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8��6��*HRORJLFDO�6XUYH\��,RZD�&RRSHUDWLYH�)LVK�DQG�:LOGOLIH�5HVHDUFK�8QLW������6FLHQFH�,,��,RZD�6WDWH�8QL�
YHUVLW\��$PHV��,RZD������-������86$ 

$EVWUDFW��$W�UHJLRQDO�VFDOHV��WKH�PRVW�LPSRUWDQW�YDULDEOHV�DVVRFLDWHG�ZLWK�GLYHUVLW\�DUH�ODWLWXGL�
QDOO\-EDVHG� WHPSHUDWXUH� DQG� QHW� SULPDU\� SURGXFWLYLW\�� DOWKRXJK� GLYHUVLW\� LV� DOVR� LQIOXHQFHG� E\�
KDELWDW�� �:H� H[DPLQHG� ELUG� VSHFLHV� ULFKQHVV�� FRPPXQLW\� GHQVLW\� DQG� FRPPXQLW\� HYHQQHVV� LQ�
IRUHVWV�RI�HDVWHUQ�&RQQHFWLFXW�WR�GHWHUPLQH�ZKHWKHU�����VSDWLDO�DQG�VHDVRQDO�SDWWHUQV�H[LVW�LQ�GL�
YHUVLW\�����HQHUJ\�H[SODLQV�WKH�JUHDWHVW�SURSRUWLRQ�RI�YDULDWLRQ�LQ�GLYHUVLW\�SDUDPHWHUV�����YDULD�
WLRQ�LQ�KDELWDW�H[SODLQV�UHPDLQLQJ�GLYHUVLW\�YDULDQFH��DQG����VHDVRQDO�VKLIWV� LQ�GLYHUVLW\�SURYLGH�
FOXHV�DERXW�KRZ�HQYLURQPHQWDO�YDULDEOHV�VKDSH�FRPPXQLWLHV���:H�VRXJKW�WR�GLVFRYHU�LI�RXU�GDWD�
VXSSRUWHG�SUHGLFWLRQV�RI�WKH�VSHFLHV-HQHUJ\�K\SRWKHVLV���:H�XVHG�WKH�YDULDEOH�FLUFXODU�SORW�WHFK�
QLTXH�WR�HVWLPDWH�ELUG�SRSXODWLRQV�DQG�TXDQWLILHG�WKH�ORFDWLRQ��HOHYDWLRQ��IRUHVW� W\SH��YHJHWDWLRQ�
W\SH�� FDQRS\� FRYHU��PRLVWXUH� UHJLPH�� XQGHUVWRU\� GHQVLW\� DQG� SULPDU\� SURGXFWLRQ� IRU� WKH� VWXG\�
VLWHV���:H�IRXQG�WKDW����VXPPHU�ULFKQHVV�DQG�SRSXODWLRQ�GHQVLWLHV�DUH�URXJKO\�HTXDO�LQ�QRUWKHDVW�
HUQ�DQG�VRXWKHDVWHUQ�&RQQHFWLFXW��ZKHUHDV�LQ�ZLQWHU�ERWK�FRQFHQWUDWH�WRZDUG�WKH�FRDVW�����YDULD�
EOHV� OLQNHG� ZLWK� WHPSHUDWXUH� H[SODLQHG� PXFK� RI� WKH� SDWWHUQV� LQ� ZLQWHU� GLYHUVLW\�� EXW� HQHUJ\-
UHODWHG�YDULDEOHV�VKRZHG�OLWWOH�UHODWLRQVKLS�WR�VXPPHU�GLYHUVLW\�����WKH�HIIHFW�RI�KDELWDW�YDULDEOHV�
RQ�GLYHUVLW\�SDUDPHWHUV�SUHGRPLQDWHG�LQ�VXPPHU��DOWKRXJK�WKHLU�HIIHFW�ZDV�ZHDN�����FRQWUDU\�WR�
WKHRU\�� HYHQQHVV� LQFUHDVHG� IURP� VXPPHU� WR� ZLQWHU�� DQG� ��� VXSSRUW� IRU� SUHGLFWLRQV� RI� VSHFLHV-
HQHUJ\�WKHRU\�ZDV�SULPDULO\�UHVWULFWHG�WR�ZLQWHU�GDWD���$OWKRXJK�HQHUJ\�DQG�KDELWDW�SOD\HG�D�UROH�
LQ� H[SODLQLQJ� FRPPXQLW\� SDWWHUQV�� WKH\� OHIW� PXFK� RI� WKH� YDULDQFH� LQ� UHJLRQDO� GLYHUVLW\� XQH[�
SODLQHG��VXJJHVWLQJ�WKDW�D�ODUJH�VWRFKDVWLF�FRPSRQHQW�WR�GLYHUVLW\�DOVR�PD\�H[LVW� 

$Q�LPSRUWDQW�JRDO�RI�HFRORJ\�KDV�EHHQ�WR�HOXFL�
GDWH� WKH� PHFKDQLVPV� WKDW� SURGXFH� JHRJUDSKLF� SDW�
WHUQV� LQ� GLYHUVLW\� �0DF$UWKXU� ������ 5RVHQ]ZHLJ�
������� � :ULJKW� HW� DO�¶V� ������� UHYLHZ� VKRZHG� WKDW�
DVLGH� IURP� WKH� VSHFLHV-DUHD� HIIHFWV� RI� ORFDO� KDELWDW�
SDWFKHV�� WKH�PRVW� LPSRUWDQW�YDULDEOH�DVVRFLDWHG�ZLWK�
GLYHUVLW\� LV� HQHUJ\� DYDLODELOLW\� DQG� LWV� VXUURJDWHV��
SDUWLFXODUO\� ODWLWXGLQDOO\-EDVHG� WHPSHUDWXUH�YDULDWLRQ�
�WKHUPDO� NLQHWLF� HQHUJ\��� DOWKRXJK� QHW� SULPDU\�
SURGXFWLYLW\� �FKHPLFDO� SRWHQWLDO� HQHUJ\�� KDV� EHHQ�
UHODWHG� WR� GLYHUVLW\� DV� ZHOO� �+XUOEHUW� DQG� +DVNHOO�
������(YDQV�HW�DO���������� 

)DFWRUV�FRQWUROOLQJ�GLYHUVLW\�PD\�YDU\�VHDVRQDO�
O\�� ZLWK� FRPSHOOLQJ� HYLGHQFH� IRU� UHJLRQDO� WHPSHUD�
WXUH�GULYLQJ�WHPSHUDWH�ELUG�GLYHUVLW\�FRPLQJ�SDUWLFX�
ODUO\� IURP�ZLQWHU� VWXGLHV� �%RFN� DQG� /HSWKHLQ� ������
5RRW�������(YDQV�HW�DO��������� �:LQWHU�VSHFLHV�ULFK�
QHVV�JURZV�VRXWKZDUG�ZLWK�LQFUHDVLQJ�ZLQWHU�WHPSHU�
DWXUHV�WRZDUG�UHJLRQV�ZLWK�����IURVW-IUHH�GD\V��%RFN�
DQG� /HSWKHLQ� ������ +DZNLQV� HW� DO�� ������� � /LWWOH�
SURGXFWLYLW\� RFFXUV� DW� WKLV� VHDVRQ�� VR� WHPSHUDWXUH�
DVVXPHV�D�FHQWUDO�UROH�LQ�HQHUJ\�EXGJHWV��6WDOPDVWHU�
������ LQ� D� VHDVRQ� ZKHQ� SK\VLFDO� IDFWRUV� H[HUW� WKH�
JUHDWHVW� HIIHFW� RQ� FRPPXQLW\� RUJDQL]DWLRQ�
�5RWHQEHUU\�HW�DO����������&RPSDUHG�WR�VXPPHU��ZLQ�
WHU�VSHFLHV�ULFKQHVV�LV�DOVR�WKRXJKW�WR�EH�UHGXFHG�DQG�
HYHQQHVV� DW� LWV� ORZHVW� �+ROPHV� DQG� 6WXUJHV� ������
EHFDXVH� WKH� ZLQWHU� HQYLURQPHQW� LV� OHVV� SUHGLFWDEOH�

��&RUUHVSRQGLQJ�DXWKRU���(-PDLO�DGGUHVV��
PDLO#ELUGFRQVHUYDWLRQUHVHDUFK��RUJ� 
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�7UDPHU� ������� OHDGLQJ� WR� D� IHZ� FRPPRQ� VSHFLHV�
EHLQJ�SUHVHQW�DQG�PRUH�VSHFLHV�EHLQJ�UHSUHVHQWHG�E\�
RQO\�IHZ�LQGLYLGXDOV� 

6XPPHU�ELUG�GLYHUVLW\�KDV�VKRZQ�SDWWHUQV�UHODW�
HG� WR� HQHUJ\� WKDW� GLIIHU� IURP� WKRVH� RI�ZLQWHU�� �%LUG�
VSHFLHV� ULFKQHVV� GHFOLQHV� WR� WKH� QRUWK� RI� WKH� QRUWK�
HDVWHUQ�8QLWHG�6WDWHV�DQG�VRXWKHUQ�PDULWLPH�&DQDGD�
DV�ZHOO�DV�WR�WKH�VRXWK�RI�WKLV�UHJLRQ��0DF$UWKXU�DQG�
:LOVRQ� ������ 5REELQV� HW� DO�� ������ 2¶&RQQRU� HW� DO��
������� �5DEHQROG� �������K\SRWKHVL]HG� WKDW� WKLV�ZDV�
UHODWHG�WR�D�FRQFHQWUDWHG�SXOVH�RI�VXPPHU�SURGXFWLRQ�
LQ�WKH�1RUWKHDVW���7KHUH�LV�LQGHHG�D�SRVLWLYH�UHODWLRQ�
VKLS�EHWZHHQ�SULPDU\�SURGXFWLYLW\�DQG�VXPPHU�ELUG�
GLYHUVLW\� DW� WKH� FRQWLQHQWDO� VFDOH� �+XUOEHUW� DQG�
+DVNHOO�������(YDQV�HW�DO���������� 

5HJDUGOHVV� RI� WKH� VSHFLILF� VHDVRQDO� SDWWHUQ�� WKH�
SRVLWLYH� UHODWLRQVKLS� EHWZHHQ� GLYHUVLW\� DQG� HQHUJ\�
KDV� OHDG� WR� GHYHORSPHQW� RI� D� ³VSHFLHV-HQHUJ\´� K\�
SRWKHVLV� �:ULJKW� ������� ZKLFK� SRVWXODWHV� WKDW� LQ�
FUHDVHG� HQHUJ\� VXSSRUWV� PRUH� LQGLYLGXDOV�� ZKLFK� LQ�
WXUQ� \LHOGV� WKH�SUHVHQFH�RI�PRUH� VSHFLHV�� �7KLV� SUR�
FHVV� PD\� RFFXU� WKURXJK� H[SDQGLQJ� IRRG� VXSSOLHV�
�&XUULH�������RU�UHGXFLQJ�PHWDEROLF�FRVWV��/HQQRQ�HW�
DO�� �������ZKLFK� UHGXFH� ORFDO� H[WLQFWLRQ�SUREDELOLW\��
SDUWLFXODUO\� E\� WKH� UDUHVW� FRPPXQLW\� PHPEHUV�
�(YDQV�HW�DO���������DOWKRXJK�JUHDWHU�QXPEHUV�RI� LQ�
GLYLGXDOV�PD\�VLPSO\� LQFUHDVH� WKH� UDQGRP�SUREDELO�
LW\�WKDW�PRUH�VSHFLHV�DUH�SUHVHQW��+XEEHOO�������&XU�
ULH�HW�DO���������� 

'HVSLWH� HYLGHQFH� VXSSRUWLQJ� WKH� UROH� RI� HQHUJ\�
LQ� LQIOXHQFLQJ�ELUG�GLYHUVLW\� DQG� WKH�XQGHUO\LQJ�GLV�
WULEXWLRQV� RI� LQGLYLGXDO� VSHFLHV� �5RRW� ������ +LWFK�
DQG� /HEHUJ� ������� SDWWHUQV� HPHUJLQJ� DW� PXOWLSOH�
VFDOHV�PD\�EH�FRPSOH[��:LHQV��������LQ�SDUW�EHFDXVH�
KDELWDW� YDULDEOHV� PD\� FRQWULEXWH� WR� VXFK� SDWWHUQV����
)ODWKHU� DQG� 6DXHU� ������� DQG� +XUOEHUW� DQG� +DVNHOO�
������� UHSRUW� SRVLWLYH� UHODWLRQVKLSV� EHWZHHQ� KDELWDW�
YDULDEOHV� DQG� GLYHUVLW\� LQ� VXPPHU� DQG� 3HDUVRQ�
�������DQG�'RKHUW\�DQG�*UXEE��������UHSRUW�WKHP�LQ�
ZLQWHU� 

%LUG�GLYHUVLW\�KDV�EHHQ�VWXGLHG�DW�VFDOHV�UDQJLQJ�
IURP�ORFDO�WR�FRQWLQHQWDO�� �$W�WKH�ODUJHVW�VFDOHV��GDWD�
IURP� WKH� %UHHGLQJ� %LUG� 6XUYH\� �6DXHU� HW� DO�� ������
DQG�&KULVWPDV�%LUG�&RXQW��1DWLRQDO�$XGXERQ�6RFLH�
W\�������KDYH�SURYHQ�XVHIXO� IRU� LGHQWLI\LQJ�SDWWHUQV�
LQ�1RUWK�$PHULFDQ�ELUG�GLYHUVLW\��%RFN�DQG�/HSWKHLQ�
������5RRW�������+XUOEHUW�DQG�+DVNHOO�������(YDQV�
HW� DO�� ������ HYHQ� WKRXJK� WKH\� KDYH� ZHDNQHVVHV� LQ�
TXDOLW\�DQG�LQWHUSUHWDWLRQ��-DPHV�HW�DO��������7KRPDV�
������� � 6XFK� GDWDEDVHV� DUH�� KRZHYHU�� LQVXIILFLHQWO\�
V\VWHPDWLF�DQG�TXDQWLWDWLYH�IRU�PRUH�GHWDLOHG�UHJLRQ�
DO� VWXGLHV�� � $W� UHJLRQDO� VFDOHV�� VWDWH� EUHHGLQJ� ELUG�
DWODVHV��H�J��(QVHU�������%HYLHU�������KDYH�SURYLGHG�
D�PHDVXUH�RI�V\VWHPDWLF�FRYHUDJH�IRU�D�VLQJOH�VHDVRQ��
EXW�SDWWHUQV�UHSRUWHG�DUH�GLIILFXOW� 
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6WXG\�DUHDV�� �7KH�QRUWKHUQ�KDOI�RI�HDVWHUQ�&RQ�
QHFWLFXW�KDV�ORZHU�PHDQ�DQQXDO�WHPSHUDWXUHV������&���
VKRUWHU� IURVW-IUHH� JURZLQJ� VHDVRQ� DQG� VWHHSO\� KLOO\�
WRSRJUDSK\� UHDFKLQJ� HOHYDWLRQV� WR� ���� P�� ZKHUHDV�
WKH�VRXWKHUQ�KDOI��HVSHFLDOO\�QHDU�WKH�FRDVW�DQG�DORQJ�
PDMRU� ULYHUV�� KDV� KLJKHU� PHDQ� DQQXDO� WHPSHUDWXUHV�
������&��� XS� WR� ��� GD\V� ORQJHU� IURVW-IUHH� JURZLQJ�
VHDVRQ� DQG� ORZHU� O\LQJ� WRSRJUDSK\�� ZLWK� HOHYDWLRQV�
EHORZ� ���� P� �%UXPEDFK� ������ 'RZKDQ� DQG� &UDLJ�
�������� 

