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Effects of Ozone, Cloud and Snow on Surface UV Irradiance
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Abstract : Total solar irradiance (TSO), total UV irradiance (TUV) and erythemal UV irradiance (EUV)
measured at King Sejong station (62.22oS, 58.78oW) in west Antarctica have been used together with total
ozone, cloud amount and snow cover to examine the effects of ozone, cloud and snow surface on these
surface solar irradiance over the period of 1998-2003. The data of three solar components for each scan
were grouped by cloud amount, n in oktas (0�n<3, 3�n<4, 4�n<5, 5�n<6, 6�n<7 and 7�n<8)
and plotted against solar zenith angle (SZA) over the range of 45o to 75o. The radiation amplification factor
(RAF) is used to quantify ozone effect on EUV. RAF of EUV decreases from 1.51 to 0.94 under clear skies
but increases from 0.94 to 1.85 under cloudy skies as SZA increases, and decreases from 1.51 to 1.01 as
cloud amount increases. The effects of cloud amount and snow surface on EUV are estimated as a function
of SZA and cloud amount after normalization of the data to the reference total ozone of 300 DU. In order to
analyse the transmission of solar radiation by cloud, regression analyses have been performed for the
maximum values of solar irradiance on clear sky conditions (0�n<3) and the mean values on cloudy
conditions, respectively. The maximum regression values for the clear sky cases were taken to represent
minimum aerosol conditions for the site and thus appropriate for use as a normalization (reference) factor
for the other regressions. The overall features for the transmission of the three solar components show a
relatively high values around SZAs of 55o and 60o under all sky conditions and cloud amounts 4�n<5 and
5�n<6. The transmission is, in general, the largest in TUV and the smallest in EUV among the three
components of the solar irradiance. If the ground is covered with snow on partly cloudy days (6�n<7),
EUV increases by 20 to 26% compared to snow-free surface around SZA 60o-65o, due to multiple
reflections and scattering between the surface and the clouds. The relative difference between snow surface
and snow-free surface slowly increases from 9% to 20% as total ozone increases from 100 DU to 400 DU
under partly cloud conditions (3�n<6) at SZA 60o. The snow effects on TUV and TSO are relatively high
with 32% and 34%, respectively, under clear sky conditions, while the effects changes to 36% and 20% for
TUV and TSO, respectively, as cloud amount increases.

Key words : ����(Solar irradiance), ����(King Sejong Station), ��(Ozone), ��(Cloud),
��(Snow surface)

*Corresponding author. E-mail : bylee@kopri.re.kr



440 Lee, Y.G. et al.

1. �  �

�� ���� ��� ������ ��� ����

B�� ���(280~320 nm; UV-B) ���� ��� �

��� �� ���. ��� ���� � ��� ���

� �� ���� � 0.1% ��� �����, ��� �

��� ���� ��� ��� ���� �� ��� �

�� � ��� ���� �� ��� �� �� � ��

���� ��� ���� ��. 

��� ��(UV radiation)� ������ UV-A

(320~400 nm), UV-B(280~320 nm)� UV-C(200~280 nm)

��� ��� ��. UV-C ��� ��� ���� ��

�� � ���� ��� ��� ���� ��� ���

� ���. UV-B ��� ���� �� �� � ���

� ��� �� ��� ���. ��� UV-A ��� �

��� �� ��� �� ��� � ���� �� ��

�� ��� ����. ���� ��� ��� �� ��

�� ��� ��� ��� ��� ��� �� ��

UV-B ����. ���� ��� ��� �� �� ��

� ��� ��� �� ��� �� �� ���� ��

(Madronich 1993a,b; Weiler et al. 1994; � � 1998;

Taalas et al. 2000; IOC 2000). �� ��� ��� ��

� ��� ���� ��, �� ���� ���� 	�

�� �� ��, �� ��(McKenzie et al. 1996), ���

�� ��� ���� ���.

� ����� �� ��� ��� ��� ��� ��

��, �� ��� �� ��� �� ���� 
�� �

� ���� ��. �� 	�� �� ����(62.22oS,

58.78oW)�� ��� �� 
��(total Solar irradiance;

TSO)(285~3000 nm), � ��� ���(total UV irra-

diance; TUV)(295~385 nm), �� ��� ���(erythemal

UV irradiance; EUV)(280~320 nm) ��� �� ���

�����. �� ��� ��� ��� �� ��� ��

����(Radiation Amplification Factor; RAF)(Madronich

1993a,b)� ����� ����� �� �� �� ��

���� ��� 
�� ��� ���� ��� ��

�� �� ���� �����. ��� �� ��(��

���; surface albedo)� ��� ��� �� ��� �

� ��� ��� �����. 

2. �� � ��

����
 
����

����� 1998� 1
�� 2003� 12
�� 6�� �

� ������ ��� 	��. 

����
 
������

 
������

�� ��� Brewer ���� ���(SCI-TEC #122)

� �
 303.2 nm, 306.3 nm, 310.1 nm, 313.5 nm, 316.8

nm� 320.1 nm� �� 
�� 
�� ���� ���

�. � � 303.2 nm� �� 
���� �����. 

TSO(�	: ly/min)� Eppley Precision Pyranometer

(285~3000 nm), ��� TUV(�	: mly/min)� Eppley

UV Photometer(295~385 nm)� �
 10� ���� ��

� 	� 
��� ��� �����. EUV� Robertson-

Berger� UV-Biometer(Solar Light Co., Model 501)� �

��� 5� ���� ��� 	��. � EUV� ���

�	� ��� ��. 

(1)

���� L(λ)� �� ��� ���(spectral UV irradi-

ance), WE(λ)� UV-Biometer ���� �� �� ���

�(erythemal weighting function: erythemal action spec-

trum)� ���� �� �� 	(detector response)� �	

��. �� ��� ��� �
 280~320 nm 
	� ��

� ���� ��� ���� ����� �, ��� ��

� ��� ��� � �� �� ����(action spec-

trum)� ���� 	��.

������
 
������


�� ������ 
� ���� �� �	(1/8;

oktas)� ��� 	��. � 
�� ��(0�n<3)���

�, 3�n<4, 4�n<5, 5�n<6, 6�n<7� 7�n�8�

��(��� ��� 0~5)���. Fig. 1� 1998� 1
��

2003� 12
�� 
� n(1/8; oktas)� ��� �� ��

�� ���� � �� ������ ��� 
��. �

���� � � �� �� �� � �� 
�� 6.7� �

��, ������� �� �	 �(overcast, 7�n�8)�

��� 	 60%� ���� ��. ����� �� ���

��� ��
, ��� �� ���� ��� �� 
��

�� �� ����. 

� ���� ��� ��� ��� �
�� 	��


� �� ��� �����. 
� ���� ����

�� 3 cm �� �� ��� ����, � 
� ���

� Fig. 2� �����. ���� � ��(1998-2003)

��� 23.66 cm�� ���� ��� ��� 12
��

2
��� ��� �� ��, ��� ��� 6
�� 11


��� �� 	 40 cm ��� ���� �����.

2000� 9
 16
�� 25
� �� ��� 225 cm� �

����. 

EUV WE λ( )L λ( )dλ
280 nm

320 nm
∫=
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����
 
����

 
EUV� �� �� ��� ��� ��� �� ���

(solar zenith angle; SZA)�� ��� ��(ozone layer

depletion)� ��� �� ��� ���� ��� ��

�� RAF(Madronich 1993a,b; Booth and Madronich

1994)� �
�(power law)� ��� �����. �

RAF� ��� �� ����. 

(percent rule) (2)

���� F� �� ��� ���, Ω� �� ��� �	

��. ��� � (2)�

(3)

� ��� � ��. �� ��� Ω − Ω* ����� � �

�� ��� ���� F − F*�� �� � (2)� ���

�� ����. *� ��	(reference value)� ���.

(4)

�� �� ��� �� ��� ��� ���� RAF�

�� �	�� ����.

 (power law) (5)

���� A� ����. � (4)�

(6)

� ����. ��� � (6)� 	����� RAF� ��

�� ��. 

(3')

� �� � (3)� ��� � � ��. ���� � ���

� RAF� � (6)� ���� �� 	 lnΩ� lnF� 1��

� ��� RAF� ����� ��� �����.

3. �� � ��

����
 
����

����
 
������

 
������

(EUV)

EUV� �� �	 �(4�n�5)� SZA 50o, 60o� 70o

�� ��� �� �, �� ��� �� Fig. 3� �� �

����. � ���� �� �� �� EUV� �� ��

� �� ���� ��� � � ��. � ��� � (5)�

�
�� ���� � (6)� �� ���� RAF� SZA

� 
�� �� �����. �� ��� Fig. 4� ���

��. � Fig. 4(a)�� �� �� �� SZA� ��� �

RAF
dF F⁄
dΩ Ω⁄
----------------–=

RAF ∆ lnF( )– lnΩ( )∆⁄=

RAF
ln

F*

F
----- 

 

ln
Ω*

Ω
------ 

 
-----------------–=

F AΩ RAF–=

lnF lnA RAFlnΩ–=

RAF lnF( )∆– lnΩ( )∆⁄=

Fig. 1. Seasonal and annual histograms of cloud amount
(oktas) at King Sejong Station, Antarctica (1998-
2003). 

Fig. 2. Time series of daily snow cover at King Sejong
Station, Antarctica (1998-2003). 
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� �� �� ��� SZA 55o� 60o�� �� 	 1.5�

��� ���� � �� SZA��� 0.9~1.0�� ��


����. �� �	 �(3�n<6)� ���� SZA 50o

� 1.0�� SZA 75o� 1.5� ��� �����. �� �

	 �(6�n�8)� ��� SZA 50o� 0.40�� �
 �

� 55o� 1.0���� ��� ���� SZA 75o� 1.27�

� �����. ��� Fig. 4(b)� ��� 
�� ��	

� �� SZA 55o�� �� �(0�n<3)� 1.51��� �

��� ���� �� �	 �(5�n<6)� 0.84�� �	

� �� � � �� �	 �(7�n�8)� 1.0��� ��

� �����. �� SZA 60o��� �� �(0�n<3)�

Fig. 3. Relation between erythemal UV irradiance and
total ozone (EUV irradiance power law regres-
sion under partly cloud conditions at SZAs (a)
50o, (b) 60o, (c) 70o).

Fig. 4. EUV RAF as a function of (a) solar zenith angle
and (b) cloud amounts (1998-2003).

Fig. 5. Relations of (a) total solar irradiance and (b) total
UV irradiance against to total ozone under over-
cast sky conditions at SZA 60o (1998-2003).
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1.94��� ���� ���� �� �	 �(5�n<6)

0.89�� �	� �� � ��� �� ��� 1.16�� �

�� �����. � �� SZA��� �� � 1.0�� �

��� �� �	 �(3�n<4) 1.8�� ��� �� � �

�� �� �	 �� 0.34~1.24� ��� �����. �

�, �� SZA�� �� �	 �(5�n<6)�� ��� �

� �� �����. TSO� TUV� Fig. 5(a),(b)�� �

� �� �� �� ��� ��� �� �� �� ���

� � ��� �� ��� �����. 

����
 
����

EUV 
������

��� EUV ���� ��� ��� ��� ���

RAF� ���� �� �� ��(� 2004)� �����.

�� ��� ��� EUV� ��� ���� Fig. 6� �

� �����. Fig. 6(a)� �� �� �(0�n<3)� ��

� �� � EUV0(θ)max, ��� EUV0(θ)mean� �� �

EUV0(θ)min� SZA� ��� �����. ��� ���

�� n��� EUVcn(θ)� �� � EUVcn(θ)max, ���

EUVcn(θ)mean� �� � EUVcn(θ)min� SZA� ���

Fig. 6(b)� 	� �����. � 
��� �� ����

�� EUVmax� ��� �� ��� ��(thin cloud

layer) ���� EUVmin� ��� ���(very thick

cloud layer) ��� ���. �� EUV� SZA ��� �

��� �� SZA=θ � 3� �� ����� � (7)� �

� �� ����.

