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4.3.2.3. EAge} Wi/ FES] EA4td WA= 9T B4 A

TASE T JAAMNEA T, AEFTAF, 7THHELS AYUAT] Al 7t
A wiNAF7E FAEAE] A A= JEgS TEH R A5 95k,
Amelia &850 ]

OLS #HE3|ARYES F%
Al Tu g, FAe] AYER BAMSE @ Edste] &4
Wstol] st <l

A= [F 47139 2o

HU
0
oL oX,

CAIEEY ARENE AuEd, EA3E0 AlFE 0.0026(FFA)
0.0024)0.2 F(+)o] Waolxgt FAHoZ FostA] LA (p=.276).
ol =7 X FxA FF A9k AIMHEE SAlo] W =
OLS Aol A, Al wiZi W= (IANEA S, A= eAT, 7P Ens A
YAg)e avs FAs Ui EASE AATE A4t

2]

MAE ARESe EAMeR folan eg onat) ot mAlse

t

]
A

-

o rlr
N

1

=
fol
=)
N
X
H
>,
o
2L
i‘—l‘z
=2
lo
rot
Pk
o
[}
<
L
H
>,
o
N
N
rlj
il
2
=

e



—_
;g
]
" ovﬂwﬂ1
e 5 P 5 W
NF ATO)HH%M}EQ
— ~ —
i mﬂa(ﬁﬂiﬂﬂxﬂ%%
EO HOMHML,ulﬁOJﬂW‘._ N = — i
ol mﬁdbﬂogﬂhﬂﬂ%ﬂo e Kl
i mﬂoﬂ@@mzﬁ@%w ey g
. = < b T B e ol T T X s
i T xﬁ%ﬂmﬁm & ° Qﬁrﬁa
N HLZ kdﬂ@oﬁllljl‘r Hﬂqﬁ ﬁoﬂ‘a /A.I\#
N mﬂtmur)émaxv komuﬁ _ZlaﬂS -
mﬂ_ é%uwoxmmﬁmomﬂﬁﬂ% MIP@E E”HE_.NMIN /&%_L?A
or T ! ]O 7L_| — | .9_7
o m.raoTZﬁ]717roﬂm_vMMﬂLﬂ QIF] )NME@HEMM&ﬁON@M&Iko
‘Ul.;oo X,.*‘Lﬂlﬁo‘.lrbill_/ o \l/_/,uﬁalqwﬂl%u_.ELIOOO Lf m_.u,.o,.n?m
gelwo%?oéwgmoﬂrgv u%ogLo xﬁﬁowoﬂo.ﬂ}MmL%
ﬂoanLM.Jﬂ_NJ EWox ME&W_Mﬁmuamoﬁa)boqoaﬁ
J.ﬁexzi‘ﬂl,lAwLIL JIL 01_I,m4_ 7‘|1r1_lyz¢loﬁu J.Ioﬁa
%LWU%OP%AT&;V% Lu).Voﬁaﬁdf&u TﬂLﬂ7£
T %mx&ﬂq& gzqff%m_f@ _goiqﬁ
jTLthéyogﬂlﬂeﬁ %mﬂmuﬁhcﬂﬁiﬂﬂL}%%
?og.l_%LL E " .JOM(O_ZTE A ogovcyz
o - RIS o 3 s s 1l o g 2o S o o 5 P = N N _,Tﬂ'
%L:A}.WQZTEQMHWL /&/mﬁ%o\).ﬂa%oﬁuﬂ P
leﬁxhsaﬂo]AT7P6L Oﬂl]]O.G on L__,Tlri_.ﬂ o
ATPO_I O#O An__rﬁlﬂ_rm o = llﬂXOMcodAﬂcw]OA ubfﬂo
LVﬂ%oiﬂNEl%M ﬂrz.mMEoﬂ .ﬁo%@1mﬂo%¥ﬂﬂ
HHEA;_#_<%m67¢@ﬂﬂo% mi_wﬁa quigqﬂl
wﬁog?&mm L;goTéﬂtx@uiTWEXEexmwzﬂwo%
LOMWwM%umof.ua7ﬂqtﬁﬂeﬂﬂ$4mﬂ A,AT%ﬁcAgg
W ! oLﬁoilwn,ﬁeTﬁomﬂodezoi;xﬂluﬂuim.dﬂuﬂﬂﬁwl
.@fw,ﬁmxamw#;}LM4wﬂuﬁou.v%u§a
© N n7nﬂo§§ onoWWﬂaﬂzm7omﬂW1mﬁ%9ﬂoﬂuw
o@.ﬁ,%ﬂﬂﬂoﬂmhm oF W T m@,ﬂ%
q;m#ﬁgﬁxufiﬂrggg @@%T
bl d.%oEOAToeﬁomuﬂrn_Al\)ﬂlumﬂﬁxu )|
ol X 1k%_} 15__&13 W
o} m_JxaoJlmﬁW_ﬂLﬂ} oxnvmor;o
‘Ico’@ﬂohﬂ%‘l\}7‘lﬂ\/\}. o
K B N HEO o.nlvAlﬁoﬂ.,Ul
B % o o ﬁoz?oo 3 o5
JIOE\JIW.LOOQXEL
m;“&oazuulo.<.ﬂo T
4 ur o i) o ﬂ M
%milo_
O_Lol__/uA
Mol

- 93 -



2 fo)do] s dAlske P ddte Ado|th. dAe AdE A
£ -0.0164(FF2=F 0.0057)Z 1% FFFAA (-9 Folg ax
& HATHp<.01). o]& =7} 3+ vl FEdA Fd o AYgEe] =2
M S FAREo] Yol Aol S-S HERM, w3 e AAIA EQbgol
ALY 24 A4S dAete 724 8o #AEES RoFEr

L Al SE.
TN 0.026 0.024
QU AR 4 -32.108#x* 7721
AEHGAS 2.106 4.041
THEAE AUASE -0.01 0.052
A& —1.495% s 0.091
GAe A4E -0.164xx* 0.057
FAE R 0.895
N 3570

Signif. codes: ¥ p<0.10, * p < 0.05, ** p < 0.01, *** p < 0.001
F 0L EASES 95 7IE 1%p TV 992 SAEJoY, Ao sA b AT 2] M-S Al
7] §18te] B FolAE 10%p 571 7IEo 2 Ak AgE AASAT oo we Ae 2 ZELA
AFAA ] 102 AxAHReH, TAH FJ4d 2 F4 Ao M= We] flv
2. ¥72AE F7HIS03) @2 - 3 cluster-robust)3F 3 2.9, t3k¥} p7k2 Rubin 2% AH =S 1L
g FEHA vlEelh

3. A% R* 2 Amelia tlX A 5ol A 2FEd & Birste] AA s
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U, AakAglnEd e AYgES By SAES FolsiA &
DA T AT RE FRE Y, AFFERAAAA 8l EAEe] T
24 FrdE AshA ddEol dsol AgAE AT

[E 4-8] Amelia ®E % pooled OLS I3 &t
Panel A. w7 ¥ w7 2]
Q14 77 5 e EAS AAREE AYAS
o A=) SE A%(B) SE A% (B) SE
(49) ~0.27T+++ | 0.064 1.541 %% 0002 | 74.291%%x 6.626
R 0.036% % 0004 | -0.034%*x |  0.006 ~0.669t 0.364
AR QATH & | 0.1274%* 0.012 -0.16%%x 0.018 5563 1.225
FA e A -0.017x 0.008 0.008 0.015 3517 1.853
#7449 R 0.783 0614 0.268
N 3570 3570 3570
Panel B. TFR %A 2
EHMS A4=(B) SE
(a9) 14.289% % 0.775
=5 0.026 0.024
Q1A 7 kA 4= -32.108#*x* 7.721
AEADSAT 2.106 4.041
HAABLE AYAS -0.01 0.052
LA JATH] & —1.495%x* 0.091
HAe] AdE -0.164*% 0.057
F4¥ R 0.895
N 3570
§o4F t p <010, % p < 0.05 = p < 0.0, #* p < 0.001.
1 B EE Amelia EHA00A dolE ) ol F mAETE HE37 S pooled OLS HU3]7 Azte
Rubin®l 7402 Ege golth wE Afe WEES 24Aov, EEe e 2/HIS03) GAZ 7
el itk 13 pake Rubin 2% 4453 neld F=204 /2ol
2. Alrel sl Tt AT F9 SRS Aady] ete] B FoAME 10%p F7F ZI=o g e AFE A
Atk olol wek AF W BEeAs A24A) 10 ARANIo, FAL fo4 2 24 Az
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(p<.05).

