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Global Mega Trends (Frost & Sullivan, 2022)

Global Mega Trends

Urbanization —
City as a
Customer

Future
Infrastructure
Development

(((E})) Bricks and Clicks

and Well Being

h— Innovating to Zero Health, Wellness

Social Trends: Gen Y,
Middle Bulge, She-
conomy,
Geosocialization

Future of Energy

' Economy: Beyond
BRIC: The Next
Game Changers
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Future of Mobility

New Business
Models: Value for
Many

Connectivity and
Convergence
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World Urbanization (United Nation, 2018)
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Urban Problems
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* Lack of infrastructure, land supply, energy problems

* Man-made pollutions including garbage, sanitary, fire,
terrorism, traffic congestion, crime, viruses, etc.

(GW Business
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17 Sustainable Development Goals UNIVERSITY
(United Nations, 2015) WASHINGTON, DC

g’@q SUSTAINABLE
%2 DEVELOPMENT

NO GOOD HEALTH QUALITY GENDER CLEANWATER
POVERTY AND WELL-BEING N HA T EQUALITY AND SANITATION

DECENT WORK AND ' 10 REDUCED
ECONDMIC GROWTH INEQUALITIES

13 GLIMATE 1 4 LIFE 15 LIFE 16 PEAGE. JUSTICE EArinckSHIPS
ACTION BELOW WATER ON LAND AND STRONG Fl]R THE GOALS
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TS = z @ 3‘5’3&5’3&5‘%
) GALS

UN in collaboration with Project Everyone (2015)
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Solution to Urban Problems
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Application of Technology could solve Urban Problems

(GW Business

Technology

Smart city
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What is Smart City? WASHINGTON

o _ UNIVERSITY
(International Telecommunication Union, 2016)

WASHINGTON, DC

e A smart sustainable city is an innovative city with ICT's
e To improve quality of life for efficiency and competitiveness

e Economic, Social, Environmental for the future generations

; © 2023 Y.H. Kwak, Ph.D. 7
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(Kwak and Lee 2022) WASHINGTON, DC
Layers Contents
Dlgl tal Space {1 ) ,.!-. : F Traffic cc?ntrol, water treatmént,
. ‘_,‘1 G M @ [4 garbage disposal, energy solution,
Services security, healthcare, Car sharing, etc.
Internet service, Wi-fi networks,
Media ((( ))) CCW Fiber optic networks,
1T o A multipurpose sensor networks,

service-oriented information system,
Infrastructure integrated control center,
Communication network, etc.

Physical Sp ace H m Buildings, residences, roads,
HH )

Physical public transportation, electrical grid,

etc.
Infrastructure
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Technologies are “NOT” Smart City Challenges

e Governance & leadership

e Politics & Government relations

e (itizen Engagement
e Business infrastructure
e Long-term life cycle

e Multi Stakeholders
o Complexity

(GW Business

Scarce use of smart (data-based)
solutions as integral part of city

development strategy or key
components of urban projects
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World Bank Group, Korea Innovation Week (2020)
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History of Worldwide Smart Cities

1993 2006 2011 2012 2016

Amsterdam Europe, Barcelona, China, Us,
Digital City Living Lab Smart City Announced a plan Pres. Obama
started. World Congress To build Smart city
Now, over 320 smart cities R&D Plan

| 1.1 | .1
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2018

Korea,
National Pilot
Smart city

!

2004

D SR G

Korea, Global Seoul, Korea India, Dubai,
Started U-City companies Smart Seoul 100 Smart Cities  Test of Urban
Like IBM, ITU Singapore, Robotics
CISCO, Best Practice Smart Nation | jke o Flying taxi
Smart City
Strategies

Adopted from World Bank Group, Korea Innovation Week (2020)

(GW Business
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I

2019

Google,
Sidewalk
Master Plan
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Korean Smart City is in its 3" Generation!

1st generation

Classification (2009~2013)

Vertical data

Information . i
integration

Platformm |Closed type (silo)

Central
government

Subject

Building
infrastructure

-ICT

Business :
infrastructure

character )
- Construction

infrastructure
- Public Service

(GW Business

2nd generation
(2014~2018)

Horizontal data
integration

Partially open

Central government
+ Local government

Platform building
Standardization
- Integration
- Organization
- Institution
- Function
- Public Service
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3rd generation
(2019~)

Interoperability

Partially open (expendable)

Central government
+ Local government

Innovation system
Public Service+ Private Service

© 2023 Y.H. Kwak, Ph.D. 11
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Examples of Korean Smart City Costs WASHINGTON
UNIVERSITY
(Based on 5 five local governments) WASHINGTON. DC

Construction costs account for a large portion of Korea’s 1st-gen. smart city

H Construction ((( ))) ICT @ Annual
HHE Infrastructure A Infrastructure Nd O0&M
hd 0
96.8% 3.0% 0.2%  ittion KRW)
Annual
Proreer Construction ICT Annual rn;‘a
District O](? Population Infrastructure Infrastructure service O&M S ?e
duration operating
COSts COSts COSts
revenue
H
WASCONE  2001~2008 120,000 3,263,000 45,000 3,170 -
Dongtan
P
au 2006~2009 126,000 5,069,000 90,000 5,900 1,400
Gyoha
S
WO 005~2011 77,000 5,088,100 100,000 5,400 1,000
Gwanggyo
Sejong  2006~2030 200,000 7,600,000 409,800 26,500 6,500
S
COngRAM  H005~2010 87,000 2,224,300 80,000 3,900 ;
Pangyo

y © 2023 Y.H. Kwak, Ph.D. 12
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Operations & Maintenance (Service)

Project Lifecycle Perspective

After completion of construction.

Project Operator

Smart city

Construction Infrastructure

ICT Infrastructure

Services

oO&M
e Unplanned O&M costs
e [ow revenues from the services operation

e [ack of Institutional support

~\a/ y © 2023 Y.H. Kwak, Ph.D.
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Local Government

Smart city

Construction Infrastructure

Services

13



THE GEORGE
WASHINGTON
UNIVERSITY

WASHINGTON, DC

Smart City Framework (Kwak and Lee, 2022)

Sustainable
Smart City

Policy & . Y. H. Kwak and J. Lee,
Governance Leoal Service "Toward Sustainable
coa .
g Smart City: Lessons From
: gfﬁjernment ;nllt_latlvMe§ . Contents 20 Years of Korean
I It +  Public Service ~ Programs,” in IEEE
598 e Private Service ~ Transactions on
* Private Alignment Busi . )
Company + Regulation Muscllnless Engineering Management,
*  Public * De-Regulation Ooethion& vol. 70, no. 2, pp. 740-
Company + Sand Box Moiotoan 754, Feb. 2023, doi:
- SPC « Living Lab chance
2 10.1109/TEM.2021.30609
ICT Infrastructure 56.

Physical Infrastructure

=7 : © 2023 Y.H. Kwak, Ph.D. 14
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ESG (Environmental, Social, and Governance)

e LEnvironmental

EhaHi = 2t 7|
X|

X8 A

|_

0

e Social
o
o

e (Governance
714 X|Hi ++= B
O|Ab2| O CtY2t2t

(GW Business
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Evolution of ESG
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1980 190 e 2020 4
Chernobyl s Global
—— Index Fund 2006 %
disaster sl . COVID-19
Raises public F:m'"' Sockl UN Pr mcnple's 2015 pandemic
awareness on WLy (now MSCI LD :°r Rfsm';s(' :’::I) UN Sustainable Accelerates green
EAS iy of Brundtland 400 Social index) A i Development Goals and social
1890 nuclear power c g launched with | h bond issuance
ommission $4T AUM (SDGs) launched and vakie
Quaker The term (AUM in 2021: proposition of
Friends “sustainability” $103.47) ’ Paris Agreement ESG funds
Fiduciary is defined at Nike signed by EU Taxonomy
: meeting meant h 197 ; ;
No-sin to unify countries sweatshop countries for sustainable
YRtenents around sustainable labor activities
development scandal TCFD launched launched
— | 20004 l BlackRock CEO Sustainable
Interfaith hole 1989 Carbor Larry Fink Finance
Center on detected Exxon = i Sustainability publishes annual Disclosure
Corporate Valdez DPF) " Accounting letter to CEOs Regulations
Responsibility spill South Africa Created Standards urging them (SFDR) launched
founded Worst oil 46258 Global. Board (SASB) to consider
spill in i Reporting fourded long-term Winter storm
ESG ) divestiture Initiati RI value over "yl
history tiative (GRI) Uri
shareholder to protest started short-term gains
advocacy snartiielil devastates Texas
Sustainalytics SEC reconvenes
founded

to discuss

climate change
disclosures

in financial reports

https://lwww.dnb.co.uk/perspectives/supply-chain/esg-data-valuable-for-supply-management-procurement.html

© 2023 Y.H. Kwak, Ph.D.
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ESG Practices (USA) WASHINGTON DC

“EX} O AFAHA| 7| S StR Q18 97| (SO SABHK| YL 40l
BlackRock 25% O| &b A EF Y AEotE 7| Y2 (M EHO| BEO| 2| ESH= 7| ®)
XHE SHX| 22 Z 0|0 investment portfoliosH| Al AFH|SH=
ock Letter to CEOs (2020.01)

=
T
b
o
QD

o

]
Py,

TE 7|0| 7|2 H3to| M0l SESHOF 5tD, =M L0 THK 2 5=
U= ZE 7|31 2l 32 LHQt X GAtz] = B sifof it 22|+=
212k, B ciX st JACH MY 7Hssh RHY, o REkE Aol
SHA K| 7| I8l A1=55kA HS8HOF SHEF -Z= X : Apple Newsroom (2022.08)
EE=EE “7)1% Holof| Mot JAEH T L AN HEY 5 2 E HfE 9
= NESO| O} R|% 753 HAOIA & 4 UES & O B8 2ol
(Google, Yutube2} &2
827182 B2lA Fel= 28, Are| 3 AB HA(ESG) O|LIME|E0f 579 5H B 22 & 7|7

7|2l 0|C}. » -&=X: Sustainability magazine (2022.08)
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ESG Practices (Korea)
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Strong Needs for Smart City

65
60
55
50
45
40
35

30
1960

2050 77 X|

MAIAT 70%7t A0l 2F A2 2 0f| &

1970

HMA =A=HE (%) »

1980

1990

2000 2010 2021

H|O|Ef X : The World Bank

(Urban population (% of total population) | Data (worldbank.org))

Business
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‘Smart City’ =t
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https://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS

Can ESG concept apply to Smart City?
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Can we elicit Smart City ESG score from WASHINGTON

participating firms’ ESG score?

AS-IS

- 20LEAE|2] ESG =&
ZHEAL 0| S O3f{ot7| =
X &, 710l =2 elof et At H &

: 37HA] MR FE2 HOIHE

UNIVERSITY
WASHINGTON, DC

TO-BE
» SIXff ADIEA|E|Q] ESG =& H| 2
2859
o)

ESGE=0f gt Z&H 71 H|

: ﬁ“rE*lElel ESG 8 =28 4

U 712 DU Y

Smart City2| ESG === F5}7| it 7| 2H 710| =212 M| S

(GW Business
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Integrating Three sectors’ ESG for Smart City [\ versiTy
Sustainability Accounting Standards Boards (SASB)

WASHINGTON, DC

(GW Business

Smart City
Sector J | ) Information and Communication .
f Infrastructure Techooloay(ICT) Services D

* Electric Uttlities & Power * Electrontc Manufacturing
Generators Services * Advertising & Marketing
* Gas Utilities &Distributors * Hardware * Financtal & Insurance

Industry * Water Utilities & Services * Software & IT Services * Medical Nursing
* Engineering & Construction | | * Internet Media & Services * Miscellaneous
* Home Builders  Semiconductors * Personnel Health
*Real Estate * Telecommunication Services

© 2023 Y.H. Kwak, Ph.D. 23



Research Approach

GW Business

Goal
Estimating ESG Levels in ° g —_|-|- ¢:||'| %
Smart City = =
o MZ =X:ESG book
Literature Review ®* TH od
ESG
Study area Identification
Firm-size data
Data Collection ESG book Score related to ESG, ENV, SOC, GOV
! Sub category score related to
Data Analysis Statistical analysis NG C GOV
Result

© 2023 Y.H. Kwak, Ph.D.
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Data from ESG Book

(December 2021 data)

Size Total $
Micro 50 million to 300 million
Small 300 million to 2 billion
Mid 2 billion to 10 billion
Large 10 billion to 200 billion

