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&RPPXQLWLHV�DUH�IDFLQJ�D�KRVW�RI�HQYLURQPHQWDO
FKDOOHQJHV��IURP�VWRUPZDWHU�UXQRII�WR�WKH�XUEDQ
KHDW�LVODQG�HIIHFW��$W�WKH�VDPH�WLPH��FRPPXQLWLHV
DUH�VHHNLQJ�WR�EHFRPH�PRUH�OLYDEOH�DQG�VXVWDLQDEOH
WR�DWWUDFW�FRPSDQLHV�DQG�UHVLGHQWV�ZKLOH�HQVXULQJ
HTXLWDEOH�DFFHVV�WR�HQYLURQPHQWDO�DPHQLWLHV�

7UHHV�SURYLGH�D�ZHDOWK�RI�HFRV\VWHP�VHUYLFHV��7KHLU
FDQRSLHV�SURYLGH�KDELWDW�IRU�ZLOGOLIH��WKH
WUDQVSLUDWLRQ�SURFHVV�UHGXFHV�VXPPHU�WHPSHUDWXUHV�
DQG�UHVHDUFK�VKRZV�WKDW�WKH\�FDQ�HYHQ�LPSURYH
VRFLDO�FRKHVLRQ�DQG�UHGXFH�FULPH��$�KHDOWK\�DQG
UREXVW�WUHH�FDQRS\�LV�FUXFLDO�WR�WKH�VXVWDLQDELOLW\
DQG�OLYDELOLW\�RI�RXU�FRPPXQLWLHV�
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7KH�86'$�)RUHVW�6HUYLFH�7UHH�&DQRS\�$VVHVVPHQW
SURWRFROV�ZHUH�GHYHORSHG�WR�KHOS�FRPPXQLWLHV
GHYHORS�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKHLU�JUHHQ
LQIUDVWUXFWXUH�WKURXJK�WUHH�FDQRS\�PDSSLQJ�DQG
GDWD�DQDO\WLFV��8QGHUVWDQGLQJ�KRZ�WUHH�FDQRS\
FKDQJHV�RYHU�WLPH�LV�FUXFLDO�WR�PDQDJLQJ�WKLV
LPSRUWDQW�UHVRXUFH�DQG�IRU�GHYHORSLQJ�SROLFLHV�DQG
LQLWLDWLYHV�WKDW�HQVXUH�D�UREXVW�WUHH�FDQRS\�IRU�\HDUV
WR�FRPH��0DSSLQJ�WUHH�FDQRS\�FKDQJH�LV
FKDOOHQJLQJ��5DUHO\�GRHV�D�FRPPXQLW\�KDYH�WZR
SHUIHFW�GDWD�VRXUFHV�IURP�ZKLFK�WR�PDS�FKDQJH�
7KH�7UHH�&DQRS\�$VVHVVPHQW�3URWRFROV��PLQLPL]H
WKH�LVVXHV�DVVRFLDWHG�ZLWK�WKH�VRXUFH�GDWD�WR�HQVXUH
WKDW�WKH�FKDQJHV�LGHQWLåHG�LQ�WUHH�FDQRS\�FDQ�EH
DWWULEXWHG�WR�DFWXDO�JDLQV�DQG�ORVVHV�DV�RSSRVHG�WR
GLIIHUHQFHV�LQ�WKH�VRXUFH�GDWD�

7KLV�VWXG\�PDSSHG�WUHH�FDQRS\�FKDQJH�RYHU�WKH
����������WLPH�SHULRG�IRU�WKH�&LW\�RI�&KDUORWWH�
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2YHUDOO��WKH�&LW\�KDV�D
UREXVW�DPRXQW�RI�WUHH
FDQRS\�EXW�LW�LV�XQGHU
WKUHDW��ZLWK�D�PDUNHG
GHFOLQH�IURP������WR
�����

7UHH�FDQRS\�FKDQJH�LV�QRW
HYHQO\�GLVWULEXWHG�QRU
VLPLODU��,W�YDULHV�IURP
EDFN\DUG�LQGLYLGXDO�WUHH
UHPRYDO�WR�WKH�FOHDULQJ�RI
ODUJH�SDWFKHV�IRU�QHZ
FRQVWUXFWLRQ�

&XUUHQW�ODQG�XVH��QHZ
GHYHORSPHQW��DQG�QDWXUDO
IDFWRUV�DOO�SOD\�D�UROH�LQ
LQæXHQFLQJ�WUHH�FDQRS\
FKDQJH�

0RVW�RI�WKH�H[LVWLQJ
WUHH�FDQRS\�OLHV�ZLWKLQ
UHVLGHQWLDO�DUHDV�DQG
PRVW�RI�WKH�ORVV�KDV
RFFXUUHG�RQ
UHVLGHQWLDO�ODQG�

*DLQV�ZHUH�ODUJHO\
OLPLWHG�WR�LQGLYLGXDO
WUHHV�DQG�VPDOO
SDWFKHV�ZKHUHDV
ORVVHV�UDQJHG�IURP
LQGLYLGXDO�WUHHV�WR
ODUJH�WUDFWV�RI�IRUHVWHG
ODQG��7UHHV�DUH�EHLQJ
UHPRYHG�EHIRUH�WKH\
UHDFK�PDWXULW\�

7UHH�FDQRS\�LV
GHFOLQLQJ�LQ�WKH�ULJKWV�
RI�ZD\��1HZ�URDGV
FRQVWUXFWLRQ��ORVVHV
RQ�DGMDFHQW�ODQG��DQG
UHPRYDO�RI�VRPH
VWUHHW�WUHHV�KDYH
FRQWULEXWHG�WR�WKLV�

$OO�FLW\�FRXQFLO
GLVWULFWV�H[SHULHQFHG�D
ORVV�LQ�WUHH�FDQRS\�EXW
LW�ZDV�PRVW�DFXWH�LQ
GLVWULFWV�������DQG���

7KH�WUHH�FDQRS\�LV
WUHQGLQJ�LQ�WKH�ZURQJ
GLUHFWLRQ�LI�WKH�&LW\
ZLVKHV�WR�DFKLHYH�LWV
JRDO�RI�����

7UHH�FDQRS\�LV�GHFOLQLQJ�RYHUDOO�EXW�WKH�VWRU\�LV
PRUH�QXDQFHG��7KHUH�ZHUH�������DFUHV�RI�WUHH
FDQRS\�JDLQ�DQG�������DFUHV�RI�WUHH�FDQRS\�ORVV�
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7KH�WUHH�FDQRS\
FKDQJH�DVVHVVPHQW
GDWD�VKRXOG�EH
LQWHJUDWHG�LQWR
SODQQLQJ�GHFLVLRQV�DW
DOO�OHYHOV�RI
JRYHUQPHQW�

7UHH�FDQRS\�VKRXOG�EH
UHDVVHVVHG�DW�����
\HDU�LQWHUYDOV�WR
PRQLWRU�FKDQJH�

7KLV�DVVHVVPHQW
SURYLGHV�D
FRPSUHKHQVLYH�FHQVXV
RI�WUHH�FDQRS\�EXW
LQIRUPDWLRQ�RQ�WUHH
VSHFLHV��VL]H��DQG
KHDOWK�FDQ�RQO\�EH
REWDLQHG�WKURXJK�åHOG
GDWD�FROOHFWLRQ�

7UHH�FDQRS\
DVVHVVPHQWV�UHTXLUH
KLJK�TXDOLW\��KLJK�
UHVROXWLRQ�GDWD��/RFDO
JRYHUQPHQWV�VKRXOG
FRQWLQXH�WR�LQYHVW�LQ
/L'$5�DQG�LPDJHU\�WR
VXSSRUW�WKHVH
DVVHVVPHQWV�DQG
RWKHU�PDSSLQJ�QHHGV�

3UHVHUYLQJ�H[LVWLQJ
WUHH�FDQRS\�LV�PRVW
HIIHFW�PHDQV�IRU
VHFXULQJ�IXWXUH�WUHH
FDQRS\�DV�ORVV�LV�DQ
HYHQW�EXW�JDLQ�LV�D
SURFHVV�

+DYLQJ�WUHHV�ZLWK�D
EURDG�DJH�GLVWULEXWLRQ
DQG�D�YDULHW\�RI
VSHFLHV�ZLOO�HQVXUH
WKDW�D�UREXVW�DQG
KHDOWK\�WUHH�FDQRS\�LV
PDLQWDLQHG�RYHU�WLPH�

3ODQWLQJ�QHZ�WUHHV�LQ
DUHDV�ZKHUH�WUHH
FDQRS\�LV�ORZ�RU�LQ
ORFDWLRQV�ZKHUH�WKHUH
KDV�EHHQ�WUHH�FDQRS\
KDV�EHHQ�UHPRYHG�ZLOO
KHOS�WKH�&LW\�WR
UHFRYHU�LWV�UHFHQW
ORVVHV�

7KH�&LW\
V�UHVLGHQWV
DUH�FUXFLDO�LI�WUHH
FDQRS\�LV�WR�EH
PDLQWDLQHG�RYHU�WLPH�
+DYLQJ�D�SRSXODFH
WKDW�LV�NQRZOHGJHDEOH
DERXW�WKH�YDOXH�DQG
VHUYLFHV�WUHHV�SURYLGH
ZLOO�KHOS�&KDUORWWH
VWD\�JUHHQ�IRU�\HDUV�WR
FRPH�
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7KUHH�GLIIHUHQW��EXW�FRPSOHPHQWDU\��WUHH�FDQRS\�FKDQJH�PHWULFV�ZHUH�FDOFXODWHG�IRU�WKLV�VWXG\�
$UHD�&KDQJH� �� WKH�FKDQJH� LQ� WKH�DUHD�RI� WUHH�FDQRS\�EHWZHHQ� WKH� WZR� WLPH�SHULRGV��7KH�FLW\� ORVW�����
DFUHV�RI�WUHH�FDQRS\�
$EVROXWH���&KDQJH� �� WKH�SHUFHQWDJH�SRLQW�FKDQJH�EHWZHHQ� WKH� WZR� WLPH�SHULRGV��7UHH�FDQRS\�GHFOLQHG
IURP�����WR�����UHVXOWLQJ�LQ�D���SHUFHQWDJH�SRLQW�ORVV�
5HODWLYH���&KDQJH� �� WKH� UHODWLYH� ORVV�RI� WUHH� FDQRS\�XVLQJ������DV� WKH�EDVH�\HDU��5HODWLYH� WR� WKH�����
DPRXQW�RI�WUHH�FDQRS\��WKH�FLW\�ORVW����RI�LWV�WUHH�FDQRS\�

��	

��	
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'LEVPSXXI�PSWX��	�SJ�MXW

XVII�GERST]

�'SQTEVMWSRW�XS�4EWX�7XYHMIW�

$�YLWDO� FRPSRQHQW� RI� WKH�7UHH�&DQRS\�$VVHVVPHQW� 3URWRFROV� LV� HQVXULQJ� WKDW� FKDQJHV� LQ� WUHH� FDQRS\� DUH
DWWULEXWHG�WR�DFWXDO�JDLQV�DQG� ORVVHV� LQ�WUHH�FDQRS\�DV�RSSRVHG�WR�GLIIHUHQFHV� LQ�WKH�VRXUFH�GDWD��7KH�åUVW
7UHH�&DQRS\�$VVHVVPHQW�ZDV�FRPSOHWHG�LQ������E\�WKH�8QLYHUVLW\�RI�9HUPRQW��XVLQJ�GDWD�IURP�������7KHVH
GDWD� DUH� QRW� DV� GHWDLOHG� RU� DV� DFFXUDWH� DV� WKH� ����� GDWD�� )XUWKHUPRUH�� UHFHQW� LPSURYHPHQWV� LQ� WKH� WUHH
FDQRS\�PDSSLQJ�PHWKRGV�SURYLGHG�WKH�RSSRUWXQLW\�WR�UHYLVLW�WKH������PDSSLQJ��7KLV�UH�DQDO\VLV�IRXQG�WKDW
WKH������PDSSLQJ�VOLJKWO\�XQGHUHVWLPDWHG�WUHH�FDQRS\��SDUWLFXODUO\�LQ�GHQVH�IRUHVWHG�DUHDV��GXH�WR�WKH�ORZHU
TXDOLW\�RI�WKH�/L'$5�

+EMR��������EGVIWc�c�c0SWW��������EGVIW
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7KHVH�VXPPDULHV��LQ
WKH�IRUP�RI�WUHH
FDQRS\�PHWULFV�
IRUPHG�H[KDXVWLYH
JHRVSDWLDO�GDWDEDVH
WKDW�HQDEOHG�FKDQJH
WR�EH�DQDO\]HG�DW
YDULRXV�JHRJUDSKLFDO
XQLWV�

5HPRWHO\�VHQVHG�GDWD
IRUPV�WKH�IRXQGDWLRQ
RI�WKH�WUHH�FDQRS\
DVVHVVPHQW��+LJK�
UHVROXWLRQ�DHULDO
LPDJHU\�DQG�/L'$5
ZHUH�XVHG�WR�PDS�WUHH
FDQRS\�FKDQJH�

2S�'LERKI

7KH�WUHH�FDQRS\
FKDQJH�PDSSLQJ
LGHQWLåHG�DUHDV�RI
JDLQ��ORVV��DQG�QR
FKDQJH�GRZQ�WR�WKH
LQGLYLGXDO�FDQRS\
OHYHO�

7KH�WUHH�FDQRS\
FKDQJH�GDWD�ZHUH
VXPPDUL]HG�E\
YDULRXV�JHRJUDSKLFDO
XQLWV��UDQJLQJ�FLW\�WR
ODQG�XVH�XQLWV�

5HPRWHO\�VHQVHG�GDWD�IRUPV�WKH�EDVLV�RI�WUHH�FDQRS\�PDSSLQJ�b7KLV�SURMHFW�HPSOR\HG�WKH�86'$
)RUHVW�6HUYLFH
V�8UEDQ�7UHH�&DQRS\�$VVHVVPHQW�DQG�&KDQJH�SURWRFROV��PDNLQJ�XVH�RI�KXQGUHGV
RI�WKRXVDQGV�RI�GROODUV�RI�GDWD�SURYLGHG�E\�FRPPXQLW\�SDUWQHUV�

7KH�WUHH�FDQRS\b
FKDQJH�PHWULFV�GDWD
DQDO\WLFV�SURYLGHG
EDVLF�VXPPDU\
VWDWLVWLFV�LQ�DGGLWLRQ�WR
LQIHUHQFHV�RQ�WKH
UHODWLRQVKLS�EHWZHHQ
WUHH�FDQRS\�DQG�RWKHU
YDULDEOHV�

7KH�UHSRUW��WKLV
GRFXPHQW��VXPPDUL]HG
WKH�SURMHFW�PHWKRGV�
UHVXOWV��DQG�åQGLQJV�

7UHH�FDQRS\�WKDW�KDV
UHPDLQHG�FRQVWDQW�RYHU�WKH
����������WLPH�SHULRG�

0SWW

$UHDV�LQ�ZKLFK�WUHH�FDQRS\
ZDV�SUHVHQW�LQ������EXW�LV
QR�ORQJHU�SUHVHQW�LQ������

+EMR

$UHDV�LQ�ZKLFK�WUHH�FDQRS\
ZDV�QRW�SUHVHQW�LQ�����
EXW�ZDV�SUHVHQW�LQ������
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7UHH� FDQRS\� FKDQJH� PDSSLQJ� UHOLHV� RQ� UHPRWHO\� VHQVHG
GDWD� LQ�WKH�IRUP�RI�DHULDO� LPDJHU\�DQG� OLJKW�GHWHFWLRQ�DQG
UDQJLQJ��/L'$5���7KHVH�GDWDVHWV��ZKLFK�KDYH�EHHQ�DFTXLUHG
E\� YDULRXV� JRYHUQPHQWDO� DJHQFLHV� LQ� WKH� UHJLRQ�� DUH� WKH
IRXQGDWLRQDO�LQIRUPDWLRQ�IRU�WUHH�FDQRS\�FKDQJH�PDSSLQJ�
7KLV�VWXG\�PDGH�XVH�RI�/L'$5�GDWD�DFTXLUHG�LQ������DQG
������ DQG� OHDI�RQ� LPDJHU\� DFTXLUHG� LQ� ����� DQG� �����
/L'$5�LV�SRVLWLRQDOO\�PRUH�DFFXUDWH�DQG�WKXV�VHUYHG�DV�WKH
SULPDU\�GDWD�VRXUFH� IRU�GHWHUPLQLQJ�FKDQJH��7KH� LPDJHU\
ZDV� XVHG� WR� XSGDWH� WKH� FKDQJH� PDSSLQJ� WR� WKH� PRVW
FXUUHQW� FRQGLWLRQV� SRVVLEOH� �������� 2YHU� UHODWLYHO\� VKRUW
WLPH�SHULRGV��VXFK�DV�WKLV�VWXG\�� LW� LV�HDVLHU�WR�GHWHFW� ORVV
DQG� JDLQ�� /RVV� WHQGV� WR� EH� GXH� WR� D� ODUJH� HYHQW�� VXFK� DV
WUHH� UHPRYDO�� ZKHUHDV� JDLQV� DUH� LQFUHPHQWDO�� 7KH
GLIIHUHQFHV�LQ�WKH�VRXUFH�GDWD�PHDQW�WKDW�VPDOO�DPRXQWV�RI
QDWXUDO�JURZWK�RYHU�WKH�����������WLPH�SHULRG�IHOO�EHORZ
WKH�GHWHFWLRQ�WKUHVKROG��)XWXUH�PDSSLQJ��RYHU�ORQJHU�WLPH
SHULRGV��ZLOO�HQDEOH�WKLV�JURZWK�WR�EH�GHWHFWHG�

)LJXUH����7UHH�FDQRS\�FKDQJH�PDSSLQJ�IRU�WKH�DUHD
LQ�WKH�YLFLQLW\�RI�'HZH\�&UHHN�/DQH��7KH�WUHH
FDQRS\�FKDQJH�PDSSLQJ�LV�RYHUODLG�RQ�D�/L'$5
KLOOVKDGH�GDWDVHW�IRU�������WRS��DQG��������ERWWRP�
5RXJK�DUHDV�JHQHUDOO\�FRUUHVSRQG�WR�DUHDV�ZLWK
WUHH�FDQRS\�DQG�VPRRWK�DUHDV�DUH�WKRVH�ZLWKRXW
WUHH�FDQRS\��6KUXEE\�DUHDV�JUHZ�RYHU�WKH�WLPH
SHULRG�WR�WKH�SRLQW�DW�ZKLFK�WKH\�PHW�WKH�PDSSLQJ
VSHFLåFDWLRQV�IRU�WUHH�FDQRS\�DQG�DUH�FODVVLåHG�DV
JDLQ��1HZ�FRQVWUXFWLRQ�LQ�WKH�DUHD�UHVXOWHG�LQ�WKH
UHPRYDO�RI�WUHH�FDQRS\��DQG�WKRVH�IHDWXUHV�DUH
FODVVLåHG�DV�ORVV�

,W� LV� FRPPRQ� SUDFWLFH� WR
UHPRYH� WUHH� FDQRS\� GXULQJ
FRQVWUXFWLRQ�� 1HZ
FRQVWUXFWLRQ� LQ� WKH� &LW\
UHVXOWHG� LQ� WKH� ORVV� RI� WUHH
FDQRS\� QRW� MXVW� RYHU� WKH
���������� WLPHIUDPH�� EXW� LQ
WKH� \HDUV� EHWZHHQ� ����� DQG
������ 7UHH� FDQRS\� ORVV� LV� DQ
HYHQW��EXW�JDLQ�LV�D�SURFHVV��,W
ZLOO�EH�PDQ\�\HDUV�EHIRUH�WKH
QHZ�WUHHV�SODQWHG�LQ�WKH�DUHDV
FRQWULEXWH� PHDVXUDEO\� WR� WKH
&LW\
V�WUHH�FDQRS\�

)LJXUH����7UHH�FDQRS\�FKDQJH�LQ�WKH������/L'$5��OHIW��DV�FRPSDUHG�WR�WKH������LPDJHU\
�ULJKW���7KLV�QHZ�VXEGLYLVLRQ��ORFDWHG�EHWZHHQ�6KRSWRQ�5RDG�DQG�6WHHOH�&UHHN�5RDG��ZDV
EHLQJ�GHYHORSHG�RYHU�WKH�����������WLPH�SHULRG��2Q�WKH�ULJKW�SRUWLRQ�RI�WKH
GHYHORSPHQW��WKHUH�DUH�DUHDV�WKDW�ZHUH�WUHH�FDQRS\�LQ������WKDW�ZHUH�WKHQ�FOHDUHG�E\
�����

��
&MPPMSRW�SJ�HEXE�TSMRXW
[IVI�TVSGIWWIH�XS
KIRIVEXI�XLI�XVII
GERST]�GLERKI�QET

&MPP
MSR
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)LJXUH����7UHH�FDQRS\�FKDQJH�PHWULFV�IRU������DFUH�KH[DJRQV�

7R�YLVXDOL]H�DQG�DQDO\]H�WKH�GLVWULEXWLRQ�RI�WUHH�FDQRS\�FKDQJH�ZLWKLQ�WKH�FLW\��KH[DJRQV�RI������DFUHV
LQ�VL]H�ZHUH�JHQHUDWHG��)RU�HDFK�RI�WKH�KH[DJRQV��WKH�WKUHH�WUHH�FDQRS\�FKDQJH�PHWULFV�ZHUH�FDOFXODWHG
7KLV�VWUDWHJLF�YLHZ�SURYLGHV� LQVLJKW� LQWR�EURDGHU�SDWWHUQV�RI�WUHH�FDQRS\�FKDQJH� LQ�WKH�&LW\� �)LJXUH����
7KH�PRVW�VLJQLåFDQW�FRQFHQWUDWLRQV�RI�ORVV�DUH�LQ�WZR�DUHDV��7KH�åUVW�LV�WRZDUGV�WKH�PLGGOH�RI�WKH�&LW\�LQ
D�VRXWKHDVW�SDWWHUQ�WKDW�JHQHUDOO\�IROORZV�3URYLGHQFH�5RDG��7KH�VHFRQG�LV�RQ�WKH�ZHVWHUQ�HGJH�RI�WKH
FLW\�� WR� WKH�QRUWK�DQG�VRXWK�RI�:HVWLQJKRXVH�%RXOHYDUG��$�PXOWLWXGH�RI� IDFWRUV�GULYHV� WUHH� ORVV� LQ� WKH
åUVW�DUHD��1HZ�FRQVWUXFWLRQ�KDV�UHVXOWHG�LQ�WKH�UHPRYDO�RI�WUHH�FDQRS\��HYHU\WKLQJ�IURP�ODUJH�IRUHVWHG
DUHDV�WR�LQGLYLGXDO�WUHHV�VFDWWHUHG�WKURXJKRXW�D�SURSHUW\��,Q�WKH�VHFRQG�DUHD�RQ�WKH�ZHVWHUQ�VLGH�RI�WKH
FLW\�QHZ�FRQVWUXFWLRQ�LV�WKH�DSSDUHQW�FDXVH�RI�WKH�ORVV��ZLWK�ODUJHU�IRUHVW�SDWFKHV�EHLQJ�UHPRYHG�IRU�QHZ
FRQVWUXFWLRQ�� &KDQJH� ZDV� DOVR� H[DPLQHG� EDVHG� RQ� WKH� VL]H� RI� WKH� JDLQ� RU� ORVV� �)LJXUH� ���� 7KH� YDVW
PDMRULW\� RI� JDLQV� DQG� ORVVHV� KDYH� EHHQ�ZLWKLQ� VPDOO� SDWFKHV� EXW� WKH� ORVVHV� KDYH� DQ� XQGHUVWDQGDEO\
JUHDWHU�GLVWULEXWLRQ�ZLWK�UHODWLYH�ODUJH�IRUHVWHG�DUHDV�EHLQJ�UHPRYHG�

'LERKI�(MWXVMFYXMSR'LERKI�(MWXVMFYXMSR

)LJXUH����7UHH�FDQRS\�JDLQV�DQG�ORVVHV�E\�SDWFK�VL]H��7KH�PDMRULW\�RI�JDLQV�DQG�ORVVHV�RFFXU�LQ�SDWFKHV�WKDW�DUH�OHVV�WKDQ��
DFUHV��7KHUH�DUH�IHZ�JDLQV�LQ�SDWFKHV�JUHDWHU�WKDQ���DFUHV�EXW�WKHUH�DUH�ORVVHV�RXW�WR�SDWFKHV�H[FHHGLQJ����DFUHV�LQ�VL]H�

:HVWLQJKRXVH�%OYG

3URYLGHQFH�5RDG
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/DQG� XVH� LV� KRZ�ZH�� DV� KXPDQV�� PDNH� XVH� RI� WKH� ODQG�
8QGHUVWDQGLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�ODQG�XVH�DQG�WUHH
FDQRS\�FKDQJH�SURYLGHV�LQVLJKW�LQWR�WKH�GULYHUV�RI�FKDQJH�
DORQJ� ZLWK� WKH� PDQ\� DFWRUV� ZKR� LQæXHQFH� WUHH� FDQRS\
FKDQJH�� 7KH� 0HFNOHQEXUJ� &RXQW\� ODQG� XVH� GDWDVHW� ZDV
DJJUHJDWHG�LQWR�HLJKW�JHQHUDO�FODVVHV��7UHH�FDQRS\�FKDQJH
PHWULFV� ZHUH� VXPPDUL]HG� IRU� HDFK� FODVV�� 5HODWLYH� WUHH
FDQRS\�ORVV�ZDV�KLJKHVW�LQ�WKH�XQNQRZQ�YDFDQW�ODQG�XVHV�
IROORZHG� E\� WKH� ULJKWV�RI�ZD\� �52:��� 7KH� VWRU\� IRU
DEVROXWH�FKDQJH�LV�VLPLODU�EXW�ZLWK�WKH�52:�PRYLQJ�LQWR
WKH� VHFRQG�KLJKHVW� ORVV� EUDFNHW�� 7KH� ORVV� RQ
XQNQRZQ�YDFDQW� ODQG� XVH� W\SHV� LV� QRW� FDXVH� IRU� JUHDW
FRQFHUQ� JLYHQ� WKDW� WKLV� ODQG� XVH� FRQWDLQV� OHVV� WKDQ� ���
DFUHV�RI� WUHH�FDQRS\��7KH�YDVW�PDMRULW\�RI� WKH�&LW\
V� WUHH
FDQRS\� ������ LV� RQ� UHVLGHQWLDO� ODQG�� 7KHUH� ZHUH� RYHU
������ DFUHV� RI� WUHH� FDQRS\� ORVW� RQ� UHVLGHQWLDO� ODQG� IURP
����������� 6RPH� RI� WKLV� ORVV� ZDV� GXH� WR� QHZ
FRQVWUXFWLRQ�� EXW� WKHUH� DUH� WKRXVDQGV� RI� H[DPSOHV� RI
LQGLYLGXDO�WUHHV�EHLQJ�UHPRYHG�RQ�UHVLGHQWLDO�VLWHV�ZLWK�QR
DSSDUHQW�VLJQV�RI�FRQVWUXFWLRQ��6WRUPV��GLVHDVH�� WUHH�DJH�
RU�FKDQJHV�LQ�DWWLWXGHV�WR�WUHH�FDQRS\�FRXOG�DOO�SOD\�D�UROH� )LJXUH����/DQG�XVH�

0ERH�9WI

)LJXUH����3HUFHQW�RI�WUHH�FDQRS\�LQ�HDFK�ODQG�XVH�FODVV�LQ������
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)LJXUH����7UHH�FDQRS\�FKDQJH��LQ�DFUHV��IURP�����������E\�ODQG�XVH�FODVV��*DLQV�DUH�VKRZQ�LQ�JUHHQ�DQG�ORVVHV�DUH
VKRZQ�LQ�RUDQJH��5HVLGHQWLDO�WUHH�FDQRS\�KDG�WKH�JUHDWHVW�ORVVHV�DQG�WKH�JUHDWHVW�JDLQV��/RVVHV�LQ�WKH�52:�VOLJKWO\
VXUSDVVHG�WKRVH�RQ�,QGXVWULDO�	�0LQLQJ�ODQGV��EXW�WKH�ODWWHU�KDG�PRUH�JDLQ��7KH�ORVVHV�ZLWKLQ�WKH�52:�ZHUH�DIIHFWHG
E\�WKH�IDFW�WKDW�WKH�FRQVWUXFWLRQbRI�QHZ�URDGV�WKDW�UHVXOWHG�LQ�WUHH�FDQRS\�ORVV�ZDV�LQFOXGHG�LQ�WKH�52:�FDOFXODWLRQV�

0ERH�9WI��GSRXMRYIH

)LJXUH����7KH�UHODWLYH�DQG�DEVROXWH�FKDQJH�LQ�WUHH�FDQRS\�E\�ODQG�XVH�IURP������WR�������$OWKRXJK�WKH
8QNQRZQ�9DFDQW�FODVV�KDG�WKH�PRVW�UHODWLYH�DQG�DEVROXWH�ORVV��UHIHUULQJ�EDFN�WR�)LJXUH���ZH�FDQ�VHH�WKDW�WKHVH�ORVVHV
GLG�QRW�KDYH�D�VXEVWDQWLDO�LPSDFW�RQ�WKH�RYHUDOO�DPRXQW�RI�WUHH�FDQRS\�LQ�WKH�&LW\�DV�WKHUH�LV�UHODWLYHO\�OLWWOH�WUHH�FDQRS\
WKDW�IDOOV�LQWR�WKLV�ODQG�XVH�FODVV�

10



(DFK� FLW\� FRXQFLO� GLVWULFW� ORVW� WUHH
FDQRS\� IURP� ����� WR� ������ &LW\
FRXQFLO�GLVWULFWV���DQG���ORVW�WKH�PRVW
WUHH�FDQRS\�UHODWLYH�WR�ZKDW�WKH\�KDG
LQ�������7KH�DEVROXWH�SHUFHQW�FKDQJH
ORVV�LQ�HDFK�RI�WKHVH�GLVWULFWV�ZDV�DOVR
WKH�KLJKHVW��7KH�QHZ�FRQVWUXFWLRQ�RI
VXEGLYLVLRQV� LQ� GLVWULFW� ��� ZKLFK
UHVXOWHG� LQ� WKH� UHPRYDO� RI� ODUJHU
SDWFKHV� RI� IRUHVW�� GURYH� GLVWULFW� �� WR
WKH�WRS�GLVWULFW�ZLWK�WKH�PRVW�DFUHV�RI
WUHH�FDQRS\� ORVV��:LWKLQ�WKH�GLVWULFWV�
WKH� ORVV� FDQ�EH� IRXQG�DFURVV�DOO� ODQG
XVH� W\SHV� ZLWK� UHVLGHQWLDO� ODQGV
DFFRXQWLQJ� IRU� PRVW� RI� WKH� UHPRYDO�
7KH� RQH� RXWOLHU� LV� GLVWULFW� �� LQ�ZKLFK
ORVV�RQ�LQGXVWULDO�DQG�PLQLQJ�ODQG�ZDV
QHDUO\� DV� VLJQLåFDQW� DV� UHVLGHQWLDO�
'LVWULFW���DOVR�KDG�WKH�KLJKHVW�DUHD�RI
WUHH� FDQRS\� ORVV� ZLWKLQ� WKH� ULJKW�RI�
ZD\��52:���'LVWULFWV���DQG���VDZ�WKH
PRVW� FRQVLGHUDEOH� ORVVHV� RQ
FRQVHUYHG�UHFUHDWLRQ�ODQG�

'MX]�'SYRGMP�(MWXVMGXW

)LJXUH����&LW\�FRXQFLO�GLVWULFWV��*UHHQ�QXPEHUV�UHSUHVHQW�WKH
SHUFHQWDJH�RI�ODQG�FRYHUHG�E\�WUHH�FDQRS\�LQ������

)LJXUH�����7UHH�FDQRS\�FKDQJH��LQ�DFUHV��IRU�HDFK�FRXQFLO�GLVWULFW��2UDQJH�UHSUHVHQWV�ORVV�DQG�JUHHQ�LQGLFDWHV�JDLQ�
11



$OWKRXJK� WUHH�FDQRS\�KDV�GHFOLQHG��RQ
WKH� ZKROH�� WKH� VWRU\� RI� WUHH� FDQRS\
FKDQJH�LQ�&KDUORWWH�LV�PRUH�QXDQFHG��,Q
WKH� YLFLQLW\� RI� WKH� 6WXDUW� &UHHN
*UHHQZD\� DQG� )UHHGRP� 'ULYH�� WKHUH
DUH�ERWK�JDLQV�DQG�ORVVHV��/RVV�RI�ODUJHU
SDWFKHV� LV� DVVRFLDWHG� ZLWK� QHZ
FRQVWUXFWLRQ�� ZKHUHDV� VFDWWHUHG
UHPRYDOV� RI� LQGLYLGXDO� WUHHV� KDYH� QR
DSSDUHQW� GULYLQJ� IDFWRU�� 6RPH� DUHDV
KDYH� XQGHUJRQH� VXFFHVVLRQ�� ZLWK� QHZ
WUHH� FDQRS\� FRPLQJ� WKURXJK� QDWXUDO
JURZWK�� ,Q� VXEGLYLVLRQV� EXLOW� EHIRUH
������ WUHHV� SODQWHG� LQ� WKRVH
VXEGLYLVLRQV� DUH� QRZ� FRQWULEXWLQJ
FDQRS\�

%�1M\�SJ�0SWW�ERH�+EMR

)LJXUH�����7UHH�FDQRS\�FKDQJH�RYHUODLG�RQ�WKH������/L'$5��OHIW��DQG������/L'$5��ULJKW��

)LJXUH�����7UHH�FDQRS\�FKDQJH�RYHUODLG�RQ�WKH������/L'$5�
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,W� LV� QRW� SRVVLEOH� WR� DFFXUDWHO\� LQIHU� DJH� IRU� D
GLYHUVH�XUEDQ�IRUHVW�IURP�WKH�RYHUKHDG�LPDJHU\
DQG�/L'$5�XVHG�LQ�WKLV�VWXG\�EXW�KHLJKW�FDQ�EH
XVHG� DV� D� SUR[\�� 7KH� WUHH� FDQRS\� ZDV
VHJPHQWHG� LQWR� SRO\JRQV� DSSUR[LPDWLQJ
LQGLYLGXDO� WUHHV�� (DFK� RI� WKHVH� SRO\JRQV� ZDV
WKHQ� DWWULEXWHG�ZLWK� WKH� KHLJKW� IURP� ERWK� WKH
����� DQG� ����� /L'$5� GDWD�� 7KH� KHLJKW� IURP
WKH������ /L'$5�ZDV� XVHG� WR� XQGHUVWDQG� ORVV�
ZKHUHDV� WKH�KHLJKW� IURP� WKH������/L'$5�ZDV
XVHG�WR�XQGHUVWDQG�WKH�JDLQV��0RVW�RI�WKH�&LW\
V
WUHH� FDQRS\� IDOOV� LQ� WKH� ��� WR� ���IRRW� KHLJKW
UDQJH�� 7KLV� GLVWULEXWLRQ� KDV� VWD\HG� FRQVLVWHQW
RYHU� WKH� ���������� WLPHIUDPH�� /RVVHV� ZHUH
PRUH�FRQFHQWUDWHG�LQ�WKH�PLGGOH�KHLJKW�FODVVHV�
LQGLFDWLQJ�WKDW�WKH�WUHHV�DUH�UHPRYHG�EHIRUH�WKH
DJH� RXW�� *DLQV� PRVWO\� RFFXUUHG� LQ� WKH� VKRUWHU
FDQRS\�� 7KLV� SDWWHUQ� UHæHFWV� WKH� UDSLG� JURZWK
WKDW� RFFXUV� LQ� QHZ� FDQRS\� DORQJ� ZLWK� WKH
FKDOOHQJH� RI� GHWHFWLQJ� LQFUHPHQWDO� JURZWK� LQ
ODUJHU�FDQRS\�

,IMKLX

)LJXUH�����7UHH�FDQRS\�KHLJKW�GLVWULEXWLRQ�VKRZLQJ�WKH�KHLJKW�RI�ORVVHV�EDVHG�RQ�WKH������/L'$5��WRS��DQG�WKH
KHLJKW�RI�JDLQV�DQG�QR�FKDQJH�EDVHG������/L'$5��ERWWRP��

)LJXUH�����7UHH�FDQRS\�KHLJKW�IURP�WKH������/L'$5�
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7KLV�DVVHVVPHQW�ZDV�FDUULHG�RXW�E\�WKH�8QLYHUVLW\�RI�9HUPRQW�6SDWLDO�$QDO\VLV�/DE�LQ�FROODERUDWLRQ�ZLWK
7UHHV&KDUORWWH��7KH�PHWKRGV�DQG�WRROV�XVHG�IRU�WKLV�DVVHVVPHQW�ZHUH�GHYHORSHG�LQ�FROODERUDWLRQ�ZLWK�WKH
86'$�)RUHVW�6HUYLFH��7KH�VRXUFH�GDWD�XVHG�IRU�WKH�PDSSLQJ�FDPH�IURP�WKH�86'$��WKH�6WDWH�RI�1RUWK
&DUROLQD��DQG�0HFNOHQEXUJ�&RXQW\�b7KH�SURMHFW�ZDV�IXQGHG�E\�7UHH&KDUORWWH��$GGLWLRQDO�VXSSRUW�FDPH
IURP�D�&DWDO\VW�$ZDUG�IURP�WKH�*XQG�,QVWLWXWH�IRU�(QYLURQPHQW�DW�WKH�8QLYHUVLW\�RI�9HUPRQW�

4XHVWLRQV�RU�&RPPHQWV�VKRXOG�EH�GLUHFWHG�WR�
&KXFN�&ROH
7UHHV&KDUORWWH�([HFXWLYH�'LUHFWRU
������������
FKXFN#WUHHVFKDUORWWH�RUJ

5HSRUW�$XWKRU�
-DUODWK�2
1HLO�'XQQH
8QLYHUVLW\�RI�9HUPRQW
6SDWLDO�$QDO\VLV�/DE
MRQHLOGX#XYP�HGX
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