
Data Mining for Source and Model Performance of 
Tall-Stack Sources

Prof Roger Timmis, Environment Agency

Dr Andy Malby, Lancaster University

Dr Duncan Whyatt, Lancaster University

Web: http://airtrack.lancs.ac.uk

Email: roger.timmis@environment-agency.gov.uk



� � � � �� �� �� � �	
 � �� 
 
 � � � �� �� 
 � � ��� � � 	
 � � � � � � �
 	�� � ���� � � � � �� 
 
 � � � �

� 
 � ��� �

• � � � �� �� � � � � � � � � �� 	 


• � � 
 � �
 �� �� � ��� � ��� 	 � ��� � � � 	 � �� � � �� � 
 � � 	 � ��� � � � � � � �� � � �

• � � 
 � � � �� � �
 � �� � � �� � � ��� � � � 	 � � 
 � � � ��� � � �� � 
 � � 	 � ��� �� 	 � 
 �

• � � 
 � ��� � � � � �� � � �� � � � � 
 � � �
 �� �

• � � 
 
 � � �



� � � �� �� � � � � � � � 
 �� � �

• � �  ! ��� � � � � �"#� � $ �� � � � �� � 	 � � � � � %� � � �� 	 


• & � � 	 � �' ( ( ) �* & � � 	 � �' ( +'

• � � , � �� � �� � � �� � � � � �
 � 	 � � �- � � � ��� � �"� 
 � � 
 � �%� � � �� � �� �� ��� 
 � �� � 
 �� �� .- � � ��
 � �� � 
 � /�� 0� 01

• ! � � � �
 �� � � ��� � � �� � �� ��� � ��� 	 � ��� � � � 	 � �� � � �� � 
 � � 	 � �* � � � � � � � �� � � �� 
  � � �� � � � �
 � /�
& 2�
 � 
 � �$ � � �
 � � ���	

• 3� �� � � � � �	 � � 
 � �� � 
 �� � �� ���� � �
 �, � �� � � � 	 � � �* � 	 � � 
 � � � � � �� 
 � � �$ � �4�

• ! � � � � � 
 �� � � �� 	 
 � 1

• ! � � � �
 �� � � ��� � � �� � �� �� ��� � � � $ � � �� � ��� 
 �� � ��� �5� � �6� � � �

• ! � � �
 � � ��� 
 � � ��� � � 	
 � � � � � � �
 	�" ! #� � �
 
 � � 
 �



� � � � �� �� �� � �	
 � �$
 � � ��� � ���� � � � � �� 
 
 � � � �� � � 	
 � � � � � � �%&'

• 7
 � �� � 
 �� �� .- � � ��
 � �� � 
 � �	 � � �� � �� � � �� � � � �"	 � � � �
 �� � � ��� %/��0� 0��� � �� � � 
 �	 � �� � �� � � � � � �� ��$ �� � �
� � � � � /�$ �� � �� �� � 	 
 �� � /�
 �
 � .� �.� � � /�� � � .� �.$ � � 4�� 
 	 0

• � �� � � � � � � � � � � � � $ � � � � $ �"	 � � � �
 �� � � ��� %� � �� 	 
 � � � � � 
 � � 	 � � � � � � � � � �� � � � � �� � � � , �� � � 	 � � � ��
� � � � 	 � �� � � �� � 
 � � 	 � /�� 0� 0�7�� � �6� ��� �



� � � � �� �� �� � �	
 � �$
 � � ��� � ���� � � � � �� 
 
 � � � �� � � 	
 � � � � � � �%( '

� � � � � � � �� � � �� 
  � � �� � � � �
 �

� ' �) � �� 
 � � �� �
 � � � �� � � � � ' �" 
 � � �� �
 � � � �� � � �



! � � � �
 �� � � ��� .� � � �� � � � �� 
 � �� � 
 �� � 
 � �	 � � �� � �� � � � ��� �' �
 � �� �$ � � � 0�

3
�	 � � �� � �	 � 
 � � � � � �
 � 1

• � 
 � 	 4�� 
 �� � �� � � �� � 
 � /�
 � �� � � 
 �� � �� � $ �� � � � � � � � 
 � 
 �, � �
 � � �� �� � � ��� � 
 � �� � � ��� � 
 �
� 
 � �� � 
 �� � 
 � ��� �� ��� � � � 	 � �� � � �� � 
 � � 	 �

• & � � � ��� � �	 � � 	 � � 
 � � 
 �� � � /�
 � �, � � ��� �
 � � � ��� � � �� � 
 � � 	 � �
 � � � �	 � 
 � � � � � � � �, � �� �*
� � � � �
 � � �
 � � � ��� � 
 �
 � � �8� �� 	 
 �� � 
 � � � ��� � �
 	 � �� �� 	 
 �� � � 
 � � 
 ���� 9* ! � � � �
 �� � � ��6� ��� � 
 �� �

� � � � �� �� �� � �	
 � �$
 � � ��� � ���� � � � � �� 
 
 � � � �� � � 	
 � � � � � � �%* '

� 
 � � �� ���� � �
 	�� �� � �� � � 
 �
 � �
 � �%� 
 
 � �� ' �+�� � � � �� � � � �, � �	
 � �� 
 � � �� �
 � � ��� 
 � � ��
, � ��� � � �
 � �
 	�� � � � � � � �� � �



#- � � � � �
 � �� 
 �! � � �
 � � ��� 
 � � ��� � � 	
 � � � � � � �%&' .�� � � � � 	� � � � ���� �

• � � 	 � � �- � � � �$ � � � �� � , � �� � � � �� , � � �� � � � 
 .� � � � � �� �� 
 � � 	 � � ���: �� � � � � � �+( 4
 �

• � � � � � �� � � � �� �
 � �
 �� .� � � � � �� ��� � � �� � � ��� �� 
 � � 	 � � ; ��+( %� �* +( ( 4
 �

• � �� � � ��� ��� � � �� � � ����<�=( 4
 ��
 � � � � � � � 
 ��� � 
 �� � � � 
 �6� ��� �

� /�0� ��� � �1�� � � � � �0� ��� � �� 
  � � �
� � � � �
 � �

� /�
0� ��

� �



" � 23 �4 ! � �� 
 � � ���� �

• ! � � , � � 
 �� � � ��	 � 
 � � � �� � � �
�, � ��� � 
 �� � ��� � �� � �	 � � 	 � � 
 � � 
 �� �

• ! & 7>.?  � �
 � � � ��� � � � ��� � �
� �� 	 � 
 ��� �' ( ( @

• � �� 	 � 
 �A� $ � � �� 
 � 
 �� � �� B'
�� � 
 � � �� 
 ��+' .� � � �� � � 
 � �� �

• ' ( ( ( & ? �	 � � � 	 �
 �

� B' ! � � 	 � � 
 � � 
 �� � �
�� � � �

#- � � � � �
 � �� 
 �! � � �
 � � ��� 
 � � ��� � � 	
 � � � � � � �%( ' .�� �� � 
 �



4 �� � �� � � � �

• ? �� � �� � � � � ��
 � � ��
 � � 
 �� � ��, � � � �
� �� � � � 
 �=C�� ��� B' 	 � � 	 � � 
 � � 
 �� � � �
�� � �� � 	 � �=4
 �� � �� �� � �� 


#- � � � � �
 � �� 
 �! � � �
 � � ��� 
 � � ��� � � 	
 � � � � � � �%* ' .�� �� � 
 �

• 7� � �
 �� � � ��	 � 
 � � � �� � � �
�, � ��� � 
 �� � ��� � �� � �$ �� � �� � � � �



2�� 
 � � � � � �� �� � � � ���� �

• 3� , � � � � �� ��& � � �� .B� � 4� � , �
�� � � 
 � ��
 .+� 
 � � 
 �� � ��, � � � �� �� � � � 
 �
=C�� ��� B' 	 � � 	 � � 
 � � 
 �� � �

#- � � � � �
 � �� 
 �! � � �
 � � ��� 
 � � ��� � � 	
 � � � � � � �%5' .�� �� � 
 �

More Unstable

More Stable

Neutral

• 7� � �
 �� � � ��	 � 
 � � � �� � � �
�, � ��� � 
 �� � ��� � �� � �� 
 � � ���
 �

• � � 
 � � � �� � 1�� 
 � � �� �	 � � � �
 �� � � �
�� 	 � � � �� 
 � � 
 �$ �
 � �� �� � � � �$ �� � � �
* ! & 7>��� � � � ;



� � ( � 
 � �� 
 � �� � �� �� � � �� 
 � �� � �( 66*

D� A

 � � � �

� � � � � � � �

E� � � � �� � 	 4� � � � � �

� 
 �� � � ���� � �	
 � �! � � �
 � � ��� 
 � � ��" 
 � � � � �� 
 � ///7

� � � � .��� �� �� �� 	 � 
 �
	 � 
 � � � � 
 � � �� �
 � �
�F� �$ � ���



� 
 � � ��� � �� � ( %� � � ' �8 � ���� 
 
 � � � �
%9� �  � ��'

� 
 � �� 
 � � � �� � ( %� � � '
%9� �  � ��'

� � ( �� � � � � � .�( �* �� : � � � ( �� � � � � � .�; �<�� : �

� �� � 
 � �� 
  � � �� � � � �
 � .�=� � � �	�� �� �� 
 � � �: � 
 � �� 
 � �" 
 � � � � �� 
 � �%&'



� 
 � � ��� � �� � ( %� � � '

� 
 � �� 
 � � � �� � ( %� � � '

� �� � 
 � �� 
  � � �� � � � �
 � .�=� � � �	�� �� �� 
 � � �: � 
 � �� 
 � �" 
 � � � � �� 
 � �%( '

� � 	 
 � 	 � � �
� � �� � 
 � ��� � �� � � 
 �� � �� � � � �� �� � � ��� � � � � � �� � �
�� � � � �� �	 
 �� � � � 
 � �� � � 	 �� � 	 �� � �

�� � � �� � � � ��� � 	 � � � � �� � ���	 � � �� 	 � � � � ��� 	 � � � �
 � � 	 ��

� �		� � � � � � �
 	�� � ( %� 
 � � ��� � �8 � � � � 
 � � � >�� � � '



� � � � � �0� ��� � �� 
  � � �� � � � �
 � � .�! 
 � � ��� � ( � 
 � � ���� � �%� � � ' �8 ! � � �
 � � ��� � � �� �

4 �� � � � �� � �

$� � � � 
  � �

� � ( �� � � � � � �	
 � � �� � �
� � � � � � �� � �  � � � �; �� � � �
&&� : �

4 �� � � � �� � �

$� � � � 
  � �

� � ( �� � � � � � �	
 � � �� � �
� � � � � � �� � �  � � � �( /+�� � � �
+� : �

� � ( %� � � '

� � ( %� � � '



� � ( �� � � � � � �	
 � � �� � �
� � � � � � �� � �  � � � �&&�� � � �
&5� : �

� � � � � �0� ��� � �� 
  � � �� � � � �
 � � .�! 
 � � ��� � ( � 
 � �� 
 � �� � �%� � � ' �8 ! � � �
 � � ��� � � �� �

4 �� � � � �� � �

$� � � � 
  � �

4 �� � � � �� � �

$� � � � 
  � �

� � ( �� � � � � � �	
 � � �� � �� � � � � � �
� � �  � � � �( /+�� � � �&6� : �

� �� ��� � �� � 	 
 � 	 � � �
� � �� � 
 � ��� � �� � � 
 �� � �� � � � �� �� � � ��� � � � � � �� � ��� � � � �
� �	 
 �� � � � 
 � �� � � 	 ��  � � � � � 


� � ( %� � � '

� � ( %� � � '



� � � � � �0� ��� � �� 
  � � �� � � � �
 � � .�� �		� � � � � � �
 	�� � ( %� 
 � � ��� � �� � � � 
 � � � >�� � � '

� � 	 
 � 	 � � �
� � �� � 
 � ��� � �� � � 
 �� � �� � � � �� �� � � ��� � � � � � �� � �
�� � � � �� �	 
 �� � � � 
 � �� � � 	 �� � 	 �� � �

�� � � �� � � � ��� � 	 � � � � �� � ���	 � � �� 	 � � � � ��� 	 � � � �
 � � 	 ��



#- � � � � �
 � �� 
 �! � � �
 � � ��� 
 � � ���� � .�� � � � �?� � 
 � � �� � � �� � � 
 � � 
 � �� �� � �

• 5� 	 � 
 �� � �� ��
 � � �
 � � �� � �� �
 � � ���
 �
 � �� 	 � � � ��� � �	 � � � �
 �� � � ��� � � �� � �� �� � �� � � �� � � ��� 	 � �� �

• 3� �
 �� ��� � �� � �� �� 
 �� � � �� � �� �� ��� � � � .��� �� �� B' � � � $ � �� � 
 � ��� 
 � � � � 
 �� � �� ���� � � � 	 � �

• ! � � �� ��
 � � � , � �� � � � � � 
 � � � �� � �� ��
 � � � ��� �� 
 � �� � � 	 � � � � � �$ �
 � �, � � 
 �	 � ��� � � ���� �� ��
	 � � 	 � � 
 � � 
 �� � � /�� � 
1

• � � �@� �� � 
 � �� � � � � � , � � ��� � 
 �!  � & B�� � � �

?� � ��� � � �
 � � �	
 � �� 
 � � ��0� ��� � � �
 �

• 7� � �
 �� � � ��� � � �	 � 
 � � � � � � � �, � �
 � 
 � � � �� ��, � ��� � 
 �� � �� � � �� � � ��
 � � � ��� � � �� � 
 � � 	 �

• � 0� 0�
 � 	 � � �- � � � �� �� � ��� � 
 �� � � � 	 
 � �� ��
 � � � ��� � � �� � 
 � � 	 � ��� � �� � � 	 ���	 �� �� � .�
 � � 	 
 �

 � 
 � � � � �� � �	 � ��	 � � � �
 �� � � /�� � 	 � �� � �� � � �� � � �� ��� �� 
 � �"4� � 	 4.� � $ � %

• ! & 7>��� � � � ��� � �� � 
 � � � �� � ��
 � � 	 
 � ��� 
 � � �� �� � 
 �$ �� � � 000�; G�



� 
 � � � � � .�� � � � �� �� �� � �	
 � �� 
 
 � � � �� �� 
 � � ��� � � 	
 � � � � � � �
 	�� � ���� � � � � �� 
 
 � � � �

• & � 
 � � � � �� � � �
 � � � � �� � � � �� ��� � 
 ��� 	 � ��
 � �� � � �� � � ��� 	 � �� � ������� �� � �� � 
 �

• � � 
 � � � � ��� � � �

• � , �� � � 	 � ��� � 
 �� � � � .��� �� ��
 � � 	 
 � �� ��� �� 	 � 
 �
 � � 
 �! & 7>�� � � � �	 
 � �� � � 4�
� �� 
 � ��
 � � 	 
 � �� 
 ��� $ � � �$ �� � �� � � � � � �
 � � � �� � � � � , � � �* 
 � � �
 � 	 � �	 � � , � 	 
 �, � H�

� � ���
 
 �� �4� � 	 4.� � $ �

• & � � �
 � � ��� 	 � 
 �� � � �	 � � � 
 � � �� �� � � � � � 
 � � 
 �� ��
 � � � ��� � � �� � 
 � � 	 � �� , � � �� � 
 � �
� � � �� � � /�� 0� 0�� � � � � � �� �� 	 � 


• I � 
 
 � � �� � � � � � 
 � � 
 �� � � � �� �� �$ � � � � �
 � � � �� � 
 � � � �, � �
 � � �
 � � �� � �� � 
$ � �4/�
� 0� 0�� � � � 
 �6� ��� � �� � � �� � �

• #- � �
 �� �* � �� 
 � � � � � � � � �
 � �� � � � �� 
 ��� , � � � �� � � � �" � 23 ��� � 
 � �



� 
 � � � /� �� � �� @� � , �� 
 � � � � � �� � � � � � /� 
 , /
 �

6&+( 5�+<55A6


