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7KH�'\QDPLFV�RI�$JULFXOWXUDO�%LRWHFKQRORJ\�$GRSWLRQ�/HVVRQV�IURP�U%67�XVH�LQ�:LVFRQVLQ�����������
%UDGIRUG�/��%DUKDP
��'RXJODV�-DFNVRQ�6PLWK

��DQG�6XQXQJ�0RRQ


0D\������

'HSDUWPHQW�RI�$JULFXOWXUDO�DQG 

�'HSDUWPHQW�RI�6RFLRORJ\��$SSOLHG (FRQRPLFV� 6RFLDO�:RUN�DQG�$QWKURSRORJ\8QLYHUVLW\�RI�:LVFRQVLQ�0DGLVRQ 8WDK�6WDWH�8QLYHUVLW\EDUKDP#DDH�ZLVF�HGX GRXJODVM#KDVV�XVX�HGXPRRQ#DDH�ZLVF�HGX
&RQWDFW�DGGUHVV�IRU�6XQXQJ�0RRQ����/RUFK�6W�0DGLVRQ��:,������������������ �SKRQH��������������� �ID[�
$EVWUDFW�7KLV�SDSHU�H[SORUHV�WKH�G\QDPLFV�RI�U%67�DGRSWLRQ�XVLQJ�SDQHO�GDWD�IURP�:LVFRQVLQ�GDLU\�IDUPHUV�WKDW�VSDQ�WKH�SHULRG�IURP�LWV�FRPPHUFLDO�LQWURGXFWLRQ�LQ������WR��������7KH�SDQHO�GDWD�DOORZ�DQ�H[DPLQDWLRQ�RI�D�EURDGHU�UDQJH�RI�DGRSWLRQ�EHKDYLRU�WKDW�LQFOXGHV�GLVDGRSWLRQ��HDUO\�DQG�ODWH�DGRSWLRQ��DV�ZHOO�DV�SHUVLVWHQW�QRQ�DGRSWLRQ���7KH�GDWD�DOVR�SHUPLW�DWWHQWLRQ�WR�HQGRJHQHLW\�FRQFHUQV�WKDW�DULVH�LQ�FURVV�VHFWLRQDO�DQDO\VHV�RI�WHFKQRORJ\�DGRSWLRQ��ZKHUH�SRWHQWLDO�SUHGLFWRUV�DUH�DOVR�FKRLFH�YDULDEOHV���'LIIHUHQFHV�LQ�ERWK�FRPSOHPHQWDU\�WHFKQRORJ\�XVH�DQG�IDUP�VL]H�DUH�LGHQWLILHG�DV�NH\�SUHGLFWRUV�RI�DGRSWLRQ�EHKDYLRU��DV�DUH�IDUPHU�DWWLWXGHV�WRZDUG�WKLV�FRQWURYHUVLDO�WHFKQRORJ\�
$FNQRZOHGJHPHQWV�7KLV�ZRUN�ZDV�VXSSRUWHG�E\�D�JUDQW�IURP�WKH�&RRSHUDWLYH�6WDWH�5HVHDUFK��(GXFDWLRQ��DQG�([WHQVLRQ�6HUYLFH��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��XQGHU�$JUHHPHQW�1R������������������:H�RIIHU�RXU�WKDQNV�WR�)UHGHULFN�%XWWHO��-HDQ�3DXO�&KDYDV��DQG�-HUHP\�)ROW]�IRU�WKHLU�KHOSIXO�DGYLFH���:H�DUH�DOVR�JUDWHIXO�WR�RXU FROOHDJXHV�DW�WKH�3URJUDP�RQ�$JULFXOWXUDO�7HFKQRORJ\�6WXGLHV��HVSHFLDOO\�1DQF\�&DUOLVOH��/XF\�&KHQ��6KDURQ�/H]EHUJ��DQG�-HQQLIHU�0DDVVHQ�IRU�WKHLU�ZRUN�RQ�WKH�VXUYH\V����
&RS\ULJKW������E\�DXWKRUV �%UDGIRUG�/��%DUKDP��'RXJODV�-DFNVRQ�6PLWK��DQG6XQXQJ�0RRQ�$OO�ULJKWV�UHVHUYHG��5HDGHUV�PD\�PDNH�YHUEDWLP�FRSLHV�RI�WKLV�GRFXPHQW�IRU�QRQ�FRPPHUFLDO�SXUSRVHV�E\�DQ\�PHDQV��SURYLGHG�WKDW�WKLV�FRS\ULJKW�QRWLFH�DSSHDUV�RQ�DOO�VXFK�FRSLHV
>7KLV SDSHU�LV�VXEPLWWHG�IRU������$$($�:$($�$QQXDO�0HHWLQJ�LQ�/RQJ�%HDFK@
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7KH�'\QDPLFV�RI�$JULFXOWXUDO�%LRWHFKQRORJ\�$GRSWLRQ��/HVVRQV�IURP�U%67�8VH�LQ�:LVFRQVLQ�����������
(FRQRPLVWV�KDYH�ORQJ�YLHZHG�WHFKQRORJ\�DGRSWLRQ�DV�D�G\QDPLF�SURFHVV��*ULOLFKHV��
0DQVILHOG��EHFDXVH�RI�WKH�OHDUQLQJ��FRRUGLQDWLRQ��DQG�LQYHVWPHQW�LVVXHV�WKDW�IDFH�
SRWHQWLDO�DGRSWHUV��)HGHU�DQG�6ODGH�����<HW��XQWLO�WKH�PLG�����V�HPSLULFDO�VWXGLHV�RI�
DGRSWLRQ�WUHQGV�DQG�GHWHUPLQDQWV�UHOLHG�KHDYLO\�RQ�FURVV�VHFWLRQDO�UDWKHU�WKDQ�SDQHO�GDWD�
�%HVOH\�DQG�&DVH���ZKLFK�PHDQW�WKDW�WKH�XQGHUO\LQJ�G\QDPLFV�ZHUH�UDUHO\�H[SORUHG�DW�DQ�
HPSLULFDO�OHYHO���5HFHQW�HIIRUWV��)RVWHU�DQG�5RVHQ]ZHLJ��&RQOH\�DQG�8GU\��DQG�&DPHURQ��
KLJKOLJKW�WKH�YDOXH�RI�SDQHO�GDWD�WR�KHOS�XQFRYHU�WKH�VXEWOH�G\QDPLFV�RI�OHDUQLQJ��
VWUDWHJLF�EHKDYLRU��DQG�FRRUGLQDWLRQ�DPRQJ�SURGXFHUV�IDFHG�ZLWK�GHFLVLRQV�DERXW�ZKHWKHU�
WR�DGRSW�DQG�KRZ�WR�PRVW�HIIHFWLYHO\�GHSOR\�QHZ�WHFKQRORJLHV�����

7KLV�SDSHU�VKLIWV�WKH�IRFXV�RI�DWWHQWLRQ�WR�WZR�RWKHU�FRQWULEXWLRQV�WKDW�SDQHO�GDWD�
KDYH�IRU�LPSURYLQJ�DGRSWLRQ�DQDO\VHV�EH\RQG�WKDW�RI�H[SOLFDWLQJ�LQIRUPDWLRQ�G\QDPLFV���
2QH�LV�WKH�HQGRJHQHLW\�LVVXH�WKDW�DULVHV�ZKHQ�H[DPLQLQJ�SRWHQWLDO�SUHGLFWRUV�RI�QHZ�
WHFKQRORJ\�DGRSWLRQ��ZKHUH�WKH�SUHGLFWRUV�DUH�DOVR�³FKRLFH�YDULDEOHV´��=HSHGD��������
)ROW]�DQG�&KDQJ����([DPSOHV�LQFOXGH�WKH�XVH�RI�RWKHU�FRPSOHPHQWDU\�RU�VXEVWLWXWH�
WHFKQRORJLHV��PDQDJHPHQW�SUDFWLFHV��RU�UHODWHG�LQYHVWPHQWV��ZKHUH�IDUPHUV¶�FKRLFHV�ZLWK�
UHVSHFW�WR�WKHVH�SUHGLFWRUV�PLJKW�EH�HQGRJHQRXV�WR�WKH�DGRSWLRQ�GHFLVLRQ�RI�WKH�QHZ�
WHFKQRORJ\����3DQHO�GDWD�SHUPLW�HPSLULFDO�PRGHOLQJ�WKDW�H[SOLFLWO\�HYDOXDWHV�ZKHWKHU�WKH�
VHTXHQFLQJ�RI�IDUP�WHFKQRORJ\�FKRLFHV�GR�RU�GR�QRW�IDYRU�WKH�DGRSWLRQ�RI�D�VSHFLILF�
WHFKQRORJ\��DQG�WKXV�WR�D�VLJQLILFDQW�H[WHQW�DGGUHVVHV�WKH�HQGRJHQHLW\�LVVXH�WKDW�SODJXHV�
FURVV�VHFWLRQDO�DGRSWLRQ�DQDO\VHV���7KH�SDSHU�DOVR�H[SORUHV�KRZ�SDQHO�GDWD�FDQ�EH�XVHG�WR�
EURDGHQ�WKH�DGRSWLRQ�DQDO\VLV�EH\RQG�WKH�FODVVLF�FRQWUDVW�RI�WZR�FODVVHV�RI�DJHQWV��
DGRSWHUV�DQG�QRQ�DGRSWHUV�WR�D�PRUH�DFFXUDWH�PL[�RI�QRQ�DGRSWHUV��HDUO\�DGRSWHUV��ODWHU�
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DGRSWHUV��DQG�GLVDGRSWHUV���,GHQWLI\LQJ�FRUH�GLIIHUHQFHV�DFURVV�WKHVH�FODVVHV�RI�DJHQWV��DQG�
KHQFH�WKHLU�OLNHO\�SDWWHUQV�RI�DGRSWLRQ�EHKDYLRU�LQ�WKH�IXWXUH��RIIHUV�D�PRUH�FRPSOHWH�
SLFWXUH�RI�WKH�SDVW��SUHVHQW��DQG�IXWXUH�WHFKQRORJ\�GLIIXVLRQ�SURFHVV���

3DQHO�GDWD�IURP�:LVFRQVLQ�GDLU\�IDUPHUV�DUH�XVHG�WR�H[SORUH�WKH�G\QDPLFV�RI�
DGRSWLRQ��GLVDGRSWLRQ��DQG�IXWXUH�DGRSWLRQ�RI�UHFRPELQDQW�VRPDWDWURSLQ��U%67���D�
SURGXFWLYLW\�HQKDQFLQJ�KRUPRQH�WKDW�LV�LQMHFWHG�LQ�FRZV����7KH�GDWD�VSDQ�WKH�SHULRG�IURP�
WKH�FRPPHUFLDO�LQWURGXFWLRQ�RI�U%67�LQ������WR�������RIIHULQJ�D�FRPSUHKHQVLYH�YLHZ�RI�
WKH�DGRSWLRQ�SURFHVV�RI�WKLV�OHDGLQJ�HGJH��DQG�FRQWURYHUVLDO��DJULFXOWXUDO�ELRWHFKQRORJ\���

$�G\QDPLF�VWXG\�RI�U%67�DGRSWLRQ�LQ�:LVFRQVLQ�LV�TXLWH�WLPHO\���)LUVW��LWV�
DGRSWLRQ�G\QDPLFV�DUH�UHOHYDQW�WR�D�ZKROH�FODVV�RI�SURGXFWLRQ�RULHQWHG�DJULFXOWXUDO�
ELRWHFKQRORJLHV��HVSHFLDOO\�DV�FRPSDQLHV�ZHLJK�UHWXUQV�DQG�ULVNV�WR�IXWXUH�LQYHVWPHQWV�LQ�
DJULFXOWXUDO�ELRWHFKQRORJ\�SURGXFWV���6HFRQG��U%67�ZDV�DQWLFLSDWHG�LQ�WKH�HDUO\�����V�WR�
EH�D�MXJJHUQDXW�WHFKQRORJ\��RQH�WKDW�ERWK�RSSRQHQWV�DQG�SURSRQHQWV�WKRXJKW�ZRXOG�
IXQGDPHQWDOO\�DOWHU�WKH�RUJDQL]DWLRQ�DQG�VWUXFWXUH�RI�8�6��GDLU\�IDUPLQJ��+DOOEHUJ��
)DOOHUW�HW�DO���DQG�/LHEKDUGW����8QGHUVWDQGLQJ�WKH�UHDVRQV�ZK\�U%67�KDV�DFWXDOO\�KDG�D�
UDWKHU�PXWHG�LPSDFW�RQ�WKH�RUJDQL]DWLRQ�DQG�SHUIRUPDQFH�RI�WKH�8�6��GDLU\�VHFWRU�FDQ�EH�
HQKDQFHG�E\�D�G\QDPLF�DQDO\VLV�RI�DGRSWLRQ�SDWWHUQV�LQ�:LVFRQVLQ��ZKHUH�DSSUR[LPDWHO\�
����RI�8�6��GDLU\�IDUPV�DUH�ORFDWHG���7KLUG��U%67�KDV�QRZ�EHHQ�FRPPHUFLDOO\�DYDLODEOH�
IRU�ORQJ�HQRXJK�QRZ�WKDW�WKH�WHFKQRORJ\�LV�DUJXDEO\�PDWXUH��HVSHFLDOO\�JLYHQ�LWV�ORQJ�
SUH�FRPPHUFLDOL]DWLRQ�GHEDWH���,QGHHG��LQ�:LVFRQVLQ��DW�OHDVW��WKH�GLIIXVLRQ�SURFHVV KDV�
IODWWHQHG�RXW��ZLWK�RQO\�DQ�LQFUHPHQWDO�FKDQJH�LQ�WKH�DGRSWLRQ�UDWH�RYHU�WKH�SDVW�WZR�
\HDUV�����WR������DQG�DQ�DFWXDO�GHFOLQH�LQ�WKH�HVWLPDWHG�QXPEHU�RI�IDUPV�XVLQJ�U%67���
:LWK�WKH�GLIIXVLRQ�SURFHVV�ZHOO�DGYDQFHG��DQG�PDUNHWLQJ�GHEDWHV�TXLHWHG��U%67�DGRSWLRQ�
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GHFLVLRQV�DUH�PRUH�OLNHO\�WR�EH�GRPLQDWHG�E\�IDUP�OHYHO�IDFWRUV�UHODWHG�WR�WKH�ILW�EHWZHHQ�
WKH�WHFKQRORJ\�DQG�RWKHU�PDQDJHPHQW�DQG�WHFKQRORJ\�FKRLFHV���5HVROYLQJ�HQGRJHQHLW\�
SUREOHPV�UHODWHG�WR�WKRVH�GHWHUPLQDQWV�FRXOG�SURYLGH�D�PRUH�UREXVW�DQG�UHOLDEOH�DQDO\VLV�
RI�WKH�WHFKQRORJ\¶V�GLIIXVLRQ�SURFHVV�

7KH�ILQDO�PRWLYDWLRQ�IRU�WDNLQJ�DQRWKHU�ORRN�DW�U%67�DGRSWLRQ�LV�WKH�KLJK�GHJUHH�
RI�SROLWLFL]DWLRQ�WKDW�RFFXUUHG�HVSHFLDOO\�SULRU�WR�LWV�FRPPHUFLDO�UHOHDVH��DQG�WKHQ�VKDSHG�
LWV�LQLWLDO�DGRSWLRQ�SURILOH��%DUKDP����7KH�GXUDELOLW\�RI�WKH�HIIHFWV�RI�WKLV�SROLWLFL]DWLRQ�LQ�
VKDSLQJ�IDUPHU�DGRSWLRQ�FKRLFHV�LV�SHUWLQHQW�WR�FXUUHQW�DQG�IXWXUH�FRQWURYHUVLDO�
DJULFXOWXUDO�WHFKQRORJLHV��H�J���*02V����,W�LV�PDGH�PRUH�LQWHUHVWLQJ�E\�WKH�IDFW�WKDW�LQ�
:LVFRQVLQ�WKH�YROXQWDU\�XVH�RI�ODEHOLQJ�WR�LGHQWLW\�³U%67�IUHH´�IOXLG�PLON�SURGXFWV�ZDV�
LQLWLDOO\�SHUYDVLYH��EXW�KDV�ODUJHO\�GLVDSSHDUHG�RYHU�WKH�SDVW�WKUHH�\HDUV��H[FHSW�IRU�
RUJDQLF�SURGXFWV�DQG�VSHFLDOW\�FKHHVHV����7KLV�FKDQJH�PHDQV�WKDW�GHPDQG�VLGH�FRQFHUQV�
DUH�PXFK�OHVV�OLNHO\�WR�EH�GLUHFWO\�LQIOXHQFLQJ�FXUUHQW�DGRSWLRQ�GHFLVLRQV����7KXV��LI�WKH�
HDUOLHU�³DWWLWXGHV´�RI�IDUPHUV�WRZDUG�U%67�FRQWLQXH�WR�VKDSH�DGRSWLRQ�RXWFRPHV��WKHQ�WKH�
GXUDELOLW\�RI�WKHVH�SROLWLFL]DWLRQ�HIIHFWV�ZRXOG�EH�HVSHFLDOO\�QRWHZRUWK\�

7KH�QH[W�VHFWLRQ�EULHIO\�UHYLHZV�SUHYLRXV�U%67�DGRSWLRQ�VWXGLHV�WR�VHW�WKH�VWDJH�
IRU�D�GLVFXVVLRQ�LQ�WKH�IROORZLQJ�VHFWLRQ�RI�WKH�HPSLULFDO�DSSURDFK�XVHG�LQ�WKLV�SDSHU�WR�
DQDO\]H�WKH�G\QDPLFV�RI�U%67�DGRSWLRQ��7KH�IRXUWK�VHFWLRQ�GHVFULEHV�WKH�SDQHO�GDWD�VHWV��
DQG�SUHVHQWV�GHVFULSWLYH�VWDWLVWLFV�WKDW�KHOS�WR�PRWLYDWH�WKH�ILIWK�VHFWLRQ¶V�HFRQRPHWULF�
DQDO\VLV�RI�WKH�G\QDPLFV�RI�DGRSWLRQ�EHKDYLRU���7KH�ILQDO�VHFWLRQ�VXPPDUL]HV�WKH�SDSHU¶V�
ILQGLQJV�RQ�WKH�DGRSWLRQ�G\QDPLFV�RI�U%67�DQG�WHFKQRORJ\�DGRSWLRQ�LQ�JHQHUDO�
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3UHYLRXV U%67�DGRSWLRQ�VWXGLHV
7KUHH�WKHPHV�KDYH�GRPLQDWHG�HFRQRPLF�UHVHDUFK�RQ�U%67�DGRSWLRQ���0RVW�SUHYDOHQW��
SDUWLFXODUO\�LQ�WKH�\HDUV�VXUURXQGLQJ�U%67¶V�FRPPHUFLDO�UHOHDVH��ZHUH�HIIRUWV�WR�DVVHVV�
WKH�SUREDELOLW\�DQG�H[WHQW�RI�DGRSWLRQ�DQG�LWV�SRWHQWLDO�LPSDFW�RQ�WKH�SHUIRUPDQFH�RI�WKH�
GDLU\�VHFWRU��/HVVHU��0DJUDWK��DQG�.DOWHU��/DUVRQ�DQG�.XOFKHU��0DULRQ�DQG�:LOOV��
=HSHGD��6DKD��/RYH��DQG�6FKZDUW��%DUKDP����,Q�WKH�86��WKH�PRVW�UHOLDEOH�VWDWHZLGH�
HVWLPDWHV�RI�U%67�DGRSWLRQ�RYHU�WKH�\HDUV�KDYH�FRPH�IURP�&DOLIRUQLD DQG�:LVFRQVLQ�
�%XWOHU��������%DUKDP�HW�DO����ZKLFK�DUH�UHVSRQVLEOH�IRU�PRUH�WKDQ�����RI�QDWLRQDO�PLON�
SURGXFWLRQ���&RPSDUHG�WR�QDWLRQDO�IRUHFDVWV�PDGH�SULRU�WR�WKH�FRPPHUFLDO�UHOHDVH�RI�
U%67��DGRSWLRQ�OHYHOV�LQ�WKHVH�WZR�VWDWHV�DW�WKH�WXUQ�RI�WKH�FHQWXU\�ZHUH�FRQVLGHUDEO\�
ORZHU�WKDQ�DQWLFLSDWHG��DW��������DQG�����UHVSHFWLYHO\��YHUVXV�HDUO\�����V�IRUHFDVWV�LQ�
WKH��������UDQJH�� 7KH�PRVW�UHFHQW�8�6��JRYHUQPHQW�HVWLPDWH�IRXQG�LQ������DQ�DGRSWLRQ�
UDWH�RI������DPRQJ�IDUPHUV�QDWLRQZLGH��8�6��*RYHUQPHQW��$3+,6�86'$��

$�VHFRQG�DQG�RYHUODSSLQJ�OLQH�RI�UHVHDUFK�KDV�IRFXVHG�RQ�WKH�GHWHUPLQDQWV�RI�
U%67�DGRSWLRQ���$ORQJ�ZLWK�WKH�WUDGLWLRQDO�KXPDQ�FDSLWDO�YDULDEOHV��VSHFLDO�DWWHQWLRQ�KDV�
EHHQ�SDLG�WR�WKH�LVVXH�RI�VFDOH�RU�VL]H�ELDV�DQG�WKH�UROH�RI�FRPSOHPHQWDU\�WHFKQRORJLHV�LQ�
VKDSLQJ�IDUPHU�DGRSWLRQ�GHFLVLRQV��6WHIDQLGHV�DQG�7DXHU��%DUKDP�HW�DO���)ROW]�DQG�
&KDQJ����$W�LVVXH�LV�ZK\�U%67��D�WHFKQRORJ\�WKDW�LV�HDV\�WR�LQMHFW��UHTXLUHV�QR�IL[HG�
LQYHVWPHQWV��DQG�KDV�PLQLPDO�VWDUW�XS�FRVWV��KDV�GHPRQVWUDWHG�D�YHU\�VWURQJ�VL]H�ELDV�LQ�
DGRSWLRQ���2QH�H[SODQDWLRQ�IRFXVHV�RQ�WKH�UROH�RI�FRPSOHPHQWDU\�WHFKQRORJLHV�DQG�WKH�
SRVVLELOLW\�WKDW�WKH�IXOO�SURGXFWLYLW\�HQKDQFLQJ�HIIHFW�RI�U%67�PD\�RQO\�EH�UHDOL]HG�RQ�
IDUPV�WKDW�KDYH�FHUWDLQ�PDQDJHPHQW�SUDFWLFHV�DQG�FRPSOHPHQWDU\�WHFKQRORJLHV DOUHDG\�LQ�
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SODFH���7KHVH�SUDFWLFHV�DUH�RQHV�IRXQG�SUHGRPLQDQWO\�RQ�ODUJHU�IDUPV��DQG�VR�WKH\�DUH�WKH�
PRVW�OLNHO\�WR�EHQHILW�IURP�WKH�DGRSWLRQ�RI�U%67���$OWHUQDWLYHO\��WKHUH�PD\�EH�SHUVRQDO�RU�
RUJDQL]DWLRQDO�JRDOV�DQG�REMHFWLYHV�WKDW�JRYHUQ�WKH�WHFKQRORJ\�DGRSWLRQ�GHFLVLRQV�RI�
GLIIHUHQW�W\SHV�RI�IDUPLQJ�RSHUDWLRQV�WKDW�DUH�PRUH�RU�OHVV�FRQGXFLYH�WR�U%67�XVH���1RQH�
RI�WKH�SUHYLRXV�VWXGLHV��KRZHYHU��VDWLVIDFWRULO\�DGGUHVV�WKH�SRWHQWLDO�HQGRJHQHLW\�EHWZHHQ�
FRPSOHPHQWDU\�WHFKQRORJLHV�DQG�U%67�DGRSWLRQ��RU�EHWZHHQ�U%67�DQG�IDUP�VL]H�

$�WKLUG�DQG�LQFUHDVLQJO\�SUHYDOHQW�WKHPH�LQ�WKH�U%67�DGRSWLRQ�OLWHUDWXUH�LV�
HYDOXDWLRQ�RI�LWV�SURILWDELOLW\�HIIHFWV���'R�WKH�ZHOO�GHPRQVWUDWHG�SURGXFWLYLW\�LQFUHDVHV�
IURP�WUHDWHG�FRZV�JHQHUDWH�PRUH�UHYHQXHV�WKDQ�WKH�DGGLWLRQDO�FRVWV RI�ODERU��
PDQDJHPHQW��IHHG��PHGLFDWLRQV��DQG�WKH�U%67�WUHDWPHQW�LWVHOI"���6SUHDGVKHHW�VLPXODWLRQV�
E\�)HWURZ�DQG�E\�%XWOHU��������VKRZ�WKDW�U%67�FRXOG�LQGHHG�EH�TXLWH�SURILWDEOH�RQ�
³ZHOO�PDQDJHG�IDUPV´��EXW�VHYHUDO�HFRQRPHWULF�DVVHVVPHQWV�RI�DFWXDO�IDUP�HQWHUSULVH�
GDWD�IURP�1HZ�<RUN��7DXHU�DQG�.QREODXFK��6WHIIDQLGHV�DQG�7DXHU��7DXHU��DQG�
&RQQHFWLFXW��)ROW]�DQG�&KDQJ��VKRZ�WKDW�U%67�DGRSWLRQ�DSSHDUV�WR�KDYH�QR�VWDWLVWLFDOO\�
VLJQLILFDQW�LPSDFW�RQ�SURILWDELOLW\��DOWKRXJK�WKH�FRHIILFLHQW�LV�XVXDOO\�QHJDWLYH���RQFH�
RWKHU�IDFWRUV�DUH�LQFRUSRUDWHG���7KLV�UHVXOW�VWDQGV�XS�RYHU�WLPH�ZKHUH�SDQHO�GDWD�DUH�
DYDLODEOH��7DXHU���XQGHU�WKH�VFUXWLQ\�RI�LQFUHDVLQJO\�VRSKLVWLFDWHG�HFRQRPHWULF�PHWKRGV�
�)ROW]�DQG�&KDQJ��7DXHU��DQG�ZKHQ�WKH�SURILWDELOLW\�RXWFRPHV�RI�D�JURXS�RI�GLVDGRSWHUV�
ZHUH�FRPSDUHG�ZLWK�WKRVH�RI�U%67�DGRSWHUV��)ROW]�DQG�&KDQJ����7KLV�SURILWDELOLW\�UHVXOW�
PD\�KHOS�WR�H[SODLQ�ERWK�WKH�ORZ�OHYHO�RI�U%67�DGRSWLRQ�DV�FRPSDUHG�ZLWK�H[�DQWH
IRUHFDVWV�DV�ZHOO�DV�WKH�KLJK�OHYHOV�RI�GLVDGRSWLRQ�RI�U%67�LQ�:LVFRQVLQ�IRXQG EHORZ�

2QO\�%XWOHU��������DQG�)ROW]�DQG�&KDQJ�KDYH�FRPPHQWHG�RQ�WKH�UROH�RI�
GLVDGRSWLRQ�LQ�WKH�G\QDPLFV�RI�WKH�U%67�GLIIXVLRQ�SURFHVV����1HLWKHU�VWXG\��KRZHYHU��
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V\VWHPDWLFDOO\�DQDO\]HV�ZKDW�IDFWRUV�DQG�H[SHULHQFHV�PLJKW�GLVWLQJXLVK�GLVDGRSWHUV�IURP�
RWKHU DGRSWHUV��QRU�WKHLU�YLHZV�RQ�U%67�XVH�LQ�WKH�SDVW�DQG�IXWXUH���7KH�HPSLULFDO�
DSSURDFK�GHVFULEHG�QH[W�VHWV�WKH�VWDJH�IRU�IXUWKHU�DQDO\VLV�RI�GLVDGRSWLRQ�
'\QDPLFV�RI�U%67�$GRSWLRQ��,VVXHV�DQG�$SSURDFKHV
7HFKQRORJ\�DGRSWLRQ�GHFLVLRQV�DUH�W\SLFDOO\�FRQVWUXFWHG�XVLQJ�D�UDQGRP�XWLOLW\�
IRUPXODWLRQ��IROORZLQJ�0F)DGGHQ��DQG�'RPHQFLFK�DQG�0F)DGGHQ��ZKHUH�WKH�WHFKQRORJ\�
GHFLVLRQ�KLQJHV�RQ�ZKHWKHU�WKH�H[SHFWHG�XWLOLW\�RI�IDUPHU��L��XQGHU�DGRSWLRQ��(�8L����LV�JUHDWHU�RU�OHVV�WKDQ�WKH�H[SHFWHG�XWLOLW\�XQGHU�QRQ�DGRSWLRQ��(�8L�����7KH�LQGH[�IXQFWLRQ�GHQRWLQJ�WKLV�GHFLVLRQ��<L  �(�8L���� (�8L����LV�XQREVHUYDEOH��EXW�DV�ORQJ�DV�<L !����WKHQ�WKH�LQGLYLGXDO�IDUPHU�L ZLOO�DGRSW�WKH�WHFKQRORJ\���,I�<L �����WKHQ�WKH�LQGLYLGXDO�IDUPHU�LZLOO�QRW�DGRSW�WKH�WHFKQRORJ\���7KH�VWDQGDUG�HPSLULFDO�WHFKQLTXH�IRU�VWXG\LQJ�WKLV�W\SH�RI�
FKRLFH�LV�WR�HVWLPDWH�WKH�LQGH[�IXQFWLRQ�<L  �[LE ��HL �0DGGDOD���XVLQJ�IDUP�DQG�IDUPHU�
FKDUDFWHULVWLFV��[L��DV�H[SODQDWRU\�YDULDEOHV�LQ�WKH�FDVH�RI�DGRSWLRQ��DQG�GHQRWLQJ�WKH�
XQREVHUYHG�HUURU�WHUP�E\ HL �0DGGDOD����7KH�WHUP�[LE SURYLGHV�DQ�HVWLPDWH�RI�(�8L����
(�8L���DQG�XVXDOO\�LQFOXGHV�VWUXFWXUDO�YDULDEOHV�WKRXJKW�WR�DIIHFW�HLWKHU�WKH�UHDO�RU�SHUFHLYHG�LPSDFWV�RI�U%67�DGRSWLRQ�RQ�HDFK�LQGLYLGXDO�IDUP���'HSHQGLQJ�RQ�WKH�
GLVWULEXWLRQDO�DVVXPSWLRQ�PDGH�DERXW�HL��WKH�PRGHO�FDQ�WKHQ�EH�HVWLPDWHG�XVLQJ�D�ELQDU\�
PRGHO��VXFK�DV�D�VWDQGDUG�3URELW�RU�/RJLW�IXQFWLRQ�

(QGRJHQHLW\�LVVXHV�DULVH�ZKHQ�RQH�RU�PRUH�RI�WKH�H[SODQDWRU\�YDULDEOHV��[L¶V��DUH�DOVR�FKRLFH�YDULDEOHV�IRU�WKH�IDUPHU��ZKHUH�D�VLPLODU�FDOFXODWLRQ�RI�WKH�H[SHFWHG�
SURILWDELOLW\�RI�WKRVH�FKRLFHV�PLJKW�DOVR�EH�SDUW�RI�WKH�IDUPHUV¶�GHFLVLRQ�PDNLQJ�FDOFXOXV���
)RU�DGRSWLRQ�GHFLVLRQV�LQ�SDUWLFXODU��RQH�VHW�RI�NH\�FKRLFH�YDULDEOHV�FDQ�EH�WKH�XVH�RI�
RWKHU�WHFKQRORJLHV�DQG�PDQDJHPHQW�SUDFWLFHV�WKDW�PLJKW�VKDSH WKH�SURILWDELOLW\�RI�WKH�
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QHZ�WHFKQRORJ\��DQG�WKXV�FRXOG�EH�YLHZHG�DV�SDUW�RI�DQ�RYHUDUFKLQJ�SURGXFWLRQ�VWUDWHJ\���
2WKHU�HQGRJHQRXV�FKRLFH�YDULDEOHV�PLJKW�LQFOXGH�IDUP�VL]H��DWWLWXGHV��DQG�UHODWHG�
LQYHVWPHQWV���%\�ZD\�RI�FRQWUDVW��GHPRJUDSKLF�DQG�KXPDQ�FDSLWDO�YDULDEOHV��VXFK�DV�DJH��
HGXFDWLRQ��DQG�WUDLQLQJ��ZKLFK�DUH�DOVR�ZLGHO\�VWXGLHG�GHWHUPLQDQWV�RI�DGRSWLRQ�
GHFLVLRQV��FDQ�EH�WUHDWHG�DV�H[RJHQRXV�LQ�D�JLYHQ�SHULRG��EHFDXVH�WKH\�DUH�QRW�JHQHUDOO\�
FKRLFH�YDULDEOHV�LQ�WKH�VDPH�SHULRG�DV�WKH�DGRSWLRQ�RI�WKH WHFKQRORJ\�LQ�TXHVWLRQ�

0RVW�HFRQRPHWULF�HVWLPDWLRQV�RI�WKH�DGRSWLRQ�RI�U%67�DQG�RWKHU�IDUP�
WHFKQRORJLHV�IRU�WKDW�PDWWHU�LJQRUH�WKHVH�HQGRJHQHLW\�FRQFHUQV�DQG�WUHDW�DOO�RI�WKH�;LYDULDEOHV�DV�H[RJHQRXV���7KHVH�VLQJOH�HTXDWLRQ�HVWLPDWHV�PD\�SURYLGH�LQFRQVLVWHQW�
FRHIILFLHQW�HVWLPDWHV�GXH�WR�ZKDW�LV��LQ�HIIHFW��VLPXOWDQHRXV�HTXDWLRQ�ELDV���:LWK�FURVV�
VHFWLRQDO�GDWD��WZR�DSSURDFKHV�WR�WKLV�ELDV�LQ�WHFKQRORJ\�DGRSWLRQ�DQDO\VHV�KDYH�EHHQ�
VXJJHVWHG���2QH�LV�WR�GHYHORS�VLPXOWDQHRXV�HTXDWLRQ�V\VWHPV�WR�H[DPLQH�WKH MRLQWO\�
GHWHUPLQHG�YDULDEOH�FKRLFHV��=HSHGD����7KH�RWKHU�LV�WR�WUHDW�FHUWDLQ�FKRLFHV�DV�SUHFXUVRUV�
WR�WKH�DGRSWLRQ�FKRLFH�LQ�TXHVWLRQ�DQG�WKHQ�WR�XVH�D�+HFNPDQ�VHOHFWLRQ�DSSURDFK�WR�RUGHU�
WKH�LQWHUWZLQHG�GHFLVLRQV��)ROW]�DQG�&KDQJ����7R�GDWH��KRZHYHU��QHLWKHU�RI�WKHVH�
DSSURDFKHV�KDV�EHHQ�ZLGHO\�GHSOR\HG�LQ�IDUP�WHFKQRORJ\�DGRSWLRQ�UHVHDUFK��DQG�QHLWKHU�
KDV�EHHQ�GHSOR\HG�DW�DOO�WR�H[DPLQH�WKH�U%67�DGRSWLRQ�FKRLFH��

3DQHO�GDWD�SURYLGH�D�VWUDLJKWIRUZDUG�ZD\�WR�UHVROYH�WKH�HQGRJHQHLW\�SUREOHP�
DVVRFLDWHG�ZLWK RWKHU�FKRLFH�YDULDEOHV�DQG�WKHLU�LQIOXHQFH�RQ�WKH�DGRSWLRQ�RI�WKH�
WHFKQRORJ\�LQ�TXHVWLRQ���,Q�SDUWLFXODU��LQIRUPDWLRQ�IURP�HDUOLHU�ZDYHV�RI�WKH�SDQHO�GDWD�RQ�
WKH�XVH�RI�VSHFLILF�WHFKQRORJLHV�FDQ�EH�XVHG�WR�SUHGLFW�WKH�DGRSWLRQ�RI�WKH�PDLQ�
WHFKQRORJ\�RI�LQWHUHVW�DW�D�ODWHU�SRLQW�LQ�WLPH����3RWHQWLDOO\��WKHVH�SDQHO�GDWD�PRGHOV�FDQ�
DOVR�EH�WXUQHG�DURXQG�WR�VHH�ZKHWKHU�WKH�XVH�RI�D�QHZ�WHFKQRORJ\�KDV�DQ\�HIIHFWV�RQ�
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H[SDQGLQJ�WKH�ODWHU�DGRSWLRQ�RI�WKHVH�VDPH�µSUHFXUVRU¶�WHFKQRORJLHV�ZKRVH�YDOXH�PD\�
KDYH�EHHQ�HQKDQFHG�E\�WKH�LQWURGXFWLRQ�RI�WKH�QHZ�WHFKQRORJ\���7KLV�H[HUFLVH�LV�QRW�
SXUVXHG�EHORZ�

$�VHFRQG�LVVXH�WKDW�DULVHV�LQ�VWXG\LQJ�WKH�DGRSWLRQ�RI�QHZ�WHFKQRORJLHV�LV�WKDW�
RYHU�WLPH�WKHUH�DUH�PRUH�WKDQ�MXVW�DGRSWHUV�DQG�QRQ�DGRSWHUV�RI�D�WHFKQRORJ\���$W�D�
PLQLPXP��WKHUH�DUH�IRXU�LPSRUWDQW�FDWHJRULHV�RI�DGRSWLRQ�EHKDYLRU��HDUO\�DGRSWHUV��ODWHU�
DGRSWHUV��QRQ�DGRSWHUV��DQG�RQH�WKDW�LV�RIWHQ�RYHUORRNHG��GLVDGRSWHUV��IRU�DQ�H[FHSWLRQ��
VHH�&DUORWWR��GH�-DQYU\��DQG�6DGRXOHW����.QRZOHGJH�RI�WKH�UHODWLYH�IUHTXHQFLHV�RI�WKHVH�
EHKDYLRUV��DQG�WKH�IXQGDPHQWDO�GLIIHUHQFHV�DPRQJ�IDUPV�LQ�HDFK�FDWHJRU\��UHYHDOV�PRUH�
DERXW�WKH�G\QDPLFV�RI�WKH�GLIIXVLRQ�SURFHVV�WKDQ�D�VLPSOH�ELQDU\�DQDO\VLV�RI�DGRSWLRQ�
DOORZV���3DQHO�GDWD�RQ�DGRSWLRQ�GHFLVLRQV�RYHU�WLPH�DUH�ZHOO�VXLWHG�WR�LGHQWLI\�HDFK�RI�
WKHVH�W\SHV�RI�DGRSWLRQ�EHKDYLRU�

$�PXOWLQRPLDO�ORJLW�HVWLPDWLRQ�VWUDWHJ\�FDQ�FDSWXUH�WKH�XQLTXH�GHWHUPLQDQWV�RI�
WKHVH�GLVWLQFWLYH�FDWHJRULHV�RI�G\QDPLF�DGRSWLRQ�EHKDYLRU���6SHFLILFDOO\��WKH�GHWHUPLQDQWV�
DVVRFLDWHG�ZLWK�HDFK�FDWHJRU\�FDQ�EH�FRQWUDVWHG�ZLWK�WKRVH�LQ�D�EHQFKPDUN�FDWHJRU\�
�0F)DGGHQ��=HSHGD��%DUKDP��� 9DU\LQJ�WKH�FKRLFH�RI�WKH�EHQFKPDUN�FDWHJRU\�PHDQV�
WKDW�FRPSDULVRQV�FDQ�EH�GHYHORSHG�EHWZHHQ��IRU�H[DPSOH��QRQ�DGRSWHUV�DQG�WKH�UHVW�RI�
WKH�DGRSWLRQ�FDWHJRULHV��RU�EHWZHHQ�HDUO\�DGRSWHUV�DQG�WKH�UHVW�RI�WKH�DGRSWLRQ�FDWHJRULHV���
,QWHUSUHWDWLRQV�RI�WKHVH�GLIIHUHQW�HVWLPDWLRQV�FDQ�H[SDQG�RXU�XQGHUVWDQGLQJ�RI�KRZ�IDUP�
DQG�IDUPHU�FKDUDFWHULVWLFV�DIIHFW�DGRSWLRQ�GHFLVLRQV���

3HUKDSV�PRVW�LPSRUWDQW��LGHQWLI\LQJ�WKH�H[WHQW�DQG�SHUVLVWHQFH�RI�GLVDGRSWLRQ�
EHKDYLRU�LV�FULWLFDO�WR�XQGHUVWDQGLQJ�WKH�ORQJ�UXQ�GLIIXVLRQ�RI�D�QHZ�WHFKQRORJ\����3XW�
VLPSO\��KLJK�UDWHV�RI�SHUPDQHQW�GLVDGRSWLRQ�ERGH�SRRUO\�IRU�IXWXUH�LQFUHDVHV�LQ�DGRSWLRQ�
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RI�D�WHFKQRORJ\�FRPSDUHG�WR�RQH�ZKHUH�WKLV�FDWHJRU\�RI�DGRSWHU�LV�LQIUHTXHQWO\�REVHUYHG���
7KXV��HYLGHQFH�RQ�WKH�LQFLGHQFH�RI��UHDVRQV�IRU��DQG�SHUPDQHQFH�RI�GLVDGRSWLRQ�DUH�OLNHO\�
WR�DGG�FRQVLGHUDEOH�LQVLJKWV�WR�WKH�RYHUDOO�G\QDPLFV�RI�WKH�WHFKQRORJ\�GLIIXVLRQ�SURFHVV�����

$V�PHQWLRQHG�HDUOLHU��EHFDXVH�RI�WKH�LQWHQVH�SROLWLFL]HG�GHEDWH�WKDW�SUHFHGHG�
U%67¶V�FRPPHUFLDO�LQWURGXFWLRQ�LQ�WKH�8QLWHG�6WDWHV��IDUPHUV¶�U%67�DGRSWLRQ�GHFLVLRQV�
PD\�KDYH�D�VRPHZKDW�XQLTXH�DVSHFW�WR�WKHP���3UHYLRXV�ZRUN��%DUKDP��IRXQG�WKDW�IDUPHU�
DWWLWXGHV�WRZDUG�ELRWHFKQRORJ\�DQG�RWKHU�IDUP�VWUXFWXUH LVVXHV�ZHUH�VLJQLILFDQW�
H[SODQDWRU\�IDFWRUV�LQ�DGRSWLRQ�GHFLVLRQV�LQ�:LVFRQVLQ�GXULQJ�WKH�\HDU�IROORZLQJ�WKH�
WHFKQRORJ\¶V�UHOHDVH���+RZHYHU��WKRVH�GDWD�ZHUH�DOVR�FRQWHPSRUDQHRXV�WR�WKH�DGRSWLRQ�
GHFLVLRQ��DQG�WKXV�DOVR�ZHUH�VXEMHFW�WR�WKH��HQGRJHQHLW\��FULWLTXH�WKDW�WKH�³DWWLWXGHV´�PD\�
EH�D�MXVWLILFDWLRQ�UDWKHU�WKDQ�WKH�UHDVRQ�IRU�ZKDW�PLJKW�EH�YLHZHG�DV�IXQGDPHQWDOO\�DQ�
HFRQRPLF�GHFLVLRQ���7KH�SHUPDQHQFH�RI�WKRVH�DWWLWXGLQDO�HIIHFWV�ZDV�DOVR�VXEMHFW�WR�
TXHVWLRQ��DV�RQH�PLJKW�LPDJLQH�IDUPHUV�LQLWLDOO\�DOORZLQJ�WKHLU�DWWLWXGHV�WRZDUG�D�
FRQWURYHUVLDO�WHFKQRORJ\�WR�DIIHFW�WKHLU�DGRSWLRQ�GHFLVLRQV��EXW�VXEVHTXHQWO\�IRFXVLQJ�RQ�
PRUH�QDUURZ�HFRQRPLF�FULWHULD�LQ�WKHLU�DGRSWLRQ�FKRLFHV���7KH�SDQHO�VWUXFWXUH�RI�WKH�
SUHVHQW�DQDO\VLV�DOORZV�D�UHFRQVLGHUDWLRQ�RI�WKLV�TXHVWLRQ�WR�VHH�ZKHWKHU�³DWWLWXGLQDO´�
IDFWRUV�SHUVLVW�RYHU�WLPH�LQ�VKDSLQJ�DGRSWLRQ�GHFLVLRQV�
'DWD�DQG�'HVFULSWLYH�6WDWLVWLFV7KH�SDQHO�GDWD�VHW�XVHG�LQ�WKH�DQDO\VLV�VSDQV�WKH�\HDUV�VLQFH�U%67¶V�FRPPHUFLDO�
LQWURGXFWLRQ��DQG�FRQVLVWV�RI�����DFWLYH�GDLU\�IDUPHUV�ZKR�UHVSRQGHG�WR�WKH�3URJUDP�RQ�
$JULFXOWXUDO�7HFKQRORJ\¶V������:LVFRQVLQ�'DLU\�)DUP�3ROO���7KH�EDVHOLQH�REVHUYDWLRQ�
IRU�WKHVH�KRXVHKROGV�ZDV�HLWKHU�D������VXUYH\��Q �����RU�D������VXUYH\��Q� �������ERWK�
RI�ZKLFK�ZHUH�UDQGRP�VDPSOHV�VHOHFWHG�IURP�WKH�:LVFRQVLQ�'DLU\�3URGXFHU�/LVW��D�
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SRSXODWLRQ�OLVW�RI�FRPPHUFLDOO\�OLFHQVHG�GDLU\�IDUPV�PDLQWDLQHG�E\�WKH�:LVFRQVLQ�
'HSDUWPHQW�RI�$JULFXOWXUH��7UDGH��DQG�&RQVXPHU�3URWHFWLRQ��

,Q�WKH�GDWD�DQDO\VLV��ZH�PHUJH�WKH�WZR�EDVHOLQH�UHVSRQVHV�������DQG�������LQWR�
RQH�LQLWLDO�SHULRG��7KLV�FRQVROLGDWLRQ�VHHPV�UHDVRQDEOH�JLYHQ�WKH�UHODWLYHO\�VPDOO�
GLIIHUHQFHV�HYLGHQW�DFURVV�WKH�WZR�SHULRGV���)RU�H[DPSOH��U%67�DGRSWLRQ�UDWHV�LQ�WKH�IDOO�
RI������DQG�WKH�VSULQJ�RI������FURVV�VHFWLRQ�VDPSOHV�ZHUH��UHVSHFWLYHO\�������DQG��������
,Q�DGGLWLRQ��FRPSDULVRQ�RI�WKH�WZR�EDVHOLQH�VDPSOHV�DFURVV�RWKHU�REVHUYDEOH�YDULDEOHV�
UHYHDOV�DOPRVW�LGHQWLFDO�YDOXHV��L�H���DYHUDJH�KHUG�VL]H�RI����LQ������DQG����LQ�������WRWDO�
PL[HG�UDWLRQ�HTXLSPHQW�XVH�����YHUVXV������DQG�'+,$�DGRSWLRQ�RI�����DQG��������

7KH�SDQHO�GDWD�LQFOXGH�REVHUYDWLRQV�RQ�WKH�FKDUDFWHULVWLFV�RI�IDUPHUV��IDUP�
KRXVHKROGV�DQG�WKH�IDUP�HQWHUSULVHV���7KH\�GR�QRW�LQFOXGH�GHWDLOHG�LQIRUPDWLRQ�RQ�IDUP�
ILQDQFLDO�SHUIRUPDQFH���7KDW�LQIRUPDWLRQ�LV�GLIILFXOW�WR�REWDLQ�UHOLDEO\�LQ�D�PDLO�VXUYH\�
IRUPDW���$V�D�UHVXOW��WKH�DGRSWLRQ�DQDO\VLV�EHORZ�GRHV�QRW�H[WHQG�WKH�UHFHQW�SURILWDELOLW\�
VWXGLHV�RI�6WHIDQLQGHV�DQG�7DXHU��7DXHU��DQG�)ROW]�DQG�&KDQJ���+RZHYHU��EDVHG�DV�WKH\�
DUH�RQ�D�ODUJH�SDQHO�RI�UDQGRPO\�VHOHFWHG�:LVFRQVLQ�GDLU\�IDUPHUV��WKH�GDWD�DOORZ�D�PXFK�
ULFKHU�SLFWXUH�RI�WKH�G\QDPLFV�RI�U%67�DGRSWLRQ�WKDQ�KDV�KHUHWRIRUH�EHHQ�DYDLODEOH�

$V�VKRZQ�LQ�7DEOH����WKH�SDQHO�GDWD�DUH�XVHG�WR�LGHQWLI\�IRXU�FDWHJRULHV�RI�
GHFLVLRQV�UHJDUGLQJ�U%67�XVH���7KH�GRPLQDQW�FDWHJRU\��DFFRXQWLQJ�IRU�����RI�WKH�SDQHO�
GDWD�VDPSOH��LV�³1RQ�$GRSWHUV´��L�H��IDUPHUV�ZKR�UHSRUW�QHYHU�KDYLQJ�DGRSWHG�U%67�RQ�
WKHLU�IDUPV���7KH�QH[W�FDWHJRU\�³'LVDGRSWHUV´�� DFFRXQWV�IRU�DERXW�����RI�WKH�SDQHO�
UHVSRQGHQWV���7KH\�DUH�IDUPHUV�ZKR�KDYH�XVHG�U%67�RQ�WKHLU�KHUGV�LQ�WKH�SDVW��EXW DUH�QRW�
FXUUHQWO\�XVLQJ�LW�LQ��������7KH�WKLUG�FDWHJRU\��³/DWHU�$GRSWHUV�´�DFFRXQW�IRU�������7KH\�
DUH�FXUUHQWO\�XVLQJ�U%67�RQ�WKHLU�KHUGV�EXW�ZHUH�QRW�XVLQJ�LW�DW�WKH�WLPH�RI�WKH�LQLWLDO�
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EDVHOLQH�VXUYH\V��PRVW�RI�WKHP�EHJDQ�XVH�LQ�WKH���������SHULRG����7KH�IRXUWK�FDWHJRU\�
LQYROYHV�³(DUO\�RU�&RQWLQXLQJ�$GRSWHUV´�ZKR�DFFRXQW�IRU����RI�WKH�VDPSOH��DQG�DGRSWHG�
U%67�DW�WKH�EHJLQQLQJ�RI�WKH�SDQHO�VWXG\�SHULRG�DQG�DUH�XVLQJ�LW�LQ��������,I�WKH�
GLVDGRSWHUV�DUH�FRPELQHG�ZLWK�WKH�RWKHU�WZR�DGRSWHU�FDWHJRULHV��WKHQ�LW�LV�DSSDUHQW�WKDW�
ZKLOH�PRUH�WKDQ�D�TXDUWHU�RI�FXUUHQW�:LVFRQVLQ�GDLU\�IDUPHUV�KDYH�WULHG�U%67������RI�
WKH�IDUPV�DUH�FXUUHQWO\�GLVDGRSWHUV���7KLV�REVHUYDWLRQ�FRQILUPV�WKH�ILQGLQJ�LQ�)ROW]�DQG�
&KDQJ�LQ�WKHLU�U%67�DGRSWLRQ�DQG�SURILWDELOLW\�VWXG\�WKDW�GLVDGRSWLRQ�UHSUHVHQWV�DQ�
LPSRUWDQW�G\QDPLF�LQ�WKH�U%67�GLIIXVLRQ�SURFHVV�

&KDUDFWHULVWLFV�RI�WKH������VXUYH\�UHVSRQGHQWV�LQ�HDFK�RI�WKH�U%67�DGRSWLRQ�
FDWHJRULHV�DUH�FRPSDUHG�LQ�7DEOH����ZLWK�SDLUZLVH�VLJQLILFDQFH�UHVXOWV�RIIHUHG�FRPSDULQJ�
QRQ�DGRSWHUV�ZLWK�WKH�RWKHU�FDWHJRULHV�DQG�HDUO\�DGRSWHUV�ZLWK�WKH�RWKHU�FDWHJRULHV����
&RQVLGHU�WKH�IROORZLQJ�REVHUYDWLRQV�

x 7KHUH�DUH�IHZ�GLIIHUHQFHV�LQ�WKH�DJH�DQG�HGXFDWLRQ�SURILOH�RI�WKH�WKUHH�JURXSV�
ZKR�KDYH�XVHG�U%67��HDUO\�DGRSWHUV��ODWH�DGRSWHUV��RU�GLVDGRSWHUV����2Q�WKH�
RWKHU�KDQG��QRQ�DGRSWHUV�KDYH�KLJKHU�DYHUDJH�DJH�DQG�ORZHU�IRUPDO�
HGXFDWLRQDO�OHYHOV�UHODWLYH�WR�WKH�RWKHU�WKUHH�FDWHJRULHV�

x 1RQ�DGRSWHUV�KDG�VLJQLILFDQWO\�VPDOOHU�KHUGV��DYHUDJLQJ����FRZV�FRPSDUHG�WR�
����IRU�GLVDGRSWHUV������IRU�ODWHU�DGRSWHUV�DQG�����IRU�HDUO\�DGRSWHUV�

x &XUUHQW�UROOLQJ�KHUG�DYHUDJHV�DFURVV�WKH�IRXU�JURXSV�DUH�VLJQLILFDQWO\�
GLIIHUHQW���7KH����JDS�EHWZHHQ�WKH�QRQ�DGRSWHUV�DQG�WKH�GLVDGRSWHUV�LV�
FRQVLVWHQW�ZLWK�WKH�QRWLRQ�LQWURGXFHG�E\�/DUVRQ�DQG�.XFKOHU�WKDW�KLJKHU�
SURGXFWLYLW\�IDUPV�ZRXOG�EH�PRUH�OLNHO\�WR�DGRSW�U%67���7KHQ��WKH��������
JDS�EHWZHHQ�WKH�GLVDGRSWHUV�DQG�WKH�RWKHU�WZR�FDWHJRULHV�RI�DGRSWHUV�LV�



��

��

FRQVLVWHQW�ZLWK�WKH�H[SHFWHG�����LQFUHDVH�LQ�SURGXFWLRQ�DVVRFLDWHG�ZLWK�U%67�
XVH��=LQQ�DQG�%UDYR�8UHWD��)ROW]�DQG�&KDQJ����)LQDOO\��WKH����GLIIHUHQFH�
EHWZHHQ�HDUO\�DQG�ODWHU�DGRSWHUV�FRXOG�EH�UHIOHFWLYH�RI�GLIIHUHQFHV�LQ�
PDQDJHPHQW�DELOLW\�RU�H[SHULHQFH�ZLWK�WKH�WHFKQRORJ\�

x $GRSWLRQ�UDWHV�RI�FRPSOHPHQWDU\�WHFKQRORJLHV��UHJXODU�YHWHULQDULDQ�VHUYLFHV��
EDODQFHG�IHHG�UDWLRQLQJ��WRWDO�PL[HG�UDWLRQ�HTXLSPHQW��705���DQG�GDLU\�KHUG�
UHFRUG�NHHSLQJ�SUDFWLFHV��DUH�VLJQLILFDQWO\�KLJKHU�DPRQJ�DGRSWHU�FDWHJRULHV�
WKDQ�WKH\�DUH�LQ�WKH�QRQ�DGRSWHU�FDWHJRU\���8VH�RI�WKHVH�WHFKQRORJLHV�LV�DOPRVW�
XQLYHUVDO�DPRQJ�HDUO\�DGRSWHUV�DQG�YHU\�KLJK�DPRQJ�GLVDGRSWHUV�DQG�ODWHU�
DGRSWHUV���<HW��HDUO\�DGRSWHUV�GR�KDYH�VLJQLILFDQWO\�KLJKHU�UDWHV�RI�DGRSWLRQ�RI�
705��WKUHH�WLPHV�D�GD\�PLONLQJ��DQG�'+,$�UHFRUG�NHHSLQJ�WKDQ�GR�
GLVDGRSWHUV�DQG�ODWHU�DGRSWHUV�

x $GRSWLRQ�RI�D�SRWHQWLDOO\�QRQ�FRPSOHPHQWDU\�WHFKQRORJ\��PDQDJHPHQW�
LQWHQVLYH�URWDWLRQDO�JUD]LQJ�LV�PRUH�WKDQ�WZLFH�DV�OLNHO\�DPRQJ�WKH�QRQ�
DGRSWHUV�WKDQ�FXUUHQW�DGRSWHUV�

7KHVH�VWDWLVWLFV�FRQILUP�SUHYLRXV�ILQGLQJV�WKDW�VKRZ�QRQ�DGRSWHUV��RQ�DYHUDJH��WR�
EH�GLVWLQFW�IURP�DGRSWHUV�LQ�WHUPV�RI�VL]H�DQG�FRPSOHPHQWDU\�WHFKQRORJ\�XVH��%DUKDP��
=HSHGD��)ROW]�DQG�&KDQJ��%DUKDP�HW�DO�����7KH\�DOVR�VKRZ�WKDW�WKH�GLIIHUHQFHV�DPRQJ�WKH�
WKUHH�³DGRSWHU´�FDWHJRULHV��LQFOXGLQJ�GLVDGRSWHUV��DUH�PXFK�VPDOOHU��DOWKRXJK�HDUO\�
DGRSWHUV�KDYH�ODUJHU�KHUGV�DQG�DUH�PRUH�OLNHO\�WR�XVH�FRPSOHPHQWDU\�WHFKQRORJLHV���

:KLOH�WKH������GDWD�LOOXVWUDWH�WKH�FRQWHPSRUDU\�FKDUDFWHULVWLFV�RI�IDUPV�LQ�HDFK�RI�
WKH�IRXU�DGRSWLRQ�FDWHJRULHV��WKH�SDQHO�GHVLJQ�RI�RXU�VWXG\�DOVR�HQDEOHV�XV�WR�ORRN�DW�ZKDW�
WKHVH�VDPH�JURXSV�RI�IDUPV�ORRNHG�OLNH�DW�WKH�EHJLQQLQJ�RI�WKH�SDQHO�VWXG\�SHULRG���7DEOH�



��

��

��SURYLGHV�D�VLPLODU�SURILOH�RI�WKHLU�IDUP�FKDUDFWHULVWLFV�LQ�������������,Q�JHQHUDO��IDUPV�
LQ�DOO�IRXU�DGRSWLRQ�JURXSV�PLONHG�IHZHU�FRZV��KDG�ORZHU�OHYHOV�RI�SURGXFWLYLW\��DQG�XVHG�
IHZHU�SURGXFWLRQ�HQKDQFLQJ�GDLU\�WHFKQRORJLHV�RU�PDQDJHPHQW�SUDFWLFHV�WKDQ�LQ��������
+RZHYHU��PRVW�RI�WKH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�JURXSV�ZHUH�HYLGHQW�DW�ERWK�WKH�
EHJLQQLQJ�DQG�WKH�HQG�RI�WKH�SDQHO�VWXG\����7ZR�QRWDEOH�H[FHSWLRQV�DUH�

x (DUO\�DGRSWHUV�H[SDQGHG�WKHLU�KHUGV�PXFK�PRUH�UDSLGO\�WKDQ�WKH�RWKHU�DGRSWHU�
FDWHJRULHV���)RU�H[DPSOH��HDUO\�DGRSWHUV�KDG�DQ�DYHUDJH�KHUG�VL]H�RI����FRZV�
LQ�WKH�EDVHOLQH�SHULRG�DQG�����LQ�������ZKLOH�GLVDGRSWHUV�ZHQW�IURP����WR�����
DQG�ODWHU�DGRSWHUV�IURP����WR�����

x 7KH�DGRSWLRQ�RI�PDQDJHPHQW�LQWHQVLYH�URWDWLRQDO�JUD]LQJ�DPRQJ�GLVDGRSWHUV�
LQ���������ZDV�ORZHU�WKDQ�LW�ZDV�DPRQJ�RWKHU�FDWHJRULHV�RI�DGRSWHUV��ZKLOH�LQ�
�����LW�ZDV�FRQVLGHUDEO\�KLJKHU���7KLV�FKDQJH�VXJJHVWV�WKDW�VRPH�GLVDGRSWHUV�
PD\�KDYH�PDGH�D�VZLWFK�LQ�SURGXFWLRQ�VWUDWHJLHV�GXULQJ�WKH�VSDQ�RI�WKH�SDQHO���

7KH�HFRQRPHWULF�DQDO\VLV��GLVFXVVHG�EHORZ��H[DPLQHV�WKH�GLIIHUHQFHV�LQ�IDUPHU�DQG�IDUP�
VWUXFWXUH�FKDUDFWHULVWLFV�PRUH�V\VWHPDWLFDOO\�LQ�RUGHU�WR�LGHQWLI\�WKH�NH\�IDFWRUV�
DVVRFLDWHG�ZLWK�U%67�DGRSWLRQ�

%HIRUH�HODERUDWLQJ�WKH�G\QDPLFV�RI�DGRSWLRQ��LW�LV�ZRUWK�FRQVLGHULQJ�WKH�SHUFHLYHG�
ULVNV�DQG�EHQHILWV�WKDW�SURGXFHUV�DVVRFLDWH�ZLWK�U%67���7DEOH��D�SUHVHQWV�UHVSRQVH�GDWD�
IURP�WKH������VXUYH\�RQ�QRQ�DGRSWHUV�UHDVRQV�IRU�QRW�XVLQJ�U%67��DGRSWHUV¶�UHDVRQV�IRU�
XVLQJ�U%67��DQG�GLVDGRSWHUV¶�UHDVRQV�IRU�VWRSSLQJ�XVH�RI�U%67$OPRVW�WKUHH�IRXUWKV�RI�
WKH�QRQ�DGRSWHUV�FLWHG�FRQFHUQV�DERXW�KHUG�KHDOWK��ZKLOH�RYHU����SHUFHQW�OLVWHG�FRQFHUQV�
DERXW�PLON�VDIHW\��SRWHQWLDO�FRQVXPHU�UHDFWLRQV��DQG�PLON�VXUSOXVHV�DV�UHDVRQV�IRU�
DYRLGLQJ�U%67���%\�FRQWUDVW��PRVW�RI�WKRVH�XVLQJ�U%67�LQ������UHSRUWHG�LQWHUHVW�LQ�
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H[WHQGLQJ�WKH�ODFWDWLRQ�RI�FHUWDLQ�FRZV��LQFUHDVLQJ�PLON�SURGXFWLRQ��DQG�H[SHFWHG�
LQFUHDVHV�LQ�SURILWV�IURP�U%67�XVH�� )LQDOO\��GLVDGRSWHUV�UHSRUWHG�WKDW�WKH\�FHDVHG�U%67�
XVH�PDLQO\�EHFDXVH�WKH\�IHOW�LW�ZDV�QRW�FRVW�HIIHFWLYH����������D�ILQGLQJ�WKDW�LV�FRQVLVWHQW�
ZLWK�UHFHQW�SURILWDELOLW\�VWXGLHV��6WHIDQLGHV�DQG�7DXHU��)ROW]�DQG�&KDQJ����+HUG�KHDOWK�
SUREOHPV���������ZHUH�WKH�VHFRQG�PRVW�FRPPRQ�UHDVRQ�IRU�GLVDGRSWLRQ��DQG�FRQVXPHU�
FRQFHUQV���������UDQNHG�WKLUG���

2QH�RI�WKH�XQLTXH�IHDWXUHV�RI�SDQHO�GDWD�LV�WKDW�LW�DOORZV�WKH�DQDO\VW�WR�HPSLULFDOO\�
DVVHVV�WKH�UHOLDELOLW\�RI�EHKDYLRUDO�LQWHQWLRQ TXHVWLRQV���7KH�IXWXUH�U%67�XVH�LQWHQWLRQV��RI�
SDQHO�UHVSRQGHQWV��PHDVXUHG�LQ�������DUH�UHSRUWHG�IRU�SURGXFHUV�LQ�HDFK�RI�WKH�PDMRU�
U%67�DGRSWLRQ�FDWHJRULHV���)RU�WKH�PRVW�SDUW��U%67�XVH�LQWHQWLRQV�FRUUHVSRQG�QLFHO\�WR�
DFWXDO�IXWXUH�EHKDYLRU���1RW�VXUSULVLQJO\��DOPRVW�DOO�RI�WKH�SHUVLVWHQW�QRQ�DGRSWHUV�
UHSRUWHG�WKDW�WKH\�ZHUH�XQOLNHO\�WR�HYHU�XVH�U%67�LQ�WKH�IXWXUH��ZLWK�PRVW�LQGLFDWLQJ�WKH\�
ZRXOG�QRW�XVH�U%67�XQGHU�DQ\�FLUFXPVWDQFH���,QWHUHVWLQJO\��D�PDMRULW\�RI�WKH�HYHQWXDO�
GLVDGRSWHUV�DQG�ODWHU�DGRSWHUV�DOVR�VXJJHVWHG�LQ������WKDW�WKH\�ZHUH�XQOLNHO\�WR�XVH�U%67�
LQ�WKH�IXWXUH���1HYHUWKHOHVV��FRPSDUHG�WR�WKH�QRQ�DGRSWHUV��PXFK�ODUJHU�IUDFWLRQV�RI�WKHVH�
WZR�JURXSV�H[SUHVVHG�DPELYDOHQFH�WRZDUG�WKH�WHFKQRORJ\��DQG�IDU�IHZHU�SODQQHG�WR�QHYHU�
XVH�U%67�³XQGHU�DQ\�FLUFXPVWDQFH�´����7KH�HDUO\�DGRSWHUV��E\�GHILQLWLRQ��DOO�ZHUH�
FXUUHQWO\�RU�RQ�WKH�YHUJH�RI�XVLQJ�U%67�LQ�WKH�LQLWLDO�VXUYH\���)LQDOO\� EHWZHHQ������DQG�
����������RI�WKH�SDQHO�UHVSRQGHQWV�ZKR�UHSRUWHG�LQ������WKDW�WKH\�ZRXOG�³GHILQLWHO\�QRW�
XVH�U%67´�GLG�QRW�XVH�LW�RQ�WKHLU�IDUPV���2I�WKH�UHPDLQLQJ�����KDOI�WULHG�U%67�DQG�KDYH�
VWRSSHG�XVLQJ�LW�DQG�KDOI�DUH�FXUUHQWO\�XVLQJ�LW�RQ�WKHLU�IDUPV�

*LYHQ�WKH�DSSDUHQW�UHOLDELOLW\�RI�³LQWHQWLRQ´�GDWD�LQ�SUHGLFWLQJ�IXWXUH�EHKDYLRU��WKH�
ERWWRP�KDOI�RI�7DEOH��E�UHYHDOV�WKH�IXWXUH�U%67�DGRSWLRQ�LQWHQWLRQV�RI�WKHVH�VDPH�
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IDUPHUV�DV�RI�WKH�VSULQJ�RI��������2YHUDOO��WKH�SDQHO�UHVSRQGHQWV�DQWLFLSDWH�PDNLQJ�YHU\�
OLWWOH�FKDQJH�LQ�WKHLU�FXUUHQW�DGRSWLRQ�EHKDYLRU�RYHU�WKH�QH[W�WKUHH�\HDUV���)RU�H[DPSOH��
RQO\����RI�GLVDGRSWHUV�UHSRUW�EHLQJ�YHU\�OLNHO\�WR�VWDUW�XVLQJ�U%67������UHSRUW�RI�WKH�
GLVDGRSWHUV�EHLQJ�VRPHZKDW�OLNHO\�WR�VWDUW�XVLQJ�U%67��ZKLOH�����UHSRUW�EHLQJ�LQ�WKH�
FDWHJRULHV�RI�QRW�YHU\�OLNHO\�WR�VWDUW�RU�GHILQLWHO\�ZLOO�QRW�VWDUW�XVLQJ�U%67���2I�WKH�WZR�
FXUUHQW�DGRSWHU�FDWHJRULHV������RI�ODWHU�DGRSWHUV�UHSRUW�EHLQJ�OLNHO\�WR�VWRS�XVLQJ�U%67��
ZKLOH�QRQH�RI�HDUO\�DGRSWHUV�SODQ�WR�VWRS�XVLQJ�LW�� )LQDOO\������RI�WKH�QRQ�DGRSWHUV�
UHSRUW�WKDW�WKH\�DUH�QRW�YHU\�OLNHO\�WR�VWDUW�RU�WKDW�WKH\�ZLOO�GHILQLWHO\�QRW�XVH�U%67��
7KH�'\QDPLFV�RI�U%67�$GRSWLRQ�LQ�:LVFRQVLQ
,Q�WKLV�VHFWLRQ��WKH�G\QDPLFV�RI�U%67�DGRSWLRQ�DUH�H[DPLQHG�XVLQJ�DQ�XQRUGHUHG�
PXOWLQRPLDO�ORJLW�VSHFLILFDWLRQ��0F)DGGHQ��*UHHQH����7KH�XQGHUO\LQJ�EHKDYLRUDO�
VWUXFWXUH�RI�WKH�PRGHO�LV�LGHQWLFDO�WR�WKH�DGRSWLRQ�FKRLFH�PRGHO�SUHVHQWHG�DERYH�LQ�WKH�
LVVXHV�DQG�DSSURDFKHV�VHFWLRQ���8VLQJ�WKH�VDPH�QRWDWLRQ�UHJDUGLQJ�WHFKQRORJ\�DGRSWLRQ�
FKRLFH�<L DQG�WKH�H[SODQDWRU\�IDFWRUV��[L��ZKHQ�WKHUH�DUH�PXOWLSOH�RXWFRPH�FKRLFHV��WKH�VWDQGDUG�DSSURDFK�UHOLHV�RQ�WKH�:HLEXOO�GLVWULEXWLRQ�IRU�WKH�YDULRXV�GLVWXUEDQFH�WHUPV���
7KHQ��WKH�-���XQRUGHUHG�RXWFRPHV�RFFXU�ZLWK�D�SUREDELOLW\�GHWHUPLQHG�E\�WKH�IROORZLQJ�
HTXDWLRQ��

,Q�RUGHU�WR�LGHQWLI\�WKH�-���SRVVLEOH�XQRUGHUHG�RXWFRPHV�LQ�WKLV�PRGHO��DQG�WKH�PRGHO¶V�
SDUDPHWHUV��D�VWDQGDUG�QRUPDOL]DWLRQ�LV�WR�DVVLJQ�D�EHQFKPDUN�RXWFRPH�WR�KDYH�WKH�
SDUDPHWHU�PDWUL[�E�  �����7KLV�WHFKQLTXH�DOORZV�WKH�UHVW�RI�WKH�FRHIILFLHQWV�LQ�WKH�
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HVWLPDWLRQ�RI�WKH�GLIIHUHQW�WHFKQRORJ\�FKRLFHV�WR�EH�LGHQWLILHG�UHODWLYH�WR�WKH�EHQFKPDUN�
RXWFRPH���2QFH�WKLV�LV�GRQH��WKH�DGRSWLRQ�SUREDELOLWLHV�WR�HVWLPDWH�EHFRPH�

,Q�WKH�FXUUHQW�VSHFLILFDWLRQ��ZH�XVH�WKH�IRXU�DGRSWLRQ�FDWHJRULHV�IURP�7DEOHV���DQG�
��WR�VWXG\�FKDQJHV�LQ�U%67�DGRSWLRQ�EHKDYLRU�DPRQJ�UHVSRQGHQWV�EHWZHHQ�����������
DQG���������7KH�EHQFKPDUN�RXWFRPH�LQ�WKH�ILUVW�PRGHO�HVWLPDWHG�EHORZ�LV�WKH�QRQ�
DGRSWHUV��ZKLOH�LQ�WKH�VHFRQG�LW�LV�WKH�HDUO\�DGRSWHUV���(DFK RI�WKHVH�PRGHOV�RIIHUV�D�
GLVWLQFWLYH�SHUVSHFWLYH���7KH�ILUVW�KHOSV�WR�KLJKOLJKW�WKH�GLIIHUHQFHV�EHWZHHQ�QRQ�DGRSWHUV�
DQG�DOO�WKUHH�DGRSWHU�FDWHJRULHV��ZKLOH�WKH�VHFRQG�EULQJV�RXW�WKH�DGGLWLRQDO�FRQWUDVWV�
EHWZHHQ�WKH�HDUO\�DGRSWHUV�DQG�WKH�ODWHU�DGRSWHUV�DQG�GLVDGRSWHUV�

7KH�H[SODQDWRU\�YDULDEOHV��[L¶V��XVHG�LQ�WKH�PXOWLQRPLDO�ORJLW�UHSUHVHQW�IDUP�DQG�IDUPHU�FKDUDFWHULVWLFV�LQ������RU��������8VH�RI�WKH�EDVHOLQH�SDQHO�FKDUDFWHULVWLFV�WR�
H[SODLQ�WKH�FKDQJHV�LQ�U%67�DGRSWLRQ�VWDWXV�RYHU�WKH�HQVXLQJ�����\HDUV�KHOSV�WR�RYHUFRPH�
WKH�HQGRJHQHLW\�SUREOHPV�PHQWLRQHG�DERYH���&RQVLVWHQW�ZLWK�SUHYLRXV�VWXGLHV��ZH�IRFXV�
RQ�WKH�LQIOXHQFH�RI�DJH��HGXFDWLRQ��KHUG�VL]H��XVH�RI�RWKHU�GDLU\�WHFKQRORJLHV��DQG�WKH�
DWWLWXGHV�RI�IDUPHUV�WR�SUHGLFW�DGRSWLRQ�EHKDYLRU�� $�UHJLRQDO�PHDVXUH�LV�DOVR�LQFOXGHG�WR�
FDSWXUH�WKH�JHRJUDSKLFDO�H[SHULHQFH�WKDW�GDLU\�IDUPHUV�LQ�WKH�(DVW�&HQWUDO�UHJLRQ�RI�
:LVFRQVLQ�DUH�PRUH�OLNHO\�WR�EH�HDUO\�DGRSWHUV�RI�HPHUJLQJ�WHFKQRORJLHV���
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7KH�PXOWLQRPLDO�ORJLW�UHJUHVVLRQ�UHVXOWV�DUH�UHSRUWHG�LQ�7DEOHV���DQG������,Q�WKH�
ILUVW�PRGHO��WKH�VLJQV�RI�WKH�FRHIILFLHQW�HVWLPDWHV�RQ�WKH�UHJUHVVRUV�DUH�DOO�FRQVLVWHQW�ZLWK�
SUHGLFWHG�GLIIHUHQFHV�EHWZHHQ�WKH�WKUHH�DGRSWHU�JURXSV�RQ�WKH�RQH�KDQG�DQG�WKH�QRQ�
DGRSWHU�JURXS�RQ�WKH�RWKHU���,Q�WHUPV�RI�IDUPHU�FKDUDFWHULVWLFV� QRQ�DGRSWHUV�KDYH�
VLJQLILFDQWO\�ORZHU�HGXFDWLRQ�OHYHOV�WKDQ�GLVDGRSWHUV�DQG�HDUO\�DGRSWHUV��S������DQG�DUH�
VLJQLILFDQWO\�ROGHU�WKDQ�WKH�ODWHU�DGRSWHUV��S��������7KH�RWKHU�FRHIILFLHQW�HVWLPDWHV�RQ�
HGXFDWLRQ�DQG�DJH�KDYH�VLPLODU�VLJQV�DQG�PDJQLWXGHV�WR�WKH�VLJQLILFDQW�UHVXOWV�EXW�DUH�LQ�
WKH��������FRQILGHQFH�LQWHUYDO�

$V�H[SHFWHG��ODUJHU�KHUGV�ZHUH�PRUH�OLNHO\�WR�DGRSW�U%67�GXULQJ�WKH�VWXG\�SHULRG���
,Q�DGGLWLRQ��DGRSWLRQ�RI�WKH�705�IHHGLQJ�V\VWHPV�LQ���������LQFUHDVHG�WKH�FKDQFHV�RI�
ODWHU�U%67�DGRSWLRQ�RYHU�WKH�HQVXLQJ���\HDUV���&RHIILFLHQW�HVWLPDWHV�IRU�ERWK�KHUG�VL]H�
DQG�WKH�XVH�RI�705��7DEOH����DUH�VWDWLVWLFDOO\�VLJQLILFDQW�DW�WKH�S�����OHYHOV���7KXV��DV�
VXJJHVWHG�E\�WKH�GHVFULSWLYH�GDWD�DQG�SUHYLRXV�VWXGLHV�ZKHUH�HQGRJHQHLW\�FRQFHUQV�ZHUH�
QRW�DGGUHVVHG��ERWK�KHUG�VL]H�DQG FRPSOHPHQWDU\�WHFKQRORJ\�XVH�DUH�LPSRUWDQW�
SUHGLFWRUV�RI�U%67�DGRSWLRQ���:KLOH�U%67�WHFKQRORJ\�LWVHOI�LV�TXLWH�DUJXDEO\�VFDOH�
QHXWUDO��WKHVH�ILQGLQJV�FRQILUP�WKH�QRWDEOH�VL]H�ELDV�IRXQG�LQ�SUHYLRXV�U%67�DGRSWLRQ�
VWXGLHV��DQG�VXJJHVW�WKDW�LW�LV�UHDO�DQG�QRW�VROHO\�DQ�DUWLIDFW�RI�WKH�VL]H�ELDV�DVVRFLDWHG�ZLWK�
WKH�DGRSWLRQ�RI�FRPSOHPHQWDU\�WHFKQRORJLHV���:KLOH�QRW�H[SORUHG�IRUPDOO\�KHUH��WKH�VL]H�
ELDV�LQ�U%67�XVH�PD\�ZHOO�EH�DVVRFLDWHG�ZLWK�WKH�JUHDWHU�GHJUHH�RI�PDQDJHULDO�
VSHFLDOL]DWLRQ�WKDW RFFXUV�RQ�ODUJHU�IDUPV�DQG�WKH�ORZHU�FRVWV�DVVRFLDWHG�ZLWK�PRQLWRULQJ�
DQG�PDQDJLQJ�U%67�XVH�LQ�WKH�KHUG�

7KH�FRHIILFLHQW�HVWLPDWH�RQ�WKH�$QWL�%LRWHFK�DWWLWXGLQDO�YDULDEOH�GLVWLQJXLVKHV�
QRQ�DGRSWHUV�IURP�WKH�HDUO\�DGRSWHUV��ZLWK�WKH�HDUO\�DGRSWHUV�EHLQJ�PRUH�OLNHO\�WR�KDYH�D�
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SRVLWLYH�YLHZ�RI�WKH�WHFKQRORJ\�WKDQ�WKH�RWKHU�JURXSV��S���������7KLV�VXJJHVWV�WKDW�
QHJDWLYH�YLHZV�RI�WKH�WHFKQRORJ\�PD\�KDYH�KDG�VLJQLILFDQW�LPSDFWV�RQ�WKH�LQLWLDO�DGRSWLRQ�
FKRLFHV�RI�PDQ\�GDLU\�IDUPHUV���6LPLODUO\��HDUO\�DGRSWHUV�ZHUH PRUH�OLNHO\�WR�OLYH�LQ�WKH�
HDVWHUQ�UHJLRQ�RI�WKH�VWDWH�WKDQ�QRQ�DGRSWHUV���S�������

7KH�PXOWLYDULDWH�ORJLW�UHVXOWV�IRU�RXU�VHFRQG�PRGHO��7DEOH����XVHV��HDUO\�DGRSWHUV�
DV�WKH�EDVHOLQH�FDWHJRU\���7KLV�PRGHO�LGHQWLILHV�LPSRUWDQW�GLIIHUHQFHV�EHWZHHQ�HDUO\�
DGRSWHUV�DQG�WKH�RWKHU�WZR�FDWHJRULHV�RI�DGRSWHUV���7KH�PRVW�QRWHZRUWK\�UHVXOW�LV�WKDW�
WKHUH�DUH�YHU\�IHZ�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�HDUO\�DGRSWHUV�DQG�
IDUPHUV�LQ�WKH�RWKHU�WZR�DGRSWHU�FDWHJRULHV���)RU�H[DPSOH��ZKLOH�LQLWLDO�KHUG�VL]H�
GLVWLQJXLVKHV�WKH�DGRSWHUV�IURP�WKH�QRQ�DGRSWHUV��LW�LV�QRW�D�VLJQLILFDQW�SUHGLFWRU�IRU�WKH�
WLPLQJ�RU�SHUVLVWHQFH�RI�U%67�XVH�DPRQJ�DGRSWHUV���1HLWKHU�DUH�HGXFDWLRQ��DJH��RU�UHJLRQ�
VLJQLILFDQW�SUHGLFWRUV�RI�GLIIHUHQFHV�LQ�DGRSWLRQ�

2QO\�WZR�YDULDEOHV�DUH�VLJQLILFDQW�LQ�GLVWLQJXLVKLQJ�WKH�HDUO\�DGRSWHUV�IURP�WKH�
RWKHU�DGRSWHU�FDWHJRULHV���2QH�LV�WKH�XVH�RI�705��ZLWK�WKH�HDUO\�U%67�DGRSWHUV�EHLQJ�
PRUH�OLNHO\�WKDQ�GLVDGRSWHUV�WR�KDYH�KDG�705�LQ�SODFH�LQ�WKH�EDVHOLQH�SHULRG�����������
7KH�FRHIILFLHQW�HVWLPDWH�IRU ODWHU�DGRSWHUV�LV�RQO\�VOLJKWO\�EHORZ�WKH������VLJQLILFDQFH�
WKUHVKROG�DQG�KDV�WKH�VDPH�VLJQ�DQG�PDJQLWXGH���,W�LV�QRWHZRUWK\�WKDW�GLIIHUHQWLDO�
DGRSWLRQ�RI�705�DFURVV�WKHVH�WKUHH�JURXSV�SHUVLVWV�RYHU�WLPH��ZLWK�HDUO\�DGRSWHUV�KDYLQJ�
D�����DGRSWLRQ�UDWH�RI�705�LQ��������GLVDGRSWHUV�D�����DGRSWLRQ�UDWH��DQG�ODWHU�DGRSWHUV�
D�����UDWH���7KLV�SHUVLVWHQW�JDS�LQ�705�XVH��DV�ZHOO�DV�LQ�WKH�XVH�RI�FRPSXWHUV�DQG�GDLU\�
KHUG�SURGXFWLRQ�UHFRUG�NHHSLQJ��VXJJHVWV�WKDW�WKH�WLPLQJ�RI�U%67�DGRSWLRQ�DV�ZHOO�DV�
VRPH�GLVDGRSWLRQ�EHKDYLRU�PD\�EH�OLQNHG�WR�IDUPHUV�QRW�KDYLQJ�SXW�LQ�SODFH�
FRPSOHPHQWDU\�WHFKQRORJLHV�RU�PDQDJHPHQW�SUDFWLFHV��
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7KH�RWKHU�FRHIILFLHQW�HVWLPDWH�WKDW�LV�VLJQLILFDQW�LQ�GLVWLQJXLVKLQJ�HDUO\�DGRSWHUV�
IURP�GLVDGRSWHUV�DQG�ODWHU�DGRSWHUV�LV�WKH�DWWLWXGLQDO�YDULDEOH��ZLWK�HDUO\�DGRSWHUV�EHLQJ�
PRUH�OLNHO\�WKDQ�WKH�RWKHUV�WR�KDYH�KDG�D�SRVLWLYH�YLHZ�RI�U%67�DW�WKH�RXWVHW�RI�WKH�
SURFHVV��S��������7KH�VLJQLILFDQFH�RI�WKLV�FRHIILFLHQW�HVWLPDWH�UHFRQILUPV�WKDW��LQGHHG��
DWWLWXGLQDO�GLIIHUHQFHV�PD\�KDYH�EHHQ�RQH�RI�WKH�PDLQ�IDFWRUV�EHKLQG�WKH�GLVWLQFWLYH�
DGRSWLRQ�EHKDYLRU�RI�WKHVH�RWKHU�DGRSWHU�JURXSV��SDUWLFXODUO\�LQ�WHUPV�RI�KRZ�LW�
LQIOXHQFHG�WKH�WLPLQJ�RI�WKHLU�DGRSWLRQ�GHFLVLRQV���&RPSDULQJ�WDEOH���DQG����ZH�PD\�
DUJXH�WKDW�DWWLWXGLQDO�GLIIHUHQFHV�KDYH�KDG�VLJQLILFDQW�LPSDFWV�RQ�WKH�LQLWLDO�DGRSWLRQ�
FKRLFH��EXW�GR�QRW�DSSHDU�WR�EH�D�VWURQJ�GHWHUPLQDQW�RI�ORQJHU�WHUP�DGRSWLRQ�FKRLFHV��
+RZHYHU��WKLV�DUJXPHQW�GRHV�QRW�FDSWXUH�WKH�SRVVLELOLW\�WKDW�IDUPHUV¶�YLHZ�RQ�U%67�PD\�
KDYH�FKDQJHG�RYHU�WLPH�IURP�EDVHOLQH�SHULRG�WR��������
&RQFOXVLRQ
7KLV�SDSHU�XVHV�SDQHO�GDWD�IURP�:LVFRQVLQ�GDLU\�IDUPHUV�WR�H[SORUH�WKH�G\QDPLFV�RI�
U%67�DGRSWLRQ���2QH�RI�WKH�SULQFLSDO�REMHFWLYHV�RI�WKH�SDSHU�ZDV�WR�DGGUHVV�HQGRJHQHLW\�
FRQFHUQV�WKDW�DULVH�LQ�FURVV�VHFWLRQDO�DQDO\VHV�RI�WHFKQRORJ\�DGRSWLRQ��HVSHFLDOO\�ZKHQ�
FRQVLGHULQJ�WKH�LPSDFWV�RI�RWKHU�FKRLFH�YDULDEOHV��VXFK�DV�WHFKQRORJLHV�RU�IDUP�VL]H��RQ�
WKH�DGRSWLRQ�RI�WKH�WHFKQRORJ\�LQ�TXHVWLRQ���7KLV�ZDV�GRQH�E\�XVLQJ�EDVHOLQH�GDWD�RQ�
WKHVH�IHDWXUHV�WR�H[SODLQ�WKH�FKDQJHV�LQ�DGRSWLRQ�EHKDYLRU�RYHU VHYHQ�\HDUV�VSDQQLQJ�WKH�
SHULRG�IURP�WKH�LQWURGXFWLRQ�RI�U%67�LQ������WR��������7KH�IRXU�DGRSWLRQ�FDWHJRULHV�
H[SORUHG�ZHUH�QRQ�DGRSWHUV��GLVDGRSWHUV��ODWHU�DGRSWHUV��DQG�HDUO\��FRQWLQXLQJ��DGRSWHUV���
7KH�RWKHU�REMHFWLYH�ZDV�WR�XVH�WKH�DGRSWLRQ�GDWD�DQG�VRPH�DGGLWLRQDO�TXHVWLRQV�DERXW�
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H[SHULHQFH�ZLWK�WKH�WHFKQRORJ\�DQG�LQWHQWLRQ�GDWD�WR�H[SOLFDWH�WKH�G\QDPLFV�RI�U%67�
DGRSWLRQ�LQ�:LVFRQVLQ�

2YHUDOO��WKH�HPSLULFDO�DQDO\VLV�RI�WKHVH�IRXU�DGRSWLRQ�FDWHJRULHV�OHDGV�XV�WR�WKH�
IROORZLQJ�FRQFOXVLRQV�DERXW�WKH�DGRSWLRQ�SURFHVV�RI�U%67�LQ�:LVFRQVLQ���)LUVW��WKH�
SHUVLVWHQW�U%67�QRQ�DGRSWHUV�ORRNHG�DQG�FRQWLQXH�WR�ORRN�YHU\�GLVWLQFW�IURP�WKH�RWKHU�
FDWHJRULHV�RI�DGRSWHUV���7KH\�WHQG�WR�PLON�IHZHU�FRZV��XVH�IHZHU�FRPSOHPHQWDU\�GDLU\�
SURGXFWLRQ�WHFKQRORJLHV��DQG�KROG�PRUH�QHJDWLYH�YLHZV�WRZDUGV�U%67��DW�OHDVW�UHODWLYH�WR�
WKH�HDUO\�DGRSWHUV����'HVSLWH�DQ�REYLRXV�DQG�SHUVLVWHQW�VFDOH�ELDV�LQ�U%67�DGRSWLRQ�DPRQJ�
:LVFRQVLQ�IDUPHUV��WKHUH�LV�HYLGHQFH�WKDW�WKH�LPSDFWV�RI�IDUP�VL]H�RQ�U%67�DGRSWLRQ�LV�
GLVWLQFW�IURP�WKDW�RI�WKH�XVH RI�FRPSOHPHQWDU\�GDLU\�SURGXFWLRQ�WHFKQRORJLHV���/RRNLQJ�
DKHDG��RXU�QRQ�DGRSWHUV�VHHP�YHU\�XQOLNHO\�WR�DGRSW�U%67��DQG�VHQVLWLYLW\�DQDO\VHV�VKRZ�
WKDW�WKH\�ZRXOG�KDYH�WR�PDNH�PDMRU�FKDQJHV�LQ�WKHLU�RSHUDWLRQV�EHIRUH�ZH�ZRXOG�H[SHFW�
WKHP�WR�EHFRPH�U%67�XVHUV��

6HFRQG��WKH�UHJUHVVLRQ�DQDO\VLV�GLG�QRW�UHYHDO�PDQ\�GLVWLQJXLVKLQJ�FKDUDFWHULVWLFV�
DPRQJ�WKH�HDUO\�DGRSWHUV��ODWHU�DGRSWHUV��DQG�GLVDGRSWHUV���$WWLWXGHV�DQG�WR�D�OHVVHU�H[WHQW�
XVH�RI�FRPSOHPHQWDU\�WHFKQRORJLHV�ZHUH�WKH�RQO\�VLJQLILFDQW�H[SODQDWRU\�YDULDEOHV�WKDW�
GLVWLQJXLVKHG�HDUO\�DGRSWHUV�IURP�WKH�RWKHU�WZR�JURXSV���,Q�DGGLWLRQ��UHFRJQL]LQJ�WKDW�WKH�
FXUUHQW�XVH�RI�FRPSOHPHQWDU\�WHFKQRORJLHV�LV�DFWXDOO\�TXLWH�KLJK�DPRQJ�WKH�GLVDGRSWHUV��
ZH�IHHO�WKDW�SUDFWLFHV�VXFK�DV�705�XVH��UDWLRQ�EDODQFLQJ��DQG�KHUG�SURGXFWLRQ�UHFRUG�
NHHSLQJ�VHUYH�DV�FULWLFDO�FRQGLWLRQLQJ�IDFWRUV�WKDW�HQKDQFH�WKH�EHQHILWV�RI�U%67�DGRSWLRQ�
EXW�FHUWDLQO\�GR�QRW�HOLPLQDWH�DOO�RI�WKH�SHUFHLYHG�GLVDGYDQWDJHV���6LQFH�PRVW�GLVDGRSWHUV�
FLWHG�D�ODFN�RI�FRVW�HIIHFWLYHQHVV��KHUG�KHDOWK�SUREOHPV��SHUFHLYHG�FRQVXPHU�FRQFHUQV��
DQG�IDUP�ODERU�VKRUWDJHV�DV�UHDVRQV�IRU�FHDVLQJ�U%67�XVH��LQFUHDVHV�LQ�KHUG�VL]H�RU�LQ�WKH�
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XVH�RI�WKHVH�WHFKQRORJLHV�GR�QRW�DSSHDU�OLNHO\�WR�PRYH�PDQ\�GLVDGRSWHUV�EDFN�LQWR�WKH�
DGRSWHU�FDWHJRU\��

7KH�GLIIXVLRQ�RI�U%67�LQ�:LVFRQVLQ�KLW�D�SODWHDX�LQ�UHFHQW�\HDUV���:KLOH�DGRSWLRQ�
UDWHV�URVH�IURP�����WR�����EHWZHHQ������DQG�������WKH�DFWXDO�QXPEHU�RI�XVHUV�RI�U%67�
LQ�WKH�VWDWH�IHOO�IRU�WKH�ILUVW�WLPH���7KH�HPSLULFDO�DQDO\VLV�RIIHUHG�DERYH�VXJJHVWV�WKDW�D�
VLJQLILFDQW�LQFUHDVH�LQ�U%67�XVH�DPRQJ�:LVFRQVLQ�GDLU\�IDUPHUV�LV�XQOLNHO\�LQ�WKH�QHDU�
IXWXUH���)HZ�QRQ�DGRSWHUV�RU�GLVDGRSWHUV�LQWHQG�WR�EHJLQ�XVLQJ�U%67�LQ�WKH�QH[W�WKUHH�
\HDUV��DQG�D�VPDOO�PLQRULW\�RI�ODWHU�DGRSWHUV�UHSRUWHG�WKH\�DUH�OLNHO\�WR�VWRS�U%67�XVH���,I�
DQ\WKLQJ��WKH�DWWLWXGHV�WRZDUG�U%67�XVH�KDYH�KDUGHQHG�VLQFH�������DQG�D�VPDOOHU�
SURSRUWLRQ�RI�WKH�LQGXVWU\�UHPDLQV�XQGHFLGHG�DERXW�WKH�WHFKQRORJ\���$GRSWLRQ�UDWHV�PD\�
JUDGXDOO\�LQFUHDVH��EHFDXVH�U%67�DGRSWHUV�PD\�EH�PRUH�OLNHO\�WR�VXUYLYH�WKDQ�QRQ�
DGRSWHUV���EXW�WKHUH�GRHV�QRW�DSSHDU�WR�EH�D�VLJQLILFDQW�SURSRUWLRQ�RI�QHZ��RU�UHWXUQ��
DGRSWHUV�ZDLWLQJ�LQ�WKH�ZLQJV��

)XUWKHU�ZRUN�RQ�U%67�DGRSWLRQ�FRXOG�XVHIXOO\�H[SORUH�WKH�SRWHQWLDO�VHQVLWLYLW\�RI�
DGRSWLRQ�UDWHV�WR�SULFH�FRVW�HQYLURQPHQW�FKDQJHV��HVSHFLDOO\�UHGXFWLRQV�LQ�WKH�SULFH�RI�
3RVLODF70��WKH�RQO\�FRPPHUFLDOO\�DYDLODEOH�U%67�SURGXFW���6XFK�DQ�XQGHUWDNLQJ�FRXOG�
DOVR�H[SORUH�WKH�SRWHQWLDO�LPSDFWV�RI�PRQRSRO\�SULFLQJ�RI�WKH�WHFKQRORJ\�RQ�LWV�GLIIXVLRQ�
SDWK���,W�PD\�EH�WKDW�WKH�KLJK�UDWHV�RI�GLVDGRSWLRQ�DQG�KHQFH�ORZHU�GLIIXVLRQ�DUH�GLUHFWO\�
UHODWHG�WR�WKH�SULFLQJ�RI�WKH�WHFKQRORJ\���8VH�RI�SDQHO�GDWD�FRPELQHG�ZLWK�PRUH�GHWDLOHG�
IDUP�ILQDQFLDO�LQIRUPDWLRQ�FRXOG�DOORZ�WKLV�W\SH�RI�DQDO\VLV�
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5HIHUHQFHV�
%DUKDP��%��³$GRSWLRQ�RI�D�3ROLWLFL]HG�7HFKQRORJ\��E67�DQG�:LVFRQVLQ�'DLU\�)DUPHUV�´�$PHU��-��$J��(FR� ����1RYHPEHU�����������������
%DUKDP��%���'��-DFNVRQ�6PLWK��DQG�6��0RRQ���³7KH�$GRSWLRQ�RI�U%67�RQ�:LVFRQVLQ�'DLU\�)DUPV�´�$J%LR)RUXP������������������$YDLODEOH�RQ�WKH�:RUOG�:LGH�:HE��KWWS���ZZZ�DJELRIRUXP�RUJ�
%HVOH\��7��DQG�$��&DVH��³0RGHOLQJ�7HFKQRORJ\�$GRSWLRQ�LQ�'HYHORSLQJ�&RXQWULHV�´�$PHU��(FRQ��5HY� ����������������������
%XWOHU��/��³7KH�SURILWDELOLW\�RI�U%67�RQ�8�6��GDLU\�IDUPV�´�$J%LR)RUXP���������6SULQJ���������$YDLODEOH RQ�WKH�:RUOG�:LGH�:HE��KWWS���ZZZ�DJELRIRUXP�RUJ�
%XWOHU��/���³U%67�DQG�LQGXVWULDO�GDLU\LQJ�LQ�WKH�6XQEHOW�´�3DSHU�SUHVHQWHG�DW�WKH�$PHULFDQ�$FDGHP\�IRU�WKH�$GYDQFHPHQW�RI�6FLHQFH���������
&DPHURQ��/��³7KH�,PSRUWDQFH�RI�/HDUQLQJ�LQ�WKH�$GRSWLRQ�RI�+LJK�<LHOGLQJ�9DULHW\�6HHGV�´�$PHU��-��$J��(FRQ� ����)HEUXDU\���������������
&DUORWWR��&���$��GH�-DQYU\��DQG�(��6DGRXOHW���³6XVWDLQDELOLW\�LQ�WKH�'LIIXVLRQ�RI�,QQRYDWLRQV��6PDOOKROGHU�1RQWUDGLWLRQDO�$JUR�([SRUWV�LQ�*XDWHPDOD�´�(FRQ��'HY��&XOW��&KDQJH� ���������������������
&RQOH\��7��DQG�&��8GU\���³/HDUQLQJ�$ERXW�D�1HZ�7HFKQRORJ\��3LQHDSSOH�LQ�*KDQD�´�0LPHR��1RUWKZHVWHUQ�8QLYHUVLW\�������
'RPHQLFK��7���DQG�'��0F)DGGHQ��8UEDQ�7UDYHO�'HPDQG��$�%HKDYLRUDO�$QDO\VLV��$PVWHUGDP��1RUWK�+ROODQG�������
)DOOHUW��5��HW�DO��³E67�DQG�WKH�'DLU\�,QGXVWU\��$�1DWLRQDO��5HJLRQDO��DQG�)DUP�OHYHO�$QDO\VLV�´�:DVKLQJWRQ��'�&���8QLWHG�6WDWHV�'HSDUWPHQW�RI�$JULFXOWXUH��(FRQRPLF�5HVHDUFK�6HUYLFH��$(5�1R������
)HGHU��*��DQG�5��6ODGH���³7KH�$FTXLVLWLRQ�RI�,QIRUPDWLRQ�DQG�WKH�$GRSWLRQ�RI�7HFKQRORJ\�´�$PHU��-��$J��(FRQ� ����$XJXVW�����������������
)HWURZ��-��³7KH�HFRQRPLFV�RI�UHFRPELQDQW�ERYLQH�VRPDWRWURSLQ�RQ�8�6��GDLU\�IDUPV�´$J%LR)RUXP���������6SULQJ���������$YDLODEOH�RQ�WKH�:RUOG�:LGH�:HE��KWWS���ZZZ�DJELRIRUXP�RUJ�
)ROW]��-��DQG�+��&KDQJ���³7KH�$GRSWLRQ�DQG�3URILWDELOLW\�RI�U%67�RQ�&RQQHFWLFXW�'DLU\�)DUPV�´�$PHU��-��$J��(FRQ���IRUWKFRPLQJ��
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)RVWHU��$��DQG�0��5RVHQ]ZHLJ���³/HDUQLQJ�E\�'RLQJ�DQG�/HDUQLQJ�)URP�2WKHUV��+XPDQ�&DSLWDO�DQG�7HFKQLFDO�&KDQJH�LQ�$JULFXOWXUH�´�-��3RO��(FRQ� ��������������������������
*ULOLFKHV��=��³+\EULG�&RUQ��$Q�([SORUDWLRQ�LQ�WKH�(FRQRPLFV�RI�7HFKQRORJLFDO�&KDQJH�´�(FRQRPHWULFD ���2FWREHU���������������
+DOOEHUJ��0���HG���%RYLQH�6RPDWRWURSLQ�DQG�(PHUJLQJ�,VVXHV��$Q�$VVHVVPHQW���������%RXOGHU��:HVWYLHZ�3UHVV�
/DUVRQ��%��DQG�)��.XOFKHU���³7KH�6LPSOH�$QDO\WLFV�RI�7HFKQRORJ\�$GRSWLRQ��%RYLQH�*URZWK�+RUPRQH�DQG�WKH�'DLU\�,QGXVWU\�´�1RU��&HQW��-��$J�(FRQ���������-DQXDU\�����������������
/HVVHU��:���:��0DJUDWK��DQG�5��.DOWHU���³3URMHFWLQJ�$GRSWLRQ�5DWHV��$SSOLFDWLRQ�RI�DQ�([�$QWH�3URFHGXUH�WR�%LRWHFKQRORJ\�3URGXFWV��1RU��&HQW��-��$J�(FRQ�����������������������/LHEKDUGW��:���HG����7KH�'DLU\�'HEDWH��&RQVHTXHQFHV�RI�%RYLQH�*URZWK�+RUPRQH�DQG5RWDWLRQDO�*UD]LQJ�7HFKQRORJLHV� %HUNHOH\��8QLYHUVLW\�RI�&DOLIRUQLD�3UHVV�������
0DGGDOD��*��/LPLWHG�'HSHQGHQW�DQG�4XDOLWDWLYH�9DULDEOHV�LQ�(FRQRPHWULFV���&DPEULGJH�8.��&DPEULGJH�8QLYHUVLW\�3UHVV��������
0DQVILHOG��(��³7HFKQLFDO�&KDQJH�DQG�WKH�5DWH�RI�,PLWDWLRQ�´�(FRQRPHWULFD���2FWREHU����������������
0DULRQ��%��DQG�5��:LOOV��³$�3URVSHFWLYH�$VVHVVPHQW�RI�WKH�,PSDFWV�RI�%RYLQH�6RPDWRWURSLQ��$�&DVH�6WXG\�RI�:LVFRQVLQ�´�$PHU��-��$J��(FRQ� �������0D\���������������
0F)DGGHQ��'��³&RQGLWLRQDO�/RJLW�$QDO\VLV�RI�4XDQWLWDWLYH�&KRLFH�%HKDYLRU�´�)URQWLHUV�LQ�(FRQRPHWULFV��3��=DUHPEND��HG��1HZ�<RUN��$FDGHPLF�3UHVV�������
6DKD��$���+��/RYH��DQG�5��6FKZDUW��³$GRSWLRQ�RI�(PHUJLQJ�7HFKQRORJLHV�8QGHU�2XWSXW�8QFHUWDLQWLHV�´��$PHU��-��$J��(FRQ������1RYHPEHU���������������
6WHIDQLGHV��=��DQG�/��7DXHU��³7KH�(PSLULFDO�,PSDFW�RI�%RYLQH�6RPDWRWURSLQ�RQ�D�*URXS�RI�1HZ�<RUN�'DLU\�)DUPV�´�$PHU��-��$J��(FRQ������)HEUXDU\���������������
7DXHU��/��³7KH�(VWLPDWHG�3URILW�,PSDFW�RI�5HFRPELQDQW�%RYLQH�6RPDWRWURSLQ�IRU WKH�<HDUV�����������´��$J%LR)RUXP���������������$YDLODEOH�RQ�WKH�:RUOG�:LGH�:HE��KWWS���ZZZ�DJELRIRUXP�RUJ�
7DXHU�/��DQG�:��.QREODXFK��³7KH�(PSLULFDO�,PSDFW�RI�%RYLQH�6RPDWRWURSLQ�RQ�1HZ�<RUN�'DLU\�)DUPV�´��-��'DLU\�6FL�����������������������



��

��

8�6��*RYHUQPHQW���1DWLRQDO�$QLPDO�+HDOWK�0RQLWRULQJ�6\VWHP�'DLU\�¶���6WXG\��3DUW�,��5HIHUHQFH�RI������'DLU\�0DQDJHPHQW�3UDFWLFHV� $QLPDO��3ODQW��DQG�+HDOWK�,QVSHFWLRQ�6HUYLFH��$3+,6���86'$��:DVKLQJWRQ�'�&��0D\�������
=HSHGD��/��³3UHGLFWLQJ�%RYLQH�6RPDWRWURSLQ�8VH�E\�&DOLIRUQLD�'DLU\�)DUPHUV�´��:��-��$JU��(FRQ� ����-XO\��������������
=HSHGD��/��³6LPXOWDQHLW\�RI�7HFKQRORJ\�$GRSWLRQ�DQG�3URGXFWLYLW\�´�-��$J��5HV��(FRQ����������������������
=LQQ��6��DQG�%��%UDYR�8UHWD��³7KH�(IIHFW�RI�%RYLQH�6RPDWRWURSLQ�RQ�'DLU\�3URGXFWLRQ��&RZ�+HDOWK��DQG�(FRQRPLFV�´�3URJUHVV�LQ�'DLU\�6FLHQFH��&��-�&��3KLOOLSV��HG��:DOOLQJIRUG��8.��&$%�,QWHUQDWLRQDO�������
� 7KLV�GLIIHUHQFH�UHIOHFWV�ERWK�WKH�KHLJKWHQHG�OHYHO�RI�SROLWLFL]DWLRQ�RI�U%67 DGRSWLRQ�LQ�:LVFRQVLQ��DQG�WKH�
PXFK�ODUJHU�VL]H�RI�&DOLIRUQLD�GDLULHV���(OVHZKHUH��)ROW]�DQG�&KDQJ�UHSRUW�D�����DGRSWLRQ�UDWH�LQ������
DPRQJ�&RQQHFWLFXW�GDLU\�IDUPHUV�
� )ROW]�DQG�&KDQJ�XVH�WKLV�DSSURDFK�WR�DQDO\]H�WKH�SURILWDELOLW\�DQG�SURGXFWLYLW\�HIIHFWV�RI�U%67�DGRSWLRQ�
EXW�QRW�WKH�HIIHFWV�RI�RWKHU�WHFKQRORJ\�FKRLFHV�RQ�U%67�
� 0RUH�FRPSOLFDWHG�SDQHO�PRGHOV�XVLQJ�ODJJHG�HQGRJHQRXV�YDULDEOHV�DUH�QRW�SXUVXHG�EHORZ��PRVWO\�
EHFDXVH�RI�GDWD�OLPLWDWLRQV��EXW�WKH\�UHPDLQ�D�ODUJHO\�XQH[SORUHG�RSWLRQ�IRU�VWXG\LQJ�DGRSWLRQ�G\QDPLFV���
� 5HVSRQGHQWV�WR�WKH������DQG������VXUYH\V�ZHUH�UHVXUYH\HG�LQ������������UHVSRQVHV�ZHUH�REWDLQHG�IURP�
WKH�����RULJLQDO�UHVSRQGHQWV�ZKR�ZHUH�VWLOO�LQYROYHG�LQ�GDLU\���������$Q�DGGLWLRQDO���� IDUPHUV�KDG�FHDVHG�
GDLU\LQJ�EHWZHHQ�������� DQG��������2QO\�GDWD�IURP�DFWLYH�IDUPHUV�DUH�XVHG�WR�DQDO\]H�WKH�G\QDPLFV�RI�
U%67�DGRSWLRQ���([LWHUV�DUH�QRW�LQFOXGHG�LQ�WKH�DQDO\VLV��WKRXJK�LW�LV�WKH�FDVH�WKDW�EDVHOLQH�QRQ�DGRSWHUV�
ZHUH�PRUH�OLNHO\�WR�H[LW�������� WKDQ�EDVHOLQH�DGRSWHUV���������
� 5HVSRQGHQWV�ZHUH�DVNHG�WR�FKHFN�DOO�UHDVRQV�WKDW�ZHUH�LPSRUWDQW�WR�WKHP��DQG�WKHQ�LQGLFDWH�WKH�PRVW�
LPSRUWDQW�UHDVRQ���2YHUDOO��H[WHQGLQJ�WKH�ODFWDWLRQ�RI�FHUWDLQ�FRZV�LV�WKH�PRVW�FRPPRQO\�PHQWLRQHG�UHDVRQ�
���������
� 7KXV��HDUO\�DGRSWHUV�DUH�DOO�FRQWLQXLQJ�U%67�XVHUV��ZKLOH�ODWHU�DGRSWHUV�UHSUHVHQW�VRPH�ZKR�PD\�EHFRPH�
IXWXUH�GLVDGRSWHUV���
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� %HWZHHQ������DQG�����������RI�WKH�SDQHO�UHVSRQGHQWV�ZKR�UHSRUWHG�LQ������WKDW�WKH\�ZRXOG�GHILQLWHO\�
QRW�XVH�U%67�GLG�QRW�XVH�LW�RQ�WKHLU�IDUPV���2I�WKH�UHPDLQLQJ�����KDOI�WULHG�U%67�DQG�KDYH�VWRSSHG�XVLQJ�LW��
DQG�KDOI�DUH�FXUUHQWO\�XVLQJ�LW�RQ�WKHLU�IDUPV�
� :KLOH�PRVW�RI�WKH�LQGHSHQGHQW�YDULDEOHV�LQ�WKH�PRGHO�DUH�IDLUO\�VHOI�H[SODQDWRU\��WKH�DWWLWXGLQDO�WHUP�
UHTXLUHV�VRPH�HODERUDWLRQ���,Q�WKH������DQG������VXUYH\V��GDLU\�IDUPHUV�ZHUH�DVNHG�KRZ�:LVFRQVLQ�GDLU\�
IDUPHUV�ZRXOG�EH�DIIHFWHG�E\�)'$�DSSURYDO�RI�U%*+���)RU�WKRVH�ZKR�JDYH�D�VRPHZKDW�QHJDWLYH�RU�
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Table 1. Characteristics of Panel Respondents in 2001 by rBST Adoption

Characteristics Overall Non-adopter Disadopter Later adopter Early adopter

Percent of total panel sample (number) 100.0 (404) 73.5 (297) 9.7 (39) 10.9 (44) 5.9 (24)

Operator Demographics
Mean age of operator 50.7 51.8 49.7 45.4 N 47.7

Operator Education Level (percent)
   - Less than High School 11.4 15.2 0.0 2.3 0.0
   - High School Diploma 50.2 52.7 41.0 43.2 47.8

   - Some College or Trade school 27.6 23.0 43.6 40.9 34.8
   - BA Degree or Higher 10.7 9.1 15.4 13.6 17.4

Herd Size and Productivity
Mean Herd Size  (cows) 80.8 54.1 135.3 N,E 131.3 N,E 232.5 N

Rolling Herd Average (lbs/cow/year) 20,333 19,115 20,442 E 22,428 N 23,768 N

Technology Use
Keep Production Record (DHIA) 58.5 47.9 76.3 N,E 90.7 N,E 100.0 N

Use of TMR 35.4 20.9 67.6 N,E 69.0 N,E 95.8 N
rBST Adoption Rate 16.9 0.0 0.0 E 100.0 N 100.0 N

Milk Cows Three Times per Day 5.9 1.1 14.7 N,E 17.5 N,E 30.4 N

Use Vet. Service Regularly 66.9 58.3 89.5 N 88.4 N 95.8 N
Balanced Feed Ration 67.2 57.4 94.7 N 90.9 N 95.8 N

Use Computer to Manage Farm Records 32.7 25.1 48.6 N 54.8 N 70.8 N

Management Intensive Rotational Grazing (MIRG) 19.6 22.4 15.4 11.6 8.7 N

Note: Superscript, N and/or E, represents the case where mean in each category is significantly different with mean in non-adopter 
and early adopter respectively at the 0.05 significance level based on LSD test.



Table 2. Characteristics of Panel Respondents in 1994-95 by rBST Adoption  

Overall Non-adopter Disadopter Later adopter Early adopter

Operator Demographics
Mean Age of Operator (years)     45.7 46.6 44.6 41.2 N 44.2

Operator Education Level 
   - Less than High School     14.1 18.5 0.0 4.5 0.0

   - High School Diploma 46.0 46.8 43.6 43.2 45.8
   - Some College or Trade school 30.4 26.6 48.7 38.6 33.4

   - BA Degree or Higher 9.4 8.1 7.7 13.6 20.9

Herd Size and Productivity
Mean Herd Size  (cows)   57.2 48.4 81.6 N 76.3 N 92.3 N

Rolling Herd Average (lbs/cow/year)        18393.5 17517.8 19605.3 19743.4 N 21909.4 N

Use of Technology
Keep Production Record (DHIA) 67.4 58.1 87.2 N 95.5 N 100.0 N

Use of TMR 25.8 14.3 49.8 N,E 52.4 N,E 78.3 N
rBST Adoption Rate 6.0 0.0 20.5 N,E 0.0 E 72.7 N

Milk Cows Three Times per Day* 3.8 1.3 15.8 N 0.0 E 20.0 N

Management Intensive Rotational Grazing (MIRG)* 14.0 17.8 0.0 N 4.3 6.3

* Includes survey data only in 1995.

Note: Superscript, N and/or E, represents the case where mean in each category is significantly different with mean in non-adopter 
and early adopter respectively at the 0.05 significance level based on LSD test.



Table 3a. Reason for Non-Adoption, Adoption, and Disadoption of rBST among panel respondents.

Non-adopter Disadopter
Later 

Adopter
Early 

Adopter
Combined 
Adopters 

Number of respondents 297 39 44 24 68

A. Reasons for not using rBST1

Concerned about herd health 74.3 n.a. n.a. n.a. n.a.
Not sure it is safe in milk products 65.3 n.a. n.a. n.a. n.a.
Consumer concerns about rBST 64.9 n.a. n.a. n.a. n.a.
Worried about milk surpluses & lower prices 62.3 n.a. n.a. n.a. n.a.
It will cause farmers to go out of business 48.5 n.a. n.a. n.a. n.a.
rBST is too costly 40.7 n.a. n.a. n.a. n.a.
Extra labor is required 27.6 n.a. n.a. n.a. n.a.
Know farmers had bad experiences with it 23.9 n.a. n.a. n.a. n.a.
Other reasons 18.3 n.a. n.a. n.a. n.a.

B. Reasons for using rBST2

To extend the lactation of certain cow n.a. n.a. 88.6 91.7 89.7
(23.8) (33.3) (26.7)

To maximize milk production n.a. n.a. 72.7 83.3 76.5
(31.0) (33.3) (31.7)

Expect returns exceed the cost n.a. n.a. 65.9 79.2 70.6
(21.4) (22.2) (21.7)

To remain competitive n.a. n.a. 43.2 58.3 48.5
(4.8) (0.0) (3.3)

Fit with herd management n.a. n.a. 45.5 50.0 47.1
(4.8) (0.0) (3.3)

To feed more efficiently n.a. n.a. 31.8 29.2 30.9
(2.4) (0.0) (1.7)

Encouraged by vet, dealer or nutritionist n.a. n.a. 20.5 29.2 23.5
(2.4) (11.1) (5.0)

Encouraged by lender or farm advisor n.a. n.a. 15.9 4.2 11.8
(0.0) (0.0) (0.0)

Neighbors have used it successfully n.a. n.a. 11.4 0.0 7.4
(0.0) (0.0) (0.0)

It will help the dairy industry n.a. n.a. 2.3 4.2 2.9
(0.0) (0.0) (0.0)

Other reasons n.a. n.a. 9.1 4.2 7.4
(9.5) (0.0) (6.7)

C. Reasons for stopping rBST use3

rBST was not cost effective n.a. 82.1 n.a. n.a. n.a.
Had health problems n.a. 51.3 n.a. n.a. n.a.
Consumer concerns about rBST n.a. 41.0 n.a. n.a. n.a.
Required too much extra labor n.a. 38.5 n.a. n.a. n.a.
Worried about milk surpluses & lower prices n.a. 33.3 n.a. n.a. n.a.
It will cause farmers to go out of business n.a. 23.1 n.a. n.a. n.a.
Not sure it is safe in milk products n.a. 20.5 n.a. n.a. n.a.
Know farmers had bad experiences with it n.a. 5.1 n.a. n.a. n.a.
Other reasons n.a. 23.1 n.a. n.a. n.a.

Notes

percent of respondents in each category

2 This question was only asked of current 2001 adopters.  Totals add up to over 100 percent because multiple reasons allowed.  
The numbers in parentheses show the percent listing "the single most important reason" for using rBST.

1 This question was only asked of persistent non-adopters (people who had never tried rBST as of 2001).  Totals add up to more 
than 100 percent because multiple reasons were allowed.

3 This question was only asked of disadopters -- those who have tried rBST but who were not using it in 2001.  Totals add up to 
over 100 percent because multiple reasons allowed.



Table 3b. Plans for use of RBST over the next three years.

Overall 
Sample Non-adopter Disadopter

Later 
adopter

Early 
adopter

1994 Plans for rBST use in future1

Have already used rBST 2.1 0.0 0.0 0.0 50.0
Will probably use rBST within the next 6 months 4.3 0.0 10.0 14.3 37.5

Will wait at least six months before making decision 11.2 7.2 20.0 28.6 12.5
Unlikely that I will use 41.0 39.6 60.0 47.6 0.0

Would not use under any circumstances 41.5 53.2 10.0 9.5 0.0
TOTAL: 100.1 100.0 100.0 100.0 100.0

(n) 188 139 20 21 8

2001 plans for rBST use over next three years
Definitely continue using rBST 4.7 0.0 0.0 11.4 54.5

Probably continue 11.2 0.0 0.0 70.5 45.5
Likely to stop 2.2 0.0 2.9 15.9 0.0

Very likely to start 0.5 0.4 2.9 0.0 0.0
Somewhat likely to start 2.2 1.5 11.4 0.0 0.0

Not very likely to start 22.7 24.6 51.4 0.0 0.0
Definitely not use 56.4 73.5 31.4 2.3 0.0

TOTAL: 99.9 100.0 100.0 100.1 100.0
(n) 404 297 39 44 24

Notes:

Percent of respondents in category

1 = Future rBST intentions only asked of 1994 respondents.



Variables Disadopter Later Adopter Early Adopter

Constant -3.07 *** -1.72 * -4.10 ***
(1.08) (1.04) (1.44)

Operator Education 0.40 * 0.36 0.56 *
(0.23) (0.23) (0.33)

Operator Age -0.03 -0.06 *** -0.04
(0.02) (0.02) (0.25)

Use of TMR 1.28 *** 1.41 *** 2.43 ***
(0.40) (0.39) (0.58)

Herd size 0.02 *** 0.02 *** 0.02 ***
(0.005) (0.005) (0.006)

AntiBioTech -0.34 0.04 -2.36 ***
(0.38) (0.37) (0.79)

Eastern Region 0.04 -0.03 0.90 *
(0.41) (0.41) (0.52)

Maximum Likelihood Estimates

Log Likelihood -262.49
Pseudo R squared 0.20

LR Chi Squared 134.56

Note: single asterisk indicates significance at the 0.1 level; double asterisk at the 0.05 level, 
and triple asterisk at the 0.01 level.

Non Adopter - Comparison Group
Coefficient estimates (std. errors)

Table 4: Multinomial Logit Analysis of the Dynamics of 
         rBST Adoption in Wisconsin: Baseline (1994-1995) to 2001



Variables Non-Adopter Disadopter Later Adopter

Constant 4.10 *** 1.03 2.38
(1.44) (1.60) (1.59)

Operator Education -0.56 * -0.16 -0.20
(0.33) (0.37) (0.37)

Operator Age 0.04 0.12 -0.02
(0.03) (0.03) (0.03)

Use of TMR -2.43 *** -1.14 * -1.02
(0.58) (0.64) (0.63)

Herd size -0.02 *** -0.006 0.0008
(0.006) (0.004) (0.004)

AntiBioTech 2.36 *** 2.02 ** 2.40 ***
(0.79) (0.83) (0.82)

Eastern Region -0.90 * -0.86 -0.93
(0.52) (0.58) (0.58)

Maximum Likelihood Estimates

Log Likelihood -262.49
Pseudo R squared 0.20

LR Chi Squared 134.56

Note: single asterisk indicates significance at the 0.1 level; double asterisk at the 0.05 
level, and triple asterisk at the 0.01 level.

Table 5:  Multinomial Logit Analysis of the Dynamics of 
rBST Adoption in Wisconsin: Baseline (1994-1995) to 2001

Earlier Adopter - Comparison Group
Coefficient estimates (std. errors)
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