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A Evaluation of Implementation Level of UN
SDGs Goal 11 in Korea:

Focusing on a Framework Application Based on Relative Efficiency Theory”
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Abstract: The purpose of this study was to evaluate the implementation level of urban
sustainable development goals (SDGs) in the Republic of Korea and to measure the extent
of internal and external impact on implementation. An evaluation framework was
established, based on relative efficiency theory, and the implementation level of urban
SDGs at the local government unit in the Republic of Korea was examined by analyzing each
stage. First, in reference to the 2018 of SDG 11, the implementation level for public
transportation (target 11.2) was assessed as excellent across the country, compared with
the implementation level for disaster safety (target 11.5), environment (11.6), and public
space (11.7), which were all assessed as needing improvement. Second, the factors that
positively impact implementation (target 11.2) were urban population, GRDP, financial
independence, urbanization areas, and bus-only lanes, whereas the factors positively
impacting implementation (target 11.5) were population density and GRDP. The positive
factors influencing implementation (target 11.6; air quality sector) were found to be GRDP,
financial independence, administrative area, and renewable energy generation, whereas the
effective factors for implementation of target 11.6 (waste management) were found to be
GRDP, financial independence, and the population density of households in waste
management. The positive factors influencing the implementation level of target 11.7 were
GRDP, financial independence, administrative area, and green areas.
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l. Introduction

The Sustainable Development Goals (SDGs) formally adopted at the
United Nations (UN) summit in September 2015 describe a common
global agenda and a new order in the international community that
requires all countries to achieve their goals. The SDGs relate to almost all
areas, including economic growth, environmental sustainability, global
partnership and governance, along with the problems faced by
developing countries, mainly in terms of social development, such as
eradication of absolute poverty and disease, and protection of infants
and mothers, which were achieved in the existing Millennium
Development Goals (MDGs). Importantly, the SDGs also require the
participation and responsibility of developed countries, and are not
limited to developing countries. Since the Republic of Korea is a member
of the international community and a member of the OECD DAC, the
implementation of and active participation in SDGs are necessary: as
such, K-SDGs, the national SDGs of the Republic of Korea, were
established as a national plan in 2018 to present implementation details.

Among the 17 goals constituting the SDGs, the urban agenda is goal 11,
which consists of housing, public transportation, urban planning and
management, urban cultural heritage, disaster safety, and urban
environment (air quality and waste management), along with detailed goals
for their implementation. Therefore, despite prevailing over the
diversification of participants compared to the MDGs in the past, it is
necessary to pre-emptively respond and take a leading role in the public
sector, including local governments, to lay the groundwork for achieving
the goal (Yoo, 2020). In other words, the implementation and achievement

of urban SDGs at the regional level are important issues, and the
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implementation of urban SDGs can be viewed as being directly connected
to the provision of public services to society. The Sustainable Development
Solution Network (SDSN), which contributed to the establishment of the
SDGs, asserts that all cities be economically productive, socially inclusive,
and environmentally sustainable (SDSN, 2013). In order to achieve the
goals of the local government, it emphasizes the need to monitor and
evaluate the level of implementation in terms of efficiency as well as the
role of local governments, such as establishing implementation plans
(SDSN and University of Baltimore, 2016).

In accordance with the research background, this paper presents a
framework for evaluating the urban SDGs" implementation level based on
relative efficiency theory and evaluates the implementation level of the
urban SDGs of the 17 regional governments in the Republic of Korea
through this framework. In particular, the application of this framework
aims to show which of the 17 local governments have relatively good
levels of implementation, what causes inefficiencies, and what internal
and external factors affect the implementation level of urban SDGs.

This remainder of this paper is organized as follows: Section 2 mainly
discusses the theoretical background and methodologies, such as the
SDGs and urban agendas as development goals for post-2015, relative
efficiency theory and means of analysis, as well as providing a review of
the related research. Section 3 presents the detailed and step-by-step
research procedure of our empirical analysis, such as the design of the
implementation level evaluation framework and the selection of analysis
models accordingly. Section 4 illustrates empirical analysis results
regarding the implementation level of urban SDGs by Korean local
governments through a framework based on relative efficiency theory.

Finally, Section 5 reports implications based on the empirical analysis,
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and proposes future research avenues.

[1. Theoretical Discussion and Methodology
1. The Goal 11 of SDGs (Urban SDGs)

Of the 17 goals that compose the SDGs, the urban SDGs (goal 11) are
focused on making cities and human settlements incorporated, safe,
resilient, and sustainable. The main contributors to the cities’ SDGs setup
are UN Habitat and SDSN.

UN Habitat defined sustainable cities as environmentally sustainable,
socially integrated, economically productive, and resilient cities (UN
HABITAT, 2014) through the Sustained Cities and Human Settlements in
the Post-2015 UN Development Agenda, a prototype of goal 11 proposed
in the process of establishing goal 11. In addition, the SDSN emphasized
that discussions on urban sustainability are needed to reach national
sustainability. In particular, considering the need to initiate a total of
nine urban goals and the promotion of economic activity through
cohesion in cities, it is crucial to indicate that cities are central to social
change and have local governments capable of responding quickly;
hence, such spaces can be in harmony with sustainable development
rather than considering it as problematic (SDSN, 2013).

(Table 1) provides a detailed description of goal 11. Of the total 10
targets, 11.1 to 11.7 are subject-specific objectives that outline

improvements, and 11.a to 11.c are means of implementation (Mol).
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(Table 1) Targets of goal 110

5

Target

Target description

By 2030, ensure access for all to adequate, safe, and affordable housing and
basic services, and upgrade slums.

1.2

By 2030, provide access to safe, affordable, accessible, and sustainable
transport systems for all, improving road safety, notably by expanding public
transport, with special attention to the needs of those in vulnerable situations,
women, children, persons with disabilities, and older persons.

1.3

By 2030, enhance inclusive and sustainable urbanization and capacity for
participatory, integrated, and sustainable human settlement planning and
management in all countries.

1.4

Strengthen efforts to protect and safeguard the world’'s cultural and natural
heritage.

1.5

By 2030, significantly reduce the number of deaths and the number of people
affected, and substantially decrease the direct economic losses relative to
global gross domestic product caused by disasters, including water-related
disasters, with a focus on protecting the poor and people in vulnerable
situations.

11.6

By 2030, reduce the adverse per capita environmental impact of cities,
including by paying special attention to air quality and municipal and other
waste management.

1.7

By 2030, provide universal access to safe, inclusive, accessible, green, and
public spaces, in particular for women and children, older persons, and
persons with disabilities.

Support positive economic, social, and environmental links between urban,
peri—urban, and rural areas by strengthening national and regional development
planning.

11.b

By 2020, substantially increase the number of cities and human settlements
adopting and implementing integrated policies and plans towards inclusion,
resource efficiency, mitigation and adaptation to climate change, resilience to
disasters, and develop and implement, in line with the Sendai Framework for
Disaster Risk Reduction 2015-2030, holistic disaster risk management at all levels.

1.c

Support least developed countries, including through financial and technical
assistance, in building sustainable and resilient buildings utilizing local
materials.

2. Theoretical Concepts and Methodology of Efficiency

1) Conceptual Approach to Efficiency

Efficiency is usually defined as the ratio of performance earned to the

effort or resources put into it. In other words, high efficiency means that

fewer resources are required to achieve higher results or achieve similar

results with the same resources. The efficiency studies conducted to date
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have applied various definitions of efficiency, including the degree to
which the input maximizes the level of output (Kim, 2004), the ratio of
the output to the quantitative aspects of the service, including the human
and physical resources used to produce the service product (Kim, 2003),
and the best performance a particular organization can demonstrate by a
certain level of production at a minimum cost (Lovell, 1993). Ultimately,
by summarizing the conceptual approach of efficiency, it can be seen
that efficiency is not only related to either aspect of input or output, but
is a concept that focuses on input and output and the relationship
between the two.

In order to assess the level of efficiency, the theoretical maximum
output or minimum input levels must be identifiable. Moreover, the
production probability set introduced to assess the maximum yield or
minimum input levels is an important approach to the concept of
efficiency (Lee and Oh, 2012). This is because the premise of the most
efficient state is required, rather than simply calculating the ratio of input
to output. If a certain level of output can be produced with a certain level
of input, in this case, a combination of input and output is considered to
be possible, and the combination of possible input and output is defined
as the production probability set (Ko, 2017). However, as shown in
(Figure 1), the question of whether the dotted line is regarded as an
efficiency frontier or a solid line is a matter of how the efficiency frontier
is determined. It refers to a shipping concatenation or set consisting of an
efficient decision-making unit (DMU) among the DMUs subject to
evaluation. Changes in how these efficiency boundaries are determined
may also result in different outcomes, requiring several assumptions,

such as free disposability, convexity, and the return to scale (RTS).
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(Figure 1) Composition of the efficiency frontier and the production probability set
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As described above, efficiency can be calculated as the ratio of the
amount of output factor to the amount of input factor, but the absolute
efficiency of this concept has several limitations. It is difficult to compare
the size of the efficiency score, since the results change whenever the
analysis units, which are input and output variables, are different. As
such, if the efficiency score does not have a certain range of values and
changes according to the analysis unit, it is difficult to compare
efficiency between DMUs in a situation where there are multiple inputs
and outputs (Ko, 2017). Therefore, in order to derive an efficiency
boundary according to the relationship between a number of input and
output variables, it is necessary to introduce a concept of relative
efficiency that compares the DMU with the highest efficiency in the
efficiency boundary with the corresponding DMU. The analysis in this

paper is based on the concept of relative efficiency.
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2) The Need to Evaluate the Implementation Level in Terms of
Efficiency

Urban SDGs are vertical goals that are all related to countries, regions,
and places. The MDGs were criticized for focusing only on national goals
but failing to address sub-regional and local areas; thus, UN Habitat and
SDSN, each involved in setting goal 11, considered a more regional
approach by presenting the need to include a prototype and urban goal
in goal 11.