EUV Irradiance
Clear sky conditions(0�n<3) (7a)

EUV0(θ)max = 5.60 − 0.25θ + 3.66e − 3θ2 − 1.84e − 5θ3 

R2 = 0.99 (a) reference

Overcast sky conditions(7�n�8) (7b)

EUVc5(θ)max=0.32 + 1.61e − 3θ − 1.36e − 4θ2 + 8.06e − 7θ3

R2 = 0.98 (b) thin cloud

EUVc5(θ)mean=0.57 − 0.02θ + 1.39e − 4θ2 − 3.70e − 7θ3

R2 = 0.99 (c) mean cloud

EUVc5(θ)min=0.49 − 0.02θ + 2.45e − 4θ2 − 1.07e − 6θ3 

R2 = 0.98 (d) thick cloud

�� ����� ����(R2
�0.98)� �� ���.

�� �� �� �� EUV0(θ)max ��(� 7a)� ����

�� ����� � �� UV �� ���� ��� ��

���� � � 	�. � 
��� ��� EUV ����

�� �� �� EUV0(θ)max� �� ��(reference)��

�� � ���� ��� ��� �� n�� ��� ��

EUVcn(θ) �(�� �)� ��� �
� �� �����. 

 (8)

���� TEUV(n, θ)� ��� SZA�� ��� EUV �

��� ����, EUVcn(θ)� ��� �� n� SZA��

EUV� ���� � ��� Fig. 6(b)� �� ��(thin

cloud layer), ��(mean cloud layer), ��(thick cloud

layer)� ����. �� �� ���, T(n, θ)� Josefsson

and Landelius (2000)� �� ��(cloud effect)� ��

��� Renaud et al.(2000)� ��� ��� �� 	�

�(UV cloud forcing ratio)�� ���. ��� Schwander

et al.(2002)� �� �
 ��(cloud modification factor)�

� �����. 

��� EUVcn(θ) ��� TEUV(n, θ)� �� ���, �

� ��� � ��� ����� ��� SZA� ���

�� ����. �� �� �� EUV ���� SZA� �

� n� ��� Fig. 7� �����. Fig. 7(a)� ���

� ���� SZA 45o� 75o��� 55o~60o ���� �

� ���� ��� �� �� 3�n<6 ����� 70%

~80%� �
 �� ����. SZA� �� 55o ����

TEUV n θ,( )
EUVcn θ( )
EUV0 θ( )
------------------------=

Fig. 6. Erythemal UV-B irradiance as a function of solar
zenith angle (45o-75o) under (a) clear sky and (b)
partly cloudy conditions (1998-2003). 
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���� ��� ���� �� ��� �� 	��

Schafer et al.(1996)� ��� ����. 
� �� �

(7�n�8; overcast)� � �� ���� EUV ����

SZA� �� 33%~50%� ��� ��� ��. Renaud et

al.(2000)� ��� Davos�� 
� �� �� ��� �

� � EUV ���� ��� ��� �� 8%~70%� �

��� �����. Fig. 7(b)�� ��� ���� ��

EUV ���� �� 4�n<5�� ��� �� � ���

��� 
���. �� �� ��� EUV ���� SZA

� �� ���� ��� ��� ���� ��� ���

��. �� 3�n<4� ���� SZA 50o� 65o ����

�� �� ��� ��� �� �� 	� ����. � �

�� �� ��� ��� ����� 	� � ��� �

���� �� ��� �� ���� ����(Mims and

Frederick 1994; Cho et al. 2003)� ��� ��� � 	�. 

������
 
����

 TSO
��

 TUV
��

 
������

��� �� TSO� TUV� ���� EUV� ����

�� �	�� SZA� ��� �� �����. Fig. 8�

9� Fig. 6� �� �� �� �� ��(4�n<5)� ��

TSO� TUV� SZA� ��� �����. �� ����

�� �� �� Fig. 6�� �� SZA� �� ��� ��

Fig. 7. EUVB transmission of mean cloud layer for max-
imum value under clear sky conditions as a func-
tion of (a) SZA and (b) cloud amount.

