
'$1,6+�0(7(252/2*,&$/�,167,787(

¶¶¶¶¶�6&,(17,),&�5(3257�¶¶¶¶¶

�����

8VH�RI�*36�REVHUYDWLRQV�LQ�DQ�RSWLPXP
LQWHUSRODWLRQ�EDVHG�GDWD�DVVLPLODWLRQ�V\VWHP

%MDUQH�$PVWUXS
.ULVWLDQ�6��0RJHQVHQ

;LDQJ�<X�+XDQJ

&23(1+$*(1������



,661�1U��������������SULQWHG�
,661�1U�������������RQOLQH�
,6%1�1U���������������



���������
	��������������������� ������� ��������� ��� !#"�!
� �������$�%��& ����� ���'� ������(�( �����#������� !)� & ���$� ���

��* ������!

+-, .0/ 1�2�3 465 78/ 9�:-;�<�/ = 5 78= .>1@?BABCED0FG2H1�5 2H1E.01�IKJ�= .01�F0L M�9ENO9$.01�F
P�.>1$= 5 QEC@2R782HDG/ D0S D0FG= TU.0SWV 1�5 78= 789�782

XWYUZ [ \ ] ^ [
_G`�aGb c d e$f ehg ` c i j b8k l m c d k `on a�g pHq8m r i sBs m c m$m r r d eBd l m c d k `Wr t r c i ehd r>u f j v
c w i jBs i x i l k b8i s�c k�d `8y l f8s iWz i k b8k c i ` c d m l>b j k { l i r�j i c j d i x i s�u j k e@|�l k q8m l
} k r d c d k ` d ` z�~ t r c i e�n | } ~8p8k y y f l c m c d k `$eWi m r f j i eBi ` c r �H�0w i0i j j k jHr c m c d r v
c d y r0k uRc w i�b j k { l i r0m j i�i r c d e-m c i sR� m `8sWc w i `-f8r i sWd `-c w i�r t r c i eo�Ug eBb8k j v
c m ` c>s d �8i j i `8y i rHd `Bc w iGs i { ` d c d k `Bk u z i k b8k c i ` c d m l w i d z w cHf8r i s$d `$c w i�| } ~
j i c j d i x m l8m l z k j d c w e%m `8s$c w8m c>f8r i s$d `Wc w iG�Gf eWi j d y m l ��i m c w i j } j i s d y c d k `
n �G� } pReBk s i l rHm j i0m s s j i r r i sR�H_G`$i � m eBb l i>k u c w i>d eBb8m y cHk `Bm `$m `8m l t r d r
u j k e�c w i$` i ��s m c mBd r�m l r kBz d x i `H�
�0w i$d eBb8m y c�k u>c w iBz i k b8k c i ` c d m lUb j k { l i rGj i c j d i x i sou j k eK| } ~8� ���>�

k y y f l c m c d k `8rWk `�c w i�s m c m�m r r d eWd l m c d k `Or t r c i e
d rWd ` x i r c d z m c i sR�O_@� � v
s m t�b8i j d k s�d r�y w k r i `�c koj f `�b8m j m l l i lHi � b8i j d eWi ` c r��Gd c w�k j��Gd c w k f c�c w i
m s s d c d k `8m l�s m c m�d `8y l f8s i sR��~ d eBb l i�r c m c d r c d y rWm j i-f8r i s�c k�� f8m ` c d u t�c w i
d eBb8m y c ���0w iBd eBb8m y c�c f j `8rGk f c�c k-q8iB` i f c j m l>m x i j m z i s-k x i j�c w iB�Gw k l i
b8i j d k sR� q f cGx m j d i r0k `�s m d l tWq8m r d r �

���H�$�U�>�W���-�0�>� �B�
��� �o� � �U�8  ¡ ¢ £$�H¡ � ¤U¥ ¢ ¦8§-¨H� ¢ ¦8§-� �8 B¡ © ªR¢ �-�R£ £ ¨H¥ � © � ¢ �8¦��   £ �H¦R¢ «8¨R B�R¡ � ¬R¢ ªR  ��© ¦�© ªR
ªR¢ � ¢ � ¦H© ¥HªH© � ©-� �8¨8¡ £  B® � ¡�£ ¥ ¢ ��© �  W�o�8¦R¢ � � ¡ ¢ ¦R§-© ¦Rª�¦8¨H�o  ¡ ¢ £ © ¥H¯�  © � �R  ¡�® � ¡   £ © � � 
¢ ¦8§O° �    �±B²   § ³ ´$µ ¶ · ¸G¹ º º »�© ¦Rª�¡   ®   ¡   ¦R£   �B� �8  ¡   ¢ ¦U¼ ½W�B�B�H¢ § ��«8¨R© ¥ ¢ � ¾�£ � ¦ ¬   ¦8
� ¢ �8¦R© ¥8�H¡ � ¤U¥  $ªR© � ©-© ¡  B� � ¢ ¥ ¥8¢ ¦H© ªR  «8¨R© �  $® � ¡�ªR  �   ¡ ��¢ ¦H¢ ¦8§B� �8 $� �8¡    BªR¢ �o  ¦H� ¢ � ¦H© ¥
© � �o� � �U�8  ¡ ¢ £�� � © �   ¸B  � �U  £ ¢ © ¥ ¥ ¾�� ¬   ¡�� �R ��R£   © ¦H��© ¦Rª�¢ ¦%� �R O� � ¨R� �R  ¡ ¦h�8  ��¢ 
� �H�R  ¡   ¸8� �R -¿WÀ�Áo�H¡ � ¤U¥  WªR© � ©o��© ¾�ÂU  £ �8�o B�8¦8 W� ®0� �R W�o�8� �$¢ �o�U� ¡ � © ¦ ��® ¨R� ¨R¡  
� ÂU�   ¡ ¬R¢ ¦8§�� ¾R� �   ��� ½�ÁR¢ �-¨H¥ © �   ª��R£ £ ¨R¥ � © � ¢ � ¦OªH© � ©��R© ¬  �ÂU    ¦O© � � ¢ ��¢ ¥ © �   ª�¢ ¦ � �
Ã$Ä À%�o�RªR  ¥ ��¢ ¦RªH¢ £ © � ¢ ¦8§�©-§ ¡   © �$�U� �   ¦ � ¢ © ¥U� ®0� �8 -¦R  ¯ÅªR© � ©�° ÆG¾8¡   ¸>¹ º º ÇHÈUÉH�8¨
³ ´�µ ¶ · ¸0¹ º º »8¼ ½
Ê ¦o� �R¢ ��� � ¨RªR¾-¯� B¢ ¦ �   ¦Rª�� �-  Ë8�U¥ � ¡  B� �R $�U�8� � ¢ ÂH¢ ¥ ¢ � ¾-� ®0¨R� ¢ ¦R§W¡   © ¥HªH© � ©-¢ ¦�© ¦

� �U  ¡ © � ¢ �8¦R© ¥ Ã$Ä ÀÅ� ¾R� �   �Ì¯B�H¢ £ �O¢ �BÂU© �   ªO� ¦�� �8 �Í Ê © ¦H© ¥ ¾R� ¢ �-�o  � �R�RªU½�Î$�8 
¡   © ¥WªR© � ©�© ¡  �� �R �¡   � ¡ ¢   ¬   ª%§   � �U� �   ¦ � ¢ © ¥B�H¡ � ¤U¥   ��® ¡ � �Ï� �R O¿WÀ�ÁRÐ Ñ�Æ�Î
�R£ 
£ ¨R¥ � © � ¢ � ¦��o  © � ¨R¡   �o  ¦ � ��° Á8¾R¦RªR  ¡ § © © ¡ ª�³ ´$µ ¶ · ¸UÒ Ó Ó Ó ¼ ½WÎ$�8 -� �U  ¡ © � ¢ � ¦H© ¥ Ã$Ä À
� ¾R� �   ��¨R�   ª ¢ ¦�� �R¢ �-� � ¨RªR¾O¢ �W� �R �± Ê § � Ô$  � � ¥ ¨R� ¢ �8¦OÕ0¢ ��¢ �   ªR �$¡   ©�Ñ��Rª8  ¥ ¥ ¢ ¦R§
° ± Ê Ô$Õ0�BÑ�¼U� ¾R� �   ��¢ �o�H¥   �o  ¦ �   ªW© �>� �8 �ÖB© ¦R¢ � �WÑ�  �   � ¡ � ¥ � § ¢ £ © ¥ Ê ¦H� � ¢ � ¨8�  $° ÖBÑ Ê ¼
° ÁR© � �-³ ´$µ ¶ · ¸>¹ º º º ¼ ½
× � ¢ ¦R§�� �R �¡   © ¥$ªR© � ©R¸�� ¦R ��H© �o� �O® © £  �© ¦Hª�© � � © £ ØU¸$© �o�8¦8§O� � �R  ¡�� �R¢ ¦R§ � ¸

� �R $�H¡ � ÂU¥   ���0¡   ¥ © �   ª�� �oªH© � ©W  ¡ ¡ � ¡�� � © � ¢ � � ¢ £ � ½�ÙW¨R© ¥ ¢ � ¾�£ � ¦ � ¡ � ¥H�R¡ �R£   ªH¨8¡   ��© ¡  

¹



��� � � � � � � �	� 
 ��� � �
 ��� ����� � � 
���� 
�������� � ����� � � � � ��
�� � � � 
 �	
 ��� ������� � ��� � � �!� � �
� �"�!� � �#
 ��� ����$%�#� � ��� �� &('�������� � � � � � � �)� �#��� � ��� �	� 
 ��� ����� � � � � ��
 � � � � 
��	� �
� � �� �%*+��� ���!� � ����� ���
 ��� � � � � 
���� �(,%*.-+� ��� � � ��&!
 ����!� �%� 
�/ � � �	� ����'�� � � �
� � � ����� �!��
 �!� ��� �!� � ������� ���#��� 0.� 
 ���
���� � �%� ���� ��� � �!� ���!� � � 
����21%���#� ��!� � �

 �3� ������ 04�!� � ��� 
 �!� ��'���� ��� � �(� � ��!� ��'�� � � ��� �#� ��� ��� � ��� � 0��
1%�!� ��� � ��
 � ����� � � ���5'!� � � ��
 � � � ��� � 06
 �� ���)7"8�� 9 :%� ;%<3="8?> � � � � � 
 �4@�A &

��� � � � � � �"� ����� ���!� 
 � � �	0��� 
�
 / � ��� � � � ��� � � ����� �����!� � ��� � � 
 ��� � � � � � � � � ��> � � � 9
� � 
��+B A &#� �!�+� ��
 0"��� �C� D�� ��!� �	
 ��� ��� � ��!� � ��� � 
��E� ���)��� 06��� � �)
��+� �
� �!� � ��� � �#> � � � � � 
���F A ��G � � � � 
 ��H���� � � � � '�� �I� ���#
 '!� � � � � � � 
 ��� ��� � � �J� D���� � � �� � �
> $�G�K�AI� � � ���3&�� � � � � 
 ��L��� M!��� �I� ���#� � � � M!� � � � 
����� � � ��� � �%� �!��� � � � � 
���N�� � � � �
� 
 ���� � � ��� � �I� � 
��O��� � 04
 �3� ����� D���� � � �� � � � �

PRQTSVU�W�XJU�Y[Z	\[S

1%�����!� � �	� � � � ��� � � � � 
 �)� ��� � � �]�!� � � � 
 �� ����� D���� � � �� � � �� ��� ����
 ��� � � � � 
 �!� �
:%� ;"<(="8]� 
 � � � � � � � ����� ��� � � �^� �#7"8�� �"1%���� ��� � � �^��� �%'�� � ����� � � � 
 ��� ��� ���
� 
 � � � '�
 � � � � � ��� � � � � � � ���!� 
 _ � � �2'�� � 0I� � �� ���%�!� � � 
 �!� ���� � � 
 � 
 � 
 � � � � ��� �!� � � � ��� � �

 �#7"� ����� � /�&�`3� �!� � �!��&I`�� � �!� � &I� � � � � �!��&I� � � � � �!��&2� ���	,%� � ��� � � � �!��� &�,%
 � 0%� � &
G ��� � �(&(� ���5G 0�� ��� �+> � � ��� � �!�38	� � ��� �!��� ��� � &�a b c c�d�e#��� � � � � � 
���&�a b b B�dI<(����� �
f gIh i j &!@ k k k�A �I� �"� ��� ��� � � � � ��� � � � � �%�!� � �� � � � ��� � � � � 
 ��� ��� � � �J� �!� � ���!� ���� ��$"�
� �!� � ��� � �2� � ��� ��#� �!���"� 
 � � � � � ���
���� � �31%���"� ��� � � �T� �I7#8��I� �2��
�� ���� � � � ��� �
G�� � �f g%h i j�> a b b b A"� ����� ��� � ��� �"��� � � � � �"� 
 �!� � � ��� ����� ����:%� ;"<(="8l$"�%� ��� � ��� � �
� � ��� ���� � ��'��"� 
����!��� ��m�n� � � o� � > a b b L A%� ����p"���Io� �)> @ k k k A �
1%����:%� ;"<(="8q$%��� �#��� � ��� � � �	� � � ��� � � � � 
��	
 ��� ����K�r�8�*.`4$%��� � ��� ��

> <�n
 �!� '�� � ��� �!� G���� 0�&Ia b c�N A ��1%����M�� � � 9 � ��� � �"M!� � �	� �"� ����L2�	� 
 � � � � � ��'!� � � �

 �C� �����!� � ��� 
 �!���!� � � � � � � ��� � � � � 
 �5� ��� � � �41%��� � � 9 �!� �� ��� � 
���� �����!� � � 9 � � � � � � �
� � � � � � � � � � ��� � � � � ��
�� � � � 
 ��� �I�!� � ��� 
 ��� ���"0"� �!��& � � 
 ��
 � � � � � � � &�� �!��� ��� � � � �"��� � � 9
� ��� � �I1%��� � � 9 �!� �� ��� � 
���� �!�!��� � � � � � � ��� � � � � � � � � � �(� � � � � ��
 � � � � 
���� ���!� � ��� 
 �%� � � � 9
� � � �����!��� ��� � � �1%���
 '!� � � � � � � 
 �	0"� ����
 0[� 
 � � � ����L2� � �!� �	� � 
 �!����� ����� � ��
� 
 �"� ���� ��� � ��� � ��> k k k k�&(k L k k�&2a @ k k�� �!� a c k k�p"1"r%A �!=[� � � �!��� � ��
 '�� � � � � � � 
��
� � �"� �"��� � �(&!� �!� � ���!� ����� ����
 ��� � �"
 '!� � � � � � � 
 �!� &!� �!� ��
 '!� � � � � � � 
 �!� &!��� � � � � ����� �!�
�
�
 � � �)'���
 ��� &2��� � 
 �'!� � � 
�
 �!� &3� � �!� 
 � 
���������� � � � �!�)� � � � � � � ���!� � ���5`�
 �� � 9
��� 
�� 
 �!��� �%� ����$"�"� ��� � � �s�!� � �%� � 
 ��
 � � � � � � �2��� � � � � &�0"� ����� ���	���!��� ��� � ��� �#�
M�D�� �)���!�#'�� �
 �"��� � � � ��� ��� � � � � � �	:%� � ��0���0�
 �!� �)� � / ��� 
	��
�� � ��
 ���� �!� ����

� � � � � � � � �#
 '!� � � � � � � 
 �!�%��� � �#'�� � ��� ��� � �!��� ��� D�� � ���#e#-�G��!� 
 M�� � � �
1%���"e"-�G�� � 
 ��
 � � � � � � ����� 
 M!� � �2�!� � �%'�� � ��� ��� � �!��� �� ��� ���"� �!� � ��� � �2� � ��� ��

� ��� ���� � ���0%� ��� �%� 
 �"� � ��� 
�� 
 �!��� � &�'����"0"� � ���
���� M!� ��� � � � � � � �3� 
 � � � � � � � 
����
� �!�)
 '�� � � � � � � 
��)� � � 
 � � �)*+�!� � ��� ������� 
 ��� ��� � ��
 ��e#-�G)��� � � � � �5� � �
 � ����� � � �
��� 
 M!� � �%��� � ��*+e#G�c H > * 
 � � �	e"� 
���� � � ��G���� � � �sa b c H�A�� � 
 �� � � � ����� � ��� � � &�� ���
� � 
 ��
 � � � � � � �2��� � ��� � �"0"� ��� � ����� � �	� ��,%*.-.�
���� � � ����� � ����
 �"� � � � � � � ��� 
�� ���
*+e#G�c H"� � � � ��� 
 � �"'����(� 
"� ����K�e"8	b L> KI� � � �e"� � ��� � � � � 
���� ��8�
���� ��a b b L A(� � 
�� ���
1%��� � � � 
 � � &"0��)��� ���)�5� 
�� � � � � � 
��+
 �*+e�G�c HC� � 
��� � � � �)��� � ��� � ��� 
C,%*.-
�
���� �(:%� ;"<(="86� � 
 ��
 � � � � � � �3��� � ��� � �%� �%��� � � � � '�� ��� ��t2� ��� �I> @ k k k A#�

@



��������� 	�
�� ��������������������������� ��� ��!���"�� ��#
$�%�& ' (�)*(+' , & - . %�/ 0 1 & ' /2,�' 341 0 3 /�5 1 0 0 - 673 & 1 & ' 3 & ' 5 1 0*' , & - . %�/ 0 1 & ' /2,�3 ' ,*5 -�& 8*-�' , & - . 9%�/ 0 1 & ' /2,�6*- %�- ,*6�3�/ ,�:*,2/ ;�0 - 6*< -�/ =*& 82-�3 & 1 & ' 3 & ' 5 1 0*(�/ (�- , & 3>/ =�& 82-�?�1 5 :2< . /2)*,�61 ,�6@/ ?�3 - . A 1 & ' /2,@- . . / . 3�B 3 - -�= / .�- C*1 (�%�0 -7DE1 0 - F G�H I I J2K L�M�/@' ,*5 0 )�62-�& 82-�NEO�P< - / %�/ & - , & ' 1 0�%�. / Q�0 - 3 G & 8*- ' .�- . . / .�3 & 1 & ' 3 & ' 5 3�' ,7& 82-�= / . (�/ =>1 ,7- . . / .�5 / A 1 . ' 1 ,*5 -(71 & . ' CR1 . -�,*- - 62- 6�LS ,�& 82-�= /20 0 / ;�' ,2<�TVU462- ,*/ & - 34& 82-�1 A - . 1 < -7B / .�- C2%�- 5 & 1 & ' /2,�A 1 0 )*- K�/ =�1�0 1 . < -,2)*(�?�- .�/ =4. - 1 0 ' W 1 & ' /2,*3�/ =4/ ?�3 - . A 1 & ' /2,*3�/ .�%�1 ' . 3�/ =4/ ?�3 - . A 1 & ' /2,*3 L�M�82-�?�' 1 3�' 362- Q�,2- 6�1 3>& 82-�1 A - . 1 < -�A 1 0 )2-�/ =�& 8*-�/ ?�3 - . A 1 & ' / ,�34(7' ,2)*3EX & . )2-�A 1 0 )2- Y7B 6*- ,2/ & - 6Z 82- . - K [

?�' 1 3 \E]+T ^�\�_ Z \ U
` - . -�1 ,*6@' ,�& 8*-E= / 0 0 / ;�' ,*<�& 8*-�3 )*?�3 5 . ' %�& 3�aR1 ,*6@b>6*- ,2/ & -�A - . & ' 5 1 0>0 - A - 0 3 L�M�82-3 & 1 ,*6�1 . 6@62- A*' 1 & ' /2,R& /�?�-�)�3 - 6�= / .�/ ?�3 - . A 1 & ' / ,@- . . / . 3�' ,R& 8*-7$ S 6�1 & 171 3 3 ' (7' 90 1 & ' / ,R3 5 82- (�-�' 3�5 1 0 5 )�0 1 & - 6R1 3 [

c \ ]+d T B ^ \ _ Z \ _V?�' 1 3 \ K e U
f ' ,�1 0 0 FV& 82-R5 / . . - 0 1 & ' /2,g' 3E= /2)*,�6 ?2F 6�' A*' 6*' ,*<R& 8*-�5 / A 1 . ' 1 ,*5 -R?2F & 8*-�& ;�/ ' ,*9A /20 A - 6@3 & 1 ,�6*1 . 6R62- A*' 1 & ' /2,*3 [

hEi \E] T B ^�\�_ Z \�_V?�' 1 3 \ K�B ^ i _ Z�i _V?�' 1 3 i K Uc \ c i1 A - . 1 < ' ,*<7/ A - .�& 82-�%�1 ' . 3�/ =>A - . & ' 5 1 0>0 - A - 0 3 Lf / .R& 8*- NEO�Pj3 & 1 & ' 3 & ' 5 3 G�& 82-V- . . / .R3 & 1 & ' 3 & ' 5 3�1 ,*6k5 / . . - 0 1 & ' /2,l8�1 A -V?�- - ,5 1 0 5 )�0 1 & - 6V)�3 ' ,2<Rm�n�o@p f 1 ,*1 0 F*3 - 3�/ .�JR82/2)2.E= / . - 5 1 3 & 3E;�8*- ,V1 A 1 ' 0 1 ?�0 -71 ,�65 0 / 3 - .R' ,g& ' (�-@8*/ . ' W /2, & 1 0 0 Fj' , & - . %�/20 1 & - 6g& / & 82-V1 5 & )�1 0EN�O�Pj(�- 1 3 )2. - (�- , & 3& 1 ,2< - , &�%�/ ' , &�0 /*5 1 & ' /2,�L4M�8*-�' , & - . %�/ 0 1 & - 67A 1 0 )*- 34;�- . -�& 8*- ,�)*3 - 6�1 3�& 8*-�X & . )*-A 1 0 )2- Y*L�M�8*' 3�' 3�%*. / ?�1 ?�0 F�& 8*-E?�- 3 &�- 3 & ' (71 & -�;�-�5 1 ,V(71 : -�= / .�& 8*-7q r r2s t�u v w�v x/ =�& 82-E. - & . ' - A 1 0�- . . / . 3�3 ' ,�5 -Em�n�oRp f 1 ,�1 0 F*3 - 3�1 ,*6�= / . - 5 1 3 & 3�5 / , & 1 ' ,�3�- . . / . 3 G& /2/�G�1 ,�6@& 8*-�- . . / .E- 3 & ' (71 & -�' ,*5 0 )�62- 3�3 / (�-�?�1 5 :2< . /2)*,�6@- . . / . L f )*. & 8*- . (�/ . - G;�-E8�1 A -�)�3 - 6�1 0 0�1 A 1 ' 0 1 ?�0 -ENEO�P*y o@m�M�9 %�. / Q�0 - 3�' ,7& 82-�%�- . ' /*6�z�9�H { f - ? H I I |2G' ,*5 0 )�6*' ,*<�& 8*-E/ ,*- 3�' ,�& 82-�& . / %�' 5 3�1 ,�6R' ,�& 82-7P /2)2& 82- . , ` - (7' 3 %�82- . - L} A - . F 3 ' (�%�0 -7~2)�1 0 ' & F 5 / , & . / 0�%*. /*5 - 6�)2. -7' 3�1 %�%�0 ' - 6�L S =�& 82-gX - . . / . YR/ =�16*1 & )�(�' 3�0 1 . < - .�& 8�1 ,V1�5 . ' & ' 5 1 0�A 1 0 )2- G�& 82-76*1 & )�(�' 3�5 / ,�3 ' 62- . - 6@1 3�- . . /2,2- /2)*31 ,�6 - C*5 0 )*6*- 6g' ,V& 82-�= )*. & 8*- .�1 %*%�0 ' 5 1 & ' / ,�3 L@M�82-�. - 3 )*0 & 3�1 . -R3 - ,*3 ' & ' A -�& /V& 8*-5 8*/ ' 5 -R/ =�& 82-@5 . ' & ' 5 1 0�A 1 0 )*- L f ' <2)2. - HR3 82/ ;�3�?�' 1 3�1 ,*6j3 & 1 ,*6�1 . 6j6*- A*' 1 & ' / ,�3)*3 - 6�' ,�& 8*-�. )*,�3 L>pk8*- ,�z � ��(�' 3�)*3 - 6�1 3�& 82-E(71 C*' (�)�(�82- ' <28 &�- . . / .�1 0 0 / ;�- 6' , & 82-@~2)�1 0 ' & Fg5 /2, & . /20 G�& 8*-R3 & 1 ,�6*1 . 6j62- A*' 1 & ' /2,g- . . / . 3�1 . -@(�/ . -R& 8*1 ,g& ;�' 5 -& 8*-7. 1 6*' /23 / ,�62-�8*- ' < 8 &�- . . / . 3�)*3 - 6g' ,V& 82-@$ S 1 ,*1 0 F*3 ' 3�= / .�%�. - 3 3 )2. -�0 - A - 0 3�1 &1 ,�67?�- 0 / ;kz � ��8*O412L�M�82- . - = / . - G2& 8*-�;�- ' < 8 & 3�= . /2(�NEO�P�%*. / Q�0 - 3�1 . -E3 / (�- ;�8�1 &3 (71 0 0 - .�& 8*1 ,R& 82-�5 / . . - 3 %�/ ,�6*' ,*<�;�- ' < 8 & 3�= / .�. 1 6�' / 3 /2,*6*-E/ ?�3 - . A 1 & ' / ,�3 L�pk8*- ,H � � ��(+' 3>)�3 - 6�1 3>& 8*-�(71 C*' (�)*(�8*- ' < 8 &4- . . / .�1 0 0 / ;�- 6�(�/ . -�6�1 & 1�1 . -�1 5 5 - %�& - 6�G?�)*&4& 82-E3 & 1 ,*6�1 . 6�62- A*' 1 & ' /2,�- . . / . 3�1 3�;�- 0 0�1 34& 82-E1 ?�3 / 0 )*& -�A 1 0 )*-�/ =�?�' 1 34- . . / . 3
J



��� � � ����� 	 
 � � 
 �� � 	 ��� ����� ��� ��	 � � � 
��� � ��� � ��� � 
�� ����������� � �  �� � � � � � 	 �!�"	 � 	�#
$ ����� � 	 ���"	 
 �%��� &�� 	 � � ���%� ��� 
 � 	 � � �'��(%	 ����)���* +,-	 ��. / /���0	�	 ���21�/ /���0	��
	 �"�'��(��')"� ����� 
 �!	 ��� & �!+ /0�"�3	4	 ���'��� � � �5+ / /���0	�# $ ���!��)��'��� 
3� �6� 	 �� �� � �
)�� � ��	 �3� �����"� 7"� 
 � � �3 �
 � � � )�
 �� � & � � �3	 
 ��� (� "� � 	 � � (�
 � �")�� � �'� �4	 ��� )��61�/�,8����� �

 � ��)"� � ���'� ����� 
 
 � 
�� 
 � �:9 / / /�;� ��* / /�<� ��� ����=�)"	 � � � (>� � � � 
 � �0? � � �4@0� � )�
 �'9
� � 
!� ���'
 � � � & 	 � �!��)"�4��� 
 � A #
B � (� "� � 	 ��� C�	 �� "� ��� �4� ����� � 
 
 � � 	 � � ������� � 
�� ����� � & � � ��)�� � �5� �%� ����D�E�� �

� ��� ���F� �F@3� ��)�
 �'*�#@�� 
!� ��� �� "� � �!	 � �3�����"G H�I $  "
 � J�� � ����	 &�� ����K � 
 
 � 
 � L�� � � �
� �"	 �89 / / /�-	 ��	 � ��� � & � � ��	 
 ��)�� � �6# $ ���F��)��'��� 
�� �'�4����G H�I $ ��	 � 	�)"� � �
� � 
!� ���'�"� 	 ��	 ����� � 	 ���"	 
 ����� &�� 	 � � ���F	 
 �'� � � ��� ��	 �F�"	 � �3� ���'��)"�4��� 
 �!)�� � �F� � 

��	 M�� ���>� ����� � 
 
 � � 	 � � ����& 	 � )�� �4� ��� ����� ��@3� ��)�
 ��*�#4E �4� �4� � � ��� �"	 �4� ��� 
 ��� ��	
& � 
 (���� ���F��� � 
 � �4� �0� � 
 
 � � 	 � � ���F	 ��� C� �� � � � ��#

NPO8Q'RTS;U'VXW�R3Y6Z�[

B 9 \��"	 (� �� 
 � �����3� 
 � �-/ / / /�] $�^ 9F@�� �_9 ` ` a�� �%9 b / /�] $�^ 9 \�@�� �_9 ` ` a��
� �4� ��� � � ��� � 
4� ���>��	 � 	F	 � � � ��� � 	 � � � ��� C� �� 
 � ��� � � # $ ��� �� �� 
 � ����	 � � � ����� � 
4� ���
��	 (;K �  "� ��c )� �L�� 
 � �-� ����� �"� � � 	 �� � 
 � � 	 � �>� � 	 
 � � ����� 
 ���d	 �5I ^ HFe_@f? I)�
 � c
 �� 	 � ^ � � � 
 ��� � 
!HF� �"� )���c g�	 ��� ��e�� 	 � ��� 
!@�� 
 � � 	 � � � A�	 �"	 � (�� � �0��� � � 
 ��� ���!J"
 � �
�����"G H�I $  �
 � J"� ��� �2*�@�� �3# $ ���>� 	 � ���4����G H�I $  �
 � J"� ��� 
 � �T� ��� �4 �� 
 � ���
� ��� �%9 \�@�� �2� ��� ���F9 b / /F] $�^ �"	 � 	F	 � � � ��� � 	 � � � ��� (�� � � # $ �"� �! �� 
 � ����� �4	 � � �
 "	 
 �0� ��� ����@ B � $ I0hi? @�
 � � � �	 ��� B � � 	 � � � ����� � 
 ��c $ 
 	 � M�I0h� �� 
 � ��� � � A6 �� 
 � ���
� ������� � ��� ����
 	 ��� ��� � �"���4��� � ��� 
 M>�!	 ��� ����� � ��� 
 	 ��� (�� �"��	 ��� � �>� & � 
!� ���'j!� 
 � �
B � � 	 � � � �4	 
 � 	�#
$ ���!��	 � 	'	 � � � ��� � 	 � � ���'� (�� � � �;)"� � �'� � 
0� ���!� C� �� 
 � ��� � � �0� �3� �����  �� 
 	 � � � �"	 �

k E g�l B Hm� � 
 � � 	 � � � ���%� (�� � � �n	 �Fo4HFE ������� )"��� � � � �8� �p? ��	 � ��q r�s t u �'9 ` ` `�A �
��� � ��� �����"� 7"� 
 � �"� � � #�D4���F� �'� ����� 	 � � 
 	 �����)��"��	 
 � � � #FE ��� � � 	 �2� ��)�� � ����� ���
s v s w t s x t q'I ^ HFe_@2	 �"	 � (�� � ��	 �"��� � 
 � � 	 � � �4? ����� � �>� � )"� �����4	 ���� �>	 ��	�y4\ /�
� � 
 � � 	 � � A4	 �'� ���>	 �"	 � (�� � ��� � ��� �6��>)"� ��� ����x q z r{�| z z w x t q������ � ��w u q u6I ^ H�e8@
	 �"	 � (�� � �!	 ��/ / / />] $�^ 	 �"��9 * / />] $�^ 	 �"��y4\0�>� � 
 � � 	 � � �!	 ��/ \ / />] $�^ 	 �"�
9 b / /2] $�^ #0}(%��� � ����� �"� �'������  ��>� ��
 � ��)"� �F �
 � �"� � �����")��F� ����� �%� 	 � � 
 	 �
��� )"���"	 
 � � ��? ��)"� � 	 � � � � �6�49 ` ` / A # B ��� � ��� 
���� 7�� 
 � ��� ��� ��� ����� � 
 � � 	 � �F� � ��� � �
	 ��/ \ / /�] $�^ 	 �"�%9 b / /�] $�^ #Fe8�"� � �>� ��� ���>�  �� 
 	 � � ����	 �o4HFE c k E g�l B H�c �
� � � )� F� �"� (>	�y4\0�>� � 
 � � 	 � ��� ��� � ��� ��)"� � �F	 �!� ��� � ��� � ��� �4? ��	 ���'� � � � � (>� � 
���	 � 	
	 � � � ��� � 	 � � ���F ")�
  �� � � � A ��� �F��� � ��� C� �� 
 � ��� � � ��	Fy�1 b��� � 
 � � 	 � �'� ����	 ����	 � � � 

� & � 
 (F	 �"	 � (�� � �� ��� C� �	 �"��� ���4�"	 � 	�� 	 �� �� � ��	 �"��� ��
 � � )"� 	 
 � ~ ��� ����& � 
 � J"� 	 � � ���
� � 	 � � � � � � � #3E ��� ���� "	 
 	 � � � ��
 )��"�3���4)�� � ��� ����� 	 
 � � � �� ��� ���� �
 � � � � ��  �� 
 	 � � � �"	 �
������� �6��� ��	 � ����? o4HFE c k E g�l B H�c �4A # $ �"� �!������� �6��� ��	 � �F� �!� ���'� ������� ��� � � �
K �4L�� �%@3� �"#0.�# $ ���F��� 
 � ~ ��� � 	 �
 � � ��� )�� � � �2� ��/�# 1 + � �� ���F��)"�4��� 
�� ��& � 
 � � � 	 �
� � & � � �4� �4.�9 �6� ������)"�4��� 
4� ��� 
 � �� ���� � � �4� �4* / *>�29 ` /��6� ����� � ����� � �  2� �4* 1�/� �
	 �"�>� ���4����)��"��	 
 (>)� 6��	 � �4� 
 � =�)�� �"� (F� ��9 G�? \�"A #
B � )��"� � 	 � � � 	 � ��)��'��� 
�� ���"� 7"� 
 � � �6� � � � �6�"	 & ���� � �4��	 ���0��� � �4� ��	 � � � �"	 ��� � � �

� # �"# �� ��� ���F� � 
 � � �"� ���� �
 ��� � �")�
 � # k � 
 � �3���F� ��� �<
 � � )�� � �4� 
 � �-.F� �!� ���F� 	 � c

1



10

30

50

100

150

200

250

300

400

500

600
700

850
925

1000
−40 −20 0 20 40 60 80 100 120 140

P
re

ss
ur

e 
[h

P
a]

z bias and standard deviation #GPS

  54/  97
 119/ 251
 216/ 473

 501/1192

 716/1760

 741/1832

 750/1846

 748/1848

 752/1858

 754/1861

 755/1870

 761/1876

 749/1866

 740/1817
bias 200

std.dev. 200
bias 1000

std.dev. 1000

��� ����� �
	����� � ��� ����� � � ����� � ����� ��� � � � � ��� ��� � ��� � ��� �! !"#� $&% � � '�� � � � � � � (*)+� � %+) �
� �,�-$ .���/ � � �+�0� $&'�� � � � .�� �1� 2 � � ��� � "$ � ��� )��3( � � � ( ��.�� � ��� �0� )+�-465#� ��� ( 7�� � � 89,)+�
�+.� -:�� �#� $;3<�=!��� � ��� �+.� -:�� ��� $� �  1'�( � � ".�� � �!� ��� � / )�( � � � (�� �#% � � � �!� �!� )��
� � % ) �3)�� ���>� � �+� 839,)��1�  0� ( ( � �3�+.� -:�� �3� �6$ � �3� )��0? @ @ A( �  0� �6� ���
� )+�0)�� % )�� �
�+.� -:�� �,� ��$ � �6� )��0B @ @ @# C( �  0� � 8

D



10

30

50

100

150

200

250

300

400

500

600
700

850
925

1000
0 0.2 0.4 0.6 0.8 1

P
re

ss
ur

e 
[h

P
a]

z correlation
#GPS

 251
 474

1192

1760

1832

1846

1848

1858

1861

1870

1876

1866

1817
10
30
50

100
150
200
250
300
400
500
700
850

��� ����� �
	����� � �
� � � � � � � ��� � � � � � � � � � ��� ��� � ��� �  !� "$# � � %�� � � � � � � �$&�� � # & �'� ���
" (���� � � �)�*� "�%�� � � � ()� �*� + � � ��� �  $" � �,� &��-� � � � � �,(�� � .� �*� &��0/21,� ��� � 3�� � � 4652&)�
�)(�7$8�� �9� ";:=<9>�.�� � �!(�� � .�� �2� � � &'� � � � �?� �;#)� � � ���)�,� &)�$� � # & �2&�� ��.�� � .�� 4

@



 20N

 40W  20W   0  20E

G        

N        

E        

D        

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

� � �!� "����  $#&%���� '���� � � ��� � ��� � � ��� �)(�*�+,� ��� %��.- � � � � � �&� "��$/0� � %1���1+0243� 
#&%��5� � - � ���1� '���� � � ��� � �6� �6��� ��� �)78� 9,"�� � ��:$+�243�; �.<8#=��� � >�� � ��� %�� �6� � �
?�� � � @ - � � � � - � � �5� �!� %�� �0� %���� A � � � : ��: � � ��� � � � � � � �B%�� � :�% �&?�� � �0� ���!:�� A � �.��� � � @
� "�� �5� � A � �0%�� �6?�� � �1� � ��� A � �� C#&%��5� � � �6� '���� � � ��� � �6� �6��� ��� �)DE� +F"�� � ��:
+0243�; �5<8#E��� � >�� � �4/0� � %�� "��4� %���?�� � �&- � � � � - � � � �G 

HJI�KFL
M&NOQP�RSM&RSM0R
M0T U
V�W V

X � :�"�� �6Y5� %�� /0�
��� Z�� � � ��- �!��� � � ��� [&� ��� � \�] � �$^ _ _8%�2B��`8a _ _B%�2�5� ���$b a _B%�2�
: � � ��� � � � � � � �4%�� � :�% ��>�� � ����[ � ���F� �$� ��� � \�� � ��� ��- � "���� ��:.a5+0243�; �5<8#c��� � >�� � �
� ���!� �6� ��� � \�� � �B/0� � %�� "��B� %�� � �0� '�� � ����� � >�� � �  #&%��&>�� � �8: "�� � �B>�� � ���8� ����� � %�� �
� ?�� � � A � � � ���1� \���� ��/8� � �.� %��5� � ���  E#&%���� '�� � �1+0243�; �5<8#d��� � >�� � ���!� \)� ��@
e�"�� ��- �.� %��.� ��� � \�� � �!� �$� /4�$/4� \�� �.� � � %�� ��"�� � �)� �6� �1� '�� � �$� ��[ � � �!� � � � �1� �
?�\$� � ��"�- � ��:f� %��.� ��e�"�� ��- ��[ � ���g� � %�� ����� � � ?�\1� ?�� � � A � � � �����!� [�� � %�� �!� \���� �  
#&%��f>�: "�� �$� � � "�� � � � � � �6� %�� �.� %��$� ��- � "�� � ���)� [�+0243E��� � >�� � �6:�� A �$� � � � ����� ?�� �
- %�� ��: � �!� �f� %���>�� � �G $#&%��6��� � >�� � �
/8� � �5� ��- � � � �1� ��� %���[ ��� � � /0� ��:5����� � � � �����
��� >���� �.?�\.� %��
����� � � � ����� [8� %��!� � /8� � ��� � ��: � � ����� � � � �&9ih j k� a _ l Dc` ^ k� b m l (�n `
7=h j ^ o� _ p l DQ` m j  _ ^ l (�n `Bq=h k�j  p ^ l DQ` a Y� p b l (�n `�Fh p� j a l DQ` a�j  p b l (�n `� ���f<

m



� ��� � � � � �
	 � ��� �� � ��� ���� � �� ����� ����� �  �� ! � �#" � �%$'&(� & )�� �%� � !)%� � ��� � �*� �,+-� �.� !0/*� � �1� � !0� �1�� & )� � � �%!�)�� � 	 �%!%�0� " �  %� $2� �,��� �  �� ! �%� 3 � � ��� � �*� �546& ��7 � � � & !)8� �(& � $9�%� �: � � � � : & � � )0��� �  0&�� & )� � � �%!�)��#� !;�  %��� & $9��& � � � $#� � & � � �%! : <�: � � ��= � � >� � �#�  � � 	�  �� < & � �? & @ �(� $9>& : �.� !5�  ��,& !�& � < � � � ���  � � �#�  %��� $9>& : � " � �%$A>� � �*� �,��� �$#& � !� < & �� � B  �� ��� � @ � � � 	 �  ��9� $9>& : � " � �%$�>�� � �� � ��+C& !�);48� D%� � !�)�E� ��� � �1� �� � @ � � � ���� � �� � � = & !)0F
& � �#� @ � �9�  %�,� : � & !0�� �� � �9>� � �*� � G � < >*�,)�& � &(& � �#� � & � � <!%� � )�� ) � ��� �  �� H�B  �>� � �*� � = � � � $#�E� �JI & )�)K#!�� �  �� !�B#� �,�  ��9& !& � < � � � 	 >� � �*� �F : � � & � � <  & �E& !�� $9>*& : � " � � $ 3 L L  �M&#& /*� @ � �NE ��.OE7 P�QR��SUTE7E� �1&#$9H�� � � G @ & � � & � ��& !�& � < � � � � TE/*� � � @ & � � �%!��E� !,B � � >*� � � !%G� � & �& � � �9� � & )9� �9& !�& � < � � ��� ! : � � $9� ! � �1� !9��� !�)9�  %� �%H%B% 9�  %� : � � � � G : � � � � � & � � � !#� "/& : V B � � H!�)#� � � � � � ��W � B H�� � 3 �  %� �����  �� �?� $9>*& : �?� " �  ���X��1YZ S;F?NJ>� � �*� � �M�%!��� !�)(& !& � < � � � � NE ��9)�� [*� � � ! : �9� !���� !)�& !�& � < � � �E�  �� ����& : <�: � �%!�� :.: � � : H� & � � � !& � �%H�!)(�  ��9>*�%� � � � @ �9 �� � B  �.)�� [*� � � ! : �#)H%�9� ��>� � �*� �9�-& !);& !;& ! � � G : <�: � �%!�� :: � � : H�� & � � �%!(& � � H!�)(�  %�#!�� B & � � @ �# �� � B  �.)�� [*� � � ! : � ��)�H��.� ��>�� � �� � ��+ 	 4
& !)F � NE �� � �,& � �,& � � �;)�� [*� � � ! : � � : & H� � );/ < �  %��� $�/*& � & ! : � �.)�H��#� �(�  %��T�7�/*� D� � � H : � H�� � � 	 �� � :  �$#& < !%� � ) " H%� �  %� ��� ! @ � � � � B & � � �%!�� �
\^]J_?`Ra b9c�d1eRa f�gNE %�1@ & � � & /� � � : & � : H�� & � � )#� !.� /� � � @ & � � � !9@ � � � � : & � � �%! � � /*� G @ � � � � : & � � � ! � & � �E�  ��� � & !�)& � ),�%!%� � h?NE ��.$9� & !()�� @�� & � � � ! � /� & � � 	�i

i;j �kRl m no p qRrRs
p t�  ���� �%� � G $9� & !�G � u%H�& � �.� " �  %�9)%� @�� & � � �%! 	 � $#�

� $#� jwvxxy �k*l m no p qMr sMz
p t

& !),�  %��@ & � � & ! : �.� " �  %�9)%� @�� & � � �%! 	�{ z{ z j �kRl
m no p qRr � s

pR| i�� z t � � �
�� %� � � s

p � �1�  %�.)�� @�� & � � � !
s
p j~}~�*�p | �*�p " � ��� �*�p | �*�p �%��� tL " � ��� � �p | � �p �%��� t � � �

& !) k*l � �M�  %��!%H$�/*� ��� " & : : � >� � ),� & $9>� � ��� !9� � $9��& !)#� >& : ��� � � � 	 �  ���!%H�$./*� �� " I � K#�  & �.� & � � � " < � �*�p | �*�p ��C� 	 : " � � u%H�& � � �%! � �%� � � � � !�)� : & � � �E�  �� " � � � : & � �& !) � � �  %�#� /� � � @ � );@ & � H��#� " � �%$9�#@ & � � & /� � � � � � � !�)� : & � � ���  �� : � $9>*H%� � )�



A

B

C

D
E

-4-2

2

2

 20N

 30N

 40W  30W  20W  10W   0  10E  20E  30E

 300hPa geopotential                                            NOG-WIG 1997020200 diff                                             

A

B

C

D
E2

2

 20N

 30N

 40W  30W  20W  10W   0  10E  20E  30E

 500hPa geopotential                                            NOG-WIG 1997020200 diff                                             

A

B

C

D
E 20N

 30N

 40W  30W  20W  10W   0  10E  20E  30E

 850hPa geopotential                                            NOG-WIG 1997020200 diff                                             

��� ����� �
	����� ��� � � ��� ����� � ��� ��� � � �!#"%$ � � &�� � ' (�� � � �!�"%$ )*� +�+�� � '" ��+%, � �� �!#"
$ -������ � '/. � � ��� � � � � � " �0 1� � .1 �2� �/" �3" ��" � 4�5 � 52� ��� � -�+�� �1.6�87/!�9�: ;%<=�> ��� � ?�� � 5
" ��+
" �
" ��" � 4�5 � 5&�� �  1�1-1��7�!�9�: ;6<=@��� � ?�� � 5 A�=0 ���?�� 5 ��. -�� 5 5?�� � +B" ��+B� �  �� �
� C�5 � � D " � � �1��5/&�� � �B� +�� � � � � " � A
=0 1�B" ����� � E�� )*" � �*���15 � � � �1��5/� �0�  ��
7/!�9�: ;%<=
��� � ?�� � 52" � �%)*" � F � +G&�� �  8C�� -1�
� " ��� � " �0� � � � � � 5 A3H�1� � �1-1�B� � ��� 52" � �
� � �2� D � � 4
I )
A

J



A

B

C

D
E4

4

4

4

4

4

4

 20N

 30N

 40W  30W  20W  10W   0  10E  20E  30E

 300hPa wind                                                    NOG-WIG 1997020200 diff                                       

A

B

C

D
E4

4

 20N

 30N

 40W  30W  20W  10W   0  10E  20E  30E

 500hPa wind                                                    NOG-WIG 1997020200 diff                                     

��� ����� �
	����� ��� � � ��� ����� � �� ��� � ���� �"! #$����� � % � ��&(' � �)����(! � � *)� � % *�� ��&+� ��� �
� ��� � ,�- � -)� ��� � #�&�� ��./'
0��21�3 465)728 ��� � 9�� � -)� ��&"� �"� ��� � ,�- � -*�� � ��� #��20/�21�3 4:5)7
��� � 9�� � - ;<7=���"9�� - �
. #�� - -+9�� � &<� ��&<� � ��� �(� >�- � � ? � � � �$��-
*)� � �:� &�� � � � � � � ;<7=�$�
&�� ��� � � ��� �<� -A@+#�� � � ��� � � &B>$,DC �E� ��&F� ���G� � ��. � �F� �
� ���<� � � � *H� ��&�� � � � � -"� ���
� � �$. � �A� � � �$�
&�� ��� � � ��� �/*�� ��&(? � � � � � ;

C �



0

2

4

6

8

10

12

14

16

18

20

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
day

Number of GPS occultations for given assimilation cycle

GPS

��� ����� �
	����������� ��� ��������� ��� "!�� � #�$ � %�& ' & ( $ & ��$ ��� � ��& % % ( �)( $ & * ( � +-,
' & $ �.��� �-* /���& +�& $ 0�% ( %1� � ��* /���' & � ( & ��$ ��23,14�� +�5 � 6�( �-* /���7�( 8�� � � +�5 ����� * 9�� � +
* /��� ��% � � ' & * ( �.+:' & $ ���;& +�7:* /.�)& +�& $ 0�% ( %�' & $ ���<( %�* �.�
$ & � = � 6�* /.�;� ��% � � ' & * ( � +>' & $ �.�( %�� � ? � 5 * � 7�( +>* /��<!�� � = � & �:,�@A�)��% �;* /.�)% * & +�7�& � 7��1@"��B3C��D' & $ �.� %�� � ��* /��E & $ $ � 9� 7�F)7�( 8�� � � +�5 � % ,��� * ( 5 � 6 * /�& *1( ��* /���% & �<!�$ � %3& � ��( +�7.� !�� +�7.� + *-� & +�7�� �G' & � ( & ��$ � %3& %1& % % ���<� 7( +
* /���!�� � = � & �)% 6�* /���' & � ( & +�5 �
H I J�5 & +:���;5 � �<!��.* � 7:��% ( +.=

K-L�M N IO-PAQ RS T U-V-W LT.XGY�Z L3[ H \ J
 �/��)% & �<�
�<� * /.��7�% 6�� ].��& * ( �.+�%
H I J�& +�7^H \ J 63& � �
��% � 7�� +A&:= � ( 7�_ !�� ( + *��.0= � ( 7�_ !�� ( + *���& % ( %�( +
#�� $ 7)' � � ( #�5 & * ( �.+�6�� `�5 � !�*�* /.�;7�� '�( & * ( � + W T ( %�5 & $ 5 ��$ & * � 7:& %W T M 2�aT Y 2�bT�c H d.J9�/.� � ��� � ��2 b ��e��:@gfh& +�& $ 0�% � %�& � �;��% � 7�,

ikjml1n-o<p q�nGr s�t�uvl1w<x
l1s3y uzl�{�q�nf3( =.�.� ��|�% /�� 9�%3* /���+.������� �1� �3������� ��� }!�� � #�$ � %3& ' & ( $ & ��$ ��9�( * /�( +;* /����<��7�� $& � � &:� � �;� & 5 /}5 0�5 $ �:( +�* /.�
7�& * &>& % % ( �)( $ & * ( � +�� `.!�� � ( �<� + * % ,: �/.� � �
( %;&>$ & � = �' & � ( & * ( � +>� � � �~+��
!�� � #�$ �;* �>� �)!�� � #�$ � %�( +:� +��<% ( +�= $ �<& % % ( �)( $ & * ( � +>5 0�5 $ � ,���+& ' � � & = � 6�|�, �;!�� � #�$ � %�& � �;& ' & ( $ & ��$ ��!�� ��& % % ( �)( $ & * ( � +:5 0�5 $ � ,��+.� � � * ��+�& * � $ 0 6�* /��$ & � = � % *�+.������� � %�� �������� �>� "!�� � #�$ � %�& � �;( +
* /��;� �)�� �e^7�& * &)& % % ( �)( $ & * ( �.+
I I



� ��� � � ��� �
	���� � �� ������������� � ��� ��� � ��� ��� � ����� ��� � ��� � � ��� � � �  � � � � � � � � ! � "�#����
� ��$�� � �	%� ��� ��$��  � �  � � � � �����&� � � ! � ��� ����� � �� �% ���'$�� � (�� � ����� �
��� � �
� �� ���
) *�+ #�,�� ����- . + #�,
���  ��� � � � �'� � �  � � ��� ��� � � �/	���� � �0 ���0��������� � ��� ��� � ��� � � ����1
��� �%� � ��� � � �  � � � � �'� �'� � � "32 �� ������� �'�������  � �& ��� % ����� 4� � ��5�6�7�#�8:9<; 5�� ���  �
� ����6% � � �  � �'7  � � ��1 #/� � � =�8:9�$�� � � ��� �  >%� � ��� � � ��������� ��� � � � �  � ��������� � ����� � �
� 4�� � ����� �?� �  ����(�� � &� � '� ��� ������� � �'	���� � � � ��� 1 � � � � (�� �  � � �@� �'� ��� 	��@��� � � "
A � 	0� � � � B/�&� � �'� � � ��� � �� �:� 4�$�� � � ��� �  ��� ��� � ����� ��!' ��� � ��� 4� � �'� � ��� ��� � ������� ��1
� � � � �  � �����0� ��� 	@ ����� � ���� � � ����� "3C�� � ���  �:� � � �D(�� � ��� � � � (�� �  � ���&� �0� ��� 	��'� � �
�'� � �� �3� 4�$�� � � ��� �  �%� ��� � ����� ��!� ����5�6�7�#�8:9E� � ��� � � ��������� ��� � � � �  � � ��� "
5:� ! ��� ��F
� ��� 	��'� ��� 1 � � � � (�� �  � � �@� � � � � �'� � �& ����� ��� �%$�� � � ��� � ����� � �@� � �

� � � � ��$�� � � � ��� �?; �'� � $�> B�. G ) ��H3�  � ��$�� � �  ��� � B�G ) ) ��H:� ! � � $��  � �  � � ����� � !��  B
� ���JI G ) ��H:�?	�� ���J� $�� � ��"K#���� ��� L�� � � ��� � ��� �M� �'��� ��	0� � ��� ����� � ��� � � � � �
� � �&� � � � � �'� � �:� ���
 ���&� � � � � � �0� ��$�� � �� � ���ON�H%7�P Q�80#D$�� � (�� � ��� ����� �� � � � "
Q�� � ! � ��� � � ��$�� � �  � � ��� ��$�� � 0� �:� � � ��� � �:� � � � � � � %� � ��!  ���:� � ��������I R� ��S ) ��� ��� �
� �����'� � ! � ��� � � ����� ! �  � � ��� ��$�� � 0� �:� � � ��� � �:R .���� ��� �/� � � � � � � 0� 4�� � $�:� � �0�'� � $/"
#������ � ���� � � ����� �%� �������
; ��� �� ��� 	���>0� � ���  ��� ��$�� � � ���  � � � "
T ��� �&� ��� =�� ��!�� %��� � � ��� � � � (�� �  � � �'� � � � � �0� �&� ��$�� � :� � � �U ����N�H%7�P Q�80#

$�� � (�� � ��� � �
����� � � ��"�53� !���� �&.�� ��� 	������ � � ��� � � � (�� �  � ���
� � � � � ��� � ��I R���� ��� �
�'� � $'� � � � � � �  � B�5:� ! ��� ��V�� ��� 	��%��� � � ��� � � � (�� �  � ���&� � � � � �%� � ��I R'������� �%. G ) ��H3�
 � ��$�� � �  ��� ��� � � � � � �  � B3� ����5:� ! ��� �&- ) � ��� 	������ � � ��� � � � (�� �  � � ��� � � � � ��� � ��I R
������� �/G ) ) ��H3��! � � $��  � �  � � ����� � !�� /� � � � � � �  � ":5�� �:� � �  ��� � �0$�� � � ���  � � �/ ��� � �%� �
�'� � � ! ����� � � �&� � � � �  � � ��� ����� � � ����� L�� � � ��� � ��� ��	���� � �&��������� �� ������� � �� � � � � "
7�� ��� �� ����� � � � � � ��� � � � (�� �  � � �M� � � � � ��� � �
��� �� � � ��� � ��� N�H%7�P Q�80#W$�� � (�� � �
����� ���� � ����$���� �  � � ��� ��$�� � �� ����� �������'��� !��  � � ��� ��$�� �  "
5:� ! ��� �&- -'� ��� 	������ L�� � � ��� � ��� �%�  � ����� � ����� ��� �  � � ��� �%G ) ) ��H3�&! � � $��  � ��1

 � � ����� � ! � �� ���J�'� � $M���  	%� � �J�@� � �  � � ��� ����B�X�Y�N�B�� ���J� � ���M� ��� � ����� ��!
N�H%7�P Q�80#J���  ��B T 2 N�"�2 �� ������� �&�������  � �� ��� �� �� �% ����� � � ���  �%� � � �Z�&� � � 1
� ����� � �� �0� 4�$�� � � ��� �  ����� L�� � � � �� � ���< ����� ��� ����� � ��� � �� ����� ��� 1 � � � � (�� �  � ���
� � ��� �'������� � ��� �'���  �&	0� � �&� � � � � � ��� ��� � ��(�� � ��� � � � (�� �  � � ��� � � �W ��� � �'� 4�$�� � � 1
��� �  � "05����  ��� � ��� � � B� ����� 4� � ��5�6�7�#�8:9M� � ��� ��� � ����� �:	%� � ��� ��� � ����� �'� �' ��� � �
 	0��� ����� "'2 �
� �����&� � � � ��X�Y�N<� �����   � ��� ���
� ���  ��� ��� � � � � T 2 NZ� �����   � �
	���� ����� � ��!� ��� � ����� � � ��� � � "

[]\@^�_�`0a b�c/d ^�_�c

2 �@ ��� �'� � $�� �  B%	%����� � �
��� � � � � ��� �@�
(�� � &� � � � �'� � �  � � �?� �� ����! � � $��  � �  � � �
$�� � (�� � �0� �  � � � � � �&� � ���D ����N�H%7�P Q�80#@��� � ���  �  � �����%	��  �& ����e�Q�2 A 2 C�f/6�Q
Y�2�� ��� � ��� � ��� ���&� � � � � � �  � ��!&� ���  � ��"
T ����� � ��������� (�� �& ����Y�2%� ��� � ��� � �0 �&� ��� � ������N�H%7&$�� � (�� � ��� � �'� � � �% �'� � 1

��� ��� � ������$�� � (�� � � "�6D�'� g � ��	%� � =���� ����� � �� ����� �  � �'�  � ����� �0 ���'���  �&� � � � �
�  �  � �  � � � "�#���� � ��� � ��� �� � � � � 	%��� � �'�  �  � ������� ��������� � � ���  � h�- >%� � � � �������� �
 ����� � � � �  � � ��� ��8%,%Q T 5
� ��� � ��� � �:� ����� � � � � � � %� ��i  � �� ��j�k�I >3� � $�� � � � �  �  � � � 1
��� � �%������ �� ����� ��� � 0$�� � � ���'� �3� � � � � � ��� �����  ��"0C%� 1 � �  � �'�  � � ���%� � ����� � � � � � � �

- I



0
50

100
150
200

250
300

350
400

0 6 12 18 24 30 36 42 48
forecast length

mslp, units in Pa

26560

BIA
NOG
WIG

−10
−5

0
5

10
15
20
25
30
35
40

0 6 12 18 24 30 36 42 48
forecast length

Height at 500hPa, units in gpm

2646

BIA
NOG
WIG

0

0.5

1

1.5

2

2.5

0 6 12 18 24 30 36 42 48
forecast length

Temperature at 850hPa, units in K

2741

BIA
NOG
WIG

0

1

2

3

4

5

6

7

0 6 12 18 24 30 36 42 48
forecast length

Wind at 250hPa, units in m/s

1068

BIA
NOG
WIG

��� ����� �
	������ � � � � � ��� � � � � ��� ��� � ��� ���
� � � !�� "#� � ���#� �%$'&)(+*-,�./� � � � � � �10 � � � 2
� � � 3�0 � ��� 4�� � 0 5
� 3#5�5�� �60 � 4 � 2 ! 7 8 9;:�<'�=� � �>5�� � � � 3#� �+� 0 � ?;� �'0 � 4 � 2 ! 8 9 9;:�<'�=@ � � 5�� �
� � � � � � 0�:#� � @#: �� 3#5�5�� �6� � @ : � 2 ! � ���>A 8 9;:�<'�?�� ���B� 5�� � �
� 0 � ?=� �'� � @#: � 2 C6$=D=.%&)E
� ��� 0 F�� � �>:�� � �G��� � ��3�� � �H� �1� � I � � �>� ��� � � � � � � � ��� C%J:��G� � � 0 0;�#3��+��� �>� �H� :��
5�0 � �� ����� � � � �+� :��B�#3��+��� �� 46� ��� � � � � � � � ���3�� � �%� �G� :��+� � � � ��� � � � �#��C

?�:#� ��� � � ����� ?K��� � �>��� � � �>�>� � � � 0 � ��0 � C;L#� � � � :G4 � �� :��%M � � 3#� :�N>� ���� � � � ��� � � � �
� � � � �� 4;� �+� :#�#3�0 �%� �#� � � �#3�� CO �+� :#�#3�0 �%� 0 � � ���>� � � � � � � �%� :�� �+P#3�� 0 � � F%� �#� � � �#0
5�0 � F��� �
� �>5�� � � � � �=� �#0 �B� �G� :��+� � � � ��� � � � � � � � � � C
,�0 � :#�#3#@#:
� :#�G(�<=L
5�� � ��0 � ��� � ��I 3�� �+�G� � � 0 06� ����� � � �#�G� �G� :#�>� "�� � � � ��@ � ���

� � � ��� �#@1� F�� � � � �B3�� � �1�#FH� :��GQO R*6,�.S�O+� :�� FH� � �G� ��0 � � �1� � � � � � ��3�� �
� � @ �
��� ��� � � � 0 FG� �G� :#� � ��� 0 F�� � ��� ��� � � �>� � � � C�J:�� ��� �5�� � � � � 3�0 � � 0 FG� � 3#�>4 � ��� :#� ��� � �
� 5�� � � � � � � � � CGJ:#� � �G� ��� � � �>� � � �+� � �G0 � T � 0 F%� �%� � � � � �H� �%� :#� 4 � � � � � � �B��3#� � �
� :�� � 5�� � � � 0'� � � � � 0 � � � �#����4 � �+��� � :1� :��>��� � T#@ � � 3����1� � � � �B� ���1� :��>� ��� � � � � � � �#�
� � � � � CUJ:��G� � � 3�0 � � � :#� ?V� :�� � � :#�%� �>5�� � �>�#��4 � � � � � � � � � � �
� � � � � 0 0�#� 3�� � � 0 !
:#� ?=� � � � !�?�� � :
� � @#��� ��� � � ���� � 0 FG� � � � � � � � ��� C
E'� ��� 0 0 F !�� �+� ��� � � 0 06� �%� 5�� �1P#3#� � � � � �%?�:�� � :1� �#4 � � � � � � � �%4 � � �W(+<=L
��� � 3�0 �

� � � � �#�
��� � � � :#�#3�0 �G���B� � � � � � 0 � � � �
� � � �GX&)<)�>���#� 0 � C6O �G� :�� �� � 3��#FG?;�B:�� � �
� :�� � � �G� :���� � � � � � � � � @ � � 5�� � � � � � � 0 � !�� � �>5�0 F>��� � � 3�� ��� :��+� 3#� � � � �=QO R*6,�.W��O

Y Z



−1.5

−1.0

−0.5

0.0

0.5

1.0

1.5

03 05 07 09 11 13 15 17

[h
P

a]

day

NOG
BIA

WIG

0.0

0.5

1.0

1.5

2.0

2.5

3.0

03 05 07 09 11 13 15 17

[h
P

a]

Daily error (bias and st.dev.) in 24h  MSLP [hPa] in Feb 1997

NOG
BIA

WIG

��� ����� �	��
��� � � ��� ��� � � � � � ���  � � ���	� �! "	#���$�� �&%�� � '(� � � � �  � � )

* "



−0.5

0

0.5

1

1.5

2

03 05 07 09 11 13 15 17
day

Daily error (bias and std.dev.) in 24h 850hPa T [K] in Feb 1997

NOG
BIA

WIG

��� ����� �
	����� � � �
� ��� � � � � � ��� � � � ���
� �! "
#�� $�� �&% ' (!#�)*�+� � ,+-�� � � � $�� ��� � � � � � � � � .

/ '



−10

0

10

20

30

03 05 07 09 11 13 15 17
day

Daily error (bias and std.dev.) in 24h 500hPa Z [m] in Feb 1997

NOG
BIA

WIG

��� ����� �
	 ������ � � ��� ��� � � � � � ��� � � � � ��� !#" $�% � & � �(' ) )*%�+,�.- � � /�� � � � � � � �0% � � - % �
! � � � � � � � � 1

2 3



-50- -2 2-50

-10
-10

-6

-6
-2

-2

-2

-2

-2

-2

-2

-2

-2

-2

-2

-2

-2

-2

-2

-2

2

2

2

2
2

2

2

2

2

2

2
2

2

2

2

2

2

2

2

2

2
6

6

6

10

 30N

 40N

 50W  40W  30W  20W  10W   0  10E

 500hPa geopotential std. dev.                                  NOG-WIG 199702 +048 diff                                         

-3- -0.25 0.25-3

-0.50

-0.50
-0.50

0.50

0.50

0.50

0.50

 30N

 40N

 50W  40W  30W  20W  10W   0  10E

 m.s.l. pressure std. dev.                                      NOG-WIG 199702 +048 diff                                         

��� ����� �
	�	����� ��� � � ��� ��� ��� � � ����� � ����� ��� � � � � ����� �  !� � �#"�$&%(' ) � �*� � � �*+,� -���.�/
�*�0%1�2�3 4�5!67��� � �*89� ���;:=< %('  � � >�%1�2�3 4�5!67��� � �*8�� � �?*@A>;� � � � � � � � �9� �
B C C >�1,�;D � � E�� � � � � � � +!>*� � D*> �F' -*E�E�� � 89� ���#GH� + E=' + �  !� � 8� � ��� >*�HE�� � � ����IHJ�-�+ +
+ � �*� � 3 ��+ -��F� >�� ��� �
� � �F� � � � �� >*� � �;:K< %L>�� ����� � � � �F� ���M��� � >�� �M+ � ��� � 3 D � � N
� >�� �*� �0� � �&� � � � � >*� � ��"�$&%O>�� �9��� � � � �&� � � ����� � ����� ��� � � � � �PI�Q!� � � � -���+ � ��� �
� � �&� � �9� � � � N;R!GS� ��� C I R B >�1,��/�� � � E�� � � � � � + N I

T U



� ��� � � ����� � ��� 	
���  ��� � � �
������� � � ��� � � � � �  � � ������� �
��� �� � � ���  � ��� 	
��� � ����� �  
 � �
� ����� � !�� � ����� ������� � �#"
��� 	����  ����� � � � � � $  �%�� � �  � ��& ' �����
� � �
  � �)( *,+ - . /
0 1 1 1
2 ��34�  � �)& 0 1 1 1
2 	� �,�� �
���� �  � � � � � �  �5 �� � ��� � �4� 647�89'�: ;�<>=?� � ����� �  
 � �
� ��� � � � � � $  � �9��� ��� � � � � �# �,@�;#A4� ��� � �  ��� 6>� � � ��� � � � � �  �% �,�
�
�
��	�� � � �434�
� � ���� � � ��� 	
��7�89'�: ;�<>=B�� � �C�� � 	#� � ����� �  � ��� ����� � !�� � �,�
� � � $ � �#6 � �
�D� 	��
;�� ��E4F�� �#����� !�� �G�����
� �9 �� � ��� � � �IH���C>�# � �#� �I� 	
����� ��� � � ��� 6�� � ���  � � �
�
� 	���E4A9"� � � �# �� � ��� � �9"
���$  � �  � � � �� �J�� � � � � � ��� �  � � � ��� ��� � � ��/�� ���46 ��� ��� �
�
� $ � � � ����� � ���� �G"���� � C4 � ������� � �
��� � 6 �  � � � $�� � �G� ��"�� ����� ���� �
�
� ����� � !�� � � �
����� K
��� � �4� 	� �4� 	
��$  � �  � � �
�� �J� ��� � � �LC�� � ��"��� "�� �,� ��� K
� �  � �,� � ����� �  � ��� � /
	
����� ��� � �� ����� ��� 6  � �,��� � � � �
� ��� �
6 � � �� � � � ��6 � �
�L� ��� 	��� � 
�

MBNJO�P�Q>RBS T>U�V,WXT>P�Y

����� 	� �
��Z�� � 6%ZJ �
� � � �� ����34� �
� � ��[5� ��� ��6 � �9��� � � ��� � � �
��� �%=4	����� \ � �>�� � �>� 6
� 	�� �>C>� � ��	� �>"�� � ���  � � � � ��� ���4� ��� 	���]9Z�A ;#H�8^85� � \ � � � /�C�	�� � 	�� �>6 ������� ��"
�
� 	���<>�
� � ���  �G]>�
����� � � � � ��<>� $�� � �
����� � �� ���G]9� � �� � ��85� � � �  ������� 	
� �
�
�
	
]>� � � �  � ��<>_4[�`  ]9=4a b  1 c d b
�^e =4	��#]9Z�A ;#H�8?��� � \ � � ��� ���� � � �  "�� �  � � �
��"��  
� C>� � �)=4<>f4;�Hg<>� � � � � �
��� �I : ��& @,h 2 /%=4	
��@, ��� � 	I;�� � � � � �
� � �
� �  �>A ��� � � � ��� �
& @,h 2 /�� 	
��h,� ��� �
��� � \ ��_4� ��� � �  ������;#� � � � � � � � � � � � 	�A ��� � � � ������& _�Z 2 /�� 	
��A ��� � �  
� ��� ����i <>� � ����� ��<>� �� � �  � ������]9 �  � ��� �
G& <9' 2  ����� 	
��;�� � � � � �
� � �
� �  �4E�F�� �
& j�h 2 � k9=4	�� �,C>� � �I	� �� � � �#�� � � � ��"�� � �I� ������� � � � ��"
��� 	
��@� ��� � 	Gf9� � �  � � 	
]>� ����� � � �>� 	
� �
�
�
	#7��  � ��a
b 1 0 l l b
�

m T5n T5oJT>P�N5T5p

@� � � � /%f,�5q a a c ��r�* s�t u v�w�( x y z�{�+ * +�r�|�+ - } u y u ��]9 ��"�� � ��� ��j���� $ � � � � � ��85� � � � �
A '�~9_�� 1  � 0 q  `
� d 0 �  1 �

<5�
� � /
���
f���q a a `��5r�u u y s�y - + * y t |�t ��x + � y t�t z z �
- * + * y t |#s�( + u �
x ( s�( |�* u�y |�* t�+�|����
s�( x y z + -J�>( + * w�( x4v�x ( � y z * y t |�u } u * ( s��>=J� � 	���� �  ��;#� ��� �  ����������<9]9;����>�

7���� �  6 � � � �J/�_��%q a a 1 ��' � ��� � � � $�� � ��� 65� � ��� � � �� � � ������
� �%�� � � � � � ��� �  � � �
��� �
�  � � �  ��"��
������ � ��� � ����� � � � ��!�� � ��� ����( - - � u /������#/Jq 1 a ��q q ���

7���� �  6 � � � �J/5_��9q a a c �G=4	
��34A f4Z%H�; 0 �5� �� �>f4� ��� � � �I��� �4�%r�����( z w
|�y z + -
�9( v�t x * /��J�

34�  � � /%'
�  ��~�� 0 1 1 1 �G��+ - y � + * y t |)+ |�����* + * y u * y z + -%r�|�+ - } u y u�t ��* w�(#�>�>�
���#���
{�+ * +��9x t z ( u u ( ��+ *9{,�#� ��]9ZJA ;�H�8�=J� � 	���� �  �%_4� � � �Jj�h�;�E��,;�<>=�E��% 
�JA ]9<9: ]9ZJA ;�H�89: =4_,: 1 0 �

3�� � ��/58%� /53� ��� 	
� � � � �
� />H�� />h,� � � 	
� ���  � � />7�� />'
������� � �   � �J/5'�� /5~>� � � �
��� /5~�� /
Z�� � � � �
� � � /�f��4 ����f4� � 	�� � � � �
� � /��?��q a a �
�X{�( x y � + * y t |Bt �I+ * s�t u v�w�( x y z
v�x t v�( x * y ( u�� u y | �G+�x + � y tGt z z �
- * + * y t |^* ( z w
|�y � ��( ��@�;#A�'
� � � � � � !���f9� ��� � �
a �  `���@� ��� � 	�;#� � � � � � � � � � �  �JA ��� � � � �
� � �

q d



���� � � �� �	��
��� � � ������� ��	������� � �� �! "�# $ # % � "&�'$ "��($ ) *	+�, - # !  /.0* 1 �32	� 4 5���6 � 7�8 �
90:<;= �(>? 6 6 @ �? A(B ��C�� 9 D � E0� �	�

F��?0��� A�� 6 C(�GH�I� ��E 9 5�� D ��JK�KL 
�E(M � N ��� � O P0�RQTS	�VUXWY�K$ # $Z��- - %  �% ) $ # % � "V[
+�� % ! "(# % \������ � �� �! "�# $ # % � "�*�QI�0
I] :_^V`&a � M � � 6 4 5 : � �0b(� �(� � c ��E a � d�B M � E

�E�B 8 B ? �	�

F�e �(4 5	�(G	� 8 � 6 ��fTb�M 8 � g M M ?0���(>�B � M � 9 � M M �(h�� � 8 ; � �(M � �_� ��E<]I� 8 M ��f�� 6 � 6 E	�(c i i i��
` B �(� � a � 7�? 6 8? g38 5�� ;= a FHj :lk G36 ? m � 4 8 �H� � � P n�� � � �0����� ��	����o&W�% "($ )
�I! p�� q # �

: � 4 5�� ��5(� b�� 6 �	h��H� � O O0����� ��H���r\3"�$ )3q ! p�� q # � ;= a FHj : 2	� 4 5��(B 4 � � a � 7�? 6 8
s �

9 � M M �h�� � 8 ; � ��M � �	��>�B � � M � ���>�B � � M ^ � ��t u 6 C � �(M � ����t � M MXvK�� �(E j�w M 8 6 b�7	�
h	m � 6 ��� �K� � � �0�yx	z�!|{Hp�! q $ # % � "�$ )K��� ��H���}+�, - # !  y$ #X���&�<[�{� # � ~ ! q
� � � � [ �3J :_= 2	� 4 5��(B 4 � � a � 7�? 6 8�� � � c0� ��J�� ��B M 5 : � 8 � ? 6 ? � ? C B 4 � � = �(M 8 B 8 b08 � �

9 e �(E0� 6 C0� � 6 E�� 9 8 B C�� 9 u 6 � ��M � �	� : � 6 8 B ��h�� � F � 6 M � ���f�� ? 6 CZh�� ��T� M � ��� F � b(M 8 �
f6 ? d � � a � M w b(M M � ����t0� @ ? A'� �(E ; u � C���GH� 6 �(c i i i0�Xx	z�!X�q - # ! � �(����+Zq $ � % �
� � � �0) # $ # % � "�! � p�! q %  �! "�# ���K$ # $�$ "($ ) , - % -'$ "��&p(q � � ! - - % " �|$ #����&� �VJ :_=
2	� 4 5(��B 4 � � a � 7�? 6 8 �(J�� ��B M 5 : � 8 � ? 6 ? � ? C B 4 � � = �(M 8 B 8 b08 � �H8 ?�A��T7(b�A(� B M 5�� E��

v���E��� �	�3G	� 6 �3c i i i�� ;= a F	j : �7(8 B w b w = � 8 � 6 7�?0� � 8 B ? �Zv7�7�� 6 j B 6 j �(� � e M B M �
�T% q ) $  /+�� % ! "(# % \���� � � �0 �! "(# $ # % � "��(8 ?�A��T7(b�A(� B M 5�� E��

� � E0� � � ; � �06 B @�� c i i i0�3S3� "(� ! q - % � "_� ��U'��+(� oK�0! �  �! # q % �Iz�! % � z0# -I# ���&U��Z �� � ! )
��� ��H�����0! � p0� # ! "(# % $ )Hz�! % � z0# - � 9 4 B � � 8 B ��4 a � 7�? 6 8Ti i � i k �	J�� ��B M 5 : � 8 � ? �
6 ? � ? C B 4 � � = �(M 8 B 8 b08 � �

� ? b	� ��� � � b�?�� ��� � ; � � �(E�f�b�?�� ��� � a ��� � � k � j M M B w B � � 8 B ? �T? g�� 8 w ? M 7�50� 6 B 4�6 � E(B ?
6 � g 6 � 4 8 B d�B 8 e b�M B ��C�����? �(5 e E06 ?0M 8 � 8 B 4�� E m ?0B � 8 w ?�E�� � �3�'� "(*TU_! $ # z�! q��I! � * �
����� �(c c c � n c c k �0�

� �



DANISH METEOROLOGICAL INSTITUTE

Scientific Reports

Scientific reports from the Danish Meteorological Institute cover a variety of geophysical
fields, i.e. meteorology (including climatology), oceanography, subjects on air and sea polluti-
on, geomagnetism, solar-terrestrial physics, and physics of the middle and upper atmosphere.

Reports in the series within the last five years:

No. 95-1
Peter Stauning and T.J. Rosenberg:
High-Latitude, day-time absorption spike events
1. morphology and occurrence statistics
Not published

No. 95-2
Niels Larsen: Modelling of changes in stratosphe-
ric ozone and other trace gases due to the emission
changes : CEC Environment Program Contract No.
EV5V-CT92-0079. Contribution to the final report

No. 95-3
Niels Larsen, Bjørn Knudsen, Paul Eriksen, Ib
Steen Mikkelsen, Signe Bech Andersen and
Torben Stockflet Jørgensen: Investigations of
ozone, aerosols, and clouds in the arctic stratosphe-
re : CEC Environment Program Contract No.
EV5V-CT92-0074. Contribution to the final report

No. 95-4
Per Høeg and Stig Syndergaard: Study of the de-
rivation of atmospheric properties using radio-
occultation technique

No. 95-5
Xiao-Ding Yu, Xiang-Yu Huang and Leif Laur-
sen and Erik Rasmussen: Application of the HIR-
LAM system in China: heavy rain forecast experi-
ments in Yangtze River Region

No. 95-6
Bent Hansen Sass: A numerical forecasting system
for the prediction of slippery roads

No. 95-7
Per Høeg: Proceeding of URSI International Con-
ference, Working Group AFG1 Copenhagen, June
1995. Atmospheric research and applications using
observations based on the GPS/GLONASS System
Not published

No. 95-8
Julie D. Pietrzak: A comparison of advection
schemes for ocean modelling

No. 96-1
Poul Frich (co-ordinator), H. Alexandersson, J.
Ashcroft, B. Dahlström, G.R. Demarée, A. Drebs,
A.F.V. van Engelen, E.J. Førland, I. Hanssen-
Bauer, R. Heino, T. Jónsson, K. Jonasson, L. Kee-
gan, P.Ø. Nordli, T. Schmith, P. Steffensen, H.
Tuomenvirta, O.E. Tveito: North Atlantic Clima-
tological Dataset (NACD Version 1) - Final report

No. 96-2
Georg Kjærgaard Andreasen: Daily response of
high-latitude current systems to solar wind variati-
ons: application of robust multiple regression. Met-
hods on Godhavn magnetometer data

No. 96-3
Jacob Woge Nielsen, Karsten Bolding Kristen-
sen, Lonny Hansen: Extreme sea level highs: a
statistical tide gauge data study

No. 96-4
Jens Hesselbjerg Christensen, Ole Bøssing Chri-
stensen, Philippe Lopez, Erik van Meijgaard, Mi-
chael Botzet: The HIRLAM4 Regional Atmosphe-
ric Climate Model

No. 96-5
Xiang-Yu Huang: Horizontal diffusion and filte-
ring in a mesoscale numerical weather prediction
model

No. 96-6
Henrik Svensmark and Eigil Friis-Christensen:
Variation of cosmic ray flux and global cloud cove-
rage - a missing link in solar-climate relationships

No. 96-7
Jens Havskov Sørensen and Christian Ødum
Jensen: A computer system for the management of
epidemiological data and prediction of risk and e-
conomic consequences during outbreaks of foot-
and-mouth disease. CEC AIR Programme. Contract
No. AIR3 - CT92-0652

No. 96-8
Jens Havskov Sørensen: Quasi-automatic of input
for LINCOM and RIMPUFF, and output conversi-



on. CEC AIR Programme. Contract No. AIR3 -
CT92-0652

No. 96-9
Rashpal S. Gill and Hans H. Valeur:
Evaluation of the radarsat imagery for the operatio-
nal mapping of sea ice around Greenland

No. 96-10
Jens Hesselbjerg Christensen, Bennert Machen-
hauer, Richard G. Jones, Christoph Schär, Paolo
Michele Ruti, Manuel Castro and Guido Visconti:
Validation of present-day regional climate simula-
tions over Europe: LAM simulations with observed
boundary conditions

No. 96-11
Niels Larsen, Bjørn Knudsen, Paul Eriksen, Ib
Steen Mikkelsen, Signe Bech Andersen and
Torben Stockflet Jørgensen: European Stra-
tospheric Monitoring Stations in the Artic: An
European contribution to the Network for Detection
of Stratospheric Change (NDSC): CEC Environ-
ment Programme Contract EV5V-CT93-0333:
DMI contribution to the final report

No. 96-12
Niels Larsen: Effects of heterogeneous chemistry
on the composition of the stratosphere: CEC En-
vironment Programme Contract EV5V-CT93-
0349: DMI contribution to the final report

No. 97-1
E. Friis Christensen og C. Skøtt: Contributions
from the International Science Team. The Ørsted
Mission - a  pre-launch compendium

No. 97-2
Alix Rasmussen, Sissi Kiilsholm, Jens Havskov
Sørensen, Ib Steen Mikkelsen: Analysis of tro-
pospheric ozone measurements in Greenland: Con-
tract No. EV5V-CT93-0318 (DG 12 DTEE):
DMI’s contribution to CEC Final Report Arctic
Trophospheric Ozone Chemistry ARCTOC

No. 97-3
Peter Thejll: A search for effects of external
events on terrestrial atmospheric pressure: cosmic
rays

No. 97-4
Peter Thejll: A search for effects of external
events on terrestrial atmospheric pressure: sector
boundary crossings

No. 97-5
Knud Lassen: Twentieth century retreat of sea-ice
in the Greenland Sea

No. 98-1
Niels Woetman Nielsen, Bjarne Amstrup, Jess
U. Jørgensen:
HIRLAM 2.5 parallel tests at DMI: sensitivity to
type of schemes for turbulence, moist processes and
advection

No. 98-2
Per Høeg, Georg Bergeton Larsen, Hans-Henrik
Benzon, Stig Syndergaard, Mette Dahl Morten-
sen: The GPSOS project
Algorithm functional design and analysis of
ionosphere, stratosphere and troposphere observa-
tions

No. 98-3
Mette Dahl Mortensen,  Per Høeg:
Satellite atmosphere profiling retrieval in a nonli-
near troposphere
Previously entitled: Limitations induced by Multi-
path

No. 98-4
Mette Dahl Mortensen, Per Høeg:
Resolution properties in atmospheric profiling with
GPS
No. 98-5
R.S. Gill and M. K. Rosengren
Evaluation of the Radarsat imagery for the operati-
onal mapping of sea ice around Greenland in 1997

No. 98-6
R.S. Gill, H.H. Valeur, P. Nielsen and K.Q.
Hansen: Using ERS SAR images in the operational
mapping of sea ice in the Greenland waters: final
report for ESA-ESRIN’s: pilot projekt no.
PP2.PP2.DK2 and 2nd announcement of opportu-
nity for the exploitation of  ERS data projekt No.
AO2..DK 102

No. 98-7
Per Høeg et al.: GPS Atmosphere profiling met-
hods and error assessments

No. 98-8
H. Svensmark, N. Woetmann Nielsen and A.M.
Sempreviva: Large scale soft and hard turbulent
states of the atmosphere

No. 98-9
Philippe Lopez, Eigil Kaas and Annette Guld-
berg: The full particle-in-cell advection scheme in
spherical geometry

No. 98-10
H. Svensmark: Influence of cosmic rays on earth’s
climate



No. 98-11
Peter Thejll and Henrik Svensmark: Notes on
the method of normalized multivariate regression

No. 98-12
K. Lassen: Extent of sea ice in the Greenland Sea
1877-1997: an extension of DMI Scientific Report
97-5

No. 98-13
Niels Larsen, Alberto Adriani and Guido Di-
Donfrancesco: Microphysical analysis of polar
stratospheric clouds observed by lidar at McMurdo,
Antarctica

No.98-14
Mette Dahl Mortensen: The back-propagation
method for inversion of radio occultation data

No. 98-15
Xiang-Yu Huang: Variational analysis using
spatial filters

No. 99-1
Henrik Feddersen: Project on prediction of cli-
mate variations on seasonel to interannual time-
scales (PROVOST) EU contract ENVA4-CT95-
0109: DMI contribution to the final re-
port:Statistical analysis and post-processing of
uncoupled PROVOST simulations

No. 99-2
Wilhelm May:  A time-slice experiment with the
ECHAM4 A-GCM at high resolution: the expe-
rimental design and the assessment of climate
change as compared to a greenhouse gas experi-
ment with ECHAM4/OPYC at low resolution

No. 99-3
Niels Larsen et al.: European stratospheric mo-
nitoring stations in the Artic II: CEC Environment
and Climate Programme Contract ENV4-CT95-
0136. DMI Contributions to the project

No. 99-4
Alexander Baklanov: Parameterisation of the
deposition processes and radioactive decay: a re-
view and some preliminary results with the
DERMA model

No. 99-5
Mette Dahl Mortensen: Non-linear high resolu-
tion inversion of radio occultation data

No. 99-6
Stig Syndergaard: Retrieval analysis and metho-
dologies in atmospheric limb sounding using the
GNSS radio occultation technique

No. 99-7
Jun She, Jacob Woge Nielsen: Operational wa-
ve forecasts over the Baltic and North Sea

No. 99-8
Henrik Feddersen: Monthly temperature fo-
recasts for Denmark - statistical or dynamical?

No. 99-9
P.  Thejll, K. Lassen: Solar forcing of  the
Northern hemisphere air temperature: new data

No. 99-10
Torben Stockflet Jørgensen, Aksel Walløe
Hansen: Comment on “Variation of cosmic ray
flux and global coverage - a missing link in solar-
climate relationships” by Henrik Svensmark and
Eigil Friis-Christensen

No. 99-11
Mette Dahl Meincke: Inversion methods for at-
mospheric profiling with GPS occultations

No. 99-12
Benzon, Hans-Henrik; Olsen, Laust: Simulati-
ons of current density measurements with a Fara-
day Current Meter and a magnetometer

No. 00-01
Høeg, P.; Leppelmeier, G: ACE: Atmosphere
Climate Experiment: proposers of the mission

No. 00-02
Høeg, P.: FACE-IT: Field-Aligned Current Expe-
riment in the Ionosphere and Thermosphere

No. 00-03
Allan Gross:  Surface ozone and tropospheric
chemistry with applications to regional air quality
modeling. PhD thesis

No. 00-04
Henrik Vedel:  Conversion of WGS84 geometric
heights to NWP model HIRLAM geopotential
heights

No. 00-05
Jérôme Chenevez: Advection experiments with
DMI-Hirlam-Tracer

No. 00-06
Niels Larsen: Polar stratospheric clouds micro-
physical and optical models

No. 00-07
Alix Rasmussen, Jens Havskov Sørensen, Niels
Woetmann Nielsen and Bjarne Amstrup:
Uncertainty of meteorological parameters from
DMI-HIRLAM, RODOS(WG2)TN(99)12, EU-
Contract FI4P-CT95-0007



No. 00-08
A.L. Morozova: Solar activity and Earth’s wea-
ther. Effect of the forced atmospheric transparen-
cy changes on the troposphere temperature profile
studied with atmospheric models

No. 00-09
Niels Larsen, Bjørn M. Knudsen, Michael
Gauss, Giovanni Pitari: Effects from high-speed
civil traffic aircraft emissions on polar stratosphe-
ric clouds

No. 00-10
Søren Andersen: Evaluation of SSM/I sea ice al-
gorithms for use in the SAF on ocean and sea ice,
July 2000
(In Press)

No. 00-11
Claus Petersen, Niels Woetmann Nielsen:
Diagnosis of visibility in DMI-HIRLAM

No. 00-12
Erik Buch:  A monograph on the physical ocea-
nography of the Greenland waters
(In Press)


