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8QLRQ�&ROOHJH�

'HSDUWPHQW�RI�3K\VLFV�DQG�$VWURQRP\��
����8QLRQ�6W���

6FKHQHFWDG\��1<�������
ZLONLQI#XQLRQ�HGX�

6WHSKHQ�0��6OLYDQ�
0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��

&DPEULGJH��0$�������

�5HFHLYHG�������2FWREHU�����

:H�KDYH�XVHG�HDVW�DQG�ZHVW�VWDWLRQDU\�SRLQW�REVHUYDWLRQV�
RI� ������� 2QQLH� WR� GHWHUPLQH� D� GHILQLWLYH� SHULRG� RI�
���������������K��

.RURQLV�IDPLO\�PHPEHU��������2QQLH�ZDV�REVHUYHG�E\�%LQ]HO� LQ�
�����DV�UHSRUWHG�LQ�%LQ]HO���������ZKLFK�DSSHDUV�WR�FRQWDLQ�WKH�RQO\�
SXEOLVKHG� OLJKWFXUYHV�� $OWKRXJK� D� FRPSOHWH� OLJKWFXUYH� DQG�
XQDPELJXRXV�SHULRG�FRXOG�QRW�EH�GHULYHG��WKH�SUHVHQFH�RI�WZR�ORFDO�
PD[LPD�VHSDUDWHG�E\������K�SURYLGHV�D�VLJQLILFDQW�FRQVWUDLQW��0RUH�
UHFHQWO\��+DQXã�HW�DO���������������KDYH�UHSRUWHG�VLGHUHDO�SHULRGV�
DQG�VSLQ�YHFWRUV��7KHVH�DQDO\VHV��DV�ZHOO�DV�WKDW�RI��(UDVPXV�HW�DO���
������XVH�³VXUYH\�VSDUVH�GDWD´�DQG�DUH�EDVHG�RQ�WKH�DGRSWLRQ�RI�WKH�
�����K�SHULRG�YDOXH��

*LYHQ�%LQ]HO
V� �����GDWDVHW�� DQG�DVVXPLQJ� DQ� LQWHJHU� QXPEHU�RI�
KDOI�URWDWLRQV�GXULQJ�WKH������K�LQWHUYDO�EHWZHHQ�REVHUYHG�PD[LPD��
WKHUH�DUH�WKUHH�FDQGLGDWH�SHULRGV�WKDW�SURGXFH�VHOI�FRQVLVWHQW��IROGHG�
FRPSRVLWH� OLJKWFXUYHV� WKDW� DUH� GRXEO\�SHULRGLF�� ����� K�� ����� K���
�����K��7KH�JRDO�RI�RXU�QHZ�REVHUYDWLRQV�LV�WR�UHVROYH�WKH�SHULRG�
DPELJXLW\� DQG� WR� REWDLQ� D� FRPSOHWH� OLJKWFXUYH� IRU� WKH� �����
DSSDULWLRQ��VHH�DOVR�6OLYDQ�HW�DO���������WKLV�LVVXH����

$OO� QHZ�REVHUYDWLRQV� LQ� WKLV�ZRUN�ZHUH� FRQGXFWHG� DW� WKH������P�
5LWFKH\�&KUpWLHQ�&KL���LQ�WKH�5LR�+XUWDGR�9DOOH\��&KLOH��RSHUDWHG�
E\� 7HOHVFRSH�/LYH�� 2EVHUYDWLRQ� SODQQLQJ� XVHG� WKH�
.RURQLVIDPLO\�FRP�WRRO��6OLYDQ���������([SRVXUHV�RI�����V�LQ�6ORDQ�
U
�ZHUH�ELQQHG��î���ZLWK�LPDJH�VFDOH��������SL[��DQG�ILHOG�RI�YLHZ�
��
î��
��7KH�REVHUYLQJ�FDPSDLJQ� LQ�$SULO������ZKLOH�2QQLH�ZDV�
QHDU� LWV� HDVWHUQ� VWDWLRQDU\� SRLQW�� FRPSULVHG� ��� QLJKWV�� :H�
VXEVHTXHQWO\� REWDLQHG� REVHUYDWLRQV�RQ� WZR� FRQVHFXWLYH� QLJKWV� LQ�
-XQH��DQG���FRQVHFXWLYH�QLJKWV�LQ�-XO\��ZKHQ�WKH�DVWHURLG�ZDV�QHDU�
WKH�ZHVWHUQ�VWDWLRQDU\�SRLQW��

,PDJHV�ZHUH�SURFHVVHG�IRU�ELDV��GDUN��DQG�IODW�ILHOG�FRUUHFWLRQV��:H�
XVHG� $VWUR,PDJH-� VRIWZDUH� �&ROOLQV� HW� DO��� ������ WR� SHUIRUP�
SKRWRPHWU\��&RUUHFWLRQV�IRU�OLJKW�WUDYHO�WLPH��XQLW�GLVWDQFH�DQG�VRODU�
SKDVH�DQJOH�ZHUH�PDGH�XVLQJ�HSKHPHULGHV�IURP�1$6$�+RUL]RQV��
$� VLQJOH� SRLQWLQJ� FHQWHU� DOORZHG� WKH� XVH� RI� WKH� VDPH� RQ�FKLS�
FRPSDULVRQ�VWDUV�IRU�DOO�QLJKWV�LQ�$SULO��IRU�ZKLFK�RQO\�a�KDOI�RI�D�
IXOO�URWDWLRQDO�SKDVH�FRYHUDJH�ZDV�REWDLQHG��)RU�-XO\��WKH�WDUJHW�ZDV�
QRZ�QHDU�WKH�ZHVW�VWDWLRQDU\�SRLQW��DJDLQ�SHUPLWWLQJ�D�VLQJOH�ILHOG�
SRLQWLQJ�FHQWHU�DQG� WKH�XVH�RI�WKH�VDPH�RQ�FKLS�FRPSDULVRQ�VWDUV�
IRU�RXU���QLJKWV��7KH� WZR�QLJKWV� LQ� -XQH�ZHUH�FRQVHFXWLYH�� DJDLQ�
SHUPLWWLQJ�WKH�VDPH�RQ�FKLS�FRPSDULVRQ�VWDUV��7KXV�� LQ�PDNLQJ�D�
FRPSRVLWH�OLJKWFXUYH�RI�DOO�RI�WKH�$SULO��-XQH��DQG�-XO\�REVHUYDWLRQV��
RQO\� WZR� FRQVWDQW� VKLIWV� LQ� PDJQLWXGH� ZHUH� UHTXLUHG� WR� SXW� DOO�
REVHUYDWLRQV�RQWR�D�FRQVLVWHQW�UHODWLYH�VFDOH��

$V�VHHQ�LQ�RXU�OLJKWFXUYH��WKH�URWDWLRQDO�SKDVH�FRYHUDJH�RI�WKH�WZR�
VWDWLRQDU\�SRLQW�REVHUYDWLRQV�ODUJHO\�RYHUODSSHG��DQG�WKH�PDMRULW\�
RI� WKH� UHPDLQLQJ�JDS� LQ�FRYHUDJH�ZDV�ILOOHG�E\� WKH� WZR�QLJKWV� LQ�
-XQH��2XU� REVHUYDWLRQV�ZHUH� DEOH� WR� UHMHFW� WKH� FDQGLGDWH� SHULRGV�
QHDU������K�DQG������K�EHFDXVH�WKH\�GLG�QRW�SURGXFH�VHOI�FRQVLVWHQW�
FRPSRVLWHV��7KLV�FRQFOXVLRQ�ZDV�QRW�VHQVLWLYH�WR�WKH�DVVXPHG�YDOXH�
RI�*��:H� REWDLQHG� D�EHVW� ILW� V\QRGLF� SHULRG� ����������� ������ K��
ZKLFK�DJUHHV�ZLWK�%LQ]HO
V� LQIHUUHG�YDOXH������������K�ZLWKLQ��V��
7KH�LQIHUUHG�DPSOLWXGH��IURP�WURXJK�WR�SHDN��LV���������������PDJ��
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7DEOH�,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��7KH�SKDVH�DQJOH�LV�JLYHQ�IRU�WKH�ILUVW�DQG�ODVW�GDWH��,I�SUHFHGHG�E\�DQ�DVWHULVN��WKH�SKDVH�DQJOH�
UHDFKHG�DQ�H[WUHPXP�GXULQJ�WKH�SHULRG��/3$%�DQG�%3$%�DUH�WKH�DSSUR[LPDWH�SKDVH�DQJOH�ELVHFWRU�ORQJLWXGH�ODWLWXGH�DW�PLG�GDWH�UDQJH��
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$FNQRZOHGJHPHQWV�

)3:�LV�JUDWHIXO�WR�WKH�)DFXOW\�5HVHDUFK�*UDQW�IRU�IXQGLQJ�XVHG�WR�
SXUFKDVH� WHOHVFRSH� WLPH�� )0� ZDV� VXSSRUWHG� E\� WKH� 1$6$� 1<�
6SDFH�*UDQW��

5HIHUHQFHV�

%LQ]HO�� 5�3�� �������� ³$� SKRWRHOHFWULF� VXUYH\� RI� ���� DVWHURLGV�´�
,FDUXV��������������

&ROOLQV��.�$���.LHONRSI��-�)���6WDVVXQ��.�*���+HVVPDQ��)�9����������
³$VWUR,PDJH-�� ,PDJH� 3URFHVVLQJ� DQG� 3KRWPHWULF� ([WUDFWLRQ� IRU�
8OWUD�SUHFLVH�$VWURQRPLFDO�/LJKW�&XUYHV�´�$VWURQ��-��������������

(UDVPXV�� 1��� 1DYDUUR�0H]D�� 6��� 0F1HLOO�� $��� 7ULOOLQJ�� '�(���
6LFNDIRRVH��$�$���'HQQHDX��/���)OHZHOOLQJ��+���+HLQ]H��$���7RQU\��
-�/�� �������� ³,QYHVWLJDWLQJ� 7D[RQRPLF�'LYHUVLW\� ZLWKLQ� $VWHURLG�
)DPLOLHV� WKURXJK�$7/$6�'XDO�EDQG�3KRWRPHWU\�´�$VWURSK\VLFDO�
-RXUQDO�6XSSOHPHQW�6HULHV����������

+DQXã��-����XUHFK��-���%URå��0���:DUQHU��%�'���3LOFKHU��)���6WHSKHQV��
5���2H\��-���%HUQDVFRQL��/���&DVXOOL��6���%HKUHQG��5���3ROLVKRRN��'���
+HQ\FK��7��� /HKNê��0���<RVKLGD�� )��� ,WR��7�� �������� ³$� VWXG\�RI�
DVWHURLG�SROH�ODWLWXGH�GLVWULEXWLRQ�EDVHG�RQ�DQ�H[WHQGHG�VHW�RI�VKDSH�
PRGHOV� GHULYHG� E\� WKH� OLJKWFXUYH� LQYHUVLRQ� PHWKRG�´� $VWURQ��
$VWURSK\V�������$�����

+DQXã�� -��� �XUHFK�� -��� %URå�� 0��� 0DUFLQLDN�� $��� :DUQHU�� %�'���
3LOFKHU�� )��� 6WHSKHQV�� 5��� %HKUHQG�� 5��� &DUU\�� %��� ýDSHN�� '���
$QWRQLQL�� 3��� $XGHMHDQ�� 0��� $XJXVWHVHQ�� .��� %DUERWLQ�� (���
%DXGRXLQ��3���DQG�����DXWKRUV���������³$VWHURLGV
�SK\VLFDO�PRGHOV�
IURP� FRPELQHG� GHQVH� DQG� VSDUVH� SKRWRPHWU\� DQG� VFDOLQJ� RI� WKH�
<253� HIIHFW� E\� WKH� REVHUYHG� REOLTXLW\� GLVWULEXWLRQ�´� $VWURQ��
$VWURSK\V�������$����

1$6$�+RUL]RQV��KWWSV���VVG�MSO�QDVD�JRY�KRUL]RQV�DSS�KWPO���

6OLYDQ��6�0����������³$�:HE�EDVHG�WRRO�WR�FDOFXODWH�REVHUYDELOLW\�
RI�.RURQLV�SURJUDP�DVWHURLGV�´�0LQRU�3ODQHW�%XOO�������������

6OLYDQ�� 6�0��� &ROFODVXUH�� $�0��� /DUVHQ�� 6�6��� 0F/HOODQ�&DVVLYL��
&�-���1HWR��2�6���1RWR��0�,���5HGGHQ��0�6���:LONLQ��)�3�� ��������
³6\QRGLF�DQG�6LGHUHDO�5RWDWLRQ�3HULRGV�RI�.RURQLV�)DPLO\�0HPEHU�
�������2QQLH�´�0LQRU�3ODQHW�%XOO������������
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6WHSKHQ�0��6OLYDQ��$ELJDLO�0��&ROFODVXUH��6N\ODU�6��/DUVHQ��
&ODLUH�-��0F/HOODQ�&DVVLYL��2ULVYDOGR�6��1HWR��0DXULHOOH�,��1RWR��

0D\D�6��5HGGHQ�
0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��

'HSW��RI�(DUWK��$WPRVSKHULF��DQG�3ODQHWDU\�6FLHQFHV��
���0DVV��$YH��5P����������&DPEULGJH��0$�������

VOLYDQ#PLW�HGX�

)UDQFLV�3��:LONLQ�
8QLRQ�&ROOHJH�'HSW��RI�3K\VLFV�DQG�$VWURQRP\�

6FKHQHFWDG\��1<�

�5HFHLYHG�������2FWREHU������5HYLVHG�������2FWREHU�����

/LJKWFXUYH�REVHUYDWLRQV�RI��������2QQLH�GXULQJ�LWV������
DSSDULWLRQ� \LHOG� D� VHFXUH� GHWHUPLQDWLRQ� RI� LWV� V\QRGLF�
URWDWLRQ� SHULRG� ��������� ������K�� DQG� DQ�XQDPELJXRXV�
FRXQW� RI� VLGHUHDO� URWDWLRQV� EDFN� WR� ����� FRQVWUDLQV� WKH�
VLGHUHDO�URWDWLRQ�SHULRG��

$VWHURLG��������2QQLH�DSSHDUV�WR�EH�WKH�ORZHVW�QXPEHUHG�.RURQLV�
IDPLO\�PHPEHU�ODFNLQJ�D�VHFXUH�GHWHUPLQDWLRQ�RI�LWV�URWDWLRQ�SHULRG�
KDYLQJ� IXOO� OLJKWFXUYH� FRYHUDJH� DQG�QR� DPELJXLW\��%LQ]HO� �������
UHFRUGHG�SDUWLDO�OLJKWFXUYHV�RI�2QQLH�RQ�WKUHH�FRQVHFXWLYH�QLJKWV�LQ�
������HDFK�VSDQQLQJ�DERXW���WR���KRXUV��%\�DVVXPLQJ�WKDW�HLWKHU������
�����RU�����URWDWLRQV�HODSVH�GXULQJ�WKH������K�LQWHUYDO�EHWZHHQ�WKH�
REVHUYHG�PD[LPD��WKHUH�DUH�WKUHH�FDQGLGDWH�SHULRGV�ZKRVH�IROGHG�
FRPSRVLWH� OLJKWFXUYHV� DUH� FRQVLVWHQW�ZLWK� EHLQJ� GRXEO\�SHULRGLF��
����URWDWLRQ�IRU�D������������K�SHULRG�ZDV�FKRVHQ�DV�IDYRUHG�EXW�WKH�
RWKHUV� FRXOG� QRW� EH� UXOHG� RXW�� (UDVPXV� HW� DO�� ������� UHILQHG� WKH�
IDYRUHG�SHULRG�EDVHG�RQ�$7/$6�VXUYH\�GDWD�³VSDUVHO\�VDPSOHG´�LQ�
WLPH��EXW� WKRVH�REVHUYDWLRQV�VKDUH�WKH�VDPH�a���K�FDGHQFH�RI�WKH�
�����GDWD�DQG�WKXV�GR�QRW�UHVROYH�WKH�SHULRG�DPELJXLW\��+DQXã�HW�
DO���������������KDYH�UHSRUWHG�DQDO\VHV�RI�HDUOLHU�VSDUVHO\�VDPSOHG�
GDWD� IRU� VLGHUHDO� SHULRGV� DQG� VSLQ�YHFWRUV�� 7KH� QHZ�REVHUYDWLRQV�
UHSRUWHG�KHUH�ZHUH�PDGH�ZLWK�WZR�VSHFLILF�REMHFWLYHV��WR�UHVROYH�WKH�
DPELJXLW\�LQ�WKH�URWDWLRQ�SHULRG��DOVR�VHH�:LONLQ�HW�DO���������WKLV�
LVVXH����DQG�WR�REWDLQ�FRPSOHWH�URWDWLRQ�FRYHUDJH�DW�LWV������YLHZLQJ�
DVSHFW�ZKLFK�LV�VLPLODU�WR�WKDW�LQFRPSOHWHO\�REVHUYHG�LQ�������

:H�REVHUYHG�2QQLH�PDLQO\�QHDU�LWV�HDVWHUQ�VWDWLRQDU\�SRLQW�LQ������
-XO\�WR�SHUPLW�XVLQJ�WKH�VDPH�RQ�FKLS�ILHOG�FRPSDULVRQ�VWDUV�RYHU�D�
VHULHV�RI�QLJKWV��1LJKWO\�REVHUYLQJ� LQIRUPDWLRQ� LV� VXPPDUL]HG� LQ�
7DEOH�,�� DQG�LQVWUXPHQWDWLRQ� LV�GHWDLOHG� LQ�7DEOH�,,��2EVHUYDWLRQV�
IURP�-XQH�WKURXJK�$XJXVW�ZHUH�PDGH�XVLQJ�WHOHVFRSHV�DW�WKH�0,7�
:DOODFH� $VWURSK\VLFDO� 2EVHUYDWRU\� �:$2�� LQ� :HVWIRUG�� 0$��
2EVHUYDWLRQV� LQ�6HSWHPEHU�ZHUH�PDGH� UHPRWHO\�XVLQJ� WKH�&+,���
WHOHVFRSH�RI�7HOHVFRSH�/LYH�LQ�5LR�+XUWDGR��&KLOH��IRU�ZKLFK�WKH�
FRYHUDJH�ZDV�WLPHG�VSHFLILFDOO\�WR�ILOO�DQ�XQDWWUDFWLYH�VWUDJJOHU�JDS�
LQ�URWDWLRQ�SKDVH��3URFHVVLQJ�DQG�PHDVXUHPHQW�RI�WKH�LPDJHV�ZHUH�
DV�GHVFULEHG�E\�6OLYDQ�HW�DO����������H[FHSW�WKDW�IRU�WKH�REVHUYDWLRQV�
PDGH�XVLQJ�WKH�VPDOOHU�WHOHVFRSHV�:$2���DQG�:$2���WKH�FKRLFHV�
RI�V\QWKHWLF�DSHUWXUH�VL]HV�IRU�WKH�RQ�FKLS�UHODWLYH�SKRWRPHWU\�ZHUH�
JXLGHG�E\�WKH�H[SHULHQFH�RI�+RZHOO���������

:H�UHGXFHG�RXU�REVHUYDWLRQV�IRU� OLJKW�WLPH�DQG�WR�XQLW�GLVWDQFHV��
DQG�IRU�FKDQJLQJ�VRODU�SKDVH�DQJOH�XVLQJ�*� �������/DJHUNYLVW�DQG�
0DJQXVVRQ�� ������ DV� WKH� VORSH�SDUDPHWHU� RI� WKH�/XPPH�%RZHOO�
PRGHO� �%RZHOO� HW� DO��� �������&RPSRVLWH� OLJKWFXUYHV� IROGHG� DW� WKH�
EHVW�ILWWLQJ� SHULRGV� FRUUHVSRQGLQJ� WR� DOO� WKUHH� SRVVLEOH� SHULRGV�
LGHQWLILHG�E\�%LQ]HO��������FRQILUP�WKDW�WKH�HDUOLHU�IDYRUHG�VROXWLRQ�
LV� FRUUHFW� �)LJ�� ��� DQG� UXOHV� RXW� WKH� WZR� DOLDV� VROXWLRQV� �)LJ�� ����


