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Abstract

This study aims to illuminate the impact of the quality of residential environment on fertility
and urban population sustainability amidst the national crisis of ultra-low birth rates. The issue
of low fertility, which threatens the demographic sustainability of South Korean society, cannot
be resolved solely through economic support; it must be underpinned by a robust settlement
environment as a foundation for life that people truly desire to live in. While socio-economic
discussions regarding the causes of ultra-low fertility are abundant, research concerning the

spatial context and the quality of urban environments remains insufficient.

To explore the relationship between the residential environment and birth rates, this study
established a regional panel dataset covering all 229 administrative districts in South Korea from
2013 to 2022. By applying the Spatial Durbin Model, the study analyzed the direct and indirect
spatial spillover effects of physical urban conditions—specifically the share of aging housing—on

fertility in both target and adjacent regions.

The analysis results revealed, first, that an increase in aging housing within a region
significantly negatively impacts the local birth rate, leading to a pronounced spatial disparity and
distinct spatial clustering across regions. Notably, the residential aging of adjacent regions was
also found to exert negative spillover effects on a district's own fertility environment. Second,
green infrastructure such as parks was identified as a decisive spatial foundation for enhancing

birth rates in both local and neighboring areas.

These results prompt a reevaluation of what the aging of settlement environments signifies in
South Korea. High concentrations of aging housing reflect a spatial disparity rooted in South
Korea's rapid economic growth; the housing quality and infrastructure in older urban centers
were largely supplied according to the standards of the nation's middle-income era. In contrast,
today's young households demand a high quality of residential environment and pleasant
childcare settings. It is evident that these rapid epochal shifts have caused a "spatial mismatch"
between outdated physical environments and modern living requirements. Therefore, modern
cities must move beyond quantitative housing supply toward qualitative restructuring into

high-quality, family-friendly spaces to ensure urban population sustainability.
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SAHEo|T= 792 20417] F4E o] % 1ok Y X H= A Ao H, v
St rA| o2 ZAE o] gtk 7P Tt A ®= 2&AYE(Crude Birth Rate, CBR)
2, 974 A9 191,000 S0t F AR 2E2AES AT A+ SV
o =9 EAteES vefshe H -85 ATHUN, 1958):

_ (Number of live births in a year
CBR = ( Midyear population ) * 1,000 W

AFE SARE(ASFR)Z £ A”H 9143 1,000 S0t 5 57 5h= 4] 0]
THNi Bhrolchain, 2001). 7PgA L&A ]ﬁﬂ ARHA] 0 2 154 FE] 494 7HA]
SA A= Al ET, AFE A iES wholshs o a4 A #E &8

Number of live births to women in age group a
ASFR, = ( - ) x 1,000
Number of women in age group a
TAEAE(TFR)S ASFRE] Fgo]tt. gt o Ao]

=]

-

9=t (McKinnon, 2020). TFR-Z 20417]
&EHE Ao, =7 &9 4 =S
McKinnon, 2020):

e}
T
o

Z

H| 23 o 2

=

Bl

TFR = 3*2 . ASFR, X 5

HEH Oz

H2%

- 0|2t

o=}
02
K

@)

3)

i

U715t ST A 9] =2
e AF7HA] A4 71 A
3lslthH(Babara, 1981;

A9 EAES TFRE B7H8Igkeh TFRS 271 ©919] 4he-2



APA 0 g B u g 4 AUvhe FHol Ao, A &9 S4heS Hlwsh o= A4
= 7 A Al A= @AIEANEC] BA] 4 H Y] 27 HEkE Fg)
SIA WFYsHA] Fetthal X Akt (Alpatov et al., 2025; Benza, 2017; Lee, 2023;
Vaupel, 1989). °lf= ZAI9] &4 471 304 o]F& ©o]&sI37] wzoltt.
OECD 77} 7|2 0.8 24 A2 20009 28.6A10014] 2022 30.9M|Z J5HL
o, 28 AY2 27.441914 31.542 Z7FFATH (OECD, 2021; 2022; 2024). ©]&
2 FEA R, o= T3] 7iQ1e] AEo] ofy e} 7
A wstol] 2 Gl A oldE & S
22 o A Vaupel(1989)> FA|Sof| wpzh 24 A]7]7F =01 A TFRO| S4t
HS B2 T 5 Aok AFFP 0™, Benza(2017)= EAIBHE AHS] 9] E4F s
= olsfisty] Hsll, Al @919 E4H digdae] Ba4S FEshE P
Alpatov et al.(2025)2 EA| 9] SAMA 7171 HAF =F A2 1=, TFR $419] 4
= AFE A A SAF Aot A E 2R FThaL Gttt S AAl =
A9 tiFE 0] E4to] 30T o] %of o] FoiF]of| & E-5kal, TFRAE 154158 Ht
= ok WA ZA 9] S4h&o] Eglo] Fagtth= ol 24s] AL it T1Ey
T A9 S4E FA|7F 30 2 o] 55kt As A EAIS Y] E4kEo] ofF
A HokR=A] o His Hot gekstA stetd 4= Qi
AN 25 EAIS 2RAMAY] WIS lEste] 119 4lH(advanced
maternal age, AMA)2| % 9|5 F= &F0]of etttz =2]7}F o] £o{A| 1L . A&
2O F2 AMAE TR35A1E 7|02 Aot o (Morrison, 1975: YE et al., 2024),
gl Yurle T Hotaer S vhsto] B 40A1E Vel R AV
SHHCunningham & Leveno, 1995; Glick, Kadish, & Rottenstreich, 2021;
Hollander & Breen, 1990; Rothstein, 2017). <+ A= TH5A4] o] 7]&£0.2
ARtet= =29l % 545kl tk(Blickstein, 2003: Paulson et al., 2020; Glasser et
al., 2011).

Aakel A TR EASHE Aol A 15415 204] o 49| Fhto] ALY =

o EA] Weto]q 24to] AFEE 307 ol ¥R 2482 B AU —5»46;
9.7} 9Itt. o] ATOIAE 3049 49] ASFR B4+E BTE A9 24HES B7}
She A E= AFESHIA B

RS S0 TAIRE0| E4H20]| 0|X

= o3 o1



1) ZAIHS S48 249 524

24082 w4 Bt A= T dehdt 2457} A9Ess 2okt
A Ql 4:20] Z4+8 B4 0] F Q40| ZTE T Qlrk. Theo] ATo) 4 AL S
7l =

ZAE A 5= o] S5t 95k stohal 8FgthFiord, F. et al., 2014; Salvati,
L. 2021; Drive, M. et al., 2017; Florida, R. et al., 2021). Salvati et al (2020)<
2002 3+E 2018 Ato] o[ ejote] IA] T TFRe} CBRE Al 57H4 HigkE &
A5t} 1+ the importance of the geographical levels in analyzing fertility
patterns and trendsE X0 SAbsol| X4, FHA o @ o] EA gttt
£ 2S W3 Flickiger & Ludwig(2017) Abstef o' ofxe|71o] QI 4 A7}
ZAL AR e Sl AFA 0| WE EAES BT A Aat A9 9] 4t
A% W3 Y obF & FALF -2 AR G A A Hok= EA] @9 S4E0] AolE
g UL BFE T Billari (2015)= A 2141 W2ho] E4k&o] JF= vIA]
o A A AxP7E S4be SHOE ojojXnkal Yt
S4hgT SES TAI2 A 921 o] ok (Mucciardi & Bertuccelli, 2013
). TAlE A2 TE A4, ARIFAA, /TS AA E4S AU, A9 E4h
< Z4749] o]FZRl E4o] A¥H AiEoltt. SHoAE TAl @Y S4kE
variation®] ¥1of| tisto] JAG-5A 4, AHS]-F A4 WSk F5f At
Bongaarts(2001)< Q1+8H4 E& AR&-5to] A% =H(industrialized countries)2]
SAkE HIkE A=, ARl A Yok A 4= Hoh AA| TFRO| =2 @4
of =5kt FH YA 2479 Ao WhE & S4E 74 o) &R19]

AR AT e ATUET} EA Y]

¢
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2012, Andersson, G. 2007).
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Becker(1960)2 A2 2 AR5l A 9 BA1 4 a-871319F 24k 1t
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= 05 9 AZAE FAE]Eof T2 A1 9] Hquantity)2F A(quality)7He] ST
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Holl A o B2 Al H]-8-& FASHA "vhal 43 Easterlin(1965)> A4

£ 210 o)A R R 5 gl A AEolA 4
Yo =& ‘E—%‘:}'J——’ FATE Sato & Yamamoto (2005)+= UNOJ|A] A|A|gE & 7]k
EARRE v wsto] FAAY A AL A S EAF)
At A+ At 5*191 AR AAL A A o] AR 2 S Edlo] QYT A=A 7| A HE
FH]8(congestion) &7+ GHlslo] AubA o

£ sle St £ } 1%5741 s, ALl A A 8912 EAHY] &

A
_\|I_J
©
Jo
i)
1o
[-'O
—{J
g

offt
>,
["_\l‘_l
g,
oS
altl
-
N
g
j1°—l"
9,
(o
*°

(densny)— E*] SAET 2O HAE e AR UfE‘rU‘—L—Eﬂ (Lee, 2025), ©
71& AFolA A Y] EAES #ol7] 8 B2 o= JAE Ttk S52 = 9
o] R 7] & 3} tHRiederer & Beaujouan, 2023). TESF T A|9] QG2 = L A|afth
Ayolgt ol A& W =4 H =2 E vhEo] WHKim et el., 2021). Bongaarts(2001)
= oY A7 9] A AT £219] A 5 QIFEHA Rl ®iskL = 9] EAks A5
ot 55| ER1&9] A% gl A A 240t 5 95.3%7F 21 7H ol
= ARPSHHKOSIS), 4t =2 AAEZ 7HId= A2 ¢ 5+ 3

o} o]e@ w%wa 2912 T 295} A5 gste] 1|9 24180 Aol

UCJ[UO

T SARES A BA A o At Wt Bo] Qs AL E YEHTh M54

O 8 WEPE, &5, AR, BAGGT Z2 AR FA A 250] BA| E4HE
Aol & Argsh= HA 2010 % IHEE AT 53], oA arE AT S4E2 Y
2] g7l Abdolok(Skirbekk, V., & Samir, K. C., 2012,

T A Becker(1960)9] classic paper+ ZA| 71 &

;qo_,ix]-u]oﬂ A i‘fj—%*]?l’jﬂr“]oaﬂ—x} StE 2 A 9] 7k Fol =kl Bl
o}, o] et T2 At AT AT Aol e AFEY] S4ke F4aE 2
Ao 2 A tHSato & Yamamoto, 2005). LY F|ZLofj+= o| st A 7T FAF

A& olA] gth= HH2LE A 7]Ht} AA R it is also true that those countries
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that have grown the most in terms of economic prosperity have higher
fertility levels (Myrskyld et al., 2009). Z=> W2toA LA AHAH B4
(economic complexity)¥t E4E2 4o AHAAE X dH(Innocenti et al.,
2021). o]2I’t Aot D E ol AALH S o] & wUboM = RO A5 5
2 B850 SVt 24 Mo sk Bzl B % ASS At
(Aassve et al, 2024; Zhang & Liu, 2023).

o] XY ATEAH A FA A AL TAEAES olgfel=t WEZ QL 2 Y
217} Elojgih. Te} BT izt 48 TAe] AL B AT A
9] =& tHDribe et al., 2017; Pezzulo et al., 2021). ]33t F2 71o] Q1719
1ol 270l P A QL T TR AV AT B B0 LS
W A= T2 5 VM AsHe] FA44 A AR (Florida et al.,
2021; Simon & Tamura, 2009). L& YBrauner-Otto(2023)7} XA 50| e 7}
Zo] AGettieks wHEsl 1 B Feo] WY B :

FHE % % Uk o= FuN AT 2 Y
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FATETEHS Eoll A L}E‘rwt‘r(kang et al., 2021; Sharifi
Stankowska& Stankowska-Mazur, 2020). AA|Z th5=9] Lo A
]Hﬂrﬂo] LA ofH U B & F425] & EJ FEA0 A2 AL
fo] EQIEQItH(Kang et al., 2024). E35] & O] =719] WA=

TAIE a0to] AFE3 9 F4 74 3?—1:— ] SAE A S8 H

O 2 W5 Hth(Lee & Kim, 2022). SHAH FF&HFH0] TA 9 &

9] AP ZEA Hhat A7 A AYs|A ol

2o] Ap2)tet GRAAE ATEAR ABI A ol AT 24H
SRR B, T80 A8 478 of s FH410] 2 o] A
HF=2 o] Aol 4] Zueeh. 2 71 QoA ATiH 0.2 hntelg JFe of
A2 SYHOT YEFORH Folo] EAY AR T A7 F2E FHEol
LA ek, o)% Bl =4 shad =

Qe
—
o)
)
,4;

02

L
£ oo
El

ol

of oX HJo of

g Jr oo o
i
O

Bodo 4y
Mooz Jo

H‘l
it

o N
&,
__>‘~l_11
Y

2
to

o4
)
ol
-
—|—'

1o

),ll
&i
.
i)
ro
-
A%
X
X,
1P
N
o
ox,
2
r o)
ol
%
i)Y
2



7129 A= FE7H oI A EH] 52 AP L} 2ol FH| A=Al 24
I SA4hs ATTA O oA R ZAE AASIRTHClark, 2012; Florida et
al., 2021; Simon & Tamura, 2009). 7|& A-oA = ZAoA FEAIA Z1]i0] of
Hi, FAA(Homeownership) o theh W2 F24o] 259 2 BT A
A=t TA19] A4t @43 742 AEE 2= A2 Ytk (Mulder & Billari,
2010;Kohler et al., Citation2002). £3] 7174 9] A5 0 2 QI3 FAH| R g2
o] A&A @44E Aot= v 7P BH AR 0] HAtHFlorida et al., 2021).

TAE AEFREY A7F &fHFol At 7/4\-% AHPYZ W rent feelt

I
>
rﬁL

el 9 A5 EA A4S0 #84 ] a9 VA= 3 "HEHH ﬂ‘f‘ﬂl?ﬂh
AFPoH, LAoA S4F A A& Q] 2 (supportive environment)S HAY

SHA] . ol et WEo|l A w2 EAES AAIShe =AM &gl disiA HE

EE 2 A4 E2 A E2 TA1Y 124 @S 3 AR AYete=
A EE S|ttt HA] Vobecka & Piguet, 2012+ A9 ZF migration datags ARES
o] urban¥}t suburan areas A9 9] S4HES] #AE B4t 423} suburan
areas?] E4M&2 449 =2 1S5S SAFE Wk urban Hot A YER
T A5ARE 2§ o] F-E ofel & Wil A& oA T2 7HERISHA R 7HA e 7HR
o1/4E50] suburan areas 2 O|F =2 7Fs S AL, A o] AFA Q] o2
TAof FollS Aolak Bttt Kulu & Vikat, 2007- Fertility differences by
housing type®| sl &4t 243 A9 WA= singlefamily
housing, terraced house, apatment £2. &2 &AHg0] 2 702 H’ﬂ""'ﬁ}. oA
A= o] H3l o] -5 YHFA O 7 black people apartment living®h= @A &of of
TE Z 7}Z0A tASHA] B3t 34 0 2 QlAIgS Aolgl A3t Hill & Andres,
20079 AT oS AEA] ARG uEAF FAYo]  ‘Western-style’
suburbanisation®] @FaFZ LU7] wEol2t W I= E4H(urban), AEA|
(suburban areas), &&(rural) A H7F Z4h& Zfolof| s optie A4 W o|SHE



ztE 2| go] AZFF(new resident couples)olAl 7F5HaHA QA & (family

freindly environment)°|2tal =7]A & Zlol2}t At

AR AFoM= FETHAS FFoll diste] FTHERL S
Brauner-Otto(2023)x= F&7H4 0] AFsIEEte F8 37t 531l &5
DR = o] ok RRO SA AA o AR 9= € o AL B3
I R5Y BAME FETIAH G FEY FA QlEeTT S4t
2 2L o Uehth, B4 BoIA] Tumen(2012)2
9] oFo] AFAA S AASHA AL, Vitali & Billari(2017)= S4F 24o] 2|9
83 9 o] YEY T IA &l KT Pezzulo et al. (2021)2> 49
SR A7) (spatial autocorrelation)S A58 2™, Dribe et al.(2017)
FAalo] FFHAAEG ojtjof] Ab=A7H Y 2 A ¥ g=ttal Fg5H3

ZEARPE I 2ARE o] T3 =2] Fol Y& (neighborhood quality) &4k
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WA Tl = Ao ® YEFETH(Vitali, A., & Billari, F. C., 2017).