7KH� UHJLRQ� LV� ODUJHO\� IRUHVWHG��ZLWK� FRYHU� YDU\�
LQJ� IURP� ���� LQ� WKH� QRUWK� WR� ���� LQ� WKH� VRXWK�
�$OHULFK�������� � ,WV�PRVW�ZLGHVSUHDG� IRUHVW� DVVRFLD�
WLRQV� DUH� WKRVH� GRPLQDWHG� E\� RDNV� DQG� KLFNRULHV��
DOWKRXJK� FRQLIHU-KDUGZRRG� DVVRFLDWLRQV� DUH� SUHVHQW�
WR� WKH� QRUWK�� � 2Q� PHVLF� VRLOV�� PDSOHV�� EHHFKHV� DQG�
DVKHV� RIWHQ� SUHGRPLQDWH�� LQ� K\GULF� VLWXDWLRQV� KDUG�
ZRRGV�RFFXU�VHSDUDWHO\�RU�ZLWK�FRQLIHUV��DQG�LQ�[HULF�
DUHDV� SLQH-RDN� DVVRFLDWLRQV� RFFXU�� SDUWLFXODUO\� LQ�
JODFLDOO\�GHSRVLWHG� VDQGV� �$OHULFK�������&UDLJ�HW� DO��
������ 

)RU� DQDO\VHV�� ZH� GLYLGHG� HDVWHUQ� &RQQHFWLFXW�
LQWR�QRUWKHDVWHUQ�DQG�VRXWKHDVWHUQ�SRUWLRQV��ZLWK�WKH�
ERXQGDU\� EHWZHHQ� WKHP� FRLQFLGHQW� ZLWK� WKHLU� &RQ�
QHFWLFXW� HFRUHJLRQDO� ERXQGDULHV� �'RZKDQ� DQG�&UDLJ�
������� � %DVHG� RQ� WKH� VL]H� RI� WKH� UHJLRQV� DQG� WKHLU�
H[WHQW�RI�IRUHVW�FRYHU��ZH�VXUYH\HG����VLWHV�LQ�QRUWK�
HDVWHUQ� DQG� ��� VLWHV� LQ� VRXWKHDVWHUQ� &RQQHFWLFXW� WR�
SURYLGH�VLPLODU�OHYHOV�RI�VDPSOLQJ�LQWHQVLW\��)LJ�������
7KH�VRXUFH�SRRO�RI�VLWHV�ZDV�SXEOLF�DFFHVV�SDUFHOV�RI�
H[WHQVLYH�� XQIUDJPHQWHG� IRUHVW� �RYHU� ���� KD��� � :H�
VXUYH\HG�QRUWKHDVWHUQ�&RQQHFWLFXW�LQ�WKH�VXPPHUV�RI�
����� DQG� ����� DQG� ZLQWHUV� RI� ����о����� DQG�
����о������ DQG� VRXWKHDVWHUQ� &RQQHFWLFXW� LQ� WKH�
VXPPHUV�RI������DQG������DQG�ZLQWHU�RI�����о�����
DQG�����о������ �6DPSOLQJ�RQH�UHJLRQ�SHU�\HDU�SUR�
YLGHG�D�PHDVXUH�RI�DQQXDO�ZLWKLQ-UHJLRQ�VXUYH\�YDUL�
DQFH� 

:H� VDPSOHG� WKH� WZR� UHJLRQV� V\VWHPDWLFDOO\� E\�
GLYLGLQJ� WKHP� LQWR� FD�� ���NP�� VXUYH\�EORFNV�ZLWK� D�
VDPSOLQJ�JULG���:H�UDQGRPO\�FKRVH�RQH�VLWH�SHU�JULG�
FHOO�DOWKRXJK�� LQ�SUDFWLFH��PDQ\�FHOOV�FRQWDLQHG�RQO\�
RQH� DYDLODEOH� FKRLFH�� � $W� QHDUO\� DOO� VLWHV�� ZH� ZHUH�
DEOH� WR� HVWDEOLVK� URXWHV� WKURXJK� IRUHVWV� DERXW�ZKLFK�
ZH�KDG�QR�D�SULRUL�NQRZOHGJH�� WKHUHE\�DYRLGLQJ�XQ�
FRQVFLRXV� ELDVLQJ� RI� VDPSOLQJ� UHVXOWV�� � ,Q� VL[� FHOOV�
ZLWK�QR�VLWHV�DYDLODEOH��H�J��XUEDQ�DUHDV���ZH�VDPSOHG�
VLWHV� FORVHVW� WR� FHOO� ERXQGDULHV� RU�� LQ� WZR� LQVWDQFHV��
VXEVWLWXWHG�SDUFHOV�LQ�UHJLRQV�ZLWK�FD�����IRUHVW�FRY�
HU� WR� VDPSOH�PRUH� HTXLWDEO\� WKH� IRUHVWV� LQ� WKRVH� UH�
JLRQV� 

%LUG�VXUYH\V��:H�XVHG�WKH�YDULDEOH�FLUFXODU�SORW�
�9&3�� WHFKQLTXH� WR� VXUYH\� ELUG� SRSXODWLRQV�� � ,W� KDV�
ZLGH�XWLOLW\� LQ�HYDOXDWLQJ�SRSXODWLRQV�RYHU�D�YDULHW\�
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RI� WHUUDLQV� �6FRWW� HW� DO�� ������ DQG� KDV� D� ZHOO-
GHYHORSHG�WKHRUHWLFDO�XQGHUSLQQLQJ�WKDW�DFFRXQWV�IRU�
GLIIHUHQWLDO� GHWHFWDELOLW\� RI� VSHFLHV� �%XFNODQG� HW� DO��
������� NH\� WR� SURGXFLQJ� SUHFLVH� GHQVLW\� HVWLPDWHV�
�6LPRQV� HW� DO�� ������� � 6XUYH\� URXWHV� EHJDQ� DW� ILUVW�
OLJKW��FD��������LQ�VXPPHU��������LQ�ZLQWHU��DQG�ODVW�
HG� DERXW� ���� KU�� � %HFDXVH� REVHUYHU� GLIIHUHQFHV� LQ�
SHUFHSWLRQ� FDQ� EH� JUHDW� �0F'RQDOG� ������ DQG� WHP�
SRUDO� LPSURYHPHQWV� LQ� REVHUYHU� DELOLW\� PD\� RFFXU�
�1RUYHOO� HW� DO��������� WKH� ORQJ�H[SHULHQFHG�5��&UDLJ�
PDGH�DOO�REVHUYDWLRQV��'DYLV�������� 

:H�HVWDEOLVKHG� D� OLQH� WUDQVHFW� DW� HDFK� VDPSOLQJ�
ORFDWLRQ��ZLWK�WUDQVHFWV�WUDYHUVLQJ�DERXW����о��NP�RI�
IRUHVW�GHSHQGLQJ�XSRQ� WHUUDLQ�DQG�RWKHU� ORFDO�FRQGL�
WLRQV���$ORQJ�HDFK�WUDQVHFW��ZH�SODFHG����SRLQWV������
WRWDO�SRLQWV���WKH�PD[LPXP�QXPEHU�ZH�FRXOG�VXUYH\�
GXULQJ� WKH� SHDN� RI� PRUQLQJ� ELUG� DFWLYLW\� �EHIRUH�
������LQ�VXPPHU�DQG�������LQ�ZLQWHU���DQG�UHFRUGHG�
ORFDWLRQV� DQG� HOHYDWLRQV� RI� SRLQWV� ZLWK� D� *DUPLQ�
(WUH[�JOREDO�SRVLWLRQLQJ�GHYLFH��*DUPLQ��,QF��2ODWKH��
.6��� � 6XUYH\� SRLQWV� ZHUH� JHQHUDOO\� DERXW� ���� P�
DSDUW��D�GLVWDQFH�HPSLULFDOO\�GHWHUPLQHG�WR�PLQLPL]H�
GHWHFWLQJ�WKH�VDPH�ELUGV�IURP�WZR�VXFFHVVLYH�SRLQWV��
DQG�JUHDWHU�WKDQ�WKDW�XVHG�LQ�RWKHU�VWXGLHV��H�J��6FRWW�
HW� DO�� ������� � ,Q� LQVWDQFHV� ZKHUH� ORXGO\� YRFDO� ELUGV�
PLJKW� EH�GHWHFWHG� IURP� WZR� VWDWLRQV��ZH� OHQJWKHQHG�
GLVWDQFHV�WR�HQVXUH�VDPSOLQJ�LQGLYLGXDOV�RQO\�RQFH��� 

:H� VDPSOHG� DW� HDFK� SRLQW� IRU� HLJKW� PLQXWHV�� D�
WLPH� XVHG� IUHTXHQWO\� LQ�9&3� VXUYH\V�EHFDXVH� LW� DS�

SUR[LPDWHV�DQ�LQVWDQWDQHRXV�FRXQW�\HW�LV�ORQJ�HQRXJK�
WR�UHFRUG�DGHTXDWHO\�ELUGV�SUHVHQW��6FRWW�HW�DO����������
$W� SRLQWV�� ZH� HVWLPDWHG� WKH� KRUL]RQWDO� GLVWDQFH� DW�
ILUVW� GHWHFWLRQ� �XVXDOO\� DXUDO�� WR� HDFK� ELUG� HQFRXQ�
WHUHG�� �7R�PD[LPL]H�FRQVLVWHQF\� LQ�GLVWDQFH�HVWLPD�
WLRQ��GXULQJ�HYHU\�VXUYH\�ZH�GLUHFWO\�PHDVXUHG�ZLWK�
D� WDSH� RU� JOREDO� SRVLWLRQLQJ� WKH� GLVWDQFH� WR� DW� OHDVW�
VHYHUDO�YRFDOL]LQJ�ELUGV���%HWZHHQ�VDPSOLQJ�SHULRGV��
ZH�RFFDVLRQDOO\�GHWHFWHG� UDUHU� ELUG� VSHFLHV�� SDUWLFX�
ODUO\� UDSWRUV�� � ,I� ZH� IRXQG� QR� RWKHU� LQGLYLGXDOV� RI�
WKHVH�VSHFLHV�DW�VDPSOLQJ�SRLQWV��ZH�LQFOXGHG�WKH�ILUVW�
RI�VXFK�GHWHFWLRQV�LQ�WKH�VXUYH\�DW�WKH�SRLQW�RI�REVHU�
YDWLRQ��� 

6XPPHU� ILHOG� REVHUYDWLRQV� RFFXUUHG� IURP� PLG-
0D\� WR� HDUO\� -XO\�� WKH� KHLJKW� RI� WKH� ORFDO� EUHHGLQJ�
VHDVRQ��DQG�ZH�PDGH�ZLQWHU�REVHUYDWLRQV�IURP�PLG-
'HFHPEHU� WR� WKH� HQG� RI� )HEUXDU\�� WKH� KHLJKW� RI� WKH�
ORFDO�ZLQWHU�VHDVRQ��5��&UDLJ�SHUV��REV���WR�PLQLPL]H�
DOWHUDWLRQ�RI�VXUYH\�UHVXOWV�GXH�WR�EHKDYLRUDO�FKDQJHV�
�6NLUYLQ���������:H�YLVLWHG�VLWHV�LQ�UDQGRP�RUGHU�DQG�
UH-UDQGRPL]HG� WKH� YLVLWDWLRQ� RUGHU� HDFK� VHDVRQ� DQG�
\HDU�� �(DFK�\HDU��ZH�DOVR�GXSOLFDWHG�D�VXUYH\�DW�RQH�
VLWH� LQ�ERWK�ZLQWHU� DQG� VXPPHU�� �'RLQJ� VR�RYHU� WKH�
FRXUVH�RI� WKH� VWXG\�JDYH�XV�D� VHULHV�RI�PHDVXUHV�RQ�
ZLWKLQ-VHDVRQ� YDULDQFH�� � :H� UHFRUGHG� RQO\� IRUHVW-
DVVRFLDWHG�VSHFLHV��ZKLFK�ZH�GHILQHG�DV�WKRVH�LQKDE�
LWLQJ�XQEURNHQ�IRUHVW��IRUHVW�RSHQLQJV�FDXVHG�E\�WUHH�
IDOO� RU� VHOHFWLYH� ORJJLQJ�� FORVHG� WR� SDUWO\� RSHQ�
VZDPSV�DQG�IRUHVWHG�ULYHU�EDQNV�� 

+DELWDW� PHDVXUHPHQWV��:H�YLVXDOO\�HYDOXDWHG�
KDELWDW� LQ�D����P� UDGLXV� IURP�HDFK�VDPSOLQJ�VWDWLRQ�
DIWHU� HDFK� ELUG� VXUYH\�� YHULI\LQJ� DQG� UHILQLQJ� WKHVH�
HYDOXDWLRQV�GXULQJ�VXPPHU�DQG�ZLQWHU���6PDOO�FKDQJ�
HV�LQ�FRQGLWLRQV� WKDW�RFFXUUHG�DIWHU�����о������H�J���
VHOHFWLYH�ORJJLQJ��QHFHVVLWDWHG�WKDW�ZH�XSGDWH�YDOXHV�
LQ�����о�����VXUYH\V���7R�HYDOXDWH�KDELWDW��ZH�XVHG�
JOREDO� SRVLWLRQLQJ� WR� ZDON� D� VWUDLJKW� OLQH� EHJLQQLQJ�
��� P� EHIRUH� WR� ��� P� SDVW� D� VDPSOH� SRLQW�� DQG� RE�
VHUYHG� LQ� DOO� GLUHFWLRQV� WR����P�ZKHQ� DW� WKH� VDPSOH�
SRLQW��:KLOH�REVHUYLQJ��ZH�YLVXDOO\�HVWLPDWHG�WR�WKH�
QHDUHVW�����D��IRUHVW�W\SH�����GHFLGXRXV�������HYHU�
JUHHQ�FRQLIHUV�����PL[HG����о����HYHUJUHHQ�FRQLIHU�
RXV�����FRQLIHURXV��!����HYHUJUHHQ�FRQLIHUV��E��YHJ�
HWDWLRQ�W\SH��DOVR�JHQHUDOO\�DUUDQJHG�IURP�GHFLGXRXV�
WR� FRQLIHURXV��� ��� RDN–GRPLQDWHG� �RDN�� KLFNRU\��
EODFN� ELUFK��%HWXOD� OHQWD��� ���PL[HG� GHFLGXRXV� �H�J��
UHG�PDSOH��$FHU�UXEUXP��ZKLWH�DVK��)UD[LQXV�DPHUL�
FDQD�� \HOORZ� SRSODU�� /LULRGHQGURQ� WXOLSLIHUD��� ���
FRQLIHU-KDUGZRRG��H�J��HDVWHUQ�KHPORFN��7VXJD�FDQD�
GHQVLV�� HDVWHUQ� ZKLWH� SLQH�� 3LQXV� VWUREXV�� QRUWKHUQ�
UHG�RDN��4XHUFXV�UXEUD��VXJDU�PDSOH��$��VDFFKDUXP-
$PHULFDQ�EHHFK��)DJXV�JUDQGLIORUD��\HOORZ�ELUFK��%��
DOOHJKDQLHQVLV������SLQH-RDN��H�J��HDVWHUQ�ZKLWH�SLQH��
SLWFK� SLQH�� 3�� ULJLGD�� VFDUOHW� RDN�� 4�� FRFFLQHD��� ���
FRQLIHU��HDVWHUQ�KHPORFN��HDVWHUQ�ZKLWH�SLQH��SODQWD�
WLRQ� FRQLIHUV��� ��� PL[HG� VLWHV� �H�J�� KDOI� RDN-

 

