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WKDQ�WKH�DFWXDO�EORRG�XVHG��7KLV�SUHGLFDPHQW�KDSSHQV�EHFDXVH�WKHUH�LV�QR�EORRG�UHTXLUHPHQW

SURWRFRO�EHLQJ�XVHG��7KLV�VWXG\�DLPV�WR�GHWHUPLQH�WKH�HVWLPDWHG�EORRG�ORVV�GXULQJ�FUDQLRWRP\

SURFHGXUH�DQG�LW¶V�FRQIRUPLW\�WR�EORRG�XQLWV�RUGHUHG�IRU�FUDQLRWRP\�SURFHGXUH��0HWKRGV��7KLV

VWXG\�LV�D�UHWURVSHFWLYH�VWXG\�XVLQJ�GDWD�IURP�:DKLGLQ�6XGLURKXVRGR�*HQHUDO�+RVSLWDOV¶�PHGL�

FDO�UHFRUGV�LQ�WKH�SHULRG�RI�-DQXDU\������'HFHPEHU�������:H�IRXQG����FUDQLRWRP\�SDWLHQWV

WKDW�PHHW�WKH�LQFOXVLRQ�FULWHULD�FRPSULVH�RI����PHQ�DQG����ZRPHQ��5HVXOWV��7KLV�VWXG\�VKRZHG

WKDW�WKH�DYHUDJH�HVWLPDWHG�EORRG�ORVV�LQ�FUDQLRWRP\�ZDV������XQLWV�RI�ZKROH�EORRG�������PO�

DQG�WKH�DYHUDJH�RI�WKH�GHPDQG�RI�EORRG�RUGHUHG�ZDV�����XQLWV�RI�ZKROH�EORRG�������PO���7KHUH

ZDV�QR�PLVPDWFK�EHWZHHQ�WKH�DPRXQW�RI�EORRG�RUGHUHG�IRU�VXUJHU\�DQG�HVWLPDWLRQ�RI�EORRG

ORVV� �S �������&RQFOXVLRQ�� (VWLPDWHG� EORRG� ORVV� LQ� FUDQLRWRP\� SURFHGXUH� LQ�:DKLGLQ
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(VWLPDWHG�EORRG� ORVV� LV�DQ�HVWLPDWH�RI

EORRG�ORVV�WKDW�RFFXUV�GXULQJ�VXUJHU\��6XUJL�

FDO�SURFHGXUHV�RIWHQ�UHTXLUH�WKH�SURYLVLRQ�RI

D�EORRG�WUDQVIXVLRQ��EXW�WKH�GHPDQG�IRU�EORRG

WUDQVIXVLRQV�LV�RIWHQ�FDUULHG�RXW�H[FHVVLYHO\

ZLWKRXW�SURSHU�GHPDQG�DQDO\VLV��7KH�DPRXQW

RI�EORRG�ORVV� LQ�D�VXUJHU\�YDULHV�GHSHQGLQJ

RQ�WKH�W\SH�RI�VXUJHU\��WKH�VXUJHRQ¶V�H[SHU�

WLVH�DQG�WKH�SDWLHQW¶V�FRQGLWLRQ��(VWLPDWLRQ�RI

EORRG� ORVV� LV� LPSRUWDQW� WR� GHWHUPLQH� WKH

DPRXQW�RI�EORRG�GHPDQG�SUHSDUHG�IRU�VXUJHU\

RSHUDWLRQV�ZKLFK�ZLOO� UHGXFH� WKH�DPRXQW�RI

ZDVWHG�EORRG�����

%ORRG�WUDQVIXVLRQ�LV�WKH�DGPLQLVWUDWLRQ�RI

EORRG�RU�EORRG�FRPSRQHQWV�GLUHFWO\� LQWR� WKH

SDWLHQW¶V�FLUFXODWLRQ�ZKLFK�LV�PRVWO\�JLYHQ�WR

WUHDW�DQHPLD��LQFUHDVH�EORRG�YROXPH��RU�LPSURYH

LPPXQLW\��7KH�XVH�RI�SURSHU�EORRG�DQG�EORRG

FRPSRQHQWV�LV�QHHGHG�WR�HQVXUH�WKH�DYDLODELO�

LW\�RI�EORRG�DQG�DYRLG�WKH�ULVN�RI�H[SRVXUH�WR

GLVHDVHV�WKDW�FDQ�EH�WUDQVPLWWHG�E\�WUDQVIX�

VLRQ�����

,GHDOO\�D�EORRG�UHTXHVW�SURWRFRO� LV�FUH�

DWHG�EDVHG�RQ�KLVWRULFDO�GDWD�RQ� WKH�XVH�RI
EORRG� RQ� WKH� LQVWLWXWLRQ�� FRQVLGHULQJ� WKDW

WKHUH¶V�D�ODUJH�QXPEHU�RI�EORRG�UHTXHVWV�SUR�
WRFRO�ZLWKLQ� WKH�SDVW����\HDUV��7KH�:DKLGLQ

6XGLURKXVRGR�*HQHUDO�+RVSLWDO�LQ�0DNDVVDU
DW� WKH� SUHVHQW� GRHV� QRW� \HW� KDYH� D� EORRG

UHTXHVW�SURWRFRO�� WKXV� WKH�DPRXQW�RI�EORRG
SUHSDUHG� IRU� VXUJHU\� LV�EDVHG�RQ� ³KDELW´� RU

H[SHULHQFH�RI�WKH�FOLQLFLDQ��'DWD�IURP�:DKLGLQ
6XGLURKXVRGR�*HQHUDO�+RVSLWDO¶V�EORRG�EDQN

RQ�EORRG�XVDJH�ZHUH�DV�IROORZV��,Q����������
RUGHUHG�EORRG�XQLWV�ZHUH�FDQFHOHG������ZHUH

UHWXUQHG��LQ������������EORRG�XQLWV�RUGHUHG
ZHUH� FDQFHOHG�� ����ZHUH� UHWXUQHG�� DQG� LQ

����������EORRG�XQLWV�RUGHUHG�ZHUH� WKHQ

FDQFHOHG��DQG�������ZHUH�UHWXUQHG��7KH�KLJK

SHUFHQWDJH�RI�FDQFHOHG�DQG� UHWXUQHG�EORRG

XQLWV�VKRZHG�WKH�LQHIIHFWLYHQHVV�XVH�RI�EORRG

WUDQVIXVLRQV��&DQFHOHG�EORRG�LV�WKH�EORRG�WKDW

KDG�EHHQ�SUHSDUHG� IRU� WKH�VXUJHU\�EXW�ZDV

QRW�GLVWULEXWHG��ZKLOH�WKH�UHWXUQHG�EORRG�LV�WKH

EORRG�WKDW�KDV�EHHQ�GLVWULEXWHG�LQ�SUHSDUDWLRQ

IRU�VXUJHU\��EXW�KDV�UHWXUQHG�EHFDXVH�LW�ZDV
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QRW�WUDQVIXVHG��%RWK�RI�WKHVH�W\SHV�RI�EORRG
FDQQRW�EH�XVHG�RQ�DQRWKHU�SDWLHQW�VR�LW�LQFUHDVHV

WKH� RSHUDWLRQDO� FRVWV� RI� WKH� EORRG� EDQN� LQ
WHUPV�RI�VWRUDJH�DQG�FURVV�PDWFKLQJ�WHVW�SUR�

FHGXUH�WKDW�KDG�EHHQ�FDUULHG�RXW����

2QH�RI�WKH�VXUJLFDO�SURFHGXUHV�WKDW�UH�

TXLUHV�EORRG�SUHSDUDWLRQ� LV�FUDQLRWRP\��7KH
FUDQLRWRP\�LV�D�VXUJLFDO�SURFHGXUH�RI�WKH�KHDG

E\�SDUWLDOO\�RSHQLQJ�WKH�VNXOO��7KLV�SURFHGXUH
LV�XVXDOO\�FDUULHG�RXW�RQ�VRPH�IRUPV�RI�QHX�

URORJLFDO�GLVHDVHV��WUDXPD�DQG�VNXOO�IUDFWXUHV�
$Q� DFFXUDWH� DVVHVVPHQW� RI� WKH� DPRXQW� RI

EORRG�ORVV�LV�LPSRUWDQW�LQ�WHUPV�RI�PDLQWDLQLQJ
WKH�IORZ�RI�R[\JHQ�WR�WKH�EUDLQ��������

7KH�SUHSDUDWLRQ�RI�EORRG�WUDQVIXVLRQV�IRU
D�VXUJLFDO�SURFHGXUH�LV�H[FHVVLYH��LQ�WKH�WHUPV

WKDW� WKH� XVH�RI� EORRG� WKDW� KDV� EHHQ� FURVV�
PDWFKHG�LV�RQO\���������ZKLOH��������LV�QRW

UHXVDEOH������� � 7R� WKH� EHVW� RI� WKH� DXWKRU¶V
NQRZOHGJH��XQWLO�QRZ��WKHUH�LV�QR�VWXG\�FDUULHG

RXW�WKH�HVWLPDWLRQ�RI�WKH�ORVV�RI�EORRG�WUDQV�
IXVLRQ�LQ�FUDQLRWRP\�VXUJHU\�

7KH�SXUSRVH�RI�WKLV�UHVHDUFK�LV�WR�GHWHU�
PLQH�WKH�HVWLPDWHG�EORRG�ORVV�LQ�FUDQLRWRP\

VXUJHU\�WKDW�ZLOO�LPSURYH�WKH�HIILFLHQF\�RI�EORRG
UHTXHVW��7KH�UHVXOW�RI�WKH�UHVHDUFK�LV�H[SHFWHG

WR�EHFRPH�D�QHZ�UHIHUHQFH�LQ�WKH�GHPDQG�IRU
EORRG�IRU�FUDQLRWRP\�DQG�DGG�VFLHQWLILF�LQIRU�

PDWLRQ� DERXW� WKH� HVWLPDWHG� EORRG� ORVV� LQ

FUDQLRWRP\�
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7KLV�VWXG\�ZDV�FRQGXFWHG�UHWURVSHFWLYHO\

E\�WDNLQJ�WKH�GDWD�IURP�:DKLGLQ�6XGLURKXVRGR¶V
0HGLFDO�5HFRUG�,QVWDOODWLRQ��LQ�WKH�RI�SHULRG

�����������7KH�VDPSOH�SRSXODWLRQ�FRQVLVWV
RI� ����� SDWLHQWV�ZKR� XQGHUZHQW� WKH� FUDQ�

LRWRP\��7KH�QXPEHU�RI�VDPSOHV�WKDW�PHW�WKH
LQFOXVLRQ�FULWHULD�DV�PDQ\�DV����SDWLHQWV��,Q�

FOXVLRQ�FULWHULD�IRU�WKLV�VWXG\��WKH�FRPSUHKHQ�
VLYHQHVV�RI�WKH�GDWD�IURP�WKH�PHGLFDO�UHFRUGV�

VXIIHULQJ� LQWUDFHUHEUDO� KHPRUUKDJH� WUDXPD
ZLWKRXW�RWKHU�WUDXPD��SUH��DQG�SRVW�RSHUDWLYH

H[DPLQDWLRQ�RI�+E�
(VWLPDWHG�EORRG�ORVV�LV�WKH�DSSUR[LPDWH

DPRXQW�RI�EORRG�ORVV�DIWHU�FUDQLRWRP\�VXUJHU\�

FDOFXODWHG�E\�WKH�IRUPXOD��
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EORRG�WHVWV�WKDW�ZHUH�WHVWHG������KRXUV�DIWHU

VXUJHU\��+HPRJORELQ�LV�WHVWHG�XVLQJ�D�KHPD�

WRORJ\�DQDO\]HU�6\VPH[�;7�������L��$OO�GDWD

REWDLQHG�DUH�JURXSHG�DQG�DQDO\]HG�XVLQJ

VWDWLVWLFDO�PHWKRGV�DUH�WKHQ�SUHVHQWHG�LQ�WDEX�

ODU�IRUP�
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6DPSOH�&KDUDFWHULVWLFV

%DVHG� RQ� WKH� GDWD� IURP� :DKLGLQ
6XGLURKXVRGR�*HQHUDO� +RVSLWDO¶V� PHGLFDO
UHFRUGV�� LQ� WKH� SHULRG� RI� �����������7KHUH
ZHUH� ��� VDPSOHV� RI� SDWLHQWV� XQGHUJRLQJ
FUDQLRWRP\�ZLWK� DJH� UDQJH� RI� ������ \HDUV
ZKLFK�FRPSULVH�RI����PHQ����������DQG���

ZRPHQ�����������7DEOH����

7DEOH����6DPSOH�&KDUDFWHULVWLF

(VWLPDWHG�EORRG�ORVV�LQ�FUDQLRWRP\

3DWLHQWV�XQGHUJRLQJ�FUDQLRWRP\�VXUJHU\
WKDW�UHTXLUHV�EORRG�LQ�SUHSDUDWLRQ�IRU�VXUJHU\
ZDV� DV�PDQ\� DV� ��� SDWLHQWV�ZLWK� DYHUDJH
EORRG�GHPDQG� RI� ���������� EDJV� RI� ZKROH
EORRG��%DVHG�RQ�EORRG�ORVV�HVWLPDWLRQ�IRUPXOD
UHVXOWHG�LQ�DQ�DYHUDJH�RI�����������EDJV�RI
ZKROH�EORRG��7DEOH����

7KHUH�ZDV�QR� VLJQLILFDQW�VWDWLVWLFDO�GLI�
IHUHQFH�EHWZHHQ� WKH�QXPEHU�RI�EORRG�XQLWV
GHPDQGHG�ZLWK� WKH�HVWLPDWHG�EORRG� ORVV� LQ
FUDQLRWRP\�VXUJHU\��S ��������7KLV�VKRZV�WKDW
WKH�DPRXQW�RI�EORRG�SUHSDUHG�IRU�FUDQLRWRP\
UHTXHVWHG�LQ�:DKLGLQ�6XGLURKXVRGR�*HQHUDO
+RVSLWDO��0DNDVVDU�ZHUH�LQ�DFFRUGDQFH�ZLWK
WKH�HVWLPDWHG�EORRG�ORVV��8WLOL]DWLRQ�RI�EORRG
IRU�WKH�SUHSDUDWLRQ�RI�WKH�FUDQLRWRP\�VXUJHU\
ZDV�HIILFLHQW�

7KH�DELOLW\�RI�WKH�VXUJHRQV�DQG�WKH�FRQ�
GLWLRQ�RI�WKH�SDWLHQWV�GXULQJ�FUDQLRWRP\�SUR�
FHGXUH�LQIOXHQFHG�WKH�DPRXQW�RI�EORRG�ORVV�
2SHUDWRUV�ZKR�PDVWHU�WKH�XVH�RI�WRROV�VXFK
DV�HOHFWURFDXWHU\�DQG�WKH�XVH�RI�FU\VWDOORLG�RU
FROORLG� IOXLGV� WR� UHSODFH�EORRG� ORVV�ZLOO� KHOS
PLQLPL]H�WKH�DPRXQW�RI�EORRG�ORVV�VR�WKH�QHHG
IRU�EORRG�SUHSDUDWLRQ�FDQ�EH�UHGXFHG�

/LPLWDWLRQV�RI�WKLV�VWXG\�DUH�LQFRPSOHWH
PHGLFDO�UHFRUG�GDWD��DQG�WKH�QXPEHU�RI�SD�
WLHQWV�XQGHUZHQW�FUDQLRWRP\�EXW�ZDV�DFFRPSD�
QLHG�E\�PXOWLSOH�IUDFWXUHV�OHDG�WR�GLIILFXOWLHV�WR

REWDLQ�PRUH�VDPSOHV�
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7DEOH����(VWLPDWHG�EORRG�ORVV�GXULQJ�FUDQLRWRP\�VXUJHU\

3HDUVRQ¶V�FRUUHODWLRQ�DQDO\VLV
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7KLV� VWXG\� VKRZV� WKDW� WKH� DPRXQW� RI

EORRG�GHPDQG�IRU�WKH�SUHSDUDWLRQ�RI�VXUJHU\

DQG� WKH�HVWLPDWHG�EORRG� ORVV� LQ�FUDQLRWRP\

VXUJHU\� LQ�:DKLGLQ� 6XGLURKXVRGR�*HQHUDO

+RVSLWDO��0DNDVVDU�ZHUH�DSSURSULDWH�ZKHUH

WKH�QXPEHU�RI�RSHUDWLRQDO�SUHSDUDWLRQ�EORRG

GHPDQG�RI�HVWLPDWH�EORRG�ORVV�LQ�VXUJHU\�RI

FUDQLRWRP\�ZDV������ WR������EDJV�RI�ZKROH

EORRG������EDJV���,W�LV�VXJJHVWHG�WR�PDNH�WKH

VWDQGDUG�RSHUDWLRQDO�SURFHGXUHV�LQ�UHTXHVW�

LQJ�WKH�DPRXQW�RI�EORRG�IRU�HDFK�W\SH�RI�RS�

HUDWLRQ�FRQGXFWHG�

/LVPD\DQWL� /�� 7UDQVIXVL� 5DVLRQDO�� LQ�

'DVDU�GDVDU�7UDQVIXVL�'DUDK��%DQGXQJ�
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.R]DU]HZHVND�0��0DFNRZLDN�0��6WHOHU

-��7KH�DQDO\VLV�RI� VXUJLFDO� EORRG�RUGHU

SURWRFRO� LQ��$QHVWKHVLRORJ\� ,QWHQVLYH

7KHUDS\������������������

9LEKXWH�0��.DPDWK�6��6KHWW\�$��%ORRG�XWL�

OL]DWLRQ�LQ�HOHFWLYH�JHQHUDO�VXUJHU\�FDVHV�

UHTXLUHPHQWV�� RUGHULQJ� DQG� WUDQVIXVLRQ

SUDFWLFHV� LQ�� -RXUQDO� RI� SRVWJUDGXDWH

PHGLFLQH�����������������

.DMMD�,��%LPHQ\D�*��(LQGKRYHQ�%��HW�DO�

%ORRG� /RVV� DQG� FRQWULEXWLQJ� IDFWRUV� LQ

IHPRUDO�IUDFWXUH�VXUJHU\�LQ��$IULFDQ�+HDOWK

6FLHQFHV������������������

6KDUPD�6��6KDUPD�3��7\OHU�/��7UDQVIX�

VLRQ�RI�%ORRG�DQG�%ORRG�3URGXFWV���,QGL�

FDWLRQV�DQG�&RPSOLFDWLRQV�LQ��$PHULFDQ
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$EEDVL�6��.KDQ�)��$GLO�6��HW�DO��&RPSDUL�

VRQ� RI� YLVXDO� (VWLPDWLRQ� RI� %ORRG� /RVV

ZLWK�VHULDO�KHPRJORELQ�DQG�KHPDWRFULW�HV�

WLPDWLRQ� LQ�VXSUDWHQWRULDO�FUDQLRWRP\�LQ�

3ULRU\�/RGJH�(GXFDWLRQ������������

'DWD� IURP� GU��:DKLGLQ� 6XGLURKXVRGR�

0DNDVVDU�JHQHUDO�KRVSLWDO�EORRG�EDQN�

5RWVFKLOG�-��0DVHDU�&*��6DYDJH�:-��HW

DO��2SWLPL]LQJ�3UHRSHUDWLYH�%ORRG�2UGHU�

LQJ�IRU�/RZ�%ORRG�ORVV�VXUJLFDO�SURFHGXUHV

XVLQJ�GDWD�DFTXLUHG�IURP�DQ�$QHVWKHVLD

,QIRUPDWLRQ�0DQDJHPHQW� 6\VWHP� LQ�

$PHULFDQ� 6RFLHW\� RI�$QHVWKHVLRORJLVWV�
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(VWLPDWHG�EORRG�ORVV�LQ�FUDQLRWRP\�SUR�

FHGXUH� LQ�:DKLGLQ� 6XGLURKXVRGR� KRVSLWDO�

0DNDVVDU�ZDV�LQ�DFFRUGDQFH�ZLWK�DPRXQW�RI

EORRG�RUGHUHG�IRU�VXUJHU\�


