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Abstract

This study investigates urbanization effect in warming trend of surface air temperature over Korea. The data used in this
study consist of the daily minimum and maximum temperatures during the period of 32 years(1968-1999) from 16 stations
of KMA. To calculate magnitude and trend of urbanization effect, stations were classified into urban and rural stations using
population statistics. Urban stations were defined as those with population densities greater than 1000 persons per kilometer
squared in 1995. The others were defined as rural stations. The urban stations were also subdivided into two groups according
to their population totals. For estimates of urban effect magnitude, temperature change was calculated by comparing 16-year
mean values between 1968-83 and 1984-99. Then, the difference between each urban station and every rural station was
calculated. During the analysis period of 32 years, maximum temperature increase is 1.22 C. In the total temperature increase,
urban effect is estimated by 28.7%. For minimum temperature, it becomes larger by about 10% than that in maximum
temperature. Therefore, urban effect in an increasing trend of minimum temperature is 38.9% in the change of 1.13C.
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304 Ape) wat okueh A @ AQl GRFe Urehhs
A 7| %0 FFE W 2A ATl TA|FO] FRFe
7)o T2 WFOo R S AR =ASY] FIF
2 AAH WE 7| SR E L5l B of
ek (9557} AL, 1994). S etAE 37)
Zre] BEARE 7HIT G PR BE4T} EA
sto] G2 37| Wizl Syt x4 2tz
Q% 71 20) A7) WES AokslA AL Al
ANNE =N AT et B0 ¢ Fasic
(Jones, 1988; Hansen and Lebedeff, 1987; Vinnikov
et al., 1990; Karl and Quayle, 1989; Portman, 1993).
ZAg] Hiet dte AR EA ol B
AAE B o Landsberg (1981)= o]&|st A+2
1= st (R8P} HHE, 1994). B2 4
FEo| EAGY B stel LEAS Hao] Lheh
ythyl B3R oW (Karl ef al., 1993; Garstang et
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al., 1975; Cayan and Douglas, 1984; Kukula et al.,
1986; Karl et al., 1988), =A|3} G1}= t = A] &y} o}
Yk Z2E ZAA YehdS 2R (Oke, 1979;
Landsberg, 1981; Karl et al., 1988). o A &= SHit
T ZAE 7] Aol Bete] W S0l 1Y
=St} =A4] (1973)2 SHREE 9] E=A|31e} Aste]
A& 71 S st e, 743 5(1993)
WEEAQ 7|28 Aol sit=Al et 2, T2
I35 WollAe =A19] Z27]0f wet 7] 223 s0] 224
= EQr} o]g 1y} 7H14] (1997)2 2= B4t &=
Al3E kel F 2047 oF 0.3 T U AXEH,
A7) T (1999)2 At 407 127 TS24 4 oF
0.6°C 9] 7. & 2712k % =I5 27} 7|05 ok oF
0.4TC= 4314} 3 Choi ef al. (2003)2 ZF =
Aol 2715 st A& 7|29 A7) HEolA 9
TAS}F BIE B7FSHL EAIS] o %t Al 7=
71l tigt Q55 2k o] Aol A 32
A7 A 71 20] 1.17C Z715HAL, o] & oF 35%
210.41°C7F =13 A to] 7] 1gkckar B3l Bf Qich
Fig. 12 1993@H¥ 2002@7}A] H+ 1097 AL
A dg+t 2372 9 IR A7 PR E0|
o e Ve 9E R 4E V| 7Pt
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AA ™ (Fig. 1a), A o2 G X722 dF
A Q¥ ofu 2t A& sfictrt A ol A o] F717t F5
sttt (Fig. 1b). A 7|29 B E3EA 7125717t
S3% A9 Fig. 2] AAE =A] A HT AX|5h=
e 12 o ALE 4B+ A7) d¥+ F
A7) 2T FRREEANA =ASEATTE o] UEr
g3& &4 ok

o] Aol = 27|23 27|22 o]t 2}o]
£ A3} a1} BAof o] 831 th Choi ef al. (2003)
< L7 2 o83t 1970 A HE =AAY, Al
=AY W 7RG o r FLEste] 4B 7|2 H|uE
Tl =AIS RS E45HAT o] e dEwT2
o] ot 7| 2og BT e TAIFt g o
L A% o AREA #Hsh] fsiA & dtelxl=
Choi et al. (2003)2] ¥ o) ukel 1723t 2 #7]
oA 9] EAIS} G EA8H T
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Fig. 1. Horizontal distribution of daily maximum and minimum temperature (°C) in winter for the period of 1993-2002
in KMA observation. Dot designates 61 KMA observation stations.
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2 7] gzl A7 ARE o8 FAfol= o
Z40] 7 FHojX| 1L, {=A0] 5 ol ALEE F
$olli= 717to] BobAl= oE&ol ok (HW7] &,
1999). B A7 A= 1968 A EE 1999Wd7}A] 327k
2Z A=57t gle 167] 540 Yy FHar|at
LY 2A7] 2= AHESHT (Table 1). ZF #5409)
A= Fig. 200 A A G vt} 2t
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ot A [AE] 9L 19959 7|20 8 The] km’e
10007 Ko} QI W7t 2 [2R2] A9 o2 A l3t%
ok B3 BAXGE EA A7)0 E EAEY] Hr
£ S35 flete AR Y F Aol et ti=
A&t AEAZ AQEFSIFE T} (Choi et al., 2003): 47}
O A A HL F A7 1005 o] de= A
o, 67]19] A=A AL 1003t FH} F ¢1757}
2k A|go|th. B AFoA 9 EA] EFE= BAX
199599 A=E 7|22 51t X 20059 FA
A ARE 7|E0 2 3, AR IFF7HE0] vl
E7]E 3k 0] 20004 o Aol 1, B oA
£ AE, 459 QA7 JIFS7HE EE 2000
| o]A sl FHE Fch wEbA 71E Al

Table 1. Definition of urban and rural stations (adopted from Choi et al., 2003).

Population density

Definition persons/km’ Total population  Defined Station
Urban >1000
Large >1 million Seoul, Busan, Daegu, Incheon (4)
Smaller <1 million Suwon, Mokpo, Jeonju, Cheongju, Ulsan, Gangneung (6)
Rural <1000 Yeosu, Gunsan, Pohang, Chuncheon, Seosan,
Chupungnyung (6)
Locotion of Urban/Rural Staticns
30K
LEGEMD
35;5” ............. | ......... | .....
3AM - T : . J . Y A e ] .
. . population density
375K persons per km?® > 1000
: : : : total population > 10000030
M ' B 2 ', ________ : _______________
EB_EN ............................... I
population density
264 persons per km? » 1000
total population < 1000003
35,50
e latian densit
population density
T45M paraona par km® < 1000
LAT
33.5M
S 125€ 178E 127E 129E 120E 1306 131E

Fig. 2. Climatological surface stations in South Korea. Symbols marking locations of urban and rural stations are as indicated

in the figure legend. Refer to Table 1.
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Choi et al. (2003)9] A7 T} 7|7k & A&
stlom W Zjolof| o3t =A|St avE o]
SI5t B 2o ol 422 ol §5ter.

ZAE aE 5] A% P 2 e 4
zke] EA] AT} o] 2R AlF AL LR 2
ot} (Karl ef al., 1988; o] A1} 7F¢14], 1997; Choi
et al., 2003). & Ao A= =A] A H} AlE A S3E
o] 712AE Htst] =AS avtol ot 7egte
ALFstT. =AISE Bt o3t 7|2 Aol AlA=
7128k A (1)} Zo] Aot} (Choi et al., 2003).

~

T,=T, — {Tu—r + [(ATu—1/32)(i — 1968)]} (1)

7] A Tu-r2 1968 ARE 1999E71A] vl E=A|&} A]
Z9| 71225 gt o, ATur2 (1968-19831d)
T} (1984-1999'8) 9] 22k 16\ Btgke] 25 F v =
3t gholth i 1968 ARE] 1999 71A| 2 7]7ko|t}.
A ()& 53 7317 7123k TSt w2 7]24)
S FAIE AAT g gt}

32 TAY Zif J7

196804 1999717 327t 167] T2 o
et ABat W AEB 2l ' HA7|2S A

SHATt (Table 2). B4 717t 5 AB o 7] [HA
7)1 282 17.66 [8.57] CHRoH, A5E2 7|2
o] A A&el, HA7129 B AT ol ok &
g 164 (1984-1999)9) 2a17]& [ A7) A4t 16
A (1968-1983)9]] H|3te] A+t 2F 0.63 [0.58] T F7F
sHETt AldA o 2= o4t 16 AR 169] 2117]
L2 [FA7]2]9 27} ¢k 0.34~0.94 [0.41~0.84] T &
e e, of Fofl 7H A9kar Aol 71 Fitt.

1968WHE] 1999 E7}A] 327 TIEA], A%A] 12
I AE A Y] 3t 71 F7H8-S AlwHQt) (Table
3). A7) 23} A7 BE ASES B 232
WAzt 7]20] RLE3HA F7HeE AL & 4= Sl H L
7129 ¢, B D AFEA 7129 F7HEel o
TAARAAIE £0 7 Flow AL 7MY 7
o] Zick. WHA #7129 Zfoll= =AM Y 57
0| AlEET AL 53 7H2olls 2 EAG ST
o] EA|ET} Firh EF Ha17| 23} npR7R] 2 A
=0 F7H&°] 7 Zith

TS} fatof ot 71 5ol AAR 72
F33817] Y5ted 4] (1)ol] AIXZ Turd ATu-r 7
AFetSITt (Table 4). Tu-r2 117|123} H A 7|2 B5&=
T Fo=m, ZAR GO 7o AlZAFHETY &}
th. 53] |l A2EAIXH 9] gk (0.62)0] T
ZAAG 9] 3 (0.22) ot B ZA YEhY 7] Aol

Table 2. Mean and trend ( ‘C /year) for annual and seasonal maximum and minimum temperature series constructed by averag-
ing 16 weather stations (1968-99).

Spring Summer Autumn Winter Annual

Mean 17.17 27.99 19.88 5.61 17.66

Tmax Trend 0.06 0.02 0.04 0.07 0.05
(84-99)-(68-83) 0.65 0.34 0.57 0.94 0.63

Mean 6.96 20.28 10.30 -3.24 8.57

Tmin Trend 0.05 0.02 0.04 0.05 0.04
(84-99)-(68-83) 0.53 0.41 0.55 0.84 0.58

Table 3. Trends (C/year) for annual and seasonal maximum and minimum temperature series for each group (large urban,
smaller urban, and rural stations).

Spring Summer Autumn Winter Annual

Large Urban 0.063 0.032 0.048 0.073 0.054

Tmax Smaller Urban 0.053 0.016 0.043 0.069 0.045
Rural 0.047 0.013 0.036 0.062 0.039

Large Urban 0.051 0.026 0.039 0.060 0.044

Tmin Smaller Urban 0.047 0.028 0.046 0.055 0.044
Rural 0.032 0.015 0.026 0.040 0.028
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TA9] 7|9k BEEA] vlH|EHA] S BRI 5= 9l
o AdH o 2= Hu7|29] HS 7R BAIL A
9] 71227} 301, HA 7|2 49 Bof 11 3o
7} 7F8 Fck. 37123 #7129 Turghke {2
4 A5E B 99% A5zl N HolT Ao
7HeEl k. ATu-rgkel] gt f-oAd HE2 o] Fol A A
okgrom, o]AL 7|& B4 " (Choi et al., 2003)
o] Z-gof o3t Ao|ct. E3E, ATu-rghk2 7|3t
F| A7) 20| A kol Fe B, EAA 2] T 7|2
37t FA7E AR S & 5 Stk vt
A7 BE qEAfA HT F7HEA] (0.47,
0.45)7} A=A oA Q] T =714 (0.26, 0.44)E.c}
o4 gon Ad3 HEsS HATh AFFozE= A
<ol ATu-rgke] 7 3L o5l 71 Akt €%
T7129] A9ole ATurgho] 71l 71¢ A1, o
Eof 713} 2R A o 2 YERG S (Choi ef al., 2003),
O|AL EA| A AT} 7F =8t o] uTkar A ARk
v} it} (F323 243, 2000).

Table 5= EAIX| Y (HEA}F AEA) T} A ZA]F
o th3jl Table 404 AAZF Tu-rgtdt ATu-rghS Al
A, & ZA3 53t R v 9 HR7|

e

Ef 189

o g % AR 71 F7HES Lrehd Rolct. 1
A 169l et T 1699 H17le AR WERs
=A% B3 B A L ARAA 2zt
1.45C, 1.24TCgoL Y, =AS a7 BA T9] gz
4 AT A= ATu-rgk (035 T)o] AlA=H 1.10T,
0.89C 2 Upelideh. 247129 ABF Wt B9l =
SAS B3 B 5 A L AT A Turgh
(044 )7k AAE gho] A2 Ik, ARH o2 3
17] 3} 47129 F7gko] EAS BB Y AF
AP Agel 71 7, 5ol 7H Zket.
EAs 53 1Y A% 167]) BE20] a2
3233 A7) 23 A7)0 B AL Avin
Skeh (Fig. 3, Fig. 4). £A|3F & 17 Fol= 712 4
% AFS A3 dolsith. H1vlew H47)e u
% Agol 7124580l 7P Fon, ole A%
&7} B4 o= A& E QT (Fig. 3d, Fig. 4d). Table
62 Table 541 AIAIH w42 A (HEA| o 22 A1)}
ABA G BA8 At B AT Biglold, 5
3 B Fo e wAS Tt HAE AF 7L
< TRt ARSI 167) B 9B H17)e
o B BA 169] Hls) H 1697F o 122C

Table 4. Estimates of 32-year mean magnitude (Tu-r and trend( A Tu-r)) of maximum and minimum temperature over urban

bias in South Korea, 1968-99.

(** significant at 0.01 level)

Spring Summer Autumn Winter Annual
Urban
Tu-r 0.44" 0.35" 0.53" 0.49" 0.46"
ATu-r 0.35 0.30 0.35 0.39 0.35
Large Urban
Tmax Tu-r 0.16~ 0.117" 0.40" 0.20" 0.22"
ATu-r 0.52 0.56 0.39 0.42 0.47
Smaller Urban
Tu-r 0.63" 0.51" 0.62" 0.69" 0.62"
ATu-r 0.23 0.12 0.32 0.37 0.26
Urban
Tu-r 0.52" 038" 042" 038" 0.42"
ATu-r 0.47 0.32 0.46 0.51 0.44
Large Urban
Tmin Tu-r 1.12" 0.55" 0.99" 0.70" 0.84"
ATu-r 0.55 0.29 0.38 0.55 0.45
Smaller Urban
Tu-r 0.12" 0.26" 0.03" 0.16" 0.14”
ATu-r 0.41 0.34 0.52 0.48 0.44




190

i, HA7 2L o7t vt 7l erglolA Y mAREY £

20 bl
1 () Bpring Trmax 0 (b} Summer Tmax
y = 00GEX + 16284 y = D025 + TR b
18 A b /\
2 A 2 -
5 y = 00434 + 1517 % ! ¢ = 0012 + ‘."
14 NN ST T N T N T T T T S T S T ST O T | 25""““"""‘I‘I“I‘III‘I“‘
T9RA 1972 1976 1BAD 1984 1988 1982 1996 1968 1872 1976 1980 19R4  18BR 1992 1998
Y ear Year
22 8
94 7 | (dWinter Trax
LN N Sl
21 = ot e
By oy \ y = 00560 + 39703
17 3t 5
T g
1968 1972 197 1980 1984 18R 1992 199 1968 1972 1978 1880 1984 9B 19 1998
Year Year
21

Fig. 3. Annual and seasonal maximum temperature of South Korea after the correction, 1968-99.
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Fig. 4. Same as in Fig. 3 except for minimum temperature.
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7kt e, BAISE aakE AAS & ¢ 087C F
7¥8}3itt (Table 6). &, Fal7]22 EASFE Q1
24 717 Well € 0.35C F73FRaL, AA| 71257}
of| Al EA|E}7} AFA| Sk B[S 9 28. 7% R T 5=
Ut AFH 0 2= ofFof 712745(0.66 C)ollA ZA]
3} G37} 45.4% (0.300)2 7F 2, ALl 21.1%
(0.39°C)Z 717 Zoth. FA7]-29] 739 19845

1999E7kA] 16\t A% 7]-20] A 16 H]sk
o oF 1.13TC F7hstgl e, BA|3 arts AAT &
o= & 0.69C F7Isteh BAISE Q1% 71257
= ¢F 044 T & el o]of o =3} b= 4
A 71 Z7N A F 38.9%E AHX|3te] F 17|20 A
R} Hx|7] o4 =AS 5237t o 2 3] e
Aoz Yepgt}. 7|2 Choi ef al. (2003) Bi7]
° 8 EA% AT TAI57} 9F 35.0% = VeSS Bt
Hom o] gre & AtollA AAIRE FaL, 2A7]=9

se -4

e
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TAI3 el Sk g e & 4 Tk E
T Ao RE 5 7S (103 C)oA =AS &
7t 45.6% (0.470)2 7FF H1, ALde 31.3%
(0.51C)= 71 Akt o= =AEHY 7ME 2 ¥
T A7 Aol ¥l vk e W3R
AL (1994)2] Aol A2 gtct
4. Q%

£ Aol A= 22 3297E (1968~1999) 167 &
40| ¥yt Hu7]|2 d HA7|2 ARE o83}
TAS matof o3t 712 FUIEES FATATE =4
AHit AFA G Qo] wet 25, Choi
et al. (2003)¢] Wof| w2t 7|47 #S5 A=7E &4
SFAT

24 717 9 =AIS a9 2T Har)en

Table 5. Estimates of 32-year trends (C) in annual and seasonal maximum and minimum temperature time series after

(adjusted) and before (original) the correction, 1968-99.

Tmax Spring Summer Autumn Winter Annual
Original temperature

4 large urban stations 1.53 0.99 1.27 2.01 1.45
6 smaller urban stations 1.24 0.55 1.20 1.96 1.24
4 rural stations 1.01 0.43 0.88 1.59 0.98
Adjusted temperature

4 large urban stations 1.18 0.69 0.92 1.62 1.10
6 smaller urban stations 0.89 0.25 0.85 1.57 0.89
Tmin

Original temperature

4 large urban stations 1.26 0.87 1.15 1.84 1.28
6 smaller urban stations 1.12 091 1.28 1.76 1.27
4 rural stations 0.71 0.57 0.77 1.28 0.83
Adjusted temperature

4 large urban stations 0.79 0.55 0.69 1.33 0.84
6 smaller urban stations 0.65 0.59 0.82 1.25 0.83

Table 6. Estimates of 32-year trends (C) in annual and seasonal maximum and minimum temperature series of South Korea
after (adjusted) and before (original) the correction, 1968-99.

Spring Summer Autumn Winter Annual
Original temperature 1.26 0.66 1.11 1.85 1.22
Tmax Adjusted temperature 0.91 0.36 0.76 1.46 0.87
urbanization (%) 27.7 454 315 21.1 28.7
Original temperature 1.03 0.78 1.07 1.63 1.13
Tmin Adjusted temperature 0.56 0.46 0.61 1.12 0.69
urbanization (%) 45.6 41.0 43.0 31.3 38.9




192 i, HA7 2L o7t vt 7l erglolA Y mAREY £

A7) L2 Tur (1968AHE 1999W71A] ujd EA]
oF AlF 71229 Hdh)} ATur (LA 16 (1968-
19837 L 169 (1984-19991)2] T A9} A|Z9]
Batgk 2o F vl A|ASH 4RSSkt 1A 16
of gt X 1699 A%+ 7|2 M= =AI3
723 2R Al W Ao Z+Z 1.45T,
124CHo, TAS 57 B4 39 gizA] 9 A%
Alof| A= ATu-rgke] A =] 1.107C, 0.89 C 2 L&}
Sk HA7)20 Ay HIME e U A%
Aol A ATu-rgk (0.44C)o] AAE =4S} a1 2
F 712%ko] H=A] (0.84T)e} 2 A] (0.83C)olA
2y AR E o AdF o2 Har|2 HA7)
o] F7Rkel =AS Bt Y A5 FUSHA Aol
7V ZaL, o5l 73 2T =A18 2yt A A
7|23k = JA3] 71 A2 oo, o
= A3l o5t 712 F7HE AT 4 Utk g
HhofA AB F|ar7]|29] W3} (1.22°0)d et =
A3t aako] Hat 71o&-2 <F 28.7%3t} (Table 6). #|
HA o 2= ofFof &=AE anp) 7 AL, Aol
21.1%= 71 &ttt o] Choi et al. (2003)9+E &
2A5h=t] B |22 0§37 =S At FA o4
ool ZAIS a7} 43.6%= 7 =3UTh

71 & e T BAIE ate 7)o Far]ed
AETh ZA 7|24 F 10% B AA ZAIS=Z Q%
71 $7h= A7) W3} (1.13T)olA o 38.9%=
UEGTH (Table 6). A 0 2= Fof| =8 azbrt
45.6%2 7V 711, AL 31.3%= 713 Zgkh.

2 AFoM = ZASeL o e 7] 7t o
sto] a1 9 HA7]2F o]&st FFHA S
AN&stant. 7129 o7 dAtolA e oheFst WS
o|-gsto] ZA|S| WE 7] F7HE A v ek
StE Hot EAS Ao disl ol Qlat 714
(1997)3} 77| 5 (1999)2 7] 2 A A€ o] EOF £
< 53 F2 HEA 7|2 A5 FEMW= B
L2 7|1& 371 =AIBE BAskE ol eyt 7
214 (1997)2 Z=A|3te] o3t 3t Hit 7|2 Ak
< 2 2047F (1973-1992) °F 0.3 T2 FA35141,
7] 5 (1999)2 40¥7F (1954-1993) 127]) T4
oA 0.6TY 7|2 F71F F B3 5119 7o ==
0.4C2 ZA3lglch 9 Choi ef al. (2003)7 2 A
TE A L AlE AR FEskE HHeR 7|2
7t 5 I3} ZAISE FESHATE 2 A9 F

7] B4 A3 AT 247 71e e 12T F

TAI3E Aol oFt A= 0.35T fom, A7
29 ZFLol= 1.13T Y 7] F71 5 044 T7F =4
3t 8tz FAEUT 7| 2F7EAl Qlo] =A|
3h= 28.7%°] %1t} gHd H A7) 7|2 ET 1|
N & ASER TV SEEZAE 2]
2HETH A7) 2o A =SR] FFo] B S-Sk
I FFE 10%H e o] whah 2| 7|24 =S}
B 38.9%= BA =Gt 7]& Choi et al. (2003)
o] P71 2F57AlA EASE 35.0%= & AT
of| Al AJAIRE 231723t A 7]22] F7HEA9 A
3} 3ol F7Hgkoll ASsHaTt wEkA & AollA
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