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Abstract

Trends of daily maximum and minimum temperatures in major cities of South Korea (Seoul, Busan, Incheon, Daegu,
and Ulsan) during the past 40 years (1961-2000) were investigated. Temperature records for the Chupungryeong station
were compared with those of the large cities because of the rural environment of the station. There were distinct warming
trends at all stations, although the warming rates depend on each station's local climate and environment. The warming
rates in Korea are much greater than the global warming trends, by a factor of 3 to 4. The most increasing rate in daily
maximum temperature was at Busan with 0.43 C per decade, the most increasing rate in daily minimum temperature
was at Daegu with 0.44 C per decade. In general, the warming trends of the cities were most pronounced in winter season
with an increasing rate of 0.5 C/decade at least. Diurnal temperature range shows positive or negative trends according
to the regional climate and environmental change. The frequency distribution of the daily temperatures for the past 40
years at Seoul and Chupungryeong shows that there have been reductions in cold day frequencies at both stations. The
results imply that the impacts on human health might be positive in winter and adverse in summer if the regional warming
scenario by the current regional climate model reflects future climate change in Korea.
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F1AFRAr] WA 7o) B old Ao w
¥]9ic} (IPCC, 2007).

M3 A7l M olsh 2 7)ee] AHe
S43} e BESlT AAFHR Yol B4
o|m, £3] tiF A oA 23] ko] T E AL
2 d=A Aok (IPCC, 2001). 7]2-9] W3} 5 A A
712e] gl o HTr|ee] y5ERT o am
utebA 7|29 YA} (diurnal temperature range, ©]
3} DTR)7} A} 7H4A8H= Z2A4|9] I} (Easterling et
al., 1997; IPCC, 2001). 3}A|9F FA A=Y =5 &
o] AR Ho M= 27|23 HA7|29] S7Fe0]
H]|=3}A) $718FaL Q1L (Salinger, 1995; Weber et al.,
1994), QE=ofA= FA7|22] 4= DTRO| F7Fst
= A0 7 7| % 3} (Easterling et al., 1997,
2000).

Aol A A HS Al Qs AAFA o= Het
71220 s A Fol= 2 Aol7t AN (Jones et al.,
1989; 1990; 1998), & Z|117|- 23} A7 29 &
3 o= tha 2ol 7t et ol = 2AVFRS F
7holl O3t FH Al A 233t ane} B Eo] 7} X
o ¥ 7|2 B2 u|A= oY 7HA] 8471 H59A L
2 2Rg351a1 Q7] wlEo|th(Stott et al., 2004; Tett et
al., 1999). =A| 9] Ao 2 1%t EX| o] &= 2] ¥3l,
AT HE, olloje|& 22 7| ed=d o W=
oo M- B Ao AR S AXHA FA4 7]
2 220 9= FA 2ok 294 AEAEe di®
2l 24 gFd olojH & FALaL, ooj2lE-
T5 HYY 1, E e HHY M s = 3
o} (Kim et al., 2006). o] 23t 2 2-8-2] 2752 thef
St RN dojuA HH, | 29| f7] w2t
HEoA ofd XH9] 7|35 AAsHA He A=
o] x]ojx] 1L T} (IPCC, 2001).

=] ZAIX S 7] Aol e A ohget
FH = A= o] et (& =24, 1985; o]
up ZFR14], 1997; A7) F, 1998, A% 5,
2000; 31732} 5, 2004). 7L FoA =, 49 STt 5
T A3} (urbanization)Z <QI%H Q1¥ A Q1 7] Ak
(anthropogenic temperature increase) F-23} 2}
ol ele] 2Jgh 71 5L ApE oD T
& A7} go] S gtk (FAH 5, 1993; W54
I+ HLE), 1994; Ryoo and Moon, 1995; Kato, 1996;
AY7] 5, 1999). stARE 2h=2] =8 HEAIE At
oz o Hur|en A AL P17 WS B4

H

AT At S Aotk
A77F DR E ] Y= EAIXFo|A 9] 7] HIk=
ZARIY] 4ol A7 Ao R We FFFe AL, o
22 A AAA R SHME B2 Fa4de W2t
L QITE (A4, 19735 718 dTt4r, 2005). =A] 4
ANZ QIR AR 7| e o5 BAl A
FH9 94 AEHAE A FTH= BHE 2
S7|= 3tk (BFHEZ 5, 1993; 93] 5, 1994, 7]A¢
ATt4, 2006; WA 5, 2007; Campbell-Lendrum et
al., 2002; Changnon et al., 1996; Ebi et al., 2004;
Kunkel ez al, 1999). o]&} tj&Eo], =A] X| o 5t
d 27|23 A 27|29 Z714 HE Al o
g A= AT st wE AR AA Hal B
= feliA = Fasitt 53], =AAF Yehtes =
Gl T A2 W2 Ao & AA A &4
= 7HAE o Aok (F3F8 5, 2005; ARG 5 2006;
2007; Ferranti and Viterbo, 2006; Kysely, 2002;
2004; Kysely and Huth, 2004; Meehl et al., 2000). 1]
= Z7F7|$AZAE (NCDC)2| AL w= 1980
WRE 2003W7HA] 109] g2 o)9] FsiE & 714
Al (F 583]) T ZA/7HEl oJet Hal= 1032 &
WA ZS/3 AU (163), H|EhAd 2= (123]) o=
o= MHSAT, HejoL 14409 FHZA A
a9 (34909 Sa))o] 41.2%2 Ax|s}e] Arhy 2/
S (@ae 1020005e) wet o Be AR
Ts|E 71Ae3, AR Wi welA 1912 714
A& Ao 2 ZAFE v 1t} (Ross and Lott, 2003).
715 AT SR 71 st it ol3)
L BRI WY Aole] HEAGOR 3| ol
ol et (IPCC, 2001). Fig. 1of] WERd HEe} 2ho] 7]
2o HagolLt Bako] 42} 5718 W ne AN (&
£ 7184 o] Ay st F7ksHe Aow et
U, Bt Hake] o] Z7He i T
sHA| 12 o] WA ¢ S-S HolEr (IPCC,
2001). o] A= 2000 T 7|E02 AT 1009
o del F=9] F8 Al tiste] A v
A 7129 717t WE AFS etstar, Ao d W
T 54 H|wsigth k9] A THo] 273 e
2 AZHE A7|1Z2 & 4 Qe 1961d7E 2000714
FZ 4097 78 A9 X ¥ 7] HE B4
AT, 7|2 WEe] ol FF A A7l
o 9A = & o Je7HE kA Asiih
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2. NIz

A=A AF2=APE AASHA o] R4 20009
12¢ 3194g 7|20 & Q137} 1009 HE J T4
(& A& A A3, b 2AHE e 1961
1Y 195E 20009 12 31971A] &2 407 &
2317123 A A7 A=E BT (Table 1).
F8 ZAE QT AZ2 Table 10] LpeRd vle} Zho)
Aol oF 10377 i A== AF A7 7P WAL

A Increase in mean temperature

More hot
weglfer

More
i record hot
weather

Less cold 7
weather /

T
AVERAGE HOT

7 Increase in variance of temperature

-~ More hot
~
oSN
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record cold record hot
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I J I
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4" Increase in mean and variance of temperature
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i UK hot weather
Less change 4 h E
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weather i

T
LD AVERAGE HOT

Fig. 1. Schematic diagram showing the effect of temper-
ature extremes for (a) the mean temperature increases, (b)
the variance increases, and (c) both the mean and variance
increase compared to a normal distribution of surface air
temperature (adopted from IPCC, 2001).

Table 1. List of stations used in this study.

Bto] 3814k, QlFo] 2564k, thtr} 2544k, thEo]
1399 (19614 o] 5] 7145 0] Al&tE]o] £4] o
Aol A AQ1ED, Bt 138 (1992 599] T4
olFe g Q& BA diidolA ALlFh), S4to] 1049t
g 5ol AFshs A= 2AF HUT (FA, 2006;
TR F, 20006). 0|9} HEo] EAISHY QRS vl
2 AA| v F=F ol A9 7| 20S AR st
EA5H4Th TE4 o]d To2 % V| #E AR
9] A& oA A7 fle ARS diez A
T= FH5HATH(FE 5, 2006).

3. it
31 M2, AN 2 RDTRY FN BT 3Y

o] F8 YA (AL, AL A, i 24
9 ZA3HY] GRS Blud A w2 2FHS o
o2 1961 dXE 2000\ 717] 40W ¢ & 7]
o A FHotgholl gt 2 A=9] 7|2 HA AAES
Fig. 20] Yelliglch. &, 2+ o8 HAF o= HE 40
| 5o HHEkY ZpolE vErd Aot A& H]
Z3 BE AR oA 3 FH LR 27|29 s B
o] F=35HA Uehd= & o= Ut sHRINE ST 7=
7] (&, 47t 7|12 571 v TAES 9r|eiH, &9
= Crdd)e= 7+ A vttt th=A ekttt Fig.2o] u
ERd el 2o o ]2 S7HES F410] 0.043T/d
oF 7HE waL, Q1Ho] 0.039, it 0.037, Af&o]
0.028, 3=%70] 0.024, 240] 0.0222] &= = eI

A Bl gk HxF B2 d A 720 3
M FUg o2 3%t Aul= Fig. 3¢ A|AIsH
Aot 4 HA7|2Y S RS AYT 2
2| ol A Fe & YR AR F7He9 271+ A
Hof| w2t =3 27|29 F7F = gy Y
Rttt 671 A3 F th1710.044 C/A 0 2 7 =3k
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Stations Latitude Longitude Altitude (m) Population Data availability
Seoul 37°34'17" 126°57'57" 86.02 10,373,234 Since Jan. 1933
Busan 35°06'06" 129°02'03" 69.23 3,812,392 Since Jan. 1934
Incheon 37°2829" 126°37'36" 68.85 2,562,321 Since Apr. 1905
Daegu 35°52'56" 128°37'16" 57.64 2,538,212 Since Jan. 1937
Ulsan 35°33'26" 129°1921" 34.69 1,044,161 Since Mar. 1947
Chupungryeong 36°13'01" 127°59'48" 242.54 - Since Apr. 1936
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T, 24%0] 0.038, AL20] 0.036, Q170] 0.027, HAto]
0.026, %7 0] -0.0119] <=2 2 YElyiT).

FE3t 7]-29] AWt (diurnal temperature range)2)
A Wska(Fig. 42 o 27|23 2A7|=0 9
g ¥3k& o) atol &2 Atet 4= Ql=tl, X el wet &
of giat 2] gro] M2 kA ekt B4E 6 g
th 1 & FFH2 +0.036C/do2 2 AF 271 A
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Fig. 2. Time series and linear trends of deviation from annual mean of daily maximum temperature at (a) Seoul, (b) Busan,
(c) Incheon, (d) Daegu, (e) Ulsan, and (f) Chupungryeong. Deviations were obtained from the difference between long-term
(1961-2000) and annual means of daily maximum temperature. Linear regression line and its equation of each region is shown
in the figure.
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Fig. 3. Same as Fig. 2, except for daily minimum temperature.
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Fig. 4. Same as Fig. 1, except for diurnal temperature range (DTR).
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33 A2 408 M2
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Table 2. Seasonal and annual increasing rates of (a) maximum and (b) minimum tem-
peratures, and (c) diurnal temperature range at 6 stations in South Korea. See the text
for more detailed explanation

(a)
. Maximum temperature (C)
Stations
SPR SUM AUT WIN ANN
Seoul 0.028 0.015 0.013 0.056 0.028
Busan 0.046 0.020 0.037 0.068 0.043
Incheon 0.045 0.041 0.020 0.052 0.039
Daegu 0.049 0.006 0.035 0.072 0.037
Ulsan 0.034 -0.016 0.020 0.051 0.022
Chupungryeong 0.033 -0.012 0.024 0.055 0.024
(b)
) Minimum temperature (C)
Stations
SPR SUM AUT WIN ANN
Seoul 0.036 0.016 0.028 0.065 0.036
Busan 0.029 0.011 0.020 0.046 0.026
Incheon 0.029 0.009 0.017 0.053 0.027
Daegu 0.049 0.013 0.042 0.075 0.044
Ulsan 0.046 0.020 0.030 0.058 0.038
Chupungryeong 0.015 -0.025 -0.022 0.018 -0.011
(c)
. Diurnal temperature range (C)
Stations
SPR SUM AUT WIN ANN
Seoul -0.008 -0.001 -0.015 -0.008 -0.008
Busan 0.017 0.008 0.017 0.022 0.016
Incheon 0.016 0.031 0.002 -0.001 0.012
Daegu 0.049 -0.019 -0.007 -0.002 -0.007
Ulsan -0.012 -0.037 -0.010 -0.006 -0.016
Chupungryeong 0.048 0.012 0.046 0.037 0.036
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Fig. 5. Box plot of annual variation of daily maximum tem-
perature for (a) Seoul and (b) Chupungryeong during the past
40 years (1961-2000). The upper and lower symbols of open
circles, solid circles, whiskers indicate maximum, mini-
mum, 95th percentile, Sth percentile, 90th percentile, 10th
percentile of daily maximum temperature data of each year.
Upper and lower limits of box, thin and thick lines in the box
indicate 75th and 25th percentiles, median and mean values
of temperature.
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Fig. 6. Same as Fig. 5, except for daily minimum temperature.
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