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7KH�SHULRGV�DQG�DPSOLWXGHV�RI�DVWHURLG�OLJKWFXUYHV�SUHVHQWHG�LQ�WKLV�
SDSHU�DUH�WKH�SURGXFW�RI�FROODERUDWLYH�ZRUN�E\�WKH�*25$��*UXSR�
GH� 2EVHUYDGRUHV� GH� 5RWDFLRQHV� GH� $VWHURLGHV�� JURXS�� ,Q� DOO� WKH�
VWXGLHV�� ZH� KDYH� DSSOLHG� UHODWLYH� SKRWRPHWU\� DVVLJQLQJ� 9�
PDJQLWXGHV�WR�WKH�FDOLEUDWLRQ�VWDUV��

7KH� LPDJH� DFTXLVLWLRQ� ZDV� SHUIRUPHG� ZLWKRXW� ILOWHUV� DQG� ZLWK�
H[SRVXUH�WLPHV�RI�D�IHZ�PLQXWHV��$OO�LPDJHV�XVHG�ZHUH�FRUUHFWHG�
XVLQJ�GDUN�IUDPHV�DQG��LQ�VRPH�FDVHV��ELDV�DQG�IODW�ILHOG�FRUUHFWLRQV�
ZHUH�DOVR�XVHG��3KRWRPHWU\�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�XVLQJ�
)RWR'LI� VRIWZDUH� DQG� IRU� WKH� DQDO\VLV�� ZH� HPSOR\HG� 3HUtRGRV�
VRIWZDUH��0D]]RQH���������

%HORZ�� ZH� SUHVHQW� WKH� UHVXOWV� IRU� HDFK� DVWHURLG� VWXGLHG�� 7KH�
OLJKWFXUYH�ILJXUHV�FRQWDLQ�WKH�IROORZLQJ�LQIRUPDWLRQ��WKH�HVWLPDWHG�
SHULRG�DQG�SHULRG�HUURU�DQG�WKH�HVWLPDWHG�DPSOLWXGH�DQG�DPSOLWXGH�
HUURU��,Q�WKH�UHIHUHQFH�ER[HV�� WKH�FROXPQV�UHSUHVHQW��UHVSHFWLYHO\��
WKH�PDUNHU��REVHUYDWRU\�03&�FRGH��RU� �� IDLOLQJ� WKDW� �� WKH�*25$�
LQWHUQDO�FRGH��VHVVLRQ�GDWH��VHVVLRQ�RIIVHW��DQG�VHYHUDO�GDWD�SRLQWV��

7DUJHWV� ZHUH� VHOHFWHG� EDVHG� RQ� WKH� IROORZLQJ� FULWHULD�� ��� WKRVH�
DVWHURLGV� ZLWK� PDJQLWXGHV� DFFHVVLEOH� WR� WKH� HTXLSPHQW� RI� DOO�
SDUWLFLSDQWV����� WKRVH�ZLWK� IDYRUDEOH�REVHUYDWLRQ� FRQGLWLRQV� IURP�
$UJHQWLQD��9HQH]XHOD��6SDLQ��,WDO\��RU�&URDWLD��L�H��ZLWK�QHJDWLYH�RU�
SRVLWLYH�GHFOLQDWLRQV�/��DQG����REMHFWV�ZLWK�IHZ�SHULRGV�UHSRUWHG�LQ�
WKH� OLWHUDWXUH� DQG�RU� ZLWK� /LJKWFXUYH� 'DWDEDVH� �/&'%�� �:DUQHU��
HW�DO���������TXDOLW\�FRGHV��8��RI�OHVV�WKDQ����

����&KU\VRWKHPLV��7KLV�RXWHU�PDLQ�EHOW�DVWHURLG�ZDV�GLVFRYHUHG�LQ�
����� E\� /�� .RKRXWHN�� ,W� LV� FODVVLILHG� DV� D� &;�W\SH� DVWHURLG�
DFFRUGLQJ�WR�WKH�6'66�EDVHG�$VWHURLG�7D[RQRP\��&DUYDQR�HW�DO���
������� ZLWK� DQ� HVWLPDWHG� GLDPHWHU� RI� ������ NP�� 7KH� UHSRUWHG�
URWDWLRQDO�SHULRG�IRU�WKLV�DVWHURLG�LV�3� �����K��EDVHG�RQ�IUDJPHQWDU\�
OLJKWFXUYH��:DUQHU���������,Q�WKLV�ZRUN��ZH�SURSRVH�D�FRQVLGHUDEO\�
ORQJHU�SHULRG�RI�3� ����������������K�ZLWK�ûP� ��������������

�

�����0LPRVD��0LPRVD�LV�D�PDLQ�EHOW�$VWHURLG�GLVFRYHUHG�LQ������
E\�*��9DQ�%LHVEURHFN��&ODVVLILHG�DV�DQ�6�W\SH�DVWHURLG�DFFRUGLQJ�WR�
WKH� 7KROHQ� WD[RQRP\�� LW� LV� D� PHPEHU� RI� WKH� .RURQLV� IDPLO\�
�1HVYRUQ\� HW� DO��� ������� 7KH� UHSRUWHG� URWDWLRQDO� SHULRG� IRU� WKLV�
DVWHURLG�LV�3� ������K���XUHFK�HW�DO����������,Q�WKLV�ZRUN��ZH�SURSRVH�
D�VKRUWHU�SHULRG�RI�3� ����������������K�ZLWK�ûP� ��������������
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�����$HQQD��$HQQD�LV�D�PDLQ�EHOW�DVWHURLG�GLVFRYHUHG�LQ������E\�
.��5HLQPXWK�� 7KH� HVWLPDWHG� GLDPHWHU� LV� ������ NP��7KH� UHSRUWHG�
URWDWLRQDO�SHULRG�IRU�WKLV�DVWHURLG�LV������K��0F1HLOO�HW�DO����������
2XU� PHDVXUHPHQW� RI� WKH� SHULRG�� 3�  � ������ �� ������ K�� ZLWK��
ûP�  � ����� �� ������ DJUHHV� ZHOO� ZLWK� WKH� YDOXH� UHSRUWHG� E\� WKH�
DXWKRUV��

�

����� /RUFLD�� /RUFLD� LV� PDLQ�EHOW� DVWHURLG� ZLWK� DQ� HVWLPDWHG�
GLDPHWHU� RI� ������ NP�� GLVFRYHUHG� LQ� ����� E\� 6�� $UHQG�� ,W� LV�
FODVVLILHG� DV� DQ� /6�W\SH� DVWHURLG� DFFRUGLQJ� WR� WKH� 6'66�EDVHG�
$VWHURLG�7D[RQRP\��&DUYDQR�HW�DO����������,W� LV�D�PHPEHU�RI� WKH�
(RV�IDPLO\��1HVYRUQ\�HW�DO����������7KH�UHSRUWHG�URWDWLRQDO�SHULRG�
IRU�WKLV�DVWHURLG�LV��������K��EDVHG�RQ�OHVV�WKDQ�IXOO�FRYHUDJH��3iO��
HW�DO����������2XU�PHDVXUHPHQW�RI�WKH�SHULRG��3� ���������������K��
ZLWK�ûP� ��������������DJUHHV�ZHOO�ZLWK�WKH�YDOXH�UHSRUWHG�E\�WKH�
DXWKRUV��

�

�����,VNR��,VNR�LV�D�PDLQ�EHOW�DVWHURLG�ZLWK�DQ�HVWLPDWHG�GLDPHWHU�
RI�������NP��GLVFRYHUHG�LQ������E\�.��5HLQPXWK��,W�LV�FODVVLILHG�DV�
D�&�W\SH�DVWHURLG�DFFRUGLQJ�WR�WKH�6'66�EDVHG�$VWHURLG�7D[RQRP\�
�&DUYDQR� HW� DO��� ������� 7KH� UHSRUWHG� URWDWLRQDO� SHULRG� IRU� WKLV�
DVWHURLG�LV��������K���XUHFK�HW�DO����������2XU�PHDVXUHPHQW�RI�WKH�
SHULRG��3� ����������������K��ZLWK�ûP� ��������������DJUHHV�ZHOO�
ZLWK�WKH�YDOXH�UHSRUWHG�E\�WKH�DXWKRUV��
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����� 0DVDU\N�� 7KLV� RXWHU� PDLQ�EHOW� DVWHURLG� KDV� DQ� HVWLPDWHG�
GLDPHWHU� RI� ������NP�� GLVFRYHUHG� LQ������E\�/��.RKRXWHN�� ,W� LV�
FODVVLILHG� DV� D� &;�W\SH� DVWHURLG� DFFRUGLQJ� WR� WKH� 6'66�EDVHG�
$VWHURLG�7D[RQRP\��&DUYDQR�HW�DO����������7KH�UHSRUWHG�URWDWLRQDO�
SHULRG�IRU�WKLV�DVWHURLG�LV������K��EDVHG�RQ�OHVV�WKDQ�IXOO�FRYHUDJH��
�XUHFK�HW�DO����������2XU�PHDVXUHPHQW�RI�WKH�SHULRG��3� ���������
������K��ZLWK�ûP� ��������������DJUHHV�ZHOO�ZLWK�WKH�YDOXH�UHSRUWHG�
E\�WKH�DXWKRU��
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����� +DQFRFN�� 7KLV� RXWHU� PDLQ�EHOW� DVWHURLG� KDV� DQ� HVWLPDWHG�
GLDPHWHU�RI��������NP��GLVFRYHUHG�LQ������DW�3HUWK��7KH�UHSRUWHG�
URWDWLRQDO� SHULRG� IRU� WKLV� DVWHURLG� LV� 3�  � ������ K� �EDVHG� RQ�
IUDJPHQWDU\� OLJKWFXUYH��&ODUN���������2XU�REVHUYDWLRQV� VXJJHVW�D�
ORQJHU� SHULRG�� \LHOGLQJ� D� YDOXH� RI� 3�  � ������� �� ������ K� ZLWK��
ûP� ��������������
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�����&HOOLQR��&HOOLQR�LV�D�PDLQ�EHOW�DVWHURLG�GLVFRYHUHG�LQ������E\�
(�� %RZHOO�� ,W� LV� D�PHPEHU� RI� WKH� 1\VD� IDPLO\� �1HVYRUQ\� HW� DO���
������� ZLWK� DQ� HVWLPDWHG� GLDPHWHU� RI� ������ NP�� 7KH� UHSRUWHG�
URWDWLRQDO� SHULRG� IRU� WKLV� DVWHURLG� LV� ��������� K� �(UDVPXV� HW� DO���
������� :H� PHDVXUHG� D� SHULRG� RI� 3�  � ������ �� ������ K�� ZLWK��
ûP� ���������������
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�����6KLEHFKD��7KLV�PDLQ�EHOW�DVWHURLG�ZDV�GLVFRYHUHG�LQ������E\�
8HGD� \� .DQHGD�� ZLWK� DQ� HVWLPDWHG� GLDPHWHU� RI� ������� NP� 7KH�
UHSRUWHG�URWDWLRQDO�SHULRG�IRU�WKLV�DVWHURLG�LV�3� ������K��3iO�HW�DO���
�������2XU�REVHUYDWLRQV�DOVR�VXSSRUW� WKH�VKRUW�SHULRG�K\SRWKHVLV��
\LHOGLQJ�D�YDOXH�RI�3� ���������������K�ZLWK�ûP� ��������������

�

�����/RUUH��/RUUH�LV�D�PDLQ�EHOW�DVWHURLG�ZLWK�DQ�HVWLPDWHG�GLDPHWHU�
RI� ������� NP�� GLVFRYHUHG� LQ� ����� E\� (�� +HOLQ�� 7KH� UHSRUWHG�
URWDWLRQDO�SHULRG�IRU�WKLV�DVWHURLG�LV�3� ������K��3RODNLV���������,Q�
WKLV� ZRUN�� ZH� SURSRVH� D� SHULRG� RI� 3�  � ������� �� ������ K� ZLWK��
ûP� �������������PDJ��
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����� &DVWHOGHOSLDQR�� 7KLV� PDLQ�EHOW� DVWHURLG� ZDV� GLVFRYHUHG� LQ�
�����E\�9��=DSSDOD��ZLWK�DQ�HVWLPDWHG�GLDPHWHU�RI�������NP�7KH�
UHSRUWHG�URWDWLRQDO�SHULRG�IRU�WKLV�DVWHURLG�LV�3� ��������K��'RVH��
�������2XU�REVHUYDWLRQV�DOVR�VXSSRUW� WKH�VKRUW�SHULRG�K\SRWKHVLV��
\LHOGLQJ�D�YDOXH�RI�3� ���������������K�ZLWK�ûP� ���������������
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�������� ����� 5;���� 7KLV� PDLQ�EHOW� DVWHURLG� ZDV� GLVFRYHUHG� LQ�
�����E\�/,1($5��,W�LV�D�PHPEHU�RI�WKH�(XQRPLD�IDPLO\��1HVYRUQ\�
HW�DO����������ZLWK�DQ�HVWLPDWHG�GLDPHWHU�RI�������NP��7KH�UHSRUWHG�
URWDWLRQDO�SHULRG�IRU�WKLV�DVWHURLG�LV�������K��:DV]F]DN�HW�DO����������
:H�PHDVXUHG�D�SHULRG�RI�3� ���������������K��ZLWK�ûP� ��������
������
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SURJUDP��ZKLFK�ZDV�XVHG�LQ�ILQDO�DQDO\VHV��DQG�0DWtDV�0DUWLQL�IRU�
KLV�&DOFXODGRU0'(BY����XVHG�IRU�JHQHUDWLQJ�HSKHPHULGHV�XVHG�LQ�
WKH�SODQQLQJ�VWDJH�RI�WKH�REVHUYDWLRQV��7KLV�UHVHDUFK�KDV�PDGH�XVH�
RI� WKH� 6PDOO� %RGLHV� 'DWD� )HUUHW� �KWWSV���VEQDSSV�SVL�HGX�IHUUHW����
VXSSRUWHG�E\�WKH�1$6$�3ODQHWDU\�6\VWHP��7KLV�UHVHDUFK�KDV�PDGH�
XVH� RI� GDWD� DQG�RU� VHUYLFHV� SURYLGHG� E\� WKH� ,QWHUQDWLRQDO�
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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[WUHPXP� GXULQJ� WKH� SHULRG�� /3$%� DQG� %3$%� DUH� WKH� DSSUR[LPDWH� SKDVH� DQJOH� ELVHFWRU� ORQJLWXGH�ODWLWXGH� DW�PLG�GDWH� UDQJH��
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(RV������(RV��0%�0��PDLQ�EHOW�PLGGOH��0%�2��PDLQ�EHOW�RXWHU��+HU������+HUWKD��/RUU�������/RUUH��(XQR�����(XQRPLD��
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&DUYDQR�� -�0��� +DVVHOPDQQ�� 3�+��� /D]]DUR�� '���0RWKH�'LQL]�� 7��
�������� ³6'66�EDVHG� WD[RQRPLF� FODVVLILFDWLRQ� DQG� RUELWDO�
GLVWULEXWLRQ� RI�PDLQ�EHOW� DVWHURLGV�´�$VWURQRP\�DQG�$VWURSK\VLFV�
�����LG��$����

&ODUN��0����������³$VWHURLG�/LJKWFXUYHV�IURP�WKH�3UHVWRQ�*RWW�DQG�
0F'RQDOG�2EVHUYDWRULHV�´�0LQRU�3ODQHW�%XOOHWLQ��������������

'RVH�� (�9�� �������� ³/LJKWFXUYHV� RI� (LJKWHHQ� $VWHURLGV�´�0LQRU�
3ODQHW�%XOOHWLQ��������������

�XUHFK��-���+DQXã��-���2V]NLHZLF]��'���9DQþR��5����������³$VWHURLG�
PRGHOV� IURP� WKH� /RZHOO� SKRWRPHWULF� GDWDEDVH�´� $VWURQRP\� 	�
$VWURSK\VLFV������$����

�XUHFK�� -��� 7RQU\�� -��� (UDVPXV�� 1��� 'HQQHDX�� /��� +HLQ]H�� $�1���
)OHZHOOLQJ��+���9DQþR��5����������³$VWHURLG�PRGHOV�UHFRQVWUXFWHG�
IURP�$7/$6�SKRWRPHWU\�´�$VWURQRP\�	�$VWURSK\VLFV������$����

(UDVPXV�� 1��� 1DYDUUR�0H]D�� 6��� 0F1HLOO�� $��� 7ULOOLQJ�� '�(���
6LFNDIRRVH��$�$���'HQQHDX��/���)OHZHOOLQJ��+���+HLQ]H��$���7RQU\��
-�/�� �������� ³,QYHVWLJDWLQJ� WD[RQRPLF� GLYHUVLW\� ZLWKLQ� DVWHURLG�
IDPLOLHV� WKURXJK� $7/$6� GXDO�EDQG� SKRWRPHWU\�´� 7KH�

$VWURSK\VLFDO�-RXUQDO�6XSSOHPHQW�6HULHV����������
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