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,QGRQHVLDQ�&HQWHU�IRU�$JULFXOWXUDO�%LRWHFKQRORJ\�DQG�*HQHWLF�5HVRXUFHV�5HVHDUFK�DQG�'HYHORSPHQW�
%RJRU��������,QGRQHVLD

5HFHLYHG�����0D\������$FFHSWHG����-XO\�����

$%675$&7

� *HQHUDWLQJ� D� QHZ� FURS�YDULHW\�ZLWK� FHUWDLQ� GHVLUDEOH� WUDLWV� UHTXLUHV� JHUPSODVP� FROOHFWLRQ�ZLWK�ZLGH� JHQHWLF�
GLYHUVLW\�WR�IDFLOLWDWH�DFFHOHUDWHG�GHYHORSPHQW�RI �LPSURYHG�FXOWLYDUV��7KLV�VWXG\�ZDV�FRQGXFWHG�WR�FKDUDFWHUL]H�JHQHWLF�
GLYHUVLW\�RI � ,QGRQHVLDQ� ULFH�DFFHVVLRQV�XVLQJ�665�PDUNHUV�DQG�WKHLU� DJUR�PRUSKRORJLFDO�FKDUDFWHUV� WR�DOORZ� WKH�
LGHQWLILFDWLRQ�RI �0DUNHU�7UDLW�$VVRFLDWLRQ��07$���$�VXUYH\�RI �JHQHWLF�GLYHUVLW\�DPRQJ����WUDGLWLRQDO�ODQGUDFHV�RI ����
SURYLQFHV�LQ�,QGRQHVLD�DQG����LPSURYHG�YDULHWLHV�ZDV�FRQGXFWHG�XVLQJ�IRXU�PXOWLSOH[�SDQHOV�RI ����IOXRUHVFHQW�ODEHOHG�
665�PDUNHUV�DQG����DJUR�PRUSKRORJLFDO�FKDUDFWHUV��$�WRWDO�RI �����DOOHOHV�ZLWK�DQ�DYHUDJH�RI ����DOOHOHV�SHU�ORFXV�DQG�
3RO\PRUSKLVP�,QIRUPDWLRQ�&RQWHQW��3,&��YDOXHV�DW�������7KH�SRSXODWLRQ�VWUXFWXUH�LGHQWLILHG�ILYH�VXEJURXSV��$�WRWDO�
RI ���KLJKO\�VLJQLILFDQW�07$�ZHUH� LGHQWLILHG��2QH�FKDUDFWHU�ZLWK�KLJKO\�VLJQLILFDQW�07$�ZDV�QXPEHU�RI �SDQLFOH�
DVVRFLDWHG�ZLWK�50�����%DVHG�RQ�665�PDUNHU��50����KDG�WZR�07$V�IRU�DXULFOH�FRORU�DQG� OLJXOH� VKDSH��$IWHU�
YDOLGDWLRQ��WKHVH�07$V�PD\�EH�GHSOR\HG�WR�LPSURYH�ULFH�SURGXFWLYLW\��

� .H\ZRUGV��*HQHWLF�GLYHUVLW\���,QGRQHVLDQ�ULFH���0DUNHU�7UDLW�$VVRFLDWLRQ��665

,1752'8&7,21

7KURXJK� YDULRXV� H[SORUDWLRQ�PLVVLRQV��PRUH�
WKDQ� ������ ULFH� JHUPSODVPV� FRQVLVWHG� RI �
ODQGUDFHV�� HOLWH� OLQHV�� KLJK� \LHOGLQJ� YDULHWLHV��
LQWURGXFHG�YDULHW\�OLQHV�DV�ZHOO�DV����DFFHVVLRQV�
RI �ZLOG�ULFH�VSHFLHV�DUH�NHSW�LQ�,QGRQHVLDQ�&HQWHU�
IRU� $JULFXOWXUDO� %LRWHFKQRORJ\� DQG� *HQHWLF�
5HVRXUFHV� 5HVHDUFK� DQG� 'HYHORSPHQW�
�,&$%,2*5$'���7KH\�KDYH�YHU\�LPSRUWDQW�UROH�
DV� JHQHWLF� UHVRXUFHV�� ,Q� EUHHGLQJ� SURJUDP� WR�
FUHDWH�KLJK�\LHOGLQJ�YDULHWLHV�RI �IRRG�FURSV��LW�LV�
LPSRUWDQW� WR� FDUU\� RXW� FKDUDFWHUL]DWLRQ� DQG�
HYDOXDWLRQ�RI �JHUPSODVPV�WR�LQFUHDVH�XWLOL]DWLRQ�
RI �JHQHWLF�UHVRXUFHV��6LOLWRQJD�HW�DO��������6LOLWRQJD�
������
$JUR�PRUSKRORJLFDO� FKDUDFWHUL]DWLRQ� RI �

JHUPSODVP�DFFHVVLRQV�LV�IXQGDPHQWDO�LQ�RUGHU�WR�
SURYLGH�LQIRUPDWLRQ�IRU�SODQW�EUHHGLQJ�SURJUDPV�
�/LQ� ������ 1DVFLPHQWR� HW� DO�� ������� 6\VWHPDWLF�
VWXG\� DQG� FKDUDFWHUL]DWLRQ� RI � FROOHFWHG�
JHUPSODVPV�DUH�QRW�RQO\�LPSRUWDQW�IRU�XWLOL]LQJ

WKH� DSSURSULDWH� DWWULEXWH� EDVHG� RQ� GRQRUV�� EXW�
DOVR�HVVHQWLDO�LQ�WKH�SUHVHQW�HUD�IRU�SURWHFWLQJ�WKH�
XQLTXH�ULFH��7KXV��WKHUH�LV�D�QHHG�WR�FROOHFW��H[SORLW�
DQG�HYDOXDWH�WKH�XQWDSSHG�JHUPSODVP��3DULNK�HW�
DO���������,GHQWLILFDWLRQ�RI �FXOWLYDUV�ZLWK�GLVWLQFW�
PRUSKRORJLFDO� WUDLWV� IDFLOLWDWHV� KLJK� UHVROXWLRQ�
47/� PDSSLQJ� DQG� YDOLGDWHV� FDQGLGDWH� JHQHV�
UHVSRQVLEOH� IRU� TXDQWLWDWLYH� DJURQRPLFDO�
FKDUDFWHUV��/L�HW�DO��������

7KH� DGYDQWDJH� RI � XVLQJ� IOXRUHVFHQW�ODEHOHG�
PLFURVDWHOOLWH� PDUNHUV� IRU� JHQHWLF� GLYHUVLW\�
DQDO\VLV�LQ�ULFH�ZLWK�PXOWLSOH�G\HV�DOORZV�HIILFLHQW�
JHQRW\SLQJ� XVLQJ� PXOWLSOH[� SDQHOV� RI � PDUNHUV�
�%ODLU�HW�DO��������&REXUQ�HW�DO��������-DLQ�HW�DO��������
7KRPVRQ� HW� DO�� ������� 7KH� XVH� RI � FDSLOODU\�
HOHFWURSKRUHVLV� SURYLGHV� DGGLWLRQDO� EHQHILWV��
LQFOXGLQJ� JUHDWHU� DXWRPDWLRQ�� HDVH� RI � XVH� DQG�
SUHFLVLRQ�LQ�IUDJPHQW�VL]LQJ��ZKLFK�PDNHV�LW�WKH�
SUHIHUUHG�WHFKQRORJ\�IRU�6LPSOH�6HTXHQFH�5HSHDW�
�665��JHQRW\SLQJ�LQ�ULFH��/X�HW�DO��������*DUULV�HW�DO��
������7KRPVRQ�HW�DO���������3UHYLRXV�VWXG\�FDUULHG�
RXW�RQ�JHQHWLF�GLYHUVLW\�DQG�SRSXODWLRQ�VWUXFWXUH�
RI �,QGRQHVLDQ�JHUPSODVP�FKDUDFWHUL]HG�����ULFH
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DFFHVVLRQV�� LQFOXGLQJ� ���� JHRJUDSKLFDOO\�GLYHUVH�
,QGRQHVLDQ� ODQGUDFHV� DQG� ��� ,QGRQHVLDQ�
LPSURYHG�FXOWLYDUV��XVLQJ�FDSLOODU\�HOHFWURSKRUHVLV�
ZLWK����IOXRUHVFHQW�ODEHOHG�PLFURVDWHOOLWH�PDUNHUV�
�7KRPVRQ�HW�DO��������
6HYHUDO�UHVHDUFKHUV�UHSRUWHG�WKH�XVH�RI �DJUR�

PRUSKRORJLFDO� PDUNHUV� FRPELQHG� ZLWK� 665�
PDUNHUV�LQ�WKH�FKDUDFWHUL]DWLRQ�DQG�VWXG\�RI �ULFH�
�2U\]D� VDWLYD� /��� JHUPSODVP� GLYHUVLW\�� 8VLQJ� ���
DJUR�PRUSKRORJLFDO�FKDUDFWHUV�DVVRFLDWHG�ZLWK����
665�PDUNHUV��%DMUDFKDU\D�HW�DO�� �������H[DPLQHG�
JHQHWLF�UHODWLRQVKLSV�DPRQJ�����KLJK�DOWLWXGH�ULFH�
ODQGUDFHV� IURP� 1HSDO�� $JUDPD� HW� DO�� �������
LGHQWLILHG� 665� PDUNHUV� DVVRFLDWHG� ZLWK�
DJURQRPLFDOO\�LPSRUWDQW�SKHQRW\SLF�WUDLWV�XVLQJ�
��� ULFH� JHUPSODVP� DFFHVVLRQV� HYDOXDWHG� IRU�
\LHOG� DQG� NHUQHO� FKDUDFWHULVWLFV�� ZKHQ� EHLQJ�
JHQRW\SHG�ZLWK� ����665�PDUNHUV� LW�ZDV� VKRZQ�
WKDW�PDQ\�RI �WKH�DVVRFLDWHG�PDUNHUV�ZHUH�ORFDWHG�
LQ� UHJLRQV� ZKHUH� 47/� KDG� SUHYLRXVO\� EHHQ�
LGHQWLILHG�� 6HHWKDUDP� HW� DO�� ������� FKDUDFWHUL]HG�
��� ULFH� JHQRW\SHV� FRPSULVLQJ� ODQGUDFHV�� SXUH�
OLQHV�� VRPDFORQHV�� EUHHGLQJ� OLQHV� DQG� YDULHWLHV�
VSHFLILFDOO\�DGDSWHG�WR�FRVWDO�VDOLQH�HQYLURQPHQWV�
XVLQJ�665�PDUNHUV�DQG�PRUSKRORJLFDO�FKDUDFWHUV�
7KH�REMHFWLYHV�RI � WKH�SUHVHQW� VWXG\�ZHUH� WR�

FKDUDFWHUL]H�JHQHWLF�YDULDWLRQ�RI ����ULFH�DFFHVVLRQV�
XVLQJ� 665� PDUNHUV� DQG� DJUR�PRUSKRORJLFDO�
FKDUDFWHUV�DOORZLQJ�LGHQWLILFDWLRQ�RI �PDUNHU�WUDLW�
DVVRFLDWLRQ�DQG�WR�SURYLGH�XVHIXO�LQIRUPDWLRQ�WR�
IDFLOLWDWH�ULFH�SODQW�EUHHGLQJ�SURJUDPV�

0$7(5,$/6�$1'�0(7+2'6

� 6HHGV� RI � ��� ,QGRQHVLDQ� ULFH� ODQGUDFH�
DFFHVVLRQV� RULJLQDWHG� IURP� ��� SURYLQFHV� ZHUH�
REWDLQHG�IURP�,QGRQHVLDQ�&HQWHU�IRU�$JULFXOWXUDO�
%LRWHFKQRORJ\�DQG�*HQHWLF�5HVRXUFHV�5HVHDUFK�
DQG� 'HYHORSPHQW� �,&$%,2*5$'��� 7ZHQW\�
IRXU� FXOWLYDWHG� YDULHWLHV� ZHUH� DGGHG� IURP�
,QGRQHVLDQ�&HQWHU�IRU�5LFH�5HVHDUFK��$JHQF\�IRU�
$JULFXOWXUDO� 5HVHDUFK� DQG� 'HYHORSPHQW�
�,$$5'���,QGRQHVLD�0LQLVWU\�RI �$JULFXOWXUH��7KH�
FRQWURO�YDULHW\�XVHG�LQ�WKLV�VWXG\�ZDV�,QSDUL���IRU�
LQGLFD�� ,QSDUL� ��ZDV� LPSURYHG� YDULHW\� RULJLQDWHG�
IURP� ,5��� DQG� ,5%%�� ZKLFK� GHYHORSHG� IRU�
UHVLVWDQFH�WR�OHDI �EOLJKW�GLVHDVH��,W�ZDV�GHYHORSHG�
E\� FRQYHQWLRQDO� EUHHGLQJ� PHWKRG�� ZKLOH� ULFH�
YDULHW\�FRGH�ZDV�GHYHORSHG�XVLQJ�PDUNHU�DVVLVWHG�
VHOHFWLRQ� �%XVWDPDP� HW� DO�� ������� 7KH� FRQWURO�
YDULHW\�IRU�WURSLFDO�MDSRQLFD�ULFH�ZDV�.DOLPXWX��,W�ZDV�

ULFH� YDULHW\� LQWURGXFHG� IURP� .HQ\D� KDYLQJ�
GURXJKW�UHVLVWDQFH�FKDUDFWHULVWLF��6LOLWRQJD��������
7KHVH�ULFH�SDGG\�YDULHWLHV�ZHUH�ILUVW�VRZQ�LQ�ILYH�
SODVWLF�ER[HV�ZKLFK�FRQWDLQV����ULFH�YDULHWLHV�HDFK��
)RXUWHHQ�GD\V� ODWHU� VHHGOLQJV�ZHUH� WUDQVSODQWHG�
LQWR�D�VHW�RI �ER[HV�FRQWDLQLQJ�QDWXUDO�SDGG\�VRLO��
5LFH� SODQWV� ZHUH� JURZQ� XQGHU� JUHHQKRXVH�
PDLQWHQDQFH�

0ROHFXODU�$QDO\VLV

� '1$�ZDV�H[WUDFWHG�XVLQJ�'HOODSRUWD� �������
PHWKRG�� ,QGLYLGXDO� 3RO\PHUDVH� &KDLQ� 5HDFWLRQ�
ZDV�SHUIRUPHG�LQ������ /�RI �D�PL[WXUH�FRQWDLQLQJ��
�� /�����QJ� /��'1$�WHPSODWH�RI �HDFK�VDPSOH��� �
���� /� ��� 0�� &(4�FRPSDWLEOH� IOXRUHVFHQW��
ODEHOHG�SULPHU�SDLUV���� /�RI �G173�PL[������P0����
�� /���;�3&5�EXIIHU�DQG����� /�5RFKH�)DVW6WDUW�� �
7DT�'1$�3RO\PHUDVH�NLW���XQLWV� /��7KH�3&5��
PDFKLQH� RI � '1$� (QJLQH� 7HWUDG�� 3HOWLHU�
7KHUPDO�&\FOHU�0-�5HVHDUFK�ZDV�UXQ�LQ�SURJUDP�
IROORZLQJ�WRXFKGRZQ�SURFHGXUH�ZKLFK�FRQVLVWHG�

R
RI ���PLQXWHV� LQLWLDO� GHQDWXUDWLRQ� VWHS� DW� ��� &��

R
��� F\FOHV� WRXFKGRZQ� DW� ���� &� LQFUHPHQWV�� ���

R R
VHFRQGV�DW���� &�����VHFRQGV�DW������ &�GHFUHDVHG�

R R
E\����� &�HYHU\�F\FOH�����VHFRQGV�DW���� &��IROORZHG�

R
E\����F\FOHV�DW����VHFRQGV�DW���� &�����VHFRQGV�DW�

R R
��� &�����VHFRQGV�DW���� &�DQG�D�ILQDO�H[WHQWLRQ�

R
VWHS� IRU� �� PLQXWHV� DW� ��� &�� 7KH� DXWRPDWLF�
FDSLOODU\�HOHFWURSKRUHVLV�ZDV�XVHG�WR�VHSDUDWH�DQG�
YLVXDOL]H�WKH�3&5�SURGXFWV�IROORZLQJ�SURFHGXUHV�
UHFRPPHQGHG� E\� WKH� PDQXIDFWXUHU� �%HFNPDQ�
������

'DWD�$QDO\VLV

� 7KH�665�IUDJPHQW�DQDO\VLV�ZDV�EDVHG�RQ�WKH�
DOOHOH� VL]HV� JHQHUDWHG� DQG� LPSOHPHQWHG� LQ�
3RZHU0DUNHU� 9����� �/LX� 	� 0XVH� ������ WKDW�
FDOFXODWHG�WKH�DOOHOH�IUHTXHQF\��JHQH�GLYHUVLW\�DQG�
3RO\PRUSKLVP�,QIRUPDWLRQ�&RQWHQW��3,&���7KH�
SRSXODWLRQ�VWUXFWXUH�RI � WKH� ULFH�DFFHVVLRQV�ZDV�
FDOFXODWHG� XVLQJ� 6WUXFWXUH� Y���� �3ULWFKDUG� HW� DO��
�������7KH�SRVWHULRU�SUREDELOLWLHV�ZHUH�HVWLPDWHG�
DVVXPLQJ�SULRU�YDOXHV�RI �N�EHWZHHQ���DQG���XVLQJ�
WKH� 0DUNRY� &KDLQ� 0RQWH� &DUOR� PHWKRG�
�0&0&���7KH�UHVXOWV�RI �WKLV�VWXG\�ZHUH�EDVHG�RQ�
EXUQ�LQ�SHULRG�OHQJWK�RI ���������0&0&�LWHUDWLRQ�
DIWHU�EXUQ�LQ�RI ����������ZLWK�WZHQW\�UHSOLFDWLRQV��
7KH� GHJUHH� RI � DGPL[WXUH�� DOSKD�� ZDV� LQIHUUHG�
IURP�WKH�GDWD��:KHQ�DOSKD�LV�FORVH�WR�]HUR��PRVW�
LQGLYLGXDOV�DUH�HVVHQWLDOO\�IURP�RQH�SRSXODWLRQ�RU�
DQRWKHU��ZKHUHDV�ZKHQ�DOSKD�!���WKLV�PHDQV�WKDW�

���
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'LQX�7RUX

0DGKD�.HGKL

0DPD�:DQJL�.HUR

6LEX\XQJ�3HQGHN

3DGL�0HUDK

3XOXW�RODQ

���

�*HQHWLF�GLYHUVLW\�DQG�WUDLW�DVVRFLDWLRQ�DQDO\VLV�RI �ULFH�JHUPSODVPV�XVLQJ�665�²�)DWLPDK�HW�DO�

PRVW�LQGLYLGXDOV�DUH�DGPL[HG��)DOXVK�HW�DO���������
7KH� N� YDOXH� ZDV� GHWHUPLQHG� E\� /Q3�'�� LQ�
6758&785(�RXWSXW�DQG�GHOWD�N�EDVHG�RQ� WKH�
UDWH�RI �FKDQJH� LQ�/Q3�'��EHWZHHQ�VXFFHVVLYH�N�
�(YDQQR� HW� DO�� ������� %RWK� /Q3�'�� LQ�
6758&785(�RXWSXW�DQG�LWV�GHULYHG�GHOWD�N�ZHUH�
XVHG�WR�GHWHUPLQH�WKH�N�YDOXH��7R�GHWHUPLQH�WKH�
SXWDWLYH�DVVRFLDWLRQ�EHWZHHQ�DJUR�PRUSKRORJLFDO�
FKDUDFWHUL]DWLRQ�DQG�WKH�665�PDUNHUV�LW�ZDV�UXQ�
RQ� 0L[HG� /LQHDU� 0RGHO� �0/0�� PHWKRG� LQ�
7$66(/� �%UDGEXU\� HW� DO�� ������� 7KH� S� YDOXH�
FDOFXODWHG� E\� 7$66(/� GHWHUPLQHG� ZKHWKHU� D�
47/� ZDV� DVVRFLDWHG� ZLWK� WKH� PDUNHU�� 2I � WKH�
VHYHUDO� PHWKRGV� VXJJHVWHG� WR� FRUUHFW� IDOVH�
SRVLWLYH� LQ� DVVRFLDWLRQ� DQDO\VLV�� HYHQ� NHHSLQJ�
VWULQJHQW�S�YDOXH�EHQFKPDUN��WKH�PRVW�VWULQJHQW�
FRU UHFWLRQ� PHWKRG� FDO OHG� 
 
%RQIHU URQL�
&RUUHFWLRQ

�ZDV�XVHG� LQ� WKH�SUHVHQW� VWXG\��7KH�

��
WKUHVKROG�ZDV�IRXQG�WR�EH�����[��� �DW�VLJQLILFDQFH�
OHYHO� RI � ��� DIWHU� %RQIHUURQL� PXOWLSOH� WHVW�
FRUUHFWLRQ�����������

$JUR�0RUSKRORJLFDO�&KDUDFWHULVWLF

� 7KH� DFFHVVLRQV�ZHUH� FKDUDFWHUL]HG� DFFRUGLQJ�
WR�GHVFULSWRUV�HVWDEOLVKHG�E\�6LOLWRQJD�HW�DO����������
$� WRWDO� RI � ��� TXDOLWDWLYH� DQG� �� TXDQWLWDWLYH�
GHVFULSWRUV�ZHUH�XVHG��7KH�TXDOLWDWLYH�GHVFULSWRUV�
ZHUH��DXULFOH�FRORU��OLJXOH�FRORXU��OLJXOH�VKDSH��OHDI �
W\SH�� IODJ� OHDI � DWWLWXGH�� FROODU� FRORU�� FXOP�FRORU��
FXOP�KDELW��SDQLFOH�H[HUWLRQ��SDQLFOH�W\SH��DSLFXOXV�
FRORU�� OHPPD�DQG�SDOHD�FRORU�DQG�WKUHVK�DELOLW\��
7KH� TXDQWLWDWLYH� GHVFULSWRUV�ZHUH�� SODQW� KHLJKW��
WRWDO�QXPEHU�RI �WLOOHU��QXPEHU�RI �HIIHFWLYH�WLOOHU��

SDQLFOH� OHQJWK�� QXPEHU� RI � SDQLFOH�� QXPEHU� RI �
IHUWLOH� JUDLQ�� QXPEHU� RI � VWHULOH� JUDLQ�� JUDLQ�
SHUFHQWDJH� RI � VWHULOLW\� DQG� ������ JUDLQ� ZHLJKW��
'HVFULSWLYH� DQDO\VLV� ZDV� XVHG� WR� FDOFXODWH� WKH�
TXDQWLWDWLYH� GHVFULSWRUV�� *HQHWLF� YDULDELOLW\� RI �
REVHUYHG� FKDUDFWHUV� ZDV� FDOFXODWHG� XVLQJ�
$QGHUVRQ� DQG� %DQFURIW� ������� IRUPXOD��

�
*HQHWLF� YDULDELOLW\� LV� EURDG� ZKHQ� ³ ���³ ��* *

�
DQG� QDUURZ� ZKHQ� ³ ���³ ��� 7KH� TXDOLWDWLYH�* *

GHVFULSWRUV� DQDO\]HG� ZHUH� GHWHUPLQHG� E\�
3ULQFLSDO�&RRUGLQDWH�$QDO\VLV��3&R$��JHQHUDWHG�
IURP� 176<6SF� ����S� WR� FUHDWH� D� VFDWWHU� SORW�
VKRZLQJ�JHQHWLF�UHODWLRQVKLSV�DPRQJ�DFFHVVLRQV�

5(68/76�$1'�',6&866,21

665�)UDJPHQW�$QDO\VLV

� $�WRWDO�RI �����DOOHOHV��ZLWK�DQ�DYHUDJH�RI ����
DOOHOHV�SHU�ORFXV�ZHUH�GHWHFWHG�DW�WKH����665�ORFL��
7KH�QXPEHU�RI �DOOHOHV�SHU�ORFXV�UDQJHG�IURP���L�H��
50����DQG�50����WR�DV�PDQ\�DV����L�H���50������
50����SUHVHQWHG�WKH�VPDOOHVW�DOOHOH�VL]H�UDQJH����
ES���ZKLOH�50����KDG�WKH�ODUJHVW�DOOHOH�VL]H�UDQJH�
���� ES��� 3RO\PRUSKLVP� ,QIRUPDWLRQ� &RQWHQW�
�3,&�� YDOXHV� ZHUH� KLJK� IRU� PRVW� RI � WKH�
PLFURVDWHOOLWHV��DYHUDJLQJ������DQG�UDQJLQJ�IURP�D�
ORZ� RI � ����� L�H�� 50���� WR� D� KLJK� RI � ����� L�H��
50�����50����SUHVHQWHG�WKH�KLJKHVW�IUHTXHQF\�
DOOHOH�XS�WR������50����DQG�50����VKRZHG�WKH�
ORZHVW� IUHTXHQF\� DOOHOHV�� ���� DQG� �����
UHVSHFWLYHO\��7DEOH����

7DEOH���/LVW�RI �,QGRQHVLDQ�ULFH�ODQGUDFHV�DQG�LPSURYHG�YDULHWLHV�XVHG�LQ�WKLV�VWXG\



0LVLN�$

8QJJXO�6DZDK

*DGLQJ�*DUX

.XPSDQJ�(PDV

7DOXQ�%DMDQJ

.�6DPSL�+LOLQJ

7DOXQ�%XUD

3RQWLDQDN�&

8PEDQJ�3XODL

3XOXW�6LOX

���
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7DEOH���&RQWLQXHG



���

� 665� PDUNHUV� JHQHUDWH� PXOWL� DOOHOLF� GDWD�
UHYHDOLQJ�JHQHWLF�VWUXFWXUH�RI �D�QDWXUDO�SRSXODWLRQ�
FRQVLVWLQJ�RI �GLYHUVH�JHQRW\SHV��5HPLQJWRQ�HW�DO��
������� 7KLV� VWXG\�� XVLQJ� ��� ,QGRQHVLDQ� ULFH�
DFFHVVLRQV��UHYHDOHG�D�WRWDO�RI �����DOOHOHV�GHWHFWHG�
IURP� ��� 665� ORFL�� 7KLV� ILQGLQJ� ZDV� ORZHU�
FRPSDUHG� WR� WKH� VWXG\� UHVXOWV� REWDLQHG� E\�
7KRPVRQ�HW�DO���������ZKR�GHWHFWHG�����DOOHOHV�DW�
���665�ORFL�DFURVV�����ULFH�DFFHVVLRQV��+RZHYHU��
DEXQGDQW� JHQHWLF� YDULDWLRQ� LQ� WKLV� VWXG\� ZDV�
LGHQWLILHG�ZLWK�DQ�RYHUDOO�JHQH�GLYHUVLW\�RI ������
DQG� DYHUDJH� RI � ��� DOOHOHV� SHU� ORFXV� �7DEHO� ���
FRPSDUHG�WR�DQ�RYHUDOO�JHQH�GLYHUVLW\�RI ������DQG�
DYHUDJH�RI ������DOOHOHV�SHU�ORFXV��7KRPVRQ�HW�DO��
������
� 3RO\PRUSKLVP� ,QIRUPDWLRQ� &RQWHQW� �3,&��
YDOXHV�� D� UHIOHFWLRQ� RI � DOOHOH� GLYHUVLW\� DQG�
IUHTXHQF\�DPRQJ�WKH�YDULHWLHV��DYHUDJHG������DQG�
UDQJHG� IURP� D� ORZ� RI � ����� WR� D� KLJK� RI � �����
FRPSDUHG� WR� UHVXOWV� REWDLQHG� IURP� WKH� VWXG\�
FDUULHG�RXW�E\�7KRPVRQ�HW� DO�� ��������7KH�3,&�
YDOXHV� UDQJHG� IURP� ����� WR� ����� �50���� DQG�
50������ZLWK�DQ�DYHUDJH�RI �������'LIIHUHQW�UHVXOWV�
RI � WKLV� VWXG\� DQG� WKH� VWXG\� FRQGXFWHG� E\�
7KRPVRQ�HW�DO���������PLJKW�EH�FDXVHG�E\�GLIIHUHQW

VDPSOLQJ� VWUDWHJLHV�� GXH� WR� GLIIHUHQW� SURYLQFHV��
GLIIHUHQW� QXPEHUV� RI � SURYLQFHV� DQG� GLIIHUHQW�
QXPEHUV�RI �665�PDUNHUV�XVHG�E\�WKH�WZR�VWXGLHV��

3RSXODWLRQ�6WUXFWXUH�

� )RXUWHHQ�665�PDUNHUV�ZHUH�GLVWULEXWHG�RQ�WKH�
ULFH� JHQRPH� WR� DVVHVV� JHQHWLF� DUFKLWHFWXUH� DQG�
SRSXODWLRQ�VWUXFWXUH��,W�ZDV�REVHUYHG�WKDW�GHOWD�
.� GHFOLQHG� DIWHU� N�  � �� ZDV� FRQWLQXRXVO\�
VLJQLILFDQW�� VXJJHVWLQJ� WKH� SUHVHQFH� RI � ILYH�
VXEJURXSV��)LJ�����
� $W�N� ����PRVW�DFFHVVLRQV�ZHUH�FODVVLILHG�LQWR�
ILYH�JURXSV��ZKLFK�FRUUHVSRQGHG�WR�LQGLFD���ZLWK�
��� FRQVLVWHG� RI � LPSURYHG� YDULHWLHV�� WUDGLWLRQDO�
ULFH�VXE�VSHFLHV�MDSRQLFD�ZLWK����DFFHVVLRQV��LQGLFD�
��ZLWK����JHUPSODVP�DFFHVVLRQV��LQGLFD���ZLWK����
JHUPSODVP� DFFHVVLRQV� DQG� LQGLFD��� ZLWK� ���
JHUPSODVP� DFFHVVLRQV� DQG� QR� DGPL[WXUH�
SRSXODWLRQ�ZDV�IRXQG��7KH�GHJUHH�RI �DGPL[WXUH�
�DOSKD��JHQHUDWHG�LQ�WKLV�VWXG\�ZDV�FORVH�WR�]HUR�
������� ZKLFK� PHDQV� PRVW� LQGLYLGXDOV� DUH�
HVVHQWLDOO\�IURP�RQH�SRSXODWLRQ�
� $QDO\VLV�RI �SRSXODWLRQ�VWUXFWXUH�LGHQWLILHG�WKH�
KLJKHVW�ORJ�OLNHOLKRRG�DQG�GHOWD�N�ZLWK�WKH�QXPEHU

7DEOH�����'DWD�VXPPDU\�IRU����IOXRUHVFHQW�ODEHOHG�PLFURVDWHOOLWH�PDUNHUV�DFURVV����ULFH�DFFHVVLRQV

3DQHO '\HD 0DUNHU &KU 0RWLIE
1R�RI �
$OOHOH� 5DQJH

� 0DMRU�$OOHOHF�

3,&G
*HQH�
GLYHUVLW\�

6L]H�
�ES�

)UHTXHQF\�
���

�� '��� 50����� ��� �$7���� �� �������� ����� ���� ��� �����

�� '��� 50����� �� �&&7���� �� �������� ����� ���� ��� �����

�� '��� 50����� ��� �&7����� ��� �������� ����� ���� ��� �����

�� '��� 50����� �� �7&����� �� �������� ����� ���� ��� �����

�� '��� 50����� �� �$&����� ��� �������� ����� ���� ��� �����

� '�� 50���� �� �*$���� � ������� ���� ��� �� ����

�� '��� 50����� ��� �*$����� ��� ������� ����� ���� ��� �����

�� '��� 50����� �� �&7����� ��� �������� ����� ���� ��� �����

�� '��� 50����� �� �&7����� ��� �������� ����� ���� ��� �����

� '�� 50���� � �$&���� �� ������� ���� ��� �� ����

�� '��� 50����� �� �7&����� ��� �������� ����� ���� ��� �����

�� '��� 50����� ��� �$77����� ��� �������� ����� ���� ��� �����

�� '��� 50����� ��� �$7����� ��� �������� ����� ���� ��� �����

�� '��� 50����� ��� �*$7*���� �� �������� ����� ���� ��� �����

� � � � � � � �� �

D
)OXRUHVFHQW�G\HV�IRU�&(4�%HFNPDQ�*HQHWLF�$QDO\]HU��'�� �%ODFN��'�� �*UHHQ��DQG�'�� �%OXH
E
0RWLI �RI �WKH�665�DQG�QXPEHU�RI �UHSHDWV�DV�SUHYLRXVO\�SXEOLVKHG��KWWS���ZZZ�JUDPHQH�RUJ�
F
0DMRU�DOOHOH�LV�GHILQHG�DV�WKH�DOOHOH�ZLWK�WKH�KLJKHVW�IUHTXHQF\
G
3,&� �3RO\PRUSKLVP�,QIRUPDWLRQ�&RQWHQW

�*HQHWLF�GLYHUVLW\�DQG�WUDLW�DVVRFLDWLRQ�DQDO\VLV�RI �ULFH�JHUPSODVPV�XVLQJ�665�²�)DWLPDK�HW�DO�
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RI � SRSXODWLRQV� VHW� DW� ILYH� �N� � ���� 7KHVH� ILYH�
SRSXODWLRQV�FRUUHVSRQGHG�WR�RQH�WURSLFDO�MDSRQLFD�
SRSXODWLRQ� �������� DQG� IRXU� LQGLFD� SRSXODWLRQV�
DQG� QR� DGPL[WXUH� SRSXODWLRQ� ZDV� LGHQWLILHG��
7KHVH� IRXU� VXEJURXSV� FRUUHVSRQGHG� WR�
,QGRQHVLDQ� LPSURYHG� YDULHWLHV� LQ� VXEJURXS� ��
��������� ULFH� ODQGUDFHV� LQ� VXEJURXS� �� ��������
DQG�VXEJURXS���������DQG�VXEJURXS�����������
�)LJ�����
� 7KHVH� UHVXOWV� ZHUH� TXLWH� GLIIHUHQW� IURP�
SUHYLRXVO\�DQDO\]HG�SRSXODWLRQ�VWUXFWXUH�DW�N� ��
RI � ���� ,QGRQHVLDQ� ULFH� YDULHWLHV� ZLWK� ���
PLFURVDWHOOLWH� PDUNHUV� WKDW� GLYLGHG� ,QGRQHVLDQ�
JHUPSODVPV� LQWR� LQGLFD� DQG� WURSLFDO� MDSRQLFD�
�7KRPVRQ�HW�DO����������7KH�N� ���VHWWLQJ�IRUFHG�DOO�
DFFHVVLRQV�LQWR�WZR�SRSXODWLRQV��FDXVLQJ�WKH�PRUH�
GLVWDQW�UHODWHG�JURXSV��VXFK�DV�WKH�2��UXILSRJRQ�DQG�
DXV�DFFHVVLRQV��WR�DSSHDU�DV�DGPL[WXUHV�EHWZHHQ�
LQGLFD�DQG� MDSRQLFD�� �.KXVK�HW�DO�� �������DQDO\]HG�
������,QGRQHVLDQ�YDULHWLHV�ZLWK����LVR]\PHV�DQG�
IRXQG�RXW�WKDW�����RI �WKH�VDPSOHG�,QGRQHVLDQ�
JHUPSODVPV�DV�LQGLFD������DV� MDSRQLFD�DQG����DV�
LQWHUPHGLDWHV��+RZHYHU��LW�ZDV�GLIILFXOW�WR�PDNH

DQ\�GLVWLQFWLRQV�EHWZHHQ�ODQGUDFHV�DQG�LPSURYHG�
YDULHWLHV�

$JUR�0RUSKRORJLFDO��&KDUDFWHULVWLF

� 3&R$� DQDO\VLV� FODVVLILHG� WKH� ��� TXDOLWDWLYH�
DJUR�PRUSKRORJLFDO� FKDUDFWHULVWLFV� LQWR� WKUHH�
JURXSV�� ZKLFK� FRUUHVSRQGHG� WR� WKH� WUDGLWLRQDO�
ULFH�VXEVSHFLHV�WURSLFDO�MDSRQLFD�ZLWK����DFFHVVLRQV��
LQGLFD���ZLWK����JHUPSODVP�DFFHVVLRQV�DQG�LQGLFD���
ZLWK� ��� LPSURYHG� YDULHWLHV� DQG� JHUPSODVP�
DFFHVVLRQV��)LJ�����
� 7KLV�UHVXOW�ZDV�GLIIHUHQW�IURP�WKH�665�DQDO\VLV�
ZKLFK� FODVVLILHG� WKH� FKDUDFWHULVWLFV� LQWR� ILYH�
JURXSV��7KH�665�UHVXOWV�GLYLGHG�WKH�WKLUG�JURXS�LQ�
DJUR�PRUSKRORJLFDO� FKDUDFWHULVWLF� LQWR� WKUHH�
JURXSV�ZKLFK�VHSDUDWHG�WKH�LQGLFD��JURXS����IURP�
LPSURYHG�YDULHWLHV�DQG�LQGLFD��JURXS���DQG����IURP�
JHUPSODVP� DFFHVVLRQV�� 7KH� GHVFULSWLYH� DQDO\VLV�
RI � �� TXDQWLWDWLYH� GHVFULSWRUV� RI � ��� ,QGRQHVLDQ�
ULFH�DFFHVVLRQV�LV�SUHVHQWHG�LQ�7DEOH����7KH�EURDG�
YDULDELOLW\� RI � TXDQWLWDWLYH� PRUSKRORJLFDO�
FKDUDFWHU� ZDV� IRXQG� LQ� DOO� �� TXDQWLWDWLYH�
GHVFULSWRUV�� *HQHWLF� YDULDELOLW\� LV� FRQVLGHUHG�

)LJXUH����7KH�SUHVHQFH�RI �N� ���EDVHG�RQ�SRVWHULRU�SUREDELOLW\��/�.��DQG�GHOWD�.�ZKHUH�N�UDQJHG�IURP������

)LJXUH��� %DU�SORW� UHSUHVHQWLQJ�SRSXODWLRQ� VWUXFWXUH�RI � ILYH� VXEJURXSV�RI � ,QGRQHVLDQ� ULFH� LQ� WKLV� VWXG\��5HG ,QGLFD���
�,PSURYHG� YDULHWLHV��� *UHHQ � -DSRQLFD�� %OXH ,QGLFD��� �JHUPSODVP��� <HOORZ ,QGLFD��� �JHUPSODVP��� DQG�
3LQN ,QGLFD����JHUPSODVP�
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�
EURDG� ZKHQ� ³ ���³ �� DQG� QDUURZ� ZKHQ�* *
�
³ ���³ ����$QGHUVRQ�	�%UDQFRIW�������* *

� %DVHG�RQ�WKH�FXOP�KDELW�WKHUH�ZHUH���W\SHV�RI �
FKDUDFWHULVWLFV�KRZHYHU�ZH�IRXQG���W\SHV�LQ�WKHVH�
ULFH� JHUPSODVP� L�H��� HUHFW� ������� VHPL�

R
HUHFW�LQWHUPHGLDWH���� ���DQG�RSHQ��������,Q�WKLV�
VWXG\�� WKH� ��� DFFHVVLRQV� ZHUH� GLYLGHG� LQWR� ��
FKDUDFWHULVWLFV� L�H��HUHFW��������VHPL�HUHFW�������
DQG� RSHQ� ������ )URP� WKHVH�� WKH� FXOWLYDWHG� ULFH�
YDULHWLHV� ZHUH� GLYLGHG� LQWR� �� FKDUDFWHULVWLFV� L�H��

HUHFW� ������ DQG� VHPL�HUHFW� ������ ZKLOH�
,QGRQHVLDQ� ULFH� ODQGUDFHV� ZHUH� GLYLGHG� LQWR� ��
FKDUDFWHULVWLFV� L�H�� HUHFW� ��������� VHPL�HUHFW�
��������DQG�RSHQ��������� �6LPLODU�ZLWK�5DEDUD�HW�
DO���������PHQWLRQHG�WKDW�PRVW�RI �WKH�WUDGLWLRQDO�
ULFH�YDULHWLHV�LQ�3KLOLSSLQHV�KDG�WKLFN�FXOPV�DQG�DQ�
HUHFW�FXOP�KDELW��5HJDUGLQJ�IRU�LPSURYLQJ�\LHOG��
:X� HW� DO�� ������� VKRZQ� WKDW� ODUJH� FXOP� ULFH�
YDULHWLHV� KDYH� D� KLJKHU� QXPEHU� RI � JUDLQV� SHU�
SDQLFOH� DQG� D� ORQJHU� VSLNH� OHQJWK�� *HDO\� HW� DO��

)LJXUH��� 7KH�3&R$�DQDO\VLV�EDVHG�RQ����TXDOLWDWLYH�DJUR�PRUSKRORJLFDO�FKDUDFWHULVWLFV�FODVVLILHG�LQWR�WKUHH�JURXSV��ZKLFK�
FRUUHVSRQGHG�WR� WKH� WUDGLWLRQDO� ULFH�VXE�VSHFLHV� MDSRQLFD� ����DFFHVVLRQV��� LQGLFD��� ����DFFHVVLRQV��FRQVLVWHG�RI �
JHUPSODVP�DFFHVVLRQV�DQG�LQGLFD�������DFFHVVLRQV��FRQVLVWHG�RI �LPSURYHG�YDULHWLHV�DQG�JHUPSODVP�DFFHVVLRQV

7DEOH����'HVFULSWLYH�DQDO\VLV�RI �TXDQWLWDWLYH�GHVFULSWRUV�RI ����,QGRQHVLDQ�ULFH

&KDUDFWHU� 0LQ� 0D[� 5DQJH� 0HDQV� 6'� 6(� 9DULDQFH� 6NHZQHVV� .XUWRVLV�

3+� ����� ������ ������ ������� ������ ����� ������� ����� ������

77� �� ��� ��� ����� ����� ����� ����� ����� �����

1(7� �� ��� �� ����� ����� ����� ����� ����� �����

3/� ����� ����� ����� ������ ����� ����� ������ ����� �����

13� �� ��� ��� ����� ����� ����� ����� ����� ������

1*)� ���� ���� ������ ������� ������ ����� ��������� ����� �����

16*� ���� ���� ������ ������ ������ ����� ��������� ����� �����

3F6� �� ����� ����� ������ ������ ����� ������� ����� �����

7R*:� ��� ����� ����� ������ ����� ����� ������ ����� �����

1RWHV�� 3+ 3ODQW�+HLJKW��77 �7RWDO�1XPEHU�RI �7LOOHU��1(7 1XPEHU�RI �(IIHFWLYH�7LOOHU�� �3/ 3DQLFOH�/HQJWK��13 ��1XPEHU�RI �
3DQLFOH��1*) �1XPEHU�RI �)HUWLOH�*UDLQ��16* �1XPEHU�RI �6WHULOH�*UDLQ��3F6 �3HUFHQWDJH�RI �6WHULOLW\��7R*: 7RWDO�������
*UDLQ�:HLJKW

�*HQHWLF�GLYHUVLW\�DQG�WUDLW�DVVRFLDWLRQ�DQDO\VLV�RI �ULFH�JHUPSODVPV�XVLQJ�665�²�)DWLPDK�HW�DO�
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�������DQG�+XVVDLQ�HW�DO���������UHSRUWHG�WKDW�WKH�
SUHVHQFH�RI �HUHFW�SODQW�W\SHV�FRXOG�EH�GXH�WR�EDFN�
FURVVLQJ�EHWZHHQ�DFFHVVLRQV�RU�ZLWK�FRPPHUFLDO�
ULFH�FXOWLYDU�
� 7KH�FXOP�FRORU�ZDV�FKDUDFWHUL]HG�DV�OLJKW�JROG�
������ DQG� JUHHQ� ������ ZKLOH� WKH� FXOWLYDWHG�
DFFHVVLRQV�ZHUH�FKDUDFWHUL]HG�DV� OLJKW�JROG��7KH�
FROODU� FRORU� IURP� WKH� ��� DFFHVVLRQV� ZDV�
FKDUDFWHUL]HG�DV�OLJKW�JUHHQ�������DQG�SXUSOH�����
L�H��%XODQ�6DELW��*HGDQJDQ��/RQHQJ��3DGL�.XGD��
DQG�3XOXW�6LOX��� �7KH�FXOWLYDWHG�DFFHVVLRQV�ZHUH�
FKDUDFWHUL]HG�DV�OLJKW�JUHHQ��7KH�OLJXOH�FRORU�IURP�
WKH� ��� DFFHVVLRQV� ZDV� FKDUDFWHUL]HG� DV� DEVHQW�
�������SXUSOH�OLQHV������DQG�SXUSOH�������ZKLOH�
WKH� FXOWLYDWHG� DFFHVVLRQV� ZHUH� FKDUDFWHUL]HG� DV�
DEVHQW��7KH�DXULFOH�FRORU�IURP�WKH����DFFHVVLRQV�
ZHUH�FKDUDFWHUL]HG�DV�DEVHQW��������SXUSOH�OLQHV�
������DQG�SXUSOH�����L�H��*HGDQJDQ�DQG�7ROLZDQJ�
,9��� ZKLOH� WKH� FXOWLYDWHG� DFFHVVLRQV� ZHUH�
FKDUDFWHUL]HG�DV�DEVHQW�
� 7KH�IODJ�OHDI �DWWLWXGH�IURP�WKH����DFFHVVLRQV�
ZHUH�FKDUDFWHUL]HG�DV�����HUHFW������VHPL�HUHFW��
���KRUL]RQWDO�DQG�����GHVFHQGLQJ��LQ�ZKLFK�WKH�
FXOWLYDWHG�DFFHVVLRQV�ZHUH�LQ�HUHFW�FDWHJRU\��'HZL�
HW�DO���������PHQWLRQHG�WKDW�WKH�HUHFW�IODJ�OHDI �ZDV�
PRUH�GHVLUDEOH�WKDQ�WKH�KRUL]RQWDO�RQH�GXH�WR�WKH�
KLJKHU�VXQOLJKW�LQWHUFHSW�DQG�PLJKW�KDYH�D�SRVLWLYH�
FRUUHODWLRQ�ZLWK�WKH�KLJK�\LHOG�� �1DUD\DQDQ�HW�DO��
�������UHSRUWHG�WKDW�IODJ�OHDI �DV�WKH�PDMRU�VRXUFH�
RI �SKORHP�GHOLYHUHG�SKRWR�DVVLPLODWHV�GXULQJ�WKH�
JUDLQ�ILOOLQJ�VWDJH�LQ�ULFH�DQG�.KDOLID�HW�DO���������
VKRZHG�WKDW�FXWWLQJ�RI �IODJ�OHDYHV�UHVXOW�WR�����
JUDLQ�\LHOG�ORVV�
� 7KHUH�ZHUH���SDQLFOH�W\SHV��DWWLWXGH��L�H�� �HUHFW�
�FRPSDFW� SDQLFOH��� VHPL�HUHFW� �VHPL�FRPSDFW�
SDQLFOH��� VSUHDG� �RSHQ� SDQLFOH��� KRUL]RQWDO� DQG�

GURRSLQJ��7KH����DFFHVVLRQV�FDWHJRU\�ZHUH�����
VHPL�HUHFW� DQG� ��� VSUHDGLQJ�� LQ� ZKLFK� WKH�
FXOWLYDWHG�DFFHVVLRQV�ZHUH�LQ�VHPL�HUHFW�FDWHJRU\��
7KH�PHDQV�IRU�SDQLFOH�QXPEHU�SHU�SODQW�ZDV�����
IURP����DFFHVVLRQV��7DEOH�����)RU�WKH�FXOWLYDWHG�
YDULHWLHV�� WKH�PHDQ� SDQLFOH� QXPEHU� ZDV� ����� LQ�
ZKLFK�,QSDUL����KDG�WKH�KLJKHVW�SDQLFOH�QXPEHU�
������7KH�PHDQ�SDQLFOH�QXPEHU� IRU� ,QGRQHVLDQ�
ULFH� ODQGUDFHV� ZDV� ����� LQ� ZKLFK� 3DGDL� $JDN�
3DQGDN�KDG�WKH�KLJKHVW�SDQLFOH�QXPEHU�������7KH�
PHDQ� IRU� SDQLFOH� OHQJWK� ZDV� ����� FP� IURP� ���
DFFHVVLRQV��7DEOH�����)RU�WKH�FXOWLYDWHG�YDULHWLHV��
WKH�PHDQ�SDQLFOH�OHQJWK�ZDV�����LQ�ZKLFK�,QSDJR���
KDG� WKH� ORQJHVW� SDQLFOH� OHQJWK� ������ FP��� 7KH�
PHDQ�SDQLFOH�OHQJWK�IRU�,QGRQHVLDQ�ULFH�ODQGUDFHV�
ZDV�������LQ�ZKLFK�.HWDQ�0D\DQJ�KDG�WKH�ORQJHVW�
SDQLFOH� OHQJWK� ������ FP��� 3HQJ� HW� DO�� �������
UHSRUWHG�WKDW�SDQLFOH�VWUXFWXUH�LV�RQH�RI �WKH�PRVW�
LPSRUWDQW� IDFWRUV� IRU� ULFH� \LHOG� DQG� SDQLFOH�
EUDQFKHV� DQG� WKHLU� QXPEHU� DIIHFWV� VSLNHOHW�
QXPEHU��'HQVH�SDQLFOH�VWUXFWXUH�KDV�EHHQ�D�PDMRU�
WDUJHW�IRU�LPSURYHPHQW�RI �ULFH�JUDLQ�\LHOG�EHFDXVH�
RI �LWV�UHODWLRQVKLS�ZLWK�JUDLQ�QXPEHU�
� 7KH� UHFRUGHG� PHDQ� IRU� SODQW� KHLJKW� LQ� ���
DFFHVVLRQV�ZDV�������FP��ZLWK�D�PLQLPXP�KHLJKW�
RI ������FP�IRU�,QSDUL���������FP�IRU�0DGKD�.HGKL�
DQG� D� PD[LPXP� RI � ������ FP� IRU� %XODQ� 6DELW�
DFFHVVLRQ��7DEOH�����)URP�WKH����DFFHVVLRQV�������
ZDV�GZDUI � ��������FP���������ZDV�VHPL�GZDUI �
���������FP��DQG�����ZDV�WDOO����������FP���)LJ��
����)RU� WKH�FXOWLYDWHG�YDULHWLHV�� WKH�PHDQ�KHLJKW�
ZDV�����FP��ZKLFK� WKH�GLVWULEXWLRQ�ZHUH�GZDUI �
��������� VHPL�GZDUI � �������� DQG� WDOO� �������
7KH�GLIIHUHQFHV�LQ�WKH�KHLJKWV�RI �WKH�DFFHVVLRQV�
ZHUH�SRVVLEO\�GXH�WR�YDULRXV�LQWHUQRGDO�OHQJWKV��
7KH�YDULHWLHV�KDYLQJ�ORQJHU�LQWHUQRGHV�SURGXFHG�

)LJXUH��� 7KH� DJUR�PRUSKRORJLFDO� FKDUDFWHULVWLFV� EDVHG�RQ�SODQW� KHLJKW� �OHIW�� DQG�SHUFHQWDJH� RI � IHUWLOLW\� �ULJKW�� RQ� ���
DFFHVVLRQV



���

WDOOHU�SODQWV��$VKUDIX]]DPDQ�HW�DO��������+XVVDLQ�HW�
DO�� ������ DQG�0RKDPPDG� HW� DO�� ������� UHSRUWHG�
WKDW�SODQW�KHLJKW�GHSHQGV�RQ�JHQHWLF�PDNHXS�RI �D�
SODQW�DQG�HQYLURQPHQWDO�FRQGLWLRQV�
� 7KHUH�ZHUH��� W\SHV�RI � IHUWLOLW\�EDVHG�RQ� WKH�
SHUFHQWDJH� RI � IHUWLOLW\� RI � WKH� ��� DFFHVVLRQV� L�H��
VWHULOH���������KDOI �VWHULOH�����������IHUWLOH���������
DQG�YHU\�IHUWLOH����������)LJ������7KH�FXOWLYDWHG�ULFH�
YDULHWLHV� ZHUH� FDWHJRUL]HG� DV� VWHULOH� ������ KDOI �
VWHULOH��������IHUWLOH���������DQG�YHU\�IHUWLOH�������
L�H�� 6LQWDQXU��� ,QGRQHVLDQ� ULFH� ODQGUDFHV� ZHUH�
FDWHJRUL]HG�DV�VWHULOH���������KDOI �VWHULOH����������
IHUWLOH���������DQG�YHU\�IHUWLOH�������L�H��*DQGR��
3DGL� 'HZL�� 7DOXQ� %DMDQJ� DQG� 5LQJNDN� 6LPDQ���
.ZRQ�HW�DO���������IRXQG�WKDW�D�GHILFLHQF\�RI �6/5��
DFWLYLW\� FDXVHV� GLIIHUHQW� VSLNHOHW� IHUWLOLW\�
SKHQRW\SHV�LQ�WZR�GLIIHUHQW�FXOWLYDUV��.RVKLKLNDUL�
DQG�+����ZKLFK�+����H[KLELWV�SDUWLDO�VWHULOLW\�RI �
VSLNHOHWV� ZKLOH� .RVKLKLNDUL� KDV� QRUPDO� IHUWLOLW\��
/LX�HW�DO���������PHQWLRQHG�WKDW�VSLNHOHW�IHUWLOLW\�LV�D�
FULWLFDO�\LHOG�GHWHUPLQLQJ�WUDLW�WKDW�LV�LQIOXHQFHG�E\�
JHQHWLF� EDFNJURXQG� DQG� HQYLURQPHQWDO� IDFWRUV�
LQFOXGLQJ� UDLQ�� ZLQG�� DQG� WHPSHUDWXUH�� $QWKHU�
GHYHORSPHQW� DQG� SROOHQ� YLDELOLW\� SDUWLFXODUO\�
DIIHFW�VSLNHOHW�IHUWLOLW\�

$VVRFLDWLRQ�$QDO\VLV

� $� WRWDO� RI � �� PDUNHU�WUDLW� DVVRFLDWLRQV� ZHUH�
LGHQWLILHG�ZLWK����GLIIHUHQW�665�PDUNHUV��7DEOH����
� %DVHG�RQ�DJUR�PRUSKRORJLFDO�FKDUDFWHUV��RQH�
FKDUDFWHU� ZLWK� KLJKO\� VLJQLILFDQW� 07$� ZDV�
QXPEHU� RI � SDQLFOH� DVVRFLDWHG� ZLWK� 50���� RQ�
FKURPRVRPH�����/LX�HW�DO���������LGHQWLILHG�47/�
IRU�SULPDU\�EUDQFK�QXPEHU�LQ�SDQLFOH��T3%1����
RQ� FKURPRVRPH� �� LQ� WKH� LQWHUYDO� RI � 50�� ��
50����� 0X� HW� DO�� ������� DQG� /LX� HW� DO�� �������
H[SODLQHG� WKDW� WKH� SULPDU\� EUDQFK� QXPEHU� SHU�
SDQLFOH�ZDV�GHWHUPLQHG�E\�WKH�LQLWLDO�VL]H�RI �WKH�
UHSURGXFWLYH�DSH[��7KH�IORUHW�QXPEHU�SHU�SULPDU\

EUDQFK� ZDV� GHWHUPLQHG� E\� WKH� FHOO� GLYLVLRQ�
DFWLYLW\�� 7KLFNHU� SDQLFOH� QHFN� GHYHORSPHQW� DQG�
ODUJHU�SDQLFOH�FDPH�IURP�WKH�SDUDOOHO�GHYHORSPHQW�
GXULQJ�WKH�SDQLFOH�LQLWLDWLRQ��RU�IORUHW�GHYHORSLQJ��
*UDLQ� ILOOLQJ� ZHUH� HQKDQFHG� E\� VWURQJHU�
WUDQVSRUWLQJ�SURFHVV�RI �ZDWHU�DQG�QXWULHQWV�EDVHG�
RQ� WKLFNHU� SDQLFOH� QHFN�� 6SLNHOHW� QXPEHU� ZDV�
PRVWO\�GHWHUPLQHG�GXULQJ�WKH�SDQLFOH� LQLWLDWLRQ��
ZKLOH�WKH�QXPEHU�DQG�ZHLJKW�RI �ILOOHG�JUDLQ�ZHUH�
ODUJHO\�DIIHFWHG�E\�WKH�FRQGXFWLYH�WLVVXH�WRJHWKHU�
ZLWK�WKH�VRXUFH�VWUHQJWK��:LFNQHVZDUL�HW�DO���������
UHSRUWHG�WKDW�50����DQG�50����ZHUH�XVHG�WR�
LGHQWLI\� 47/� IRU� JUDLQV� SHU� SDQLFOH� DV� SHDN�
PDUNHUV�IRU�T*33���DQG�T*33����UHVSHFWLYHO\�
� $PRQJ�WKH�07$V�REWDLQHG�LQ�WKLV�VWXG\��VRPH�
ZHUH� VLPLODU� DV� SUHYLRXVO\� UHSRUWHG�� LQGLFDWLQJ�
WKDW� WKHVH�07$V�ZHUH� UHOLDEOH�� � 7KHVH� UHOLDEOH�
07$V�ZHUH� UHSHDWDEOH� LQ�GLIIHUHQW�VWXGLHV�ZLWK�
YDULRXV� VHJUHJDWLRQ� SRSXODWLRQ�� � 2WKHU� 07$V�
KDG�EHHQ�SUREHG�IRU�WKH�ILUVW�WLPH��LQGLFDWLQJ�WKDW�
PRUH�LQIRUPDWLRQ�RQ�47/V�FRXOG�EH�IRXQG�XVLQJ�
SRSXODWLRQV� RI � GLIIHUHQW� JHQHWLF� EDFNJURXQGV��
7KLV�LV�LPSRUWDQW�IRU�DQ�LQ�GHSWK�XQGHUVWDQGLQJ�
RI �WKH�JHQHWLF�FRQWURO�RI �\LHOG�WUDLWV�LQ�ULFH�DQG�IRU�
IXWXUH� ULFH� SURGXFWLRQ� XVLQJ� PROHFXODU�
PDUNHU²DVVLVWHG�VHOHFWLRQ�LQ�ULFH�EUHHGLQJ��,TEDO�HW�
DO���������
�

&21&/86,216

� +LJK�UHVROXWLRQ�'1$�EDQGLQJ�SDWWHUQ�RI �WKH�
&(4� FDSLOODU\� JHO� HOHFWURSKRUHVLV� V\VWHP� �
PHDVXUHG� JHQHWLF� YDULDWLRQ� RI � ��� ULFH� YDULHWLHV�
XVLQJ� ��� 665� PDUNHUV�� WKURXJK� SRSXODWLRQ�
VWUXFWXUH� DQDO\VLV�� 7DNHQ� WRJHWKHU�� WKH� 665�
PDUNHUV�LGHQWLILHG�LQ�WKLV�VWXG\�FRXOG�EH�XVHG�IRU�
0DUNHU�7UDLW�$VVRFLDWLRQ��07$��DQDO\VLV�RI �DJUR�
PRUSKRORJLFDO�FKDUDFWHUV��7KLV�VWXG\�UHVXOWHG�WR�D�

7DEOH����0DUNHU�WUDLW�DVVRFLDWLRQV��07$V��LGHQWLILHG�IRU�VHOHFW�DJURQRPLF�WUDLWV

1R� 7UDLW� 0DUNHU� )�9DOXH� 3�9DOXH�

�� $XULFOH�FRORU� 50���� ������� ����(����

�� &ROODU�FRORU� 50���� ������� ����(����

�� /LJXOH�VKDSH� 50���� ������� ����(����

� � 50���� ������� ����(����

� � 50���� ������� ����(����

�� 1XPEHU�RI �SDQLFOH� 50���� ������� ����(����

�*HQHWLF�GLYHUVLW\�DQG�WUDLW�DVVRFLDWLRQ�DQDO\VLV�RI �ULFH�JHUPSODVPV�XVLQJ�665�²�)DWLPDK�HW�DO�



WRWDO�RI �����DOOHOHV�ZLWK�DQ�DYHUDJH�RI ����DOOHOHV�SHU�
ORFXV� DQG� 3RO\PRUSKLVP� ,QIRUPDWLRQ� &RQWHQW�
�3,&�� YDOXH� DW� ������ 7KH� SRSXODWLRQ� VWUXFWXUH�
DQDO\VLV� LGHQWLILHG� ILYH� VXEJURXSV�� $� WRWDO� RI � ��
KLJKO\� VLJQLILFDQW� 07$� ZHUH� LGHQWLILHG�� 2QH�
FKDUDFWHU� ZLWK� KLJKO\� VLJQLILFDQW� 07$� ZDV�
QXPEHU�RI �SDQLFOH�DVVRFLDWHG�ZLWK�50�����%DVHG�
RQ�665�PDUNHU��50����KDG�WZR�07$V�IRU�DXULFOH�
FRORU� DQG� OLJXOH� VKDSH�� 7KHVH� 07$V� PD\� EH�
GHSOR\HG� LQ� LPSURYLQJ� ULFH� SURGXFWLYLW\�� DIWHU�
EHLQJ�YDOLGDWHG�

$&.12:/('*(0(176

� :H� WKDQN� -DMDW� DQG� ,EDQ� IRU� JUHHQKRXVH�
PDLQWHQDQFH��7KLV�ZRUN�ZDV�ILQDQFLDOO\�VXSSRUWHG�
E\�',3$�,&$%,2*5$'��,QGRQHVLDQ�0LQLVWU\�RI �
$JULFXOWXUH��3URMHFW�QXPEHU����������������;,,�
WR�7LXU�6XGLDW\�06�

5()(5(1&(6

$JUDPD� +$�� (L]HQJD� *&�� <DQ� :�� ������ $VVRFLDWLRQ�
PDSSLQJ� RI � \LHOG� DQG� LWV� FRPSRQHQWV� LQ� ULFH�
FXOWLYDUV��0RO�%UHHGLQJ������������

$QGHUVRQ� 5/�� %DQFURIW� 7$�� ������ 6WDWLVWLFDO� WKHRU\� LQ�
UHVHDUFK��1HZ<RUN��86���0F*UDZ�+LOO�����S�

$VKUDIX]]DPDQ�0��,VODP�05��,VPDLO�05��6KDKLGXOODK�60��
+DQDIL�00��������(YDOXDWLRQ�RI �VL[�DURPDWLF�ULFH�
YDULHWLHV�IRU�\LHOG�DQG�\LHOG�FRQWULEXWLQJ�FKDUDFWHUV��
,QW�-�$JULF�%LR�����������

%DMUDFKDU\D�-��6WHHOH�.$��-DUYLV�',��6WKDSLW�%5��:LWFRPEH�
-5��������5LFH�ODQGUDFH�GLYHUVLW\�LQ�1HSDO��YDULDELOLW\�
RI � DJUR�PRUSKRORJLFDO� WUDLWV� DQG� 665�PDUNHUV� LQ�
ODQGUDFHV�IURP�D�KLJK�DOWLWXGH�VLWH��)LHOGV�&URS�5HV�
����������

%HFNPDQ� &RXOWHU�� ������ &(4� JHQHWLF� DQDO\VLV� V\VWHP��
8VHU
V� JXLGH�� 1RUWK� +DUERU� %RXOHYDUG�� )XOOHUWRQ�
�86���%HFNPDQ�&RXOWHU��,QF��SS������

%ODLU�0:��+HGHWDOH� 9��0F&RXFK� 65�� ������ )OXRUHVFHQW�
ODEHOHG� PLFURVDWHOOLWH� SDQHOV� XVHIXO� IRU� GHWHFWLQJ�
DOOHOLF� GLYHUVLW\� LQ� FXOWLYDWHG� ULFH� �2U\]D� VDWLYD� /����
7KHRU�$SSO�*HQHW�������������

%UDGEXU\� 3-�� =KDQJ� =�� .URRQ� '(�� &DVVWHYHQV� 70��
5DPGRVV�<��������7$66(/��VRIWZDUH�IRU�DVVRFLDWLRQ��
PDSSLQJ� RI � FRPSOH[� WUDLWV� LQ� GLYHUVH� VDPSOHV��
%LRLQIRUPDWLFV�����������

%XVWDPDP�0��7DELHQ�5(��6XZDUQR�$��$EDORV�0&��.DGLU�
76��2QD� ,�� %HUQDUGR�0��9HUDFUX]�&0��/HXQJ�+��
������$VLDQ�ULFH�ELRWHFKQRORJ\�QHWZRUN��LPSURYLQJ�
SRSXODU� FXOWLYDUV� WKURXJK� PDUNHU�DVVLVWHG�

EDFNFURVVLQJ�� 3URFHHGLQJ� ,QWHUQDWLRQDO� 5LFH�
&RQJUHVV��%HLMLQJ� �&1������ �� ���6HSWHPEHU�������
S�����

&REXUQ� -5��7HPQ\NK�69��3DXO�(0��0F&RXFK�65��������
'HVLJQ� DQG� DSSOLFDWLRQ� RI � PLFURVDWHOOLWH� PDUNHU�
SDQHOV�IRU�VHPLDXWRPDWHG�JHQRW\SLQJ�RI �ULFH��2U\]D�
VDWLYD�/����&URS�6FL������������

'HOODSRUWD� 6O�� :RRGV� -�� +LFNV� -%�� ������ $� SODQW� '1$�
PLQLSUHSDUDWLRQ�� YHUVLRQ� ,,�� 3ODQW� 0RO� %LRO� 5HS�
��������

'HZL�,6��7ULODNVDQD�$&��.RHVRHPDQLQJW\DV�7��3XUZRNR�%6��
������.DUDNWHULVDVL�JDOXU�KDSORLG�JDQGD�KDVLO�NXOWXU�
DQWHUD�SDGL��%XOW�3ODVP�1XWI ���������

(YDQQR� *�� 5HJQDXW� 6�� *RXGHW� -�� ������ 'HWHFWLQJ� WKH�
QXPEHU�RI �FOXVWHUV�RI �LQGLYLGXDOV�XVLQJ�WKH�VRIWZDUH�
6758&785(�� D� VLPXODWLRQ� VWXG\�� 0RO� (FRO�
�����������

)DOXVK�'��6WHSKHQV�0��3ULWFKDUG� -.�������� ,QIHUHQFH�RI �
SRSXODWLRQ� VWUXFWXUH� XVLQJ� PXOWLORFXV� JHQRW\SH�
GDWD�� OLQNHG� ORFL� DQG� FRUUHODWHG� DOOHOH� IUHTXHQFLHV��
*HQHWLFV�������������

*DUULV�$-��7DL�7+��&REXUQ�-5��.UHVRYLFK�6��0F&RXFK�6��
������*HQHWLF�VWUXFWXUH�DQG�GLYHUVLW\�LQ�2U\]D�VDWLYD�
/��*HQHWLFV���������²�����

*HDO\�'5��<DQ�:��5XWJHU�-1��������5HG�ULFH��2U\]D�VDWLYD��
SODQW�W\SHV��DIIHFW�JURZWK��FRORUDWLRQ��DQG�IORZHULQJ�
FKDUDFWHULVWLFV� RI � ILUVW� DQG� VHFRQG� JHQHUDWLRQ�
FURVVHV�ZLWK�ULFH��:HHG�7HFKQRO�����������

+XVVDLQ�=30'��$]PL�0��$KPDG�62��������0RUSKRORJLFDO�
VWXG\� RI � WKH� UHODWLRQVKLSV� EHWZHHQ� ZHHG\� ULFH�
DFFHVVLRQV� �2U\]D� VDWLYD�FRPSOH[��DQG�FRPPHUFLDO�
ULFH�YDULHWLHV�LQ�3XODX�3LQDQJ��ULFH�JUDQDU\�DUHD��7URS�
/LIH�6FL�5HV����������

+XVVDLQ� 6�� )XMLL� 7�� 0F*RH\� 6�� <DPDGD� 0�� 5DP]DQ�0��
$NPDO� 0�� ������ (YDOXDWLRQ� RI � GLIIHUHQW� ULFH�
YDULHWLHV�IRU�JURZWK�DQG�\LHOG�FKDUDFWHULVWLFV��-�$QLP�
3ODQW�6FL������������

,TEDO�06��*KDIRRU�$��4XUHVKL�$6��$KPDG�=��������*HQHWLF�
GLVVLPLODULWLHV� LQ� FRZSHD� �9LJQD� XQJXLFXODWD� �/���
:DOS���IRU�SURWHLQ�SHSWLGHV�DQG�WKHLU�VLJQLILFDQFH�IRU�
TXDQWLWDWLYH�WUDLWV�ORFL��3DN�-�%RW�����������

-DLQ� 6�� -DLQ� 5�� 0F&RXFK� 65�� ������ *HQHWLF� DQDO\VLV� RI �
,QGLDQ� DURPDWLF� DQG� TXDOLW\� ULFH� �2U\]D� VDWLYD�/���
JHUPSODVP� XVLQJ� SDQHOV� RI � IOXRUHVFHQWO\�ODEHOHG�
PLFURVDWHOOLWH�PDUNHUV��7KHRU�$SSO�*HQHW���������
���

.KDOLID�$$%��0LVUD�$��6DOHP�$($.��������(IIHFW�RI �OHDI �
FXWWLQJ�RQ�SK\VLRORJLFDO�WUDLWV�DQG�\LHOG�RI �WZR�ULFH�
FXOWLYDUV��$IU�-�3ODQW�6FL����������

.KXVK�*6��%UDU�'6��9LUN�36��7DQJ�6;��0DOLN�66��%XVWR�*$��
/HH�<7��0F1DOO\�5��7ULQK�/1��-LDQJ�<��6KDWD�0$0��
������ &ODVVLI\LQJ� ULFH� JHUPSODVP� E\� LVR]\PH�
SRO\PRUSKLVP�DQG�RULJLQ�RI �FXOWLYDWHG�ULFH��,Q�,55,�
'LVFXVVLRQ� 3DSHU� 1R�� ���� ,QWHUQDWLRQDO� 5LFH�
5HVHDUFK�,QVWLWXWH��/RV�%DQRV�

���

%,27523,$�9RO�����1R���������



.ZRQ�&7��.LP�6+��.LP�'��3DHN�1&��������7KH�ULFH�IORUDO�
UHSUHVVRU�(DUO\�IORZHULQJ��DIIHFWV�VSLNHOHW�IHUWLOLW\�E\�
PRGXODWLQJ�JLEEHUHOOLQ�VLJQDOLQJ��5LFH������������

/L�;��<DQ�:��$JUDPD�+��+X�%�� -LD�/�� -LD�0�� -DFNVRQ�$��
0ROGHQKDXHU� .�� 0F&OXQJ� $�� :X� '�� ������
*HQRW\SLF� DQG� SKHQRW\SLF� FKDUDFWHUL]DWLRQ� RQ�
JHQHWLF�GLIIHUHQWLDWLRQ�DQG�GLYHUVLW\�LQ�WKH�86'$�ULFH�
PLQL�FRUH�FROOHFWLRQ��*HQHWLFD�������������

/LQ�06��������*HQHWLF�EDVH�RI �MDSRQLFD�ULFH�YDULHWLHV�UHOHDVHG�
LQ�7DLZDQ��(XSK\WLFD���������

/LX�.��0XVH�6��������3RZHU�0DUNHU��DQ�LQWHJUDWHG�DQDO\VLV�
HQYLURQPHQW� IRU� JHQHWLF� PDUNHU� DQDO\VLV��
%LRLQIRUPDWLFV�����������

/LX�*/��0HL�+:��<X�;4��=RX�*+��/LX�+<��+X�63��/L�06��
:X� -+�� &KHQ� /�� /XR� /-�� ������ 47/� DQDO\VLV� RI �
SDQLFOH�QHFN�GLDPHWHU��D�WUDLW�KLJKO\�FRUUHODWHG�ZLWK�
SDQLFOH� VL]H�� XQGHU� ZHOO�ZDWHUHG� DQG� GURXJKW�
FRQGLWLRQV�LQ�ULFH��2U\]D�VDWLYD�/����3ODQW�6FL����������

/LX�:��=KDQJ�'&��7DQJ�0)��/L�'<��=KX�<;��=KX�/+��&KHQ�
&<��������7+,6��LV�D�SXWDWLYH�OLSDVH�WKDW�UHJXODWHV�
WLOOHULQJ��SODQW�KHLJKW��DQG�VSLNHOHW�IHUWLOLW\�LQ�ULFH��-�
([S�%RW�������������

/X�+��5HGXV�0$��&REXUQ�-5��5XWJHU�-1��0F&RXFK�65��7DL�
7+�� ������ 3RSXODWLRQ� VWUXFWXUH� DQG� EUHHGLQJ�
SDWWHUQV� RI � ���� 86� ULFH� FXOWLYDUV� EDVHG� RQ� 665�
PDUNHU�DQDO\VLV��&URS�6FL������²���

0X�&��1HPRWR�.��<RX�=��<DPDJLVKL�-��������6L]H�DQG�DFWLYLW\�
RI �VKRRW�DSLFDO�PHULVWHPV�DV�GHWHUPLQDQWV�RI �IORUHW�
QXPEHU�LQ�ULFH�SDQLFOHV��3ODQW�3URG�6FL��������

0RKDPPDG�7��'HYD�:��$KPDG�=��������*HQHWLF�YDULDELOLW\�
RI �GLIIHUHQW�SODQW�DQG�\LHOG�FKDUDFWHUV�LQ�ULFH��6DUKDG�
-�$JULF�����������

1DUD\DQDQ� 11�� 9DVFRQFHORV� 0:�� *UXVDN� 0$�� ������
([SUHVVLRQ� SURILOLQJ� RI � 2U\]D� VDWLYD� PHWDO�
KRPHRVWDVLV�JHQHV�LQ�GLIIHUHQW�ULFH�FXOWLYDUV�XVLQJ�D�
F'1$�PDFURDUUD\��3ODQW�3K\VLRO�%LRFKHP��������
���

1DVFLPHQWR� :)�� GD� 6LOYD� ()�� 9HDVH\� ($�� ������ $JUR�
PRUSKRORJLFDO� FKDUDFWHUL]DWLRQ� RI � XSODQG� ULFH�
DFFHVVLRQV��*HQHW�3ODQW�%UHHG�����������

3DULNK�0��0RWLUDPDQL�1.��5DVWRJL�1.��6KDUPD�%��������
$JUR�PRUSKRORJLFDO� FKDUDFWHUL]DWLRQ� DQG�
DVVHVVPHQW�RI �YDULDELOLW\�LQ�DURPDWLF�ULFH�JHUPSODVP��
%DQJODGHVK�-�$JU�5HV��������

3HQJ�<��=KHQ\X�*��%LQ�=��&KDROHL�/��-LH�;��%DQSX�5��-LDQJ�+��
*XRMXQ�'��/RQJELDR�*��*XRKXD�/��4LDQ�4��������

)LQH� PDSSLQJ� DQG� FDQGLGDWH� JHQH� DQDO\VLV� RI � D�
PDMRU�47/�IRU�SDQLFOH�VWUXFWXUH�LQ�ULFH��3ODQW�&HOO�
5HS������������

3ULWFKDUG�-.��6WHSKHQV�0��'RQQHO\�3��������,QIHUHQFH�RI �
SRSXODWLRQ� VWUXFWXUH� XVLQJ� PXOWLORFXV� JHQRW\SH�
GDWD��*HQHWLFV������������

5DEDUD�5&��0DULO\Q�&)��&HOLD�/'��0D�&91��*DEULHO�25��
������ 3KHQRW\SLF� GLYHUVLW\� RI � IDUPHUV� WUDGLWLRQDO�
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