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Spatial Heterogeneity in the Determinants of Regional Extinction Risk

Yun-Seo Jung** - Da-Won Lim*** - Changhyo Yi****

Abstract
This study comprehensively examines the determinants of regional extinction driven by low birth rates and
rapid aging, empirically demonstrating how these factors vary across regions. Using the Regional Extinction
Risk Index as the dependent variable, the analysis examines four dimensions: Demographic and Economic Base,
Fiscal and Welfare Systems, Living Environment and Welfare Infrastructure, and Regional Sustainability. The
findings reveal that regional extinction is shaped not only by population decline but also by economic
foundations, fiscal capacity, welfare systems, and the quality of local infrastructure. Notably, demographic
structural shifts, such as the net migration rate of the youth population, emerge as a critical determinant of
regional sustainability. These results suggest that policy responses must move beyond traditional
fertility-focused approaches. Instead, a multifaceted strategy is required, integrating the expansion of
employment opportunities with qualitative improvements in living infrastructure and essential services. This
research provides a foundational framework for local governments to develop tailored, evidence-based
strategies that mitigate extinction risks and foster long-term regional resilience.

Keywords: Regional Extinction Risk, Demographic Change, Living Environment Infrastructure, Regional
Sustainability, Spatial Heterogeneity
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Table 1. Dependent and Explanatory Variables Applied in the Empirical Analysis

Division Category Variable Abbr. Unit Source
Dependent Korean Statistical Information
Vgriable Regional Extinction Risk Index RE_INDEX - Service
(2025.9.14) (in Korean)
Korean Statistical Information
Number of Population POP Person Service
(2025.9.12i) (in Korean)
i . Population Statistics Based on
Youth Population Rati
ou (AOEI:)san 110:) atlo YOUTH_R % Resident Registration
g (2025.9.12b) (in Korean)
- - - Population Statistics Based on
D h Elderly Popul R
Chemofra.p t.l ¢ (i;r Y B 22” a;lg" jno ELDER R % Resident Registration
aracteristics ged o> and Lver (2025.9.12a) (in Korean)
K Statistical Inf ti
Net Migratil;): lﬁgzs;nong Youth Y_MIG_R % orean >ta ;Serl‘cjcen ormation
P (2025.9.13¢) (in Korean)
Population Statistics Based on
Crude Birth Rate CBR % Resident Registration
(2025.9.12¢) (in Korean)
Number of Establishment EST Number Korean Statistical Information
. Service
Economic Number of Employment EMPLOY Number (2025.9.13b) (in Korean)
Characteristics Local Fi 365
ocal Finance
Fi ial Ind d Rat: FIN_IND 9
inancial Independence Rate | % (2025.9.13) (in Korean)
. . Korean Statistical Information
Social Welfare Facilities WEL FAC Number per 100,000 Service
100,000 Peopl - 1 .
per eope people (2025.9.12f) (in Korean)
. Balanced Development Statistics
0,
Social Social Welfare Budget Share WEL_BUD % (2025.9.15b) (in Korean)
Characteristic  Ratio of Recipient of National Basic NBL R o Balanced Development Statistics
Explanatory Livelihood - 0 (2025.9.15a) (in Korean)
Variable Korea Social Security Information
Retirement Pension Coverage Rate PEN_COV % Service
(2025.9.13) (in Korean)
Korean Statistical Information
Vacant Housing Rate VAC_H_R % Service
(2025.9.13a) (in Korean)
K istical Infi i
Physical Ratio of Aging Housing Stock orean Statlstl@ nformation
Characteristic (Over 30 Years 0ld) OLD HR % Service
(2025.9.12a) (in Korean)
Korean Statistical Information
Road Pavement Rate ROAD_PV % Service
(2025.9.12¢) (in Korean)
Number of Cultural Facilities Number per 100,000 Korean Statlstlczlal Information
er 100,000 People CULT_FAC eople Service
p ’ P peop (2025.9.12¢) (in Korean)
K Statistical Inf ti
Number of Private Academies ACAD Number per 1,000 orean >ta ;Serl‘cjcen ormation
per 1,000 People people (2025.9.12g) (in Korean)
K istical Infi i
Urban Services Number of Childcare Facilities Number per 1,000 orean Statlstlg nformation
Characteristic er 1,000 Children CHD_FAC children Service
per (2025.9.12d) (in Korean)
Number of Hospital Beds Number per 1,000 Korean StatlSth.al Information
1,000 Peopl BED ) Service
per LULD Feople people (2025.9.12h) (in Korean)
Korean Statistical Information
Green Space Ratio GREEN_R % Service

(2025.9.12b) (in Korean)

Note: The temporal scope of the data is as of 2022.
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Table 2. Descriptive Statistics

Division Category Variable Min. Max. Ave. S.D.
Depe'ndent Regional Extinction Risk 0.23 3.02 155 0.52
Variable Index
Number of Population 11,225 9,428,372 280,846 652,781
Youth Population Ratio
1,74 95,41 24 18,91
(Ages 0~14) , 746 5,410 ,706 8,916
Demographic Elderly Population Ratio
4,201 170,9 4 2 4
Characteristics (Aged 65 and Over) 20 70,968 3,98 33,848
Net Migration Rate_among 010 6.20 1.42 107
Youth Population
Crude Birth Rate 1.20 8.60 4.12 1.32
Number of Establishment 1,108 310,998 34,437 42,337
E .
conormie Number of Employment 3,771 2,114,206 260,066 304,960
Characteristics
Financial Independence Rate  14.20 77.30 42.38 12.52
Social Welfare Budget Share  16.40 91.20 4591 13.79
Social Welfare Facilities
. 129 . 2.1
) per 100,000 People 0.30 0 3.87 0
Social - —
Explanatory Characteristic R_atlo of R(.ec1p_1en’F of 1.32 11.98 5.32 1.81
Variable National Basic Livelihood
Retirement Pension 2515 8894 7114  10.67
Coverage Rate
Vacant Housing Rate 0.20 14.80 4.87 2.93
Physical Ratio of Aging Housing Stock
3.70 68.90 30.53 13.52
Characteristic (Over 30 Years Old)
Road Pavement Rate 62.70 100.00 95.60 6.63
Number of Cultural Facilities
0.00 10.10 2.36 1.71
per 100,000 People
Number of Private 0.10 9.40 1.56 1.25
Urban Academies per 1,000 People
Services Number of Childcare
Characteristic Facilities per 1,000 Children 3.30 45.60 16.74 7.24
Number of Hospital Beds per
1,000 People 96.00 15,174 2,264 2,346
Green Space Ratio 0.00 92.62 64.46 21.17

Note: The temporal scope of the data is as of 2022.
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Fig. 1. Results of the Elbow Analysis
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0|9} Zo] E&%F Q=L xurAd 97} Hst
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Table 3. KMO and Bartlett Test

Variable Communality Factor
F1_DE F2_FW F3_LI F4 RS
POP 0.961 0.899 0.222 0.173 0.267
YOUTH_R 0.954 0.885 0.118 0.225 0.323
ELDER_R 0.882 0.870 0.289 0.062 0.191
BED 0.791 0.838 0.252 -0.059 0.146
EST 0.957 0.833 0.242 0.446 0.065
EMPLOY 0.926 0.751 0.264 0.539 -0.029
ACAD 0.411 0.453 0.268 0.246 0.268
WEL_FAC 0.444 -0.239 -0.562 -0.246 -0.101
VAC_H_R 0.554 -0.383 -0.525 -0.214 -0.291
ROAD_PV 0.351 0.222 0.493 0.143 0.195
WEL_BUD 0.926 0.355 0.826 -0.086 0.329
GREEN_R 0.383 -0.042 -0.608 -0.079 0.076
CULT_FAC 0.515 -0.405 -0.441 0.021 -0.394
PEN_COV 0.761 -0.303 -0.402 -0.651 -0.289
FIN_IND 0.855 0.459 0.269 0.700 0.284
NBL_R 0.639 -0.202 0.101 -0.650 -0.405
CHD_FAC 0.027 0.005 -0.019 -0.163 -0.016
OLD_H_R 0.750 -0.338 -0.183 -0.388 -0.671
CBR 0.630 0.227 0.168 0.416 0.614
Y_MIG_R 0.458 0.113 0.343 0.380 0.427
Living
Demographic Fiscal and Environment Regional
Category and Economic Welfare System  and Welfare Sustainability
Factors Factors Infrastructure Factor
Factors
et
Approximate z* 5,110.627
Bartlett's Test of Sphericity 190
P-value 0.000%**

#p<0.1, **p<0.05, **p<0.01

0.664(p<0.01) 2 H| 7}4] 821 5 7H 2 @& H
o}, ol e8] QIe} oizlo] FRFH e
7517 1% Ejo] ef iz S40] 98- ol
A G-5-A] 719t 3 Q1(F4_RS) 2] Moran’s 32 0.272
(p<0.01) 2 UeptoH, =40 ot o
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£ A94E 9 A|4>(RE_INDEX) 2] Moran’s 1g}o]
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Table 4. Results of Moran’s I Analysis

Category Moran'’s I Expected SD p-value
F1_DE 0.212 -0.005 0.002 0.000%**
F2_FW 0.461 -0.005 0.002 0.000%**
F3_LI 0.664 -0.005 0.002 0.000%**
F4_RS 0.272 -0.005 0.002 0.000%**

RE_INDEX 0.618 -0.005 0.002 0.000%**

#p<0.1, **p<0.05, **p<0.01
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Table 5. OLS Estimation Results for the Regional Extinction Risk Index