o2 3 wARE F3
= -0.00960. 2 S(—
o= AAN

9]

of gk FAH a2t

STetH, ‘EAISMEo] 2 YA aE TA AR FAEFAHE o] ol
A= BAF(FET -0.0096, p<.05)7} EAI5tH, o] FI= EAIE Z}A <
A" a7t obd AANEAFE Sk HH a7 (-0.0115, p<.001)7} F
H dRe® Asgn o s ol Al AAVFE T CHL(AEE 7]
W el §7 H)e] F RO A A dwEe 2t d2de A
FH o AA ),

[Z 4-9] Amelia HE pooled OLSOHIA TAIGS 2tE - XNE - S5

Panel A. 424 7t a3
A= HHEY =45 SE t-value p-value
TN > A A At =0.115%** 0.03 -3.845 .000
A B G5 -EA -0.007 0.014 -0.519 604
EA A58 F>FA) 0.001 0.004 0.194 846
Panel B. S as 2 A4-Fa7
U FA A S.E. t-value p-value
- a =0.122%** 0.033 -3.664 .000
24 & v} 0.026 0.024 1.089 276
FTaHAHEFH & -0.096% 0.041 -2.332 .02
Signif. codes: T p<0.10, * p < 0.05, ** p < 0.01, *** p < 0.001
F: 1. N=3,750, 4% R?*=0.895
2. R EawE= 7 AR a*path(‘:*]i} — 7| ) 9 b-path(M 7/l — F2E8)e] Fog
ALstd et TE A, tah 2 pike delta methodell 7]1WbeE A5FtALS Fa AFEsE
3. FUHEA) Fade] Bk 7—} 7J AA=Z7} ”ﬁ EgolehE 7Pgstel B o R ket
4. BE AlgE vxeEs A, 2 F7HIS03) 992 A ststart
5 A4 9 ZFEeaE HEAE Hs 954 ]°] 1002 Axd=EPen, A4 fFoggd
F4 Astel Aol wgtel vt
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[E 4-10] Amelia THEUX & 2ZYHALRE =T 20

Panel A. v 7} BAAQJQAMNEAF, AEHGAF, 7HAHELS AYUAF)
ek =HRT RIS B SE tak p#k
o) =1 7 EASHE _ al 0.04#*x 0.00 | 50.000 | .000
P AR T & 0.13%* 0.00 | 50536 | .000
G0 HdE -0.02% %% 0.00 | -8237 | .000
g [EAEE a2 -0.03%** 0.00 | -29.021 | .000
A | AdELIT & -0.16#** | 0.00 | -40.165 | .000
G AdE 0.01 0.00 2.121 034
ARBAE A S-S a3 -0.67+%* 0.07 | -9.778 | .000
AUA% Bk H 1& -5.56%** 0.25 | -22.066 | .000
24 AAE 3.52%*x 035 | 10.049 | .000

Panel B. TFR 744
TERST kit AR Z 8 SE tak pak
A 8 c' 0.03#*x 0.01 4588 | .000
ANA A 4 bl -32.11%x+ | 188 | -17.096 | .000
A2 AL BEHSAT b2 2.11% 111 1.894 058
N 7}X1qu AUAT b3 -0.01 001 | -0.786 | .432
ARG AT H & —1.50%** 0.02 | -62.700 | .000
g AdE -0.16%** 0.02 | -10554 | .000
Signif. codes: T p<0.10, * p < 0.05, ** p < 0.01, *#** p < 0.001
© 1. N=3570

2 2 EE Amelia G (10070 dlolgHA)E A& F gam/l F2uAA2E(SEM)S %
8tal, Rubin®] f2 o] uwte} Z3}et é#e AA T BE ASe N x=3 FH 0, 7+
?1“‘ Zy w77 &2 2] a-path®} b-path®] #o2 AT t#k% p#2 Rubin 4% AFEE

a3 G5 JFelh AF e E%i A5 Fo F83 fF restez AN EA 29

U fob o2

el AF4A e 1= AxdHden, FAH FAd 2 F4

EAEEO] QAANAAFE AX FAEAE JFS v X = HHaY
= ()9 Wgo=r 0.1% FYFToAA A FedS Relv(p=
—0.012, p<.001). °o]x= F &A% pooled OLSOIA Y A=< &

9] oS Hel Ao}

H}7F -0.01152 0.1% el A3k (=)

ek v feldo]l kAE A

7 7)) e A s Ad =91 ‘5A]§} — &ho] 374 A — FAF
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LS o] AERTATE Afdtel FAEAE vAE A ade
(=)o o AAHSR FolatA FAUH(p=—-0.001, p<.10). ©]
= 7 A2 pooled OLSOlA AEHE A& HHad7t 22 ()
o ol vtk FAHoR FoftA] 2Udd A (B=-0.0007, p=.604)
oF fFAMES Bt 7 B4 BT AEWHS 42(CH2)9 Hdavst <l
27Nk Z2(CHD O Blal] A eo] AgAolets AE2S FFrt

NAELRE AYAFE dFste HHads ()9 WA

AX o R #935FA At ((g=—0.000, p=.432). ©]= pooled OLS F

Z -0.
Ao Y ARV EAHoR  FoFHA & A3 (=0.0001,

w= 7)) e il

o
[l
lo'e)
S
>
©
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o
AE,
o
1o
oX,
%)
e
N
ol
o
R
@)
an
w
b~
mly

82

R A2 A B SE tak p#k
A AR | =A SR A —EAE | -0.12%%x | 0.01 | -15.447 | .000
Aeds WER | A s> B T ->F4t -0.01% 0.00 -1.891 .059
25 R | EAISf A5 EH T4 -0.00 0.00 0.786 432

. _ LA S QA 7R A 553

= 7}4 g3 o= — —

= a7 = AU A 5) 2 0.12%%x 0.01 21.322 .000
ey CA S A ET

a3 e 7bd g3 H =0.10%%x* 0.01 | -18743 | .000

Signif. codes: T p<0.10, * p < 0.05, ** p < 0.01, *** p < 0.001
1. N=3,570
2. ¥ ¥+ Amelia 5= (10070 dolgA)ES A &3
3}al, Rubin®| f= e we} Ajtst A& AlA gt
Bz A RE S a-path®t b-pathe] Hoz AAEAt tat3 pahS Rubin 2% ZH’T¢
a3 FEHR vIEolth 2AFH TS FFAE S8 TR FF 7SS ER AAISHA eFokth
Ae 2 BFLAE 7FEAS A dF8A9 102 AxdEdon, SA4 FI94 2 F4

Azl 4ol Wate] girk.
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FFAEINE -0.0122 F(-)9] WFelH, 0.1% frolssolr 2 &
S HAH(p<.001). o]+ F 242 pooled OLSNA F3HH &3H7) -
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HDI A& | A S04 g4t 0.006 0.006 -0.115% % -0.12%%%
GI A2 | BA-AEd5—>% 0.005 0013 -0.007 001
Gini 4% | BAS->2580 552 -0.003 -0.002 0,001 -0.00
A S (1A HEHE
F e i;gﬁ g;g A remeen 0.008 0.018 -0.122%xx -0.12%%x
AH a3 EA g oAt -0.123%* -0.111% 0.026 0.03***
a3y AHad+2E e -0.115% -0.061 -0.096% =0.10%**

Signif. codes: T p<0.10, * p < 0.05, ** p < 0.01, *** p < 0.001
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2. Amelia ©5 %] 43 3=

library(Amelia)
library(dplyr)
df <- read.csv("TFR__Urb__HGN__gwpu__clean__20per.csv”)

# —— ts/cs €4 HE Hat ————
df$Year <- as.numeric(df$Year)
df$ISO3 <- as.factor(df$ISO3)

# ———— imputationtl A M2l 2Atd HEsS -

drop__vars <- c("Country”, "ISO2”, "Region”, "Sub__region”)

# —— Amelias &4 dOlgAl &=H| ————

df _imp <- df %>% select(-all__of(drop__vars))

# ——— 283 NA column MH ———-
df__imp <= df_imp 2%6>% select(where(" !all(is.na(.x))))

# —— Amelia &3 ——-

amelia__out <- amelia(

df__imp,
m = 100,
ts = "Year”,
cs = "1SO3",
polytime = 1,

intercs = TRUE,
empri = 0.01 * nrow(df__imp)
)

summary(amelia__out)
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ABSTRACT

An Empirical Study on the Impact of Urbanization on Fertility:
Focusing on the Mediating Roles of Human Development,

Gender Equality, and Income Inequality

Kim, Kirock

Major in Policy Science

Dept. of Public Administration
The Graduate School

Hansung University

This study aims to empirically examine the effects of
urbanization on fertility and to investigate the mediating roles of
human development, gender inequality, and income Iinequality in this
relationship. While a substantial body of prior research has confirmed
a negative association between urbanization and fertility, the structural
pathways through which urbanization influences fertility have not been
sufficiently elucidated. Drawing on relevant theoretical frameworks—
including r/K selection theory, the gender equity theory of fertility,
and Easterlin's hypothesis—this study constructs a multiple mediation
analytical framework and conducts quantitative analysis.

For the analysis, a panel dataset covering 105 countries
worldwide over a 34—year period from 1990 to 2023 was assembled.
To address missing data, multiple imputation using the Amelia
algorithm was applied. The primary analytical method employed was
pooled OLS panel regression, which simultaneously utilizes
between—country structural variation and within—country temporal
variation to estimate long—term structural relationships among
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variables. To verify the robustness of the findings, a multiple
mediation structural equation model (SEM) assuming the same causal
structure was employed as a robustness check and supplementary
analysis. Additionally, two—way (country— and year—) fixed effects
(FE) panel regression results are presented in an appendix to
facilitate comparison according to whether fixed effects are applied.

In the main analysis—pooled OLS panel regression following Amelia
multiple imputation—the key independent variable, the urbanization
rate, was found to exert a statistically significant positive (+) effect
on the Human Development Index (HDI) and a statistically significant
negative (—) effect on the Gender Inequality Index (GII), while its
effect on the disposable income Gini coefficient was negative (—) in
direction but did not reach statistical significance, remaining only at a
marginal level. In the integrated equation incorporating the
urbanization rate and all three mediating variables as predictors of the
fertility rate, the direct effect of the urbanization rate was positive
(+) in direction but statistically non—significant, while among the
mediating variables, only the HDI showed a strong and statistically
significant negative (—) effect on the fertility rate. This indicates
that the fertility—reducing effect of urbanization operates primarily
through the indirect pathway of improving human development levels
rather than through the direct influence of urbanization itself. In the
pathway—specific indirect effects analysis, only the indirect pathway
via the HDI (urbanization — human development — fertility) was
strongly significant in the negative (—) direction at the 0.1%
significance level, while the indirect pathways via the GII and the
disposable income Gini coefficient were not statistically significant.
The total indirect effect, aggregating all three mediation pathways,
was significant in the negative (—) direction at the 0.1% significance
level, and the total effect of the urbanization rate on the fertility rate
was likewise confirmed to be significant in the negative (—) direction
at the 5% significance level. These results provide empirical support
for the conclusion that, among the three competing hypotheses, the
mediation pathway of CH1 (the ecological living environment
hypothesis)—positing that urbanization raises human development
levels, which in turn reduces fertility—possesses the strongest
explanatory power in the main analysis. Among the control variables,
both the working—age population ratio and the male unemployment
rate were found to exert statistically significant negative (—) effects
on the fertility rate.
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In the robustness check and supplementary analysis—a multiple
mediation SEM following Amelia multiple imputation—the estimated
results for the a—paths (urbanization — mediating variables) were
largely consistent with those of the main pooled OLS analysis in
terms of both direction and statistical significance. The direct effect
of the urbanization rate was significant in the positive (+) direction,
which 1s consistent in direction with the pooled OLS results, though
differences in significance levels were observed due to the
underestimation of standard errors attributable to the non—application
of cluster—robust standard errors in the SEM. The key findings—
including the significant negative (—) indirect pathway via the HDI,
the non—significant pathways via gender Inequality and income
inequality, and the significant negative (—) total indirect effect and
total effect—were consistently reconfirmed, thereby supporting the
robustness of the main analysis results.

This study holds academic significance in that it analyzes the
relationship between urbanization and fertility from a multiple
mediation perspective, and explicitly demonstrates how the choice of
analytical methodology affects the interpretation of research findings
by systematically comparing results from long—term cross—sectional
pathway analysis incorporating between—country structural variation
(pooled OLS), simultaneous equation system—based robustness
verification (SEM), and within—country temporal variation—focused
analysis (FE). The study also contributes theoretically by empirically
establishing that, among the three competing hypotheses, the human
development pathway (CH1) constitutes the most robust mediating
pathway explaining the structural relationship between urbanization
and fertility. These findings suggest that, in designing policies to
address the problem of low fertility, it 1S necessary to recognize the
limitations of short—term policy instruments and to pursue long—term
structural policy approaches responsive to the enhancement of human
development levels.

[Keywords] Total fertility rate, urbanization rate, Human Development
Index (HDI), Gender Inequality Index (GII), disposable
income Gini coefficient, working—age population, male
unemployment rate, pooled OLS panel regression, multiple
mediation structural equation model (SEM), two—way
fixed effects (FE) panel regression, mediation effect,
Amelia multiple imputation, missing data
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