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$%675$&7�
7KH�PRVW� LPSRUWDQW� SDUDPHWHUV� IRU� GHVLJQLQJ�ZLQG�
GULYHQ�YHQWLODWLRQ�VWUDWHJLHV�DUH�KLJKOLJKWHG�WKURXJK�D�
VHULHV� RI� VHQVLWLYLW\� DQDO\VHV�� $� FRXSOHG� DSSURDFK�
XVLQJ� WKH� IUHHO\� DYDLODEOH� VRIWZDUH� SDFNDJH�
2SHQW7XUQV�DQG�D�JHQHWLF�DOJRULWKP�LV�XVHG�WR�GHILQH�
WKH� H[SHFWH� UDQJH� RI� YDULDWLRQ� IRU� WKH� LPSRUWDQFH�
LQGH[HV��7KH�VWXG\�IRFXVHV�RQ�ZKHWKHU�WKH�GLVFKDUJH�
FRHIILFLHQW� IRU�H[WHUQDO�RSHQLQJV�RU�WKH�RSHQLQJ�DUHD�
RI� LQWHUQDO� GRRUV� LV� WKH�PRVW� LPSRUWDQW� SDUDPHWHU� LQ�
GHWHUPLQLQJ� JOREDO� DLUIORZ� UDWHV� LQ� WKH� NLWFKHQ��
'LIIHUHQW� FDVHV� DUH� FRQVLGHUHG� WKURXJK� SDUDPHWULF�
VLPXODWLRQ� IRU� D� UDQJH� RI� LQWHUQDO� GRRUV� RSHQLQJ�
DUHDV��ZKLFK� VKRZV�DQ� LQYHUVH� WUHQG�RQ�ERWK� IDFWRUV�
GHSHQGLQJ� RQ� WKH� RSHQLQJ� UDWLR� �H[WHUQDO� RYHU�
LQWHUQDO�RSHQLQJ�DUHD���

,1752'8&7,21�
,Q� WKH� FRQWH[W� RI� HQHUJ\� HIILFLHQW� EXLOGLQJV��
YHQWLODWLRQ� LV� EHFRPLQJ� WKH� PDLQ� VRXUFH� RI� HQHUJ\�
FRQVXPSWLRQ�� 7KXV�� WKH� VSHFLILFDWLRQ� RI� YHQWLODWLRQ�
UDWHV�� L�H�� DLUIORZV� LQ� HDFK� YROXPH�� UHTXLUHV� PRUH�
SUHFLVLRQ�WKDQ�LQ�WKH�SDVW���

7KH� LQWHUQDO�DLU� IORZ�PDVV�QHHG� WR�EH�DGMXVWHG� VXFK�
WKDW� WKHUPDO� FRPIRUW� LQ� VXPPHU� DQG� DLU� TXDOLW\� LQ�
ZLQWHU� LV� HQVXUHG�� 7KHVH� WZR� REMHFWLYHV� DUH� WR� EH�
PDLQWDLQHG� ZKLOH� UHGXFLQJ� JOREDO� HQHUJ\�
FRQVXPSWLRQ��7KH� XVH� RI� KHDWLQJ� YHQWLODWLRQ� DQG� DLU�
FRQGLWLRQLQJ�V\VWHPV��+9$&��KDV�EHHQ�ZLGHO\�XVHG�
XS� WLOO� QRZ��7KHVH� DOORZ� WKH� DERYH� REMHFWLYHV� WR� EH�
PHW� EXW� FDQ�GUDPDWLFDOO\� LQFUHDVH� WKH� HQHUJ\� QHHGV��
&RQFHUQLQJ� +9$&� FRXSOHG� ZLWK� KHDW� UHFRYHU\�
V\VWHPV�� WKLV� FDQ� VLJQLILFDQWO\� UHGXFH� WKH� HQHUJ\�
QHHGV�EXW� LW� LV�QRW�DOZD\V�DSSOLFDEOH��1HZ�EXLOGLQJV�
FDQ� HDVLO\� LQWHJUDWH� VXFK� V\VWHPV� ZLWK� PLQLPDO�
LQYHVWPHQW�EXW�FRQVLGHULQJ�UHIXUELVKPHQW��WKLV�PLJKW�
EH� QRW� SRVVLEOH� ZLWKRXW� PDMRU� PRGLILFDWLRQV� DQG�
LQYHVWPHQW�� $VLGH� IURP� HQHUJ\� FRQVLGHUDWLRQ�� IXOO\�
PHFKDQLFDO�YHQWLODWLRQ�LQWURGXFHV�D�KHDOWK�SUREOHP�LQ�
FDVH� RI� IDQV� RU� WUDS� PDOIXQFWLRQ� VLQFH� WKH� HQWLUH�
EXLOGLQJ� HQYHORSH� LV� OHVV� SHUPHDEOH� ZLWK� WKHVH�
V\VWHPV�� $� UDSLG� LQFUHDVH� LQ� DLU� SROOXWDQW� �FDUERQ�
GLR[LGH�DPRQJ�RWKHU� FRQWDPLQDQWV��FDQ�EH�REVHUYHG�
ZLWKRXW�DQ\�YHQWLODWLRQ�>(3$�������@��

)RU� WKHVH� UHDVRQV�� DQG� IROORZLQJ� HQYLURQPHQWDO�
GHVLJQ� FRQFHSWV�� QDWXUDO� YHQWLODWLRQ� LV� EHLQJ� PRUH�
FRQVLGHUHG� WKDQ� LQ� SUHYLRXV� GHFDGHV�� &RQVLGHULQJ�
QDWXUDO� YHQWLODWLRQ� LQ� WKH� )UHQFK� FRQWH[W�� GHVLJQHUV�
ZLOO� KDYH� WR� SURYH� LWV� HIILFLHQF\� ZLWK� UHJDUG� WR�
DLUIORZ�UDWHV�LQ�WKH�NLWFKHQ�>DUUrWp�����@�DQG�EXLOGLQJ�
JOREDO� HQHUJ\� FRQVXPSWLRQ� >57����@�� 7KXV��
GHVLJQLQJ�QDWXUDO�YHQWLODWLRQ�LV�D�FRPSOH[�WDVN�VLQFH�
LW� LQYROYHV� VRPH�KLJKO\�YDULDEOH�SDUDPHWHUV�� ,QGHHG��
DQG� DPRQJ� LQWHUQDO� �� H[WHUQDO� WHPSHUDWXUH�
GLIIHUHQFHV�� H[WHUQDO� ZLQG� YHORFLW\� DQG� LQFLGHQFH��
GHVLJQHU� QHHGV� WR�PDNH� FKRLFHV� IRU� DLUIORZ�SUHVVXUH�
ODZV� IRU� HDFK� RULILFH� FRQVLGHUHG� DQG� IRU� WKH�
RFFXSDWLRQ�VFHQDULRV��
$V� YDULDEOH� DVSHFWV�� DPRQJ� RWKHUV�� WKH�
DLUIORZ�SUHVVXUH� ODZV� LQFOXGH� WKH� ZHOO�NQRZQ�
GLVFKDUJH� FRHIILFLHQW�� ,W� LV� XVXDOO\� WDNHQ� DV� FRQVWDQW�
IRU�DOO�WKH�ZKROH�UDQJH�RI�RSHQLQJ�DUHDV�WKDW�PLJKW�EH�
FRQVLGHUHG��$QRWKHU�YDULDEOH�DVSHFW�LV�WKH�RFFXSDWLRQ�
VFHQDULR��7KLV� LPSOLHV�VWURQJ�FKDQJHV� LQ� WKH� LQWHUQDO�
DLUIORZ� QHWZRUN�� ,QGHHG�� FRQVLGHULQJ� LQWHUQDO� GRRUV�
DV�FORVHG�RU�SDUWLDOO\�RSHQHG�OHDGV�WR�VWURQJ�FKDQJHV�
LQ�WKH�LQWHUQDO�SUHVVXUH�ORVVHV�DQG�WKXV�LQ�WKH�LQWHUQDO�
DLUIORZ�UDWHV�DQG�GLUHFWLRQV��LQWHUQDO�GLVWULEXWLRQ���
,Q� RUGHU� WR� KHOS� GHVLJQHU� FRQFHUQLQJ� WKHVHV� WZR�
DVSHFWV�� VHQVLWLYLW\� DQDO\VHV� KDYH� EHHQ� SHUIRUPHG�
FRQVLGHULQJ� YDULDEOH� YDOXHV� RI� GLVFKDUJH� FRHIILFLHQW�
DQG�YDULDEOHV�DUHDV�RI�LQWHUQDO�GRRUV��$�FODVVLFDO�RQH�
VWRUH\� EXLOGLQJ� LV� FRQVLGHUHG� IRU� WKLV� VWXG\�� 7KH�
H[WHUQDO� SUHVVXUH� ILHOG� LV� GHWHUPLQHG� XVLQJ� ZLQG�
WXQQHO�PHDVXUHPHQWV�ZKLOH�WKH�LQWHUQDO�SUHVVXUH�ILHOG�
DQG� WKXV� LQWHUQDO� DLUIORZ� SDWWHUQV� DUH� GHWHUPLQHG�
IURP�D�QRGDO�FRGH�FDOOHG�0$7+,6��
7KH�WHVW�FDVH�LV�SUHVHQWHG�LQ�D�ILUVW�SDUW��IROORZHG�E\�
WKH� PHWKRGRORJ\� XVHG� IRU� VHQVLWLYLW\� DQDO\VHV��
5HVXOWV��GLVFXVVLRQ�DQG�FRQFOXVLRQ�DUH�WKHQ�SURSRVHG��

&$6(�678',('�
7KH�VWXGLHG�FDVH�LV�D�VLQJOH�IDPLO\�GZHOOLQJ�RI���Pð�
ZLWK� HLJKW� LQWHUQDO� YROXPHV�� � $OO� OLYLQJ� SODFHV� �DOO�
URRPV�H[FHSW�WKH�FHQWUDO�FRUULGRU��DUH�HTXLSSHG�ZLWK�
RSHQLQJV� FRQQHFWHG� WR� WKH� RXWVLGH� �H[WHUQDO�
RSHQLQJV���)LJXUH���SUHVHQWV�D�VFKHPH�RI�WKH�LQWHUQDO�
DUFKLWHFWXUH��2SHQLQJV�DUH�UHSUHVHQWHG�LQ�EROG�OLQHV��
�
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1R�RSHQLQJV�DUH�SUHVHQW�RQ� WKH�JDEOH�ZDOOV�� OHDGLQJ�
WR� VRPH�ZLQG� LQFLGHQFHV� EHLQJ� FULWLFDO�� � ,QGHHG�� IRU�
ZLQG� LQFLGHQFH� IDFLQJ� JDEOH� ZDOOV�� WKH� H[WHUQDO�
SUHVVXUH� ILHOGV� DUH� YHU\� VLPLODU� RQ�ERWK� VLGHV�RI� WKH�
PRGHO� UHVXOWLQJ� LQ� D� YHU\� ORZ� GULYLQJ� IRUFH� IRU�
YHQWLODWLRQ���
�

�
)LJXUH����,QWHUQDO�DUFKLWHFWXUH�RI�WKH�VWXGLHG�RQH�

VWRUH\�GZHOOLQJ��

7KH� PRGHO� KDV� EHHQ� VFDOHG� GRZQ� DW� ����� DQG�
SRVLWLRQHG�LQ�D�ZLQG�WXQQHO��7KH�PD[LPXP�EORFNDJH�
UDWLR�LV�OHVV�WKDQ�������VR�WKHUH�LV�QR�QHHG�WR�FRUUHFW�
IRU�EORFNDJH�HIIHFWV��
$� FDOLEUDWHG� KROHV� DSSURDFK� LV� XVHG� WR� UHSUHVHQW�
HYHU\� RSHQLQJ� LQ� WKH� PRGHO�� ,W� DOORZV� YDU\LQJ� WKH�
DUHD�ZLWKRXW�FKDQJLQJ�WKH�DLUIORZ�YV��SUHVVXUH�ODZ�RI�
WKH�RSHQLQJ��6WDWLF�SUHVVXUH�LV�PHDVXUHG�QH[W�WR�HDFK�
RSHQLQJV�IDFLQJ�HLWKHU�RXWVLGH�WKH�PRGHO�RU�EHWZHHQ�
WZR�LQWHUQDO�YROXPHV��7KH�PHDVXUHPHQW�XQFHUWDLQWLHV�
DUH�HVWLPDWHG�DW�����3D��$�PRUH�GHWDLO�SUHVHQWDWLRQ�RI�
WKH� PRGHO�� DFTXLVLWLRQ� V\VWHP�� DQG� JOREDO�
PHWKRGRORJ\� FDQ� EH� IRXQG� LQ� )DXUH� HW� /H� 5RX[�
�������� )LJXUH� �� DQG� )LJXUH� �� SUHVHQW� WKH� VFDOHG�
PRGHO�DQG�WKH�LQWHUQDO�DUFKLWHFWXUH�EHLQJ�HTXLSSHG��
�

�
)LJXUH����0RGHO�SRVLWLRQHG�LQ�WKH�ZLQG�WXQQHO��

([SHULPHQWDO� UHVXOWV� KDYH� VKRZQ� WKH� LQGHSHQGHQFH�
RI�H[WHUQDO�SUHVVXUH� ILHOG� WR�H[WHUQDO�RSHQLQJV�DUHDV��
&RQILJXUDWLRQV� RI� RSHQLQJ� UDWLRV� �H[WHUQDO�LQWHUQDO�
RSHQLQJ�IRU�HDFK�YROXPH��IURP�����WR����KDYH�VKRZQ�
QR� PDMRU� GLIIHUHQFHV� RQ� WKH� H[WHUQDO� SUHVVXUH� ILHOG��

7KXV��RQO\�RQH�VHW�RI�H[WHUQDO�SUHVVXUH�ILHOGV�LV�XVHG�
LQ�WKLV�VWXG\�IRU�DOO�WKH�FDVHV��
7KH� H[WHUQDO� SUHVVXUH� ILHOG� KDV� EHHQ� XVHG� DV�
ERXQGDU\� FRQGLWLRQV� IRU� D� QRGDO� FRGH� FDOOHG�
0$7+,6��&RPSDULVRQV�RI�LQWHUQDO�SUHVVXUH�ILHOG�DQG�
YHORFLW\� UDWLRV� �ORFDO� YHORFLWLHV� XSRQ� XSVWUHDP�ZLQG�
YHORFLW\��ZHUH�GRQH� WR�YDOLGDWH�0$7+,6�>'HPRXJH�
HW�DO������@��
$OO�WKH�UHVXOWV�SUHVHQWHG�LQ�WKLV�VWXG\�XVH�0$7+,6�WR�
JHQHUDWH� WKH� LQWHUQDO� SUHVVXUH� ILHOGV� DQG� WKXV� WKH�
DLUIORZ�UDWHV�XVLQJ�RQH�VHW�RI�H[WHUQDO�SUHVVXUH�ILHOGV��
�

�
)LJXUH����,QWHUQDO�DUFKLWHFWXUH�EHLQJ�HTXLSSHG�

�
,Q� WKLV� VWXG\�� RQO\� D� IHZ� ZLQG� LQFLGHQFHV� DUH�
FRQVLGHUHG�� 7ZR� LQFLGHQFHV� DUH� QRUPDO� WR� ORQJHVW�
ZDOOV� �ZDOO� ZLWK� H[WHUQDO� RSHQLQJV��� UHVSHFWLYHO\� ���
DQG������ DQG�RQH� LQFLGHQFH�ZLWK� OLWWOH� DFWLQJ� IRUFHV�
�LQFLGHQFH� RQ� JDEOH� ZDOOV��� ����� ,QFLGHQFH� ���
FRUUHVSRQGV� WR� ZLQG� IDFLQJ� WKH� OLYLQJ� URRP�� 7KH�
ZLQG� YHORFLW\� LV� NHSW� FRQVWDQW� DQG� HTXDO� WR� ��P�V��
7KH�H[WHUQDO�RSHQLQJV�UHPDLQHG�FRQVWDQW�WKURXJK�DOO�
WKH� VLPXODWLRQ� DQG� HTXDO� WR� WKH� VPDOOHVW� VHFWLRQ� LQ�
)DXUH�HW�/H5RX[���������
7KH� SDUDPHWHUV� FRQVLGHUHG� IRU� WKH� VHQVLWLYLW\�
DQDO\VHV� DQG� WKH� PHWKRGRORJ\� DUH� SUHVHQWHG� LQ� WKH�
IROORZLQJ�SDUW��

0(7+2'2/2*<�
,Q� WKLV� SDUW�� WKH� SDUDPHWHUV� FKRVHQ� IRU� VWXG\�� XVLQJ�
VHQVLWLYLW\� DQDO\VHV�� DUH� GHWDLOHG� LQ� D� ILUVW� VHFWLRQ��
7KH�PHWKRGRORJ\�XVHG�IRU�VHQVLWLYLW\�DQDO\VHV�LV�WKHQ�
SUHVHQWHG��

Studied parameter 
$VVXPLQJ� LQFRPSUHVVLEOH�� RQH�GLPHQVLRQDO� DQG�
VWHDG\� IORZV� WKURXJK� RSHQLQJV�� WKH� %HUQRXOOL�
HTXDWLRQ� H[SUHVVHV� WKH� DLUIORZ� UDWH� YV�� SUHVVXUH�
GLIIHUHQFH� ODZ� ZLWK� WKH� IROORZLQJ� JHQHULF� IRUP�
�H[SUHVVLRQ�������
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ZKHUH�4� LV� WKH�YROXPHWULF� IORZ�UDWH� �P��V���$� LV� WKH�
RSHQLQJ�DUHD��Pð���ȡ� LV� WKH�IOXLG�GHQVLW\��NJ�P����ǻ3�
LV� WKH� VWDWLF� SUHVVXUH� GLIIHUHQFH� �3D��� &'� LV� WKH�
GLVFKDUJH�FRHIILFLHQW� ��P�V������Q��DQG�Q� WKH�H[SRQHQW�
RI�WKH�SRZHU�ODZ�ZKLFK�LV�FRQVLGHUHG�DV�TXDGUDWLF��Q�
 �������,Q�WKLV�FDVH�� WKH�GLVFKDUJH�FRHIILFLHQW�&'�LV�D�
GLPHQVLRQOHVV�SDUDPHWHU��
�
([SUHVVLRQ� ���� VKRZV� D� OLQHDU� GHSHQGHQF\� RI� WKH�
GLVFKDUJH� FRHIILFLHQW�&'� DQG� WKH� RSHQLQJ� DUHD�$�RQ�
WKH� DLUIORZ� UDWH�4��7KLV�ZRXOG� LPSO\� WKDW� WKHVH� WZR�
SDUDPHWHUV� KDYH� ERWK� WKH� VDPH� LPSRUWDQFH� LQ� WKH�
DLUIORZ�UDWH�GHILQLWLRQ��7KH�XQFHUWDLQWLHV�RQ�ERWK�DUH�
QRW� HTXDO�� ,QGHHG�� WKH� ILUVW� RQH�� WKH� GLVFKDUJH�
FRHIILFLHQW�LV�NQRZQ�WR�WDNH�VHYHUDO�YDOXHV�GHSHQGLQJ�
RQ� VHYHUDO� SDUDPHWHUV�� ZKLOH� WKH� VHFRQG� RQH�� WKH�
RSHQLQJ�DUHD��FDQ�GUDPDWLFDOO\�FKDQJH�GHSHQGLQJ�RQ�
WKH� RFFXSDQW� EHKDYLRXU�� %HVLGHV�� DQG� FRQVLGHULQJ�
ZLQG�GULYHQ� QDWXUDO� YHQWLODWLRQ�� WKH� GLVFKDUJH�
FRHIILFLHQW� ZLOO� KDYH� D� JUHDW� LPSDFW� RQ� DLUIORZ�
SDVVLQJ� WKURXJK� H[WHUQDO� RSHQLQJ� �WKH� RQHV� IRU�
LQWHUQDO� GRRUV� FDQ�EH� FRQVLGHUHG� DV� FRQVWDQW���ZKLOH�
RFFXSDQW� ZRXOG� FKDQJH� PRUH� RIWHQ� LQWHUQDO� VHFWLRQ�
DUHDV� �RSHQLQJ� RU� FORVLQJ� GRRUV� EHWZHHQ� LQWHUQDO�
YROXPHV��WKDQ�H[WHUQDO�RSHQLQJV��7KH�HIIHFW�RI�RQH�RU�
WKH� RWKHU� PLJKW� EH� QRW� WULYLDO� VLQFH� WKH� ILUVW� RQH�
LPSDFW� WKH� DPRXQW� RI� PDVV� HQWHULQJ� WKH� EXLOGLQJ�
ZKLOH� WKH� VHFRQG� SOD\V� DQ� LPSRUWDQW� UROH� LQ� WKH�
LQWHUQDO�SUHVVXUH� ORVVHV�DQG� WKHUHIRUH�RQ� WKH� LQWHUQDO�
DLUIORZ����
7KXV�� WKH� VWXGLHG� SDUDPHWHUV� DUH� GLVFKDUJH�
FRHIILFLHQW� RI� H[WHUQDO� RSHQLQJV� DQG� LQWHUQDO� GRRUV�
RSHQLQJ�VHFWLRQV��
�
'LVFKDUJH� FRHIILFLHQWV� KDYH� EHHQ� LQ� WKH� VFRSH� RI�
PDQ\�VWXGLHV�LQ�WKH�SDVW��7KLV�HPSLULFDO�SDUDPHWHU�LV�
LQWURGXFHG� WR� WDNH� LQWR� DFFRXQW� VWUHDPOLQHV�
FRQWUDFWLRQ�DQG�YLVFRXV�SUHVVXUH�ORVVHV��,WV�YDOXH�KDV�
EHHQ�GHILQHG�H[SHULPHQWDOO\�IURP�����WR������LQ�VWLOO�
DLU�>(WKHULGJH������@��
5HVHDUFKHUV� KDYH� IRFXVHG� RQ� WKH� LPSDFW� RI� ZLQG�
LQFLGHQFH�� XSVWUHDP� YHORFLW\�� DQG� RSHQLQJ� DVSHFW�
UDWLRV� >:DQJ� HW� DO��� ������ &RVWROD� HW� DO��� ������
.DUDYD� HW� DO��� ������ &KLX� HW� DO��� ������ &KX� HW� DO���
������ 6DOOLRX� HW� DO��� ������ DPRQJ� RWKHUV@�� 'HVSLWHV�
WKH� QXPHURXV� VWXGLHV� SXEOLVKHG� LQ� WKH� OLWHUDWXUH�� QR�
JHQHUDO� WUHQGV�FRXOG�EH�GHILQHG��9DOXHV�IURP�����XS�
WR���ZHUH�UHSRUWHG�GHSHQGLQJ�RQ�WKH�RULILFH�5H\QROGV�
QXPEHU�� ZLQG� LQFLGHQFH�� WXUEXOHQFH�� DVSHFW� UDWLRV��
HWF��,WV�OLQHDU� LQIOXHQFH�LPSOLHV�WKDW�����RI�HUURU�RQ�
WKH�GLVFKDUJH�FRHIILFLHQW�LPSOLHV�����RU�HUURU�RQ�WKH�
DLUIORZV�� ZKLFK� LV� QRW� FRPSDWLEOH� ZLWK� HQHUJ\�
HIILFLHQW� EXLOGLQJ� GHVLJQ�� 7KXV�� WKH� GLVFKDUJH�
FRHIILFLHQWV�RI�HYHU\�H[WHUQDO�RSHQLQJ�RI�WKH�WHVW�FDVH�
ZHUH�FRQVLGHUHU�WR�YDU\�LQGHSHQGHQWO\�ZLWKLQ�D�UDQJH�
RI� >�������@�� ZKLFK� UHSUHVHQWV� WKH� PRVW� H[SHFWDEOH�
YDOXHV� RI� GLVFKDUJH� FRHIILFLHQW� �������� DURXQG� WR�
FRQYHQWLRQDO� YDOXH� RI� ����� �� 7KLV� PHDQV� VHYHQ�

SDUDPHWHUV� VLQFH� WKH� WHVW� FDVH� KDV� VHYHQ� H[WHUQDO�
RSHQLQJ�VHFWLRQV��6RPH�GLVFXVVLRQV�ZLOO�EH�SURSRVHG�
KHUHDIWHU� RQ� WKH� LPSDFW� RI� D� VSHFLILF� UDQJH� RI�
YDULDWLRQ�IRU�VHQVLWLYLW\�DQDO\VHV��
7KH� RWKHUV� SDUDPHWHU� FRQVLGHUHG� LQ� WKH� VHQVLWLYLW\�
DQDO\VHV�FRQFHUQV�LQWHUQDO�GRRUV�RSHQLQJ�VHFWLRQV��
)UHQFK� VWDQGDUG� LPSRVHV� GRRUV� WR� SUHVHQW� UHVLGXDO�
RSHQLQJV� HYHQ� LI� FORVHG� LQ� RUGHU� WR� HQVXUH� DLUIORZ�
EHWZHHQ� VHSDUDWHG� YROXPHV�� 7KHVH� KDYH� WR� SUHVHQW�
RSHQLQJ�KHLJKW�WR�EH�LQ�RUGHU�RI��FP�IRU�OLYLQJ�URRPV�
DQG�EHGURRPV�DQG�RI��FP� IRU�ZDWHU� URRPV� �NLWFKHQ�
EDWKURRPV� DQG� WRLOHWV��� )RU� WKH� SUHVHQW� VWXG\��
GLIIHUHQW�FDVHV�ZHUH�FRQVLGHUHG��,Q�D�ILUVW�VWHS��WKHVH�
VHFWLRQV�ZHUH�FRQVLGHUHG� WR� EH�FORVH� WR� WKH� VWDQGDUG�
UHFRPPHQGDWLRQ�ZLWKLQ�D�UDQJH�RI�����Pð�WR������Pð�
IRU� OLYLQJ�URRPV��7KLV� UDQJH�FRUUHVSRQGV� WR�RSHQLQJ�
KHLJKW�RI����FP�WR����FP�IRU�D���FP�GRRU�ODUJH��7KH�
ZDWHU�URRPV�ZHUH�FRQVLGHUHG�WR�KDYH�RSHQLQJ�VHFWLRQ�
ZLWKLQ� D� UDQJH� RI� ����Pð� WR� ����Pð�� 7KLV� UDQJH�
FRUUHVSRQGV�WR�RSHQLQJ�KHLJKW�RI����FP�WR����FP�IRU�
D� ��FP� GRRU� ODUJH�� 7KHVH� FRQILJXUDWLRQV� DEOH� WR�
FRQVLGHU� ZKDW� HIIHFW� D� VPDOO� DPRXQW� RI� YDULDWLRQ�
ZLWKLQ�WKH�LQWHUQDO�VHFWLRQ�RU�D�VPDOO�YDULDWLRQ�RI�WKH�
GLVFKDUJH�FRHIILFLHQW�ZRXOG� OHDG� WR�DQG� WKHUHIRUH�RQ�
ZKDW�SDUDPHWHU�VKRXOG�WKH�GHVLJQHU�IRFXV�RQ�LQ�RUGHU�
WR�UHDFK�WKH�UHTXLUHPHQW��
$QRWKHU� FRQILJXUDWLRQ� KDV� EHHQ� FRQVLGHUHG� ZLWK�
LQWHUQDO� GRRUV� FORVHG� RU� RSHQHG�� WKXV� SUHVHQWLQJ�
RSHQLQJV�VHFWLRQ�ZLWKLQ�D�UDQJH�RI�����P�WR��Pð��7KH�
UDQJHV� RI� YDULDWLRQ� RI� WKH� GLVFKDUJH� FRHIILFLHQW� DUH�
WKH�VDPH�DV�EHIRUH�IRU�WKLV�FRQILJXUDWLRQ��

7DEOH���VXPPDULVHV�WKH�VWXGLHG�FRQILJXUDWLRQV��

7DEOH���
&RQILJXUDWLRQV�IRU�VHQVLWLYLW\�DQDO\VHV�

Conf. Wind 
Incidence 

Range of 
external Cd 

value 

Range of internal 
openings section 

&ILJ�� ��� ��������
����������Pð�
����������Pð�

&ILJ�� ����� ��������
����������Pð�
����������Pð�

&ILJ�� ���� ��������
����������Pð�
����������Pð�

&ILJ�� ���� �������� �������Pð�

�
)RU� DOO� VLPXODWLRQ�� WKH� DLUIORZ� UDWH� LQ� NLWFKHQ� ZDV�
V\VWHPDWLFDOO\� FRQVLGHUHG� DV� WKH� RXWSXW�� 7KXV�� WKH�
LPSDFW� RI� WKH� IDFWRUV� SUHVHQWHG� LQ� WKH� IROORZLQJ� LV�
ZLWK�UHJDUGV�WR�WKH�DLUIORZ�UDWH�LQ�WKH�NLWFKHQ��

Sensitivity analyses methodology 
6HQVLWLYLW\� DQDO\VH� LV� UHDOL]HG� LQ� WKLV� VWXG\�ZLWK� WKH�
DVVXPSWLRQ� RI� D� OLQHDU� UHODWLRQVKLS� EHWZHHQ� WKH�
FRQVLGHUHG�RXWSXW�DQG�WKH�GLIIHUHQW�LQSXW��DOVR�FDOOHG�
IDFWRUV� RU� SDUDPHWHUV�� 7KXV�� WKH�PRGHO� H[SUHVVHG� LQ�
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H[SUHVVLRQ� ���� ZLOO� EH� ILUVW� HVWLPDWH�� ,Q� RUGHU� WR�
HYDOXDWH� WKH� UHOLDELOLW\� RI� WKH� OLQHDU� DVVXPSWLRQ�� WKH�
PRGHO� ZLOO� EH� HYDOXDWHG� FRQVLGHULQJ� WKH� JOREDO�
UHJUHVVLRQ� FRHIILFLHQW� 5ð� DQG� WKH� SUHGLFWLYH�
FRHIILFLHQW�4���([SUHVVLRQV�RI� WKHVH�FRHIILFLHQWV�DUH�
SUHVHQWHG�UHVSHFWLYHO\�WKURXJK�WKH�H[SUHVVLRQ�����DQG�
�����7KH�UHJUHVVLRQ�FRHIILFLHQW�5ð�FRUUHVSRQGV�WR�WKH�
HUURU�RQ� WKH�UHVLGXHV�RYHU� WKH�PRGHO�ILWWLQJ�VWHS�DQG�
WKH� SUHGLFWLYH� FRHIILFLHQW� 4�� FRUUHVSRQG� WR� WKH�
UHVLGXHV�RYHU�DQRWKHU�VDPSOH�RI�LQSXWV�DQG�RXWSXWV�RI�
S�VL]H��

�� � ����
�

�� � ����

�

� ����

�
,I� WKH� PRGHO� LV� OLQHDU�� WKH� VWDQGDUG� UHJUHVVLRQ�
FRHIILFLHQWV� �65&
V��FDQ�EH�XVHG�DV�VHQVLWLYLW\� LQGH[�
VLQFH� WKH\� UHSUHVHQW� WKH� LQGH[HV� RI� WKH� YDULDQFH� RI�
IDFWRU� ;L� RYHU� WKH� RXWSXW� YDULDQFH�� 65&
V� DUH�
FDOFXODWHG�WKURXJK�H[SUHVVLRQ�����EHORZ��
�

� � ����

�
7KH� OLQHDU� DVVXPSWLRQ� UHPDLQ� D� ILUVW� VWHS� LQ�
VHQVLWLYLW\�DQDO\VHV�DQG�LI�WKH�VWXGLHG�PRGHO�GRHV�QRW�
PDWFK� WKLV� DVVXPSWLRQ��PRUH� FRPSOH[� LQGH[HV�� VXFK�
DV�6RERO�LQGH[HV�ZRXOG�QHHG�WR�EH�XVHG��
0RUH� GHWDLOV� DERXW� VHQVLWLYLW\� LQGH[HV� FDQ� EH� IRXQG�
LQ�6DOWWHOL�HW�DO��������
�
7KH� GLIIHUHQW� VDPSOHV� RI� LQSXWV� DQG� WKH�
FRUUHVSRQGLQJ� RXWSXWV� DUH� JHQHUDWHG� XVLQJ� WKH�
VRIWZDUH�2SHQ7XUQV�>2SHQ7XUQV������@��
,W�FDQ�EH�FRXSOHG�WR�DQ\�RWKHU�FRGH�WKDW�FDQ�EH�ODXQFK�
IURP� LQSXW� GDWD� ILOH�� 7KH� FRXSOLQJ� LV� GRQH� WKURXJK�
ZUDSSHU� ILOHV� LQ� ZKLFK� WKH� VWXGLHG� SDUDPHWHUV� DUH�
VSHFLILHG�� (DFK� RI� WKHP� FDQ� EH� UHSUHVHQWHG� WKURXJK�
GLIIHUHQW� VWDWLVWLFDO� GLVWULEXWLRQ� ODZV�� 7KH� XVHU� FDQ�
VSHFLI\�WKH�VDPSOH�VL]H�IRU�WKH�JOREDO�VWXG\��QXPEHU�
RI� VLPXODWLRQ�� DQG� WKH� ZD\� WKH� VDPSOH� RI� LQSXW� LV�
JHQHUDWH��0DQ\�IXQFWLRQV�DUH�DYDLODEOH�WR�VWXG\�ERWK�
XQFHUWDLQWLHV� SURSDJDWLRQ� DQG� VHQVLWLYLW\� DQDO\VHV��
7KH�LQGLFHV�RI�LPSRUWDQFH�IRU�HDFK�SDUDPHWHU�FDQ�EH�
FDOFXODWHG� IURP� WKH� FODVVLFDO� VWDQGDUG� UHJUHVVLRQ�
FRHIILFLHQWV��65&
V��IRU�OLQHDU�PRGHO�XS�WR�WKH�6RERO�
,QGLFHV� IRU� DQ\� PRGHO�� 2SHQ7UXQV� LV� XVHG� KHUH� IRU�
VDPSOH� GHILQLWLRQ� DQG� FRPSXWLQJ� 65&
V� RQ� ODUJH�
VDPSOH�� 7KH� VWXGLHG� SDUDPHWHUV� DUH� IROORZLQJ� D�
QRUPDO� ODZ� GLVWULEXWLRQ� IRU� WKH� SUHVHQW� VWXG\�� ,QSXW�
VDPSOHV� DUH� JHQHUDWHG� WKURXJK�0RQWH�&DUOR�PHWKRG�
RI�GLPHQVLRQV������

,Q� RUGHU� WR� GHILQH� VRPH� XQFHUWDLQWLHV� RQ� 65&
V�
FRHIILFLHQW�� VPDOOHU� VDPSOH� �WDNHQ� IURP� WKH� RQH�
GHILQH� E\� 2SHQ7UXQV�� ZHUH� XVHG� WR� FRPSXWH� EL�
UHJUHVVLRQ�FRHIILFLHQWV��VHH�UHODWLRQ������XVLQJ�JHQHWLF�
DOJRULWKP� LQ� WKH�0DWODE� (QYLURQPHQW� �+RXFN� HW� DO��
�������*HQHWLF� DOJRULWKP�ZLOO� FRQWLQXH� XSGDWLQJ� WKH�
UHJUHVVLRQ�FRHIILFLHQW�YDOXHV�EL�XQWLO�WKH�FRVW�IXQFWLRQ�
LV�PLQLPLVHG��7KLV�ODVW�LV�H[SUHVVHG�DV�WKH�GLIIHUHQFH�
EHWZHHQ�WKH�RXWSXW� �DQG�WKH�HVWLPDWH�RXWSXW� ��
*HQHWLF�DOJRULWKPV�DUH�YDOXDEOH� LQ�RUGHU� WR�HVWLPDWH�
WKH� PRGHO� UHSUHVHQWDWLRQ� XQFHUWDLQWLHV�� ,QGHHG��
JHQHWLF� DOJRULWKP� ZLOO� FRQYHUJH� WR� WKH� EHVW� VHW� RI�
UHJUHVVLRQ� FRHIILFLHQWV� YDOXHV� DFFRUGLQJ� WR� DQ� LQLWLDO�
SRSXODWLRQ��%\�GRLQJ�WKH�VDPH�VLPXODWLRQ�����WLPHV��
RQH� ZLOO� JHW� ���� GLIIHUHQW� VHWV� RI� UHJUHVVLRQ�
FRHIILFLHQW� YDOXHV� WKDW� JLYHV� DSSUR[LPDWLYHO\� WKH�
VDPH� JOREDO� UHVLGXHV� �FRVW� IXQFWLRQ� PLQLPLVDWLRQ�
SURFHVV���7KH�FRUUHVSRQGLQJ�GLVWULEXWLRQ�LV�WKHQ�XVHG�
WR�GHILQH�UHJUHVVLRQ�FRHIILFLHQW�XQFHUWDLQWLHV��
)LJXUH���VKRZV�VRPH�UHVXOWV�RI�D�EL�FRHIILFLHQW�IRU�WKH�
���� PRGHOV� JHQHUDWHG�� $� *DXVV� FXUYHV� KDYH� EHHQ�
RYHU� SORWWHG� RQ� WKH� GDWD� LQ� RUGHU� WR� KDYH�
UHSUHVHQWDWLYH� PHDQ� DQG� VWDQGDUG� GHYLDWLRQ� YDOXHV��
7KLV� ODVW� ZHUH� WKHQ� XVHG� WR� GHILQH� HUURU� EDU� RQ� WKH�
65&
V� FRHIILFLHQW� E\� FRQVLGHULQJ� WKH� UHJUHVVLRQ�
FRHIILFLHQW�ZLWKLQ� D����� VWDQGDUG�GHYLDWLRQ� FRQILGHQW�
UDQJH��
�

�
)LJXUH����EL�GLVWULEXWLRQ�RI�����VLPXODWLRQ�XVLQJ�
JHQHWLF�DOJRULWKP�WR�HVWLPDWH�PRGHO�H[SUHVVHG�LQ�
UHODWLRQ�����DQG�*DXVVLDQ�GLVWULEXWLRQ�RYHU�SORWWHG��
�
7KH�UHVXOWV�SUHVHQWHG�LQ�WKH�QH[W�VHFWLRQ�DUH�REWDLQHG�
IROORZLQJ�WKH�VDPH�SURWRFRO�IRU�HYHU\�FRQILJXUDWLRQ��

 6LPXODWLRQ�RI�����UHVXOWV�IURP�0RQWH�&DUOR�
LQSXW�RI�VDPSOH��ZLWK�2SHQ7XUQV���

 &RPSXWDWLRQ� RI� 65&
V� RQ� ODUJH� VDPSOH�
��������ZLWK�2SHQ7XUQV���

 (VWLPDWLRQ� RI� WKH� PRGHO� UHJUHVVLRQ�
FRHIILFLHQW� DQG� VWDQGDUG� GHYLDWLRQ� RI� HDFK�
FRHIILFLHQW� EL�� :LWK� VPDOOHU� VDPSOH� ������
GDWD�RI�<� �I�;���ZLWK�0DWODE���
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 'HILQLWLRQ� RI� WKH� 5ð� DQG� 4�� YDOXH� IRU�
DQRWKHU� VDPSOH� RI� ������ YDOXHV� RI� LQSXWV�
DQG�FRUUHVSRQGLQJ�RXWSXWV��

 &RPSDULVRQ� RI� WKH� 65&
V� YDOXHV� REWDLQHG�
XVLQJ� OHDVW� VTXDUH� PHWKRGRORJ\� RYHU� ����
VLPXODWLRQV� DQG� WKH� 65&
V� DV� WKH� JHQHWLF�
DOJRULWKP�DSSURDFK�

 (VWLPDWLRQ�RI�WKH�PDLQ�LPSRUWDQW�SDUDPHWHUV�
IRU�WKH�FRQVLGHUHG�RXWSXW��

5(68/76�
,Q� WKLV� VHFWLRQ�� WKH� UHVXOWV� RI� VHYHUDO� FRQILJXUDWLRQV�
DUH� SUHVHQWHG�� 7KH� ��� SDUDPHWHUV� DUH� LGHQWLILHG� DV�
SUHVHQWHG�LQ�WKH�WDEOH����
)RU� HDFK� FRQILJXUDWLRQ�� WKH� ��� SDUDPHWHUV� DUH�
V\VWHPDWLFDOO\� SUHVHQWHG�� 7KH� LPSRUWDQFH� WR� WKH�
RXWSXW� LV� LGHQWLILHG� WKURXJK� WKH� 65&
V� YDOXH�� 7KH�
KLJKHVW� WKH� 65&
V� YDOXH�� WKH� PRVW� LPSRUWDQW� LV�
SDUDPHWHU�IRU�WKH�FRQVLGHUHG�RXWSXW��HJJ��WKH�DLUIORZ�
UDWH�LQ�WKH�NLWFKHQ���
�

7DEOH���
&RQILJXUDWLRQV�IRU�VHQVLWLYLW\�DQDO\VHV�

Parameter 
n° Cd Parameter 

n° 
Opening 
section 

�� %HG��� �� %HG���

�� %HG��� �� %HG���

�� %HG��� ��� %HG���

�� /LY��URRP� ��� /LY��URRP�

�� .LWFKHQ� ��� .LWFKHQ�

�� %DWKURRP� ��� %DWKURRP�

�� 7RLOHW� ��� 7RLOHW�
�
)LJXUH���SUHVHQWHG�WKH�UHVXOWV�IRU�WKH�&ILJ����7KH�5ð�
DQG�4��YDOXHV�DUH�SUHVHQWHG�DW�WKH�WRS�RI�WKH�ILJXUH��
�

�
)LJXUH����65&
V�YDOXHV�IRU�RI�����VLPXODWLRQV�XVLQJ�
JHQHWLF�DOJRULWKP��65&�*$��DQG�XVLQJ�OHDVW�VTXDUH�
DSSURDFK�RQ�����VLPXODWLRQV��65&�/6��IRU�&ILJ����

�

7KH� DVVXPSWLRQ� RI� OLQHDU� PRGHO� LV� LQ� WKLV� FDVH�
FRQILUPHG�ZLWK�ERWK�YDOXHV�RI�5ð�DQG�4���7KH�65&�
FDQ� WKXV� EH� XVHG� DV� VHQVLWLYLW\� LQGH[HV�� 7KH� 65&
V��
IRU� WKLV� FDVH� VKRZ� WKH� PDLQ� LQIOXHQFH� RI� RSHQLQJ�
VHFWLRQ� DUHDV� �SDUDPHWHUV� Q���� ��� ��� DQG� ����� � 7KH�
H[WHUQDO�RSHQLQJ�GLVFKDUJH�FRHIILFLHQW�LQ� WKH�NLWFKHQ�
�SDUDPHWHU�Q���� LV�VWLOO��XS� WR�����UHVSRQVLEOH�RI� WKH�
YDULDQFH�RI� WKH�DLUIORZ�UDWH� LQ� WKH�NLWFKHQ��%\�RUGHU�
RI�LPSRUWDQFH��WKH�OLYLQJ�URRP�DQG�ERWK�EHGURRPV�Q��
�� DQG� �� KDYH� PRUH� LQIOXHQFH� WKDQ� WKH� GLVFKDUJH�
FRHIILFLHQW��)RU�WKLV�VSHFLILF�ZLQG�LQFLGHQFH��WKLV�ODVW�
WKUHH� YROXPHV� DUH� SRVLWLRQHG� RQ� WKH� ZLQGZDUG� VLGH�
DQG�LI�HLWKHU�RQH�RI�WKH�WKUHH�LQWHUQDO�RSHQLQJ�SUHVHQW�
PRUH� LPSRUWDQW� DUHD�� LW� OHDGV� GLUHFWO\� WR� PRUH�
SRVVLEOH� DLUIORZ� UDWH� LQ� WKH� NLWFKHQ�� 7KH� RUGHU� RI�
LPSRUWDQFH� LV�GXH� WR� WKH�KLJKHU� LQWHUQDO�SUHVVXUH� IRU�
WKH� OLYLQJ� URRP� VLQFH� WKH� H[WHUQDO� RSHQLQJ� LV� PRUH�
LPSRUWDQW�ZKLOH� WKH� GLIIHUHQFH� RI� WKH� WZR� EHGURRPV�
OLHV�LQ�WKH�H[WHUQDO�SUHVVXUH�FRHIILFLHQW��7KH�EHGURRP�
Q��
V�H[WHUQDO�SUHVVXUH�FRHIILFLHQW�LV�WKH�ORZHVW�GXH�WR�
LWV� SRVLWLRQ� RQ� WKH� ULJKW� KDQG� RI� WKH� PRGHO�� 7KH�
65&
V�FRPSXWHG�RYHU�ODUJH�VDPSOH�DUH�DOZD\V�ZLWKLQ�
WKH� UDQJH� RI� XQFHUWDLQWLHV� RI� 65&
V� FRPSXWH� RYHU�
PXFK�VPDOOHU�VDPSOH��7KLV� UHLQIRUFHV� WKH�YDOLGLW\�RI�
XVLQJ� JHQHWLF� DOJRULWKP� WR� FRPSXWH� VHQVLWLYLW\�
DQDO\VHV��

�
)LJXUH����65&
V�YDOXHV�IRU�RI�����VLPXODWLRQV�XVLQJ�
JHQHWLF�DOJRULWKP��65&�*$��DQG�XVLQJ�OHDVW�VTXDUH�
DSSURDFK�RQ�����VLPXODWLRQV��65&�/6��IRU�&ILJ�����

7KH� RSSRVLWH� ZLQG� LQFLGHQFH� FDVH� �&ILJ�� ���� LV�
SUHVHQWHG� LQ�)LJXUH����7KH� OLQHDU� DVVXPSWLRQ� LV� VWLOO�
YDOLG� ZLWK� WKH� VDPH� DPRXQW� RI� FRQILGHQFH� WKDQ� IRU�
WKH� SUHYLRXV� FDVH�� 7KH� PDLQ� GLIIHUHQFHV� DUH� WKH�
ORZHVW� LQIOXHQFHV� RI� WKH� WKUHH� SUHYLRXV� PHQWLRQHG�
URRPV� �OLYLQJ� URRP� DQG� EHGURRPV� �� DQG� ��� DQG� WKH�
LQYHUVLRQ� EHWZHHQ� EHGURRP� �� DQG� EHGURRP� ��� 7KH�
IRUPHU� LV� GXH� WR� WKH� RSSRVLWH� SRVLWLRQ� RI� WKH� PDLQ�
DFWLQJ�IRUFH��,QGHHG��DLUIORZ�LV�JHQHUDWHG�E\�SXVKLQJ�
IRUFHV�RQ�WKH�ZLQGZDUG�VLGH�DQG�SXOOLQJ�IRUFHV�RQ�WKH�
OHHZDUG� VLGH�� )RU� WKLV�PRGHO�� WKH� SXOOLQJ� IRUFHV� DUH�
ORZHU� WKDQ� WKH� SXVKLQJ� IRUFH�� UHVXOWLQJ� LQ� D� OHVV�
LPSRUWDQFH� RI� WKH� HVFDSLQJ� GRRUV� DQG� D� JUHDWHU�
LPSDFW� RI� WKH� NLWFKHQ� GLVFKDUJH� FRHIILFLHQW� DQG� WKH�
NLWFKHQ�GRRU�RSHQLQJ� DUHD��7KH�RUGHU�RI� LPSRUWDQFH�
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EHWZHHQ�WKH�WZR�EHGURRPV�LV�LQYHUVHG�GXH�WR�H[WHUQDO�
SUHVVXUH� FRHIILFLHQWV� ZKLFK� DUH� ORZHU� �UHVXOWLQJ� LQ�
VWURQJHU�SXOOLQJ�IRUFHV��RQ�VLGHV�WKDQ�RQ�WKH�FHQWUH�RI�
WKH�PRGHO��

)LJXUH� �� SUHVHQWV� WKH� UHVXOWV� RI� &ILJ� �� ZKLFK� KDV� D�
ZLQG�LQFLGHQFH�FORVH�WR�WKH�JDEOH�ZDOOV�QRUPDO��7KLV�
LQFLGHQFH� OHDGV� WR� WKH� VPDOOHVW� DFWLQJ� IRUFHV� LQ� WKH�
YHQWLODWLRQ� SURFHVV�� ,QGHHG�� SUHVVXUH� ILHOG� RQ� ERWK�
VLGHV� RI� WKH� PRGHO� DUH� TXLWH� FORVH� IURP� HDFK� RWKHU�
UHVXOWLQJ� LQ� OLWWOH� YHQWLODWLRQ� SRWHQWLDO� �)DXUH� HW�
/H5RX[� �������� 7KLV� FRQILJXUDWLRQ� LV� VKRZQ� WR� EH�
DOVR�OLQHDU�DV�WKH�YDOXHV�RI�5ð�DQG�4��DUH�YHU\�FORVH�
WR�XQLW\��7KH�DUHD�RI�WKH�NLWFKHQ�GRRU�VWLOO�UHPDLQ�WKH�
PRVW� LPSRUWDQW� SDUDPHWHU� EXW� WKH� OLYLQJ� URRP� GRRU�
VHFWLRQ� LQIOXHQFH� KDV� EHHQ� GURSSHG� LQ� D� ORZHU�
SRVLWLRQ� WKDQ� WKH� NLWFKHQ� GLVFKDUJH� FRHIILFLHQW� DQG�
KDV�QHDUO\� WKH� VDPH� LPSRUWDQFH� DV� WKH�EHGURRP�Q���
GRRU�VHFWLRQ�ZKLFK�LV�RQ�WKH�VDPH�VLGH�RI�WKH�NLWFKHQ��

7KH� WZR� GRRU� VHFWLRQV� RI� EHGURRPV� Q��� DQG� �� KDYH�
PRUH� LPSRUWDQFH� LQ� WKLV� VSHFLILF� FDVH� ZKLOH� WKH�
GLVFKDUJH� FRHIILFLHQW� UHPDLQV� DSSUHFLDWLYHO\� LQ� WKH�
VDPH�LPSRUWDQFH�IRU�WKH�WKUHH�FDVHV��
�

�
)LJXUH����65&
V�YDOXHV�IRU�RI�����VLPXODWLRQV�XVLQJ�
JHQHWLF�DOJRULWKP��65&�*$��DQG�XVLQJ�OHDVW�VTXDUH�
DSSURDFK�RQ�����VLPXODWLRQV��65&�/6��IRU�&ILJ�����

�
7KH�GLIIHUHQFHV�REVHUYHG�LQ�WKLV�FDVH�DUH�PDLQO\�GXH�
WR� H[WHUQDO� SUHVVXUH� FRHIILFLHQWV�� 7KHVH� SUHVHQW�
QHJDWLYH�YDOXHV�RQ� WKH� OLYLQJ� URRP�H[WHUQDO�RSHQLQJ�
DV� IRU� WKH� NLWFKHQ�� WKH� EHGURRP� Q���� WKH� EDWKURRP�
DQG�WKH�:&�ZKLOH�H[WHUQDO�SUHVVXUH� LV�FORVH�WR���IRU�
WKH�WZR�ILUVW�EHGURRPV��7KH�HIIHFW�RI�WKH�OLYLQJ�URRP�
LV� UHGXFHG�GXH� WR� WKH� QHJDWLYH�SUHVVXUH� YDOXH� DV� IRU�
WKH�NLWFKHQ��'HSHQGLQJ�RQ�LQWHUQDO�RSHQLQJ�VHFWLRQV��
WKH�DFWLQJ�IRUFHV�RQ�WKHVH�WZR�YROXPHV�DUH�DOZD\V�LQ�
RSSRVLWH�GLUHFWLRQ��
�
$V�DQ�LOOXVWUDWLRQ�RI�WKH�REVHUYDWLRQ�DERYH��)LJXUH���
SUHVHQWV� WKH� H[WHUQDO� SUHVVXUH� FRHIILFLHQW� RI� WKH� ��
YROXPHV� IRU� WKH� WKUHH� ZLQG� LQFLGHQFHV� VWXGLHG�
SUHYLRXVO\��

7KH�ILUVW�WKUHH�FRQILJXUDWLRQV�KDG�IRU�DLP�WR�LGHQWLI\�
ZKHUHDV�D�OLWWOH�FKDQJH�LQ�WKH�VWDQGDUG�RSHQLQJ�DUHDV�
KDG�PRUH�HIIHFW�WKDQ�FODVVLFDO�HUURU�RQ�WKH�GLVFKDUJH�
FRHIILFLHQW��

�
)LJXUH����([WHUQDO�SUHVVXUH�FRHIILFLHQWV�IRU�WKH���
LQWHUQDO�YROXPHV�DQG�WKUHH�ZLQG�LQFLGHQFHV��

�
7KRVH� SUHYLRXV� FDVHV� PDGH� WKH� DVVXPSWLRQ� RI�
LQWHUQDO� GRRUV� DV� FORVHG� RU� DOPRVW� FORVHG�� )RU�
FRQVLGHULQJ� FRPSOHWH� RSHQHG� GRRUV�� WKH�
FRQILJXUDWLRQ� �� KDV� EHHQ� DOVR� VWXGLHG�� 5HVXOWV�� IRU�
WKLV�FRQILJXUDWLRQ��DUH�SUHVHQWHG�LQ�)LJXUH����
�

�
)LJXUH����65&
V�YDOXHV�IRU�RI�����VLPXODWLRQV�XVLQJ�
JHQHWLF�DOJRULWKP��65&�*$��DQG�XVLQJ�OHDVW�VTXDUH�
DSSURDFK�RQ�����VLPXODWLRQV��65&�/6��IRU�&ILJ�����

�
)RU�WKLV�FDVH��WKH�DVVXPSWLRQ�RI�OLQHDU�PRGHO�LV�QRW�DV�
YHULILHG� DV� IRU� WKH�SUHYLRXV� FDVHV��9DOXHV�RI�5ð� DQG�
4��DUH�VOLJKWO\�OHVV�WKDQ�����ZKLFK�LV�VWLOO�DFFHSWDEOH�
IRU� JOREDO� LPSRUWDQFH� HYDOXDWLRQ� EXW� LW� LV� ZRUWK�
QRWLQJ�WKDW�PRUH�WKDQ�����RI�WKH�RXWSXWV�YDULDQFH�LV�
QRW�H[SODLQHG�E\�65&
V�DQDO\VHV��
7KH� UHVXOWV� DUH� VXUSULVLQJ� VLQFH�� ZKLOH� WKH� NLWFKHQ�
GRRU� RSHQLQJ� VHFWLRQV� ZDV� WKH� GRPLQDQW� SDUDPHWHU�
IRU� WKH�SUHYLRXV�FDVHV�� DOO�GRRUV�RSHQLQJ�VHFWLRQ�DUH�
QHJOLJLEOH� LQ� WKLV� ODVW� FDVH�� %\� FRQVHTXHQFH�� WKH�
GLVFKDUJH�FRHIILFLHQW�KDV�JDLQ� LQ� LPSRUWDQFH�DQG� WKH�
RQH� IRU� WKH� H[WHUQDO� RSHQLQJ� LQ� WKH� NLWFKHQ� H[SODLQV�
DOPRVW�����RI�WKH�RXWSXW�YDULDQFH��
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%\� DQDO\VLQJ� WKH� VFDWWHU� SORW� RI� GRRUV� RSHQLQJ�
VHFWLRQV�RYHU�WKH�RXWSXW��LW�FDQ�EH�VHHQ�WKDW�WKH�UDQJH�
RI� YDULDWLRQ� RI� WKH� RSHQLQJ� VHFWLRQ� LV� WRR� ODUJH� DQG�
PDNH� WKH� HIIHFW� QHJOLJLEOH�� )LJXUH� ��� EHORZ� VKRZV�
WKH�VFDWWHU�SORWV�RI� WKH�RXWSXW�XSRQ� WKH�NLWFKHQ�GRRU�
RSHQLQJ� VHFWLRQ� DQG� WKH� GLVFKDUJH� FRHIILFLHQW�� $�
]RRP�IURP������WR����Pð�LV�RYHU�SORWWHG�RQ�WKH�VDPH�
ILJXUH�IRU�WKH�IRUPHU��
�

�
�D��

�
�E��

)LJXUH�����6FDWWHU�SORW�RI�WKH�DLUIORZ�LQ�WKH�NLWFKHQ�
XSRQ�WKH�NLWFKHQ�GRRU�RSHQLQJ�VHFWLRQ��D���$�]RRP�LV�
RYHU�SORWWHG�ZLWK�RSHQLQJ�VHFWLRQ�IURP������WR����Pð��
DQG�XSRQ�WKH�NLWFKHQ�GLVFKDUJH�FRHIILFLHQW��E���

�
)URP� )LJXUH� ���� LW� LV� FOHDU� WKDW� WKH� HIIHFW� RI� GRRUV�
RSHQLQJ� VHFWLRQ� DUH� OLPLWHG� WR� VPDOO� VHFWLRQ� IURP�
�����WR����Pð��ILJ�����D���ZKLOH�LQIOXHQFH�VHHPV�WR�EH�
FRQVWDQW� IRU� WKH� FRPSOHWH� UDQJH� RI� YDULDWLRQ� RI� WKH�
GLVFKDUJH� FRHIILFLHQW� �ILJ���� �E���� $ERYH� WKHVH�
RSHQLQJ�VHFWLRQV��DLUIORZ�UDWHV�DUH�JRYHUQHG�E\�RWKHU�
SDUDPHWHU� VXFK� DV� GLVFKDUJH� FRHIILFLHQW� EXW� DOVR� RQ�
WKH�RSHQLQJ�VHFWLRQ�RI�RWKHU�RSHQLQJV��7KLV�WKUHVKROG�
YDOXH� RI� ���Pð� LV� D� IXQFWLRQ� RI� H[WHUQDO� RSHQLQJ�
VHFWLRQ� DQG�ZRXOG� EH� FHUWDLQO\� EH� JUHDWHU� IRU� ODUJHU�
H[WHUQDO�RSHQLQJ�VHFWLRQ��)LJXUH����H[SODLQV�DOVR�WKH�
QRQ�OLQHDULWLHV�RI�WKH�PRGHO�IRU�WKLV�VSHFLILF�FDVH��
�
2SSRVLWH� REVHUYDWLRQ�ZRXOG� KDYH� EHHQ� FRQFOXGHG� LI�
WKH� UDQJH� RI� YDULDWLRQ� RI� WKH� GLVFKDUJH� FRHIILFLHQW�
ZHUH�JUHDWHU� IRU� OLWWOH� LQWHUQDO�RSHQLQJ�VHFWLRQ� UDQJH�

RI�YDULDWLRQ��7KHVHV� FDVHV� KLJKOLJKW� WKH� LQIOXHQFH�RI�
RWKHU�SDUDPHWHU�DV�WKH�RSHQLQJ�UDWLRV�RI�WKH�LQIOXHQFH�
RI�RQH�RU�DQRWKHU�SDUDPHWHU��
�
,Q�RUGHU�WR�LGHQWLI\�WKH�PRVW�LPSRUWDQW�SDUDPHWHU�IRU�
YHQWLODWLRQ�GHVLJQ�� LW� VKRXOG�EH�SURFHHG�VWHS�E\�VWHS�
E\� FRQVLGHULQJ� GLIIHUHQW� UDQJH� RI� YDULDWLRQ� IRU� WKH�
RSHQLQJ�VHFWLRQ�DUHDV��7KHLU�HIIHFW��DQG�DV�LW�LV�IRU�WKH�
GLVFKDUJH� FRHIILFLHQW�� LV� QRQOLQHDU� EHFDXVH� LW� LV�
UHODWHG�WR�WKH�SUHVVXUH�GLIIHUHQFH��,QGHHG��LI� WKH�DUHD�
LV�WRR�LPSRUWDQW��WKH�SUHVVXUH�GLIIHUHQFH�RQ�ERWK�VLGHV�
RI�WKH�RSHQLQJ�ZLOO�EH�HTXDO�DQG�WKXV��DQ\�FKDQJH�LQ�
WKH�GLVFKDUJH� FRHIILFLHQW� RU� LQ� WKH�RSHQLQJ� DUHD�ZLOO�
QRW�FKDQJH�WKH�DLUIORZ�UDWHV�WKURXJK�WKH�RSHQLQJ��
7KLV�FDQ�EH�REVHUYHG�E\�FRPSXWLQJ�VXFFHVVLYHO\�WKH�
6&5
V� IRU� FDVH� ZLWK� GLIIHUHQW� UDQJH� RI� YDULDWLRQ� IRU�
WKH�RSHQLQJ�DUHDV��7KLV�KDV�EHHQ�GRQH�E\�FRQVLGHULQJ�
WKH� VDPH� UDQJH� RI� YDULDWLRQ� IRU� DQ\� LQWHUQDO� GRRUV�
ZLWK� WKH� IROORZLQJ� UDQJH� RI� YDULDWLRQ�� >���������@��
>���������@�� >���������@�� >���������@�� >���������@��
>��������@��)RU�WKH�FDVHV�FRQVLGHUHG�LQ�WKLV�VWXG\�WKH�
H[WHUQDO� RSHQLQJ� DUHD� ZDV� FRQVWDQW� DQG� IL[HG� WR�
�����Pð�� )LJXUH� ��� SUHVHQW� WKH� 65&
V� FRPSXWHG� DV�
IRU�WKH�SUHYLRXV�FDVHV�IRU�WKH�GLIIHUHQW�VLPXODWLRQV�DV�
D� IXQFWLRQ� RI� WKH� RSHQLQJ� UDWLRV�� Į�� ZKLFK� LV� WKH�
H[WHUQDO��6H[W��RYHU�LQWHUQDO��6LQW��RSHQLQJ�DUHD��7KH�
UHVXOWV�FRQFHUQ�WKH�NLWFKHQ�SDUDPHWHUV��

�
)LJXUH�����65&
V�YV��RSHQLQJ�UDWLR�IRU�WKH�GLVFKDUJH�
FRHIILFLHQW�RI�WKH�H[WHUQDO�RSHQLQJ�LQ�WKH�NLWFKHQ�
�V\PERO�
R
��DQG�WKH�LQWHUQDO�NLWFKHQ�GRRU�RSHQLQJ�

VHFWLRQ��V\PERO�
ǻ
���
�
7KH� ORZHVW� SUHGLFWLYH� FRHIILFLHQW� 4�� RYHU� DOO� WKH� ��
VLPXODWLRQV�LV�RYHU�������WKXV�HQVXULQJ�JRRG�OLQHDULW\�
IRU�HDFK�VLPXODWLRQ��7KH�LPSRUWDQFH�LQGH[��65&��IRU�
GLVFKDUJH� FRHIILFLHQW� DQG� WKH� LQWHUQDO� RSHQLQJ� DUHDV�
RI� WKH� LQWHUQDO� GRRU� DUH� SUHVHQWHG�� 9HUWLFDO� EDUV�
DURXQG�PHDQV� YDOXHV� H[SUHVV� WKH� VWDQGDUG� GHYLDWLRQ�
RI�HDFK�65&
V�DQG�KRUL]RQWDO�EDU�UHSUHVHQW�WKH�UDQJH�
RI� YDULDWLRQ� RI� WKH� RSHQLQJ� UDWLRV�� Į�� IRU� HDFK�
VLPXODWLRQ��
�
)LJXUH� ��� FOHDUO\� VKRZ� WKH� LQYHUVH� WUHQG� IRU� ERWK�
SDUDPHWHUV�GHSHQGLQJ�RQ� WKH�RSHQLQJ�UDWLR��7KH�RQH�
UHSUHVHQWLQJ�WKH�JUHDWHU�SUHVVXUH�ORVVHV��WKH�VPDOOHVW�
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RSHQLQJ� DUHD�� KDYH� WKH� JUHDWHU� LQIOXHQFH� RQ� WKH�
FRQVLGHUHG�RXWSXW��7KH�WZR�SDUDPHWHUV�DUH�LQYHUVLQJ�
WKHLU� LPSRUWDQFH� DURXQG� RSHQLQJ� UDWLRV� HTXDO� WR�
XQLW\��

&21&/86,21�
6HQVLWLYLW\� DQDO\VHV� KDYH� EHHQ� SHUIRUPHG� EHWZHHQ�
GLVFKDUJH� FRHIILFLHQW� DQG� LQWHUQDO� GRRU� DUHDV�� 7KLV�
VWXG\� DLPV� WR� LGHQWLI\� ZKLFK� SDUDPHWHU� YHQWLODWLRQ�
GHVLJQHUV� VKRXOG� IRFXV� XSRQ� LQ� RUGHU� WR� DFKLHYH�
WDUJHW�YDOXHV�ZKHQ�WKH�EXLOGLQJ�LV�EXLOW��6HYHUDO�ZLQG�
LQFLGHQFHV�ZHUH� FRQVLGHUHG�ZLWK� D� UDQJH� RI� LQWHUQDO�
GRRU�DUHDV��7KH�RUGHU�RI�LPSRUWDQFH�LGHQWLILHG�FDQ�EH�
H[SODLQHG� E\� DQDO\VLQJ� WKH� DFWLQJ� IRUFHV� �SUHVVXUH�
FRHIILFLHQW�PDLQO\�IRU�ZLQG�GULYHQ�YHQWLODWLRQ���
7KH� ZLGHO\�KHOG� YLHZ� WKDW� XQFHUWDLQWLHV� RQ� WKH�
GLVFKDUJH� FRHIILFLHQW� FDQ�EH�QHJOHFWHG�� DV� WKH\� KDYH�
OHVV�LQIOXHQFH�WKHQ�WKH�RFFXSDQW�EHKDYLRXU��PLJKW�EH�
DQ�HUURU�� IRU�FHUWDLQ�UDQJHV�RI�RSHQLQJ�UDWLR��(YHQ� LI�
WKHVH� FRQFOXVLRQV� FDQ� VRXQG� WULYLDO� LW� KDV� EHHQ�
GHPRQVWUDWHG� WKDW� DWWHQWLRQ� VKRXOG� EH� SDLG� ZKHUH�
SUHVVXUH�ORVVHV�DUH�WKH�JUHDWHU��
&RQVLGHULQJ� QHZ� HQHUJ\�HIILFLHQW� EXLOGLQJV� ZLWK� DQ�
DLUWLJKW� HQYHORSH�� DLUIORZ� SDVVHV� WKURXJK� FRQWUROOHG�
�LQ� VSDFH�� RSHQLQJV��7KH� DLUIORZ�SUHVVXUH� ODZV� XVHG�
WR� GHVLJQ� LQWHUQDO� YHQWLODWLRQ�� DQG� WKXV� WKH� HQHUJ\�
FRQVXPSWLRQ� LV� JRYHUQHG�� DPRQJ� RWKHU� SDUDPHWHUV��
E\� WKH� XQFHUWDLQWLHV� LQ� WKH� GLVFKDUJH� FRHIILFLHQW� DV�
ZHOO� DV� WKH� RFFXSDQW� EHKDYLRXU�� 7KH� UHODWLYH�
LPSRUWDQFH� RI� WKHVH� WZR� IDFWRUV� GHSHQGV� JUHDWO\� RQ�
WKH�RSHQLQJ�UDWLR��
7KXV�� D� VWRFKDVWLF�DSSURDFK� WR�FRQVLGHULQJ�RFFXSDQW�
EHKDYLRXU�LQ�WKH�HQHUJ\�FRQVXPSWLRQ�RI�D�EXLOGLQJ�LV�
VWLOO�QHHGHG��EXW�UHVHDUFK�RQ�WKH�GLVFKDUJH�FRHIILFLHQW�
RU� RQ� FRUUHFWLRQV� WKDW� VKRXOG� EH� DSSOLHG� WR� WKH�
SUHVVXUH� FRHIILFLHQW� LQ� RUGHU� WR� WDNH� LQWR� DFFRXQW�
ZLQG� LQFLGHQFHV�� WXUEXOHQFH�� YHORFLW\�� HWF�� DUH� DOVR�
LPSRUWDQW�� %RWK� RFFXSDQW� EHKDYLRXU� DQG� GLVFKDUJH�
FRHIILFLHQWV�VKRXOG�EH�XQGHUVWRRG�WR�DFKLHYH�ZLOO�QRW�
JXDUDQWHH� WR� UHDFK� WKH� WDUJHW� RI� HQHUJ\� HIILFLHQW�
EXLOGLQJ��

$&.12:/('*(0(17�
7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�)DEULFH�'H�2OLYHLUD��
UHVHDUFK� HQJLQHHU� DW� &67%�� 1DQWHV�� IRU� KLV�
FRQWULEXWLRQ� RQ� WKH� XVH� JHQHWLF� DOJRULWKP� IRU�
VHQVLWLYLW\�DQDO\VHV��

5()(5(1&(6�
$UUrWp�������$UUrWp�GX����PDUV������GLVSRVLWLRQV�

UHODWLYHV�j�O
DpUDWLRQ�GHV�ORJHPHQWV��-2�GX����
PDUV������HW�GX����QRYHPEUH�������

&KX�&�5���&KLX�<�+���&KHQ�<�-���:DQJ�<�:���&KRX�
&�3���7XUEXOHQFH�HIIHFWV�RQ�WKH�GLVFKDUJH�
FRHIILFLHQW�DQG�PHDQ�IORZ�UDWH�RI�ZLQG�GULYHQ�
FURVV�YHQWLODWLRQ��%XLOGLQJ�	�(QYLURQPHQW�����
�����������������

&KLX�<�+�DQG�(WKHULGJH�'�:���([WHUQDO�IORZ�HIIHFWV�
RQ�WKH�GLVFKDUJH�FRHIILFLHQWV�RI�WZR�W\SHV�RI�
YHQWLODWLRQ�RSHQLQJ��-RXUQDO�RI�:LQG�(QJLQHHULQJ�
DQG�,QGXVWULDO�$HURG\QDPLFV����������������������

&RVWROD�HW�DO���������&RVWROD��'���(WKHULGJH��'�:��
�������8QVWHDG\�QDWXUDO�YHQWLODWLRQ�DW�PRGHO�
VFDOH�±�IORZ�UHYHUVDO�DQG�GLVFKDUJH�FRHIILFLHQWV�RI�
D�VKRUW�VWDFN�DQG�DQ�RULILFH��%XLOGLQJ�	�
(QYLURQPHQW�����S������������

'HPRXJH� )�� /H� 5RX[� 1�� HW� )DXUH� ;�� 1XPHULFDO�
YDOLGDWLRQ� RI� YHQWLODWLRQ�� $,9&� &RQJUHVV��
%UXVVHO�����������

(3$���������9HQWLODWLRQ�DQG�$LU�4XDOLW\�LQ�2IILFHV��
8QLWHG�6WDWHV�$LU�DQG�5DGLDWLRQ�(QYLURQPHQWDO�
3URWHFWLRQ�$JHQF\������)�������5HYLVHG�-XO\�
������

(WKHULGJH��'�:���6DQGEHUJ��0���������%XLOGLQJ�
YHQWLODWLRQ��WKHRU\�DQG�PHDVXUHPHQW��(G��:LOH\��
8.��

)DXUH� ;�� HW� /H� 5RX[� 1���2Q� WKH� SRWHQWLDO� RI� ZLQG�
GULYHQ� YHQWLODWLRQ� IRU� GZHOOLQJ� DQG� ORZ�ULVH�
EXLOGLQJ��5RRPYHQW��7URQGKHLP��1RUZD\�������

+RXFN� &�5��� -RLQHV� -��� DQG� .D\� 0�� $� JHQHWLF�
DOJRULWKP� IRU� IXQFWLRQ� RSWLPL]DWLRQ�� $� 0DWODE�
LPSOHPHQWDWLRQ�� $&0� 7UDQVDFWLRQV� RQ�
0DWKHPDWLFDO�6RIWZDUH��6XEPLWWHG������

.DUDYD�3���6WDWKRSRXORV�7���$WKLHQHWLV�$�.���:LQG�
LQGXFHG�QDWXUDO�YHQWLODWLRQ�DQDO\VLV��6RODU�
(QHUJ\�������������������

2SHQ7XUQV�� 8VHU� 0DQXDO� IRU� WKH� WH[WXDO� XVHU�
LQWHUIDFH��2SHQ7UXQV�YHUVLRQ������$SULO����������

57������5pJOHPHQWDWLRQ�WKHUPLTXH������

6DOOLRX� -�5��� )DXUH� ;��� /H� 5RX[� 1��� ([SHULPHQWDO�
DQDO\VHV� RI� WKH� GLVFKDUJH� FRHIILFLHQW� IRU�
YHQWLODWLRQ�GHVLJQ��9HQWLODWLRQ��������3DULV��VHSW��
�����

6DOWWHOL� HW� DO��� *OREDO� VHQVLWLYLW\� DQDO\VHV�� 7KH�
3ULPHU��:KLOH\�	�6RQV�������

:DQJ��%���(WKHULGJH��'�:���2KED��0���������:LQG�
WXQQHO�LQYHVWLJDWLRQ�RI�QDWXUDO�YHQWLODWLRQ�WKURXJK�
PXOWLSOH�VWDFNV��3DUW����PHDQ�YDOXHV��%XLOGLQJ�	�
(QYLURQPHQW�����S������������
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