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0RGXODWLRQ RI *DODFWLF &RVPLF 5D\V DQG &KDQJHV LQ
WKH 6RODU 0DJQHWLF )LHOG

*� :LEEHUHQ]�� +�9�&DQH���� ,�*� 5LFKDUGVRQ���� DQG 7�7� YRQ 5RVHQYLQJH�

�,QVWLWXW I�XU ([SHULPHQWHOOH XQG $QJHZDQGWH 3K\VLN� 8QLYHUVLW\ RI .LHO�
'������ .LHO� *HUPDQ\

�/DERUDWRU\ IRU +LJK (QHUJ\ $VWURSK\VLFV� 1$6$�*6)&� *UHHQEHOW� 0' ������ 86$
�6FKRRO RI 0DWKHPDWLFV DQG 3K\VLFV� 8QLYHUVLW\ RI 7DVPDQLD� +REDUW�7DVPDQLD� $XVWUDOLD

�'HSDUWPHQW RI $VWURQRP\� 8QLYHUVLW\ RI 0DU\ODQG� &ROOHJH 3DUN� 0' ������ 86$

$EVWUDFW

:H GLVFXVV WKH PRGXODWLRQ RI JDODFWLF FRVPLF UD\V RYHU PRUH WKDQ D ���\HDU PDJQHWLF F\FOH �VRODU
F\FOHV ������� :H VXJJHVW WKDW WKH FRVPLF UD\ LQWHQVLW\ SURnOH FDQ EH GHFRPSRVHG LQWR D JUDGXDO
FRPSRQHQW ZLWK VXSHULPSRVHG PHGLXP�WHUP PRGXODWLRQ HYHQWV ZLWK GXUDWLRQV RI WKH RUGHU RI RQH
\HDU� 7KH LQYHUWHG SURnOH RI WKH FRVPLF UD\ LQWHQVLW\ WUDFNV UDWKHU ZHOO WKH LQWHUSODQHWDU\ PDJQHWLF
nHOG �,0)� VWUHQJWK DV REVHUYHG QHDU � $8� &RXSOLQJ EHWZHHQ WKH ,0) VWUHQJWK �%� DQG WKH FRVPLF
UD\ WUDQVSRUW SDUDPHWHUV OHDGV WR D FRQFHSWXDOO\ VLPSOH PRGXODWLRQ PRGHO LQ ZKLFK WKH PRGXODWLRQ
SURFHVV LV OLQNHG WR JOREDO YDULDWLRQV RI %� :H DOVR VWXG\ WKH FRUUHODWLRQ EHWZHHQ FRVPLF UD\ LQWHQVLW\
DQG WLOW DQJOH� 7KH VORSHV RI WKH FRVPLF UD\ UHVSRQVH WR YDULDWLRQV LQ WLOW DQJOH DUH VLPLODU IRU ERWK
PDJQHWLF SRODULWLHV IRU WLOW DQJOHV EHWZHHQ DERXW ��p DQG ��p� 6\VWHPDWLF GLmHUHQFHV EHWZHHQ SRODULW\
HSRFKV DUH IRXQG DURXQG VRODU PLQLPXP IRU VPDOO WLOW DQJOHV� LQ SULQFLSDO DJUHHPHQW ZLWK WKH H[LVWHQFH
RI GULIW HmHFWV�

� ,QWURGXFWLRQ�

7KH FXUUHQW SLFWXUH IRU WKH ORQJ�WHUP PRGXODWLRQ RI FRVPLF UD\V �&5V� LQFRUSRUDWHV WLPH�GHSHQGHQW
KHOLRVSKHULF GULIWV� D IHZ JOREDO PHUJHG LQWHUDFWLRQ UHJLRQV �*0,5V� SHU ���\HDU F\FOH �ZKLFK DUH
UHODWHG WR WKH VR�FDOOHG VWHS GHFUHDVHV� DQG SRVVLEOH VORZ YDULDWLRQV LQ WKH EDFNJURXQG WUDQVSRUW FRHI�
nFLHQWV �:LEEHUHQ] HW DO�� ������ 7KH UHODWLYH LPSRUWDQFH DVVLJQHG WR WKHVH HmHFWV YDULHV IURP DXWKRU
WR DXWKRU� )RU LQVWDQFH� %XUODJD DQG 1HVV ������ DUJXH WKDW LW LV XOWLPDWHO\ WKH VWURQJ PDJQHWLF
nHOGV DQG WKHLU DVVRFLDWHG oXFWXDWLRQV WKDW SURGXFH WKH PRGXODWLRQ RI FRVPLF UD\V� 3RWJLHWHU ������
VWDWHV WKDW WKH PDLQ IHDWXUHV RI WKH ��������� SURWRQ PRGXODWLRQ F\FOH FRXOG EH UHSURGXFHG ZLWK D
GULIW PRGHO FRPELQHG ZLWK IRXU *0,5V� *0,5V DUH LQWHUDFWLRQ UHJLRQV ZKLFK H[WHQG ���p DURXQG
WKH 6XQ LQ WKH HFOLSWLF SODQH DQG FORVH RYHU WKH SROHV� 7KH\ DUH FRQVLGHUHG WR EH UHODWHG WR VHTXHQFHV
RI FRURQDO PDVV HMHFWLRQV �&0(V� ZKLFK PHUJH ZLWK RWKHU KLJK VSHHG oRZV DW ����� $8 �%XUODJD HW
DO�� ������ 7KH H[WHQVLRQ WR KLJK ODWLWXGHV LV UHTXLUHG EHFDXVH ZLWKRXW D FRVPLF UD\ EDUULHU LQ WKH KH�
OLRVSKHULF SRODU UHJLRQV� WKHUH ZRXOG EH UHODWLYHO\ XQUHVWULFWHG FRVPLF�UD\ oRZ IURP WKH SROHV WRZDUG
WKH HTXDWRULDO SODQH �3RWJLHWHU DQG OH 5RX[� ������ 5HFHQWO\� &DQH HW DO� �����D� E� KDYH IRXQG WKDW
WKH FRVPLF UD\ SURnOH WUDFNV UDWKHU ZHOO WKH YDULDWLRQV LQ WKH LQWHUSODQHWDU\ PDJQHWLF nHOG VWUHQJWK
�,0)�� 7KH\ VXJJHVW WKDW WKH DSSHDUDQFH RI ?PHGLXP�WHUP PRGXODWLRQ HYHQWV� LQ WKH FRVPLF UD\
SURnOH LV UHODWHG WR WKH JHQHUDWLRQ RI QHZ PDJQHWLF oX[ DW WKH 6XQ DQG LV QRW DQ HmHFW RI PHUJLQJ
LQ WKH RXWHU KHOLRVSKHUH� +HUH� ZH VXJJHVW WKH GHFRPSRVLWLRQ RI WKH VRODU F\FOH PRGXODWLRQ LQWR D
VPRRWKO\ YDU\LQJ FRPSRQHQW DQG VXSHULPSRVHG HYHQWV� DQG GLVFXVV WKH UHODWLRQ EHWZHHQ FRVPLF UD\
LQWHQVLW\ DQG WLOW DQJOH�

� 2EVHUYDWLRQV�

��� &RVPLF 5D\ 3URnOHV DQG WKH ,0)� 7KH ORZHU SDUW RI )LJXUH � VKRZV WKH ���\HDU
YDULDWLRQ LQ WKH FRVPLF UD\ LQWHQVLW\ DV REVHUYHG E\ �D� WKH 0W� :HOOLQJWRQ QHXWURQ PRQLWRU �10�



�PHGLDQ HQHUJ\ z �� *H9� DQG �E� WKH *6)& H[SHULPHQWV RQ ,03V � DQG �� 7KH ,03 GDWD ��������
0H9 SURWRQ LQWHQVLWLHV� KDYH EHHQ QRUPDOLVHG WR WKH 0W :HOOLQJWRQ FRXQW UDWH GXULQJ WKH PLG�����V
VRODU PLQLPXP SHULRG DQG� DV ZHOO DV SRVVLEOH� QHDU WKH WZR VRODU PD[LPD� 7KH XSSHU FXUYH VKRZV
WKH DYHUDJH ,0) DW � $8� 1RWH KRZ WKH 10 LQWHQVLW\ SURnOH LV D PLUURU LPDJH RI WKH PDJQHWLF nHOG
GDWD� 9HUWLFDO GDVKHG OLQHV LQGLFDWH WLPHV RI VRPH ,0) HQKDQFHPHQWV DQG FRQFXUUHQW PHGLXP�WHUP
FRVPLF UD\ GHFUHDVHV� 7KRVH LQ ����� ����� ���������� DQG ���� FRUUHVSRQG WR WKH CVWHSV
 LQ z���
0H9 GDWD UHIHUHG WR E\ 0F'RQDOG ������� EXW DW 10 HQHUJLHV� WKH PHGLXP�WHUP HYHQWV GR QRW ORRN
OLNH CVWHSV
� ,Q WKH SDSHUV E\ &DQH HW DO� �����D� E� LW ZDV VKRZQ WKDW WKH ,0) HQKDQFHPHQWV DUH
GLUHFWO\ UHODWHG WR YDULDWLRQV LQ WKH VRODU RSHQ PDJQHWLF nHOG DV FDOFXODWHG E\ <��0� :DQJ IURP
SKRWRVSKHULF REVHUYDWLRQV� :DQJ DQG 6KHHOH\ ������ KDYH VKRZQ KRZ VXFK REVHUYDWLRQV FDQ EH XVHG
WR SUHGLFW VRODU�F\FOH YDULDWLRQV RI WKH ,0) UDGLDO FRPSRQHQW� 1RWH WKDW VXFK FDOFXODWLRQV GR QRW
LQFOXGH WKH FRQWULEXWLRQV RI &0(V�
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)LJXUH �� 7KH ORZHU WZR FXUYHV VKRZ WKH FRVPLF UD\ LQWHQVLW\ DW WZR HQHUJLHV DW �
$8� 7KH XSSHU FXUYH LV WKH LQWHUSODQHWDU\ PDJQHWLF nHOG� &DUULQJWRQ URWDWLRQ DYHUDJHV
DUH XVHG� $W WKH WRS RI WKH nJXUH WKH VRODU F\FOHV DQG WKH DSSUR[LPDWH WLPHV RI VRODU
PLQLPD �P� DQG PD[LPD �0� DUH LQGLFDWHG� $ LV WKH JOREDO VRODU nHOG GLUHFWLRQ�

,Q )LJXUH � LW FDQ EH VHHQ WKDW IRU WKH SHULRG IURP ODWH ���� �ZKHQ ,03 GDWD EHJDQ� XQWLO WKH
EHJLQQLQJ RI ���� WKH WZR FRVPLF UD\ SURnOHV WUDFN HDFK RWKHU TXLWH ZHOO� DOWKRXJK WKH 10 UDWH FOHDUO\
KDG UHFRYHUHG HDUOLHU WKDQ WKH z��� 0H9 LQWHQVLW\ DW WKH HQG RI F\FOH ��� 7KH VORZHU UHVSRQVH RI
z��� 0H9 SURWRQV WR KHOLRVSKHULF FKDQJHV LV SDUWLFXODUO\ HYLGHQW IRU WKH HYHQWV RI ���� DQG �����
7KURXJKRXW WKH F\FOH� WKH ORZHU HQHUJ\ FKDQQHO LV FRQVLGHUDEO\ VPRRWKHU� ,Q SDUWLFXODU� VHYHUDO
SURPLQHQW HYHQWV LQ WKH 10 GDWD FORVH WR VRODU PD[LPXP DUH HVVHQWLDOO\ DEVHQW LQ WKH z��� 0H9
GDWD� :H QRWH WKH GLmHUHQW OHYHOV DW WKH ���� VRODU PLQLPXP� 7KLV SUREDEO\ DULVHV EHFDXVH WKH
ORZHU HQHUJ\ SDUWLFOHV UHFRYHU PRUH VORZO\ DQG� LQ FRQWUDVW WR KLJKHU HQHUJLHV� GR QRW UHDFK PD[LPXP



LQWHQVLW\ EHIRUH WKH QHZ F\FOH VHWV LQ�
7KHUH PXVW EH D JUDGXDO FRPSRQHQW ZLWK DQ ���\HDU PRGXODWLRQ� RWKHUZLVH ZKHQ PHGLXP�WHUP

HYHQWV DUH VXpFLHQWO\ ZHOO VHSDUDWHG� RQH ZRXOG H[SHFW D SURnOH DV REVHUYHG LQ WKH PLG�����V� ZKHUH
WKH &5 LQWHQVLW\ LV WKH VDPH EHIRUH DQG DIWHU D PHGLXP�WHUP HYHQW� ,Q ���������� WKH JUDGXDO
FRPSRQHQW PD\ EH GHnQHG E\ MRLQLQJ WKH OHYHOV DW WKH EHJLQQLQJ DQG HQG RI PHGLXP�WHUP HYHQWV�
7KLV WHFKQLTXH FDQQRW EH DSSOLHG REMHFWLYHO\ GXULQJ SDUW RI WKH WLPH QHDU VRODU PD[LPXP� WKRXJK
WKH z��� 0H9 LQWHQVLW\ SURnOH LQGLFDWHV WKH DSSUR[LPDWH EHKDYLRXU�

��� 7KH PLQL�F\FOH RI �����
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)LJXUH �� 9DULDWLRQV LQ WKH FRVPLF UD\ LQWHQVLW\� WKH LQYHUWHG
,0) DQG WKH LQYHUWHG WLOW DQJOH� 7KH ��� 0H9 GDWD LV VKRZQ
XVLQJ GDLO\ �WRS SURnOH� DQG VRODU URWDWLRQ DYHUDJHV� 6SLNH
LQFUHDVHV LQGLFDWH &0( DFWLYLW\�

7KH GHWDLOHG DQDO\VLV RI VHOHFWHG
PHGLXP�WHUP PRGXODWLRQ HYHQWV SUR�
YLGHV IXUWKHU LQVLJKW LQWR WKH PRGXOD�
WLRQ SURFHVV� )LJXUH � LQFOXGHV WKH VR�
FDOOHG PLQL�F\FOH RI ����� :H VHH WKDW
WKH FRVPLF UD\ GHFUHDVH LQ WKH 10
GDWD FRPPHQFHV ZLWK D GHOD\ RI QRW
PRUH WKDQ RQH PRQWK UHODWLYH WR WKH
LQYHUWHG ,0) GHFUHDVH� DQG WKDW WKH
VXEVWUXFWXUH LQ WKH ,0) SURnOH �WZR
PLQLPD LQ WKH VHFRQG KDOI RI ���� LQ
WKH LQYHUWHG ,0) SURnOH� DUH DOVR UH�
oHFWHG LQ WKH FRVPLF UD\ EHKDYLRXU�
%RWK WKH 10 DQG z��� 0H9 GDWD
VKRZ D UHFRYHU\ SKDVH VRRQ DIWHU WKH
,0) KDV SDVVHG LWV PD[LPXP PDJQL�
WXGH LQ 1RYHPEHU ����� )LQDOO\ ZH
QRWH WKDW WKH RQVHW RI WKH HYHQW LV
QRW DFFRPSDQLHG E\ &0( DFWLYLW\� DV
LQGLFDWHG IRU H[DPSOH E\ DQ DEVHQFH
RI PDMRU SDUWLFOH HYHQWV LQ WKH XS�
SHUPRVW FXUYH LQ )LJXUH �� :H VHH
WKDW WKH PLQL�F\FOH SDUWLDOO\ PLPLFV D
VFDOHG�GRZQ ���\HDU F\FOH�

��� 7LOW $QJOH &RUUHODWLRQV� $ SUHGLFWLRQ RI GULIW WKHRU\ LV WKDW WKH &5 LQWHQVLW\ VKRXOG
UHVSRQG GLmHUHQWO\ WR FKDQJHV LQ WKH LQFOLQDWLRQ RI WKH KHOLRVSKHULF FXUUHQW VKHHW ZKHQ WKH 6XQ LV LQ
GLmHUHQW PDJQHWLF SRODULW\ VWDWHV �$�� 7KH ZRUN RI 6PLWK ������ VHHPV WR VXSSRUW WKLV SUHGLFWLRQ�
EXW &DQH HW DO� �����D� DUJXHG WKDW VWUDLJKW OLQHV ZHUH nWWHG WR GDWD WKDW DFWXDOO\ FRQVLVWHG RI
VHFWLRQV RI GLmHUHQW VORSH� :H KDYH IRXQG WKDW IRU WLOW DQJOHV EHWZHHQ ��p DQG ��p WKH &5 LQWHQVLW\
LV FRUUHODWHG ZLWK WLOW DQJOH ZLWK WKH VDPH VORSH IRU ERWK VLJQV RI $ DSDUW IURP D VKRUW SHULRG LQ WKH
UHFRYHU\ SKDVH RI F\FOH ��� :H nQG D ODUJHU VHSDUDWLRQ EHWZHHQ WKH XSSHU DQG ORZHU EUDQFKHV RI WKH
FRUUHODWLRQ FXUYHV IRU F\FOH �� FRPSDUHG WR F\FOH ��� ,W LV QRW \HW FOHDU WR ZKDW H[WHQW GLmHUHQFHV LQ
EHKDYLRXU EHWZHHQ DOWHUQDWH F\FOHV LV FDXVHG E\ DQ LQWULQVLF SURSHUW\ RI WKH 6XQ� :H KDYH VWXGLHG
WKH VORSHV D LQ WKH UHODWLRQ &  D7 � E ZKHUH &  10 FRXQW UDWH� 7  WLOW DQJOH� $W WLOW DQJOHV
EHORZ DERXW ��p D  b���h ��� IRU WKH WUDQVLWLRQ IURP F\FOH �� WR ��� 7KLV VDPH �oDW� EHKDYLRXU LV
IRXQG DW WKH RQVHW RI F\FOH ��� D  b���h���� ,Q FRQWUDVW� WKH VORSH LV PXFK VWHHSHU LQ WKH WUDQVLWLRQ
IURP F\FOH �� WR ��� D  b��� h ���� 1RWH WKDW WKH WLOW DQJOH� ZKLFK KDV EHHQ GHWHUPLQHG E\ -�7�
+RHNVHPD� GRHV QRW KDYH D SK\VLFDO PHDQLQJ QHDU VRODU PD[LPXP ZKHUH WKHUH DUH PXOWLSOH FXUUHQW



VKHHWV DQG WKH VRODU nHOG LV YHU\ FRPSOH[�

� 'LVFXVVLRQ DQG 6XPPDU\�
:H VXJJHVW WKDW FRVPLF UD\ PRGXODWLRQ FDQ EH GHFRPSRVHG LQWR D JUDGXDO FRPSRQHQW DQG VXSHU�

LPSRVHG PHGLXP�WHUP PRGXODWLRQ HYHQWV� 7KH JUDGXDO FRPSRQHQW UHVXOWV IURP WKH JUDGXDO YDULDWLRQ
RI WKH EDFNJURXQG FRVPLF UD\ WUDQVSRUW SDUDPHWHUV� VFDOHG ZLWK WKH YDULDWLRQ RI WKH ,0) PDJQLWXGH
%� 7KH HYHQWV YDU\ LQ VL]H DQG GXUDWLRQ DQG DUH QRW UHVWULFWHG WR SHULRGV DURXQG VRODU PD[LPXP�
7KH\ FRUUHVSRQG WR SHULRGV RI JOREDO PDJQHWLF nHOG HQKDQFHPHQWV RULJLQDWLQJ DW WKH 6XQ DQG FDUULHG
RXW ZLWK WKH VRODU ZLQG� 7KHVH nHOG HQKDQFHPHQWV DUH FRQFHSWXDOO\ VLPLODU WR *0,5V H[FHSW WKDW
WKH\ UHVXOW QRW IURP PHUJLQJ SURFHVVHV EH\RQG DERXW �� $8� EXW IURP WKH JHQHUDWLRQ RI QHZ �RSHQ�
PDJQHWLF oX[ DW WKH 6XQ� 6WXG\ RI WKH LVRODWHG HYHQW GXULQJ WKH PLQL�F\FOH RI ���� VKRZV WKDW
WKH LQLWLDO FRVPLF UD\ GHFUHDVH LV QRW FRQQHFWHG ZLWK LQFUHDVHG &0( DFWLYLW\� 1HDU � $8 ZH nQG D
JRRG DQWLFRUUHODWLRQ EHWZHHQ WKH ,0) PDJQLWXGH % DQG WKH &5 LQWHQVLW\ RQ WKH WLPH VFDOH RI RQH
VRODU URWDWLRQ� $OVR� %XUODJD DQG 1HVV ������ VKRZ WKDW PDQ\ IHDWXUHV RI WKH ,0) DV D IXQFWLRQ RI
VSDFH DQG WLPH VFDOH ZLWK %� 7KXV� D FRXSOLQJ RI WKH FRVPLF UD\ WUDQVSRUW FRHpFLHQWV ZLWK WKH nHOG
PDJQLWXGH % PD\ SURYLGH D FRQFHSWXDOO\ VLPSOH� nUVW�RUGHU PRGHO IRU FRVPLF UD\ PRGXODWLRQ�
7KH WHPSRUDO GHYHORSPHQW RI WKH VRODU VRXUFH VXUIDFH PDJQHWLF nHOG� FRPELQHG ZLWK VRODU ZLQG

VSHHG YDULDWLRQV� GHWHUPLQHV WKH GLVWULEXWLRQ RI a% WKURXJKRXW WKH KHOLRVSKHUH� 1RW DOO VSKHULFDO
KDUPRQLF FRPSRQHQWV RI WKH VRODU nHOG ZLOO YDU\ LQ WKH VDPH ZD\ GXULQJ D VRODU F\FOH� 7KH UHVXOWLQJ
ODWLWXGLQDO YDULDWLRQ RI % ZLOO EH LPSRUWDQW LQ RUGHU WR XQGHUVWDQG WKH �FKDUJH DQG HQHUJ\ GHSHQGHQW�
UHFRYHU\ SKDVHV RI WKH HYHQWV �3RWJLHWHU DQG OH 5RX[� ������
3UHGLFWLRQV IURP GULIW WKHRU\ OLPLW WKH FORVH FRXSOLQJ EHWZHHQ WKH WLOW DQJOH DQG FRVPLF UD\ LQWHQVLW\

WR WLOW DQJOHV EHORZ DERXW ��p� 7KXV� WKH FRUUHODWLRQ RI WKH &5 LQWHQVLW\ ZLWK WKH LQYHUWHG WLOW DQJOH
EHWZHHQ ��p DQG ��p LV UHPDUNDEOH� :H EHOLHYH WKDW� IRU LQFUHDVLQJ WLOW DQJOH� LWV DEVROXWH VL]H LV D
PHDVXUH IRU WKH FRPSOH[LW\ RI WKH JHQHUDO VRODU PDJQHWLF nHOG� DQG WKDW WLOW DQJOH LQFUHDVHV RFFXU DW
WKH WLPHV RI WKH JHQHUDWLRQ RI DGGLWLRQDO RSHQ PDJQHWLF oX[� 7KLV GRHV QRW VHHP WR EH FRXSOHG LQ
JHQHUDO ZLWK WKH UDWH RI &0(V� ,QVSHFWLRQ RI WKH WLOW�&5 UHODWLRQ IRU VPDOO WLOW DQJOHV VKRZV WKDW WKH
VORSH RI WKH FRUUHODWLRQ LV GLmHUHQW IRU $!� DQG $�� HSRFKV� &RPELQHG ZLWK UHFHQW VLPXOWDQHRXV
8O\VVHV REVHUYDWLRQV RI HOHFWURQV �T  b�� DQG SURWRQV �T  �� GXULQJ WKH SUHVHQW $!� HSRFK �+HEHU
HW DO�� ����� RQH nQGV WKDW WKH FRUUHODWLRQ YDULHV ZLWK WKH SURGXFW T$� LQ JHQHUDO DJUHHPHQW ZLWK
SUHGLFWLRQV IURP GULIW WKHRU\�

5HIHUHQFHV

%XUODJD� /� )�� 0F'RQDOG� )�%� DQG 1HVV� 1�)� ����� -� *HRSK\V� 5HV� ��� �
%XUODJD� /� )�� DQG 1HVV� 1�)� ����� -� *HRSK\V� 5HV� ���� �����
&DQH� +�9�� :LEEHUHQ]� *�� 5LFKDUGVRQ� ,�*� DQG YRQ 5RVHQYLQJH� 7�7� ����D� *HRSK\V� 5HV� /HWW�
��� ���
&DQH� +�9�� :LEEHUHQ]� *�� DQG 5LFKDUGVRQ� ,�*� ����E� 3URF� 6RODU :LQG 1LQH �1HZ <RUN�$,3�
+HEHU� %�� HW DO�� ����� *HRSK\V� 5HV� /HWW�� DFFHSWHG IRU SXEOLFDWLRQ
0F'RQDOG� )�%�� ����� 6SDFH 6FL� 5HY� ��� ��
3RWJLHWHU� 0�6� DQG OH 5RX[� -�$� ����� $S- ���� ���
3RWJLHWHU� 0�6�� ����� 6SDFH 6FL� 5HY� ��� ���
6PLWK� (�-� ����� -� *HRSK\V� 5HV� ��� �����
:DQJ� <��0� DQG 6KHHOH\� 1�5�� -U�� ����� $S- ���� /���
:LEEHUHQ]� *�� OH 5RX[� -� $�� 3RWJLHWHU� 0� 6�� DQG %LHEHU� -� :� ����� 6SDFH 6FL� 5HY ��� ���


