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a) MOZART: NO2 column: January

Max USA: 18.1 Max Europe: 16.4 Max Asia: 8.1
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b) MOZART: NO2 column: April

Max USA: 14.4 Max Europe: 10.7 Max Asia: 7.4
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c) MOZART: NO2 column: July

NO2 (1.0e+15 molecules/cm2)

Max USA: 13.5 Max Europe: 13.4 Max Asia: 4.6

 0.0  1.0  2.0  3.0  4.0  5.0  6.0  7.0  8.0  9.0 10.0 >11.0

d) MOZART: NO2 column: October

NO2 (1.0e+15 molecules/cm2)

Max USA: 16.0 Max Europe: 19.3 Max Asia: 6.6
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 0.0  0.005  0.01  0.02  0.05  0.1  0.2  0.5  1.0  2.0  5.0 >10.0

a) GOME: NO2 column: IMAGES grid

Max USA: 13.5 Max Europe: 12.8 Max Asia: 8.3

 0.0  0.005  0.01  0.02  0.05  0.1  0.2  0.5  1.0  2.0  5.0 >10.0

b) GOME: NO2 column: MOZART

Max USA: 15.0 Max Europe: 14.8 Max Asia: 11.7

 0.0  0.005  0.01  0.02  0.05  0.1  0.2  0.5  1.0  2.0  5.0 >10.0

c) IMAGES NO2 column

Max USA: 6.1 Max Europe: 6.2 Max Asia: 2.6

 0.0  0.005  0.01  0.02  0.05  0.1  0.2  0.5  1.0  2.0  5.0 >10.0

d) MOZART: NO2 column

Max USA: 15.4 Max Europe: 12.8 Max Asia: 6.5

 0.0  0.005  0.01  0.02  0.05  0.1  0.2  0.5  1.0  2.0  5.0 >10.0

e) IMAGES: NO2 column: 180W subtracted

NO2 (1.0e+15 molecules/cm2)

Max USA: 6.0 Max Europe: 6.1 Max Asia: 2.5

 0.0  0.005  0.01  0.02  0.05  0.1  0.2  0.5  1.0  2.0  5.0 >10.0

f) MOZART: NO2 column: 180-165W subtracted

NO2 (1.0e+15 molecules/cm2)

Max USA: 15.1 Max Europe: 12.5 Max Asia: 6.1
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  0.0   0.5   1.0   1.5   2.0   2.5   3.0   3.5   4.0   4.5   5.0 >5.5

a) NO2 column: GOME/IMAGES

NO2 GOME/IMAGES
  0.0   0.5   1.0   1.5   2.0   2.5   3.0   3.5   4.0   4.5   5.0 >5.5

b) NO2 column: GOME/MOZART

NO2 GOME/MOZART

%����� 5���%*&(�� (.� *3!����� /("�,'�� .$(,�
� �� $!"%*&7!� *(� *3!� � �
��� %'#� �=��2� /("�,'��� &�!��� :%;

� �P� �
��� %'#� :);� 
� �P �=��2�� �3(5'� %$!� :%�� %� .$%/*&(';� *3!� <!%$"<� %7!$%1!#� /("�,'�
/($$!�6('#&'1�5&*3�������2��23!�$%*&(�&��('"<�6"(**!#�&.�)(*3�*3!�
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  0  10  20  30  40  50  60  70  80  90

a) IMAGES: NO2 column: 10:30am vs diurnal av

NO2(10:30)/NO2 (percent)

Max USA: 78% Max Europe: 80% Max Asia: 68%

  0  10  20  30  40  50  60  70  80  90

b) IMAGES: NO2/NOx column

NO2/NOx (percent)

Max USA: 79% Max Europe: 81% Max Asia:  74%

  0  10  20  30  40  50  60  70  80  90

c) MOZART:NO2/NOx column

NO2/NOx (percent)

Max USA: 86% Max Europe: 93% Max Asia: 86%
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 0.0  1.0  2.0  3.0  4.0  5.0  6.0  7.0  8.0  9.0 10.0 >11.0

a) MOZART: NO2 column: 0 - tropopause

Max USA: 15.4 Max Europe: 12.8 Max Asia: 6.5

 0.0  0.8  1.6  2.4  3.2  4.0  4.8  5.6  6.4  7.2  8.0 >8.8

b) MOZART: NO2 column: 0.17 km - tropopause

Max USA: 10.7 Max Europe: 8.8 Max Asia: 4.1

 0.0  0.4  0.8  1.2  1.6  2.0  2.4  2.8  3.2  3.6  4.0 >4.4

c) MOZART: NO2 column: 0.45 km - tropopause

NO2 (1.0e+15 molecules/cm2)

Max USA: 5.5 Max Europe: 4.3 Max Asia: 2.6

 0.0  0.2  0.4  0.6  0.8  1.0  1.2  1.4  1.6  1.8  2.0 >2.2

d) MOZART: NO2 column: 0.94 km - tropopause

NO2 (1.0e+15 molecules/cm2)

Max USA: 2.1 Max Europe: 2.0 Max Asia: 1.5

%�����6���&..!$!'*�7!$*&/%"�&'*!1$%*&('��.($�/%"/�"%*&'1�*3!�<!%$"<�%7!$%1!#�*$(6(�63!$&/�����/("�,'�%��/%"/��
"%*!#� )<� �=��2� :����� �2;�� 23!� &'*!1$%*&('�� %$!� 6!$.($,!#� �6� *(� *3!� *$(6(6%��!� )�*� �*%$*&'1� %*�� :%;� *3!
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 0.00  0.01  0.02  0.03  0.04  0.05  0.06  0.07  0.08  0.09  0.10 >0.11

Radiative forcing tropospheric NO2

NO2 (W/m2)

Max USA: 0.126 Max Europe: 0.104 Max Asia: 0.055
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����/("�,'��



�����������������������������������2����G�
��4���2������
������������� �����2��4�2����������@�

.�&��7�����������
����#��

����'�7�������)���

����	 �
	 ���� C�DD�E� 6$(6(�!#� *3%*� %� 3!*!$(1!'!(��� /('7!$�
�&('�(.�
���� *(����,&13*� *%0!�6"%/!�('��((*��23&�� $!%/*&('
/%'� &'/$!%�!� *3!���� %'#� *3!$!)<� ���� /('/!'*$%*&('�� &'� *3!
*$(6(�63!$!�� �*� 3%�� &*�� "%$1!�*� %..!/*� (7!$� %'#� #(5'5&'#� (.
6(""�*!#�%$!%��53!$!� "%$1!�/('/!'*$%*&('��(.�)(*3�
���� %'#
�((*�(//�$��&�!���*3!�!%�*�(.��3&'%��!%�*!$'���$(6!��%'#��&)!$&%�
5&*3� �,%""!$� !..!/*�� &'� *3!� !%�*!$'��'&*!#� �*%*!�� %'#� #�$&'1
*3!�)&(,%���)�$'&'1��!%�('�&'�*3!�*$(6&/��(7!$��(�*3��,!$&/%
%'#� �.$&/%� %'#� #(5'5&'#� .$(,� *3!$!�� ��"��"�
����	 �
	 ���
C�DD�E��3(5!#�*3%*�*3&��$!%/*&('�/(�"#�$!#�/!�*3!�
���P��[

$%*&(� &'� *3!� .$!!� *$(6(�63!$!� %*� 
%5%&&�� $!'#!$&'1� ,(#!"!#
7%"�!��&'�)!**!$�%1$!!,!'*�5&*3�,!%��$!,!'*��
23!�!..!/*�(.�*3&��$!%/*&('�('�*3!�*$(6(�63!$&/�����/("�,'

5%�� �*�#&!#� ��&'1� � �
���� �&'/!� �((*� &�� '(*� !96"&/&*"<
,(#!"!#� )<� � �
���� &*� 5%�� /$�#!"<� $!6$!�!'*!#� %�� ��".%*!
:���;� &'� *3!� /%"/�"%*&('��� 23&�� &�� &'*!'#!#� ('"<� *(� *!�*� 3(5
�!'�&*&7!� *3!� ���� /("�,'�� %$!� *(� %� 6(��&)"!� 3!*!$(1!'!(��
/('7!$�&('� (.� 
����� �((*� %'#� ��".%*!� 3%7!� �&,&"%$� �(�$/!�
%'#�#&�*$&)�*&('��%'#� *3!� $!%/*&('� $%*!� &�� %#>��*!#� *(�%//(�'*
.($�*3!�#&..!$!'/!�&'�%)�("�*!�7%"�!��)!*5!!'��((*�%'#���".%*!�
�� $!%/*&('� $%*!� (.� ���� 9� ������ /,������ 5%�� ��!#�� 53&/3� &�
!?�&7%"!'*�*(�%�/('7!$�&('�"&.!*&,!�(.���#%<��&'�*3!��($*3!$'

!,&�63!$!����@�0,�%"*&*�#!��23&��$!��"*��&'�*$(6(�63!$&/����

/("�,'�� &'� *3!� !%�*!$'��'&*!#��*%*!�� %'#�5!�*!$'���$(6!� (.
A��� 9� ����� ,("!/�"!�� /,���� %'� &'/$!%�!� (.� �����K�� �%$1!$
&'/$!%�!��(//�$�(7!$�5!�*!$'�����&%�:F�����K;���&)!$&%�:,($!
*3%'�F�K;��%'#�!%�*!$'��3&'%� :���F�K;��23&�� 3!*!$(1!'!(��
/('7!$�&('� (.� 
���� 3%�� "&**"!� !..!/*� &'� *3!� �(�*3!$'

!,&�63!$!��23���$!%/*&('��('��((*�,%<��&1'&.&/%'*"<�&'/$!%�!
*3!�,(#!"!#�����/("�,'�%,(�'*��

5�� 8��
���
����'�!��	�
	���
�����

�'� *3!� 6$!7&(��� �!/*&('�� 5!� 3%7!� /(,6%$!#� *3!� *$(6(�
�63!$&/�����/("�,'��.$(,�
� ��5&*3�/("�,'�%,(�'*��.$(,
/3!,&�*$<� *$%'�6($*� ,(#!"�� %'#� .(�'#� #&..!$!'/!�� &'� *3!
%)�("�*!�7%"�!��(.�*3!�/("�,'����'�*3&���!/*&('�*3!�.(/���&��('
*3!�7%"&#%*&('�(.�*3!�
� ������7%"�!����)7&(��"<��*3!�,(�*
�*$%&13*.($5%$#�5%<�*(�7%"&#%*!�����/("�,'��.$(,�
� ��&�
*(� /(,6%$!� *3!,�5&*3� /("�,'�,!%��$!,!'*��,%#!� .$(,� *3!
1$(�'#���� "%$1!�'�,)!$�(.����� /("�,'�,!%��$!,!'*�� .$(,
1$(�'#� )%�!#� �*%*&('�� &�� %7%&"%)"!� )�*� *3!<�,(�*"<� .(/��� ('
�*$%*(�63!$&/�����%'#�%$!�&'�$!,(*!�"(/%*&('��($�('�,(�'*%&'
*(6�� :!�1��� #%*%� .$(,� *3!� �!*5($0� .($� �!*!/*&('� (.� �*$%*(�
�63!$&/��3%'1!������;��23!�.(/���&'�*3&���*�#<�&��('�����&'
*3!� 6(""�*!#� %$!%�� (.� �'&*!#� �*%*!��� ��$(6!�� %'#� ��&%� 5&*3
('"<�%� .!5�:($�'('!�%*� %"";� �<�*!,%*&/����� /("�,'�,!%��$!�
,!'*��%*�*3!�!�"(/%*&('���+!�*3!$!.($!�/(,6%$!�,(#!"!#����

,&9&'1� $%*&(�� 5&*3� ,!%��$!,!'*�� &'� *3!� )(�'#%$<� "%<!$� *(
%��!��� &'#&$!/*"<� *3!� ?�%"&*<� (.� *3!� ,(#!"!#� ���� /("�,'��
��&'1�*3!�/(,6%$&�('��)!*5!!'�
� ��%'#�*3!�,(#!"�/%"/��
"%*&('��&'�*3!��!/*&('����%'#�@�5!�/%'�*3!'�1!*�%'�&#!%�(.�*3!
?�%"&*<�(.�*3!�
� ��,!%��$!,!'*���+!�%"�(�/(,6%$!�*$(6(�
�63!$&/� ���� /("�,'�� .$(,� 
� �� %'#� *3!� ,(#!"�� 5&*3
/("�,'�� &'.!$$!#� .$(,� ,&9&'1� $%*&(� ,!%��$!,!'*�� &'� *3!
)(�'#%$<�"%<!$�
�(/%"� ,!%��$!,!'*�� (.� ���� &'� *3!� )(�'#%$<� "%<!$� %$!

6!$.($,!#� )<� ,%'<� &'�*&*�*!�� %""� (7!$� *3!� 5($"#�� 23!<
1!'!$%""<�*%0!�6"%/!�&'�/&*&!��.($�"(/%"�%&$�?�%"&*<��*�#&!���23!
����C�DDFE�6!$.($,��,!%��$!,!'*��(.�����%*�7%$&(�����$.%/!
"(/%*&('�� &'� *3!� �'&*!#� �*%*!�� ('� %� #%&"<� )%�&��� 23!<� $!6($*

<!%$"<� %7!$%1!� ���� "!7!"�� %*� �$)%'� �&*!�� (.� A��� 66)7�� ��)�
�$)%'��&*!��(.�A���66)7�%'#�%*�$�$%"��&*!��(.�AF�66)7�.($� *3!
�DD���� 23!&$� /3!,&"�,&'!�/!'/!� ,!%��$&'1� *!/3'&?�!� &�
�!'�&*&7!�'(*�('"<�*(�����)�*�%"�(�*(�(*3!$�'&*$(1!'�/('*%&'&'1
/(,6(�'#����/3�%�������23&��/%'�/%��!�%'�(7!$!�*&,%*&('�(.
*3!�$!6($*!#�����"!7!"���!�6!/&%""<�&'�$�$%"�%$!%��C������DDFE�
23!�!�#%*%�%$!�*3!$!.($!�"!�����!.�"�.($�(�$��*�#<��)�*�*3!<�#(
�3(5�*3%*�7!$<�3&13�,&9&'1�$%*&(��%$!�.(�'#�&'�6(""�*!#�%$!%��
&'�%1$!!,!'*�5&*3�7!$<� "%$1!� "(/%"����� /("�,'��(7!$� &'#���
*$&%"&8!#� %$!%���  !%��$!,!'*�� &'� *3!� .$!!� *$(6(�63!$!� C!�1��
���
����
	���������E�%$!�%"�(�"!���$!"!7%'*�.($�*3&���*�#<��&'/!
*3!� .$!!� *$(6(�63!$!� /('*$&)�*!�� ('"<� %� �,%""� %,(�'*� *(� *3!
*$(6(�63!$&/�����/("�,'��
 !%��$!,!'*��(.�$!%/*&7!�'&*$(1!'�%*� $�$%"�1$(�'#��&*!�� &'

!%�*!$'��($*3��,!$&/%�5!$!�$!6($*!#�)<����������
	����C�DD�E�
�'� "%*!� ��,,!$� (.� �DFF� *3!<� ,!%��$!#� �!7!$%"� *$(6(�63!$&/
*$%/!� �6!/&!��� &'/"�#&'1���������� %'#���\� %*� �!7!'� ��$.%/!
"(/%*&('�� $!6$!�!'*%*&7!� .($� $�$%"� %$!%�� &'� *3!� 6(6�"%*!#
$!1&('�� (.� !%�*!$'� �($*3� �,!$&/%��  &9&'1� $%*&(�� (7!$� $�$%"
%$!%��&'�&'#��*$&%"&8!#�$!1&('��(.�*3!��'&*!#��*%*!��%'#���$(6!
%$!� )!�*� ��&*!#� .($� 7%"&#%*&'1� *3!� 
� �� %'#�,(#!"!#� #%*%�
/('�&#!$&'1� *3!�1$&#��&8!��(.�
� ��%'#�(.� *3!�,(#!"����!#
3!$!�� �������� �
	 ���� C�DD�E� .(�'#� *3%*� *3!� #%<*&,!� :�����
�F��;�,!#&%'���\� "!7!"�� .($� %� .�""<� /('7!/*&7!� 5!""� ,&9!#
)(�'#%$<�"%<!$�5!$!���*(�@�66)7��23!���\�"!7!"��7%$<�%*�!%/3
�&*!�)<�%'�($#!$�(.�,%1'&*�#!�($�,($!��23!�#%<*&,!���[P��\

$%*&(�5%�����@�K��23!� ()�!$7!#� #%<*&,!���P��\� $%*&(�5%�
A@K��	$(,�*3&��5!�#!$&7!�����#%<*&,!�7%"�!�� $%'1&'1� .$(,
��@�*(�����66)7��23!�#&�$'%"�%7!$%1!�����7%"�!��%$!�A������F
66)7�%'#�A��������66)7�%*�*3!�
� ��(7!$6%���*&,!�(.�����
�2�
�'�	&1�$!���*3!�,(#!"!#�#&�$'%"�%7!$%1!�����,&9&'1�$%*&(�

&'� *3!� )(�'#%$<� "%<!$� %$!� �3(5'� .($� *3!� �'&*!#� �*%*!�� &'
��1��*��23!�!�,&9&'1� $%*&(�� )$(%#"<� %1$!!�5&*3� (*3!$�,(#!"
/%"/�"%*&('�� C����� �
	 ����� �DDDH��
�
��
�	 ���	 ���
��� �DDDE
53&/3� �3(5� )(�'#%$<� "%<!$� 7%"�!�� %)(7!� �� 66)7� (7!$� *3!
&'#��*$&%"&8!#� %$!%��� 23!� ���� ,!%��$!,!'*�� C�������� �
	 ����
�DD�E�%$!�$!6$!�!'*%*&7!�.($�%�5!""�,&9!#�)(�'#%$<�"%<!$��23!
"(5!�*�"%<!$��&'�*3!�,(#!"�/%"/�"%*&('��#(�'(*��3(5�%��'&.($,
,&9&'1� $%*&(� )�*� 3%7!� 3&13� 7%"�!�� /"(�!� *(� *3!� ��$.%/!� %'#
#!/$!%�&'1� *(5%$#�� *3!� *(6� (.� *3!� )(�'#%$<� "%<!$�� 	($� *3!
/(,6%$&�('� *3!�,(#!"!#�,&9&'1� $%*&(��%$!�%7!$%1!#�(7!$� *3!
"(5!�*� !&13*� ,(#!"� "%<!$�� .($� � �
��� :������ 0,;� %'#� *3!
"(5!�*� .(�$� ,(#!"� "%<!$�� .($�  �=��2� :������ 0,;�� 23!
/%"/�"%*!#� %7!$%1!� 7%"�!�� .($� *3!� !%�*!$'� �'&*!#� �*%*!�� %$!
��������66)7�.($� � �
���%'#�����66)7� .($� �=��2��23!
"%**!$� 7%"�!�� %1$!!� 5!""� 5&*3� *3!� ,!%��$!#� 7%"�!�� :��@����
66)7;��)�*�*3(�!�(.�� �
���%$!�*((�"(5���'�*3!�"(5!�*�"%<!$
&'� *3!�,(#!"�������7%"�!��%$!�%��3&13�%����66)7� :� �
��;
%'#��@�66)7�: �=��2;���'�5&'*!$��5&*3�%��,%""!$�)(�'#%$<
"%<!$��7%"�!��,($!�*3%'�*5&/!�%��"%$1!�%$!�.(�'#�)(*3� .($� *3!
%7!$%1!�&'�*3!�)(�'#%$<�"%<!$�%'#�&'�*3!�"(5!�*�"%<!$�
��,&9&'1�$%*&(�(.���66)7�&'�%�5!""�,&9!#�)(�'#%$<�"%<!$�(.

�� 0,� /('*$&)�*!�� ���D� 9� ����� ,("!/�"!�� /,��� *(� *3!� *(*%"
/("�,'�� 23!� ()�!$7!#� �������� 66)7� (.� ���� %*� A����� �2
*3!$!.($!�<&!"#��A��@�F���9������,("!/�"!��/,���.($�%�)(�'#%$<
"%<!$� (.� �� 0,�� �##&'1� *(� *3&�� %'� ���� /("�,'� &'� *3!� .$!!
*$(6(�63!$!�(.�A��@�9������,("!/�"!��/,���:��1��*�#%*%�.$(,
 �=��2�,(#!";��5!�()*%&'� %� *(*%"� *$(6(�63!$&/� /("�,'�(.
@�������� 9� �����,("!/�"!�� /,���� 23!� ���� /("�,'�� $!*$&!7!#
.$(,�
� ��&'�*3!�!%�*!$'��'&*!#��*%*!��&'���1��*�%$!�A����
9������,("!/�"!��/,����5&*3�,%9&,�,�7%"�!���6�*(����9�����

,("!/�"!�� /,��� &'� 7!$<� "(/%"&8!#� %$!%��� 23&�� &�� 5&*3&'� *3!



���������2����G�
��4���2������
������������� �����2��4�2���� ������@�

$%'1!�(.�*3!�/("�,'��&'.!$$!#�.$(,�*3!�,!%��$!#�����,&9&'1
$%*&(��%'#��"&13*"<�"%$1!$�*3%'�*3!�/("�,'��/%"/�"%*!#�5&*3�*3!
 �=��2�,(#!"� :��F�9������,("!/�"!��/,���%*�A������2�&'
��1��*��5&*3�%�"(/%"�,%9&,�,�(.����9������,("!/�"!��/,��;�
23!�7%"�!��.$(,�� �
���%$!���@�����9������,("!/�"!��/,���
23!� .(""(5&'1� ?�%"&.&/%*&('�� /('/!$'&'1� *3&�� /(,6%$&�('

'!!#�*(�)!�*%0!'�&'*(�%//(�'*G
��� 23!� )(�'#%$<� "%<!$� *3&/0'!��� &�� '(*� 0'(5'� !9%/*"<�

%..!/*&'1� *3!� /(,6%$&�('� (.� *3!� ,(#!"!#� /("�,'�� 5&*3� *3!
��$.%/!�,&9&'1�$%*&(�#%*%��23!�*3&/0'!���(.���0,�5!�%���,!#
3!$!�&��6$()%)"<�('�*3!�"(5�!'#��$!��"*&'1�&'�%�"(5�!�*&,%*!�(.
*3!�/("�,'�&'.!$$!#�.$(,�*3!���$.%/!�,&9&'1�$%*&(��
���23!�)(�'#%$<� "%<!$� &'� *3!�,(#!"� /%"/�"%*&('�� #(!�� '(*

3%7!�%��'&.($,�,&9&'1�$%*&(�)�*�!93&)&*��3&13���$.%/!�7%"�!�
#!/$!%�&'1� *(5%$#� *3!� *(6� (.� *3!� )(�'#%$<� "%<!$�� 	($� *3&�
/(,6%$&�('��*3!�%7!$%1!�(.�*3!�,&9&'1�$%*&(��&'�*3!�"(5!�*���@
0,�3%��)!!'���!#��23&��&��'(*�'!/!��%$&"<�*3!��%,!�%��%�5!""�
,&9!#� )(�'#%$<� "%<!$� )!/%��!� (.� 6(��&)"!� '('"&'!%$� ��[

/3!,&�*$<�
���23!� $!"%*&7!"<� "%$1!� 1$&#� �&8!� (.� *3!�,(#!"�� %..!/*�� *3!

��[�/3!,&�*$<��&'/!�*3!����!,&��&('��%$!�!,&**!#�&'*(�*3!�!
)(9!��%'#�#&"�*!#�,($!�*3%'�&'�$!%"&*<��$!��"*&'1�&'�"(5!$�"(/%"
/('/!'*$%*&('��%'#�%�#&..!$!'*�/('7!$�&('�*(�����
���
&13�����,&9&'1� $%*&(�� %'#� /("�,'�� (//�$� ('� %� "(/%"

�/%"!� &'� �$)%'� %'#� ��)�$)%'� %$!%�� :�!!� "%$1!�,&9&'1� $%*&(� &'
�$)%'� %'#� ��)�$)%'� %$!%�� %��,!%��$!#� )<� *3!����� C�DDFE;�
53&/3� /%''(*� )!� ,(#!"!#� &'� %� 1"()%"� ,(#!"� %'#� 6$()%)"<
#&..&/�"*� *(� ()�!$7!� )<� 
� ��� )�*� /%'� %..!/*� *3!� ���

/("�,'��.$(,�)(*3�
@�� 23!� #%*%� :
� ��� ,(#!"�� %'#� ��$.%/!� ���� ,&9&'1

$%*&(�;� %""� �3(5� /('�&#!$%)"!� �6%*&%"� 7%$&%)&"&*<�� 53&/3
/(,6"&/%*!��*3!�/(,6%$&�('�
23!�!�/('�&#!$%*&('��#(�'(*�/3%'1!�*3!�(7!$%""�6&/*�$!�*3%*

*3!� *$(6(�63!$&/� ���� /("�,'�� .$(,� 
� �� (7!$� !%�*!$'
�($*3��,!$&/%� %$!� (.� *3!� �%,!� ($#!$� %�� *3(�!� #!$&7!#� .$(,
)(*3� *3!� ()�!$7!#� &'� �&*������,&9&'1� $%*&(�� %'#� *3(�!� .$(,
*3!�,(#!"�/%"/�"%*&('��5&*3� �=��2�

0�� "��
��
#��$���
����'�!��	�
	���
�����

�'�%##&*&('� *(�6"%<&'1�%� $("!� &'� *3!� .($,%*&('�(.� (8('!� &'
*3!�*$(6(�63!$!������%"�(�%)�($)���("%$�$%#&%*&('�%'#�*3!$!)<
,%<�/('*$&)�*!�*(�*3!�$%#&%*&7!�.($/&'1�(.�/"&,%*!���
�
�
���

���� C�DDDE� �3(5!#� *3%*� (7!$� 4(�"#!$� :�("($%#(;� ���� /%'

/%��!� %� "(/%"� &'�*%'*%'!(��� %)�($6*&('� (.� $%#&%*&('� &'� *3!
*$(6(�63!$!� (.� �6� *(� A�����+�,���� "&0!"<� $!��"*&'1� .$(,� %&$
6(""�*&('�� �7!$� 6(""�*!#� %$!%�� &'� *3!� !%�*!$'� �'&*!#� �*%*!��
'($*35!�*!$'� ��$(6!�� %'#� *3!� !%�*� (.� �3&'%� %� "%$1!$� "(/%"
$%#&%*&7!� %)�($6*&('� /%'� )!� !96!/*!#�� �)�($6*&('� (.� �("%$
$%#&%*&('� &'� *3!� *$(6(�63!$!� )<����� (.� �6� *(� ���+�,

��� 3%�
)!!'� !�*&,%*!#� *(� *%0!�6"%/!� &'� /"(�#��#�$&'1� *3�'#!$�*($,�
C�
�
�
���
	 ����� �DDDE���(*!� *3%*� *3!� "(/%"� $%#&%*&7!� %)�($6�
*&('�7%"�!��1&7!'�)<��
�
�
�	�
	����C�DDDE�/($$!�6('#�*(�*3!
'!*�%)�($6*&('�(//�$$&'1�&'�*3!�*$(6(�63!$&/�%&$�/("�,'��23&�
&��#&..!$!'*�.$(,�*3!�$%#&%*&7!�/"&,%*!�.($/&'1�:&�!���*3!�/3%'1!
&'� ."�9�%*� *3!� *$(6(6%��!;� �&'/!� &*� &'/"�#!�� %)�($6*&('�53&/3
5(�"#�3%7!�(//�$$!#�%*�*3!�1$(�'#�%'<5%<��23!�#&..!$!'/!�&�
"%$1!�*�.($�/"!%$��0&!��%'#�/"(�#<��0&!��53!$!�*3!�%)�($)!$�&�
"(/%*!#�)!"(5�*3!�/"(�#�:.($�(6*&/%""<�*3&/0�/"(�#��53!$!�*3!
%)�($)!$� &�� "(/%*!#� &'� ($� %)(7!� *3!� /"(�#� *3!� #&..!$!'/!� &�
$!"%*&7!"<� �,%"";�� �'� *3&�� �!/*&('� 5!� ��!� *3!� ,(#!"!#� ���

/("�,'��.$(,�� �
���%'#� �=��2�*(�,%0!�%�1"()%"�,%6
(.� *3!� $%#&%*&7!� .($/&'1� )<����� &'� *3!� *$(6(�63!$!� .($� /"!%$
�0<�/('#&*&('��
��"&'!�)<�"&'!�$%#&%*&7!�*$%'�.!$�/%"/�"%*&('�53&/3�&'/($6(�

$%*!�� *3!������2�C�
�������
	��%���DFFE� �/%**!$&'1�/(#!�3%�
)!!'���!#�&'�*3&���*�#<��23&��&��*3!��%,!�)%�&/�,(#!"�%����!#
&'��
�
�
�	�
	��%�C�DDDE����6!$*�$)%*&('�6$(.&"!�(.�����5&*3
%""�(.�*3!�����&'�*3!�"(5!�*���0,�&��%���,!#��&'/!�*3!�,(#!"�
�3(5�*3%*�,(�*�(.�*3!�����&��&'�*3!�)(�'#%$<�"%<!$�&'�6(""�*!#
$!1&('��� �7!$"%6� 5&*3� ��� %'#� ��� &�� &'/"�#!#� %"*3(�13� *3!&$
&'."�!'/!� &�� �,%""� !9/!6*� .($� ��� %)�($6*&('� &'� *3!� ���� �
1$(�'#� %")!#(� (.� ���@� &�� %���,!#�� 53&/3� &�� $!%�('%)"!� .($
/('*&'!'*%"��$)%'�%$!%��&'�*3!�)"�!�$!1&('�(.�*3!��6!/*$�,���'
%!$(�("�"%<!$�&��&'/"�#!#�&'�*3!�)(�'#%$<�"%<!$�5&*3�%'�(6*&/%"
#!6*3�(.������%��&'1"!��/%**!$&'1�%")!#(���F@��%'#�%'�%�<,,!�
*$<� .%/*($� (.� �����53&/3� %$!� 7!$<� /('��!$7%*&7!� !�*&,%*!�� .($
6(""�*!#� $!1&('���23!�#&�$'%"� /</"!� &�� &'*!1$%*!#�(7!$� .($� *3!
�@*3�#%<�(.�!%/3�,('*3�%��%�.�'/*&('�(.�"%*&*�#!�.($�/"!%$��0<
/('#&*&('���23&��<&!"#��%�"(/%"�$%#&%*&7!�.($/&'1�!..&/&!'/<�6!$
����,("!/�"!� :+�,

��P/,��;� 53&/3� /%'� )!�,�"*&6"&!#� )<� *3!
����/("�,'�*(�()*%&'�*3!�"(/%"�$%#&%*&7!�.($/&'1�
�"%*!�D��3(5��*3!�#&�$'%"�%''�%"�%7!$%1!�$%#&%*&7!�.($/&'1

(.�*$(6(�63!$&/�����%��/%"/�"%*!#���&'1�*3!�#%<*&,!�%7!$%1!#
*$(6(�63!$&/�����/("�,'��.$(,� �=��2���&'/!�*3!�#%<*&,!
����/("�,'��5!$!�'(*�#&$!/*"<�%7%&"%)"!�.$(,�*3!� �=��2
/%"/�"%*&('���5!���!#�*3!�$!��"*��.$(,�*3!�� �
���,(#!"�*(
/%"/�"%*!� *3!� $%*&(� )!*5!!'� *3!� #%<*&,!� %7!$%1!� *$(6(�63!$&/

130oW 120oW 110oW 100oW 90oW 80oW 70oW 60oW
 

20oN

30oN

40oN

50oN

 

IMAGES: NO2

0.
2

0.2

0.2

0.
2

0.
4

0.4

0.
4

0.
6

0.
6

0.8

130oW 120oW 110oW 100oW 90oW 80oW 70oW 60oW
 

20oN

30oN

40oN

50oN

 

MOZART: NO2

0.
5

0.
5

0.5

0.5
1.0

1.0

1.0

1.5

1.
5

1.5

2.0
2.5

$
����� ��� �&�$'%"� %7!$%1!� ���� ,&9&'1� $%*&(�� :66)7;� &'� *3!� )(�'#%$<� "%<!$� .($� ��1��*� /%"/�"%*!#� 5&*3� :%;
� �
���%'#�:);� �=��2��23!�,&9&'1�$%*&(��%$!�%7!$%1!#�(7!$� *3!� "(5!�*���@�0,�(.� *3!�,(#!"!#�%*,(��
63!$!�



�����������������������������������2����G�
��4���2������
������������� �����2��4�2����������@F

����/("�,'��%'#�*3!�#&�$'%"�%7!$%1!�/("�,'���23&��$%*&(�5%�
*3!'���!#�('�%�,('*3"<�)%�&��*(�/%"/�"%*!�*3!�#%<*&,!�%7!$%1!
/("�,'�� .($� *3!�  �=��2� /%"/�"%*&('��� 23!� ,%9&,�,
,('*3"<� 7%"�!�� %**%&'!#� )<� *3!� "(/%"� $%#&%*&7!� .($/&'1� (.
*$(6(�63!$&/�����%$!��������@�+�,

±��� �/3�"%$1!$�7%"�!��/%'
)!�!96!/*!#�&'�/&*&!��53!$!�7!$<�3&13�����/('/!'*$%*&('��%$!
()�!$7!#H� !7!'*�� *3%*� %$!� '(*� 5!""� $!6$!�!'*!#� &'� *3!� 1"()%"
,(#!"�/%"/�"%*&('�6$!�!'*!#�3!$!��23!�!�"(/%"�I3(*��6(*�J�(7!$
&'#��*$&%"&8!#� %$!%�� /(�"#� )!� &,6($*%'*� .($� "(/%"� 3!%*&'1� &'
�$)%'�%$!%����'�%�,($!�/('*&'!'*%"��/%"!�%�$%#&%*&7!�.($/&'1�(.
���������+�,±�� &�� /%"/�"%*!#�(7!$� *3!� !%�*!$'��'&*!#� �*%*!��
5!�*!$'� ��$(6!�� %'#� !%�*!$'� ����&%�� 23!� /%"/�"%*&('� (.
$%#&%*&7!� .($/&'1� &""��*$%*!�� *3!� $!1&('%"� #&�*$&)�*&('� %'#
,%1'&*�#!�� %*� "!%�*� *(� %� .%/*($� (.� �� %//�$%/<��23!� /%"/�"%*!#
7%"�!�� %$!� (.� *3!� �%,!� ($#!$� %�� *3!� $%#&%*&7!� .($/&'1� (.� *3!
5!""�,&9!#� 1$!!'3(��!� 1%�� ���� :����� +� ,

±�;� )�*� �,%""!$
*3%'�*3!�$%#&%*&7!�.($/&'1�(.�*3!�3%"(/%$)('��:���@�+�,±�;�%'#
(.� *$(6(�63!$&/� (8('!� :�������� +� ,±�;� C3�
���
�������
��
�����	 
�	 �����
�	 �������� �DD�H�!����� �
	 ����� �DDDH� 
���
'�
�
�
�
�����	 *�������
�
��� �DDDE�� 
"()%""<� %7!$%1!#�� *3!
!�*&,%*!#� $%#&%*&7!� .($/&'1� (.� *$(6(�63!$&/����� &�� $!"%*&7!"<
�,%""�3%7&'1�%�7%"�!�(.�A����@�+�,����23!�$%#&%*&7!� .($/&'1
(.������3(5��%��,%""��!%�('%"�/</"!��5&*3�A�@K�"%$1!$�7%"�!�
*3%'� %7!$%1!� &'� 5&'*!$P�6$&'1� %'#� A�@K� "(5!$� 7%"�!�� &'
%�*�,'�� 23!� �!%�('%"� /</"!� &�� '(*� 7!$<� "%$1!� )!/%��!� *3!
"%$1!$�.($/&'1�&'�*3!���,,!$�/(,6%$!#�5&*3�*3!�5&'*!$��#�!�*(
*3!� 8!'&*3� %'1"!� #!6!'#!'/!�� &�� /(,6!'�%*!#� )<� *3!� �,%""!$
����/("�,'�������,&'1�%�"%$1!$�1$(�'#�%")!#(�(.����@�&'�*3!
/%"/�"%*&('� &'/$!%�!�� *3!� !�*&,%*!#� $%#&%*&7!� .($/&'1� )<� %
.%/*($� (.� ��� 	($/&'1� ,%6�� #!$&7!#� .$(,� *3!� � �
��
/%"/�"%*&('��%$!�%)(�*�3%".�*3(�!�#!$&7!#�.$(,� �=��2�
23!�$%#&%*&7!�.($/&'1�(.�*$(6(�63!$&/�����%��!�*&,%*!#�3!$!

&��)%�!#�('�/"(�#�.$!!�/('#&*&('����&'/!� *3!�)�"0�(.� *3!����

$!�&#!�� &'� *3!� )(�'#%$<� "%<!$� )!"(5� *3!� /"(�#��� /"(�#�
!..!/*&7!"<� �3&!"#� *3!� �("%$� $%#&%*&('� .$(,� *3!� ����� �7!'
/"(�#�� 5&*3� $!"%*&7!"<� �,%""� (6*&/%"� #!6*3�� 5&""� $!#�/!� *3!
1"()%""<�%7!$%1!#�$%#&%*&7!�.($/&'1��	($�!9%,6"!��%�/"(�#�5&*3
%'� (6*&/%"� #!6*3� (.� ��� 5&""� $!#�/!� *3!� $%#&%*&7!� .($/&'1� )<
�@K��23���� %��%� "(5!$� "&,&*�5!� /%'� %���,!� *3%*� /"(�#��5&""
$!#�/!� *3!� !�*&,%*!#� "(/%"� $%#&%*&7!� .($/&'1� )<� '!%$"<� *3!
.$%/*&('� (.� "(/%"� /"(�#� /(7!$�� ����,&'1� %'� %7!$%1!� /"(�#
/(7!$�(.�@�K� *3!�,%9&,%� &'� *3!� "(/%"� $%#&%*&7!� .($/&'1�(7!$
*3!�&'#��*$&%"&8!#�%$!%��)!/(,!��A���@����F�+�,���

6�� ������

��


2$(6(�63!$&/�����/("�,'��#!$&7!#�.$(,�
� ��#%*%�3%7!
)!!'� /(,6%$!#� 5&*3� *3%*� .$(,� ,(#!"� /%"/�"%*&('�� )<� *5(
1"()%"� *3$!!�#&,!'�&('%"� /3!,&�*$<� *$%'�6($*� ,(#!"��
� �
���%'#� �=��2��23!�1"()%"�6%**!$'��&'�����/("�,'�
%$!� 5!""� $!6$(#�/!#� )<� *3!� ,(#!"�G� "%$1!� *$(6(�63!$&/
/("�,'�� (7!$� *3!� &'#��*$&%"&8!#� %$!%�� (.� *3!� !%�*!$'� �'&*!#
�*%*!�����$(6!��%'#���&%��%��5!""�%��(7!$�/&*&!��&'��.$&/%�%'#
�(�*3� �,!$&/%H� &'/$!%�!#� ���� /("�,'�� %$!� .(�'#� (7!$� *3!
)&(,%��� )�$'&'1� %$!%�� (.� �.$&/%� %'#� �(�*3� �,!$&/%�� 23!
7%$&%*&('� *3$(�13� *3!� �!%�('�� &�� %"�(� �&,&"%$� &'� )(*3� *3!

� ��%'#�*3!�,(#!"�#%*%��!*���3%7&'1�"%$1!$�7%"�!��&'�5&'*!$
%'#� �,%""!$�('!�� &'� ��,,!$��23!�?�%'*&*%*&7!� /(,6%$&�('� &�
"&,&*!#� )<� *3!� �'/!$*%&'*<� &'� *3!� *$(6(�63!$&/� ���� /("�,'�
#!$&7!#�.$(,�
� ��/%��!#�)<�*3!��'/!$*%&'*<�&'�*3!�%&$�,%��
.%/*($��%'#�/"(�#�/(7!$�%'#�#�!�*(�*3!�#&..&/�"*<�(.�,(#!"&'1
*3!�#<'%,&/��(.�*3!�)(�'#%$<�"%<!$�6$(6!$"<�&'�1"()%"�,(#!"��
��*!'*%*&7!�/(,6%$&�('�(.�*3!�%)�("�*!�7%"�!���3(5��*3%*� *3!

,!%��$!#�*$(6(�63!$&/�/("�,'�%,(�'*��&'.!$$!#�.$(,�
� �
%$!�(.� *3!� �%,!�($#!$�%�� *3(�!�/%"/�"%*!#�)<� �=��2�(7!$
&'#��*$&%"&8!#� %$!%��� 23!� ,%9&,�,� 7%"�!�� &'� �=��2� %$!
�&,&"%$� *(� *3(�!�(.�
� �� .($� *3!��'&*!#��*%*!�� :%� .%/*($� (.
��F���@� �,%""!$;� %'#� ��$(6!� :�����;�� )�*� %� .%/*($� (.� ��@���@
�,%""!$�.($���&%�:('�*3!��%,!�1$&#;���.�%7!$%1!#�(7!$�%�"%$1!$
%$!%� :��)/('*&'!'*%";� *3!� 3&13� ,%9&,�,� 7%"�!�� &'� 7!$<
"(/%"&8!#� %$!%�� &'�  �=��2� %'#� &'� 
� �� %$!� �(,!53%*
$!#�/!#��23!� %1$!!,!'*� )!*5!!'� *3!�,(#!"� /%"/�"%*&('�� %'#
*3!� 
� �� ,!%��$!,!'*�� &�� �(,!53%*� 5($�!� .($� �(�*3
�,!$&/%�%'#��.$&/%��%$!%��5&*3�"(5!$�����/("�,'��&'�53&/3
)&(,%��� )�$'&'1�� �%7%''%3� .&$!��� %'#� �(&"� !,&��&('�� %$!� *3!
#(,&'%'*���[��(�$/!���23!�,%9&,�,�7%"�!��(.�� �
���%$!
�&1'&.&/%'*"<��,%""!$�*3%'�*3(�!�(.�
� �G�%)(�*�%�.%/*($�(.���
��.($�*3!��'&*!#��*%*!���A��@���.($���$(6!��%'#�A��@�.($���&%�
��&'1�*3!��%,!�1$&#�.($�)(*3�
�7!$� 6(""�*!#� %$!%�� *3!� "%$1!�*� /('*$&)�*&('� *(� *3!� *$(6(�

�63!$&/�����/("�,'�($&1&'%*!�� .$(,�*3!�)(�'#%$<� "%<!$��23!
)(�'#%$<� "%<!$� &�� #&..&/�"*� *(� ,(#!"� 6$(6!$"<� &'� %� 1"()%"
%*,(�63!$&/� ,(#!"�� )!/%��!� *3!� /3!,&/%"� %'#� #<'%,&/%"
6$(/!��!��&'�*3!�)(�'#%$<�"%<!$�(//�$�('��6%*&%"�%'#�*!,6($%"
�/%"!�� *3%*� %$!� *((� �,%""� .($� *3!� $!"%*&7!"<� /(%$�!� �6%*&%"
$!�("�*&('� %'#� *&,!� �*!6� (.� 1"()%"� ,(#!"��� 23!$!.($!� ,�/3
3&13!$����� /('/!'*$%*&('��,&13*�)!� .(�'#�('� �,%""!$� �/%"!�
:�!7!$%"� 0&"(,!*!$�;� &'� *3!� )(�'#%$<� "%<!$� *3%'� *3(�!� /%"/��
"%*!#� )<� 1"()%"� ,(#!"��� 53&/3� /%'� "(/%""<� &'/$!%�!� *3!
*$(6(�63!$&/�����/("�,'��&1'&.&/%'*"<�
23!� !..!/*� (.� %� 6(��&)"!� 3!*!$(1!'!(��� /('7!$�&('� :('

�((*;� (.� 
���� *(� ��� ('� *3!� ,(#!"!#� ���� /("�,'�� &'� *3!
*$(6(�63!$!� 3%�� )!!'� �*�#&!�� 5&*3� *3!� � �
���,(#!"��+!
.(�'#�*3%*�*3&��$!%/*&('�/%'�&'/$!%�!�*3!�,(#!"!#�*$(6(�63!$&/
���� /("�,'��5&*3� �����K� &'� *3!� !%�*!$'��'&*!#� �*%*!�� %'#
5!�*!$'���$(6!�%'#�%$(�'#����K�&'�5!�*!$'�����&%���&)!$&%�
%'#� !%�*!$'� (.� �3&'%�� 23!� ,(#!"!#� $%*&(�� ���P��[� %'#
��[P��\�3%7!�)!!'�%'%"<8!#�%'#�.(�'#�*(�)!�/"(�!�*(�()�!$�
7%*&('�� (7!$� !%�*!$'� �($*3� �,!$&/%�� %##&'1� /('.&#!'/!� *(
,(#!"�/%"/�"%*&('��(.�*3!�����/("�,'��
23!�,(#!"!#�*$(6(�63!$&/�����/("�,'��.$(,� �=��2�%�

5!""� %�� *3!� /("�,'�� ,!%��$!#� )<� 
� �� %1$!!� 5&*3� ���

/("�,'�� #!$&7!#� .$(,� ()�!$7!#� ���� ,&9&'1� $%*&(�� &'� *3!
)(�'#%$<� "%<!$� &'� !%�*!$'� �($*3� �,!$&/%G� *3!� ���� /("�,'�
.$(,�
� ��%$!������9������,("!/�"!��/,����.$(,� �=��2
%$!� ��F� 9� ����� ,("!/�"!�� /,���� %'#� *3(�!� #!$&7!#� .$(,� *3!
��$.%/!� ,&9&'1� $%*&(�� %$!� @���� 9� ����� ,("!/�"!�� /,���� �'
� �
�������� &�� *$%'�6($*!#� (�*� (.� *3!� )(�'#%$<� "%<!$� *((
.%�*� $!��"*&'1� &'� "(5!$����� /("�,'�� :��@���9���

���,("!/�"!�
/,��;��S�%"&*%*&7!"<��*3!�6%**!$'�(.�*$(6(�63!$&/�����/("�,'�
%��,!%��$!#�)<�
� ��%1$!!�5!""�5&*3�*3!�('!��/%"/�"%*!#�)<
 �=��2�%'#�� �
������?�%'*&*%*&7!�/(,6%$&�('� &��,($!
#&..&/�"*�� )�*� &'#&/%*!�� *3%*� *3!� 
� �� ���� /("�,'��� *3(�!
/%"/�"%*!#� )<�  �=��2�� %'#� *3(�!� #!$&7!#� ��$.%/!� ,&9&'1
$%*&(��%$!�%""�(.�*3!��%,!�($#!$�.($�!%�*!$'��($*3��,!$&/%�
�'�!�*&,%*!�(.�*3!�$%#&%*&7!�.($/&'1�(.�����3%��)!!'�,%#!

��&'1� *3!� /%"/�"%*!#� *$(6(�63!$&/� ���� /("�,'�� .$(,
 �=��2��23!� "(/%"�,%9&,%�(7!$� *3!� !%�*!$'��'&*!#��*%*!�
%'#� 5!�*!$'� ��$(6!� &'� *3!� $%#&%*&7!� .($/&'1� (.� *$(6(�63!$&/
���� &�� �������@�+�,

����53&"!� 7%"�!�� (.� ���������+�,��� %$!
!�*&,%*!#�('�%�/('*&'!'*%"� �/%"!� :/"(�#� .$!!�/('#&*&('�;��23!
%""��0<�!�*&,%*!��%$!�%)(�*�%�.%/*($�(.����,%""!$�*3%'�*3!�/"!%$
�0<�7%"�!���23!�!�7%"�!��%$!�(.�*3!��%,!�($#!$�%��*3!�$%#&%*&7!
.($/&'1�(.�����)�*� �,%""!$� *3%'� *3%*� (.� *3!� 3%"(/%$)('�� %'#
*$(6(�63!$&/�(8('!��23!�1"()%""<�%7!$%1!#�$%#&%*&7!�.($/&'1�&�
'!1"&1&)"!��A����@�+�,���



���������2����G�
��4���2������
������������� �����2��4�2���� ������@D

$FNQRZOHGJPHQWV�� � :H� ZRXOG� OLNH� WR� WKDQN� 0�� %XFKZLW]�� 5�
+DUOH\�� '�� 3DUULVK�� 9�� 5R]DQRY�� 6�� 6RORPRQ�� DQG� 0�� 7UDLQHU� IRU
XVHIXO�GLVFXVVLRQV� DQG� VXSSRUW� LQ� WKH�ZRUN� DQG� -��)��0�OOHU� IRU� KLV
KHOS�ZLWK�WKH�,0$*(6�PRGHO��3DUW�RI�WKH�ZRUN�ZDV�SHUIRUPHG�ZKLOH
RQH�RI�WKH�DXWKRUV��.��3IHLOVWLFNHU��KHOG�D�1DWLRQDO�5HVHDUFK�&RXQFLO�
12$$� 5HVHDUFK� $VVRFLDWHVKLS�� -�� %XUURZV� DQG� $�� 5LFKWHU
DFNQRZOHGJH� IXQGLQJ� E\� WKH� 8QLYHUVLW\� RI� %UHPHQ�� WKH� *HUPDQ
0LQLVWU\� IRU� (GXFDWLRQ� DQG� 5HVHDUFK� �%0%)�� DQG� WKH� (XURSHDQ
&RPPLVVLRQ�� 3DUW� RI� WKLV� ZRUN� KDV� DOVR� EHHQ� VXSSRUWHG� E\� WKH
(XURSHDQ� &RPPLVVLRQ� XQGHU� � WKH� 32(7� SURMHFW� �FRQWUDFW� (9.��
�������������6RPH�VLPXODWLRQV�KDYH�EHHQ�SHUIRUPHG�XVLQJ�FRPSXWHU
WLPH� SURYLGHG� E\� WKH� 1DWLRQDO� &HQWHU� IRU� $WPRVSKHULF� 5HVHDUFK
�1&$5���ZKLFK�LV�VSRQVRUHG�E\�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�

"�'������

%RYHVPDQQ�+���-��3��%XUURZV��0��%XFKZLW]��-��)UHULFN��6��1RsO��9�

9��5R]DQRY��.��9��&KDQFH��DQG�$��3��+��*RHGH��6&,$0$&+<��
0LVVLRQ� REMHFWLYHV� DQG� PHDVXUHPHQW� PRGHV�� -�� $WPRV�� 6FL��� ���
��������������

%UDVVHXU�� *�� 3��� '�� $��+DXJOXVWDLQH�� 6��:DOWHUV�� 3�� -�� 5DVFK�� -��)�
0�OOHU��&��*UDQLHU��DQG�;��;��7LH��02=$57��$�JOREDO�FKHPLFDO
WUDQVSRUW�PRGHO�IRU�R]RQH�DQG�UHODWHG�FKHPLFDO�WUDFHUV�����0RGHO
GHVFULSWLRQ��-��*HRSK\V��5HV���������������������������

%XUURZV� -�� 3��� :�� 6FKQHLGHU�� DQG� .�� 9�� &KDQFH�� µ*20(� DQG
6&,$0$&+<��5HPRWH�VHQVLQJ�RI�VWUDWRVSKHULF�DQG�WURSRVSKHULF
WUDFH� JDVHV�� LQ� &(&� $LU� 3ROOXWLRQ� 5HVHDUFK� 5HSRUW� ���� 3RODU
6WUDWRVSKHULF� 2]RQH� 3URFHHGLQJV� RI� WKH� )LUVW� (XURSHDQ

:RUNVKRS�� ���� 2FWREHU� ����� 6FKOLHUVHH�� %DYHULD� *HUPDQ\�

HGLWHG�E\� -��$��3\OH�DQG�1��5��3��+DUULV�� SS�� ��������2IILFH� IRU
3XEO��(XURSHDQ�&RPPXQLWLHV��/X[HPERXUJ�������

%XUURZV��-��3���HW�DO���*OREDO�2]RQH�0RQLWRULQJ�([SHULPHQW��,QWHULP
6FLHQFH� 5HSRUW�� (XU�� 6SDFH�$JHQF\� 6SHF�� 3XEO��� (6$� 63������
�����

%XUURZV��-��3���$��'HKQ��%��'HWHUV��6��+LPPHOPDQQ��$��5LFKWHU��6�
9RLJW��DQG�-��2USKDO��$WPRVSKHULF�UHPRWH�VHQVLQJ�UHIHUHQFH�GDWD
IURP�*20(�����7HPSHUDWXUH�GHSHQGHQW�DEVRUSWLRQ�FURVV� VHFWLRQ
RI�12��LQ�WKH���������QP�UDQJH��-��4XDQW��6SHFWU��5DGLDW��7UDQV��
�������������������D�

%XUURZV� -�� 3��� 7�� .XURVX�� 5�� *X]]L�� (�� &DWWDQL�� 0�� &DWWDQL�� 0�
&HUYLQR��&K��/HYRQL��DQG�)��7RUULFHOOD��*20(�FORXG�DQG�DHURVRO
GDWD� SURGXFWV� DOJRULWKP� GHYHORSPHQW�� ILQDO� UHSRUW� FRQWUDFW
���������1/�&1�� (XU�� 6SDFH� $JHQF\�� 1RRUGZLMN�� 1HWKHUODQGV�
����E�

Burrows, J. P., M. Buchwitz, M. Eisinger, V. Rozanov, M. Weber, A.
Richter, and A. Ladstätter-Weißenmayer, The Global Ozone
Monitoring Experiment (GOME), mission, instrument concept,
and first scientific results, in Proceedings of the Third ERS
Symposium Florence 18th-23rd of March 1997, Space at the Service
of our Environment, Eur. Space Agency Spec. Publ., ESA SP 414,
585-590, 1998c.

%XUURZV�� -�� 3��� HW� DO��� 7KH� *OREDO� 2]RQH� 0RQLWRULQJ� ([SHULPHQW
�*20(���0LVVLRQ� FRQFHSW� DQG� ILUVW� VFLHQWLILF� UHVXOWV�� -�� $WPRV�
6FL���������������������

%XVVHPHU�� 0��� 'HU� 5LQJ�(IIHNW�� 8UVDFKHQ� XQG� (LQIOX�� DXI� GLH
VSHNWURVNRSLVFKH� 0HVVXQJ� VWUDWRVSKlULVFKHU� 6SXUHQVWRIIH�
'LSORPD�WKHVLV��8QLY��RI�+HLGHOEHUJ��+HLGHOEHUJ��*HUPDQ\�������

&KDPHLGHV�� :�� /��� HW� DO��� 2]RQH� SUHFXUVRU� UHODWLRQVKLSV� LQ� WKH
DPELHQW�DWPRVSKHUH��-��*HRSK\V��5HV�����������������������

'H0RUH��:��%���'��0��*ROGHQ��5��)��+DPSVRQ��&��-��+RZDUG��&��(�
.ROE��0��-��.XU\OR��0��-��0ROLQD��$��5��5DYLVKDQNDUD��DQG�6��3�
6DQGHU�� &KHPLFDO� NLQHWLFV� DQG� SKRWRFKHPLFDO� GDWD� IRU� XVH� LQ
VWUDWRVSKHULF� PRGHOLQJ�� 'DWD� HYDOXDWLRQ� ���� -3/� 3XEO��� �����
�����

'UHKHU��'��%��� DQG�5��$��+DUOH\��$� IXHO�EDVHG� LQYHQWRU\� IRU�KHDY\�
GXW\�GLHVHO�WUXFN�HPLVVLRQV��$LU�:DVWH�0DQDJH��$VVRF�����������
����������

Eisinger, M., and J. P. Burrows, Tropospheric sulfur dioxide
observed by the ERS-2 GOME instrument, Geophys. Res. Lett.,
25, 4177-4180, 1998.

(LVLQJHU��0���-��3��%XUURZV��DQG�$��5LFKWHU��6WXGLHV�RI�WKH�SUHFLVLRQ
RI� *20(� LUUDGLDQFH� DQG� UDGLDQFH� SURGXFWV� DQG� *20(
PHDVXUHPHQWV� RI� 2&O2� DQG� %U2� RYHU� $QWDUFWLFD�� LQ� (6$
3XEOLFDWLRQ� 'LYLVLRQ� �:33������� *20(�� *OREDO� 2]RQH

0RQLWRULQJ� ([SHULPHQW�� *HRSK\VLFDO� 9DOLGDWLRQ� &DPSDLJQ�
HGLWHG�E\�)��%HGQDU]��SS����������(XU�� 6SDFH�5HV�� DQG�7HFKQRO�
&HQW���)UDVFDWL��,WDO\�������

(PPRQV��/��.���HW�DO���&OLPDWRORJLHV�RI�12[�DQG�12\��$�FRPSDULVRQ
RI�GDWD�DQG�PRGHOV��$WPRV��(QYLURQ�����������������������

(PPRQV��/��.���'��$��+DXJOXVWDLQH��-��)��0�OOHU��0��$��&DUUROO��*�
3�� %UDVVHXU�� '�� %UXQQHU�� -�� 6WDHKHOLQ�� 9�� 7KRXUHW�� DQG� $�
0DUHQFR�� 'DWD� FRPSRVLWHV� RI� DLUERUQH� REVHUYDWLRQV� RI
WURSRVSKHULF� R]RQH� DQG� LWV� SUHFXUVRUV�� -�� *HRSK\V�� 5HV��� ����
��������������������

(QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\�� 1DWLRQDO� $LU� 4XDOLW\� DQG

(PLVVLRQV�7UHQGV�5HSRUW�������8�6��(QYLURQ��3URW��$JHQF\��2II�
RI�$LU�4XDOLW\�3ODQQ��DQG�6WDQG���5HV��7ULDQJOH�3DUN��1��&��������

*UDQLHU��&���-��)��0�OOHU��6��0DGURQLFK��DQG�*��3��%UDVVHXU��3RVVLEOH
FDXVHV�IRU�WKH�����������GHFUHDVH�LQ�WKH�JOREDO�WURSRVSKHULF�&2
DEXQGDQFH�� $� WKUHH�GLPHQVLRQDO� VWXG\�� $WPRV�� (QYLURQ��� ���
����������������

*UDQLHU�� &��� -��)�� 0�OOHU�� *�� 3pWURQ�� DQG� *�� %UDVVHXU�� $� WKUHH�
GLPHQVLRQDO�VWXG\�RI�WKH�JOREDO��&2�EXGJHW��&KHPRVSKHUH�*OREDO
&KDQJH�6FL��������������������

*UDQLHU�� &��� -��)��0�OOHU�� DQG�*�� %UDVVHXU�� 7KH� LPSDFW� RI� ELRPDVV
EXUQLQJ� RQ� WKH� JOREDO� EXGJHW� RI� R]RQH� DQG� R]RQH� SUHFXUVRUV�� LQ
%LRPDVV� %XUQLQJ� DQG� LWV� ,QWHU�5HODWLRQVKLS� ZLWK� WKH� &OLPDWH

6\VWHP��HGLWHG�E\�-��/��,QQHV��0��%HQLVWRQ��DQG�0��9HUVWUDWH��SS�
�������.OXZHU�$FDG���1RUZHOO��0DVV�������D�

*UDQLHU��&���*��3pWURQ��-��)��0�OOHU��DQG�*��%UDVVHXU��7KH�LPSDFW�RI
QDWXUDO� DQG� DQWKURSRJHQLF� K\GURFDUERQV� RQ� WKH� WURSRVSKHULF
EXGJHW� RI� FDUERQ� PRQR[LGH�� $WPRV�� (QYLURQ��� ���� ����������
����E�

+DR�� :�� 0��� DQG� 0�� +�� /LX�� 6SDWLDO� DQG� WHPSRUDO� GLVWULEXWLRQ� RI
WURSLFDO� ELRPDVV� EXUQLQJ�� *OREDO� %LRJHRFKHP�� &\FOHV�� ��� ����
����������

+DXJOXVWDLQH��'��$���%��$��5LGOH\��6�� 6RORPRQ��3��*��+HVV�� DQG� 6�
0DGURQLFK�� +12��12[� UDWLR� LQ� WKH� UHPRWH� WURSRVSKHUH� GXULQJ
0/23(;����(YLGHQFH� IRU�QLWUL[�DFLG� UHGXFWLRQ�RQ�FDUERQDFHRXV
DHURVROV"��*HRSK\V��5HV��/HWW�����������������������

+DXJOXVWDLQH�� '��$��� *�� 3�� %UDVVHXU�� 6��:DOWHUV�� 3�� -�� 5DVFK�� -��)�
0�OOHU��/��.��(PPRQV�� DQG�0��$��&DUUROO��02=$57��$�JOREDO
FKHPLFDO�WUDQVSRUW�PRGHO� IRU�R]RQH�DQG�UHODWHG�FKHPLFDO� WUDFHUV�
���0RGHO� UHVXOWV� DQG� HYDOXDWLRQ�� -��*HRSK\V�� 5HV�������� �������
�������������

Hegels, E., D. Perner, P. J. Crutzen, J. P. Burrows, A. Ladstätter-
Weißenmayer, M. Eisinger, J. Callies, and W. Balzer, Global
Ozone Monitoring Experiment: first BrO measurements, in XVIII
Quadrennial Ozone Sympoisum 1996 L’Aquila Italy Atmospheric
Ozone: Proceedings of the Quadrennial Ozone Symposium 1996
Italy 12-21 September 1996, edited by R. D. Bojkov and G.
Visconti, pp. 293-296, Parco Scientifico e Technologico
d’Abruzzio, L’Aquila, Italy, 1998.

+ROWVODJ��$��� DQG�%��%RYLOOH�� /RFDO� YHUVXV� QRQORFDO� ERXQGDU\�OD\HU
GLIIXVLRQ�LQ�D�JOREDO�FOLPDWH�PRGHO��-��&OLP����������������������

+RRJHQ��5���9��9��5R]DQRY��DQG�-��3��%XUURZV��2]RQH�SURILOHV�IURP
*20(�VDWHOOLWH�GDWD��DOJRULWKP�GHVFULSWLRQ�DQG�ILUVW�YDOLGDWLRQ��-�
*HRSK\V��5HV������������������������

+RURZLW]�� /�� :��� DQG� '�� -�� -DFRE�� *OREDO� LPSDFW� RI� IRVVLO� IXHO
FRPEXVWLRQ�RQ�DWPRVSKHULF�12[��-��*HRSK\V��5HV���������������
�������������

,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��&OLPDWH�&KDQJH������
7KH� 6FLHQFH� RI� &OLPDWH� &KDQJH�� &DPEULGJH� 8QLY�� 3UHVV�� 1HZ
<RUN�������

-lKQH��%���6LJQDO�SURFHVVLQJ�DQG�SDWWHUQ�UHFRJQLWLRQ��LQ�+DQGERRN�RI
&RPSXWHU�9LVLRQ�DQG�$SSOLFDWLRQV��YRO�����HGLWHG�E\�%��-lKQH��+�
+DXVVlFNHU��DQG�3�*HL�OHU��$FDGHPLF��6DQ�'LHJR��&DOLI��������

.DWR��1���DQG�+��$NLPRWR��$QWKURSRJHQLF�HPLVVLRQV�RI�62��DQG�12[

LQ�$VLD��(PLVVLRQ�LQYHQWRULHV��$WPRV��(QYLURQ���3DUW�$�����������
�����������

.LHKO�� -�� 7��� 7�� /�� 6FKQHLGHU�� 5�� :�� 3RUWPDQQ�� DQG� 6�� 6RORPRQ�
&OLPDWH� IRUFLQJ� GXH� WR� WURSRVSKHULF� DQG� VWUDWRVSKHULF� R]RQH�� -�
*HRSK\V��5HV����������������������������

.UDXV�� $�� %��� )�� 5RKUHU�� (�� 6�� *UREOHU�� DQG� '�� (KKDOW�� 7KH� JOREDO
WURSRVSKHULF�GLVWULEXWLRQ�RI�12[�HVWLPDWHG�E\�D�WKUHH�GLPHQVLRQDO
FKHPLFDO� WUDFHU� PRGHO�� -�� *HRSK\V�� 5HV��� ����� ��������������
�����

.XURVX�� 7��� 9�� 9�� 5R]DQRY�� DQG� -�� 3�� %XUURZV�� 3DUDPHWHUL]DWLRQ
VFKHPHV�IRU�WHUUHVWULDO�ZDWHU�FORXGV�LQ�WKH�UDGLDWLYH�WUDQVIHU�PRGHO
*20(75$1��-��*HRSK\V��5HV����������������������������

/DPDUTXH��-��)���*��3��%UDVVHXU��DQG�3��*��+HVV��7KUHH�GLPHQVLRQDO
VWXG\�RI�WKH�UHODWLYH�FRQWULEXWLRQV�RI�WKH�GLIIHUHQW�QLWURJHQ�VRXUFHV
LQ�WKH�WURSRVSKHUH��-��*HRSK\V��5HV����������������������������

/DU\��'��-���5��7RXPL��$��0��/HH��0��1HZFKXUFK��0��3LUUH��DQG��-��%�



�����������������������������������2����G�
��4���2������
������������� �����2��4�2������������

5HQDUG�� &DUERQ� DHURVROV� DQG� DWPRVSKHULF� SKRWRFKHPLVWU\�� -�
*HRSK\V��5HV������������������������

/HXH�� &��� 4XDQWLWDWLYH� $QDO\VLV� RI� 12[� HPLVVLRQV� IURP� *20(
VDWHOOLWH� LPDJH� VHTXHQFHV�� 3K�'�� WKHVLV�� 8QLY�� RI� +HLGHOEHUJ�
+HLGHOEHUJ��*HUPDQ\�������

/HXH�� &��� 0�� :HQLJ�� DQG� 8�� 3ODWW�� 5HWULHYDO� RI� WURSRVSKHULF� 12�

FRQFHQWUDWLRQ� IURP�PXOWLVSHFWUDO� LPDJH� VHTXHQFHV�� LQ�+DQGERRN
RI�&RPSXWHU�9LVLRQ�DQG�$SSOLFDWLRQV��YRO�����FKDS������HGLWHG�E\
%��-lKQH��+��+DXVVlFNHU��DQG�3��*HL�OHU��SS�����������$FDGHPLF�
6DQ�'LHJR��&DOLI�������

/HXH��&���0��:HQLJ��7��:DJQHU��2��.OLPP��8��3ODWW��DQG�%�� -lKQH�
4XDQWLWDWLYH� DQDO\VLV� RI� 12[� HPLVVLRQV� IURP� *20(� VDWHOOLWH
LPDJH�VHTXHQFHV��-��*HRSK\V��5HV������������������������

/HY\� ,,�� +���:�� -�� 0R[LP�� $�� $�� .ORQHFNL�� DQG� 3�� 6�� .DVLEKDWOD�
6LPXODWHG� WURSRVSKHULF� 12[�� ,WV� HYDOXDWLRQ�� JOREDO� GLVWULEXWLRQ
DQG� LQGLYLGXDO� VRXUFH� FRQWULEXWLRQV�� -�� *HRSK\V�� 5HV��� ����
��������������������

/RJDQ�� -�� $��� 0�� -�� 3DUWKHU�� 6�� &�� :RIV\�� DQG� 0�� %�� 0F(OUR\�
7URSRVSKHULF� FKHPLVWU\��$�JOREDO� SHUVSHFWLYH��-��*HRSK\V�� 5HV��
��������������������

0DUTXDUG��/��&���7��:DJQHU��DQG�8��3ODWW��,PSURYHG�DLU�PDVV�IDFWRU
FRQFHSWV� IRU� VFDWWHUHG� UDGLDWLRQ� GLIIHUHQWLDO� RSWLFDO� DEVRUSWLRQ
VSHFWURVFRS\� RI� DWPRVSKHULF� VSHFLHV�� -�� *HRSK\V�� 5HV��� ����
����������������

0R[LP��:�� -��� +�� /HY\� ,,�� DQG� 3�� 6�� .DVLEKDWOD�� 6LPXODWHG� JOREDO
WURSRVSKHULF�3$1��,WV� WUDQVSRUW�DQG� LPSDFW�RQ�12[��-��*HRSK\V�
5HV����������������������������

0�OOHU�� -��)��� *HRJUDSKLFDO� GLVWULEXWLRQ� DQG� VHDVRQDO� YDULDWLRQ� RI
VXUIDFH� HPLVVLRQV� DQG� GHSRVLWLRQ� YHORFLWLHV� RI� DWPRVSKHULF� WUDFH
JDVHV��-��*HRSK\V��5HV�����������������������

0�OOHU�� -��)��� DQG� *�� %UDVVHXU�� ,0$*(6�� $� WKUHH�GLPHQVLRQDO
FKHPLFDO� WUDQVSRUW�PRGHO� RI� WKH� JOREDO� WURSRVSKHUH��-��*HRSK\V�
5HV����������������������������

1RHO�� 6��� 0�� %XFKZLW]�� +�� %RYHQVPDQQ�� 5�� +RRJHQ�� DQG� -�
3�%XUURZV�� $WPRVSKHULF� ZDWHU� YDSRXU� DPRXQWV� UHWULHYHG� IURP
*20(�VDWHOOLWH�GDWD��*HRSK\V��5HV��/HWW�����������������������

2OLYLHU��-��*��-���$��)��%RXZPDQ��&��:��0��YDQ�GHU�0DDV�� -�� -��0�
%HUGRZVNL��&��9HOGW��-��3��-��%ORRV��$��-��+��9LVVFKHGLMN��3��<��-�
=DQGYHOG�� DQG� -�� /�� +DYHUVODJ�� 'HVFULSWLRQ� RI� ('*$5� YHUVLRQ
�����$�VHW�RI�JOREDO�HPLVVLRQ�LQYHQWRULHV�RI�JUHHQKRXVH�JDVHV�DQG
R]RQH�GHSOHWLQJ�VXEVWDQFHV�IRU�DOO�DQWKURSRJHQLF�DQG�PRVW�QDWXUDO
VRXUFHV� RQ� D� SHU� FRXQWU\� EDVLV� DQG� RQ� �[�� JULG�� 5,90� 5HS�

����������� 1DWO�� ,QVW�� RI� 3XEOLF� +HDOWK� DQG� WKH� (QYLURQ��
%LOWKRYHQ��1HWKHUODQGV�������

3DUULVK��'��'���HW�DO���7KH�WRWDO�UHDFWLYH�R[LGL]HG�QLWURJHQ�OHYHOV�DQG
WKH�SDUWLWLRQLQJ�EHWZHHQ�WKH�LQGLYLGXDO�VSHFLHV�DW�VL[�UXUDO�VLWHV�LQ
HDVWHUQ�1RUWK�$PHULFD��-��*HRSK\V��5HV�����������������������

3HQQHU�� -�� (��� '�� -�� %HUJPDQQ�� -�� -�� :DOWRQ�� '�� .LQQLVRQ�� 0�� -�
3UDWKHU�� '�� 5RWPDQ�� &�� 3ULFH�� .�� (�� 3LFNHULQJ�� DQG� 6�� /�
%DXJKFXP�� $Q� HYDOXDWLRQ� RI� XSSHU� WURSRVSKHULF� 12[� ZLWK� WZR
PRGHOV��-��*HRSK\V��5HV����������������������������

3KDP��0��� -��)��0�OOHU��*��%UDVVHXU��&��*UDQLHU�� DQG�*��0HJLH�� $
WKUHH�GLPHQVLRQDO� VWXG\� RI� WKH� WURSRVSKHULF� VXOIXU� F\FOH�� -�
*HRSK\V��5HV����������������������������

3ODWW��8���'LIIHUHQWLDO�2SWLFDO�$EVRUSWLRQ�6SHFWURVFRS\� �'2$6��� LQ
$LU�0RQLWRULQJ� E\� 6SHFWURVFRSLF� 7HFKQLTXHV�� FKDS�� ����� HGLWHG
E\�0��:��6LJULVW��SS���������-RKQ�:LOH\��1HZ�<RUN�������

3ULFH�� &��� DQG� '�� 5LQG�� $� VLPSOH� OLJKWQLQJ� SDUDPHWHUL]DWLRQ� IRU
FDOFXODWLQJ� JOREDO� OLJKWQLQJ� GLVWULEXWLRQV�� -�� *HRSK\V�� 5HV��� ���
����������������

5LFKWHU�� $��� 0�� (LVLQJHU�� )�� :LWWURFN�� DQG� -�� 3�� %XUURZV�� %U2
REVHUYHG� IURP� *20(� LQ� WKH� 1RUWKHUQ� +HPLVSKHUH� LQ� �����
*HRSK\V��5HV��/HWW����������������������

5LFKWHU� $�� DQG� -�� 3�� %XUURZV�� 7URSRVSKHULF� 12�� IURP� *20(
PHDVXUHPHQWV��$GY��6SDFH�5HV���LQ�SUHVV�������

5R]DQRY�� 9��� '�� 'LHEHO�� 5�� -�� '�� 6SXUU�� DQG� -�� 3�� %XUURZV�
*20(75$1��$�UDGLDWLYH�WUDQVIHU�PRGHO�IRU�WKH�VDWHOOLWH�SURMHFW
*20(� �� WKH� SODQH� SDUDOOHO� YHUVLRQ�� -�� *HRSK\V�� 5HV��� ����
��������������������

6RORPRQ�� 6��� 5�� :�� 3RUWPDQQ�� 5�� :�� 6DQGHUV�� -�� 6�� 'DQLHO�� :�
0DGVHQ��%��%DUWUDP�� DQG�(��*��'XWWRQ�� 2Q� WKH� UROH� RI� QLWURJHQ
GLR[LGH�LQ�WKH�DEVRUSWLRQ�RI�VRODU�UDGLDWLRQ��-��*HRSK\V��5HV�������
��������������������

6WDPQHV�� .��� 6�� &�� 7VD\�� :�� :LVFRPEH�� DQG� .�� -D\DZHHUD�� $
QXPHULFDOO\� VWDEOH� DOJRULWKP� IRU� GLVFUHWH�RUGLQDWH�PHWKRG
UDGLDWLYH� WUDQVIHU� LQ� VFDWWHULQJ�DQG�HPLWWLQJ� OD\HUHG�PHGLD��$SSO�
2SW�����������������������

7XUPDQ�� %�� 1��� DQG� %�� &�� (GJDU�� *OREDO� OLJKWQLQJ� GLVWULEXWLRQV� DW
GDZQ�DQG�GXVN��-��*HRSK\V��5HV�����������������������

9DONV�� 3�� -��0��� DQG�*�� -��0��9HOGHUV�� 7KH� SUHVHQW�GD\� DQG� IXWXUH
LPSDFW�RI�12[�HPLVVLRQV�IURP�VXEVRQLF�DLUFUDIW�RQ�WKH�DWPRVSKHUH
LQ�UHODWLRQ� WR� WKH� LPSDFW�RI�12[� VXUIDFH�VRXUFHV��$QQ��*HRSK\V��
��������������������

9HOGHUV�� *�� -�� 0��� DQG� &�� *UDQLHU�� 6HQVLWLYLW\� RI� ZDVKRXW� RQ
+12��12[� UDWLR� LQ� DWPRVSKHULF� FKHPLVWU\� PRGHOV�� -�� *HRSK\V�
5HV������������������������

9RXQWDV��0���9��9��5R]DQRY�� -��3��%XUURZV��5LQJ�HIIHFW�� ,PSDFW�RI
URWDWLRQDO� 5DPDQ� VFDWWHULQJ� RQ� UDGLDWLYH� WUDQVIHU� LQ� HDUWK¶V
DWPRVSKHUH��-��4XDQW��6SHFWU��5DGLDW��7UDQV���������������������

:DJQHU�� 7��� 6DWHOOLWH� REVHUYDWLRQV� RI� DWPRVSKHULF� KDORJHQ� R[LGHV�
3K�'��WKHVLV��8QLY��RI�+HLGHOEHUJ��+HLGHOEHUJ��*HUPDQ\�������

:DJQHU�� 7��� DQG� 8�� 3ODWW�� 6DWHOOLWH� PDSSLQJ� RI� HQKDQFHG� %U2
FRQFHQWUDWLRQV�LQ�WKH�WURSRVSKHUH��1DWXUH���������������������

:DJQHU��7���&��/HXH��.��3IHLOVWLFNHU�� DQG�8��3ODWW��0HDVXUHPHQW� RI
DWPRVSKHULF� %U2� DQG� 2&O2� E\� *20(�� LQ� 3URFHHGLQJV� RI� WKH
(XURSHDQ�6\PSRVLXP�RQ�$WPRVSKHULF�0HDVXUHPHQWV�IURP�6SDFH

�(6$06������������-DQXDU\�������SS�����������(XU��6SDFH�5HV�
DQG�7HFKQRO��&HQW���1RRUGZLMN��1HWKHUODQGV�������

:DQJ�� <��� -�� $�� /RJDQ�� DQG� '�� -�� -DFRE�� *OREDO� VLPXODWLRQ� RI
WURSRVSKHULF�2��12[�K\GURFDUERQ�FKHPLVWU\�����0RGHO�HYDOXDWLRQ
DQG�JOREDO� R]RQH�EXGJHW��-��*HRSK\V��5HV�������� ��������������
�����

:HQLJ�� 0��� &�� /HXH�� %�� -lKQH�� DQG� 8�� 3ODWW�� &ORXG� FODVVLILFDWLRQ
XVLQJ� LPDJH� VHTXHQFHV� RI� *20(� GDWD�� LQ� 3URFHHGLQJV� RI� WKH
(XURSHDQ�6\PSRVLXP�RQ�$WPRVSKHULF�0HDVXUHPHQWV�IURP�6SDFH

�(6$06������������-DQXDU\�������SS�����������(XU��6SDFH�5HV�
DQG�7HFKQRO��&HQW���1RRUGZLMN��1HWKHUODQGV�������
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GHSOHWLRQ�� ������ HGLWHG� E\� '�� $OEULWWRQ� HW� DO��� 5HS�� ���� *OREDO
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BBBBBBBBBBB
-��3��%XUURZV�DQG�$��5LFKWHU��,QVWLWXWH�RI�(QYLURQPHQWDO�3K\VLFV�

8QLYHUVLW\�RI�%UHPHQ��3�2��%R[���������������%UHPHQ��*HUPDQ\�
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�5HFHLYHG�0D\�����������UHYLVHG�2FWREHU����������
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