
(YDOXDWLRQ�RI�PRGXOH�VRZQ�FRPSDQLRQ�SODQWV�
DV�D�PHWKRG�RI�FRQWUROOLQJ�FDEEDJH�URRW�IO\�

�
$QWRQ�5RVHQIHOG��5RVHPDU\�&ROOLHU�DQG�&HOHQLND�-D\DVLQJKH�

�
$EVWUDFW�±�$�QRYHO� WHFKQLTXH� IRU� FRQWUROOLQJ� FDEEDJH�
URRW� IO\� ZDV� WHVWHG�� � � &RPSDQLRQ� SODQWV� RI� HLWKHU�
ELUGVIRRW� WUHIRLO��/RWXV�FRUQLFXODWXV��� UHG�FORYHU��7UL�
IROLXP�SUDWHQVH��RU�\HOORZ�WUHIRLO��0HGLFDJR�OXSXOLQD��
ZHUH� VRZQ� LQWR� PRGXOHV� WRJHWKHU� ZLWK� FDODEUHVH�
�%UDVVLFD�ROHUDFHD�YDU�,WDOLFD����7KH�SUHVHQFH�RI�FRP�
SDQLRQ��SODQWV�VXEVHTXHQWO\�UHGXFHG�FDEEDJH�URRW�IO\�
HJJ�OD\LQJ� E\� XS� WR� ���� DQG� UHGXFHG� URRW� GDPDJH�
FRQVLGHUDEO\�� &RPSDQLRQ�SODQW� VSHFLHV� GLG�QRW� DIIHFW�
HJJ�OD\LQJ� LQ� WKLV� WULDO�� $OWKRXJK�� ILQDQFLDOO\�� WKLV�
WHFKQLTXH�FRPSDUHV�YHU\� IDYRXUDEO\�ZLWK�DQ�DOWHUQD�
WLYH�VWUDWHJ\�RI�DSSO\LQJ�IOHHFH��IXUWKHU�UHILQHPHQW�LV�
QHHGHG� WR� LPSURYH� WKH� VXUYLYDO� RI� FRPSDQLRQ� SODQWV�
RQ�D�FRPPHUFLDO� ILHOG�VFDOH�DV� WKH\�ZHUH�SDUWLFXODUO\�
YXOQHUDEOH� WR� GDPDJH� E\� VWHHUDJH� KRHV�� ZKLFK� DUH�
XVHG�FRPPRQO\�LQ�RUJDQLF�V\VWHPV�����

�
,1752'8&7,21�

&DEEDJH� URRW� IO\� �'HOLD� UDGLFXP�� LV� D� VHULRXV� SHVW�
ZLWK� WKH� SRWHQWLDO� WR� FDXVH� ZLGHVSUHDG� HFRQRPLF�
GDPDJH�WR�EUDVVLFD�FURSV��&RDNHU�DQG�)LQFK���������
&XUUHQWO\�� WKH� RQO\� FRQWURO� PHWKRG� DYDLODEOH� WR� RU�
JDQLF� JURZHUV� LV� WR� FRYHU� WKH� FURS� ZLWK� IOHHFH� WR�
SUHYHQW� IHPDOH� IOLHV� IURP� OD\LQJ� HJJV� LQ� WKH� FURS��
7KLV� LV�QRW�RQO\�H[SHQVLYH�DQG� WLPH�FRQVXPLQJ�EXW�
IUHTXHQWO\� FDXVHV� ZHHG�PDQDJHPHQW� SUREOHPV�� $Q�
DOWHUQDWLYH� FRQWURO�PHWKRG�ZRXOG� EH� YHU\� XVHIXO� WR�
RUJDQLF�JURZHUV��
,W� LV� QRZ� ZHOO� DFFHSWHG� WKDW� JURZLQJ� D� FURS� ZLWK�
DQRWKHU� VSHFLHV� �XQGHUVRZLQJ�� FRPSDQLRQ� SODQWLQJ��
LQWHU�FURSSLQJ�� FDQ� GHFUHDVH� SHVW� LQIHVWDWLRQV� VLJ�
QLILFDQWO\� �2
'RQQHOO� DQG� &RDNHU�� ������ )LQFK� DQG�
(GPRQGV��������6HQJRQFD��.UDQ]�HW�DO���������)LQFK�
DQG�&ROOLHU��������SURSRVHG�WKDW�WKLV�LV�EHFDXVH�WKH�
SUHVHQFH� RI� D� QRQ�KRVW� SODQW� VSHFLHV� UHGXFHV� SHVW�
FRORQLVDWLRQ�� � ,QVHFW�SHVWV�VXFK�DV�FDEEDJH�URRW� IO\�
VHHN�RXW�WKH�KRVW�FURS�E\�PDNLQJ�D�VHULHV�RI�µDSSUR�
SULDWH� �� LQDSSURSULDWH� ODQGLQJV¶��$IWHU� LQLWLDOO\� ORFDW�
LQJ�WKH�FURS��DQ�LQVHFW�ODQGV�RQ�DQ\�JUHHQ�VXUIDFH��,I�
WKH�LQVHFW�UHFRJQLVHV�WKLV�DV�D�KRVW�SODQW��DQ�µDSSUR�
SULDWH� ODQGLQJ¶�� LW�PDNHV� IXUWKHU� VKRUW� IOLJKWV�� ODQG�
LQJ� RQ� DGGLWLRQDO� OHDYHV� WR� DVVHVV� WKH� RYHUDOO� VXLW�
DELOLW\�RI� WKH�SODQW�� ,W�PXVW�PDNH� VHYHUDO� FRQVHFX�
WLYH� µDSSURSULDWH� ODQGLQJV¶� WR� EH� VXIILFLHQWO\� VWLPX�
ODWHG�WR�OD\�HJJV��,I�LW�PDNHV�DQ�µLQDSSURSULDWH�ODQG�
LQJ¶�RQ�DQRWKHU�SODQW�VSHFLHV��VXFK�DV�D� FRPSDQLRQ�
SODQW�RU�ZHHG�� LW�PXVW�EHJLQ� WKH� VHDUFKLQJ�SURFHVV�
DJDLQ�DQG�PD\�IO\�DZD\��&RQVLVWHQW�ZLWK�WKLV�� WKHUH�

������������������������������������������������
$QWRQ�5RVHQIHOG�LV�ZLWK�+'5$��5\WRQ��&RYHQWU\��&9���/*��8.�
�DURVHQIHOG#KGUD�RUJ�XN��
5RVHPDU\�&ROOLHU�LV�ZLWK�:DUZLFN�+5,��7KH�8QLYHUVLW\�RI�:DUZLFN��
&9����()��8.��URVHPDU\�FROOLHU#ZDUZLFN�DF�XN���
&HOHQLND�-D\DVLQJKH�LV�DW�%LRORJ\�'HSDUWPHQW��8QLYHUVLW\�RI�'XUKDP��
'+���/(��8.��&HOHQLND�MD\DVLQJH#GXUKDP�DF�XN��

ZDV� D� ������� UHGXFWLRQ� LQ� HJJ�OD\LQJ� E\� WKH� FDE�
EDJH� URRW� IO\� ZKHQ� FDXOLIORZHUV� ZHUH� SODQWHG�
DPRQJVW����RWKHU�QRQ�KRVW�SODQW�VSHFLHV��)LQFK��HW�
DO�����������
+RZHYHU��VWUDWHJLHV�VXFK�DV�XQGHUVRZLQJ�ZLWK�FORYHU�
FDQ� UHVXOW� LQ� \LHOG� SHQDOWLHV� RI� ������� �)LQFK� DQG�
(GPRQGV�� ������ WKURXJK� SODQW� FRPSHWLWLRQ�� 7KHUH�
IRUH� WKH�DOWHUQDWLYH� WHFKQLTXH�RI� VRZLQJ� FRPSDQLRQ�
SODQWV� LQWR� WKH�PRGXOHV� PD\� HQVXUH� WKDW� WKH� FRP�
SDQLRQ� SODQW� LV� LQ� D� ORFDWLRQ�ZKHUH� LW� GLVUXSWV� FDE�
EDJH� URRW� IO\� HJJ�OD\LQJ�� ZKLOVW� EHLQJ� DW� D� ORZ�
HQRXJK� GHQVLW\� WR� KDYH� OLWWOH� HIIHFW� RQ� \LHOG�� 7KH�
ELJJHVW�FKDOOHQJH�LV� WR�LGHQWLI\�VSHFLHV�WKDW�DUH�YLJ�
RURXV�HQRXJK�WR�GHWHU�HJJ�OD\LQJ�ZLWKRXW�FRPSHWLQJ�
DJDLQVW� WKH� FURS�� 7KUHH� VSHFLHV� RI� FRPSDQLRQ�SODQW�
RI�GLIIHULQJ�YLJRXU�ZHUH�HYDOXDWHG�LQ�WKLV�VWXG\���

0(7+2'6�
&DODEUHVH� �FY� %HOVWDU��ZDV� VRZQ� LQWR�PRGXOH� WUD\V�
RQ���$SULO� ������$W� WKH� VDPH� WLPH�� WZR� VHHGV�RI�D�
VLQJOH� VSHFLHV� RI� FRPSDQLRQ� SODQW� ZHUH� VRZQ� LQWR�
HDFK�PRGXOH��7KUHH�GLIIHUHQW� FRPSDQLRQ�SODQW� VSH�
FLHV�ZHUH� WULDOOHG��ELUGVIRRW� WUHIRLO� �/RWXV� FRUQLFXOD�
WXV���%)7���UHG�FORYHU��7ULIROLXP�SUDWHQVH���5&��DQG�
\HOORZ� WUHIRLO� �0HGLFDJR� OXSXOLQD�� �<7��� &DODEUHVH�
DORQH�ZDV�LQFOXGHG�DV�D�FRQWURO�WUHDWPHQW��
$OO� IRXU� WUHDWPHQWV� ZHUH� SODQWHG� RQ� ��� 0D\�� LQ� D�
UDQGRPLVHG�EORFN�GHVLJQ�ZLWK�ILYH�UHSOLFDWHV��DW� WKH�
ILHOG� VWDWLRQ� DW� 5\WRQ�� QHDU� &RYHQWU\�� 8.�� 7KH� WULDO�
FRPSULVHG�RI�WZHQW\�SORWV��HDFK���P�[�����P����URZV�
HDFK�RI����SODQWV���� ,Q�DGGLWLRQ��XQUHSOLFDWHG�EORFNV�
����� SODQWV�� RI� HDFK� WUHDWPHQW� ZHUH� SODQWHG� RQ�
FRPPHUFLDO� IDUPV� LQ�WKUHH� ORFDWLRQV� LQ�WKH�8.��/LQ�
FROQVKLUH��+HUHIRUGVKLUH�DQG�'HYRQ����
7R�PRQLWRU�HJJ�OD\LQJ�E\� WKH� FDEEDJH� URRW� IO\�� IHOW�
HJJ� WUDSV� �'L[RQ� HW� DO�� �������ZHUH� SODFHG� DURXQG�
WKH�EDVH�RI�WZR�SODQW�VWHPV�LQ�HDFK�SORW�DQG�FRYHUHG�
ZLWK�D�WKLQ�OD\HU�RI�VRLO��7KHVH�ZHUH�H[DPLQHG�WZLFH�
ZHHNO\�DQG�HJJV�ZHUH�FRXQWHG�DQG�GLVFDUGHG���
$W�KDUYHVW�� WHQ�SODQWV�SHU�SORW�ZHUH�GXJ�XS�H[DP�
LQHG��DQG�SODFHG� LQ�RQH�RI� IRXU�GDPDJH�FDWHJRULHV��
QR� GDPDJH�� VOLJKW� GDPDJH� �VOLJKW� VFDUULQJ� RI� VWHP�
DURXQG� URRWV��� PRGHUDWH� GDPDJH� �URRWV� VOLJKWO\�
VWXQWHG�� SODQW� SXOOV� RXW� HDVLO\��� VHYHUH� GDPDJH�
�SODQW�VWXQWHG��YHU\�OLWWOH�URRW�V\VWHP�OHIW��SODQW�YHU\�
ORRVH�RU�IDOOHQ�RYHU���

5(68/76�$1'�',6&866,21�
(JJ�OD\LQJ�
0RVW�HJJV�ZHUH� ODLG�EHWZHHQ����±���� -XO\�� FRQVLV�
WHQW� ZLWK� SHDN� HJJ�OD\LQJ� E\� VHFRQG� JHQHUDWLRQ�
FDEEDJH� URRW� IO\� LQ� WKH� UHJLRQ� �5�� &ROOLHU�� XQSXE�
OLVKHG�GDWD����$OO�VSHFLHV�RI�FRPSDQLRQ�SODQW�UHGXFHG�



WKH�QXPEHUV�RI�HJJV�ODLG�RQ�HDFK�VDPSOLQJ�RFFDVLRQ��
2YHUDOO��FRPSDQLRQ�SODQWLQJ�UHGXFHG�WKH�WRWDO�QXP�
EHUV�RI�HJJV�ODLG�EHWZHHQ����-XQH�±����$XJXVW�E\�XS�
WR� ���� �7DEOH� ���� +RZHYHU�� GLIIHUHQFHV� EHWZHHQ�
FRPSDQLRQ� SODQW� VSHFLHV� ZHUH� QRW� VWDWLVWLFDOO\� VLJ�
QLILFDQW��
7DEOH����7RWDO�QXPEHU�RI�HJJV�ODLG�SHU�SODQW�
&RQWURO� %)7� 5&� <7� /6'��S ������ )�SURE�
��� ��� ��� ��� ����� ������

�
7KH�UHGXFWLRQ�LQ�HJJ�OD\LQJ�ZDV�OHVV�WKDQ�WKH�PD[L�
PXP� UHGXFWLRQ� RI� ���� REVHUYHG� E\� )LQFK� HW� DO�
�������ZKHQ�FDXOLIORZHUV�ZHUH�SODQWHG�ZLWK�)DW�KHQ�
�&KHQRSRGLXP� DOEXP�� SODQWV�� +RZHYHU�� WKH� HIIHF�
WLYHQHVV�RI�FRPSDQLRQ�SODQWV�DSSHDUV�WR�GHSHQG�RQ�
D� QXPEHU� RI� SK\VLFDO� FKDUDFWHULVWLFV� LQFOXGLQJ� WKHLU�
KHLJKW�DQG�WKH�DPRXQW�RI�DGGLWLRQDO�JUHHQ�VXUIDFHV�
WKH\�SURYLGH� FRPSDUHG� WR� WKH�EUDVVLFD�SODQW� �)LQFK�
HW�DO����������
'DPDJH�WR�URRWV�
5RRW� GDPDJH� DVVHVVPHQWV� VKRZHG� WKDW� FRPSDQLRQ�
SODQWLQJ� UHGXFHG� WKH� VHYHULW\� RI� FDEEDJH� URRW� IO\�
GDPDJH��Ò��WHVW��S���������7KLV�ZDV�FRQVLVWHQW�ZLWK�
UHVXOWV� REWDLQHG� IURP� D� VLPLODU� WULDO� FRQGXFWHG� LQ�
������$��5RVHQIHOG��XQSXEOLVKHG�GDWD���
�
�
�
�
�
�
�
)LJXUH���'DPDJH�WR�URRWV�
�
)LJXUH���3URSRUWLRQ�RI�SODQW�URRWV�GDPDJHG�E\�FDEEDJH�URRW�
IO\�
�
6XUYLYDO�RI�FRPSDQLRQ�SODQWV�
6XUYLYDO�RI�FRPSDQLRQ�SODQWV�ZDV�DVVHVVHG�DW�5\WRQ�
DQG�RQ�WKH�WKUHH�FRPPHUFLDO�IDUPV�WR�WHVW�WKH�DSSOL�
FDELOLW\� RI� WKH� WHFKQLTXH� ZLWKLQ� D� FRPPHUFLDO� V\V�
WHP��$W�5\WRQ��WKH�\HOORZ�WUHIRLO�VKRZHG�WKH�SRRUHVW�
VXUYLYDO� UDWH�� DOWKRXJK� WKHVH� GLIIHUHQFHV� ZHUH� QRW�
VWDWLVWLFDOO\� VLJQLILFDQW�� RZLQJ� WR� D� KLJK� GHJUHH� RI�
YDULDELOLW\�EHWZHHQ�UHSOLFDWH�EORFNV��7DEOH��D�����
7DEOH����6XUYLYDO�RI�FRPSDQLRQ�SODQWV�����
D��DW�5\WRQ�
%)7� 5&� <7� /6'��S ������ )�SURE�
��� ��� ��� ����� ������

E��RQ�FRPPHUFLDO�IDUPV�
)DUP� %)7� <7� 5&�
+HUHIRUG� ��� �� ���
/LQFV� ��� �� ��
'HYRQ� �� �� ��
�
6XUYLYDO� RQ� WKH� FRPPHUFLDO� IDUPV�ZDV�PXFK� ORZHU�
WKDQ� DW� 5\WRQ� ZLWK� \HOORZ� WUHIRLO� DOVR� VKRZLQJ� WKH�
ORZHVW� UDWH� RI� VXUYLYDO� �7DEOH� �E��� 7KH� NH\� UHDVRQ�
IRU� SRRU� VXUYLYDO� ZDV� WKDW� WKH� FRPSDQLRQ� SODQWV�

ZHUH�EXULHG�E\� VRLO� WKDW�ZDV�GLVORGJHG�E\� VWHHUDJH�
KRHV�GXULQJ�PHFKDQLFDO�ZHHG�RSHUDWLRQV��$W�5\WRQ��
WKH� FURS� ZDV� KDQG�ZHHGHG� XQWLO� WKH� FRPSDQLRQ�
SODQWV�ZHUH�ODUJH�HQRXJK�WR�ZLWKVWDQG�WKH�VWHHUDJH�
KRH��EXW�WKLV�LV�QRW�DQ�HFRQRPLFDOO\�YLDEOH�RSWLRQ�LQ�
D� FRPPHUFLDO� FURS�� )RU� WKLV� WHFKQLTXH� WR�EH�YLDEOH��
WKH�HDUO\�YLJRXU�RI�WKH�FRPSDQLRQ�SODQWV�QHHGV�WR�EH�
LPSURYHG�VR�WKDW�WKH\�DUH�VXIILFLHQWO\�UREXVW�WR�ZLWK�
VWDQG�PHFKDQLFDO�ZHHGLQJ�RSHUDWLRQV��7KLV�PLJKW�EH�
GRQH�E\�VRZLQJ�PRUH�YLJRURXV�VSHFLHV�RI�FRPSDQLRQ�
SODQW�RU�LPSURYLQJ�WKHLU�YLJRXU�WKURXJK��IRU�H[DPSOH��
LQRFXODWLQJ� WKH� FRPSDQLRQ� SODQW� ZLWK� 5KL]RELXP�
VSHFLHV��5RJHU�:KLWH��SHUVRQDO�FRPPXQLFDWLRQ���
)LQDQFLDO�LPSOLFDWLRQV�
2UJDQLF�JURZHUV�FDQ�XVH�IOHHFH�DV�D�FRQWURO�PHDVXUH�
DJDLQVW�FDEEDJH�URRW�IO\��$�W\SLFDO�ILJXUH�IRU�DSSO\LQJ�
IOHHFH� LV� ����� �¼����� �� KD� LQFOXGLQJ�PDWHULDOV� DQG�
ODERXU�� 3ODQW� UDLVHUV� SURGXFLQJ� PRGXOH� VRZQ� FRP�
SDQLRQ�SODQWV�KDYH�UHSRUWHG�WKDW�WKH� LQFUHDVHG�FRVW�
LV� ��S� �¼������ SHU� WUD\� RI� ����� SODQWV� FRVWLQJ� ���
�¼�������� $VVXPLQJ� D� SODQWLQJ� GHQVLW\� RI� ��� ����
SODQWV� �� KD�� WKLV� PHWKRG� RI� FRQWURO� FRVWV� ������
�¼�������KD�� ZKLFK� LV� FRQVLGHUDEO\� FKHDSHU� WKDQ�
DSSO\LQJ�IOHHFH��

&21&/86,216�
7KLV� SUHOLPLQDU\� WULDO� GHPRQVWUDWHV� WKDW� WKH� WHFK�
QLTXH�RI�VRZLQJ�FRPSDQLRQ�SODQWV� LQWR�WKH�PRGXOHV�
FRQWDLQLQJ� EUDVVLFD� SODQWV� FDQ� UHGXFH� GDPDJH� E\�
FDEEDJH� URRW� IO\�� ,W� DOVR� DYRLGV� WKH� SUREOHPV� RI�
ZHHG� FRQWURO� QRUPDOO\� DVVRFLDWHG� ZLWK� DSSO\LQJ�
IOHHFH�DQG�LV�FRQVLGHUDEO\�FKHDSHU��+RZHYHU��IXUWKHU�
UHILQHPHQW�LV�QHHGHG�WR�LPSURYH�WKH�VXUYLYDO�RI�WKH�
FRPSDQLRQ�SODQWV�LQ�D�FRPPHUFLDO�ILHOG�VLWXDWLRQ��
�

5()(5(1&(6�
&RDNHU��7�+��	�)LQFK��6�����������7KH�FDEEDJH�URRW�
IO\��(ULRLVFKLD�EUDVVLFDH��%RXFKp����5HSRUW�RI�WKH�
1DWLRQDO�9HJHWDEOH�5HVHDUFK�6WDWLRQ�IRU�������SS��
�������
'L[RQ��3�/���:HVW��5�-���0F5DH��.�%���6SDQHU��'��
�������&DQDGLDQ�(QWRPRORJLVW�������������
)LQFK�� 6��� %LOOLDOG�� +�� DQG� &ROOLHU�� 5�+�� ���������
(QWRPRORJLD� ([SHULPHQWDOLV� HW� $SSOLFDWD� ����� ����
�����
)LQFK��6��DQG�5��&ROOLHU���������%LRORJLVW������������
�����
)LQFK��6��DQG�5��+��&ROOLHU���������(QWRPRORJLD�([�
SHULPHQWDOLV�HW�$SSOLFDWD�������������
)LQFK��6��DQG�*��+��(GPRQGV����������8QGHUVRZLQJ�
FDEEDJH�FURSV�ZLWK�FORYHU��WKH�HIIHFWV�RQ�SHVW�LQ�
VHFWV��JURXQG�EHHWOHV�DQG�FURS�\LHOGV���,2%&�:356�
:RUNLQJ�*URXS�0HHWLQJ�,QWHJUDWHG�&RQWURO�LQ�)LHOG�
9HJHWDEOHV�����������
2
'RQQHOO��0��6��DQG�7��+��&RDNHU���������3RWHQWLDO�
RI�LQWUD�FURS�GLYHUVLW\�IRU�WKH�FRQWURO�RI�EUDVVLFD�
SHVWV��3URFHHGLQJV��WK�%ULWLVK�,QVHFWLFLGH�DQG�)XQJL�
FLGH�&RQIHUHQFH��[[�����������
6HQJRQFD��&���-��.UDQ]��HW�DO���������-RXUQDO�RI�3HVW�
6FLHQFH��������������
�
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