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ABSTRACT

Few studies have attempted to analyze variations of daily maximum temperature in the summer
whereas many studies have analyzed warming trends in other seasons with respect to greenhouse
gases or urban heat islands. We analyzed daily maximum temperature data for the summer season
(June to August) at 18 locations in South Korea from 1983 to 2007. Compared to the climatic normal
(from 1971 to 2000), an average increase of 0.1°C was found for the summer daily maximum
temperature along with an increase of 0.61MJ m~” in daily solar radiation. Approximately 65% of the
annual variations of the summer daily maximum temperature could be explained by the solar
radiance alone. Higher atmospheric transmittance due to lower aerosol concentration (especially of
sulfur dioxide) is believed to have caused the recent increase in solar irradiance. Daily maximum
temperature of the summer is expected to keep rising if the clean air activities are maintained in the
future.
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LN B (Hulme et al., 1994).

FAEOY 5] IR HAZ] Ve A
3£} tj7] Atole] EAeuR] kel Ayt vl
FHZ 10097 AS5H FJAF 7103 27 F
5 Z7Ye 7IR1gH AukEAER| o] W3] wiE]] o=
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1993; Wild et al., 2007). Aol Folgte] 7124
< ATt DEAlE 2 o3 gt BAPIAIEE
o] B o=z 283l wfjiEoZ WofFIk(Stone and
Weaver, 2003).

by AR gie] 258tk o Harle
9] 458 Ashs tle 248y olExto 2= nlF
st ool tigk R PdRA SRRidulRAl 5 AL
Zo] ZIISAIE & S A=, Wild er al (2007)00
oJahH 1980tH F4E o] % A sFFRALAA7}
2 Z7F8k= ©|24} ‘global brightening’ &%J°] U
ERPAA Aol =gk BAIAAPZE 026 W m?
S7Fel w4 Harvlee] 037°C stk
gt ol2fgt Ak FHAe] €9l kel shs
2] O] 7] 5 Z-& (atmospheric transmittance)®] H3}7}
T ok dizlejdikke] ti715-S FkshaA
== AT 259, F t71F3E0] olAH
A3 Tesle AHYARFo] F7FsHA €t b7
Fahsol whet ZgArte} skadAle] nlgo] g
], 7 15F3E0] woH AgUrke FolEal 4kt
A} BolzItt. SR AL FhE T AgUA)
o] o] AX Aol mEske EARUAE &
o]EA Fh(Power, 2003). 1992F5E 20023714
10597t Baseline Surface Radiation Network (BSRN)
ARdell ofall HATFA disE A lellA ==
EAPIUAAIE S £43F A} A7 3] EEeh=
EAPIUA7} o] 7IRE 5 3 6.6W m? ST
H(Wild et al., 2005), L o] AFT 027%%
43 ofo]2F 384 X (aerosol optical depth,
AOD) W3E0]Th(Streets et al., 2006).

AR 7128 2] BEES AT EM
AP, Yot sgstE o] deiaks 283=
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2.1. A2
SEyeiell= YARES BS3SE 7P 274

Table 1. Elevation and latitude of 18 solar radiation stations
in South Korea with 25-years observation data

. . Elevation Latitude
Station ID Station Name (m) (dd)
100 TAEGWALLYONG 842.5 37.68
101  CHUNCHON 76.8 37.90
105 KANGNUNG 259 37.75
108 SEOUL 88.5 37.57
112 INCHON 68.9 37.47
119 SUWON 33.6 37.27
129 SOSAN 259 36.77
131 CHONGJU 574 36.64
135 CHUPUNGNYONG 2425 36.22
136 ANDONG 140.7 36.57
138 POHANG 1.9 36.03
143 TAEGU 57.6 35.88
146 CHONIJU 535 35.82
156 KWANGJU 70.5 35.17
159 PUSAN 69.2 35.10
165 MOKPO 37.9 34.81
184 CHEJU 20.0 33.51
192 CHINJU 21.3 35.21

AR 7Pddieit B=57171e] thEar 19700 Al
o Wt FAHo] AR ong 187 71V H
= 25(19839FE 2007d) AR Ao g
SIAtH(Table 1 and Fig. 1). oI5 71dtie] LA
AZAF, A HAr|RARE sk 7Pl A
Il 197195E 2000871412] 7 d H k(7158
2 Fiho2HE HAE Alkste] 400 ARgSIA
Th(http://www.kma.go.kt/sfc/sfc_03_05.jsp).

22, 7 |1F2E 23

715FE-S Jeldlls W Zkedl Agdaliol
7] & oejzZel o5 == A= AoD7H
de] 220t AOD7} 71 ti7153&0] wolx]|7]
el ZgdAREe] 7Aslal sltdAalego] Frst.
S-Zuele] 749 A2(station TD=108)} F==(station
ID=156)1 4%+ Brewer 3333 %7 (model MK-IV
148, SCI-TEC Inc., Canada)?} 33 AAAIZ o]
83l AODE AR = s W, UrR] dr =
7VdtiellA= AOD o] ¢A] gfomm B Ao
A= 715382 Angstrom-Prescott LAF - U=z 74
A2l o3 FTHCho et al., 1987).
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Fig. 1. Location of the 18 solar radiation stations operated by the Korea Meteorological Administration (KMA). Background

shade level indicates the elevation contour.
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0, =37d,(sing-sind- Wg+cos - cosd-sinW) 2)
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Hoz ZA3 4= YriAllen et al., 1998).
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At 25:37F 197 ARA] TR 68HE 8¥7)
A ML it A Harle 1% 9 Harleys 2
713t B5E IARRG vlwsEE o 2 W
oFA}o) _E_A].a]—ﬁ. o & 9t} dA}EFo] 13.06MJ

207 FHa9gd 1993d0E oF Hiavlex
25.9°CE HAE 71531tk B3k 1994d500= GA}
&O] 1726M] m2o2 HG=d 1 3 o5 Hx

7]1&& 30.5°CE HIE 7|53t 1983 H
20071577}74 25937 BFZES 1971-2000 Hdzkt 1)
Wl B o2 Hir1e-e 0.1°C AsEiar A}
Z2 0.61MJ m~? 718t (Fig. 2).
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Fig. 2. Variation in daily mean solar irradiance (solid circle)
across 18 locations for the summer season (June-July-
August) during the recent 25 years (1983-2007) in South
Korea. Daily maximum temperature observed during the
same period is represented by empty circle. The straight
lines indicate the climatological normal (1971-2000 average)
values for solar irradiance (14.33 MJ m™) and temperature
(27.9°C), respectively. The dotted lines indicate 25-year
mean values for the solar irradiance (14.94 MJ m™) and the
temperature (28.0°C), respectively.
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Fig. 3. Relationship between the solar irradiance and the
daily maximum temperature observed during the summer
season for the recent 25 years (1983-2007) in South Korea.
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FEFs mA= Ao] ERIE

AR Egsl= BARUAY] sk AA#R] B
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(Lean, 1998; Scafetta and West, 2006). 121} 19
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Fig. 4. Increasing trends in both annual average solar irradiance
(solid circle) and the calculated atmospheric transmittance
(empty circle) during the recent 25 years (1983-2007) in
South Korea.
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Fig. 5. Relationship between the annual variation in
atmospheric transmittance and the observed solar irradiance
across 18 locations in South Korea during the recent 25
years (1983-2007).
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£0°] 0.06 = =017l o] 7S THFig. 5).

2000t S} ti7 5ol F43] F7IsE €9l
2 HYEARE F55ka 2RI dolEEe] v&
7} SAEW7] Wito R A o2 BAL
Uz|e] Fo} Algtell FAE 23 A0 BAPIAE
TGN F5o FH=s} 5 FAVIES
Z7MN71E AR BAPIAIES AR Houghton,
2005). 2132Q1 AL ExUAIE F58kAY A
T Hro 2 AAIA A HH EEshs BAlUAE
AT AR BAPIAES ooj2Fo) o3
Bokl FEIRTE BAIUA] s la TS ST
= Aolt}.

1980, o]Hof= dlojEE FAg o 2sle] 2
~-4W m?BES] AW FEAF AR} QIPFE]
<l o]F Zi5re] g7 Igsig Aoz Qlsle] ooj2F
TEE 294 A= -120.5W m2] AlEoz 2}
S3itar B4 5t Ramanathan et al., 2001). $-2]
ygzele] )22 1914 dojzE St a3
s b A2 EFEo] EAPIAIES UERit
(Kim et al., 2004). AAZ 24250 oJaf Z713)
A oolREe Q191F oolEE WA AR <l
19899 HE] olgiriae AdE v B 9% 7+
2% ¥ oxbstA A} mAHAIE it 0.02%,
0.9%= FAFo] At} ofghible A doj2F
BZAE T 138E5E AT gHA =T
(Ramanathan et al., 2001), 1991'd-E] 1993 d A}
o] A=E o8t Aol o3l FUjoNE ol ks
7} DARE el 40% A= 7]ofdithe AMdE BRI
gk 5= Ath(Lee et al., 1995).
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in the atmosphere and the atmospheric transmittance
observed at 16 sites in South Korea during the recent 9
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