Fig. 8. Same as Fig. 6 except for total solar irradiance.

Fig. 9. Same as Fig. 6 except for total UV irradiance.
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��� �� �� ���� 	 � 	�. TSO� TUV�

� ��� �� SZA=θ� 3� �� ����� ��� �

� � �� �� 
� �� �� ��� �
 �� ���

� �� �����. 

Total Solar Irradiance(TSO)
Clear sky conditions(0�n<3) (9a)

TSO0(θ)max = −519.28 + 90.95θ − 1.82θ2 + 0.015θ3 

R2 = 0.97 (a) reference 

Overcast sky conditions(7�n�8) (9b)

TSOc5(θ)max = −4094.68 + 277.43θ − 5.00θ2 + 0.03θ3 

R2 = 0.99 (b) thin cloud 

TSOc5(θ)mean = 1443.16 − 43.01θ + 0.54θ2 − 2.74e − 3θ3 

R2 = 0.98 (c) mean cloud

TSOc5(θ)min = 490.73 − 8.95θ − 0.03θ2 + 8.02e − 4θ3 

R2 = 0.98 (d) thick cloud 

Total UV Irradiance(TUV) 
Clear sky conditions(0�n<3) (10a)

TUV0(θ)max = 153.63 − 4.36θ + 0.06θ2 − 3.07e − 4θ3 

R2 = 0.97 (a) reference 

Overcast sky conditions(7�n�8) (10b)

TUVc5(θ)max = 395.83 − 16.30θ + 0.25θ2 − 1.39e − 3θ3 

R2 = 0.98 (b) thin cloud

TUVc5(θ)mean = 22.82 − 0.51θ + 0.02θ2 − 8.50e − 5θ3 

R2 = 0.99 (c) mean cloud

TUVc5(θ)min = 10.63 + 0.55θ − 0.02θ2 + 163e − 4θ3 

R2 = 0.99 (d) thick cloud

�� ���� �� �� ��(R2>0.97)� EUV ��

�� ����� �� ���. �� ���� TSO�

TUV ���� SZA� ��� ��� �� ��� Fig.

10� 11� �� �����. TSO ���� Fig. 10(a)�

� �� �� �� � �� �� SZA� ��� �� ��

� 
����. SZA 45o� 75o�� �� 3�n<4� ��

�� 88%� 65%� �� ���� 
� �� ����

�� 42%� 35%� ���. SZA 50o~60o��� ��

4�n<5� ���� �� 3�n<4� ����� 2~3 %

� �� ����. ��� �� 3�n<4� ���� SZA

50o~60o ���� ��� �� ���� �� 4�n<5�

���� �� SZA�� ��� �� ���� ����

� ����. ��� ��� �� 5�n<6� ���� �

� ��� ����. ��� ���� �� TSO ���

� Fig. 10(b)�� �� �� �� ��� 
����.

Fig. 10. Same as Fig. 7 except for total solar irradiance.

Fig. 11. Same as Fig. 7 except for total UV irradiance.
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SZA 60o� �� �� 3�n<4� 71%� �� 4�n<5�

73%��� 
� ��(7�n�8)� 39%�� 
����.

TUV ���� SZA� �� Fig. 11(a)� �����. �

���� �� �� �� SZA� ��� �� � ���

� ����� ��� 
����. �� 3�n<4� ��

� SZA 45o� 93%��� 75o� 71%�� 
����.

�� �� 4�n<5, 5�n<6� 6�n<7� ���� SZA

50o~60o�� TSO� ��� ���� ���� ��� �

�. Fig. 11(b)�� � TUV ���� ��� ���� �

� �� SZA�� ��� 
��� 	�. �� SZA 45o�

��� �� 3�n<4� 93%�� 
� ��(7�n<8)�

49%�� 
��� �� ��� ��� TUV ���� 


Fig. 12. Ratios between the EUV, TSO and TUV transmission; (a)(d) , (b)(e)  and (c)(f)

   as a function of SZA and cloud amount.

TUV TUV0⁄
EUV EUV0⁄
-----------------------------

TUV TUV0⁄
TSO TSO0⁄
----------------------------

EUV EUV0⁄
TSO TSO0⁄
-----------------------------
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��� �� �
� 	 � 	�. Fig. 12� ��� ��

EUV, TUV� TSO ���� SZA� ��� SZA 50o,

60o� 70o� � ��� ��� ��� ����. Fig.

12(a)�� TUV ���� SZA 60o ����� EUV ��

�� �� ��� SZAs 45o� 75o ����� 
 1.5
�

�� ����. TUV ���� TSO ���� Fig. 12(b)

� �����. � ���� TUV ���� TSO ���

�� �� ���� 
 1.1~1.2
� �� ���� 
�

��� ����� SZA� �� �� ��� �����

���� 1.2~1.4
� � ���. Fig. 12(c)�� EUV �

��� TSO ���� ����� � ���� �� ��

�� �� ��� 
� ��� ��� ��� �� ��

���� SZA 55o� 60o ���� ��� ��� EUV

���� TUV ����� �� ��� 
� ��� ��

� 
 1.0� 1.2
� ����� � �� SZA��� ��

� EUV ���� TUV� ���� 
 0.8
� �� ��

��. Fig. 12(d)�� 	 � 	� �� �� TUV ���

� EUV ����� �� SZAs 50o, 60o� 70o�� ��

� �� �� ����. TUV ���� EUV ���� �

���� � SZA 60o�� �� ��� SZAs 50o� 70o

��� ��� �� 1.3~1.5
� 	
� 	 � 	�. �

TUV ���� TSO ���� ����� �(Fig. 12(e))

� � �� ��� ���� �� 	 SZAs�� �� ��

� �����. TUV ���� TSO ����� SZA 50o

� 60o�� 1.2~1.3
 ��� SZA 70o��� 1.0~1.2
�

� ���. EUV ���� TSO ���� ����� �

(Fig. 12(f)) �� �� ��� ���� �� �� ���

�����. EUV ���� TSO ����� SZA 60o�

� 1.1~1.3
� ��� ��� SZAs 50o�� 0.8~1.1


��� 70o�� 0.7~0.9
� ���. 

�� �� �� ���� �� ���� �����

TUV, TSO ��� EUV� �� ��� ����. Bernhard

et al.(1997)� Josefsson and Landelius(2000)� ����

� EUV ���� TSO� ���� �
� ��� 	�

� � 
���� ��� EUV ���� SZAs 55o� 60o

��
 TSO� ����� �� ����. 

����
 
����

�� ��� ��, ��, ��� �� ����. ��

�� ��� ��� �� ���� �����. ���

� ��, �� �� ���� 	
�� ���� �� �

� ��� 1~5%�� �� � 60~95%� �� 
��

(Blumthaler and Ambach 1988; Ambach and Eisner

1986; McKenzie et al. 1996; Feister and Grewe 1995).

����� �� �� �	� 10 km ����� �� 	


� ��� ��� ���� ��� �� ��(Madron-

ich 1993a,b; Degunther et al. 1998). 

��� ��� ��� �� ��� ����� �� �

� ���� �� � ��� ��� � 	�(Blumthaler

et al. 1994; Ambach et al. 1995; Schafer et al. 1996;

Koepke et al. 1997; Madronich 1993a). �� �� ���

��� �� ��� ���� �� ��� ����� �

���� ��� 	� ��� ���� �� �(cloud

bottom) �� ��� �� ��(multiple reflections)� �

� ����(Renaud et al. 2000). 

��, EUV� ��� 	
�� ��� ���� ���

EUV� �� �� �� 300 DU� �����. ���

RAF� ��� ��(Snow Free Surface, � �� = 0 cm)

��� ��� 	�(Snow Cover, � �� >3 cm) ���

� �� ��� ���� �� �����. SZA 50o, �

�� 4�n<5� �� �� �� ��� �� 	� ���

RAF� Fig. 13(a)� (b)� �� �����. � ����

�� �� �� SZA 50o� ��� 4�n<5� ���

RAF� �� �� ����� 1.35�� �� 	� ���

�� 0.98� ����. ���, ���� ���� ���


, � RAF� SZA 70o� ��� 5�n<6� ���� �

� �� ���� 1.54�� �� 	� ���� 1.09� �

Fig. 13. Power law regression between erythemal UV-B
irradiance at SZA 50o and Brewer total ozone
for (a) snow free surface and (b) snow surface
under partly cloud (4≤n<5). 
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� �� ��� �� 	� ���� �� ����. � �

�� EUV� ��� ��� �� ���� ��� ��

���� �
� ����. ��� ��� �� 	� ��

� ��� �� ��� ���� ��� ��� �� �

��� ��� �� �� ��� ��� ��� �� �

��� ���� ����� ����. 

Fig. 14(a), (b)� (c)� �� �� �(3�n<6)��

SZAs 50o, 60o� 70o� � ��� �� ��� ��� 	

� ��� EUV� �� ��� ��� ��� ����.

�� ���� EUV� ��� 	� ��� �� ����

���� 	
� 	 � 	�. ��� ����� � ��

� �� �(%)� ��� Fig. 14(d)� �����. � �

��� SZA 60o, 70o� ��� EUV� �� ��� 100

DU�� 400 DU� ���� �� 
 10%�� 
 20%�

� �� ���� 	�. SZA 50o��� �� �� 200

DU� ���� ��� �� ��� 
� ��� ���

	� ��� ��� �� ��� 	� ��� �� ��

�� EUV� �� ���� 	��. � −22%�� +25%

�� �� ���� 	
� 	 � 	�. ����� ��

���� ��� �� ��� ���� �� ��� 	�

��� EUV� � �� ���� ��� ��� 	�. �

�� �� �� ���� �� 
�� �� �� EUV�

�� ����� ����. 

EUV� �� ��� �� �	�� � ��(4�n<5,

6�n<7)� ��� ���
 SZA� ��� ��� ��

� � 	��. Fig. 15� � � ��� �� ��� ��

� ���. � ���� � � 	� �� �� EUV�

��� 	� ��� �� ���� � 	� �����

Fig. 14. Power law regression between EUV irradiance and total ozone for snow free surface and snow surface under
partly cloud (3≤ n<6) and SZAs (a) 50o, (b) 60o and (c) 70o, and (d) relative difference of EUV irradiance
between snow free surface and snow surface.
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� ��� �� �� �(4�n<5)�� �� 
� ��

�(6�n<7)�� �� 	 � 	�. �� �� �� ���

SZA� ���� �� SZA 45o� 20%�� 
��� �

� SZA 55o� 6%�� ���� ���� SZA 75o��

�� 22%�� �����. �� �� �� ��� SZA

� ��� �� ��� ������ −2.0%�� 10%�

� ����. 

Fig. 16� TSO� �� ��� �� 	 �� ��(clear,

partly cloud, overcast)� ��� SZA� �� ����

�. � ���� �� �� �� �� ��� SZA 45o�

8%�� ���� SZA 55o� 34%�� ��� � � 
�

�� SZA 65o� −17%� ���� �� SZA 75o� 1%

�� �����. �� �� �(3�n<6)�� SZA 45o�

8%�� ��� ���� SZA 70o� 16%�� ��� �

SZA 75o� 8%�� 
����. ��� 
� �� �

(7�n�8)�� SZA 45o� −8%�� ���� SZA 75o

� 20%�� ����. 

TUV� �� ��� Fig. 17� �����. � ��� �

�� �� �� ��� SZA� �� TSO� ��� ���

��. SZA 55o� 32%� ���� SZA 65o� −10%� �

�� ����. ��� �� �� �� 
� �� �� �

��� SZA� ��� �� �� ��� �����. 
�

�� ��� SZA 45o� 8%�� 36%�� ����.

�� �� TSO� TUV� �� ��� SZA 55o��

��� ���� SZA 65o�� �� 	��� ����.

�� �� ��� SZA� ���� �� �����.

EUV� �� ��� SZA 50o� 55o ���� ��� �

��� � � SZA�� ��� �����. �� �� �

��� �� ��� ���� ����� TUV� �� �

� �
� TSO, EUV� ��� ����.

4. �� � ��

�� 	
���� 6��(1998-2003) ��� �� ��

��� ���(EUV, 280~320 nm), � ��� ���

(TUV, 295~385 nm) � �� ���(TSO, 285~3000 nm)

��� �� ��, �� � ���� ���� 	 ���

�� ��� ��� �� ��, �� � ��� ��� �

� ���(SZA 45o~75o)� ��� �� �����. ��

��� 	 �� �� � ��� ��� �� ��� ��

��� ��� �� �� ���. ���� �� ���

EUV� ��� �� �� 1%� ���� EUV� ���

� ���� ��
���(RAF)� �����. 

EUV RAF� ��� ���� �� ��� 1.51��

1.01� 
��� ��� ���, �� ���(SZA)� �

��� ���� �� �� 1.51�� 0.94� 
���

��, �� ��� ��� 0.94�� 1.45� �����. 

��� EUV ���� �� ��� 55o~60o ����

��� �� 4�n<6 ���� 75%~82%� �
 �� �

���. � EUV ���� �� ���� ��� ���

Fig. 15. Difference (%) of EUV between snow free sur-
face and snow surface under two partly cloudy
conditions(4

��
n<5 and 6

��
n<7).

Fig. 16. Difference (%) of total solar irradiance between
snow free surface and snow surface under three
sky conditions.

Fig. 17. Same as Fig. 16 except for total UV irradiance.
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� �� 84%�� 34%�� 
���. TSO ���� �

� ���� ��� ���� �� �� 88%�� ��

35%�� 
����. �� � ���� SZA 50o~60o�

�� 4�n<5�� ��� �� ���. TUV ����

TSO� �� �� ���� ��� ���� �� ��

93%�� �� 46%� 
����. �� 	 ��� ��

�� ���� �� ����� � TUV� EUV ���

� SZA 60o ����� �� ��� SZAs 45o� 75o�

�� TUV� EUV�� 1.5
� 	��. ��� TUV �

��� TSO �� 1.1~1.3
 	��� � �� SZAs��

� ��� 0.7~0.9
� ���. �� �� ��� �� �

� ���� ���� ��� TUV, TSO, ��� EUV�

�� ��� ����. 

EUV� �� ��� ��� ��� �� �� ����

�� ���� ���� �����. ��� 4�n<5�

���� �� ���� ���� �� �� ��� ��

� ���� ��� 1.5%�� 24%� � 	��, ���

6�n<7� ���� �� ��� 60o�� 65o���� �

� 20%~26%�� � 	��. � �� ��� �� ��

�(3�n<6)� �� ��� 60o�� �� ��� 100 DU

�� 400 DU� ���� �� 9%�� 20%�� ���

�. TSO� �� ��� �� ��� �� ��� 45o�

8%�� ���� �� ��� 55o�� �� 34%�� �

���. �� �� ��� �� ��� 45o� 8%�� �

�� ���� �� ��� 70o�� �� 16%�� ��

���. ��� 
� �� �(7�n�8)�� �� ���

� �� ���� �� ��� 75o� 20%�� ����.

TUV� �� ��� �� �� �� ���� ��� �

� ��� TSO� �����. �� ��� 55o�� 32%

� ��� ����. ��� �� �� �� 
� �� �

� ���� �� ���� ��� �� �� ��� �

����. �� 
� �� ���� �� ��� 8%��

36%�� ����. 

�  �

� 
�� ����
�� �� ��
��� ‘���

� 
���� ��	� �� � ��
�(PP04105)’ �


, ‘�� 	��� 
�(PP04108)’ �
� ‘�� ��	

� � 	��� 
�(PN51200)’ �
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���. � ��� ��� �� ������ ���� �

� ������ 
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