In particular, SDSN presented strategies for localizing the SDGs after
their adoption (SDSN and University of Baltiomore, 2016). This
localization strategy includes step-by-step implementation plans, such as
the prioritization phase of sustainable development (Step 1), the
establishment of regional SDGs in accordance with the global SDGs (Step
2), the establishment of local SDGs implementation plans (Step 3), and
the monitoring of local SDGs and the efficiency level of program
implementation (Step 4). This suggests the importance of monitoring at
the urban level of action planning and action plans for sustainable
development, verifying the efficiency of implementation levels and
acknowledging the importance of the role of local governments in this
series of processes (Yoo, 2020). The issues of housing, public transportation,
urban planning, urban cultural heritage, disaster safety, and urban
environment, which constitute the urban SDGs, are the issues to be
addressed for providing public services to citizens, and the public sector
belonging to the core industries of the public sector provides a shared
understanding that the assessment of the implementation level is

necessary from an efficiency perspective.
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3) Methods for Efficiency Analysis

Most scholars agree that efficiency is important for business or
government activities (Ko, 2017). However, the main reason why efficiency
analysis is difficult is that activities in the real world are not composed of
a simple relationship, such as one input to one output. Since most
activities consist of multiple inputs and multiple outputs, it is essential to
apply weights for each factor, but it is difficult to determine these weights,
and the need to reflect multiple constraints limits the efficacy of efficiency
analysis. Nevertheless, it is important to identify and address the causes of
inefficiency and attempt to analyze efficiency to continuously improve
competitiveness. Recently, various information systems have been
established and used, and efficiency analysis is becoming easier than in
the past due to the developments in statistical methodology.

A representative model for efficiency analysis is the data envelopment
analysis (DEA) model. The DEA model has the advantage of enabling an
efficiency analysis considering a number of input and output variables,
and providing detailed information on whether the analyzed DMU
operates efficiently compared to other DMUs, and the extent of
inefficiency if it is inefficient. It also clarifies the scope and definition of
the efficiency analysis. In efficiency analysis, the selection of input and
output variables is an important issue, and if the DEA model is used, the
unit of input and output variables can be free. For example, if evaluating
the government's policy efficiency as a research problem, the budget
amount can be used as an input variable, and input variables with
different unit structures, such as the number of public servants and
educational background, can be used. Conversely, monetary units can be
used for output variables, and qualitative factors such as citizen

satisfaction can also be used.
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One of the criticisms raised despite the advantages of the DEA model is
that it takes a non-parameter approach that does not assume the
parameters of the population. In other words, it is difficult to check the
random error of the score obtained by efficiency analysis. In this
problem, a method of estimating the confidence interval of the efficiency
score through a model such as the bootstrapping DEA model was
proposed, thereby increasing the reliability of the analysis result. In
addition, the DEA-window model application can track time-series

efficiency changes.

3. Review of Previous Studies and Research Differentiation

various fields. Among them, the major studies directly related to urban
SDGs include those by Seong et al. (2015), Lim et al. (2019), Jeong (2019),
Han (2019), Simon et al. (2015), Satterthwaite (2016), Sietchping et al.
(2016), and Valencia et al. (2019).

Seong et al.(2015) presented the background of SDGs 9 and 11 that
have been pursued so far, trends in the international community, a
review of the proposed indicators, a review of the major cases for SDGs
application, and countermeasures. In particular, based on the official
opinion survey presented by the UN Statistical Commission, a survey was
conducted by domestic experts on the feasibility of measuring indicators,
the suitability of indicators for each country, and the appropriateness of
compliance with detailed goals and indicators. In accordance with the
survey results, the practical significance of applying the urban SDGs
agenda was demonstrated by analyzing actual cases of new towns in the
Republic of Korea.

Lim et al. (2019 conducted a study to determine the kind of

international leadership in the development of new cities in the Republic
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of Korea against the indicators of SDG 11. The analysis was carried out
for targets 11.1-11.7 of goal 11, and the analysis framework was
presented centering on the cases that have been continuously applied by
searching the initial new town cases, such as the first new town in the
Seoul metropolitan area. According to this analysis framework, the
characteristics of the development of new Korean towns were illustrated,
and the international leadership of new towns in the Republic of Korea by
each indicator was discussed. Ultimately, the results suggested that
Korea's goal 11 needs to focus on responding to the issues of low fertility,
ageing, and population diversity.

Jeong (2019) suggested the process of establishing urban SDGs at the
regional level, focusing on the case of a municipality (Suwon City). Unlike
previous studies, the research results were presented centering on the
behavior of participants obtained through direct social experiments, and
the institutional basis such as the establishment of the Ordinance for
Sustainable Development, a dedicated department, related commissions,
implementation plans, etc. This study emphasized the necessity of
provision.

Han (2019) developed assessment items and indicators for sustainable
urban development and management to conduct evaluations on 72 cities
with a population of more than 100,000, and to distinguish, improve, and
provide recommendations for sustainable cities.

Simon et al. (2015) performed a case study that applies the indicators
of goal 11 to cities in developed and developing countries. Goal 11
indicators were applied to five cities with regional representation,
including Yetebori (Sweden), Manchester (U.K.), Bangalore (India), Cape
Town (South Africa), and Kisumu (Kenya). As a result of the analysis, it

was argued that efforts to develop appropriate indicators and improve
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usability were urgently needed to achieve goal 11 and to measure
continuous levels of implementation.

Satterthwaite (2016) presented the characteristics and implementation
tasks of recent global agendas, including SDG 11, the Paris Climate
Change Convention, and the New Urban Agenda (NUA).

Sietchping et al. (2016) emphasized the role of national and local
governments for the successful implementation of goal 11 and advocated
for the establishment of a policy framework in line with goal 11.

Valencia et al. (2019) emphasized the importance of the urban agenda
centered on goal 11 and the NUA in establishing sustainable development,
and argued that sustainable development can be achieved through
urbanization. In particular, SDG 11 and the NUA were discussed at the
national level, and the process of localization and adaptation of the global
agenda were considered necessary for practical implementation.

Most previous studies are significant since they provide criticism of the
current core issues and direction for the implementation of the SDG 11 in
the future in several large frameworks of the engaged city: social
development and economic growth, sustainability of the environment,
and the establishment of governance. However, with the exception of a
few, many previous studies were conducted at a discourse level rather
than demonstrating objective results in accordance with empirical
analysis procedures. Furthermore, even though achievement at the
regional level is important, there is a lack of an appropriate logical
relationship to the implementation level at the local scale.

In this study, we aimed to evaluate the objective level of performance
by applying the theory of efficiency, which is the calculation against
input, and the analysis method based on it, considering that the basis of

achieving urban SDGs is the public service of the public sector. In
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addition, based on the results of quantitative analysis, the purpose of this
study was to present the internal and exogenous factors influencing the

analysis targets that affect the implementation level.

lll. Design of Framework for Evaluation of
Implementation Level and Research Setting

1. Design of Framework for Evaluation of Implementation Level

In this paper, analysis was performed according to the framework
shown in (Figure 2) to evaluate the implementation level of the urban

SDGs for 17 local governments in Korea.

(Figure 2) The evaluation framework of the urban SDGs’ implementation level
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First, as an essential evaluation process, input and output variables for
each target were selected. As the scope of the analysis, the focus was the
target that constitutes goal 11, but we excluded those that do not fit the

Korean conditions or for which it is difficult to obtain consistent analysis



14 = Journal of Environmental Policy and Administration Vol. 29 Special Issue

indicators across the 17 local governments. The targets excluded in this
study due to the scope of the analysis were 11.1, 11.3, and 11.4. In order
to use the DEA model, the most important process is the consistent
composition of variables for analysis. Therefore, we performed an
analysis based on the cross-section of 2018, which is the latest year in
which consistent variables could be constructed for the 17 local
governments.

The time-series data composition for tracking the multi-year
performance level was analyzed by setting the five-year range from 2014
to 2018. Considering the first time when statistics related to Sejong's
research (2014) were published (2012), the time range was set so that the
SDGs were adopted in 2015 so that the transition of the implementation
level before and after the adoption could be traced. The purpose of this
study and the theoretical context of the DEA model were understood to
adopt the input- or output-oriented model, and environmental variables
were selected and established to derive the influencing factors through a
two-stage approach. A case study was conducted for the snow surface
variable of the efficiency score, where the analysis results using the DEA
model were widely used in statistical analysis (Ko, 2017). By using the
efficiency score obtained through the DEA model as a dependent
variable, potential variables that are assumed to affect the efficiency are
placed as independent variables to analyze the relationship between
them (Lee and Oh, 2012). It is defined as a two-stage approach (Ozcan,
2014), where environmental variables are used as independent variables.
This was also set up in this study based on 2018, the latest year for
consistent data collection by the 17 local governments, in the same
context as input and output variables. Second, through the model, the

implementation level of 17 local governments was evaluated, and the
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dependent variables necessary for the analysis of the influencing factors
through a two-stage approach were derived. As a first step, the CCR and
BCC efficiency scores for each target were derived using the standard
DEA model, and the scale efficiency (SE) score was calculated; then, the
implementation level of the 17 local governments in reference to the
cross-section in 2018 was determined according to relative efficiency
theory. Finally, we determined whether the cause of the inefficiency is a
scale factor or a technology factor. The next step was a time-series
analysis using the DEA window, which is not a critical step in deriving the
dependent variable, but uses the established five-year input and output
variables to examine the transition level of the implementation for each
target. Lastly, in order to overcome the limitations of the DEA model,
where statistical inference is difficult, by applying the bootstrapping DEA
model and estimating the confidence interval for the efficiency score of
each target, the efficiency score with adjusted bias was derived. The
efficiency score with adjusted bias was used as the dependent variable.
Third, we used a two-stage approach to investigate the influence factors
for each detailed target based on the cross-section in 2018, using the
efficiency score with adjusted bias as the dependent variable and the
environmental variable representing the internal and external
environments of 17 local governments as an independent variable. The
statistical methodology for the two-stage approach uses a Tobit
regression equation.

The urban SDGs adopt the input-oriented model, so they are public
services provided by the government to citizens. The production of
public services provided by the government allows arbitrary adjustment
of inputs such as budget and manpower, while output is difficult to

control. In addition, since the implementation level of urban SDGs by
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local governments becomes the output of public services, it has

limitations in terms of meeting the basic needs of citizens (Son, 2012).

2. Selection of Input and Output Variables

In the DEA model, since weights for input and output variables are
determined within the model, the relative efficiency of a DMU is
determined by the actual analysis values of the input and output variables
included in the model. That is, the selection of input and output variables
provides the fundamental basis for evaluating the implementation level
of the urban SDGs using the DEA model. For the selection of such input
and output variables, it is ideal to construct all variables related to the
subject, but in reality, data acquisition is limited, so only some can be
selected as variables in many cases (Kim, 2003).

There are no general rules for selecting input and output variables (Ko,
2017) but, in general, the variables used in verified studies were cited or
selected by researchers through separate criteria. In this study, the latter
method was followed because, as shown in a previous study, few studies
have analyzed the development agenda using the DEA model, and
research cases are lacking in which the implementation level has been
quantitatively evaluated for the theme of the SDGs, making it difficult to
select reliable inputs and outputs. Moreover, because of the nature of the
analysis method, there is a limit on constructing data according to the
data format of the institution providing the indicator, so the method
selected by the researchers considering the characteristics of each
detailed target will be more appropriate. In this study, input and output
variables were constructed, as shown in (Table 2) and (Table 3)
respectively, considering the orientation point and data acquisition

possibility of each target.
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(Table 2) Description of input variables

Division Variable description (by local government)

Variable name Unit

Transportation and transportation sector
INPUTT | KRW (mil.) (public transportation) budget
among general accounting expenditures

Number of public officials in charge of

Target 11.2 INPUT2 | Person _ _
public transportation

INPUT3 Places Number of bus stops per 1000 people

INPUT4 person Capacity per bus
INPUTS | KRW (mil.) Disaster management fund
Target 11.5 Number of public officials

INPUT6 person in charge of disaster safety

Out of general account expenditure,
INPUT7 | KRW (mil.) environmental protection sector

Target 11.6 (air quality sector) budget
(air quality) X —
Number of public officials
INPUT8 person . )
in charge of environment
INPUT9 person Waste management personnel
KRW
Target 11.6 INPUT10 (thousand) Waste management budget

(waste management)
Waste collection equipment

INPUT?T units (collection vehicles and heavy equipment)

Number of public officials

INPUTTZ |~ person in charge of parks and green areas

Target 11.7 -
Public spaces (parks and green areas)

INPUT13 | KRW (mil.) . ,
among general accounting expenditures
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(Table 3) Description of output variables

Division Variable description (by local government)
Variable name Unit

OUTPUT1 score

Satisfaction with
public transportation—oriented operation

Target 11.2 OUTPUT2 score Satisfaction regarding transportation
OUTPUT3 score Satisfaction with the distance ar)d time
access of public transportation
Occurrence of social disasters
(collapse, safety accident, explosion,
environmental pollution, traffic accident,

OUTPUT4 case

Target 11.5 forest fire, and fire)
OUTPUTS case Number of emergency rescue activities
OUTPUTE KRW Amount of damage due to natural disaster

(thousand)

Fine dust (PM10) pollution level
OUTPUT7 ug/mt (annual average of monthly
measurement results)
Sulfurous acid gas air pollution level
OUTPUT8 ppm (annual average of monthly measurement
results)
Air pollution degree of nitrogen dioxide
OUTPUT9 ppm (annual average of
monthly measurement results)
Carbon monoxide air pollution level
OUTPUT10 ppm (annual average of
monthly measurement results)
Ozone air pollution level
OUTPUTI ppm (annual average of monthly measurement
results)
Waste treatment amount
(landfill and incineration)
OUTPUTI3 % Waste recycling rate
(general waste and business waste)
Target OUTPUT14 m Park area
11.7 OUTPUT15 m Open space area

Target 11.6
(air quality)

Target 11.6 OUTPUT12| ton/day

(waste management)

3. Selection of Environmental Variables as Independent Variables in
the Two-Stage Approach

Environmental variables were the independent variables used in the
two-stage approach to examine the factors influencing the implementation

level of the urban SDGs by Korean local governments, and consisted of
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indicators related to endogenous factors or the external environment. The
environmental variables were divided into common variables that consider
the regional characteristics of each local government and variables for each
specific target that consider the direction and characteristics of each target.

The common variables included variables that reflect the demographic,

economic, and spatial characteristics of each local government, and are

shown in {Table 4).

(Table 4) Description of environment variables (common variables)

Variable type Variable name Variable description (by local government)
POP Population (person)
Demographic POP_DENSITY Population density (person/km)
POP_URBAN Urban population (person)
) GRDP GRDP (KRW billion)
Economic - .
FIR Financial independence (%)
) SQUARE Administrative area (m?)
Spatial -
SQUARE_URBAN Urbanization area(m’)

Variables for each target were the endogenous factors and external
environment for public transport (target 11.2), disaster safety (target
11.5), environment (target 11.6), and public space (target 11.7), which are
the characteristic themes of each target.

The indicators that could be measured were selected, which are

summarized in {Table 5).

(Table 5) Description of environmental variables (variables for each target)

Target Variable name Variable description (by local government)
REG_AUTOMOBILE Number of automobile registrations (units)
11.2 ROAD_LENGTH Road extension (km)
BUSROAD_LENGTH Extended bus lanes (km)
15 ESTABLISHMENT Number of businesses (pieces)
REG_AUTOMOBILE Number of automobile registrations (units)
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REG_AUTOMOBILE Number of automobile registrations (units)

16 SQUARE_GREEN_BUFFER Buffer green area ()
(air quality) MANUFACTURING Number of manufacturers (pieces)
RENEWABLE_ENERGY Renewable energy generation (toe)
Target 11.6 SQUARE_WM Waste management area (ki)
waste i i
margagement) SQUARE_DENSITY_WM in waste mzc:;uglzt;o;n?i:s:\(/person/kmz)
Target 11.7 SQUARE_GREEN Green area ()

IV. Empirical Analysis
1. Evaluation Results for Each Target
1) Target 11.2: Public Transport

The evaluation results of the implementation level are shown in Table 6).1)

First, 11 local governments had a CCR efficiency score (TE, CRS) of 1
(100%) based on the DEA-CCR model (Seoul, Daegu, Incheon, Gwangju,
Daejeon, Sejong, Gyeonggi, Chungbuk, Jeonnam, Gyeongnam, and Jeju),
and the average CCR efficiency score of the 17 local governments
analyzed was 0.9619 (96.19%). This means that there is room for 3.81%
improvement in the implementation level. Local governments that scored
lower than the average on CCR efficiency were Ulsan, Chungnam,
Jeonbuk, and Gyeongbuk. Second, 13 local governments had a BCC
efficiency score (PTE, VRS) of 1 based on the DEA-BCC model (Seoul,

Busan, Daegu, Incheon, Gwangju, Daejeon, Sejong, Gyeonggi, Gangwon,

1) In this study, to overcome the problem of the use of absolute analysis data and the
size difference between variables, mean normalization, which is used for
efficiency analysis, was applied after dividing the value of the variable by each
mean. The mean normalization is calculated by the following equation:

2. n
v o

— | however,x= — ) jx

T i=1

Lnormal — il
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Chungbuk, Jeonnam, Gyeongnam, and Jeju). The average BCC efficiency
score of the local governments was 0.9665 (96.65%), showing that the
room for improvement is 3.35%. The local governments lower than the
average were Ulsan, Chungnam, Jeonbuk, and Gyeongbuk. Therefore, we
concluded that the overall level of implementation for target 11.2 is
excellent across the 17 local governments. Third, as shown in the analysis
results, the difference between the CCR efficiency score and the BCC
efficiency score is due to the characteristics of the DEA model. The CCR
efficiency score based on the DEA-CCR model was evaluated as an
efficient DMU when it approached the efficiency boundary by increasing
or decreasing the amount of input and output regardless of the size of
each local government, but the BCC efficiency score based on the
DEA-BCC model varied in scale and returns. It is assumed that the
optimal scale was not achieved. Therefore, the efficiency score
calculated with the DEA-BCC model assuming variable yield for the scale
was generally larger than the efficiency score calculated by the DEA-CCR
model assuming a constant yield for the same size DMU.

This difference provided an important basis for deriving a scale
efficiency (SE) score that could determine whether each DMU is losing
efficiency. As noted above, scale efficiency means that the CCR efficiency
score is divided by the BCC efficiency score; consequently, the DMU with a
scale efficiency score of 1 has both a CCR and BCC efficiency score of 1,
which means that it has reached a relatively efficient frontier compared to
other DMUs and is at the optimum scale level. As a result of deriving the
scale efficiency score due to the characteristics of this model, a total of 11
local governments had a scale efficiency score of 1 (Seoul, Daegu, Incheon,
Gwangju, Daejeon, Sejong, Gyeonggi, Chungbuk, Jeonnam, Gyeongnam,

and Jeju), and these regions had a relatively superior implementation level
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compared to the others.

Finally, by changing the constraints of the DEA-BCC model assuming a
variable return to scale, the inefficiently assessed DMUs' scale-income
status can be observed. In other words, four local governments (Ulsan,
South Chungcheong, North Jeolla, and North Gyeongsang provinces) were
found to have an increasing return to scale when all inputs were increased
by 1% or more, whereas two local governments had a decreasing return to
scale (Busan and Gangwon). In general, if an increasing return to scale is
assumed, an increase in output is more visible than an increase in input; in
the opposite case, an increase in output is less than the increase in input,

so benefits from scaling down may be considered in general (Cooper et al.,
2011; Lee and Oh, 2012; Ko, 2017).

(Table 6) Evaluation result of the implementation level of target 11.2

Evaluation results
DEA-CCR DEA-BCC SE Return to scale
1 Seoul 1 1 1 Constant
2 Busan 0.9660 1 0.9660 Decreasing
3 Daegu 1 1 1 Constant
4 Incheon 1 1 1 Constant
5 Gwangju 1 1 1 Constant
6 Daejeon 1 1 1 Constant
7 Ulsan 0.9009 0.9024 0.9983 Increasing
8 Sejong 1 1 1 Constant
9 Gyeonggi 1 1 1 Constant
10 Gangwon 0.9693 1 0.9693 Decreasing
i Chungbuk 1 1 1 Constant
12 Chungnam 0.9354 0.9419 0.9930 Increasing
13 Jeonbuk 0.7477 0.7495 0.9976 Increasing
14 Jeonnam 1 1 1 Constant
15 Gyeongbuk 0.8330 0.8374 0.9947 Increasing
16 Gyeongnam 1 1 1 Constant
17 Jeju 1 1 1 Constant
Average 0.9619 0.9665 0.9952
Standard deviation 0.0720 0.0720 0.0106
Max. 1 1 1
Min. 0.7477 0.7495 0.9660
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(Figure 3) shows the composition of the efficiency frontier for the
implementation level of target 11.2. It refers to the efficiency frontier
(solid line) for the input variable (y axis) and output variable (x axis) to be
analyzed and the production possible set of input and output variables.
(Figure 3a) depicts the efficiency frontier according to the DEA-CCR
model. Since the DEA-CCR model assumes a constant return to scale
(CRS), the shape of the efficiency frontier is shown in a direct proportion.
(Figure 3(b)> assumes a variable return to scale (VRS) as the efficiency
frontier according to the DEA-BCC model, so the efficiency frontier is

constructed in the form of 1% or more or less than a 1% input.

(Figure 3) Constructing the efficiency frontier for the implementation level of
target 11.2
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(a) the DEA-CCR model (b) the DEA-BCC model

1: Seoul, 2: Busan, 3: Daegu, 4: Incheon, 5: Gwangju, 6: Daejeon, 7: Ulsan, 8: Sejong, 9:
Gyeonggi, 10: Gangwon, 11: Chungbuk, 12: Chungnam, 13: Jeonbuk, 14: Jeonnam, 15:
Gveongbuk, 16: Gyeongnam, and 17: Jeju

In this study, by using the DEA model, it was possible to determine
whether the cause of inefficiency was due to the technical defects of the
input variables or due to the scale through the relationship between the
BCC efficiency score and the scale efficiency score. If the BCC efficiency
score is greater than the scale efficiency score, the cause of the
inefficiency is regarded as a factor of scale; vice versa, the cause is

regarded as a technical factor.
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(Table 7) demonstrates the causes of the inefficiencies of the evaluated
local governments as needing to raise the implementation level from the
viewpoint of efficiency by applying the characteristics of this model. As a
result of the analysis, we found that the local governments whose cause of
inefficiency was a scale factor were Busan and Gangwon, and the local
governments whose cause of inefficiency was due to technical factors

were Ulsan, Chungnam, Jeonbuk, and Gyeongbuk.

(Table 7) Causes of inefficiency (target 11.2)

DEA-BCC SE Cause of inefficiency
Scale factor Technical factor

2 Busan 1 0.9660 [

7 Ulsan 0.9024 0.9983 [
10| Gangwon 1 0.9693 o

12| Chungnam 0.9419 0.9930 [
13| Jeonbuk 0.7495 0.9976 [
15| Gyeongbuk 0.8374 0.9947 [

Note: If the BCC efficiency score is greater than the scale efficiency score, the scale factor
is the cause of inefficiency; otherwise, it is regarded as a technical factor

The time-series changes for the implementation level of target 11.2 are
shown in (Figure 4.

Of the 17 local governments, Seoul maintained a scale efficiency score
of 1 throughout the entire analysis period, consistently showing superior
performance levels compared to the other local governments. Jeju
showed the most extreme change, but we found that the implementation

level was improving according to the time-series change.
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(Figure 4) Changes in the implementation level of target 11.2
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2) Target 11.5: Disaster Safety

The evaluation results of the implementation level of target 11.5 are
shown in (Table 8> and (Figure 5.

First, four local governments with a CCR efficiency score of 1 were
identified by the DEA-CCR model (Ulsan, Sejong, Gyeongnam, and Jeju),
and the average CCR efficiency score of 17 local governments was 0.6973
(69.73%), indicating that there is 30.27% room for improvement. We
concluded that the overall level of disaster safety was low. Second, nine
local governments had a BCC efficiency score of 1 based on the DEA-BCC
model (Seoul, Ulsan, Sejong, Gyeonggi, Gangwon, Jeonnam, Gyeongbuk,
Gyeongnam, and Jeju), and the average BCC efficiency score was 0.8701
(87.01%). We concluded that there is room for improvement of 12.99%.
Third, four local governments had a scale efficiency score of 1 (Ulsan,
Sejong, Gyeongnam, and Jeju), and these regions showed relatively
superior levels of implementation compared to the other regions. Lastly,
the local governments that had a constant return to scale were Ulsan,
Sejong, Gyeongnam, and Jeju, and all local governments other than these

regions were found to have a decreasing return to scale.
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(Table 8) Evaluation results of the implementation level of target 11.5.

Evaluation results
DEA-CCR DEA-BCC SE Return to scale
1 Seoul 0.4219 1 0.4219 Decreasing
2 Busan 0.5212 0.5748 0.9067 Decreasing
3 Daegu 0.4196 0.5488 0.7646 Decreasing
4 Incheon 0.3929 0.6654 0.5905 Decreasing
5 Gwangju 0.4112 0.5674 0.7248 Decreasing
6 Daejeon 0.4769 0.5726 0.8336 Decreasing
7 Ulsan 1 1 1 Constant
8 Sejong 1 1 1 Constant
9 Gyeonggi 0.6497 1 0.6497 Decreasing
10 Gangwon 0.9364 1 0.9364 Decreasing
11 Chungbuk 0.7352 0.9345 0.7866 Decreasing
12 Chungnam 0.7441 0.9861 0.7546 Decreasing
13 Jeonbuk 0.5375 0.9426 0.5702 Decreasing
14 Jeonnam 0.8046 1 0.8046 Decreasing
15 Gyeongbuk 0.8023 1 0.8023 Decreasing
16 Gyeongnam 1 1 1 Constant
17 Jeju 1 1 1 Constant
Average 0.6973 0.8701 0.7969
Standard deviation 0.2351 0.1916 0.17
Max. 1 1 1
Min. 0.393 0.5488 0.422

(Figure 5) Constructing the efficiency frontier for the implementation level of

target 11.5
falho oo e lody, L .
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(a) the DEA-CCR model (b) the DEA-BCC model

1: Seoul, 2: Busan, 3: Daegu, 4: Incheon, 5: Gwangju, 6: Daejeon, 7: Ulsan, 8: Sejong, 9:
Gyeonggi, 10: Gangwon, 11: Chungbuk, 12: Chungnam, 13: Jeonbuk, 14: Jeonnam, 15:
Gveonabuk, 16: Gveonanam, and 17: Jeiu
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(Table 9) Causes of inefficiency (target 11.5)

Cause of inefficiency
DEA-BCC SE -
Scale factor Technical factor
2 Busan 0.5748 0.9067 [
3 Daegu 0.5488 0.7646 [
4 Incheon 0.6654 0.5905 ([
5 Gwaniju 0.5674 0.7248 [
6 Daejeon 0.5726 0.8336 o
9 Gyeonggi 1 0.6497 [
10| Gangwon 1 0.9364 [
11| Chungbuk 0.9345 0.7866 [
12| Chungnam 0.9861 0.7546 [
13 Jeonbuk 0.9426 0.5702 [
141  Jeonnam 1 0.8046 ([
15| Gyeongbuk 1 0.8023 o

Note: If the BCC efficiency score is greater than the scale efficiency score, the scale
factor is the cause of inefficiency; otherwise, the cause of inefficiency is regarded
as a technical factor

The time-series changes for the level of implementation of target 11.5
are shown in {Figure 6).

As a result of the analysis, we found that there is room for improvement
overall in the transition implementation level in regions except for
Sejong. In particular, we found that in Seoul and Jeonbuk, which showed
alow transition level according to the change in CCR efficiency score, the
low level continued to be maintained throughout the entire analysis
period. This is similar to characteristics of the results of the

cross-sectional analysis in 2018.
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(Figure 6) Changes in the implementation level of target 11.5
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3) Target 11.6: Environment (Air Quality)

waste management. Therefore, in this study, the composition of input
and output variables and environmental variables was divided into air
quality and waste management, and evaluation results are presented
separately.

The evaluation results of the implementation level of target 11.6 (air
quality sector) are shown in (Table 10) and (Figure 7).

First, three local governments received a CCR efficiency score of 1
based on the DEA-CCR model (Sejong, Jeonnam, and Jeju), and the
average of CCR efficiency score of the 17 local governments was
calculated as 0.6604 (60.04%). Second, 12 local governments received a
BCC efficiency score of 1 by the DEA-BCC model (Seoul, Daegu, Incheon,
Gwangju, Daejeon, Ulsan, Sejong, Gyeonggi, Gangwon, Jeonbuk,
Jeonnam, and Jeju), and the average BCC efficiency score was 0.9392
(93.92%), indicating a room for improvement of 6.08%. Third, three local
governments had a scale efficiency score of 1 (Sejong, Jeonnam, and Jeju),
showing relatively better performance than the other regions. Lastly, we
found that the remaining regions other than Sejong, Jeonnam, and Jeju,

which appeared at the optimum scale, had a decreasing return to scale.



A Evaluation of Implementation Level of UN SDGs Goal 11 in Korea * 29

(Table 10) Evaluation results of the implementation level of target 11.6

(air quality)
Evaluation results
DEA-CCR DEA-BCC SE Return to scale
1 Seoul 0.1764 1 0.1764 Decreasing
2 Busan 0.3670 0.9161 0.4006 Decreasing
3 Daegu 0.5086 1 0.5086 Decreasing
4 Incheon 0.2982 1 0.2982 Decreasing
5 Gwangju 0.5164 1 0.5164 Decreasing
6 Daejeon 0.5632 1 0.5632 Decreasing
7 Ulsan 0.5177 1 0.5177 Decreasing
8 Sejong 1 1 1 Constant
9 Gyeonggi 0.7159 1 0.7159 Decreasing
10 Gangwon 0.7333 1 0.7333 Decreasing
i Chungbuk 0.7399 0.8237 0.8982 Decreasing
12 Chungnam 0.7600 0.7452 0.9805 Decreasing
13 Jeonbuk 0.8863 1 0.8863 Decreasing
14 Jeonnam 1 1 1 Constant
15 Gyeongbuk 0.7543 0.7743 0.9742 Decreasing
16 Gyeongnam 0.6903 0.7067 0.9769 Increasing
17 Jeju 1 1 1 Constant
Average 0.6604 0.9392 0.7156
Standard Deviation 0.2445 0.1052 0.2773
Max. 1 1 1
Min. 0.1764 0.7067 0.1764

(Figure 7) Constructing the efficiency frontier for the implementation level of
target 11.6 (air quality)
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(a) the DEA-CCR model (b) the DEA-BCC model

1: Seoul, 2: Busan, 3: Daegu, 4: Incheon, 5: Gwangju, 6: Daejeon, 7: Ulsan, 8: Sejong, 9:
Gyeonggi, 10: Gangwon, 11: Chungbuk, 12: Chungnam, 13: Jeonbuk, 14: Jeonnam, 15:
Gveongbuk, 16: Gyeongnam, and 17: Jeju
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(Table 11) Causes of inefficiency (target 11.6 air quality)

Cause of inefficiency
DFEiCe S Scale factor Technical factor
1 Seoul 1 0.1764 [ J
2 Busan 0.9161 0.4006 [ ]
3 Daegu 1 0.5086 [ J
4 Incheon 1 0.2982 [ J
5 Gwangju 1 0.5164 [ J
6 Daejeon 1 0.5632 [ )
7 Ulsan 1 0.5177 ()
9 Gyeonggi 1 0.7159 ()
10| Gangwon 1 0.7333 [ ]
1 Chungbuk 0.8237 0.8982 [ ]
12 | Chungnam 0.7452 0.9805 [ ]
13 Jeonbuk 1 0.8863 [ ]
15| Gyeongbuk 0.7743 0.9742 [
16 | Gyeongnam 0.7067 0.9769 [ ]

Note: If the BCC efficiency score is greater than the scale efficiency score, the scale factor
is the cause of inefficiency: otherwise, it is regarded as a technical factor

The time-series changes for the implementation level of target 11.6 (air

quality) are shown in (Figure 8).

As a result of the analysis, we found that Sejong showed a higher

implementation level than the other regions, and Seoul and Incheon

maintained a very low level compared to other local governments.

(Figure 8) Changes in the implementation level of target 11.6 (air quality)
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4) Target 11.6: Environment (Air Quality)

The evaluation results of the implementation level of the waste sector
(target 11.6) are shown in {Table 12) and (Figure 9).

First, four local governments with a CCR efficiency score of 1 were
identified based on the DEA-CCR model (Gwangju, Ulsan, Sejong, and
Chungbuk), and the average CCR efficiency score of seventeen local
governments was 0.7627 (76.27%). Second, six local governments received
a BCC efficiency score of 1 (Gwangju, Ulsan, Sejong, Gyeonggi, Chungbuk,
and Chungnam), and the average BCC efficiency score was 0.8313
(83.13%). Third, four local governments with a scale efficiency score of 1
were found to have a relatively superior level of implementation compared
to the other regions (Gwangju, Ulsan, Sejong, and Chungbuk). Lastly, four
areas showed an optimal scale with a scale efficiency score of 1: Gwangju,

Ulsan, Sejong, and Chungbuk.

(Figure 9) Constructing the efficiency frontier for the implementation level of
target 11.6 (waste management)

(a) the DEA-CCR model (b) the DEA-BCC model

1: Seoul, 2: Busan, 3: Daegu, 4: Incheon, 5: Gwangju, 6: Daejeon, 7: Ulsan, 8: Sejong, 9:
Gyeonggi, 10: Gangwon, 11: Chungbuk, 12: Chungnam, 13: Jeonbuk, 14: Jeonnam, 15:
Gveongbuk, 16: Gyeongnam, and 17: Jeiju
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(Table 12) Evaluation result of the implementation level of target 11.6
(waste management)

Evaluation results
DEA-CCR DEA-BCC SE Return to Scale
1 Seoul 0.6125 0.8998 0.6807 Decreasing
2 Busan 0.2084 0.2756 0.7562 Decreasing
3 Daegu 0.6745 0.6901 0.9775 Decreasing
4 Incheon 0.7545 0.7552 0.9991 Increasing
5 Gwangju 1 1 1 Constant
6 Daejeon 0.6851 0.7076 0.9682 Increasing
7 Ulsan 1 1 1 Constant
8 Sejong 1 1 1 Constant
9 Gyeonggi 0.7027 1 0.7027 Decreasing
10 Gangwon 0.6532 0.6548 0.9975 Increasing
11 Chungbuk 1 1 1 Constant
12 Chungnam 0.9744 1 0.9744 Decreasing
13 Jeonbuk 0.5862 0.6284 0.9328 Decreasing
14 Jeonnam 0.799%4 0.8007 0.9983 Increasing
15 Gyeongbuk 0.8269 0.9557 0.8652 Decreasing
16 Gyeongnam 0.7042 0.9578 0.7353 Decreasing
17 Jeju 0.7842 0.8064 0.9725 Decreasing
Average 0.7627 0.8313 0.9153
Standard Deviation 0.2046 0.1985 0.1182
Max. 1.0000 1.0000 1.0000
Min. 0.2084 0.2756 0.6807

(Table 13) shows the causes of inefficiency for each local government.
As a result of the analysis, the local governments whose cause of
inefficiency was a scale factor were Seoul, Gyeonggi, Chungnam,
Gyeongbuk, and Gyeongnam, and local governments whose cause of
inefficiency was a technical factor were Busan, Daegu, Incheon,

Gangwon, Jeonbuk, Jeonnam, and Jeju.
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(Table 13) Causes of inefficiency (target 11.6, waste management)

Cause of inefficiency

DEBCE o2 Scale factor Technical factor
1 Seoul 0.8998 0.6807 [ ]
2 Busan 0.2756 0.7562 [
3 Daegu 0.6901 0.9775 [
4 Incheon 0.7552 0.9991 [
6 Daejeon 0.7076 0.9682 [ ]
9 Gyeonggi 1 0.7027 [ ]
10| Gangwon 0.6548 0.9975 [ ]
12| Chungnam 1 0.9744 [ ]
13| Jeonbuk 0.6284 0.9328 [ ]
14|  Jeonnam 0.8007 0.9983 [
15| Gyeongbuk 0.9557 0.8652 [ ]
16| Gyeongnam 0.9578 0.7353 [
17 Jeju 0.8064 0.9725 [

Note: If the BCC efficiency score is greater than the scale efficiency score, the scale
factor is the cause of inefficiency; otherwise, the cause is regarded as a technical

factor

The time-series changes for the implementation level of target 11.6

(waste management) are shown in {Figure 10). As a result of the analysis,

it was found that Ulsan, Sejong, and Gangwon showed a higher

implementation level than the other regions.

(Figure 10) Changes in the implementation level of target 11.6
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5) Target 11.7: Public Space

The evaluation results of the implementation level of target 11.7 are
shown in (Table 14 and {Figure 11).

First, three local governments had a CCR efficiency score of 1
according to the DEA-CCR model (Seoul, Sejong, and Gyeonggi), and the
average CCR efficiency score of seventeen local governments was 0.6107
(61.07%), indicating 38.93% room for improvement. Second, three local
governments had a BCC efficiency score of 1 per the DEA-BCC model
(Seoul, Sejong, and Gyeonggi), and the average BCC efficiency score was
0.7044 (70.44%), indicating 29.56% room for improvement. Third, three
local governments received a scale efficiency score of 1 (Seoul, Sejong,
and Gyeonggi), showing relatively better performance than the other
regions. Lastly, the local governments that showed an optimal scale with

a scale efficiency score of 1 were Seoul, Sejong, and Gyeonggi.

(Table 14) Evaluation result of the implementation level of target 11.7
(public space)

Evaluation results
DEA-CCR DEA-BCC SE Return to scale

1 Seoul 1 1 1 Constant

2 Busan 0.5066 0.56237 0.9674 Decreasing
3 Daegu 0.4506 0.5533 0.8145 Increasing
4 Incheon 0.6349 0.6511 0.9751 Increasing
5 Gwangiju 0.2663 0.3617 0.7364 Increasing
6 Daejeon 0.6221 0.6486 0.9592 Increasing
7 Ulsan 0.7452 0.7987 0.9331 Increasing
8 Sejong 1 1 1 Constant

9 Gyeonggi 1 1 1 Constant

10 Gangwon 0.4259 0.6221 0.6847 Increasing
11 Chungbuk 0.4632 0.6033 0.7678 Increasing
12 Chungnam 0.3180 0.4389 0.7244 Increasing
13 Jeonbuk 0.4703 0.5389 0.8727 Increasing
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14 Jeonnam 0.7513 0.9062 0.8290 Increasing
15 Gyeongbuk 0.6451 0.7524 0.8574 Increasing
16 Gyeongnam 0.8506 0.9088 0.9360 Increasing
17 Jeju 0.2325 0.6667 0.3487 Increasing
Average 0.6107 0.7044 0.8474
Standard Deviation 0.2514 0.2017 0.1657
Max. 1.0000 1.0000 1.0000
Min. 0.2325 0.3617 0.3487

(Figure 11) Constructing the efficiency frontier for the implementation level of

target 11.7
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(a) the DEA-CCR model (b) the DEA-BCC model

1: Seoul, 2: Busan, 3: Daegu, 4: Incheon, 5: Gwangju, 6: Daejeon, 7: Ulsan, 8: Sejong, 9:
Gyeonggi, 10: Gangwon, 11: Chungbuk, 12: Chungnam, 13: Jeonbuk, 14: Jeonnam, 15:
Gveongbuk, 16: Gyeongnam, and 17: Jeiju

(Table 15) Causes of inefficiency (target 11.7, public space)

SE Cause of inefficiency
DEA-BCC :
Scale factor Technical factor

2 Busan 0.5237 0.9674 [
3 Daegu 0.5533 0.8145 [
4 Incheon 0.6511 0.9751 [
5 Gwangju 0.3617 0.7364 [
6 Daejeon 0.6486 0.9592 o
7 Ulsan 0.7987 0.9331 [
10 Gangwon 0.6221 0.6847 [ ]
" Chungbuk 0.6033 0.7678 [
12 Chungnam 0.4389 0.7244 [ ]
13 Jeonbuk 0.56389 0.8727 [ ]
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14 Jeonnam 0.9062 0.8290 [
15 Gyeongbuk 0.7524 0.8574 [
16 | Gyeongnam 0.9088 0.9360 [
17 Jeju 0.6667 0.3487 ([

Note: If the BCC efficiency score is greater than the scale efficiency score, the scale
factor is the cause of inefficiency; otherwise, the cause is regarded as a technical

factor

The time-series changes for the implementation level of target 11.7

(public space) are shown in (Figure 12).

(Figure 1

2. Application of Bootstrapping DEA Model
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2) Changes in the implementation level of target 11.7 (public space)
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The advantage of the standard DEA model is that efficiency analysis is

possible even when there are multiple input and output variables, and the

weight of each variable is determined within the model; moreover, it is

free in terms of the unit of the analyzed variable. However, since it is a

non-parametric model, it is difficult to check the random errors implied

in the calculated efficiency score, and the model has limitations, such as

the efficiency score is inflated. Therefore, in order to mitigate the impact

of the model's limitations on the influencing factors’ analysis, a
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bootstrapping DEA model was applied to the efficiency scores previously
derived by the DEA model and used as a dependent variable of the
two-stage approach by estimating the efficiency score with adjusted bias.

In this study, the dependent variable was derived by applying the
bootstrapping DEA model to the BCC efficiency score (2000 iterations).
The reason for using only the BCC efficiency score and not the CCR
efficiency score is that the BCC efficiency score assumes variable scale
returns, whereas the CCR efficiency score assumes constant scale returns.
Therefore, the BCC efficiency score can be used to produce more realistic
analysis results and implications because it has more universality that
maintains the consistency of the efficiency boundary (Kneip et al., 1996;
Shin, 2008).

1) Target 11.2: Public Transport

(Table 16) shows the results analysis of the efficiency score with
adjusted bias and the 95% confidence intervals obtained by applying the
bootstrapping DEA model to remove the bias of the BCC efficiency score
based on the cross-section in 2018. As a result of removing the bias, we
found that the scores were all less than one, which is lower than the
efficiency score of the standard model.

Considering the implementation level of target 11.2 through this
process, the implementation level in Incheon was found to be 0.9762
(97.62%), showing a relatively excellent implementation level. We
determined that the level of improvement in Jeonbuk was 0.7375

(73.75%).
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(Table 16) Performance level of evaluation results with bias adjustment
(target 11.2)

Efficiency Efficiency |Standard 95%
score Bias score with devia— | confidence interval
(PTE, VRS) adjusted bias | tion Lower Upper
1 Seoul 1.0000 |0.0478 0.9522 0.0791 | 0.9058 1.2286
2 Busan 1.0000 |0.0482 0.9518 0.0779 | 0.9049 1.2066
3 Daegu 1.0000 |0.0515 0.9485 0.0837 | 0.8986 1.2027
4| Incheon 1.0000 |0.0238 0.9762 0.0226 | 0.9536 1.0347
5| Gwangju 1.0000 |0.0484 0.9516 0.0796 | 0.9048 1.2265
6 | Daejeon 1.0000 |0.0542 0.9458 0.0867 | 0.8930 1.2235
7 Ulsan 0.9024 |0.0146 0.8879 0.0187 | 0.8745 0.9508
8 Sejong 1.0000 |0.0521 0.9479 0.0830 | 0.8972 1.2194
9 | Gyeonggi 1.0000 |0.0430 0.9570 0.0611 | 0.9154 1.1197
10| Gangwon 1.0000 |0.0511 0.9489 0.0842 | 0.8992 1.2278
11| Chungbuk 1.0000 |0.0321 0.9679 0.0403 | 0.9373 1.0748
12 | Chungnam 0.9419 |0.0110 0.9309 0.0084 | 0.9213 0.9491
13| Jeonbuk 0.7495 |0.0120 0.7375 0.0162 | 0.7267 0.7840
14| Jeonnam 1.0000 |0.0506 0.9494 0.0815 | 0.9003 1.2212
15| Gyeongbuk |  0.8374  |0.0111 0.8263 0.0104 | 0.8163 0.8579
16 | Gyeongnam | 1.0000 |0.0463 0.9537 0.0679 | 0.9087 1.1383
17 Jeju 1.0000 |0.0386 0.9614 0.0540 | 0.9244 1.1200
Average 0.9665 |0.0374 0.9291 0.0562 | 0.8931 1.1050
Standard 00720 |0.0164] 00605 | 00299 | 0.0516 | 0.1426
Max. 1.0000 |0.0542 0.9762 0.0867 | 0.9536 1.2286
Min. 0.7495 |0.0110 0.7375 0.0084 | 0.7267 0.7840

2) Target 11.5: Disaster Safety

(Table 17) shows the evaluation results of the implementation level

adjusted for the bias of target 11.5. Considering the analysis results, we

found that the implementation level in Chungnam was 0.9422 (94.22%),

which was the best implementation level. Conversely, the level in Daegu

was 0.5240 (52.40%), indicating that it is necessary to apply measures to

improve the implementation level.
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(Table 17) Performance level of the evaluation results with bias adjustment
(target 11.5)

Efficiency Efficiency |Standard 95%
score Bias score with | devia- | Confidence interval
(PTE, VRS) adjusted bias | tion Lower Upper
1 Seoul 1.0000 0.1339 0.8661 0.1937 | 0.7371 1.5034
2 Busan 0.5749 0.0380 0.5369 0.0512 | 0.5016 0.6990
3 Daegu 0.5488 0.0248 0.5240 0.0172 | 0.5020 0.5680
4| Incheon 0.6655 0.0253 0.6401 0.0169 | 0.6186 0.6812
5| Gwangju 0.5674 0.0331 0.56343 0.0324 | 0.5044 0.6227
6 | Daejeon 0.5726 0.0296 0.5430 0.0263 | 0.5162 0.6158
7 Ulsan 1.0000 0.2349 0.7651 0.3072 | 0.5361 1.3940
8 Sejong 1.0000 0.2290 0.7710 0.3047 | 0.5473 1.3943
9 | Gyeonggi 1.0000 0.2316 0.7684 0.3024 | 0.5420 1.3820
10| Gangwon 1.0000 0.1449 0.8551 0.1634 | 0.7154 1.2032

—
—

Chungbuk 0.9346 0.0586 0.8760 0.0785 | 0.8223 1.1369
12 | Chungnam 0.9861 0.0439 0.9422 0.0463 | 0.9036 1.0935
13| Jeonbuk 0.9427 0.0418 0.9009 0.0380 | 0.8641 1.0110
14| Jeonnam 1.0000 0.1196 0.8804 0.1380 | 0.7660 1.2584
15 | Gyeongbuk 1.0000 0.1457 0.8543 0.1758 | 0.7137 1.3010
16 | Gyeongnam 1.0000 0.2508 0.7492 0.3144 | 0.5036 1.3602

17| Jeju 10000 |0.1305| 0.8695 | 0.1705| 0.7446 | 1.3858
Average 0.8701 |0.1127| 07574 | 0.1398 | 0.6493 | 1.0947
Steav?:t?gi 01916 |0.0835| 0.1458 | 0.1127 | 0.1412 | 0.3289

Max. 10000 |0.2508| 09422 | 03144 | 09036 | 1.5034
Min. 0.5488 |0.0248| 05240 |0.0169 | 0.5016 | 0.5680

3) Target 11.6: Environment (Air Quality)

The results of the assessment of the implementation level adjusted for
bias in the air quality sector of target 11.6 are shown in {Table 18). The
results show that the implementation level of Gangwon was 0.9969
(99.69%), which is a relatively superior level of implementation among
the 17 local governments, and the lowest implementation level was

0.7045 (70.45%), for Gyeongnam.
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(Table 18) Performance level of the evaluation results with bias adjustment
(target 11.6, air quality)

Efficiency | Efficiency | o 4ard |95% Confidence interval
score Bias score with deviation
(PTE, VRS) adjusted bias Lower Upper

Seoul 1.0000 | 0.0065 0.9935 0.0131 0.9871 1.0436
Busan 0.9161 | 0.0022 0.9139 0.0019 | 0.9917 0.9983
Daegu 1.0000 | 0.0063 0.9937 0.0128 | 0.9876 1.0442
Incheon 1.0000 | 0.0063 0.9937 0.0129 | 0.9875 1.0444
Gwangju 1.0000 | 0.0034 0.9966 0.0032 | 0.9934 1.0047
Daejeon 1.0000 | 0.0043 0.9957 0.0056 | 0.9916 1.0074
Ulsan 1.0000 | 0.0048 0.9952 0.0070 | 0.9906 1.0187
Sejong 1.0000 | 0.0060 0.9940 0.0125 | 0.9882 1.0447
9 | Gyeonggi | 1.0000 | 0.0063 0.9937 0.0128 | 0.9876 1.0438
10| Gangwon | 1.0000 | 0.0031 0.9969 0.0025 | 0.9940 1.0022
11| Chungbuk | 0.8237 | 0.0018 0.8219 0.0023 | 0.9965 1.0017
12| Chungnam | 0.7452 | 0.0018 0.7434 0.0022 | 0.9966 1.0016
13| Jeonbuk 1.0000 | 0.0054 0.9946 0.0088 | 0.9895 1.0252
141 Jeonnam 1.0000 | 0.0061 0.9939 0.0122 | 0.9880 1.0435
15 | Gyeongbuk | 0.7743 | 0.0022 0.7721 0.0025 | 0.9817 0.9885
16 | Gyeongnam | 0.7067 | 0.0022 0.7045 0.0022 | 0.9415 0.9479
17 Jeju 1.0000 | 0.0064 0.9936 0.0128 | 0.9873 1.0434

IOl dW[IN|—

Average 09392 | 0.0044 | 09348 | 00075 | 09871 | 1.0179
Standard 01052 | 0.0019 | 0.1037 | 0.0049 | 00123 | 00274
Deviation
Max. 1.0000 | 0.0065 | 09969 | 0.0131 | 09966 | 1.0447
Min. 07067 | 0.0018 | 07045 | 00019 | 09415 | 09479

4) Target 11.6: Environment (Waste Management)

The evaluation results of the implementation level adjusted for bias in
the waste management sector of target 11.6 are shown in {Table 19). The
result of the analysis shows that the implementation level of Chungnam
was 0.9190 (91.90%), which is a relatively excellent level of implementation
among the 17 local governments, whereas the implementation level of

Busan was 0.2453 (24.53%), the lowest amongst the local governments.
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(Table 19) Performance level of evaluation results with bias adjustment

(target 11.6, waste management)

41

Efficiency

Efficiency

. ; Standard |95% Confidence interval
score Bias spore vvﬁ_h deviation

(PTE, VRS) adjusted bias Lower Upper

1 Seoul 1.0000 | 0.0065 | 0.9935 0.0131 | 0.9871 1.0436
2| Busan 0.9161 | 0.0022 | 0.9139 0.0019 | 0.9917 0.9983
3| Daegu 1.0000 | 0.0063 | 0.9937 0.0128 | 0.9876 1.0442
4 | Incheon | 1.0000 | 0.0063 | 0.9937 0.0129 | 0.9875 1.0444
5| Gwangju | 1.0000 | 0.0034 | 0.9966 0.0032 | 0.9934 1.0047
6 | Daejeon | 1.0000 | 0.0043 | 0.9957 0.0056 | 0.9916 1.0074
7 Ulsan 1.0000 | 0.0048 | 0.9952 0.0070 | 0.9906 1.0187
8 | Sejong 1.0000 | 0.0060 | 0.9940 0.0125 | 0.9882 1.0447
9 | Gyeonggi | 1.0000 | 0.0063 | 0.9937 0.0128 | 0.9876 1.0438
10| Gangwon | 1.0000 | 0.0031 0.9969 0.0025 | 0.9940 1.0022
11| Chungbuk | 0.8237 | 0.0018 | 0.8219 0.0023 | 0.9965 1.0017
12| Chungnam | 0.7452 | 0.0018 | 0.7434 0.0022 | 0.9966 1.0016
13| Jeonbuk | 1.0000 | 0.0054 | 0.9946 0.0088 | 0.9895 1.0252
14| Jeonnam | 1.0000 | 0.0061 0.9939 0.0122 | 0.9880 1.0435
15| Gyeongbuk | 0.7743 | 0.0022 | 0.7721 0.0025 | 0.9817 0.9885
16 | Gyeongnam | 0.7067 | 0.0022 | 0.7045 0.0022 | 0.9415 0.9479
17 Jeju 1.0000 | 0.0064 | 0.9936 0.0128 | 0.9873 1.0434
Average 0.9392 | 0.0044 | 0.9348 0.0075 | 0.9871 1.0179
gfvrl‘:jgi 01052 | 0.0019 | 0.1037 | 0.0049 | 00123 | 0.0274
Max. 1.0000 | 0.0065 | 0.9969 0.0131 | 0.9966 1.0447

Min. 0.7067 | 0.0018 | 0.7045 0.0019 | 0.9415 0.9479

5) Target 11.7: Public Space

(Table 20) shows the evaluation results of the implementation level
adjusted for bias of target 11.7. From the analysis results, we found that
the transition level in Jeonnam was 0.8058 (80.58%), which is an excellent

level of implementation, whereas in Gwangju, the level (0.2818, 28.18%)

was relatively low, indicating that there is room for improvement.
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(Table 20) Performance level of the evaluation result with bias adjustment
(target 11.7, public space)

Efficiency Efficiency  |Standard 95%
score Bias | scorewith | devia- | Confidence interval
(PTE,VRS) adjusted bias tion Lower Upper
1 Seoul 1.0000 0.5066 0.4934 0.4002 | 0.0014 1.5751
2 Busan 0.5237 0.1444 0.3793 0.1163 | 0.2418 0.6356
3 Daegu 0.5533 0.1298 0.4235 0.1109 | 0.3008 0.6598
4 Incheon 0.6511 0.1550 0.4961 0.1117 | 0.3498 0.7355
5 | Gwangju 0.3617 0.0799 0.2818 0.0664 | 0.2057 0.4263
6 | Daejeon 0.6486 0.1158 0.5328 0.0884 | 0.4265 0.7557
7 Ulsan 0.7987 0.1063 0.6923 0.0840 | 0.5969 0.9156
8 Sejong 1.0000 0.5529 0.4471 0.4455 | 0.0914 1.6042
9 | Gyeonggi 1.0000 0.5548 0.4452 0.4572 | 0.0950 1.6427
10| Gangwon 0.6221 0.0412 0.5809 0.0332 | 0.5469 0.6724

—
—

Chungbuk 0.6033 |0.0543 0.5490 0.0430 | 0.5021 0.6690
12 | Chungnam 0.4389 |0.0503 0.3886 0.0405 | 0.3437 0.4829
13| Jeonbuk 0.5389 |0.0564 0.4825 0.0400 | 0.4336 | 0.5909
14| Jeonnam 0.9062 |0.1004 0.8058 0.0890 | 0.7174 1.0603
15| Gyeongbuk |  0.7524  |0.1228 0.6296 0.1013 | 0.5168 | 0.8873
16 | Gyeongnam| 0.9088 |0.1643 0.7445 0.1381 | 0.5934 1.0721

170 Jeju 0.6667 |0.1030|  0.5637 0.0976 | 0.4671 | 0.7936
Average 0.7044 |0.1787|  0.5257 0.1449 | 0.3563 | 0.8929
S};/r:jcr)?w 02017 |0.1756|  0.1362 0.1417 | 02398 | 0.3828

Max. 1.0000 |0.5548|  0.8058 | 0.4572 | 0.7174 | 1.6427
Min. 03617 |0.0412| 02818 | 0.0332| 0.0950 | 0.4263

3. Influencing Factors’ Analysis by Target Using a Two-Stage
Approach

1) Target 11.2: Public Transport

The results of analyzing the factors influencing target 11.2 are shown in
(Table 21). Statistically significant factors positively affecting the

implementation level (+) of target 11.2 were found to be urban
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population (POP_URBAN), gross regional domestic product (GRDP),
financial independence (FIR), urbanization area (SQUARE_URBAN), and
bus-only lanes (BUSROAD_LENGTH). The factors negatively affecting the
implementation level (-) were identified as population (POP),
administrative area (SQUARE), vehicle registration (REG_AUTOMOBILE),
and road extension (ROAD_LENGTH).

(Table 21) The results analysis of influencing factors for the implementation
level of target 11.2

Coefficients:

Estimate Std. error z value Sig.

POP -0.4849 0.5412 -1.2417 0.0027**
POP_DENSITY -0.0145 0.0248 -0.1841 0.4619
POP_URBAN 0.4521 0.2154 1.3112 0.0494*
GRDP 0.0415 0.1484 0.3214 0.0147*

FIR 0.0193 0.0784 0.2467 0.0314*
SQUARE -0.0005 0.0229 -0.0203 0.0068**
SQUARE_URBAN 0.0767 0.0821 0.9346 0.0332*
REG_AUTOMOBILE -0.0532 0.0354 -1.5010 0.0419*
ROAD_LENGTH -0.0284 0.0204 -1.3933 0.0217*
BUSROAD_LENGTH 0.0220 0.0119 1.8427 0.0454*

Significance (Sig.) codes: ***, 0; **, 0.001; *, 0.01

2) Target 11.5: Disaster Safety

The results of analyzing the factors influencing target 11.5 are shown in
(Table 22). The results of the analysis show that the statistically significant
positive (+) factors influencing the target 11.5 implementation level were
population density (POP_DENSITY) and GRDP. The negative ()
influencing factors were urban population (POP_URBAN), administrative
area (SQUARE), urbanization area (SQUARE_URBAN), and number of
automobile registrations (REG_AUTOMOBILE).
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(Table 22) Analysis results of factors influencing the implementation level of

target 11.5
Coefficients:
Estimate Std. error z value Sig.

POP 1.3322 0.8535 1.5608 0.1186
POP_DENSITY 0.0023 0.0183 0.1276 0.0404*
POP_URBAN -1.3347 0.6806 -1.9610 0.0499*
GRDP 0.2195 0.1113 1.9726 0.0485*

FIR -0.1338 0.1290 -1.0366 0.2999
SQUARE -0.0397 0.0377 -1.0546 0.0087**
SQUARE_URBAN -0.1268 0.1351 -0.9389 0.0347*
ESTABLISHMENT 0.0445 0.0974 0.4562 0.6482
REG_AUTOMOBILE | -0.0295 0.1078 -0.2733 0.0410*

Significance codes: ***, 0; ** 0.001; *, 0.01

3) Target 11.6: Environment (Air Quality)

The analysis results of the influencing factors of the air quality sector of
target 11.6 are shown in (Table 23). The statistically significant positive
influencing factors of the target 11.6 (air quality) implementation level
were GRDP, financial independence (FIR), and renewable energy
generation (RENEWABLE_ENERGY). The negative influencing factors were
the number of population (POP), population density (POP_DENSITY),
urbanization area (SQUARE_URBAN), and number of automobile

registrations (REG_AUTOMOBILE).
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(Table 23) Analysis results of factors influencing the implementation level of
target 11.6 (air quality)

Coefficients:

Estimate Std. error z value Sig.
POP -0.2448 0.8751 -0.2797 0.0077**
POP_DENSITY -0.0456 0.0187 -2.4336 0.0150%
POP_URBAN 0.0972 0.6979 0.1393 0.2470
GRDP 0.2820 0.1141 2.4710 0.0135*
FIR 0.0200 0.1323 0.1511 0.0087**
SQUARE 0.0671 0.0386 1.7374 0.1247
SQUARE_URBAN -0.1685 0.1385 -1.2163 0.0239*
REG_AUTOMOBILE -0.4821 0.0798 1.0071 0.0014**
SQUARE_GREEN_BUFFER| -0.0119 0.0442 -0.2682 0.7885
MANUFACTURING 0.0136 0.0429 0.3161 0.7519
RENEWABLE_ENERGY 0.0596 0.0297 2.0053 0.0449%

Significance codes: ***, 0; **, 0.001; *, 0.01

4) Target 11.6: Environment (Waste Management)

The results of analyzing the factors influencing target 11.6 (waste
management) are shown in (Table 24). As a result of the analysis, the
statistically significant positive factors influencing the target 11.6 (waste
management) implementation level were GRDP, finance independence
(FIR), and population density of waste management zones (SQUARE_
DENSTIY_WM). The negative influencing factors were the administrative
area (SQUARE), urbanization area (SQUARE_URBAN), and waste
management area (SQUARE_WM).
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(Table 24) Analysis results of factors influencing the implementation level of
target 11.6 (waste management)

Coefficients:
Estimate Std. error z value Sig.

POP 0.1784 1.4051 0.1270 0.8989
POP_DENSITY -0.0201 0.0301 -0.6687 0.5037

POP_URBAN -0.3009 1.1205 -0.2685 0.7883
GRDP 0.1472 0.1832 0.8034 0.0397*

FIR 0.2053 0.2124 0.9662 0.0333*

SQUARE -0.0183 0.0620 -0.2955 0.0076**
SQUARE_URBAN -0.0065 0.2224 -0.0293 0.0497*
SQUARE_WM -0.0215 0.0320 -0.6726 0.0201*
SQUARE_DENSITY_WM 0.0039 0.0188 0.2086 0.0083***

Significance codes: ***, 0; **, 0.001; *, 0.01

5) Target 11.7: Public Space

The results of analyzing the factors influencing target 11.7 are shown in
(Table 25). The statistically significant positive factors affecting the
target 11.7 implementation level were GRDP, finance independence
(FIR), administrative area (SQUARE), and green area (SQUARE_GREEN).

