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3HHU�UHYLHZHG�5HVHDUFK�$UWLFOH� *DMDK���������������

6KRUW�7HUP�9DULDWLRQ�LQ�6H[�5DWLR�(VWLPDWHV�RI�$VLDQ�(OHSKDQWV�
'XH�WR�6SDFH�8VH�'LIIHUHQFHV�EHWZHHQ�WKH�6H[HV

0DQDQ�*XSWD���6KUXWKL�5DYLQGUDQDWK�����'HHSLND�3UDVDG��DQG�7��1��&��9LG\D�

�(YROXWLRQDU\�DQG�2UJDQLVPDO�%LRORJ\�8QLW��-DZDKDUODO�1HKUX�&HQWUH�IRU�$GYDQFHG�6FLHQWLÀF�
���5HVHDUFK��%DQJDORUH��,QGLD
�3UHVHQW�DGGUHVV��,QGLDQ�,QVWLWXWH�RI�6FLHQFH�(GXFDWLRQ�DQG�5HVHDUFK��0RKDOL��,QGLD
&RUUHVSRQGLQJ�DXWKRU·V�H�PDLO���WQFYLG\D#MQFDVU�DF�LQ

$EVWUDFW���6HOHFWLYH�SRDFKLQJ�RI�PDOHV�IRU�LYRU\�KDV�OHG�WR�IHPDOH�ELDVHG�DGXOW�VH[�UDWLRV�
LQ�$VLDQ�HOHSKDQWV��7KHUHIRUH��VH[�UDWLR�PRQLWRULQJ�LV�FRPPRQ��EXW�LV�XQGHUWDNHQ�ZLWKRXW�
H[DPLQLQJ�VKRUW�WHUP�YDULDELOLW\��:H�H[DPLQHG�PRQWKO\�DGXOW�VH[�UDWLRV�GXULQJ�WKH�GU\�
VHDVRQ�LQ�1DJDUDKROH�DQG�%DQGLSXU�1DWLRQDO�3DUNV��VRXWKHUQ�,QGLD��XVLQJ�YLVXDO�FDSWXUH�
UHFDSWXUH�DQG�FRXQWV�RI�LGHQWLÀHG�PDOHV�DQG�IHPDOHV��:H�IRXQG�PRQWKO\�GLIIHUHQFHV�LQ�VH[�
UDWLRV�EHFDXVH�PDOHV�DQG�IHPDOHV�XVHG�WKH�DUHD�GLIIHUHQWO\��8VLQJ�VLJKWLQJV�LUUHVSHFWLYH�
RI� LGHQWLW\�JDYH� OHVV� IHPDOH�ELDVHG� VH[� UDWLRV�GXULQJ�SHDN� VXPPHU�ZKHQ�FHQVXVHV�DUH�
XVXDOO\�FDUULHG�RXW��:H�GLVFXVV�WKH�LPSOLFDWLRQV�RI�RXU�UHVXOWV�IRU�PDQDJHPHQW�

,QWURGXFWLRQ

$QWKURSRJHQLF� GLVWXUEDQFHV� VXFK� DV� SRDFKLQJ�
DQG� VSRUW� KXQWLQJ�KDYH� DIIHFWHG�SRSXODWLRQ� VH[�
UDWLRV� LQ� HOHSKDQWV� �3RROH� 	� 7KRPVHQ� �������
XQJXODWHV� DQG� FDUQLYRUHV� �0LOQHU� HW� DO�� �������
6NHZHG� VH[� UDWLRV� FDQ� GHFUHDVH� HIIHFWLYH�
SRSXODWLRQ� VL]HV� �:ULJKW� ������ VHH� $OOHQGRUI�
HW�DO��������DQG�DIIHFW�SRSXODWLRQ�DJH�VWUXFWXUH�
�3RROH� 	� 7KRPVHQ� ������ %DUQHV� 	� .DSHOD�
������0LOQHU� HW� DO�� ������� SRSXODWLRQ� YLDELOLW\�
�0HQRQ� HW� DO�� ������ 0LOQHU�*XOODQG� HW� DO��
������� DQG� UHSURGXFWLRQ� �5DPDNULVKQDQ� HW� DO��
������ ,VKHQJRPD� HW� DO�� ������� 7KHUHIRUH�� VH[�
UDWLRV� DUH� FRQVLGHUHG� LQWHJUDO� WR� SRSXODWLRQ�
PRQLWRULQJ� DQG� FDQ� EH� XVHG� WR�PDNH� GHFLVLRQV�
RQ� KDUYHVWV� LQ� JDPH� DQLPDOV� �IRU� H[DPSOH��
;LH� HW� DO�� ������ DQG� LQÁXHQFH� WKH� RXWFRPH� RI�
SRSXODWLRQ� UHLQWURGXFWLRQV� �/DPEHUWXFFL� HW�
DO�� ������� 3RSXODWLRQ� VH[� UDWLRV� FDQ� DOVR� EH�
PDQLSXODWHG� WKURXJK� DFWLYH� LQWHUYHQWLRQV� LQ�
RUGHU� WR�LQFUHDVH�HLWKHU� WKH�HIIHFWLYH�SRSXODWLRQ�
VL]H� �E\� LQWURGXFLQJ� PDOHV� LQWR� D� SRSXODWLRQ�
ZLWK� D� IHPDOH� ELDVHG� VH[� UDWLR�� RU� SRSXODWLRQ�
JURZWK�UDWH��E\�LQWURGXFLQJ�IHPDOHV�LQWR�D�VPDOO�
SRSXODWLRQ���:HGHNLQG�������

7KH� HQGDQJHUHG� $VLDQ� HOHSKDQW� �(OHSKDV�
PD[LPXV�� LV� D� VSHFLHV� LQ� ZKLFK� SRDFKLQJ� IRU�

LYRU\�KDV�OHG�WR�VNHZHG�VH[�UDWLRV��0HQRQ�HW�DO��
������5DPDNULVKQDQ�HW�DO���������DV�RQO\�PDOHV�
KDYH� WXVNV�� 7KHUH� DUH� RQO\� a������²�������
$VLDQ� HOHSKDQWV�ZRUOGZLGH�� RI�ZKLFK�RYHU� KDOI�
DUH� IRXQG� LQ� ,QGLD� �6XNXPDU� ������� (OHSKDQW�
SRSXODWLRQV� LQ� ,QGLD� VKRZ� YDU\LQJ� VH[� UDWLRV��
IURP���DGXOW�PDOH��������DGXOW�IHPDOHV��:LOOLDPV�
HW�DO��������WR���DGXOW�PDOH��������DGXOW�IHPDOHV�
�$ULYD]KDJDQ� 	� 6XNXPDU� ������ SUHYLRXVO\�
�� DGXOW� PDOH� �� ���� DGXOW� IHPDOHV� LQ� WKH� VDPH�
SRSXODWLRQ��5DPDNULVKQDQ�HW�DO���������7KH�WRWDO�
QXPEHU� RI� DGXOW� PDOH� HOHSKDQWV� LQ� ,QGLD� ZDV�
HVWLPDWHG�DW�RQO\�������LQ������DQG�ZDV�WKRXJKW�
WR�EH�GHFOLQLQJ�IXUWKHU��0HQRQ�	�.XPDU��������
PDNLQJ�VH[�UDWLR�PRQLWRULQJ�LPSHUDWLYH��

0RUHRYHU�� WKH� JOREDO� PRQLWRULQJ� V\VWHPV� VHW�
XS� E\� &,7(6�� 0RQLWRULQJ� WKH� ,OOHJDO� .LOOLQJ�
RI� (OHSKDQWV� �0,.(�� DQG� (OHSKDQW� 7UDGH�
,QIRUPDWLRQ� 6\VWHP� �(7,6��� DUH� UHTXLUHG� WR�
DVVHVV�LOOHJDO�NLOOLQJ�RI�HOHSKDQWV�EXW�FDUFDVV�GDWD�
IURP�$VLD�DUH�OLPLWHG�GXH�WR�SRRU�UHSRUWLQJ�UDWHV�
�%ODQF�HW�DO��������DQG�WKH�GLIÀFXOW\�RI�GHWHFWLQJ�
FDUFDVVHV�LQ�IRUHVWV��6H[�UDWLRV�FDQ��WKHUHIRUH��EH�
XVHG�DORQJ�ZLWK�DJH�VWUXFWXUH�WR�EHWWHU�XQGHUVWDQG�
SRDFKLQJ� RIIWDNH� �6XNXPDU� HW� DO�� ������� PDNH�
GHFLVLRQV� DERXW� WUDQVORFDWLQJ� WXVNOHVV� DGXOW�
PDOHV� WR� LPSURYH� VH[� UDWLRV� �5DPDNULVKQDQ� HW�
DO���������WUDFH�LYRU\�WUDGH�URXWHV��0HQRQ�HW�DO��

�������7KH�$XWKRUV���2SHQ�$FFHVV
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������� DQG� FDOFXODWH� HIIHFWLYH� SRSXODWLRQ� VL]HV�
DQG�SULRULWL]H�SRSXODWLRQV�IRU�FRQVHUYDWLRQ�

'HVSLWH� WKH� QHHG� IRU� DFFXUDWH� VH[� UDWLR� GDWD��
V\VWHPDWLF�VWXG\�RI�VH[�UDWLRV�LQ�$VLDQ�HOHSKDQW�
SRSXODWLRQV� KDV� ODUJHO\� EHHQ� ODFNLQJ� �EXW� VHH�
$ULYD]KDJDQ� 	� 6XNXPDU� ������� 6WDWH� IRUHVW�
GHSDUWPHQW� FHQVXVHV�� FRQGXFWHG� RYHU� D� IHZ�
GD\V� GXULQJ� SHDN� GU\� VHDVRQ�� W\SLFDOO\� UHO\� RQ�
YROXQWHHUV� DQG� IRUHVW� VWDII� WR� REWDLQ� DQLPDO�
QXPEHUV� WKURXJK� ´WRWDO� FRXQWVµ� DQG� ´EORFN�
FRXQWVµ� �ZKLFK� LQFRUUHFWO\� DVVXPH� FRPSOHWH�
GHWHFWLRQ� RI� DOO� DQLPDOV� LQ� WKH� HQWLUH� DUHD�
EORFNV�VDPSOHG��DQG�WR�REWDLQ�DJH�VH[�VWUXFWXUHV�
WKURXJK�´ZDWHUKROH�FRXQWVµ�� LQ�ZKLFK�HOHSKDQWV�
DUH�DJH�VH[�FODVVLÀHG�ZKHQ�WKH\�YLVLW�ZDWHUKROHV�
�5DQJDUDMDQ�HW�DO���������5DQJDUDMDQ�HW�DO���������
FDOOHG� IRU� D� FULWLFDO� VFLHQWLÀF� HYDOXDWLRQ� RI� WKH�
PHWKRGV�XVHG�WR�REWDLQ�DJH�VH[�VWUXFWXUHV��

2XU� ÀUVW� REMHFWLYH� ZDV�� WKHUHIRUH�� WR� ÀQG� RXW�
ZKHWKHU�WKH�DGXOW�VH[�UDWLR�REWDLQHG�RYHU�D�IHZ�
GD\V� ZRXOG� EH� UHSUHVHQWDWLYH� RI� WKH� DGXOW� VH[�
UDWLR� GXULQJ� WKH� GU\� VHDVRQ� RU� ZKHWKHU� WKHUH�
ZDV� VKRUW�WHUP� YDULDELOLW\� HYHQ� ZLWKLQ� WKH� GU\�
VHDVRQ�� 6HFRQG�� VH[� UDWLRV� FDOFXODWHG� GXULQJ�
´ZDWHUKROH� FRXQWVµ� DQG� HYHQ� E\� UHVHDUFKHUV� LQ�
WKH� SDVW� XVLQJ� OLQH� WUDQVHFWV�� À[HG� URXWHV�� RU� D�
SRSXODWLRQ�VXUYH\��DUH�XVXDOO\�EDVHG�RQ�WKH�WRWDO�
FRXQWV�RI�PDOHV�DQG�IHPDOHV�REVHUYHG�GXULQJ�WKH�
VWXG\��.DUDQWK�	�6XQTXLVW�������5DPDNULVKQDQ�
HW� DO�� ������ %DVNDUDQ� HW� DO�� ������ UDWKHU� WKDQ�
RQ� WKH� HVWLPDWHG�SRSXODWLRQ� VL]HV�RI�PDOHV� DQG�
IHPDOHV�� 6LQFH� LQGLYLGXDOV� DUH� QRW� LGHQWLÀHG�
DQG� WRWDO� FRXQWV� DUH� XVHG�� VH[� UDWLRV� FRXOG� EH�
ELDVHG� LI� WKHUH� LV� GLIIHUHQWLDO� GHWHFWDELOLW\� RI�
WKH� VH[HV��7KHUHIRUH�� RXU� VHFRQG� REMHFWLYH�ZDV�
WR� ÀQG� RXW� KRZ� DGXOW� VH[� UDWLRV� EDVHG� RQ� WRWDO�
FRXQWV�RI�PDOHV�DQG� IHPDOHV�� LQ� WKH�DEVHQFH�RI�
LQGLYLGXDO� LGHQWLW\��FRPSDUHG�ZLWK����VH[�UDWLRV�
EDVHG�RQ�FDSWXUH�UHFDSWXUH�SRSXODWLRQ�HVWLPDWHV�
RI�WKH�VH[HV�RU����VH[�UDWLRV�EDVHG�RQ�FRXQWV�RI�
LGHQWLÀHG�PDOHV�DQG�IHPDOHV�

0HWKRGV

6WXG\�DUHD

7KH� VDPSOLQJ� DUHD� �a���� NP��� ZDV� LQ� WKH� GU\�
GHFLGXRXV� IRUHVW� RI� 1DJDUDKROH� 1DWLRQDO� 3DUN�

DQG� 7LJHU� 5HVHUYH� ����������²���������1��
���������²���������(�� DQG� LQ� %DQGLSXU�
1DWLRQDO� 3DUN� DQG� 7LJHU� 5HVHUYH� ����������²
���������1�� ���������²���������(�� LQ� VRXWK�
HUQ� ,QGLD� �)LJ�� ���� 1DJDUDKROH� DQG� %DQGLSXU�
IRUP�SDUW�RI� D� ODUJHU� FRQWLJXRXV� ODQGVFDSH� WKDW�
KROGV� WKH� ODUJHVW� $VLDQ� HOHSKDQW� SRSXODWLRQ�
�a�����HOHSKDQWV��5DQJDUDMDQ�HW�DO��������LQ�WKH�
ZRUOG�� %HWZHHQ� 1DJDUDKROH� DQG� %DQGLSXU� OLHV�
WKH�.DELQL�UHVHUYRLU��WKH�UHFHGLQJ�EDFNZDWHUV�RI�
ZKLFK�VXSSRUW�GHQVH�FRQJUHJDWLRQV�RI�HOHSKDQWV�
DQG� RWKHU� KHUELYRUHV�� HVSHFLDOO\� GXULQJ� WKH� GU\�
VHDVRQ� �.DUDQWK� 	� 6XQTXLVW� ������� 6DPSOLQJ�
ZDV�FDUULHG�RXW�ERWK�LQ�WKH�IRUHVW�DQG�LQ�WKH�RSHQ�
DUHDV�DURXQG� WKH�EDFNZDWHUV� LQ�1DJDUDKROH�DQG�
DORQJ�WKH�EDFNZDWHUV�LQ�%DQGLSXU�

)LHOG�PHWKRGV

7KH�ÀHOG� VWXG\�ZDV�QRQ�LQYDVLYH� LQ�QDWXUH�DQG�
ÀHOG�SHUPLWV�ZHUH�REWDLQHG�IURP�WKH�.DUQDWDND�
6WDWH� )RUHVW� 'HSDUWPHQW��:H� GURYH� DORQJ� SUH�
VHOHFWHG�URXWHV�LQ�WKH�VWXG\�DUHD��a���NP�SHU�GD\��
DQG�FROOHFWHG�GDWD�RQ�HOHSKDQWV��7KH�VWXG\�DUHD�
KDV�D�JRRG�IRUHVW�URDG�QHWZRUN��*RVZDPL�HW�DO��
������DQG�HOHSKDQWV�DUH�XVHG�WR�WRXULVW�YHKLFOHV��
DOORZLQJ� IRU� PD[LPDO� HQFRXQWHU� SUREDELOLWLHV��
(OHSKDQWV�ZHUH�DJHG��VH[HG��DQG�LGHQWLÀHG�EDVHG�
RQ�D�FRPELQDWLRQ�RI�HDU��WDLO��ERG\��DQG�WXVN�WXVK�
FKDUDFWHULVWLFV��9LG\D�HW�DO���������$QLPDOV�ZHUH�
EURDGO\�DJH�FODVVLÀHG�DV�FDOYHV�� MXYHQLOHV�� VXE�
DGXOWV�� DQG�DGXOWV� �����\HDUV�ROG�� �9LG\D�HW�DO��
�������7KH�GHPRJUDSK\�GDWD�IRU� WKLV�VWXG\�ZDV�
REWDLQHG�IURP�����VLJKWLQJV�RI�DQLPDOV�RYHU����

)LJXUH�����0DS�RI�WKH�VWXG\�DUHD�ZLWK�WKH�URXJK�
DUHD� VDPSOHG� DQG� LQVHW� RI� WKH� ORFDWLRQ� RI� WKH�
VWXG\�DUHD�LQ�VRXWKHUQ�,QGLD�
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GD\V��7DEOH�����ZLWK�URXJKO\�HTXDO�VDPSOLQJ�HIIRUW�
IURP�a��DP�²���SP��EHWZHHQ�0DUFK�-XQH�������
7KHVH� VLJKWLQJV� FRPSULVHG� ����� LQGLYLGXDOV��
RI� ZKLFK� ����� ZHUH� DGXOWV� ����� IHPDOHV� DQG�
���� PDOHV�� LQFOXGLQJ� UH�VLJKWLQJV� RI� WKH� VDPH�
LQGLYLGXDOV���7KH�SUHVHQW�VWXG\�ZDV�OLPLWHG�WR�WKH�
GU\�VHDVRQ�DV�ZHUH�SUHYLRXV�FHQVXVHV�DQG�UHVHDUFK�
VWXGLHV�EHFDXVH�RI�WKH�ORJLVWLFV�RI�VDPSOLQJ�DQG�
ORZ�HQFRXQWHU�UDWHV�GXULQJ�WKH�PRQVRRQV�

'DWD�DQDO\VLV

,Q�RUGHU�WR�ÀQG�RXW�ZKHWKHU�VH[�UDWLRV�EDVHG�RQ�
VKRUW� VDPSOLQJ� SHULRGV� ZHUH� UHSUHVHQWDWLYH� RI�
VH[� UDWLR� DFURVV� WKH� GU\� VHDVRQ�� ZH� FDOFXODWHG�
VH[� UDWLRV� EDVHG� RQ� DERXW� D� ZHHN·V� VDPSOLQJ�
�KHQFHIRUWK��UHIHUUHG�WR�DV�¶RQH�ZHHN�SHU�PRQWK·��
DQG�DERXW�D�PRQWK·V� �KHQFHIRUWK�� UHIHUUHG� WR�DV�
¶HQWLUH�PRQWK·��VDPSOLQJ��GXULQJ�HDFK�PRQWK�IRU�
IRXU�PRQWKV��7KH�RQH�ZHHN�SHU�PRQWK�VDPSOLQJ�
ZDV�FDUULHG�RXW�EHWZHHQ�WKH��WK�DQG���WK�RI�HDFK�
PRQWK��H[DFW�GDWHV�SURYLGHG�LQ�7DEOH�����,Q�RUGHU�
WR� DGGUHVV� WKH� VHFRQG� REMHFWLYH� RI� FRPSDULQJ�
VH[� UDWLRV�REWDLQHG�ZLWK�DQG�ZLWKRXW� LQGLYLGXDO�
LGHQWLW\�� ZH� REWDLQHG� VH[� UDWLRV� IURP� ��� WRWDO�
HQFRXQWHUV� RI� DGXOW� PDOHV� DQG� IHPDOHV� GXULQJ�
WKH�VDPSOLQJ�SHULRG�����FRXQWV�RI�LGHQWLÀHG�DGXOW�
PDOHV�DQG�IHPDOHV�����FDSWXUH�UHFDSWXUH�HVWLPDWHV�
RI�DGXOW�PDOH�DQG�DGXOW�IHPDOH�SRSXODWLRQ�VL]HV�
�VHH�SDUDJUDSK�EHORZ��

(OHSKDQWV� ZHUH� LQGLYLGXDOO\� LGHQWLÀHG� EDVHG�
RQ� QDWXUDO� SK\VLFDO� FKDUDFWHULVWLFV� �9LG\D� HW�
DO�� ������� :H� XVHG� VWDQGDUG� FDSWXUH�UHFDSWXUH�
PHWKRGV� �6HEHU� ������ :LOOLDPV� HW� DO�� ������
WR� HVWLPDWH� PDOH� DQG� IHPDOH� SRSXODWLRQ� VL]HV��
0XOWLSOH�VLJKWLQJV��RU�FDSWXUHV��RYHU�D�GD\�ZHUH�
FRQVROLGDWHG� LQWR�RQH�RFFDVLRQ� �VHQVX�:LOOLDPV�
HW� DO�� ������ SHU� GD\�� 7KH� UHVXOWLQJ� GDWDVHW�

FRQWDLQHG� ��� RFFDVLRQV� �7DEOH� ���� 7KH� VXEVHW�
RI� GDWD� EHWZHHQ� WKH��WK� DQG���WK� RI� HDFK�PRQWK�
FRPSULVHG����RFFDVLRQV��

&DSWXUH�KLVWRULHV�ZHUH�FRQVWUXFWHG�IRU�LGHQWLÀHG�
DGXOWV��VHSDUDWHO\�IRU�HDFK�GDWDVHW��DQG�DQDO\]HG�
XVLQJ� WKH� SURJUDP�0$5.� �:KLWH�	�%XUQKDP�
������� 7KH� DVVXPSWLRQV� RI� HTXDO� FDWFKDELOLW\�
DQG�VXUYLYDO�DFURVV�LQGLYLGXDOV�ZHUH�WHVWHG�XVLQJ�
VWDQGDUG� WHVWV� �7(67�� DQG�7(67��� LQ� SURJUDP�
5(/($6(� �%XUQKDP� HW� DO�� ������ IURP�ZLWKLQ�
0$5.��7KH�DVVXPSWLRQV�RI�HTXDO�VXUYLYDO�DQG�
GHWHFWLRQ�ZHUH�PHW�E\�WKH�GDWDVHWV�RI�PDOHV��7KH�
DVVXPSWLRQ�RI�HTXDO�VXUYLYDO�DFURVV� LQGLYLGXDOV�
ZDV�PHW�E\�WKH�RQH�ZHHN�SHU�PRQWK�EXW�QRW�WKH�
HQWLUH�PRQWK�GDWDVHW�RI�IHPDOHV��DQG�ERWK�IHPDOH�
GDWDVHWV� VKRZHG� GHWHFWLRQ� KHWHURJHQHLW\�� 7KLV�
KHWHURJHQHLW\� LQ� IHPDOH� GHWHFWLRQ� DQG� VXUYLYDO�
�ZKLFK� FRPHV� IURP� GLIIHUHQFHV� LQ� HPLJUDWLRQ��
ZKLFK�LV�WUHDWHG�LQ�WKH�WHVW�DV�SDUW�RI�VXUYLYDO��ZHUH�
SUREDEO\�GXH�WR�WKH�DEVHQFH�RI�JHRJUDSKLF�FORVXUH�
DV� WKH� VWXG\� DUHD� LV� SDUW� RI� D� ODUJHU� FRQWLQXRXV�
IRUHVWHG�ODQGVFDSH��7KHUHIRUH��WKH�5REXVW�'HVLJQ�
PRGHO��.HQGDOO�	�1LFKROV�������.HQGDOO�HW�DO��
������ ������ DQG� 323$1� IRUPXODWLRQ� RI� WKH�
-ROO\�6HEHU�FODVV�RI�PRGHOV��6FKZDU]�	�$UQDVRQ�
������ WKDW� GR� QRW� DVVXPH� JHRJUDSKLF� FORVXUH�
ZHUH�XVHG�WR�HVWLPDWH�SRSXODWLRQ�SDUDPHWHUV�

7KH� 5REXVW� 'HVLJQ� PRGHO� LQYROYHV� VDPSOLQJ�
SULPDU\� RFFDVLRQV�� ZKLFK� DUH� ZLGHO\� VSDFHG�
DQG� DOORZ� IRU� PLJUDWLRQ�� ELUWKV� DQG� GHDWKV��
DQG� VHFRQGDU\� RFFDVLRQV� �ZLWKLQ� HDFK� SULPDU\�
RFFDVLRQ��� DFURVV� ZKLFK� WKH� SRSXODWLRQ� LV�
HIIHFWLYHO\� FORVHG�� ,Q� RXU� DQDO\VLV�� WKH� SHULRG�
EHWZHHQ��WK� DQG� ��WK� RI�0DUFK��$SULO��0D\� DQG�
-XQH�������IRUPHG�WKH�IRXU�SULPDU\�RFFDVLRQV�RI�
DSSUR[LPDWHO\�HTXDO�VDPSOLQJ�HIIRUW��6HFRQGDU\�
RFFDVLRQV� ZHUH� GD\V� ZLWKLQ� WKH� SULPDU\�

7DEOH�����6DPSOLQJ�HIIRUW�LQ�GLIIHUHQW�PRQWKV�GXULQJ�WKH�GU\�VHDVRQ�RI������LQ�1DJDUDKROH�1DWLRQDO�
3DUN�DQG�%DQGLSXU�7LJHU�5HVHUYH��QXPEHU�RI�DGXOW�HOHSKDQWV�VLJKWHG�GXULQJ�WKH�RQH�ZHHN�SHU�PRQWK�
DQG�HQWLUH�PRQWK�GDWDVHWV��DQG�VHFRQGDU\�RFFDVLRQV��62��IRU�WKH�5REXVW�'HVLJQ�DQDO\VLV�
0RQWK ��GD\V (QWLUH�PRQWK 2QH�ZHHN�SHU�PRQWK 5REXVW�GHVLJQ�DQDO\VLV�GDWD

7RWDO���
DGXOWV�

��XQLTXH�
DGXOWV

7RWDO���
DGXOWV

��XQLTXH�
DGXOWV

62�ZLWKLQ�HDFK�SULPDU\�
RFFDVLRQ��GDWHV�

��62�
�GD\V�

0DUFK �� ��� �� �� �� ������������������������� �
$SULO �� ��� ��� ��� �� ������������������������� �
0D\ �� ��� ��� ��� �� ���������������������������� �
-XQH �� ��� �� ��� �� ������������������������ �
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)LJXUH�����0RQWKO\�DGXOW�VH[�UDWLRV��QXPEHU�RI�DGXOW�IHPDOHV�SHU�DGXOW�PDOH��DQG�����&,V�FDOFXODWHG�
XVLQJ�GLIIHUHQW�PHWKRGV��EDVHG�RQ�GDWD�IURP�D��RQH�ZHHN�SHU�PRQWK�DQG�E��WKH�HQWLUH�PRQWK�

RFFDVLRQV� DQG�� VLQFH� WKH\�ZHUH� FORVHO\� VSDFHG��
WKH� FORVXUH� DVVXPSWLRQ� VHHPHG� WR� EH� YDOLG� IRU�
VHFRQGDU\�RFFDVLRQV��.HQGDOO�	�1LFKROV��������
3RSXODWLRQ� VL]H� IRU� HDFK� SULPDU\� RFFDVLRQ�ZDV�
HVWLPDWHG� EDVHG� RQ� WKH� PRGHO� ZLWK� WKH� ORZHVW�
$,&F�YDOXH��323$1�SRVWXODWHV�WKH�H[LVWHQFH�RI�
D�VXSHUSRSXODWLRQ��1���IURP�ZKLFK�QHZ�HQWUDQWV�
FDQ� LPPLJUDWH� WR� WKH� VWXG\� DUHD�� 7KHUHIRUH��
LQ� DGGLWLRQ� WR� UHFDSWXUH� UDWHV� DQG� WKH� VXUYLYDO�
UDWHV� �DOVR� HVWLPDWHG� LQ� 5REXVW� 'HVLJQ��� WKLV�
PRGHO� KDV� WKH� SDUDPHWHUV� E�SHQW� �SUREDELOLW\�
RI� HQWU\���7KH� 323$1� DQDO\VLV�ZDV� SHUIRUPHG�
XVLQJ� ERWK� WKH� HQWLUH� PRQWK·V� VDPSOLQJ� DQG�
VDPSOLQJ�EHWZHHQ�RQO\� WKH��WK� DQG���WK� RI� HDFK�
PRQWK�� 6XSHUSRSXODWLRQ� HVWLPDWHV� IURP� WKH�
PRGHO� ZLWK� WKH� ORZHVW� $,&F� YDOXH� ZHUH� XVHG�
IRU� IXUWKHU� DQDO\VHV��6H[� UDWLRV�ZHUH� FDOFXODWHG�
IURP�HVWLPDWHV�RI�SRSXODWLRQ�VL]H�REWDLQHG�IURP�
WKH�DERYH�PHWKRGV�DQG�HUURU�WHUPV�IRU�WKHVH�VH[�
UDWLRV�FDOFXODWHG�XVLQJ�WKH�PHWKRG�RI�SURSDJDWLRQ�
RI� HUURUV�� 7KH� HUURU��¨5�� IRU� DQ\� UDWLR��$�%�� LV�
JLYHQ�E\�WKH�IROORZLQJ�UHODWLRQVKLS�

ZKHUH�¨$�DQG�¨%�DUH�WKH�HUURU�WHUPV�IRU�UDQGRP�
YDULDEOHV�� $� DQG� %�� UHVSHFWLYHO\� �%LUJH� �������
6WDWLVWLFDO� DQDO\VHV� ZHUH� FDUULHG� RXW� XVLQJ�
6WDWLVWLFD����6WDW6RIW��,QF��������

5HVXOWV

6H[�UDWLRV�EDVHG�RQ�XQLTXH�LQGLYLGXDOV�VLJKWHG

7KH� WRWDO� QXPEHUV�RI� XQLTXH� DGXOW� IHPDOHV� DQG�
DGXOW�PDOHV�VHHQ�GXULQJ�WKH�RQH�ZHHN�SHU�PRQWK�

GDWDVHW�ZHUH�����DQG�����UHVSHFWLYHO\��DQG�GXULQJ�
WKH�HQWLUH�PRQWK�GDWDVHW������DQG�����UHVSHFWLYHO\��
JLYLQJ� ULVH� WR� VH[� UDWLRV�RI� ������ �DGXOW�PDOHV� ��
DGXOW� IHPDOHV��DQG�������RYHUDOO�EDVHG�RQ� WKHVH�
WZR� GDWDVHWV�� 6H[� UDWLRV� YDULHG� DFURVV� PRQWKV��
IURP������� WR�������EDVHG�RQ�WKH�RQH�ZHHN�SHU�
PRQWK� GDWDVHW� �)LJ�� �D�� DQG� HYHQ� PRUH�� IURP�
������WR��������EDVHG�RQ�WKH�HQWLUH�PRQWK�GDWDVHW�
�)LJ���E���&KDQJHV�DFURVV�PRQWKV�ZHUH�FRQVLVWHQW�
ZLWK� WKH�FXPXODWLYH�FRXQWV�RI�PDOHV�SODWHDXLQJ�
TXLFNO\�FRPSDUHG�WR�WKRVH�RI�IHPDOHV��)LJ�����

5REXVW�'HVLJQ

7KH� 5REXVW� 'HVLJQ� DQDO\VLV� RI� GDWD� RQ� DGXOW�
IHPDOHV�\LHOGHG�D�PRGHO�ZLWK�FRQVWDQW� VXUYLYDO�
SUREDELOLW\��WLPH�YDU\LQJ�SUREDELOLWLHV�RI�FDSWXUH�
DQG� UHFDSWXUH� VHW� HTXDO� WR� HDFK� RWKHU�� DQG�
PRYHPHQW�FRQVWUDLQHG�WR�EH�0DUNRYLDQ�DV�WKH�EHVW�
PRGHO� �7DEOH� ���� 6HWWLQJ� FDSWXUH� DQG� UHFDSWXUH�
SUREDELOLWLHV�WR�EH�HTXDO�PHDQW�WKDW�WKH�SUREDELOLW\�
RI�VLJKWLQJ�DQ�HOHSKDQW�ZDV�QRW�GHSHQGHQW�RQ�LWV�
HDUOLHU�VLJKWLQJ�KLVWRU\��(VWLPDWHV�IURP�WKLV�EHVW�
PRGHO�VKRZHG�FRQVLGHUDEOH�PRQWKO\�FKDQJHV�LQ�
DGXOW�IHPDOH�SRSXODWLRQ�VL]H��7DEOH�����

7KH�EHVW�PRGHO�IRU�DGXOW�PDOHV�ZDV�GLIIHUHQW�IURP�
WKH�EHVW�PRGHO�IRU�IHPDOHV��DQG�KDG�FDSWXUH�DQG�
UHFDSWXUH�SUREDELOLWLHV�FRQVWUDLQHG�WR�EH�FRQVWDQW�
RYHU� VHFRQGDU\� RFFDVLRQV�� ZLWK� 0DUNRYLDQ�
PRYHPHQW�DQG�FRQVWDQW�VXUYLYDO��7DEOH�����%DVHG�
RQ�WKH�5REXVW�'HVLJQ��XVLQJ�GDWD�IURP�RQH�ZHHN�
SHU�PRQWK� DV� WKH� SULPDU\� RFFDVLRQV�� VH[� UDWLRV�
ZHUH� IRXQG� WR� YDU\� IURP� ������ WR� ������ DFURVV�
PRQWKV��)LJ���D��

D� E�
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7DEOH�����5HVXOWV�IURP�5REXVW�'HVLJQ�PRGHOV�IRU�DGXOW�IHPDOHV�DQG�DGXOW�PDOHV��7KH�PRGHO�OLNHOLKRRGV��
$,&F��QXPEHU�RI�SDUDPHWHUV��DQG�GHYLDQFH�IRU�YDULRXV�PRGHOV�DUH�VKRZQ��7KH�GLIIHUHQW�PRGHOV�DUH�
UDQNHG�DFFRUGLQJ�WR�WKH�$,&F�YDOXHV�FDOFXODWHG�EDVHG�RQ�WKH�FRPELQDWLRQ�RI� WKH�OLNHOLKRRG�RI� WKH�
PRGHO�DQG�WKH�QXPEHU�RI�SDUDPHWHUV��S��SUREDELOLW\�RI�LQLWLDO�FDSWXUH��F��SUREDELOLW\�RI�UHFDSWXUH��V��
VXUYLYDO��1��SRSXODWLRQ�VL]H�LQ�WKH�VWXG\�DUHD���W���GLIIHUHQW�HVWLPDWH�IRU�HDFK�RFFDVLRQ�������FRQVWDQW�
HVWLPDWH���PRQWK���GLIIHUHQW�HVWLPDWH�IRU�HDFK�PRQWK��0RYHPHQW�FDQ�EH�PRGHOOHG�DV�QXOO��UDQGRP��RU�
0DUNRYLDQ�

6H[ 0RGHO $,&F 'HOWD�
$,&F

$,&F�
:HLJKW

0RGHO
/LN�

1XP
3DU 'HYLDQFH

)HPDOHV V�����S�W� F�W���0DUNRYLDQ��1�0RQWK� ������� ����� ����� ����� ���� �������
V�����S�W� F�W���5DQGRP��1�0RQWK� ������� ����� ����� ����� ���� �������
V�����S�W� F�W���1XOO��1�0RQWK� ������� ������ ����� ����� ���� �������
V�����S�0RQWK� F�0RQWK���0DUNRYLDQ��1�0RQWK� ������� ������� ����� ����� ���� ��������
V�����S�0RQWK� F�0RQWK���5DQGRP��1�0RQWK� ������� ������� ����� ����� ���� ��������
V�����S��� F�����0DUNRYLDQ��1�0RQWK� ������� ������� ����� ����� ��� ��������
V�����S��� F�����5DQGRP��1�0RQWK� ������� ������� � � � ��������
V�����S�0RQWK� F�0RQWK���1XOO��1�0RQWK� ������� ������� � � � ��������
V�����S��� F�����1XOO��1�0RQWK� ������� ������� � � � ��������

0DOHV V�����S��� F�����0DUNRYLDQ��1�0RQWK� ������� ����� ����� ����� ��� �������
V�����S��� F�����5DQGRP��1�0RQWK� ������� ����� ����� ����� ��� �������
V�����S�0RQWK� F�0RQWK���5DQGRP��1�0RQWK� ������� ����� ����� ����� ���� �������
V�����S��� F�����1XOO��1�0RQWK� ������� ����� ����� ����� ��� �������
V�����S�0RQWK� F�0RQWK���1XOO��1�0RQWK� ������� ����� ����� ����� ���� �������
V�����S�0RQWK� F�0RQWK���0DUNRYLDQ��1�0RQWK� ������� ����� ����� ����� ���� �������
V�����S�W� F�W���1XOO��1�0RQWK� ������� ������ � � �� �������
V�����S�W� F�W���0DUNRYLDQ��1�0RQWK� ������� ������ � � �� �������
V�����S�W� F�W���5DQGRP��1�0RQWK� ������� ������ � � �� �������

323$1

7KH�EHVW�PRGHO�EDVHG�RQ�323$1�DQDO\VLV�DOVR�
YDULHG� EHWZHHQ� DGXOW� IHPDOHV� DQG� PDOHV�� 7KH�
EHVW�PRGHO�IRU�DGXOW�PDOHV�KDG�FRQVWDQW�VXUYLYDO��
FRQVWDQW� SUREDELOLW\� RI� HQWU\�� DQG� FRQVWDQW�

FDSWXUH�SUREDELOLW\�EDVHG�RQ�ERWK�WKH�RQH�ZHHN�
SHU�PRQWK� DQG� HQWLUH�PRQWK� GDWDVHWV�� 7KH� EHVW�
PRGHO� IRU� DGXOW� IHPDOHV� IRU� WKH� RQH�ZHHN�SHU�
PRQWK�GDWDVHWV� IRU�$SULO�DQG�0D\�KDG�FRQVWDQW�
VXUYLYDO��FRQVWDQW�SUREDELOLW\�RI�HQWU\��DQG�WLPH�
YDU\LQJ� FDSWXUH� SUREDELOLWLHV�� WKH� EHVW� PRGHO�

)LJXUH�����&XPXODWLYH�FRXQWV�RI�XQLTXHO\�LGHQWLÀHG�IHPDOHV�DQG�PDOHV�LQ�GLIIHUHQW�PRQWKV�



��

IRU� 0DUFK� KDG� FRQVWDQW� VXUYLYDO� DQG� FDSWXUH�
SUREDELOLWLHV�� EXW� WLPH�YDU\LQJ� SUREDELOLW\� RI�
HQWU\�� DQG� WKH� EHVW� PRGHO� IRU� -XQH� KDG� WLPH�
YDU\LQJ� VXUYLYDO� DQG� FDSWXUH� SUREDELOLWLHV�� EXW�
FRQVWDQW� SUREDELOLW\� RI� HQWU\�� 7KH� EHVW� PRGHOV�
IRU�WKH�HQWLUH�PRQWK�GDWDVHW�IRU�0DUFK��0D\��DQG�
-XQH�VKRZHG�FRQVWDQW�VXUYLYDO�DQG�SUREDELOLW\�RI�
HQWU\�EXW�WLPH�YDU\LQJ�FDSWXUH�SUREDELOLWLHV��7KH�
EHVW�PRGHO�IRU�WKH�HQWLUH�PRQWK�GDWD�IURP�$SULO�
KDG� FRQVWDQW� VXUYLYDO� EXW� WLPH�YDU\LQJ� FDSWXUH�
DQG�HQWU\�SUREDELOLWLHV��7KH�VH[� UDWLRV� IURP� WKH�
EHVW�PRGHO�HVWLPDWHV��7DEOHV���	����YDULHG�DFURVV�
PRQWKV�IURP�����WR�������EDVHG�RQ�WKH�RQH�ZHHN�
SHU�PRQWK�GDWDVHW��)LJ���D��DQG�IURP�������WR�����
EDVHG�RQ�WKH�HQWLUH�PRQWK�GDWDVHW��)LJ���E��

7RWDO�HQFRXQWHUV�DQG�D�FRPSDULVRQ�RI�VH[�UDWLRV

7KH�RYHUDOO�VH[�UDWLR��DFURVV�PRQWKV�FRPELQHG��
FDOFXODWHG�XVLQJ�WKH�WRWDO�QXPEHUV�RI�PDOHV�DQG�
IHPDOHV� HQFRXQWHUHG� LUUHVSHFWLYH� RI� LQGLYLGXDO�
LGHQWLW\�ZDV��������DV�RSSRVHG�WR�������EDVHG�RQ�
WKH�XQLTXH� LQGLYLGXDOV�VLJKWHG��VHH�ÀUVW�5HVXOWV�
SDUDJUDSK���7KH�VH[�UDWLRV�IURP�WRWDO�HQFRXQWHUV�
ZHUH� VRPHZKDW� OHVV� YDULDEOH� RYHU�PRQWKV� WKDQ�
WKRVH� FDOFXODWHG� XVLQJ� RWKHU� PHWKRGV� �)LJ�� ����
DQG�YDULHG�IURP�������WR�������EDVHG�RQ�WKH�RQH�
ZHHN�SHU�PRQWK�GDWDVHW��DQG�IURP�������WR�������
EDVHG�RQ� WKH� HQWLUH�PRQWK� GDWDVHW�� ,Q�0D\� DQG�
-XQH�� WRWDO� HQFRXQWHUV� JDYH� OHVV� IHPDOH�ELDVHG�
VH[�UDWLRV�WKDQ�WKH�RWKHU�PHWKRGV�

:KHQ�VH[�UDWLRV�ZHUH�FRPSDUHG�DFURVV�WKH�IRXU�
PRQWKV�� WKHUH�ZDV�D�VLJQLÀFDQW�HIIHFW�RI�PRQWK�
IRU� WKH� RQH�ZHHN�SHU�PRQWK� GDWDVHW� EDVHG� RQ�
WKH� IRXU� GLIIHUHQW�PHWKRGV� �5HSHDWHG�PHDVXUHV�
$129$�� )����  � ������� 3�  � �������� DV� ZHOO� DV�
WKH�HQWLUH�PRQWK�GDWDVHW�EDVHG�RQ�RQO\�323$1�
DQG� QXPEHU� RI� XQLTXH� LQGLYLGXDOV� �5HSHDWHG�
PHDVXUHV�$129$��)���� ���������3� ���������DV�
WRWDO� HQFRXQWHUV�ZHUH� QRW� VR� YDULDEOH�� 3RVW�KRF�
WHVWV�VKRZHG�VLJQLÀFDQW�GLIIHUHQFHV�LQ�VH[�UDWLRV�
EHWZHHQ� 0DUFK� DQG� 0D\�� DQG� $SULO� DQG� 0D\�
�7XNH\·V�+6'�WHVWV��3���������EDVHG�RQ�ERWK�WKH�
RQH�ZHHN�SHU�PRQWK�DQG�HQWLUH�PRQWK�GDWDVHWV��
:H� DOVR� IRXQG� D� VLJQLÀFDQW� GLIIHUHQFH�EHWZHHQ�
WKH�VH[�UDWLRV�EDVHG�RQ�WKH�RQH�ZHHN�SHU�PRQWK�
GDWDVHW�DQG�WKH�HQWLUH�PRQWK�GDWDVHW��3DLUHG�W�WHVW�
XVLQJ�VH[�UDWLRV�IURP�323$1�DQG�WKH�QXPEHU�RI�
XQLTXH�LQGLYLGXDOV��PDWFKHG�IRU�WKH�PRQWK�� W�� �

7DEOH���� �(VWLPDWHV�RI�VXSHUSRSXODWLRQ�VL]H��1��
IURP�323$1�UXQ�ZLWK�GDWD�IURP�WKH�RQH�ZHHN�
SHU�PRQWK�GDWDVHW��VHH�7DEOH����IRU�HDFK�PRQWK�IRU�
DGXOW�IHPDOHV�DQG�DGXOW�PDOHV���6XSHUSRSXODWLRQ�
VL]H� HVWLPDWHV� DUH� H[SHFWHG� WR� EH� ODUJHU� WKDQ�
5REXVW�'HVLJQ�SRSXODWLRQ�VL]H�HVWLPDWHV�

,QWHUYDOV 1 6( /RZHU�
����&,

8SSHU�
����&,

)HPDOHV
0DU��� ������ ����� ������ ������
$SU��� ������ ����� ������ ������
0D\��� ������ ����� ������ ������
-XQ��� ������ ����� ������ ������

0DOHV
0DU��� ������ ����� ������ ������
$SU��� ������ ����� ������ ������
0D\��� ������ ����� ������ ������
-XQ��� ������ ����� ������ ������

7DEOH�����3RSXODWLRQ�VL]H�HVWLPDWHV��1��REWDLQHG�
IURP�WKH�UHVSHFWLYH�5REXVW�'HVLJQ�PRGHOV�ZLWK�
WKH�ORZHVW�$,&F�IRU�DGXOW�IHPDOHV�DQG�PDOHV�

0RQWK 1 6( /RZHU�
����&,

8SSHU�
����&,

)HPDOHV
0DU��� ������ ����� ������ ������
$SU��� ������ ����� ������ ������
0D\��� ������ ����� ������ ������
-XQ��� ������ ����� ������ ������

0DOHV
0DU��� ������ ����� ������ ������
$SU��� ������ ����� ������ ������
0D\��� ������ ����� ������ ������
-XQ��� ������ ����� ������ ������

7DEOH���� �(VWLPDWHV�RI�VXSHUSRSXODWLRQ�VL]H��1��
IURP�323$1�UXQ�ZLWK�WKH�HQWLUH�PRQWK�GDWDVHWV�
RI�DGXOW�IHPDOHV�DQG�DGXOW�PDOHV��

,QWHUYDOV 1 6( /RZHU�
����&,

8SSHU�
����&,

)HPDOHV
0DU��� ������ ����� ������ ������
$SU��� ������� ����� ������ �������
0D\��� ������� ������ ������� �������
-XQ��� ������ ����� ������ �������

0DOHV
0DU��� ������ ����� ������ ������
$SU��� ������ ����� ������ ������
0D\��� ������ ����� ������ ������
-XQ��� ������ ����� ������ ������
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��������3� ���������ZLWK�WKH�VH[�UDWLR�EHLQJ�OHVV�
IHPDOH�ELDVHG�EDVHG�RQ�WKH�VKRUWHU�WLPH�SHULRG�RI�
VDPSOLQJ��PHDQZHHN� ���������PHDQPRQWK� ���������

'LVFXVVLRQ

6H[�UDWLRV�DFURVV�WLPH

,Q� VH[XDOO\� GLPRUSKLF� SRO\J\QRXV� VSHFLHV��
WKH� DGXOW� VH[� UDWLR� LV� VHOGRP� ���� EHFDXVH� RI�
LQFUHDVHG�PRUWDOLW\�LQ�PDOHV��3URPLVORZ��������
7KH� ´QDWXUDOµ� DGXOW� VH[� UDWLR� RI� XQGLVWXUEHG�
SRSXODWLRQV�RI�$VLDQ�HOHSKDQWV� LV�SRVVLEO\�a����
�PDOHV���IHPDOHV���0F.D\�������:LOOLDPV�HW�DO��
������� 7KHUHIRUH�� DGXOW� VH[� UDWLRV� LQ� RXU� VWXG\�
DUHD�ZHUH�DEQRUPDOO\�VNHZHG��SRVVLEO\�EHFDXVH�
RI� KLVWRULFDO� SRDFKLQJ�� :H� VKRZ� IRU� WKH� ÀUVW�
WLPH� WKDW� WKHUH� ZDV� FRQVLGHUDEOH� YDULDELOLW\� LQ�
DGXOW� VH[� UDWLRV� HYHQ�ZLWKLQ�PRQWKV� DFURVV� WKH�
GU\� VHDVRQ�� 7KHUHIRUH�� VH[� UDWLRV� IURP� DQQXDO�
RU� ELHQQLDO� FHQVXVHV� RI� �²�� GD\V� PD\� QRW� EH�
PHDQLQJIXO� DV� WKH\� FDQ� GLIIHU� GHSHQGLQJ� RQ�
ZKHQ�WKH�FHQVXV�ZDV�XQGHUWDNHQ��VHH�)LJXUH�����
:KLOH� WKH� EURDGHU�VFDOH� DGXOW� VH[� UDWLR� �IURP�
FHQVXV�GDWD�RI�.DUQDWDND��ZDV�HVWLPDWHG�DW�������
LQ�������6XNXPDU�HW�DO��������DQG�������LQ������
�%DVNDUDQ�	�6XNXPDU��������ZKHWKHU�WKLV�FKDQJH�
UHÁHFWV� DFWXDOO\� LPSURYHG� VH[� UDWLR� RU� ORFDO�
VDPSOLQJ� LVVXHV� LV� GLIÀFXOW� WR� GLVHQWDQJOH�� :H�
IRXQG�PRQWKO\�VH[�UDWLRV�YDU\LQJ�IURP������� WR�
�������EDVHG�RQ�WKH�QXPEHU�RI�XQLTXH�LQGLYLGXDOV�
VHHQ��RU�IURP�������WR��������EDVHG�RQ�323$1���
'RXEOLQJ�RI�VH[�UDWLRV�LQ�WKLV�UDQJH�RI�YDOXHV�LV�
GLVFRQFHUWLQJ�EHFDXVH�VKRUW�WHUP�HVWLPDWHV�RI�VH[�
UDWLR�PD\�WKHQ�UHDFK�RSSRVLWH�FRQFOXVLRQV�DERXW�
WKH�ORQJ�WHUP�VWDWXV�RI�PDOHV�LQ�WKH�SRSXODWLRQ��
7KLV�LV�HVSHFLDOO\�D�SUREOHP�LQ�SRSXODWLRQV�ZLWK�
VH[�UDWLRV�WKDW�DUH�QRW�YHU\�VNHZHG�EHFDXVH�VPDOO�
FKDQJHV�LQ�VH[�UDWLR�DULVH�IURP�ODUJH�FKDQJHV�LQ�
DFWXDO� QXPEHUV� RI� RQH� VH[� �ZKLOH� WKH� RSSRVLWH�
LV� WUXH� LI� WKH� VH[� UDWLR� LV� DOUHDG\�YHU\� VNHZHG���
PDNLQJ�WKH�HVWLPDWLRQ�RI�VH[�UDWLRV�PRUH�FUXFLDO�
LQ�VXFK�SRSXODWLRQV�

2XU� RYHUDOO� VH[� UDWLR� HVWLPDWH� IURP� FRXQWV� RI�
LGHQWLÀHG� DGXOWV� ZDV� ������ �0�)��� ZKLOH� DGXOW�
VH[�UDWLRV�LQ�SUHYLRXV�VWXGLHV�LQ�URXJKO\�WKH�VDPH�
VWXG\�DUHD�DQG�FDUULHG�RXW�E\� UHVHDUFKHUV�XVLQJ�
WHFKQLFDOO\� FRUUHFW� PHWKRGV� ZHUH� ������ �9LG\D�
HW� DO�� ������� ������ �$ULYD]KDJDQ� 	� 6XNXPDU�

������� DQG� ������ �*RVZDPL� HW� DO�� ������� 7KH�
DGXOW� VH[� UDWLR�EDVHG�RQ� WKH�)RUHVW�'HSDUWPHQW�
FHQVXV� LQ� 1DJDUDKROH� DQG� %DQGLSXU� FRPELQHG�
ZDV�������LQ������DQG�������LQ�������1DJDUDKROH�
VHSDUDWHO\�� ������ LQ� ����� DQG� ������ LQ� ������
%DQGLSXU�VHSDUDWHO\��������LQ������DQG�������LQ�
������6XNXPDU�HW�DO��������%DVNDUDQ�	�6XNXPDU�
�������:KHQ�IDFHG�ZLWK�VXFK�GDWD�IURP�GLIIHUHQW�
WLPH� SRLQWV�� LW� LV� WHPSWLQJ� WR� UHDG� D� SDWWHUQ�
LQWR� LW� DFURVV� \HDUV� DQG�PDNH� LQIHUHQFHV� DERXW�
SRDFKLQJ�� 0DQDJHUV� PD\� EH� IRUFHG� WR� PDNH�
GHFLVLRQV�UHJDUGLQJ�SDWUROOLQJ�DQG�VWHSSLQJ�XS�RI�
DQWL�SRDFKLQJ�HIIRUWV�EDVHG�RQ�VXFK�´FKDQJHVµ�LQ�
VH[�UDWLR��IURP��VD\��������WR��������ZKLFK�ZRXOG�
LQGHHG�EH�D�GUDVWLF�FKDQJH�LI�WKHVH�VH[�UDWLRV�ZHUH�
FRUUHFW��+RZHYHU�� VLQFH�ZH�ÀQG� WKDW� VKRUW�WHUP�
WHPSRUDO�YDULDWLRQ�RYHU�WKH�FRXUVH�RI�PRQWKV�FDQ�
EH�RI� WKH�VDPH�UDQJH�� LW� LV�QRW�SRVVLEOH� WR� LQIHU�
SDWWHUQV� DERXW� ORQJ�WHUP�YDULDWLRQ� LQ� VH[� UDWLRV�
IURP�WKH�SUHYLRXV�VWXGLHV�LQ�WKLV�DUHD��:H�IRXQG�
WKDW�RYHU����GD\V�RI�GDWD�ZHUH�UHTXLUHG�WR�REWDLQ�
D�SODWHDXLQJ�RI�VH[�UDWLRV��)LJ������DOWKRXJK�WKLV�
WLPH� SHULRG�PD\� GHSHQG� RQ� ZKHQ� WKH� VWXG\� LV�
VWDUWHG��VXJJHVWLQJ�WKDW�VKRUW�WHUP�FHQVXVHV�PD\�
QRW�EH�UHOLDEOH�

,W� LV� LQWHUHVWLQJ� WKDW� WKH� VKRUW�WHUP� GLIIHUHQFHV�
LQ�VH[�UDWLRV�ZHUH�EURXJKW�DERXW�E\�VH[�VSHFLÀF�
GLIIHUHQFHV� LQ� VSDFH� XVH�� DV� HYLGHQFHG� E\� WKH�
GLIIHUHQW� EHVW� PRGHOV� REWDLQHG� IURP� 5REXVW�
'HVLJQ� DQG�323$1�DQDO\VHV�� E\� DGXOW� IHPDOHV�
DQG�PDOHV��,Q�ERWK�DQDO\VHV��WKH�EHVW�PRGHOV�IRU�
IHPDOHV� LQFOXGHG� YDULDEOH� FDSWXUH� SUREDELOLWLHV�
DFURVV� WLPH�� ZKLOH� WKRVH� IRU� PDOHV� LQFOXGHG�
FRQVWDQW�FDSWXUH�SUREDELOLWLHV��:H� IRXQG��EDVHG�
RQ� ÀHOG� REVHUYDWLRQV� DOVR�� WKDW� PDQ\� IHPDOHV�
HQWHUHG� WKH� VWXG\� DUHD� GXULQJ� WKH� SHDN� RI� WKH�
GU\� VHDVRQ� �$SULO�0D\��� ZKLOH� WKHUH� ZDV� QR�
FRUUHVSRQGLQJO\�KLJK�LQFUHDVH�LQ� WKH�QXPEHU�RI�
PDOHV��WKH�QXPEHU�RI�XQLTXH�IHPDOHV�URVH�IURP�
���LQ�0DUFK�WR�����LQ�0D\��ZKLOH�WKH�QXPEHU�RI�
XQLTXH�PDOHV�ZDV����LQ�0DUFK�DQG����LQ�0D\���
7KXV�� GLIIHUHQFHV� LQ� PRYHPHQW� SDWWHUQV�XVH� RI�
WKH� VWXG\� DUHD� FDXVHG� WHPSRUDO� FKDQJHV� LQ� VH[�
UDWLRV��$SDUW� IURP�PDQDJHPHQW� UHOHYDQFH�� VXFK�
YDULDELOLW\�FRXOG�DOVR�EH�ELRORJLFDOO\�VLJQLÀFDQW�
DV� LW� FDQ� DIIHFW� PDWLQJ� RSSRUWXQLWLHV�� )RU�
LQVWDQFH��LI�WKH�SURSRUWLRQ�RI�IHPDOHV�FRPLQJ�LQWR�
RHVWURXV�UHPDLQV�FRQVWDQW�DFURVV�PRQWKV��D�ODUJHU�
QXPEHU� RI� DYDLODEOH� IHPDOHV� LQ� FHUWDLQ�PRQWKV�
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FRXOG� LQFUHDVH� PDWLQJ� RSSRUWXQLWLHV� IRU� PDOHV��
,Q�JHQHUDO��RSHUDWLRQDO�VH[�UDWLRV�DUH�H[SHFWHG�WR�
DQG�KDYH�EHHQ�IRXQG�WR�LQÁXHQFH�YDULRXV�DVSHFWV�
RI�PDWLQJ�EHKDYLRXU��(POHQ�	�2ULQJ�������VHH�
:HLU�HW�DO�������DQG�UHIHUHQFHV�WKHUHLQ��

6H[� UDWLRV� XVLQJ� XQLGHQWLÀHG� YHUVXV� LGHQWLÀHG�
LQGLYLGXDOV

'LIIHUHQFHV� LQ� WKH� GHWHFWDELOLW\� RI� PDOHV� DQG�
IHPDOHV� FDQ� ELDV� VH[� UDWLRV� LI� WKH� WRWDO� FRXQWV�
RI�IHPDOHV�DQG�PDOHV�DUH�XVHG��7KH�DFFXUDF\�RI�
VXFK�D� VH[� UDWLR�HVWLPDWH� LV�� WKHUHIRUH�� OLNHO\� WR�
GHSHQG�RQ�ZKDW�SURSRUWLRQ�RI�PDOHV�DQG�IHPDOHV�
LQ�WKH�SRSXODWLRQ�KDYH�EHHQ�VDPSOHG�DQG�WKH�WUXH�
SRSXODWLRQ�VH[�UDWLR��:KLOH�WKH�VH[�UDWLRV�EDVHG�
RQ�WRWDO�FRXQWV�ZHUH�OHVV�YDULDEOH�DFURVV�PRQWKV��
WKH\�ZHUH�DOVR�OHVV�IHPDOH�ELDVHG�WKDQ�VH[�UDWLRV�
IURP�RWKHU�PHWKRGV�GXULQJ�WKH�SHDN�GU\�VHDVRQ��
ZKHQ� FHQVXVHV� DUH� XVXDOO\� FDUULHG� RXW�� 7KLV�
LV� SRVVLEO\� ZK\� FHQVXV� GDWD� WHQG� WR� VKRZ� OHVV�
VNHZHG�DGXOW�VH[�UDWLRV�WKDQ�ORQJHU�WHUP�VWXGLHV�
�VHH� GDWD� LQ� SUHYLRXV� VHFWLRQ��� 7KH� GLIIHUHQFH�
LQ� VH[� UDWLR� HVWLPDWHV� EHWZHHQ� XVLQJ� LGHQWLÀHG�
LQGLYLGXDOV�DQG�WRWDO�HQFRXQWHUV��LUUHVSHFWLYH�RI�
LGHQWLW\��PD\�DOVR�EH�RQH�RI�EHKDYLRXU��0DOH�DQG�
IHPDOH�HOHSKDQWV�FDQ�UHVSRQG�YHU\�GLIIHUHQWO\�WR�
KDELWDWV�DQG�KXPDQV��6XNXPDU�	�*DGJLO�������
(YDQV� 	� +DUULV� ������� ,Q� RXU� VWXG\� DUHD�� ZH�
IRXQG� WKDW�PDOHV� UHPDLQHG� LQ� RSHQ� DUHDV�PRUH�

RIWHQ� WKDQ� IHPDOHV�� PDNLQJ� UHSHDW� VLJKWLQJV� RI�
WKHP�PRUH�SUREDEOH��DYHUDJH�QXPEHUV�RI�UHSHDW�
VLJKWLQJV� IRU� PDOHV� DQG� IHPDOHV� LQ� RSHQ� DUHDV�
ZHUH� ���� DQG� ����� UHVSHFWLYHO\��� 2Q� WKH� RWKHU�
KDQG��LQVLGH�GHQVHU�IRUHVWV��DGXOW�PDOHV�FRXOG�EH�
PRUH�GLIÀFXOW�WR�VLJKW�EHFDXVH�RI�EHLQJ�VROLWDU\�
DQG��SRVVLEO\��HYHQ�PRUH�HOXVLYH��7KHUHIRUH��VH[�
UDWLRV�LQ�WKH�DEVHQFH�RI�LQGLYLGXDO�LGHQWLÀFDWLRQ�
FDQ�EH�PLVOHDGLQJ�

2YHUDOO�LPSOLFDWLRQV

$SDUW�IURP�LPSOLFDWLRQV�IRU�PDQDJHPHQW��VKRUW�
WHUP�YDULDWLRQV�LQ�VH[�UDWLRV�FDQ�KDYH�VLJQLÀFDQW�
LPSOLFDWLRQV�IRU�DQLPDOV�LQ�WHUPV�RI�SRVVLELOLWLHV�
IRU� LQWHUDFWLRQ� DQG� PDWLQJ� RSSRUWXQLWLHV�� 7KH�
H[WHQW�WR�ZKLFK�PDWLQJ�RSSRUWXQLWLHV�DUH�DIIHFWHG�
ZRXOG� GHSHQG� RQ� RHVWURXV� V\QFKURQ\� DQG�
GRPLQDQFH�KLHUDUFKLHV�DPRQJVW�PDOHV�WKDW�DIIHFW�
PRQRSROL]DELOLW\� RI� IHPDOHV�� 2QH� PLJKW� DUJXH�
WKDW� WKDW� LI� VH[� UDWLR� GLIIHUHQFHV� DFURVV�PRQWKV�
RFFXU� LQ� D� VWXG\� DUHD� WKDW� LV� D� IHZ� WR� VHYHUDO�
KXQGUHG� VTXDUH� NLORPHWUHV� LQ� VL]H� �D� 3URWHFWHG�
$UHD�LQ�,QGLD��VXFK�DV�LQ�RXU�VWXG\���FRRUGLQDWHG�
FHQVXVHV�DW�D� ODUJHU�VFDOH�PLJKW�UHFRYHU�FRUUHFW�
VH[� UDWLRV� HYHQ� LI� FDUULHG� RXW� IRU� D� VKRUW� WLPH��
+RZHYHU�� ZKHQ� VH[� UDWLRV� DUH� FDOFXODWHG� XVLQJ�
WRWDO� FRXQWV�� DV� WKH\� DUH� GXULQJ� ODUJH�VFDOH�
FHQVXVHV��WKH\�FDQ�EH�TXLWH�GLIIHUHQW�IURP�WKH�UHDO�
VH[�UDWLRV��:H�DOVR�HVWLPDWHG�VH[�UDWLRV�IURP�WKH�

)LJXUH�����'DLO\�DGXOW�VH[�UDWLR�DQG�FXPXODWLYH�VH[�UDWLRV�EDVHG�RQ�LQGLYLGXDOO\�LGHQWLÀHG�DQLPDOV�
DFURVV�WKH�VDPSOHG�GD\V��7KH�GDVKHG�OLQH�LQGLFDWHV�WKH�ÀQDO�VH[�UDWLR�REWDLQHG����PDOH�������IHPDOHV��



��

VLPSOH� /LQFROQ�3HWHUVHQ� PHWKRG� RI� HVWLPDWLQJ�
SRSXODWLRQ� VL]HV�� ZKLFK� FDQ� EH� FDOFXODWHG� E\�
ORFDO�PDQDJHUV��EXW�IRXQG�WKH�HVWLPDWHV�WR�EH�WRR�
FUXGH�WR�EH�XVHIXO��GDWD�QRW�VKRZQ���:KLOH�VKRUW�
WHUP� FHQVXVHV� SURYLGH� HVWLPDWHV� RI� QXPEHUV�
RI� DQLPDOV� LQ� DQ� DUHD�� ZKLFK� DUH� LPSRUWDQW� LQ�
DIIHFWLQJ�GHQVLW\�GHSHQGHQW�SURFHVVHV��ORQJ�WHUP�
VWXGLHV� RQ� LGHQWLÀHG� LQGLYLGXDOV� WKDW� SURYLGH�
GDWD� RQ� SRSXODWLRQ� QXPEHUV� �WKDW� DUH� VLPLODU�
WR� WKRVH� IURP� FDSWXUH�UHFDSWXUH� VDPSOLQJ��� EXW�
DGGLWLRQDOO\� SURYLGH� D� ZHDOWK� RI� LQIRUPDWLRQ�
RQ� RWKHU� DVSHFWV� RI� WKH� VSHFLHV� �&OXWWRQ�%URFN�
	� 6KHOGRQ� ������ PD\� EH� WKH� ZD\� IRUZDUG� LQ�
PRQLWRULQJ�ODUJH�PDPPDO�SRSXODWLRQV��+RZHYHU��
VLQFH�ZLOGOLIH�SURWHFWLRQ�GHSDUWPHQWV�UDUHO\�KDYH�
WKH� WLPH� RU� H[SHUWLVH� WR� FDUU\� RXW� ORQJ�WHUP��
LQGLYLGXDO�EDVHG� PRQLWRULQJ� RI� SRSXODWLRQV�� LW�
PLJKW�KHOS�LI�FRPSHWHQW�UHVHDUFKHUV�REWDLQ�VXFK�
GDWD�IURP�DW�OHDVW�VHOHFW�SRSXODWLRQV�RI�HOHSKDQWV�
LQ�KLJK�GHQVLW\�DUHDV��5DQJDUDMDQ�HW�DO��������LW�
ZRXOG�EH�LPSUDFWLFDO�WR�REWDLQ�GHWDLOHG�GDWD�IURP�
WKH�HQWLUH��������NP��ODQGVFDSH���,Q�WKH�FRQWH[W�
RI�PDOH�SRDFKLQJ��LW�PLJKW�EH�ZRUWK�PRQLWRULQJ�DW�
OHDVW�LGHQWLÀHG�DGXOW�PDOHV��*RVZDPL�HW�DO��������
UDWKHU� WKDQ� UHO\LQJ� RQ� FHQVXV� GDWD� RU� FDUFDVVHV�
�ZKLFK�DUH�YHU\�GLIÀFXOW�WR�ÀQG�LQ�$VLDQ�IRUHVWV���
$QRWKHU�UHDVRQ�IRU�PRQLWRULQJ�LQGLYLGXDO�PDOHV�
LV�WKDW�SXEHUWDO�PDOHV�GLVSHUVH�QRW�MXVW�IURP�WKHLU�
QDWDO�KHUGV��EXW�DOVR�IURP�WKHLU�QDWDO�KRPH�UDQJHV�
WR�GLIIHUHQW�ORFDWLRQV��ORFDWLRQDO�GLVSHUVDO��9LG\D�
	�6XNXPDU�������9LG\D�HW�DO���������7KHUHIRUH��
LQGLYLGXDO� WXUQRYHU� LQ�DQ�DUHD�GXH� WR�GLVSHUVDOV�
FRXOG� JLYH� ULVH� WR� WKH� VDPH� FRXQWV�� /RFDWLRQDO�
GLVSHUVDO� RI� PDOHV� DOVR� LPSOLHV� WKDW� SRDFKLQJ�
\RXQJ� PDOHV� FDQ� DIIHFW� DUHDV� WKDW� WKRVH� PDOHV�
ZRXOG� RWKHUZLVH� GLVSHUVH� WR�� HYHQ� LI� WKHUH�ZDV�
DGHTXDWH�SURWHFWLRQ� LQ� WKRVH�DUHDV�� ,I�ZDWHUKROH�
FRXQWV� DUH� XQGHUWDNHQ�� LW� ZRXOG� EH� LPSRUWDQW�
WR�REWDLQ�SKRWRJUDSKV�VR�WKDW�DQ�DWWHPSW�FDQ�EH�
PDGH�DW�LGHQWLI\LQJ�LQGLYLGXDOV�UDWKHU�WKDQ�XVLQJ�
WRWDO�FRXQWV�

$FNQRZOHGJPHQWV

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�'HSDUWPHQW�RI�
6FLHQFH�DQG�7HFKQRORJ\·V��*RYHUQPHQW�RI�,QGLD��
5DPDQXMDQ� )HOORZVKLS� �WR� 71&9��� &RXQFLO� RI�
6FLHQWLÀF�DQG�,QGXVWULDO�5HVHDUFK��*RYHUQPHQW�RI�
,QGLD��*UDQW�1R�������������(05�,,���1DWLRQDO�
*HRJUDSKLF�6RFLHW\��86$���*UDQW�1R������������

DQG�-1&$65��0*�ZDV�VXSSRUWHG�E\�-1&$65·V�
,QWHJUDWHG� 3K�'�� SURJUDPPH� LQ� (YROXWLRQDU\�
DQG�2UJDQLVPDO�%LRORJ\�DQG�65�ZDV�VXSSRUWHG�
E\� -1&$65·V�65)3�SURJUDPPH��:H� WKDQN� WKH�
RIÀFH�RI�WKH�3&&)��.DUQDWDND�)RUHVW�'HSDUWPHQW��
IRU�ÀHOG�SHUPLWV��DQG�YDULRXV�RIÀFLDOV��IURP�WKH�
3&&)�WR�WKH�5DQJH�)RUHVW�2IÀFHUV��DV�ZHOO�DV�WKH�
VWDII�RI�1DJDUDKROH�DQG�%DQGLSXU�1DWLRQDO�3DUNV��
IRU�SHUPLWV�DQG�VXSSRUW�DW�WKH�ÀHOG�VLWH��:H�WKDQN�
$UMXQ� *KRVK� DQG�$VKRN� .XPDU� IRU� KHOS� ZLWK�
GDWD�FROOHFWLRQ�DQG�0U��*XQGD��0U��5DMHVK��0U��
%LQX�� DQG� 0U�� $OWKDI� IRU� ÀHOG� DVVLVWDQFH�� :H�
WKDQN� 'HYFKDUDQ� -DWKDQQD�� &HQWUH� IRU�:LOGOLIH�
6WXGLHV�� %DQJDORUH�� IRU� XVHIXO� DGYLFH� RQ� GDWD�
DQDO\VLV��:H�WKDQN�+DQVUDM�*DXWDP�IRU�KHOS�ZLWK�
*,6��:H� DOVR� WKDQN� WZR� DQRQ\PRXV� UHYLHZHUV�
IRU� SURYLGLQJ� XVHIXO� FRPPHQWV� RQ� D� SUHYLRXV�
YHUVLRQ�RI�RXU�SDSHU�

5HIHUHQFHV

$OOHQGRUI� ):��(QJODQG�35��/XLNDUW�*��5LWFKLH�
3$�	�5\PDQ�1��������*HQHWLF�HIIHFWV�RI�KDUYHVW�
RQ�ZLOG� DQLPDO� SRSXODWLRQV��7UHQGV� LQ�(FRORJ\�
DQG�(YROXWLRQ�������������

$ULYD]KDJDQ�&�	�6XNXPDU�5��������&RPSDUDWLYH�
'HPRJUDSK\� RI� $VLDQ� (OHSKDQW� 3RSXODWLRQV�
�(OHSKDV�PD[LPXV��LQ�6RXWKHUQ�,QGLD��7HFKQLFDO�
5HSRUW�1R�������&HQWUH�IRU�(FRORJLFDO�6FLHQFHV��
,QGLDQ�,QVWLWXWH�RI�6FLHQFH��%DQJDORUH�

%DUQHV�5):�	�.DSHOD�(%��������&KDQJHV�LQ�WKH�
5XDKD�HOHSKDQW�SRSXODWLRQ�FDXVHG�E\�SRDFKLQJ��
$IULFDQ�-RXUQDO�RI�(FRORJ\�������������

%DVNDUDQ� 1� 	� 6XNXPDU� 5� ������� .DUQDWDND�
(OHSKDQW� &HQVXV� ������ 7HFKQLFDO� UHSRUW� WR�
WKH� .DUQDWDND� )RUHVW� 'HSDUWPHQW�� &HQWUH� IRU�
(FRORJLFDO�6FLHQFHV��,QGLDQ�,QVWLWXWH�RI�6FLHQFH��
DQG� $VLDQ� 1DWXUH� &RQVHUYDWLRQ� )RXQGDWLRQ��
%DQJDORUH�

%DVNDUDQ� 1�� 8GKD\DQ� $� 	� 'HVDL� $$� �������
6WDWXV� RI� WKH� $VLDQ� HOHSKDQW� SRSXODWLRQ� LQ�
0XGXPDODL�:LOGOLIH� 6DQFWXDU\�� VRXWKHUQ� ,QGLD��
*DMDK�����������

%LUJH� 57� ������� 7KH� SURSDJDWLRQ� RI� HUURUV��
$PHULFDQ�-RXUQDO�RI�3K\VLFV������������
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%ODQF� -�� +HGJHV� 6�� 0LOOLNHQ� 7� 	� 6NLQQHU� '�
�������6WDWXV�RI�HOHSKDQW�SRSXODWLRQV�� OHYHOV�RI�
LOOHJDO�NLOOLQJ�DQG�WKH�WUDGH�LQ�LYRU\��$�UHSRUW�WR�
WKH� VWDQGLQJ� FRPPLWWHH� RI� &,7(6�� 6&��� 'RF��
�����$QQH[� ��� ,Q�� ��VW� 0HHWLQJ� RI� WKH� &,7(6�
6WDQGLQJ�&RPPLWWHH��&,7(6��*HQHYD�

%XUQKDP�.3��$QGHUVRQ�'5��:KLWH�*&��%URZQLH�
&� 	� 3ROORFN� .+� ������� 'HVLJQ� DQG� DQDO\VLV�
PHWKRGV�IRU�ÀVK�VXUYLYDO�H[SHULPHQWV�EDVHG�RQ�
UHOHDVH�UHFDSWXUH�� $PHULFDQ� )LVKHULHV� 6RFLHW\�
0RQRJUDSK���

&OXWWRQ�%URFN�7�	�6KHOGRQ�%&��������7KH�VHYHQ�
DJHV�RI�3DQ��6FLHQFH����������������

(POHQ�67�	�2ULQJ�/:��������(FRORJ\��VH[XDO�
VHOHFWLRQ�� DQG� WKH� HYROXWLRQ�RI�PDWLQJ� V\VWHPV��
6FLHQFH��������������

(YDQV�.�	�+DUULV� 6� ������� 6H[� GLIIHUHQFHV� LQ�
KDELWDW� XVH� E\� $IULFDQ� HOHSKDQWV� �/R[RGRQWD�
DIULFDQD�� LQ� WKH�2NDYDQJR�'HOWD��%RWVZDQD�� ,V�
VL]H� UHDOO\� WKH�GHFLGLQJ�IDFWRU"�$IULFDQ�-RXUQDO�
RI�(FRORJ\�������������

*RVZDPL�95��0DGKXVXGDQ�0'�	�.DUDQWK�.8�
������� $SSOLFDWLRQ� RI� SKRWRJUDSKLF� FDSWXUH²
UHFDSWXUH� PRGHOOLQJ� WR� HVWLPDWH� GHPRJUDSKLF�
SDUDPHWHUV� IRU� PDOH� $VLDQ� HOHSKDQWV�� $QLPDO�
&RQVHUYDWLRQ�������������

,VKHQJRPD� '56�� 6KHGORFN� $0�� )ROH\� &$+��
)ROH\�/-��:DVVHU�6.��%DOWKD]DU\�67�	�0XWD\RED�
%0� �������(IIHFWV� RI� SRDFKLQJ�RQ�EXOO�PDWLQJ�
VXFFHVV� LQ� D� IUHH� UDQJLQJ� $IULFDQ� HOHSKDQW�
�/R[RGRQWD� DIULFDQD�� SRSXODWLRQ� LQ� 7DUDQJLUH�
1DWLRQDO�3DUN��7DQ]DQLD��&RQVHUYDWLRQ�*HQHWLFV�
�����������

.DUDQWK�.8�	�6XQTXLVW�0(��������3RSXODWLRQ�
VWUXFWXUH��GHQVLW\�DQG�ELRPDVV�RI�ODUJH�KHUELYRUHV�
LQ� WKH� WURSLFDO� IRUHVWV� RI� 1DJDUDKROH�� ,QGLD��
-RXUQDO�7URSLFDO�(FRORJ\����������

.HQGDOO�:/�	�1LFKROV�-'��������2Q�WKH�XVH�RI�
VHFRQGDU\�FDSWXUH�UHFDSWXUH�VDPSOHV�WR�HVWLPDWH�
WHPSRUDU\�HPLJUDWLRQ�DQG�EUHHGLQJ�SURSRUWLRQV��
-RXUQDO�RI�$SSOLHG�6WDWLVWLFV�������������

.HQGDOO� :/�� 1LFKROV� -'� 	� +LQHV� -(� �������
(VWLPDWLQJ�WHPSRUDU\�HPLJUDWLRQ�XVLQJ�FDSWXUH�
UHFDSWXUH� GDWD� ZLWK� 3ROORFN·V� UREXVW� GHVLJQ��
(FRORJ\�������������

.HQGDOO�:/��3ROORFN�.+�	�%URZQLH�&��������$�
OLNHOLKRRG�EDVHG� DSSURDFK� WR� FDSWXUH�UHFDSWXUH�
HVWLPDWLRQ�RI�GHPRJUDSKLF�SDUDPHWHUV�XQGHU�WKH�
UREXVW�GHVLJQ��%LRPHWULFV�������������

/DPEHUWXFFL�6$��&DUUHWH�0��6SH]LDOH�./��+LUDOGR�
)�	�'RQi]DU� -$� ������� 3RSXODWLRQ� VH[� UDWLRV��
$QRWKHU� FRQVLGHUDWLRQ� LQ� WKH� UHLQWURGXFWLRQ�
UHLQIRUFHPHQW�GHEDWH"�3/R6�2QH����H������

0F.D\� *0� ������� %HKDYLRU� DQG� (FRORJ\� RI�
WKH� $VLDWLF� (OHSKDQW� LQ� 6RXWKHDVWHUQ� &H\ORQ��
6PLWKVRQLDQ�,QVWLWXWLRQ�3UHVV��:DVKLQJWRQ��'&�

0HQRQ�9�	�.XPDU�$��������6LJQHG�DQG�6HDOHG��
7KH�)DWH�RI�WKH�$VLDQ�(OHSKDQW��$VLDQ�(OHSKDQW�
5HVHDUFK�DQG�&RQVHUYDWLRQ�&HQWUH��%DQJDORUH�

0HQRQ�9��6XNXPDU�5�	�.XPDU�$��������$�*RG�
LQ�'LVWUHVV�� 7KUHDWV� RI�3RDFKLQJ� DQG� WKH� ,YRU\�
7UDGH� WR� WKH� $VLDQ� HOHSKDQW� LQ� ,QGLD�� $VLDQ�
(OHSKDQW� &RQVHUYDWLRQ� &HQWUH�� ,QGLDQ� ,QVWLWXWH�
RI�6FLHQFH��%DQJDORUH�

0LOQHU�-0��1LOVHQ�(%�	�$QGUHDVVHQ�+3��������
'HPRJUDSKLF�VLGH�HIIHFWV�RI�VHOHFWLYH�KXQWLQJ�LQ�
XQJXODWHV�DQG�FDUQLYRUHV��&RQVHUYDWLRQ�%LRORJ\�
����������

0LOQHU�*XOODQG� (-�� %XNUHHYD� 20�� &RXOVRQ� 7��
/XVKFKHNLQD�$$��.KRORGRYD�09��%HNHQRY�$%�	�
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VXUYLYDO�RI� WKH�$IULFDQ�HOHSKDQW��2U\[���������
����

3URPLVORZ�'(��������&RVWV�RI�VH[XDO�VHOHFWLRQ�
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5DPDNULVKQDQ� 8�� 6DQWRVK� -$� 	� 6XNXPDU� 5�
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HOHSKDQWV��$QLPDO�%HKDYLRU���������������

6XNXPDU� 5�� 5DPDNULVKQDQ� 8� 	� 6DQWRVK� -$�
�������,PSDFW�RI�SRDFKLQJ�RQ�DQ�$VLDQ�HOHSKDQW�
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&RQVHUYDWLRQ�&HQWUH��%DQJDORUH�
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6XNXPDU�5� �������3RSXODWLRQ�JHQHWLF� VWUXFWXUH�
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PD[LPXV��SRSXODWLRQV�LQ�VRXWKHUQ�,QGLD��&XUUHQW�
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9LG\D� 71&� 	� 6XNXPDU� 5� ������� 6RFLDO�
RUJDQL]DWLRQ� RI� WKH� $VLDQ� HOHSKDQW� �(OHSKDV�
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,QGLYLGXDO� LGHQWLÀFDWLRQ� LQ� $VLDQ� HOHSKDQWV��
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:HGHNLQG� &� ������� 0DQDJLQJ� SRSXODWLRQ� VH[�
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�������3RSXODWLRQ�HVWLPDWLRQ�DQG�GHPRJUDSK\�RI�
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:LOOLDPV�%.��1LFKROV�-'�	�&RQUR\�0-��������
$QDO\VLV�DQG�0DQDJHPHQW�RI�$QLPDO�3RSXODWLRQV��
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:ULJKW� 6� ������� (YROXWLRQ� LQ� 0HQGHOLDQ�
SRSXODWLRQV��*HQHWLFV������������
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