),*�����7KH�GLVWULEXWLRQ�RI�WKH�FHQWHU�SRLQWV�RI�
VWXG\�DUHDV�LQ�HDVWHUQ�&RQQHFWLFXW�ZLWK�UHVSHFW�WR�
HFRUHJLRQV��'RZKDQ�DQG�&UDLJ������� 
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GRPLQDWHG�� KDOI� PL[HG� GHFLGXRXV��� F�� PRLVWXUH� UH�
JLPH�� ��� K\GULF�� SRRUO\� GUDLQHG� RU� PXFN� DQG� SHDW�
VRLOV�� ��� PHVLF�� VLOW� ORDP� DQG� VDQG\� ORDP� VRLOV�� ���
[HULF�� H[SRVHG� EHGURFN� DQG� VDQG\�� JUDYHOO\� DQG�
URFN\�VRLOV��G��SUHYDLOLQJ�FDQRS\�WUHH�GEK�����\RXQJ�
IRUHVW������FP�����PDWXUH�IRUHVW��!��о���FP�����ROG�
JURZWK�� !��� FP� �VHH� DOVR�$OHULFK� ������� H�� FDQRS\�
FRYHU�����RSHQ�������FDQRS\�FRYHU����� � VHPL-RSHQ��
��о����FRYHU�����FORVHG��!����FRYHU��I��XQGHUVWRU\�
GHQVLW\���о��P�WDOO������RSHQ�������FRYHU�����PRGHU�
DWH�� ��о����FRYHU�� ��� GHQVH��!����FRYHU� �&UDLJ� HW�
DO�� ������� �:H�DOVR� VXPPHG� FDQRS\� DQG�XQGHUVWRU\�
PHDVXUHV�WR�SURYLGH�D�PHDVXUH�RI�YHUWLFDO�YHJHWDWLRQ�
FRPSOH[LW\�� �:H� XVHG� WKHVH� QXPHULF� YDOXHV� LQ� DQD�
O\]LQJ�KDELWDW�GDWD�IURP�SORWV���:KHQ�SORWV�KDG�LQWHU�
PHGLDWH�FKDUDFWHULVWLFV��H�J��KDOI�RI�D�SORW�ZDV�K\GULF�
DQG� KDOI� PHVLF��� ZH� DVVLJQHG� WKHP� DQ� LQWHUPHGLDWH�
YDOXH��H�J���������,I��KRZHYHU��D�SORW�ZDV�FRPSULVHG�RI�
!����RI�D�VLQJOH�FDWHJRU\��ZH�DVVLJQHG� WKH�SORW� WKH�
YDOXH�RI�WKDW�FDWHJRU\�� 

$OWKRXJK�ZH� DWWHPSWHG� WR� DSSUR[LPDWH� UDQGRP�
VDPSOLQJ�RI�KDELWDWV��SURGXFLQJ�D�WUXO\�UDQGRP�VDP�
SOH�IRU�D�UHJLRQ�ZKHUH�PRVW�ODQG�LV�LQ�SULYDWH�RZQHU�
VKLS�ZDV� LPSRVVLEOH�� �+HQFH��ZH� FRPSDUHG� RXU� RE�
VHUYDWLRQV� ZLWK� LQGHSHQGHQWO\� JDWKHUHG� 8�6�� )RUHVW�
6HUYLFH� �86)6�� GDWD� RQ� IRUHVW� YHJHWDWLRQ� �$OHULFK�
������WR�HYDOXDWH�IXUWKHU�ZKHWKHU�VDPSOLQJ�ZDV�UHS�
UHVHQWDWLYH� 

7R�SURYLGH�D�PHDVXUH�RI�FKHPLFDO�SRWHQWLDO� HQ�
HUJ\�DYDLODEOH�DW�WKH�VWXG\�VLWHV��ZH�XVHG�QRUPDOL]HG�
GLIIHUHQFH� YHJHWDWLYH� LQGH[� �1'9,�� UHDGLQJV� IURP�
WKH� 1DWLRQDO� 2FHDQLF� DQG� $WPRVSKHULF� $GPLQLVWUD�
WLRQ�$GYDQFHG�9HU\�+LJK�5HVROXWLRQ�VDWHOOLWH��ZKLFK�
SURYLGH�D�UHDVRQDEOH�PHDVXUH�RI�QHW�SULPDU\�SURGXF�
WLRQ� �3DUXHOR�HW� DO��������� �:H�FRQVWUXFWHG�D�����P�
SHULPHWHU� DURXQG� HDFK� WUDQVHFW� �WKH� ]RQH� LQ� ZKLFK�
PRVW�DOO�ELUG�REVHUYDWLRQV�ZHUH�PDGH��DQG�FRPSXWHG�
IRU�HDFK�WUDQVHFW� WKH�PHGLDQ�DQQXDO�1'9,�YDOXH�IRU�
WKH�\HDU�LQ�ZKLFK�WKH�WUDQVHFW�ZDV�UXQ���8VLQJ�PHGLDQ�
YDOXHV� SUHYHQWHG� GDWD� VNHZLQJ� IURP� DEHUUDQW�1'9,�
UHDGLQJV�� � 2XU� WKUHH� FRDVWDO� WUDQVHFWV� IDLOHG� WR� SUR�
GXFH�1'9,�UHDGLQJV��VR�ZH�HVWLPDWHG�PLVVLQJ�YDOXHV�
ZLWK�DYHUDJHV� IURP� WKH� WKUHH�QHDUHVW� WUDQVHFWV�� �'R�
LQJ� VR�SHUPLWWHG� DOO� RWKHU� KDELWDW� GDWD� WR�EH� HQWHUHG�
IRU�WKHVH�WUDQVHFWV�LQ�DQDO\VHV�ZLWK�QR�ORVV�RI�VDPSOH�
VL]H�� � ([SORUDWRU\� DQDO\VHV� ZLWK� WKH� WKUHH� WUDQVHFWV�
GHOHWHG�\LHOGHG�UHVXOWV�QHDUO\� LGHQWLFDO� WR� WKRVH�ZLWK�
WKH� WUDQVHFWV� LQFOXGHG�� � :H� FKRVH� WR� HQWHU� VXPPHU�
GDWD� RQO\� LQWR� PRGHOV�� UHDVRQLQJ� WKDW� VXPPHU� SUR�
GXFWLRQ� LV�PRVW� OLNHO\� WR� LQIOXHQFH�GLYHUVLW\� LQ� VXP�
PHU�DQG�ZLQWHU�� HVSHFLDOO\� LQ� WKDW�ZLQWHU�SURGXFWLRQ�
LV�PLQLPDO�LQ�VRXWKHUQ�1HZ�(QJODQG� 

6WDWLVWLFDO� DQDO\VHV��:H� FRPSXWHG� IRU� RXU� ���
VDPSOHV� SHU� WUDQVHFW� SURSRUWLRQDWH� FRYHU� E\� WKH� VL[�
YHJHWDWLRQ� W\SHV�DQG�PHDQ� WUDQVHFW� YDOXHV� IRU� IRUHVW�
W\SH�� YHJHWDWLRQ� W\SH�� HOHYDWLRQ�� ODWLWXGH�� PRLVWXUH�
UHJLPH�� GEK�� FDQRS\� FRYHU�� XQGHUVWRU\� GHQVLW\� DQG�

YHUWLFDO�YHJHWDWLRQ�FRPSOH[LW\���%HFDXVH�ODWLWXGH�DQG�
SDUWLFXODUO\� HOHYDWLRQ� DUH� ERWK� UHODWHG� WR� ORFDO� WHP�
SHUDWXUH� UHJLPHV� LQ� &RQQHFWLFXW� �%UXPEDFK� �������
ZH�GLYLGHG�HOHYDWLRQ�E\� ODWLWXGH�IRU�HDFK� WUDQVHFW� WR�
SURYLGH� D� PHDVXUH� UHODWHG� WR� UHJLRQDO� WHPSHUDWXUH�
UHJLPHV��HOHYDWLRQ�ODWLWXGH–�����7KH�UHVXOWLQJ�PHDVXUH�
VFDOHG� WKH� HIIHFWV� RI� HOHYDWLRQ� ZLWK� UHVSHFW� WR� ODWL�
WXGH�� PDNLQJ� LW� D� ORFDWLRQ� YHFWRU� LQ� WKDW� LW� FRQWDLQV�
LQIRUPDWLRQ�RQ�PDJQLWXGH�DQG�GLUHFWLRQ���,Q�H[SORUD�
WRU\� DQDO\VHV� LW� EHWWHU� SUHGLFWHG� GLYHUVLW\� WKDQ� LWV�
FRPSRQHQW�YDULDEOHV���7R�GHWHUPLQH�WKH�FORVHQHVV�RI�
WKH� ORFDWLRQ-WHPSHUDWXUH� UHODWLRQVKLS�� ZH� DOVR� HVWL�
PDWHG� UHJLRQDO� WHPSHUDWXUH� DW� VWXG\� VLWHV� E\� ILUVW�
UHJUHVVLQJ� ��-\HDU� PHDQ� 0D\о-XO\� DQG� 'HFHP�
EHUо)HEUXDU\� WHPSHUDWXUHV� IURP� ��� VRXWKHUQ� 1HZ�
(QJODQG� ZHDWKHU� VWDWLRQV� �12$$� ������ ZLWK� WKHLU�
ORFDWLRQ�YHFWRUV��� 

:H� HYDOXDWHG� FROOLQHDULW\� DPRQJ� KDELWDW� YDULD�
EOHV� E\� H[DPLQLQJ� GDWD� SORWV�� FRUUHODWLRQ� PDWULFHV�
DQG� FROOLQHDULW\� GLDJQRVWLFV� LQ� 6366� YHUVLRQ� �����
VRIWZDUH� �6366� ������� � )RUHVW� DQG� YHJHWDWLRQ� W\SH�
SURYHG�VWURQJO\�FRUUHODWHG��VR�ZH�GURSSHG�IRUHVW�W\SH�
IURP� IXUWKHU� FRQVLGHUDWLRQ� LQ� GLYHUVLW\-KDELWDW� DQDO�
\VHV�EHFDXVH�YHJHWDWLRQ�W\SH�\LHOGHG�D�PRUH�GHWDLOHG�
YLHZ� IRUHVW� FRPSRVLWLRQ�� � 9HUWLFDO� YHJHWDWLRQ� FRP�
SOH[LW\�DOVR�ZDV�FRUUHODWHG�ZLWK�XQGHUVWRU\�FRYHU��DV�
ZDV�1'9,� DQG� YHJHWDWLRQ� W\SH�� ZLWK� JUHDWHU�1'9,�
UHODWHG�WR�JUHDWHU�GHFLGXRXV�FRYHU���:KHQ�H[DPLQLQJ�
WKHVH� YDULDEOHV� YHUVXV� GLYHUVLW\� SDUDPHWHUV�� ZH� HQ�
WHUHG� WKHP�LQWR�VHSDUDWH�PRGHOV�DQG�HYDOXDWHG�FRP�
SDUDWLYH�PRGHO�ILW�ZLWK�WKH�FRUUHFWHG�$NDLNH¶V�,QIRU�
PDWLRQ�&ULWHULRQ��$,&F���� 

,Q� H[DPLQLQJ� VSHFLHV� ULFKQHVV� IRU� HDFK� WUDQVHFW�
ZH� FRPSXWHG�� XVLQJ� WKH� PHWKRGV� RI� %XUQKDP� DQG�
2YHUWRQ� �������� HVWLPDWHV� RI� WRWDO� ULFKQHVV� ZLWK�
63(&5,&+� �ZZZ�PEU-SZUF�XVJV�JRY�VRIWZDUH�
FRPG\Q�KWPO�� WR� DFFRXQW� IRU� WKH� GLIIHUHQWLDO� GHWHF�
WLRQ� SUREDELOLWLHV� RI� VSHFLHV�� � +RZHYHU�� H[SORUDWRU\�
DQDO\VHV� UHYHDOHG� WKDW� HVWLPDWHG� DQG� GLUHFWO\� PHDV�
XUHG� ULFKQHVV� ZHUH� KLJKO\� FRUUHODWHG� �����о������
3HDUVRQ� FRUUHODWLRQ�  � ������3� �� ������� ����о������
3HDUVRQ�FRUUHODWLRQ� �������3������������)XUWKHUPRUH��
HVWLPDWHG�ULFKQHVVHV�ZHUH�LQ�VRPH�FDVHV�JUHDWHU�WKDQ�
WKH�UHJLRQ¶V�HQWLUH�VSHFLHV�SRRO�RU�OHVV�WKDQ�WKH�DFWXDO�
QXPEHU�RI�VSHFLHV�GHWHFWHG��ZKLFK�LQGLFDWHG�WKDW�WKH�
HVWLPDWHV� DGGHG� XQUHDOLVWLF� YDULDQFH� WR� RXU� GDWD���
+HQFH��ZH�XVHG�RXU�RULJLQDO�GDWD�DV�PHDVXUHV�RI�ULFK�
QHVV�LQ�DQDO\VHV� 

7R�FDOFXODWH�SRSXODWLRQ�GHQVLWLHV�DW�HDFK�WUDQVHFW�
IRU� HDFK� ELUG� VSHFLHV�� ZH� GHWHUPLQHG� WKH� VSHFLHV¶�
ZLQWHU�DQG�VXPPHU�GHWHFWLRQ� IXQFWLRQV�E\�XVLQJ� WKH�
WHFKQLTXHV�RI�%XFNODQG�HW�DO����������DV�GHVFULEHG�LQ�
GHWDLO�E\�&UDLJ�HW�DO�� ��������ZLWK�'LVWDQFH�����VRIW�
ZDUH� �7KRPDV� HW� DO�� ������� � :H� FKRVH� EHVW� ILWWLQJ�
IXQFWLRQV�E\�SORWWLQJ�GDWD��ZLWK�$NDLNH¶V�,QIRUPDWLRQ�
&ULWHULRQ� DQG� ZLWK� FKL-VTXDUH� JRRGQHVV� RI� ILW� WHVWV���
:KHQ�VSHFLHV�RFFXUUHG�LQ�IORFNV��ZH�SHUIRUPHG�DQDO�
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\VHV� ZLWK� IORFNV� DV� WKH� EDVLV� RI� PHDVXUHPHQW�
�%XFNODQG� HW� DO�� ������� � %HFDXVH� RXU� VDPSOH� VL]HV�
ZHUH� YHU\� ODUJH�� YLUWXDOO\� DOO� VSHFLHV� KDG� GHWHFWLRQ�
IUHTXHQFLHV� DGHTXDWH� IRU� FRQGXFWLQJ� 'LVWDQFH� DQDO�
\VHV���,Q�WKRVH�IHZ�LQVWDQFHV�ZKHUH�VSHFLHV�ZHUH�HQ�
FRXQWHUHG�UDUHO\��H�J��$PHULFDQ�:RRGFRFN�6FRORSD[�
PLQRU��� ZH� FRPSXWHG� FRPPXQLW\� GHQVLWLHV� ZLWK�
WKHVH�VSHFLHV�RPLWWHG��� 

:H�FKDUDFWHUL]HG�VSHFLHV�HYHQQHVV�IRU�HDFK�WUDQ�
VHFW�ZLWK�WKH�FRHIILFLHQW�RI�YDULDWLRQ�IRU�VSHFLHV�GHQ�
VLWLHV��ZKLFK� LQFUHDVHV� DV� HYHQQHVV� GHFOLQHV�� �:KHQ�
ZH� SHUIRUPHG� H[SORUDWRU\� DQDO\VHV� ZLWK� HYHQQHVV�
LQGLFHV� GHVFULEHG� E\� 6PLWK� DQG�:LOVRQ� �������� WKH�
FRHIILFLHQW�RI�YDULDWLRQ�SHUIRUPHG�VLPLODUO\��� 

7R� WHVW� IRU� VSDWLDO� DQG� VHDVRQDO� SDWWHUQV� LQ� RXU�
GDWD�� ZH� DQDO\]HG� VSHFLHV� ULFKQHVV� DQG� FRPPXQLW\�
GHQVLW\�GDWD�YHUVXV�UHJLRQ�DQG�VHDVRQ��ZLWK�\HDU�DV�D�
UHSHDWHG�PHDVXUH�LQ�DQDO\VHV�RI�YDULDQFH�� �$OWKRXJK�
VHDVRQDO� GLIIHUHQFHV� LQ� ULFKQHVV� DQG� GHQVLW\� DUH� H[�
SHFWHG��WHVWLQJ�LQ�WKLV�PDQQHU�SHUPLWWHG�H[DPLQDWLRQ�
RI�JHRJUDSKLF�GLYHUVLW\�SDWWHUQV�ZLWK�YDULDQFH�GXH�WR�
VHDVRQDO� FKDQJH� DFFRXQWHG� IRU�� �([SORUDWRU\� H[DPL�
QDWLRQ� RI� HYHQQHVV� GDWD� VKRZHG�� KRZHYHU�� WKDW� VHD�
VRQDO� GDWD� KDG� XQHTXDO� YDULDQFHV� WKDW� FRXOG� QRW� EH�
HOLPLQDWHG� E\� WUDQVIRUPDWLRQV�� � :H� WKHUHIRUH� DQD�
O\]HG� VHDVRQDO� WUHQGV� LQ� HYHQQHVV�� ZKLFK� ZHUH� RI�
WKHPVHOYHV�RI� LQWHUHVW��ZLWK� XQHTXDO� YDULDQFH� W-WHVWV�
DQG� UHJLRQDO� WUHQGV� ZLWKLQ� VHDVRQV� ZLWK� UHSHDWHG�
PHDVXUHV� DQDO\VLV� RI� YDULDQFH�� � :H� FKHFNHG� ILW� WR�
PRGHO�DVVXPSWLRQV�ZLWK�/HYHQH¶V�WHVW�IRU�HTXDOLW\�RI�
HUURU� YDULDQFHV�� .ROPRJRURY-6PLUQRY� DQG� 6KDSLUR-
:LON� QRUPDOLW\� WHVWV�� 'XUELQ-:DWVRQ� WHVW� IRU� VHULDO�
FRUUHODWLRQ� RI� UHVLGXDOV� DQG� UHVLGXDO� SORWV� �6366�
�������� 

%HFDXVH� KDELWDW� FRQGLWLRQV� FKDQJHG� DW� VWXG\�
VLWHV�EHWZHHQ�VHWV�RI�ELUG�VXUYH\V��ZH�H[DPLQHG� WKH�
UROH� RI� HQHUJ\� DQG� KDELWDW� LQ� VKDSLQJ� GLYHUVLW\� E\�
FRQGXFWLQJ� DQ� DQDO\VLV� RI� YDULDQFH�ZLWK� \HDU� RI� RE�
VHUYDWLRQ�DV�D� IDFWRU�DQG�KDELWDW�YDULDEOHV�DV�FRYDUL�
DWHV���'RLQJ�VR�SHUPLWWHG�WKH�HIIHFWV�RI�KDELWDW�WR�EH�
FRQVLGHUHG�LQ�OLJKW�RI�WHPSRUDO�YDULDWLRQ�LQ�GLYHUVLW\���
,Q� DVVHVVLQJ� WHVW� UHVXOWV�� ZH� FRQVLGHUHG� WKH� VLJQLIL�
FDQFH� RI� SDUDPHWHU� HVWLPDWHV� DQG� Q�� �SDUWLDO� HWD-
VTXDUHG—DQ� HVWLPDWH� RI� HIIHFW� VL]HV�� 6366� ��������
:H�H[DPLQHG�SDUWLDO�FRUUHODWLRQ�SORWV�WR�GHWHUPLQH�LI�
GLYHUVLW\� SDUDPHWHUV� DQG� KDELWDW� YDULDEOHV� H[KLELWHG�
QRQOLQHDULW\� 

7R� IXUWKHU� DVVHVV� RXU� ILQGLQJV� LQ� OLJKW� RI� WHP�
SRUDO�YDULDWLRQ�LQ�ULFKQHVV�DQG�GHQVLW\��ZH�FDOFXODWHG�
VSHFLHV� WXUQRYHU� IRU� HDFK� VLWH� DV� WKH� VXP�RI� VSHFLHV�
IRXQG�LQ�D�VLQJOH�\HDU�RQO\�GLYLGHG�E\�WKH�WRWDO�VSH�
FLHV�IRXQG�LQ�ERWK�\HDUV�RI�VWXG\�FRPELQHG���:H�FDO�
FXODWHG� WKH� DQQXDO� FKDQJH� LQ� SRSXODWLRQ� GHQVLW\� IRU�
HDFK�VLWH�E\�GLYLGLQJ�WKH�DEVROXWH�YDOXH�RI�WKH�GLIIHU�
HQFH�LQ�GHQVLW\�EHWZHHQ�\HDUV�E\�WKH�DYHUDJH�GHQVLW\���
:H�VLPLODUO\�FRPSXWHG�FKDQJH� LQ�ZLWKLQ-VHDVRQ�GX�
SOLFDWH� VXUYH\V� WR� H[DPLQH� ZLWKLQ-\HDU� YDULDQFH� LQ�

ULFKQHVV�DQG�GHQVLW\���7R�VHDUFK�IRU�VLJQLILFDQW�DQQX�
DO�FKDQJHV�LQ�WXUQRYHU��ZH�XVHG�D�IDFWRULDO�DQDO\VLV�RI�
YDULDQFH� RQ� VSHFLHV� GDWD� YV�� VHDVRQ� DQG� UHJLRQ�� � ,Q�
WKH�FDVH�RI�GHQVLW\� WXUQRYHU��ZH� IRXQG� WKDW�VHDVRQDO�
HUURU� YDULDQFHV� ZHUH� VLJQLILFDQWO\� GLIIHUHQW�� VR� ZH�
SHUIRUPHG�VHSDUDWH�VHDVRQDO�W-WHVWV�RQ�GDWD���)RU�VHD�
VRQDO�GLIIHUHQFHV�LQ�GHQVLW\�WXUQRYHU��ZH�SHUIRUPHG�D�
0DQQ-:KLWQH\�8�WHVW���$OO�UHVXOW�PHDQV�DUH�UHSRUWHG��
��6(� 

%HFDXVH� RXU� GDWD� ZHUH� JHRJUDSKLFDOO\� EDVHG��
WKH\� KDG� WKH�SRWHQWLDO� WR� H[KLELW� VSDWLDO� DXWRFRUUHOD�
WLRQ�� � 6SDWLDO� DXWRFRUUHODWLRQ� PD\� EH� YLHZHG� DV� D�
PLVVLQJ�YDULDEOH�SUREOHP�ZKHUH� WKH�HUURUV� UHSUHVHQW�
RQH� RU� PRUH� VSDWLDOO\� VWUXFWXUHG� LQGHSHQGHQW� YDULD�
EOHV�WKDW�DUH�PLVVLQJ�IURP�WKH�UHJUHVVLRQ�PRGHO��9HU�
+RHI�HW�DO��������:LPEHUO\�HW�DO����������:H�HYDOXDW�
HG� VSDWLDO� DXWRFRUUHODWLRQ� E\� FRPSDULQJ� RUGLQDU\�
OHDVW-VTXDUHV� UHJUHVVLRQ� �2/6�� DQG� VLPXOWDQHRXV�
DXWRUHJUHVVLRQ��6$5��PRGHOV��:LPEHUO\�HW�DO���������
$QDO\VHV� ZHUH� FDUULHG� RXW� LQ� SURJUDP� 5� YHUVLRQ�
��������5�'HYHORSPHQW�&RUH�7HDP���������7KH�VSD�
WLDO�DXWRUHJUHVVLYH�PRGHOV�ZHUH�ILWWHG�XVLQJ�VSDXWROP�
IXQFWLRQ�XVLQJ� WKH� VSGHS�VSDWLDO� DQDO\VLV�SDFNDJH� LQ�
5��%LYDQG���������:H�FRPSDUHG�2/6�DQG�6$5�PRG�
HO� E\� HYDOXDWLQJ� WKH� VLJQLILFDQFH� RI� WKH� PD[LPXP�
OLNHOLKRRG� DXWRUHJUHVVLYH� FRHIILFLHQW� �ODPEGD��� � ,I�
ODPEGD�ZDV� VLJQLILFDQW��ZH� FRQFOXGHG� WKDW� WKH�6$5�
PRGHO�ZDV�DSSURSULDWH� 

 
5(68/76 

 
+DELWDW�� 2XU� ���� SORWV� VDPSOHG� DQ� DUHD� RI�

�������� KD� LQ� HDVWHUQ� &RQQHFWLFXW�� FRPSDUHG� ZLWK�
����86)6�SORWV�FRYHULQJ������KD�IRU�WKH�HQWLUH�VWDWH�
�$OHULFK�������� �(VWLPDWHV�RI�YHJHWDWLRQ�FRYHU�ZHUH�
ZLWKLQ�VWDQGDUG�HUURUV�RI�86)6�HVWLPDWHV��DQG�VWDQG�
DUG�HUURUV�VKRZHG�WKDW�RXU�GDWD�KDG�JUHDWHU�SUHFLVLRQ�
DQG� OLNHO\� JUHDWHU� DFFXUDF\� WKDQ� WKRVH� RI� 86)6���
+HQFH�� RXU� GDWD� DSSHDUHG� WR� DSSUR[LPDWH� D� UDQGRP�
VDPSOH� RI� DYDLODEOH� KDELWDWV�� � 0RUHRYHU�� DYHUDJH�
VHDVRQDO� WHPSHUDWXUH� DQG� HOHYDWLRQ� ODWLWXGHо�� RI�
ZHDWKHU�VWDWLRQV�VKRZHG�D�VWURQJ�QHJDWLYH�OLQHDU�UHOD�
WLRQVKLS� LQ� ERWK� VXPPHU� �U�������  � ������ 3� �� �������
DQG�ZLQWHU� �U�������  � ������3� �� �������� �+DELWDW� ILQG�
LQJV�PDWFK�GHVFULSWLRQV�RI�UHJLRQDO�KDELWDWV�UHSRUWHG�
E\� 'RZKDQ� DQG� &UDLJ� �������� $OHULFK� ������� DQG�
6WRQH� HW� DO�� �������� � �:LWK� WKH� H[FHSWLRQ� RI�1'9,��
KDELWDW� YDULDEOHV� XQGHUZHQW� OLWWOH� FKDQJH� GXULQJ� WKH�
VWXG\�SHULRG��7DEOH���� 

%LUG� FRPPXQLWLHV�� 7KH� ��� VXUYH\� URXWHV� FRY�
HUHG�DERXW�����NP�RI� IRUHVW�KDELWDW�� � �&RPSXWDWLRQV�
RI�ULFKQHVV�DQG�GHQVLW\�DUH�EDVHG�RQ�WKH��������LQGL�
YLGXDOV� RI� ��� VSHFLHV� UHFRUGHG� GXULQJ� WKH� VWXG\���
6XPPHU�FRPPXQLWLHV�ZHUH�GRPLQDWHG�LQ�GHVFHQGLQJ�
RUGHU� E\� WKH� 2YHQELUG� �6HLXUXV� DXURFDSLOOXV��� 5HG-
H\HG� 9LUHR� �9LUHR� ROLYDFHXV��� 7XIWHG� 7LWPRXVH�
�%DHRORSKXV� � ELFRORU�� DQG� 9HHU\� �&DWKDUXV�
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IXVFHVFHQV��� ZKLFK� DORQH� FRPSULVHG� ���� RI� ELUGV�
SUHVHQW���,Q�FRQWUDVW��ZLQWHU�FRPPXQLWLHV�ZHUH�GRPL�
QDWHG� E\� WKH� *ROGHQ-FURZQHG� .LQJOHW� �5HJXOXV� VD�
WUDSD��� %ODFN-FDSSHG� &KLFNDGHH� �3RHFLOH� DWULFDSLO�
OXV��� 7XIWHG� 7LWPRXVH� DQG� $PHULFDQ� *ROGILQFK�
�&DUGXHOLV� WULVWLV��� ZKLFK� FRPSULVHG� ���� RI� ELUGV�
SUHVHQW�� � &UDLJ� HW� DO�� ������� UHSRUW� VHDVRQDO� GHQVLW\�
HVWLPDWHV�IRU�LQGLYLGXDO�VSHFLHV� 

1RW�VXUSULVLQJO\��VSHFLHV� ULFKQHVV� �7DEOH����VLJ�
QLILFDQWO\� GHFUHDVHG� IURP� VXPPHU� WR� ZLQWHU� �)�������� �
��������3����������� � �7KHUH�ZDV�D�VLJQLILFDQW�GLIIHU�

HQFH�EHWZHHQ� UHJLRQV��)������ �������3����������DQG�D�
VLJQLILFDQW� VHDVRQ-UHJLRQ� LQWHUDFWLRQ� �)������ � ������3�
�� �������� EHFDXVH� UHJLRQDO� VXPPHU� ULFKQHVV� ZDV�
QHDUO\�HTXDO��ZKHUHDV�LQ�ZLQWHU�LW�ZDV�KLJKHVW� LQ�WKH�
VRXWKHDVW�� � 7KHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� EH�
WZHHQ�\HDUV��)������ ������3� �������RU�LQ�RWKHU�LQWHUDF�
WLRQ�WHUPV�� 

&RPPXQLW\� GHQVLW\� HVWLPDWHV� �7DEOH� ��� VLJQLIL�
FDQWO\� GHFUHDVHG� IURP� VXPPHU� WR� ZLQWHU� �)����� �
�������3������������7KHUH�ZDV�D�VLJQLILFDQW�GLIIHUHQFH�
EHWZHHQ�UHJLRQV��)������ �������3�����������ZLWK�QRUWK�
HDVWHUQ�&RQQHFWLFXW� KDYLQJ� ORZHU� GHQVLWLHV�� SDUWLFX�
ODUO\� LQ�ZLQWHU�� �7KHUH�ZDV� DOVR� D� VLJQLILFDQW� GLIIHU�
HQFH�EHWZHHQ� \HDUV� �)������ �������3����������EXW�QRW�
LQ�DQ\�LQWHUDFWLRQ�WHUPV� 

(YHQQHVV� �7DEOH� ��� ZDV� VLJQLILFDQWO\� ORZHU� LQ�
VXPPHU�WKDQ�ZLQWHU�GXULQJ�����о������XQHTXDO�YDU�
LDQFH� W������ � � ����� 3� �� ������� EXW� QRW� ����о������
�XQHTXDO� YDULDQFH� W������ � � �����3�  � �������� � 7KRXJK�
IDU�PRUH�VSHFLHV�ZHUH�SUHVHQW�LQ�VXPPHU��HVSHFLDOO\�
WKH�5HG-H\HG�9LUHR�DQG�2YHQELUG�WHQGHG�WR�GRPLQDWH�
QXPHULFDOO\�VR�WKDW� WKH\�KDG�UHGXFHG�HYHQQHVV�FRP�

7$%/(� � ��� 0HDQ� ��6(�� GLYHUVLW\� YDOXHV� IRU� VWXG\�
VLWHV� LQ�QRUWKHDVWHUQ�DQG�VRXWKHDVWHUQ�&RQQHFWL�
FXW� 

  

���1RUWKHDVW 

 

���6RXWKHDVW 

 

HOHYDWLRQ�ODWLWXGH-� 

 

����������� 

 

����������� 
0HGLDQ�1'9,   

���������-���� ������������� ���������� 

���������-���� ���������� ���������� 

)RUHVW�W\SH ����������� ����������� 

0RLVWXUH�UHJLPH ����������� ����������� 

&DQRS\�FRYHU ����������� ����������� 

8QGHUVWRU\�GHQVLW\ ����������� ����������� 

'LDPHWHU�DW�EUHDVW�KHLJKW ����������� ����������� 

9HJHWDWLRQ�FRPSOH[LW\ ����������� ����������� 

9HJHWDWLRQ�W\SH�����   

�����2DN-GRPLQDWHG  ���������� ���������� 

�����0L[HG�GHFLGXRXV ���������� ���������� 

�����&RQLIHU-KDUGZRRG ���������� ����������� 

�����3LQH-RDN ���������� ����������� 

�����&RQLIHU ���������� ����������� 

�����0L[HG�FDWHJRULHV ������������ ����������� 

7$%/(� ���0HDQ� ��6'�� KDELWDW� PHDVXUHV� IRU� VWXG\�
VLWHV� LQ� 1RUWKHDVW� DQG� 6RXWKHDVW� &RQQHFWLFXW���
HOHYDWLRQ� ODWLWXGH-��� �����  � PD[LPXP� –� �����  �
PLQLPXP��PHGLDQ�QRUPDOL]HG�GLIIHUHQFH�YHJHWD�
WLYH�LQGH[��1'9,��������� �PD[LPXP�–������� �
PLQLPXP�� IRUHVW� W\SH�� ���� GHFLGXRXV�–� ���� FRQ�
IHURXV�� PRLVWXUH� UHJLPH�� [HULF� ���� -� K\GULF� �����
FDQRS\�FRYHU��RSHQ�����–�FORVHG������XQGHUVWRU\�
GHQVLW\��RSHQ�����–�GHQVH������GEK�����������FP��
–�����!����FP��YHJHWDWLRQ�FRPSOH[LW\�������PD[�
LPXP�–������PLPLQXP� 

  

1RUWKHDVWHUQ� 

&RQQHFWLFXW 

 

6RXWKHDVWHUQ� 

&RQQHFWLFXW 

6SHFLHV�ULFKQHVV 

������VSHFLHV�WUDQVHFW�� 

   

�����6XPPHU ����������� ���������� 

�����:LQWHU ����������� ���������� 

&RPPXQLW\�GHQVLW\� 

������ELUGV�NP��� 

  

�����6XPPHU ����������� �������������� 

�����:LQWHU ����������� ��������������� 

(YHQQHVV   

�����6XPPHU ������������ ����������� 

�����:LQWHU ��������������� ��������������� 
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SDUHG�ZLWK�ZLQWHU��ZKHQ�XVXDOO\�QR�VSHFLHV�ZDV�RYHU�
ZKHOPLQJO\� DEXQGDQW� �H[FHSW� GXULQJ� WKH� ZLQWHU� RI�
����о������ZKHQ�*ROGHQ-FURZQHG�.LQJOHWV�PDGH� D�
PDMRU� ZLQWHU� LQFXUVLRQ� LQWR� QRUWKHDVWHUQ� &RQQHFWL�
FXW��� �(YHQQHVV� VKRZHG� OLWWOH� GLIIHUHQFH�EHWZHHQ� UH�
JLRQV� �VXPPHU�)������ ������3� ��������ZLQWHU�)������ �
������3� ���������DOWKRXJK�WKH\�GLIIHUHG�DPRQJ�\HDUV�
LQ�ZLQWHU��VXPPHU�)������ ������3� ��������ZLQWHU�)������
 � �����3�  � �������� DQG� VKRZHG� D� VLJQLILFDQW� ZLQWHU�
LQWHUDFWLRQ�EHWZHHQ�UHJLRQV�DQG�\HDUV� �VXPPHU�)������

 � ����� 3�  � ������� ZLQWHU� )������  � ������ 3�  � ��������
ZLWK�HYHQQHVV�LQFUHDVLQJ�LQ�QRUWKHDVWHUQ�&RQQHFWLFXW�
DQG� GHFUHDVLQJ� LQ� VRXWKHDVWHUQ� &RQQHFWLFXW� IURP�
����о����� WR� ����о������ � 7KH� LQWHUDFWLRQ� ZDV�
ODUJHO\� DWWULEXWDEOH� WR� WKH� ZLQWHU�� ����о����� LQFXU�
VLRQ�E\�*ROGHQ-FURZQHG�.LQJOHWV��� 

$QQXDO�YDULDWLRQ�LQ�VSHFLHV�ULFKQHVV�ZDV�VLJQLIL�
FDQWO\�ORZHU�LQ�VXPPHU�����������WKDQ�ZLQWHU�������
����)������ �������3������������7KH�GLIIHUHQFH�EHWZHHQ�
UHJLRQV� ZDV� QRQ-VLJQLILFDQW� �)������  ������3�  � �������

7$%/(����%HVW�ILWWLQJ�PRGHOV�IRU�VLPXOWDQHRXV�DXWRUHJUHVVLRQ�DQDO\VHV�RI�GLYHUVLW\-KDELWDW�DQDO\VHV���97� �YHJH�
WDWLRQ�W\SH��&&� �FDQRS\�FRYHU��8'� �XQGHUVWRU\�GHQVLW\��05� �PRLVWXUH�UHJLPH��'%+� �WUHH�GLDPHWHU��(/� �
HOHYDWLRQ�ODWLWXGH-����(YLGHQFH�UDWLR�FRPSDUHV�WKH�EHVW�ILWWLQJ�ZLWK�WKH�QH[W�EHVW�PRGHO� 

  
0RGHO�DQG�VLJQLILFDQW� 

IDFWRUV 

 
�ODPEGD 

 
��] 
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DQG� QR� VLJQLILFDQW� LQWHUDFWLRQ� RFFXUUHG� EHWZHHQ� UH�
JLRQV�DQG�VHDVRQV��)������ ������3� ���������,Q�FRQWUDVW��
GDLO\� YDULDWLRQ� LQ� ULFKQHVV�ZDV� ���� LQ� VXPPHU� DQG�
���� LQ�ZLQWHU�� LQ�ERWK�FDVHV� DERXW�D� WKLUG� OHVV� WKDQ�
DQQXDO� YDULDWLRQ�� � $QQXDO� YDULDWLRQ� LQ� GHQVLW\� ZDV�
VLJQLILFDQWO\�ORZHU�LQ�VXPPHU������������WKDQ�ZLQWHU�
����������)���� ������3������������7KH�GLIIHUHQFH�EH�
WZHHQ� UHJLRQV� ZDV� QRQ-VLJQLILFDQW� IRU� ERWK� VXPPHU�
�W���� ������3� �������DQG�ZLQWHU��W���� ������3� �������
LQHTXDOLW\� RI� VHDVRQDO� YDULDQFHV� SUHFOXGHG� HQWHULQJ�
VHDVRQ�LQWR�DQ�DQDO\VLV�RI�YDULDQFH����'DLO\�YDULDWLRQ�
LQ�GHQVLW\� DOVR�ZDV� URXJKO\� D� WKLUG� OHVV� WKDQ� DQQXDO�
YDULDWLRQ��VXPPHU������ZLQWHU������� 

'LYHUVLW\-KDELWDW�� 1R� VLJQLILFDQW� VSDWLDO� DXWR�
FRUUHODWLRQV� H[LVWHG� IRU� VXPPHU� RU� ZLQWHU� VSHFLHV�
ULFKQHVV� �7DEOH� ���� � +HQFH�� ZH� XVHG� D� UHJUHVVLRQ�
PRGHO� ZLWK� HOHYDWLRQ� ODWLWXGHо��� PRLVWXUH� UHJLPH��
FDQRS\� FRYHU� DQG� GEK� DOO� HQWHUHG� LQWR� DQDO\VHV� RI�
GLYHUVLW\� YV�� KDELWDW�� � $� PRGHO� WKDW� DOVR� FRQWDLQHG�
YHJHWDWLRQ� W\SH� DQG� YHUWLFDO� YHJHWDWLRQ� FRPSOH[LW\�
EHVW�SUHGLFWHG�VXPPHU�VSHFLHV�ULFKQHVV��DOWKRXJK�QRW�
JUHDWO\�EHWWHU�WKDQ�PRGHOV�ZLWK�XQGHUVWRU\�GHQVLW\�RU�
1'9,����$�PRGHO�ZLWK�1'9,�DQG�XQGHUVWRU\�GHQVLW\�
EHVW�SUHGLFWHG�ZLQWHU�VSHFLHV�ULFKQHVV��DOWKRXJK�DJDLQ�
YHU\� VLPLODUO\� WR� PRGHOV� ZLWK� YHUWLFDO� YHJHWDWLRQ�
FRPSOH[LW\��7DEOH������ 

1R�VLJQLILFDQW�VSDWLDO�DXWRFRUUHODWLRQ�H[LVWHG�IRU�
VXPPHU�GHQVLW\�GDWD��7DEOH������$�PRGHO�ZLWK�YHJH�
WDWLRQ� W\SH� DQG� XQGHUVWRU\� GHQVLW\� EHVW� SUHGLFWHG�

VXPPHU�FRPPXQLW\�GHQVLW\�� DOWKRXJK�DOPRVW� LGHQWL�
FDOO\� WR� PRGHOV� ZLWK� YHUWLFDO� YHJHWDWLRQ� FRPSOH[LW\�
RU�1'9,� �7DEOH� ���� � ,Q� ZLQWHU�� D� VLJQLILFDQW� VSDWLDO�
DXWRFRUUHODWLRQ� H[LVWHG� IRU� GHQVLW\�� ZLWK� \HDU�� GEK�
DQG�HOHYDWLRQ�ODWLWXGHо��EHLQJ�DGGHG�WR�WKH�6$5�PRG�
HO��7DEOH���� 

1R� VLJQLILFDQW� VSDWLDO� DXWRFRUUHODWLRQV� H[LVWHG�
IRU� VXPPHU� RU�ZLQWHU� HYHQQHVV� �7DEOH� ���� � 6XPPHU�
HYHQQHVV�ZDV�EHVW�SUHGLFWHG�E\�D�PRGHO�ZLWK�1'9,�
DQG�YHUWLFDO�YHJHWDWLRQ�FRPSOH[LW\��ZKLFK�ILW�VOLJKWO\�
EHWWHU� WKDQ� PRGHOV� ZLWK� XQGHUVWRU\� RU� YHJHWDWLRQ�
W\SH���:LQWHU�HYHQQHVV�ZDV�EHVW�SUHGLFWHG�E\�D�PRGHO�
ZLWK� YHJHWDWLRQ� W\SH� DQG� XQGHUVWRU\� GHQVLW\�� ZKLFK�
ILW�VOLJKWO\�EHWWHU�WKDQ�PRGHOV�ZLWK�YHUWLFDO�YHJHWDWLRQ�
FRPSOH[LW\��7DEOH������ 

6XPPHU�IRUHVW�ELUG�ULFKQHVV�PRGHVWO\�LQFUHDVHG�
DV� YHJHWDWLRQ� VKLIWHG� IURP� RDN-GRPLQDWHG� WKURXJK�
LQFUHDVLQJO\� PL[HG� FRQLIHU-KDUGZRRG�� SLQH-RDN� DQG�
FRQLIHURXV� IRUHVWV� �)LJ�� ��� 7DEOH� ��� DQG� ZHDNO\� LQ�
FUHDVHG�ZLWK�GHFUHDVLQJ�FDQRS\�FRYHU�� �:LQWHU� ULFK�
QHVV�VKRZHG�D�VWURQJ�LQFUHDVH�ZLWK�GHFUHDVLQJ�HOHYD�
WLRQ�ODWLWXGH��)LJ���D��DV�ZHOO�DV�D�ZHDN�LQFUHDVH�ZLWK�
LQFUHDVLQJ� 1'9,� �7DEOH� ���� � 6XPPHU� GHQVLW\� LQ�
FUHDVHG� ZHDNO\� ZLWK� GHFUHDVLQJ� FDQRS\� FRYHU� DQG�
LQFUHDVLQJ� VRLO� PRLVWXUH� �7DEOH� ���� � :LQWHU� GHQVLW\�
LQFUHDVHG� PRGHVWO\� ZLWK� GHFUHDVLQJ� HOHYDWLRQ� ODWL�
WXGHо�� � �)LJ�� �E�� DQG� PRUH� ZHDNO\� ZLWK� GHFUHDVLQJ�
GEK�DQG�LQFUHDVLQJ�GHFLGXRXV�IRUHVW�FRYHU��7DEOH������
(YHQQHVV� VKRZHG� D�ZHDN� VXPPHU� LQFUHDVH�ZLWK� LQ�

n 2 = 0.15
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FUHDVLQJ� HOHYDWLRQ� ODWLWXGHо��DQG� GHFUHDVLQJ� 1'9,���
0RUHRYHU��HYHQQHVV�KDG�D�ZHDN�ZLQWHU�LQFUHDVH�ZLWK�
LQFUHDVLQJO\�FRQLIHURXV�YHJHWDWLRQ��7DEOH���� 

,Q� HYDOXDWLQJ� SUHGLFWLRQV� RI� WKH� VSHFLHV-HQHUJ\�
K\SRWKHVLV�� ZH� IRXQG� WKDW� ORJ� GHQVLW\� DQG� ORJ� ULFK�
QHVV� �)LJ�� ��� SRVLWLYHO\� FR-YDULHG� ZLWK� VORSHV� IURP�
����� �VXPPHU��Q��� �������)������ ��������3���������� WR�
����� �ZLQWHU�� Q���  � ������)������ � ��������3� �� ���������
)XUWKHUPRUH�� ZLWK� WKH� H[FHSWLRQ� RI� D� ZHDN� SRVLWLYH�
UHODWLRQVKLS� EHWZHHQ� PHDQ� VXPPHU� LQGLYLGXDOV� SHU�
VSHFLHV� DQG� HOHYDWLRQ� ODWLWXGHо�� � �Q���  � ������ )������ �
������3� ��������ZH�IRXQG�OLWWOH�UHODWLRQVKLS�EHWZHHQ�
LQGLYLGXDOV�VSHFLHV�DQG�HQHUJ\-UHODWHG�YDULDEOHV� 
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7KLV�VWXG\�GHPRQVWUDWHV�WKDW�IRUHVW�ELUG�FRPPX�
QLWLHV� VKRZHG� JHRJUDSKLF� SDWWHUQV� LQ� VSHFLHV� ULFK�
QHVV�� FRPPXQLW\� GHQVLW\� DQG� HYHQQHVV�� ZLWK� ZLQWHU�
DQG� VXPPHU� SDWWHUQV� LQ� WKHVH� YDULDEOHV� GLYHUJLQJ���
5LFKQHVV� DQG� GHQVLW\� WHQGHG� WR� VKRZ� WKH� VWURQJHVW�
SDWWHUQ� LQ� ZLQWHU�� ZKHQ� D� QRUWK-VRXWK� LQFUHDVH� LQ�
WKHVH�DSSHDUHG�HYHQ�LQ�OLJKW�RI�DQQXDO�GLYHUVLW\�IOXF�
WXDWLRQV�� �0RUHRYHU�� HYHQQHVV� LQFUHDVHG� IURP� VXP�
PHU� WR� ZLQWHU�� � 5HODWLRQVKLSV� WR� KDELWDW� YDULDEOHV�
ZHUH�� ��� VXPPHU� ULFKQHVV� DQG� GHQVLW\�ZHUH� UHODWHG��
DOEHLW�UDWKHU�ZHDNO\��WR�ORFDO�IRUHVW�FRQGLWLRQV��SDUWLF�
XODUO\� YHJHWDWLRQ� W\SH� DQG� FDQRS\� FRYHU�� ��� ZLQWHU�
ULFKQHVV� DQG� GHQVLW\� ZHUH� PRUH� VWURQJO\� UHODWHG� WR�
HOHYDWLRQ� ODWLWXGHо��DQG�DJDLQ�RQO\�ZHDNO\�UHODWHG� WR�

7$%/(����%HVW�ILWWLQJ�PRGHOV��DV�GHWHUPLQHG�E\�GHOWD�$,&�ZLWK�WKH�QH[W�EHVW�PRGHO��IRU�GLYHUVLW\-KDELWDW�DQDO�
\VHV���97� �YHJHWDWLRQ�W\SH��9&� �YHJHWDWLRQ�FRPSOH[LW\��&&� �FDQRS\�FRYHU��8'� �XQGHUVWRU\�GHQVLW\��
05� �PRLVWXUH�UHJLPH��'%+� �WUHH�GLDPHWHU��1'9,� �QRUPDOL]HG�GLIIHUHQFH�YHJHWDWLYH�LQGH[��(/� �HOH�
YDWLRQ�ODWLWXGH-�� 
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KDELWDW�� ��� HYHQQHVV�ZDV�ZHDNO\� UHODWHG� SDUWLFXODUO\�
WR�HOHYDWLRQ�ODWLWXGHо��LQ�VXPPHU�DQG�YHJHWDWLRQ�W\SH�
LQ�ZLQWHU� 

7KDW� WHPSHUDWXUH�SOD\V� WKH�PDMRU� UROH� LQ�ZLQWHU�
YDULDWLRQ� LQ� GLYHUVLW\� ZDV� VXSSRUWHG�E\�ZLQWHU� ULFK�
QHVV�DQG�GHQVLW\�GHFUHDVLQJ�ZLWK�HOHYDWLRQ�ODWLWXGHо���
ZKLFK� LQ� WXUQ� ZDV� VWURQJO\� UHODWHG� WR� UHJLRQDO� WHP�
SHUDWXUH���,QGHHG��QR�HOHYDWLRQ-UHODWHG�KDELWDW�FKDQJ�
HV� RWKHU� WKDQ� WHPSHUDWXUH� ZHUH� REYLRXV� RYHU� WKH�
UDQJH� ZH� FRQVLGHUHG� ��о���P��� � 7KH� ORZ� HQHUJ\�
ZLQWHU�HQYLURQPHQW�DSSHDUV� WR�PDNH� WKH�DYDLODELOLW\�
RI� WKHUPDO� NLQHWLF� HQHUJ\� D� JUHDWHU� LQIOXHQFH� RQ� GL�
YHUVLW\�ZKHQ� LW�PD\� UHGXFH�PHWDEROLF�FRVWV�� �2QJR�
LQJ�LQYHVWLJDWLRQV�LQ�PXFK�PRUH�PRXQWDLQRXV�QRUWK�
ZHVWHUQ� &RQQHFWLFXW�� ZKHUH� ZH� KDYH� PDGH� DPRQJ�
WKH� ORZHVW� FRXQWV� \HW� IRU� ZLQWHU� SRSXODWLRQV� �5��

&UDLJ�� XQSXEOLVKHG�GDWD��� IXUWKHU� VXSSRUW� WKHVH� ILQG�
LQJV�� � %RFN� DQG� /HSWKHLQ� ������� DQG� 5RRW� �������
IRXQG�VLPLODU�ZLQWHU�GLYHUVLW\-WHPSHUDWXUH�SDWWHUQV�DW�
WKH�FRQWLQHQWDO�VFDOH��� 

2XU� GDWD� DGGLWLRQDOO\� LQGLFDWHG� WKDW� ORZ� HOHYD�
WLRQ�IRUHVWV��ZKLFK�UHDFK�WKHLU�JUHDWHVW�H[WHQW�WRZDUG�
WKH� FRDVW�� DVVXPH� SDUWLFXODU� LPSRUWDQFH� DV� ZLQWHU�
UHVHUYRLUV� IRU� UHJLRQDO� ELUG� FRPPXQLWLHV�� � +HQFH��
FRQVHUYDWLRQLVWV� PXVW� WDNH� WKLV� IDFW� LQWR� DFFRXQW�
ZKHQ� GHYLVLQJ� UHJLRQDO� RSHQ� VSDFH� FRQVHUYDWLRQ�
SODQV���'RKHUW\�DQG�*UXEE��������DOVR�QRWH�WKDW�ZLQ�
WHU� SRSXODWLRQV� DSSHDU� WR� SOD\� DQ� LPSRUWDQW� UROH� LQ�
GHWHUPLQLQJ� WKH� GLVWULEXWLRQ� RI� SHUPDQHQW� UHVLGHQW�
VSHFLHV� 

,Q� FRQWUDVW� WR� WKH� UROH� RI� HQHUJ\� LQ� VWUXFWXULQJ�
ZLQWHU� FRPPXQLWLHV�� RXU� GDWD� VKRZHG� RQO\� D� ZHDN�
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WHQGHQF\�IRU�HLWKHU�SRWHQWLDO�RU�NLQHWLF�HQHUJ\� WR� LQ�
IOXHQFH� VXPPHU� GLYHUVLW\�� � 7KH� SRVLWLYH� FRUUHODWLRQ�
EHWZHHQ�1'9,�DQG�SURSRUWLRQDWH�FRYHU�RI�GHFLGXRXV�
IRUHVW�VSHFLHV�VXJJHVWV�WKDW��DW�WKH�VFDOH�RI�WKLV�LQYHV�
WLJDWLRQ�� 1'9,� YDOXHV� PD\� EH� GHWHUPLQHG� PRUH� E\�
IRUHVW�DSSHDUDQFH�UDWKHU� WKDQ�E\�SULPDU\�SURGXFWLYL�
W\�� �7KH�PRGHVWO\�EHWWHU� ILW�RI�D�PRGHO�ZLWK�YHJHWD�
WLRQ� UDWKHU� WKDQ�1'9,� LQ�DFFRXQWLQJ� IRU�YDULDQFH� LQ�
VXPPHU� ULFKQHVV� IXUWKHU� LQGLFDWHV� WKDW� YHJHWDWLRQ�
ZDV�WKH�YDULDEOH�WKDW�H[HUWHG�GLUHFW�LQIOXHQFH�RQ�ULFK�
QHVV�� �7KH�SRVLWLYH�VXPPHU�UHODWLRQVKLS�RI�HYHQQHVV�
ZLWK� HOHYDWLRQ� ODWLWXGHо�� GLG�� KRZHYHU�� DSSHDU� WR� EH�
GULYHQ� E\� UHGXFHG� FRPPXQLW\� GRPLQDQFH� E\�2YHQ�
ELUGV�DQG�5HG-H\HG�9LUHRV�DQG�ZLWK�VSHFLHV�RI�PRG�
HUDWH� DEXQGDQFH� DW� VLWHV� ZLWK� JUHDWHU� HOHYDWLRQ� ODWL�
WXGHо����&UDLJ�HW�DO��������XQSXEO��GDWD�� 

(YDQV� HW� DO�� ������� VLPLODUO\� IRXQG� WKDW�� DW� WKH�
FRQWLQHQWDO�VFDOH��WHPSHUDWXUH�PRVW�FORVHO\�UHODWHG�WR�
ZLQWHU� GLYHUVLW\� DQG� HQHUJ\� LQ� JHQHUDO�PRUH� FORVHO\�
UHODWHG� WR� ZLQWHU� UDWKHU� WKDQ� VXPPHU� GLYHUVLW\�� � ,Q�
FRQWUDVW�� LQ�FRQWLQHQWDO�1RUWK�$PHULFD��+XUOEHUW�DQG�
+DVNHOO��������IRXQG�D�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�
DYLDQ�ULFKQHVV�DQG�1'9,�LQ�ZLQWHU�DQG�VXPPHU�DQG��
LQ� HDVWHUQ� 1RUWK� $PHULFD�� +DZNLQV� ������� IRXQG� D�
VWURQJ�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�VXPPHU�SURGXF�
WLYLW\�DQG�ELUG�VSHFLHV�ULFKQHVV��� 

7KH�ODFN�RI�D�FOHDU�QRUWK-VRXWK�WUHQG�LQ�VXPPHU�
ULFKQHVV�� D� ILQGLQJ� FRXQWHU� WR� WKH� HDVWHUQ� 1RUWK�
$PHULFDQ� QRUWK-VRXWK� GHFUHDVH� LQ� VXPPHU� ULFKQHVV�
�6KRUW��������PD\�H[SODLQ�ELUG� ULFKQHVV�DQG�GHQVLW\�
EHLQJ�JHQHUDOO\�KLJK�WKURXJKRXW�WKH�1RUWKHDVW��6KRUW�
������ GXH� WR� D� K\SRWKHVL]HG� FRQFHQWUDWHG� SXOVH� RI�
SURGXFWLRQ� LQ� WKLV� KLJKO\� VHDVRQDO� UHJLRQ� �5DEHQROG�

�������ZKLFK�6FKPLGW�DQG�2VWIHOG��������FRQFXU�LV�
RI� NH\� LPSRUWDQFH� LQ� VWUXFWXULQJ� FRPPXQLWLHV���
+XUOEHUW� DQG� +DVNHOO� ������� IXUWKHU� SRLQW� RXW� WKDW�
VXPPHU�SURGXFWLYLW\�H[KLELWV�OLWWOH�ODWLWXGLQDO�JUDGL�
HQW�LQ�1RUWK�$PHULFD� 

$PRQJ� KDELWDW� YDULDEOHV�� RQO\� YHJHWDWLRQ� W\SH�
ZDV� UHODWHG� WR� GLYHUVLW\� DQG� WKHQ� ZHDNO\�� ZLWK� HI�
IHFWV� PRVW� QRWLFHDEOH� LQ� VXPPHU�� � 7KLV� SURYLGHV�
RQO\�OLPLWHG�VXSSRUW�IRU�KDELWDW�H[SODLQLQJ�WKH�EXON�
RI�UHPDLQLQJ�YDULDWLRQ�LQ�GLYHUVLW\���7KH�VLJQLILFDQW�
DVVRFLDWLRQ�RI�VXPPHU�ULFKQHVV�ZLWK� LQFUHDVLQJ�FR�
QLIHU�FRYHU�LV�FRQVLVWHQW��KRZHYHU��ZLWK�2¶&RQQRU�HW�
DO�¶V� ������� ILQGLQJ� WKDW�� DW� WKH� FRQWLQHQWDO� VFDOH��
EUHHGLQJ�ELUG�VSHFLHV�ZHUH�SDUWLFXODUO\�ULFK�LQ�FRQL�
IHU-QRUWKHUQ�KDUGZRRG�IRUHVWV���*UHDWHU�IRUHVW�RSHQ�
QHVV�� DV� LV� DFKLHYHG� WKURXJK�VHOHFWLYH� ORJJLQJ��DOVR�
DSSHDUHG� WR� H[HUW� VRPH� SRVLWLYH� LQIOXHQFH� RQ� VXP�
PHU�GLYHUVLW\���:HDNO\�JUHDWHU�HYHQQHVV�LQ�ZLQWHU�LQ�
LQFUHDVLQJO\� PRUH� FRQLIHURXV� FRYHU� LQGLFDWHV� WKDW�
VXFK�KDELWDWV� WHQG� WR�H[KLELW� FRQGLWLRQV� WKDW� UHGXFH�
QXPHULFDO� GRPLQDQFH� E\� IHZ� VSHFLHV� DQG� SURPRWH�
KLJKHU�SRSXODWLRQV�RI�RWKHU�VSHFLHV��� 

'HVSLWH� WKH� ZHDNQHVV� RI� KDELWDW� LQ� SUHGLFWLQJ�
GLYHUVLW\�SDUDPHWHUV��WKH\�VKRZHG�QXPHURXV�VLJQLIL�
FDQW�UHODWLRQVKLSV�DW�WKH�OHYHO�RI�LQGLYLGXDO�VSHFLHV¶�
GLVWULEXWLRQV��&UDLJ�HW�DO��������XQSXEO��GDWD���ZKLFK�
VXJJHVWV�WKDW� WKH�VSHFLHV�OHYHO� LV�D�PRUH�XVHIXO�RQH�
IRU� VHHNLQJ� ELUG-KDELWDW� UHODWLRQVKLSV� DW� UHJLRQDO�
VFDOHV�� � � 2XU� ILQGLQJV� DUH� FRQVLVWHQW� ZLWK�+XUOEHUW�
DQG�+DVNHOO¶V� ������� FRQWLQHQWDO� VFDOH� ILQGLQJ� WKDW�
KDELWDW� H[KLELWHG� FRPSDUDWLYHO\� ZHDN� HIIHFWV� RQ�
DYLDQ� ULFKQHVV�� EXW� FRQWUDVW� ZLWK� 3HDUVRQ¶V� �������
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UHJLRQDO� OHYHO� ILQGLQJV� IRU� *HRUJLD�� ZKHUH� KDELWDW�
SOD\HG�D�PDMRU�UROH�LQ�LQIOXHQFLQJ�ZLQWHU�ELUG�GLYHU�
VLW\��� 

7KDW� VHDVRQDO� VKLIWV� LQ� GLYHUVLW\� SURYLGH� DGGL�
WLRQDO�FOXHV�DERXW�KRZ�HQYLURQPHQWDO�YDULDEOHV�VKDSH�
JHRJUDSKLF� SDWWHUQV� LQ� FRPPXQLWLHV� ZDV� VXSSRUWHG�
E\�RXU�REVHUYDWLRQ�WKDW�VHDVRQDO�SDWWHUQV�LQ�GLYHUVLW\�
ZHUH� UHODWHG� IDU� PRUH� WR� WHPSHUDWXUH-UHODWHG� YDULD�
EOHV�LQ�ZLQWHU�WKDQ�VXPPHU���6XPPHU�HQHUJ\�LQGHHG�
DSSHDUV�QRW� WR�EH� OLPLWLQJ� WR�ELUG�FRPPXQLWLHV�HYHQ�
RYHU� WKH� PXFK� EURDGHU� JHRJUDSKLF� UHJLRQ� RI� WKH�
QRUWKHDVWHUQ� 8QLWHG� 6WDWHV� DQG� VRXWKHUQ� PDULWLPH�
&DQDGD��6KRUW�������2¶&RQQRU�HW�DO�������� 

7KH�LPSRUWDQFH�RI�VFDOH�IRU�XQGHUVWDQGLQJ�FRP�
PXQLW\� SDWWHUQV� KDV� ORQJ� EHHQ� UHFRJQL]HG� �:LHQV�
������� ZLWK� 5DKEHN� ������� DQG� )LHOG� HW� DO�� �������
HPSKDVL]LQJ� WKDW� WKH� W\SH� RI� SDWWHUQ� XQFRYHUHG� FDQ�
EH�UHODWHG�WR�WKH�VFDOH�RI�REVHUYDWLRQ���6HYHUDO�RI�WKH�
JHRJUDSKLF�SDWWHUQV�ZH�REVHUYHG��QRWDEO\� WKH�ZLQWHU�
UHODWLRQVKLSV�RI�ULFKQHVV��GHQVLW\�DQG�WKHUPDO�HQHUJ\��
DUH�FRQVLVWHQW�ZLWK�SDWWHUQV�DOVR�REVHUYHG�DW�WKH�FRQ�
WLQHQWDO� VFDOH�� �+HQFH�� WKLV� UHJLRQDO� YLHZ�SURYLGHV�D�
ILQHU-JUDLQHG� YLHZ� RI� WKH� RULJLQ� RI� WKH� FRQWLQHQWDO�
SDWWHUQ�� �+RZHYHU�� RXU� ILQGLQJ� RI� D� JHQHUDO� ODFN� RI�
VWURQJ� KDELWDW-GLYHUVLW\� UHODWLRQVKLSV� VXJJHVWV� WKDW�
KDELWDW�GLIIHUHQFHV�DW� WKLV� OHYHO�DUH� IRU� WKH�PRVW�SDUW�
LQVXIILFLHQWO\�YDULDEOH�WR�\LHOG�GHWHFWDEOH�FRPPXQLW\�
SDWWHUQV� 

(YLGHQFH� VXSSRUWLQJ� WKH� VSHFLHV-HQHUJ\�K\SRWK�
HVLV���&XUULH�HW�DO��������ZDV�OLPLWHG�DQG�FRPHV�SUL�
PDULO\� IURP� ZLQWHU�� ��� GHQVLW\� DQG� HQHUJ\-UHODWHG�
YDULDEOHV�SRVLWLYHO\�FR-YDU\�PRVW�VWURQJO\� LQ�ZLQWHU��
DOWKRXJK�D�ZHDN�VXPPHU�UHODWLRQVKLS�RFFXUV�DV�ZHOO��
���GHQVLW\�DQG� ULFKQHVV�FR-YDU\�ZLWK�D� VORSH� VLPLODU�
WR� WKH�SUHGLFWHG�YDOXH�RI������ LQ� VXPPHU�EXW�ZLWK�D�
VORSH�GRXEOH� WKDW� LQ�ZLQWHU�� ��� ULFKQHVV� DQG� HQHUJ\-
UHODWHG�YDULDEOHV�SRVLWLYHO\�FR-YDU\�RQO\�LQ�ZLQWHU�����
FRQWUDU\�WR�SUHGLFWLRQ��WKH�VWUHQJWK�RI�WKH�ZLQWHU�ULFK�
QHVV-HQHUJ\� UHODWLRQVKLS� ZDV� JUHDWHU� WKDQ� WKDW� IRU�
GHQVLW\-HQHUJ\��WKH�ULFKQHVV-GHQVLW\�UHODWLRQVKLS�ZDV�
JUHDWHVW� RI� DOO�� DQG� QR� VLJQLILFDQW� UHODWLRQVKLSV� RF�
FXUUHG� LQ� VXPPHU�� ��� ZLQWHU� FKDQJHV� LQ� HQHUJ\� DS�
SHDUHG�WR�OHDG�WR�FKDQJHV�LQ�QXPEHUV�DQG�VSHFLHV�LQ�
WKDW�PRUH� LQGLYLGXDOV� DQG� VSHFLHV� RFFXUUHG� DW� ORZHU�
HOHYDWLRQ�ODWLWXGHо���EXW�RQO\�D�ZHDN�UHODWLRQVKLS�ZDV�
SUHVHQW� LQ� VXPPHU�����FRQWUDU\� WR�SUHGLFWLRQ��H[FHSW�
IRU�D�ZHDN�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�PHDQ�VXP�
PHU� LQGLYLGXDOV�VSHFLHV� DQG� HOHYDWLRQ� ODWLWXGHо��� ZH�
IRXQG�QR�DVVRFLDWLRQ�EHWZHHQ�LQGLYLGXDOV�SHU�VSHFLHV�
DQG� HQHUJ\-UHODWHG� YDULDEOHV�� �+XUOEHUW� ������� VLPL�
ODUO\� IRXQG� WKDW� VSHFLHV-HQHUJ\� WKHRU\� ZDV� LQVXIIL�
FLHQW� WR�DFFRXQW� IRU�REVHUYHG�FRQWLQHQWDO�SDWWHUQV�RI�
VSHFLHV�ULFKQHVV� 

+LJKHU�HYHQQHVV�REVHUYHG�LQ�ZLQWHU�YV��VXPPHU�
FRQWUDGLFWV� H[SHFWDWLRQV� WKDW� WKH� ORZHU� HQHUJ\�� OHVV�
SUHGLFWDEOH� ZLQWHU� HQYLURQPHQW� VKRXOG� KDYH� ORZHU�

HYHQQHVV��7UDPHU���������*UHDWHU�ULFKQHVV��VXFK�DV�LV�
IRXQG�LQ�VXPPHU�DSSHDUV��LQ�IDFW��XQUHODWHG�RU�QHJD�
WLYHO\�UHODWHG�WR�HYHQQHVV�LQ�ELUGV��%RFN�HW�DO����������
5RWHQEHUU\� HW� DO�� ������� DOVR� IRXQG� QR� VXSSRUW� IRU�
WKLV� SUHGLFWLRQ�� LQVWHDG� ILQGLQJ� OLWWOH� VHDVRQDO� SHULR�
GLFLW\�LQ�HYHQQHVV���'HVSLWH�WKLV�ILQGLQJ��RXU�REVHUYD�
WLRQ� RI� JUHDWHU� GDLO\� DQG� DQQXDO� YDULDWLRQ� LQ� ZLQWHU�
YV��VXPPHU�ULFKQHVV��GHQVLW\�DQG�HYHQQHVV�ZDV�FRQ�
VLVWHQW�ZLWK�ZLQWHU�HQYLURQPHQWV�EHLQJ�OHVV�SUHGLFWD�
EOH�WKDQ�WKRVH�RI�VXPPHU� 

(YHQ�ZLWK�WKH�LQFOXVLRQ�RI�WHPSHUDWXUH�DQG�KDEL�
WDW�HIIHFWV��QHDUO\�KDOI�WKH�YDULDWLRQ�LQ�ZLQWHU�ULFKQHVV�
DV� ZHOO� DV� PRVW� VXPPHU� YDULDWLRQ� ZDV� VWLOO� XQH[�
SODLQHG�� � 5RRW� ������� VLPLODUO\� IRXQG� WKDW� ���� RI�
ZLQWHULQJ�ELUG� VSHFLHV� KDG�QRUWKHUQ� UDQJH� OLPLWV�QRW�
DVVRFLDWHG� ZLWK� WHPSHUDWXUH�� DOWKRXJK� +XUOEHUW� DQG�
+DVNHOO��������IRXQG�����RI�FRQWLQHQWDO�VFDOH�VXP�
PHU�ULFKQHVV�H[SODLQHG�E\�WHPSHUDWXUH-UHODWHG�YDULD�
EOHV���*UHDWHU�GHPRQVWUDWHG�YDULDELOLW\�LQ�ZLQWHU�GDWD�
FHUWDLQO\� FRQWULEXWHV� WR� VXFK� GLYHUVLW\� YDULDQFH� GXU�
LQJ�D�VHDVRQ�ZKHQ�VSHFLHV�DUH�OHVV�FRQILQHG�WR�WHUULWR�
ULHV� DQG� PD\� PRYH� QRPDGLFDOO\� LQ� VHDUFK� RI� IRRG�
�*UXEE� DQG�3UDYRVXGRY� ������� �+RZHYHU�� WKH� FRP�
SDUDWLYHO\�ORZ�YDULDQFH�LQ�VXPPHU�GDWD�VXJJHVWV�WKDW�
VWLOO� RWKHU� XQTXDQWLILHG� YDULDEOHV� PD\� FRQWULEXWH� WR�
VXPPHU� GLYHUVLW\� SDWWHUQV�� � 0RUHRYHU�� DV� SUHGLFWHG�
E\�QHXWUDO�PRGHOV� RI� ELRGLYHUVLW\� �+XEEHOO� ������� D�
ODUJH� VWRFKDVWLF� FRPSRQHQW� WR� GLYHUVLW\� DOVR� PD\�
H[LVW�DW�WKH�VFDOH�RI�WKLV�VWXG\���9DULDEOHV�OLNH�UHFHQW�
KLVWRULFDO� HYHQWV�� LQFOXGLQJ� ZHDWKHU-UHODWHG� SRSXOD�
WLRQ� GHFOLQHV�� VLWH� ILGHOLW\� HIIHFWV�� GLVHDVH� RXWEUHDNV�
DQG�FRQWLQHQWDO�VKLIWV�LQ�SRSXODWLRQV�DQG�GLVWULEXWLRQV�
WKDW� RFFXU� IRU� UHDVRQV� XQUHODWHG� WR� ORFDO� KDELWDWV�
�:LHQV� ������ 5RVHQ]ZHLJ� ������ PD\� FRQWULEXWH� WR�
DSSDUHQW�VWRFKDVWLFLW\�LQ�UHJLRQDO�FRPPXQLWLHV��� 
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7KDQNV�DUH�DOVR�GXH�WR�&KULV�(OSKLFN��)UDQN�+HSSQHU�
DQG�-RDQ�0RUULVRQ��ZKR�FRPPHQWHG�RQ�WKH�PV���DQG�
WKH�QXPHURXV�VWXGHQW� LQWHUQV�ZKR�FRPSXWHUL]HG�DQG�
SURRIUHDG� WKH� LPPHQVH� YROXPHV� RI� GDWD� JDWKHUHG�
GXULQJ� WKLV� VWXG\�� � &RQWULEXWLRQ� QXPEHU� ��� RI� %LUG�
&RQVHUYDWLRQ�5HVHDUFK��,QF���$Q\�XVH�RI�WUDGH��SURG�
XFW�� RU� ILUP� QDPHV� LV� IRU� GHVFULSWLYH� SXUSRVHV� RQO\�
DQG� GRHV� QRW� LPSO\� HQGRUVHPHQW� E\� WKH�8�� 6��*RY�
HUQPHQW� 
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YLFH�� 1RUWKHDVWHUQ� 5HVHDUFK� 6WDWLRQ� 5HVRXUFH�
%XOOHWLQ�1(í�����%RVWRQ��0$� 

%ൺඋඍ�� -�� � ������ �0RQLWRULQJ� WKH� DEXQGDQFH� RI� ELUG�
SRSXODWLRQV��$XN�������о��� 

%ൾඏංൾඋ��/�5�� � ������ �7KH� DWODV� RI� EUHHGLQJ� ELUGV� RI�
&RQQHFWLFXW�� &RQQHFWLFXW� *HRORJLFDO� DQG� 1DWX�
UDO�+LVWRU\�6XUYH\�%XOOHWLQ������+DUWIRUG��&7� 

%ංඏൺඇൽ��5�� ������ 6SDWLDO� HFRQRPHWULFV� IXQFWLRQV� LQ�
5��FODVVHV�DQG�PHWKRGV��-RXUQDO�RI�*HRJUDSKLFDO�
6\VWHPV������–���� 

%ඈർ඄��&�(��DQG�/�:��/ൾඉඍඁൾංඇ����������:LQWHU�SDW�
WHUQV�RI�ELUG�VSHFLHV�GLYHUVLW\�DQG�DEXQGDQFH� LQ�
WKH�8QLWHG� 6WDWHV� DQG� VRXWKHUQ�&DQDGD��$PHUL�
FDQ�%LUGV�������о���� 

%ඈർ඄��&�(���=�)��-ඈඇൾඌ�DQG�-�+��%ඈർ඄����������5HOD�
WLRQVKLSV�EHWZHHQ�VSHFLHV�ULFKQHVV��HYHQQHVV�DQG�
DEXQGDQFH�LQ�D�VRXWKZHVWHUQ�VDYDQQDK��(FRORJ\�
�������о����� 

%උඎආൻൺർඁ�� -�-�� ������ � 7KH� FOLPDWH� RI� &RQQHFWLFXW��
&RQQHFWLFXW� *HRORJLFDO� DQG� 1DWXUDO� +LVWRU\�
6XUYH\�%XOOHWLQ�����+DUWIRUG��&7� 

%ඎർ඄අൺඇൽ�� 6�7��� '�5�� $ඇൽൾඋඌඈඇ�� %ඎඋඇඁൺආ�� -�/��
/ൺൺ඄ൾ��'�/��%ඈඋർඁൾඋඌ� DQG�/��7ඁඈආൺඌ�� � ������
,QWURGXFWLRQ� WR� GLVWDQFH� VDPSOLQJ�� 2[IRUG�8QL�
YHUVLW\�3UHVV��2[IRUG��8.� 

%ඎඋඇඁൺආ��.�3��DQG�:�6��2ඏൾඋඍඈඇ�� ������� �5REXVW�
HVWLPDWLRQ�RI�SRSXODWLRQ�VL]H�ZKHQ�FDSWXUH�SURE�
DELOLWLHV� YDU\� DPRQJ� DQLPDOV�� (FRORJ\� ����
���о��� 

&උൺං඀�� 5�-��� 0�� $අඍඌඁඎඅ� DQG� .�*�� %ൾൺඅ�� � �������
)RUHVW�ELUGV�RI�WKH�/DVW�*UHHQ�9DOOH\��WKH�GHQVL�
W\�GLVWULEXWLRQ��KDELWDW�HFRORJ\��DQG�FRQVHUYDWLRQ�
RI� WKH� IRUHVW� ELUGV� RI� HDVWHUQ� &RQQHFWLFXW�� %LUG�
&RQVHUYDWLRQ� 5HVHDUFK�� ,QF�� &RQWULEXWLRQ� ����
3XWQDP��&7� 

&ඎඋඋංൾ��'�-����������(QHUJ\�DQG�ODUJH�VFDOH�SDWWHUQV�
RI� DQLPDO� DQG� SODQW� VSHFLHV� ULFKQHVV��$PHULFDQ�
1DWXUDOLVW�������о��� 

&ඎඋඋංൾ��'�-���*�*��0ංඍඍඅൾൻൺർඁ��+�9��&ඈඋඇൾඅඅ��5��
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-�5�*��7ඎඋඇൾඋ�� ������� �3UHGLFWLRQV�DQG� WHVWV�RI�
FOLPDWH-EDVHG� K\SRWKHVHV� RI� EURDG-VFDOH� YDULD�
WLRQ� LQ� WD[RQRPLF� ULFKQHVV�� (FRORJ\� /HWWHUV�
������о����� 

'ൺඏංඌ��'�(����������6XPPDUL]LQJ�UHPDUNV��3DJH������
,Q�(VWLPDWLQJ�QXPEHUV�RI�WHUUHVWULDO�ELUGV��&��-��
5DOSK�DQG�-��0�6FRWW��(GV����6WXGLHV�LQ�$YLDQ�
%LRORJ\��� 

'ඈඁൾඋඍඒ��3�)�DQG�7�&��*උඎൻൻ�� ������� �+DELWDW� DQG�
ODQGVFDSH� FRUUHODWHV� RI� SUHVHQFH�� GHQVLW\�� DQG�
VSHFLHV�ULFKQHVV�RI�ELUGV�ZLQWHULQJ�LQ�IRUHVW�IUDJ�
PHQWV�LQ�2KLR��:LOVRQ�%XOOHWLQ��������о���� 

'ඈඐඁൺඇ�� -�-�� DQG�5�-��&උൺං඀�� ������� �5DUH�DQG�HQ�
GDQJHUHG�VSHFLHV�RI�&RQQHFWLFXW�DQG� WKHLU�KDEL�
WDWV��&RQQHFWLFXW�*HRORJLFDO�DQG�1DWXUDO�+LVWRU\�

6XUYH\�5HSRUW�RI�,QYHVWLJDWLRQV����+DUWIRUG��&7� 
(ඇඌൾඋ�� 5�:�� ������ � 7KH� DWODV� RI� EUHHGLQJ� ELUGV� LQ�

5KRGH�,VODQG��5KRGH�,VODQG��'HSDUWPHQW�RI�(Q�
YLURQPHQWDO�0DQDJHPHQW��3URYLGHQFH��5,� 

(ඏൺඇඌ�� .�/��� 1�$�� -ൺආൾඌ� DQG� .�-�� *ൺඌඍඈඇ�� � �������
$EXQGDQFH�� VSHFLHV� ULFKQHVV� DQG� HQHUJ\� DYDLOD�
ELOLW\� LQ� WKH� 1RUWK� $PHULFDQ� $YLIDXQD�� *OREDO�
(FRORJ\�DQG�%LRJHRJUDSK\�������о���� 

)ൺඁඋං඀��/��DQG�*��0ൾඋඋංൺආ����������&RQVHUYDWLRQ�RI�
IUDJPHQWHG� SRSXODWLRQV�� &RQVHUYDWLRQ� %LRORJ\�
����о��� 

)ංൾඅൽ��5���%�$��+ൺඐ඄ංඇඌ��+�9��&ඈඋඇൾඅඅ��'�-��&ඎඋ�
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����о����� 

)අൺඍඁൾඋ��&�+��DQG�-�5��6ൺඎൾඋ�� ������� �8VLQJ� ODQG�
VFDSH� HFRORJ\� WR� WHVW� K\SRWKHVHV� DERXW� ODUJH�
VFDOH� DEXQGDQFH� SDWWHUQV� LQ� PLJUDWRU\� ELUGV��
(FRORJ\������о��� 

*උඎൻൻ��7�&��DQG�9�9��3උൺඏඈඌඎൽඈඏ�� ������� �7XIWHG�
7LWPRXVH� �3DUXV� ELFRORU��� 1XPEHU� ���� ,Q� 7KH�
%LUGV� RI� 1RUWK� $PHULFD� �$�� 3RROH� DQG� )�� *LOO��
(GV���� 7KH� %LUGV� RI� 1RUWK� $PHULFD�� ,QF�� 3KLOD�
GHOSKLD��3$� 

