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6WHULF� VHD� OHYHO� FKDQJHV� DUH� HVWLPDWHG� RYHU� WKH�1RUGLF�

6HDV� XVLQJ� (19,6$7� �(QYLURQPHQWDO� 6DWHOOLWH��

DOWLPHWU\� DQG�*5$&(� �*UDYLW\� 5HFRYHU\� DQG�&OLPDWH�

([SHULPHQW��JUDYLW\�GDWD��:H�KDYH�XVHG�DOWLPHWU\�GDWD�

IURP� WKH� (19,6$7� GXULQJ� 2FWREHU� ����� WR� 2FWREHU�

������ F\FOHV� ��� WR��� �� DQG� WKH�*5$&(� OHYHO� ��5/���

GDWD� UHOHDVHG� E\� *)=� �*HUPDQ� 5HVHDUFK� &HQWHU� IRU�

*HRVFLHQFHV��SURFHVVLQJ�FHQWHU�GXULQJ�2FWREHU������WR�

2FWREHU�������,W�VKRXOG�EH�QRWHG�WKDW�VRPH�PRQWKV�DUH�

PLVVLQJ� IRU� WKH�*5$&(�GDWD� VHW��&RUUHFWLRQ� WHUPV� DUH�

DSSOLHG� WR�SURSHUO\�FRPELQH� WKH�DOWLPHWU\�DQG�*5$&(�

GDWD�� LQFOXGLQJ� WKH� LQYHUWHG� EDURPHWHU� WHUP�� G\QDPLF�

RFHDQ� DQG� DWPRVSKHULF� WHUPV� DQG�*5$&(�FRHIILFLHQWV�

ZLWK� GHJUHHV� ��� ��� DQG� �� �ZLWK� RUGHU� ���� )LQDOO\�� WKH�

VWHULF� VHD� OHYHO� FKDQJHV� DUH� GHULYHG� RYHU� WKH� 1RUGLF�

6HDV�IRU�2FWREHU������WR�2FWREHU��������

.H\ZRUGV�� (19,6$7� DOWLPHWU\� GDWD��*5$&(�JUDYLW\�

GDWD��VWHULF�VHD�OHYHO��1RUGLF�6HDV��

��� ,QWURGXFWLRQ��

6WHULF� VHD� OHYHO� DQG�ZDWHU�PDVV� FKDQJH� DUH� WZR�PDMRU�

FRPSRQHQWV�RI�VHD�OHYHO�YDULDELOLW\��7KH�VWHULF�VHD�OHYHO�

LV� GXH� WR� YDULDWLRQV� LQ� WKH� VHD� ZDWHU� WHPSHUDWXUH� DQG�

VDOLQLW\� DW� DOO� GHSWKV� DQG� WKH� RWKHU� FRPSRQHQW�� ZDWHU�

PDVV�FKDQJH��LV�GXH�WR�WKH�RFHDQ�PDVV�UHGLVWULEXWLRQ�RU�

ZDWHU� PDVV� IOX[�� %HFDXVH� RI� YDULDWLRQV� LQ� GHQVLW\�� WKH�

VHD�ZDWHU� WHPSHUDWXUH� DQG� VDOLQLW\� YDULDWLRQV� FDXVH� WKH�

GLODWDWLRQ�� FRQWUDFWLRQ� LQ� WKH� RFHDQ� FROXPQ� ZKLFK� KDV�

EHHQ�REVHUYHG�DV�EDVLQ�ZLGH�IOXFWXDWLRQV�LQ�VHD�OHYHO�DV�

ODUJH�DV�����FP�LQ�VRPH�DUHDV�RI�WKH�ZRUOG���

8VLQJ� RFHDQLF� LQ� VLWX� WHPSHUDWXUH� DQG� VDOLQLW\�

GDWD��WKH�VWHULF�VHD�OHYHO�YDULDWLRQ�FDQ�EH�HVWLPDWHG�DORQH�

�VHH�IRU�H[DPSOH�>�@��>�@��>�@��>�@���EXW�JHQHUDOO\��WKHUH�LV�

QR� VXIILFLHQW� VSDWLDO� DQG� WHPSRUDO� FRYHUDJH� IRU� WKH� LQ�

VLWX� GDWD� DUFKLYHV� ZKLFK� KDYH� EHHQ� SURYLGHG� LQ� KLJK�

OHYHOV�RI�VPRRWKLQJ��DQG�WKH\�FDQQRW�DGHTXDWHO\�UHVROYH�

HGGLHV�� IURQWDO� UHJLRQV� DQG�ERXQGDU\� FXUUHQWV� �H�J�� >�@��

>�@���,Q�DGGLWLRQ��PRVW�RI�WKH�H[LVWLQJ�GDWD�DUFKLYHV�KDYH�

EHHQ� SURYLGHG� E\� DYHUDJLQJ� GDWD� IURP� VHYHUDO� SHULRGV�

PHDQZKLOH�WKH\�UHSUHVHQW�WKH�RFHDQLF�FRQGLWLRQ�ZLWKLQ�D�

VHW�SHULRG��>�@�� >�@�� >�@���'XH� WR�VXFK�SURFHGXUHV�� WKHUH�

PLJKW� EH� DQ� XQUHDOLVWLF� UHSUHVHQWDWLRQ� RI� ERXQGDU\�

FXUUHQWV�DQG�RWKHU�VPDOO�VFDOH�IHDWXUHV�LQ�WKH�LQ�VLWX�GDWD�

DUFKLYHV��>�@�

6DWHOOLWH� DOWLPHWU\� PHDVXUHV� WKH� FRPELQHG�

HIIHFW� RI� WKH� VWHULF� DQG� PDVV� YDULDWLRQV� SUHFLVHO\��

$OWKRXJK� WKH� DOWLPHWHUV� KDYH� WKH� KLJK� DFFXUDF\�� WKH\�

FDQQRW�GLVWLQJXLVK�EHWZHHQ�VWHULF�DQG�QRQ�VWHULF�HIIHFWV��

7KHUHIRUH�WKH�VWHULF�KHLJKW�HVWLPDWLRQ�LV�GRZQJUDGHG�LQ�

DFFXUDF\� E\� WKH� QRQ�VWHULF� HIIHFWV�� 6DWHOOLWH� JUDYLW\�

REVHUYDWLRQV��RQ�WKH�RWKHU�KDQG��FDQ�EH�XVHG�WR�HVWLPDWH�

WKH�QRQ�VWHULF� HIIHFWV��7KH�ZDWHU�PDVV�YDULDWLRQV� FDXVH�

WKH� WHPSRUDO�YDULDWLRQV�RI� WKH�JUDYLW\� ILHOG� >��@�� ,Q� WKH�

RFHDQ�� VHD� OHYHO� YDULDWLRQV� DQG� RFHDQ� GHQVLW\� FKDQJHV�

FDXVH� WKH� ORFDO� ZDWHU� PDVV� FKDQJHV� �>��@�� >��@��� 7KH�

VWHULF�FRPSRQHQW�RI�WKH�VHD�OHYHO�YDULDWLRQ�LV�MXVW�GXH�WR�

WKH�GLODWDWLRQ�FRQWUDFWLRQ�LQ�WKH�VHD�ZDWHU��L�H��QR�FKDQJH�

LQ�WKH�GHQVLW\��D�IDFW�WKDW�ZH�ZLOO�XVH�LQ�WKLV�VWXG\�IRU�WKH�

VHSDUDWLRQ� RI� WKH� VWHULF� FRPSRQHQW� IURP� WKH� PDVV�

FKDQJH�DQG�WKH�RWKHU�SKHQRPHQD�VXFK�DV�5RVVE\�ZDYHV��

.HOYLQ�ZDYH�DQG�JUDYLW\�ZDYHV���

7KH� WZLQ� VDWHOOLWHV� RI� WKH� *5$&(� ZHUH�

ODXQFKHG�LQ�0DUFK������DV�D� MRLQW�SDUWQHUVKLS�EHWZHHQ�

WKH�86�1DWLRQDO�$HURQDXWLFV�DQG�6SDFH�$GPLQLVWUDWLRQ�

�1$6$�� DQG� *HUPDQ� $HURVSDFH� &HQWHU� �'/5�� >��@��

*5$&(�PHDVXUHV�(DUWK�JUDYLW\�FKDQJHV�LQ�KLJK�OHYHO�RI�

DFFXUDF\ E\�KLJK�SUHFLVLRQ�WUDFNLQJ�RI�WKH�VDWHOOLWHV�DQG�
FKDQJLQJ� GLVWDQFH� EHWZHHQ� WKHP� ZKLFK� LV� EHLQJ�

FRPELQHG�ZLWK�WKH�GDWD�RI� WKH�RQ�ERDUG�DFFHOHURPHWHUV�

DQG� WKH� *OREDO� 3RVLWLRQLQJ� 6\VWHP� �*36�� UHFHLYHUV��

6HYHUDO� UHVHDUFK� JURXSV� KDYH� XVHG� VDWHOOLWH� DOWLPHWU\�

DQG�*5$&(�GDWD�WR�HVWLPDWH�WKH�VWHULF�VHD�OHYHO�FKDQJH��

&KDPEHUV� XVHG� DFWXDO� REVHUYDWLRQV� IURP� -DVRQ��� DQG�

5HOHDVH���� *5$&(� GDWD� WR� GHWHUPLQH� PRQWKO\� VWHULF�

VHD� OHYHO� YDULDWLRQV� >��@�� ,W� ZDV� IRXQG� WKDW� XVLQJ�

*5$&(� LPSURYHV� WKH� DELOLW\� WR� UHFRYHU� WKH� GRPLQDQW�

PRGH�RI�VWHULF�VHD�OHYHO�YDULDELOLW\�RYHU�XVLQJ�DOWLPHWU\�

GDWD� DORQH� �LELG���� /RPEDUG� HW� DO�� HVWLPDWHG� WKH� PHDQ�

VWHULF�VHD�OHYHO�YDULDWLRQV�RYHU�WKH�60°5 F 60°0�RFHDQLF�
GRPDLQ� GXULQJ� $XJXVW� ����� WR� $SULO� ������ E\�

FRPELQLQJ� VHD� OHYHO� GDWD� IURP� -DVRQ��� DOWLPHWU\� ZLWK�

WZR� GLIIHUHQW� VHWV� RI� *5$&(� JHRLG� VROXWLRQV� �*5*6�

(,*(1�*/��� DQG� *)=� (,*(1�*5$&(��6��� 7KH\�

IRXQG� VDWLVIDFWRU\� DJUHHPHQW�EHWZHHQ� WKHLU� HVWLPDWH�RI�

WKH�DQQXDO�VWHULF�VHD�OHYHO�DQG�RQH�GHGXFHG�IURP�LQ�VLWX�

RFHDQ� WHPSHUDWXUH� GDWD� >��@�� .XR� HW� DO�� FRQGXFWHG� D�

FRPSDULVRQ� RI� WKH�*5$&(�REVHUYDWLRQV� RI� JOREDO� DQG�

6RXWKHUQ�2FHDQ�PDVV�YDULDWLRQV�GXULQJ�$SULO�0D\������

WR� -XQH� ����� ZLWK� WKH� VWHULF�FRUUHFWHG� -$621��� DQG�

(19,6$7� DOWLPHWU\�� XVLQJ� WKH� VWHULF� VHD� OHYHOV� IURP�

:2$��� FOLPDWRORJ\� DQG� ,VKLL���PRGHOV� >�@�� DQG�ZLWK�

WKH�RFHDQ�ERWWRP�SUHVVXUH�HVWLPDWHV�RI�WKH�(&&2�RFHDQ�

GDWD� DVVLPLODWLRQ� PRGHO�� 7KHLU� VWXG\� LQGLFDWHG� WKDW�

*5$&(� DQG� (19,6$7� REVHUYDWLRQV� DUH� YLDEOH� WR�

VXSSO\� DQ� LPSURYHG� FRQVWUDLQW� RI� RFHDQLF� PDVV�

YDULDWLRQV�LQ�WKH�6RXWKHUQ�2FHDQ�>��@���
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,Q� WKLV� VWXG\�� ZH� LQYHVWLJDWH� WKH� VWHULF� KHLJKW�

YDULDELOLW\� RYHU� 1RUGLF� 6HDV� EDVHG� RQ� (19,6$7�

DOWLPHWU\�DQG�PRQWKO\�*5$&(�VROXWLRQ�GXULQJ�2FWREHU�

�����WR�2FWREHU�������7KH�1RUGLF�6HDV�LV�WKH�FRPPRQ�

QDPH� IRU� WKH� *UHHQODQG�� ,FHODQG� DQG� 1RUZHJLDQ� 6HDV�

�>��@�� >��@�� >��@���7KH� UHJLRQ� LV�ERXQGHG�E\� WKH�$UFWLF�

2FHDQ�WR�WKH�QRUWK��WKH�GHHS�1RUWK�$WODQWLF�2FHDQ�WR�WKH�

VRXWK�� DQG� WKH� VKDOORZ� 1RUWK� 6HD� WR� WKH� VRXWKHDVW�

�)LJXUH� ���� 7KH� RFHDQ� PDVV� FKDQJHV�� WKH� VHD� OHYHO�

DQRPDO\� FKDQJHV� DQG� WKH�YDULDELOLW\� RI� VWHULF� VHD� OHYHO�

DQRPDO\� RYHU� WKH�1RUGLF�6HDV� GXULQJ�2FWREHU������ WR�

2FWREHU� ����� DUH� GHULYHG�� 7R� WKH� EHVW� RXU� NQRZOHGJH�

WKLV�LV�WKH�ILUVW�DQDO\VLV�RI�WKLV�NLQG�IRU�WKH�1RUGLF�6HDV��

XVLQJ�(19,6$7�DQG�*5$&(�VDWHOOLWH�GDWD��

�

)LJXUH����%RWWRP�WRSRJUDSK\�IRU�WKH�1RUGLF�6HDV�

��� 6WHULF�VHD�OHYHO�FKDQJH�IURP�VDWHOOLWH�

DOWLPHWU\�DQG�*5$&(�

&KDPEHUV� GHPRQVWUDWHG� D� PHWKRG� IRU� FDOFXODWLQJ� WKH�

RFHDQ¶V� VWHULF� KHLJKW� FKDQJH� IURP� FRPELQDWLRQ� RI�

VDWHOOLWH� DOWLPHWU\� DQG� *5$&(� GDWD� >��@�� ,W� LQFOXGHG�

WZR� VWHSV�� L�� RFHDQ� PDVV� YDULDWLRQV� FRPSXWHG� IURP�

*5$&(� JUDYLW\� FRHIILFLHQWV� DQG� LL�� VHD� OHYHO� DQRPDO\�

HVWLPDWLRQ�IURP�VDWHOOLWH�DOWLPHWU\�GDWD��,Q�WKLV�ZD\��WKH�

DOWLPHWHU� YDULDWLRQV� KDYH� WR� EH� VPRRWKHG� WR� EH�

FRPSDUDEOH� WR� WKH� *5$&(�PDSV�� ,Q� DGGLWLRQ�� VHYHUDO�

LPSRUWDQW� FRUUHFWLRQV� PXVW� EH� PDGH� LQ� RUGHU� WR�

UHFRQFLOH� WKH� *5$&(� GDWD� ZLWK� WKH� DOWLPHWU\�

PHDVXUHPHQWV��

������2FHDQ�PDVV�YDULDWLRQV�IURP�*5$&(�

7KH� PDVV� UHGLVWULEXWLRQ� LQ� DQ� DUHD� FDXVHV� WKH� GHQVLW\�

GLVWULEXWLRQ� DQG� WKH� JHRLG� WR� FKDQJH�� ,W� PDLQO\�

FRQFHQWUDWHV� LQ� WKH� WKLQ� OD\HU� RI� WKLFNQHVV�RI� WKH�RUGHU�

��� ~� ��� NP� DW� WKH� (DUWK¶V� VXUIDFH� LQ� DQQXDO� F\FOH��
ZKLFK� LQGLFDWHV� WKH� WRWDO� YDULDWLRQV� LQFOXGLQJ� WKH�

DWPRVSKHUH��RFHDQV�� LFH�FDSV�DQG�JURXQG�ZDWHU� VWRUDJH�

>��@��$VVXPLQJ�WKH�WKLFNQHVV�RI�WKH�OD\HU�LV�WKLQ�HQRXJK��

DFFRUGLQJ� WR� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� FKDQJHV� LQ�

VSKHULFDO� KDUPRQLF� JHRLG� FRHIILFLHQWV� DQG� WKH� GHQVLW\�

UHGLVWULEXWLRQ�>��@��DQG�WDNLQJ�LQWR�DFFRXQW�WKH�DQHODVWLF�

GHIRUPDWLRQ� RI� WKH� VROLG� (DUWK�� WKH� GHQVLW\� FKDQJH� RI�

RFHDQ� LQ� WHUPV� RI� FKDQJH� RI� VSKHULFDO� KDUPRQLF�

FRHIILFLHQWV�FDQ�EH�GHWHUPLQHG�E\�>��@���
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ZKHUH� D � LV� WKH� PHDQ� (DUWK¶V� UDGLXV� DYHU LV� WKH� PHDQ�

(DUWK¶V�GHQVLW\�� ����NJ�P���� � �DQG�M O DUH�WKH�ODWLWXGH�

DQG�ORQJLWXGH�RI� WKH�SRLQW�RI� LQWHUHVW�DQG��O��P��DUH� WKH�

GHJUHH�DQG�RUGHU�RI�WKH�VSKHULFDO�KDUPRQLF�FRHIILFLHQWV�

OP3 � LV� WKH� QRUPDOL]HG� DVVRFLDWHG�/HJHQGUH� IXQFWLRQ� RI�

WKH�ILUVW�NLQG�� OP&' DQG� OP6' �DUH�WLPH�YDULDWLRQV�RI�WKH�

*5$&(� REVHUYHG� 6WRNHV� FRHIILFLHQWV� ZKLFK� DUH�

FRPSXWHG� DV� FKDQJHV� UHODWLYH� WR� WKH� PHDQ� RI� WKH�

PRQWKO\� VROXWLRQV�� 7KH� ORDG� /RYH� QXPEHU� FRHIILFLHQWV�

ON  DUH�DOVR�JLYHQ� LQ� >��@��%HFDXVH�RI� WKH�QDWXUH�RI� WKH�

PHDVXUHPHQW� WHFKQLTXH� LQ� *5$&(� DQG� PLVVLRQ�

JHRPHWU\��WKH�*5$&(�REVHUYHG�6WRNHV�FRHIILFLHQWV�DUH�

SROOXWHG� ZLWK� VKRUW�ZDYHOHQJWK� QRLVHV� >��@�� 7KH� QRQ�

ZKLWH� FRUUHODWHG� DQG� UHVROXWLRQ� GHSHQGHQW� QRLVH� LQ� WKH�

FRHIILFLHQWV� LV� PDQLIHVWHG� DV� XQUHDOLVWLF� 1RUWK�6RXWK�

VWULSLQJ�� %DVHG� RQ� WKH� 7LNKRQRY�W\SH� UHJXODUL]DWLRQ��

.XVFKH� GHYLVHG� D� QRQ�LVRWURSLF� ILOWHU� DOJRULWKP� ZKLFK�

UHGXFHV� WKH� LPSDFW� RI� WKH� QRLVH� DW� LQFUHDVLQJ� GHJUHH�

>��@�� .XVFKH� HW� DO�� KDYH� DQDO\]HG� *5$&(� 5/���

PRQWKO\� JUDYLW\� VROXWLRQV� LQ� WKH� WKUHH� QRQ�LVRWURSLF�

ILOWHUV�FRUUHVSRQGV�WR�*DXVVLDQ�ILOWHU�OHQJWKV�RI����������

DQG� ���� NP� >��@�� ,Q� WKLV� VWXG\�� WKH� FRUUHVSRQGLQJ�

*DXVVLDQ� ILOWHU� OHQJWK� KDV� EHHQ� LQIHUUHG� EDVHG� RQ�

FRPSDULQJ� WKH� µLVRWURSLF� SDUW¶� RI� WKH� QRQ�LVRWURSLF�

GHFRUUHODWLRQ� ILOWHU�ZLWK� WKH�*DXVVLDQ� ILOWHU� LQ� WHUPV�RI�

PDWFKLQJ� WKH�SDUWLFXODU� VSHFWUDO�GHJUHH�ZKHUH� WKH� ILOWHU�

ZHLJKW�GURSV�WR������VHH�DOVR�>��@����

'XH�WR�WKH�VPRRWKLQJ�RQ�JOREDO�VSKHULFDO�KDUPRQLFV��WKH�

DYHUDJH�RYHU�WKH�RFHDQ�ZLWKLQ�WKH�VPRRWKLQJ�UDGLXV�ZLOO�

EH�DIIHFWHG�E\�DQ\�ODUJH�FKDQJH�RYHU� ODQG��7R�PLWLJDWH�

WKLV�SUREOHP�� DOO� WKH�JULGV�RQ� ODQG�ZLOO� EH�PDVNHG�DQG�

WKHLU�HIIHFWV�DUH�QRW�LQFOXGHG�LQ�WKH�FRPSXWDWLRQV�RQ�WKH�

1RUGLF�VHDV��VHH�>��@���7KH�RFHDQ�PDVV�FKDQJH�GHULYHG�

IURP�*5$&(� GDWD� UHIOHFWV� WKH� VXP� RI� DOO� JHRSK\VLFDO�

SURFHVV�DVVRFLDWHG�ZLWK�PDVV�WUDQVSRUW�LQ�WKH�VWXG\�DUHD��

LQFOXGLQJ� SRVWJODFLDO� UHERXQG� VLJQDO�� 7KH� PRGHO� RI�

3DXOVRQ� HW� DO�� LV� XVHG� WR� FRUUHFW� WKH�REWDLQHG� HVWLPDWHV�

IRU� WKH� SRVWJODFLDO� UHERXQG� VLJQDO� >��@�� )XUWKHU�

GHVFULSWLRQ� RI� WKH� PDVV� FKDQJH� HVWLPDWLRQ� XVLQJ�

*5$&(�JUDYLW\�PRGHOV�FDQ�EH�IRXQG�LQ�>��@���

������6HD�OHYHO�DQRPDO\�IURP�VDWHOOLWH�DOWLPHWU\�

$�6HD� /HYHO�$QRPDO\� �6/$�� LV� D� 6HD� 6XUIDFH�+HLJKW�

�66+��PLQXV�D�0HDQ�6HD�6XUIDFH�+HLJKW��066+��DORQJ�

WKH� JURXQG� WUDFN� RI� WKH� VDWHOOLWH�� +DYLQJ� WKH� KHLJKW� RI�

WKH� VDWHOOLWH� DERYH� VRPH� UHIHUHQFH� HOOLSVRLG�� WKH� 66+�



FDQ�EH�FDOFXODWHG�E\�VXEWUDFWLQJ�WKH�LQVWDQWDQHRXV�UDQJH�

PHDVXUHG�E\�WKH�DOWLPHWHU�IURP�WKH�VDWHOOLWH�RUELW�KHLJKW��

7KHUH� DUH� VHSDUDWLRQV� DERXW� �� RU� �� NP� IRU� WKH� JURXQG�

WUDFNV� RI� DOWLPHWULF� VDWHOOLWHV� ZLWK� UHSHDWHG� RUELW�

PLVVLRQV�� 7KH� XQH[SHFWHG� WHPSRUDO� YDULDWLRQV� RI� 66+��

FDXVHG� E\� VRPH� VLJQLILFDQW� RFHDQRJUDSKLF� SKHQRPHQD�

GXULQJ� SDUWLFXODU� VHDVRQV� RU� \HDUV�� ZLOO� EH� UHGXFHG� E\�

WKH� WLPH�DYHUDJHG� DOWLPHWULF� 66+� GDWD� ZLWK� UHSHDWHG�

RUELWV� IRU� DOO� DYDLODEOH� F\FOHV�� 7KH� VHOHFWHG� UHIHUHQFH�

WUDFNV�DQG�WKH�UHODWHG�FROOLQHDU�WUDFNV�DUH�XVHG�WR�GHULYH�

WKH� PHDQ� WUDFN� �VHH� H�J�� >��@��� $IWHU� GHWHUPLQLQJ� WKH�

UHIHUHQFH� WUDFNV�� WZR�PHWKRGV�DUH�XVHG� WR�FRPSXWH� WKH�

66+� RI� HDFK� SRLQW� RI� WKH� FROOLQHDU� WUDFNV�� ZKLFK�

FRUUHVSRQGV�WR�WKH�SRLQW�RI�WKH�UHIHUHQFH��2QH�PHWKRG�LV�

FROOLQHDU� DQDO\VHV�� DQG� WKH� RWKHU� LV� WR� PDNH� JHRLG�

JUDGLHQWV� FRUUHFWLRQV�� ,Q� WKLV� VWXG\�� WKH� WLPH�DYHUDJLQJ�

RI� 66+� LV� FRPSXWHG� E\� WKH� FROOLQHDU� DQDO\VLV�� ,Q� WKLV�

PHWKRG�� DORQJ� WUDFN� 66+� SURILOHV� DUH� DYHUDJHG� WR� D�

UHJXODU�JULG��WKH�FHOO�VL]H��FDOOHG�µELQ¶��LV�DSSUR[LPDWHO\�

�î��NP��DQG�WKH�PHDQ�WUDFNV�RU�JHRLG�LV�VXEWUDFWHG�IURP�

HDFK� LQGLYLGXDO� 66+�� )XUWKHU� GHVFULSWLRQ� RI� WKH� 6/$�

HVWLPDWLRQ�XVLQJ�VDWHOOLWH�DOWLPHWU\�GDWD�FDQ�EH�IRXQG�LQ�

>��@��

������5HFRQFLOLQJ�*5$&(�DQG�DOWLPHWU\�GDWD�

7KH� *5$&(� DQG� VDWHOOLWH� DOWLPHWU\� GDWD� SURFHVVLQJ�

WHFKQLTXHV� DUH� GLIIHUHQW� DQG� QRQ�FRQVLVWHQW�� 7KH�

LPSRUWDQW� LVVXHV� WKDW�DIIHFW�FRQVLVWHQF\�RI� WKH�*5$&(�

DQG�VDWHOOLWH�DOWLPHWU\�GDWD�DUH�GLVFXVVHG�EHORZ��

�������*5$&(�FRHIILFLHQWV�ZLWK�GHJUHHV���DQG���

*5$&(�GDWD�GR�QRW� LQFOXGH�GHJUHHV���DQG���VSKHULFDO�

KDUPRQLF� FRHIILFLHQWV�� 7KH� GHJUHH� �� FRHIILFLHQW�

UHSUHVHQWV� WKH� WRWDO�PDVV�RI� WKH�(DUWK��DQG� WKH�SRVLWLRQ�

RI� WKH� (DUWK¶V� FHQWHU� RI�PDVV� LQ� D�W HUUHVWULDO� UHIHUHQFH�

IUDPH� LV� UHSUHVHQWHG�E\� WKH�GHJUHH� �� WHUPV��5HJDUGLQJ�

WKH� GHJUHH� �� DQG� �� WHUPV�� WKH� GDWD� UHFRQFLOLDWLRQ� LV�

LPSRUWDQW� LQ� WKH�FRPELQDWLRQ�RI�VDWHOOLWH�DOWLPHWU\�ZLWK�

WKH� *5$&(� GDWD�� %HFDXVH� RI� WKH� GHJUHH� �� FRHIILFLHQW�

�&���� UHSUHVHQWV� WKH� WRWDO�PDVV�RI� WKH�(DUWK��¿%44� IURP�

*5$&(�FDQ�EH�DVVXPHG�WR�EH�]HUR�DW�DOO�WLPHV�>��@��DQG�

WKH� GHJUHH� �� FRHIILFLHQWV� DUH� HVWLPDWHG� IURP� WKH�

YDULDWLRQV� RI� WKH� (DUWK¶V� FHQWHU� RI� PDVV� SURSRVHG� E\�

>��@�� )ROORZLQJ� (TXDWLRQ� ���� EHORZ�� ZH� FDQ� FRQYHUW�

JHRFHQWHU� YDULDWLRQV� �¿T(P),¿U(P),¿V(P)�� WR� GHJUHH� ��
JUDYLW\�FRHIILFLHQW�DQRPDOLHV��
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ZKHUH�D  LV�WKH�PHDQ�(DUWK¶V�UDGLXV��

������� *5$&(�FRHIILFLHQW�ZLWK�GHJUHH���DQG�

RUGHU���

7KH� (DUWK¶V� REODWHQHVV� ZKLFK� LV� UHSUHVHQWHG� E\� WKH�

GHJUHH� �� DQG� RUGHU� �� FRHIILFLHQW� � ��& �� >��@�� KDV� QRW�

EHHQ� ZHOO� REVHUYHG� E\� *5$&(� >��@�� %HFDXVH� RI�

6DWHOOLWH�/DVHU�5DQJLQJ��6/5��WLPH�VHULHV�DUH�OHVV�QRLV\�

WKDQ� WKH�*5$&(� WLPH� VHULHV�� &KHQ� HW� DO�� KDYH� VKRZQ�

WKDW� WKH� HVWLPDWLRQ�RI�PDVV� YDULDWLRQV� IURP�*5$&(� LV�

LPSURYHG�E\�XVLQJ� ��& �FRHIILFLHQW�HVWLPDWLRQ�IURP�WKH�

PRQWKO\�6/5�WLPH�VHULHV�>��@��,Q�WKLV�VWXG\��WKH�PRQWKO\�

6/5� HVWLPDWHV� DUH� XVHG� WR� UHSODFH� WKH� HVWLPDWHV� IURP�

*5$&(�� 7KH� 6/5� WLPH� VHULHV� IRU� ��& � FRHIILFLHQW� DUH�

WDNHQ�IURP�-��5LHV��SHUVRQDO�FRPPXQLFDWLRQ���������

������� %DFNJURXQG�EDURWURSLF�PRGHO�DQG�

RFHDQ�DQG�DWPRVSKHULF�PDVV�WHUPV�

7KH� DWPRVSKHULF�PDVV� DQG� RFHDQ� EDURWURSLF� YDULDWLRQV�

DUH� SURFHVVHG� DV� GHSDUWXUHV� IURP� WKH� *5$&(� WLPH�

YDULDEOH�JUDYLW\�PRGHOV��)RU� RFHDQRJUDSKLF� DQDO\VLV�� LW�

LV� QHFHVVDU\� WR� DGG� EDFN� WKH� PRGHOHG� RFHDQ� DQG�

DWPRVSKHULF�PDVV�YDULDWLRQV�WR�WKH�*5$&(�GDWD��ZKLFK�

LV� DOVR� QHFHVVDU\� IRU� FRPSDULVRQ� ZLWK� WKH� DOWLPHWHU\�

GDWD��7KLV� LV�GRQH�XVLQJ�PRGHOV�ZKLFK�DUH�DYDLODEOH� LQ�

WKH� *)=� SURFHVVLQJ� FHQWHU� GDWD� VHW� �VHH� 6HFWLRQ� �������

0HDQZKLOH�� DQ� LQYHUWHG� EDURPHWHU� FRUUHFWLRQ� �,%�� LV�

DSSOLHG� WR� DOWLPHWHU� GDWD� �H�J�� >��@��� 7KH� ,%� FDQ� EH�

HDVLO\�FRPSXWHG�IURP�WKH�IROORZLQJ�IRUPXOD��

�������� �UHI,% 3 3 � � ���������������������������������������������������

ZKHUH�� ,%� LV� LQ�PP�DQG�3�� LV� WKH� VHD� OHYHO�SUHVVXUH� LQ�

PE��,Q�WKLV�VWXG\��,%�PRGHO�LV�SUHVHQWHG�LQ�ZKLFK�PHDQ�

SUHVVXUH� �3UHI�� LV� FDOFXODWHG� XVLQJ� WKH� ORFDO� PHDQ� VHD�

OHYHO�SUHVVXUH��ZKLFK�LV�DGMXVWHG�IRU�WHPSRUDO�YDULDWLRQV�

LQ� WKH� JOREDO� PHDQ� SUHVVXUH� RI� (XURSHDQ� &HQWUH� IRU�

0HGLXP�5DQJH� :HDWKHU� )RUHFDVWV� �(&0:)��� DV� WKH�

VSDWLDO� DYHUDJH� RI� WKH� VXUIDFH� SUHVVXUH� RYHU� WKH� JOREDO�

RFHDQ�>��@��7R�UHFRQFLOH�*5$&(�ZLWK�DOWLPHWU\��WKH�,%�

FRUUHFWLRQ�LV�VXEWUDFWHG�IURP�WKH�DOWLPHWHU\�GDWD��

��� 1XPHULFDO�,QYHVWLJDWLRQV�

������2FHDQ�PDVV�YDULDWLRQ�IURP�*5$&(�

:H� HVWLPDWH� WKH� RFHDQ� PDVV� YDULDWLRQ� LQ� WKH� 1RUGLF�

6HDV�XVLQJ�PRUH�WKDQ���\HDUV�RI�*5$&(�OHYHO���5/���

GDWD� VHW� UHOHDVHG� E\�*)=� SURFHVVLQJ� FHQWHU� GXULQJ� WKH�

SHULRG�2FWREHU� ����� WR�2FWREHU� ������PLVVLQJ�RXW� WKH�

GDWD�IRU�'HFHPEHU������DQG�-DQXDU\������DQG������GXH�

WR� PLVVLQJ� DFFHOHURPHWHU� GDWD�� 5/��� FRHIILFLHQWV� DUH�

GLVWULEXWHG�RQ� WKH� OHYHO���GDWD� DUFKLYHV� DV�*$&��*$'�

DQG� *60� ILOHV� �*$&�� *$'� DQG� *60� DUH� ILOH�

H[WHQVLRQV���7KH�*60�ILOHV�FRQWDLQ�VSKHULFDO�KDUPRQLF�

FRHIILFLHQWV� UHSUHVHQWLQJ� WKH� JUDYLW\� ILHOG� RI� WKH�(DUWK��



7KH�DWPRVSKHULF�DQG�RFHDQLF�PDVV�VLJQDOV�HIIHFWV�KDYH�

EHHQ� UHPRYHG� IURP� WKHVH� FRHIILFLHQWV�� 7KH� *$&� DQG�

*$'�ILOHV�LQFOXGH�WKH�PRGHOHG�DWPRVSKHULF�DQG�RFHDQLF�

FRQWULEXWLRQV� WR� WKH� *60� FRHIILFLHQWV�� 7KH� *$&� ILOHV�

LQFOXGH� WKH�JOREDO�DWPRVSKHULF�DQG�RFHDQLF�HIIHFWV�DQG�

WKH� *$'� ILOHV� UHSUHVHQW� RFHDQ� ERWWRP� SUHVVXUH�

YDULDWLRQV�� )RU� FRPSDULVRQ�ZLWK� WKH� DOWLPHWU\� GDWD�� WKH�

PRGHOHG�RFHDQ�DQG�DWPRVSKHULF�PDVV�YDULDWLRQV�VKRXOG�

EH� DGGHG� EDFN� WR� WKH�*5$&(� GDWD�� %HIRUH� FRPSXWLQJ�

WKH�RFHDQ�PDVV�YDULDWLRQ��WKH�PRGHOHG�DWPRVSKHULF�DQG�

RFHDQLF� FRQWULEXWLRQV� FRXOG� EH� UHVWRUHG� WR� WKH� *60�

FRHIILFLHQWV�E\�DGGLQJ�WKH�*$'�DQG�*$&�FRHIILFLHQWV���

(TXDWLRQ� ���� ZKLFK� LV� XVHG� WR� FRPSXWH� WKH� RFHDQ�

PDVV�YDULDWLRQ� LV� IRUPXODWHG� WR�XVH�JUDYLW\�FRHIILFLHQWV�

GRZQ�WR�GHJUHH����$V�PHQWLRQHG�LQ�6HFWLRQ��������¿%44�

IURP�*5$&(�FDQ�EH�DVVXPHG�WR�EH�]HUR�DW�DOO�WLPHV�DQG�

WKH� GHJUHH� �� FRHIILFLHQWV� DUH� HVWLPDWHG� IURP� WKH�

YDULDWLRQV� RI� WKH� (DUWK¶V� FHQWHU� RI� PDVV� SURSRVHG� E\�

>��@��7KH�PRQWKO\�6/5�HVWLPDWHV�IRU�%64�FRHIILFLHQW�DUH�

XVHG�WR�UHSODFH�WKH�HVWLPDWHV�IURP�*5$&(�WR�FRPSOHWH�

WKH�GDWD�UHFRQFLOLQJ�VWHS���

7KH� PRQWKO\� VROXWLRQV� RI� WKH� *5$&(� ZKHQ�

FRPSXWLQJ�RFHDQ�PDVV�YDULDWLRQV�LQFOXGH�DQ�XQSK\VLFDO�

VWULSLQJ�HUURU�SDWWHUQ�ZKLFK�FDQ�EH�FRQVLGHUHG�DV�QRLVH�

DQG� PXVW� EH� GHFRUUHODWHG�ILOWHUHG�� 7KH\� KDYH� EHHQ�

ILOWHUHG� XVLQJ� .XVFKH� HW� DO�� PHWKRG� E\� WKH�

FRUUHVSRQGLQJ�*DXVVLDQ�UDGLXV�RI�����NP�>��@���

8VLQJ� (TXDWLRQ� ���� DQG� DIWHU� WKH� GDWD� UHFRQFLOLQJ��

ZH�HVWLPDWH�RFHDQ�PDVV�YDULDWLRQV�LQ�WKH�1RUGLF�6HDV�RQ�

D� ��� ���u$ $
� JULG� GXULQJ� WKH� SHULRG� 2FWREHU� ����� WR�

2FWREHU� ������ 1H[W� VWHS� LV� WR� IRUP� DQ� DSSUR[LPDWH�
HVWLPDWH� RI� WRWDO� PDVV� FKDQJH� IRU� HDFK� PRQWK�� E\�

VXPPLQJ� RYHU� JULG� HOHPHQWV� ZLWK� FRVLQH� ODWLWXGH�

ZHLJKWLQJ�� )LJXUH� �� VKRZV� WKH� HVWLPDWHG� RFHDQ� PDVV�

YDULDWLRQV�RYHU�WKH�1RUGLF�6HDV�XVLQJ�*5$&(�GDWD��$V�

PHQWLRQHG� DERYH�� WKH� UHFRQFLOHG� GDWD� KDYH� EHHQ�

GHFRUUHODWHG� LQ� WKH� FRUUHVSRQGLQJ� UDGLXV� RI� ���� NP��

*5$&(� GDWD� UHIOHFWV� WKH� SRVWJODFLDO� UHERXQG� VLJQDO�

DVVRFLDWHG�ZLWK�PDVV� WUDQVSRUW� LQ� WKH�VWXG\�DUHD��8VLQJ�

3DXOVRQ� HW� DO��PRGHO� >��@�� WKH� REWDLQHG� HVWLPDWHV� KDYH�

DOVR�EHHQ�FRUUHFWHG�IRU�WKH�SRVWJODFLDO�UHERXQG�VLJQDO���

�

)LJ����2FHDQ�PDVV�FKDQJHV�RYHU�WKH�1RUGLF�6HDV�GXULQJ�

WKH�SHULRG�2FWREHU������WR�2FWREHU�������

�

������(19,6$7�DOWLPHWU\�GDWD�

8VLQJ� VHD� VXUIDFH� KHLJKW� GDWD� IURP� WKH� (19,6$7�

DOWLPHWHU�GXULQJ�2FWREHU������ WR�2FWREHU������� F\FOHV�

���WR�����ZH�HVWLPDWH�VHD�OHYHO�DQRPDO\�RYHU�WKH�1RUGLF�

6HDV��,Q�WKLV�VWXG\��VHD�VXUIDFH�KHLJKW�GDWD�UHWULHYDO�DQG�

UHGXFWLRQ� DUH� FDUULHG� RXW� XVLQJ� WKH� 6WDFNILOHV� GDWDEDVH�

>��@�� 7KH� VHD� VXUIDFH� KHLJKW� GDWD� LQ� WKH� 6WDFNILOHV�

GDWDEDVH� KDYH� EHHQ� FRUUHFWHG� IRU� RUELWDO� DOWLWXGH��

LQVWUXPHQW� ELDV�� VHD� VWDWH� ELDV�� LRQRVSKHULF� GHOD\�� GU\�

DQG�ZHW�WURSRVSKHULF�FRUUHFWLRQV��VROLG�(DUWK�DQG�RFHDQ�

WLGHV��RFHDQ�WLGH�ORDGLQJ��SROH�WLGH��HOHFWURPDJQHWLF�ELDV�

DQG�LQYHUVH�EDURPHWHU�FRUUHFWLRQ��7KH�FRUUHFWLRQV�ZHUH�

GRQH� E\� DSSO\LQJ� VSHFLILF� PRGHOV� IRU� HDFK� VDWHOOLWH�

DOWLPHWU\�PLVVLRQV�LQ�WKH�6WDFNILOHV�GDWDEDVH�>��@��

$V�PHQWLRQHG� LQ� 6HFWLRQ������ZH� FRPSXWH� WKH�

PHDQ�WUDFNV�RI�(19,6$7�DOWLPHWHU��F\FOHV����WR�����DV�

VKRZQ�LQ�)LJXUH����,W�VKRXOG�EH�QRWHG�WKDW�WKH�SUHVHQFH�

RI� VHD� LFH� �VXFK� DV� LQ� WKH� (DVW�*UHHQODQG�&XUUHQW�� WKH�

*UHHQODQG� 6HD� DQG� LQ� WKH� )UDP� 6WUDLW�� UHTXLUHV�

HVWLPDWLRQ� RI� IUHHERDUG� KHLJKW� LQ� RUGHU� WR� DOORZ� WKH�

PHDQ�VHD�VXUIDFH� WR�EH�GHWHUPLQHG�IURP�DOWLPHWU\��7KH�

PHDQ� WUDFNV�RI�DOWLPHWU\�GDWD� LQ� WKH� VHD� LFH�DUHDV�KDYH�

ODUJH� VWDQGDUG� GHYLDWLRQV�� ,Q� RXU� VWXG\�� ZH� XVHG� WKH�

PHDQ�WUDFNV�ZLWK�WKH�VWDQGDUG�GHYLDWLRQ�OHVV�WKDQ����FP�

LQ� WKH� VHD� LFH� DUHD� DQG� WKHUHIRUH� WKH� PDVNHG� DUHDV� LQ�

)LJXUH� �� LV� UHVXOWHG�� ,QYHUVH� EDURPHWHU� FRUUHFWLRQ� LV�

VXEWUDFWHG� IURP� WKH� DOWLPHWU\�EDVHG� VHD� VXUIDFH� KHLJKW�

GDWD��WR�EH�FRQVLVWHQW�ZLWK�*5$&(�GDWD�WKDW�REVHUYH�WKH�

UHDO� ZDWHU� PDVV� VLJQDO�� *ODFLDO� ,VRVWDWLF� $GMXVWPHQW�

�*,$�� FDXVHV� D� VHFXODU� LQFUHDVH� LQ� WKH� YROXPH� RI� WKH�

RFHDQ� EDVLQV��ZKLFK� UHGXFHV� JOREDO�PHDQ� VHD� OHYHO� E\�

DSSUR[LPDWHO\� ����� PP�\HDU� >��@�� 7KXV�� LQ� RUGHU� WR�

DFFRXQW� IRU� *,$�� D�O LQHDU� ����� PP�\HDU� FRUUHFWLRQ� LV�

VXEWUDFWHG�IURP�WKH�PHDQ�WUDFNV���

�

)LJ����0HDQ�WUDFNV�RI�(19,6$7�DOWLPHWHU�RYHU�WKH�

1RUGLF�6HDV�GXULQJ�2FWREHU������WR�2FWREHU������

6XEWUDFWLQJ�WKH�WUDFNV�IURP�WKH�PHDQ�WUDFNV��WKH�6/$�LV�

HVWLPDWHG� IRU�DOO� WKH�(19,6$7�F\FOHV�� ,Q�DGGLWLRQ�� IRU�



HDFK� F\FOH�� WKH� 6/$� LV� JULGGHG� RQ� D� ��� ���u$ $
� JULG�

XVLQJ�*(2*5,'�SURJUDP�>��@��

1H[W�VWHS�LV�WR�IRUP�DQ�DSSUR[LPDWH�HVWLPDWH�RI�WRWDO�WKH�

6/$� IRU� HDFK�PRQWK�� E\� VXPPLQJ� RYHU� JULG� HOHPHQWV�

ZLWK�FRVLQH�ODWLWXGH�ZHLJKWLQJ��

�

)LJ����6HD�OHYHO�$QRPDO\�FKDQJHV��RYHU�WKH�1RUGLF�6HDV�

GXULQJ�2FWREHU������WR�2FWREHU�������

�����6WHULF�VHD�OHYHO�FKDQJH�IURP�(19,6$7�DQG�

*5$&(�

6XEWUDFWLQJ�WKH�6/$�DQG�WKH�RFHDQ�PDVV�YDULDWLRQ�LQ�WKH�

1RUGLF� 6HDV� IRU� HDFK� PRQWK�� WKH� 6WHULF� 6HD� /HYHO�

$QRPDO\��66/$��LV�HVWLPDWHG�IRU�HDFK�PRQWK��)LJXUH���

VKRZV�WKH�YDULDWLRQV�RI�WKH�66/$�RYHU�WKH�1RUGLF�6HDV�

GXULQJ�2FWREHU������WR�2FWREHU��������

�

)LJ����6WHULF�VHD�OHYHO�DQRPDO\�FKDQJHV�RYHU�WKH�1RUGLF�

6HDV�GXULQJ�2FWREHU������WR�2FWREHU������

��� &RQFOXVLRQ�

6WHULF� VHD� OHYHO� YDULDWLRQV� RYHU� WKH� 1RUGLF� 6HDV� DUH�

GHWHUPLQHG� IURP� FRPELQHG� (19,6$7� DOWLPHWU\� DQG�

*5$&(�GDWD��DW�PRQWKO\�LQWHUYDO��IURP�2FWREHU������WR�

2FWREHU� ������ 1RWH� WKDW� WKLV� PHWKRG� SURYLGHV� DQ�

HVWLPDWH�RI�WKH�WRWDO�VWHULF��WKHUPRVWHULF�SOXV�KDORVWHULF��

IRU� WKH� HQWLUH� ZDWHU� FROXPQ�� VHD� OHYHO� DQRPDO\�

YDULDWLRQV�� 7KH� FRPELQDWLRQ� RI� VDWHOOLWH� DOWLPHWU\� ZLWK�

WKH� RFHDQ�PDVV� FKDQJH� REVHUYDWLRQV� IURP� WKH�*5$&(�

PLVVLRQ� RIIHUV� D� VXSHULRU� PHWKRG� IRU� HVWLPDWLQJ� WKH�

VWHULF�VHD�OHYHO�FKDQJHV�RYHU�XVLQJ�DOWLPHWU\�DORQH��RU�LQ�

VLWX� REVHUYDWLRQV� RI� WHPSHUDWXUH� DQG� VDOLQLW\� IURP� WKH�

SURILOLQJ� IORDWV� WR� EH� XVHG� LQ� WKH� $UJR� IORDW� SURJUDP��

6HYHUDO� FRUUHFWLRQ� WHUPV� DUH� DSSOLHG� LQ� RUGHU� WR�

UHFRQFLOH� WKH� *5$&(� GDWD� ZLWK� (19,6$7� DOWLPHWU\�

GDWD���

�

��� 5HIHUHQFHV�

��� )XNXPRUL� ,�� ������ $� SDUWLWLRQHG� .DOPDQ� ILOWHU� DQG�

VPRRWKHU��0RQWKO\�:HDWKHU�5HYLHZ����������������

���&DUWRQ�-��$���*LHVH�%��6��	�*URGVN\�6��$��������6HD�

OHYHO� ULVH�DQG�WKH�ZDUPLQJ�RI� WKH�RFHDQV� LQ� WKH�6LPSOH�

2FHDQ� 'DWD� $VVLPLODWLRQ� �62'$�� RFHDQ� UHDQDO\VLV��

-RXUQDO� RI� *HRSK\VLFDO� 5HVHDUFK� ����� &�������

GRL�������������-&�������

���/HYLWXV�6���$QWRQRY�-��	�%R\HU�7��������:DUPLQJ�RI�

WKH� ZRUOG� RFHDQ�� ����� ±� ������*HRSK\VLFDO� 5HVHDUFK�

/HWWHU�����/�������GRL�������������*/��������

��� ,VKLL�0���.LPRWR�0��� 6DNDPRWR�.��	� ,ZDVDNL� 6�� ,��

������ 6WHULF� 6HD� /HYHO� &KDQJHV� (VWLPDWHG� IURP�

+LVWRULFDO� 2FHDQ� 6XEVXUIDFH� 7HPSHUDWXUH� DQG� 6DOLQLW\�

$QDO\VHV��-RXUQDO�RI�2FHDQRJUDSK\�9RO������SS������WR�

�����

��� &RQNULJKW� 0�� (��� $QWRQRY� -�� ,��� %DUDQRYD� 2�� .���

%R\HU� 7�� 3��� *DUFLD� +� (��� *HOIHOG� 5��� -RKQVRQ� '���

/RFDUQLQL�5��$���0XUSK\�3��3���2¶%ULHQ�7��'���6PRO\DU�

,�� 	� 6WHSKHQV� &�� ������:RUOG� 2FHDQ�'DWDEDVH� ������

:DVKLQJWRQ��'��&��

��� /HYLWXV� 6�� ������&OLPDWRORJLFDO� DWODV� RI� WKH� ZRUOG�

RFHDQ�� 12$$�3URI�� 3DS�� ���� ���SS��8�6��*RYW�� 3ULQW��

2II���:DVKLQJWRQ��'�&��

��� /R]LHU� 0��� 2ZHQV� :�� 	� &XUU\� 5�� ������ 7KH�

FOLPDWRORJ\� RI� WKH� 1RUWK� $WODQWLF�� 3URJUHVV� LQ�

2FHDQRJUDSK\�����������

��� 5LGJZD\� .�� 5��� 'XQQ� -�� 5�� 	� :LONLQ� -�� /�� ������

2FHDQ�LQWHUSRODWLRQ�E\�IRXU�GLPHQVLRQDO�OHDVW�VTXDUHV��

$SSOLFDWLRQ� WR� WKH�ZDWHUV� DURXQG�$XVWUDOLD�� -RXUQDO� RI�

$WPRVSKHULF�DQG�2FHDQLF�7HFKQRORJ\���������������

��� 5RHPPLFK� '�� 	� 6XWWRQ� 3�� ������ 7KH� PHDQ� DQG�

YDULDELOLW\� RI� RFHDQ� FLUFXODWLRQ� SDVW� QRUWKHUQ� 1HZ�

=HDODQG�� 'HWHUPLQLQJ� WKH� UHSUHVHQWDWLYHQHVV� RI�
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