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ABSTRACT

Recently, population growth has been slowing down in metropolitan cities in South Korea. In this study, we analyzed
urbanization effects that reflect the characteristics of recent population growth trends using four different methods. In South
Korea, the urbanization effect has recently become weaker. The urbanization effect in South Korea was 24 ~49% in the last
48 years (1973 ~2020). Similarly, for certain spans of 32 years (1973 ~2004) and 24 years (1973 ~1996), the urbanization
effect values were 30 ~ 64% and 42 ~ 73%, respectively. The recent decline in urbanization effect compared to the early 2000s
is related to the decreasing urban population growth. The population growths in the second half of the previous 48 years were
only about 14% in big cities and about 50% in small cities compared to the first half. As a result, the urbanization effect in
small cities has actually been higher than in big cities. Cluster analysis was also conducted to analyze the relationship between
population growth and annual-mean temperature increase in 30 different stations. As a result, temperature increase in more than
60% of the stations considered matched the population growth. Some urban stations have smaller temperature increases than
population growth, while some rural stations have higher temperature increases than population growth. Therefore, further

research on local environmental factors should be carried out to better understand these local temperature changes.
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Fig. 1. Spatial distribution of KMA (Korea Meteorological Administration) observation stations in South Korea
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Fig. 2. (a) The trends of annual-mean temperature increase and (b) population growth in 30 stations in South Korea
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&35t Euete] TAS 8IS A4ESEITH(Table 1).
167] ZAJollA E47|7t 52t 712 AA5E(Ty)2 1 104
F 037C0o|H, ZA|S} Zito] 93k 7] A5H (U, 1
1089 0.09 ~ 0.18CE YERGTH ZA|S} 7|odL(U)2 &2
A "ol whe} 24 ~ 49%=E HEZAJo] Atk BA B &
EOFE AR&st= Kl19A ZA|3} 7]of&o] 49%=E 71
=AUt #S A5 QA JRY ZolE Bl TAIE
AIE A4Stz 004= A3} 7]of&0] 24%= 7P &
otom, K119 ARk =20 I3t 00432 AHEshH=
A A=) FFol wet gro] 34 geA=d], 71&
59} ZHo] NCEP/NCAR Reanalysis 1 projectE AR5t
A5-ol= TAIE} 71o0&0] 49%E K113} Zo] =2 EA|
3} a5 Btk ols TAIR At BAMHI TA
AARET ofl et Az AHo = T4 FFE St A
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Table 1. The warming trends of urbanization effect in South Korea

Co3 K13 K11 004
(Choi et al., 2003) (Kug and Ahn, 2013) (Kim and Kim, 2011) (Oh et al., 2004)

City  Big City Small City City Big City Small City City Big City Small City City Big City Small City

TW
. 0.37 0.36 0.38 0.37 0.36 0.38 0.37 0.36 0.38 0.37 0.36 0.38
(C/10yr)
Uy
. 0.14 0.12 0.15 0.10 0.12 0.08 0.18 0.17 0.19 0.09 0.08 0.11
(C/10yr)
Ur
38 33 39 27 33 21 49 47 50 24 22 29

(%)

AT 27 G 712 AF(Kug and Ahn, 2013)9F  7HS AR 717091 4811(1973 ~ 2020), AA ] 23] B

o] Q1o 04552 SHA @Al AHbARl QI ghe AME Sh= 324|(1973 ~2004), A9 1/20] fFste 24
st deole BAISE 7]od&0] oF 15%2 ¢ WA U (1973 ~1996) 2.2 F-Z5o] Bl W3ATE 24 23}, EA]
EFE T s} 7194&2 ditE o s E4 7|3bo] geE 2A YE

Table 12 871 Hi=Alet 87 Al gt EASE ok 24 7|3F0] 2499 B, f2ute] =48 719
1= AT HE=AL E=ASE 7]o9E2 22~ &2 2~T3%% Be 717 FolA 7 A 3293t =

T%0I T BLEL] BAS 7|OFEE 21~ SO%E FAE  ASh 7018 AN A9, 30~ 64%z 24109] Arct
Kol H HEgo] ha A eI CO3, 004, KI19] & HtoL} 48] A4 ~ 49%) BrHs ¥ % B
A9 FARANA dEABG BASE BI7L B HE, Qo ol AT BolM mAIsk A} 190090 Tk~
22 48U FAEAY 12 JSEOIBCA000] B 2000 H) Zute] vle) FAReH: AS Esh, =4 Q)
A9 71 AEEO36C/09) Bk B & AT A Uk 7 3749 HA) 53 B0l Ug A0 AR ol
wro] K13 BimAlS] mAISE |ofgo] FAEARLE o A4S elsk] Ustel 3240l ®A AT st
o L6%] & ACE UEhdrh KI3] A% 712 Wash 9t /1@ wste] wAC] dhaly Arsfugict
Q17 wste] Y BAS Teistel mAI3 AW FH3) ) _
7] g, AT Wept 245 wAS mphuwy 2 32 AT HES IS HAS
A Uehds S4o] Stk 2L ol9E, 7MW F
K13oH S2EAS] BASE B37F 71 2A depsier
SAI5 B BA PHEE ohfet B4 s3] et
A7 dEhd 4 QOB Z (Park et al., 2017), &4 7|7t
& gefste] A3 Aol WakE FYstAct A%

B BA0] AZ Al7|= 1973902 T4 H T B4 7]

o] oA 2000t ZHto] vlg) L ZA|SE &3t
7F szl ¥1E motslr] flste] f-Euvhete] 7] ®ist
oF QI Wste] A A EAskct. =yt A
A EA 9 AIE QI HILE EA5H] fiste] 17184
ZEO|A A|FsH= World Bank AT At2E A&t

Table 2. The warming trends of urbanization effect in South Korea by analysis period

C03 K13 K11 004
(Choi et al., 2003) (Kug and Ahn, 2013) (Kim and Kim, 2011) (Oh et al., 2004)
24yr 32yr 48yr 24yr 32yr 48yr 24yr 32yr 48yr 24yr 32yr 48yr
(73-96)  (73-04) (73-20) (73-96) (73-04) (73-20) (73-96) (73-04) (73-20) (73-96) (73-04) (73-20)

Tw
. 0.33 0.44 0.37 0.33 0.44 0.37 0.33 0.44 0.37 0.33 0.44 0.37
(C/10yr)

Uw
N 0.20 0.28 0.14 0.22 0.20 0.10 0.24 0.24 0.18 0.14 0.13 0.09
(CT/10yr)

Ur

%) 61 64 38 67 46 27 73 55 49 42 30 24
0
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o] ZtmolA ZAIRIFE H7F BAF oo e EA|
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oF 52%= F11HZ 7|53 o]F tha sl th(Fig. 6).
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Fig. 7. Estimated yearly urban bias of annual-mean temperature series for the group of big city
(+) and small city (O). Solid and dashed lines denote linear trends in big city and small

city, respectively
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o 3ok ey 7] WAk W A2 ANr]eh $ub]
o A& o P Bt Hi7]ols dEA-AE 71
HAZL S7Foke Al SAEA - AlE 71 WA S7t
FAEL} T} Su7lols SAEA - AlZY 7] HA}
tha S7koke WHE, HiEA - AlEY] 712 HAR: 2359
Aadhs FAE BRIt ol T FALA] QI H|E]
S7koHe ATt #o] Qlkar B2, Fig 88 Bof A
Al 3070 A9 A BSHE Hu7|9F TR & o] A
HEYT 5¢ DR AFEE AT AR 44, At
719] QI WSk [Q1511995% - Q1511975 4 4 A
gh)), SHb7|E [Q172019 - Q151199534 gt
hE RO A7l FRE7]o] Bl BE Ao
AT F3o] Fstgt. A9 AL Fut7] A+ 7t
A% AG719] oF 14% $30] A FLEAIE FRE
7] QAT F7kEFo] AWk7|of vl 50% 5o 1H. o, of
TAI9 vlastd Fby] QI F7REo] oF & uf 3A4| b
ehgtth 22 =AISE 53} ofshs o] 23t thEA] QI WSt

=49 ggo] 2 A0z Holu, ol ofu] HAS uhy

ol 1005t Y ©o]A+9] i A|(Metropolitan city)S] 73-%,
F T S04 ZAISE a3t ok A I QI Hstel 7] W
3} 7+ AF/gdo] "olZth= Kug and Ahn (2013)9] At
T AR

Fig. 9= ZAISH 24 7]7te] wet 7] wstel Q- ¥
s} 7kl ojwgt AHHATE A=A AASAT N2
o 10dd 712 WIS YERH T, Fig. 9a9] 712%2
A 321(1973 ~ 2004)9] 7] Ws}o|| of-3ok= A W
3HQIT2005% - QIGL1975 @ 1E 9Jn|5}l, Fig. 9b9]
7tEE2S T 48W7H(1973 ~ 2020)9] 7] WH3lo] S
SH= ol WS Q120194 — Q1721975142 oJn|gh
t}. Fig. 9b9] 739 Fig. 49} 5USH A7 olY A 112l
(A, SAEA, AIDE FE2ot] EEIo +H 4]
2 AE, ORAL FAEA], XEAL2 HEAIE oJu|gic)
At 327F 7]2 wstel Q1 WS} Ato]9] AEEA =
07742 W% =2 A4S HRIk(Fig. 9a). A 7RO
02 7] 2 ASES AmE, Ad 32Uzt o 1089 7]
2 ASEL YRA, TAZA, AFoA 47 048T,

http://www.ekscc.re.kr



686 2ng - s -

041T, 0.19CE HEAA 718 2 AFSES woth 7}
AGEE AHEY =4 F 59, A, Y S4ak
Al T 9, ZAFolA 71=0] 7P A A 22
487 7] W3k} QI W3} Abo]9] AAl= 0.557
2 Rt AHHAE Holu, Ad 32 H|shA W
Al YERRTHFig. 9b). 1093 7|2 45E-2 A, F4
TA], AlZoA Z+2E 0.36C, 0.38T, 0.23CE SATA]9
A 7P o, T 480 H|S) ZAl= WA, AlE2
A e SATA] FollA 9, Z5, et =
Al F 9o] 712 A5Eo] ZA B A=A Al

= 278k 710] 2A 45Hct

Xl
(= e

3.3. X9 & Q17 A9t 7|2 Hafe| AH(

FJ
&

A AAG AafolA AT wsiel 71 WSt ol
Aol 2w, B3] 34 329 1+ AwAol o Aok
Ak =, 24 71710 wet Aol AR AT F7E

36°N —

35°N

34°N —

33°N - -
124°E  125°E  126°E 127°E 128°E 120°E  130°E

(a) Population growth (1975-2005)

39°N

38°N

37°N —

36°N —

35°N —

34°N —

273 . 5%
33°N T T T T E—
124°E  125°E 126°E  127°E 128°E 129°E 130°E

(c) Population growth (1975-2019)

A T AT WS} FALE 7]
150 FAI7F YA 982 A o] EAgttt. o] Hof
o Bz Q7 Holo] g VL 452 7IHAE
duh SE3t=A] AFAom E4517] st 307 A
o] fisto] &4 (k-means clustering)S ARE-5to] Q1
7 Hslet 72 WIS ERSFAth(Fig. 10). k-means
clustering ®H o7 HlolHE k9 SHAERE F
© FaEEeR, 4 S AHY AP Aold] 4k F
adfeles WA O R A4tE, o] Ao BA FEE
AR elleng FEAHE 3= AAste] 4
SFA
Fig. 10(a),(b)x= 7] 32330 tiste] I+ WHste} 7]2
Hsto] gt LAEA 3 Aaolnt. -2yt 307 A
A2 A WS} 7L HIFE V1€ R F Al 52
2 FEot¥eH, 1592 A+ 7129 S7F 7

39°N

38°N —

37°N —

36°N —

35°N

34°N —

i

33°N - -
124°E  125°E  126°E  127°E 128°E 120°E 130°E

(b) Temperature increase (1973-2004)

39°N

3N - T
37°N |
36°N —

35°N

34°N —

23 L,
3N T T T T E—
124°E  125°E 126°E  127°E 128°E 129°E 130°E

(d) Temperature increase (1973-2020)

Fig. 10. Regional division of Population growth (a, ¢) and annual-mean temperature increase (b,
d) in South Korea. The numbers are cluster number. The (+) and () signs denote the

difference in cluster grads between population growth and temperature increase
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