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7KH�HIIHFW�RI�DONDOLQH�HDUWK�LRQV�RQ�WKH�PHFKDQLFDO�SURSHUWLHV�RI�

VLOLFDWH�JODVVHV�

<RUGDQRV�%LVUDW��5XVVHOO�-�KDQG�
&HQWUH�RI�*ODVV�5HVHDUFK��'HSDUWPHQW�RI�(QJLQHHULQJ�0DWHULDOV��8QLYHUVLW\�RI�6KHIILHOG��6LU�5REHUW�+DGILHOG�%XLOGLQJ��

0DSSLQ�6WUHHW��6KHIILHOG��6���-'��8.��
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,W�LV�ZLGHO\�DFFHSWHG�WKDW�VPDOO�VXUIDFH�IODZV�JRYHUQ�WKH�VWUHQJWK�RI�VLOLFDWH�JODVVHV��5HFHQWO\��+DQG�DQG�6HGGRQ�

VXJJHVWHG�WKDW�GHIHFWV�ZLWK�VXLWDEOH�SURSHUWLHV�WR�EH�VWUHQJWK�FRQWUROOLQJ�IODZV�FRXOG�DULVH�DV�D�UHVXOW�RI�WKH�LQWHUDFWLRQ�

RI�DWPRVSKHULF�ZDWHU�DQG�DONDOL�FKDQQHOV�LQ�VLOLFDWH�JODVVHV��ZKLFK�VXJJHVWV�WKDW�WKHUH�VKRXOG�EH�V\VWHPDWLF�UHODWLRQVKLSV�

EHWZHHQ� WKH� VWUHQJWK� DQG� FRPSRVLWLRQ� RI� VLOLFDWH� JODVVHV��+RZHYHU� WKHUH�KDYH� EHHQ� OLPLWHG� VWXGLHV�RQ� WKH� HIIHFWV�RI�

FRPSRVLWLRQ�RQ�WKH�PHFKDQLFDO�VWUHQJWK�RI�JODVVHV�� �.LQJVWRQ�DQG�+DQG�KDYH�VKRZQ�WKDW�WKHUH�LV�PDUNHG�YDULDWLRQ�LQ�

VWUHQJWK�DQG�IUDFWXUH�WRXJKQHVV�IRU�PL[HG�DONDOL�VLOLFDWH�JODVVHV��7KLV�ZRUN�KDV�EHHQ�IXUWKHU�H[WHQGHG�KHUH�WR�H[DPLQH�

WKH�HIIHFW�RI�PL[HG�DONDOLQH�HDUWKV�LQ�VLOLFDWH�JODVVHV�� �7KHUHIRUH�D�UDQJH�RI�VRGD�FDOLFD�PDJQHVLD��SRWDVVLD�PDJQHVLD�

EDULD�DQG�OLWKLD�FDOFLD�PDJQHVLD�VLOLFDWH�JODVVHV�KDV�EHHQ�SUHSDUHG�DQG�WKHLU�PHFKDQLFDO�SURSHUWLHV��VSHFLILFDOO\�IUDFWXUH�

WRXJKQHVV��KDUGQHVV�DQG�EULWWOHQHVV�LQGH[��KDYH�EHHQ�VWXGLHG���

�

,QWURGXFWLRQ�

7KHUH� LV� OLWWOH�ZRUN� UHSRUWHG� LQ� WKH� OLWHUDWXUH� RQ� WKH� HIIHFW� RI� JODVV� FRPSRVLWLRQ� RQ� WKH� IUDFWXUH�
WRXJKQHVV��.,F��DQG�KDUGQHVV��+��RI�JODVV�V\VWHPV��+RZHYHU��LW�KDV�EHHQ�VKRZQ�WKDW��DW�OHDVW�IRU�VRPH�
JODVVHV�� .,F� YDULHV� ZLWK� FRPSRVLWLRQ� LQ� D� FRPSOH[� ZD\

L�LL�� � ,Q� SDUWLFXODU�� 9HUQD]� HW�DOLL� KDYH� PDGH�
V\VWHPDWLF�VWXG\�RI�VRPH�ELQDU\�DQG�WHUQDU\�VLOLFDWH��ERUDWH�DQG�ERURVLOLFDWH�JODVVHV�� �7KH\�IRXQG�WKDW�
WKHLU�H[SHULPHQWDO�UHVXOWV�ZHUH�FRQWUDGLFWRU\�WR�WKH�WUHQGV�WKDW�PLJKW�KDYH�EHHQ�H[SHFWHG�IURP�H[LVWLQJ�
VWUXFWXUDO�PRGHOV�� � 7KH\� SURSRVHG� D�PRGHOLLL� EDVHG� RQ�PLFUR�KHWHURJHQHRXV� VWUXFWXUH� WKDW� SURGXFHV�
QRQDQQHDODEOH�VWUHVVHV�LQ�WKH�PDWHULDO���7KH\�WHVWHG�WKH�PRGHO�RQ�VRPH�RI�WKH�ERURVLOLFDWH�JODVVHV�WKDW�
WKH\� KDG� SUHYLRXVO\� VWXGLHG� DQG� FRXOG� H[SODLQ� VRPH� RI� WKH� UHVXOWV� REVHUYHG�� +RZHYHU�� WKLV� PRGHO�
UHTXLUHV�D�UHILQHG�NQRZOHGJH�RI�WKH�JODVV�VWUXFWXUH�IRU�TXDQWLWDWLYH�SUHGLFWLRQ��

0RUH� UHFHQWO\�� 6HKJDO� DQG� ,WRLY� UHSRUWHG� D� VFUDWFK� UHVLVWDQW� JODVV� SURGXFHG� E\�PDNLQJ� FRPSRVLWLRQDO�
FKDQJHV� WR� D� FRPPHUFLDO� VRGD�OLPH�VLOLFDWH� JODVV�� �7KHLU�ZRUN� HIIHFWLYHO\� VXJJHVWV� WKDW�ERWK�KDUGQHVV�
DQG�IUDFWXUH�WRXJKQHVV�DOVR�YDU\�ZLWK�FRPSRVLWLRQ���$OWKRXJK�QR�VWUHQJWK�UHVXOWV�DUH�UHSRUWHG�LQ�WKHLU�
SDSHU��EHFDXVH�LQFUHDVHG�VFUDWFK�UHVLVWDQFH�VXJJHVWV�WKDW�WKH�GHYHORSPHQW�RI�VXUIDFH�GHIHFWV�VKRXOG�EH�
UHGXFHG��LW�LV�SRVVLEOH�WKDW�WKLV�VFUDWFK�UHVLVWDQW�JODVV�DOVR�KDV�LPSURYHG�PHFKDQLFDO�VWUHQJWK�FRPSDUHG�
WR�WKH�FRQYHQWLRQDO�FRPSRVLWLRQ����

0RVW�UHFHQWO\��.LQJVWRQ�DQG�+DQGY�FDUULHG�RXW�V\VWHPDWLF�VWXG\�RQ�DONDOL�VLOLFDWH�JODVVHV�DQG�REWDLQHG�
VRPH�HYLGHQFH�IRU�WKH�FRPSRVLWLRQDO�HIIHFWV�RQ�VWUHQJWK���5HFHQW�ZRUN�LQ�WKLV�ODERUDWRU\�DOVR�LQGLFDWHV�
WKDW� WKHUH� DUH� VRPH� FRPSRVLWLRQDO� HIIHFWV� RQ� VWUHQJWK�� IUDFWXUH� WRXJKQHVV� DQG� EULWWOHQHVV� IRU�PL[HG�
DONDOL�DONDOLQH�HDUWK�VLOLFDWH�JODVVHV��

7KLV� SDSHU� SUHVHQWV� WKH� PL[HG� DONDOL�DONDOLQH� HDUWK� HIIHFW� RQ� WKH� PHFKDQLFDO� SURSHUWLHV� RI� VLOLFDWH�
JODVVHV���%\�GRLQJ�VR��LW�LV�KRSHG��LW�ZLOO�EH�SRVVLEOH�WR�VKHG�VRPH�OLJKW�RQ�WKH�HOXVLYH�QDWXUH�RI�*ULIILWK�
IODZV�LQ�VLOLFDWH�JODVVHV��
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([SHULPHQWDO�SURFHGXUH�

3UHSDUDWLRQ�RI�JODVVHV�

7KUHH� VHWV� RI� JODVV� FRPSRVLWLRQV�ZHUH� VWXGLHG�� � 7KHVH� FRPSRVLWLRQV� ZHUH� FKRVHQ� DFFRUGLQJ� WR�
WKHLU�LRQLF�UDGLXV�UHODWLRQVKLS���7KH�SRWDVVLD�PDJQHVLD�EDULD�VLOLFDWH�JODVVHV��VHULHV�6.0%�JODVVHV�ZKHUH�

WKH� LRQLF� UDGLXV� U%D� a� U.� �� ZHUH� PHOWHG� LQ� ���JP� EDWFKHV� LQ� 3W� FUXFLEOHV� DW� ����°&� IRU� �KUV�� � )RU�
WHFKQLFDO� UHDVRQV� WKH� PHOWV� ZHUH� QRW� VWLUUHG� EXW� LW� ZDV� DVFHUWDLQHG� WKH� PHOWV� ZHUH� UHDVRQDEO\�
KRPRJHQHRXV�� � 7KH� JODVV� PHOWV� ZHUH� GLUHFWO\� FDVW� LQWR� VWHHO� PRXOGV� WR� PDNH� JODVV� EORFNV� IRU�

LQGHQWDWLRQ���7KH\�ZHUH�LPPHGLDWHO\�DQQHDOHG�DW����°&�IRU��KU�DQG�WKHQ�FRROHG�WR�URRP�WHPSHUDWXUH��
XVLQJ� D� FRROLQJ� UDWH� RI� ��&�PLQ�� � )RU� WKH� OLWKLD�FDOFLD�PDJQHVLD� VLOLFDWH� JODVVHV� �VHULHV� 6/&0� JODVVHV�
ZKHUH�WKH�LRQLF�UDGLXV�U0J�a�U/L��������JP�RI�JODVV�ZDV�PHOWHG�DW�����

�&�IRU��KUV�DQG�DIWHU�SRXULQJ�LQWR�

VWHHO�PRXOGV��WKH\�ZHUH�LPPHGLDWHO\�DQQHDOHG�DW����°&�IRU��KU�DQG�WKHQ�FRROHG�WR�URRP�WHPSHUDWXUH�
XVLQJ� D� FRROLQJ� UDWH� RI� ��&�PLQ�� � )RU� WKH� VRGD�FDOFLD�PDJQHVLD� VLOLFDWH� JODVVHV� �VHULHV� 61&0� JODVVHV�
ZKHUH�WKH�LRQLF�UDGLXV�U&D�a�U1D�������JP�RI�JODVV�ZDV�PHOWHG�DW�����

�&�IRU��KUV���7KH�JODVV�PHOWV�ZHUH�
VWLUUHG�ZLWK�3W�VWLUUHU�IRU�KRPRJHQLVDWLRQ�DQG�SRXUHG�LQWR�VWHHO�PRXOGV��DQG�ZHUH�LPPHGLDWHO\�DQQHDOHG�

DW� ���°&� IRU� �KU� DQG� WKHQ� FRROHG� WR� URRP� WHPSHUDWXUH� XVLQJ� D� FRROLQJ� UDWH� RI� ��&�PLQ�� � $IWHU�
DQQHDOLQJ�� WKH�JODVV�EORFNV�IRU�DOO� WKH�JODVVHV�ZHUH�FXW��JURXQG�DQG�SROLVKHG�WR�REWDLQ�D�PLUURU� ILQLVK�
VDPSOHV� IRU� LQGHQWDWLRQ�� � )LQH� JURXQG� VDQG� DQG� FDUERQDWHV� RI� WKH� FRUUHVSRQGLQJ� DONDOL� DQG� DONDOLQH�
HDUWK�FRPSRQHQWV�ZHUH�XVHG�DV�UDZ�PDWHULDOV�LQ�HDFK�FDVH��

0HDVXUHPHQW�RI�PHFKDQLFDO�SURSHUW\�SDUDPHWHUV�

6HYHUDO� LQGHQWDWLRQV�ZHUH�SHUIRUPHG�XVLQJ� D� VWDQGDUG�9LFNHUV� LQGHQWHU� DW� HDFK� RI� WKH� IROORZLQJ�
ORDGV��3������1������1�����1�DQG�����1���)RU�DQDO\VLV��ILYH�LQGHQWDWLRQV�ZLWK�ZHOO�GHYHORSHG�FUDFNV�
FR�OLQHDU�ZLWK�WKH�LQGHQWDWLRQ�GLDJRQDO�DQG�ZKLFK�HPDQDWHG�IURP�WKH�IRXU�FRUQHUV�RI�WKH�LQGHQW�ZHUH�
VHOHFWHG� IRU� HDFK� ORDG�� � )URP� WKHVH� LQGHQWDWLRQ� SDWWHUQV�� WKH� FKDUDFWHULVWLF� FUDFN� OHQJWK� �F�� DQG�
LQGHQWDWLRQ�GLDJRQDO�OHQJWK���D��ZHUH�PHDVXUHG���7KH�IUDFWXUH�WRXJKQHVV�ZDV�WKHQ�HYDOXDWHG�XVLQJ�YL���
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5HVXOWV�DQG�GLVFXVVLRQ�

6HULHV� 6.0%� JODVVHV�� ERWK� WKH� KDUGQHVV� �+��� DQG� IUDFWXUH� WRXJKQHVV� �.,F�� VKRZ� D� SHDN� DW� DQ�
LQWHUPHGLDWH� FRPSRVLWLRQ� �)LJXUHV� �D�	��D��� �7KLV� LV� UDWKHU�RGG� EHKDYLRXU� IURP�PHFKDQLFV�SRLQW� RI�
YLHZ�� �7KH� EULWWOHQHVV� LQGH[� �%��RQ� WKH� RWKHU� KDQG� �)LJXUH� �D�� VKRZV� QR� VLJQLILFDQW� YDULDWLRQ� IRU� DQ�
LQWHUPHGLDWH�FRPSRVLWLRQ�UHIOHFWLQJ�WKH�XQXVXDO�FRQFXUUHQW�LQFUHDVH�LQ�ERWK�.,F�DQG�+���,W�LV�EHOLHYHG��
KRZHYHU��WKH�LQFUHDVH�LQ�EULWWOHQHVV�DW�WKH�EDULXP�ULFK�UHJLRQ�PD\�EH�EHFDXVH�WKH�ODUJHU�VL]H�EDULXP�LRQV�
UHSODFLQJ�WKH�VPDOOHU�PDJQHVLXP�LRQV�UHVXOWV�LQ�D�OHVV�RSHQ�VWUXFWXUH���,Q�WKLV�FDVH��GHIRUPDWLRQ�ZRXOG�
QRW�EH�HDV\�DQG�KHQFH�LQFUHDVHG�EULWWOHQHVV�ZRXOG�UHVXOW���7KLV�LV�FRQVLVWHQW�ZLWK�WKH�UHSRUWV�RI�6HKJDO�



�

DQG�,WRLY�WKDW�ZKHQ�FDOFLD�ZDV�VXEVWLWXWHG�ZLWK�PDJQHVLD��WKH�EULWWOHQHVV�ZDV�ORZHUHG���,W�LV�KRZHYHU��QRW�
FOHDU��LI�6HKJDO�DQG�,WR�KDYH�NHSW�WKH�RWKHU�FRPSRQHQWV�FRQVWDQW�DV�LQ�RXU�FDVH����

6HULHV� 61&0� DQG� 6/&0� JODVVHV�� WKHUH� VHHPV� WR� EH� D� FRPSOH[� EXW� VLPLODU� YDULDWLRQ� RI� DOO� WKH�
PHFKDQLFDO�SURSHUWLHV�ZLWK�FRPSRVLWLRQ�IRU�WKHVH�VHULHV�RI�JODVVHV���)LJXUHV���E���E�	��E�FOHDUO\�VKRZ�
WKDW� WKHUH� LV� VRPH� VLJQLILFDQW� YDULDWLRQ� LQ� SURSHUWLHV�ZKLFK� LV� OHVV� SURQRXQFHG� WKDQ�ZLWK� WKH� 6.0%�
JODVVHV��)LJXUHV��D���D�	��D���ZLWK�FKDQJLQJ�DONDOLQH�HDUWK�FRPSRVLWLRQ���,Q�WKLV�FDVH�ZKHQ�WRXJKQHVV�
LQFUHDVHV�WKH�KDUGQHVV�DQG�EULWWOHQHVV�GHFUHDVHV�DV�RQH�ZRXOG�H[SHFW���2Q�WKH�RWKHU�KDQG��EHFDXVH�RI�
WKH�QDWXUH�RI�&D2� LQ�HQKDQFLQJ�GHSRO\PHUL]DWLRQ�RI� WKH�JODVV�QHWZRUN��RQH�PD\�H[SHFW� D�QRWLFHDEOH�
ORZHULQJ�RI�IUDFWXUH�WRXJKQHVV�DW�WKH�&D2�ULFK�HQG�RI�WKH�VHULHV���+RZHYHU��WKH�UHVXOWV�DV�LQGLFDWHG�LQ�
)LJXUH��E�DUH�FRQWUDU\�WR�WKLV��

&RPSDULQJ�ILJXUHV��D�DQG��E��LW�FDQ�EH�VHHQ�WKDW�6/&0�JODVVHV�KDYH�WKH�KLJKHVW�KDUGQHVV�DQG�WKDW�WKH�
KDUGQHVV�RI�61&0�JODVVHV�DUH�VLPLODU�DOWKRXJK�JHQHUDOO\�VOLJKWO\�ODUJHU�WKDQ�WKH�KDUGQHVV�RI�WKH�6.0%�
JODVVHV�� �7KH�6/&0�DQG�61&0�UHVXOWV� VXJJHVW� WKDW� DV� WKH�DONDOL� LRQ� VL]H� LQFUHDVHV� �U/L���U1D��U.� �� LQ�
RWKHUZLVH� DQDORJRXV� JODVVHV� WKH� KDUGQHVV� GHFUHDVHV�� � 7KH� 6.0%� UHVXOWV� DUH� FRPSDWLEOH� ZLWK� WKLV�
REVHUYDWLRQ�DOWKRXJK�WKH�FKDQJH� LQ�DONDOLQH�HDUWK�VSHFLHV�FRPSOLFDWHV� WKH�UHVXOWV�DQG�PD\�H[SODLQ�WKH�
UHODWLYHO\�VLPLODU�KDUGQHVV�YDOXHV�IRU�61&0�DQG�6.0%�JODVVHV��

7KH�WRXJKQHVV�UHVXOWV�DUH�PRUH�FRPSOLFDWHG�DQG�LW�LV�GLIILFXOW�WR�GHWHUPLQH�D�GHILQLWH�SDWWHUQ���<HW��RQH�
FDQ�REVHUYH�WKDW�WKH�6/&0�JODVVHV�KDYH�VLPLODU�RU�ORZHU�WRXJKQHVV�WKDQ�WKH�61&0�JODVVHV�ZKLFK�LQ�
WXUQ�KDYH�JHQHUDOO\�VLPLODU�RU�ORZHU�WRXJKQHVV�WKDQ�WKH�6.0%�JODVVHV���7KXV��LQFUHDVLQJ�DONDOL�LRQ�VL]H�
PD\�OHDG�WR�KLJKHU�WRXJKQHVV��KRZHYHU��PRUH�ZRUN�LV�UHTXLUHG�WR�FODULI\�WKLV�WUHQG��

,Q�OLJKW�RI�WKH�DERYH�UHVXOWV�LW�LV�QRW�VXUSULVLQJ�WKDW�WKH�EULWWOHQHVV�RI�6.0%�JODVVHV�LV�OHVV�WKDQ�WKDW�RI�
WKH�61&0�JODVVHV�ZKLFK�LV�LQ�WXUQ�OHVV�WKDQ�WKDW�RI�6/&0�JODVVHV���+RZHYHU��LW�LV�QRWLFHDEOH�WKDW�WKH�
EULWWOHQHVV�YDOXHV�RI�WKH�6/&0�DQG�61&0�JODVVHV�DUH�VLPLODU� �LQ�PDJQLWXGH�DV�ZHOO�DV�IROORZLQJ�YHU\�
VLPLODU� SDWWHUQ��ZKLFK� VXJJHVWV� WKDW� WKH� DONDOLQH� HDUWK� LRQ� VL]H�PD\� EH� GRPLQDQW� LQ� GHWHUPLQLQJ� WKH�
DEVROXWH�YDOXHV�RI�WKH�EULWWOHQHVV����

2YHUDOO� IXUWKHU� ZRUN� LV� UHTXLUHG� WR� FRQILUP� WKHVH� WUHQGV� KRZHYHU� LW� GRHV� DSSHDU� WKDW� WKHUH� DUH�
VLJQLILFDQW�YDULDWLRQV�RI�PHFKDQLFDO�SURSHUWLHV�ZLWK�FRPSRVLWLRQ�DQG�LQ�SDUWLFXODU�ZLWK�FKDQJLQJ�DONDOL�
DQG� DONDOLQH� HDUWK� VSHFLHV�� � 7KH� UHODWLRQVKLSV� EHWZHHQ� PHFKDQLFDO� SURSHUWLHV� DQG� FRPSRVLWLRQ� DUH�
FOHDUO\�FRPSOH[�EXW�WKH�UHVXOWV�KHUH�LQGLFDWH�WKDW�WKH\�PD\�EH�SRWHQWLDOO\�UHODWHG�WR�UHODWLYH�LRQ�VL]HV����

&RQFOXVLRQV�

6\VWHPDWLF� VWXGLHV� ZHUH� FDUULHG� RXW� WR� VWXG\� WKH� HIIHFW� RI� PL[HG� DONDOLQH� HDUWK� RQ� PHFKDQLFDO�
SURSHUWLHV�RI�VRPH�JODVVHV���0HDVXUHPHQWV�SHUIRUPHG�IRU�WKH�IUDFWXUH�WRXJKQHVV��KDUGQHVV�DQG�EULWWOH�
LQGH[�DUH� UHSRUWHG� IRU� VRGD�FDOLFD�PDJQHVLD�� OLWKLD�FDOFLD�PDJQHVLD�DQG�SRWDVVLD�PDJQHVLD�EDULD� VLOLFDWH�
JODVVHV���6LJQLILFDQW�YDULDWLRQV�ZLWK�FRPSRVLWLRQ�ZHUH�REVHUYHG���7HQWDWLYHO\��ZH�SURSRVH�WKDW�ZLWK�WKH�
LQFUHDVH�RI�WKH�VL]H�RI�WKH�DONDOL� LRQ��WKH�PDJQLWXGH�RI�IUDFWXUH�WRXJKQHVV�LQFUHDVHV��)LJXUHV��D�	��E��
DQG�FRUUHVSRQGLQJO\�ERWK�KDUGQHVV��)LJXUHV��D�	��E��DQG�EULWWOHQHVV�LQGH[�GHFUHDVH��)LJXUHV��D�	��E����
,Q�DGGLWLRQ��WKH�PDJQLWXGH�RI�WKH�EULWWOHQHVV�LQGH[�DSSHDUV�WR�EH�LQIOXHQFHG�PRUH�E\�WKH�DONDOLQH�HDUWK�
VSHFLHV���:RUN�LV�RQ�JRLQJ�WR�FRQILUP�RU�FODULI\�WKLV�K\SRWKHVLV�DQG�UHODWHG�ZRUN�WR�H[DPLQH�VWUHQJWK�DV�
D�IXQFWLRQ�RI�FRPSRVLWLRQ�LV�DOVR�LQ�SURJUHVV��

$FNQRZOHGJPHQW�

7KH�DXWKRUV�ZRXOG�OLNH�0U��5,�.DQJOH\�IRU�KLV�KHOS�ZLWK�JODVV�PHOWLQJ�DQG�WKH�(365&�IRU�IXQGLQJ�WKLV�
SURMHFW��
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)LJXUH����+DUGQHVV�RI��D��6.%0�JODVVHV��DQG��E��61&0�DQG�6/&0�JODVVHV�

)LJXUH����)UDFWXUH�WRXJKQHVV�RI��D��6.0%��DQG��E��61&0�DQG�6/&0�JODVVHV�

)LJXUH����%ULWWOHQHVV�LQGH[�RI��D��6.0%��DQG��E��61&0�DQG�6/&0�JODVVHV�
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L�(��9HUHQD]��DQG�-��=DU]\FNL��&�5��+HEG��6HDQFHV�$FDG��6FL��6HU��%������S������������

LL
�(��9HUQD]��)��/DUFKH�DQG�-��=DU]\FNL��-��1RQ�FU\VW��6ROLGV�����S��������������

LLL�(��9HUQD]�DQG�)��/DUFKH��-��$P��&HUDP��6RF������S��������������

LY
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Y
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