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*UDGXDWH�3URJUDP�LQ�(FRORJ\�DQG�(YROXWLRQ��5XWJHUV��7KH�6WDWH�8QLYHUVLW\�RI�1HZ�-HUVH\������)RUDQ�+DOO��'XGOH\�
5RDG��1HZ�%UXQVZLFN��1HZ�-HUVH\����������VUNDXI#UFL�UXWJHUV�HGX�
�
�
�
$EVWUDFW�
�
([RWLF� SODQWV� RIWHQ� H[SDQG� LQWR� D�ZLGH� UDQJH� RI� KDELWDWV�� VRPH� YHU\� GLIIHUHQW� IURP� QDWLYH�
KDELWDWV���&KDUDFWHULVWLFV�RI�ERWK�WKH�VSHFLHV�DQG�WKH�KDELWDW�LW�LV�LQYDGLQJ�DUH�OLNHO\�WR�GHWHU�
PLQH�VXFFHVV���$V�D�PHDVXUH�RI�LQYDVLYH�SRWHQWLDO��WKH�SKHQRW\SLF�SODVWLFLW\�DQG�JHQHWLF�YDULD�
WLRQ�RI�0HODOHXFD�TXLQTXHQHUYLD��&DY���6�7��%ODNH�SRSXODWLRQV�ZDV�GHWHUPLQHG�� �7KLV�ZHW�
ODQG� WUHH�� LQWURGXFHG� LQWR� )ORULGD� IURP� $XVWUDOLD� EHJLQQLQJ� LQ� WKH� ODWH� ����V�� QRZ� FRYHUV�
PRUH�WKDQ���������DF�� �6HHGV�ZHUH�FROOHFWHG� IURP�SRSXODWLRQV� LQ�)ORULGD�DQG�KDOI�VLE�VHHG�
OLQJV·�SKHQRW\SLF� UHVSRQVHV� WR�PRLVWXUH� DQG�S+�FRQGLWLRQV�ZHUH�GHWHUPLQHG� LQ� WKH�JUHHQ�
KRXVH�� �7KHVH�YDULDEOHV�ZHUH�FKRVHQ�EHFDXVH� WKHVH� DUH� WZR�RI� WKH� FKDUDFWHULVWLFV� WKDW� YDU\�
JUHDWO\� DPRQJ� PHODOHXFD� KDELWDWV�� DQG� EHFDXVH� WKH� K\GURORJLF� UHVWRUDWLRQ� SODQV� IRU� WKH�
VRXWKHUQ� )ORULGD� UHJLRQ� LQYROYHV� LQFUHDVLQJ�ZDWHU� OHYHOV� LQ� WKH�(YHUJODGHV� HFRV\VWHP�� � $OO�
SRSXODWLRQV�H[KLELWHG�KLJK�OHYHOV�RI�SKHQRW\SLF�SODVWLFLW\��EXW�WKH\�JHQHUDOO\�JUHZ�WDOOHVW�DQG�
SURGXFHG�WKH�JUHDWHVW�ELRPDVV�ZLWK�ZDWHU� OHYHOV���FP�EHORZ�VRLO� VXUIDFH�DQG�PRGHUDWH�S+�
�S+� ���� � 7KHUH� ZHUH� VLJQLILFDQW� GLIIHUHQFHV� DPRQJ� SRSXODWLRQV�� LQGLFDWLQJ� JHQHWLF� GLIIHU�
HQFHV�DPRQJ�SRSXODWLRQV���7KH�KLJK�SODVWLFLW\�RI�WKH�SODQWV�SUREDEO\�LQIOXHQFHV�WKHLU�FRORQL]�
LQJ�DELOLW\��EXW�WKH�JHQHWLF�GLIIHUHQFHV�DPRQJ�SRSXODWLRQV�VKRXOG�DOVR�EH�WDNHQ�LQWR�FRQVLG�
HUDWLRQ�LQ�GHYHORSLQJ�PDQDJHPHQW�VWUDWHJLHV��
�
�
�
,QWURGXFWLRQ�
�
7KLV�VWXG\�H[DPLQHG�JHQHWLF�YDULDWLRQ�DQG�SKHQRW\SLF�SODVWLFLW\�LQ�SRSXODWLRQV�RI�
PHODOHXFD��0HODOHXFD�TXLQTXHQHUYLD� �&DY��� 6�7�� %ODNH� �0\UWDFHDH��� LQ� VRXWKHDVWHUQ�
)ORULGD��0HODOHXFD�SURYLGHV� D� XVHIXO� WHVW� VSHFLHV� IRU� H[DPLQLQJ� WKH� UROH�RI� WKHVH�
JHQHWLF�IDFWRUV�RQ�LQYDVLYHQHVV��0HODOHXFD�FXUUHQWO\�LQYDGHV�D�ZLGH�UDQJH�RI�QRYHO�
KDELWDWV�LQ�VRXWK�)ORULGD��PXFK�GLIIHUHQW�IURP�LWV�QDWLYH�KDELWDWV�LQ�HDVWHUQ�$XVWUD�
OLDQ�ZHWODQGV��7KHUH�LV�DOVR�UHODWLYHO\�UHOLDEOH�LQIRUPDWLRQ�RQ�WKH�WLPHV�DQG�VRXUFHV�
RI�WKH�LQWURGXFWLRQV�RI�PHODOHXFD�WR�VRXWKHUQ�)ORULGD���
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�
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*HQHWLF�YDULDWLRQ�DQG�SKHQRW\SLF�SODVWLFLW\�LQIOXHQFH�WKH�UDQJH�RI�SKHQRW\SHV�PH�
ODOHXFD� FRXOG� H[SUHVV�� 3KHQRW\SLF� SODVWLFLW\� FDQ� EH� GHILQHG� DV� WKH� DPRXQW� RI�
FKDQJH�H[SUHVVHG�LQ�D�WUDLW�RI�D�SDUWLFXODU�JHQRW\SH�XQGHU�GLIIHUHQW�HQYLURQPHQWV�
�%UDGVKDZ���������3KHQRW\SLF�SODVWLFLW\�PD\�EH�IDYRUHG�LQ�HQYLURQPHQWV�ZLWK�KLJK�
YDULDELOLW\�RU�XQSUHGLFWDELOLW\��DQG�FRXOG�HQDEOH�D�SODQW�WR�JURZ�LQ�D�ZLGH�UDQJH�RI�
QHZ�HQYLURQPHQWV��:HVW�(EHUKDUG�������� �3ODVWLFLW\�ZDV�RULJLQDOO\�FRQVLGHUHG�DQ�
DOWHUQDWLYH� VWUDWHJ\� WR� KDYLQJ� KLJK� OHYHOV� RI� JHQHWLF� YDULDWLRQ�� EXW� RUJDQLVPV� FDQ�
KDYH�ERWK�KLJK�OHYHOV�RI�JHQHWLF�YDULDWLRQ�DQG�SKHQRW\SLF�SODVWLFLW\��6FKHLQHU�DQG�
*RRGQLJKW�������4XLQQ��������
�
0\�HIIRUWV�IRFXVHG�RQ�GHWHUPLQLQJ�WKH�JHQHWLF�YDULDWLRQ�DQG�SKHQRW\SLF�SODVWLFLW\�
RI�IRXU�PHODOHXFD�SRSXODWLRQV�IURP�D�VLQJOH�LQWURGXFWLRQ�LQ�VRXWKHDVWHUQ�)ORULGD��
$�PRGHUDWH�DPRXQW�RI�JHQHWLF�GLYHUJHQFH�DQG�YDULDWLRQ��DPRQJ�DQG�ZLWKLQ�SRSX�
ODWLRQV��UHVSHFWLYHO\��ZDV�DQWLFLSDWHG��0HODOHXFD�ZDV�LQWURGXFHG�WR�WKH�0LDPL�DUHD�
LQ�������5RWKUD�������DQG�SUREDEO\�XQGHUZHQW�D�VHYHUH�JHQHWLF�ERWWOHQHFN�GXULQJ�
LWV�LQWURGXFWLRQ���+RZHYHU��JLYHQ�WKDW�WUHHV�FDQ�SURGXFH�VHHG�DIWHU�RQO\�����\U��WKH�
PHODOHXFD� LQ�)ORULGD�KDV�SURGXFHG� IURP���� WR���� JHQHUDWLRQV��ZLWK�KXQGUHGV�RI�
WKRXVDQGV�RI�WUHHV�LQ�HDFK�JHQHUDWLRQ��:KHQ�D�SRSXODWLRQ�LV�DEOH�WR�H[SDQG�UDSLGO\�
DIWHU�LQWURGXFWLRQ��LW�LV�XQOLNHO\�WR�ORVH�PXFK�RI�LWV�LQLWLDO�JHQHWLF�YDULDWLRQ��1HL�HW�
DO����������7KHUH�PD\�EH�D�VKLIW�LQ�DOOHOH�IUHTXHQFLHV�LQ�WKH�IRXQGLQJ�SRSXODWLRQ��DV�
FRPSDUHG�WR�WKH�VRXUFH�SRSXODWLRQ��GXH�HLWKHU�WR�JHQHWLF�GULIW�RU�WR�QHZ�VHOHFWLRQ�
SUHVVXUHV�IDYRULQJ�GLIIHUHQW�JHQRW\SHV��1HL�HW�DO��������%DUWRQ�DQG�&KDUOHVZRUWK�
�������1HZ�VHOHFWLRQ�SUHVVXUHV�FDQ�DOVR�IDYRU�WKH�VSUHDG�RI�DQ\�IDYRUDEOH�JHQHWLF�
PXWDWLRQV� LQ� WKH� IRXQGLQJ� SRSXODWLRQ�� UHVXOWLQJ� LQ� JHQHWLF� FKDQJH� LQ� WKH� QHZ�
SRSXODWLRQ� �6ODWNLQ� ������� 7KH� IRXU� SRSXODWLRQV� JURZ� XQGHU� GLIIHUHQW� HQYLURQ�
PHQWDO�FRQGLWLRQV�LQ�WKH�ILHOG��H�J���GLIIHUHQW�VRLO�W\SHV�DQG�K\GURSHULRGV��DQG�WKDW�
FRXOG�KDYH�OHG�WR�JHQHWLF�GLYHUJHQFH���$OWHUQDWLYHO\��WKHUH�FRXOG�EH�OLWWOH�RU�QR�JH�
QHWLF�GLYHUJHQFH��LQGLFDWLQJ�OLWWOH�HIIHFW�RI�VHOHFWLYH�GLIIHUHQFHV�DPRQJ�KDELWDWV���
�
3RSXODWLRQV�JURZLQJ�FORVH�WRJHWKHU�ZHUH�H[SHFWHG�WR�EH�PRUH�VLPLODU�WR�HDFK�RWKHU�
SKHQRW\SLFDOO\�WKDQ�WKRVH�JURZLQJ�IDUWKHU�DSDUW���+DELWDWV�RI�SRSXODWLRQV�JURZLQJ�
FORVH�WRJHWKHU�VKDUH�PRUH�IHDWXUHV�DQG��FRQVHTXHQWO\��PRUH�VLPLODU�VHOHFWLYH�SUHV�
VXUHV�RQ�SKHQRW\SH�� �1R�SDWWHUQ� LQ�SKHQRW\SLF� VLPLODULW\�ZRXOG� VXJJHVW� WKDW� WKH�
GLIIHUHQFHV�LQ�KDELWDWV�GR�QRW�LPSDFW�WKHVH�SRSXODWLRQV����
�
)LQDOO\��PRVW�RI�WKH�SKHQRW\SLF�YDULDWLRQ�ZHUH�H[SHFWHG� WR�EH�GXH� WR�SKHQRW\SLF�
SODVWLFLW\��UDWKHU�WKDQ�VROHO\�WR�JHQHWLF�YDULDWLRQ���,Q�$XVWUDOLD��PHODOHXFD�JURZV�XQ�
GHU�D�ZLGH�UDQJH�RI�HQYLURQPHQWDO�FRQGLWLRQV��DQG�WKH�QDWLYH�KDELWDWV�FDQ�XQGHUJR�
VLJQLILFDQW�VKRUW�WHUP�HQYLURQPHQWDO�IOXFWXDWLRQV�ZLWKLQ�SRSXODWLRQV���7KHVH�FRQ�
GLWLRQV�FDQ�IDYRU�WKH�HYROXWLRQ�RI�SKHQRW\SLF�SODVWLFLW\��6FKHLQHU�DQG�*RRGQLJKW�
������4XLQQ�������� � ,I� JHQHWLF� YDULDWLRQ� LV� KLJK� DQG�SKHQRW\SLF�SODVWLFLW\� ORZ�� LW�
ZRXOG�LQGLFDWH�WKDW�JHQHWLF�YDULDWLRQ�ZLWKLQ�SRSXODWLRQV�ZDV�YHU\�LPSRUWDQW�LQ�HQD�
EOLQJ�SODQWV�WR�VXUYLYH�XQGHU�WKH�UDQJH�RI�HQYLURQPHQWDO�FRQGLWLRQV�HQFRXQWHUHG����
+RZHYHU��SRSXODWLRQV�DOVR�FRXOG�GLIIHU�LQ�DPRXQWV�RI�SKHQRW\SLF�SODVWLFLW\�GXH�WR�
JHQHWLF�GLYHUJHQFH�DPRQJ�WKH�SRSXODWLRQV��
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0HODOHXFD�TXLQTXHQHUYLD� LV�QDWLYH�WR�HDVWHUQ�$XVWUDOLD��1HZ�=HDODQG��DQG�1HZ�&DOH�
GRQLD��ZKHUH�LW�JHQHUDOO\�JURZV�LQ�VHDVRQDOO\�IORRGHG�FRDVWDO�DQG�ULYHULQH�KDELWDWV�
LQ�RSHQ�VWDQGV��HLWKHU� LQ�PL[HG�RU�PRQRVSHFLILF�SRSXODWLRQV�� �3HRSOH� LQWURGXFHG�
WKH�VSHFLHV�LQWR�)ORULGD��&DOLIRUQLD��+DZDLL��3XHUWR�5LFR��DQG�0DOD\VLD��WKH�VSHFLHV�
LV�QRZ�FRQVLGHUHG�LQYDVLYH�LQ�)ORULGD�DQG�+DZDLL���,Q�)ORULGD��LW�SULPDULO\�RFFXSLHV�
DQWKURSRJHQLFDOO\�GLVWXUEHG�VLWHV��VDZJUDVV�SUDLULHV��SLQHODQGV��DQG�F\SUHVV�GRPHV���
,W�JHQHUDOO\�JURZV�LQ�YHU\�GHQVH��PRQRVSHFLILF�VWDQGV��ZLWK�IHZ�XQGHUVWRU\�SODQWV��
�
,Q�)ORULGD��WKRXJK�SHDN�IORZHULQJ�RFFXUV�LQ�VXPPHU�DQG�IDOO��WUHHV�IORZHU�DQG�SUR�
GXFH�VHHGV�\HDU�URXQG���7UHHV�FDQ�IORZHU�XS�WR�ILYH�WLPHV�SHU�\HDU���,QVHFWV�SROOL�
QDWH�WKH�IORZHUV��DQG�IORZHUV�FDQ�VHOI�SROOLQDWH��9DUGDPDQ��������:RRG\�FDSVXOHV�
FRQWDLQ�DEXQGDQW�VHHGV�DQG�UHOHDVH�WKHP�ZKHQ�WKH�FDSVXOHV�GHVLFFDWH��DV�KDSSHQV�
DIWHU�D�ILUH�RU�ZKHQ�D�EUDQFK�EUHDNV���(DFK�FDSVXOH�FRQWDLQV���������VHHGV���PP�
ORQJ� �HDFK� �:RRGDOO�������%RGOH�HW�DO��������� �:LQG�DQG�SRVVLEO\�ZDWHU�GLVSHUVH�
WKH�VHHGV��%RGOH�HW�DO���������
�
�
0HWKRGV�
�
6WXG\�VLWHV�
�
6HHG�ZDV�FROOHFWHG�IURP�IRXU�VLWHV�LQ�VRXWKHUQ�)ORULGD��)LJ�������3RSXODWLRQV�(DVW��
DQG�(DVW�D�ZHUH� ORFDWHG� LQ�WKH�QRUWKHDVWHUQ�FRUQHU�RI�(YHUJODGHV�1DWLRQDO�3DUN��
DORQJ�WKH�ZHVW�VLGH�RI�WKH�/���FDQDO������NP�DQG�����NP�VRXWK�RI�7DPLDPL�7UDLO�
�8�6��5RXWH������UHVSHFWLYHO\���7KHVH�VLWHV�UHPDLQ�FRQVWDQWO\�IORRGHG�� �3RSXODWLRQ�
(DVW��ZDV�ORFDWHG�DORQJ�WKH�ZHVW�VLGH�RI�6WDWH�5RDG������DFURVV�IURP�7KRPSVRQ�
3DUN���7KH�ROGHU�SRUWLRQ�RI�WKH�VWDQG�DW�WKLV�VLWH�IORRGV�VHDVRQDOO\��DQG�WKH�\RXQJHU�
SRUWLRQ�LV�FRQVWDQWO\�IORRGHG���3RSXODWLRQ�2NHHFKREHH�ZDV�ORFDWHG�DORQJ�WKH�/DNH�
2NHHFKREHH�ULP�FDQDO�LQ�&OHZLVWRQ���7KLV�VLWH�UDQJHV�IURP�DOZD\V�GU\�LQ�WKH�ROGHU�
SRUWLRQ� RI� WKH� VWDQG� WR� FRQVWDQWO\� IORRGHG� LQ� WKH� \RXQJHU� SRUWLRQ� RI� WKH� VWDQG��
7KH� SRSXODWLRQV� DW� WKHVH� IRXU� VLWHV� SUREDEO\� RULJLQDWHG� IURP� D� WHDVSRRQIXO� RI�
VHHGV� LQWURGXFHG�E\� -RKQ�*LIIRUG� WR�KLV� HVWDWH� LQ�&RUDO�*DEOHV� LQ� ����� �5RWKUD�
��������$OO�RI�WKHVH�SRSXODWLRQV�FRORQL]HG�ODQG�WKDW�ZDV�GLVWXUEHG�ZKHQ�WKH�FDQDOV�
ZHUH�EXLOW���3RSXODWLRQV�(DVW��DQG�(DVW�D�DUH�QRZ�LQYDGLQJ�UHDWLYHO\�XQGLVWXUEHG�
VDZJUDVV�SUDLULHV��EXW�SRSXODWLRQV�(DVW��DQG�2NHHFKREHH�DUH� LQYDGLQJ�PRUH�GLV�
WXUEHG� VDZJUDVV� DUHDV�� WKH� ODWWHU� DUH� PRUH� FRQILQHG� E\� VXUURXQGLQJ� FDQDOV� DQG�
URDGV��
�
6HHG�FROOHFWLRQ�DQG�JHUPLQDWLRQ�
�
6HHG�FDSVXOHV�ZHUH�FROOHFWHG�IURP�DW�OHDVW����RSHQ�SROOLQDWHG�WUHHV�LQ�SRSXODWLRQV�
(DVW���(DVW���DQG�2NHHFKREHH��DQG�IURP�WHQ�WUHHV�LQ�(DVW�D��GXULQJ�-DQXDU\��������
7KH� WUHHV� VHOHFWHG�ZHUH� DW� OHDVW� ��P� DSDUW� DQG� UDQJHG� LQ� VL]H� IURP� �����P� WDOO����
6HHG�FDSVXOHV�ZHUH�FROOHFWHG�E\�KDQG�RU�ZLWK�WKH�DLG�RI�D�SUXQLQJ�SROH�DQG�SODFHG�
LQ�ODEHOHG�SODVWLF�EDJV���7KH�VHHG�FDSVXOHV�ZHUH�DOORZHG�WR�GU\�LQ�WKH�VXQ�XQWLO�WKH\�
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RSHQHG�� 7KH� VHHGV� JHUPLQDWHG� LQ� WKH� JUHHQKRXVH� DW� 5XWJHUV� 8QLYHUVLW\� LQ� -XQH�
����� LQ� WUD\V� ILOOHG�ZLWK� SRWWLQJ� VRLO� �0HWURPL[� ������ 7KH� VHHGOLQJV� ZHUH�PDLQ�
WDLQHG�LQ�WKH�JUHHQKRXVH�XQWLO�WKH\�ZHUH�DW�OHDVW���FP�WDOO��DERXW���ZHHNV����
�
([SHULPHQWDO�GHVLJQ�
 
6HHGOLQJV�ZHUH�JURZQ�IURP�PRWKHU�WUHHV�RI�GLIIHUHQW�SRSXODWLRQV�XQGHU�D�UDQJH�RI�
HQYLURQPHQWDO�FRQGLWLRQV��WR�GHWHUPLQH�WKH�UHDFWLRQ�QRUPV�RI�VHYHUDO�WUDLWV�RI�WKH�
VHHGOLQJV���,Q�WKLV�H[SHULPHQW��,�FRXOG�SDUWLWLRQ�SKHQRW\SLF�YDULDWLRQ�LQWR�ERWK�JH�
QHWLF�DQG�HQYLURQPHQWDO�FRPSRQHQWV���
�
7KLUW\�VL[� VHHGOLQJV� ZHUH� XVHG� IURP� HDFK�PRWKHU� WUHH�� HLJKW� PRWKHU� WUHHV� IURP�
HDFK�RI� WKH� IRXU�SRSXODWLRQV� �D� WRWDO� RI� ����� VHHGOLQJV��� �7KHUH�ZHUH� IRXU� WUHDW�
PHQW�FRPELQDWLRQV�� � ORZ�ZDWHU�DQG� ORZ�S+�� ORZ�ZDWHU�DQG�KLJK�S+��KLJK�ZDWHU�
DQG�ORZ�S+��DQG�KLJK�ZDWHU�DQG�KLJK�S+���)RU�WKH�ORZ�S+�WUHDWPHQWV��VHHGOLQJV�DW�
OHDVW���FP�WDOO�ZHUH�WUDQVSODQWHG� LQWR�D�����VWHULOL]HG�VDQG�0HWURPL[�����PL[WXUH���
)RU� WKH� KLJK� S+� WUHDWPHQWV�� VHHGOLQJV� ZHUH� WUDQVSODQWHG� LQWR� D� ������� VDQG�
0HWURPL[�FUXVKHG�OLPHVWRQH�PL[WXUH���/RZ�S+�WUHDWPHQWV�KDG�D��S+�RI�DSSUR[L�
PDWHO\�����DQG�KLJK�S+�WUHDWPHQWV�KDG�D�S+�RI�DSSUR[LPDWHO\�������)RU�WKH�KLJK�

0LDPL

)RUW�0\HUV

/DNH
�2NHHFKREHH
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6FDOH�RI�0LOHV

2NHHFKREHH

(DVW��
(DVW��
(DVW��D

)LJXUH�����/RFDWLRQ�RI�VWXG\�VLWHV��
��LQ�VRXWKHUQ�)ORULGD��
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ZDWHU� WUHDWPHQW�� WKH�ZDWHU� OHYHOV�ZHUH�PDLQWDLQHG� DW� ��� FP�� WKH� OHYHO� RI� WKH� VRLO�
PL[WXUH�LQ�WKH�SRW��VR�WKH�URRWV�ZHUH�DOZD\V�IORRGHG���)RU�WKH�ORZ�ZDWHU�WUHDWPHQW��
WKH�ZDWHU� OHYHO�ZDV�NHSW�DW�DERXW���FP�DERYH� WKH�ERWWRP�RI� WKH�SRW�� VR� WKH�VRLO�
ZDV�FRQVWDQWO\�PRLVW�� �7KUHH�VHHGOLQJV� IURP�HDFK� WUHH�ZHUH�SODFHG� LQ�HDFK� WUHDW�
PHQW�FRPELQDWLRQ��(DFK�WUHDWPHQW�ZDV�UHSOLFDWHG�WKUHH�WLPHV��
�
'DWD�FROOHFWLRQ�DQG�DQDO\VLV�
 
$Q\�FKDUDFWHULVWLF�RI�D�VSHFLHV�WKDW�DOORZV�LW�WR�FRORQL]H�UDSLGO\�ZLOO�LQFUHDVH�LQYD�
VLYHQHVV�� 6LQFH� VHHGOLQJ� HVWDEOLVKPHQW� LV� D� FULWLFDO� SKDVH� RI� PHODOHXFD·V� LQYDVLYH�
SURFHVV�� VHHGOLQJ� FKDUDFWHULVWLFV�ZHUH�PHDVXUHG�� �7KH� LQLWLDO� KHLJKWV� RI� WKH� VHHG�
OLQJV�ZHUH�PHDVXUHG�RQ����-XO\�������DQG�DJDLQ�RQ����-XO\����$XJXVW�����$XJXVW��
���$XJXVW��DQG����'HFHPEHU���7KH�IRXUWK�OHDI�EHORZ�WKH�DSLFDO�PHULVWHP�ZDV�FRO�
OHFWHG�LQ�'HFHPEHU�DQG�LWV�OHQJWK�DQG�ZLGWK�PHDVXUHG��$ERYH�JURXQG�ELRPDVV�RI�
HDFK�VHHGOLQJ�ZDV�KDUYHVWHG�GXULQJ�WKH�ZHHN�RI���'HFHPEHU�DQG�RYHQ�GULHG�DQG�
ZHLJKHG�XVLQJ�D�WRS�ORDGLQJ�EDODQFH��
�
/HDI�OHQJWK�ZDV�ORJ�WUDQVIRUPHG�WR�ZLGWK�UDWLRV�DQG�ELRPDVV�WR�LPSURYH�QRUPDO�
LW\��*URZWK�UDWH�ZDV�FDOFXODWHG�IURP�ORJ�KHLJKWV�� �$OO�ZDWHU�DQG�S+�HIIHFWV�ZHUH�
WUHDWHG�DV�IL[HG�HIIHFWV���3RSXODWLRQ�DQG�IDPLO\��WUHH��HIIHFWV�ZHUH�FRQVLGHUHG�UDQ�
GRP�� VLQFH� WKHUH� DUH� WKRXVDQGV�RI�SRSXODWLRQV�� HDFK�ZLWK� WKRXVDQGV�RI� WUHHV�� LQ�
VRXWKHUQ�)ORULGD�� �7KH�GDWD�ZDV� DQDO\]HG� XVLQJ� 6$6�352&�*/0�DQG�7\SH� ,,,�
VXPV� RI� VTXDUHV� �6$6� ������� � )�WHVWV� ZHUH� GRQH� EDVHG� RQ� WKH� H[SHFWHG� PHDQ�
VTXDUH� FDOFXODWLRQV� RI� WKH� 6FKHIIp�PRGHO� IRU� PL[HG� HIIHFWV� �$\UHV� DQG� 7KRPDV�
������� � 7KLV�PRGHO� LV� XVHIXO� IRU� HVWLPDWLQJ� JHQHWLF� DQG� SKHQRW\SLF� YDULDQFHV� LQ�
SRSXODWLRQV�RFFXS\LQJ�D�GHILQHG�VHW�RI�HQYLURQPHQWV��)U\��������7KH�WRWDO�SKHQR�
W\SLF� YDULDWLRQ� LV� SDUWLWLRQHG� LQWR� YDULDQFH� FRPSRQHQWV� IRU� SRSXODWLRQ� HIIHFWV��
IDPLOLHV�QHVWHG�ZLWKLQ�SRSXODWLRQV�� WUHDWPHQW�GLIIHUHQFHV��ZDWHU�DQG�S+���DQG�LQ�
WHUDFWLRQV�E\�HTXDWLQJ�REVHUYHG�PHDQ�VTXDUHV�ZLWK�WKH�H[SHFWHG�PHDQ�VTXDUHV�IRU�
HDFK�FRPSRQHQW����
�
$�VLJQLILFDQW�HIIHFW�RI�SRSXODWLRQ�LQGLFDWHV�JHQHWLF�GLIIHUHQFHV�DPRQJ�SRSXODWLRQV��
DQG� VLJQLILFDQW� GLIIHUHQFHV� DPRQJ� IDPLOLHV� �ZLWKLQ� SRSXODWLRQV�� UHIOHFW� ZLWKLQ�
SRSXODWLRQ�JHQHWLF�YDULDQFH���:DWHU�DQG�S+�HIIHFWV�UHSUHVHQW�SKHQRW\SLF�SODVWLFLW\�
LQ�SRSXODWLRQV��LQ�UHVSRQVH�WR�FKDQJHV�LQ�WKRVH�LPSRUWDQW�HQYLURQPHQWDO�YDULDEOHV���
6LJQLILFDQW�SRSXODWLRQ��RU�IDPLO\��E\�HQYLURQPHQW�LQWHUDFWLRQV�LQGLFDWH�WKDW�DW�OHDVW�
WZR�SRSXODWLRQV��RU�IDPLOLHV��GLIIHU�IURP�HDFK�RWKHU�LQ�DPRXQWV�RI��SODVWLFLW\���7KH�
SDWWHUQ� RI� SODVWLFLW\� LV� VHHQ� LQ� DQ\� FKDQJHV� LQ� WKH� UDQN� RUGHU� RI� SRSXODWLRQV� �RU�
IDPLOLHV��LQ�GLIIHUHQW�HQYLURQPHQWV��
�
�
5HVXOWV�
�
$PRQJ�SRSXODWLRQV��DOO�WUDLWV�H[FHSW�ELRPDVV�VKRZHG�VLJQLILFDQW�GLIIHUHQFHV��7DEOH�
����9DULDQFH�DPRQJ�SRSXODWLRQV�DFFRXQWHG�IRU�XS� WR��������RI� WKH� WRWDO�SKHQR�

.DXIPDQ�



�������
)ORULGD·V�*

DUGHQ�RI�*
RRG�DQG�(

YLO�

7DEOH� ��� � (QYLURQPHQWDO� H[SHULPHQW� YDULDQFH� �YDU�� FRPSRQHQWV� DQG� SHUFHQWDJHV� RI� YDULDWLRQ� H[SODLQHG� E\� SRSXODWLRQ�� IDPLO\�
�QHVWHG�ZLWKLQ�SRSXODWLRQ���VHHGOLQJ��HUURU�WHUP���HQYLURQPHQW��ZDWHU�DQG�S+���DQG�LQWHUDFWLRQV���9DULDEOHV�LQFOXGH�WKH�UDWLR�RI�OHDI�
OHQJWK�WR�ZLGWK��O�Z���ELRPDVV��KHLJKW�DW�����GD\V��DQG�RYHUDOO�JURZWK�UDWH�IURP�������GD\V���3�YDOXHV�IURP�XQLYDULDWH�$QDO\VLV�RI�
9DULDQFHV�DUH�UHSRUWHG��
� �S�������
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W\SLF�YDULDQFH��7DEOH������2NHHFKREHH�SODQWV�KDG�WKH�VPDOOHVW�OHDI�OHQJWK�WR�ZLGWK�
UDWLRV��ZHUH�WKH�WDOOHVW��DQG�KDG�WKH�KLJKHVW�JURZWK�UDWH�LQ�DOO�WUHDWPHQW�FRPELQD�
WLRQV��)LJ������3RSXODWLRQV�WKDW�ZHUH�IXUWKHU�DSDUW�KDG�JUHDWHU�GLIIHUHQFHV�EHWZHHQ�
WKHLU�WUDLWV��7DEOH������)RU�H[DPSOH��(DVW��DQG�(DVW�D�GLG�QRW�VKRZ�DQ\�VLJQLILFDQW�
GLIIHUHQFHV� LQ� KHLJKW��ZKHUHDV� ERWK� GLIIHUHG� JUHDWO\� LQ� KHLJKW� IURP�2NHHFKREHH��
$PRQJ� IDPLOLHV� �ZLWKLQ� SRSXODWLRQV��� KRZHYHU�� HYHU\� FKDUDFWHULVWLF� PHDVXUHG�
VKRZHG� VLJQLILFDQW� GLIIHUHQFHV�� � 9DULDQFH� DPRQJ� IDPLOLHV� DFFRXQWHG� IRU� XS� WR�
�������RI�WKH�WRWDO�SKHQRW\SLF�YDULDQFH���9DULDQFH�ZLWKLQ�VLEVKLSV��HUURU�YDULDQFH��
DFFRXQWHG� IRU� WKH� KLJKHVW� SURSRUWLRQ� RI� SKHQRW\SLF� YDULDQFH�� UDQJLQJ� IURP� ���
�����7DEOH������7KH�HUURU�YDULDQFH�LV�GXH�WR�PLFUR�HQYLURQPHQWDO�GLIIHUHQFHV�DQG�
GLIIHUHQFHV�EHWZHHQ�VLEOLQJV�IURP�WKH�VDPH�IDPLO\��
�
,Q�UHVSRQVH�WR�ERWK�S+�DQG�ZDWHU�OHYHOV��DOO�RI�WKH�FKDUDFWHULVWLFV�VKRZHG�VLJQLIL�
FDQW�GLIIHUHQFHV��GHPRQVWUDWLQJ�D�KLJK�OHYHO�RI�SKHQRW\SLF�SODVWLFLW\�LQ�WKHVH�SODQWV�
�)LJ������ �,Q�JHQHUDO�� WKH�PDJQLWXGH�RI�WKH�SKHQRW\SLF� UHVSRQVH� WR�S+�ZDV� ORZHU�
WKDQ�WKH�GLIIHUHQFHV�GXH�WR�ZDWHU�OHYHO���3ODQWV�JHQHUDOO\�KDG�VPDOOHU�OHDYHV�LQ�WKH�
KLJK�ZDWHU�KLJK�S+� WUHDWPHQW�� �/RZ�ZDWHU� WUHDWPHQWV� WHQGHG� WR� UHVXOW� LQ� ODUJHU�
OHDYHV�DQG�WDOOHU�SODQWV��ZLWK�D�KLJKHU�JURZWK�UDWH���+HLJKW�GHPRQVWUDWHG�D�VLJQLIL�
FDQW� LQWHUDFWLRQ� HIIHFW� EHWZHHQ� WKH� ZDWHU� DQG� S+� WUHDWPHQW�� LQGLFDWLQJ� WKDW� WKH�
FRPELQDWLRQ�RI�WKH�S+�DQG�ZDWHU�GHSWK�DIIHFWHG�KHLJKW�GLIIHUHQWO\�WKDQ�ZRXOG�EH�
H[SHFWHG� IURP� WKH� VHSDUDWH� UHVSRQVHV�� 7UHHV�ZLWKLQ� SRSXODWLRQV� GLIIHUHG� VLJQLIL�
FDQWO\� LQ�SODVWLFLW\� �WUHH�[� WUHDWPHQW� LQWHUDFWLRQV��RI�FKDUDFWHULVWLFV�� LQ�ERWK�ZDWHU�
DQG�S+�WUHDWPHQWV��7DEOH������

7DEOH����7UDLW�PHDQV�RI�SRSXODWLRQV�IURP�VRXWK��(DVW�E��WR�QRUWK��2NHHFKREHH���
DFURVV�WUHDWPHQWV��LQ�HQYLURQPHQWDO�VWXG\��7UDLWV�LQFOXGH�OHDI�OHQJWK�WR�ZLGWK�UDWLR�
�O�Z���KHLJKW�DW�����GD\V��FP���ORJ�JURZWK�UDWHV��PP�GD\���DQG�ORJ�ELRPDVV��PJ����
/HWWHUV�LQGLFDWH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�SRSXODWLRQV�IRU�WKDW�WUDLW�DV�PHDV�
XUHG�E\�'XQFDQ·V�0XOWLSOH�5DQJH� WHVW�� �%HWZHHQ�SRSXODWLRQ� DQDO\VLV� RI� ELRPDVV�
ZDV�QRW�FRQGXFWHG�EHFDXVH�SRSXODWLRQ�ZDV�QRW�D�VLJQLILFDQW�HIIHFW�LQ�WKH�$129$�
IRU�ELRPDVV���
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'LVFXVVLRQ�
�
([DPLQLQJ�WKH�VSUHDG�RI�LQYDVLYH�H[RWLFV�LQ�DQ�HFRORJLFDO�DQG�HYROXWLRQDU\�FRQWH[W�
SURYLGHV�D� IUDPHZRUN�IRU� LGHQWLI\LQJ�IDFWRUV� LQIOXHQFLQJ� WKH�SDWWHUQ�DQG�SUHGLFW�
DELOLW\�RI�VSUHDG���&KDUDFWHULVWLFV�RI�WKH�VSHFLHV�WKDW�PDNH�LW�D�JRRG�FRORQL]HU��KDEL�
WDW�LQYDVLELOLW\��DQG�WKH�DGDSWLYH�UHVSRQVH�RI�RUJDQLVPV�WR�QHZ�KDELWDWV�ZLOO�DOO�LQ�
IOXHQFH�LQYDVLYHQHVV��)LJ������-DLQ�DQG�0DUWLQV�������0RUDQ�HW�DO��������%HQQLQJ�
WRQ� DQG�0F*UDZ�������:LOOLDPV� HW� DO�� ������� �7KLV� LQIRUPDWLRQ� VKRXOG� EH� XVHG�
ZKHQ�SODQQLQJ�PDQDJHPHQW� VWUDWHJLHV�� � )RU� H[DPSOH�� WKH� HIIHFWLYHQHVV� RI� KHUEL�
FLGHV�DQG�ELRORJLFDO�FRQWURO�DJHQWV�DUH�NQRZQ�WR�YDU\�DPRQJ�JHQRW\SHV�RI�PDQ\�
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)LJXUH� ���5HDFWLRQ� QRUPV� IRU� �D�� ORJ� OHDI� OHQJWK�ZLGWK� �O�Z��� �E�� DYHUDJH� KHLJKW�
�FP��� �F�� ORJ�JURZWK� UDWH� �PP�GD\��� DQG� �G�� � ELRPDVV� �PJ�� IRU� HDFK�SRSXODWLRQ���
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SODQW�VSHFLHV��:HLV�DQG�%HUHQEDXP�������5D\DFKKHWU\�HW�DO�����������
�
,I�WKHUH�DUH�JHQHWLF�GLIIHUHQFHV�DPRQJ�WKHVH�PHODOHXFD�SRSXODWLRQV�GHULYHG�IURP�D�
VLQJOH� LQWURGXFWLRQ�� SRSXODWLRQV� IURP� RWKHU� LQWURGXFWLRQV� DUH� H[SHFWHG� WR� GLIIHU�
HYHQ�PRUH�JHQHWLFDOO\���&XUUHQW�VWXGLHV�RQ�D�ELRORJLFDO�FRQWURO�DJHQW�IRU�PHODOHXFD��
2[\RSV�YLWLRVD�3DVFRH�� D� ZHHYLO�� LQ� SRSXODWLRQV� IURP� GLIIHUHQW� LQWURGXFWLRQV�� PD\�
\LHOG� LPSRUWDQW� LQIRUPDWLRQ� RQ� WKH� UHVSRQVH� RI� DW� OHDVW� RQH� ELRORJLFDO� FRQWURO�
DJHQW�WR�SRSXODWLRQ�GLIIHUHQFHV��$��'UD\��SHUV��FRPP�����������&RQWURO�DJHQW�HIIHF�
WLYHQHVV�FRXOG�DOVR�EH�DIIHFWHG�E\�WKH�SKHQRW\SLF�SODVWLFLW\�RI�WKH�VSHFLHV���,I�PRU�
SKRORJLFDO� FKDUDFWHULVWLFV� FKDQJH� XQGHU� GLIIHUHQW� HQYLURQPHQWDO� FRQGLWLRQV�� LW� LV�
OLNHO\�WKDW�SK\VLRORJLFDO�FKDQJHV�RFFXU�DV�ZHOO���%RWK�W\SHV�RI�FKDQJHV�FRXOG�LPSDFW�
D�SODQW·V�UHVLVWDQFH�WR�KHUELFLGHV�RU�ELRORJLFDO�FRQWURO�DJHQWV���
�
7KLV�VWXG\�GHPRQVWUDWHG�VLJQLILFDQW�JHQHWLF�GLIIHUHQFHV�DPRQJ�PHODOHXFD�SRSXOD�
WLRQV�IRU�VHYHUDO�WUDLWV�WKDW�FRXOG�FRQWULEXWH�WR�LQYDVLYHQHVV���,W�LV�DOVR�QRWDEOH�WKDW�
WUDLWV�DOVR�VHHPHG�WR�IROORZ�D�ODWLWXGLQDO�JUDGLHQW��ZLWK��OHDI�ZLGWK�DQG�SODQW�KHLJKW�
LQFUHDVLQJ��IURP�VRXWK�WR�QRUWK���$QDO\VLV�RI�PRUH�WKDQ�IRXU�SRSXODWLRQV�DORQJ�WKH�
JUDGLHQW�ZRXOG�EH�QHHGHG�WR�FRQILUP�WKLV�WUHQG��EXW�WKH�REVHUYDWLRQ�LV�ZRUWK�SXU�
VXLQJ�EHFDXVH�LW�LPSOLHV�DGDSWLYH�UDGLDWLRQ�VLQFH�LQLWLDO�FRORQL]DWLRQ���$GDSWDWLRQ�WR�

)LJXUH�����0RGHO�RI�VSHFLHV��KDELWDW��DQG�DGDSWLYH�UHVSRQVH�HIIHFWV�RQ�LQYDVLYHQHVV��
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ORFDO� HQYLURQPHQWDO� FRQGLWLRQV� FRXOG� OHDG� WR� WKLV� SDWWHUQ� RI� JHQHWLF� YDULDWLRQ� LI�
VRPH�HQYLURQPHQWDO�FRQGLWLRQ�RU�VHW�RI�FRQGLWLRQV�LV�FKDQJLQJ�DORQJ�WKH�VDPH�ODWL�
WXGLQDO�JUDGLHQW����
 
'HVSLWH� UHDO� JHQHWLF� GLIIHUHQFHV� DPRQJ� SRSXODWLRQV�� ZLWKLQ� SRSXODWLRQ� JHQHWLF�
YDULDWLRQ�ZDV�XVXDOO\�JUHDWHU��7KH�DPRXQW�RI�ZLWKLQ�SRSXODWLRQ�YDULDQFH�ZDV�VRPH�
ZKDW�XQH[SHFWHG�EHFDXVH�RI�WKH�FRORQL]DWLRQ�SDWWHUQ�RI�PHODOHXFD���*HQHUDOO\��RQH�
RU� D� IHZ� WUHHV�HVWDEOLVK�DQG�RIIVSULQJ�DUH�GLVSHUVHG� UHODWLYHO\� FORVH� WR� WKH�SDUHQW�
WUHHV���&RQVHTXHQWO\�� WUHHV�ZLWKLQ�D�SRSXODWLRQ�DUH�H[SHFWHG�WR�EH�FORVHO\�UHODWHG���
*HQHWLF� YDULDWLRQ� PD\� UHPDLQ� KLJK� VLQFH� SRSXODWLRQV� H[SDQG� UDSLGO\�� DVVXPLQJ�
SURJHQ\�DUH�XVXDOO\�RXWFURVVHG��1HL�HW�DO���������
�
7KH�DPRXQW�DQG�SDWWHUQ�RI�SKHQRW\SLF�SODVWLFLW\�GLG�QRW�GLIIHU�VLJQLILFDQWO\�DPRQJ�
SRSXODWLRQV�� EXW� IDPLOLHV� ZLWKLQ� SRSXODWLRQV� GLIIHUHG� LQ� DPRXQWV� RI� SKHQRW\SLF�
SODVWLFLW\� XQGHU�ERWK�ZDWHU� DQG�S+� WUHDWPHQWV� IRU� JURZWK� UDWH�� KHLJKW�� DQG�ELR�
PDVV��3KHQRW\SLF�SODVWLFLW\� LQ�UHVSRQVH�WR�ZDWHU�DQG�S+�YDULHV�PRUH�ZLWKLQ�WKDQ�
DPRQJ�SRSXODWLRQV���
�
$OO�RI�WKH�WUDLWV�PHDVXUHG�ZHUH�SODVWLF�LQ�WKHLU�UHVSRQVH�WR�ZDWHU�OHYHO�DQG�S+��DQG�
WKH� ZDWHU� E\� S+� LQWHUDFWLRQ� DIIHFWHG� KHLJKW� DV� ZHOO�� � 3ODQWV� JHQHUDOO\� DFKLHYHG�
JUHDWHU�KHLJKWV�DQG�KDG�D�KLJKHU�JURZWK�UDWH�XQGHU� WKH� ORZ�ZDWHU�ORZ�S+� WUHDW�
PHQW���7KH�PDJQLWXGH�RI�WKH�UHVSRQVH�WR�S+�ZDV�VXUSULVLQJ�EHFDXVH��LQ�WKH�HDVWHUQ�
(YHUJODGHV��SODQWV�WHQG�WR�JURZ�XQGHU�KLJKHU�S+�FRQGLWLRQV��S+�!����WKDQ�ZHUH�
UHSUHVHQWHG� LQ�WKLV�H[SHULPHQW�� �,Q�PHODOHXFD·V�QDWLYH�KDELWDWV� LQ�$XVWUDOLD��S+� LV�
XVXDOO\���RU� OHVV� �6��.DXIPDQ�SHUV��REV���� �7KH� WZR�S+� OHYHOV� LQ� WKLV� H[SHULPHQW�
RQO\�GLIIHUHG�E\������LQGLFDWLQJ�WKDW�PHODOHXFD·V�JURZWK�SDWWHUQV�PD\�EH�TXLWH�VHQ�
VLWLYH�WR�VPDOO�S+�GLIIHUHQFHV����
�
7KH� UHVSRQVH� WR� ZDWHU� OHYHO� ZDV� H[SHFWHG�� � $W� WKH� KLJK� ZDWHU� OHYHO�� WKH� SODQW·V�
URRWV� ZHUH� FRQVWDQWO\� IORRGHG�� � ,Q� WKH� (YHUJODGHV�� SRSXODWLRQV� FDQ� JURZ� XQGHU�
FRQVWDQWO\� IORRGHG� FRQGLWLRQV�� EXW� VHHGOLQJV� DUH� PRUH� FRPPRQO\� IRXQG� XQGHU�
ORZHU�ZDWHU�FRQGLWLRQV����
�
)RU�DOO�WUDLWV��H[FHSW�OHDI�OHQJWK�WR�ZLGWK��WKH�HQYLURQPHQWDO�YDULDQFH�DFFRXQWHG�IRU�
D�ODUJHU�SURSRUWLRQ�RI�WKH�WRWDO�SKHQRW\SLF�YDULDQFH�WKDQ�GLG�WKH�JHQHWLF�YDULDQFH�
�)LJ�������7KLV�FRXOG�LQGLFDWH�WKDW�SKHQRW\SLF�SODVWLFLW\�LQ�PHODOHXFD�SOD\V�DQ�LPSRU�
WDQW�UROH�LQ�LWV�LQYDVLYHQHVV�� �,I� LW�FDQ�JURZ�XQGHU�D�ZLGH�UDQJH�RI�HQYLURQPHQWDO�
FRQGLWLRQV��SDUWLFXODUO\�XQGHU�WKH�IOXFWXDWLQJ�ZDWHU�OHYHOV�HQFRXQWHUHG�LQ�ZHWODQGV��
LW�VKRXOG�KDYH� OLWWOH�WURXEOH� LQYDGLQJ�QHZ�KDELWDWV�� �7KH�VPDOO�JHQHWLF�GLIIHUHQFHV�
DPRQJ�SRSXODWLRQV�PD\�HQDEOH�VHHGOLQJV�IURP�RQH�SRSXODWLRQ�WR�SHUIRUP�VRPH�
ZKDW� EHWWHU� WKDQ� DQRWKHU� SRSXODWLRQ� XQGHU� SDUWLFXODU� HQYLURQPHQWDO� FRQGLWLRQV��
EXW�XQGHU�ILHOG�FRQGLWLRQV��WKH�JHQHWLF�YDULDQFH�VHHQ�LQ�WKH�JUHHQKRXVH�PD\�EH�OHVV�
LPSRUWDQW� WKDQ� SKHQRW\SLF� SODVWLFLW\� XQGHU� KLJKO\� YDULDEOH� ILHOG� FRQGLWLRQV�� � ,W�
ZRXOG� EH� ZRUWKZKLOH� WR� GHWHUPLQH� WKH� LPSRUWDQFH� RI� WKH� JHQHWLF� GLIIHUHQFHV�
DPRQJ� SRSXODWLRQV� DQG� WR� IXUWKHU� LQYHVWLJDWH� WKH� SKHQRW\SLF� SODVWLFLW\� RI� PH�
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ODOHXFD�SRSXODWLRQV�LQ�WKH�ILHOG��ZKHUH�SODQWV�ZRXOG�HQFRXQWHU�D�ZLGHU�UDQJH�RI�HQ�
YLURQPHQWDO�FRQGLWLRQV���
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-DLQ�� 6��.��� DQG�3�� 6��0DUWLQV�� � ������ �(FRORJLFDO� JHQHWLFV� RI� WKH� FRORQL]LQJ� DELOLW\� RI�5RVH�&ORYHU�
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