Criteria used for our measurement
Waste

Water

Emissions

Resource Use

Environmental Management
Environmental Stewardship

Environmental Solutions

8033
8482
7943
7296
7512
8816

7957

Critena used for our measurement
Compensation

Diversity

Employment Quality

Human Rights

Labour Rights

Occupational Health and Safety
Product Access

Product Quality and Safety
Training and Development

Community Relations

GW Business

4957
7826
8059
8709
7101
7234
7825
6r87
772

7909

Criteria used for our measurement
Business Ethics

Corporate Governance
Transparency

Capital Structure

Forensic Accounting

4793
6211
6536
0187

5660

THE GEORGE
WASHINGTON
UNIVERSITY

WASHINGTON, DC

ESG <Siemens Example>
Environmental
26.1% e \Weight
7319 100.0% e Sector Percentile
1.7 e 12m Trend
7214
Social
29.4% e \Weight
ESG Score 72.36 99.7% e Sector Percentile
99.8% -0.8 e12mTrend
Sector Percentile
Governance
-4.5 |
s s 44.6% o \Veight |
86.6% e Sector Percentile
-85 e 12mTrend

© 2023 Y.H. Kwak, Ph.D.
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Descriptive Statistics of 1334 Infrastructure + wasHiNnGTON

ICT + Service Firms

UNIVERSITY
WASHINGTON, DC

e Infrastructure 42%(n=554), ICT 34%(n=454), Service 24%(n=320).

o Average ESG score was 53.5 (ranging from 29.7-72.9).

e ENV average score was the highest (56.3); SOC was 56.1

e GOV was the lowest (50.2) with 60 out of 1334 (~5%) were below 30.

Variable N Mean SD Minimum Maximum
ESG 1334 53.5 7.30 29.7 72.9
ENV 1334 56.3 12.68 28.6 86.8
SoC 1334 56.1 7.76 30.9 74.2
GOV 1334 50.2 12.21 16.2 80.8

(GW Business

© 2023 Y.H. Kwak, Ph.D.
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ESG scores of Infrastructure, ICT, and Service
based on the Firms’ Sizes

(GW Business

Infra.

49.25
52.60
54.26
55.23

Infra.

50.72
54.48
56.48
58.58

ESG
ICT

51.26
51.35
53.65
56.15
SOC
ICT

48.41
51.96
57.18
59.09

Service

46.59
50.91
51.27
54.14

Service

49.18
51.94
54.55
54.14

© 2023 Y.H. Kwak, Ph.D.

Infra.

44.85
55.76
60.01
63.11

Infra.

50.83
49.50
49.38
48.36

ENV
ICT

41.39
48.41
56.84
62.24
GOV
ICT

56.50
51.97
50.04
51.59

THE GEORGE
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WASHINGTON, DC

Service

38.99
45.75
49.19
57.39

Service

47.36
51.72
50.19
50.58

27
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Smart City ESG vs. Firm Size

e ESG, ENV, SOC has positive correlation between companies’ size and

relative ESG score. GOV has no correlation between companies’ size and
GOV score.

oo a0 o
Variable Size w *° %‘ B % El-|E| R 5 0 %
W an * an
ESG Pearson’s r 0.208%** =0 =0 J— L -
20 20
p-value =001 0 10
. 5 . o o
ENV Pearson’s r 0.356%*+ Micro small Mid Large Micro Small Mid Large
p-value <001 size size
SOC Pearson’s r 0.309%%* a0 an
1 001 - = - - .
p-value <. 70 7o —|_
GOV Pearson’s r 0022 w =0 T— —— — o = 50 | | l l
gn =~ 1 % 5 % O
p-value 0.426 - -
0 0 1 - -
10 10
o o
Micro Sma Mid Large Micro Small Mid Large
Size Size
: © 2023 Y.H. Kwak, Ph.D. 28
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Smart City ESG vs. Return on Assets (ROA)

e Looking into financial significance (Investment in Smart City)

THE GEORGE
WASHINGTON
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WASHINGTON, DC

o GOV only had the statistical significance to Return on Assets (ROA)!

(GW Business

Variable ROA
ENV Pearson’s r 0.064
p-value 0.146
N 510
SOC Pearson’s r 0.037
p-value 0.400
N 510
GOV Pearson’s r 0.227***
p-value <0.001
N 510

© 2023 Y.H. Kwak, Ph.D.
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Sub-Categories of ESG Measurement
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ENV

SOC

GOV

Emissions

Compensation

Business Ethics

Environmental

Management

Diversity

Capital Structure

Waste

Employment Quality

Corporate Governance

Environmental

Stewardship

Human Rights

Transparency

Resource Use

Labor Rights

Forensic Accounting

Water

Health and Safety

Environmental Solution

Training and Development

Product Quality and Safety

Community Relationship

Product Access

GW Business

© 2023 Y.H. Kwak, Ph.D.
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Environment Score Heatmap
(Correlation check included)

E_Emissions -

E_Environmental Management - 0.67

E Waste - 0.61

E_Environmental Stewardship - 0.66

E_Resource Use -

E_Water - 0.53

E_Environmental Solutions - 0.44

E_Emissions -

GW Business

0.59

0.65

0.61

0.57

o
s
e}

gement -

E_Environmental Mana

0.47

0.58

0.52

o
w
w

E Waste -

- 0.6

- 0.4

0.58 -0.2

o
s
(=]
(=]
s
-
o
[=] [=]
¥}

o
p- s

i

o

F=Y

-~

o

| o
=3

E_Water -

E_Resource Use -

E_Environmental Solutions -

E_Environmental Stewardshi

© 2023 Y.H. Kwak, Ph.D.

Absolute
Value of r

r<0.3

0.3<r<0.5
0.5<r<0.7
t>0.7

THE GEORGE
WASHINGTON
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WASHINGTON, DC

Strength of
Relationship

None or very
weak

Weak
Moderate

Strong
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Social Score Heatmap

(Correlation check included)

S_Compensation -

S _Diversity - 0.29

S_Employment Quality -g/NyER 0.22

S_Human Rights

S_Labour Rights -8 0.26

S_Occupational Health and Safety -JUliES 0.30

S_Training and Development -SiNiF8 0.28

o
w
o

0.37 0.64

0.45 0.41 0.50

0.35 041 041 0.46

S_Product Quality and Safety -l:).t:JEs 0.31 039 048 0.39 0.32

S_Community Relations -EiNsP 0.30 0.40 0.46 0.48 0.47 0.51 0.43

S_Product Access

Y -

S_Diversit

>-compensa fon ﬂ---ﬂ-

GW Business
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S_Communi
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S_Product Access -

1.0

0.8

-0.6

-0.4

- 0.2

0.0
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Governance Score Heatmap
(Correlation check included)

(GW Business

G_Business Ethics -

G_Capital Structure -J ]

G_Corporate Governance - 0.27 FURIES

G_Transparen cy

I) 11 I) 10

G_Forensic Accounting n--

G Business Ethics

pital Structure
- parency

porate Governance
G _Trans

G Ca

G _Cor

© 2023 Y.H. Kwak, Ph.D.

G Forensic Accountin

g_

1.0
[ 0.8
- 0.6

- 0.4

- 0.2

.
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Deriving Smart City ESG Scores WASHINGTON
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Multiple Linear Regression Analysis WASHINGTON, DC

- ENV(Y) = - 0-295+O-123X1(Emissions)+ 0-162X2(Environmental Management)+

0-168X3(Waste)+ O-103)(4(Environmental Stewardship)+ O-:|-88X5(Resource Use)+
0-124X6(Water)+ O-141X7(Environmental Solution)

> SOC(Y) = 0.735 + 0.066X; (compensation) + 0-129X3 piversity) + 0-122

XS(Employment Quality)+ 0-080X4(Human Rights) + 0-067XS(Labour Rights) +
O-:I-Z:I-X6(Health and Safety)+ O-066X7(Training and Development) +

0-175X8(Product Quality and Safety) + O-085)(9(Community Relationship) +
O-082X10(Product Access)

- GOV(Y) =0.068 + O-:|-56X1(Business Ethics) + 0-312X2(Capital Structure) +
0-:|-43X3(Corporate Governance) + 0-069X4(Transparency) + 0-320X5(Forensic Accounting)
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Is there a better way to analyze this by using
Machine Learning?
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Why Machine Learning?

e P-value 5
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Why Machine Learning? (cont’d)

e Machine Learning Model Sustainable 2

¢  Machine Learning M=Z= H[O|E 7}
BEO| XEs=E 7ts

77|
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Machine Learning Methods and Metrics

e F1 Score
o Recalldf Precisionl| Z2tHAOZE HEHZ HY
o 01t 1ALO[S] dk= 7K 10f| 7t E2+F R0t 22 BI7h=
IO M= 0 - 1002 2 2HAHSHY HE )

e Accuracy
o OF4I2Xixe S22 RES It

5 © 2023 Y.H. Kwak, Ph.D. 38
(GW Business



Machine Learning Methodologies
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No Classifier Model Classifier Type

1 Decision Tree Tree-based

2 AdaBoost Tree-based ensemble
3 XGBoost Tree-based ensemble
4 LightGBM Tree-based ensemble
5 Random Forest Tree-based ensemble
0 Extremely Randomized trees Tree-based ensemble
7 CATBoost Tree-based ensemble

Business
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RANKINGS OF 5 ML MODEL RESULTS

B Adaboost DecisionTree B RandomForest B .GBoost
XGBoost B GradientBoost B CATBoost
D
. o
o o 2
5 2~ - =
[\
N
10
3
O
I O | |
=
<t
ACCURACY F1 SCORE
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ML Analyses & Data Comparison
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Classifier
No Model E score S score G score
Accuracy F1- Accuracy Accuracy F1- Accuracy Accuracy F1- Accuracy
%o socre(x100 Rank % socre(x100 Rank % socre(x100 Rank
CATBoost
p | GradienB | g0 79.2 5 81.6 72.1 5 89.5 83 2
oost
3 XGboost 87.6 84.1 2 83.5 74.7 3 88 81.6 3
4 L.GBoost 87.6 83.7 2 82.4 78.8 4 86.9 83.7 4
5 | Random 87.3 80.4 4 83.9 72.6 2 86.1 80.8 5
Forest
o | Decision 74.9 72.6 6 66.7 59.0 6 78.7 75 6
Tree
7 | Adaboost 48.7 35.5 7 52.4 33.3 7 62.9 48.9 7
© 2023 Y.H. Kwak, Ph.D. 41
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CATBoost
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ICT, Service, Infrastructure:
ESG & Financial Performance Data
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Data Preprocessing & EDA(Exploratory Data Analysis)

Divide E, S, G Scorein 5 Rank: A, B, C, D, E

Research
Machine Learning Model

e — Approach
— mu  ClassifierModel | :
‘ Classifier Model uS|ng

+ o4 0 Split Data: Train 80, Test 20 Machine

PaN AN AN
¢ ° Learning

Ensemble|Model

Categorical Boosting(CATBooSt) g

SSOC Model: Fitted Model for Smart City ESG Score

Model with Hyperparameter

SHAP XAl(Explainable Al): Feature Importance/ Interactive Dynamic

E Priority G Priority

GW Business Suggest Sustainable Smart City Operation Framework for Three Sectors
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XAl: Feature Importance, P/N effects

e Feature Importance Plots

o Sub-category2| 2 H=7F R RIG| TS| S F=X| 22
. CHEMB TN 87 A 4 22} SHAP W HS BB Feature

Importance9_| %9-57 |' Ef%

e Sub-Category Positive & Negative Effects
o Sub-category= 0| 220 O|X[= F2Fe| A7|&E OfL|2f,
positive2HA| negativePHA| 29l 7h5

==

o HZHM. Positive, LF2HAH: Negative
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XAl: Environment Feature Importance T ———

e [eature importance plots of E-score

E_Environmental Solutions +2.77

E_Resource Use +2.58

E Waste

E Environmental Management
E_Water

E_Environmental Stewardship

E_Emissions +1.75

0.0 05 1.0 15 2.0 25 3.0
mean(|SHAP value|)

e Sub-Category Contributions

higher = lower
base value fix)
39.76 44.76 498.76 54.76 59.76 64.76 69.67.

E_Emissions = 60.44 E_Environmental Stewardship = 62.02 ' E_Resource Use = 66.14 ' E_Environmental Management = 67.51 ' E_Water = 65.71 ' E_Waste = 70.98 ' E_Environmental Solutions = 82 .52
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XAl: Social Feature Importance
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e [eature importance plots of S-score

S_Employment Quality +1.86

S_Product Quality and Safety +1.41

S_Human Rights +1.33

S_Occupational Health and Safety +1.12
S_Community Relations +1.08
S_Product Access +1.04
+1.02

S_Labour Rights
S_Diversity +0.92
S_Training and Development +0.68

S_Compensation +0.47

0.00 025 050 075 100 125 150 175 200
mean(|SHAP value|)

e Sub-Category Contributions

higher = lower
base value fx)
40.82 4582 50.82 3 f2 60.62 6291 65.62

§ Training and Development = 69.42 ' S Diversity = 61 78 5 Occupational Health and Safely fid. [18 5_Labour Rights = 7113 SCommumw Relations = 67.38 S Human Rights = 81.11 SPmdumﬂuaMryandSaieh; 1. 08 5_Employment Quality = 40.02 ' §_Compansation = 52.87
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XAl: Governance Feature Importance

e [eature importance plots of G-score

G_Capital Structure +7.32

G_Forensic Accounting
G_Business Ethics
G_Corporate Governance

G_Transparency

0 1 2 3 4 5 6 7 8

mean(|SHAP value|)

e Sub-Category Contributions

higher = lower
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base value fix)
50.06 55.08 60.06 62.57 65.06
G_Business Ethics = 61.51 G_Capital Structure = 52.13 G_Forensic Accounting = 79.19 ' G_Corporate Governance = 52.59

~\a/ y © 2023 Y.H. Kwak, Ph.D.
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Regression vs. Feature Importance
Environment
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Environment Score

Regression Importance Coctlicient ML Importance Previous | Updated
from MLR Rank Rank

Resource use 0.188 Environmental Solution 3 1
Waste 0.168 Resource use 1 2
Environmental Management| 0.162 Waste 2 3
Environmental Solution 0.141 | Environmental Management 3 4
Water 0.124 Water 5 5
Emission 0.123 Environment Stewardship 7 6
Environment Stewardship 0.103 Emission 0 7

=7 : © 2023 Y.H. Kwak, Ph.D.
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Regression vs. Feature Importance
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Social Score
Regression Importance (fizfiﬁﬁirﬁ ML Importance Prﬁ:;ius Uﬁjﬁfd

Product Quality and Safety| 0.175 Employment Quality 3 1
Diversity 0.129  |Product Quality and Safety 1 2
Employment Quality 0.122 Human Rights 7 3
Health and Safety 0.121 Health and Safety 4 4
Community Relationship 0.085 Community Relationship 5 5
Product Access 0.082 Product Access 0 0
Human Rights 0.080 Labour Rights 8 7
Labour Rights 0.067 Diversity 2 8
Training and Development| 0.066 [Iraining and Development 9 9
Compensation 0.066 Compensation 10 10

(GW Business
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Regression vs. Feature Importance

Governance
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Governance Score
Regression Importance ?r?)iﬁl\c/iirllit Machine Learning Rank PIEZL(LHS Ugjifd
Forensic Accounting 0.320 Capital Structure 2 1
Capital Structure 0.312 Forensic Accounting 1 2
Business Ethics 0.156 Business Ethics 3 3
Corporate Governance 0.143 Corporate Governance 4 4
Transparency 0.069 Transparency 5 5

(GW Business
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Regression Coefficient vs Feature importance
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Lessons #2: Smart City and ESG

e We can derive smart city’s ESG level by looking into

participating firms
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e Company’s ESG scores can affect sustainable smart city
development and operation.

e GOV recerved the lowest average score.
e GOV has the largest potential to increase the ESG scores
e GOV needs to be better practiced and focused
e GOV only had statistical significance to Return on Assets (ROA)

(GW Business
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Questions or Comments?
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EXTRAS
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XAl: Social Feature Importance

e Teature importance plots of S-score

S_Employment Quality
S_Product Quality and Safety +1.41

S_Human Rights +1.33

S_Occupational Health and Safety +1.12

S_Community Relations +1.08

S_Product Access +1.04

S_Labour Rights +1.02

S_Diversity +0.92
S_Training and Development +0.68

S_Compensation +0.47

+1.86

000 025 050 075 100 125 150
mean(|SHAP value|)

e Feature importance using mean absolute value
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XAl: Social Feature Importance

e Sub-Category Contributions

40.62 482
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XAl: Social Feature Importance

e Teature importance with contribution of S-score

fix)

One of the actual Sample S_Employment Quality
value from a sub-category of { 5_Product Quality and Safety +3.22

S_product Quality and Safety |, S_Human Rights Shap Value

S_Community Relations
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S_Occupational Health and Safety . +0.98

>

S_Diversity +0.67
S_Training and Development
S _Compensation —0.41

S Product Access +0.36
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