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2��5��(EXWH��8��'��$OKDVVDQ�DQG�$��$��5DILX�
��'HSDUWPHQW�RI�3K\VLFV��)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\��0LQQD�

HEXWHUD\PRQG#JPDLO�FRP��D�XVPDQ#IXWPLQQD�HGX�QJ��L\LRODUDILX#IXWPLQQD�HGX�QJ

$EVWUDFW��
9HUWLFDO�(OHFWULFDO�6RXQGLQJ��9(6���XVLQJ�$%(0�6$6�������7HUUDPHWHU�ZDV�FDUULHG�RXW�RQ��D�
����[�����P�DUHD�RI� ODQG� ORFDWHG�EHWZHHQ� ODWLWXGH� ���R��ƍ����ƍƍ�1� � WR� ���R��ƍ����ƍƍ�1� �DQG��
ORQJLWXGH� ���R��ƍ����ƍƍ�(� � WR� ���R��ƍ����ƍƍ�(�DW� WKH�QRUWKHUQ�SDUW�RI�*LGDQ�.ZDQR�&DPSXV��
)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\��0LQQD��1LJHU�6WDWH��7KH�VWXG\�ZDV�DLPHG�DW�LQYHVWLJDWLQJ�
WKH�VXEVXUIDFH�VWUXFWXUHV�RI�WKH�VWXG\�DUHD�ZLWK�D�YLHZ�WR�GHOLQHDWLQJ�WKH�VLWHV�VXLWDEOH�IRU�FLYLO�
HQJLQHHULQJ�ZRUN��$� WRWDO� RI����9(6�SRLQWV�DW� ����P� LQWHUYDO�ZHUH� VRXQGHG�ZLWK�D�����P�
PD[LPXP�KDOI� LQWHU�FXUUHQW�HOHFWURGH�VSDFLQJ��DE�����5HVXOW�UHYHDOHG�WKDW� WKH�VWXG\�DUHD�LV�
XQGHUODLQ� E\� WKUHH� ���� JHRHOHFWULF�JHRORJLF� OD\HUV� ZKLFK� LQFOXGH�� WKH� WRS� VRLO�ZLWK� ����� WR�
�������ȍP������ WR�����P�DQG����� WR�����P�DV� LWV� UDQJH�RI�UHVLVWLYLW\��GHSWK�DQG�WKLFNQHVVHV�
UHVSHFWLYHO\��WKH�ZHDWKHUHG�OD\HU�KDYLQJ�UHVLVWLYLW\�RI������WR������ȍP��GHSWK�RI�����WR������P�
DQG�WKLFNQHVV�RI�����WR������P��DQG�WKH�IUDFWXUHG�IUHVK�EDVHPHQW�ZKLFK�KDV�������WR��������
ȍP� DV� LWV� UHVLVWLYLW\� YDOXH� ZLWK� XQGHILQHG� GHSWK� DQG� WKLFNQHVV�� 7KH� REVHUYHG� FXUYH� W\SHV�
LQFOXGH�� $� ����� DQG�+� ������� 7KH� SRLQWV� GHOLQHDWHG� IRU� FLYLO� HQJLQHHULQJ� ZRUNV� DUH� 9(6�
VWDWLRQV�$���%���%���&��DQG�)��KDYLQJ�VKDOORZ�GHSWK�WR�EDVHPHQW��

.H\ZRUGV��5HVLVWLYLW\��%DVHPHQW��'HSWK��*HRHOHFWULF�OD\HU���

$� ,1752'8&7,21�
7KH�JURZWK�RI�DQ\�FRPPXQLW\�LV�KLJKO\�GHSHQGHQW�RQ�WKH�DYDLODELOLW\�RI�LQIUDVWUXFWXUHV�OLNH�
URDGV�HOHFWULFLW\�DQG�LQGXVWULHV�DPRQJ�RWKHUV��6DODNR�HW�DO���������DQG�DFFRUGLQJ�WR�1QDPGL��
������WKHUH�DUH�WKUHH�LPSRUWDQW�UHTXLUHPHQWV�IRU�KXPDQ�VXUYLYDO��WKH\�DUH�)RRG��&ORWKLQJ�DQG�
6KHOWHU��:HOO�VWUXFWXUHG�VKHOWHU�LV�RI�VLJQLILFDQW�LPSRUWDQFH�WR�1LJHULD�ZKHUH�EXLOGLQJ�FROODSVH�
KDV�EHFRPH�D�IDPLOLDU�RFFXUUHQFH��$ODPX��DQG��*DQD���������'XH�WR�LPSURSHU�VLWH�LQYHVWLJDWLRQ�
DQG�SRRU�IRXQGDWLRQ���WKHUH�KDYH�EHHQ�VHYHUDO��FDVHV�RI��EXLOGLQJ�FROODSVH��LQ��1LJHULD�IRU�VRPH�
GHFDGHV��QRZ��$OKDVVDQ�HW�DO�����������DFFRUGLQJ�WR�$ODPX��DQG��*DQD���������1LJHULD��UHFRUGHG�
WKH�KLJKHVW�UHSRUW�RI�VWUXFWXUDO�IDLOXUHV�EHWZHHQ������DQG�������,W�KDV�UHVXOWHG�WR�WKH�ORVV�RI�
VHYHUDO�OLYHV�DQG�YDOXDEOHV�RYHU�WKH�\HDUV���
9HUWLFDO� HOHFWULFDO� VRXQGLQJ� �9(6�� ZDV� HPSOR\HG� WR� LQYHVWLJDWH� WKH� FRPSHWHQFH� RI� WKH�
VXEVXUIDFH� OD\HUV� RI� WKH� VWXG\� DUHD� IRU� FLYLO� HQJLQHHULQJ� DFWLYLW\�� ,PSURSHU� IRXQGLQJ� RI�
IRXQGDWLRQ�DQG�VXEVWDQGDUG�TXDOLW\�EXLOGLQJ�PDWHULDOV�KDYH�EHHQ�WKH�PRVW�FDXVH�RI�VWUXFWXUDO�
IDLOXUH��$NLQWRULQZD�	�$ELROD���������6LWWLQJ�EXLOGLQJV�RQ�LQFRPSHWHQW�HDUWK�OD\HUV�DOVR�DIIHFWV�
EXLOGLQJV� DVLGH� GHVLJQ� HUURU� �$OKDVVDQ� HW� DO��� ������� $� JRRG� IRXQGDWLRQ� VKRXOG� VXVWDLQ�
VWUXFWXUHV�HUHFWHG�RQ�LW� LQ�VXFK�D�ZD\�DV�QRW� WR�FDXVH�DQ\�GDPDJH�WR�WKH�ZKROH�RU�SDUW�RI�D�
EXLOGLQJ�GXH�WR�HDUWK�PRYHPHQWV�RU�YLEUDWLRQV��
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(OHFWULFDO� UHVLVWLYLW\� PHWKRG� LV� ZLGHO\� XVHG� LQ� SUHOLPLQDU\� VLWH� LQYHVWLJDWLRQ� WR� VKRZ� WKH�
PDWHULDOV�H[LVWLQJ�LQ�WKH�VXEVXUIDFH��2PRZXPL��������
7KH��VWXG\�DUHD�LV�ORFDWHG�DW�WKH�QRUWKHUQ��SDUW�RI�WKH�*LGDQ�.ZDQR�&DPSXV���)HGHUDO�8QLYHUVLW\�
RI� �7HFKQRORJ\�� �0LQQD�� � ,W� � LV� � GHILQHG�E\� ODWLWXGH� � ��R��ƍ����ƍƍ1� � WR� � ��R��ƍ����ƍƍ1� � DQG��
ORQJLWXGH����R��ƍ����ƍƍ(��WR����R��ƍ����ƍƍ(��7KH�SRSXODWLRQ�RI�VWDIIV�DQG�VWXGHQWV�DUH�LQFUHDVLQJ�
ZLWKLQ� WKH� FDPSXV� DV�PRUH� IDFXOWLHV� DUH� EHLQJ� UHORFDWHG� IURP� WKH�%RVVR� FDPSXV� WR�*LGDQ�
.ZDQR�FDPSXV��FRQVHTXHQWO\��PRUH�EXLOGLQJV�DUH�EHLQJ�EXLOW� WR�DFFRPPRGDWH� WKH�JURZLQJ�
SRSXODWLRQ�RI�WKH�DUHD��$V�VXFK��WKHUH�LV�QHHG�WR�GHOLQHDWH�WKH�DUHDV�ZKHUH�WKH�IUHVK�EDVHPHQW�
KDV� VKDOORZ� GHSWK� DQG� KLJK� UHVLVWLYLW\� YDOXHV� ZKLFK� FDQ� SURYLGH� VWURQJ� EDVH� IRU� EXLOGLQJ�
FRQVWUXFWLRQ���
6HYHUDO�JHRSK\VLFDO�PHWKRGV�KDYH�EHHQ�HPSOR\HG�RYHU�WKH�\HDUV�LQ�GHWHUPLQLQJ�WKH�GHSWK�WR�
EDVHPHQW�� HOHFWULFDO� UHVLVWLYLW\�PHWKRG� LV� WKH�PRVW� HIIHFWLYH� �$OKDVVDQ�HW� DO��� ������� ,W� LV� D�
UHOLDEOH�DQG�DQ�HIIHFWLYH�WRRO�LQ�SURELQJ�LQWR�WKH�HDUWK¶V�LQWHULRU��LWV�DGYDQWDJHV�LQFOXGHV�QRQ�
GHVWUXFWLYH�HIIHFW�RQ�WKH�HQYLURQPHQW��FRVW�HIIHFWLYHQHVV��UDSLG�DQG�TXLFN�VXUYH\�WLPH�DQG�OHVV�
DPELJXLW\�LQ�DQDO\VLV�DQG�LQWHUSUHWDWLRQ�RI�GDWD���7RGG���������7KH�9HUWLFDO�(OHFWULFDO�6RXQGLQJ�
�9(6�� WHFKQLTXH� SURYLGHV� LQIRUPDWLRQ� RQ� WKH� YHUWLFDO� YDULDWLRQ� LQ� WKH� UHVLVWLYLW\� RI� WKH�
VXEVXUIDFH�OD\HUV�ZLWK�GHSWK��2ELRUD�HW�DO����������:LGH�YDULHW\�RI�SUREOHPV�OLNH�GHWHUPLQDWLRQ�
RI�GHSWK��WKLFNQHVV�DQG�ERXQGDU\�RI�DTXLIHU�FDQ�EH�VROYHG�XVLQJ�WKH�YHUWLFDO�HOHFWULFDO�VRXQGLQJ�
�%HOOR�	�0DNLQGH���������

*(2/2*<�2)�7+(�678'<�$5($�
7KH��VWXG\�DUHD�LV�ORFDWHG�DW�WKH�QRUWKHUQ��SDUW�RI�WKH�*LGDQ�.ZDQR�&DPSXV���)HGHUDO�8QLYHUVLW\�
RI� �7HFKQRORJ\�� �0LQQD�� � ,W� � LV� � GHILQHG�E\� ODWLWXGH� � ��R��ƍ����ƍƍ1� � WR� � ��R��ƍ����ƍƍ1� � DQG��
ORQJLWXGH����R��ƍ����ƍƍ(��WR����R��ƍ����ƍƍ(���7KH�VWXG\�DUHD��0LQQD��LV�XQGHUODLQ�E\�%DVHPHQW�
&RPSOH[�URFNV�FRQVLVWLQJ�RI�PHGLXP�JUDLQHG�ELRWLWH�JUDQLWH�LQWHUEDQGHG�ZLWK�FRDUVH�JUDLQHG�
OHXFRFUDWLF�JUDQLWH�DQG�LQWUXGHG�LQ�SODFHV�E\�TXDW]R�IHOGVSDU�SHJPDWLWH�G\NHV��7KH�G\NHV�VWULNH�
SDUDOOHO�WR�WKH�VWULNH�RI�WKH�IROLDWLRQ��DQG�WKH\�UDQJH�IURP�����P�WR�����P�LQ�GLDPHWHU��2XWFURSV�
DUH�IRXQG�DORQJ�WKH�ULYHU�YDOOH\V�DV�IODW�O\LQJ�ERGLHV��7KH\�UDQJH�LQ�VL]HV�IURP��[��P�WR�DERXW�
�[���P���3LQNLVK��IHOGVSDU���L�H�SRWDVVLXP�IHOGVSDU���LV��WKH��GRPLQDQW��PLQHUDO��LQ��WKH�JUDQLWH�
JQHLVV�DQG�WKH�SHJPDWLWH��7KLV�LPSOLHV�WKDW�LWV�ZHDWKHUHG�SURGXFW�ZLOO�EH�ULFK�LQ�FOD\��
7KH�URFN�W\SHV�SUHVHQW�LQ�WKH�DUHD�DUH�SDUW�RI�WKH�ROG�JUDQLWLF�VXLWH�ZKLFK�DUH�PRVWO\�H[SRVHG�
DORQJ�WKH�VWUHDP�FKDQQHOV��8GHQVL��HW�DO������������
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)LJXUH����*HRORJLFDO�0DS�RI�1LJHU�6WDWH��$PDGL�HW�DO���������
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7KH� UHVHDUFK� HPSOR\HG� WKH� HOHFWULFDO� UHVLVWLYLW\� PHWKRG� LQ� GHOLQHDWLQJ� WKH� VKDOORZ�
FRQVROLGDWLRQ�EDVHPHQW�RI�WKH�VWXG\�DUHD��7KLUW\�VL[�YHUWLFDO�HOHFWULFDO�VRXQGLQJ��9(6��SRLQWV�
ZHUH�SUREHG�XVLQJ�$%(0�6$6������PRGHO�7HUUDPHWHU�DQG�LWV�DFFHVVRULHV��6FKOXPEHUJHU�DUUD\�
HOHFWURGH�FRQILJXUDWLRQ�SDWWHUQ�ZLWK�KDOI�LQWHU�FXUUHQW�HOHFWURGH�VSDFLQJ��$%����YDU\LQJ�IURP�
��WR�����P�ZDV�DGRSWHG��7KH�DSSDUHQW�UHVLVWLYLW\�ZDV�FRPSXWHG�XVLQJ�HTXDWLRQ���

ȡD� �.5� � � � � � � � � � � ����

ZKHUH�ȡD�LV�DSSDUHQW�UHVLVWLYLW\��5�LV�WKH�HDUWKCV�UHVLVWDQFH�DQG�.�LV�D�JHRPHWULF�IDFWRU�H[SUHVVHG�
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ZKHUH�$%�LV�LQWHU�FXUUHQW�HOHFWURGH�VSDFLQJ�DQG�01�LV�LQWHU�SRWHQWLDO�HOHFWURGH�VSDFLQJ��

7KH�DSSDUHQW�UHVLVWLYLW\�YDOXHV�REWDLQHG�ZHUH�SORWWHG�DJDLQVW�$%���XVLQJ�ZLQ5HVLVW�VRIWZDUH��
DQG��IURP��WKH��SORWV���WKH��UHVLVWLYLW\���GHSWK��DQG��WKLFNQHVV�RI�HDFK�RI�WKH�VXEVXUIDFH�OD\HU�ZHUH�
GHGXFHG��DOVR��JHRORJLF�FURVV�VHFWLRQV�ZHUH�PDGH��

7DEOH����5DQJHV�RI��UHVLVWLYLW\�RI�YDULRXV��URFNV�FRPSRQHQW�LQ�EDVHPHQW�FRPSOH[��(VLPDL���������

5(68/76�$1'�',6&866,21�

7KH�*HRHOHFWULF� VHFWLRQ� �9(6�FXUYH��DV� VKRZQ� LQ�)LJXUH����SURYLGHV� LQIRUPDWLRQ�DERXW� WKH�
VXEVXUIDFH�OD\HU�UHVLVWLYLW\��GHSWK�DQG�WKLFNQHVV�DV�VXPPDULVHG�LQ�7DEOH����

7DEOH���VKRZV��WKH�VXPPDU\�RI�UHVXOWV�REWDLQHG�IURP�HDFK�JHRHOHFWULF�DQG�JHRORJLF�VHFWLRQ�
�)LJ�����DQG�� �)LJ����� UHVSHFWLYHO\�DFURVV�SURILOH�$�WR�)�ZKLFK�UHYHDOV� WKDW� WKH�VWXG\�DUHD�LV�
XQGHUODLQ�E\�WKUHH�����JHRHOHFWULF�VXEVXUIDFH�OD\HUV��7KH�ILUVW�OD\HU�ZKLFK�LV�WKH�WRS�OD\HU�KDV�
UHVLVWLYLW\�YDOXH�UDQJLQJ�IURP������±��������ȍP��LWV�GHSWK�DQG�WKLFNQHVV�YDULHV�EHWZHHQ�����±�
����P�DQG�����±�����P�UHVSHFWLYHO\�ZKLFK�FRUUHVSRQGV�WR�WKH�JHRHOHFWULFDO�SDUDPHWHUV�RI�IDGDPD�
ORDP��ZHDWKHUHG�ODWHULWH�DQG�IUHVK�ODWHULWH��7DEOH�����7KH�VHFRQG�OD\HU�KDV�UHVLVWLYLW\�YDOXH�RI�
����±������ȍP��GHSWK�RI�����±����P�DQG� WKLFNQHVV�RI�����±������P�� WKLV� OD\HU� UHIHUV� WR� WKH�
ZHDWKHUHG�IUDFWXUHG�EDVHPHQW��7KH�UHVLVWLYLW\�RI�WKH�WKLUG�OD\HU�UDQJHG�IURP�������±��������
ȍP��LWV�GHSWK�DQG�WKLFNQHVV�DUH�XQGHILQHG��
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7KH� REVHUYHG� IUHTXHQFLHV� LQ� FXUYH� W\SHV� LQFOXGH� ���� RI� +� DQG� ��� RI� $�� 7KH�
ZHDWKHUHG�IUDFWXUHG�OD\HU�LQ�WKH�+�FXUYH�W\SH�LV�XVXDOO\�FKDUDFWHUL]HG�ZLWK�ORZ�UHVLVWLYLW\�YDOXH�
PDGH�XS�RI�FOD\H\�RU�VDQG\�FOD\��2ORUXQIHPL�HW�DO���������

)LJXUH����*HRHOHFWULF�VHFWLRQ�RI�9(6�SRLQW�$��

,Q�EDVHPHQW�FRPSOH[�WHUUDLQ��DUHDV�ZLWK�IUHVK�EDVHPHQW�OD\HU�GHSWK�OHVV�RU�HTXDO�WR���P�DUH�
IDYRXUDEOH�DQG�JRRG�IRU�EXLOGLQJ�FRQVWUXFWLRQ��$OKDVVDQ�HW�DO��������
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7DEOH����/D\HU�UHVLVWLYLW\��GHSWK�WKLFNQHVV�DQG�FXUYH�W\SH�
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&�
)LJXUH��D��9HUWLFDO�*HRORJLF�VHFWLRQ�WKURXJK�SURILOH�$�

)LJXUH��E��9HUWLFDO�JHRORJLF�VHFWLRQ�WKURXJK�SURILOH�%�
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� )LJXUH��F��9HUWLFDO�JHRORJLF�VHFWLRQ�WKURXJK�SURILOH�&�

� )LJXUH��G��9HUWLFDO�JHRORJLF�VHFWLRQ�WKURXJK�SURILOH�'�

� )LJXUH��H��9HUWLFDO�*HRORJLF�VHFWLRQ�WKURXJK�SURILOH�(�
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� )LJXUH��I��9HUWLFDO�*HRORJLF�VHFWLRQ�WKURXJK�SURILOH�)�

,VR�UHVLVWLYLW\�PDS��)LJXUH����ZHUH�DOVR�REWDLQHG�IRU�WKH�OD\HUV�XVLQJ�WKH�*ROGHQ�6XUIHU�
VRIWZDUH�LQ�RUGHU�WR�LQYHVWLJDWH�WKH�FRQWLQXRXV�YDULDWLRQ�RI�UHVLVWLYLW\�ZLWK�GHSWK��$Q�LQWHUYDO�
RI�����ȍP�ZDV�XVHG�WR�JHQHUDWH�WKH�LVR�UHVLVWLYLW\�FRQWRXU�RI�WKH�ILUVW�OD\HU��)LJXUH��D���7KH�
UDQJH�RI�WKH�UHVLVWLYLW\�YDOXHV�LV������WR���������ȍP��7KH�DUHDV�ZLWK�WKH�ORZHVW�UHVLVWLYLW\�
YDOXH�WUHQGV�IURP�QRUWKZHVW�WR�VRXWKHDVW�ZLWK�DQ�H[WHQVLRQ�WRZDUGV�VRXWKZHVW��LW�LV�
FKDUDFWHULVHG�E\�IDGDPD�ORDP��VDQG�DQG�JUDYHO��ZKLOH�WKRVH�ZLWK�KLJK�UHVLVWLYLW\�YDOXH�DUH�DW�
WKH�QRUWKHUQ�DQG�VRXWKHUQ�SDUWV��

)LJXUH��D��,VR�UHVLVWLYLW\�FRQWRXU�PDS�RI�WKH�ILUVW�OD\HU�
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)LJXUH��E��,VR�UHVLVWLYLW\�FRQWRXU�PDS�RI�WKH�VHFRQG�OD\HU�

)LJXUH��F��,VR�UHVLVWLYLW\�FRQWRXU�PDS�RI�WKH�WKLUG�OD\HU�
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&Ͳϭϲϯ

)LJXUH��G��2YHUEXUGHQ�FRQWRXU�PDS�RI�WKH�VWXG\�DUHD��

7KH�LVR�UHVLVWLYLW\�FRQWRXU�RI�WKH�VHFRQG�OD\HU��)LJXUH��E��ZDV�JHQHUDWHG�DW�DQ�LQWHUYDO�RI���
ȍP��7KH�FRQWRXU��VKRZV�WKDW�WKH�UHVLVWLYLW\�RI�WKH�ZHDWKHUHG�IUDFWXUHG�]RQH�LV�KLJKHU�DW�WKH�
QRUWKHDVWHUQ��HDVWHUQ��DQG�VRXWKHUQ�SDUW�RI��WKH�VWXG\�DUHD�ZKLOH�WKH�QRUWKHUQ�DQG�FHQWUDO�SDUW�
DUH�FKDUDFWHULVHG�E\�ORZHU�UHVLVWLYLW\�YDOXH� 7KH�LVR�UHVLVWLYLW\�FRQWRXU�RI�WKH�WKLUG�OD\HU��)LJXUH�
�F��UHYHDOV�WKDW�WKH�VWXG\�DUHD�LV�KLJKO\�ZHDWKHUHG�IUDFWXUHG��7KH�FRQWRXU�ZDV�JHQHUDWHG�DW�����
ȍP�LQWHUYDO�ZLWK�UHVLVWLYLW\�YDOXHV�UDQJLQJ�IURP�������WR��������ȍP��7KH�WKLUG�OD\HU�KDV�LWV�
ORZHVW�UHVLVWLYLW\�YDOXH�PDMRUO\�DW�WKH�QRUWK�ZHVWHUQ�SDUW�RI�WKH�VWXG\�DUHD�ZKLOH�WKRVH�RI�KLJK�
UHVLVWLYLW\� RFFXS\� WKH� QRUWK�HDVWHUQ�� VRXWK�ZHVWHUQ� DQG� VRXWK�HDVWHUQ� SDUWV� 7KH� ,VRSDFK�
�RYHUEXUGHQ�FRQWRXU�PDS���ZDV�JHQHUDWHG�DW�DQ�LQWHUYDO�RI���P��WKH�YDOXHV�UDQJH�IURP�����WR����
P�DV�VKRZQ�LQ�)LJXUH��G��7KH�FRQWRXU�UHYHDOV�WKDW�RYHUEXUGHQ�WKLFNQHVV�LV�KLJKHU�DW�WKH��QRUWK�
HDVWHUQ� DQG� �ZHVW�FHQWUDO� SDUWV� RI� WKH� VWXG\� DUHD�ZKLOH� WKH� QRUWK�ZHVWHUQ�� VRXWKHUQ�� VRXWK�
HDVWHUQ�DQG�VRXWK�ZHVWHUQ�SDUWV�DUH�RI��ORZHU�RYHUEXUGHQ�WKLFNQHVV��

7DEOH����5HFRPPHQGHG�SRLQWV�IRU�FLYLO�HQJLQHHULQJ�ZRUNV�

9(6�6WDWLRQ� /DWLWXGH���� /RQJLWXGH���� 1XPEHU�RI�OD\HUV� 'HSWK�WR�
EDVHPHQW�

$� �������� �������� � ���
%� �������� �������� � ���
%� �������� �������� � ���
&� �������� �������� � ���
)� �������� �������� � ���

7KH�VLWHV�VXLWDEOH�IRU�VWUXFWXUHV�ZLWKLQ�WKH�VWXG\�DUHD�ZHUH�GHOLQHDWHG�DIWHU�FDUHIXO�FRQVLGHUDWLRQ�
ZDV� JLYHQ� WR� WKH� UHVLVWLYLW\�� GHSWK� DQG� WKLFNQHVV�RI� WKH� VXEVXUIDFH� OD\HUV�� ILYH�9(6� SRLQWV�
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KDYLQJ�GHSWK�WR�IUHVK�EDVHPHQW�YDU\LQJ�EHWZHHQ�����WR�����P��ZHUH�FKRVHQ��WKH�SRLQWV�DUH��$���
%���%���&��DQG�)��DV�VKRZQ�LQ�7DEOH����

'� &21&/86,216�

7KH�UHVXOWV�REWDLQHG�IURP�WKH�DQDO\VLV�RI��WKH�GDWD�DFTXLUHG�LQ�ILHOG�RI�VXUYH\�FOHDUO\�VKRZHG�
WKDW� WKH� HOHFWULFDO� UHVLVWLYLW\� PHWKRG� LV� VXLWDEOH� IRU� DQG� YHU\� HIILFLHQW� LQ� LQYHVWLJDWLQJ� WKH�
SDUDPHWHUV�RI�WKH�VXEVXUIDFH�VWUXFWXUHV��7KH�VWXG\�DUHD�LV�FKDUDFWHULVHG�E\�WKUHH�����JHRHOHFWULF�
OD\HUV�DV�FOHDUO\�UHYHDOHG�E\�WKH�UHVXOW��WKH\�DUH��WKH�WRS�OD\HU�ZKLFK�FRQVLVW�RI�IDGDPD�ORDP��
VDQG�DQG�JUDYHO��ZHDWKHUHG�OD\HU�DQG�WKH�IUDFWXUHG�IUHVK�EDVHPHQW�OD\HU���
7KH�UHVLVWLYLW\�RI�WKH�WRS�OD\HU��ZHDWKHUHG�OD\HU�DQG�IUDFWXUHG�IUHVK�EDVHPHQW�OD\HU�YDULHV�IURP�
�����WR���������ȍP������WR������DQG�������WR���������ȍP�UHVSHFWLYHO\�DFURVV�WKH�HQWLUH�VWXG\�
DUHD��WKH�GHSWK�RI�WKH�WRS�OD\HU�UDQJHV�IURP�����WR�����P��WKDW�RI�WKH�ZHDWKHUHG�OD\HU�YDULHV�IURP�
����WR������P�ZKLOH�WKDW�RI�WKH�IUDFWXUHG�IUHVK�EDVHPHQW�OD\HU�LV�XQGHILQHG�DFURVV�WKH�VL[����
SURILOHV�LQYHVWLJDWHG��DOVR��WKH�VWXG\�DUHD�KDV�����WR�����P�DQG�����WR������P�DV�WKH�WKLFNQHVV�RI��
LWV� WKH�WRS�OD\HU�DQG�ZHDWKHUHG�OD\HU�UHVSHFWLYHO\�� WKH�IUDFWXUHG�IUHVK�EDVHPHQW� OD\HU�KDV�DQ�
XQGHILQHG�WKLFNQHVV� *RYHUQPHQW�DQG�HVWDWH�GHYHORSHUV�ZKR�ZLVK�WR�VLWH�VWUXFWXUHV�ZLWKLQ�WKH�
VWXG\�DUHD�VKRXOG�FRQVLGHU�9(6�SRLQWV�$���%���%���&��DQG�)���4XDOLW\�H[FDYDWLRQ�ZRUN�VKRXOG�
EH� FDUULHG� RXW� LI� VWUXFWXUHV� PXVW� EH� EXLOW� DQ\ZKHUH� ZLWKLQ� WKH� VWXG\� DUHD� DVLGH� WKH� DIRUH�
PHQWLRQHG�SRLQWV��PRUH�UHVHDUFK�ZRUN�LQ�WKLV�DUHD�ZRXOG�FRQWULEXWH�LPPHQVHO\�WR�VROYLQJ�WKH�
SUREOHP�RI�EXLOGLQJ�FROODSVH�FRPSOHWHO\��

(� 5()(5(1&(6�

$NLQWRULQZD��2��-��	�$ELROD��2����������6XEVRLO�(YDOXDWLRQ�IRU�SUH�IRXQGDWLRQ�VWXG\��XVLQJ�
JHRSK\VLFDO�DQG�JHRWHFKQLFDO�DSSURDFK��-��(QJU��7UHQGV�LQ�(QJU��	�$SSO��6FL�������±�����

$ODPX�)��%��	�*DQD�0��6����������$Q�,QYHVWLJDWLRQ�RQ�WKH�&DXVHV�RI�%XLOGLQJ�&ROODSVH�LQ�
1LJHULD��-RXUQDO�RI��(QYLURQPHQWDO�6FLHQFH�	�5HVRXUVHV�0DQDJHPHQW�����

$OKDVVDQ�� �8�� �'��� �2ELRUD�� �'�� �1��	� �2NHNH�� �)�� �1�� ��������7KH�$VVHVVPHQW�RI� �$TXLIHU�
3RWHQWLDO� DQG� $TXLIHU� 9XOQHUDELOLW\� RI� 6RXWKHUQ� 3DLNR�� 1RUWK� &HQWUDO� 1LJHULD�� 8VLQJ�
*HRHOHFWULF�0HWKRG��*OREDO�-RXUQDO�RI�3XUH�DQG�$SSOLHG�6FLHQFHV�������������

$OKDVVDQ���8���'��� �2ELRUD���'���1��� �2NHNH���)���1����������*HRHOHFWULFDO� �,QYHVWLJDWLRQ��RI��
*URXQGZDWHU��3RWHQWLDOV�RI��1RUWKHUQ��3DLNR���1LJHU�6WDWH���1RUWK��&HQWUDO��1LJHULD���-RXUQDO��
RI��(DUWK��6FLHQFH�������������������

$PDGL��$��1��2ODVHKLQGH��3�� ,��2NR\H��1��2��0RPRK��2�� ,��	�'DQ�+DVVDQ��0��$�� ��������
+\GURJHRSK\VLFDO��([SORUDWLRQ��IRU��*URXQGZDWHU��3RWHQWLDO�,Q��.DWDHUHJL��1RUWKHU�&HQWUDO��
1LJHULD��,QWHUQDWLRQDO�-RXUQDO�2I�6FLHQWLILF�5HVHDUFK��9RO�����1R����

%HOOR��$��$��	�0DNLQGH��9����������'HOLQHDWLRQ�RI�WKH�$TXLIHU�LQ�WKH�6RXWK�:HVWHUQ�SDUW�RI�
WKH�1XSH�EDVLQ��.ZDUD�6WDWH��1LJHULD��-��$P��6FL������������

(VLPDL��&�5���������(OHFWULFDO�5HVLVWLYLW\�6XUYH\�IRU�*URXQGZDWHU�3RWHQWLDO�DW�&RPPLVVLRQHU�
4XDUWHUV��0DLWXPEL��0LQQD��8QSXEOLVKHG�0DVWHUV�7KHVLV��

1QDPGL��2��0����������7KH�%LJ�,VVXHV�±�)RRG��&ORWKLQJ�DQG�6KHOWHU��$Q�,QWURGXFWLRQ��:RUNLQJ�
3DSHU�6HULHV��9ROXPH����,VVXH������3S�������
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2ELRUD��'��1���$OKDVVDQ��8��'���-RKQVRQ��&��,��	�2NHNH��)��1��������*HRHOHFWULFDO�HYDOXDWLRQ�
RI� DTXLIHU� SRWHQWLDO� DQG� YXOQHUDELOLW\� RI� 1RUWKHUQ� 3DLNR�� 1LJHU� 6WDWH�� 1LJHULD�� :DWHU�
(QYLURQPHQW�5HV������������������

2ORUXQIHPL��0��2���2MR��-��6��	�$NLQWXQGH��2��0����������+\GUR�JHRSK\VLFDO�HYDOXDWLRQ�RI�
WKH�JURXQGZDWHU�SRWHQWLDO�RI�$NXUH�PHWURSROLV��VRXWKZHVWHUQ�1LJHULD��-RXUQDO�RI�0LQLQJ�
DQG�*HRORJ\�����������±����

2PRZXPL� )�� 3�� �������� $SSOLFDWLRQ� RI� HOHFWULFDO� UHVLVWLYLW\� LQ� EXLOGLQJ� IRXQGDWLRQ�
LQYHVWLJDWLRQ�LQ�,EHVH�6RXWKZHVWHUQ�1LJHULD��$VLD�3DFLILF�-�(QHUJ\�DQG�(QYW���������

6DODNR��.��$����$EGXOUDVKLG��8��$����$GHWRQD���$��$���2IRU��1��3����$OKDVVDQ��8��'��	�-RQDK��6��
$����������*HRSK\VLFDO�,QYHVWLJDWLRQ�RI�:HVWHUQ�SDUW�RI�)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\��
*LGDQ� NZDQR� &DPSXV�� 0LQQD�� 1LJHU� 6WDWH�� 8VLQJ� (OHFWULFDO� DQG� 6HLVPLF� 5HIUDFWLRQ�
0HWKRGV��1DWXUDO�DQG�$SSOLHG�6FLHQFH�-RXUQDO�������������������

7RGG�.��'����������*URXQGZDWHU�+\GURORJ\���QG�HGLWLRQ��-RKQ�:LOH\�DQG�6RQV��1HZ�<RUN��
8GHQVL���(��(����2MR��6��%��	�$MDNDL\H��'��(������������$�7KUHH�'LPHQVLRQDO�,QWHUSUHWDWLRQ�RI�

%RXJXHU�$QRPDOLHV��RYHU��WKH��0LQQD��%DWKROLWK�LQ�&HQWUDO�1LJHULD��3UHFDPEULDQ�5HVHDUFK��
����������


