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Abstract

We analyzed the monthly and seasonal mean of the daily Erythemal Ultraviolet-B (EUV-B, 280~ 320 nm)
irradiance operating in Pohang, Anmyeon, Gosan, Mokpo and Kangnung with UV-Biometer (Solar Light Co.,
Model No. 501) at clear-sky noon during the period from 1999 to 2004. Also, we investigated the seasonal and
regional characteristics for the UV index over the Korean Peninsula. The daily maximum occurred near solar
southing time and the highest monthly accumulated EUV-B irradiance appeared in July and August at each
regional observatory. The monthly mean value of the clear-sky EUV-B irradiance in Pohang, Anmyeon, Gosan,
Mokpo and Kangnung showed 196.6, 161.8, 221.9, 171.5 mWm™? and 179.7 mWm™? near noon in July
respectively. The annual mean value of the daily accumulated EUV-B irradiance in Pohang, Anmyeon, Gosan,
Mokpo and Kangnung were 1.8, 2.1, 2.2, 1.8kJm™ and 1.8 kJm > respectively. The UV Index (UVI) showed above
UVI 7 (High) more than 90 days during one year over the Korean Peninsula.
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Table 1. Description of EUV-B monitoring sites operating
at KMA.

Starting
time
Pohang 36.02°N, 129.23°E 1994
Anmyeon 36.32°N, 126.19°E 1997
Gosan 3317°N, 126.10°E 1997
Mokpo 34.49°N, 126.23°E 2000
Kangnung 37.45°N, 128.54°E 2001

Site Lat. & Lon. Parameter

UVB (280~ 320 nm)
UVB(280~320 nm)
UVB (280~ 320 nm)
UVB (280~ 320 nm)
UVB (280~ 320 nm)
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Fig. 1. Location of EUV-B monitoring site.
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Table 2. UV Index (UVI) range used in KMA.

Categories UVI range Average time to burn
Extremely High =9 Less than 20 minutes
High 7.0~89 Around 30 minutes
Moderate 50~6.9 Around 60 minutes
Low 3.0~49 Around 100 minutes
Very Low 0.0~2.9 2~3 hours or more
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Fig. 2. Diurnal variations of the Erythemal Ultraviolet-B (EUV-B) irradiance at Pohang, Anmyeon, Gosan, Kangnung

and Mokpo in summer season.
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Fig-: 3. Time series of the daily accumulated EUV-B irradiance at Pohang, Anmyeon, Gosan, Kangnung and Mokpo.
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Table 3. Seasonal mean values of the EUV-B for clear sky noontime (mMWm™2) and the daily accumulated EUV-B for all

skies (kdm~2).

Site (period) Unit Spring Summer Autumn Winter Annual
Pohang Mean (mWm ™) 117.9 163.8 91.5 46.0 106.5
(’99~°04) Mean (kJm™%) 2.1 2.9 1.5 0.7 1.8
Anmyeon Mean (mWm %) 1314 - 191.7 105.4 51.3 120.6
(’99~04) Mean (kJm?) 2.4 35 1.8 0.8 2.1
Gosan Mean (mWm™2) 138.8 2119 136.9 63.6 137.3
(’99~"04) Mean (kJm™?) 24 34 1.9 09 2.2
Mokpo Mean (mWm™2) 125.0 177.2 88.9 43.6 104.1
(’01~"04) Mean (kJm?) 2.3 3.0 1.4 0.7 1.8
Kangnung Mean (mWm %) 119.5 163.5 105.4 53.3 109.9
(’01~"04) Mean (kJm ™) 2.0 2.8 1.7 0.8 1.8
*Seoul Mean (mWm2) 128.2 174.3 90.4 46.5 109.8
(’94~°00) Mean (kJm™) 2.0 2.6 1.3 0.6 1.6

* Cho Hi-Ku er al. (2001).

kim2)2] 293 ol 0.7kIm™ Q. A5 wAkz}

ol 9= I°¢} ulel o 0.15kIm™2¢] x}o]7} }e}
e & 4 ok e oAk b=, 23 B, )
5 % A9 EUV-B BAIERE f2 X YQo|| we) of
4 zeol7t Qldow HAH oz et B 2o
A=rt AdA oz w2 Add vls] Z Aoz
bt =8 #3240 fx¢ Axs vasdd
7dxo]l mE EUV-B 3AEFS| iR} 9wo] b2y
EUV-B BAleke] ¥isbr} of & A& & 4 9o

3.2 Hwisl

I¥ 4% 7 A #Z4eA #E3 EUV-B EAL
o] Y¥d w3 9 RS e Ao|vh
EUV-B 8-2}9] Al7]3= A G351 5%e] Bk A
743t A EF) 2F ) ZA GEE T
glof A7l o Jge g Ig v|FEor 3]
A& b ojEXoz dAE AHe= Huzle] el
gt 4 F3 EUV-B BAF 2 gk a1abel|A] 7Y
o] 221.9 mWm™?, HAzke 7FEoA 1296 33.8
mWm™@2 Jelytel Alqde Alsindm %3, ok
=, 24k 78 22l3 ZXoA 9] EUV-B HAbae]
AR F 7+ ZH2F 1207, 104.2, 131.9, 108.5 mWm™>
82 1109 mWm 22 #2FHglch 2 de) o2 ¥
W EUV-B 241e] A &z ¥ s, 7}
2 o8|y 2z 746 7z}t 28, 34.8,27.2,21.2

g7 23R A 224 A2s

mWm 2z JElhdd vl AFE 7ARe 84 51.2
mWmZ el gebd ghks X Hex] EUV-
B Exjzke] o el 7oA 8Y Ateldl] Hdgk
o] VlehdE el & 4= 9ldch o] vl A&
22| AN} 7oA 109 Alolo] o2
o] AU Homz oxAMzdd HLsiMe o o
EUV-B7} #dizte] velhles A A3} =3t
54 EUV-B A3 Bixpy} Agduct 34 v}
P o 5 AU o8idt o)f o Bl AwpA
3 wge] B A v7} o] 2= A9t HHE A
Aol wja] AdjH oz uisle] EUV-B B-Ateke] |
3} Fo] Ax7] Wtolt)

3.3 AlEHsl

I% 5% 2t A QoA @5 EUV-B BAlsky 4
A BAE oA Jdi=z epd el wiA o
3zl A ol 2 RE] EUV-B EARES 5-, 10, 25,
median, 75-, 90-, 95-percentileS e 7 o]t} A A
Moz By oEd FHuighs Holm, &, 71E 18
3 AL o2 1 3] veRA Hoh M=
ot 4 glEo] of el EUV-B 2ANES] #Hxprl =
AL AR ez ALl Axrl AA Jehton, o
ol BAbge] Hzpl & AL gAM AYT o)fo)
dale] & Aoz i) =3 x19¥ EUV-B &
28] AP FZEE 1359 mWm™2 (ZADA] 104.0
mWm? (8o 2 % 31.9mWm™9 293 A}ol&
Hglow, o] EUV-B BAlgE A$xd4s =



AR A

Jan. 1999 ~ Sep. 2004

300 I I 1
& Pohang
s 250} s
C
= 2007 [
8
5 1501
i
=
o 100}
>
2 5o}
=R - S = ah o 8 31
EES55532538:28
Month
Jan. 1999 ~ Dec. 2004
300 e
& Gosan
% 2501
E3
E 2004
]
£ 150}
Z
<
E
= 100]
>
2 501
0l——— . -
g 9 2= =5 g = e g ¥ J
SE23233222332848
Month
Jan. 2001 ~ Dec. 2004
300 - e
& Mokpo
= 250} i
z
g 200+
8
S
£ 150}
<
E
m 1001 s
>
2 50} L
0 —
= = =
EEEEZE2258E4
Month

Mo

T A9 Ax FUAAEUV-B) BAL] 54 229

Jan. 1999 ~ Dec. 2004

300———
- Anmyeon
b
g 2504
2
E 200]
Q
g
= 150+
<
g=
= 100+
2
o S0t
0 T
b E% —_— o = 197
EESEEE32538%4
Month
Jan 2001 Dec ”004
300————
& Kangnung
e 250% 1
=
£ 200} b
3
5 150 L
=
£
':’9‘ 100
% 50
2 L
VT EiELEiiisiii
—LE A S5 w0z A
Month

Fig. 4. Monthly mean values of the EUV-B for all-sky in Pochang, Anmyeon, Gosan, Kangnung and Mokpo. The error
bars represent a standard deviation. )

=
T
Fz).

17 62 EUV-B ¥Algke] x| WHs
ebd 2o} X9 4 EUV-B=

QubA el
=)

AE 2 wredam Al AelE (& 3

W
ol
o2t
ttlo
L

mWm?, P % 1207 mWm™ o2 L}E}\;&z,
x3}, 7F2AH9L 7+ 109.9, 106.5, 104.0 mWm >
Yehgth APz 9jwr) e i/‘&ﬂ‘f‘%ﬂw 7}
A ¥ e vehllen, =rt A

o
¥ A5

J. KOSAE Vol. 22, No. 2(2006)



230 ¥R AHWA

Jan. 1999 ~ Sep. 2004 Jan. 1999~ Dec. 2004
350 1 1 I 1 1 350 1 1 I i - 1
Pohang Anmyeon
& 300t T & 3004 T
E . E *
% 2501 1 % 2501 . .
8 2001 . . 1 8 2001 . . 1
s - o L
2 1503 ] i $ 2 1507 ! i
= E
=) ! @ !
2 100} [ . = 1 2 1004 = . :
=) ]
m 50+ " . - + m 50+ . ¢ g I
Q * L4 T .
0 . T T . T 0 . y . v .
Spring Summer Fall Winter Total Spring Summer Fall Winter Total
pring pring
Season Season
Jan. 1999 ~ Dec. 2004 Jan. 2001 ~ Dec. 2004
350 1 1 L n 1 350 1 1 n 1 L
- Gosan . Kangnung
&7 3001 ® r & 3004 +
£ . g
Z 250 . Z 250¢ ?
~— L] ~— L]
8 2004 s 3 200} - ] .
: n
T 150% ! ! . 2 150% l
= 0 E
o THY 2 =
L ]
2 501 . o - i B sot . .
4 ° T .
0 : : : : . 0 - ; . < .
Spring Summer Fall Winter Total Spring Summer Fall Winter Total
Season Season
Jan. 2001 ~ Dec. 2004
350 1 1L I n n
o~ Mokpo
% 3001 1
E
E 250 . :
o L]
g 2004 . . . T
E 150 I !
2 1003 . .
2 ||
o]
2w 127 &l
* L]
0 .

Spring Summer Fall Winter Total
Season

Fig. 5. Seasonal variations of the EUV-B irradiance in Pohang, Anmyeon, Gosan, Kangnung and Mokpo. The dot lines
indicate an average.

Aol 7P 2 e waleh ' o Alzbd, 4 HFe Fshed EUV-B7} 713 73t
AZEQ) 1240614 134] Abe] 9] A42 g ol g3hed R
3.4 AMX|$ wigf A A4s el ARz 227t 7 o5tz o}

o AdelA] 109519 BE EUV-B $4) Am b 22 108004 olEa 3876l %

g2t 7] 37333 R] A 224 A 235



[ae]
wn
<

b
o
<
'
t

100

EUVB irradiance (mWm™2)
@
3

h
(=}
+

Pohang Anmyeon Gosan Kangnung Mokpo

Station

Fig. 6. Local variations of the EUV-B irradiance. The dot
lines indicate an average.

12 1 i L 1. 1 1 1 i 1
® Pohang v
10l © Anmyeon
v Gosan
v Mokpo
g8+ | @ Kangnung g o v -
>
5 g 83
= 61 § 9
2 ¢ 9
v
4t v & § T
21 B 8 g g +

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Month

Fig. 7. Monthly mean variations of the UV Index in Po-
hang, Anmyeon, Gosan, Kangnung and Mokpo.

2o Be F7hH0] AFD 6~849 Abololi= A5 7
o)Ak (3-8 High)®] Zkol W13} viebstet.

29 78 AR A% UV Index) A <)) 7
A A HEE BUV-B 34 485 o] 45kod Ul
A8 A48 Asle] el Teleh UBE A
A ASE 49RH 9QTAE A4 A% 5 o4
o2 vehgeh 2o 8 we @K Aol
AN A47h 9~ 122 W ok o 3% W
=% TR A9Ae] Al W & 29 7]l
M gAA FFAT 3¢ URES BE DA 2
Aol HEe Ao 4,59 T2lw 99E oF 60,

2o A Am FAYA(EUV-B) B4 BA 231

140
Anmyeon — F
120 + r
> 100+ t
<
o
8 8o+ +
5 g
Z 60% +
j¥1 j +
o r
40 1+ J:
207 I T
0
Extreamly High Moderate Low Very low
high
UVI range
140
Mokpo
120 + - i
100 + I
£
< ——
v 80T T
5 3
5 607 |
3
© w1 T
201 [ l id
0

Extreamly High Moderate Low Very low
high
UVI range

Fig. 8. Occurrence days of the UV Index range in Anmy-
eon and Mokpo.

79604 8Y7AAE oF 208 o]l Ejodell e A
A Fake] vehbe os $Hsd 55 A%
TARAE B Aol uls) 5 AslA A4t
B 9 o4 (N§ ¥ Extremely High) o2 ol
2 o) vehieh

g 7% 82 EUV-B #3 |9 F A2 zkar}
W Aoz Qelrl mlmel Bz A4
20043 A F A A5 W B4 WS
Yephd cfolc 19 e Aum 94 3 o 1009
oakol ASA A% 7 o4 (High o= ergen,
o] A% 490l 97HA o 18090 & T Foz B
& ) 55% o4& ARSFE AololA of 7| Eb
o 59U F 39 Sl BEA 302 o] Y%
dhol A4E 4 e BeiFm gleh

J. KOSAE Vol. 22, No. 2(2006)



LN
b
rhu

713 A A 8351 ¢lE UV-Biometers] 2]3)
H=% ;. Fuka}o) Al E-A}(erythemal ultraviolet-B
irradiance) Zt2-F o]-438le] 7k X Hol|Aj] Uiz,
o, A8 9 Ao was BYgvh A=
A BAFE 3 F Hgner) M e d
FAE BZ(12~ 1320l A 74 w4 el =
3 Z2x 283 JHEAE o 280mWmT A E
9] 2 Fhol vl

43w Ful 2194 B (EUV-B) BALge] 444k
HE eF AA o] wlmA 2L o Foll W HA
Zho] 2 ALl Aol FE3 AN} Yelyhon
A2 23}, 3AL ehHxo] o] B} A
A el vla] 2 oz viehygut.

A& A9 Halgke] Uizl o B4 (7~84Y)
7B A Jebdor w8 (54 X= 2peA B
Abge] Habh A vebd e AebAzt ZHA
A v7h we] & A9 Bapske] Wizt o] 3
7] wjFeltt.

ARt o g AW AW gleiM 57 #A=
A 2Rl o Fel HURE Ho|i, B, 7S L
32 AL ¢o2 I 3ke] vehton, A7 g2
135.9 mWm 2 (ZADS) A 104.0 mWm 2 (22 <
31.9mWm™e] |94 lo]g Hojrh A w3}
A Yt @2 A QoA A= A4 BA}
ol ¥ vebd i, H=rt & AEA G e
e 2ok =3 A F A9l A4 wed
A =S A 2 A3 Gl F oF 90Y o]Ake] =}
A A4 7 o] (High) o2 37 velyict.

Az A #SH A Pd (23] ohHE, A5 A,
2, 7H3) EUV-B A} A8 2p9)Al 2]49] on
2 ZZ wa ope)l A3 s H A goka
284 4 glom o velrt 7|5t A gle]
A 22 ARE S4E 5 3l Aotk

ZAtel 2
o] AFE AR TR TE ATH A RES

LR S RER Tl PR Ies

g 7184 3A A22A A2z

oz
K
Mo
rek

714 (1998) Apej Al A4 o0 A 43 AT, 714 T
4 7|29 78 A, MRI8OF18, 113pp.

$HE, 3719 WA, 23]7(2005) A FH 713 540
M) 2T EUV-B & A3, 33714483,
41(3),461-471.

237, AwA], HFG (1998) 25 Fhiel wae A=
2 A BARe] F7 =713 EkE)A], 34(2),
272-281.

ZB| 7, olulg, oA, BHAl S (2001) = Ao 3k %}
A FALe A7 E, E37143HE) A, 37(5),
525-539.

Herman, J.R., P.K. Bhartia, Z. Ahmad, and D. Larko (1996)
UV-B increases (1979-1992) from decreases in
total ozone, J. Geophys. Res., 23, 16, 2117-2120.

Long, C.S., AJ. Miller, H.T. Lee, J.D. Wild, R.C. Pazywarty,
and D. Hufford (1996) Ultraviolet Index Forecast
Issued by the National Weather Service, Bill. of
Amer. Met. Soc., 77,7, 729-748.

Madronich, S., L.O. Bjorn, M. Ilyas, and M.M. Caldwell (1991)
Change in biologically active ultraviolet radiation
reaching the Earth’s surface, Environmental Effects
of Ozone Depletion: 1991 Update, UNEP, Nairobi,
Kenya, 1-13.

Madronich, S. (1993) UV radiation in the natural and pertur-
bed atmosphere. p. 17-69. In: Environmental effects
of UV (ultraviolet) radiation, ed. by M. Tevini.
Lewis Publisher, Boca Raton.

McKenzie, R.L., M. Kotkamp, and W. Ireland (1996) Upwel-
ling UV spectral irradiances and surface albedo
measurements at Lauder, New Zeeland, Geophys.
Res. Lett., 23, 1757-1760.

Solar Light (1993) UV-Biometer User’s Manual, Solar Light
Co. 459pp.

Taalas, P., J. Kaurola, A. Kylling, D. Shindell, R. Sausen, M.
Dameris, V. Grewe, J. Herman, J. Damski, and B.
Steil (2000) The impact of greenhouse gases and
halogenated species on the future solar UV radiation
doses, Geophys. Res. Lett., 27, 1127-1130.

Tevini (1993) Effects of enhanced UV-B radiation on terre-
strial plants in UV-B Radiation and Ozone Deple-
tion, Lewis Pub,, 1-15.

WCRP (1997) Proceedings of the First Sparc General Assem-
bly. Vol. 2, WCRP-90, WMO/TD-No. 814, 669pp.

Weiler, C.S. and P.A. Penhale (editor). (1994) Ultraviolet



N3N 4 2 A9 A® FHAUEUV-B) HA1e] B4 233

il

Radiation in Antarctica: Measurements and Biolo- 352pp.
gical Effects. American Geophysical Union Anta- WMO (1994) Report of the WMO meeting of experts on UV-
B measurements, data quality and standardization

of UV-indices, WMO report No. 25, Les Diablerets,

rctic Research Series Vol. 62., 270pp.
WHO (1994) Ultraviolet Radiation, Environmental Health
Criteria 160, World Health Organization, Geneva, Switzerland.

J. KOSAE Vol. 22, No. 2(2006)






