
���

� 0LQRU�3ODQHW�%XOOHWLQ�����������

5HIHUHQFHV�

$/&'()� �������� $VWHURLG� /LJKWFXUYH� 'DWD� ([FKDQJH� )RUPDW�

GDWDEDVH��KWWS���ZZZ�DOFGHI�RUJ��

&KDQJ��&��.���,S��:��+���/LQ��+��:���&KHQJ��<��&���1JHRZ��&��&���

<DQJ��7��&���:DV]F]DN��$���.XONDUQL��6�5���/HYLWDQ��'���6HVDU��%���

/DKHU��5���6XUDFH��-���3ULFH��7�$��DQG�WKH�37)�7HDP���������³����

1HZ�$VWHURLG� 5RWDWLRQ� 3HULRGV� IURP� 3DORPDU� 7UDQVLHQW� )DFWRU\�

2EVHUYDWLRQV�´�$S��-��������LG�����

*UDGLH� -��� 7HGHVFR� (�� �������� ³&RPSRVLWLRQDO� VWUXFWXUH� RI� WKH�

DVWHURLG�EHOW�´�6FLHQFH�5HSULQW�6HULHV�����������������

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������

³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�

����*\SWLV�´�,FDUXV��������������

-3/���������6PDOO�%RG\�'DWDEDVH�%URZVHU�� �

KWWS���VVG�MSO�QDVD�JRY�VEGE�FJL�WRS�

03&���������03&�'DWDEDVH���

KWWS���ZZZ�PLQRUSODQHWFHQWHU�QHW�GEBVHDUFK��

6KHYFKHQNR��9�*���/XSLVKNR��'�)�� ��������³2SWLFDO�3URSHUWLHV�RI�

$VWHURLGV�IURP�3KRWRPHWULF�'DWD�´�6RODU�6\VWHP�5HVHDUFK����������

:DUQHU��%�'����������$�3UDFWLFDO�*XLGH�WR�/LJKWFXUYH�3KRWRPHWU\�

DQG�$QDO\VLV���QG�HGLWLRQ���6SULQJHU��1HZ�<RUN��

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�

/LJKWFXUYH�'DWDEDVH�´� ,FDUXV������ ���������8SGDWHG� ����� -XQH��

KWWS���ZZZ�PLQRUSODQHW�LQIR�OLJKWFXUYHGDWDEDVH�KWPO�

:DUQHU�� %�'�� �������� 032� 6RIWZDUH�� 032� &DQRSXV� Y����������

%GZ�3XEOLVKLQJ��KWWS���PLQRUSODQHWREVHUYHU�FRP�

:DV]F]DN�� $��� &KDQJ�� &��.��� 2IHN�� (�2��� /DKHU�� 5��� 0DVFL�� )���

/HYLWDQ�� '��� 6XUDFH�� -��� &KHQJ��<��&��� ,S��:��+��� .LQRVKLWD�� '���

+HORX�� *��� 3ULQFH�� 7�$��� .XONDUQL�� 6�� �������� ³$VWHURLG� /LJKW�

&XUYHV� IURP� WKH� 3DORPDU� 7UDQVLHQW� )DFWRU\� 6XUYH\�� 5RWDWLRQ�

3HULRGV�DQG�3KDVH�)XQFWLRQV�IURP�6SDUVH�3KRWRPHWU\�´�$��-�������

$����

�

�

527$7,21�3(5,2'�)25�$67(52,'���������������8*�

6WHSKHQ�&��3HUF\�

7KH�6WXGLRV�2EVHUYDWRU\��=����

*UDQWKDP��8�.��

PDLO#RSXVVRIWZDUH�FR�XN�

�5HFHLYHG�������-DQXDU\�����

&026� SKRWRPHWULF� REVHUYDWLRQV� RI� DVWHURLG� ���������

�����8*�ZHUH�SHUIRUPHG�E\�WKH�DXWKRU�DW�7KH�6WXGLRV�

2EVHUYDWRU\�LQ�-DQXDU\�������7KH�V\QRGLF�URWDWLRQ�SHULRG�

ZDV� GHWHUPLQHG� DV� ����� �� ����� K� ZLWK� DPSOLWXGH��

������������PDJ��

$VWHURLG� ��������������8*�� �����<2�� ������:8���� LV� LQ�D�

0DUV�FURVVLQJ�RUELW��,W�ZDV�GLVFRYHUHG�DW�6RFRUUR�RQ������2FWREHU�

��� E\� /,1($5�� $� VHDUFK� RI� WKH� DVWHURLG� OLJKWFXUYH� GDWDEDVH�

�/&'%��:DUQHU�HW�DO���������LQGLFDWHV�QR�SUHYLRXV�UHSRUWHG�URWDWLRQ�

SHULRG�IRU�WKLV�DVWHURLG��

:H� UHSRUW� REVHUYDWLRQV� SHUIRUPHG� DW� 7KH� 6WXGLRV� 2EVHUYDWRU\��

*UDQWKDP��8�.�� �=����XVLQJ�D�0HDGH����� ������P��/;����$&)�

27$�RSHUDWLQJ�DW�I����ZLWK�D�7DNDKDVKL�)6��������I���UHIUDFWRU�DV�

JXLGH�VFRSH��7KH�27$V�DUH�PRXQWHG�RQ�D�3DUDPRXQW�0(,,�URERWLF�

PRXQW��7KH�����27$�LV�HTXLSSHG�ZLWK�0RRQOLWH�&6/�����LQFK�ODUJH�

IRUPDW�PRWRUL]HG�IRFXVHU�DQG�D�4+<���0�FRROHG�&026�FDPHUD�

�ELQQHG��î����$�&KURPD���PP�VTXDUH�&OHDU�ILOWHU�ZDV�XVHG�IRU�DOO�

REVHUYDWLRQV��$OO�JXLGLQJ�ZDV�FDUULHG�RXW�XVLQJ�D�=:2�$6,����0�

&RROHG�&026�FDPHUD�ELQQHG��î���7KH�PDLQ�LPDJLQJ�4+<���0�

FDPHUD� LV� EDVHG�RQ� D���PP�î���PP�6RQ\� ,0;���� VHQVRU�ZLWK�

����XP� SL[HOV�� 7KH� LPDJH� VFDOH�� DIWHU� �î�� ELQQLQJ�� ZDV� ������

DUFVHFV�SHU�SL[HO��

6HTXHQFH�*HQHUDWRU�3UR�ZDV�XVHG�IRU�DOO�LPDJH�FHQWHULQJ��FDSWXUH��

DQG�IRFXVLQJ��3+'��ZDV�XVHG�IRU�DOO�JXLGLQJ��7KH6N\;�3URIHVVLRQDO�

VRIWZDUH� ZDV� XVHG� IRU� DOO� WHOHVFRSH� FRQWURO� DQG� LQLWLDO� IRFXVLQJ��

7KH6N\;�3URIHVVLRQDO�ZDV�DOVR�XVHG�WR�FDOLEUDWH�DOO�VFLHQFH�LPDJHV�

XVLQJ�ELDV��GDUN��GDUN�IRU�IODW�� DQG� IODW�ILHOG� IUDPHV��$OO� IODW�ILHOG�

LPDJHV�ZHUH�REWDLQHG�XVLQJ�D�ZDOO�PRXQWHG�ZKLWHERDUG�LOOXPLQDWHG�

E\�DQ�$��VL]H�HOHFWUROXPLQHVFHQW� �(/��SDQHO��$� UHFHQW� OLEUDU\�RI�

ELDV�� GDUN� DQG� GDUN�IRU�IODW� IUDPHV� ZDV� XVHG� LQ� WKH� FDOLEUDWLRQ�

SURFHVV��QR�VFDOLQJ�RI�GDUN�IUDPHV�ZDV�QHFHVVDU\��

$OO�GDWD�SURFHVVLQJ�RI�WKH�FDOLEUDWHG�LPDJHV�DQG�VXEVHTXHQW�SHULRG�

DQDO\VLV� ZDV� SHUIRUPHG� XVLQJ�032� &DQRSXV� �%':� 3XEOLVKLQJ�

������� 'LIIHUHQWLDO� SKRWRPHWU\� PHDVXUHPHQWV� ZHUH� SHUIRUPHG�

XVLQJ�WKH�&RPS�6WDU�6HOHFWRU��&66��DQG�6WDU�%�*RQH�SURFHGXUHV�RI�

032�&DQRSXV��8QOHVV�RWKHUZLVH�VWDWHG�WKH�DVWHURLG�DQG�ILYH�VRODU�

OLNH� VWDUV� ZHUH� XVHG� IRU� DOO� SKRWRPHWULF� FRPSDULVRQV�� 7KH� 6RQ\�

,0;���� VHQVRU� KDV� D� SHDN� VSHFWUDO� UHVSRQVH� LQ� WKH� JUHHQ� YLVXDO�

EDQG� VR� 9� EDQG�PDJQLWXGHV� DQG� 9�5� FRORXU� LQGH[HV� ZHUH� XVHG�

WKURXJKRXW�WKH�GDWD�SURFHVVLQJ��

7KH�DVWHURLG
V�PDJQLWXGH�UDQJHG�IURP������9�WR������9�GXULQJ�WKH�

REVHUYLQJ�SHULRG��3HULRG�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�WKH�)RXULHU�

DQDO\VLV�DOJRULWKP��)$/&��RI�032�&DQRSXV�GHYHORSHG�E\�$ODQ�

+DUULV��+DUULV�HW�DO����������$OO�OLNHO\�SHULRGV�IURP���KRXU�RQZDUGV�

ZHUH�H[DPLQHG��



� ���

� 0LQRU�3ODQHW�%XOOHWLQ�����������

$�WRWDO�RI����K����P�RI�REVHUYDWLRQV�ZHUH�SHUIRUPHG�RYHU�D�IRXU�

QLJKW�SHULRG�IURP������-DQXDU\��������$�WRWDO�RI�����GDWD�SRLQWV�

ZHUH�XVHG�LQ�WKH�SHULRG�DQDO\VLV��

7KH� REVHUYLQJ� VFKHGXOH� IRU� WKLV� SURMHFW� DQG� FDOLEUDWHG� GDWD� DUH�

VXPPDUL]HG� LQ�7DEOH����$OO�QHZ�GDWD�KDYH�EHHQ�GHSRVLWHG� LQ� WKH�

$/&'()�GDWDEDVH��7KH�UHVXOWLQJ�SKDVHG�SORW�DQG�SHULRG�VSHFWUXP�

DUH�LOOXVWUDWHG�EHORZ��

�

�

$FNQRZOHGJHPHQWV�

7KLV� UHVHDUFK�KDV�PDGH�XVH�RI�GDWD�DQG�VHUYLFHV�SURYLGHG�E\�WKH�

,QWHUQDWLRQDO�$VWURQRPLFDO�8QLRQ
V�0LQRU�3ODQHW�&HQWHU��

KWWSV���ZZZ�PLQRUSODQHWFHQWHU�QHW�LDX�PSF�KWPO�

7KLV� UHVHDUFK�ZDV�PDGH� SRVVLEOH� LQ� SDUW� EDVHG� RQ� GDWD� IURP� WKH�

03&26&���0$66�FDWDORJ��D�SURGXFW�RI�WKH�7ZR�0LFURQ�$OO�6N\�

6XUYH\��� 8&$&�� �WKH� IRXUWK� 8�6�� 1DYDO� 2EVHUYDWRU\� &&'�

$VWURJUDSK�&DWDORJ���DQG�WKH�$$962�3KRWRPHWULF�$OO�6N\�6XUYH\�

�$3$66���IXQGHG�E\�WKH�5REHUW�0DUWLQ�$\HUV�6FLHQFHV�)XQG��7KH�

DXWKRU�ZRXOG�OLNH�WR�H[SUHVV�KLV�JUDWLWXGH�WR�%ULDQ�'��:DUQHU�IRU�

KLV�032�&DQRSXV�VRIWZDUH�DQG�VXSSRUW��DORQJ�ZLWK�WKH��QG�HGLWLRQ�

RI� KLV� ERRN� 
$� 3UDFWLFDO� *XLGH� WR� /LJKWFXUYH� 3KRWRPHWU\� DQG�

$QDO\VLV
��%RWK�KDYH�EHHQ�LQYDOXDEOH�LQ�WKLV�UHVHDUFK��

5HIHUHQFHV�

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������

³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�

����*\SWLV�´�,FDUXV��������������

+DUULV��$�:���<RXQJ��-�:���&RQWUHLUDV��/���'RFNZHLOHU��7���%HONRUD��

/���6DOR��+���+DUULV��:�'���%RZHOO��(���3RXWDQHQ��0���%LQ]HO��5�3���

7KROHQ�� '�-��� :DQJ�� 6�� �������� ³3KDVH� UHODWLRQV� RI� KLJK� DOEHGR�

DVWHURLGV��7KH�XQXVXDO�RSSRVLWLRQ�EULJKWHQLQJ�RI����1\VD�DQG����

$QJHOLQD�´�,FDUXV��������������

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�

/LJKWFXUYH� 'DWDEDVH�´� ,FDUXV� ����� ��������� 8SGDWHG� ����� 6HS��

KWWSV���ZZZ�PLQRUSODQHW�LQIR�SKS�DOFGHI�SKS�

:DUQHU��%�'�� ��������032�6RIWZDUH��032�&DQRSXV�Y�����������

%':�3XEOLVKLQJ�� �

KWWS���ZZZ�PLQRUSODQHWREVHUYHU�FRP�0326RIWZDUH�032&DQRSX

V�KWP�

6RIWZDUH�%LVTXH�7KH6N\;�3URIHVVLRQDO�VRIWZDUH�ZHEVLWH�� �

KWWSV���ZZZ�ELVTXH�FRP�SURGXFW�FDWHJRU\�VRIWZDUH��

6HTXHQFH�*HQHUDWRU�3UR�E\�0DLQ�6HTXHQFH�6RIWZDUH�� �

KWWSV���ZZZ�VHTXHQFHJHQHUDWRUSUR�FRP��

3+'��E\�2SHQ�3+'�*XLGLQJ��KWWSV���RSHQSKGJXLGLQJ�RUJ��

�

1XPEHU� 1DPH� ��������������PP�GG� 3KDVH�����������/3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(�� �*US�

������� �����8*� ������������ ���������� ��������� ����� ����� ����� ����� �0&�

7DEOH����2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��7KH�SKDVH�DQJOH�LV�JLYHQ�IRU�WKH�ILUVW�DQG�ODVW�GDWH��,I�SUHFHGHG�E\�DQ�DVWHULVN��WKH�SKDVH�DQJOH�
UHDFKHG�DQ�H[WUHPD�GXULQJ�WKH�SHULRG��/3$%�DQG�%3$%�DUH�WKH�DSSUR[LPDWH�SKDVH�DQJOH�ELVHFWRU�ORQJLWXGH�ODWLWXGH�DW�PLG�GDWH�UDQJH��VHH�+DUULV�
HW�DO����������*US�LV�WKH�DVWHURLG�IDPLO\�JURXS��:DUQHU�HW�DO����������


