
���������	��

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

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

/1032547698;:=<3>#?�@�A&B�ADCE2�<GF-2$HI>JFKF&032MLN<3AO>#?�>P8RQ3>�S!2MLKT3A-2$H&U�>JF-VWH&@

XZY[]\_^ `-a.bdc3e7egfih'c3egj-flklmna�opb�`rqts�u'alb�j'a�s�v

wyx�z.{
|�}_~p{

�&� ��������*+�i*+��*+�������]� � �����!
G%��(���+�
��*+�$,-���.����������� � �����������	�W

�(�����J�������������������������
��*	���������l�W�����J�������
�#����*+�������O
i������������*+�i*)���������������.�����������W����� � ��,���� � �l������������*+�������3�!�
��������*+�p������*+�����#���
���������
�������	�������

�������' p¡£¢!¤�¥�¦§ £¨�¢��

©Gª�«�¬ ­�®R¯(°p°£¯n±�²�³d´pµl±�¬·¶§¬¸±�¬·³i¹�ºp»�±�²�³W¼�½�¾À¿d­_´pÁ·Â7¹�¬¸¹�ÃJ³i­�±�³.«�´(±�±�²�³GÄÅ­_¹�´pÁ¸´3¾§Æ]´pµl³�ÄdÇ]¹�³.«�¶(´(±�ºp«�ÂÉÈ�Ä�¾]Ä�Ê
µlº£­g±�¬¸­gª_³iËÌ±�ºÎÍJºp«�ÏÐº£­Ñ´Òµlº£ª�ÆOÁ·³Óºp»�Æ]´(«�±�¬¸µ.ª_Á ´(«R±�ºpÆ]¬ µ.¹3±�²_´(±Ô´(«�³Õ«�³iÁ·³.¶(´p­�±3±�ºÎ¹�Æ]´pµl³Õ®p³.º7Ë�³i¹�ÂÌ´p­]ËÌ®p³.º(Ö
¹�µ.¬·³i­]µl³i¹.×Ø¾§º£ÙÀ³Õ´pµl±�¬¸¶§¬·±ÚÂÌ»�º7µ.ª_¹�³iËÛº£­Ø±�²�³ÉÃ#ÄGÜdÝ#°£¯r³lÞ7Æ-³.«�¬¸ÙÔ³i­g±.×àß#º£ª�±�¬ ­�³y´p­]´pÁ·Â§¹�¬¸¹nºp»�®£Á·ºpÇ]´pÁ�½Gá�âJ¼
Ë_´(±�´À¬ ­ã´À¹�³.«�¶7¬¸µl³�¹�³i­_¹�³�¬¸¹#µ.ª�«�«�³i­�±�Á·Ây­�ºp±#Æ&³.«�»�ºp«�ÙÔ³iËÕºp«#ÆOÁ¸´p­_­�³iËÕ´(±dÄ�¾]Än×

ä��Ðå�¢�æÚ¨�¤èçné&¡p £êNëy¨�¤$ìOí

Ý#²_³�¬¸­g¶p³i¹�±�¬¸´(±�¬·º£­_¹dµlº£­_µl³.«�­]¬¸­�®À³iÁ¸´p¹�±�¬¸µ�Æ_«�ºpÆ-³.«�±�¬·³i¹�ºp»!±�²�³nî�´(«�±�²�ï+¹WÇ&º§Ë_Ây²_´
¶p³RÇ&³.³i­�µlº£­�±�¬¸­§ª�³iË�×#Ý�²�³
®pº£´pÁ�¬¸¹�±�ºÓª]¹�³�®£Á·ºpÇ]´pÁt®p³.º§Ë�³.±�¬ µ�½Gá�âJ¼#Ë_´(±�´À±�ºp®p³.±�²_³.«WÍ�¬¸±�²ã®p«�´i¶7¬·±ÚÂðºpÇ]¹�³.«�¶(´(±�¬·º£­_¹�¬¸­ãºp«�Ë�³.«W±�ºÓ¹�±�ª]Ë�ÂÕ±�²�³
±�¬¸Ë_´pÁ�²_´(«�ÙÔº£­_¬¸µ3ñØòÎÈ�óiô§×	õpõðË_´
Â�Æ&³.«�¬·º7ËOÊ�´(±Å±�²�³À²_¬·®£²ÒÁ¸´(±�¬¸±�ª_Ë�³Ô¹�±�´(±�¬·º£­ÎÜWÂ�Ö-ö¿dÁ·³i¹�ª]­_Ë�×3©dª_«�¬¸­�®ã¯(°p°£¯ÕÍJ³
²_´
¶p³RÇ&³.³i­ðÍJºp«�Ï7¬¸­�®Àº£­�´÷Ë_¬¸«�³iµl±#³i¹�±�¬¸Ù÷´(±�¬·º£­ðºp»!±�²�³nµlº£ÙÔÆ]Á·³lÞðá�º
¶p³3­gª_ÙRÇ&³.«�¹#»�ºp«�±�²]¬¸¹�±�¬¸Ë�³R»ø«�º£Ùù´÷Á ´(«�®p³
½Gá�âJ¼!Ë_´(±�´�¹�³.±.×$úd­�»�ºp«�±�ª_­_´(±�³iÁ¸Âpûg¹�ºR»�´(«ü±�²�³W¬¸­g¶p³i¹�±�¬·®£´(±�¬¸º£­_¹�Ë_¬ ËÀ­�ºp±�¹�ª]µ.µl³.³iËÓ¬¸­÷Ë�³.«�¬·¶7¬¸­�®G«�³iÁ¸¬ ´(Ç]Á·³�«�³i¹�ª]Á·±�¹.×
ÄG­�³ãµlº£­_µl³.«�­Z¬¸¹3±�²_´(±À±�²_³ãÍü³i´(ÏÑ¹�¬·®£­]´pÁJ¬ ­Ñ²_´(«�ÙÔº£­_¬ µy¹�±�´(±�¬·º£­ZË_¬¸¹�Æ]Á¸´pµl³iÙÔ³i­g±Ô¹�±�¬¸Á¸Á�µ.´p­_­�ºp±ÔÇ&³ðË�³.±�³iµl±�³iË
Í�¬·±�²rº£ª�«Å´(Æ_Æ]«�º£´pµ�²Î»�«�º£Ùý±�²�³À´
¶�´p¬¸Á ´(Ç]Á·³n½dá'âü¼GË_´(±�´Õ¹�³.±�´p­_ËÎÁ¸º£­�®p³.«Å¹�³.«�¬·³i¹Gºp»ü½dá'âü¼dË_´(±�´ã´(«�³À­�³.³iË_³iË�×
þWº
ÍJ³.¶p³.«iû�Íü³ÀÍW¬¸Á¸Á�µlº£­_µl³i­g±�«�´(±�³÷º£­à±�²�³÷Ë�³.¶p³iÁ·ºpÆOÙÔ³i­�±Åºp»�Ë_¬·ÿ-³.«�³i­g±�´p­_´pÁ·Â7¹�¬¸¹Å¹�±�«�´(±�³.®£¬·³i¹R±�ºÉµlº£­�±�¬ ­gª�³÷±�²�³
¬¸­g¶p³i¹�±�¬·®£´(±�¬·º£­]¹.×

�����ð¦7ì]é&�Iëy¨�¤�ì���¢té�¤�¨Ú���

Ý#²_³y´pª�±�º£Ù÷´(±�¬¸µÕº§µl³i´p­Ø±�¬ Ë�³yÁ¸º£´pË_¬¸­�®�Æ_«�º
¶7¬¸Ë�³.«���ó
	#²_´p¹nÇ&³.³i­ØË�³.¶p³iÁ·ºpÆ&³iËÛ»�ª�«�±�²�³.«i×ÎÜ�º�Í5º§µl³i´p­Ø±�¬ Ë�³
Á·º£´pË_¬ ­�®ðÆ]´(«�´pÙÀ³.±�³.«�¹3´(«�³ÓÆ]«�º
¶7¬¸Ë�³iËÌ¬¸­ÐÇ&ºp±�²Ì»øºp«�Ù÷´(±�¹.û�±�²�³Óº£Á ËàÇ]Á¸ºpÏ���Ö�»øºp«�ÙÀ´(±R´p­_ËÌ±�²�³y­�³.Í þd¿dß�
JÄ�¾gÖ
»�ºp«�ÙÀ´(±.×J¾§³.³R²�±�±�Æ�������Í�Í#Í�×)º£¹�º�×+µ�²_´pÁ¸ÙÔ³.«�¹i×+¹�³����GÁ·º£´pË_¬ ­�®À»�ºp«#»�ª_«�±�²�³.«#Ë�³.±�´p¬¸Á ¹.×

�$���ã ��E¢�í��üê$ì]¡�¨�¦��Ó¡£ì]í(í(¥$¡£ì��#¢�é&¤ü¨�� �"!à¥$¡�¨Ú���$#%�'&Ìë)(�ä

Ý#¬ ÙÔ³Ô¹�³.«�¬·³i¹Åºp»�´(±�ÙÔº£¹�Æ]²�³.«�¬¸µ3Á·º£´pË]¬¸­�®Õ³lÿ-³iµl±�¹Rº£­Ð¹�±�´(±�¬¸º£­ÐÆ&º£¹�¬·±�¬·º£­Ò²_´
¶p³÷Ç&³.³i­Ðµ.´pÁ¸µ.ª]Á¸´(±�³iËÎÇ]´p¹�³iËÐº£­
®£Á·ºpÇ]´pÁGµlº£­g¶pº£Á¸ª�±�¬·º£­1ºp»n´(±�ÙÔºpÆ]²�³.«�¬¸µrÆ_«�³i¹�¹�ª_«�³%*]³iÁ Ë_¹y»øºp«ã±�²�³Ò³i¬·®£²g±Õ½dá'âJ¼Ó¹�±�´(±�¬·º£­]¹Õ±�²_´(±ãÆ]´(«�±�¬¸µ.¬¸Æ]´(±�³iË
¬¸­ Ã�ÄGÜWÝ�°£¯Ð¬¸­ ÄÅµl±�ºpÇ-³.«ã¯(°p°£¯§ûW¹�³.³,+�¬·®�×Wó(× îü´pµ�²1Ë_¬¸´(®p«�´pÙ;¹�²�º�Í�¹À±�²_³�´p¬·«ÓÆ_«�³i¹�¹�ª_«�³ðÁ·º£´pË_¬¸­_®Ð³lÿ-³iµl±.û
ÙÀ¬¸Á Á¸¬¸ÙÔ³.±�³.«�¹�ºp»'Ë_¬ ¹�Æ]Á¸´pµl³iÙÔ³i­g±�¹�´pÁ·º£­�®Ô±�²�³G¶p³.«�±�¬ µ.´pÁ�û�³i´p¹�±#´p­_ËÕ­�ºp«�±�²ÐÈ�±�²_³GÁ ´(±�±�³.«#Í�¬·±�²Õ´nÆ]Á·ºp±�±�¬¸­_®Rº(ÿ�¹�³.±#ºp»
¯�-À´p­]Ë�ô(°÷Ù÷Ùãû]«�³i¹�Æ-³iµl±�¬¸¶p³iÁ·Âpû_»�ºp«Wµ.Á¸´(«�¬¸±�Â_Ê�´(±�³i´pµ�²ÐÃ#ÄGÜdÝ#°£¯Ô¹�±�´(±�¬·º£­rË_ª�«�¬¸­�®3±�²�³�³lÞ7Æ&³.«�¬¸ÙÔ³i­g±RÈ µ.¬·«�µ.ª]Á¸´(«
¹�Â7Ù�Ç&º£Á¸¹�ÊW¶p³.«�¹�ª_¹Å±�¬ ÙÔ³À¬¸­Ð²�º£ª_«�¹Å»�«�º£Ù ÄGµl±�ºpÇ&³.«Óóiõ§û!¯(°p°£¯§û!¹�²�º�Í�­Îº£­Ð±�²_³÷Á·º
ÍJ³.«R´(ÇO¹�µ.¬¸¹�¹�´7×ÓÝ#²�³÷µ.ª�«�¶p³i¹
Í�¬·±�²_º£ª�±J¹�Â§ÙRÇ&º£Á¸¹�¹�²�º
Í ±�²_³GÁ¸º£´pË_¬¸­�®n³lÿ-³iµl±�±�²�«�º£ª�®£²�º£ª_±J±�²_³dÂp³i´(«d¯(°p°£¯§× .Î³�µlº£­_µ.Á¸ª]Ë�³G±�²_´(±#´p¬·«�Æ_«�³i¹�¹�ª�«�³
Á·º£´pË_¬ ­�®3¶�´(«�¬ ´(±�¬·º£­_¹�Ë_ª�«�¬¸­�®÷Ã#ÄGÜdÝ#°£¯nÍJ³.«�³/�§ª_¬·±�³Å«�³.Æ_«�³i¹�³i­�±�´(±�¬¸¶p³�»øºp«�±�²�³�±�Â§Æ]¬¸µ.´pÁ�´p­_­gª]´pÁ&«�´p­�®p³p×

����
W�������#%����i�(����0'���p����� �2131



���������	��

������������������������������� �!
��!"O%'�(���)����*+�',-���.����� ���������	�#
i�(�����$����������������������� �!
��!"Air pressure loading ALGOPARK 

-10

0

10

20

30

D
is

pl
ac

em
en

t [
m

m
]

0 120 240 360
Time [h from Oct 16]

2002 2003
Time [Year]

Vertical

East

North

Site=ALGOPARK

Air pressure loading GILCREEK 

-10

0

10

20

30

D
is

pl
ac

em
en

t [
m

m
]

0 120 240 360
Time [h from Oct 16]

2002 2003
Time [Year]

Vertical

East

North

Site=GILCREEK

Air pressure loading HARTRAO 

-10

0

10

20

30

D
is

pl
ac

em
en

t [
m

m
]

0 120 240 360
Time [h from Oct 16]

2002 2003
Time [Year]

Vertical

East

North

Site=HARTRAO

Air pressure loading KOKEE 

-10

0

10

20

30

D
is

pl
ac

em
en

t [
m

m
]

0 120 240 360
Time [h from Oct 16]

2002 2003
Time [Year]

Vertical

East

North

Site=KOKEE

Air pressure loading NYALES20 

-10

0

10

20

30

D
is

pl
ac

em
en

t [
m

m
]

0 120 240 360
Time [h from Oct 16]

2002 2003
Time [Year]

Vertical

East

North

Site=NYALES20

Air pressure loading ONSALA60 

-10

0

10

20

30

D
is

pl
ac

em
en

t [
m

m
]

0 120 240 360
Time [h from Oct 16]

2002 2003
Time [Year]

Vertical

East

North

Site=ONSALA60

Air pressure loading WESTFORD 

-10

0

10

20

30

D
is

pl
ac

em
en

t [
m

m
]

0 120 240 360
Time [h from Oct 16]

2002 2003
Time [Year]

Vertical

East

North

Site=WESTFORD

Air pressure loading WETTZELL 

-10

0

10

20

30

D
is

pl
ac

em
en

t [
m

m
]

0 120 240 360
Time [h from Oct 16]

2002 2003
Time [Year]

Vertical

East

North

Site=WETTZELL

465�7�8�9;:�<>=@?A5�BC:EDF:G9;5H:2DJI>KMLONFBCI�DFP�Q�:29F5SRUTHI�L>V�5�W�7%V�8�9F5HW�7�XZY\[]?Z^�_a`bRc5H9;RG8�THL>9/DFd�BfegI�THD2hAT�Ijik:G9CN;5�BC:)Ljl�5HDnmCLOWgV
V�8�9;5HW�7oN;Q�:/iZQ�I�T�:pd>:3LO9�I>K]_O^�^�_�`bRc8�9;q>:3DriZ5�NFQ�I�8�NsDFdtB�e�I>TSDGhu8�PvPg:29�N;5�BC:ULjl�5HDnmw=yxtQ�IjiZW'L>9F:/q>:G9FNF5SRGL>Tbhu:3L>DzNfLOWgV
W�I�9zN;Q{V�5SDFP�THL�Rc:2Bs:2W�N;DM`|N;Q�:rTSLjNFNF:G9ZPvT�I>NzNF:3V{IO}~Dz:GNAetdU_>�fLOWvVU�>^fBCBUhv9;:2DFPg:3RwNF5Hq>:2T�d�h�K�I>9�RcTSLO9;5�N�d�mc=

�31G� �ø�!
���������%'���
������0����p�����



���������	��

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

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

Ý#²_³Å±�¬¸ÙÔ³�¹�³.«�¬¸³i¹#´(«�³�´i¶(´p¬¸Á¸´(ÇOÁ·³�´p¹�ª_¹�ª_´pÁ�¬¸­Õº£ª�«#º�Í�­ã»�ºp«�ÙÀ´(±�ª]­_Ë�³.«
»�±�Æ�������´p­�º£­gÂ§ÙÔº£ª]¹2�d®p³.«�³p×)º£¹�º�×+µ�²_´pÁ¸ÙÔ³.«�¹.×+¹�³���Æ]ª�Ç���²�®£¹2��´(Æ]Á·º£´pË6��µlºp«�³lÖ�¶§Á¸Ç]¬�Ö�´(Æ]Áb�v�£×)±�¹�»Ú×��
´p­_Ëð¬ ­Õ±�²�³�­�³.Í î]
�þdî�©d¼�¾~
Z»�ºp«�ÙÀ´(±�ª_­]Ë�³.«
»�±�Æ�������´p­�º£­gÂ§ÙÔº£ª]¹2�d®p³.«�³p×)º£¹�º�×+µ�²_´pÁ¸ÙÔ³.«�¹.×+¹�³���Æ]ª�Ç���²�®£¹2��´(Æ]Á·º£´pË6��¶§Á·ÇO¬�Ö�î\�v�i³.Æ]²t×)®��
¾§³.³�´pÁ¸¹�ºÀ±�²�³�²�º£ÙÔ³�Æ]´(®p³�´(±�²g±�±�Æ�������Í#Í#Í�×)º£¹�º�×+µ�²_´pÁ ÙÔ³.«�¹.×+¹�³����Å²�®£¹2��´(Æ]Á·º£´pËt×

���rëÓê�ì_¡v�Eé�æs!Ðì���¢t¡v�Eé- p¨�¢��è¢��� £ê$ì��É��í�é�æ�é��ré�¤ü¨�¢1ëWìOæ�ì]í(¦7¢���ì

¼�­�¶p³i¹�±�¬·®£´(±�¬·º£­_¹#²]´i¶p³Rµlº£­g±�¬¸­§ª�³iËÕ±�º÷ÙÔº7Ë�³iÁ&±�²�³Å±�²_³.«�ÙÀ´pÁ�Ë�³.»�ºp«�ÙÀ´(±�¬·º£­ðºp»'±�²�³RÄÅ­_¹�´pÁ¸´n«�´pË_¬¸ºn±�³iÁ¸³i¹�µlºpÆ&³
¬¸­ã±�²_³�½dá'âJ¼#´p­_´pÁ·Â7¹�¬¸¹.× +�¬·®£ª_«�³R¯À¹�²�º
Í�¹WÙÔ³i´p¹�ª�«�³iËã«�³iÁ¸´(±�¬·¶p³n²�³i¬·®£²g±#ºp»�±�²�³�±�³iÁ¸³i¹�µlºpÆ&³�±�º
ÍJ³.«Å´p­_Ëð¹�³.¶p³.«�´pÁ
Ë_¬�ÿ&³.«�³i­g±ü±�³iÙÀÆ-³.«�´(±�ª�«�³i¹�ÙÔ³i´p¹�ª�«�³iËã´(±#ÄÅ­_¹�´pÁ¸´nË_ª�«�¬ ­�®nÃ#ÄGÜdÝ#°£¯§×�Ý�²�³W«�³iÁ¸´(±�¬·¶p³G¶p³.«�±�¬¸µ.´pÁ�²�³i¬¸®£²�±�¬¸¹�²_¬·®£²_Á¸Â
µlºp«�«�³iÁ ´(±�³iËÉÍ�¬¸±�²ã±�²�³�ÙÔ³i´p­É±�³iÙÔÆ&³.«�´(±�ª�«�³Rºp»�±�²�³Rµlº£­_µl«�³.±�³�±�³iÁ·³i¹�µlºpÆ&³R±�º
ÍJ³.«iû-¹�³.³p+�¬·®�×'óRµ(×�Ý#²�³�Ë_¬�ÿ&³.«�³i­g±
±�³iÙÔÆ&³.«�´(±�ª�«�³i¹nÈ ÙÔ³i´p­rµlº£­_µl«�³.±�³pû�´p¬·«G¬¸­_¹�¬¸Ë�³G«�´pË�º£ÙÔ³pû&´p¬·«dº£ª�±�¹�¬¸Ë_³�Ê�Á¸´(®y³i´pµ�²rºp±�²�³.«dÇgÂð¹�³.¶p³.«�´pÁ�²_º£ª�«�¹.û]¹�³.³
+�¬·®�×�óR³p×Å¿D¹�¬¸ÙÔÆ]Á¸³J*OÁ·±�³.«G²_´p¹dÇ&³.³i­rË_³.¶p³iÁ·ºpÆ&³iË��)¯�	�±�ºãÙÔº7Ë�³iÁ�±�²_³n¶p³.«�±�¬¸µ.´pÁ�²�³i¬·®£²g±dµ�²_´p­�®p³i¹Å´p¹GºpÇ]¹�³.«�¶p³iË
Ç§Âr±�²_³Ó¬¸­g¶�´(«R«�º7ËàÙÔ³i´p¹�ª_«�³iÙÔ³i­g±R¹�Â7¹�±�³iÙ ´(±n±�²�³À±�³iÁ¸³i¹�µlºpÆ&³y´p¹R´ð» ª_­_µl±�¬·º£­àºp»Jº£ª_±�¹�¬¸Ë�³À±�³iÙÀÆ-³.«�´(±�ª�«�³i¹n´p¹
Á·ºp®p®p³iËÕ¬¸­Ó±�²�³d½dá'âü¼JÁ·ºp®p*OÁ·³i¹.×A.1¬·±�²÷±�²]¬¸¹ü´(Æ]Æ_«�º£´pµ�²Õ±�²_³W«�³iÁ ´(±�¬·¶p³W¶p³.«�±�¬¸µ.´pÁ&²�³i¬·®£²g±üºp»'±�²�³W±�³iÁ¸³i¹�µlºpÆ&³W±�º�Íü³.«
µ.´p­ðÇ&³ÅÙÔº7Ë�³iÁ¸Á·³iËÕÍW¬·±�²ã´ÔÙÀ´�Þ�¬¸ÙRª]Ù9ª_­_µl³.«�±�´p¬ ­�±ÚÂÓºp»!°7×¸óO-ÀÙ÷Ùãû_¹�³.³/+�¬·®�×tóÅ»�×

290 295 300 305

0

5

10

Day of year in 2002

T
em

pe
ra

tu
re

 (
C

)

d)
<− To

<− Tr
Tc

−5  −3  −1  +1  +3  +5
−0.5

0

0.5

1

Lag in days

C
ro

ss
−

co
va

ria
nc

e

e)

(1) −>
<− (2)

<− (3)

290 295 300 305

−0.8

−0.6

−0.4

−0.2

0

0.2

Day of year in 2002

R
el

. v
er

t. 
he

ig
ht

 (
m

m
)

f)

residuals

invar data −>

<− model data

290 295 300 305

−0.8

−0.6

−0.4

Day of year in 2002

R
el

. v
er

t. 
he

ig
ht

 (
m

m
)

a)

290 295 300 305
4

6

8

10

Day of year in 2002

M
ea

n 
co

nr
et

e 
te

m
p.

 (
C

)

b)

4 6 8 10

−0.8

−0.6

−0.4

Mean concrete temp. (C)

R
el

. v
er

t. 
he

ig
ht

 (
m

m
)

c)

465�7�8�9;:�_�=6�Z:GTSLjN;5�q�:�q>:29zN;5HR2LOT�Q�:G5H7>Q�N6L>WvVrDF:Gq�:G9nLOTON;:GBCP�:G9nLjNF8v9F:3D�LjN�NFQ�:�Y]WvD;LOTSL _O^�B�N;:GTH:2D;RcI�Pg:kV�8�9;5�W�7MXZY\[ ?Z^�_���L�m
�Z:2THLONF5Hq>:Zq>:29zN;5HR2LOT�Qv:G5H7>Q�N�L>D�Bs:3L>DF8�9;:2VCetdrN;Q�: 5HWtq
L>9�9;ItV���egm���:2L>WCNF:GBCP�:G9nLjN;8�9F: IOK�NFQ�:]RcI>WgRc9;:cNF:AN;:GTH:2D;RcI�Pg:ZN;Iji�:292�
R2mJx�RGLjNFNF:29�P�THION�IOK�9;:GTSLjNF5Hq>:Uq�:G9FNF5SRGLOTZQv:G5H7>Q�N�q>:29;DF8vDCBC:2L>WaRGI>WvRG9F:GNF:{NF:2BCPg:29;LONF8�9;:>=�`b?AQ�:�:GBCP�5H9;5HR2LOT�:GltPgLOWvDF5�I�W
RcIt:G�JRG5�:2W�N/5HD/�"��^�  ¡�<f¢�<3^�£�¤%`�<j¥O¦2XAmc= mc�MVvm/xt:2q>:29;L>T�NF:2BCPg:29;LONF8�9;:2D2�)?�It�]I�8�N;DF5SV�:�NF:2BCPg:29;LONF8�9;:EL>D/T�I�7>7�:2Va5HW
NFQv:�§]¨�©�ª�THI>7>«b¬vTH:>h�?ZR3�]BC:3LOW)NF:2BsP�:G9nLjN;8�9;:�IOKANFQv:/RcI�WvRc9;:cN;:CNF:GTH:2D;RcI�Pg:�NFIjik:G93h�?�9w�\L>5�9MN;:GBCP�:G9nLjNF8v9F:J5HWvDF5HV�:/NFQ�:
9nL>V�I�Bs:�ev8�5�TSV�5HW�7v��:
mpX�9;I�D;D�«­RcIjqjLO9;5SLOWvRG:/K�8�WgRwNF5HI>WgDG��`�<
m�L>8�NFI�RcIjqjL>9F5SLOWvRG:>h�`b_�m�Rc9;I�D;Dz«®RGIjq
L>9F5SLOWgRc:{eg:GN�i�:2:GW�BC:2L>W
RcI�WvRc9;:cN;:/N;:GBCP�:G9nLjNF8v9F:�?ZRULOWvV'9;L�V�I>BC:ULO5H9sNF:GBCP�:G9nLjN;8�9F:�?�9o`�TSLO7)¯v� ¯��EQ�I>8v9;Dnmwh\`°��msRG9FI�DFDz«®RGIjqjLO9;5HL>WvRc:Je�:cN�ik:G:2W
I>8�N;DF5HV�:JL>5�9�N;:GBCPg:29;LONF8�9;:J?�I�L>WvV)9;L�V�I>BC:CLO5H9�NF:GBCP�:G9nLjN;8�9F:J?�9�`�TSLO7������ ��^/QvI>8�9nD;mc��K;mr�Z:GTSLjN;5�q�:sq�:G9FNF5SRGL>T6Qv:G5H7>Q�N2�
I>9;5H7>5HWvLOT~5HWtq
L>9�V�LjNnL�`�e�TH8�:
mwhvBCI�V�:2T�V�LON;LsevL>DF:2V{I�W{I�8�N;DF5SV�:rLO5H9ANF:2BsP�:G9nLjN;8�9;:MT�I�7>7>:3V/5HWUNFQv:M§]¨�©kªATHI>7O«±¬vTH:2DM`°9F:3Vvmwh
LOWgVpRGI>9;9F:3DzP�I>WvV�5�W�7s9;:2DF5HV�8gLOTSD\`°e�TSL>Rn²�mw=

����
W�������#%����i�(����0'���p����� �212³



���������	��

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

´���#Ó¡�¥�í� pé�æCµ5¢� £¨�¢��N¨Ú� çÔ¥$¡�¢���ì

Ý#²_³�´p­_´pÁ·Â7¹�¬¸¹Jºp»�±�²�³ÅÆ]ª�«�³iÁ¸Â÷î�ª�«�ºpÆ-³i´p­Õ½Gá�âJ¼�Ë_´(±�´À²_´p¹#Ç-³.³i­ãµlº£­g±�¬¸­§ª�³iË¶�)ô�	�×ü¿è¹�µ.¬¸³i­�±�¬S*-µG«�³.Æ&ºp«�±�º£­
±�²�³�îüª�«�ºpÆ&³i´p­Õ®p³.º7Ë�³.±�¬¸µÅ½Gá�âJ¼�­�³.±�ÍJºp«�Ïã²_´p¹#Ç&³.³i­ãµlº£ÙÔÆOÁ·³.±�³iËÉ´p­_ËÕÆOª�Ç]Á¸¬¸¹�²�³iËÓ¬ ­Õ³i´(«�Á·Âã¯(°p°£¯'� ·�	�×

¸ ���ã ��E¢�í��üê$ì]¡�¨�¦��Òé�¤�¨�¢�¹ýé~º�ì��÷¡£¢���é��té- £¨�¢��

Ý#²_³Wµlº£Á¸Á·º7µ.´(±�³iËÕ¹�Æ]´pµl³d®p³.º§Ë_³.±�¬¸µG´p­_Ë÷«�³iÙÔºp±�³d¹�³i­_¹�¬¸­�®�±�³iµ�²_­_¬°�gª�³i¹�´(±J±�²�³�ÄG­_¹�´pÁ¸´n¾§Æ]´pµl³�ÄdÇ]¹�³.«�¶(´(±�ºp«�Â
²_´
¶p³ÉÇ&³.³i­Zª_¹�³iËZ»øºp«÷´(±�ÙÀº£¹�Æ]²�³.«�¬ µð¹�±�ª_Ë_¬¸³i¹ÔË_ª�«�¬¸­_®Ò¯(°p°£¯§× Ý�ÍJºÐÍ�´(±�³.«÷¶(´(Æ-ºp«÷«�´pË_¬·º£ÙÔ³.±�³.«�¹÷²_´
¶p³ÉÇ&³.³i­
ºpÆ&³.«�´(±�³iË1Ë_ª�«�¬ ­�®ÌÃ#ÄGÜdÝ#°£¯§û�º£­�³rºpÇ]¹�³.«�¶7¬¸­�®Ì¬¸­ ´Ì¹�Ï§Â�Ö�ÙÀ´(Æ]Æ]¬¸­�®àÙÀº§Ë�³pûW´p­_ËZ±�²�³rºp±�²�³.«ã´p¹y´àÆ&º£¬¸­g±�³iË
«�´pË_¬¸º£ÙÔ³.±�³.«3»øº£Á¸Á¸º
Í�¬¸­_®É±�²�³Õ½Gá�âJ¼�ºpÇ]¹�³.«�¶�´(±�¬·º£­Ø¹�µ�²�³iË_ª_Á¸³p×Ò¿d­_´pÁ·Â7¹�¬¸¹Rºp»#±�²�³ãË_´(±�´Ò²_´p¹3¹�±�´(«�±�³iËÑ´p­_ËÛÍ�¬¸Á¸Á
µlº£­g±�¬¸­gª_³�¬¸­ÕÆ]´(«�±�¬ µ.ª_Á¸´(«�¬¸­ãµlº£­_­�³iµl±�¬¸º£­ð±�ºÀ±�²�³�½dá'âü¼�´p­_Ë,»J
J¾ÕË_´(±�´ÀºpÇ]¹�³.«�¶p³iË�Ë_ª�«�¬¸­_®ÔÃ#ÄÅÜWÝ#°£¯§×

¼����O½Øå¾�Ó¨Úæ�¢� ��÷¡�¢�¿�ì]¦§ �ÀÓëd¡£¢���¢'í��Jê$ì_¡g¨�¦��3é&¡£éu�Eì� pì_¡�í

Ý#²_³W¼�½Å¾Ó¿d­_´pÁ·Â7¹�¬¸¹�ÃJ³i­�±�³.«#´(±�Ä�¾]Ä Æ]´(«�±�¬¸µ.¬·Æ]´(±�³iËy¬¸­Ó±�²�³G¼Ú½�¾Á
�¬¸Á·ºp±\
$«�º�Â�³iµl±JÖ$Ý�«�ºpÆ&º£¹�ÆO²�³.«�¬¸µr
�´(«�´pÙÔÖ
³.±�³.«�¹d¬¸­ð¯(°p°£¯§×#Ý'«�ºpÆ&º£¹�Æ]²�³.«�¬ µWÆO´(«�´pÙÔ³.±�³.«�¹�»øºp«d´pÁ¸Á�½Gá�âJ¼�¹�±�´(±�¬·º£­_¹�Æ]´(«�±�¬¸µ.¬·ÆO´(±�¬¸­�®Ô¬¸­ã±�²�³�¼Ú½�¾ãßRó�´p­_ËÉß�·
­�³.±ÚÍüºp«�Ï7¹�²]´i¶p³�Ç&³.³i­ãË�³.«�¬·¶p³iËð´p­_Ëð¹�ª�Ç]ÙÀ¬·±�±�³iËy±�ºÀ±�²_³�¼Ú½�¾-×

Ã����ð¥$ £æ�¢�¢�Ä

Ý#²_³n¼�½�¾Ò¿W­]´pÁ·Â§¹�¬¸¹�ÃJ³i­�±�³.«R´(±Å±�²�³ÓÄG­_¹�´pÁ ´ã¾7Æ]´pµl³ÓÄdÇ]¹�³.«�¶�´(±�ºp«�ÂrÍ�¬¸Á Á'µlº£­g±�¬¸­§ª�³À¬·±�¹ÅÍJºp«�ÏÉº£­à¹�Æ&³iµ.¬S*Oµ
±�ºpÆ]¬¸µ.¹n¬¸­Ð¹�Æ]´pµl³Ó®p³.º7Ë�³i¹�ÂÌ´p­_ËÐ®p³.º£¹�µ.¬¸³i­_µl³i¹.×�Ý�²�³i¹�³÷±�ºpÆO¬¸µ.¹R¬ ­_µ.Á¸ª_Ë�³3±�¬¸Ë]´pÁ$³lÿ&³iµl±�¹.û$Á·º£´pË_¬¸­_®ðÆ]²�³i­�º£ÙÀ³i­_´7û
µl«�ª_¹�±�´pÁOÙÔºp±�¬¸º£­�ûg³i´(«�±�²÷«�ºp±�´(±�¬¸º£­�û�´p­_Ë÷´(±�ÙÔº£¹�Æ]²�³.«�¬¸µ�Æ_«�ºpÆ&³.«�±�¬·³i¹i×!¾§º£ÙÀ³�Æ]´(«�±Jºp»�±�²�³G¬¸­g¶p³i¹�±�¬·®£´(±�¬·º£­_¹üÍ�¬¸Á Á�¬¸­
Æ]´(«�±�¬ µ.ª_Á¸´(«�µlº£­_µl³i­g±�«�´(±�³Åº£­÷±�²�³ÅÃ�ÄGÜWÝ�°£¯�Ë_´(±�´7×Z.Îºp«�Ï÷º£­Óµlº£ÙRÇ]¬¸­_´(±�¬¸º£­Àºp»tµl«�ª_¹�±�´pÁOÙÔºp±�¬¸º£­ÀºpÇ]¹�³.«�¶�´(±�¬·º£­]¹
»�«�º£Ù5½Gá�âJ¼J´p­]Ëãºp±�²�³.«W¹�Æ]´pµl³�®p³.º7Ë�³.±�¬¸µÅ±�³iµ�²_­_¬��§ª�³i¹#¬¸¹�ÆOÁ¸´p­_­�³iË�×

�Òì���ì_¡£ì]�ü¦7ì]í

Å <cÆ�x�RnQ�:29FWv:2Rn²�h�Çr= «­Ès=Hh�L>WvV'©kI�DGh��%=��oY\Rc:3LOW'?A5SV�:ULOWvV�ÉkNFBCI�DFP�Q�:29F5SR/¨�I�L�V�5�Wv7v=�ª­W��p[�=��M=u§�LOWgV�:GWte�:G9;7ÁLOWgV
ÊC=�Ëf=v©AL
q>:G9M`bÌ�V�D2= mc�uª­§\xU_O^�^�_fÈ\:GW�:29;L>T���:G:GNF5HW�7�Í�9;I�Rc:G:3V�5HW�7�D2h�[ É]x�É\Î>XkÍ�«­_>^>^�_
«�_�<2^�^>^�_�h>_O^��3Ï�_�<G¯gh�_>^>^�_�=

Å _
ÆJ�ZI�e�5�WgDzI�W�hOÌ�=jÉr=H��Í�Qtd�Dz5SRGL>T�É P�P�TH5HR2LjNF5HI>WgD�IOK�xtN;LjN;5�I�WvLO9;dM?A5�BC:G«­xt:29F5H:2D6iZ5�NFQCDzP�:2RG5HL>T�9F:GK�:G9;:GWvRG:2D�NFIMV�5H7>5�N;L>T�V�LjNnL
P�9;I�Rc:2D;DF5�W�7sIOK�Dz:25HDFBC5HRMDF5H7>WvL>THD2=vX�QvLO9;T�:3D�È\9F5��JW{ÐÑX�I>BCPvL>Wtd�¨~N;V�h�<2Ò�¡>^�=

Å �jÆJÇ L�L>D2h��M=Hh�[�I>NFQ�WvL>7>:2TbhtÉr=HhvXkLOBCP�e�:GTHTbh�Óg=�htLOWvVpÈ\8�:G7�8�:GW�htÌ�=H���Z:2RG:GW�NkRG9F8vDzN;L>TvBCIjq>:2BC:GW�N;D�I>evDF:G9;q>:3VfiZ5�NFQ/NFQ�:
Ì�8v9FI�Pg:3LOW/§\¨�©kªkW�:cN�ikI>9;²���È\:2ItV�:cNF5SRMLOWgLOTHdtDF5SDkL>WvVp9F:3Dz8�T�N;D2=�Ô�ÕjÖ�×wØ�ÙjÚ�ÕzÛJÜ�Ý;Õ3ÞjßjØ�Ùjàsá°âwãwhg5�WUP�9;:2D;DG=

Å ¯OÆ/XkLOBCP�e�:GTHT±h>Óv=Hh�Ç]L>L�DGhO�M=Hh�L>WvVs[�ION;Q�WvL>7>:GT±h>É�=v`�:3V�DG=ämw����:3L>DF8�9F:2BC:GW�N6I>Kgq�:G9FNF5SRGLOT�RG9F8gD�NnLOTtBCIONF5HI>Ws5HWCÌ�8�9;I>P�:�etd
§]¨�©kªw=g?Z�o�@[ :cN�ikI>9;²/4�����åZÏvXk?ZÒ>æjÏt^>^tçt<Mx�Rc5H:GW�N;5è¬gR��Z:GP�I>9FN�<2Ò�Ò>æ�«A_>^>^�<�h�P�P�=6<G¯�¡�h�Í�8ve�T�5SDFQ�:2VUI�W�eg:2QvLOT�K
IOK�NFQ�:rÌ�8�9;I>P�:2LOW�X�I>BCBC5HD;DF5�I�W�h�ªzx�©A[@Ò�_
Ït¡>Ò>¯jÏ�^�çjæ��
Ï�¡�hjÌ�8�9;I>P�:2L>W�X�I�BCB�8�W�5�NF5H:2D2hv_O^�^�_�=

�2��� �ø�!
���������%'���
������0����p�����


