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[Abstract]

This research aims to investigate how major cities in Korea utilize smart city-related technologies,
develop key performance indicators (KPIs) to measure the smartness and efficiency of cities, and
propose a methodology for assessing and suggesting smart city policy directions based on Data
Envelopment Analysis (DEA). Referring to the CITYkeys Smart City Performance Measurement
Framework, 10 key performance indicators (KPIs) were derived. For each KPI, city statistical data were
allocated to input and output variables, and 15 cities were assigned as Decision Making Units (DMUs).
The DEA methodology was employed to evaluate the operational efficiency and scale profitability of
cities, providing insights into the operational efficiency of each city. Finally, the operational efficiency

among DMUs was ranked to propose smart city policy directions for each city.

» Key words: Smart city, Key performance indicators(KPI), Smart City Performance Measurement Framework,
Data envelopment analysis(DEA)
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I. Introduction
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1. Study on Smart City Policies
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II. Literature Review

1. DEA Study Using City Data

DEAL 284 W7l 392  Pgoz =4 ¥
@ Al S 8slel wAl9l 2nles et vlas)
L o) AGECE ofef ERES wA B AulAL YA
e WHYRE Aoz ARshL, DEAR Selo
284S W O Y5 w4 P 2] £22
ors Agsigck

O v

N
rlr
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2. Study on Smart City Policies of Cities
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1. Structure of smart city performance
measurement framework

The CITYkeys AOLEAE] AJuEA medY3(Fig 1)
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Fig. 1. The CITYkeys Smart City Performance

Measurement Framework
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2. Define key performance indicators (KPIs)
for City services
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Fig. 2. The CITYkeys Smart City KPIs

3. Derive smart city indicators using smart
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Table 1. Smart City KPIs & Evaluation Indicators
The CITYkeys Smart Se.rV|ce
Smart City KPIs SEIED
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Quality of Life -
Medical
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Health - -
. Quality of Life -
Education .
People Education
Safety
. Safety and
Access to services .
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. . tai ilit
Energy & mitigation Sustainability &
. - Renewable
Planet Climate resilience Ener
Pollution & Waste - 9
Environmental
Ecosystem .
Quality
Employment Equity Economic
Economic performance Growth
Prosperity Innovation Urban Planning
Attractiveness & and
competitiveness Development
Organization Community
Governance | Community involvement Engagement
Multilevel governance & Governance
. I ti
. Scalability nnovation &
Propagation Replicabilit Technology
P y Adoption

IV. DEA Analysis for City KPIs

1. DEA Efficiency Analysis
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DEA 230] 84 B4 A] AL EQIuA0) ALS
i

=

T W4 Al IS S 80 SR 2
= o

ji

o

RS AR QJ(Sarkls 2000)6}9";%[32] (Table 2)



Comparison of Smart City Efficiency Using DEA and KPI

103

Table 2. Input and Output Variables for Smart City KPIs

Smart City
KPI Indicators

Input & Output Values

Description & Data Source

Quality of Life -
Medical Treatment

Population,
Medical insurance premiums

Life satisfaction,
Medical service satisfaction

= (Life saticfaction) : Statistics Korea (Social Survey)

- Ratio of overall satisfaction (happiness) with economics,
family relationships, job, health, etc. among the
population aged 13 or older

Quality of Life -
Education

Population,
Education budget

Life satisfaction,
Satisfaction with school life

*

(Satisfaction with school life) : Statistics Korea (Social Survey)
- The percentage of students aged 13 or older who are
satisfied with their overall school life (education content,
teaching methods, peer relationships, etc.)

Safety and Security

Number of crime
Number of 112 reports

Number of criminal arrests

*

(Number of criminal arrests) : National Police Agency
Number of arrests and number of arrestees by major
crime (violence, theft, violence, other crimes)

Efficiency of
Mobility

Number of registered cars,
Traffic accident statistics

Traffic safety index,
Transportation Culture Index

*

(Traffic safety index) : Road Traffic Authority

An index that evaluates the level of traffic safety by
local government

(Transportation Culture Index) @ Ministry of Land,
Infrastructure and Transport (Traffic Culture Survey)
An index of the habits and behavior patterns of drivers,
pedestrians, etc. who use traffic.

*

Sustainability &
Renewable Energy

Final energy consumption,
Household waste generation

The amount of renewable energy
source,
General waste recycling capacity

*

(The amount of renewable energy source) :

Korea Energy Agency (renewable energy survey)

- The value of regional new and renewable energy
production in energy-specific units such as solar power,
wind power, bio, etc. converted into calories

Environmental
Quality

Annual emissions of air pollutants
(CO, NOx, TSP, PM-10, BC)

Satisfaction with green space
environment

*

(Satisfaction with green space environment)
Statistics Korea (Social Survey)

Percentage of people aged 13 or older who think about
the level of green space around them

Economic Growth

Unemployment rate,
Number of workers

Employment rate,
Number of employed people

*

(Unemployment rate) :

Statistics Korea (Economically Active Population Survey)
- Proportion of unemployed people among economically
active population (employed + unemployed)

Urban Planning
and Development

Population,
Revenue budget

GRDP (gross regional domestic product),
Financial independence

*

(GRDP : Gross Regional Domestic Aproduct)
Statistics Korea (regional income)

- The sum of the value of final products newly created
within a certain area over a certain period of time

Community
Engagement
& Governance

Revenue budget,
Number of employees in the entire
industry

Number of health & social welfare
workers,
Health and social welfare budget

*

(Health and social welfare budget)

Ministry of the Interior and Safety (Local Finance Yearbook)
The ratio of the local government's budget in the social
welfare field to the total budget amount in the current year.

Innovation and
Technology
Adoption

R&D expenses,
Investment in research facilities

Patent commercialization,
Number of patent applications

*

(Patent commercialization) : Korean Intellectual
Property Office (Intellectual Property Statistics)
Statistics linked to business using patents
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Table 3. Efficiency Evaluation

Results for CCR and BCC Models

Quality of Life | Quality of Life Safety and Efficiency of | Sustainability | Environmental Economic | Urban Planning| Community | Innovation and

— Medical — Education Security Mo bility & Rernwable Quality Growth and Engagement & Techno!ogy

Treatment Energy Development | Governance Adoption
pMu__ | Bec [ cer] Bec [ cer] Bec [ cer ] Bec | cr sce | ccr] ec | cer [ Bec | cer
seoul 013 [012 Jo17 [o.16] 092 [ 0.86 [RRC] 0.34 0.20] 0.19] 096 0.93ﬁ0.?’2 .00 [EE7 100 1.
Pusan | 044 | 044 J0.40 [ 0.37] 0.97 | 0.04 [FEH 0.54 0.35] 035 | 0.88 | 0.87 | 046 | 0.42 [RE R
Daegu | 056 [ 053 Jo.57 [0.56[ 0.98 | 096 ] 052 0.60 | 0.53 [ 0.80 | 0.80 | 0.47 | 042 | 0.98 | 0.93 [REY
Incheon | 0.43 | 039 0.39 023] 079079 053] 048] 1.00] 098
Gwangju | 096 | 093 0.96 1.00 i1 1.00 X 1.00 100 [EAI IR 1.0 1.00 100 1.00
Daejeon 099 0.91 0.85 [EEI 0.92 [RRCARETN 0.85 [ 0.83 | 077 [ 0.62 | 096 | 0.91 [RELN 0.82
= 1:00 [1.00 100 100 1.00 1.00 1.00 [EE A 1:00 1.00 1.00 1.00 1.00 X 1.00
Gyeonggi LGN 0.95 RGN 0.21 1.00 [Ef] 1:00 ¥ 100 .60
Gangwon [RECONRN) 1.00 1.00 0.88 XA 031 0.48 |REN 0.93 [RED)
Chungbuk 082 0.70 | 067 ] 0.85] 0.83 0.60

Chungnam 0.67 0.84 1 0.82 ] 0.81
Jeonbuk 0.88 ,
Jeonnam | 0.91 | 087 | 0.71 | 0.69 PRl 0.99 RGN 0.90 | 0.82 | 0.80 | 0.57
Gyeongbuk [ 0.58 | 055 J0.43 | 0.40 (RGN 0.98 (R 0.65 | 066 | 0.65 | 0.17
Gyeongram | 042 | 042 [0.36 | 0.36 JiRl 0.98 [RiH 0.60 | 069 | 0.69 | 0711 0.25 0.49 | 0.92 | 0.84
3. DEA Results 3.2. Frequency of Reference Set
AOFEAE] KPI¥ CCRy} BCC @S X835t 84 xR (reference set)o]et Hlg-8%Q1 DMUE°| &
Bol ATt bt 2k (Table 3) 80| £)7] Q54| Eulojo} 3 DMUSS LeRl= 210
ZA], ZkxAISto] oto] UERY DMUSL C}2 DMUE0]
3.1. Efficiency and Scale Efficiency 24totof gF W¥lo] ¥l:= DMUzty F71g 4 it
TR geAdo] 191 TA|(BCCeE CCR Ffo] 2% 19l & BCCR g9 AFxXIsto] HIT 47} He w A7 §-8419]
Aol chetel &9 £A 29L sk glon], 388 EXj2tn & 4 Yck(Table 5)

A2 o] 85k okl 3 4 Qlct(Table 4)

Table 4. Cities with a Scale Efficiency Value of 1

Table 5. Frequency of Reference Set for Smart City
KPIs

Smart City
KPI Indicators

Cities
(Scale Efficiency Value

1)

Quality of Life
- Medical Treatment

Ulsan, Gangwon

Quality of Life
- Education

Ulsan

Efficiency of Mobility

Ulsan, Gangwon

Innovation and
Technology Adoption

Seoul, Daegu, Gwangiju,
Ulsan, Gyeonggi, Jeonbuk

Smart City
KPI Indicators

Frequency of Reference Set

Quality of Life

Gangwon(11), Ulsan(9),

- Medical Treatment Daejeon(8)
Quality of Life Ulsan(12), Gwangju(b),
- Education Daejeon(4)
. . Ulsan(7), Gangwon(5),
Efficiency of Mobility Gwangju(3)
Innovation and Daegu(6), Gangwgn(S),
Technology Adoption Jeonbuk(4), Daejeon,
W P Gwangju(3)

Economic Growth

Ulsan, Gyeonggi, Chungnam,
Jeonnam, Gyeongbuk

Safety and Security

Gwangju, Ulsan, Gangwon

Urban Planning and
Development

Ulsan

Community Engagement
& Governance

Busan, Gwangju, Jeonbuk

Sustainability &
Renewable Energy

Busan, Jeonbuk

Environmental Quality

Gwangju, Daejeon

Economic Growth

Jeonnam(8), Gyeongbuk(6),
Ulsan, Gyeonggi(b)

Safety and Security

Gyeongbuk(7),
Gwangju, Gyeonggi(5),
Gangwon, Jeonnam(3)

Urban Planning and
Development

Ulsan(13), Seoul(7)

Community Engagement

Busan, Jeonbuk(7),

Environmental Quality

& Governance Gwangju(6)
Sustainability & Jeonbuk(9),

Renewable Energy Busan, Daejeon(8)
Daejeon(13),

Gwangju, Gangwon(5)
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3.3. Summary of KPIs and DEA Analysis Results
DEARAS Sslo] ADIEAE] KPIE £A] 7t 584

=HE mofel Auk oot 2t (Table 6)

oA
ol 9Fh ol ORuHR AE
JoglA oj2AulA WEET} £7] G0l
gA10] 7L oA A UELE wA| gou}
Q740 02U A5 oy 4] UELI} o}

o] 3499] 29727

eomgol Be Aoz gt ue o2
AH|A UEE T 7} EF TA]0]| H|GtY] =& Hol ) Q1L

4 oul 2R AFu|go] Yrhoz AN &
G2gHo] Wobxl 7oz morec.

2) (419] -G Ropll A gito] A4 ohe] WS
u] oAt B] &S 7]E0 2 Ao uhE ol stuAe ot
E27} o} A9 LA EES 2 ZoR mot
54011:,}. L}xg 1\} a 5_59_1» i}ﬂkg% 15_57} X
23910l QRIS Q2 4re] wgu] oAto] 7] mj

w0 ¢ 2870 ¥ Jlo= FUHEI

(015 2&)Looll N Ato] ool LFaL YL
Ho{5ch, eheAlol Bl3to] A% S30hs el 25
AT Blgo] @AS W] thRo] o] tigt ol

A9Iel £

sIAl T} 714 AfEl)RopolA Th 77} ICT A hats|
| Exlu]L jy] E35] 59U U E35] AFst AAo]
o} &g gAo] AU 2 7t g9ich
$0] A9l LYaRl £ BAIR WIIE
odth. N, #7] 2 e 58] 29 W47t EE
Alo] 8]5t0] £ Wolu} ICT AR7fLe]7} EFEA]
ofl ulsto] ARSI e Wolzh FAI] LY&E
de He Ao JE.

oOuL Ru

Lo 7o

o

o\J mh‘ >1|E'

5) (BAPIR)ZotollAl At FE2 A ZEAR Hy|
AU woF 2¥EEd0l w2 Jo= Uty
Ack AFe] B EfEAlo] Hlsto] AdTiRlos A
Ago] AlY e 7o motg9ict AL, ol& d
A HAoE AYGEC] AUHCR =of RYEE
’Jo] W A2 I} EQlo),

Table 6. Efficiency Rankings of Cities for Smart City KPIs

Smart City DEA Analysis Results
KPI Indicators Input Values Output Values Efficiency
Rankings
Quality of Life - Population, Life satisfaction, @ Gangwon
Medical Treatment Medical insurance premiums Medical service satisfaction @ Ulsan
Quality of Life - Population, Life satisfaction, @ Ulsan
Education Education budget Satisfaction with school life @ Gwangju
Efficiency of Mobility Numbgr of .registered. c.ars, Traffic .safety index, @ Ulsan
Traffic accident statistics Transportation Culture Index @ Gangwon
Innovation and R&D expenses, Patent commercialization, @ Daegu
Technology Adoption | Investment in research facilities Number of patent applications @ Gangwon
Economic Growth Unemployment rate, Employment rate, @ Jeonnam
Number of workers Number of employed people @ Gyeongbuk
. Number of crime - @ Gwangju
Safety and Security Number of 112 reports Number of criminal arrests @ Gyeongbuk
Urban Planning and Population, GRDP (gross regional domestic product), | (D Ulsan
Development Revenue budget Financial independence @ Seoul
Community Revenue budget, Number of health & social welfare workers, | D Jeonbuk
Engagement Number of employees .
) L Health and social welfare budget @ Busan
& Governance in the entire industry
Sustainability & Final energy consumption, The amount of renewable energy source, |(D Jeonbuk
Renewable Energy Household waste generation General waste recycling capacity @ Daejeon
Environmental Quality Anr}Lé%I’ e@i?'?g;f;;:gi"g’é‘?ms Satisfaction with green space environment g g:sjgevsgn
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4. Policy Proposals for Enhancing the Smartness
of Cities
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V. Conclusion
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1. Importance of smart city policy and evaluation
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2. Discussion of operational efficiency analysis
results
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3. Smart city policy and project suggestions

and direction
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4. Research limitations and research directions
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