OLS (R% 0.878, F-value: 411.787)

Division
Estimate Std.error t-value p-value VIF
Intercept 0.000 0.023 0.000 1.000 -
F1_DE 0.450 0.024 19.077 0.000%** 1.003
F2_FW 0.437 0.025 17.788 0.000%** 1.003
F3_LI 0.469 0.024 19.323 0.000%** 1.005
F4_RS 0.547 0.025 21.450 0.000%** 1.006
Non-Stationarity 27.551

*p<0.1, **p<0.05, ***p<0.01
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Table 6. Results of GWR for the Regional Extinction Risk Index

GWR (R% 0.904, AICc: -54.023)

Pivision Mean Min Max SD
F1_DE 0.290 0.253 0.338 0.019
F2_FW 0.265 0.193 0.349 0.016
F3_LI 0.307 0.205 0.406 0.070
F4_RS 0.376 0.290 0.430 0.020
JHE AoloHA Al Yt @422, 0L} Aoz ERIFQU=T, o= A4 Hgo] Tt
22 YA 3 BP0 2= FH Aol & F 7|A &2 A= A] Fom XA BT HeAgt g1t
5] Awgs}7] ot olof whe, thZ HAol A= = 2] o] &/ o) wtdo] B e ghS ERIsteirh
A2 3] B (GWR)= 28510, 7 819 JF GWRE] A4 3] AlG= A8 HAP7H 56}
o] F7HH 0 & oju gt H5/dE AU A &4l of, A1HAd {1l mlA= F3F 8219] XA o]
Ak ol= AGH BP9 FHAE E%}L 11 3 Z/do] ERI=|GIc &3], e - 54 Qlet g
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A4 g9 ZPoA fojet WieR =EE 9 Eol=AAE 97 8217k Ko7 ERIE 9t
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XS 13517] Y5l 234 #'d(Adaptive Kernel)
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Table 7. Cluster Analysis Results of GWR Analysis of Regional Extinction Risk Index

Group N

A01

7

F1_DE

F2_FW

F3_

LI

F4_RS

MIN
0.29

MAX
0.31

AVE SD MIN

0.30

0.01

0.29

MAX AVE SD

0.32

0.30

0.01

MIN
0.25

MAX
0.28

AVE
0.26

SD
0.01

MIN
0.39

MAX
0.40

AVE
0.39

SD
0.01

A02

0.28

0.28

0.28

NA

0.35

0.35

0.35

NA

0.27

0.27

0.27

NA

0.29

0.29

0.29

NA

A03

11

0.29

0.32

0.30

0.01

0.19

0.23

0.22

0.01

0.21

0.24

0.22

0.01

0.38

0.38

0.38

0.00

A04

7

0.28

0.30

0.28

0.01

0.25

0.26

0.25

0.00

0.32

0.37

0.35

0.02

0.26

0.28

0.27

0.01

A05

11

0.29

0.32

0.31

0.01

0.26

0.28

0.27

0.01

0.24

0.30

0.27

0.02

0.38

0.42

0.40

0.01

A06

17

0.30

0.34

0.32

0.01

0.24

0.27

0.26

0.01

0.24

0.27

0.26

0.01

0.37

0.40

0.38

0.01

A07

14

0.30

0.32

0.31

0.01

0.25

0.27

0.26

0.00

0.34

0.38

0.36

0.01

0.39

0.41

0.40

0.01

A08

5

0.29

0.31

0.30

0.01

0.27

0.29

0.27

0.01

0.26

0.29

0.28

0.01

0.31

0.35

0.33

0.02

A09

31

0.25

0.27

0.26

0.00

0.26

0.28

0.28

0.00

0.22

0.23

0.23

0.00

0.36

0.37

0.36

0.00

A10

21

0.27

0.30

0.28

0.01

0.28

0.29

0.29

0.00

0.23

0.25

0.24

0.01

0.36

0.38

0.37

0.01

Al1

11

0.26

0.29

0.28

0.01

0.24

0.26

0.25

0.01

0.22

0.23

0.22

0.00

0.37

0.39

0.38

0.01

Al12

13

0.31

0.33

0.32

0.01

0.25

0.27

0.26

0.00

0.28

0.32

0.30

0.01

0.41

0.43

0.42

0.01

A13

14

0.28

0.30

0.28

0.01

0.25

0.26

0.26

0.00

0.32

0.39

0.38

0.02

0.34

0.37

0.36

0.01

Al4

66

0.28

0.30

0.29

0.00

0.25

0.27

0.26

0.00

0.37

0.41

0.39

0.00

0.37

0.39

0.38

0.00

Note: The A02 group consists of a single administrative district (Ulleung-gun), and therefore the standard deviation

HE3XA 29 M=
K-means &4 -8 A3H(Fig. 6), H= Al
T= A2 FARE

(SD) is indicated as NA.
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