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ABSTRACT

Data centers serve as critical infrastructure in the digital economy, supporting the growing demand for data

processing while contributing significantly to energy consumption and environmental impact. In South Korea,
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the excessive concentration of data centers in metropolitan areas has exacerbated issues such as power supply

imbalances and regional disparities. To address these challenges, this study proposes a methodological

framework for optimal data center location selection by integrating machine learning and geographically

weighted regression (GWR). Random Forest was employed to identify key factors influencing site suitability,

revealing that natural disaster risks (e.g., flood and earthquake risks) and infrastructure conditions (e.g.,

population density and power supply stability) are critical determinants. GWR was subsequently utilized to

estimate region-specific regression coefficients, incorporating local characteristics into the evaluation of location

suitability. The analysis identified Cheonan, Gimhae, and Daegu as highly suitable locations, characterized by

lower natural disaster risks, accessibility to renewable energy, and favorable infrastructure conditions, thereby

ensuring operational stability and sustainability. This study advances the decision-making process by providing a

comprehensive framework that considers the interaction between natural disaster risks, infrastructure conditions,

and regional characteristics. Furthermore, the proposed methodology has potential applications in other critical

infrastructure domains, offering practical insights for achieving regional balance and sustainable data center

operations.
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Table 1. Public Data Sources and Categories for Data
Center Site Selection Analysis

Data Name Organization

Landslide Information Korea Forest Service

Nationwide Landslide
Occurrence History
(Last 5 Years)

Korea Forest Service

Standard Data on
Nationwide Disaster Risk
Zones

Ministry of Public
Administration and Security

Statistical Yearbook:
Regional Earthquake
Occurrences

Ministry of Public
Administration and Security

Korea Meteorological

Earthquake Yearbook .. .
arthquake ¥earboo Administration

Korea Water Resources
Corporation

Multipurpose Dam
Operation Information

Designation and
Notification Status of
Disaster-Risk Reservoirs

Ministry of Public
Administration and Security

Nationwide Gas Station | Ministry of Trade, Industry
Registration Status and Energy

Regional and Hourly Solar
and Wind Power
Generation

Korea Electric Power
Exchange (KEPCO)

Wind Turbine Location

Information Korea Energy Agency

Ministry of Land,

Disaster Risk Zones
Infrastructure and Transport

Ministry of Land,

Land/Parcel Statistics
/ Infrastructure and Transport
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Data Name Organization

Total Population from
National Geographic
Information Institute

Ministry of Land,
Infrastructure and Transport

Building Area from
National Geographic
Information Institute

Ministry of Land,
Infrastructure and Transport

Administrative District
Boundaries
(City, County, District)

Ministry of Land,
Infrastructure and Transport

Status of Public Institution
Data Centers

Ministry of Public
Administration and Security
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Table 2. Distribution of Data Centers by Region in
South Korea (as of 2023)

Region Count

Seoul 20

Busan

~

Gangwon-do

NS}
(=]

Gyeonggi-do

Gyeongsangbuk-do

Daegu

Gwangju

Daejeon

Sejong

Incheon

Jeollanam-do

Jeollabuk-do

Jeju Island

Chungcheongnam-do

Chungcheongnam-do

Ulsan
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Table 3. Definition of Independent and Dependent
Variables for Data Center Suitability Analysis

Category Variable

Current Number of Data

T
arget Centers by Region

Isolation Risk

Collapse-Prone Facilities

Loss Risk

Vulnerable Disaster
Prevention

Flood Risk

Tsunami Risk

Earthquake History
Landslide

Feature

Gas Stations

LPG Facilities

Fire Hazard Zones

Area

Wind Power Generation

Dams

Population
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Fig. 1. Overall Process of Data Center Optimal Site
Selection
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Table 4. Key Variables for GWR Model Application in
Data Center Site Selection

Variable Definition

Vi Dependent variables

Bo(us, vi)

Intercept at the i-th coordinate

Sum of the product of the
Z Bi (uj, vi)Xyi | coefficients of the k-th independent
variable and the intercept

Variable Definition
& Error Port
Wi (%) Local weight at location x
dx,xk Distance between location x and xj
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Table 5. Performance Comparison of Machine Learning
Models

Model RMSE R®
Decision Tree 0.1845 0.7234
XGBoost 0.1523 0.7862
RandomForest 0.1230 0.8364
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Table 7. Regional GWR Regression Coefficients
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Table 6. Performance Evaluation of GWR Model ones
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853



The Journal of Korean Institute of Communications and Information Sciences "25-06 Vol.50 No.06

(1023} AT DE(P-0207F F2T Fe] 3
& AL W e ot Rale] A2l
Szt A1 B4do] Held) AlE ool 20 8
= 2pgale, zzpe] wig) dele] AlE 17 A4 3%
el T2slel & a4l 2219 ovlgic

4.3 olo|ef MIE| x| Mt M= MY An}

2 Al A dlefe] AlEle] 25 ] Ajt
A A5 waled 2Ell 7k S8 %2F GWR AlTE
Agste] AEsisick #F A4 7 2199 dlolH
32 7]Hke 7 AlXEE]91.2w, Table 8ol W< 2]
T E FQwel GWR I HAE w3l 4HH o
| AgA A ARk A7 A=l Q)

Table 9-2 o]=&t ANt WA1& Fal =& A=) 4]
T dlofe] AlE] §ix] A A Ve, A
tlole] A7} $118HA] ¢ A1 T A9 1570 A
< A3l Ak E=3E, Figure 32 o] & 7[Hke

N .llel

Table 8. Example of Data Center Suitability Score
Calculation

Buk-gu, Daegu
Random GWR
Variable Forest Regression | Final Score
Importance | Coefficient S
L Bix)

Isolation Risk 0.001 -0.01 -0.00001
Collapse-Prone |, 43 -0.02 -0.000066
Facilities
Loss Risk 0.0137 -0.01 -0.000137
Vulnerable
Disaster 0.012 -0.01 -0.00012
Prevention
Flood Risk 0.17 -0.15 -0.0255
Tsunami Risk 0.08 0.17 0.0136
Earthquake 0.19 1.35 0.2565
History
Landslide 0.13 1.18 0.1534
Gas Stations 0.01 0.02 0.0002
LPG Facilities 0.01 -0.01 -0.0001
Fire Hazard 0.08 0.51 0.0408
Zones
Area 0.06 0.08 0.0048
Wind Power 0.07 0.20 0.0140
Generation
Dams 0.06 0.05 0.0030
Population 0.11 0.30 0.0330
Sum 1 - 0.4935
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Table 9. Top 15 Recommended Locations for New Data
Center Construction

Rank Region L(;(:;t;:n
1 Cheonan-si, Chungcheongnam-do 0.682
2 Gimhae-si, Gyeongsangnam-do 0.645
3 Buk-gu, Daegu Metropolitan City 0.494
4 Uiwang-si, Gyeonggi-do 0.482
5 Ulju-gun, Ulsan Metropolitan City 0.475
6 Dongnae-gu, Busan Metropolitan City | 0.463
7 Yeongcheon-si, Gyeongsangbuk-do 0.458
8 Suncheon-si, Jeollanam-do 0.442
9 Yesan-gun, Chungcheongnam-do 0.435
10 | Yeongdo-gu, Busan Metropolitan City | 0.428
11 Seongju-gun, Gyeongsangbuk-do 0.412
2 Sokcho-si, Gangwon Special 0395

Self-Governing Province

13 Goseong-gun, Gyeongsangnam-do 0.385

14 Uljin-gun, Gyeongsangbuk-do 0.374

15 Yeongyang-gun, Jeollanam-do 0.362
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Fig. 3. GIS Visualization for Top-15 Recommended
Locations for Data Centers Map
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