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)ROORZLQJ�WKH�6HD�(PSUHVV�RLO�VSLOO�RI��)HEUXDU\������DQG�WKH�VXEVHTXHQW�HFRORJLFDO�
GDPDJH�DVVHVVPHQW�VXUYH\�FRQGXFWHG�LQ������DQG������E\�WKH�&HQWUH�IRU�(FRORJ\�
DQG�+\GURORJ\��&(+���D�IROORZ�XS�VWXG\�ZDV�FRPPLVVLRQHG�WR�UHSHDW�WKH�&(+�ZRUN�
VL[�\HDUV�DIWHU�WKH�LQFLGHQW��6HYHQW\HLJKW�RI�WKH�RULJLQDO����SHUPDQHQW�TXDGUDWV�
HVWDEOLVKHG�LQ�����ZHUH�UHORFDWHG��WKH�VDOWPDUVK�YHJHWDWLRQ�VWXGLHG�DQG�FRPSDULVRQV�
PDGH�ZLWK�WKH�RULJLQDO�UHVXOWV��7KH�VDOWPDUVKHV�DW�&UDEKDOO��6DQG\KDYHQ��0LOIRUG�
+DYHQ��3HPEURNH�5LYHU��0DUWLQ¶V�+DYHQ�DQG�$QJOH�%D\�ZHUH�UH�VXUYH\HG�DQG�
PDSSHG��WKH�19&�XQLWV�UHFRJQL]HG�ZHUH�FRPSDUHG�ZLWK�WKRVH�REWDLQHG�IRU�WKH�VDPH�
DUHDV�LQ������DQG������DQG�DOVR�ZLWK�WKH�UHVXOWV�RI�WKH�RULJLQDO�FRPSUHKHQVLYH�VXUYH\�
FRQGXFWHG�LQ�����DV�SDUW�RI�WKH�,QYHQWRU\�RI�%ULWLVK�VDOWPDUVKHV��

7KH�FRQFOXVLRQ�LV�UHDFKHG�WKDW�WKH�VDOWPDUVK�YHJHWDWLRQ�RI�WKH�+DYHQ�LV�QR�ORQJHU�
LQIOXHQFHG�E\�WKH�HIIHFWV�RI�WKH�RLO�VSLOODJH���

7KH�1DWLRQDO�9HJHWDWLRQ�&ODVVLILFDWLRQ��19&��VXUYH\�ZDV�H[WHQGHG�WR�FRYHU�DOO�DUHDV�
RI�VDOWPDUVK�HDVW�RI�WKH�&OHGGDX�%ULGJH�WR�WKH�WLGDO�OLPLWV�RI�WKH�DUPV�RI�WKH�(VWXDU\��
6HSDUDWH�PDSV�DQG�DUHD�VWDWHPHQWV�ZHUH�SUHSDUHG�IRU�WKH�(DVWHUQ�DQG�:HVWHUQ�
&OHGGDX��'DXJOHGGDX��WKH�&DUHZ�DQG�&UHVVZHOO�5LYHUV�DQG�IRU�&RVKHVWRQ�3LOO���

$�WRWDO�RI����KD�RI�VDOWPDUVK�ZDV�PDSSHG�RQ�WKH�:DWHUZD\�WRJHWKHU�ZLWK���KD�RI�
DVVRFLDWHG�YHJHWDWLRQ��PRVWO\�IRUPV�RI�VDOLQH�IUHVKZDWHU�WUDQVLWLRQ��7ZHQW\ILYH�19&�
FRPPXQLWLHV�ZHUH�UHSUHVHQWHG�ZLWK����XQLWV�UHFRJQL]HG�DW�WKH�OHYHO�RI�VXEFRPPXQLW\��
LQ�DGGLWLRQ��WZR�UHFRJQL]HG�YDULDQWV�RI�VXEFRPPXQLWLHV�DQG�WZR�QHZO\�GHILQHG�
DVVRFLDWLRQV�ZHUH�GHVFULEHG�DQG�PDSSHG���

7KH�DUHD�RI�VDOWPDUVK�HQFRXQWHUHG�ZDV�VXEVWDQWLDOO\�OHVV�WKDQ�WKDW�PDSSHG�LQ������
9LUWXDOO\�DOO�RI�WKH�GHFUHDVH�FDQ�EH�DWWULEXWHG�WR�D�UHGXFWLRQ�LQ�WKH�DUHD�VXSSRUWLQJ�
6SDUWLQD�DQJOLFD�VDOWPDUVK��(YLGHQFH�LV�SURGXFHG�IRU�D�PHDVXUH�RI�VXFFHVVLRQ�
ZKHUHE\�PLGGOH�PDUVK�FRPPXQLWLHV�DUH�H[SDQGLQJ�LQWR�ORZ�PDUVK�]RQHV�DQG�DUHDV�RI�
WKH�PLGGOH�XSSHU�PDUVK�WUDQVLWLRQ�DUH�VHTXHQWLDOO\�GHYHORSLQJ�DW�WKH�H[SHQVH�RI�
PLGGOH�PDUVK�YHJHWDWLRQ�L�H��WKH�V\VWHP�DSSHDUV�WR�EH�LQ�D�PDWXULQJ�SKDVH���

7KH�EDVHOLQH�IRU�VWXG\�RI�IXWXUH�FKDQJHV�KDV�EHHQ�H[SDQGHG�WKURXJK�WKH�HVWDEOLVKPHQW�
RI����QHZ�SHUPDQHQW�TXDGUDWV�RQ�VHFWLRQV�RI�WKH�:DWHUZD\�HDVW�RI�WKH�&OHGGDX�
%ULGJH��

,Q�DGGLWLRQ�WR�WKH�19&�PDSV��WKH�ORFDWLRQV�RI����VSHFLHV�RI�LQWHUHVW�DUH�PDSSHG��DOVR�
PDSSHG�DUH�WKH�VHFWLRQV�RI�WKH�VKRUHOLQH�ZKHUH�WKH�DFWLYH�HURVLRQ�RI�VDOWPDUVK�
YHJHWDWLRQ�ZDV�QRWHG���

)ROORZLQJ�VHFWLRQV�GHDOLQJ�ZLWK�ILHOG�VXUYH\��GDWD�SURFHVVLQJ�DQG�SUHVHQWDWLRQ�DQG�
ZLWK�PDS�SURGXFWLRQ��WKH�FHQWUDO�VHFWLRQ�RI�WKH�UHSRUW�SUHVHQWV�DQ�RYHUYLHZ�RI�WKH�
YHJHWDWLRQ�FRPPXQLWLHV�GHVFULEHG��'HWDLOV�RI�WKH�FKDQJHV�LQ�VDOWPDUVK�FRPPXQLWLHV�
DUH�SUHVHQWHG�ZLWK�D�VHSDUDWH�VHFWLRQ�GHDOLQJ�ZLWK�WKH�DQDO\VLV�RI�FKDQJHV�RFFXUULQJ�LQ�
WKH�SHUPDQHQW�TXDGUDWV�HVWDEOLVKHG�LQ������(DFK�VSHFLHV�RI�LQWHUHVW�LV�GLVFXVVHG�ZLWK�
WKH�GLVFRYHU\�RI�$ORSHFXUXV�EXOERVXV��D�QHZ�UHFRUG�IRU�3HPEURNHVKLUH��KLJKOLJKWHG���

7KH�UHSRUW�FRQFOXGHV�ZLWK�D�EULHI�VHFWLRQ�FRQWDLQLQJ�UHFRPPHQGDWLRQV�IRU�IXWXUH�ZRUN�
IROORZHG�E\�ILYH�DSSHQGLFHV�SUHVHQWLQJ�WKH�19&�TXDGUDW�GDWD�DUUD\��VLPLODU�
LQIRUPDWLRQ�IRU�ERWK�ROG�DQG�QHZ�SHUPDQHQW�TXDGUDWV��D�OLVW�RI�JULG�UHIHUHQFHV�IRU�
WKHVH�TXDGUDWV��WKH�SKRWRJUDSKLF�UHFRUG�DQG�WKH�ILHOG�ZRUN�WLPHWDEOH���



$Q�DGGHQGXP�WR�WKH�UHSRUW�SODFHV�WKH�GLYHUVLW\�RI�WKH�VDOWPDUVKHV�RI�WKH�:DWHUZD\�
LQWR�WKH�ZLGHU�ORFDO�FRQWH[W�WKURXJK�WKH�SURGXFWLRQ�RI�D�PDS�VKRZLQJ�WKH�WRWDO�QXPEHU�
RI�VDOWPDUVK�FRPPXQLWLHV�DQG��VHSDUDWHO\��WKH�QXPEHU�RI�W\SHV�RI�DVVRFLDWHG�
WUDQVLWLRQDO�YHJHWDWLRQ�RQ�WKH�EDVLV�RI�LQGLYLGXDO���NP�VTXDUHV�LQ�3HPEURNHVKLUH��
&DUPDUWKHQVKLUH�DQG�6ZDQVHD��

7KH�VHULHV�RI�PDSV�DUH�VHSDUDWHO\�ERXQG�DQG�FRQVWLWXWH�9ROXPH���RI�WKH�UHSRUW���
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:HGL�L¶U�6HD�(PSUHVV�JROOL�ROHZ�\P�PLV�&KZHIURU������DF�L¶U�*DQROIDQ�DU�J\IHU�
(FROHJ��D�+\GUROHJ��&(+��ZQHXG�DUROZJ�\Q������DF������L�DVHVX¶U��GLIURG�HFROHJRO�
\Q�VJvO�K\QQ\���FDIRGG�DVWXGLDHWK�EHOODFK�HL�FKRPLVL\QX�L�DLO�DGURGG�JZDLWK�&(+�
FKZH�PO\QHGG�ZHGL¶U�GLJZ\GGLDG��&DIRGG�VDLWKGHJ�Z\WK�R¶U����FZDGUDW�SDUKDRO�
JZUHLGGLRO�VHI\GOZ\G�\Q������HX�KDLO�OHROL��FDIRGG�OO\VW\ILDQW�\�PRUID�HL�DVWXGLR�D�
JZQDHWKSZ\G�F\PDULDHWKDX�J\GD¶U�FDQO\QLDGDX�JZUHLGGLRO���*ZQDHWKSZ\G�DUROZJ�
DUDOO�R¶U�PRUIH\GG�\Q�&UDEKDOO��6DQG\KDYHQ��$EHUGDXJOHGGDX��$IRQ�3HQIUR��0DUWLQ¶V�
+DYHQ�D�%DH�$QJOH�D�FKDZVDQW�HX�PDSLR����FDIRGG�\U�XQHGDX�'/O&�JDIRGG�HX�
KDGQDERG�HX�F\PKDUX�J\GD¶U�UKDL�D�JDIZ\G�DU�J\IHU�\U�XQ�DUGDORHGG�\Q������DF������
D�KHI\G�J\GD�FKDQO\QLDGDX¶U�DUROZJ�F\QKZ\VIDZU�JZUHLGGLRO�D�ZQDHWKSZ\G�\Q������
IHO�UKDQ�R¶U�5KHVWU�R�IRUIH\GG�3U\GDLQ��

'HXLU�L¶U�FDQO\QLDG�QDG�\Z�OO\VW\ILDQW�PRUID¶U�+DYHQ�EHOODFK�\Q�FDHO�HL�GG\ODQZDGX�
JDQ�HIIHLWKLDX�FROOL¶U�ROHZ��

&DIRGG�\U�DUROZJ�'RVEDUWKLDG�/O\VW\ILDQW�&HQHGODHWKRO��'/O&��HL�\PHVW\Q�L�\PGULQ�
k¶U�KROO�DUGDORHGG�R�IRUID�L¶U�GZ\UDLQ�R�%RQW�&OHGGDX�K\G�DW�IILQLDX�SHOODI�OODQZ�
EUHLFKLDX¶U�$EHU���&DIRGG�PDSLDX�D�GDWJDQLDGDX�DUGDO�DU�ZDKkQ�HX�SDUDWRL�DU�J\IHU�
'Z\UDLQ�D�*RUOOHZLQ�\�&OHGGDX��'DXJOHGGDX��$IRQ\GG�&DUHZ�D�&UHVVZHOO�DF�DU�J\IHU�
&RVKHVWRQ�3LOO��

&DIRGG�F\IDQVZP�R����KD�R�IRUID�HL�IDSLR�DU�\�'G\IUIIRUGG�\QJK\G�k���KD�R�
O\VW\ILDQW�F\V\OOWLRO��\�UKDQ�IZ\DI�\Q�IIXUILDX�WUDZVQHZLG�GZU�KDOHQRJ�FUR\Z���&DIRGG�
GDXGGHJ�SXPS�R�J\PXQHGDX�'/O&�HX�F\QU\FKLROL�J\GD����R�XQHGDX�ZHGL¶X�KDGQDERG�
DU�OHIHO�LVJ\PXQHG���\Q�\FKZDQHJRO�DW�K\Q��EX�L�GGDX�DPU\ZLRO\Q�R�LVJ\PXQHGDX�
RHGG�ZHGL¶X�KDGQDERG�D�GDX�R�J\GJ\PXQHGDX�RHGG�QHZ\GG�HX�GLIILQLR�JDHO�HX�
GLVJULILR�D¶X�PDSLR��

5RHGG�\U�DUGDO�R�IRUID�\�GDHWKSZ\G�DU�HL�WKUDZV�ODZHU�\Q�OODL�QD¶U�DUGDO�JDIRGG�HL�
PDSLR�\Q��������0DH¶U�OOHLKDG�L¶Z�EULRGROHGGX��EURQ�\Q�J\IDQJZEO�L�OHLKDG�\Q�\U�
DUGDO�V\¶Q�F\QQDO�\�PRUID�6SDUWLQD�DQJOLF��&HLU�W\VWLRODHWK�R�GGLO\QLDQW�L�U\Z�UDGGDX�
EOH�\�PDH�F\PXQHGDX�FDQRO�\�PRUID�\Q�HKDQJX�L�J\OFKIDRHGG�LVHO�\�PRUID�DF��
DUGDORHGG�R�GUDZVQHZLG�PRUID�FDQRO�XZFK�\Q�GDWEO\JX�\Q�GGLO\QLDQQRO�R¶U�EURQ�DU�
GUDXO�OO\VW\ILDQW�FDQRO�\�PRUID�K�\��PDH¶U�V\VWHP�L¶Z�JZHOG�\Q�\�F\IQRG�DHGGIHG��

0DH�PDQ�F\FKZ\Q�DU�J\IHU�DVWXGLDHWK�R�QHZLGLDGDX�\Q�\�G\IRGRO�ZHGL�FDHO�HL�HKDQJX�
WUZ\�VHI\GOX����R�JZDGUDWDX�QHZ\GG�SDUKDRO�DU�UDQQDX�R¶U�'G\IUIIRUGG�L¶U�GZ\UDLQ�R�
%RQW�&OHGGDX��

<Q�\FKZDQHJRO�DW�\�PDSLDX�'/O&��PDH�OOHROLDGDX����UK\ZRJDHWK�R�GGLGGRUGHE�
ZHGL¶X�PDSLR���PDH�UKDQQDX�R¶U�WUDHWK�ZHGL¶X�PDSLR�KHI\G�OOH�\�V\OZ\G�IRG�\QD�
HU\GLDG�OO\VW\ILDQW�PRUID�DU�K\Q�R�EU\G��

<Q�GLO\Q�DGUDQQDX�V\¶Q�\PGULQ�DJ�DUROZJ�PDHV��F\QK\UFKX�D�FK\IOZ\QR�GDWD�D�FK\GD�
FK\QK\UFKX�PDSLDX��PDH�FRUII�\U�DGURGGLDG�\Q�F\IOZ\QR�DUROZJ�F\IIUHGLQRO�R¶U�
F\PXQHGDX�OO\VW\ILDQW�D�GGLVJULILU���&\IOZ\QLU�PDQ\OLRQ�\QJO\Q�k�QHZLGLDGDX�PHZQ�
F\PXQHGDX�PRUID�D�FKHLU�DGUDQ�DU�ZDKkQ�\Q�\PGULQ�k�GDGDQVRGGLDG�R¶U�QHZLGLDGDX�
V\¶Q�GLJZ\GG�\Q�\�FZDGUDWDX�SDUKDRO�VHI\GOZ\G�\Q�������&HLU�WUDIRGDHWK�DU��ERE�



UK\ZRJDHWK�R�GGLGGRUGHE�D�WK\QQLU�V\OZ�DW�GGDUJDQIRG�$ORSHUFXXV�EXOERVXV��UHFRUG�
QHZ\GG�L�6LU�%HQIUR��

0DH¶U�DGURGGLDG�\Q�FORL�J\GDJ�DGUDQ�IHU�V¶\Q�F\IOZ\QR�DUJ\PKHOOLRQ�DU�J\IHU�JZDLWK�
\Q�\�G\IRGRO���<QD�FHLU�SXP�DWRGLDG�\Q�F\IOZ\QR�DUDHDX�GDWD�FZDGUDWDX¶U�'/O&��
JZ\ERGDHWK�GHE\J�DU�J\IHU�\U�KHQ�JZDGUDWDX�\Q�RJ\VWDO�k¶U�UKDL�QHZ\GG��SDUKDRO��
UKHVWU�R�J\IHLULDGDX�JULG�DU�J\IHU�\�FZDGUDWDX�\PD��\�FRIQRG�IIRWRJDIILJ�\QJK\G�DJ�
DPVHUOHQ�\�JZDLWK�PDHV��

0DH�DWRGLDG�L¶U�DGURGGLDG�\Q�UKRL�DPU\ZLDHWK�PRUIH\GG�\�'G\IUIIRUGG�\Q�\�F\G�
GHVWXQ�HKDQJDFK�OOHRO�D�K\QQ\�WUZ\��J\QK\UFKX�PDS�\Q�GDQJRV�F\IDQVZP�QLIHU�\�
F\PXQHGDX�PRUID�DF��DU�ZDKkQ��\�QLIHU�R�IDWKDX�R�O\VW\ILDQW�WUDZVQHZLGLRO�F\V\OOWLRO��
DU�VDLO�\�VJZDULDX�XQLJRO����FP�\Q�6LU�%HQIUR��6LU�*DHUI\UGGLQ�DF�$EHUWDZH����

0DH¶U�J\IUHV�R�IDSLDX�ZHGL�FDHO�HX�UKZ\PR�DU�ZDKkQ�DF�\Q�IIXUILR�&\IURO���\U�
DGURGGLDG�


