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$%675$&7�
$UFKLWHFWV�DUH�LQFUHDVLQJO\�FKDOOHQJHG�WR�GHVLJQ�ORZ�
HQHUJ\� EXLOGLQJV�� &RQVLGHULQJ� WKH� LPSRUWDQFH� RI�
HDUO\� GHFLVLRQV� IRU� WKH� ILQDO� EXLOGLQJ� SHUIRUPDQFH��
HDUO\� GHVLJQ� VXSSRUW� IRU� DUFKLWHFWV� LV� QHFHVVDU\�� $�
UHVHDUFK� SURMHFW� KDV� EHHQ� HVWDEOLVKHG� WR� GHYHORS� D�
GHVLJQ� WRRO�� VXSSRUWLQJ� DUFKLWHFWV� LQ� WKH� GHFLVLRQ�
PDNLQJ� SURFHVV� RI� ORZ�HQHUJ\� VLQJOH�IDPLO\�
GZHOOLQJV�� 7KLV� SDSHU� IRFXVHV� RQ� DGDSWLQJ� WKH�
UHTXLUHG� GDWD�LQSXW� IRU� WKH� WRRO� WR� WKH� OLPLWHG�
DYDLODEOH� LQSXW� RI� HDUO\� GHVLJQ� SKDVHV�� ZKLOH�
SURYLGLQJ� YDOXDEOH� IHHGEDFN�� $� SDUDPHWULF� VWXG\� LV�
FRQGXFWHG�� H[DPLQLQJ� WKH� LPSDFW� RI� GHVLJQ�
SDUDPHWHUV� RQ� WKH� HQHUJ\� SHUIRUPDQFH� RI� GZHOOLQJV�
DQG�GHILQLQJ�DGHTXDWH�GHIDXOW�YDOXHV��7KH�YDOLGLW\�RI�
WKH�GHIDXOW�YDOXHV�LV�GHPRQVWUDWHG�LQ�FDVH�VWXGLHV���

,1752'8&7,21�
6LQFH� ����� WKH� (XURSHDQ� (3%'� KDV� EHHQ�
LPSOHPHQWHG� LQ� WKH� 5HJLRQ� RI� )ODQGHUV�� %HOJLXP�
WKURXJK�WKH�(3%�OHJLVODWLRQ��7KLV�OHJLVODWLRQ�HQIRUFHV�
DQ�HQHUJ\�SHUIRUPDQFH�OHYHO��(�OHYHO��DQG�LQVXODWLRQ�
OHYHO� �.�OHYHO��� 7KH� (3%� VRIWZDUH�� D� VWHDG\�VWDWH�
PRQWKO\�EDVHG�RQH�]RQH� VLPXODWLRQ�SURJUDP��DOORZV�
DUFKLWHFWV� WR� FDOFXODWH� FRPSOLDQFH� ZLWK� WKHVH�
UHJXODWLRQV� DQG� WR� HYDOXDWH� WKH� HQHUJ\� SHUIRUPDQFH�
DQG� VXPPHU� FRPIRUW� RI� WKHLU� EXLOGLQJ� GHVLJQV��
$OWKRXJK� )OHPLVK� DUFKLWHFWV� EHFRPH� LQFUHDVLQJO\�
IDPLOLDU� ZLWK� WKLV� VRIWZDUH�� UHVHDUFK� KDV�
GHPRQVWUDWHG�WKDW�LW�LV�PDLQO\�XVHG�LQ�GHWDLOHG�GHVLJQ�
SKDVHV� WR� FKHFN� FRGH� FRPSOLDQFH�� $W� WKDW� PRPHQW��
PDMRU�GHFLVLRQV�ZLWK� LPSDFW�RQ�HQHUJ\�SHUIRUPDQFH�
DUH� IL[HG��$OVR�� FRQVLGHULQJ� WKH� UHFDVW� RI� WKH�(3%'�
UHTXLULQJ�DOO�QHZ�EXLOGLQJV�WR�EH�QHDU�]HUR�HQHUJ\�E\�
����� �(3%'�� ������� HDUO\� GHVLJQ� VXSSRUW� EHFRPHV�
YHU\�LPSRUWDQW���
,Q� WKLV� UHJDUG�� D� GHVLJQ� WRRO� LV� XQGHU� GHYHORSPHQW��
IDFLOLWDWLQJ� WKH� LQWHJUDWLRQ� RI� HQHUJ\� HIILFLHQF\� LQ�
HDUO\� GHVLJQ� SKDVHV� �('3�� DQG� VXSSRUWLQJ� GHVLJQ�
GHFLVLRQ�PDNLQJ� IRU� VLQJOH�IDPLO\� KRXVHV� LQ�
)ODQGHUV��7KLV�SDUWLFXODU�UHVHDUFK� IRFXV� LV� UHODWHG� WR�
WKH� W\SLFDO� )OHPLVK� FRQWH[W�� ZKLFK� LV� GRPLQDWHG� E\�
VPDOO�VFDOH� UHVLGHQWLDO� EXLOGLQJV� IRU� SULYDWH� FOLHQWV�
DQG�SUHYDLOLQJ�VPDOO�VL]HG�DUFKLWHFWXUDO�ILUPV����
7KH� UHVHDUFK� H[SORUHV� WKH� H[WHQW� WR� ZKLFK� WKH�
GHWDLOHG�LQSXW�RI�(3%�FDQ�EH�UHGXFHG�DQG�DGDSWHG�WR�
WKH�DYDLODEOH�LQIRUPDWLRQ�RI�('3��ZKLOH�PDLQWDLQLQJ�

UHOLDEOH�UHVXOWV��+HQFH��RQH�RI�WKH�PDLQ�LVVXHV�UHODWHV�
WR� LGHQWLI\LQJ� DGHTXDWH� GHIDXOW� YDOXHV� IRU� XQNQRZQ�
GHVLJQ� SDUDPHWHUV� LQ� ('3�� 7KLV� UHTXLUHV� SURIRXQG�
LQVLJKW�LQWR�WKH�LPSDFW�RI�WKH�GLIIHUHQW�SDUDPHWHUV�LQ�
WKH�(3%�PRGHO���
,Q�WKH�SDVW��WKH�LPSDFW�RI�DUFKLWHFWXUDO�SDUDPHWHUV�RQ�
WKH� HQHUJ\� SHUIRUPDQFH� KDV� EHHQ� LQWHUQDWLRQDOO\�
LQYHVWLJDWHG� IRU� GLVWLQFW� HQHUJ\� SHUIRUPDQFH�
LQGLFDWRUV� �H�J�� &DSR]]ROL� HW� DO��� ������ 'HSHFNHU� HW�
DO��� ������ .LP�	�0RRQ�� ������ 3HVVHQOHKQHU� HW� DO���
������� +RZHYHU�� WKH� UHVXOWV� RI� WKHVH� VWXGLHV� FDQQRW�
EH�VLPSO\�WUDQVIHUUHG�WR�WKH�FXUUHQW�GHVLJQ�WRRO��VLQFH�
WKH\�DUH�QRW�VSHFLILFDOO\�GLUHFWHG�WRZDUGV�WKH�)OHPLVK�
(�� DQG� .�OHYHO�� WKH\� DUH� RIWHQ� FRQGXFWHG� IRU� RWKHU�
FOLPDWH� W\SHV�� DQG�RU� WKH\� HPSOR\� GLIIHUHQW�
FDOFXODWLRQ� PRGHOV�� ,Q� WKLV� FRQWH[W�� DQ� H[WHQVLYH�
SDUDPHWULF�VWXG\�ZDV�FRQGXFWHG�RQ�WKH�)OHPLVK�(3%�
PRGHO�� DVVHVVLQJ� WKH� LPSDFW� RI� YDULRXV� DUFKLWHFWXUDO�
SDUDPHWHUV�RQ�WKH�HQHUJ\�SHUIRUPDQFH�RI�GZHOOLQJV��
7KH� UHVXOWV� GHPRQVWUDWH� NH\� GHVLJQ� SDUDPHWHUV� DQG�
SURYLGH�LQIRUPDWLRQ�WR�PDWFK�WKH�UHTXLUHG�GDWD�LQSXW�
RI� WKH� GHVLJQ� WRRO� WR� ('3�� WKURXJK� GHIDXOW� YDOXHV��
7KH�YDOLGLW\�RI�WKH�GHIDXOW�YDOXHV�LV�VWXGLHG�LQ�VHYHUDO�
FDVH�VWXGLHV���
)LUVW�� WKH� SDSHU� SURYLGHV� D� EULHI� GHVFULSWLRQ� RI� WKH�
(3%� PRGHO�� IROORZHG� E\� WKH� PHWKRGRORJ\� DQG� WKH�
UHVXOWV�RI�WKH�SDUDPHWULF�VWXG\��$IWHU�WKH�GLVFXVVLRQ��
WKH� YDOLGLW\� RI� WKH� GHIDXOWV� WKURXJK� FDVH� VWXGLHV� LV�
RXWOLQHG�DQG�WKH�PDLQ�FRQFOXVLRQV�DUH�GRFXPHQWHG��

(3%�&$/&8/$7,21�02'(/�
7KH� LQVXODWLRQ� OHYHO� �.�OHYHO�� LV�FDOFXODWHG�EDVHG�RQ�
WKH�PHDQ�8�YDOXH� RI� WKH� EXLOGLQJ� HQYHORSH� DQG� WKH�
FRPSDFWQHVV��L�H��UDWLR�RI�KHDWHG�YROXPH�DQG�RYHUDOO�
KHDW� ORVV� DUHD��� &XUUHQWO\�� WKH� PD[LPXP� LV� VHW� DW�
.����UHSUHVHQWLQJ�D�PHDQ�8�YDOXH�RI�����:�Pð.�IRU�
D�FRPSDFWQHVV�RI��P���
7KH� (3%� PRGHO� FRQFHUQV� D� VLPSOLILHG� RQH� ]RQH�
VWHDG\�VWDWH� FDOFXODWLRQ� PRGHO�� ZKLFK� PDNHV�
QHFHVVDU\� DVVXPSWLRQV� WR� VWDQGDUGL]H� HQHUJ\�
FDOFXODWLRQV� RI� EXLOGLQJV� DOORZLQJ� D� FRPSDULVRQ� RI�
WKH� SHUIRUPDQFH� DPRQJ� GLIIHUHQW� EXLOGLQJV� LQ� WKH�
FRQWH[W�RI�UHJXODWLRQV���7KH�HQHUJ\�SHUIRUPDQFH�OHYHO�
RU�(�OHYHO� VWDQGV� IRU� WKH�UDWLR�RI� WKH�SULPDU\�HQHUJ\�
XVH� IRU� WKH� EXLOGLQJ�� FDOFXODWHG� DW� VWDQGDUG� FOLPDWH�
FRQGLWLRQV� IRU� %UXVVHOV� RQ� D� PRQWKO\� VWHDG\�VWDWH�
EDVLV� DQG� VWDQGDUG� RFFXSDQWV¶� EHKDYLRXU�� DQG� WKH�
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SULPDU\� HQHUJ\� XVH� RI� D� UHIHUHQFH� EXLOGLQJ�ZLWK� WKH�
VDPH�KHDWHG�YROXPH�DQG�KHDW� ORVV�DUHD��7KH�FXUUHQW�
OHJDO� UHTXLUHPHQW� ������� LV� (���� 7KH� ORZHU� WKH� (�
OHYHO�� WKH� EHWWHU� WKH� HQHUJ\� SHUIRUPDQFH� RI� WKH�
EXLOGLQJ�� &DOFXODWLRQ� RI� WKH� \HDUO\� SULPDU\� HQHUJ\�
XVH� IRU� UHVLGHQWLDO�EXLOGLQJV� LV�GHVFULEHG� LQ�GHWDLO�LQ�
�(3%� %HVOXLW�� ������� ,W� WDNHV� LQWR� DFFRXQW� SULPDU\�
HQHUJ\� XVH� IRU� VSDFH� KHDWLQJ� DQG� FRROLQJ�� GRPHVWLF�
KRW�ZDWHU�� DX[LOLDU\� HQHUJ\� XVH� IRU� SXPSV�DQG� IDQV��
DQG� SULPDU\� HQHUJ\� JDLQV� IURP� VRODU� FROOHFWRUV��
SKRWRYROWDLF�DQG�FRJHQHUDWLRQ�V\VWHPV��7KH�SULPDU\�
HQHUJ\�XVH�IRU�VSDFH�KHDWLQJ�LV�SULPDULO\�EDVHG�RQ�WKH�
(1�,62������ ������� DQG� LV� GHWHUPLQHG� LQ� VHYHUDO�
VWHSV�� EXW� WKLV� SDSHU� RQO\� IRFXVHV� RQ� WKH�QHW� HQHUJ\�
GHPDQG�� 7KH� QHW� HQHUJ\� GHPDQG� IRU� VSDFH� KHDWLQJ�
�4KHDW�QHW�� LV� FDOFXODWHG� RQ� D� PRQWKO\�� VWHDG\�VWDWH�
EDVLV�ZLWK�D�FRQVWDQW�LQGRRU�WHPSHUDWXUH�����&��DQG�
DYHUDJH�YDOXHV�IRU�PRQWKO\�RXWGRRU�WHPSHUDWXUH�DQG�
VRODU� UDGLDWLRQ�� DQG� LV� FDOFXODWHG� DV� WKH� EDODQFH�
EHWZHHQ� KHDW� ORVVHV� �4/RVV�P�� �YHQWLODWLRQ�� DQG�
WUDQVPLVVLRQ��DQG�XVHIXO�KHDW�JDLQV��4JDLQ�P��VRODU�DQG�
LQWHUQDO�JDLQV���(TXDWLRQ�������,QWHUQDO�JDLQV�DUH�IL[HG�
LQ� D� VWDQGDUGL]HG� ZD\�� GHSHQGLQJ� RQ� WKH� EXLOGLQJ�
YROXPH������

4KHDW�QHW�P� �4/RVV�P�±�ȘXWLO�P�Â�4JDLQ�P� ����

7KH� XWLOL]DWLRQ� IDFWRU� RI� KHDW� JDLQV� �ȘXWLO�P�� GHSHQGV�
RQ�WKH�PRQWKO\�UDWLR�RI�JDLQV�DQG�ORVVHV�DQG�WKH�WLPH�
FRQVWDQW�RI�WKH�EXLOGLQJ��)RXU�FRQVWUXFWLRQ�W\SHV�DUH�
GLVWLQJXLVKHG� IRU� WKHUPDO� FDSDFLW\�� L�H�� µKHDY\¶��
µPHGLXP� KHDY\¶�� µPRGHUDWHO\� KHDY\¶� DQG� µOLJKW¶��
5HVHDUFK� GHPRQVWUDWHV� WKDW� WKH� QHW� KHDWLQJ� GHPDQG�
FDOFXODWHG�DFFRUGLQJ�WR�WKH�(3%�PRGHO�RQO\�GHYLDWHV�
��� FRPSDUHG� WR� G\QDPLF� FRPSXWDWLRQV� VXFK� DV�
7516<6� RU� (63�U�� DW� VLPLODU� ERXQGDU\� FRQGLWLRQV�
DQG� DVVXPSWLRQV� �9DQ� GHU� 9HNHQ� HW� DO��� �������
'HVSLWH� LWV� VLPSOLILHG� DSSURDFK�� WKLV� PRGHO� LV�
VXIILFLHQWO\� DFFXUDWH� DV� EDVLV� IRU� DQ� HQHUJ\� GHVLJQ�
WRRO�WDUJHWHG�DW�DUFKLWHFWV�DQG�('3��6LQFH�-DQXDU\��VW�
������D�PD[LPXP�QHW�HQHUJ\�GHPDQG�IRU�KHDWLQJ�RI�
��N:K�Pð�\U�LV�LPSRVHG�IRU�QHZ�GZHOOLQJV���
,Q� DGGLWLRQ� WR� HQHUJ\� SHUIRUPDQFH�� WKH� (3%�PRGHO�
DOORZV� DVVHVVLQJ� VXPPHU� FRPIRUW� E\� PHDQV� RI� DQ�
RYHUKHDWLQJ� LQGLFDWRU� �,RYHUK�� �(3%� %HVOXLW�� �������
7KLV� LV� DOVR� PRQWKO\�� VWHDG\�VWDWH� EDVHG� DQG�
FRQVLGHUV�WKH�HQWLUH�EXLOGLQJ�DV�D�VLQJOH�WKHUPDO�]RQH��
+HQFH�� LW� SURYLGHV� D� VLPSOLILHG� LQGLFDWLRQ� RI� WKH�
H[SHFWHG� VXPPHU� FRPIRUW� SHUIRUPDQFH�� 7KH�
LQGLFDWRU� LV� EDVHG� RQ� WKH� \HDUO\� µJDLQ� VXUSOXV¶�
�4H[FHVV�\HDU��� EHLQJ� WKH� VXP� RI� DOO� PRQWKO\� JDLQ�
VXUSOXVHV��4H[FHVV�P���(TXDWLRQ�������DQG�FDOFXODWHG�E\�
VXEWUDFWLQJ� XVHIXO� JDLQV� IURP� WRWDO� JDLQ� DW� D� PHDQ�
LQGRRU� WHPSHUDWXUH� RI� ���&� �KHDWLQJ� VHW�SRLQW��
�(TXDWLRQ�������+7�DQG�+9��(TXDWLRQ����VWDQG�IRU�WKH�

��������������������������������������������������������
�� 9HQWLODWLRQ� ORVVHV� GHSHQG� RQ� K\JLHQLF� YHQWLODWLRQ� DQG� LQ�H[�
ILOWUDWLRQ��DQG�WKH�SUHVHQFH�RI�D�KHDW�UHFRYHU\�XQLW��7KH�YHQWLODWLRQ�
UDWH�IRU�K\JLHQLF�YHQWLODWLRQ�LV�IL[HG�LQ�WKH�(3%�PRGHO�DQG�GHSHQGV�
RQ� WKH� YROXPH� RI� WKH� EXLOGLQJ� DQG� WKH� TXDOLW\� RI� WKH� YHQWLODWLRQ�
V\VWHP��

VSHFLILF� KHDW� ORVVHV� IRU� WUDQVPLVVLRQ� DQG� YHQWLODWLRQ�
UHVSHFWLYHO\��

,RYHUK� �4H[FHVV�\HDU� �ȈP ������4H[FHVV�P� � ����

4H[FHVV�P� �����ȘXWLO�P�Â4JDLQ�P��+7�+9����
���������

�
����

7R� HVWLPDWH� WKH� RYHUKHDWLQJ� ULVN�� D� ORZHU� �����.K��
DQG� XSSHU� WKUHVKROG� YDOXH� ������.K�� DUH� LPSRVHG��
%HORZ� WKH� ORZHU� WKUHVKROG� WKH� ULVN� RQ� VXPPHU�
RYHUKHDWLQJ� LV� H[SHFWHG� WR� EH� QHJOLJLEOH��$ERYH� WKH�
XSSHU� OLPLW�� RYHUKHDWLQJ� LV� KLJKO\� SUREDEOH� DQG� WKH�
GHVLJQHU�LV�REOLJHG�WR�WDNH�GHVLJQ�PHDVXUHV�WR�UHGXFH�
WKH�ULVN��%HWZHHQ�ERWK�YDOXHV�D�ILFWLWLRXV�FRROLQJ�ORDG�
LV�FRQVLGHUHG��WDNLQJ�LQWR�DFFRXQW�WKH�SUREDELOLW\�WKDW�
DFWLYH� FRROLQJ� ZLOO� EH� LQVWDOOHG� DIWHUZDUGV�� 7KH� QHW�
HQHUJ\� GHPDQG� IRU� FRROLQJ� LV� WKHQ� FDOFXODWHG� DV� WKH�
PXOWLSOLFDWLRQ� RI� D� SUREDELOLW\� IDFWRU� �EHWZHHQ� �� HQ�
��� WKDW�DFWLYH� FRROLQJ�ZLOO� EH� LQVWDOOHG� DQG� WKH� JDLQ�
VXUSOXV� DW� DQ� LQGRRU� WHPSHUDWXUH� RI� ���&� �FRROLQJ�
VHW�SRLQW��� ,I� DQ� DFWLYH� FRROLQJ� V\VWHP� LV� LQLWLDOO\�
SODQQHG��WKH�IXOO�FRROLQJ�ORDG�LV�FRQVLGHUHG���

0(7+2'2/2*<��
*HQHUDO�
7KH�VWXG\�SDUWLFXODUO\�IRFXVHG�RQ�SDUDPHWHUV�UHODWHG�
WR�EXLOGLQJ�HQYHORSH�DQG�JHRPHWU\��VXFK�DV�WKH�OHYHO�
RI� WKHUPDO� LQVXODWLRQ� �8�YDOXH��� ZLQGRZ�WR�IORRU�
UDWLR� �:)5��� J�YDOXH� �VRODU� WUDQVPLWWDQFH���
RULHQWDWLRQ� DQG� DLU�WLJKWQHVV�� 3DUDPHWHUV� UHODWHG� WR�
EXLOGLQJ� V\VWHPV� UHPDLQHG� IL[HG� GXULQJ� WKH� HQWLUH�
VWXG\�DQG�ZLOO�EH�LQYHVWLJDWHG�LQ�IXWXUH�UHVHDUFK��7KLV�
ZD\��WKH�LPSDFW�RI�DUFKLWHFWXUDO�SDUDPHWHUV�UHJDUGLQJ�
HQHUJ\�SHUIRUPDQFH�FRXOG�EH�FOHDUO\�GHULYHG���
�

�
)LJXUH���5HIHUHQFH�GZHOOLQJ��

�

$� VLPSOLILHG� GHWDFKHG� PRGHO� ZDV� XVHG� IRU� WKH�
DQDO\VLV��ILJXUH������'LIIHUHQW�YDULDQWV�ZHUH�JHQHUDWHG�
H[SORULQJ�WKH�LPSDFW�RI�GHVLJQ�SDUDPHWHUV�RQ�.��DQG�
(�OHYHO�� QHW� KHDWLQJ� DQG� FRROLQJ� GHPDQG�� DQG�
RYHUKHDWLQJ�LQGLFDWRU��$OO� SHUIRUPDQFH�PHWULFV�ZHUH�
FDOFXODWHG� XVLQJ� WKH� (3%�PRGHO�� )ROORZLQJ�
VLPSOLILFDWLRQV� DQG� LQYDULDEOH� SDUDPHWHUV� ZHUH�
DVVXPHG���

 $� FRQGHQVLQJ� QDWXUDO� JDV� ERLOHU� IRU� VSDFH�
KHDWLQJ�DQG�GRPHVWLF�KRW�ZDWHU�LV�XVHG��

 $�QDWXUDO�YHQWLODWLRQ�V\VWHP��ZLWK�YHQWLODWLRQ�
JULGV�LQ�WKH�ZLQGRZ��LV�XVHG�

 1R�DFWLYH�FRROLQJ�LV�LQVWDOOHG�
��������������������������������������������������������
��7KLV�FKRLFH�LV�UHODWHG�WR�WKH�VSHFLILF�)OHPLVK�UHVLGHQWLDO�FRQWH[W��
ZKLFK�LV�GRPLQDWHG�E\�GHWDFKHG�GZHOOLQJV��
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3DUDPHWHU�UDQJHV�DQG�FRPELQDWLRQV�
7KH�SDUDPHWULF� VWXG\�ZDV�FRQGXFWHG� LQ�WZR�VWHSV� WR�
OLPLW�WKH�QXPEHU�RI�SDUDPHWHU�FRPELQDWLRQV��,Q�D�ILUVW�
VWHS��WKH�LPSDFW�RI�DLU�WLJKWQHVV�DQG�RWKHU�SDUDPHWHUV�
ZDV�H[DPLQHG��ZKLOH�WKH�RULHQWDWLRQ�UHPDLQHG�IL[HG��
UHVXOWLQJ� LQ� ����� VLPXODWLRQV� �WDEOH� ���� ,Q� D� VHFRQG�
VWHS�� WKH� LPSDFW� RI� RULHQWDWLRQ�DQG� RWKHU�SDUDPHWHUV�
ZDV� VWXGLHG� IRU� D� IL[HG� DLU�WLJKWQHVV�� UHVXOWLQJ� LQ�
�������FRPELQDWLRQV��WDEOH������
,Q�(3%��DLU�WLJKWQHVV�LV�GHILQHG�E\�WKH�Y���YDOXH��L�H��
WKH� LQILOWUDWLRQ� UDWH� DW� ��3D� �Pñ�K�� SHU�Pð� HQYHORSH�
DUHD��7KH�GHIDXOW�YDOXH�LQ�(3%�LV���Pñ�K�Pð��EXW�WKLV�
FDQ�EH�DOWHUHG�LQ�LWV�UHDO�YDOXH��LI�D�EORZHU�GRRU�WHVW�LV�
FRQGXFWHG��7KH�YDOXHV�DGRSWHG� LQ�WKH� ILUVW� VWHS�YDU\�
EHWZHHQ�(3%�GHIDXOW�DQG��Pñ�K�Pð��aSDVVLYH�KRXVH���
�

7DEOH����
3DUDPHWHUV�DQG�UDQJHV�VWHS���

�

3$5$0(7(5� 5$1*(6� 81,7�
8URRI� ����������������� :�Pð.�
8ZDOO� ��������������������� :�Pð.�
8IORRU� ��������������������� :�Pð.�
8ZLQGRZIUDPH�8JOD]LQJ� ������������������������� :�Pð.�
:)5� ������������ ��
$LU�WLJKWQHVV��Y���� ��������� Pñ�KPð�
&RQVWUXFWLRQ�W\SH� 0HGLXP�KHDY\�

/LJKWZHLJKW��
��

�

,Q�WKH�VHFRQG�VWHS��DLU�WLJKWQHVV�LV�IL[HG�DW�WKH�(3%�
GHIDXOW�� 7KH� 8�YDOXH� IRU� RSDTXH� HOHPHQWV� UDQJHV�
EHWZHHQ� OHJDO� PD[LPXP� IRU� ����� ����:�Pð.� IRU�
URRIV� DQG� ���:�Pð.� IRU� ZDOOV� DQG� IORRUV�� DQG�
SDVVLYH�KRXVH�VWDQGDUG�����:�Pð.���VHH�WDEOH���	�����
�

7DEOH����
3DUDPHWHUV�DQG�UDQJHV�VWHS���

�

3$5$0(7(5� 5$1*(6� 81,7�
8URRI� ����������������� :�Pð.�
8ZDOO� ��������������������� :�Pð.�
8IORRU� ��������������������� :�Pð.�
8ZLQGRZIUDPH�8JOD]LQJ� ������������������������� :�Pð.�
:)5� ��������������������� ��
2ULHQWDWLRQ� 5RWDWLRQ�VWHSV����� ��
*OD]LQJ�GLVWULEXWLRQ� 8QLIRUP���

0DLQ�RULHQWDWLRQ�
�

6RODU�VKDGLQJ� 6HH�WDEOH��� ��
&RQVWUXFWLRQ�W\SH� 0HGLXP�KHDY\�

/LJKWZHLJKW��
��

�

,Q�VWHS����PRUH�YDULDQWV�IRU�WKH�:)5�DUH�FRQVLGHUHG�
DQG�WZR�FRQILJXUDWLRQV�IRU�WKH�GLVWULEXWLRQ�RI�JOD]LQJ�
DUHD�DUH�DSSOLHG��EHLQJ�D�XQLIRUPO\�GLVWULEXWHG�:)5�
RYHU� WKH� IRXU� IDoDGHV� �����HDFK��DQG�D� GLVWULEXWLRQ�
ZLWK�����RI�WRWDO�JOD]LQJ�DUHD�RQ�D�PDLQ�RULHQWDWLRQ�
DQG� ���� RQ� WKH� RWKHU� IDoDGHV�� $� VLPLODU� DSSURDFK�
ZDV�XVHG�LQ��3HVVHQOHKQHU�HW�DO����������7KH�EXLOGLQJ�
LV� URWDWHG� LQ� VWHSV� RI� ����� ,Q� VWHS� ��� RULHQWDWLRQ� LV�
IL[HG�DQG� WKH�:)5�LV�XQLIRUPO\�GLVWULEXWHG� WRZDUGV�
QRUWK��HDVW��VRXWK�DQG�ZHVW��

7DEOH���6RODU�VKDGLQJ�YDULDQWV�LQ�VWHS���
�

J�YDOXH�JODVV� 2YHUDOO�J�YDOXH��JJ�F�ŏ��
���� 1R�VRODU�VKDGLQJ�
���� �����
���� ����
���� 1R�VRODU�VKDGLQJ�
���� �����
�

6RODU� VKDGLQJ� �RXWGRRU� PRYHDEOH� VFUHHQV�� LV� DOVR�
FRQVLGHUHG� LQ� VWHS� �� �WDEOH� ���� 7ZR� J�YDOXHV� IRU�
JOD]LQJ�DUH�XVHG������DQG������VRODU�UHIOHFWLYH�JODVV���
%DVHG�RQ�WKH�J�YDOXH�IRU�JODVV�DQG�WKH�RYHUDOO�J�YDOXH�
�JODVV�DQG�VRODU�VKDGLQJ���(3%�FDOFXODWHV�D�UHVXOWLQJ�
J�YDOXH� WDNLQJ� LQWR� DFFRXQW� D� XWLOL]DWLRQ� IDFWRU�� ,Q�
VWHS����WKH�J�YDOXH�IRU�JOD]LQJ�LV�IL[HG�DW������
,Q�ERWK�VWHSV��WZR�FRQVWUXFWLRQ�W\SHV�DUH�VLPXODWHG��D�
PHGLXP� KHDY\� FRQVWUXFWLRQ� FRUUHVSRQGLQJ� WR� D�
W\SLFDO� )OHPLVK� GZHOOLQJ� ZLWK� FDYLW\� ZDOOV� DQG� D�
OLJKWZHLJKW�FRUUHVSRQGLQJ�WR�D�ZRRG�IUDPH�VWUXFWXUH���

5(68/76�3$5$0(75,&�678'<�
6WHS����,PSDFW�RI�DLU�WLJKWQHVV�
)LJXUH���VKRZV�WKH�LPSDFW�RI�DLU�WLJKWQHVV�RQ�(�OHYHO��
IRU� WKH� PHGLXP� KHDY\� FRQVWUXFWLRQ�� 7KH� <�D[LV�
UHSUHVHQWV�WKH�FXPXODWLYH�SHUFHQWDJH�RI�DOO�FDVHV�ZLWK�
D�SDUWLFXODU�Y���YDOXH�WKDW�UHDFK�D�VSHFLILF�(�OHYHO���
�

�
)LJXUH���,PSDFW�RI�DLU�WLJKWQHVV�RQ�(�OHYHO�

�

7KH�GDWD�UHYHDO�D�VWURQJ�UHODWLRQ�EHWZHHQ�(�OHYHO�DQG�
DLU�WLJKWQHVV�� 7KH� (�OHYHO� GHFUHDVHV� ZLWK� EHWWHU� DLU�
WLJKWQHVV�� 7KH� GHFUHDVH� LV� ODUJHU�ZKHQ� DGDSWLQJ� DLU�
WLJKWQHVV� IURP� ��� WR� �Pñ�K�Pð� WKDQ� IURP� �� WR�
�Pñ�K�Pð�� +HQFH�� WKH� LPSDFW� GHFUHDVHV� ZLWK� ORZHU�
Y���YDOXHV�� 7KH� ODUJH� LPSDFW� RQ� (�OHYHO� LV� PDLQO\�
UHODWHG� WR� WKH� LPSDFW� RI� DLU�WLJKWQHVV� RQ� QHW� KHDWLQJ�
GHPDQG�� 7KH� LPSDFW� RQ� QHW� FRROLQJ� GHPDQG� ZDV�
OLPLWHG�� ZKLFK� LV� UHODWHG� WR� WKH� (3%�PHWKRG���
)XUWKHU�� WKH� GDWD� LQ� ILJXUH� �� VKRZ� WKDW� IRU� WKLV�
UHIHUHQFH� GZHOOLQJ� DQG� FRQVLGHUHG� LQVWDOODWLRQV� DQG�
DUFKLWHFWXUDO� SDUDPHWHUV�� (�OHYHOV� EHORZ� WKH� FXUUHQW�
OHJDO�UHTXLUHPHQW�(���DUH�KDUGO\�DFKLHYDEOH�ZLWKRXW�

��������������������������������������������������������
3�)RU�FRROLQJ�FDOFXODWLRQV��(3%�DVVXPHV�D�Y���YDOXH�RI��Pñ�K�Pð�
DW�WKH�GHIDXOW�IRU�KHDWLQJ����Pñ�KPð���EXW�D�Y���YDOXH�HTXDO�WR�WKDW�
RI�KHDWLQJ�LI�D�EORZHU�GRRU�WHVW�LV�FRQGXFWHG��
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LPSURYHG� DLU�WLJKWQHVV�� 7HQGHQFLHV�ZHUH� VLPLODU� IRU�
WKH� OLJKWZHLJKW� FRQVWUXFWLRQ�� EXW� WKH� (�OHYHO� LV�
VOLJKWO\� KLJKHU� GXH� WR� KLJKHU� FRROLQJ� DQG� KHDWLQJ�
GHPDQG�� 6LQFH� WHQGHQFLHV� IRU� WKH� LPSDFW� RI� RWKHU�
SDUDPHWHUV� RQ� (�OHYHO� �VXFK� DV� :)5� RU� PHDQ� 8�
YDOXH�� UHPDLQHG� VLPLODU� IRU� GLIIHUHQW� OHYHOV� RI� DLU�
WLJKWQHVV��WKHLU�LPSDFW�LV�RQO\�GLVFXVVHG�LQ�VWHS����

6WHS����,PSDFW�RI�DUFKLWHFWXUDO�SDUDPHWHUV�
7KLV� VHFWLRQ� RXWOLQHV� WKH� UHVXOWV� RI� WKH� VHFRQG� VWHS��
ZLWK� D� IL[HG� DLU�WLJKWQHVV� �Y�� ��Pñ�K�Pð��� 8QOHVV�
VWDWHG�GLIIHUHQWO\��WKH�ILJXUHV�LQ�WKLV�VHFWLRQ�UHSUHVHQW�
WKH�UHVXOWV� IRU� WKH�PHGLXP�KHDY\�FRQVWUXFWLRQ�DQG�D�
J�YDOXH�IRU�JODVV�RI�����ZLWKRXW�VRODU�VKDGLQJ���
,PSDFW�RI�8�YDOXH�DQG�:)5��
)LJXUH���GHPRQVWUDWHV�WKH�LPSDFW�RI�PHDQ�8�YDOXH�LQ�
UHODWLRQ� WR� :)5� RQ� (�OHYHO�� )RU� DOO� :)5V�� WKH� (�
OHYHO� VLJQLILFDQWO\� GHFUHDVHV� ZLWK� GHFUHDVLQJ� PHDQ�
8�YDOXH�� 7KLV� LV� UHODWHG� WR� WKH� ODUJH� LPSDFW� RI� WKH�
PHDQ�8�YDOXH�RQ�QHW�KHDWLQJ�GHPDQG��7KH�PHDQ�8�
YDOXH� DOVR� DIIHFWV� WKH� QHW� FRROLQJ� GHPDQG�� ZKLFK�
LQFUHDVHV� ZLWK� ORZHU� PHDQ� 8�YDOXHV�� 7KLV� H[SODLQV�
WKH� IDFW� WKDW�WKH�VORSH� LQ� WKH�FXUYHV� LV� IODWWHQHG�RXW��
SDUWLFXODUO\�IRU�KLJKHU�:)5V���
�

�
)LJXUH���,PSDFW�RI�PHDQ�8�YDOXH�DQG�ZLQGRZ�WR�

IORRU�UDWLR��:)5���RQ�(�OHYHO�
�

)LJXUH� �� DOVR� VKRZV� WKDW� WKH� (�OHYHO� LQFUHDVHV�ZLWK�
KLJKHU� :)5V�� &RQVHTXHQWO\�� LW� LV� PRUH� GLIILFXOW� WR�
DFKLHYH�JRRG�HQHUJ\�SHUIRUPDQFH�OHYHOV�LQ�FDVH�KLJK�
:)5V� DUH� DSSOLHG� ZLWKRXW� VRODU� VKDGLQJ� �DV�
GLVFXVVHG�LQ�ILJXUH����DQG�RU�IRU�KLJK�PHDQ�8�YDOXHV��
7UHQGV�ZHUH�VLPLODU�IRU�WKH�OLJKWZHLJKW�FRQVWUXFWLRQ��
�

�
)LJXUH���,PSDFW�RI�PHDQ�8�YDOXH�DQG�:)5�

�RQ�RYHUKHDWLQJ�LQGLFDWRU�

)LJXUH� �� VKRZV� WKH� LPSDFW� RI� PHDQ� 8�YDOXH� DQG�
:)5� RQ� WKH� ULVN� RI� RYHUKHDWLQJ�� 7KH� JUHHQ� GRWWHG�
OLQH�UHSUHVHQWV�WKH�ORZHU�WKUHVKROG������.K��DQG�WKH�
UHG�GRWWHG�OLQH�WKH�XSSHU�������.K���7KH�RYHUKHDWLQJ�
LQGLFDWRU�FOHDUO\�LQFUHDVHV�ZLWK�ORZHU�PHDQ�8�YDOXHV�
IRU� HDFK� :)5�� 7KH� LPSDFW� LV� VWURQJHU� DW� ODUJHU�
JOD]LQJ� DUHDV� �VWHHSHU� FXUYHV��� 7KH� ILJXUH� IXUWKHU�
UHYHDOV�D�VLJQLILFDQW�LPSDFW�RI�:)5��$OVR��WKH�VSUHDG�
RQ� WKH� UHVXOWV� �DW� HTXDO�PHDQ�8�YDOXH�� LV� ODUJHU� IRU�
KLJK� :)5V�� ZKLFK� LV� GXH� WR� WKH� KLJKHU� LPSDFW� RI�
RULHQWDWLRQ�DV�D�UHVXOW�RI�LQFUHDVHG�VRODU�JDLQV���
6LQFH� WKH� LPSDFW� RI� WKH� 8�YDOXHV� RI� GLVWLQFWLYH�
FRQVWUXFWLRQ� FRPSRQHQWV� LV� UHODWHG� WR� WKH� UHODWLYH�
DUHD� RI� WKH� SDUWLFXODU� FRPSRQHQW� LQ� WKH� ZKROH�
EXLOGLQJ�� WKH� LPSDFW� RI� WKH� PHDQ� 8�YDOXH� RI� WKH�
RSDTXH�FRPSRQHQWV�ZDV�DVVHVVHG��7KHUH�ZDV�D�FOHDU�
UHODWLRQVKLS�EHWZHHQ�RSDTXH�8�YDOXH�DQG�(�OHYHO��DV�
GLVSOD\HG� LQ� ILJXUH� ��� $� PRUH� GHWDLOHG� DQDO\VLV�
UHYHDOHG� WKDW� WKH� LPSDFW� RI� 8RSDTXH� RQ� (�OHYHO�
GHFUHDVHV� ZLWK� KLJKHU� :)5V�� GXH� WR� GHFUHDVLQJ�
RSDTXH�DUHD�DQG�LQFUHDVLQJ�VRODU�JDLQV���
�

�
�

)LJXUH���,PSDFW�RI�PHDQ�RSDTXH�8�YDOXH�RQ�(�OHYHO�
�

7KH� GDWD� IXUWKHU� LQGLFDWHG� D� OLQHDU� UHODWLRQVKLS�
EHWZHHQ� QHW� KHDWLQJ� GHPDQG� DQG� 8RSDTXH��
H[SODLQLQJ� WKH� ODUJH� LPSDFW� RQ� (�OHYHO�� 7KHUH� ZDV�
DOVR� D� FOHDU� LPSDFW� RI� 8RSDTXH� RQ� QHW� FRROLQJ�
GHPDQG� DQG� RQ� RYHUKHDWLQJ� LQGLFDWRU�� 7KH\� ERWK�
LQFUHDVH� ZLWK� GHFUHDVLQJ� 8RSDTXH�� DQG� WKH� LPSDFW�
LQFUHDVHV�ZLWK�KLJKHU�:)5V���
7KH� LPSDFW� RI� GLIIHUHQW� 8�YDOXHV� IRU� ZLQGRZV� ZDV�
OLPLWHG� RQ� ERWK�.�� DQG�(�OHYHO�� 7KH� GLIIHUHQFH�ZDV�
PDLQO\� YLVLEOH� EHWZHHQ� D� µUHJXODU¶� ZLQGRZ� DQG� D�
µSDVVLYH� KRXVH¶� ZLQGRZ�� DQG� LQFUHDVHG� ZLWK� KLJKHU�
:)5V��6LPLODU�ILQGLQJV�DSSHDUHG�IRU�QHW�KHDWLQJ�DQG�
FRROLQJ� GHPDQG� DQG� WKH� RYHUKHDWLQJ� LQGLFDWRU��
2YHUDOO�� WHQGHQFLHV� IRU� WKH� 8�YDOXH� DSSHDUHG� WR� EH�
VLPLODU�IRU�WKH�OLJKWZHLJKW�FRQVWUXFWLRQ���
,PSDFW�RI�RULHQWDWLRQ��
)LJXUH���UHYHDOV�WKH�LPSDFW�RI�RULHQWDWLRQ�RQ�(�OHYHO�
IRU������LQ�\HOORZ��DQG�����:)5��LQ�JUH\��ZLWK�WKH�
PDLQ� IDoDGH� FRQILJXUDWLRQ� IRU� JOD]LQJ� DUHD�
GLVWULEXWLRQ�� 7KH� GDWD� IRU� ERWK�:)5V� DUH� GLVSODFHG�
IURP�HDFK�RWKHU�IRU�FODULILFDWLRQ�SXUSRVHV��EXW�DSSO\�
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WR� WKH�VDPH�PDLQ�RULHQWDWLRQ� LQGLFDWHG�LQ�WKH�;�D[LV�
�L�H��IDoDGH�ZLWK�ODUJHVW�JOD]LQJ�SHUFHQWDJH���)RU�HDFK�
RULHQWDWLRQ�� WKH� VSUHDG� RQ� WKH� UHVXOWV� RI� WKH�:)5� LV�
FDXVHG� E\� WKH� PHDQ� 8�YDOXH� �ORZHVW� (�OHYHO�
FRUUHVSRQGV�WR�ORZHVW�PHDQ�8�YDOXH���EHLQJ�WKH�RQO\�
YDULDEOH� DW� D� FRQVWDQW� RULHQWDWLRQ�� 7KH� RYHUDOO�
GLIIHUHQFH�LQ�(�OHYHO�GXH�WR�WKH�LPSDFW�RI�RULHQWDWLRQ�
DW� HTXDO� PHDQ� 8�YDOXH� LV� UDWKHU� VPDOO� �XS� WR� �� (�
SRLQWV� IRU� ����:)5�DW� ORZHVW�PHDQ�8�YDOXH���7KH�
LPSDFW� RI� RULHQWDWLRQ� RQ� RYHUKHDWLQJ� LQGLFDWRU� ZDV�
DOVR� OLPLWHG�� EXW�PRUH� SURQRXQFHG� DQG� LQFUHDVHG� DW�
KLJKHU�:)5V��7KHUH�ZDV�D� ODUJH�GLIIHUHQFH�EHWZHHQ�
QRUWK�DQG�VRXWK��EXW�WKH�GLIIHUHQFH�IRU�VWHSV�RI�����RU�
HYHQ�����ZDV�OLPLWHG��7KLV�DOVR�DSSOLHV�WR�WKH�(�OHYHO��
VXJJHVWLQJ� WKDW� RULHQWDWLRQ� FDQ� EH� URXQGHG� RII� WR�
PDLQ�RULHQWDWLRQV��QRUWK��QRUWK�ZHVW��QRUWK�HDVW��HWF���
IRU� HYDOXDWLRQ� LQ� HDUO\� GHVLJQ�� 7KH� LPSDFW� RI�
RULHQWDWLRQ� RQ� QHW� KHDWLQJ� GHPDQG� ZDV� OLPLWHG��
5HJDUGLQJ� QHW� FRROLQJ� GHPDQG�� WKH� LPSDFW� ZDV�
OLPLWHG� IRU� LQWHUPHGLDWH� VWHSV�� EXW�PRUH� SURQRXQFHG�
WKDQ� IRU� KHDWLQJ� GHPDQG�� ,W�PXVW� EH� QRWHG� WKDW� WKH�
UHVXOWV� IRU� RYHUKHDWLQJ� DQG� FRROLQJ� DUH� FDOFXODWHG�
XVLQJ� WKH� VWHDG\�VWDWH� (3%�DSSURDFK� DQG� DUH� WKXV�
RQO\�LQGLFDWLYH��
�

�
)LJXUH���,PSDFW�RI�RULHQWDWLRQ�RQ�(�OHYHO�

�

,PSDFW�RI�:)5�DQG�VRODU�VKDGLQJ���
7KH� LPSDFW�RI�:)5�DQG�VRODU� VKDGLQJ�RQ�(�OHYHO� LV�
VKRZQ�LQ�ILJXUH���IRU�WKH�PHGLXP�KHDY\�FRQVWUXFWLRQ��
7KH� OHIW�JUDSK�FRQFHUQV�D�J�YDOXH� IRU�JOD]LQJ�RI�����
ZLWKRXW�VRODU�VKDGLQJ��,Q�WKH�PLGGOH�DQG�ULJKW�JUDSK�
VRODU�VKDGLQJ�LV�DSSOLHG�IRU�WKLV�JOD]LQJ�W\SH��ZLWK�DQ�
RYHUDOO�J�YDOXH�IRU�JOD]LQJ�DQG�VRODU�VKDGLQJ��J�J�&�ŏ��
RI� ����� DQG� ���� UHVSHFWLYHO\�� $ORQJ� WKH� <�D[LV�� WKH�
FXPXODWLYH� SHUFHQWDJH� LV� GLVWULEXWHG�� 7KH� GDWD�
ZLWKRXW� VRODU� VKDGLQJ� �OHIW�� VKRZ� D� VWURQJ�

UHODWLRQVKLS� EHWZHHQ�(�OHYHO� DQG�:)5��7KH�(�OHYHO�
FOHDUO\� GHFUHDVHV� ZLWK� ORZHU� :)5V�� PDLQO\� GXH� WR�
UHGXFHG� FRROLQJ� GHPDQGV�� 7KH� QHW� KHDWLQJ� GHPDQG�
DSSHDUHG�WR�EH�OHVV�GHSHQGHQW�RQ�:)5�HVSHFLDOO\�IRU�
WKH�SDVVLYH�KRXVH�ZLQGRZ��IRU�ZKLFK�LQFUHDVHG�VRODU�
JDLQV�ODUJHO\�FRPSHQVDWHG�KLJKHU�WUDQVPLVVLRQ�ORVVHV�
DW� KLJKHU� :)5V�� 1RQHWKHOHVV�� WKH� KHDWLQJ� GHPDQG�
KDV� DQ� LPSDFW� RQ� WKH� UHODWLRQ� EHWZHHQ� (�OHYHO� DQG�
:)5� IRU� WKH� UHJXODU� ZLQGRZ� W\SHV� �GHFUHDVLQJ�
KHDWLQJ� GHPDQG� ZLWK� ORZHU� :)5V��� 7KH� LPSDFW� RI�
:)5� RQ� (�OHYHO� GHFUHDVHV� ZLWK� ORZHU� J�YDOXHV�
�PLGGOH� DQG� ULJKW� JUDSKV� RI� ILJXUH� ���� $SSO\LQJ�
PRYDEOH�VRODU�VKDGLQJ�UHVXOWV�LQ�PXFK�ORZHU�(�OHYHOV�
DW�KLJK�:)5V��GXH� WR� UHGXFHG�FRROLQJ�GHPDQG��7KH�
KHDWLQJ� GHPDQG� UHPDLQV� VLPLODU� WR� WKH� YDULDQWV�
ZLWKRXW� VRODU� VKDGLQJ�� VLQFH�PRYHDEOH�VRODU� VKDGLQJ�
KDV�QR�LQIOXHQFH�RQ�LW�LQ�(3%��,Q�JHQHUDO��WKH�UHVXOWV�
GHPRQVWUDWH� WKH� SRVVLELOLW\� WR� DSSO\� ODUJH� :)5V�
ZKLOH�DFKLHYLQJ�VLPLODU�(�OHYHOV�DV� IRU� ORZHU��7KHUH�
ZDV�D�ODUJH�LPSDFW�RI�VRODU�VKDGLQJ�RQ�RYHUKHDWLQJ��
,PSDFW�RI�WKHUPDO�PDVV���
7KHUPDO�PDVV��PHGLXP�KHDY\�YV��OLJKWZHLJKW��KDG�D�
VWURQJ� LPSDFW� RQ� (�OHYHO�� 7KH�(�OHYHO� LQFUHDVHG� IRU�
WKH�OLJKWZHLJKW�FRQVWUXFWLRQ�DQG�WKH�LPSDFW�RI�:)5�
DOVR� LQFUHDVHG��7KLV� LV�UHODWHG�WR�DQ� LQFUHDVH� LQ�ERWK�
KHDWLQJ�DQG�FRROLQJ�GHPDQG��7KH�GLIIHUHQFH�EHWZHHQ�
WKH�PHGLXP�KHDY\�DQG�OLJKWZHLJKW�FRQVWUXFWLRQ�ZDV�
PRUH� SURIRXQG� DW� KLJKHU�:)56�� 7KH� VSUHDG� RQ� (�
OHYHO�ZDV�ODUJHU�IRU�WKH�OLJKWZHLJKW�FRQVWUXFWLRQ��7KH�
LPSDFW�RI�WKHUPDO�PDVV�ZDV�PRUH�SURQRXQFHG�IRU�QHW�
FRROLQJ� WKDQ� IRU� KHDWLQJ� GHPDQG�� ,Q� JHQHUDO��
WHQGHQFLHV� IRU� WKH� OLJKWZHLJKW� FRQVWUXFWLRQ� ZHUH�
VLPLODU� WR� WKH� PHGLXP� KHDY\�� EXW� WKH� LPSDFW� RI�
GLIIHUHQW�SDUDPHWHUV�ZDV�PRUH�SURQRXQFHG��

'(7(50,1$7,21�2)�'()$8/7�
9$/8(6�
,Q�JHQHUDO��WKH�UHVXOWV�GHPRQVWUDWH�WKH�LPSRUWDQFH�RI�
DUFKLWHFWXUDO� GHVLJQ� GHFLVLRQV� LQ� DFKLHYLQJ� ORZ�
HQHUJ\�GZHOOLQJV��7KH�GHVLJQ�RI�WKH�IDoDGHV��ZLQGRZ�
DUHD� DQG� VRODU� VKDGLQJ��� FRPELQHG� ZLWK� RWKHU�
SDUDPHWHUV� �DLU�WLJKWQHVV�� 8�YDOXH�� WKHUPDO� PDVV��
SURYLGH� ODUJH� RSSRUWXQLWLHV� WR� RSWLPL]H� D� GHVLJQ�
UHJDUGLQJ�HQHUJ\�SHUIRUPDQFH��7KLV�LV�VKRZQ�E\�WKH�
HQWLUH� VSUHDG� RQ�(�OHYHO�� UDQJLQJ� IURP�(��� �Y�� ���
PHGLXP� KHDY\� FRQVWUXFWLRQ�� WR� (���� �Y�� ����
OLJKWZHLJKW� FRQVWUXFWLRQ��� WKDW� LV� UHDOL]HG� RQO\� E\�
PHDQV�RI�DUFKLWHFWXUDO�SDUDPHWHUV���

�

�
)LJXUH���,PSDFW�RI�:)5�DQG�VRODU�VKDGLQJ�RQ�(�OHYHO�
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7KH�FRPSDFWQHVV� UHPDLQHG� IL[HG��ZKLFK�PLJKW�KDYH�
DQ� DGGLWLRQDO� LPSDFW� LI� YDULHG�� &KDUDFWHULVWLFV� RI�
EXLOGLQJ�V\VWHPV�ZHUH�DOVR�IL[HG��
+RZHYHU�� GLIIHUHQW� SDUDPHWHUV�ZLWK� D� VWURQJ� LPSDFW�
RQ� WKH� HQHUJ\� SHUIRUPDQFH� OHYHO�� VXFK� DV� 8�YDOXHV�
DQG�DLU�WLJKWQHVV��DUH�UDUHO\�NQRZQ�LQ�WKH�HDUO\�GHVLJQ�
SKDVH��('3���7KHUHIRUH��EDVHG�RQ�WKH�LPSDFW�UHVXOWV��
GHIDXOW� YDOXHV� ZHUH� GHULYHG� WR� DGDSW� WKH� UHTXLUHG�
GDWD�LQSXW� RI�(3%� WR� WKH� GDWD� DYDLODEOH� LQ� WKH� HDUO\�
GHVLJQ� SKDVH� �('3��� 7KH� DEVROXWH� YDOXHV� RI� WKH�
GHIDXOW� YDOXHV� LWVHOI� ZHUH� ODUJHO\� EDVHG� RQ�
UHSUHVHQWDWLYH�YDOXHV�IURP�SUDFWLFH�DQG�QRW�RQO\�IURP�
WKH�DFWXDO�LPSDFW�RI�WKH�SDUDPHWULF�VWXG\��%HFDXVH�RI�
WKH� ODUJH� UDQJH� RI� SRVVLEOH� YDOXHV� DQG� WKHLU� ODUJH�
LPSDFW��WKH�GHIDXOW�YDOXHV�ZHUH�VXEGLYLGHG�DFFRUGLQJ�
WR�DQ�DPELWLRQ�OHYHO�RI�WKH�SURMHFW���
)RXU� FDWHJRULHV� RI� GZHOOLQJV� ZHUH� GHILQHG�� QDPHO\�
³VWDQGDUG´�� ³VWDQGDUG�´�� ³ORZ�HQHUJ\´� DQG� ³SDVVLYH�
KRXVH´�� 7KH� WHUP� ³VWDQGDUG´� UHIOHFWV� WKH� OHJDO�
UHTXLUHPHQW�� ZKLFK� ZDV� (��� DQG� .��� DW� WLPH� RI�
VWXG\��³6WDQGDUG��´�VLWXDWHV�EHWZHHQ�³VWDQGDUG´�DQG�
³ORZ�HQHUJ\´��7R�GHILQH�³ORZ�HQHUJ\´��WKH�HFRQRPLF�
RSWLPXP� ZDV� DSSOLHG�� FRUUHVSRQGLQJ� WR� D� .�OHYHO�
.���DQG�DQ�(�OHYHO�(����9HUEHHFN���������+HQFH��D�
GZHOOLQJ� LV� FRQVLGHUHG� WR� EH� ³ORZ�HQHUJ\´� LI� ERWK�
UHTXLUHPHQWV� DUH� IXOILOOHG�� ³3DVVLYH� KRXVH´� IROORZV�
WKH� UHTXLUHPHQWV� WR� REWDLQ� D� FHUWLILFDWH�� 7DEOH� ��
RXWOLQHV� WKH� GHIDXOW� YDOXHV� DFFRUGLQJ� WR� WKH�
FDWHJRULHV��
$LU�WLJKWQHVV�
$LU�WLJKWQHVV�VKRZHG�D�VWURQJ�LPSDFW�RQ�(�OHYHO�DQG�
QHW� KHDWLQJ� GHPDQG�� /DUJH� GLIIHUHQFHV� RFFXUUHG�
EHWZHHQ�Y�� ���DQG��Pñ�K�Pð��EXW�WKH�LPSDFW�IURP���
WR� �Pñ�K�Pð� DQG� IURP� �� WR� �Pñ�K�Pð� ZDV� OLPLWHG��
7KHUHIRUH�� WKH�GHIDXOW� LV� VHW�DW��Pñ�K�Pð��LI�DWWHQWLRQ�
LV�SDLG�WR�DLU�WLJKWQHVV�DQG�D�EORZHU�GRRU�WHVW�ZLOO�EH�
FRQGXFWHG��IRU�VWDQGDUG����DQG�ORZ�HQHUJ\�GZHOOLQJV��
7KLV� YDOXH� DOVR� FORVHO\� DSSUR[LPDWHV� WKH� DYHUDJH�
PHDVXUHG� YDOXH� IRU� QHZO\� EXLOW� KRXVHV� LQ� )ODQGHUV�
�����Pñ�K�Pð���9($���������,I�QR�DWWHQWLRQ�LV�SDLG�WR�
DLU�WLJKWQHVV�� WKH� (3%�GHIDXOW� LV� XVHG�� )RU� SDVVLYH�
KRXVHV��WKH�GHIDXOW�YDOXH�LV�VHW�DW��Pñ�KPð���
8�YDOXHV�
7KH� PHDQ� RSDTXH� 8�YDOXH� DOVR� DSSHDUHG� WR� KDYH� D�
VWURQJ� LPSDFW�� 7KHUHIRUH�� D� UDQJH� �D� PLQLPXP� DQG�
PD[LPXP�YDOXH��RQ�WKH�RSDTXH�8�YDOXH� LV�XVHG�SHU�

DPELWLRQ� OHYHO� �WDEOH� ����7KH� LPSDFW� RI� WKH�8�YDOXH�
IRU� ZLQGRZV� ZDV� PDLQO\� YLVLEOH� EHWZHHQ� D� SDVVLYH�
KRXVH� ZLQGRZ� DQG� D� UHJXODU� ZLQGRZ�� +HQFH�� WZR�
GHIDXOWV�DUH�DGRSWHG�GHSHQGLQJ�RQ�WKH�DPELWLRQ�OHYHO���
2WKHU�SDUDPHWHUV�
7KH� FRQVWUXFWLRQ� W\SH� �PHGLXP� KHDY\� YV��
OLJKWZHLJKW�� KDG� D� FOHDU� LPSDFW� RQ� (�OHYHO�� EXW� LV�
XVXDOO\�NQRZQ�LQ�WKH�HDUO\�GHVLJQ�SKDVH��:H\WMHQV�HW�
DO��� �������+HQFH�� WKLV� SDUDPHWHU� GRHV� QRW� UHTXLUH� D�
GHIDXOW� YDOXH�� EXW� LW� ZDV� LPSRUWDQW� WR� H[DPLQH� LI�
LPSDFW� WUHQGV� IRU� RWKHU� SDUDPHWHUV� ZHUH� VLPLODU� IRU�
GLIIHUHQW�FRQVWUXFWLRQ�W\SHV���
7KH� GDWD� IXUWKHU� UHYHDOHG� D� VWURQJ� LPSDFW� RI�:)5��
EXW�D�URXJK�SHUFHQWDJH�RI�WUDQVSDUHQW�DUHD�LV�XVXDOO\�
NQRZQ�HDUO\��2ULHQWDWLRQ�LV�DOVR�XVXDOO\�PRUH�RU�OHVV�
NQRZQ� HDUO\� �:H\WMHQV�� HW� DO��� ������� EXW� WKH� GDWD�
VXJJHVW� WKDW� LW� LV� VXIILFLHQW� WR� NQRZ� WKH� PDLQ�
RULHQWDWLRQV� �QRUWK�� QRUWK�HDVW�� HDVW�� HWF���� 6RODU�
VKDGLQJ� VLJQLILFDQWO\� LQIOXHQFHG� WKH� UHVXOWV�� 7KLV�
SDUDPHWHU� LV� LPSRUWDQW� UHJDUGLQJ� WKH� µGHVLJQ�
IUHHGRP¶� RI� DUFKLWHFWV�� DOORZLQJ� ODUJH� :)5V� ZKLOH�
DFKLHYLQJ� JRRG� HQHUJ\� SHUIRUPDQFH� DQG� VXPPHU�
FRPIRUW��7ZR�SRVVLEOH�GHIDXOW�RSWLRQV�DUH�SURYLGHG�LI�
LQGLFDWHG�WKDW�VRODU�VKDGLQJ�LV�XVHG��WDEOH������
)LQDOO\��D�VLJQLILFDQW�UHGXFWLRQ�RI�UHTXLUHG�GDWD�LQSXW�
LV� UHDOL]HG� E\� WKH� GHIDXOW� YDOXHV��+RZHYHU�� WKH\� DUH�
EDVHG� RQ� WKH� VWXG\� RI� D� VLQJOH� UHIHUHQFH� GZHOOLQJ��
+HQFH�� YDOLGLW\� WHVWV� DUH� LPSRUWDQW� WHVWLQJ� WKHLU�
XVDELOLW\�IRU�GZHOOLQJV�ZLWK�D�GLIIHUHQW�FRPSDFWQHVV��
7KHUHIRUH� WKH� DFFXUDF\� RI� WKH� GHIDXOW� YDOXHV� ZDV�
LQYHVWLJDWHG� LQ� WZHOYH� FDVH� VWXGLHV� RI� H[LVWLQJ�
GZHOOLQJV��

&$6(�678',(6�
0HWKRGRORJ\�
0DLQ�REMHFWLYH�ZDV�WR�DQDO\]H�WKH�H[WHQW�WR�ZKLFK�WKH�
GHIDXOW�YDOXHV�SURYLGH�UHOLDEOH�UHVXOWV�ZKHQ�D�QXPEHU�
RI�SDUDPHWHUV�DUH�UHSODFHG�VLPXOWDQHRXVO\��7KLV�ZDV�
GRQH� E\� FRPSDULQJ� WKH� (3%�FDOFXODWLRQ� RI� UHFHQWO\�
EXLOW� KRXVHV� EDVHG� RQ� UHDO� LQSXW� GDWD� ZLWK� D�
FDOFXODWLRQ� DFFRUGLQJ� WR� GHIDXOW� YDOXHV�� ,Q� WKH�
RULJLQDO� FDOFXODWLRQ�� WKH� UHDO� LQSXW� SDUDPHWHUV� ZHUH�
UHSODFHG� E\� FRUUHVSRQGLQJ� GHIDXOW� YDOXHV� GHSHQGLQJ�
RQ�WKH�SURMHFW�W\SH���

�
7DEOH����

2YHUYLHZ�RI�GHIDXOW�YDOXHV�DFFRUGLQJ�WR�DPELWLRQ�OHYHO�
�

3$5$0(7(5� 67$1'$5'� 67$1'$5'�� /2:�(1(5*<� 3$66,9(�+286(� 81,7�
8RSDTXH� ���������� �������� ���������� ���������� :�Pð.�
8ZLQGRZIUDPH�8JODVV� �������� �������� :�Pð.�
Y����QR�DWWHQWLRQ� ��� �� Pñ�KPð�
Y����DWWHQWLRQ���WHVW� �� �� Pñ�KPð�
J�YDOXH�JODVV� ���� ��
JJ�F�ŏ��HIILFLHQW�V\VWHP� ���� ��
JJ�F�ŏ��OHVV�HIILFLHQW�V\VWHP� ���� ��

�
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7DEOH�����
2YHUYLHZ�RI�FDVHV�

�

1�� 352-(&7�
7<3(�

':(//,1*�
7<3(�

7+(50$/�
0$66�

&203$&71(66�
�P��

(�
/(9(/�

.�
/(9(/�

Y���YDOXH�

�� /RZ�HQHUJ\� 'HWDFKHG� 0HGLXP�KHDY\� ���� ��� ��� (3%�GHIDXOW�
�� 6WDQGDUG�� 'HWDFKHG� 0HGLXP�KHDY\� ���� ��� ��� (3%�GHIDXOW�
�� 6WDQGDUG� 7HUUDFHG� 0HGLXP�KHDY\� ���� ��� ��� (3%�GHIDXOW�
�� /RZ�HQHUJ\� 'HWDFKHG� 0HGLXP�KHDY\� ���� ��� ��� ����Pñ�KPð�
�� /RZ�HQHUJ\� 'HWDFKHG� /LJKWZHLJKW� ���� ��� ��� ���Pñ�KPð�
�� 6WDQGDUG� 'HWDFKHG� +HDY\� ���� ��� ��� (3%�GHIDXOW�
�� 3DVVLYH�KRXVH� 'HWDFKHG� +HDY\� ���� ��� ��� �����Pñ�KPð�
�� 6WDQGDUG�� 6HPL�GHWDFKHG� 0HGLXP�KHDY\� ���� ��� ��� (3%�GHIDXOW�
�� 3DVVLYH�KRXVH� 'HWDFKHG� 0RGHUDWHO\�KHDY\� ���� �� ��� �����Pñ�KPð�
��� 3DVVLYH�KRXVH� 'HWDFKHG� /LJKWZHLJKW� ���� ��� ��� ���Pñ�KPð�
��� 6WDQGDUG� 6HPL�GHWDFKHG� 0HGLXP�KHDY\� ���� ��� ��� (3%�GHIDXOW�
��� 6WDQGDUG� 6HPL�GHWDFKHG� 0HGLXP�KHDY\� ���� ��� ��� (3%�GHIDXOW�

�
7KH� UHVHDUFK� ZDV� FRQGXFWHG� LQ� WZR� VWHSV�� )LUVW��
DUFKLWHFWXUDO�SDUDPHWHUV�ZHUH�FKDQJHG�WR�GHWHUPLQH�
WKHLU� LPSDFW�� ZKLOH� WKH� FKDUDFWHULVWLFV� RI� EXLOGLQJV�
V\VWHPV� UHPDLQHG� IL[HG� DW� RULJLQDO� YDOXHV�� 7KLV�
ZD\�� WKH� DGHTXDF\� RI� WKH� DUFKLWHFWXUDO� GHIDXOW�
YDOXHV� FRXOG� EH� LQYHVWLJDWHG� ZLWKRXW� LQIOXHQFH� RI�
RWKHU� DVSHFWV�� ,Q� D� VHFRQG� VWHS�� WKH� LPSDFW� RI� WKH�
LQVWDOODWLRQV� ZDV� DQDO\]HG�� EXW� WKLV� SDSHU� RQO\�
SUHVHQWV�WKH�UHVXOWV�RI�WKH�ILUVW�VWHS���
'XULQJ� WKH� DQDO\VLV�� WKH� EXLOGLQJ� JHRPHWU\� �L�H��
FRPSDFWQHVV�� RSDTXH� DQG� WUDQVSDUHQW� DUHD��
UHPDLQHG� XQFKDQJHG�� VLQFH� WKLV� LV� XVXDOO\� NQRZQ�
HDUO\� LQ� WKH� GHVLJQ�� +RZHYHU�� D� YDULHG� VDPSOH� RI�
GZHOOLQJV�� UDQJLQJ� IURP� GHWDFKHG� WR� WHUUDFHG� DQG�
IURP� PRGHUDWHO\� LQVXODWHG� WR� SDVVLYH� KRXVH� ZHUH�
FRQVLGHUHG�� ZLWK� D� FRPSDFWQHVV� YDU\LQJ� EHWZHHQ�
����DQG����P��7KLV� LV�SDUWLFXODUO\� LPSRUWDQW� WR� WHVW�
WKH� YDOLGLW\� RI� WKH� GHIDXOW� YDOXHV�� VLQFH� WKH\� ZHUH�
GHWHUPLQHG� RQ� WKH� EDVLV� RI� D� VLQJOH� FRPSDFWQHVV��
$Q�RYHUYLHZ�RI�DOO�FDVHV�LV�JLYHQ�LQ�WDEOH����
7KH� SURMHFWV� DUH� FDWHJRUL]HG� DFFRUGLQJ� WR� WKH� IRXU�
W\SHV� GHILQHG� HDUOLHU�� 7KH� GHIDXOW� YDOXHV� UHSODFLQJ�
WKH�UHDO�YDOXHV�GLIIHU�LQ�IXQFWLRQ�RI�WKH�SURMHFW�W\SH�
�WDEOH� ���� )RU� HDFK� GZHOOLQJ�� WZR� YDULDQWV� DUH�
FDOFXODWHG� IRU� WKH� RSDTXH� 8�YDOXH�� EHLQJ� RQH�
PLQLPXP� DQG� RQH� PD[LPXP� YDOXH� �WDEOH� ����
)XUWKHU�� IROORZLQJ� DVVXPSWLRQV� ZHUH� FRQVLGHUHG��
RULHQWDWLRQ� LV� URXQGHG� RII� WR� WKH� QHDUHVW� PDLQ�
RULHQWDWLRQ� �QRUWK�� QRUWK�HDVW�� HWF��� DQG� WKHUPDO�
PDVV�UHPDLQV�XQFKDQJHG��WDEOH�����

5HVXOWV�
)LJXUH���DQG���VKRZ� WKH� UHVXOWV� IRU� WKH�(��DQG�.�
OHYHO� UHVSHFWLYHO\� DQG� UHYHDO� WKH� VSUHDG� RQ� ERWK�
LQGLFDWRUV� DV� D� UHVXOW� RI� WKH� GHIDXOW� YDOXHV� IRU� WKH�
WZHOYH� FDVHV�� 7KH� VPDOO� UHG� DQG� EOXH� PDUNV�
UHSUHVHQW� WKH� UHVXOWV� FDOFXODWHG� DFFRUGLQJO\� WKH�
GHIDXOW� YDOXHV�� DQG� WKH� \HOORZ� GLDPRQGV� UHSUHVHQW�
WKH�UHVXOWV�IRU�WKH�GHWDLOHG�RULJLQDO�(3%�FDOFXODWLRQ��
7KH� VSUHDG� RQ� WKH� UHVXOWV� RQ� WKH� GHIDXOW� YDOXHV� LV�
FDXVHG� E\� WKH� UDQJH� RQ� WKH� RSDTXH� 8�YDOXH�
�PLQLPXP�DQG�PD[LPXP�YDOXH���

,Q� JHQHUDO�� WKH� UHVXOWV� VXSSRUW� WKH� XVDELOLW\� RI� WKH�
GHIDXOW� YDOXHV� IRU� HYDOXDWLRQ� RI� WKH� HQHUJ\�
SHUIRUPDQFH� LQ� WKH� HDUO\� GHVLJQ� SKDVH�� DOVR� IRU�
GZHOOLQJV� ZLWK� D� GLIIHUHQW� FRPSDFWQHVV� WKDQ� WKH�
UHIHUHQFH�GZHOOLQJ��7KH�RULJLQDO�(�OHYHO� VLWXDWHV� LQ�
EHWZHHQ� WKH� UHVXOWV� REWDLQHG� E\� GHIDXOW� YDOXHV� IRU�
KDOI�RI�WKH�FDVHV��ILJXUH�����7KH�RULJLQDO�(�OHYHO�RI�
WKH�SDVVLYH�KRXVHV��GZHOOLQJV�����DQG�����LV�VOLJKWO\�
ORZHU� WKDQ� WKH� (�OHYHOV� REWDLQHG� E\� WKH� GHIDXOW�
YDOXHV��ZKLFK�LV�SDUWO\�GXH�WR�D�EHWWHU�DLU�WLJKWQHVV�
�GZHOOLQJ� ������ +RZHYHU� IRU� WKHVH� GZHOOLQJV�� WKH�
GLIIHUHQFH�LQ�(�OHYHO�LV�VPDOO�DQG�WKH�ILQDO�(�OHYHO�LV�
VOLJKWO\� EHWWHU� WKDQ� WKH� FDOFXODWLRQV� DFFRUGLQJ� WR�
GHIDXOW� YDOXHV�� VXSSRUWLQJ� WKH� UHOLDELOLW\� RI� WKH�
UHVXOWV� LQ�('3��7KH�RULJLQDO�(�OHYHO� LV�RQO\� LQ�RQH�
FDVH� KLJKHU� WKDQ� WKH� (�OHYHO� DFFRUGLQJ� WR� GHIDXOW�
YDOXHV� �GZHOOLQJ�����7KLV�DSSHDUHG� WR�EH� UHODWHG� WR�
WKH�PHWKRG�RI�FDOFXODWLQJ� WKH�UDWLR�RI�JOD]LQJ�DUHD�
DQG� ZLQGRZ� IUDPH�� 7KH� (3%�PHWKRG� JLYHV� WKH�
RSSRUWXQLW\�WR�FDOFXODWH�WKH�UHDO�UDWLR�RU�WR�DVVXPH�D�
GHIDXOW� UDWLR� RI� ���� ZLQGRZ� IUDPH� DQG� ����
JOD]LQJ�DUHD�� ,Q�WKH�RULJLQDO� ILOH�� WKH�SHUFHQWDJH�RI�
JODVV� SHU�ZLQGRZ� LV� KLJKHU� WKDQ������ UHVXOWLQJ� LQ�
KLJKHU� FRROLQJ� GHPDQG� DQG� D� KLJKHU� (�OHYHO��
+RZHYHU�� WKH� GLIIHUHQFH� LQ� UHVXOWV� LV� VPDOO��
LQGLFDWLQJ�WKDW�WKH�VLPSOLILHG�PHWKRG�IRU�WKH�UDWLR�RI�
JODVV�DQG�ZLQGRZ�IUDPH�LV�VXIILFLHQWO\�DFFXUDWH�IRU�
DQ�LQGLFDWLRQ�LQ�HDUO\�GHVLJQ�SKDVHV���
�

�
)LJXUH���6SUHDG�RQ�(�OHYHO�GXH�WR�GHIDXOW�YDOXHV�
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7KH�HQWLUH�VSUHDG�RQ�(�OHYHO�YDULHV�EHWZHHQ���DQG���
(�SRLQWV�� 7KLV� LQGLFDWHV� WKDW� WKH� GHIDXOW� YDOXHV�
SURYLGH�D�JRRG�LQGLFDWLRQ�RI�WKH�(�OHYHO�LQ�WKH�HDUO\�
GHVLJQ�SKDVH��
6LPLODU�ILQGLQJV�DUH�REWDLQHG�IRU�WKH�.�OHYHO��ILJXUH�
����7KH�RULJLQDO�.�OHYHO�VLWXDWHV�LQ�EHWZHHQ�WKH�.�
OHYHO� REWDLQHG� IURP� WKH� GHIDXOW� YDOXHV� IRU� WKH�
PDMRULW\�RI�FDVHV��7KH�HQWLUH�VSUHDG�YDULHV�EHWZHHQ�
�� DQG� �� .�SRLQWV�� 7KH� RULJLQDO� .�OHYHO� RI� WKH�
SDVVLYH�KRXVHV�LV�VOLJKWO\�ORZHU�WKDQ�RU�HTXDO�WR�WKH�
.�OHYHO� DFFRUGLQJ� WR� GHIDXOW� YDOXHV�� EXW� WKH�
GLIIHUHQFH�LV�VPDOO��2QO\�IRU�GZHOOLQJ���WKH�RULJLQDO�
.�OHYHO� LV� VOLJKWO\�KLJKHU��7KLV�GHYLDWLRQ� LV�FDXVHG�
E\� WKH�GLIIHUHQFH� LQ�PHDQ�8�YDOXH�ZKLFK� LV�KLJKHU�
IRU� WKH� RULJLQDO� FDOFXODWLRQ� �����:�Pð.�� WKDQ� IRU�
WKH� GHIDXOW� YDOXHV� �����:�Pð.� DQG� ����:�Pð.���
EXW�WKH�GLIIHUHQFH�LV�VPDOO��
�

�
)LJXUH���6SUHDG�RQ�.�OHYHO�GXH�WR�GHIDXOW�YDOXHV�

�

%HVLGHV�(��DQG�.�OHYHO��WKH�XVDELOLW\�RI�WKH�GHIDXOW�
YDOXHV�ZDV� DOVR� H[DPLQHG� IRU� QHW� KHDWLQJ� GHPDQG�
DQG� RYHUKHDWLQJ� LQGLFDWRU�� ,Q� JHQHUDO�� WKHVH� UHVXOWV�
DOVR� VXSSRUWHG� WKH� UHOLDELOLW\� RI� WKH� GHIDXOW� YDOXHV�
IRU�DQ�LQGLFDWLRQ�RI�WKH�HQHUJ\�SHUIRUPDQFH�LQ�('3��
7KH�UHVXOWV�DOVR�YDOLGDWHG�WKH�VXEGLYLVLRQ�RI�GHIDXOW�
YDOXHV�DFFRUGLQJ�WR�WKH�DPELWLRQ�OHYHO�RI�WKH�SURMHFW�
IRU�ERWK�8RSDTXH�DQG�DLU�WLJKWQHVV����

&21&/86,216�
7KLV� SDSHU� VWXGLHG� WKH� LPSDFW� RI� DUFKLWHFWXUDO�
SDUDPHWHUV�RQ�WKH�HQHUJ\�SHUIRUPDQFH�RI�GZHOOLQJV�
WKURXJK� DQ� H[WHQVLYH� SDUDPHWULF� VWXG\�� 7KH� GDWD�
GHPRQVWUDWHG� WKDW� DUFKLWHFWXUDO� SDUDPHWHUV� SURYLGH�
ODUJH�RSSRUWXQLWLHV�WR�RSWLPL]H�WKH�GHVLJQ�UHJDUGLQJ�
HQHUJ\� SHUIRUPDQFH��&RQVHTXHQWO\�� WKH� LQWHJUDWLRQ�
RI� HQHUJ\� HIILFLHQF\� E\� DUFKLWHFWV� LQ� WKH� HDUO\�
GHVLJQ� SKDVH� VKRXOG� EH� VWLPXODWHG�� LQGLFDWLQJ� WKH�
LPSRUWDQFH�RI�HDUO\�GHVLJQ�VXSSRUW���
7KH� UHVXOWV� SURYLGHG� LQIRUPDWLRQ� WR� UHGXFH� WKH�
GHWDLOHG�LQSXW�RI�(3%�DQG�DGDSW�WKH�GHVLJQ�PHWKRG�
WR� WKH� LQSXW�DYDLODEOH� LQ� WKH� HDUO\� GHVLJQ� SKDVH� E\�
LPSOHPHQWLQJ� GHIDXOW� YDOXHV�� 7KH� GHIDXOW� YDOXHV�
ZHUH� YDOLGDWHG� LQ� WZHOYH� FDVH� VWXGLHV�� ,Q� JHQHUDO��
WKH� GHIDXOW� YDOXHV� SUHGLFW�D� JRRG� LQGLFDWLRQ� RI� WKH�
HQHUJ\� SHUIRUPDQFH� FRPSDUHG� WR� GHWDLOHG� (3%�
FDOFXODWLRQV�� DOVR� ZKHQ� VHYHUDO� GHIDXOW� YDOXHV� DUH�
FRPELQHG� VLPXOWDQHRXVO\�� $V� VXFK�� WKH� GHIDXOW�
YDOXHV� GHWHUPLQHG� E\� WKH� SDUDPHWULF� VWXG\� FDQ� EH�
FRQVLGHUHG�DV�DGHTXDWH�IRU�XVH�LQ�WKH�GHVLJQ�WRRO��

1RQHWKHOHVV�� WKLV� VWXG\� RQO\� FRQVLGHUHG�
DUFKLWHFWXUDO�GHVLJQ�SDUDPHWHUV��)XUWKHU�UHVHDUFK�LV�
QHHGHG�RQ�WKH�LPSDFW�RI�EXLOGLQJ�V\VWHPV��EXW�DOVR�
UHJDUGLQJ�RYHUVKDGRZLQJ���

$&.12:/('*(0(17�
5HVHDUFK�IXQGHG�E\�D�3K�'��JUDQW�RI�WKH�$JHQF\�IRU�
,QQRYDWLRQ�E\�6FLHQFH�DQG�7HFKQRORJ\��,:7���

5()(5(1&(6�
&DSR]]ROL��$���0HFKUL��+��(���	�&RUUDGR��9��������

,PSDFWV� RI� DUFKLWHFWXUDO� GHVLJQ� FKRLFHV� RQ�
EXLOGLQJ� HQHUJ\� SHUIRUPDQFH�� $SSOLFDWLRQV� RI�
XQFHUWDLQW\� DQG� VHQVLWLYLW\� WHFKQLTXHV��
3URFHHGLQJV� RI� %XLOGLQJ� 6LPXODWLRQ� ������
*ODVJRZ��6FRWODQG��

'HSHFNHU��3���0HQH]R��&���9LUJRQH��-���	�/HSHUV��6��
������'HVLJQ�RI�EXLOGLQJV�VKDSH�DQG�HQHUJHWLF�
FRQVXPSWLRQ��%XLOGLQJ�DQG�HQYLURQPHQW���������
���������

(1� ,62� ������� ������ 7KHUPDO� SHUIRUPDQFH� RI�
EXLOGLQJV���&DOFXODWLRQ�RI�HQHUJ\�XVH�IRU�VSDFH�
KHDWLQJ��

(3%� %HVOXLW�� ������ %LMODJH� 9� %HSDOLQJVPHWKRGH�
YDQ� KHW� SHLO� YDQ� SULPDLU� HQHUJLHYHUEUXLN� YDQ�
ZRRQJHERXZHQ�� %HOJLVFK� 6WDDWVEODG��
'HFHPEHU��WK�������

(3%'�� ������ 'LUHFWLYH� ��������(8� RI� WKH�
(XURSHDQ�3DUOLDPHQW�DQG�RI� WKH�&RXQFLO�RI����
0D\� ����� RQ� WKH� HQHUJ\� SHUIRUPDQFH� RI�
EXLOGLQJV� �UHFDVW��� 2IILFLDO� -RXUQDO� RI� WKH�
(XURSHDQ�8QLRQ��������������

.LP��-��-���0RRQ��-��:��������,PSDFW�RI�LQVXODWLRQ�
RQ� EXLOGLQJ� HQHUJ\� FRQVXPSWLRQ�� 3URFHHGLQJV�
RI� %XLOGLQJ� 6LPXODWLRQ� ������ *ODVJRZ��
6FRWODQG��

3HVVHQOHKQHU�� :��� 	� 0DKGDYL�� $�� ������ %XLOGLQJ�
PRUSKRORJ\�� WUDQVSDUHQFH�� DQG� HQHUJ\�
SHUIRUPDQFH�� 3URFHHGLQJV� RI� %XLOGLQJ�
6LPXODWLRQ�������(LQGKRYHQ��7KH�1HWKHUODQGV��

9DQ� GHU� 9HNHQ�� -��� 6DHOHQV�� '��� 9HUEHHFN�� *��� 	�
+HQV��+��������&RPSDULVRQ�RI�VWHDG\�VWDWH�DQG�
G\QDPLF�EXLOGLQJ�HQHUJ\�VLPXODWLRQ�SURJUDPV��
3URFHHGLQJV� RI� ,QWHUQDWLRQDO� %XLOGLQJV� ,;�
$6+5$(�&RQIHUHQFH��)ORULGD��86$��

9($��������5DSSRUW�����MDDU�(3%�LQ�FLMIHUV��
9HUEHHFN��*��������2SWLPLVDWLRQ�RI�H[WUHPHO\�ORZ�

HQHUJ\� UHVLGHQWLDO� EXLOGLQJV�� 3K�'�� 7KHVLV��
.�8�/HXYHQ��/HXYHQ��%HOJLXP��

:H\WMHQV�� /��� 	�9HUEHHFN��*�� � ������$QDO\VLV� RI�
WKH� LPSDFW� RI� VXVWDLQDELOLW\� UHODWHG� GHVLJQ�
SDUDPHWHUV� LQ� WKH�DUFKLWHFWXUDO� GHVLJQ�SURFHVV��
$� FDVH� VWXG\� UHVHDUFK�� �UG� &,%� ,QWHUQDWLRQDO�
&RQIHUHQFH� RQ� 6PDUW� DQG� 6XVWDLQDEOH� %XLOW�
(QYLURQPHQWV� �6$6%(������� 'HOIW�� 7KH�
1HWKHUODQGV��
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