Mobile communication technologies of the disaster safety net include LTE
and WiBro, and recently, PS-LTE technology based on 3GPP (3rd Generation Partnership Project)
LTE technology is attracting attention, and the US and Korea are using this technology to estab-
lish and utilize disaster safety communication networks[4].

Table 1. Types of disaster safety communication network.

TRS based Mobile communication based
Sortation WiBro
TETRA iDEN LTE
Cellular 802.16n
International
Corporate IEEE
stan_dar_d ETSI Standard 3GPP 802.16e/m IEEE 802.16n
organization
Broadband Special funtion
. IP-based
Feature Open Nonopen Mobile Broadband Enhancement
TRS TRS Communication . Broadban
wireless network .
Network Wireless network

Note: Song MH (2022).

The establishment of overseas disaster safety communication networks is being used by ma-
jor advanced countries such as the United States and the United Kingdom to quickly respond to
terrorism and major disasters.
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2.2. Disaster and safety network in the united states.

Following the lesson that the U.S. lacked interoperability between first responder groups dur-
ing the September 11 terrorist attacks in 2001, the U.S. Congress enacted the "The Middle Class
Tax Relief and Job Creation Act of 2012"[5]. Accordingly, since 2012, FirstNET (First Responder
Network Authority) has been established and the project has been promoted as an independent
agency under the Communications Information Management Agency (NTIA) to establish the Na-
tional Public Safety Broadband Network (NPSBN)[6].

FirstNet is an LTE-based network-wide broadcast and public safety network to support early
responder communication through high-speed connections, and it promoted the establishment
of a broadband public safety national network in the 700 MHz band[7]. Through this, the LTE
method was adopted to secure a total of 34 MHz width for public safety in the 700 MHz band.
See <Figure 1>.

Figure 1. America's 700 MHz band use status.
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As shown in <Figure 2>, the United States selected AT&T as the operator, completed the core
network in March 2018, and currently provides commercial services. As of October 2021, more
than 2.8 million terminal subscribers, more than 180 app catalogs, more than 315 terminal ap-
provals, more than 2.71 million square miles of coverage, and more than 95% of FirstNet's ded-
icated band 14 base stations were completed[8].

Figure 2. America’s public safety network.
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2.3. Europe’s disaster safety network

Most European countries have established and operated TETRA, the European standard, as
their own wireless TRS network for disaster safety communication networks. As interworking
between multi-vendors was not supported until the early 2000s, many European countries that
selected TETRA as a disaster safety wireless network have established cross-national networks
in the form of a single model network. Efforts have been made to increase compatibility as the
demand for heterogeneous manganese interworking gradually increases, but smooth heteroge-
neous manganese interworking is still insufficient[6].

The European Union's foreign countries systematically and manage various types of emer-
gency-related information collection procedures at the domestic and international level, both
mutually and in connection with the UN. The central control center is overseen by the central
control center, and an interactive system has been established and operated to receive all in-
formation in a standardized data collection format from all related organizations, including local
governments, police, firefighting, medical institutions, rescue support institutions, national re-
search institutes, and volunteer organizations[6].

Major European countries also judge the 700 MHz broadband band as suitable for PS-LTE
disaster safety communication, but they have reservations about the final policy direction[8].

3. Establishment of Korean Disaster Safety Network
3.1. Establishment of Korean disaster safety network

The disaster safety communication network was promoted in 2003 due to the need for quick
and accurate communication and close disaster response communication at the disaster site
between disaster management agencies, emergency rescue agencies, and emergency rescue
support agencies, but the construction was suspended due to criticism of the company's mo-
nopoly problem, the economic feasibility of the project, the appropriateness of the project's
promotion method, and the lack of standard operation procedures|[7].

Since then, the Korean Disaster Safety and Communication Network has confirmed the disas-
ter safety and communication network technology method as PS-LTE (Public Safety-Long Term
Evolution) through the National Policy Coordination Meeting on July 231, 2014 as the national
attention has been drawn since the sinking of the Ferry Sewol on April 16, 2014[8][9][10]. After
a pilot project in Jeongseon and Gangneung, Gangwon-do, the establishment of a PS-LTE-based
disaster safety communication network was completed in March 2021[11][12].

Unlike general commercial networks, PS-LTE, a disaster safety communication network, can
use services specialized in disaster situations such as MCPTT (Mission Critical Push To Talk) and
Evolved Multimedia Broadcast Multicast Service (eMBMS). In addition, to secure a systematic
public safety communication network, the introduction of base station sharing technology
(RAN-Sharing) and the 700 MHz band used frequency[13], PS-LTE, rail network (LTE-R), and mar-
itime network (LTE-M) were established. In addition, the National Police Agency and its own
companies are promoting the creation of a smart city ecosystem by utilizing these disaster
safety communication networks using Al and big data, which are technologies of the 4th indus-
trial revolution.

The Korean disaster safety communication network consists of base stations, terminals, com-
mand devices, and operation centers, and base stations have fixed base stations based on na-
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tional infrastructure (points), major roads (lines), and densely populated areas (myeon) to se-
cure coverage throughout Korea. In addition, communication support is possible through vehi-
cle-type and portable mobile base stations in mountainous and rural areas. In addition, com-
munication shadow areas were minimized by utilizing other integrated public networks (marine
networks, rail networks) and RAN-Sharing technology (RAN-Sharing) inside, underground, and
coastal buildings[6].

As shown in <Figure 3>, the terminal and command autonomy use dedicated terminals such
as smartphone type, radio type, and complex type depending on the type of work. It is manu-
factured based on Android, so it is convenient to use, and various applications for business
expansion can be used. On-site terminals can be integrated and commanded through command
devices installed in each reporting center.

The operation center operates the system simultaneously in Seoul, Daegu, and Jeju, and can
monitor it 24 hours a day, 365 days a year. The transmission network between centers is estab-
lished in multiple ways, so if a problem occurs in one center, another regional operation center
can manage the area, thereby minimizing the gap in disaster response.

Figure 3. Terminals and command devices according to the type of work.

il e

Radio-type Terminal Compound type Terminal

Commanding Device Command Device Execution Screen

Note: Kim SG. etc. (2023).
3.2. Utilization of Korean disaster safety network

Standard operating procedures are important to ensure proper use after establishing the Ko-
rean disaster safety communication network[14], and the Ministry of Public Administration and
Security published and distributed the Disaster Safety Communication Network Standard Oper-
ating Procedure (SOP) in a booklet format. Each institution applied the standard operating pro-
cedure of the disaster safety communication network to the characteristics of each institution
to actively utilize the disaster safety communication network that guarantees interoperability
among disaster response agencies[15][16].

The actual state of use of the disaster safety communication network was largely determined
in three ways. First, the actual state of use of the disaster safety communication network be-
tween 2022 safety training in Korea was identified through the training result report. Second, it
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was identified by visiting institutions that actually use the disaster safety communication net-
work (Ministry of National Defense, National Police Agency, National Fire Agency, National
Coast Guard Agency, etc.). In order to facilitate on-site visits and interviews with related organ-
izations, the researchers cooperated with related organizations through official documents in
cooperation with the research request department of the Ministry of Public Administration and
Security, and conducted on-site visits and interviews from July 5, 2023 to July 7, 2023. Finally,
it was identified through a phone interview with the person in charge of the disaster safety
communication network utilization agency.

As a result of grasping the actual state of use of the disaster safety communication network,
first, each institution was using the disaster safety communication network as the main com-
munication network in disaster response, and the call quality was evaluated excellently. In ad-
dition, some institutions, such as the National Fire Agency, used the main communication net-
work as a disaster safety communication network, so there were institutions that used the ex-
isting communication network as a sub-communication network. Second, it was often used as a
means of communication for one-sided situation propagation. Although the disaster safety com-
munication network should be operated to enable rapid spread of disaster situations and or-
ganic disaster response through mutual communication in the event of a disaster, it was con-
firmed that the ability to communicate was insufficient because there was no experience in the
1:N wireless communication method, which is the group radio communication method of the
disaster safety communication network. Third, there were many cases of intercommunication
in a promised manner based on the order between communications of the disaster safety com-
munication network. In a disaster situation, since disaster information cannot be communicated
by a script prepared in advance, mutual radio communication necessary to cope with the disas-
ter situation must be freely, but it was at the level of communication according to the pre-made
communication training scenario due to lack of radio communication ability.

In order to make good use of the well-established Korean disaster safety communication net-
work, it was confirmed that special efforts were needed to make good use of the disaster safety
communication network.

4. Measures to Revitalize Korean Disaster Safety Network

4.1. Development and utilization of essential procedural terms for mutual communication
between disaster safety communication networks

Currently, the standard operating procedure of the disaster safety communication network
of the Ministry of Public Administration and Security does not mention any terms of intercom-
munication procedures. In the military, police, and fire departments that mainly use wireless
communication networks, communication procedural terms are used according to the charac-
teristics of each institution. In relation to communicating using a disaster safety communication
network, the communication language is slightly different, so it may feel difficult to use the
disaster safety communication network, so it is necessary to set the terms of intercommunica-
tion procedures of the disaster safety communication network to the essential minimum so that
anyone participating in disaster response (situation management, field management) can easily
communicate with each other[6].

In general, there are three main reasons why it is difficult for the general public (related
officials who have not been trained in radio communication) to communicate with each other
without 1:1N network. First, they are not familiar with the terms of communication procedures.
It is not easy to communicate without radio in real situations if you have seen radio communi-
cation in any form but lack of experience in person. Second, people are afraid of communicating
with a large number of invisible people. It is easy to communicate with people who are familiar

e 3 3

J-INSTITUTE.com


http://www.j-institute.com/

even in face-to-face situations, but it is difficult to communicate with people who are new to
them, but it is not easy to communicate with invisible people. Finally, in 1;N radio communica-
tion, it is often difficult to communicate at all because you do not know when to appear in the
radio network and speak and when to withdraw from it. For the above three characteristic rea-
sons, communication procedural terms must be set in advance and communicated with the ra-
dio communication must be mastered in real situations in order to be able to communicate
without radio in real situations[6].

As the first step in solving the above problems, the essential procedural terms for mutual
communication between the disaster safety communication network were proposed as shown
in <Table 2>. In order to perform the 1:N wireless mutual communication method well, the
minimum essential procedural terms were set so that natural mutual communication could be
performed.

Table 2. Results of deriving essential procedural terminology for 1:N intercommunication.

Sortation Essential procedural terminology
@ Call N Name or position of institution within the common
aliiame currency group
@) Appearance communication Institution name, appearance complete
® Short text transmission is over ~ Over
®@ Full text received Institutional name, received
® Send again Send again
® communication is over ~ Over or communication is over

4.2. Development of communication training scenario for disaster safety network

In order to properly utilize the disaster safety and communication network, all disaster-re-
lated officials are trained by joining a single network to conduct communication training in order
to achieve the pilot purpose by developing a communication training scenario led by the Minis-
try of Public Administration and Security. However, this communication training scenario needs
to be improved because the host and the training headquarters are reflected in the training
scenario, but in actual disaster situations, the host cannot lead the communication without ra-
dio communication. In addition, by conveniently training the communication training scenario
not compatible with the national disaster management system, confusion may occur in actual
situations[17][18]. In particular, a communication training scenario is presented in which the
integrated support headquarters for the disaster site, which can be called the essential training
subject, is omitted and the regional disaster management headquarters is not reflected. In view
of this, through this study, an improved disaster safety communication training scenario for
each type of disaster was developed and presented by taking into account the problems of the
existing communication training scenario. There are a total of 47 newly developed communica-
tion training scenarios for 13 types of natural disasters such as earthquakes, 28 types of social
disasters such as forest fires, and 6 types of new disasters such as crush accidents due to crowd-
ing. If communication training is conducted periodically by creating communication training sce-
narios tailored to each institution and region by applying these disaster safety communication
network communication training scenarios for each type of disaster, the communication capa-
bility of the disaster safety communication network can be greatly improved [19][20].

4.3. Step-by-stage training method for Korean disaster safety network
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Currently, the Ministry of Public Administration and Security has formed a training headquar-
ters and periodically conducts communication training on the disaster safety communication
network on a pilot basis. For the purpose of demonstration, training is conducted in a way that
meets in one place and conducts face-to-face communication. Due to the nature of mutual com-
munication of the disaster safety communication network, it is necessary to wirelessly com-
municate in a 1:1N manner in a situation where they are not visible from each other, but face-
to-face training has no choice but to have limitations in achieving the training effect. Even so,
there is inevitably a limit to the direct non-face-to-face mutual communication training by re-
lated officials who have not even undergone basic communication training. Therefore, the mu-
tual communication training must be completed step by step[18]. To this end, the training plan
for each stage of the disaster safety communication network is presented in <Figure 4>.

Figure 4. Korean disaster safety network stage training plan.

Training Level 1 Training Level 2 Training Level 3

Free communication
training (non-face-to-
face)

Script-reading Promised training
training (face-to-face) (face-to-face)

Depending on the training level, step-by-step training is conducted, and first, the first stage
of training is the stage in which officials with no experience in communication training are
trained in a script-reading manner by replacing training officials. Using the communication train-
ing scenario script presented in this study, training is conducted at the level of understanding
1:N wireless communication methods. Next, the second stage of training is to conduct face-to-
face communication training currently being implemented by the Ministry of Public Administra-
tion and Security. This method is a step in which you can improve your understanding of each
other and master wireless communication procedures by conducting communication training
while face-to-face with each other. Finally, the third stage of training is to form a training con-
trol department to secure free communication capabilities through training control by messages.
Through the above step-by-step training, disaster-related officials will be able to use the disas-
ter safety communication network without difficulty.

5. Conclusion

No matter how well the Korean disaster safety communication network was established, it
would be too bad if it was not used well in actual disaster situations. In fact, when a large num-
ber of casualties (159 deaths and 195 injuries) occurred due to crowding at the Itaewon Hallow-
een Festival on October 29, 2022, the disaster safety communication network was used to ena-
ble rapid response between related agencies, but the disaster safety communication network
was not utilized well. Even though the Gungpyeong 2 Underground Road in Osong, North Chung-
cheong Province, was flooded by heavy rain on July 15, 2024, the disaster safety communication
network could not be used properly[21][22].

In order to deeply reflect on these points and properly utilize the well-established disaster
safety communication network, all relevant officials should be familiar with the essential pro-
cedural terms for mutual communication between disaster safety communication networks pre-
sented through this study, and communication training procedural training should be conducted
in accordance with the disaster safety communication network communication training scenar-
ios for each type of disaster. Disaster-related officials, who are skilled in communication with
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disaster safety communication networks in peacetime, will be able to respond to disasters by
making good use of the disaster safety communication network even in actual disaster situa-
tions[23][24].

This study presented communication procedural terminology, communication training sce-
narios, and training methods for each stage of communication training so that disaster safety
communication networks can be used well, and we hope that more practical research on how
to utilize disaster safety communication networks will become more active in the future.
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