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Abstract: Since the 1990s, efforts have been made to reduce the damage caused by natural disasters,
among which the Disaster Impact Assessment (DIA) System implemented in 1995 is noteworthy for
its proactive response. The DIA System has undergone various institutional and technological
changes to retain its original purpose. However, its operation has become inadequate because of the
diversification of business types. This paper presents the improvements required in the DIA System
based on an analysis of the problems that have emerged during its institutional development and
over 9000 pieces of data collected from 2015 to 2017. The results show that, first, the DIA’s Practical
Guidelines should be subdivided, considering the diversity of projects. Second, the system should
be strengthened to ensure it is not mistaken for a mere bureaucratic box-ticking exercise. Third, non-
structural measures should be expanded to reduce the number of casualties after development. In-
corporating the improvements proposed in this study will improve the effectiveness of the DIA.
Additionally, the DIA System could be established as an important model for Korea’s disaster risk
reduction activities.

Keywords: disaster risk reduction activity; disaster impact assessment; disaster types; risk
reduction measures

1. Introduction

The 2019 Global Natural Disaster Assessment Report (UNDRR Preventionweb 2020)
indicated the following percentages for economic damage caused by natural disasters on
a global scale: storm 47.53%, flood 29.52%, wildfire 21.28%, earthquake 1.4%, landslide
0.16%, and drought 0.11%. In the Republic of Korea (henceforth Korea), natural disasters
have resulted in a total damage of USD 165 million and claimed seven lives in 2017. Be-
tween 2008 and 2017, 28 people were killed by typhoons and 124 by heavy rains, while
196,697 people were displaced. In addition, damage to buildings, agricultural land, and
public facilities amounted to USD 3.78 billion (annual average of approximately USD 350
million). The percentage of property damage caused by heavy rain is 43%, while that
caused by typhoons is 46%. Together, they comprise 89% of the total damage caused by
natural disasters. To reduce the impact of such natural disasters in Korea, various efforts
have been attempted from 1995 until the present day, including improvements (to the
legal system, with assessment techniques, with disaster risk reduction policies, etc.) in
disaster risk areas and small rivers, as well as the establishment of a storm reservoir. Ap-
proximately USD 7.33 billion of the national budget has been used for mitigation projects
oriented toward disaster prevention. Among the various measures to reduce natural dis-
asters, the most notable is the disaster impact assessment program, which estimates and
evaluates the impact of natural disasters before permitting each administrative plan and
development project to move forward.
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Korea’'s representative impact assessment is constituted by the Environmental Im-
pact Assessment (EIA) and Disaster Impact Assessment (DIA). In 1977, it adopted the EIA
System, then titled “Prior Consultations”, with the enactment of the Environmental Con-
servation Act. It was then introduced on a full scale in 1981, when the “Regulations on
Preparing the EIA Report” were legislated. Over the past 40 years, the EIA has served as
an effective program for protecting the environment while promoting awareness regard-
ing environmentally friendly development among business operators (institutions) as
well as promoting the importance of environmental conservation among the public (Min-
istry of Environment 2016).

While other countries evaluate the impacts of disasters due to development as de-
tailed items of environmental impact assessment, damage after the occurrence of disas-
ters, or disaster risk in preparation for disasters, Korea’s DIA is different. Korea’s DIA
analyzes the impacts of natural disasters before commencing administrative plans and
development projects. In operation since 1995, this system is based on Korea’s Counter-
measures Against Natural Disasters Act (No. 16101) and corresponds with Targets 11.3
and 11.5 of the Sustainable Development Goals to create sustainable cities and human
settlements by reinforcing adaptation to climate change and resilience to natural disasters,
reducing the number of deaths due to disasters, and decreasing direct economic losses.

Asinthe U.S,, Japan, Germany, and other countries, Korea has operated the EIA since
1977; however, its EIA contains no items or contents for assessing the impacts of natural
disasters in the six areas (Table 1). Both the DIA and the EIA assess potential impacts
before approval of various plans or projects. However, there are differences in the major
assessment items and contents between the DIA-which designates and assesses natural
disaster items by type-and the EIA, which assesses environmental changes for assessment
items regarding atmosphere, water environment, land, ecosystem, and social economy
(Table 2).

Table 1. Comparison of EIA system by country.

Division Korea U.S. Japan Germany
Year introduced 1977 1969 1972 1975
. . 9 areas
Assessment items 6 areas Select through scoping process 4 areas

(Items are determined through scoping)

Preparing entity Business operator Federal government Business operator State government, business operator
Source: Ministry of Environment (2016).
Table 2. Major DIA and EIA assessment items in Korea.
Division Assessment Items
DIA (7 areas) River disaster, heavy rain disaster, slope disaster, ground disaster, coastal disaster, wind disaster, other disasters
EIA (6 areas) Atmosphere, water environment, land, ecosystem, living environment, social economy

The DIA shares the same purpose as international disaster risk reduction activities.
It is a system that performs assessment before approval is given to development plans,
with the aim of preventing and reducing frequently occurring natural disasters consider-
ing Korea’s climate and topographical characteristics; moreover, sustained management
and operation are essential for its success.

In order to continuously develop DIA, Korea attempted institutional integration with
EIA in 2001, but failed to achieve good results; therefore, since 2005, DIA is operated in-
dependently again, expanding the target from 24 to 91. In addition, in order to strengthen
the legal binding, the law was revised thrice between 2001 and 2020, and the guidelines
were revised seven times. Starting from 2024, there is a plan to promote the enactment of
individual laws and regulations to operate the system independently. Despite these ef-
forts, DIA has degenerated into a perfunctory process, because of the lack of institutional
and case studies, limited legal processing period, operating principles based on written
review, and lack of objectivity in data.
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According to the 2010-2019 Korean Statistics (Ministry of the Interior and Safety
2020), the amount required for recovery from natural disasters is 2.3 times that of the dam-
age caused. Even if the disaster reduction effects implemented in individual projects is
not significant, the amount of damage and that required for the recovery from natural
disasters will continue to increase, if disaster reduction efforts are not implemented in the
3000 development projects initiated annually. This study aimed to analyze the limitations
of DIA; DIA is not properly utilized, because of the lack of operation and improvement in
the legal system. Implementing DIA effectively could reduce the damage to development
projects caused by natural disasters and propose directions for improvement, by evaluat-
ing them in an institutional framework.

The remainder of this paper introduces the purpose, change process, subjects of as-
sessment, and assessment process of the DIA System; presents summary data regarding
the operation status of the DIA System; and analyzes each element of the system. To de-
rive improvement measures for the DIA System, past efforts for improvement and devel-
opment of the system are described, and problems are analyzed through presentation of
recent disaster cases. This paper also proposes major items required for the future devel-
opment of the DIA System.

2. Materials and Methods
2.1. Methods
2.1.1. Policy Classification of the DIA System

Lowi (1972) classified policy types into the following: regulatory, distributive, redis-
tributive, and constituent policies, focusing on the characteristics of the policy’s social im-
pact and the relationship between the participants in policy formation. Regulatory policies
impose sanctions, control, and restrictions on individuals, businesses, and organizations
to achieve public purposes. In addition, regulatory policies can be divided into economic
and social regulations depending on their subject.

Social regulations can be classified by area as environmental (solving environmental
pollution problems), industrial accidents (labor, industrial accident related), public pro-
tection (health, hygiene, safety, etc.), and social discrimination (discrimination against the
disabled, women, and the socially disadvantaged).

The DIA System can be classified as a social regulation for public protection, which
is imposed to provide greater protection against natural disasters. While natural condi-
tions change through various development projects and an increase in impervious areas
creates a flooding risk not only locally but also downstream, the failure to ensure proper
measures (regulations) will harm people and their property.

2.1.2. Evaluation of Regulatory Policies

The assumption behind the question “How well is the regulation working?” is that
“regulation is supposed to work”; it should improve social conditions. Evaluating a reg-
ulation after enforcement involves an investigation into how it has brought about a change
in behavior and, ultimately, its impact on social conditions.

Coglianese (2012) noted that in most countries, regulatory impact analysis is actually
undertaken at the pre-regulation stage, but in the post-regulation phase, it is neglected. In
fact, measuring the effects of regulatory policies is very difficult and time-consuming. The
ideal condition to measure the effectiveness of a policy is to select a random target for
policy implementation and separate it from the one for which the policy will be imple-
mented as a group. Then, conduct a comparative study of changes in behavior between
policy implementation and control. However, it is difficult to introduce these experi-
mental conditions into social science contexts. To assume these conditions and analyze
policy effects, statistical techniques are sometimes employed, which should perform sim-
ilarly to an actual case or qualitative analysis.
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Radaelli and Fritsch (2012) evaluated the indicators of regulatory quality, focusing
on regulatory management means and program assessment. Their research evaluated
government capabilities to provide high-quality regulations across multiple sectors and
on policy tools or supervisory activities that remain unchanged at the total level of regu-
latory activity.

Improving regulatory quality is one of the tasks that many countries have consist-
ently pursued as an important policy issue. Indeed, various methods, approaches, and
models for reviewing existing regulations are widely used to achieve this objective (World
Bank Group 2017). For example, the criteria can be reconstructed to fit Korea through ex-
amples from other countries (Cho 2006), as when a detailed analysis frame is created and
evaluated (Sakong et al. 2000), or through a regulatory reform effectiveness assessment
model focusing on cases by ministries (Lee et al. 2003).

In this paper, the objective, process, and operation status of the DIA System were
investigated to assess how efficiently the system operates as a regulatory policy, using the
evaluation framework presented by Cho (2006) (Table 3). The qualitative assessment was
conducted, and the improvement points were presented based on the results.

Table 3. Evaluation Framework for DIA System.

Division Description
Openness Transparency of regulations and procedures, political support, and collective participation
Fairness Fairness at the procedural level, fairness in selection of target ranges, and formality for responsible materials
Generalness The inclusiveness, non-discrimination, and perceived enterprise-wide reform of the government at a reform level
Professionality A sense of balance on the technical capabilities of bureaucrats, regulatory choices

Source: Cho (2006).

2.2. Purpose of the DIA

The DIA is an institutional device designed to reduce disasters by examining in ad-
vance the appropriateness of various administrative plans and development projects —
such as complexes (dense areas of residential buildings and commercial buildings), tourist
attractions, river projects, water supply and drainage projects, and rainwater runoff risk
reduction projects—in terms of disaster, and by deliberating on disaster risk reduction
measures. The positive aspects of preventing or reducing disasters can be anticipated by
predicting hazardous areas or disaster risks in advance and establishing appropriate
countermeasures. The current DIA System introduced the concept of disaster impact min-
imization from the administrative plans related to development, with the aim of overcom-
ing the limitations of existing systems. Its main purpose, therefore, is to prevent or reduce
disasters that can result from development.

2.3. Subjects and Process of Assessment

The administrative plans and development projects that are required to perform DIA
are specified in Korea’s Countermeasures Against Natural Disasters Act (No. 16101) (Min-
istry of Environment 2016) and classified into nine areas: (1) public, local, and urban de-
velopment; (2) industrial and distribution complex development; (3) energy development;
(4) transportation facilities construction; (5) use and development of rivers; (6) develop-
ment of water resources and the ocean; (7) mountain development and aggregate collec-
tion; (8) tourism complex and sport facilities development; and (9) other plans and pro-
jects that influence natural disasters prescribed by the Countermeasures Against Natural
Disasters Presidential Decree (No. 30256). As of 2018, there were 106 project types that
needed to be assessed, including 47 administrative plans (e.g., urban planning) and 59
development projects (e.g., road construction).

2.3.1. Assessment Items

There are seven disaster areas for assessment: river, heavy rain, slope, ground, coast,
wind, and other disasters. The scope of analysis for each disaster area within the scope of
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review in the Practical Guidelines for DIA (Ministry of the Public Administration and Se-
curity Notification No. 2019-5) (National Law Information Center 2019) is as follows.

The analysis scope of river disasters includes the following: analysis of the disaster
vulnerability of river facilities such as levees according to the rise of river level inside and
outside the target areas; analysis of the effect on disasters of structures (facilities) installed
in the river (e.g., bridges); and analysis of the effect of waterway change of a river on
disasters. The analysis scope of heavy rain disasters includes analysis of the possibility of
inland flooding or river inundation due to increased runoff; analysis of sediment dis-
charge due to development; analysis of discharge capacity and disaster impact of lateral
drainage facility, etc.; and analysis of the damage possibility due to hydraulic structures
in a development area.

The analysis scope of slope disasters includes analysis of the collapse possibility of
cut slope, fill slope, or natural slope; and analysis of secondary disaster possibility (debris
disaster) due to slope collapse (landslide). The analysis scope of ground disasters includes
analysis of disaster possibility owing to soft ground subsidence and landfill; analysis of
ground disaster possibility owing to groundwater exclusion and excavation, etc.; and
analysis of ground collapse or subsidence owing to other causes.

The analysis scope of coastal disasters includes analysis of the possibility of coastal
inundation; analysis of the disaster impact by coastal erosion; and analysis of disaster pos-
sibility due to rising tides owing to storm (or earthquake) surge. The analysis scope of
wind disaster includes obligatory examination of disaster impact according to wind for
high-rise facilities such as steel towers.

The analysis scope of other disasters includes subdivision and review of the scope of
disasters in other disaster areas by closely observing the disaster types related to the cor-
responding plan; and solving the disaster impact that will be increased in the nearby area
due to the plans and projects.

2.3.2. DIA Consultation

DIA consultation is conducted by a review committee composed of specialists (from
academia, business, industry, etc.) in each disaster field from the consultation agency.!
The mode of consultation takes two forms: a written review and a face-to-face review. In
the written review, review committee members note their opinions in written form and
submit the results to the consulting organization. The face-to-face review is a way for the
review members to meet at a specific place, submit their opinions, and submit the results
decided through discussions.

While the administrative planning by central and local governments is conducted
through written review consultations regardless of the size (area and length) of the target
project, the DIA process as applied to development projects is divided into written re-
views and face-to-face reviews based on the size of the target project (Table 4). However,
although the consultation method for development projects is, in principle, divided ac-
cording to target project size, the chairman of the review committee may decide on the
method of consultation if necessary.

Table 4. Method of consultation by subject and size.

Plan or Project Size

Division Area Length Consultation Modes
Administrative Plans - - Written Review
Development Projects Over 50,000 m2 Over 10 km Face-to-Face Review

5000 m2-50,000 m?2 2 km-10 km Written Review

2.3.3. DIA Procedure

The DIA procedure can be divided into three stages, i.e., (1) preparation of an assess-
ment report in accordance with the Practical Guidelines, (2) consultation of the project
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approved entity with the related central government department for the submitted assess-
ment report, and (3) management of the content of consultation (Figure 1).

Step 1:
Prepare assessment report

Prepare an assessment report
(Business Operator® — Approval Agency®)

U

Step 2:
Perform consultation

Assessment request (Approval Agency — Consultation Agency)
Review & Commission meeting (Consultation Agency)
Notify of assessment opinion (Consultation Agency — Approval Agency)

U

Step 3:
Manage the content of
consultation

Manage and supervise the implementation of consultation results
(Consultation Agency)

Figure 1. DIA operation procedure.

The aim of Step 1 (preparation of assessment report) is to predict the possible impacts
of each disaster type for the major assessment items of the DIA, such as runoff, sediment
discharge, and slope stability. The report must be written objectively and logically based
on scientific facts, and its contents must be clear, concrete, and confirmed. Furthermore,
the grounds for selection must be presented for survey area, survey point, prediction
method, conditions for prediction, coefficients used for prediction, numerical values, etc.,
selected during the assessment.

Step 2 (consultation on disaster impacts) must be completed before the development
commences; that is, the time for requesting consultation regarding the DIA is specified as
“before approval” (or permission) of the target plan or project. According to the DIA as-
sessment process, the business operator must submit the assessment report to the ap-
proval agency; after which the head of the approval agency requests a consultation with
the head of the consultation agency. The head of the consultation agency must then chair
a committee to deliberate the assessment report received for consultation and notify the
approval agency of the result so that the business operator can carry out the necessary
actions.

Step 3 (management of the content of consultation) requires the approval agency or
consultation agency to manage and supervise the content of consultation so as to achieve
the effectiveness of the DIA via the management and supervision of the business opera-
tor’s obligations and content of consultation, notification of the project commencement,
and prohibition of pre-construction.

The purpose and procedure of the DIA were previously introduced. For the next sec-
tion, we collected about 9000 pieces of DIA data to analyze its operational status.

3. Results: Overview of DIA Practice
3.1. Performance Results
3.1.1. Assessment Status According to Change of the System

The first version of the DIA, implemented from 1996 to 2008, surveyed 24 business
types, with a total of 636 cases. Since 2005, however, 38,709 cases of the second version of
the DIA have been surveyed according to business type. This increase in the number of
DIAs between the first and second versions occurred for two reasons: first, the number of
business types has increased, and second, the standard for the scale in which consultations
are conducted has expanded from 300,000 m? in the first period to more than 5000 m? in
the second period. The period from 2005 to 2008 overlaps both the first and second periods
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as it was a transition phase in which a grace period was given to conclude the consultation
management stage in the first period.

The reason for the sharp increase since 2006 is the policy of the Korean government,
which aimed for balanced regional development by moving public institutions to the
provinces, an effect that lasted until 2009 (Figure 2). The impact of the related develop-
ment projects continued until 2009; after 2017, the annual number of DIAs has reduced to
approximately 3000, a number that is expected to be maintained in the future.
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Figure 2. Frequency of Second DIAs completed by year.
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3.1.2. Assessment Results by Area and Region for the Period 20152017

The number of consultations by area between 2015 and 2017 demonstrates that con-
sultations are being conducted in all areas classified as subject projects of the DIA being
generally conducted. However, as demonstrated in the consultation results of administra-
tive plans by area, the consultations were much more concentrated on public, local, and
urban developments (87%) than on the other seven areas (13%) (Figure 3).

On the other hand, the consultation results for development projects by area demon-
strate balanced results, with 46% for public, local, and urban developments and 32% for
mountain development and aggregate collection (Figure 3). The annual DIA results be-
tween 2015 and 2017 demonstrate that among the cities and provinces, Gyeonggi-do had
the most results, followed by Gyeongsangbuk-do and Chungcheongbuk-do (Figure 4).

Among the metropolitan cities, Incheon demonstrated the largest number of results,
followed by Busan and Ulsan. The fact that provinces demonstrated more results than
metropolitan cities suggests that DIAs of administrative plans and development projects
have increased in these particular provinces. In particular, Gyeonggi-do demonstrated
much higher results than other provinces because many development activities have been
conducted in urban subcenters due to the increased population density of the capital and
rising house prices.
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Administrative plans

m Public Local and Urban
Development

m Tourism Complex and Sport
Facilities Development

= Transportation Facilities
Construction

m Use and Development of
River

= Mountain Development
and Aggregate Collection

3% & Industrial and Distribution
1%  Complex Development

1%-1% & Energy Development

Development projects
m Public Local and Urban
Development

® Mountain Development
and Aggregate Collection

m Industrial and Distribution
Complex Development

m Energy Development

= Water Resource and
Marine Development

m Transportation Facilities
Construction

= Tourism Complex and Sport
Facilities Development

= Use and Development of
River

Figure 3. DIA results by area of administrative plans and development projects (2015-2017).

Gyeonggi-do

Gangwon-do
Inchun
Seoul Chungcheongbuk-do
Chungcheongnam-do Gyeungsangbuk-do
Deajeon Daegu
Jeonllabuk-do

Ulsan

Gwangju Bussn

Jeonllanam-do

Metropolitan City

Jeju-do A
S Province

Figure 4. DIA results of metropolitan cities and provinces (2015-2017).

3.1.3. Consultation Modes and Results for 2015-2017

The results from 2015-2017 demonstrate that face-to-face review accounted for only
4% of the total; thus, it can be observed that meetings were generally conducted by written
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review regardless of the area size and length. If a written review is performed when dis-
agreements occur regarding the same agenda, the measures for risk reduction may not be
established properly because the committee members cannot reach a consensus.

Based on the analysis of the DIA results by area size, there were 50 DIAs for areas
less than 5000 m2, 2578 for areas between 5000 m?2 and 10,000 m?2, 4304 for areas between
10,000 m? and 50,000 m?, and 2008 for areas over 50,000 m? (Figure 5).

Area Size Lengh Size
400
4304

309
300

2578

2008

100 86

= .
g I

< 10000 m* < 50000 m > 50000 m* <2 km <10 km >10 km

Figure 5. DIA results by area and length size (2015-2017).

Based on the analysis by length size, there were 309 DIAs for lengths between 2 km
and 10 km, and 86 for areas over 10 km (Figure 5). There were 50 DIAs for projects with a
legal area size less than 5000 m?and 40 DIAs for areas with a length less than 2 km. Alt-
hough these account for less than 1% of the total, they clearly reveal the problem of non-
compliance with even the basic regulations of the DIA System.

Furthermore, the DIA results for 2015-2017 demonstrate that passage of the original
bill accounted for 41%, supplementation and revision accounted for 58%, and rewriting
for 1%. Thus, almost all of the projects ultimately passed the assessment and came to be
implemented (Figure 6).

Consultation results Consultation methods

B Passage of Original Bill
[ Rewriting

o
0% 1%
. 1% .

B Supplimentation and Revision B Written Review B Face-to-face Review ¥ Etc.
B Omit Result

Figure 6. Consultation results and methods (2015-2017).
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As shown in Figure 6, one problem is that most consultations are conducted by writ-
ten review, which results in a general lack of comprehensive and active reviews. Another
problem is the legal procedure of the system, which requires that parties be informed of
the result of consultation within 30 days thereof, leading to perfunctory processing.

3.1.4. Post-Performance Inspection Results

The performance management and supervision process of the consultation results,
which is the final stage of the DIA, comprises the post-management phase that is per-
formed twice in the first and second halves of each year. Workplaces with a construction
progress rate of 10-80% in the current year are randomly selected and checked through a
checklist. During the first half of 2018, 22 expert inspectors visited and inspected 235
workplaces in the central government departments for approximately 10 days. The main
contents of the checklist consist of legal and administrative matters, and consultation per-
formance status. The workplaces then receive action plans for poor inspection results and
continuously manage them.

If the head of the consultation agency determines that the orders for consultation
items based on the inspection results have not been implemented and will have a serious
impact on disasters, he or she can issue an order to cease construction on all or part of the
development project. However, no order to cease construction has been issued since the
beginning of the system, despite concerns for disaster impact in some projects that demon-
strated extreme disputes with NGOs or environmental groups, such as a radiation waste
treatment plant, nuclear power plants, and military facilities.

Section 4 seeks to illustrate the problems of the DIA through examples and provide
suggestions for improvements based on the summary analysis results of the DIA’s oper-
ation status from Section 3.

4. Discussion: Efforts to Improve the DIA
4.1. Background

Among the measures established through the review committee, disaster prevention
facilities serve as the primary disaster risk reduction facilities (National Law Information
Center 2019). The measures proposed through the review committee have positive aspects
such as preventing or reducing disasters by predicting and evaluating in advance danger-
ous areas or risks and establishing countermeasures. However, problems remain in terms
of maintenance. For example, the performance of consultation items has come into ques-
tion, as may occur in the installation of disaster risk reduction facilities, including tempo-
rary grit chambers and diversion waterways or the establishment of comprehensive
measures via the interconnection of different departments or measures. Therefore, urgent
solutions to these issues are necessary.

Kim (2007), noting that the distinction between projects subject to consultation under
individual laws and projects for exceptions is ambiguous, proposed a plan to provide
clear regulations for projects in addition to consultation under individual laws through
practical guidelines and other measures. The National Disaster Management Institute
(2009) proposed regular implementation and follow-up management if the review council
proposes a measure that requires mandatory implementation suspension, completion of
consultation for implementation inspection, and a measure that can be separately con-
trolled for a certain time period (three years after completion of construction).

Park (2011) used previously consulted data to prove the validity of the consultation
system by quantifying the disaster risk reduction effects, and derived improvement
measures for the consultation modes. Park (2009) then investigated the status and im-
provement measures for the DIA disaster prevention facilities via an empirical analysis of
the consulted review data and a survey of experts. Kang et al. (2014) presented improve-
ment measures for the operation of the DIA System by dividing a total of 60 consultation
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cases, including 36 administrative plans and 24 development projects, into areas subject
to consultation and location types.

One problem of the DIA that has been noted in the research is that although the pro-
portion of river and heavy rain disasters is very high in most projects, only structural
countermeasures such as detention ponds and grit chambers are applied to these disas-
ters. Since the purpose of the DIA System is to predict and review possible disasters in the
development project sites and establish countermeasures, the disaster risk reduction fa-
cilities that are introduced must be installed in accordance with the corresponding design
standards. However, using only structural measures has clear limitations because disas-
ters such as typhoons and localized heavy rains occur with a return period exceeding the
frequency presented in the design standards.

The activities to secure disaster prevention abilities are oriented toward the reinforce-
ment of the disaster prevention performance of the systematic operation of structural and
non-structural measures. The natural disaster risk reduction facilities are defined in Arti-
cle 55 of Korea’s Enforcement Decree of the Countermeasures Against Natural Disasters
Act (No. 16101), but most correspond to structural measures. The disaster risk reduction
factors presented in the DIA System can be classified into structural disaster risk reduction
factors, such as heavy rain disaster risk reduction and slope stabilization measures, and
non-structural disaster risk reduction measures, such as emergency action plans, public
relations, and improvement of the legal system (National Law Information Center 2019).

The DIA System successfully prevents or reduces disasters resulting from adminis-
trative plans or development projects, by reviewing and consulting disaster risk analysis
results or the adequacy of plans. Nevertheless, questions have been raised regarding the
effectiveness of the system due to insufficient efforts to manage performance, such as dis-
aster risk reduction through prevention of possible disasters during or after projects or
installation and management of disaster safety facilities. According to the existing re-
search, the main causes of these problems are that the contents of consultation are neither
concrete nor quantifiable, and no system has been established for post-management and
monitoring.

4.2. Problems with the DIA

The flooding damage (Figure 7) caused by Typhoon “Chaba” that struck Taehwa
Market District in Ulsan in 2016 is a good example for presenting the major problems of
DIA. The Residential Development District of Ulsan (B) was developed in 2010 when the
district was designated a Development of Innovation City (A);2 a disaster impact assess-
ment had been conducted in 2008. As a result of the DIA, the Development of Innovation
City (A) installed Detention Storage (C) to reduce flood discharge. When Typhoon
“Chaba” landed in Ulsan in 2016, the Taehwa River inundation and inland flooding from
the upstream development projects (A and B) caused an inundation depth of 0.2 m to 1.6
m downstream of Taechwa Market District (D). Typhoon “Chaba” resulted in more than
10 casualties and damaged more than 3000 vehicles, while the first floor of Tachwa Market
District (D) was flooded. There were three major causes of damage: (1) flooding of the
Taehwa River due to record rainfall of 500 years or more, (2) insufficient measures to re-
duce inundation disasters in upstream development districts, and (3) absence of reducing
facilities to exclude demand in low-lying areas (Taechwa Market District).



Risks 2021, 9, 193

12 of 17

evéibpment of Innovation City
. (2008~2012)

.. ©
(TR

(C)Yugok Detention
Strorage . ».

Figure 7. Typhoon “Chaba” Inundation Damage and Condition of Business District.

4.2.1. Legal Aspects: Lack of Differentiation in the Plan and Project Guidelines

The Development of Innovation City (A) in Figure 7 received a DIA at both the stage
of establishing the administrative plan and the stage of the development project. How-
ever, the main risk reduction measures for the two DIAs constituted the single track of
setting up Detention Storage (C). Although the Housing Development District (B) is le-
gally subject to a disaster impact assessment, no such assessment was conducted.

This raises the first problem with the DIA. There is no differentiation in the contents
of assessment because only the risk reduction measures for the same expected disasters
are reviewed for the administrative plans and development projects. For development
projects, measures against soil erosion, countermeasures against storm drainage, and
drainage treatment plans can be established via quantitative analysis using basic data.
However, for administrative plans, where the discussion regarding location is important,
a high proportion of the disaster impact review must pertain to the surrounding areas,
which corresponds to discussion regarding location, and the review of the disaster impact
adequacy of the planned site. However, in actual assessments, no adequacy review of dis-
aster impact is conducted. As a result, the discussion on the implementation plan level,
which cannot be dealt with in administrative plans, is dealt with in the Practical Guide-
lines, and during preparation of the assessment report, the location is not sufficiently re-
viewed. Furthermore, the review of administrative plans focuses on implementation de-
signs rather than on location, due to lack of basis data for judging the suitability of loca-
tion, such as disaster risk maps. Therefore, as is evident, this problem is complex.

4.2.2. Technical Aspects: Lack of Objectivity in the Disaster Impact Review

No information (disaster risk map, etc.) was provided regarding the lack of measures
to reduce inundation disasters, cited as the second major cause of flooding in Taehwa
Market District (D) in Figure 7. Furthermore, objective evaluation of the DIA was difficult
due to the lack of basic data on the risk of flooding in downstream Taehwa Market District
(D), i.e., the areas surrounding the Development of Innovation City (A) and Housing De-
velopment District (B).

Here, the second problem with the DIA emerges: the lack of review data for objective
judgment of disaster risks. Since disaster risks are only reviewed for the project site, reli-
able disaster risk maps cannot be prepared. Although the disaster risks in the project site
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are evaluated relatively quantitatively, and countermeasures are established, the reviews
of surrounding areas are only examined qualitatively due to lack of basic data. While there
are some data indicating disaster risks in the basin unit for major rivers, these data indicate
risks before development of the project site, and it is impossible to know the disaster risks
and burdens that will be aggravated after development.

4.2.3. Operational Aspects: Perfunctory Disaster Risk Reduction Measures

According to the DIA on the Development of Innovation City (A) in Figure 7, only
structural measures to install the Detention Storage (C) were established as a counter-
measure due to the increase in flow rate. As a result, Typhoon ‘Chaba’ caused serious
casualties, which could have been reduced if non-structural measures to transmit the risk
to residents of Taehwa Market District (D) had played a role, i.e., through connection with
detention measuring equipment and early warning facilities for water level rise in the
Taehwa River.

Thus, the third problem is the use of perfunctory non-structural measures, which are
presented by residents as alternatives that can, in principle, complement structural
measures; in this sense, their connection with structural measures is crucial. However,
most risk reduction facilities do not have significant effects because the warning and alert
systems are operated independently. The established non-structural measures can be ef-
fective only through data sharing with surrounding systems to analyze the criteria and
factors of system alerts and warnings, delivery and education of information regarding
the personnel and material situation, and flood risk information regarding the damage
expected areas to which risks should be communicated through alerts and warnings,
plans for recovery after damage, and inducement of disaster insurance coverage, depend-
ing on the situation.

4.3. Details of Improvements to the DIA SYSTEM

When assessing the DIA System according to the qualitative assessment framework
of regulatory policies, improvement in fairness, generalness, and professionality appears
to be necessary (Table 5).

Table 5. Evaluation results and improvement needs of regulatory system.

Division

Evaluation Results Improvement Needs

Openness

Increase of DIA System'’s legal consultation and readjustment of area criteria in-

Maint
creases political support and participation of groups (Section 3.1.1) amtenance

Fairness

Lack of fairness in selection of target scope due to DIA bias in administrative plan

(Section 3.1.2)

Based on the results of the consultation and its method, the DIA System is recog- Improvement
nized as a formal administrative procedure and lacks procedural fairness and for-

mality of the responsible materials (Section 3.1.3).

Generalness

plans, development projects, and discriminatory consultation (Section 4.2.1)

Lack of universalness and inclusiveness due to consultation of similar administrative

Improvement

Professionality

Lack of technical competence and objectivity of DIA results by consultation staff

Lack of a post-management system compared to other systems such as EIA System

lacks a sense of balance for regulatory selection (Section 3.1.4) Improvement

(Section 4.2.2)

The DIA System needs to be overhauled to remove the perception that it is merely a
bureaucratic box-ticking exercise required for the approval of development projects. Be-
fore an assessment report is prepared, prior review should be conducted to evaluate the
assessment scope and items by analyzing the characteristics of the basin in which a devel-
opment project is to be conducted. Furthermore, the adequate time for the DIA System
should be determined during the approval process, considering the project purpose and
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characteristics. To establish risk reduction measures by more accurately predicting disas-
ter impacts and reviewing the analysis results based on basic data in the early stage, the
data of the implementation design stage may be required. For example, the design of a
residential complex must reflect the design of derange pipes for accurate analysis of in-
land flooding in the complex. If the drainage pipe design condition can be a factor in in-
land flooding, the design must be adapted, or additional risk reduction measures estab-
lished to prevent or reduce disasters.

The DIA reports that have been prepared since 1995 are still printed out, retained as
documents, and distributed to assessors as booklets. However, a huge volume of data,
covering 38,000 cases, is being neglected, damaged, or destroyed without being converted
into a database. In 2008, a plan was established for collecting assessment reports through
a database system, but it was subsequently discontinued owing to problems such as in-
sufficient research and development funds and the maintenance of the operating server.
To precisely identify possible disaster impacts by the type of administrative plans and
development projects and to establish rational risk reduction measures, problems should
be identified, and directions of improvement must be established based on past data. Fur-
thermore, guidelines should be established based on the universal characteristics of each
project type. To that end, a DIA System should be developed that can support analysis of
various project types and simulation of risk reduction measures based on databases.

Each DIA report is reviewed by at least five persons for possible disaster impacts and
risk reduction measures. Once the assessment results are derived according to the written
and meeting deliberation types and the composition of deliberation committee members,
the project approver collects the results and makes a decision of approval or disapproval.
Typically, even if the project type is the same, the assessment results can differ depending
on the deliberation type and composition of committee members. This is because the ap-
prover may lack the necessary expertise to objectively analyze, from a scientific mathe-
matical basis, the assessment results; the committee members’ abilities also vary. The ap-
prover is generally the head of the department in charge of disasters, and may be a non-
expert due to rotation in personnel management. That is, a pool of 40 to 80 persons is
organized to serve as deliberation members in the relevant region. However, while it is
relatively easy to organize such pools in metropolitan cities, in small areas, it is difficult
due to the small number of experts. For this reason, persons who do not understand the
DIA System, who have low relevance, and who only satisfy the basic qualifications are
evaluating projects. To obtain objective DIA results, the process should be altered to eval-
uate the qualifications or educate the deliberation committee members or to allow special-
ized assessment agencies to generally manage and assess all projects.

5. Conclusions

Since 1995, Korea has invested approximately USD 7.33 billion in national funds to
prevent and reduce disasters through improvement of disaster risk areas, maintenance of
small rivers, and installation of rainwater storage facilities. The Korean government has
continuously conducted international disaster risk reduction programs through DIAs for
administrative plans and development projects countrywide. However, these disaster
prevention and risk reduction activities lack few necessary requirements for improving
the disaster prevention abilities of the nation and provinces. According to the Korean sta-
tistics (2019 annual natural disaster yearbook), considering data from 2010 to 2019, the
amount required for recovery from natural disasters was approximately USD 750 million,
which is 2.3 times the amount of damage (USD 320 million). The Taehwa Market District
area was designated as a natural disaster risk zone (February 2018), owing to the damage
caused by flooding (Figure 7). Approximately, USD 45 million will be spent on improving
the disaster zone. The installation cost of Detention Storage (Figure 7) is between USD
100,000 and USD $200,000; therefore, the cost/benefit loss is significant.



Risks 2021, 9, 193

15 of 17

The central and local governments have established measures to reduce disasters re-
sulting from development plans and projects using the DIA System. However, this sys-
tem, which has been in operation for two decades, has maintained uniform guidelines that
fail to reflect the detailed characteristics of the development types that are now being im-
plemented. Due to the limited period available for predicting and evaluating disaster im-
pacts, an operation principle based on written review, and lack of objectivity, the DIA
System has degenerated to a perfunctory process before approval of development. If the
disaster impact assessment system according to the development project had been
properly operated, would it not have helped reduce the cost of recovery and improvement
caused by natural disasters?

This study proposes several improvement measures for the development of Korea’s
DIA System. First, the review standards in the administrative plan should be improved.
Currently, the administrative plan must qualitatively examine the adequacy of the loca-
tion and the disaster-causing factors in terms of disaster occurrence. However, the same
review method, standards, scope, and components for development plans and projects
are applied, and this needs to be improved. The administrative plans must be reviewed
in consideration of the scale and character of the urban basic plan and district unit plans
established around the planned site. Furthermore, a guideline is required for considering
the mutually organic relationships regarding the disaster-sharing plans of the surround-
ing areas that have overlapping schedules and that require interconnected review from
the implementation of the plan and the completion of the development projects.

Second, the DIA System should be reinforced from a consultation system to an ap-
proval system. Legally, the current DIA System only requires consultation for administra-
tive plans and the projects can be implemented once perfunctory measures have been es-
tablished. For example, in the implementation plan for review items, the project organiz-
ers might say ‘we will take measures for " and ‘we will improve " to the
review committee. To solve this problem, the process of monitoring and verifying the ac-
tion plans and results by review committee members should be required. Furthermore, it
should be a requirement to review of the measures discussed in the administrative plan
when the review document for the development project is prepared so that the items con-
sulted in the administrative plan are linked to the development project.

Third, non-structural measures should be established along with structural measures
to prepare for disasters that have a frequency that is higher than the design frequency.
The existing disaster risk reduction structures should be installed in accordance with the
design standards, and non-structural measures should be included in the maintenance
items to maintain the performance and effects through post-management. These measures
might include disaster alert and warning system development, risk assessment, and dis-
aster management education. Furthermore, the spatial analysis scope of the disaster alert
and warning system and risk assessment system should be expanded to the project and
surrounding areas, so that the disaster risk and load can be quantitatively analyzed after
development and a disaster risk map can be produced and used for disaster education for
residents. This will induce business operators to prepare more responsible action plans
while recognizing the disaster risks resulting from their project, and to make efforts to
reduce disasters.

In the future, the DIA System should systematize its operation, objectify assessment,
and include review items that improve the limitations of structural measures for disaster
risk reduction by applying non-structural measures. Furthermore, disaster prevention ed-
ucation should be conducted in local communities to make residents aware of the possi-
bility that disasters could occur regularly. For disaster prevention education, residents
and local governments should participate in discussion of previous damage cases, coun-
termeasures, and lessons, rather than one-sided lectures, so that participants and institu-
tions can share experiences and information.
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Notes

1 The Consultation Agency is the principal responsible for conducting consultations on approval of a plan or project and is
primarily a government department or government office.

2 The Development of an Innovative City (A) is an urban development project that reflected government policies to promote the

relocation of public institutions concentrated in the capital. This development project includes public institutions, various
residential facilities, and commerecial facilities, and is subject to disaster impact assessment.
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