The negative influencing factor was the population (POP).

(Table 25) Analysis results of factors influencing the implementation level of

target 11.7
Coefficients:
Estimate Std. error z value Sig.

POP -1.0924 1.2729 -0.8582 0.0039**
POP_DENSITY 0.0191 0.0273 0.6999 0.4840
POP_URBAN 0.7382 1.0151 0.7272 0.4671
GRDP 0.0835 0.1660 0.5032 0.0061**

FIR 0.2217 0.1925 1.1518 0.0249*
SQUARE 0.1264 0.0562 2.2494 0.0245*
SQUARE_URBAN 0.2768 0.2015 1.3742 0.1694
SQUARE_GREEN 0.0142 0.0273 0.5204 0.0062**

Significance codes: *** 0; **, 0.001; *, 0.01
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V. Conclusions
1. Summary of Research Results and Implications

1) Level of Korean Goal 11 Based on the Concept of Relative
Efficiency

For target 11.2, as a result of the implementation level evaluation, based
on the scale that provided an important basis for determining the loss of
efficiency of local governments, the governments with an efficiency of 1
were divided into 11 regions, including Seoul, Daegu, Incheon, Gwangju,
Daejeon, Sejong, Gyeonggi, Chungbuk, Jeonnam, Gyeongnam, and Jeju.
In addition, the level of implementation of target 11.2 was found to be
excellent overall. The evaluation results revealed that most of the causes of
inefficiency of local governments showing low implementation levels were
technical factors.

For target 11.5, through the implementation level evaluation, local
governments with a scale efficiency of 1 were found to be Ulsan, Sejong,
Gyeongnam, and Jeju. All local governments with a low implementation
level were in a state of diminishing returns to scale. It is necessary to
improve the overall disaster safety policy and seek alternatives to reduce
the risk.

Target 11.6 is divided into the air quality sector and the waste
management sector on the urban environment agenda, which were
analyzed separately in this study.

As a result of evaluating the implementation level of target 11.6 (air
quality), local governments with a scale efficiency of 1 were found to be
Sejong, Jeonnam, and Jeju. All other local governments were found to be

in a state of decreasing return to scale; furthermore, the implementation
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level of the air quality target (11.6) by Korean local governments was
generally low.

By evaluating the implementation level of target 11.6 (waste
management), we found that the areas with a scale efficiency of 1 were
Gwangju, Ulsan, Sejong, and Chungbuk. Additionally, most local
governments were in a state of decreasing return to scale, with
considerable room for improvement. The cause of this inefficiency was
found to be technical factors.

By evaluating the implementation level of target 11.7, we found that
the local governments with a scale efficiency of 1 that showed relatively
excellent implementation levels were Seoul, Sejong, and Gyeonggi. In
addition, most of the local governments were in a state of increasing
return to scale; for most of them, the cause of inefficiency was attributed

to technical factors.

2) Factors Affecting Urban SDGs

The factors that were influencing the implementation level of Target
11.2 were as follows.

The endogenous influencing factors for each local government were
examined by using a common variable as an independent variable among
the environmental variables. Regarding target 11.2, the factors positively
influencing the implementation level were identified as urban
population, GRDP, finance independence, and urbanization area. The
population and the administrative area were identified as negative
influencing factors. This can be interpreted as a negative influence in
terms of providing regular public transport, rather than a quantitative
increase in population and administrative area, which are the basic

elements of local government.
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The impact factors’ analysis of the independent variables of the target
showed that the factor positively influencing the implementation level of
target 11.2 was extension of the bus-only lane, and the factors with a
negative influence were the number of automobile registered and road
extension. Second, the results of the analysis of factors that influence the
implementation level of target 11.5 are as follows. Using common variables
as independent variables, the factors positively influencing the target 11.5
implementation level were population density and GRDP, and the negative
influencing factors were urban population, administrative area, and
urbanization area. This is because the higher the GRDP, which indicates
the value of products and services produced in the region at market prices,
the better the financial independence of local governments, which enables
the independent establishment and deployment of disaster and safety
policies consistent with regional characteristics. This suggests that human
and property damage resulting from hazards and natural disasters can be
reduced, and that precautions can be imparted relatively effectively.
Moreover, the finding that population density is a positive influencing
factor indicates that it is necessary to maintain the scope of precautionary
and post-response management to ensure citizen safety, which is the result
of having an appropriate disaster safety policy.

An analysis of the influencing factors by target as independent variables
showed that the number of registered automobiles was a statistically
significant negative factor affecting the implementation level of target
11.5. Third, the results of the analysis of the factors influencing the
implementation level of target 11.6 (air quality) are as follows. Using a
common variable as an independent variable, for target 11.6, the factors
positively influencing the air quality sector performance level were GRDP,

fiscal independence, and administrative area, and the negative influencing
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factors were population, population density, and urbanization. As can be
seen from the results of the influencing factors for target 11.5 above, the
relationship between GRDP and fiscal independence was found to be
positive. As GRDP increases, fiscal independence also improves, and local
governments are encouraged to improve air quality. There is also more
room for expansion of administrative capacity for investment and policy
making. As a result, it can be interpreted that the higher the GRDP and
fiscal independence of the region, the easier it is to respond appropriately
to environmental issues in the region, including to air quality. The findings
of this study may be considered controversial. Bernauer and Koubi (2006)
suggested through empirical analysis that a negative relationship exists
between the size of government expenditure and the quality of the
environment, and stated that large-scale environmental expenditure does
not always increase the supply of public environmental quality services.
Kwon et al. (2016) argued that expenditure has no significant effect on the
improvement in the actual environmental quality even after the
implementation of the air environment budget by the regional
government. However, from the perspective that government intervention
in environmental issues can be an important factor in determining the
quality of the environment as a public service (Lopez et al., 2011), the
quality of the environment, including air quality management, can be
improved. However, the problem is that government intervention has the
characteristics of public services. In the private sector, there is a tendency
to underinvest: investment in public services is not easily made. Therefore,
it is necessary to maintain and improve the quality of the environment at
an appropriate level to satisfy the citizens and meet society’s expectations,
which can be achieved through government finances. The population

amount and density, which were found to be statistically significant
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negative influencing factors, can be interpreted as meaning that citizens
can eventually become victims of environmental and air pollution sources.
Even if emission standards are strengthened, the increasing pollution
generated from citizens (automobile exhaust gas, fine dust, gas originating
from energy generation, etc.), as an analysis result reflecting the
characteristics of air pollution, is difficult to suppress. Additionally, the
market area as a category of complex spaces is a significant source of air
pollution due to population movement, housing, activities, economic and
production activities, etc. The results of the influencing factors™ analysis
using the variable for each target as an independent variable are as follows:
The factor positively influencing the target 11.6 (air quality)
implementation level was the amount of renewable energy generated, and
the negative influencing factor was the number of registered vehicles.
Fourth, the results of the analysis of the factors influencing the
implementation level of target 11.6 (waste management) were as follows.
Using a common variable as an independent variable, positive influencing
factors were identified as GRDP and finance independence. If government
finance is expanded due to an increase in GRDP, the flexibility of waste
management and cleaning budget will be secured. This is meaningful since
this financing can shield the citizens from the burden of spending on waste
management at an appropriate level.

Based on the influencing factors™ analysis using the variable for each
target as an independent variable, the positive influencing factor was
found to be the population density of the waste management area, and the
negative influencing factor was the waste management area. This implies
that the central government’s administrative support is needed for local
governments in provinces that have a relatively wide maintenance area,

management of waste sources, and waste management of an appropriate
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size. Except for some local governments, the area of administrative
districts, population density, waste management area, and population
density of waste management area were statistically similar, resulting in
similar analysis results, but the waste management area and population
density are different factors. Finally, the results of the analysis of the
factors influencing the implementation level of target 11.7 were as follows.
The analysis of the factors influencing the common variables as
independent variables showed that GRDP, financial independence, and
administrative area were the positive influencing factors. This can be
interpreted as that the financial conditions of local governments are
essential to creating public spaces, as are other factors influencing other
detailed objectives. A large administrative area facilitates securing
available space to provide public space.

In reference to the influencing factors’ analysis with variables by target
as independent variables, green areas were shown to be influencing
factors positively improving citizens quality of life; thus, it is crucial to
ensure the systematic management of green areas as potentially available

and high-quality public spaces.

2. Limitations of Research and Future Research Projects

implementation in order to complement previous studies. We provided
a meaningful contribution to the literature by evaluating the
implementation level of the targets that comprise the urban SDGs at the
local government level, and provided implications for deriving influential
factors.

Nevertheless, this study has the following limitations, and we note
some future research challenges. First, the input and output variables and

environmental variables used in this study may vary depending on which
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indicators are selected. Second, to assess the implementation level of the
most desirable urban SDGs, it would be ideal to cover all variables related
to the scope of the analysis. Although some indicators are more
representative than those used in this study, empirical analyses were
performed using these indicators due to the limitations in terms of
realistic metric acquisition and composition. Therefore, future studies
need to construct more representative indicators, and interpret the
qualitative factors that can affect the realization of urban SDGs through
quantitative analysis results. Third, it is necessary to further refine the
analysis scope to increase the generalizability of the findings. In this
paper, we considered the implementation and monitoring of urban SDGs
at the regional level. Although the implementation was evaluated at the
metropolitan level and implications were derived, local governments
failed to provide implications regarding the implementation level that
reflected these differences, despite functional differences in population
structure, industry, local heads” policy goals, financial conditions, and
public sector structure. Therefore, future studies should attempt to
evaluate the implementation level according to the size or characteristics
of the region by clustering basic autonomous entities that exhibit similar
population structures or functional distributions.

Finally, we aimed to present implications of the evaluation and analysis
results of implementation levels by quantitative targets. However, no detailed
suggestions were provided regarding enhancing the implementation level,
such as directionality or improvement measures. Since this study focused on
presenting a framework for evaluating the implementation level of urban
SDGs in terms of complementing prior research, direct causal relationships
could not be identified to derive suggestions or policy implications for

enhancing the implementation level. Future research will require efforts to
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improve the completeness of the method by further analyzing expert surveys

or international organization-sponsored surveys.
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