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$Q�DVVHPEODJH�RI�VKDOORZ�ZDWHU�ILVKHV�ZDV�VDPSOHG�ZLWK�D�VPDOO�EHDFK�VHLQH�PRQWKO\��GXULQJ����KRXU�SHULRGV�
EHWZHHQ�$SULO������DQG�0DUFK������DW�WKH�VDQG\�'XÝH�*ODYD�EHDFK�LQ�WKH�HDVWHUQ�$GULDWLF��0RQWKO\�VHWV�RI�VDPSOHV
ZHUH�GLYLGHG�LQWR�GD\�DQG�QLJKW�FDWFKHV�WR�H[DPLQH�WKH�VWDELOLW\�RI�GLHO�GLIIHUHQFHV� LQ�DVVHPEODJH�VWUXFWXUH�RYHU�D
RQH�\HDU�SHULRG��$�WRWDO�RI�����/DEULGV��PDLQO\�MXYHQLOHV��UHSUHVHQWLQJ���VSHFLHV��6\PSKRGXV�RFHOODWXV��6��FLQHUHXV�
6�� URLVVDOL��6�� URVWUDWXV�DQG�/DEUXV�YLULGLV��/��PHUXOD��ZHUH� VDPSOHG�GXULQJ� WKH�ZKROH� LQYHVWLJDWLRQ�SHULRG�� (DFK�RI
WKHVH�/DEULG�VSHFLHV�KDG�D�GLIIHUHQW�SDWWHUQ�RI�GLXUQDO�DQG�VHDVRQDO�DEXQGDQFH��6��RFHOODWXV�ZDV�WKH�GRPLQDQW�VSH�
FLHV�WKURXJKRXW�WKH�\HDU��7KH�KLJKHVW� LQFUHDVHV�LQ�QXPEHU�RI�DOO�6\PSKRGXV�VSHFLHV�ZHUH�UHFRUGHG� LQ� WKH�VXPPHU
SHULRG��/��YLULGLV�� UHSUHVHQWHG�E\�WKH� ODUJHVW� LQGLYLGXDOV�RI�DOO� VDPSOHG�/DEULGV��ZHUH�QRW� IRXQG�GXULQJ� WKH�VXPPHU
DQG�DXWXPQ�PRQWKV��6��RFHOODWXV��6��URLVVDOL�DQG�6��URVWUDWXV�DSSHDUHG�WR�EH�PDLQO\�GLXUQDO��ZKLOH�DW�QLJKW�PRUH�6�
FLQHUHXV�DQG�/��YLULGLV�LQGLYLGXDOV�ZHUH�FDXJKW�

.H\�ZRUGV��VHDVRQDOLW\��GD\�QLJKW�GLIIHUHQFHV��/DEULGV��$GULDWLF�6HD��FRDVWDO�DUHD
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6,17(6,

8QD�FRPXQLWi� LWWLFD�GL�DFTXH�SRFR�SURIRQGH�o� VWDWD� FDPSLRQDWD�PHQVLOPHQWH�SHU����RUH�� FRQ� O¢DXVLOLR�GL�XQD
SLFFROD�UHWH�GD�SHVFD��WUD�DSULOH������H�PDU]R�������OXQJR�OD�FRVWD�VDEELRVD�'XÝH�*ODYD�QHOO¢$GULDWLFR�RULHQWDOH��,
FDPSLRQL�PHQVLOL�VRQR�VWDWL�GLYLVL�LQ�FDWWXUH�GLXUQH�H�QRWWXUQH��DO�ILQH�GL�HVDPLQDUH�OD�VWDELOLWi�GHOOH�GLIIHUHQ]H�JLRU�
QDOLHUH�QHOOD� VWUXWWXUD�GHOOD�FRPXQLWi��GXUDQWH� LO�SHULRGR�GL�XQ�DQQR��8Q� WRWDOH�GL����� ODEULGL�� LQ�SUHYDOHQ]D�VWDGL
JLRYDQLOL�GL���VSHFLH��6\PSKRGXV�RFHOODWXV��6��FLQHUHXV��6��URLVVDOL��6��URVWUDWXV��/DEUXV�YLULGLV�H�/��PHUXOD���VRQR�VWDWL
FDPSLRQDWL�GXUDQWH�O¢LQWHUR�SHULRGR�GL�VWXGLR��2JQXQD�GL�TXHVWH�VSHFLH�GL�ODEULGL�KD�PRVWUDWR�GL�DYHUH�XQ�DQGDPHQWR
GLYHUVR� GHOO¢DEERQGDQ]D� JLRUQDOLHUD� H� VWDJLRQDOH�� 6�� RFHOODWXV� o� VWDWD� OD� VSHFLH� GRPLQDQWH� GXUDQWH� WXWWR� O¢DQQR�
/¢LQFUHPHQWR�PDJJLRUH�QHO�QXPHUR�GL�VSHFLH�GL�6\PSKRGXV�VL�o�UHJLVWUDWR�GXUDQWH�LO�SHULRGR�HVWLYR��/��YLULGLV��UDSSUH�
VHQWDWR�GDJOL�HVHPSODUL�SL|�JUDQGL� IUD� WXWWL� L� ODEULGL�FDPSLRQDWL��QRQ�o�VWDWR� WURYDWR�GXUDQWH� O¢HVWDWH�H� O¢DXWXQQR��6�
RFHOODWXV��6��URLVVDOL�H�6��URVWUDWXV�VRQR�DSSDUVH�VSHFLH�SUHYDOHQWHPHQWH�GLXUQH��PHQWUH�OD�JUDQ�SDUWH�GHJOL�LQGLYLGXL
GL�6��FLQHUHXV�H�/��YLULGLV�o�VWDWD�FDWWXUDWD�GXUDQWH�OD�QRWWH�

3DUROH�FKLDYH��VWDJLRQDOLWj��GLIIHUHQ]H�JLRUQR�QRWWH��ODEULGL��PDUH�$GULDWLFR��DUHD�FRVWLHUD
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,1752'8&7,21

6HYHUDO� VWXGLHV� KDYH� HPSKDVL]HG� WKH� UROH� RI�PDULQH
VKDOORZ�ZDWHU� KDELWDWV� �7KLHO� HW� DO��� ������ %LDJL� HW� DO��
������1DVK�	�6DQWRV��������*XLGHWWL�	�%XVVRWWL��������DV
QXUVHULHV�RI�D�YDULHW\�RI�PDULQH�ILVKHV��,W�KDV�EHHQ�VKRZQ
WKDW� ILVK� DVVHPEODJH� FKDQJHV� RYHU� GLHO� SHULRGV� �1DVK�
������:ULJKW�� ������1DVK� HW� DO��� ������ GXH� WR� WKH� QHW
DYRLGDQFH�GXULQJ�WKH�GD\WLPH��0F&OHDYH�	�)ULHG�������
DOVR� GXH� WR� WKH� UHDO� FKDQJHV� LQ� DEXQGDQFH� DQG� WKH� DV�
VHPEODJH� VWUXFWXUH� �/DVLDN�� ������ 1DVK� HW� DO��� ������
0RUHRYHU��WKHUH�LV�D�VHDVRQDO�FKDQJH�LQ�WKH�VSHFLHV�FRP�
SRVLWLRQ��ZKLFK� LV�DOVR� UHIOHFWHG� LQ� WKH�GLHO�YDULDWLRQV� LQ
DVVHPEODJH�VWUXFWXUH��1DVK��������:ULJKW��������

2QO\�D� OLPLWHG�QXPEHU�RI�SUHYLRXV� VWXGLHV�KDYH�H[�
DPLQHG�WKH�GD\�QLJKW�FDWFKHV�IRU�D�ZKROH�\HDU��$OOHQ�HW
DO��� ������ 1DVK� 	� 6DQWRV�� ������ 'XOáLß� HW� DO��� ������
'LHO� FKDQJHV� LQ� DVVHPEODJH� FRPSRVLWLRQ�� ZKLFK� DUH
WKHQ� VXSHULPSRVHG� RQ� VHDVRQDO� FKDQJHV�� FRXOG� KDYH� D
SURIRXQG�HIIHFW�RQ� WKH�SHUFHSWLRQ�RI�D� ILVK�DVVHPEODJH�
7KH�GLHO�SHULRGLFLW\�RI�DQ�DVVHPEODJH��RU�HYHQ� WKH� ODFN
RI�SHULRGLFLW\��LV�FDXVHG�E\�FKDQJHV�LQ�FDWFK�RI�WKH�LQGL�
YLGXDO�VSHFLHV��1DVK�	�6DQWRV��������

:UDVVHV��WKH�IDPLO\�/DEULGDH��DUH�WKH�PRVW�DEXQGDQW

DQG� FRQVSLFXRXV� ILVKHV� RQ� WURSLFDO� UHHIV� DURXQG� WKH
ZRUOG��&KRDW�	�%HOOZRRG���������7KH\�DOVR�FRPSULVH�DQ
LPSRUWDQW� HOHPHQW� RI� WKH� FROGZDWHU� ILVK� SRSXODWLRQ� LQ
WHPSHUDWH�DUHDV��VXFK�DV�$GULDWLF�6HD��DQG�FDQ�EH�IRXQG
LQ�D�ZLGH�YDULHW\�RI�KDELWDWV��-DUGDV���������:UDVVHV�DS�
SHDU�LQ�D�GLYHUVH�UDQJH�RI�FRORXUV��VKDSHV��DQG�VL]HV��RI�
WHQ�YDU\LQJ�FRQVLGHUDEO\�ZLWKLQ�VSHFLHV��7KH\�EHORQJ�WR
WKH�SURGXFWLYH�DQG� ORZ� WURSKLF� OHYHO� VSHFLHV�ZLWK� KLJK
HFRORJLFDO�HIILFLHQF\��'XOáLß�HW�DO���������:DLQZULJKW�	
%HOOZRRG�� ������� 0DQ\� ZUDVVHV� DUH� RUJDQL]HG� LQWR
KDUHP�EDVHG� VRFLDO� V\VWHPV� DQG� KHUPDSKURGLWLVP� LV
FRPPRQ��&KRDW�	�%HOOZRRG��������

(LJKWHHQ�VSHFLHV� IURP�WKH�/DEULGDH� IDPLO\�DUH� IRXQG
LQ� $GULDWLF� 6HD� �-DUGDV�� ������� 7KH� 6\PSKRGXV� VSS�� LV
RQH� RI� WKH� PRVW� DEXQGDQW� JHQHUD� RI� $GULDWLF� /DEULGV�
ZKLOH� RWKHU� VSHFLHV� DUH� UDUHO\� HQFRXQWHUHG�� $OWKRXJK
WKHVH�VSHFLHV�DUH�QRW�FRPPHUFLDOO\�LQWHUHVWLQJ�� WKH\�RF�
FXSLHG� FRQVLGHUDEOH� SODFH� LQ� WKH�$GULDWLF� LFKWK\RIDXQD
GXH�WKHLU�SURQRXQFHG�ELRGLYHUVLW\��/DEULGV�DUH�RI� WURSLF
RULJLQ��EXW�GXH�WR�FOLPDWH�FKDQJH��IXWXUH�DSSHDUDQFH�RI
QHZ�/DEULG� VSHFLHV�� WRJHWKHU�ZLWK� WKH� LQFUHDVLQJ� DEXQ�
GDQFH�RI� SUHVHQW� /DEULGV� DV�ZHOO� DV� WKHLU�PRYHPHQW� WR
WKH� QRUWKHUQ� SDUWV� RI� WKH� $GULDWLF� 6HD�� LV� H[SHFWHG
�'XOáLß�	�*UEHF��������

)LJ�����0DS�VKRZLQJ�WKH�DUHD�RI�'XÞH�*ODYD�%D\�DQG�WKH�&HWLQD�HVWXDU\�
6O�����=HPOMHYLG�]�]DOLYRP�'XÞH�*ODYD�Y�XVWMX�UHNH�&HWLQH�
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7KLV�VWXG\�DQDO\VHV�WKH�GD\�QLJKW�FKDQJHV�LQ�FDWFKHV
RI�VKDOORZ�ZDWHU�/DEULGV�RYHU�RQH�\HDU�SHULRG�DQG�SUR�
YLGHV�����D�GHVFULSWLRQ�RI�WHPSRUDO�DQG�VHDVRQDO�IOXFWXD�
WLRQV�RI�/DEULGV�LQ�D�VKDOORZ�ZDWHU�ZLWK�PL[HG�KDELWDWV�
DQG����D�FRPSDULVRQ�ZLWK�RWKHU�VXEWURSLFDO�DQG�WHPSHU�
DWH�VWXGLHV��5HVXOWV�REWDLQHG�LQ�WKLV�VWXG\�FRXOG�EH�XVHIXO
IRU� JDLQLQJ� D� EHWWHU� XQGHUVWDQGLQJ� RI� /DEULG� ILVK� FRP�
PXQLW\�VWUXFWXUH�LQ�WKH�FRDVWDO�$GULDWLF�DUHD�

0$7(5,$/�$1'�0(7+2'6

'XßH� *ODYD� LV� D� VPDOO� VRXWK�IDFLQJ� VDQG� EHDFK� RQ
WKH�&URDWLDQ�$GULDWLF�FRDVW� �DSSUR[LPDWHO\����NP�VRXWK
RI�6SOLW��QHDU� WKH�&HWLQD� ULYHU�HVWXDU\� �)LJ������7KH� VDP�
SOLQJ� DUHD� ZDV� VDQG\� DQG� SDUWLDOO\� RYHUJURZQ� ZLWK
PHDGRZV�RI�3RVLGRQLD�RFHDQLFD��7KH�EHDFK�LV�D�SRSXODU
VZLPPLQJ�DUHD�GXULQJ�WKH�VXPPHU�

6DPSOHV�ZHUH�FROOHFWHG�PRQWKO\� IRU����FRQVHFXWLYH
PRQWKV� �$SULO������0DUFK��������'XH� WR�H[FHSWLRQDOO\
EDG� ZHDWKHU�� VDPSOLQJ� ZDV� QRW� SRVVLEOH� LQ� -DQXDU\
������(DFK�PRQWK���� VDPSOHV�ZHUH� WDNHQ�DW���KRXU� LQ�
WHUYDOV� ZLWK� D� ���P� EHDFK� VHLQH� �ZLQJV� RI� ���� P� DQG
FHQWUDO�FROOHFWLQJ�DUHD�RI���P����PP�VWUHWFK�VL]H�PHVK�DW
WKH�ZLQJV�UHGXFLQJ�WR���PP�LQ�WKH�FHQWUH��DW�GHSWKV�IURP
���� WR� ���� P�� %HIRUH� HDFK� VDPSOH�� ZDWHU� WHPSHUDWXUH
ZDV�PHDVXUHG�DQG� LV�SUHVHQWHG�DV� WKH�DYHUDJH�RI� WKH��
PHDVXUHPHQWV� WDNHQ� LQ� HDFK� ���KRXU� VDPSOLQJ� SHULRG�
(DFK�VDPSOH�UHSUHVHQWV�WZR�VHWV�RI�WKH�QHW��7HPSHUDWXUH
ZDV�PHDVXUHG�ZLWK�D�PHUFXU\�WKHUPRPHWHU��VDOLQLW\�ZLWK
D� ODERUDWRU\� LQGXFWLYH� VDOLQRPHWHU� EHIRUH� HDFK� VDP�
SOLQJ�

)LVK� ZHUH� LPPHGLDWHO\� SUHVHUYHG� LQ� ��� IRUPDOGH�
K\GH�DQG� LGHQWLILHG�XVLQJ� -DUGDV� ��������7KH�WRWDO�QXP�
EHU� RI� LQGLYLGXDOV� DQG� WRWDO� ZHLJKW� IRU� HDFK� VSHFLHV� LQ
HDFK�KDXO�ZDV�REWDLQHG��7RWDO�OHQJWKV��WR�WKH�QHDUHVW����
PP��DQG�LQGLYLGXDO�ZHLJKWV��WR�WKH�QHDUHVW������J��ZHUH
PHDVXUHG�IRU�HDFK�VDPSOH�� -XYHQLOH�ILVKHV�ZHUH�GHILQHG
DV� VSHFLPHQV� ZLWK� DOUHDG\� IRUPHG� VFDOHV�� DQG� ZHUH
WDNHQ�DV� VXFK�XQWLO� WKH�PRPHQW� RI� ILUVW� VH[XDO�PDWXULW\
�.DWDYLß��������

7KH� ILVK�GDWD�ZHUH�DQDO\VHG�XVLQJ� WKH� 35,0(5� VRIW�
ZDUH� SDFNDJH� �3O\PRXWK� 0DULQH� /DERUDWRULHV�� 8.�
&ODUNH� 	� :DUZLFN�� ������� 'DWD� ZHUH� WUDQVIRUPHG� IRU
SUHVHQFH�DEVHQFH� DQG� WKH� %UD\�&XUWLV� VLPLODULW\� PDWUL[
ZDV� XVHG� WR� JHQHUDWH� ��GLPHQVLRQDO� RUGLQDWLRQ� SORWV
ZLWK� WKH� QRQ�PHWULF� PXOWLGLPHQVLRQDO� VFDOLQJ� �Q0'6�
WHFKQLTXH��&ODUNH���������$126,0�WHVW�IRU�WKH�WZR�ZD\
FURVVHG�DQDO\VLV�ZDV�XVHG�IRU�WHVWLQJ�GLIIHUHQFHV� LQ�VSH�
FLHV� DVVHPEODJH� EHWZHHQ� VHDVRQV� DQG� KRXUV� �&ODUNH� 	
:DUZLFN���������3UREDELOLW\�YDOXH�ZDV�VHW�DW�������6SH�
FLHV� SUHVHQWHG� LQ� WRWDO� VDPSOH�ZLWK� OHVV� WKDQ� ���ZHUH
RPLWWHG�IURP�WKLV�DQDO\VLV�

5(68/76

0HDQ� GDLO\� WHPSHUDWXUH� RYHU� WKH� \HDU� �����������
UDQJHG�IURP�������&�LQ�)HEUXDU\������WR�������&�LQ�-XO\
������ZKLOH�VDOLQLW\�UDQJHG�IURP������LQ�)HEUXDU\�����
WR������LQ�-XO\������

)LJ�� ��� /DEULG� UHSUHVHQWDWLRQ� DPRQJ� OHQJWK� FODVVHV� DW
'XÞH��$GULDWLF�FRDVWDO�DUHD�
6O�� ��� 8VWQDàH� ]DOLYD� 'XÞH�� UD]YUÉàHQH� SR� UD]OLàQLK
YHOLNRVWQLK�UD]UHGLK�

/DEULGV� FRPSULVHG� ���� LQGLYLGXDOV� ������� RI� WRWDO
FDWFK� �������� ILVK� UHSUHVHQWLQJ� ��� VSHFLHV��� 7KH� /DEULG
VSHFLHV� ZHUH�� 6\PSKRGXV� RFHOODWXV� ������� RI� WRWDO
/DEULGV���6\PSKRGXV�FLQHUHXV����������6\PSKRGXV�URLV�
VDOL� �������� 6\PSKRGXV� URVWUDWXV� ������� DQG� /DEUXV
YLULGLV� ��������$OVR��RQH� LQGLYLGXDO�RI�/DEUXV�PHUXOD� �/W
 �����FP��:W� ������ J� LQ� -XQH� DW�PLGQLJKW��ZDV� IRXQG
EXW�LV��DV�D�VLQJOH�VSHFLPHQ��RPLWWHG�IURP�IXUWKHU�DQDO\�
VLV��$�/DEULG�UHSUHVHQWDWLRQ�DPRQJ�OHQJWK�FODVVHV�LV�SUH�
VHQWHG� LQ� ILJXUH� ���0RVWO\�� 6�� RFHOODWXV� LQGLYLGXDOV� EH�
ORQJ�WR�PLGGOH�OHQJWK�FODVVHV�IURP�����WR�����FP��6��URLV�
VDOL�ZHUH� XQLIRUPO\� GLVWULEXWHG� WKURXJK� GLIIHUHQW� OHQJWK
FODVVHV�� 7KH� KLJKHU� QXPEHU� RI� ORQJHU� 6�� FLQHUHXV� LQGL�
YLGXDOV� IURP� ���� WR� ����� FP�ZHUH� UHFRUGHG�� ZKLOH� WKH
ORQJHVW� LQGLYLGXDOV�ZHUH�WKRVH�RI�/��YLULGLV�EHORQJLQJ� LQ
OHQJWK�FODVVHV�EHWZHHQ������DQG������FP�ZLWK�WKH�PHDQ
OHQJWK�YDOXH�RI������FP�

(DFK�RI�WKHVH�/DEULG�VSHFLHV�KDG�D�GLIIHUHQW�SDWWHUQ�RI
GLXUQDO� DQG� VHDVRQDO� DEXQGDQFH�� 1XPEHU� RI� /DEULGV
FDXJKW� SHU� VHDVRQ�ZDV� WKH� KLJKHVW� LQ� VXPPHU� ������� LW
GHFOLQHG� LQ� DXWXPQ� ������ DQG�ZDV� WKH� ORZHVW� LQ�ZLQWHU
������ ,Q� VSULQJ�� ��� /DEULGV� �������� ZHUH� VDPSOHG�� 6�
RFHOODWXV� ZHUH� WKH� PRVW� GRPLQDQW� /DEULG� VSHFLHV
��������LQ�VSULQJ��ZKLOH�6��URLVVDOL� LQGLYLGXDOV�ZHUH�QRW
REVHUYHG� LQ� WKDW� SHULRG�� 7KH� KLJKHVW� LQFUHDVH� LQ� WKH
QXPEHU� RI� DOO�6\PSKRGXV� VSHFLHV�ZDV� UHFRUGHG� LQ� WKH
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VXPPHU�SHULRG��7KLV�WUHQG�ZDV�VSHFLDOO\�SURQRXQFHG�IRU
6�� RFHOODWXV� ZLWK� ���� FDXJKW� VSHFLPHQV��/�� YLULGLV� ZDV
QRW�IRXQG�DW�DOO�GXULQJ�VXPPHU�DQG�DXWXPQ��/RZHU�VHD
WHPSHUDWXUHV�ZHUH�DFFRPSDQLHG�E\�QXPEHU�GHFOLQDWLRQ
RI�/DEULG� VSHFLHV� LQ� WKH�'XßH�DUHD��6HDVRQDO�YDULDELOLW\
ZDV� WKH� KLJKHVW� LQ� VSULQJ� DQG� VXPPHU�� DOWKRXJK� WKHUH
ZDV� D� ODUJH� IOXFWXDWLRQ� LQ� WKH� QXPEHU� RI� VSHFLHV� EH�
WZHHQ� WKRVH� PRQWKV� �)LJ�� ���� 6�� RFHOODWXV� LQGLYLGXDOV
ZHUH� GRPLQDQW� EHWZHHQ� $SULO� DQG� 2FWREHU�� +LJKHU
DEXQGDQFH� RI�6�� URLVVDOL� VSHFLPHQV�ZDV� UHFRUGHG� IURP
$SULO� WR� $XJXVW�� 6�� FLQHUHXV� LQGLYLGXDOV� ZHUH� DOPRVW
XQLIRUPO\� GLVWULEXWHG� WKURXJKRXW� WKH� \HDU�� 7KH� KLJKHVW
QXPEHU�RI�6��URVWUDWXV�LQGLYLGXDOV�ZDV�VDPSOHG�LQ�-XQH�

7KH� Q0'6� SORWV� RI� /DEULG� VDPSOHV� �)LJ�� ��� VKRZV
WKHUH� LV� VRPH� GLIIHUHQFH� EHWZHHQ� WKHP� LQ� FROGHU� DQG
ZDUPHU�SHULRGV��HVSHFLDOO\�GXULQJ�WKH�VSULQJ�DQG�ZLQWHU
PRQWKV��&DWFKHV�RI�WKH�DQDO\]HG�/DEULG�VSHFLHV�VKRZHG
OLWWOH�YDULDWLRQ�GXULQJ�WKH�ZLQWHU��5HVXOWV�RI�WKH�$126,0
WHVW� IRU� WKH� WZR�ZD\�FURVVHG�DQDO\VLV� VKRZHG� WKDW� WKHUH
ZDV� D� VLJQLILFDQW� GLIIHUHQFH� LQ� VSHFLHV� DVVHPEODJHV
DPRQJ�VHDVRQV��DOWKRXJK�FRUUHODWLRQ�ZDV�QRW�KLJK��!DY� 
�������3� ��������

)LJ�����0RQWKO\�GLVWULEXWLRQ�RI�/DEULGV�DW�'XÞH��$GULDWLF
FRDVWDO�DUHD�
6O�����0HVHàQD�UD]SRUHGLWHY�XVWQDà�Y�]DOLYX�'XÞH�

2YHU� WKH� HQWLUH� \HDU�� VOLJKWO\� PRUH� /DEULGV� ZHUH
FDXJKW�DW�GD\�������WKDQ�DW�QLJKW� �������:LWK�UHVSHFW� WR
WKH�QXPEHU�RI�LQGLYLGXDOV��6��RFHOODWXV��6��URLVVDOL�DQG�6�
URVWUDWXV�FDWFKHV�DSSHDUHG�WR�EH�PDLQO\�GLXUQDO��2Q�WKH
RWKHU� KDQG��PRUH�6�� FLQHUHXV� DQG� /�� YLULGLV� LQGLYLGXDOV
ZHUH�IRXQG�LQ�QLJKW�VDPSOHV��'LXUQDO�GLIIHUHQFHV� LQ�RF�
FXUUHQFH� ZHUH� PRUH� SURQRXQFHG� LQ� 6�� URLVVDOL� ����GD\
DQG���QLJKW��DQG�6��FLQHUHXV� ����GD\�DQG����QLJKW�� VSH�
FLHV�� 6�� RFHOODWXV�� DV� WKH� PRVW� GRPLQDQW� VSHFLHV�� ZDV
DOVR�UHFRUGHG�ZLWK�WKH�KLJKHVW�FDWFK�LQ�HDFK�RI�WKH�VXE�
VDPSOHV� �)LJ�� ����� 6�� URLVVDOL� ZDV� QRW� IRXQG� LQ� VDPSOHV

WDNHQ� DW�PLGQLJKW� ZKLOH�� DW� WKH� VDPH� WLPH�� WKH� KLJKHVW
QXPEHU�RI�6��FLQHUHXV�ZDV�UHFRUGHG�

7KH� Q0'6� SORWV� RI� /DEULG� VDPSOHV� �)LJ�� ��� VKRZV
WKHUH�LV�D�FOHDUO\�YLVLEOH�RYHUODSSLQJ�RI�WKH�GD\�DQG�QLJKW
VDPSOHV�� 0RUHRYHU�� WKH� UHVXOW� RI� $126,0� WHVW� IRU� WKH
WZR�ZD\�FURVVHG�DQDO\VLV�VKRZHG�WKDW�WKHUH�ZDV�QR�VLJ�
QLILFDQW� GLIIHUHQFH� LQ� WKRVH� FDWFKHV� EHWZHHQ� GD\� DQG
QLJKW�VDPSOHV��!DY� ��������3� ��������

',6&866,21

'LIIHUHQFHV� LQ�GD\�QLJKW�FRPSRVLWLRQ�RI� ILVK�FDWFKHV
FDQ�KDYH� D� SURIRXQG� HIIHFW� RQ� WKH� SHUFHSWLRQ� RI� D� ILVK
FRPPXQLW\� �1DVK�	� 6DQWRV�� ������� 7HPSRUDO� YDULDWLRQ
LQ� VSHFLHV� DEXQGDQFH� SRLQWHG� RXW� VSHFLHV� VHSDUDWLRQ
DQG�D�SDUWLWLRQLQJ�RI� WKH�KDELWDW�DORQJ�D� WLPH�D[LV�� 7KH
DGYDQWDJH� RI� WKLV� WLPH� GLVWLQJXLVKLQJ� LV� UHGXFWLRQ� LQ
FRPSHWLWLRQ� IRU� IRRG� DQG�RU� VSDFH� DQG� DYRLGDQFH� RI
SUHGDWLRQ��5RVV��������

7KH� TXDOLWDWLYH� GRPLQDQFH� RI� 6SDULGV� DQG� /DEULGV
DQG�WKH�TXDQWLWDWLYH�GRPLQDQFH�RI�VFKRROLQJ�ILVK�VSHFLHV
LQ� WKH� VKDOORZ� URFN\� 0HGLWHUUDQHDQ� KDELWDWV� DUH� ZHOO
NQRZQ� �*XLGHWWL�� ������� 7KH� SUHIHUHQFH� E\� /DEULGV� IRU
VXEVWUDWHV�FRORQLVHG�E\�PDFURDOJDH�KDV�QRW�EHHQ�NQRZQ
RQO\� IRU� WKH�0HGLWHUUDQHDQ� �*DUFLD�5XELHV�	�0DFSKHU�
VRQ�� ������� EXW� LV� D� FRPPRQ� IHDWXUH� LQ� DOO� WHPSHUDWH
ZDWHUV��&KRDW�	�$\OLQJ���������,Q�ERWK�SDSHUV��LW�ZDV�DI�
ILUPHG� WKDW�GHQVH�DOJDO�VWDQGV� LQ�VKDOORZ�ZDWHUV�DUH�RI�
WHQ�FRORQLVHG�E\�\RXQJ�/DEULGV��ZKLFK�XVH�WKH�DOJDH�IRU
IHHGLQJ� DQG� VKHOWHU�� 0RUHRYHU�� *XLGHWWL� ������� IRXQG
WKDW�LQ�WKH�$GULDWLF�6��RFHOODWXV� LV�RQH�RI� WKH�PRVW�FRP�
PRQ�VSHFLHV� LQ� WKH�3��RFHDQLFD� VHDJUDVV�EHGV��ZKLOH�6�
URLVVDOL� DQG� 6�� WLQFD� ZHUH� PDLQO\� DVVRFLDWHG� ZLWK� WKH
URFN\�DOJDO� UHHI� KDELWDWV�� 6WUXFWXUH� RI� ILVK� DVVHPEODJHV
DVVRFLDWHG�ZLWK� VRPH� KDELWDWV�� DQG� WKXV� RFFXUUHQFH� RI
VRPH� VSHFLHV�� LV� DIIHFWHG� E\� D� ODUJH� QXPEHU� RI� LQWHU�
SOD\LQJ� DQG�� LQ� VRPH� FDVHV�� VXSHULPSRVHG� ELRORJLFDO
LQWHUDFWLRQV��L�H��JUD]LQJ��SUHGDWLRQ��DQG�SK\VLFDO�IDFWRUV
�L�H�� KDELWDW� FRPSOH[LW\�� K\GURG\QDPLF� IRUFHV��� 7KH� GLI�
IHUHQFHV�LQ�ILVK�VSHFLHV�ULFKQHVV�DQG�DEXQGDQFH�DUH�SUL�
PDULO\� UHODWHG� WR� KDELWDW� VWUXFWXUH� �*XLGHWWL�� ������� $F�
FRUGLQJ�WR�IDFW�WKDW�WKH�DUHD�RI�'XßH�ZDV�VDQG\�DQG�SDU�
WLDOO\� RYHUJURZQ�ZLWK�PHDGRZV� RI� 3�� RFHDQLFD�� LW� ZDV
H[SHFWHG� WR�KDYH�PRUH�6\PSKRGXV� VSHFLHV��ZKLFK�SUH�
IHU�WKLV�W\SH�RI�KDELWDWV��WKDQ�RWKHU�/DEULGV��7KH�VXEVWUDWH
W\SH� �/HYLQ�� ������ DQG� GHSWK� �*DUFLD�5XELHV� 	� 0DF�
SKHUVRQ�� ������ DUH� WZR� PDLQ� IDFWRUV� DIIHFWLQJ� ILVK� UH�
FUXLWPHQW��PRUWDOLW\�DQG�JURZWK��$OWKRXJK��/HWRXUQHU�HW
DO�� ������� IRXQG� WKDW� ERWWRP� VORSH�ZDV� JHQHUDOO\�PRUH
VLJQLILFDQW� WKDQ� GHSWK�� )XUWKHUPRUH�� /HWRXUQHU� HW� DO�
������� VXJJHVWHG� WKDW� EHQWKLF� KDELWDW� XVH� E\� ILVK� LV
FOHDUO\�QRQ�UDQGRP��DQG� WKDW�GLIIHUHQFHV� LQ�KDELWDW�DW�D
VPDOO�VSDWLDO�VFDOH�FDQ�DIIHFW�ILVK�DVVHPEODJHV�
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)LJ�� ��� 1RQ�0HWULF� 0XOWLGLPHQVLRQDO� 6FDOLQJ� �Q0'6�
RUGLQDWLRQ�SORW�IRU�/DEULGV�GXULQJ�HDFK�VHDVRQ��VWUHVV��
�������xVSULQJ��zVXPPHU��vDXWXPQ��vZLQWHU�
6O�� ��� 1HPHWULàQR� PXOWLGLPHQ]LRQDOQR� VNDOLUDQMH
�Q0'6��]D�XVWQDàH�Y�SRVDPH]QLK�OHWQLK�àDVLK��SRPHQ��
�������xSRPODG��zSROHWMH��vMHVHQ��v]LPD�

6\PSKRGXV�VSHFLHV�IRXQG�LQ�WKH�VDPSOLQJ�DUHD�ZHUH
VPDOO�/DEULGV��FFD�����FP���ZKLOH�WKRVH�IURP�/DEUXV�VSS�
FDQ� UHDFK� OHQJWKV� RI� XS� WR� ��� FP� �-DUGDV�� ������� $OO
FDXJKW� VSHFLPHQV� ZHUH� LQ� WKH� OHQJWK� FODVVHV� IURP� ���
FP�WR������FP��7KH�PRVW�IUHTXHQW�OHQJWKV�RI�RFFXUUHQFH
RI� WKH�DQDO\VHG�/DEULGV�DUH�FRQVLVWHQW�ZLWK� WKH�GDWD� UH�
SRUWHG� E\� -DUGDV� �������� /DEULGV� EHORQJHG� WR� UHVLGHQW
VSHFLHV� WKDW�� DIWHU� PHWDPRUSKRVLV�� OLYH� SHUPDQHQWO\� LQ
WKH� VDPH� DUHD�� ZKHUH� WKH\� DOVR� EUHHG� �*XLGHWWL� 	
%XVRWWL�� ������ 'XOáLß� HW� DO��� ������� 6RPH� WHPSHUDWH
ZUDVVH�VSHFLHV��VXFK�DV�WKH�6��RFHOODWXV��6��FLQHUHXV�DQG
6�� URVWUDWXV�� DUH� GHPHUVDO� QHVW� EXLOGHUV�� 7KH� QHVWV� DUH
XVXDOO\�PDGH�RI�SODQW�PDWHULDO�DQG�WKH�PDOH�JXDUGV�WKH
HJJV�DIWHU�WKH\�DUH�GHSRVLWHG��-DUGDV���������7KH�WLPH�SH�
ULRGV�RI�RFFXUUHQFH�RI�WKH�DQDO\VHG�/DEULG�MXYHQLOHV�DUH
FRQVLVWHQW�ZLWK�WKH�GDWD�UHSRUWHG�E\�'XOáLß�HW�DO���������
7KH� KLJKHVW� DEXQGDQFH� RI� DOO� VSHFLPHQV� ZDV� UHFRUGHG
GXULQJ� WKH� VXPPHU� �-XQH�� DQG� WKH� ORZHVW� GXULQJ� WKH
ZLQWHU� �'HFHPEHU��� 6�� RFHOODWXV� ZHUH� GRPLQDQW� /DEULG
VSHFLHV� LQ� WKH� LQYHVWLJDWHG� DUHD�� ,WV� MXYHQLOHV�ZHUH� DOVR
RQH�RI� WKH� IRXU� GRPLQDQW� VSHFLHV� LQ� WKH� .RUQDWL� $UFKL�
SHODJR� �'XOáLß�HW�DO����������$OO� VSHFLHV�ZHUH�PRUH�QX�
PHURXV�GXULQJ�WKH�VXPPHU��H[FHSW�/��YLULGLV��ZKLFK�ZDV
HTXDOO\�IRXQG�GXULQJ�WKH�VSULQJ�DQG�ZLQWHU�SHULRGV��'LV�
FXVVLRQ�DERXW�6��URVWUDWXV��/��YLULGLV�DQG�/��PHUXOD�GLIIHU�
HQFHV� LQ�GD\�QLJKW� FDWFKHV�GR�QRW�KDYH� VR�PXFK� VHQVH
RZLQJ�WR�WKHLU�PLQRU�SHUFHQWDJH�LQ�WRWDO�VDPSOH��2QH�RI
WKH�PDMRU�UHDVRQV�IRU�VXFK�6\PSKRGXV� VSS��RFFXUUHQFH
ZDV� LQ� WKH� UHFUXLWPHQW� WLPLQJ� RI� WKHVH� VSHFLHV��0RUHR�
YHU��D�KLJK�DEXQGDQFH� LQ� -XQH�DQG� -XO\�ZDV�GXH� WR� WKH
LQFUHDVH�RI� WKHLU� MXYHQLOHV��DQG� WKLV�FRXOG�EH�FRUUHODWHG

ZLWK� WKH�VSULQJ�VSDZQLQJ�SHULRG� �-DUGDV��������DQG�GX�
UDWLRQ� RI� HPEU\RQLF� GHYHORSPHQW� RI� WKHVH� VSHFLHV
�'XOáLß� HW� DO��� ������� ,W� VHHPV� WKDW� LQ� WURSLFDO� ZUDVVHV
VSDZQLQJ� RFFXUV� \HDU�URXQG�� ZKLOH� VRPH� WHPSHUDWH
VSHFLHV� REYLRXVO\� UHVWULFW� VSDZQLQJ� WR� ZDUPHU� SDUWV� RI
WKH�\HDU��&KRDW�	�$\OLQJ��������

6SHFLPHQV� RI� 6\PSKRGXV� VSS�� ZHUH� IRXQG� DOPRVW
GXULQJ�DOO�PRQWKV��EXW�ZLWK�KLJKHU�DEXQGDQFH�IURP�-XQH
WR� 2FWREHU�� %LDJL� HW� DO�� ������� REVHUYHG� VHWWOHUV� RI� 6�
FLQHUHXV�IRU�RQO\�RQH�RU�WZR�PRQWKV�LQ�WKH�����P�]RQH
RI� WKH� ,WDOLDQ� FRVWDO� DUHD�� DQG� WKH\� VXSSRVHG� WKDW� DIWHU
WKDW�WKH\�SUREDEO\�PRYHG�RIIVKRUH�WR�GHHSHU�ZDWHUV��2Q
WKH�RWKHU�KDQG�� VHWWOHUV�RI�6�� URVWUDWXV�ZHUH�REVHUYHG�DW
WKH�VDPSOHV� IRU�DQ�H[WHQGHG�SHULRG�DIWHU� VHWWOHPHQW�RF�
FXUUHG� �%LDJL�HW� DO��� �������ZKLFK� LV� LQ� DJUHHPHQW�ZLWK
RXU�UHVXOWV��6HJUHJDWLRQ�RI�WKH�DQDO\VHG�VSHFLHV��LQ�WHUPV
RI� UHGXFLQJ� WKH� SRVVLEOH� LQWHUVSHFLILF� FRPSHWLWLRQ� IRU
IRRG�DQG�VKHOWHU��ZDV�QRW�REVHUYHG�

)LJ�� ��� /DEULGV� UHSUHVHQWDWLRQ� EHWZHHQ� GLIIHUHQW� VDP�
SOLQJ�KRXUV�DW�'XÞH��$GULDWLF�FRDVWDO�DUHD�
6O�� ��� 5D]SRUHGLWHY� XVWQDà� Y� ]DOLYX� 'XÞH� PHG� SRVD�
PH]QLPL�XUDPL�Y]RUàHQMD�

,Q�WRWDO��PRUH�VDPSOHG�/DEULGV�ZHUH� IRXQG� WR�EH�GL�
XUQDO� ILVKHV��7KDW� IDFW� LV� SUREDEO\�FRQQHFWHG�ZLWK� WKHLU
XVDJH� RI� DOJDH� IRU� IHHGLQJ� DQG� VKHOWHU� GXULQJ� VXQOLJKW�
:UDVVHV�DUH�VWURQJO\�GLXUQDO��RQO\�DFWLYH�GXULQJ�WKH�GD\�
WLPH��DQG��OLNH�SDUURWILVKHV��PDQ\�EXU\�WKHPVHOYHV�LQ�WKH
VDQG�RU�VHHN�FUHYLFHV�WR�KLGH�LQ�DW�QLJKW��&KRDW�	�$\OLQJ�
�������6��RFHOODWXV� DQG�6�� URLVVDOL�ZHUH�PDLQO\� GLXUQDO�
ZKLOH�DW�QLJKW�PRUH�6��FLQHUHXV� VSHFLPHQV�ZHUH� IRXQG�
7KH� QLJKW� RFFXUUHQFH� FRXOG� EH� H[SODLQHG� DV� HLWKHU� DQ
LQFUHDVHG� FDWFKDELOLW\� DW� QLJKW� RU� D�PRYHPHQW� RI� WKHVH
LQGLYLGXDOV�LQWR�WKH�DQDO\VHG�DUHD�DW�GXVN�DQG�OHDYLQJ�DW
GDZQ�RU�VRPH�FRPELQDWLRQ�RI�ERWK��1DVK�HW�DO���������
+RZHYHU�� LW� LV� YHU\� VSHFXODWLYH� WR� SURQRXQFH� DQ\� RI
WKRVH� VSHFLHV� DV� GLXUQDO� RU� QRFWXUQDO�� DV� RQO\�ZLWK� WKH
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QRQ�GHVWUXFWLYH�PHWKRG� VDPSOLQJ�ZH�ZRXOG� EH� DEOH� WR
DVVHVV�WKH�UHDO�GLHO�DVSHFWV�RI�FHUWDLQ�VSHFLHV��7KH�KLJK�
HVW�FDWFKHV�ZHUH�UHFRUGHG�E\�VDPSOLQJ�LQ����K�����LQGL�
YLGXDOV�� DQG� ��� K� ���� LQGLYLGXDOV�� SHULRGV�� +RZHYHU�
WKHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� LQ� /DEULG� FDWFKHV
EHWZHHQ�GD\�DQG�QLJKW�VDPSOHV��LQGLFDWLQJ�WKDW�RQH�\HDU
RI�LQYHVWLJDWLRQ�LV�SUREDEO\�QRW�HQRXJK�RU�WKDW�PRUH�IUH�
TXHQW�VDPSOLQJ�LV�QHHGHG��,W� LV�ZHOO�NQRZQ�WKDW� WKH�EH�
KDYLRXU�FRQQHFWHG�ZLWK� WKH�GD\�QLJKW� OLJKW�F\FOH�GLIIHUV
EHWZHHQ� VSHFLHV� DQG� WKDW� WKHUH� LV� RIWHQ� D� GLIIHUHQFH� LQ
FDWFKDELOLW\� RU� YXOQHUDELOLW\� RI� VSHFLHV� UHODWLYH� WR� WKDW
SRLQW� �3DUVOH\�HW� DO��� ������� ,Q� DGGLWLRQ�� LQGLYLGXDOV� GR
QRW� VHH� QHWV� DW� VXFK� JUHDW� GLVWDQFHV� GXULQJ� QLJKW�� DQG
WKHUHIRUH�FDSWXUH�HIILFLHQFLHV�DUH�KLJKHU�DW�QLJKW�� ,Q� WKH
0HGLWHUUDQHDQ� 3�� RFHDQLFD� EHGV�� +DUPHOLQ�9LYLHQ
�������DWWULEXWHG�WKH�LQFUHDVHG�DEXQGDQFH�DQG�GLYHUVLW\
RI�WKH�ILVK�IDXQD�DW�QLJKW�QRW�RQO\�WR�WKH�LPPLJUDWLRQ�RI
QRFWXUQDO� PDFURSKDJLF� FDUQLYRUHV� IURP� WKH� DGMDFHQW
UHHIV��EXW�DOVR�WR�WKH�PRYHPHQWV�RI�GLXUQDO�SODQNWLYRUHV
IURP�WKH�ZDWHU�FROXPQ�WR�WKH�VKHOWHUHG�VLWHV�EHQHDWK�WKH
FDQRS\�

,W� LV� DSSDUHQW� IURP� WKH� IRUHJRLQJ� GLVFXVVLRQ� WKDW� D
QXPEHU�RI�SDUDPHWHUV�LQIOXHQFH�WKH�GLIIHUHQWLDO�GLVWULEX�
WLRQ�RI�/DEULGV��HVSHFLDOO\�WKH�RFFXUUHQFH�DQG�FRPSRVL�
WLRQ�RI�WKHLU�MXYHQLOHV��7KHLU�RFFXUUHQFH�LQ�WKH�'XßH�DUHD
LV� VXUHO\� WKH� UHVXOW� RI� MXYHQLOH� SUHIHUHQFH� IRU� UHODWLYHO\
VKDOORZ�DQG�QXWULHQW� ULFK�FRDVWDO�ZDWHU��$OVR�� WKRVH�DU�
HDV�SURYLGH�VKHOWHU� IURP�SRVVLEOH�SUHGDWRUV��ZKRVH�PD�
QRHXYUDELOLW\�PD\�EH�KDPSHUHG� LQ� VKDOORZ�ZDWHU� �'XO�
áLß�HW�DO���������

)LJ�� ��� 1RQ�0HWULF� 0XOWLGLPHQVLRQDO� 6FDOLQJ� �Q0'6�
RUGLQDWLRQ�SORW� IRU� /DEULGV�DPRQJ�GD\� DQG� QLJKW� VDP�
SOHV��VWUHVV����������xGD\��zQLJKW�
6O�� ��� 1HPHWULàQR� PXOWLGLPHQ]LRQDOQR� VNDOLUDQMH
�Q0'6�� ]D� XVWQDàH� PHG� GQHYQLPL� LQ� QRàQLPL� Y]RUFL
�SRPHQ����������xGDQ��zQRà�

7KH� UHVXOWV� RI� WKH� SUHVHQW� VWXG\� SURYLGH� D� EDVLV� IRU
HVWDEOLVKLQJ� WKH� WHPSRUDO� DQG� VSDWLDO� SDWWHUQV� RI� RFFXU�
UHQFH�DQG�UHFUXLWPHQW�RI� WKH�$GULDWLF�/DEULGV� LQ�FRDVWDO
DUHD�� ,W� LV� QHFHVVDU\� WR� HVWDEOLVK� WKHLU� PRQLWRULQJ� GXH
WKHLU� WURSLF�RULJLQ�� LQFUHDVLQJ�DEXQGDQFH�RI� WKH�SUHVHQW
/DEULGV�DV�ZHOO�DV�WKHLU�PRYHPHQW� WR� WKH�QRUWKHUQ�SDUWV
RI�WKH�$GULDWLF��$�IXUWKHU�UHVHDUFK�LV�DOVR�QHHGHG�GXH�WR
D� UHDVRQDEOH� H[SHFWDWLRQ� RI� QHZ� /DEULG� VSHFLHV� RFFXU�
ULQJ�DV�D�FRQVHTXHQFH�RI�FOLPDWH�FKDQJH�

6(=216.(�635(0(0%(�9�'1(91(0�8/298�8671$à�9�3/,79,1$+
=$/,9$�'8Þ(�*/$9$�9�9=+2'1(0�-$'5$18

6DQMD�0$7,Ü�6.2.2��-DNRY�'8/Þ,Ü��0LUR�.5$/-(9,Ü�	�/LYLMD�720$629,Ü
,QÊWLWXW�]D�RFHDQRJUDILMR�LQ�ULELÊWYR��+5�������6SOLW��3�2��%2;������+UYDÊND

(�PDLO��VDQMD#L]RU�KU

329=(7(.

$YWRUML�SULVSHYND�VR�PHG�DSULORP������LQ�PDUFHP������Y]RUßLOL�]GUXÊER�SOLWNRYRGQLK�ULE��XMHWLK�]�PDQMÈR�PUHÊR
Y]GROÊ�SHÈßHQH�REDOH�'XÝH�*ODYD�MXÊQR�RG�6SOLWD��Y]KRGQL�-DGUDQ���=�QDPHQRP��GD�EL�SUHXßLOL�UD]OLNH�Y����XUQHP
REGREMX� Y� SULPHUMDYL� V� VWUXNWXUR� ]GUXÊEH� Y� HQROHWQHP� REGREMX�� VR� PHVHßQH� ]ELUNH� Y]RUFHY� UD]GHOLOL� QD� WLVWH�
XORYOMHQH�SRGQHYL��LQ�WLVWH��XORYOMHQH�SRQRßL��0HG�FHORWQLP�SUHXßHYDQLP�REGREMHP�MH�ELOR�Y]RUßHQLK�����XVWQDß��]
PQRJLPL�PODGRVWQLPL�RVHENL�PHG�QMLPL���SULSDGDMRßLK���UD]OLßQLK�YUVWDP��6\PSKRGXV�RFHOODWXV��6��FLQHUHXV��6��URLV�
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VDOL��6�� URVWUDWXV� WHU� /DEUXV�YLULGLV� LQ�/��PHUXOD���3UL�YVDNL�RG� WHK�XVWQDß� MH�ELO� XJRWRYOMHQ�GUXJDßHQ�Y]RUHF�QMLKRYH
GQHYQH� LQ� VH]RQVNH� ÈWHYLOßQRVWL��6��RFHOODWXV� MH�ELOD�GRPLQDQWQD�YUVWD�SUHN�FHOHJD� OHWD��1DMYHßML� SULUDVWNL� Y� ÈWHYLOX
YVHK�XVWQDß� L]� URGX�6\PSKRGXV� VR�ELOL�]DEHOHÊHQL�Y�SROHWQHP�REGREMX��9UVWD�/��YLULGLV��NL� VR� MR�]DVWRSDOL�QDMYHßML
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