SHH TAJ9] FELESEel FARgo| iRt =9= v Zo] &
Brauner-Otto(2023)2 7FA0] Ao et =38 FHAR| Ert= A5
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Al

Vg, e 9 AT

2) &

B o720l B A FL 2013WEE 2022W7H4] H2 10do|th B4 7| 7He A
0] 7H Hi2A] A3 A7 24 AR EAES4RE0] 20138 1.2994 20234
0.787HA] G5t o] A Y =9 A9 FAEANE WSt 7} v - w2tk

E70] glo] @] Folgh AR T ehE FEA WEES WAY 5 Uk, B4 e

A7 B8-S A5 SAH 9 4 ARA oA Alg-ot= Ho|EE HFFO.2 20138+
7 @& o]FolR EA] &Y AJA A(Panel) Hlo]E
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£ Azskaat e,

215 i)

[

o] A= §=9] 2297 Y HAE G2 gt A Al T2 TA
&2 90%0ll FHTHKOSIS). T2 A AIEARE2 0.72%8 2.2 HAA A 71 3
on, ZAZE A4S Aol 7t AX EA] @] SARES BA Sk o] AP Aol
(OECD, 2022). 3+ e Ab=t dHA| o A= &

AL Aok SAE 552 Aot ol =g Y2 AAEA

NLE=AF=7H0A %




3 BAIE A7 U AU F-83F AAEE AT Aol

>~l

2 AFolA AR FEH ] S4hE 34 A Ee £ E(Crude birth rate),

AR (Total fertility rate) Y A HE4HE(Age-specific fertility rate)°|tt.
TEHTE ARBISE o] f= FASARE T o B X Q| S4H S A SHA vl st
7] oJF7] gizolth. £5] At 20|7F o 9] ARR]ZIE0] F7FEl weEl &1 Al7]
7F =R Qlo] E4ke] FAI7F 71&9] 20H0lA *5Yd 30~40‘"ﬂ§ o] A= k.
20239 7] 9] AA| S4F 5 304 o] & AR Fo] AA|H= HIF2 82% ©1/F0l
W, EAGFE o] 2]t @4fo] FEB AT A9 A4 AA E4F 30"1] oo =
4bH]50] 90.9%0l Gttt wetA =8 S4F A9 42 BT a7t 3l

AEHFE TAY T T Folt). o]9]9] SYHRE FAUPE HYAT
S ulg0 R 24H80] G L FUA ol FoIA 42| F5e 2SS
T HAGA, 4, B T 5

Al vl o] ZE A, A9 FEAE 58] Hstol KTX(1=KTX, 0=}
&} Ad(1=Subway, 0=81%) = ¥+=Z T34 A4 2] HAE(Amenity)=
7435171 fl8ll A ol ARRIRPEARE(SOC) S Hi Sk thehe] EA(1=thst,
0=}1=5)", ‘st o gQl+ul& & A ERE ARSI —r74 94 AS 540l
7] f1sto] U7 AR U HAT AR S, e 0 Y FEIEE S
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yie=a+pB X +e;

« yit : Fertility rate change by time (t) of the region (i)
* Xit : explanatory variables

« eit: standard deviation corresponding to the error term

yite= S92l Fertility rate®] change by time (t) of the region (i) ©|th. Xit
+= =YW (explanatory variables)o|t}. HFR|HO & ejt= ZEAFZA] standard
deviation corresponding to the error term®]|t}.

g3 ART L T4 TAHEINEH(Fixed Effects Model)¥ WHEIZSH
(Random Effects Model) 2.2 FEHTH T QINE P2 IS & Yo o|dgS
SAIsH, M= 2F BAZE S Hol A ol B A Welsh=A1E 745t dl RElsit
i e AR 2 9] TF Aol E FEA 0 R Thpskal, Ko dutskE =4S 7t

SoMA sttt F 2y 7F A9 BAMA O 2 Hausman AYS S0 245t o] A
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AAE 95 Breusch—Pagan test, White’s test, ZL2] 3L Shapiro—Wilk testE A A
St A3} 2E HAoA AR o] 714 E JATH(p.05). o] AR o] 24 3} H

Aide]l TS Qulstng, FAASO] AFEAdE &dHsH] Y8 robust
standard error %4 WS &85}t

ESHITHA A7) A& HESH] Yol Moran's 1 #74
W3] o8l Moran's [ 4f°] 0.211% YEG o 542
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(VIF) A4S AAoH4
o} Wt VIF g2 4.160.2 AutA 0 2 3-8 7155t =503l o1, VIF #to] 9 o]AF

0% et Wigt 240] B AL 90 7Hs o] 9o % BAoA A 213}

A

TAZEE EF

S (Spatial Models)2 577153 2 (Spatial Weight Matrix, W)= ARES
o) USIEAE AT, FUARLAL B2 ArLe] ol uet A e
R3.g Mestolo . BUAFRYY SRE BUEEHE BAE T4 0}
2} FZHA| A §(Spatial Lag Model, SLM), 5ZF2 XX 3§ (Spatial Error Model,
SEM), &7 W12 g (Spatial Durbin Model, SDM) 52 2 Elo] 22 stth(Belotti et
al. 2017).
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SEM(Spatial Error Model)2 #=ER| &
L Ao Huaie, ol eAgel B
SAR(Spatial Autoregressive Model)< A& %
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= AL Y A SEH5HEFEY 7S B
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H, SDM(Spatial Durbin Model)= S48 ol 2 SHWHe GA| Z7HH 02

S A s A

Spatial Auto-Regressive Model (SAR) vy = pWyir + XitB + Wi + €5t
Spatial Error Model (SEM) Vie = XpB+ i +vie , v =MWy +gy
Spatial Autocorrelation Model (SAC)  y.. = pWy; + XiB+ Wi + vie ,  vir = AWvi + g4

Spatial Durbin Model (SDM) yie = pWyir + XieB+ WXje0 + 1; + €54

Figure 3-1. SZAZ RSN £A|

O 372234 (Spatial Durbin Model) B2 ZHEH

H A3t= Z7ed 2 d(Spatial Panel model)& 4-8&510] A4S0 st AFA]
C_J_‘fl =

9

o
|
7% ol e The ) Ak B4R AFA A3 A o 0] EAIFO IS
o e}
=

% I} oA Avks A9 A7 A0 AFSHe Aol o] Bek 2l
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Aol FAHPFA oA T5FL 4= et & Ao|A = ol =gt E4he9] 33H8 A
S92 E= FHAAA(Spatial Autocorrelation)S 118 5FalAF Sl o=

WS, ol AHSE thE EERS (1) et
Yi= a+ PXi+u;+ e (1)
VA i BE A1, S| AL, T B4t

ol woul gl 0ol A %11}71%%01 e AL omat

Moran's & o= B4 ol 41(2)2F &t
Moran’s I = TLZE’LUU(I I _ x)
WZ T;— z)
W BNEA; o e gk 7 e Bl s AN (2

o] A oA = ZA|EAg o] 24HE) I R]= A A Q1 a3H(direct effect)E &I
oFal, ol XY L A12HY F3¥(indirect effect)o] A4S0 U|X| & FFS 5 118
517] 9Jsto] Z7HE =P (SDM)S AFR-5H3It SDMO] $=2](3)x} Zth.

Yii = /)W_V,-, + ﬂX,'[ + QOWXI'{ + u;,+ e; (3)

o71A p = LY A7 wA S ¢ =
A W= SSAE: pWyit = SHHs 9] 333 AJoEd
(endogenous Interaction Effect); pXyit = A H7F &5 o] 0]+
A% 9]Z& A (exogenous Interaction Effect); Xit = AHHFTHH; = AYHSA

a= A5 (constant term, indepenent of i or t); ui and

m

rzi
b
i
o
o)
Iu)

SHEA o= Spatial Durbin Model(SDM)< 285131t} SDMS 544t o}
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Vit

Yot =S40 T A (spatial laglZ FA° & sh= SH S AR
FOE, A A9 A7 o] siF A Y S4kEo] J7 =
Al stofl A=t S5 AlF ol A A 19 2E8ECIH, 37HSA B
o

(W) 5o 98 A 1 JEIFL D5t

AHl 3] AR, SAR, SEM, SDM 7+9] AIC, BIC, 21%%
53 HHngdS AAYsact. 1 2, TR ATE B

EYH= SDMe] /Y & AL HREoH], B A7) 3% RO e
et

(log—likelihood) H 7S

%

H SHE S99 A= (ongitudinal panel data)E HFE O 2 ojid
851t Al EA40= g a3 2 ¥ (Random Effects Model)

9] al

= AMESEl o, S5 4= 25 E(Crude Birth Rate, CBR), @AIE4HE, 99
&

=

o

F

o> ol

SARE(0~494] D) F AI7HAIE ARSI S E e e eSS

2 A9 3 AA A A oS HiHshe A HeaeR g E A,

olN

oWy + Xit B+ 1 + vy, Vie = AW + g4

I'E

#=(Fertility rate changes by time (t) of the region (i)

din 0+>+
o I
55

N
N
OfM r
=]

« Xit: +(explanatory variables)
SHH (spatial weight matrix)
9| ZZtX}7|5| Oi7HEH4= (Spatial lag coefficient of y)

9| Al&(coefficients of explanatory variables)

=

an 0+>| Okl
rE
-I>

o b
I'_E

& g1} (Individual specific effects)

=
=
=
J>‘|__|

O Xt7|AtE @Rt (Spatially autocorrelated error term)

tR Xt (error) 2| Xt715|3H A= (Spatial error coefficient)
t

o

>
1 O OH

=
N

i¥
oo >

(white noise) 23t (Idiosyncratic error term)

=
~

w
)
=

(0]

< SAR ¥ SEM 2 @& ZZst= ArtelE Jei2, Aol 37H nda vt
S PAHO R 24T 4= k= FHojlA| B o] B4 FA o] 71 A glhst ol
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23} 4 )= ofef o} ZrhTable 4-3). Moﬂ e A5 Ba0e) 7
21 2207 AA BATAS 374 X F4T 5 68770l

FHUGE AR 2FPRCOIF PAFLRTN), 30-404 AP REYE
©] $3H3049FR) 5 ﬂx] A}%}oq £A9 xgw el uomx} } u}. A58

oft
)

i)
romyorr Ao
e
gl

el Y
H et 101-4 Bt XEBESF 519822
F|53h2 1.5 0l A H AR 13.8Atolof E3Eoto] A F7F HFo] AL
S|S0 B9 B 27.1%2 =S FEHH|S
A9 70.2%2 BE M7 Hol =g ey
FHAAQI Gk mototr]of &old Ao & wtdr.
B E A5kl tHFigured-1). 45 HEAIF+H]
AAUE, HEHD AAANE, SARS, H71) &, &
AT, S A, Y S, SRSAE 7HT )/1 ER27} 3= 2
A-g-5to] S N8 o] T X7t vl nE Yol BE =
GAGRITE o], QIF 1,0008F Al A5 502 A3kttt
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variable distribution -

Figure 4-2. Pairwise distributions of variables
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4R SRS 7] o RS ERIstaL o] & AldSloto] F&H 40t
S 719 o ATAE AT BT (Figure 4-2). SHHFeF S5 719
FBASE ERlstAtt. 1 A3 A9 e B S parkn(QlTE 1000
g 3-9), school(R17 10008F %,%, 1 )9t urbanmp(1TE 1,000 F EA]
SHEA+SD+=A+TDH )2 SHAFENY] Y LA & AR 7
FZ 4ol F97 "B asitt. o]Qo|x hospital (R17+ 1,0003 H ol 7<),

%), le_num (1% 1,0009 3 719 4, knowemp (217 1,000 A4 7| HHAMY
ZAAFR), manuemp (A 1,0008F AR SAHAR), KTX (A9

g2 SRS Tolle A=t MRS dste A0dAZ S 2 222 Y

EfLt 35 E A0 0|5 F 7Hg A Eo] &2 Wd AT YARL AA NS
S A 0% Helth, Old_h(=F5 8|27 fer_age(GAI) Wt F5uS
9 24HE3} FT 29 JTTAZE ekt A0 Holu(Figure 4-2), 0199
Mgl 25 BAS Fo) Brk JUat 5717445 A Holof st

Table 4-1. Pairwise correlation

Variables cbr old_h Inhousesp Inculturen Inparkn Inschool Inurbranp Inshop Inempratio Innewwed Infeedu fer_age Inincome
br 00

oldh 567 1.000

Iahousesp  ypgc 0245 1.000

Inculturen L0243 0.265 0.222 1.000

Iparkn 46 0068 0483 0.469%  1.000

lnschool g« 0267 04126 0544+ 0778 1000

Inurbranp 0056 0115 0.440% 0.466% 0.663* 0.620* 1.000

Ishop (067 0428 0370¢ 0022 0375 0169% 0133  1.000

lnewwed ool 0090% 0578  0398%  0327%  0.661%  1.000

Infeedu 000 0427 0.026 0177 0130 0345 0244 0369 0176 1.000

ferage o400 0130 0052 0006 -0152¢ 0233 -0283  0157% 0141 0649  1.000

Inincome 4 1174 0164 0529% 0365% 0575  0482¢  0510%  0418% 0629 0066 0046 1000
lnempratio 030 0021 0179 0150 0231 0234 0141 0235 0243 0120 0153 0395  1.000
*$<0.05
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Table 4-2. Descriptive Statistics

Variable Definition Mean S.D. Min Max
tfr A 1079 297 422 2349
(15499 FHSAHETAHSAHE2]/1000)
3049FR
r3049 GodoRizazstegbsaete/l000) o0 M8 345 1494
Z 22
cbr eeE i 5914 2239 1.5 13.8
(21710008 FEAokp)
old h AXze = 30 o|A} LT Zejn| = 27.143  14.628 1.4 70.2
sudo 2T A B (1=, 0= B|$EP) 279 449 0 1
Innewwed  |nzEAS 1.461 595 058 4.948
Infeedu In8+g oJAd917L/15-64A4 QA+ 4.697 621 1.242 7.181
InQlE 100,000 E3HA) A
Inculturen (H1S3 U1 A BoARIThA) 1.127 .845 0 3.834
Inparkn In®17- 1,0008% =Y 44 357 0 3.773
InQ1711,0008 % st
Inschool MUs T = 315 263 014 3.286
WEOT T (zzem, 3otw, 155w)
InQ15+1,0008F 51 HFrIE %
Inshop o] W5 —egff 5 489 533 0 3.663
Inhousesp In9171,0008 Y A7 AF=ezg g4 2.132 .899 0 5.686
InQIF+191F A 8t
Inurb c 5.809 1.124 2137 10.188
TR GArg g rsA ez uy
Inincome In912191% grdp 3.481 847 518 7.112
. InI8E
Inempratio ° 3.485 797 495 6.75
P (LA AR residential pop)
Inurbanratio  IDEAIPHE 4195 2541 118 8.608

(AP A/ A A 4)

o EA|E0| 2420 DIX|= S A7
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Table 4-3. Moran's [ Test for Spatial Autocorrelation of CBR

JE(CBR)Y &7 A7 434 (Spatial Autocorrelation)&
o7}+9] Global Moran's I #4513t XA X2 ES 57
Z

]X-]

Test Statistic p-value Conclusion

Moran's I Test 0.211 < .001 Significant spatial autocorrelation

*Note. Hy:spatial randomization.

Moran's I: 0.278 (isolates in weights are removed)

3,80

&
o

lagged CBR

-2.60

7.800000190734863 - 13.800000000000001
6.199999809265137 - 7.800000190734863
5.099999904632568 - 6.199999809265137
3.900000095367432 - 5.099999904632568 B
1.500000000000000 - 3.900000095367432 b e A L 22 am

Figure 4-3. Spatial Distribution of CBR in Korea Administrative Tracts.
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S5 2 Y BAS A5 Aol E3 S AESkT Bl 7]

FO & VIF #ho] 6olid]l W= A0 ALstitt. 1 A 2SEA =
hospital (19 1,00093 2 74 ), kindergarten (17 1,000 721 7H
=

Aol B YIS, Aelel A HHFA AE, 5
S, S 1 AR T -2 o) AR A ST S 55
© 2 245} tH(Table 4-4).

11&!
r&
r:L
)
rE
o
e

x
>,

Table 4-4. Variance inflation factor

VIF 1/VIF
Innewwed 4.815 .208
Inschool 4.220 237
Inparkn 4.143 241
Infeedu 2.659 376
lnincome 2.574 .389
fer age 2.487 402
Inurbranp 2.445 409
old h 2.158 463
Inshop 2.1 476
Inhousesp 1.886 .53
Inempratio 1.247 .802
Mean VIF 2.701
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Table 4-5. Stepwise model 1-1: Panel random-effect models

CBR M1 M2 M3 M4 M5 M6 M7
old_h -0.089%*  _0,069%Fk  _-0.069%*  _0,082%Fk  _(0,084%kk  _0,085%*k*
(0.005) (0.005) (0.005) (0.006) (0.0006) (0.007)
Inhousesp 0.122% 0.088 0.097 0.050 0.058
(0.048) (0.057) (0.095) (0.097) (0.099)
Inparkn 0.176 0.931* 0.637 0.687
(0.155) (0.3606) (0.390) (0.402)
Inschool -0.700 -0.797 -0.800
(0.520) (0.520) (0.520)
Inurbranp 0.195* 0.189*
(0.092) (0.092)
Inshop -0.084
(0.166)
_cons 5.914%k* 8.34 3%k 9.24 8% 9.257%*% 7746+ 6.93 7% 7.000%+*
(0.102) (0.160) (0.1806) (0.185) (0.274) (0.467) (0.483)
N 687 687 687 687 687 687 687
2_b 0.000 0.485 0.494 0.503 0.524 0.530 0.528
2_w 0.000 0.273 0.811 0.810 0.242 0.248 0.250
2_o 0.000 0.322 0.659 0.663 0.336 0.340 0.340
rmse 1.986 1.767 0.867 0.875 1.783 1.780 1.782
sigma_u 1.036 0.528 0.981 0.947 0.407 0.398 0.394
sigma_e 1.986 1.695 0.862 0.862 1.698 1.699 1.700
tho 0.214 0.088 0.564 0.547 0.054 0.052 0.051

Standard errors in parentheses
p< 0.05, p< 0.01, p< 0.001
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Table 4-6. Stepwise model 1-2:

Panel random-effect models

CBR M8 M9 M10 M11 M12
old_h -0.04 5%+ -0.061%** -0.056*** -0.055%** -0.055%**
(0.007) (0.006) (0.006) (0.006) (0.006)
Inhousesp -0.470%3* -0.396%*** -0.226%* -0.209%* -0.209*+*
(0.087) (0.075) (0.069) (0.068) (0.068)
Inparkn -0.527 -0.399 0.025 0.085 0.069
(0.397) (0.356) (0.329) (0.324) (0.325)
Inschool -2.635%** -3.246%#¢ -2.544%%% S2. 471wk -2.422%%%
(0.5006) (0.453) (0.416) (0.410) (0.414)
Inurbranp 0.121 0.025 -0.102 0.050 0.052
(0.095) (0.087) (0.080) (0.085) (0.085)
Inshop -1.759%* -0.931%** -0.562%* -0.574%%* -0.570%**
(0.182) 0.177) (0.1606) (0.163) (0.163)
Innewwed 3.755%k 3.270%** 2.248%F% 2.604+** 2.626%**
(0.192) 0.174) (0.181) (0.192) (0.193)
Infeedu -1.615%+* -0.355* -0.433** -0.424%+*
0.112) (0.140) (0.145) (0.145)
fer_age -0.966%** -0.797%* -0.790%**
0.079) (0.085) (0.0806)
Inincome -0.517%%* -0.488*+*
(0.104) (0.109)
Inempratio -0.078
(0.088)
_cons 3.8643F* 12.7735%* 39.312%K% 34.507*** 34.333%K%
(0.524) (0.766) (2.279) (2.444) (2.452)
N 687 687 687 687 687
2_b 0.470 0.447 0.510 0.513 0.511
r2_w 0.633 0.733 0.775 0.785 0.786
r2_o 0.496 0.571 0.644 0.652 0.651
rmse 1.287 1.091 0.971 0.951 0.952
sigma_u 0.788 0.827 0.842 0.847 0.840
sigma_e 1.048 0.957 0.910 0.902 0.898
rho 0.361 0.428 0.461 0.469 0.467

*

Standard errors in parentheses
p< 0.05, p< 0.01, p< 0.001
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Table 4-7. Predicting Pertility: Random-effect models

CBR TFR FR3049
old_h -0.055%** -0.002 -0.001
(0.006) (0.001) (0.001)
Inhousesp -0.209** -0.009 -0.007
(0.068) (0.010) (0.007)
Inparkn 0.069 -0.078 -0.072*
(0.325) (0.049) (0.033)
Inschool 242278 -0.063 -0.005
(0.414) (0.063) (0.042)
Inurbranp 0.052 0.071#%* 0.038***
(0.085) (0.013) (0.009)
Inshop -0.570%** -0.084k* -0.053#*
(0.163) (0.025) (0.017)
lnnewwed 2.626%F* 0.142%%% 0.096%**
(0.193) (0.029) (0.020)
Infeedu -0.424* -0.139k* -0.071%%0*
(0.145) (0.022) (0.015)
fer_age -0.790#* -0.126%* -0.009
(0.086) (0.013) (0.009)
lnincome -0.488#* -0.055%#* -0.036%**
(0.109) (0.016) (0.011)
Inempratio -0.078 -0.007 -0.005
(0.088) (0.013) (0.009)
_cons 34.333%%* 5.569%+* 1.247+%¢
(2.452) (0.371) (0.250)
N 687 687 687
2_b 0.511 0.467 0.138
2w 0.786 0.674 0.325
t2_o 0.651 0.565 0.211
rmse 0.952 0.145 0.097
sigma_u 0.840 0.129 0.087
sigma_e 0.898 0.141 0.094
tho 0.467 0.456 0.460

Standard errors in parentheses, p< 0.05, ~p< 0.01, ""p< 0.001
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Table 4-8. Spatial Panel Model Comparison (random-effect models)

CBR OLS SAR SEM SAC SDM
old_h -0.044%* -0.040%* -0.040%* -0.039** -0.036%**
(0.006) (0.0006) (0.0006) (0.0006) (0.006)
Inhousesp -0.189** -0.144* -0.103 -0.095 -0.062
(0.068) (0.066) (0.066) (0.065) (0.062)
Inparkn 0.334%%* 0.302%%* 0.370%%* 0.349%*% 0.384xx%
(0.085) (0.086) (0.0806) (0.0806) (0.084)
Inschool -2.3068%F* -2.167%F -2.207F* -2.090%#* -1.803%**
(0.320) (0.317) (0.311) (0.313) (0.301)
Inurbranp 0.002 0.225* -0.031 0.039 -0.133
(0.081) (0.095) (0.099) (0.103) (0.101)
Inshop -0.654%** -0.525%* -0.634%+* -0.596%** -0.658***
(0.160) (0.164) 0.162) (0.161) (0.156)
Innewwed 2.582%#¢ 2.118%** 2.2068%+* 2.069*** 1.871%%%
(0.189) (0.215) (0.211) (0.221) (0.214)
Infeedu -0.49 5%+ -0.534xk% -0.425%* -0.379%* -0.097
(0.144) (0.143) (0.143) (0.143) (0.143)
fer_age -0.818%+* 0,711k -0.503%** -0.464%+* -0.127
(0.084) (0.087) (0.099) (0.098) (0.099)
Inincome -0.474%F% -0.439%# -0.330%* -0.290%* -0.090
(0.107) (0.108) (0.109) (0.109) (0.108)
Inempratio 0.010 -0.063 -0.008 -0.029 -0.039
(0.088) (0.092) (0.088) (0.088) (0.085)
_cons 33.925%F* 29.151%¢% 23.151%F* 21.167%* 10.484%+*
(2.400) (2.565) (2.950) (2.945) (3.026)
Wwd
cbr 0.187+%* 0.100 0.282+**
(0.038) 0.071) (0.043)
e.cbr 0.903*** 1.183%** 1.855%**
(0.050) (0.083) (0.090)
old_h -0.105%**
(0.019)
sigma_u
_cons 0.916%** 0.885%** 0.878*** 0.864***
(0.061) (0.059) (0.059) (0.056)
sigma_e
_cons 0.897x¢ 0.883%* 0.8706%** 0.835%**
(0.030) (0.030) (0.030) (0.028)
N 687 687 687 687 687
pseudo R2 0.670 0.655 0.645 0.653
AIC . 2155.723 2138.227 2128.274 2114.899
BIC . 2223.708 2206.212 2200.791 2191.948
11 -1062.862 -1054.113 -1048.137 -1040.449

Standard errors in parentheses
p< 0.05, p< 0.01, p< 0.001
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Table 4-9. Final Model Analysis

CBR

Panel Model

Spatial Panel Model

old_h -0.044 -0.030 -0.033 -0.021
(0.006) (0.009) (0.006) (0.009)
Inhousesp -0.189" 0.007 -0.113 0.045
(0.068) (0.112) (0.064) (0.106)
Inparkn 0.334™" 0337 0.339" 0.341""
(0.085) (0.085) (0.086) (0.086)
Inschool 2368 2315 -1.960™" -1.893""
(0.320) (0.320) 0.311) (0.313)
Inurbranp 0.002 -0.003 0.027 0.040
(0.081) (0.080) (0.100) (0.099)
Inshop -0.654" -0.727™" -0.556™" -0.616™"
(0.160) (0.163) (0.160) (0.162)
Innewwed 2.582™" 2.560™" 1.956™ 1.910™"
(0.189) (0.189) (0.219) (0.219)
Infeedu -0.495™ -0.480™" -0.211 -0.210
(0.144) (0.144) (0.146) (0.145)
fer age -0.818™ -0.831"" 0327 -0.342""
(0.084) (0.084) (0.099) (0.099)
Inincome -0.474™ 0457 -0.211 -0.198
(0.107) (0.107) (0.109) (0.109)
Inempratio 0.010 0.029 -0.052 -0.038
(0.088) (0.088) (0.087) (0.087)
c.old_h#c.Inhousesp -0.008" -0.006
(0.004) (0.003)
_cons 33.925™ 33.850™" 16.528"" 16.505™"
(2.400) (2.391) (3.013) (3.004)
wd
old h -0.105™" -0.101™"
(0.019) (0.019)
cbr 0.282"" 0.288""
(0.043) (0.043)
e.cbr 1.855™ 1.852"""
(0.090) (0.088)
sigma u
_cons 0.873" 0.863""
(0.057) (0.057)
sigma e
_cons 0.866 0.866""
(0.029) (0.029)
pseudo R 0.653 0.656
AIC 2114.899 2113.395
BIC . . 2191.948 2194.977
rmse 0.949 0.950
sigma u 0.820 0.808
sigma_e 0.902 0.902
rho 0.453 0.445
11 -1040.449 -1038.697

< 0.05, " p< 0.01, ~p< 0.001
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Table 4-10. Spatial Spillover effect

dy/dx std. zZ P>z [95% conf. interval]
Direct
old_h -0.043 0.006 -6.830 0.000 -0.055 -0.031
Inparkn 0.372 0.090 4.150 0.000 0.196 0.547
Inurbranp -0.147 0.101 -1.450 0.147 -0.345 0.051
Inshop -0.605 0.166 -3.640 0.000 -0.931 -0.279
Innewwed 1.368 0.203 6.730 0.000 0.970 1.766
Infeedu 0.007 0.148 0.040 0.965 -0.283 0.296
fer_age -0.396 0.101 -3.920 0.000 -0.594 -0.198
lnincome -0.205 0.114 -1.800 0.071 -0.427 0.018
Inempratio -0.130 0.091 -1.430 0.152 -0.309 0.048
Indirect
old_h -0.122 0.023 -5.380 0.000 -0.167 -0.078
Inparkn 0.121 0.036 3.370 0.001 0.051 0.192
lnurbranp -0.048 0.031 -1.560 0.118 -0.108 0.012
Inshop -0.198 0.061 -3.240 0.001 -0.317 -0.078
Innewwed 0.447 0.083 5.400 0.000 0.285 0.609
Infeedu 0.002 0.048 0.040 0.965 -0.092 0.097
fer_age -0.129 0.033 -3.910 0.000 -0.194 -0.065
lnincome -0.067 0.037 -1.820 0.069 -0.139 0.005
Inempratio -0.043 0.031 -1.360 0.174 -0.104 0.019
Total
old_h -0.165 0.023 -7.280 0.000 -0.210 -0.121
Inparkn 0.493 0.120 4.120 0.000 0.258 0.728
lnurbranp -0.195 0.131 -1.490 0.137 -0.451 0.062
Inshop -0.802 0.218 -3.680 0.000 -1.230 -0.375
lnnewwed 1.815 0.247 7.340 0.000 1.330 2.299
Infeedu 0.009 0.196 0.040 0.965 -0.375 0.393
fer_age -0.525 0.127 -4.130 0.000 -0.775 -0.276
lnincome -0.272 0.149 -1.830 0.068 -0.563 0.020
Inempratio -0.173 0.122 -1.420 0.155 -0.411 0.065
48 IUERHS S5 TA|2HH0| S40) 0|X|= J& A
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