+ൺඐ඄ංඇඌ��%�$����������6XPPHU�YHJHWDWLRQ��GHJODFLD�
WLRQ�DQG�WKH�DQRPDORXV�ELUG�GLYHUVLW\�JUDGLHQW�LQ�
HDVWHUQ�1RUWK�$PHULFD��*OREDO�(FRORJ\�DQG�%LR�
JHRJUDSK\�������о���� 

+ൺඐ඄ංඇඌ��%�$���)�6��$අൻඎඊඎൾඋඊඎൾ��0�%��$උൺඎංඈ��-��
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:ංඅඅංൺආඌ�� ������� �$�JOREDO�HYDOXDWLRQ�RI�PHWD�
EROLF�WKHRU\�DV�DQ�H[SODQDWLRQ�IRU�WHUUHVWULDO�VSH�
FLHV�ULFKQHVV�JUDGLHQWV��(FRORJ\��������о����� 

+ංඍർඁ��$�7��DQG�3�/��/ൾൻൾඋ඀�� ��������%UHHGLQJ�GLV�
WULEXWLRQV�RI�1RUWK�$PHULFDQ�ELUGV�PRYLQJ�QRUWK�
DV�D�UHVXOW�RI�FOLPDWH�FKDQJH��&RQVHUYDWLRQ�%LRO�
RJ\�������о���� 

+ඈඅආൾඌ�� 5�7�� DQG� )�:�� 6ඍඎඋ඀ൾඌ�� � ������ � $QQXDO�
HQHUJ\�H[SHQGLWXUHV�E\� WKH�DYLIDXQD�RI�D�QRUWK�
HUQ�KDUGZRRGV�HFRV\VWHP��2LNRV������о��� 

+ඎൻൻൾඅඅ��6�3�� ������� �7KH�XQLILHG�QHXWUDO� WKHRU\�RI�
ELRGLYHUVLW\� DQG� ELRJHRJUDSK\�� 3ULQFHWRQ� 8QL�
YHUVLW\�3UHVV��3ULQFHWRQ��1-� 

+ඎඋඅൻൾඋඍ��$�+��DQG�-�3��+ൺඌ඄ൾඅඅ����������7KH�HIIHFW�
RI�HQHUJ\�DQG�VHDVRQDOLW\�RQ�DYLDQ�VSHFLHV�ULFK�
QHVV� DQG� FRPPXQLW\� FRPSRVLWLRQ�� $PHULFDQ�
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1DWXUDOLVW�������о��� 
+ඎඋඅൻൾඋඍ��$�+����������6SHFLHV-HQHUJ\�UHODWLRQVKLSV�

DQG� KDELWDW� FRPSOH[LW\� LQ� ELUG� FRPPXQLWLHV��
(FRORJ\�/HWWHUV������о���� 

-ൺආൾඌ�� )�&��� &�(�� 0ർ&ඈඅඅඈർඁ� DQG� '�$�� :ංൾൽൾඇ�
ൿൾඅൽ�� ������ 1HZ� DSSURDFKHV� WR� WKH� DQDO\VLV� RI�
SRSXODWLRQ� WUHQGV� LQ� ODQG� ELUGV�� (FRORJ\�
�����о��� 

/ൾඇඇඈඇ��-�-���-�'��*උൾൾඇඐඈඈൽ�DQG�-�5�*��7ඎඋඇൾඋ���
������ � %LUG� GLYHUVLW\� DQG� HQYLURQPHQWDO� JUDGL�
HQWV� LQ�%ULWDLQ�� D� WHVW� RI� WKH� VSHFLHV-HQHUJ\� K\�
SRWKHVLV�� -RXUQDO� RI� $QLPDO� (FRORJ\�
������о���� 

0ൺർ$උඍඁඎඋ�� 5�+�� ������ � *HRJUDSKLFDO� HFRORJ\��
+DUSHU�DQG�5RZ��1HZ�<RUN��1<� 

0ൺർൺඋඍඁඎඋ�� 5�+�� DQG� (�2�� :ංඅඌඈඇ�� � ������ � 7KH�
WKHRU\� RI� LVODQG� ELRJHRJUDSK\�� � 3ULQFHWRQ� 8QL�
YHUVLW\�3UHVV��3ULQFHWRQ��1-� 
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���о����� ,Q� (VWLPDWLQJ� QXPEHUV� RI� WHUUHVWULDO�
ELUGV��&��-��5DOSK�DQG�-��0�6FRWW��(GV�����6WXGLHV�
LQ�$YLDQ�%LRORJ\��� 

1ൺඍංඈඇൺඅ� $ඎൽඎൻඈඇ� 6ඈർංൾඍඒ�� � ������ � � &KULVWPDV�
ELUG�FRXQW����KWWS���ZZZ�DXGXERQ�RUJ�ELUG�FEF�!�
$FFHVVHG����6HSW������� 

12$$�� � ������ � 0RQWKO\� FOLPDWH� VXPPDULHV��
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1'9,� IRU� WKH� FHQWUDO� JUDVVODQGV� UHJLRQ� RI� WKH�
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3ൾൺඋඌඈඇ��6�0����������7KH�VSDWLDO�H[WHQW�DQG�UHODWLYH�
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DQG� HQYLURQPHQW� IRU� VWDWLVWLFDO� FRPSXWLQJ�� 5�
)RXQGDWLRQ�IRU�6WDWLVWLFDO�&RPSXWLQJ� 

5ൺൻൾඇඈඅൽ��.�5����������$�UHYHUVHG�ODWLWXGLQDO�GLYHU�
VLW\� JUDGLHQW� LQ� DYLDQ� FRPPXQLWLHV� RI� HDVWHUQ�
GHFLGXRXV� IRUHVWV�� $PHULFDQ� 1DWXUDOLVW�
������������ 

5ൺඁൻൾർ඄��&����������7KH�UROH�RI�VSDWLDO�VFDOH�DQG�WKH�
SHUFHSWLRQ� RI� ODUJH-VFDOH� VSHFLHV-ULFKQHVV� SDW�
WHUQV��(FRORJ\�/HWWHUV������о���� 

5ඈൻൻංඇඌ�� &�6��� '�� %ඒඌඍඋൺ඄� DQG� 3�+�� *ൾංඌඌඅൾඋ���
������ �7KH�EUHHGLQJ�ELUG�VXUYH\��LWV�ILUVW�ILIWHHQ�
\HDUV��8��6��)LVK�DQG�:LOGOLIH�6HUYLFH�5HVRXUFH�
3XEOLFDWLRQ����� 

5ඈඈඍ��7�/�� ������� �$WODV�RI�ZLQWHULQJ�1RUWK�$PHUL�
FDQ� ELUGV�� DQ� DQDO\VLV� RI� ZLQWHU� &KULVWPDV� ELUG�
FRXQW�GDWD��8QLYHUVLW\�RI�&KLFDJR�3UHVV��&KLFD�
JR��,/ 

5ඈඌൾඇඓඐൾං඀��0�/����������6SHFLHV�GLYHUVLW\�LQ�VSDFH�
DQG� WLPH�� &DPEULGJH� 8QLYHUVLW\� 3UHVV�� &DP�
EULGJH��8.� 

5ඈඍൾඇൻൾඋඋඒ��-�7���5�(��)ංඍඓඇൾඋ�DQG�:�+��5ංർ඄ൺඋൽ���
������ � 6HDVRQDO� YDULDWLRQ� LQ� DYLDQ� FRPPXQLW\�
VWUXFWXUH�� GLIIHUHQFHV� LQ� PHFKDQLVP� UHJXODWLQJ�
GLYHUVLW\��$XN�������о���� 

6ൺඎൾඋ�� -�5��� -�(�� +ංඇൾඌ� DQG� -�� )ൺඅඅඈඇ�� ������ 7KH�
1RUWK�$PHULFDQ�%UHHGLQJ�%LUG� 6XUYH\��5HVXOWV�
DQG�$QDO\VLV�����о������9HUVLRQ���������86*6�
3DWX[HQW�:LOGOLIH�5HVHDUFK�&HQWHU��/DXUHO��0'� 

6ർඁආංൽඍ��.�$��DQG�5�6��2ඌඍൿൾඅൽ����������1XPHULFDO�
DQG�EHKDYLRUDO�HIIHFWV�ZLWKLQ�D�SXOVH-GULYHQ�V\V�
WHP�� FRQVHTXHQFHV� IRU� VKDUHG� SUH\�� (FRORJ\�
������о���� 

6ർඈඍඍ��-�0���6��0ඈඎඇඍൺංඇඌඉඋංඇ඀��)�/��5ൺආඌൾඒ�DQG�
&�%��.ൾඉඅൾඋ����������)RUHVW�ELUG�FRPPXQLWLHV�RI�
WKH� +DZDLLDQ� ,VODQGV�� WKHLU� G\QDPLFV�� HFRORJ\�
DQG�FRQVHUYDWLRQ��6WXGLHV�LQ�$YLDQ�%LRORJ\��� 

6ඁඈඋඍ�� -�-�� � ������ � 3DWWHUQV� RI� DOSKD� GLYHUVLW\� DQG�
DEXQGDQFH� LQ�EUHHGLQJ�ELUG� FRPPXQLWLHV� DFURVV�
1RUWK�$PHULFD��&RQGRU������о��� 

6ංආඈඇඌ��7�5���0�:��$අඅൽඋൾൽ඀ൾ��.�+��3ඈඅඅඈർ඄�DQG�
-�0��:ൾඍඍඋඈඍඁ�� � ������ � ([SHULPHQWDO� DQDO\VLV�
RI� WKH�DXGLWRU\�GHWHFWLRQ�SURFHVV�RQ�DYLDQ�SRLQW�
FRXQWV��$XN��������о���� 

6඄ංඋඏൾඇ�� $�$�� � ������ � (IIHFWV� RI� WLPH� RI� GD\� DQG�
WLPH� RI� VHDVRQV� RQ� WKH� QXPEHU� RI� REVHUYDWLRQV�
DQG� GHQVLW\� HVWLPDWHV� RI� EUHHGLQJ� ELUGV�� 3DJHV�
���о����� ,Q� (VWLPDWLQJ� QXPEHUV� RI� WHUUHVWULDO�
ELUGV��&��-��5DOSK�DQG�-��0�6FRWW��(GV�����6WXGLHV�
LQ�$YLDQ�%LRORJ\���� 

6ආංඍඁ�� %�� DQG� -�%��:ංඅඌඈඇ�� � ������ � $� FRQVXPHU¶V�
JXLGH�WR�HYHQQHVV�LQGLFHV��2LNRV������о��� 

6366�,ඇඌඍංඍඎඍൾ��,ඇർ����������6366�$GYDQFHG�0RG�
HOV�������6366��&KLFDJR��,/� 

6ඍൺඅආൺඌඍൾඋ��0�9�� ������� �$Q�HQHUJHWLFV�VLPXODWLRQ�
PRGHO� IRU� PDQDJLQJ� ZLQWHULQJ� %DOG� (DJOHV��
-RXUQDO�RI�:LOGOLIH�0DQDJHPHQW�������о���� 

6ඍඈඇൾ��-�5���-�3��6ർඁൺൿൾඋ��(�+��/ඈඇൽඈඇ��0�'��&ඈ�
ඁൾඇ�� 5�6�� /ൾඐංඌ� DQG� :�%�� 7ඁඈආඉඌඈඇ�� � �������
4XDUWHUQDU\� JHRORJLF� PDS� RI� &RQQHFWLFXW� DQG�
/RQJ� ,VODQG� 6RXQG�� 8�� 6�� *HRORJLFDO� 6XUYH\�
2SHQ-ILOH�5HSRUW���о���� 

7ඁඈආൺඌ��/����������0RQLWRULQJ�ORQJ-WHUP�SRSXODWLRQ�
FKDQJHV��ZK\� DUH� WKHUH� VR�PDQ\� DQDO\VLV�PHWK�
RGV"�(FRORJ\������о��� 

7ඁඈආൺඌ�� /��� -�/�� � /ൺൺ඄ൾ�� 6�� 6ඍඋංඇൽൻൾඋ඀�� )�)�&��
0ൺඋඊඎൾඌ�� 6�7�� %ඎർ඄අൺඇൽ��'�/�� %ඈඋർඁൾඋඌ��'��
5�� $ඇൽൾඋඌඈඇ�� .�3�� %ඎඋඇඁൺආ�� 6�/�� +ൾൽඅൾඒ��
-�+�� 3ඈඅඅൺඋൽ�� -�5�%�� %ංඌඁඈඉ� DQG� 7�$��
0ൺඋඊඎൾඌ�� � ������ � 'LVWDQFH� ����� 5HOHDVH� ³[´���
5HVHDUFK� 8QLW� IRU� :LOGOLIH� 3RSXODWLRQ� $VVHVV�
PHQW��8QLYHUVLW\�RI�6W��$QGUHZV��8.�� 

7උൺආൾඋ��(�-�� ������� �%LUG�VSHFLHV�GLYHUVLW\��FRPSR�
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QHQWV� RI� 6KDQQRQ
V� IRUPXOD�� (FRORJ\� ����
���о���� 

9ൾඋ� +ඈൾൿ�� -�0��� 1�� &උൾඌඌංൾ�� 5�1�� )ංඌඁൾඋ� DQG� 7�-��
&ൺඌൾ����������8QFHUWDLQW\�DQG�VSDWLDO�OLQHDU�PRG�
HOV�IRU�HFRORJLFDO�GDWD��3DJHV����–������,Q�6SD�
WLDO� XQFHUWDLQW\� LQ� HFRORJ\�� LPSOLFDWLRQV� IRU� UH�
PRWH� VHQVLQJ� DQG� *,6� DSSOLFDWLRQV� �&�7�� +XQ�
VDNHU�� 0�)�� *RRGFKLOG�� 0�$�� )ULHGO�� DQG� 7�-��
&DVH��(GV����6SULQJHU��1HZ�<RUN� 

:ංൾඇඌ�� -�$�� � ������ � 7KH� HFRORJ\� RI� ELUG� FRPPXQL�
WLHV�� &DPEULGJH� 8QLYHUVLW\� 3UHVV�� &DPEULGJH��
8.� 

:ංආൻൾඋඅඒ��0�&���0�$��&ඈർඁඋൺඇൾ�� $�'��%ൺൾඋ� DQG�
.��3ൺൻඌඍ����������$VVHVVLQJ�IXHO�WUHDWPHQW�HIIHF�
WLYHQHVV� XVLQJ� VDWHOOLWH� LPDJHU\� DQG� VSDWLDO� VWD�
WLVWLFV���(FRORJLFDO�$SSOLFDWLRQV��������–����� 

:උං඀ඁඍ�� '�+�� � ������ � 6SHFLHV-HQHUJ\� WKHRU\�� DQ�
H[WHQVLRQ� RI� VSHFLHV-DUHD� WKHRU\�� 2LNRV�
������о���� 

:උං඀ඁඍ�� '�+��� '�-�� &ඎඋඋංൾ� DQG� %�$�� 0ൺඎඋൾඋ���
������ � (QHUJ\� VXSSO\� DQG� SDWWHUQV� RI� VSHFLHV�
ULFKQHVV� RQ� ORFDO� DQG� UHJLRQDO� VFDOHV�� 3DJHV�
��о���� ,Q� 6SHFLHV� GLYHUVLW\� LQ� HFRORJLFDO� FRP�
PXQLWLHV� �5��(��5LFNOHIV�DQG�'��6FKOXWHU��(GV����
8QLYHUVLW\�RI�&KLFDJR�3UHVV� 
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Summer

y = -0.967x + 335.03
r 2 = 0.6326
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Winter

y = -1.5794x + 269.95
r 2 = 0.6846
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$33(1',;�����)LJXUHV�VKRZLQJ�WKH�VWUHQJWK�RI�WKH�UHODWLRQVKLS�EHWZHHQ�HOHYDWLRQ�ODWLWXGH-��DQG�UHJLRQDO�
WHPSHUDWXUH�IRU�VXPPHU�DQG�ZLQWHU� 
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