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7LWOHϭ

,QIOXHQFH� RI� GLVVROYHG� RUJDQLF�PDWWHU� RQ� WKH UHPRYDO RI� ��� RUJDQLF�PLFURSROOXWDQWV IURP�Ϯ

ZDVWHZDWHU�HIIOXHQW E\�SRZGHUHG�DFWLYDWHG�FDUERQ�DGVRUSWLRQϯ

$XWKRUVϰ

5RQDQ�*XLOORVVRX��� -XOLHQ� /H�5RX[�
��5RPDLQ�0DLOOHU���&DUROLQH� 6RDUHV� 3HUHLUD�'HURPH��ϱ

*LOOHV 9DUUDXOW�� $GqOH�%UHVV\���(PPDQXHOOH�9XOOLHW���&DWKHULQH�0RUOD\�� )DEULFH�1DXOHDX���ϲ

9LQFHQW�5RFKHU�� -RKQQ\�*DVSHUL�
ϳ

� (FROH�GHV�3RQWV�3DULV7HFK��8QLYHUVLWp�3DULV�(VW�&UpWHLO��$JUR3DULV7HFK��/DERUDWRLUH�(DX�ϴ

(QYLURQQHPHQW�HW�6\VWqPHV�8UEDLQV��805�0$������&UpWHLO��)UDQFHϵ

� 6HUYLFH� SXEOLF� GH� O¶DVVDLQLVVHPHQW� IUDQFLOLHQ� �6,$$3��� 'LUHFWLRQ� ,QQRYDWLRQ� HW�ϭϬ

(QYLURQQHPHQW��&RORPEHVϭϭ

� 8QLYHUVLWp� GH� /\RQ�� &156�� 8QLYHUVLWp� &ODXGH� %HUQDUG� /\RQ� ��� ,16$�/\RQ��0$7(,6��ϭϮ

805�������9LOOHXUEDQQH��)UDQFHϭϯ

� 8QLYHUVLWp� GH� /\RQ�� &156�� 8QLYHUVLWp� &ODXGH� %HUQDUG� /\RQ� ��� ,QVWLWXW� GHV� 6FLHQFHV�ϭϰ

$QDO\WLTXHV��805�������9LOOHXUEDQQH��)UDQFHϭϱ

� 6DXU��'LUHFWLRQ�GH�OD�5HFKHUFKH�HW�GX�'pYHORSSHPHQW��0DXUHSDV��)UDQFHϭϲ


�&RUUHVSRQGLQJ�DXWKRU� JDVSHUL#X�SHF�IU ��MXOLHQ�OH�URX[#X�SHF�IUϭϳ

+LJKOLJKWVϭϴ

x 203V� UHPRYDO ZDV� ORZHU� LQ� ::73� HIIOXHQW� WKDQ� XOWUD�SXUH� ZDWHU GXH� WR� '20ϭϵ

DGVRUSWLRQϮϬ

x 3RUH�EORFNDJH�ZDV�WKH�PDLQ�QHJDWLYH�HIIHFW�UDWKHU�WKDQ�FRPSHWLWLRQ�IRU�DGVRUSWLRQ�VLWHVϮϭ

x 203V�FKDUJH�KDG�DQ�LPSDFW�RQ�WKHLU�DGVRUSWLRQ�UDWH�LQ�SUHVHQFH�RI�ZDVWHZDWHUϮϮ

x $�SUH�HTXLOLEULXP�EHWZHHQ�203V�DQG�'20�GHFUHDVHG�'20�QHJDWLYH�HIIHFWVϮϯ


0DQXVFULSW
&OLFN�KHUH�WR�YLHZ�OLQNHG�5HIHUHQFHV
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*UDSKLFDO�DEVWUDFWϮϰ

Ϯϱ

$EVWUDFWϮϲ

7KH�SUHVHQFH�RI�GLVVROYHG�RUJDQLF�PDWWHU��'20��LQ�ZDVWHZDWHU�HIIOXHQWV LV UHFRJQL]HG�DV�WKH�Ϯϳ

PDLQ� IDFWRU� OLPLWLQJ� WKH� DGVRUSWLRQ� RI� RUJDQLF� PLFURSROOXWDQWV� �203V�� RQWR� DFWLYDWHG�Ϯϴ

FDUERQ�� 7KH� GHJUHH� RI� WKH� QHJDWLYH� HIIHFW� WKDW� '20�� GHSHQGLQJ� RQ� LWV� TXDOLW\� H[HUWV RQ�Ϯϵ

203V�DGVRUSWLRQ�LV�VWLOO�XQFOHDU� 7KH�LQIOXHQFH�RI�WKH LQWHUDFWLRQV�EHWZHHQ�'20�DQG�203VϯϬ

RQ�WKHLU UHPRYDO�LV�DOVR�QRW�IXOO\�XQGHUVWRRG��$GVRUSWLRQ�LVRWKHUPV DQG�FRQYHQWLRQDO�EDWFK�ϯϭ

WHVWV�ZHUH�SHUIRUPHG�LQ XOWUD�SXUH�ZDWHU�DQG�LQ�ZDVWHZDWHU�HIIOXHQW�WR�VWXG\�WKH�LQIOXHQFH�RI�ϯϮ

'20�RQ�WKH�DGVRUSWLRQ�RI����203V�RQWR�SRZGHUHG�DFWLYDWHG�FDUERQ��%HVW�ILW�RI�DGVRUSWLRQ�ϯϯ

SVHXGR�LVRWKHUPV ZDV REWDLQHG�ZLWK WKH�)UHXQGOLFK�HTXDWLRQ�DQG�VKRZHG� DV�H[SHFWHG��WKDW�ϯϰ

203V� DGVRUSWLRQ� ZDV� KLJKHU� LQ� XOWUD�SXUH� ZDWHU� WKDQ� LQ� ZDVWHZDWHU� HIIOXHQW� GXH� WR� WKH�ϯϱ

SUHVHQFH�RI�'20�OHDGLQJ� WR�SRUH�EORFNDJH�DQG�FRPSHWLWLRQ�IRU�DGVRUSWLRQ�VLWHV��/&�2&'�ϯϲ

DQDO\VLV� UHYHDOHG WKDW� ELRSRO\PHUV DQG� K\GURSKRELF� PROHFXOHV ZHUH� WKH� PRVW� DGVRUEHGϯϳ

IUDFWLRQV�ZKLOH KXPLF�DFLGV�ZHUH�QRW�UHPRYHG�DIWHU�D�FRQWDFW�WLPH�RI�HLWKHU����PLQ�RU����K��ϯϴ

7KH�SUHVHQFH�RI�'20�KDG�D�QHJDWLYH� LPSDFW�RQ� WKH� UHPRYDO�RI�DOO�203V�DIWHU����PLQ�RI�ϯϵ

DGVRUSWLRQ��EXW�VLPLODU�UHPRYDOV�WR�XOWUD�SXUH�ZDWHU�ZHUH�REWDLQHG�IRU���203V DIWHU���K�RI�ϰϬ

DGVRUSWLRQ� 7KLV� GHPRQVWUDWHG� WKDW FRPSHWLWLRQ� EHWZHHQ� '20� DQG� 203V� IRU� DGVRUSWLRQ�ϰϭ
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VLWHV�ZDV�QRW�D�PDMRU�PHFKDQLVP�DV�FRPSDUHG� WR�SRUH�EORFNDJH��ZKLFK�RQO\�VORZHG�GRZQ�ϰϮ

WKH�DGVRUSWLRQ�DQG�GLG�QRW�SUHYHQW�LW��7KH�FKDUJH�RI�203V�KDG�D�FOHDU�LPSDFW� WKH�DGVRUSWLRQ�ϰϯ

RI�QHJDWLYHO\�FKDUJHG�FRPSRXQGV�ZDV�UHGXFHG�LQ�WKH�SUHVHQFH�RI�ZDVWHZDWHU�HIIOXHQW�GXH�WR�ϰϰ

UHSXOVLYH� HOHFWURVWDWLF� LQWHUDFWLRQV� ZLWK� WKH� DGVRUEHG� '20� DQG� WKH� 3$&� VXUIDFH� 2Q� WKH�ϰϱ

RWKHU KDQG�� WKH� UHPRYDO� RI� SRVLWLYHO\� FKDUJHG� FRPSRXQGV� ZDV� LPSURYHG�� $� ��K� SUH�ϰϲ

HTXLOLEULXP EHWZHHQ�203V�DQG�'20�LPSURYHG�WKHLU�UHPRYDO�RQWR 3$&��ZKLFK�VXJJHVW�WKDW�ϰϳ

203V� DQG� '20� LQWHUDFW� LQ� VROXWLRQ ZKLFK GHFUHDVHG WKH� QHJDWLYH� HIIHFWV� FDXVHG� E\ WKH�ϰϴ

SUHVHQFH�RI�'20��H�J��WKURXJK�FR�DGVRUSWLRQ�RI�DQ�203�'20�FRPSOH[�ϰϵ

.H\ZRUGVϱϬ

:DVWHZDWHU� DGYDQFHG� WUHDWPHQW�� 2UJDQLF� PLFURSROOXWDQWV�� 'LVVROYHG� RUJDQLF� PDWWHU��ϱϭ

$FWLYDWHG�FDUERQ DGVRUSWLRQ�ϱϮ

���,QWURGXFWLRQϱϯ

7KH�SUHVHQFH�RI RUJDQLF�PLFURSROOXWDQWV �203V��LQ DTXDWLF�ERGLHV LV�D FRQFHUQ�GXH�WR�WKHLU�ϱϰ

SRWHQWLDO� SHUVLVWHQFH� DQG� VXVSHFWHG� QHJDWLYH� HIIHFWV� RQ� HFRV\VWHPV �&RXUWLHU� HW� DO��� ������ϱϱ

'HVELROOHV� HW� DO��� ������ =HQNHU� HW� DO��� ������ 2QH� RI� WKH� PDLQ� VRXUFHV� RI� 203V DUH�ϱϲ

ZDVWHZDWHU�HIIOXHQWV�VLQFH�ZDVWHZDWHU�WUHDWPHQW�SODQWV �::73V� DUH�QRW�GHVLJQHG�IRU�WKHLU�ϱϳ

UHPRYDO� �<DQJ� HW� DO��� ������ 6RPH� FRPSRXQGV� FDQ KRZHYHU� EH� ZHOO� UHPRYHG� GXULQJ� WKH�ϱϴ

ELRORJLFDO� WUHDWPHQW �H�J� DFHWDPLQRSKHQ�� LEXSURIHQ�� NHWRSURIHQ� RU� QDSUR[HQ��� EXW� WKHLU�ϱϵ

FRQFHQWUDWLRQV�LQ�WKH�ZDVWHZDWHU�HIIOXHQW�LV�VWLOO�DQ�LVVXH �UDQJLQJ�IURP QJ�/�OHYHOV�XS�WR�WHQV�ϲϬ

RU� HYHQ� KXQGUHGV� RI� �J�/� �*XLOORVVRX� HW� DO��� ������ -HOLF� HW� DO��� ������ -RVV� HW� DO��� ������ϲϭ

9HUOLFFKL� HW� DO��� ������� 'LIIHUHQW� SURFHVVHV� FRPPRQO\� HPSOR\HG� WR� HOLPLQDWH� 203V� IRU�ϲϮ

GULQNLQJ�ZDWHU�SURGXFWLRQ� �H�J�� DFWLYDWHG�FDUERQ�DGVRUSWLRQ�RU� R[LGDWLRQ�SURFHVVHV� VXFK�DV�ϲϯ

R]RQDWLRQ�� DUH� JDLQLQJ� LQWHUHVW IRU ZDVWHZDWHU� WUHDWPHQW� �$OWPDQQ�HW� DO��� ������%RXUJLQ� HW�ϲϰ

DO��� ������0DUJRW� HW� DO��� �������$FWLYDWHG� FDUERQ� DGVRUSWLRQ RIIHUV WKH� DGYDQWDJH� RI� EHLQJϲϱ
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DEOH�WR UHPRYH�D�ZLGH�UDQJH�RI�FRPSRXQGV��DQG�RI�EHLQJ HDV\�WR�XVH�DQG IOH[LEOH��ZLWK�QR�ϲϲ

ULVN�RI�WR[LF�E\SURGXFWV�JHQHUDWLRQ �.nUHOLG�HW�DO���������0DLOOHU�HW�DO�������D��������0HLQHO�ϲϳ

HW�DO���������ϲϴ

$GVRUSWLRQ� LV� D� FRPSOH[� SURFHVV GULYHQ� E\� WKH� SURSHUWLHV RI�203V DQG� WKH� SURSHUWLHV� RI�ϲϵ

DFWLYDWHG� FDUERQ� DQG� LV� DOVR� LQIOXHQFHG� E\� WKH� ZDWHU� TXDOLW\�� PDLQO\� WKH� SUHVHQFH� RIϳϬ

GLVVROYHG� RUJDQLF�PDWWHU �'20�� 6RPH� DXWKRUV� SURSRVHG� WKDW� DFWLYDWHG� FDUERQ� DGVRUSWLRQϳϭ

ZDV GULYHQ�E\�WKH�K\GURSKRELFLW\ RI�203V �GH�5LGGHU�HW�DO���������:HVWHUKRII�HW�DO��������ϳϮ

EXW� WKLV� ZDV�PRVWO\� REVHUYHG� IRU� QHXWUDO� FRPSRXQGV� DQG� QRW� IRU� FKDUJHG� FRPSRXQGV� �GH�ϳϯ

5LGGHU�HW�DO���������.RYDORYD HW�DO���������0DLOOHU�HW�DO���������0DUJRW�HW�DO����������'20ϳϰ

DIIHFWV� WKH DGVRUSWLRQ RI� 203V RQWR DFWLYDWHG� FDUERQ� WKURXJK� GLUHFW� FRPSHWLWLRQ� IRU�ϳϱ

DYDLODEOH� VXUIDFH�DGVRUSWLRQ� VLWHV DQG SRUH� EORFNDJH� GHSHQGLQJ� RQ LWV� QDWXUH� �L�H�� DYHUDJH�ϳϲ

PROHFXODU� ZHLJKW� K\GURSKRELFLW\�� DQG� WKH� DFWLYDWHG� FDUERQ� SRURVLW\ �1HZFRPEH� HW� DO���ϳϳ

������ 1HZFRPEH� HW� DO�� ������ UHSRUWHG� WKDW ORZ PROHFXODU ZHLJKW� '20 �§ ���� 'D��ϳϴ

UHGXFHG WKH� HTXLOLEULXP� DGVRUSWLRQ� FDSDFLW\� RI� ��PHWK\OLVRERUQHRO� E\� FRPSHWLWLRQ� IRU�ϳϵ

DGVRUSWLRQ�VLWHV�DQG EORFNDJH�RI�PLFURSRUHV��7KH�PHGLXP����������'D��DQG�KLJK PROHFXODUϴϬ

ZHLJKW�'20 �! �����'D��FRXOG�QRW� DFFHVV�PLFURSRUHV�EXW� UHGXFHG� WKH�DGVRUSWLRQ� UDWH E\�ϴϭ

UHVWULFWLQJ� GLUHFW� DFFHVV� WR� DGVRUSWLRQ� VLWHV� WKURXJK�PDFUR� DQG�PHVRSRUHV�� QHFHVVLWDWLQJ� D�ϴϮ

PRUH� WRUWXRXV� GLIIXVLRQ� SDWK� IRU� ��PHWK\OLVRERUQHRO� 203V FDQ� DOVR� LQWHUDFW WKURXJK�ϴϯ

HOHFWURVWDWLF� DWWUDFWLRQ�UHSXOVLRQ�� YDQ� GHU� :DDOV�� ʌ�ʌ� RU� K\GURJHQ� ERQGV ZLWK� WKH� '20�ϴϰ

,QWHUDFWLRQV� EHWZHHQ� '20� DQG� 203V� LQ� WKH� GLVVROYHG� SKDVH� ZHUH� REVHUYHG� GXULQJ� WKH�ϴϱ

WUHDWPHQW� RI� HIIOXHQWV� E\� PHPEUDQH� ILOWUDWLRQ�� OHDGLQJ� WR� DQ� LQFUHDVH� RI� 203V� UHMHFWLRQ�ϴϲ

�0DMHZVND�1RZDN�HW�DO���������7|GWKHLGH�HW�DO����������0DQ\�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�ϴϳ

RQ�WKH�LQWHUDFWLRQV�EHWZHHQ�SHVWLFLGHV�DQG�'20��&DXSRV�HW�DO���������,ODQL�HW�DO���������/HH�ϴϴ

HW� DO��� ������� EXW� OLWWOH� GDWD� LV� DYDLODEOH� IRU� RWKHU� 203� IDPLOLHV� VXFK� DV� SKDUPDFHXWLFDOV��ϴϵ

+HUQDQGH]�5XL]� HW� DO�� ������ GHPRQVWUDWHG� WKDW� ELVSKHQRO�$� FRXOG� LQWHUDFW�ZLWK�PLFURELDO�ϵϬ
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E\SURGXFW�OLNH�DQG�KXPLF�DFLG�OLNH�'20�FRPSRQHQWV�IURP�ZDVWHZDWHU��DQG�FDUEDPD]HSLQH�ϵϭ

DQG� LEXSURIHQ�ZLWK� IXOYLF�DFLG�OLNH�FRPSRQHQWV��7KH� LQIOXHQFH�RI� WKHVH� LQWHUDFWLRQV�RQ� WKH�ϵϮ

DGVRUSWLRQ�E\�DFWLYDWHG� FDUERQ�KDV�EHHQ�EDUHO\� VWXGLHG�� HVSHFLDOO\�ZLWK�ZDVWHZDWHU�'20��ϵϯ

-LQ� HW� DO�� ������ REVHUYHG� WKDW� ]ZLWWHULRQLF� FRPSRXQGV FRXOG� LQWHUDFW ZLWK� KXPLF� DFLGV� LQ�ϵϰ

VROXWLRQ��EH�DGVRUEHG�RQWR�DFWLYDWHG�FDUERQ�DQG�DOVR�LQWHUDFW�ZLWK�KXPLF�DFLGV�DGVRUEHG�RQ�ϵϱ

WKH� DFWLYDWHG� FDUERQ� VXUIDFH�� 7KH� SUHVHQFH� RI� KXPLF� DFLGV� LQFUHDVHG WKH� UHPRYDO� RI�ϵϲ

WHWUDF\FOLQH�DQG�FLSURIOR[DFLQ WKDQNV�WR�LQWHUDFWLRQV�ZLWK KXPLF�DFLGV ZKLFK�WUDSSHG�203V�ϵϳ

+RZHYHU�� WKHVH� LQWHUDFWLRQV� EHWZHHQ� 203V� DQG� '20� ZHUH REVHUYHG� XQGHU� VSHFLILFϵϴ

FRQGLWLRQV��ORZ�GRVH�RI�DFWLYDWHG�FDUERQ�DQG�YHU\�KLJK�FRQFHQWUDWLRQV�RI�'20�DQG�203V��ϵϵ

WKDW� DUH� QRW� UHSUHVHQWDWLYH� RI� WKH� UHDO� FRQGLWLRQV� HQFRXQWHUHG� LQ� GULQNLQJ� ZDWHU� SODQWV RUϭϬϬ

ZDVWHZDWHU�WUHDWPHQW�SODQWV�ϭϬϭ

2QO\ D IHZ� VWXGLHV� ZHUH� FRQGXFWHG� WR� DVVHVV� WKH� LQIOXHQFH� RI� '20 RULJLQDWLQJ IURP�ϭϬϮ

ZDVWHZDWHU�HIIOXHQWV RQ�WKH�DGVRUSWLRQ�RI�203V RQWR�DFWLYDWHG�FDUERQ��:DVWHZDWHU�'20�LV�ϭϬϯ

D� FRPSOH[� PL[WXUH�� JHQHUDOO\� FRQVLGHUHG� WR� EH� FRPSRVHG RI� ODUJH RUJDQLF� PROHFXOHV�ϭϬϰ

�ELRSRO\PHUV��KXPLF�VXEVWDQFHV�DQG�EXLOGLQJ�EORFNV� DQG�VPDOOHU PROHFXOHV �ORZ�PROHFXODU�ϭϬϱ

ZHLJKW� DFLGV� DQG� QHXWUDOV� �GH� 5LGGHU� HW� DO��� ������ 3HUQHW�FRXGULHU� HW� DO��� ������� 6RPH�ϭϬϲ

DXWKRUV SURSRVHG�WKDW�WKH�PDLQ�QHJDWLYH�HIIHFW�RI '20 ZDV�WKH�FRPSHWLWLRQ�IRU�DGVRUSWLRQ�ϭϬϳ

VLWHV UDWKHU� WKDQ� SRUH� EORFNDJH� =LHW]VFKPDQQ� HW� DO�� ������ IUDFWLRQDWHG� '20� XVLQJ�ϭϬϴ

QDQRILOWUDWLRQ�DQG�REWDLQHG�D�ORZHU�DGVRUSWLRQ�RI���203V�LQ�WKH�SUHVHQFH�RI�ORZ�PROHFXODU�ϭϬϵ

ZHLJKW� '20 �FRPSHWLWLRQ� IRU� DGVRUSWLRQ� VLWHV� SKHQRPHQRQ� FRPSDUHG� WR� UDZ� DQG� KLJK�ϭϭϬ

PROHFXODU�ZHLJKW�'20 �SRUH�EORFNDJH�SKHQRPHQRQ���7KH\�UHSRUWHG�WKDW�WKH�LPSDFW�RI�WKH�ϭϭϭ

VPDOO� '20� PROHFXOHV ZDV� PRUH� LPSRUWDQW� IRU� PHGLXP� DQG� ZHDNO\� DGVRUELQJ� 203V�ϭϭϮ

0RUHRYHU��WKH�'20�DGVRUEHG�RQWR�WKH�DFWLYDWHG�FDUERQ�LV JOREDOO\�QHJDWLYHO\�FKDUJHG DW�WKH�ϭϭϯ

S+�RI�WKH�ZDVWHZDWHU DQG�FDQ�GHFUHDVH�WKH�DGVRUSWLRQ�RI�QHJDWLYHO\�FKDUJHG�203V WKURXJK�ϭϭϰ

UHSXOVLYH�HOHFWURVWDWLF�LQWHUDFWLRQV �GH�5LGGHU�HW�DO��������� $�QHJDWLYH�LQIOXHQFH�RI�'20�RQ�ϭϭϱ
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WKH� DGVRUSWLRQ� RI� QHJDWLYHO\� FKDUJHG� FRPSRXQGV� ZDV� DOVR� REVHUYHG� E\� +X� HW� DO�� �������ϭϭϲ

$OYHV� HW� DO�� ������ UHSRUWHG� WKDW� LQ� WKH� DEVHQFH� RI� '20� WKH� WH[WXUDO� SURSHUWLHV �L�H�� WKH�ϭϭϳ

SRURVLW\� RI�PLFUR�JUDLQ� DFWLYDWHG� FDUERQV� ��*$&V��SOD\HG� WKH�PRVW� LPSRUWDQW� UROH� LQ� WKH�ϭϭϴ

DGVRUSWLRQ�RI�203V� ZKLOH� LQ� WKH�SUHVHQFH�RI�'20� WKH� VXUIDFH� FKHPLVWU\�RI��*$&V �L�H��ϭϭϵ

SRLQW� RI� ]HUR� FKDUJH�� VXUIDFH� IXQFWLRQDO� JURXSV� KDG� D� SUHGRPLQDQW� LPSDFW DQG SRVLWLYHO\�ϭϮϬ

FKDUJHG�FRPSRXQGV�ZHUH�EHWWHU�UHPRYHG�ϭϮϭ

:KLOH� WKH�QHJDWLYH�HIIHFW�RI�'20�RQ�203V DGVRUSWLRQ�LV�NQRZQ�� WKH�GHJUHH RI�WKLV�HIIHFW�ϭϮϮ

�L�H� TXDQWLILFDWLRQ�RI�WKH�GHFUHDVH�LQ�DGVRUSWLRQ�UDWHV� LQ�UHODWLRQ�WR�WKH '20�FRPSRVLWLRQ LV�ϭϮϯ

VWLOO�XQFOHDU��7KH�LQIOXHQFH�RI�203V�'20�LQWHUDFWLRQV RQ�203V�DGVRUSWLRQ LV DOVR QRW�IXOO\�ϭϮϰ

XQGHUVWRRG DQG�ZDV�QRW�FRPSUHKHQVLYHO\�VWXGLHG�LQ�FRQGLWLRQV�FORVH�WR�UHDOLVWLF�ZDVWHZDWHU�ϭϮϱ

WUHDWPHQW�DSSOLFDWLRQV��L�H�� V\QWKHWLF�ZDWHU�� ORZ�203V�FRQFHQWUDWLRQV�DQG�DFWLYDWHG�FDUERQϭϮϲ

GRVHV���,Q�WKLV�FRQWH[W��WKH�SUHVHQW ZRUN�HYDOXDWHG WKH�DGVRUSWLRQ�RI����203V RQWR�SRZGHUHG�ϭϮϳ

DFWLYDWHG�FDUERQ��3$&� XQGHU�YDULRXV�FRQGLWLRQV�E\�IROORZLQJ���DSSURDFKHV� $V�D�ILUVW�VWHS��ϭϮϴ

VKRUW�WHUP� DGVRUSWLRQ� FDSDFLW\� DW� YDULRXV� FRQFHQWUDWLRQV� RI� WKH� ��� 203V� �L�H� SVHXGR�ϭϮϵ

LVRWKHUPV��ZDV�HYDOXDWHG�LQ�WZR�GLIIHUHQW�PDWULFHV �XOWUD�SXUH�ZDWHU�DQG ZDVWHZDWHU�HIIOXHQW��ϭϯϬ

WR�DVVHVV�WKH�LQIOXHQFH�RI�'20�RQ�203V�UHPRYDO��%DWFK�WHVWV�LQ�XOWUD�SXUH�DQG�ZDVWHZDWHU�ϭϯϭ

HIIOXHQW�ZHUH�WKHQ SHUIRUPHG�DW�VKRUW�DQG�ORQJ�FRQWDFW�WLPHV ZLWK�3$& ����PLQ�DQG����K��WR�ϭϯϮ

FRPSDUH� WKH� VKRUW�WHUP� FDSDFLW\� ZLWK� D� ORQJ�WHUP� DGVRUSWLRQ� HTXLOLEULXP� DQG� WKXV� WR�ϭϯϯ

FKDUDFWHUL]H� WKH� XQGHUO\LQJ� DGVRUSWLRQ� PHFKDQLVPV�� '20� DGVRUSWLRQ� ZDV� H[DPLQHG� LQ�ϭϯϰ

SDUDOOHO� WKURXJK� /&�2&'�� 89��� DQG� IOXRUHVFHQFH� H[FLWDWLRQ�HPLVVLRQ� DQDO\VHV WR EHWWHU�ϭϯϱ

XQGHUVWDQG� LWV� DGVRUSWLRQ� DQG LWV� HIIHFW RQ�203V� UHPRYDO��)LQDOO\�� WKH� LQIOXHQFH�RI� D� SUH�ϭϯϲ

HTXLOLEULXP�EHWZHHQ�203V�DQG�'20�EHIRUH�DGVRUSWLRQ�ZDV�H[DPLQHG�WR�VWXG\�WKH�SRVVLEOH�ϭϯϳ

LQWHUDFWLRQV� EHWZHHQ� 203V� DQG� '20�� 7KH� OLQNV� EHWZHHQ� 203V� SK\VLFR�FKHPLFDO�ϭϯϴ

SURSHUWLHV DQG�WKHLU�DGVRUSWLRQ�ZHUH GLVFXVVHG IRU�HDFK�H[SHULPHQW�ϭϯϵ

���0DWHULDOV�DQG�PHWKRGVϭϰϬ
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�����0DWHULDOVϭϰϭ

:DVWHZDWHU� HIIOXHQW VDPSOHV� ZHUH SXQFWXDOO\� FROOHFWHG IURP� WKH� 6HLQH &HQWUH� ::73ϭϰϮ

�6,$$3�� &RORPEHV�� )UDQFH��� WUHDWLQJ� ZDVWHZDWHU� RI� DERXW� �������� LQKDELWDQW� HTXLYDOHQWV�ϭϰϯ

ZLWK� D� IORZ� RI� �������� P��GD\�� $IWHU� SUH�WUHDWPHQW� �VFUHHQLQJ�� JULW� DQG� RLO� UHPRYDO��� D�ϭϰϰ

SK\VLFR�FKHPLFDO�ODPHOODU�VHWWOLQJ�XQLW�UHPRYHV�SDUWLFOHV�DQG�FROORLGV����ELRILOWUDWLRQ�VWDJHV�ϭϰϱ

UHPRYH�QXWULHQWV� WKHQ� WKH� HIIOXHQW� LV� GLVFKDUJHG� LQWR� WKH�6HLQH� ULYHU� �5RFKHU� HW� DO��� ������ϭϰϲ

7KH�S+�RI�WKH�ZDVWHZDWHU�HIIOXHQW�UDQJHV IURP�����WR�� �6,$$3�GDWD�� 7KH�3$&�XVHG�IRU�DOO�ϭϰϳ

DGVRUSWLRQ�H[SHULPHQWV�ZDV�3%������'D&DUE��VHH�SK\VLFR�FKHPLFDO�SURSHUWLHV�VXPPDUL]HG�ϭϰϴ

LQ� 7DEOH� 6��� DQG� ZDV� SUHYLRXVO\� VWXGLHG� LQ� D� ODUJH�VFDOH� SLORW� DQG� LQ� EDWFK� H[SHULPHQWV�ϭϰϵ

�0DLOOHU�HW�DO�������E�������� 2UJDQLF�PLFURSROOXWDQWV�ZHUH�SXUFKDVHG�IURP�6LJPD�$OGULFKϭϱϬ

DQG� WKHLU� SK\VLFR�FKHPLFDO� SURSHUWLHV� DUH� GHVFULEHG� LQ� 7DEOH� � �PROHFXODU� ZHLJKW��ϭϱϭ

K\GURSKRELFLW\�ORJ�'�DQG�FKDUJH� DQG�7DEOH�6� �YDQ�GHU�:DDOV�YROXPH��PLQLPDO�SURMHFWLRQ�ϭϱϮ

DUHD��SRODU�VXUIDFH�DUHD�DQG�K\GURJHQ�ERQGV��ϭϱϯ

�����([SHULPHQWDO�PHWKRGVϭϱϰ

7KH� ��� HPSOR\HG� 203V �7DEOH� �� ZHUH� VHOHFWHG� EDVHG� RQ� WKHLU� RFFXUUHQFH� DQG�ϭϱϱ

FRQFHQWUDWLRQV�LQ�3DULVLDQ�ZDVWHZDWHU�HIIOXHQWV��0DLOOHU�HW�DO����������7KH\�ZHUH�FRPPRQO\�ϭϱϲ

IRXQG�LQ�::73�HIIOXHQWV�DQG�SUHVHQW�D�EURDG�UDQJH�RI�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV��L�H��ϭϱϳ

FKDUJH��VL]H��K\GURSKRELFLW\��ϭϱϴ

6KRUW�WHUP� DGVRUSWLRQ� FDSDFLW\� RI� WKH� ��� 203V� ZDV� VWXGLHG DIWHU� ��� PLQ� DW� URRP�ϭϱϵ

WHPSHUDWXUH������&�� DQG�DW���GLIIHUHQW�FRQFHQWUDWLRQV��UDQJLQJ�IURP�����������J�/ WR��������ϭϲϬ

�J�/�GHSHQGLQJ�RQ� WKH�203V� FRQFHQWUDWLRQV�&��&�� LQ�7DEOH�6�� LQ�XOWUD�SXUH�ZDWHU� �S+�ϭϲϭ

DGMXVWHG� WR� ����� DQG� ZDVWHZDWHU� HIIOXHQW�� UHVXOWLQJ� LQ� SVHXGR�LVRWKHUP� FXUYHV� �VLQFH� DQ�ϭϲϮ

DGVRUSWLRQ� LVRWKHUP� LV� DVVXPHG� WR� EH� REWDLQHG� DW� UHDFWLRQ� HTXLOLEULXP�� ZKLFK� ZDV� QRW�ϭϲϯ



�

UHDFKHG�DIWHU����PLQ� �H[SHULPHQW�����7KH�)UHXQGOLFK�HTXDWLRQ��)UHXQGOLFK������� ZDV�XVHG�ϭϲϰ

WR�PRGHO�DGVRUSWLRQ�SVHXGR�LVRWKHUPV��(TXDWLRQ����ϭϲϱ

௧ݍ ൌ ௧ܥிܭ

భ

೙ϭϲϲ

�����������ϭϲϳ

ZKHUH�TW ��J�PJ��LV�WKH�DPRXQW�RI�DGVRUEDWH�XSWDNH��.) ��J�PJ����J�/�
��Q LV�WKH�)UHXQGOLFK�ϭϲϴ

FRQVWDQW��&W ��J�/��LV�WKH�DGVRUEDWH�FRQFHQWUDWLRQ�DQG���Q��GLPHQVLRQOHVV��LV�WKH�)UHXQGOLFK�ϭϲϵ

LQWHQVLW\� SDUDPHWHU� UHODWHG� WR� WKH� LQWHQVLW\� RI� WKH� DGVRUSWLRQ� GULYLQJ� IRUFH� RU� WKH� VXUIDFH�ϭϳϬ

KHWHURJHQHLW\��ϭϳϭ

7KH�PRGHOLQJ�SDUDPHWHUV��.) DQG���Q��DQG�S�YDOXHV IURP�WKH�6WXGHQW�WHVW�ZHUH�REWDLQHG�IRU�ϭϳϮ

HDFK� 203 DQG� HDFK�PDWUL[� �XOWUD�SXUH� ZDWHU� RU� ZDVWHZDWHU� HIIOXHQW�� YLD� QRQ�OLQHDU� OHDVW�ϭϳϯ

VTXDUHV� UHJUHVVLRQ�ZLWK� WKH�QOVWRROV SDFNDJH� �%DW\� HW� DO��� ����� XVLQJ�5 VRIWZDUH� �5�&RUH�ϭϳϰ

7HDP��������ϭϳϱ

7DEOH� ��� 1DPH�� W\SH� DQG� PDLQ� SK\VLFR�FKHPLFDO� SURSHUWLHV� RI� 203V� XVHG� LQ� WKLV� VWXG\�� /24�� OLPLW� RI�ϭϳϲ
TXDQWLILFDWLRQ��QJ�/���0:��PROHFXODU�ZHLJKW��J�PRO���ORJ�.RZ��SDUWLWLRQ�FRHIILFLHQW�EHWZHHQ�ZDWHU�DQG�RFWDQRO�ϭϳϳ
�0DUYLQ6NHWFK�� &KHP$[RQ��� ORJ� '�� ORJ� .RZ DW� S+�  � ����� &KDUJH� �� DYHUDJH� FKDUJH� EDVHG� RQ� WKH� SUHVHQFH�ϭϳϴ
SHUFHQWDJH�RI�HDFK�203�VSHFLHV��DQLRQLF��FDWLRQLF��QHXWUDO��]ZLWWHULRQLF��DW�S+����0DUYLQ6NHWFK��&KHP$[RQ��ϭϳϵ

&RPSRXQG 7\SH /24��QJ�/�
0:�
�J�PRO�

/RJ�'��S+� ��� &KDUJH��S+� ���

$FHWDPLQRSKHQ $QDOJHVLF ��� ��� ���� �����
$WHQRORO %HWD�EORFNHU � ��� ����� ����
&DUEDPD]HSLQH $QWLFRQYXOVDQW � ��� ���� ����
'LFORIHQDF $QDOJHVLF ��� ��� ���� �����
(U\WKURP\FLQ $QWLELRWLF � ��� ���� ����
,EXSURIHQ $QDOJHVLF � ��� ���� �����
/RUD]HSDP $QWLGHSUHVVDQW ��� ��� ���� ����
2IOR[DFLQ $QWLELRWLF � ��� ����� �����
2[D]HSDP $QWLGHSUHVVDQW � ��� ���� ����
5R[LWKURP\FLQ $QWLELRWLF ��� ��� ���� ����
6XOIDGLD]LQH $QWLELRWLF � ��� ����� �����
7ULPHWKRSULP $QWLELRWLF � ��� ���� ����

7KH� LQIOXHQFH RI� FRQWDFW� WLPH�ZDV� VWXGLHG� E\� FRQGXFWLQJ� FRPSDUDWLYH� DGVRUSWLRQ� WHVWV� LQ�ϭϴϬ

XOWUD�SXUH� ZDWHU� DQG� ZDVWHZDWHU� HIIOXHQW� GXULQJ� ��� PLQ� DQG� ��� K DW� DQ� DYHUDJH� 203V�ϭϴϭ

FRQFHQWUDWLRQ� ��������� �J�/� GHSHQGLQJ� RQ� WKH� 203V� FRQFHQWUDWLRQ� &�� LQ� 7DEOH� 6��ϭϴϮ



�

�H[SHULPHQW� ���� '2&�� '20� IUDFWLRQV� IURP� /&�2&'� FKURPDWRJUDPV�� 89��� DQG WKH�ϭϴϯ

LQWHQVLW\� RI �� IOXRUHVFHQFH� LQGH[HV IURP� H[FLWDWLRQ�HPLVVLRQ� PDWULFHV ZHUH� GHWHUPLQHG�ϭϴϰ

EHIRUH�DQG�DIWHU�DGVRUSWLRQ��ϭϴϱ

)LQDOO\�� DGVRUSWLRQ� H[SHULPHQWV� ZHUH� SHUIRUPHG�ZLWK� DQG�ZLWKRXW� D� �� K� SUH�HTXLOLEULXP�ϭϴϲ

EHWZHHQ� WKH�ZDVWHZDWHU� HIIOXHQW� DQG� VSLNHG�203V� �DW� WKH� ORZHVW�ZRUNLQJ� FRQFHQWUDWLRQV��ϭϴϳ

L�H�� ��������� �J�/� GHSHQGLQJ� RQ� WKH� 203V�� FRQFHQWUDWLRQ� &�� LQ� 7DEOH� 6�� WR� VWXG\� WKH�ϭϴϴ

LQIOXHQFH�RI� WKH� FRQWDFW� EHWZHHQ�'20�DQG�203V�SULRU� WR�DGVRUSWLRQ �GXULQJ����PLQ�DQG�ϭϴϵ

��K� �H[SHULPHQW����ϭϵϬ

$�GRVH�RI����PJ�/�RI�3$&�ZDV�DGGHG�WR�WKH�ZRUNLQJ�VROXWLRQV�GXULQJ�DOO�WKH�H[SHULPHQWV��ϭϵϭ

7KLV�GRVH�ZDV�SUHYLRXVO\�GHPRQVWUDWHG�WR�PD[LPL]H�GLIIHUHQFHV�EHWZHHQ�PROHFXOHV�LQ�WHUPV�ϭϵϮ

RI� UHPRYDO�� ZKLFK� DOORZV� WKH� REVHUYDWLRQ� RI� UHODWLRQVKLSV� EHWZHHQ� SK\VLFR�FKHPLFDO�ϭϵϯ

SURSHUWLHV�RI�203V�DQG�WKHLU�UHPRYDO��0DLOOHU�HW�DO�������E�� ([SHULPHQWV�ZHUH�FRQGXFWHG�ϭϵϰ

RQO\�RQH�WLPH�EHFDXVH�SUHYLRXV�UHVXOWV�LQGLFDWHG�WKDW�WKH�YDULDELOLW\�RI�203V�UHPRYDO�ZDV�ϭϵϱ

ORZ��������LQ�VLPLODU�FRQGLWLRQV��*XLOORVVRX�HW�DO��������� %DWFK�V\VWHPV�ZHUH�SODFHG�XQGHU�ϭϵϲ

VWURQJ� VWLUULQJ� GXULQJ� WKH� UHTXLUHG� FRQWDFW� WLPH�� 3UH�GHWHUPLQHG� YROXPHV� RI� WKH� VWRFN�ϭϵϳ

VROXWLRQ� FRQWDLQLQJ� WKH� ���203V�ZHUH� VSLNHG� LQ�ZRUNLQJ� VROXWLRQV� RI� ���� /� WR� UHDFK� WKH�ϭϵϴ

WDUJHWHG�FRQFHQWUDWLRQV�IRU�HDFK�H[SHULPHQW��9ROXPHV�RI�WKH�VSLNHG�VROXWLRQ�ZHUH�FKRVHQ�WR�ϭϵϵ

PDLQWDLQ�D�ORZ�SHUFHQWDJH�RI�VROYHQW��PHWKDQRO��DGGHG�WR�WKH�ZRUNLQJ�VROXWLRQ������������ϮϬϬ

7KH�WDUJHWHG�FRQFHQWUDWLRQV�RI�203V�LQ�WKH�ZRUNLQJ�VROXWLRQ�ZHUH�FKRVHQ�WR�HQVXUH�WKDW�DOO�ϮϬϭ

203V�ZHUH�QRW�FRPSOHWHO\�DGVRUEHG�RQWR�WKH�3$&�DIWHU�WKH�FKRVHQ�FRQWDFW�WLPHV�DQG�WKDW�ϮϬϮ

UHVLGXDO� FRQFHQWUDWLRQV� ZHUH� DERYH� OLPLWV� RI� TXDQWLILFDWLRQ� �/24�� 7DEOH� ���� 8QOHVV�ϮϬϯ

VSHFLILFDOO\�PHQWLRQHG��203V�ZHUH�DOZD\V�VSLNHG� LQ� WKH�ZDVWHZDWHU�HIIOXHQW����K�SULRU�WR�ϮϬϰ

3$&�DGGLWLRQ�WR�VLPXODWH�WKH�LQWHUDFWLRQV�EHWZHHQ�'20�DQG�203V�RFFXUULQJ�GXULQJ�VHZHU�ϮϬϱ

WUDQVIHU�DQG�LQVLGH�::73V��ϮϬϲ
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�����$QDO\WLFDO�SURFHGXUHVϮϬϳ

203V�ZHUH�DQDO\]HG�ZLWKLQ����K�DW�WKH�,QVWLWXWH�RI�$QDO\WLFDO�6FLHQFHV��,6$�± 9LOOHXUEDQQH��ϮϬϴ

)UDQFH��E\� OLTXLG�FKURPDWRJUDSK\�FRXSOHG� WR� WDQGHP�PDVV�VSHFWURVFRS\��3ULRU� WR�DQDO\VLV��ϮϬϵ

DOO�VDPSOHV�ZHUH�KRPRJHQL]HG�DQG�ILOWHUHG�RQ������P�*)�)�JODVV� ILOWHUV� �:KDWPDQ���0RUH�ϮϭϬ

LQIRUPDWLRQ� RQ� WKH� DQDO\WLFDO�PHWKRGV� FDQ� EH� IRXQG� LQ� WKH� OLWHUDWXUH� �9XOOLHW� HW� DO��� ������Ϯϭϭ

/24V� RI� WKH� ���203V� UDQJHG� EHWZHHQ� ��� DQG� �� QJ�/ �7DEOH� ���� ,I� WKH� FRQFHQWUDWLRQ� RI�ϮϭϮ

VRPH�SKDUPDFHXWLFDOV�ZDV� EHORZ� WKH�/24� DIWHU� DGVRUSWLRQ�� WKHLU� UHPRYDO� IURP� WKH� OLTXLG�Ϯϭϯ

SKDVH�DQG�WKH�TXDQWLW\�DGVRUEHG�RQWR�WKH�VROLG�SKDVH�ZHUH�HVWLPDWHG�DV�LI�WKHLU�FRQFHQWUDWLRQ�Ϯϭϰ

ZDV�HTXDO�WR�/24���Ϯϭϱ

'LVVROYHG�RUJDQLF�FDUERQ��'2&��ZDV�DQDO\]HG IRU�HDFK�H[SHULPHQW E\�WKH�FHUWLILHG�6,$$3�Ϯϭϲ

ODERUDWRU\ ILOWUDWLRQ� RQ� ����� �P� SRO\YLQ\OLGHQH� IOXRULGH� ILOWHUV� �0LOH[���0HUFN�� �OLPLW� RI�Ϯϭϳ

TXDQWLILFDWLRQ�  � ���� PJ&�/��� /LTXLG� VL]H�H[FOXVLRQ� FKURPDWRJUDSK\� ZDV� FRXSOHG� ZLWK�Ϯϭϴ

RUJDQLF� FDUERQ� GHWHFWLRQ� �/&�2&'�� '2&�/DERU� 'U�� +XEHU�� *HUPDQ\�� WR� VWXG\� WKH�Ϯϭϵ

DGVRUSWLRQ�RI�GLIIHUHQW�'20�IUDFWLRQV�LQFOXGLQJ ELRSRO\PHUV��KXPLF�DFLGV��EXLOGLQJ�EORFNV�ϮϮϬ

DQG�ORZ�PROHFXODU�ZHLJKW�DFLGV�DQG�QHXWUDOV �+XEHU�HW�DO���������ϮϮϭ

6SHFWURVFRSLF�PHDVXUHPHQWV�ZHUH� SHUIRUPHG� IRU� H[SHULPHQW� �� DQG��� DW� URRP� WHPSHUDWXUH�ϮϮϮ

GLUHFWO\� DIWHU� VDPSOLQJ� DQG� ILOWUDWLRQ� RQ� ����� �P� SRO\YLQ\OLGHQH� IOXRULGH� ILOWHUV� �0LOH[���ϮϮϯ

0HUFN���89��� ZDV�PHDVXUHG�LQ�D���FP�TXDUW]�FXYHWWH�XVLQJ�D�VSHFWURSKRWRPHWHU��*HQHV\V�ϮϮϰ

��6�89�9LV�� 7KHUPR� 6FLHQWLILF��� )OXRUHVFHQFH� HPLVVLRQ�H[FLWDWLRQ�PDWULFHV� �((0V��ZHUH�ϮϮϱ

REWDLQHG� XVLQJ� D� �� FP� TXDUW]� FXYHWWH� DQG� D� VSHFWURIOXRURPHWHU� �)3������� ����:� ;HQRQ�ϮϮϲ

ODPS��-DVFR��ZLWK�H[FLWDWLRQ�ZDYHOHQJWKV�UDQJLQJ IURP�����QP�WR�����QP�ZLWK�DQ�LQWHUYDO�RI�ϮϮϳ

��QP� DQG�HPLVVLRQ�ZDYHOHQJWKV�UDQJLQJ IURP�����QP�WR�����QP�ZLWK�DQ�LQWHUYDO�RI���QP��ϮϮϴ

:KHQ�89��� ZDV�KLJKHU�WKDQ���������FP��WKH�VDPSOHV�ZHUH�GLOXWHG�ZLWK�XOWUDSXUH�ZDWHU�WR�ϮϮϵ

DYRLG� LQQHU� ILOWHU� HIIHFWV� GXH� WR� DGVRUELQJ� VSHFLHV� SUHVHQW� LQ� WKH�ZDVWHZDWHU� �$OEHUWV� DQG�ϮϯϬ



��

7DNiFV���������((0V�RI�XOWUDSXUH�ZDWHU�ZHUH�VXEWUDFWHG�IURP�WKH�VDPSOH�((0V��ZKLFK�ZHUHϮϯϭ

DOVR�QRUPDOL]HG�E\�WKH�5DPDQ�SHDN�RI�XOWUDSXUH�ZDWHU��H[FLWDWLRQ�ZDYHOHQJWK�RI�����QP� WR�ϮϯϮ

REWDLQ�IOXRUHVFHQFH�GDWD� LQ�5DPDQ�XQLWV��5�8��� �/DZDHW]�DQG�6WHGPRQ���������((0V�ZHUH�Ϯϯϯ

FKDUDFWHUL]HG� E\� XVLQJ� D VHW� RI� H[FLWDWLRQ�HPLVVLRQ� ZDYHOHQJWKV� EDVHG� RQ� PD[LPXP�Ϯϯϰ

ORFDOL]DWLRQ� RI� �� VSHFLILF� 3$5$)$&� FRPSRQHQWV� �&��&��� WKDW� ZHUH� SUHYLRXVO\� REWDLQHG�Ϯϯϱ

IURP�ZDVWHZDWHU� VDPSOHV� RI� WKH� 6HLQH &HQWUH�::73� �*RIILQ� HW� DO�� ������ 7KH� LQGH[�&��Ϯϯϲ

��������� QP�� LV� UHODWHG� WR� W\URVLQH�OLNH� FRPSRXQGV�� &�� ��������� QP�� WR�Ϯϯϳ

W\URVLQH�WU\SWRSKDQ�OLNH� FRPSRXQGV�� &�� ��������� QP�� WR� WU\SWRSKDQ�OLNH� FRPSRXQGV�� &��Ϯϯϴ

���������QP�� WR�KXPLF�OLNH� FRPSRXQGV� IURP�D� UHFHQW�ELRORJLFDO� DFWLYLW\� DQG�&�� ���������Ϯϯϵ

QP��DQG�&�����������QP��WR�KXPLF�OLNH�FRPSRXQGV�ϮϰϬ

���5HVXOWV�DQG�GLVFXVVLRQϮϰϭ

�����$GVRUSWLRQ�SVHXGR�LVRWKHUPVϮϰϮ

3VHXGR�LVRWKHUPV UHSUHVHQWLQJ�WKH�VKRUW�WHUP�����PLQ��DGVRUSWLRQ�FDSDFLW\�RI�203V�LQ�HDFK�Ϯϰϯ

PDWUL[� DUH� SUHVHQWHG� LQ� )LJXUH� � DQG� WKH� EHVW�ILW LVRWKHUPV SDUDPHWHUV DUH� VXPPDUL]HG LQ�Ϯϰϰ

7DEOH� � �H[SHULPHQW� ��� 0RVW� SVHXGR�LVRWKHUPV ZHUH� FRUUHFWO\� ILWWHG� ZLWK� WKH� )UHXQGOLFK�Ϯϰϱ

HTXDWLRQ��6WXGHQW�WHVW� S�YDOXH � �����IRU�WKH�HVWLPDWHG�.) RU���Q�� ,Q�XOWUD�SXUH�ZDWHU��RQO\�Ϯϰϲ

ORUD]HSDP�FRXOG�QRW�EH�ILWWHG�E\�WKH�)UHXQGOLFK�HTXDWLRQ�EHFDXVH�QR�UHVLGXDO�FRQFHQWUDWLRQ�Ϯϰϳ

ZDV�GHWHFWHG�LQ�PRVW�ERWWOHV�DIWHU����PLQ�RI�FRQWDFW�WLPH��,Q�ZDVWHZDWHU�HIIOXHQW��GLFORIHQDF��Ϯϰϴ

LEXSURIHQ�� R[D]HSDP� DQG� UR[LWKURP\FLQ� ZHUH� QRW� FRUUHFWO\� ILWWHG� �S�YDOXH !� ����� IRU� WKH�Ϯϰϵ

HVWLPDWHG�.) RU���Q��DQG�WKHLU�)UHXQGOLFK�SDUDPHWHUV�ZHUH�WKHUHIRUH�QRW�UHSRUWHG�LQ�7DEOH���ϮϱϬ

$V� H[SHFWHG�� WKH� DGVRUSWLRQ� FDSDFLW\� �L�H�� TW YDOXH� IRU� D� JLYHQ� LQLWLDO� FRQFHQWUDWLRQ�� ZDV�Ϯϱϭ

V\VWHPDWLFDOO\�KLJKHU� LQ�XOWUD�SXUH�ZDWHU� WKDQ� LQ�ZDVWHZDWHU� HIIOXHQW� IRU�DOO�203V��DQG�DOO�ϮϱϮ

)UHXQGOLFK�FRQVWDQWV��.)��REWDLQHG�DIWHU�ILWWLQJ�WKH�GDWD�ZHUH�KLJKHU�LQ�XOWUD�SXUH�ZDWHU�WKDQ�Ϯϱϯ

LQ�ZDVWHZDWHU�HIIOXHQW�DFFRUGLQJO\��)RU�PRVW�203V��WKH�)UHXQGOLFK�LQWHQVLW\�SDUDPHWHU����Q��Ϯϱϰ



��

ZDV� DOVR� KLJKHU� LQ� ZDVWHZDWHU� HIIOXHQW WKDQ� LQ� XOWUD�SXUH� ZDWHU�� ZKLFK� VKRZV� WKDW� WKH�Ϯϱϱ

SUHVHQFH�RI�'20�PDNHV�DGVRUSWLRQ�OHVV�IDYRUDEOH��7KH�)UHXQGOLFK�LQWHQVLW\�SDUDPHWHU�ZDV�Ϯϱϲ

ORZHU�LQ�ZDVWHZDWHU�HIIOXHQW�WKDQ�LQ�XOWUD�SXUH�ZDWHU�RQO\�IRU�FDUEDPD]HSLQH�DQG�RIOR[DFLQ��Ϯϱϳ

7KLV�FRXOG�EH�GXH� WR�PRGHOOLQJ� LVVXHV�EHFDXVH�RI�DQDO\WLFDO�HUURUV�DW� VRPH�FRQFHQWUDWLRQV��Ϯϱϴ

OHDGLQJ�WR�VKLIWHG�SRLQWV�RQ�WKH�LVRWKHUP��&W DQG�TW�YDOXHV��Ϯϱϵ
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Ϯϲϱ
)LJXUH����203V�DGVRUSWLRQ�SVHXGR�LVRWKHUPV�DIWHU����PLQ�RI�FRQWDFW�WLPH�ZLWK�3$&�DQG�D�SUH�HTXLOLEULXP�RI�Ϯϲϲ
��� K� EHWZHHQ� WKH� PDWUL[� DQG� 203V� EHIRUH� DGVRUSWLRQ� �H[SHULPHQW� ���� Ɣ� 8OWUD�SXUH� ZDWHU��Ÿ�:DVWHZDWHU�Ϯϲϳ
HIIOXHQW��/LQHV�FRUUHVSRQG�WR�WKH�EHVW�ILW�REWDLQHG�E\�WKH�)UHXQGOLFK�PRGHO�Ϯϲϴ

7DEOH� ��� %HVW�ILW� LVRWKHUPV� SDUDPHWHUV� RI� 203V� DGVRUSWLRQ� DIWHU� ��� PLQ� RI� FRQWDFW� WLPH� ZLWK� 3$&� DQG� D�Ϯϲϵ
SUH�HTXLOLEULXP� RI� ��� K� EHWZHHQ� WKH�PDWUL[� DQG�203V� EHIRUH� DGVRUSWLRQ� �)UHXQGOLFK� FRQVWDQW�.)�� LQWHQVLW\�ϮϳϬ
SDUDPHWHU���Q DQG�FRHIILFLHQW�RI�GHWHUPLQDWLRQ�5� RI�WKH�PRGHO���H[SHULPHQW�����S�YDOXHV IURP�WKH�6WXGHQW�WHVW�Ϯϳϭ
DUH�JLYHQ�IRU�HDFK�SDUDPHWHU�ϮϳϮ

&RPSRXQG 0DWUL[
)UHXQGOLFK

.) ��J�PJ����J�/�
��Q S�YDOXH ��Q S�YDOXH 5ð

$FHWDPLQRSKHQ 8OWUD�SXUH�ZDWHU ���� ������ ���� ������ ����
:DVWHZDWHU�HIIOXHQW ���� ����� ���� ����� ����

$WHQRORO 8OWUD�SXUH�ZDWHU ���� ������ ���� ����� ����
:DVWHZDWHU�HIIOXHQW ���� ������ ���� ������ ����

&DUEDPD]HSLQH 8OWUD�SXUH�ZDWHU ���� ����� ���� ������ ����
:DVWHZDWHU�HIIOXHQW ���� ������ ���� ����� ����

'LFORIHQDF 8OWUD�SXUH�ZDWHU ���� ������ ���� ������ ����
:DVWHZDWHU�HIIOXHQW � � � � �

(U\WKURP\FLQ 8OWUD�SXUH�ZDWHU ���� ����� ���� ����� ����
:DVWHZDWHU�HIIOXHQW ���� ������ ���� ������ ����

,EXSURIHQ 8OWUD�SXUH�ZDWHU ���� ������ ���� ������ ����
:DVWHZDWHU�HIIOXHQW � � � � �

/RUD]HSDP 8OWUD�SXUH�ZDWHU � � � � �
:DVWHZDWHU�HIIOXHQW ���� ����� ���� ����� ����

2IOR[DFLQ 8OWUD�SXUH�ZDWHU ���� ����� ���� ����� ����
:DVWHZDWHU�HIIOXHQW ���� ����� ���� ����� ����

2[D]HSDP 8OWUD�SXUH�ZDWHU ���� ����� ���� ����� ����
:DVWHZDWHU�HIIOXHQW � � � � �

5R[LWKURP\FLQ 8OWUD�SXUH�ZDWHU ���� ����� ���� ����� ����
:DVWHZDWHU�HIIOXHQW � � � � �

6XOIDGLD]LQH 8OWUD�SXUH�ZDWHU ���� ����� ���� ������ ����
:DVWHZDWHU�HIIOXHQW ���� ����� ���� ����� ����

7ULPHWKRSULP 8OWUD�SXUH�ZDWHU ���� ������ ���� ������ ����
:DVWHZDWHU�HIIOXHQW ���� ������ ���� ������ ����

7KH�DGVRUSWLRQ�LVRWKHUP�LV�IDYRUDEOH�ZKHQ���Q � ���ZKLFK�VXJJHVWV�D�JRRG�DIILQLW\�EHWZHHQ�Ϯϳϯ

WKH�DGVRUEDWH�DQG� WKH�DGVRUEHQW� �L�H�� FKHPLVRUSWLRQ���ZKLOH� LW� LV�XQIDYRUDEOH�ZKHQ���Q !����Ϯϳϰ

WKH� ILUVW� DGVRUEDWH� PROHFXOHV� DUH� KDUGO\� DGVRUEHG� EXW� LPSURYH� WKH� DGVRUSWLRQ� RI� WKH�Ϯϳϱ
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IROORZLQJ��SUREDEO\� WKURXJK�PXOWLOD\HU�DGVRUSWLRQ� IDYRUL]HG�E\�YDQ�GHU�:DDOV� LQWHUDFWLRQV�Ϯϳϲ

�L�H�� SK\VLVRUSWLRQ��� 7KH� DGVRUSWLRQ� RI� VXOIDGLD]LQH� ZDV� XQIDYRUDEOH� ���Q  � ������ DQG� WKH�Ϯϳϳ

DGVRUSWLRQ� RI� HU\WKURP\FLQ� DQG� ORUD]HSDP� ZDV� DOPRVW� OLQHDU� ���Q  � ����� DQG� ������Ϯϳϴ

UHVSHFWLYHO\���(U\WKURP\FLQ� LV�SRVLWLYHO\�FKDUJHG�DQG�RQH�RI� WKH� ODUJHVW�PROHFXOHV��0:�!�Ϯϳϵ

����J�PRO��DQG�FRXOG�EH�PRUH�LPSDFWHG�E\�WKH�SUHVHQFH�RI�'20��L�H���E\�SRUH�EORFNDJH�DQG�ϮϴϬ

VWHULF�KLQGUDQFH���Ϯϴϭ

$WWUDFWLYH� HOHFWURVWDWLF� LQWHUDFWLRQV� ZLWK� WKH� QHJDWLYHO\� FKDUJHG� '20� ZHUH� SUREDEO\� QRW�ϮϴϮ

VXIILFLHQW�WR�FRXQWHUEDODQFH�SRUH�EORFNDJH��6XOIDGLD]LQH�LV�QHJDWLYHO\�FKDUJHG�DQG�WKXV�ZDV�Ϯϴϯ

SUREDEO\�VXEMHFWHG�WR�UHSXOVLYH�HOHFWURVWDWLF�LQWHUDFWLRQV�ZLWK�WKH�DGVRUEHG '20��DV�ZHOO�DV�Ϯϴϰ

GLFORIHQDF� DQG� LEXSURIHQ��1R�FRUUHODWLRQ�ZDV�REWDLQHG�EHWZHHQ�)UHXQGOLFK�SDUDPHWHUV�DQG�Ϯϴϱ

DQ\�SK\VLFR�FKHPLFDO�SURSHUW\�RI�WKH����203V��7DEOH���DQG�7DEOH�6����VXJJHVWLQJ�WKDW�WKH�Ϯϴϲ

DGVRUSWLRQ�RI�203V�GHSHQGV�RQ�YDULRXV�PHFKDQLVPV�DQG�SDUDPHWHUV�JRYHUQLQJ�WKHLU�DIILQLW\�Ϯϴϳ

ZLWK� WKH� 3$&�� DQG� DOVR� WKHLU� LQWHUDFWLRQV� ZLWK� WKH� '20� ERWK� SUHVHQW� LQ� VROXWLRQ� DQG�Ϯϴϴ

DGVRUEHG�DW�WKH�VXUIDFH�RI�WKH�DFWLYDWHG�FDUERQ�Ϯϴϵ

�����,QIOXHQFH�RI�WKH�FRQWDFW�WLPH�ZLWK�3$&ϮϵϬ

������'20�DGVRUSWLRQϮϵϭ

'2&�UHPRYDO�ZDV� ORZ� ����� DIWHU����PLQ�RI� DGVRUSWLRQ� DQG� FORVH� WR� YDOXHV�REWDLQHG� LQ� D�ϮϵϮ

SUHYLRXV�VWXG\��0DLOOHU�HW�DO�������E� �7DEOH����H[SHULPHQW�����7KH '2& UHPRYDO�ZDV�KLJKHU�Ϯϵϯ

DIWHU� ��� K� ������ EXW ZDV VWLOO� ORZ GHVSLWH� D� ORQJHU� FRQWDFW� WLPH� /&�2&'� DQDO\VHV� �VHH�Ϯϵϰ

)LJXUH� ��� VKRZHG� WKDW� WKH�ZDVWHZDWHU� HIIOXHQW '20 ZDV PDLQO\� FRPSRVHG� RI� KXPLF�OLNH�Ϯϵϱ

VXEVWDQFHV ������ PJ&�/��� IROORZHG� E\ ELRSRO\PHUV�� EXLOGLQJ� EORFNV� DQG� ORZ� PROHFXODU�Ϯϵϲ

ZHLJKW� QHXWUDOV �����������PJ&�/� DQG� WR� D� OHVVHU H[WHQW RI K\GURSKRELF�PROHFXOHV� ������Ϯϵϳ

PJ&�/��� 2QO\� ELRSRO\PHUV �HVSHFLDOO\� WKH� VPDOOHVW� ELRSRO\PHUV� HOXWHG� DW� ������ PLQ RI�Ϯϵϴ

UHWHQWLRQ�WLPH� ZHUH�VLJQLILFDQWO\�UHPRYHG DIWHU����PLQ�RI�DGVRUSWLRQ ��������ZKLOH�DOPRVWϮϵϵ
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QR�UHPRYDO��������ZDV�REVHUYHG�IRU�KXPLF�DFLGV��EXLOGLQJ�EORFNV�DQG�ORZ�PROHFXODU�ZHLJKW�ϯϬϬ

QHXWUDOV� 7KH�K\GURSKRELF�IUDFWLRQ��ZKLFK�LV�WKH�UHPDLQLQJ�IUDFWLRQ�RI�'2&�UHWDLQHG�RQ�WKH�ϯϬϭ

FKURPDWRJUDSKLF� FROXPQ� DQG� QRW� HOXWHG�� UHDFKHG� VLPLODU� UHPRYDO� DV� ELRSRO\PHUV ��� ����ϯϬϮ

7KHVH�UHVXOWV�VKRZ�WKDW�RQO\�VSHFLILF�'20�IUDFWLRQV�DUH DGVRUEHG�DQG�DUH�WKXV UHVSRQVLEOH�ϯϬϯ

IRU�WKH�PHFKDQLVPV�SUHYHQWLQJ�203V�DGVRUSWLRQ�DQG�RFFXUULQJ�DW�WKH�VXUIDFH�RI�WKH�$&��L�H��ϯϬϰ

FRPSHWLWLRQ� IRU� DGVRUSWLRQ� VLWHV� DQG� SRUH� EORFNDJH�� 7KH UHPRYDO� RI�PRVW�'20� IUDFWLRQV�ϯϬϱ

LQFUHDVHG� DIWHU� D� ��� K� FRQWDFW� WLPH� ZLWK� 3$&� 7KH� PRVW� DGVRUEHG� IUDFWLRQV� ZHUH� DJDLQ�ϯϬϲ

ELRSRO\PHUV� ������DQG�K\GURSKRELF�PROHFXOHV� ������� IROORZHG�E\�EXLOGLQJ�EORFNV� ������ϯϬϳ

DQG� ORZ� PROHFXODU� ZHLJKW� QHXWUDOV ������� +RZHYHU�� KXPLF� DFLGV� ZHUH� VWLOO� QRW� UHPRYHG�ϯϬϴ

���� GHVSLWH� EHLQJ� WKH�PDLQ�'20� IUDFWLRQ� 7KH� /&�2&'� HIIOXHQW� SURILOH� VKRZV� D�PXFK�ϯϬϵ

ORZHU�SURSRUWLRQ�RI�KXPLF�OLNH�VXEVWDQFHV�FRPSDUHG�WR�D�QDWXUDO�ZDWHU��6FKXO]�HW�DO��������ϯϭϬ

DQG�FRQYHQWLRQDO�ZDVWHZDWHU SURILOH��=LHW]VFKPDQQ�HW�DO�������� DQG�KXPLF�DFLG�DGVRUSWLRQ�ϯϭϭ

ZDV�PRUH�LPSRUWDQW�LQ�WKHVH�WZR VWXGLHV��7KH�ORZHU�DGVRUSWLRQ�LQ�WKLV�VWXG\�FRXOG�EH�GXH�WR�ϯϭϮ

WKH� SUHVHQFH� RI� ELRSRO\PHUV�� XQOLNH� WKH� RWKHU� VWXGLHV�� ZKLFK� DUH� PXFK� ODUJHU� DQG� FRXOG�ϯϭϯ

KLQGHU�WKH�GLIIXVLRQ�RI�KXPLF�DFLGV�WR�WKH�DGVRUSWLRQ�VLWHV��7KH�GLIIHUHQFH�LQ�3$&�XVHG�FRXOG�ϯϭϰ

DOVR�H[SODLQ�WKH�REVHUYHG�GLIIHUHQFHV�IRU�WKH�DGVRUSWLRQ�RI�KXPLF�DFLGV��SDUWLFXODUO\�WKH�SRLQW�ϯϭϱ

RI�]HUR�FKDUJH�ϯϭϲ

7DEOH����'2&��'20�IUDFWLRQV IURP�/&�2&'��89��� DQG�IOXRUHVFHQFH�LQGH[HV�UHPRYDO�DIWHU�DGVRUSWLRQ�IRU����ϯϭϳ
PLQ�DQG����K��3$&�����PJ�/� �H[SHULPHQW����ϯϭϴ

'LVVROYHG�RUJDQLF�PDWWHU�IUDFWLRQ
:DVWHZDWHU�
HIIOXHQW�OHYHO

5HPRYDO����

���PLQ ���K
'2& �����PJ&�/ � ��
%LRSRO\PHUV �����PJ&�/ �� ��
+XPLF�DFLGV �����PJ&�/ � �
%XLOGLQJ�EORFNV �����PJ&�/ � ��
/0:�QHXWUDOV �����PJ&�/ � ��
+\GURSKRELF�IUDFWLRQ �����PJ&�/ � ��
89��� ��������FP �� ��
&��± 7\URVLQH�OLNH�FRPSRXQGV �����5�8� �� ��
&��± 7\URVLQH�WU\SWRSKDQ�OLNH�
FRPSRXQGV

���� 5�8� �� ��

&��± 7U\SWRSKDQ�OLNH�FRPSRXQGV �����5�8� �� ��
&��± +XPLF�OLNH�FRPSRXQGV�IURP�D�
UHFHQW�ELRORJLFDO�DFWLYLW\�

�����5�8� �� ��
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&��± +XPLF�OLNH�FRPSRXQGV �����5�8� �� ��
&��± +XPLF�OLNH�FRPSRXQGV �����5�8� � ��

$�UHPRYDO�RI�����ZDV�REWDLQHG�IRU�89��� DIWHU����PLQ�RI�DGVRUSWLRQ��ZKLOH�WKH�LQWHQVLW\�RI�ϯϭϵ

IOXRUHVFHQFH� LQGH[HV� ZDV� VOLJKWO\� PRUH� DIIHFWHG� ��������� H[FHSW� IRU� WKH� LQGH[� &�� ������ϯϮϬ

$IWHU� ��� K� RI� DGVRUSWLRQ�� WKH� GHFUHDVH� LQ�89��� LQWHQVLW\� ������ DQG� IOXRUHVFHQFH� LQGH[HV�ϯϮϭ

��������� ZDV� LQ� DJUHHPHQW� ZLWK� WKH� KLJKHU� UHPRYDO� RI� '20� REVHUYHG� IURP� '2&� DQG�ϯϮϮ

/&�2&'�PHDVXUHPHQWV��+RZHYHU��DW�ERWK�FRQWDFW�WLPH��WKH�GHFUHDVH�LQ�89��� LQWHQVLW\�DQG�ϯϮϯ

IOXRUHVFHQFH� LQGH[HV� ZDV� SURSRUWLRQDOO\� KLJKHU� WKDQ� WKH� UHPRYDO� RI� '2&� DQG� '20�ϯϮϰ

IUDFWLRQV��(VSHFLDOO\���� IOXRUHVFHQFH� LQGH[HV�UHODWHG� WR�KXPLF�VXEVWDQFHV� �L�H���&���&���&���ϯϮϱ

H[KLELWHG�D�GHFUHDVH�KLJKHU�WKDQ�����DIWHU���K�RI�DGVRUSWLRQ�ZKLOH�RQO\����RI�KXPLF�DFLGV�ϯϮϲ

DV� DQDO\]HG� E\� /&�2&'� ZHUH� UHPRYHG�� )OXRUHVFLQJ� PROHFXOHV� UHSUHVHQW� D� YHU\� VPDOO�ϯϮϳ

SRUWLRQ� RI� WKH� '20� �:�QVFK� HW� DO��� ����� DQG� WKHVH� UHVXOWV� LQGLFDWH� WKDW� WKH\� ZHUH�ϯϮϴ

SUHIHUHQWLDOO\�DGVRUEHG�DV�FRPSDUHG�WR�WKH�EXON�RI�KXPLF�VXEVWDQFHV�ϯϮϵ

ϯϯϬ
)LJXUH� ��� /&�2&'� FKURPDWRJUDPV RI� ZDVWHZDWHU� HIIOXHQW� EHIRUH� DQG� DIWHU� DGVRUSWLRQ� IRU� ���PLQ� DQG� ��� K�ϯϯϭ
�3$&�����PJ�/���H[SHULPHQW��� ZLWK�IUDFWLRQ�LQGLFDWRUV��+XEHU�HW�DO����������/0:���ORZ�PROHFXODU�ZHLJKW�ϯϯϮ

�������203V�UHPRYDOϯϯϯ

7KH�UHPRYDO�RI�203V�E\�DFWLYDWHG�FDUERQ�ZDV�GHWHUPLQHG�DIWHU����PLQ�DQG����K�RI FRQWDFW�ϯϯϰ

WLPH�LQ�XOWUD�SXUH�ZDWHU�DQG�ZDVWHZDWHU�HIIOXHQW��7DEOH����H[SHULPHQW���� ,Q�XOWUD�SXUH�ZDWHU��ϯϯϱ
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5HWHQWLRQ�WLPH��PLQ�

:DVWHZDWHU�HIIOXHQW

$GVRUSWLRQ�� ���PLQ

$GVRUSWLRQ�� ���K

%LRSRO\PHUV

%XLOGLQJ EORFNV

+XPLF DFLGV

/0:�QHXWUDOV

/0: QHXWUDOV
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UHPRYDOV� ZHUH� LPSRUWDQW� �!� ����� DQG� VLPLODU� EHWZHHQ� ��� PLQ� DQG� ��� K� �OHVV� WKDQ� ���ϯϯϲ

GLIIHUHQFH��IRU�DOPRVW�DOO�203V ZLWK�WKH�H[FHSWLRQ�RI�GLFORIHQDF�����DQG�����DW����PLQ�DQG�ϯϯϳ

���K��UHVSHFWLYHO\��DQG�RIOR[DFLQ�����DQG������UHVSHFWLYHO\���'LFORIHQDF�DQG�RIOR[DFLQ�EHLQJ�ϯϯϴ

QHJDWLYHO\�FKDUJHG�FRPSRXQGV��WKHLU�ORZHU�UHPRYDO�DW����PLQ�ZDV�SRVVLEO\�GXH�WR�UHSXOVLYH�ϯϯϵ

HOHFWURVWDWLF LQWHUDFWLRQV�ZLWK�WKH�QHJDWLYHO\�FKDUJHG�3$&��S+S]F  �������+RZHYHU��LEXSURIHQ�ϯϰϬ

DQG�VXOIDGLD]LQH�DUH�DOVR�QHJDWLYHO\�FKDUJHG�PROHFXOHV�EXW� WKHLU� UHPRYDO�ZDV�QRW�DIIHFWHG��ϯϰϭ

ZKLFK�VXJJHVWV�WKDW�RWKHU�PHFKDQLVPV�IDYRUHG�WKHLU DGVRUSWLRQ� 2IOR[DFLQ�KDV D�KLJKHU�0:�ϯϰϮ

WKDQ� LEXSURIHQ� DQG� VXOIDGLD]LQH�� DQG� GLFORIHQDF� FRPSULVHV ODUJH� FKORULQH� DWRPV� VR�ϯϰϯ

GLIIHUHQFHV� LQ� WKH� GLIIXVLRQ� UDWHV� LQWR� WKH� DFWLYDWHG� FDUERQ� SRUHV� GXH� WR� ERWK� UHSXOVLYH�ϯϰϰ

LQWHUDFWLRQV�DQG�VWHULF�KLQGUDQFH�HIIHFWV PD\�H[SODLQ�WKH�YDULRXV�UHPRYDOV�REWDLQHG�IRU�WKHVHϯϰϱ

QHJDWLYHO\�FKDUJHG FRPSRXQGV�ϯϰϲ

7DEOH����5HPRYDO�RI�SKDUPDFHXWLFDOV�E\�DGVRUSWLRQ�RQWR�3$&�����PJ�/�� LQ�XOWUD�SXUH�ZDWHU�DQG�ZDVWHZDWHU�ϯϰϳ
HIIOXHQW�DIWHU����PLQ�DQG����K�RI�FRQWDFW�WLPH��H[SHULPHQW�����$�SUH�HTXLOLEULXP�RI����K�EHWZHHQ�WKH�PDWUL[�DQG�ϯϰϴ
203V� EHIRUH� DGVRUSWLRQ� ZDV� UHDOL]HG� 
�� UHPRYDO� FDOFXODWHG� XVLQJ� /24��� DV� 203� FRQFHQWUDWLRQ� DIWHU�ϯϰϵ
DGVRUSWLRQ�ϯϱϬ

&RPSRXQG
5HPRYDO����

8OWUD�SXUH�ZDWHU :DVWHZDWHU�HIIOXHQW

���PLQ ���K ���PLQ ���K

$FHWDPLQRSKHQ �� ��
 �� ��
$WHQRORO �� ��
 �� ��
&DUEDPD]HSLQH �� �� �� ��

'LFORIHQDF �� �� � ��
(U\WKURP\FLQ �� �� �� ��
,EXSURIHQ �� �� � ��
/RUD]HSDP ��
 ��
 �� ��
2IOR[DFLQ �� �� �� ��
2[D]HSDP ��
 ��
 � ��
5R[LWKURP\FLQ �� �� �� ��
6XOIDGLD]LQH �� ��
 �� ��
7ULPHWKRSULP �� ��
 �� ��

,Q�WKH�ZDVWHZDWHU�HIIOXHQW�DQG�DIWHU����PLQ��UHPRYDOV�ZHUH�ORZ���������H[FHSW�IRU�DWHQRORO�ϯϱϭ

DQG�FDUEDPD]HSLQH� ����DQG������ UHVSHFWLYHO\���7KHVH� ORZ�UHPRYDOV� FRXOG�EH�DWWULEXWHG� WRϯϱϮ

SRUH� EORFNDJH� DQG� FRPSHWLWLRQ� IRU� DGVRUSWLRQ� VLWHV� FDXVHG� E\� WKH� SUHVHQFH� RI� '20�ϯϱϯ

%LRSRO\PHUV��FRQVLVWLQJ�RI�YHU\� ODUJH�PROHFXOHV� �!��� N'D�� ZHUH� WKH�PDLQ�'20�IUDFWLRQ�ϯϱϰ

DGVRUEHG� RQWR� 3$&� DQG� WKXV� DUH� SRWHQWLDOO\ UHVSRQVLEOH IRU� WKH SRUH� EORFNDJH�� 7KH�ϯϱϱ
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K\GURSKRELF� IUDFWLRQ� RI� '20� ZKLFK� ZDV� DOVR� EHWWHU� DGVRUEHG� RQWR� 3$&� DQG� FDQ� EH�ϯϱϲ

FRQVLGHUHG� LQ� WKH� FDVH� RI� ZDVWHZDWHU� DV D� PL[WXUH� RI OLSLGV�� IDWW\� DFLGV� DQG�ϯϱϳ

OLSRSRO\VDFFKDULGHV� RI� YDULRXV� VL]HV� FRXOG� DOVR� EH� UHVSRQVLEOH� RI� SRUH� EORFNDJH� EXW� DOVR�ϯϱϴ

FRPSHWLWLRQ� IRU� DGVRUSWLRQ� VLWHV�� 7KH� SRVLWLYHO\� FKDUJHG� DQG� WKH� QHXWUDO� FRPSRXQGV�ZHUH�ϯϱϵ

EHWWHU�UHPRYHG�WKDQ�WKH�QHJDWLYHO\�FKDUJHG�FRPSRXQGV��DYHUDJH�UHPRYDO�RI������� DQG������ϯϲϬ

UHVSHFWLYHO\��� $V� DOUHDG\� REVHUYHG� LQ� XOWUD�SXUH� ZDWHU�� WKH� RFFXUUHQFH� RI� UHSXOVLYH�ϯϲϭ

LQWHUDFWLRQV� EHWZHHQ� DQLRQLF� 203V� DQG� WKH� QHJDWLYHO\�FKDUJHG� 3$&� VXUIDFH� FDQ� H[SODLQ�ϯϲϮ

WKHVH� UHVXOWV�� DQG� WKHVH� LQWHUDFWLRQV� FDQ� EH� LQWHQVLILHG� E\� WKH� QHJDWLYHO\�FKDUJHG� '20�ϯϲϯ

DGVRUEHG� RQWR� 3$&�� &RQYHUVHO\�� WKH� EHWWHU� DGVRUSWLRQ� RI� DWHQRORO� �SUHVHQWLQJ� D� SRVLWLYH�ϯϲϰ

FKDUJH DW� WKH� S+� RI� WKH�ZDVWHZDWHU� HIIOXHQW�� FRXOG� EH� DWWULEXWHG� WR� DWWUDFWLYH� HOHFWURVWDWLF�ϯϲϱ

LQWHUDFWLRQV�ZLWK�WKH�QHJDWLYHO\�FKDUJHG�3$&�VXUIDFH DQG�WKH�DGVRUEHG�'20��(U\WKURP\FLQ�ϯϲϲ

DQG� UR[LWKURP\FLQ�ZHUH� DJDLQ� SRRUO\� UHPRYHG�EHFDXVH�RI� VWHULF� KLQGUDQFH ZLWK� WKH�'20�ϯϲϳ

DGVRUEHG�LQ WKH�3$&�SRUHV�ϯϲϴ

$IWHU����K��WKH�UHPRYDO�RI�DOO�203V LQFUHDVHG�DQG�WKH�KLJKHVW�UHPRYDOV��UDQJLQJ�IURP����WR�ϯϲϵ

����� ZHUH� DFKLHYHG� IRU� DWHQRORO�� FDUEDPD]HSLQH�� HU\WKURP\FLQ�� RIOR[DFLQ�� UR[LWKURP\FLQ�ϯϳϬ

DQG� WULPHWKRSULP�� ZKLFK� LQGLFDWHV� WKDW�� DV� H[SHFWHG�� ��� PLQ� RI� FRQWDFW� WLPH� ZDV� QRW�ϯϳϭ

VXIILFLHQW�WR�UHDFK�WKH�HTXLOLEULXP� 7KH�GLIIHUHQFH�EHWZHHQ�DGVRUSWLRQ�UDWHV�DW����PLQ�DQG����ϯϳϮ

K�VXJJHVWV�WKDW� IRU�WKHVH���FRPSRXQGV� WKH�QHJDWLYH�HIIHFW�RI�'20�ZDV�QHJOLJLEOH�DQG�WKDW�ϯϳϯ

WKH� DGVRUEHG� IUDFWLRQV� RI� '20� �ZKLFK� VKRXOG� H[DFHUEDWH� KLJKHU� SRUH� EORFNDJH� DQG�ϯϳϰ

FRPSHWLWLRQ�IRU DGVRUSWLRQ�VLWHV��GLG�QRW�SUHYHQW�WKHLU�DGVRUSWLRQ�LQ�WKH�ORQJ�WHUP��7KH�DFFHVV�ϯϳϱ

WR� DGVRUSWLRQ� VLWHV ZDV� WKXV� QRW� WRWDOO\� SUHYHQWHG� E\�'20 DQG� QR� FRPSHWLWLRQ� LQVLGH� WKH�ϯϳϲ

SRUHV� RFFXUUHG� LQ� WKH� ORQJ� WHUP�� $QRWKHU� SRVVLEOH� PHFKDQLVP� LV� WKH� IRUPDWLRQ� RI� '20�ϯϳϳ

203V�FRPSOH[HV�WKDW�DUH�SURJUHVVLYHO\�DGVRUEHG�RQWR WKH�3$&�VXUIDFH� 3RUH�EORFNDJH�ZDV�ϯϳϴ

WKXV� WKH�PDLQ�QHJDWLYH�HIIHFW�RI�'20� LQKLELWLQJ� WKH�DGVRUSWLRQ�RI� WKHVH�203V DW����PLQ��ϯϳϵ

ZKLFK�ZDV�ILQDOO\�FRXQWHUEDODQFHG�E\�WKHLU�VORZ�GLIIXVLRQ�HLWKHU�WKURXJK�WKH�DGVRUEHG�'20�ϯϴϬ
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RU� LQVLGH� 3$&� SRUHV� 7KH� UHPRYDO� RI� WKH� �� RWKHU� 203V ZDV� ORZHU� ZKLFK� LQGLFDWHV� WKDW�ϯϴϭ

'20�VWLOO�KDG�D�QHJDWLYH�HIIHFW�RQ�WKHLU�DGVRUSWLRQ��HLWKHU�E\�SRUH�EORFNDJH��FRPSHWLWLRQ�IRU�ϯϴϮ

DGVRUSWLRQ�VLWHV��RU�HOHFWURVWDWLF�UHSXOVLRQ�IURP�'20�PRLHWLHV��7KH�SRVLWLYHO\�FKDUJHG�DQG�ϯϴϯ

WKH� QHXWUDO� FRPSRXQGV� ZHUH� EHWWHU� UHPRYHG� WKDQ� WKH� QHJDWLYHO\� FKDUJHG� FRPSRXQGV�ϯϴϰ

�DYHUDJH� UHPRYDO�RI��������DQG������ UHVSHFWLYHO\���(U\WKURP\FLQ�DQG� UR[LWKURP\FLQ�ZHUH�ϯϴϱ

ZHOO� UHPRYHG� GHVSLWH� WKHLU� VL]H�� SUREDEO\� EHFDXVH� RI� DWWUDFWLYH� LQWHUDFWLRQV� ZLWK� ERWK� WKH�ϯϴϲ

DGVRUEHG�'20�DQG�WKH�3$& UDWKHU�WKDQ�GLIIXVLRQ�LQWR�WKH�3$&�SRUHV��2Q�WKH�FRQWUDU\��ORZ�ϯϴϳ

UHPRYDOV� �UDQJLQJ� IURP� ��� WR� ����� ZHUH� VWLOO� REVHUYHG� IRU� WKH� QHJDWLYHO\� FKDUJHG�ϯϴϴ

FRPSRXQGV� �GLFORIHQDF�� LEXSURIHQ� DQG� VXOIDGLD]LQH�� DQG� PD\� EH� DWWULEXWHG� WR� UHSXOVLYH�ϯϴϵ

HOHFWURVWDWLF� LQWHUDFWLRQV� ZLWK� ERWK� WKH� DGVRUEHG� '20� DQG� WKH� 3$&� LQ� DGGLWLRQ� WR�ϯϵϬ

FRPSHWLWLRQ�IRU�DGVRUSWLRQ�VLWHV��(YHQ�DIWHU�D�ORQJHU�FRQWDFW�WLPH��WKH�SUHVHQFH�RI�'20�KDG�ϯϵϭ

D� KLJKHU� QHJDWLYH� HIIHFW� RQ� WKH� DGVRUSWLRQ� RI� QHJDWLYHO\� FKDUJHG� FRPSRXQGV�� 'HVSLWH� LWV�ϯϵϮ

SUHGRPLQDQW� QHJDWLYH� FKDUJH�� RIOR[DFLQ�ZDV�ZHOO� UHPRYHG� LQ� WKH� SUHVHQFH� RI�'20� �����ϯϵϯ

DIWHU����K��DQG�LW�FRXOG�EH�GXH�WR�LQWHUDFWLRQV�ZLWK�'20�IDYRUHG�E\�LWV�KLJK�SRODU�VXUIDFH�ϯϵϰ

DQG�QXPEHU�RI�SRVVLEOH� K\GURJHQ�ERQGV� LQ� FRPSDULVRQ� WR�RWKHU�QHJDWLYH�203V��1R� WUHQG�ϯϵϱ

ZDV�REVHUYHG�EHWZHHQ�WKH�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�RI�QHXWUDO�SKDUPDFHXWLFDOV�DQG�ϯϵϲ

WKHLU�UHPRYDOV�DIWHU����PLQ�DQG����K�ϯϵϳ

�����,QIOXHQFH�RI�WKH�SUH�HTXLOLEULXP EHWZHHQ�'20�DQG�203V�RQ�DGVRUSWLRQϯϵϴ

7KH�UHPRYDO�RI�203V E\�DGVRUSWLRQ�RQWR�3$&�IRU����PLQ�DQG����K�ZDV�H[DPLQHG�ZLWK�DQG�ϯϵϵ

ZLWKRXW�D�SUH�HTXLOLEULXP�WLPH�RI����K�EHWZHHQ�WKH�ZDVWHZDWHU�HIIOXHQW DQG�203V �7DEOH���ϰϬϬ

�H[SHULPHQW���� 7KH��� K�SUH�HTXLOLEULXP�EHWZHHQ�'20�DQG�203V�LQFUHDVHG WKH�UHPRYDO�RI�ϰϬϭ

DOO� 203V DIWHU� ��� PLQ� RI� DGVRUSWLRQ�� 7KH� LQFUHDVH� ZDV� SDUWLFXODUO\� KLJK� IRU� ORUD]HSDP�ϰϬϮ

������� EXW� DOVR� DFHWDPLQRSKHQ� �������� GLFORIHQDF� ������� DQG� UR[LWKURP\FLQ� ��������ϰϬϯ

ZKLFK�ZHUH� SRRUO\� RU� QRW� UHPRYHG�ZLWKRXW� SUHFRQWDFW� ZLWK� '20� ��������� $� VLJQLILFDQW�ϰϬϰ

LQFUHDVH� ZDV� REVHUYHG� IRU� DWHQRORO� �������� HU\WKURP\FLQ� �������� LEXSURIHQ� ��������ϰϬϱ
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R[D]HSDP��������� VXOIDGLD]LQH� �������DQG� WULPHWKRSULP���������7KHVH�203V�ZHUH�DOVR�ϰϬϲ

SRRUO\� UHPRYHG�ZLWKRXW� D� SUH�HTXLOLEULXP�ZLWK�'20� �������� H[FHSW� DWHQRORO� ������ DQG�ϰϬϳ

WULPHWKRSULP� ������� +RZHYHU�� WKH� SUH�HTXLOLEULXP ZLWK� '20� KDG� OLWWOH� LPSDFW� RQ� WKH�ϰϬϴ

UHPRYDO� RI� FDUEDPD]HSLQH� ������ DQG� RIOR[DFLQ� ����� ZKLFK�ZHUH� DOUHDG\�ZHOO� DGVRUEHG�ϰϬϵ

ZLWKRXW�D�SUH�HTXLOLEULXP ZLWK�'20�����DQG�������UHVSHFWLYHO\�� 7KRVH�UHVXOWV�FRQILUP�WKDW�ϰϭϬ

203V�DQG�'20�LQWHUDFWHG�LQ�VROXWLRQ��6XFK�DVVRFLDWLRQ�EHWZHHQ�203V�DQG�'20��WKURXJK�ϰϭϭ

K\GURSKRELF�� K\GURJHQ� ERQGLQJ�� YDQ� GHU� :DDOV� RU� GLSROH�GLSROH� LQWHUDFWLRQV�� KDV� EHHQ�ϰϭϮ

H[WHQVLYHO\�VWXGLHG��HVSHFLDOO\�ZLWK�QDWXUDO�RUJDQLF�PDWWHU��&DXSRV�HW�DO���������+HUQDQGH]�ϰϭϯ

5XL]� HW� DO��� ������0RWW�� ������� ,WV� LQIOXHQFH� RQ� WKH� DGVRUSWLRQ� RI�203V�� VSHFLILFDOO\� RQWR�ϰϭϰ

DFWLYDWHG� FDUERQ�� LV� KRZHYHU� VFDUFHO\� GRFXPHQWHG� 6RPH� VWXGLHV� GHPRQVWUDWHG� WKDW�'20�ϰϭϱ

SUHYHQW�WKH�DGVRUSWLRQ�RI�RUJDQLF�FRPSRXQGV�RQ�ULYHU�RU�ZDVWHZDWHU�SDUWLFOHV�EXW�WKLV�HIIHFW�ϰϭϲ

FRXOG� QRW� EH� DWWULEXWHG� WR� HLWKHU� '20�203� DVVRFLDWLRQ� LQ� VROXWLRQ� RU� WR� FRPSHWLWLYH�ϰϭϳ

DGVRUSWLRQ� �+DVVHWW� DQG� $QGHUVRQ�� ������� 7KH� FR�DGVRUSWLRQ� RI� '20� DQG� K\GURSKRELF�ϰϭϴ

RUJDQLF�FRPSRXQGV�KDV�EHHQ�UHSRUWHG�DW�WKH�VXUIDFH�RI�PLQHUDO�PDWHULDOV��H�J��FOD\��NDROLQLWH��ϰϭϵ

DQG�IRXQG�WR�EH�HQKDQFHG�E\�LRQLF�VWUHQJWK��L�H��WKH�SUHVHQFH�RI�GLYDOHQW�FDWLRQV�� �%UXQN�HW�ϰϮϬ

DO���������:X�HW�DO����������2QH�VWXG\�UHSRUWHG�WKH�HQKDQFHG�DGVRUSWLRQ�RI�SHQWDFKORURSKHQRO�ϰϮϭ

E\�3$&�DIWHU�D���GD\�SUH�HTXLOLEULXP�ZLWK�IXOYLF�DFLGV��ZKLFK�ZDV�DWWULEXWHG�WR�ELQGLQJ�DW�ϰϮϮ

WKH� VXUIDFH� RI� 3$&� RU� WR� WKH� PRGLILFDWLRQ� RI� 3$&� VXUIDFH� SURSHUWLHV� E\� IXOYLF� DFLG�ϰϮϯ

DGVRUSWLRQ��/DIUDQFH�HW� DO����������2XU� UHVXOWV�GHPRQVWUDWH� WKDW� WKH�'20�203�FRPSOH[HV�ϰϮϰ

IRUPHG�DIWHU�VRPH�SUH�HTXLOLEUDWLRQ�WLPH FRXOG�EH�VXEVHTXHQWO\�DGVRUEHG�RQWR�WKH�3$&��7KH�ϰϮϱ

SUH�HTXLOLEULXP� ZLWK� '20� WKXV� EDODQFHV� WKH� QHJDWLYH� HIIHFWV� FDXVHG� E\� '20� SUHVHQFH�ϰϮϲ

)XUWKHU� LQYHVWLJDWLRQV� ZRXOG� EH� QHHGHG� WR� GHWHUPLQH� WKH� SRWHQWLDO� UROH� RI� LQRUJDQLF� LRQV�ϰϮϳ

SUHVHQW� LQ�ZDVWHZDWHU�HIIOXHQWV�RQ� WKH� IRUPDWLRQ�RI� WKHVH�'20�203�FRPSOH[HV�DQG� WKHLU�ϰϮϴ

DGVRUSWLRQ�ϰϮϵ
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7KH� SUHFRQWDFW� RI� ��� K� EHWZHHQ�'20�DQG�203V� KDG� QR� LPSDFW� RQ� WKH� UHPRYDO� RI�PRVW�ϰϯϬ

203V�DIWHU����K RI� DGVRUSWLRQ��$Q� LQFUHDVH�ZDV�RQO\�REVHUYHG� IRU� LEXSURIHQ� ������� DQG�ϰϯϭ

VXOIDGLD]LQH��������DQG�LQ�D�OHVVHU�H[WHQW�IRU�ORUD]HSDP�������DQG�UR[LWKURP\FLQH��������ϰϯϮ

7KH�UHPRYDO�RI�WKHVH���203V�DIWHU����K�RI�DGVRUSWLRQ�DQG�ZLWKRXW�D�SUHFRQWDFW�ZLWK�'20�ϰϯϯ

ZDV� ORZ� ��������� LQ� FRPSDULVRQ� WR� WKH� RWKHU� 203V� ���������� ZKLFK� GLGQ¶W� QHHG�ϰϯϰ

LQWHUDFWLRQV ZLWK�'20�WR�EH�ZHOO�DGVRUEHG�ϰϯϱ

7KHVH� UHVXOWV� VXJJHVW� WKDW� WKH� SUHFRQWDFW� WLPH�EHWZHHQ�'20�DQG�203V� RFFXUULQJ� GXULQJ�ϰϯϲ

VHZHU� WUDQVIHU�DQG� LQVLGH�::73V� WKHUHIRUH� WKH�SURFHVVHV�XVHG�IRU�SULPDU\�DQG�ELRORJLFDO�ϰϯϳ

WUHDWPHQW�� FRXOG�KDYH�DQ� LPSDFW�RQ�203V� UHPRYDO�E\�DFWLYDWHG�FDUERQ�DGVRUSWLRQ��'20�ϰϯϴ

203V�FRPSOH[HV�FRXOG�DOVR�EH�IRUPHG�DW� WKH�VXUIDFH�RI� WKH�3$&�DIWHU�ORQJ�FRQWDFW� WLPHV��ϰϯϵ

DOORZLQJ�WKH�KLJK�UHPRYDOV�REWDLQHG�DIWHU���K�HYHQ�ZLWKRXW�WKH���K�SUH�HTXLOLEULXP��7KHVH�ϰϰϬ

UHVXOWV�DOVR�LPSO\�WKDW�D�SUH�HTXLOLEULXP�WLPH�EHWZHHQ�'20�DQG�203V�PD\�EH�QHFHVVDU\�LQ�ϰϰϭ

ODERUDWRU\�H[SHULPHQWV�ZKHQ�203V�DUH�VSLNHG��H�J��DGVRUSWLRQ�LVRWKHUPV��LQ�RUGHU�WR�KDYH�ϰϰϮ

VLPLODU�'20�203V�LQWHUDFWLRQV�WR�ZKDW�FDQ�EH�H[SHFWHG�LQ�ZDVWHZDWHU�HIIOXHQWV�ϰϰϯ

7DEOH����5HPRYDO�RI�SKDUPDFHXWLFDOV��LQLWLDO�FRQFHQWUDWLRQ UDQJH������������J�/� 7DEOH�6���E\�DGVRUSWLRQ�RQWR�ϰϰϰ
3$&�����PJ�/��ZLWK�RU�ZLWKRXW�D�SUH�HTXLOLEULXP WLPH�RI����K�EHWZHHQ�ZDVWHZDWHU�HIIOXHQW�DQG�203V�DIWHU����ϰϰϱ
PLQ�DQG����K�RI�FRQWDFW�WLPH �H[SHULPHQW����ϰϰϲ

&RPSRXQG
5HPRYDO����

:LWKRXW ���K SUHFRQWDFW :LWK����K�SUHFRQWDFW

���PLQ ���K ���PLQ ���K

$FHWDPLQRSKHQ � �� �� ��
$WHQRORO �� �� �� ��
&DUEDPD]HSLQH �� �� �� ��
'LFORIHQDF �� �� �� ��
(U\WKURP\FLQ �� �� �� ��
,EXSURIHQ � �� �� ��
/RUD]HSDP � �� �� ��
2IOR[DFLQ �� �� �� ��
2[D]HSDP �� �� �� ��
5R[LWKURP\FLQ � �� �� ��
6XOIDGLD]LQH � �� �� ��
7ULPHWKRSULP �� �� �� ��

���&RQFOXVLRQϰϰϳ
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x $GVRUSWLRQ�SVHXGR�LVRWKHUPV�VKRZHG��DV�H[SHFWHG� WKDW�203V DGVRUSWLRQ ZDV�KLJKHU�ϰϰϴ

LQ�XOWUD�SXUH ZDWHU WKDQ LQ�ZDVWHZDWHU�HIIOXHQW�GXH�WR�WKH�SUHVHQFH�RI�'20�OHDGLQJ�WR�ϰϰϵ

SRUH� EORFNDJH� DQG� FRPSHWLWLRQ� IRU� DGVRUSWLRQ� VLWHV�� 9DULRXV� PROHFXODU� SURSHUWLHV�ϰϱϬ

�H�J�� FKDUJH�� 0:�� VROXELOLW\�� K\GURSKRELFLW\�� DUH� LQYROYHG� LQ� WKH� DGVRUSWLRQ�ϰϱϭ

PHFKDQLVPV�RI�203V�� OHDGLQJ� WR�GLIIHUHQFHV� LQ� WKH�DGVRUSWLRQ�FDSDFLW\�RI�GLIIHUHQW�ϰϱϮ

203V�ϰϱϯ

x /&�2&'� DQDO\VLV UHYHDOHG WKDW� ELRSRO\PHUV DQG� K\GURSKRELF� PROHFXOHV ZHUH� WKH�ϰϱϰ

WZR�PDMRU�IUDFWLRQV�RI�'20�DGVRUEHG�RQ�WKH�3$&��a ����DIWHU���K�� 2WKHU�IUDFWLRQV�ϰϱϱ

ZHUH�DGVRUEHG�DIWHU�D�FRQWDFW�WLPH�RI����K��a �����H[FHSW�KXPLF�DFLGV�GHVSLWH�EHLQJ�ϰϱϲ

WKH� PDLQ� '20� IUDFWLRQ�� 7KH� UHPRYDO� RI� '20� DV� DQDO\]HG� E\� 89��� DQG�ϰϱϳ

IOXRUHVFHQFH�LQGH[HV ZDV�KLJKHU�WKDQ�WKH�UHPRYDO�FDOFXODWHG�IURP�/&�2&'�DQDO\VHV��ϰϱϴ

ZKLFK� FRXOG� EH H[SODLQHG� E\� GLIIHUHQW� DGVRUSWLRQ� EHKDYLRUV EHWZHHQ� WKH�ϰϱϵ

VSHFWURVFRSLFDOO\�DFWLYH�'20�DQG�WKH�QRQ�DFWLYH�RQH�ϰϲϬ

x 7KH�SUHVHQFH�RI�'20�KDG�D QHJDWLYH� LPSDFW�RQ� WKH� UHPRYDO�RI� DOO�203V�DIWHU����ϰϲϭ

PLQ� RI� DGVRUSWLRQ�� EXW� VLPLODU� UHPRYDOV� WR� XOWUD�SXUH� ZDWHU� ZHUH� REWDLQHG� DIWHU� D�ϰϲϮ

FRQWDFW� WLPH�RI����K� IRU���203V� $ VXIILFLHQW� FRQWDFW� WLPH ZDV� WKXV� DEOH� WR� DOORZ�ϰϲϯ

KLJK�UHPRYDOV�RI�WKHVH 203V�GHVSLWH�DQ�LQFUHDVH�RI�'20�DGVRUSWLRQ��HLWKHU�E\�VORZ�ϰϲϰ

GLIIXVLRQ�RI�203V�WKURXJK�WKH�DGVRUEHG�'20�RU�WKH�3$&�SRUHV��$QRWKHU�SRVVLEOH�ϰϲϱ

PHFKDQLVP� LV� WKH� IRUPDWLRQ� RI� '20�203V� FRPSOH[HV� WKDW� DUH� SURJUHVVLYHO\�ϰϲϲ

DGVRUEHG�DW�WKH 3$& VXUIDFH� &RPSHWLWLRQ�IRU�DGVRUSWLRQ�VLWHV LV WKXV�QRW�DOZD\V�WKH�ϰϲϳ

PDLQ�QHJDWLYH�HIIHFW�LQ WKH�SUHVHQFH�RI�'20� 3RUH�EORFNDJH��GXH�WR�WKH�DGVRUSWLRQ�RI�ϰϲϴ

ELRSRO\PHUV��K\GURSKRELF PROHFXOHV�RI�'20��ILUVW�VWURQJO\�SUHYHQWV�WKH�DGVRUSWLRQ�ϰϲϵ

RI�203V�� EXW� LV� FRPSHQVDWHG� DW� ORQJHU� FRQWDFW� WLPHV� E\� WKH� SRWHQWLDO�PHFKDQLVPV�ϰϳϬ

GHVFULEHG�DERYH�ϰϳϭ
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x 203V�FKDUJH KDG�DQ�LPSDFW�RQ�WKHLU�DGVRUSWLRQ ERWK�LQ�WKH�SUHVHQFH�DQG�DEVHQFH�RI�ϰϳϮ

'20�� 7KH DGVRUSWLRQ� UDWH RI� QHJDWLYHO\� FKDUJHG� FRPSRXQGV LQ� WKH� SUHVHQFH� RI�ϰϳϯ

ZDVWHZDWHU� HIIOXHQW�ZDV� UHGXFHG�GXH WR� UHSXOVLYH� HOHFWURVWDWLF� LQWHUDFWLRQV ZLWK� WKH�ϰϳϰ

DGVRUEHG� '20� DQG� WKH� 3$&� VXUIDFH� �L�H� ERWK� QHJDWLYHO\� FKDUJHG��� 3RVLWLYHO\�ϰϳϱ

FKDUJHG� FRPSRXQGV� ZHUH� JOREDOO\� EHWWHU� DGVRUEHG�� SRVVLEO\ GXH� WR� DWWUDFWLYH�ϰϳϲ

HOHFWURVWDWLF� LQWHUDFWLRQV�� EXW� VWHULF� KLQGUDQFH� KLQGHUHG� WKH� DGVRUSWLRQ UDWH� RI� VRPH�ϰϳϳ

ODUJH�PROHFXOHV�ϰϳϴ

x $�SUH�HTXLOLEULXP RI� ��� K� EHWZHHQ�203V� DQG�'20� LPSURYHG� WKHLU� UHPRYDO� RQWRϰϳϵ

3$&��ZKLFK�FRQILUP WKDW�203V�DQG�'20�LQWHUDFW� LQ�VROXWLRQ��7KHVH UHVXOWV�DUH� LQ�ϰϴϬ

DFFRUGDQFH� ZLWK� WKH� IRUPDWLRQ� RI� '20�203V� FRPSOH[HV� LQ� VROXWLRQ� ZKLFK�ϰϴϭ

LQFUHDVHG�WKH�RYHUDOO�UHPRYDO�RI�203V��HVSHFLDOO\�DW�VKRUW�FRQWDFW�WLPHV�ϰϴϮ

x $GGLWLRQDO� VWXGLHV� VKRXOG� EH� FRQGXFWHG� WR� LGHQWLI\ WKH� QDWXUH� RI� WKH� LQWHUDFWLRQV�ϰϴϯ

EHWZHHQ� '20� DQG� 203V�� WR� GHWHUPLQH� WKH� LQIOXHQFH� RI� YDULRXV� SUH�HTXLOLEULXP�ϰϴϰ

WLPHV��L�H��D�NLQHWLF�VWXG\��EHWZHHQ�'20�DQG�203V�DQG�RSWLPDO�FRQGLWLRQV�RI�SUH�ϰϴϱ

HTXLOLEULXP�DQG�DGVRUSWLRQ�FRQWDFW� WLPHV�� DV�ZHOO� DV� WKH� LQIOXHQFH�RI�'20�TXDOLW\�ϰϴϲ

�L�H� ZDVWHZDWHU� IURP� DFWLYDWHG� VOXGJHV�� ELRILOWHUV�� PHPEUDQH� ELRUHDFWRUV�� DQG�ϰϴϳ

IUDFWLRQV� �H�J�� ELRSRO\PHUV� RU� K\GURSKRELF� PROHFXOHV��� DQG� WKH� SRWHQWLDO� UROH� RI�ϰϴϴ

LQRUJDQLF�LRQV��H�J��GLYDOHQW�FDWLRQV��ϰϴϵ

$FNQRZOHGJPHQWVϰϵϬ

7KLV� VWXG\�KDV�EHHQ�SHUIRUPHG�ZLWKLQ� WKH� IUDPHZRUN�RI� WKH�2385�UHVHDUFK�SURJUDP� 7KH�ϰϵϭ

DXWKRUV�ZRXOG�OLNH�WR�WKDQN�&pOLQH�%ULDQG��6,$$3��DQG�0DUWLQ�0DUpFKDO��/((68��IRU�WKHLU�ϰϵϮ

KHOS�LQ�WKH�ODERUDWRU\� %DUEDUD�*LURXG��,6$���WKH�6,$$3�ODERUDWRU\�DQG�'2&�/DERU�IRU�WKH�ϰϵϯ

FKHPLFDO�DQDO\VHV�ϰϵϰ

5HIHUHQFHVϰϵϱ
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$OEHUWV��-�-���7DNiFV��0���������&RPSDULVRQ�RI�WKH�QDWXUDO�IOXRUHVFHQFH�GLVWULEXWLRQ�DPRQJ�ϰϵϲ
VL]H�IUDFWLRQV�RI�WHUUHVWULDO�IXOYLF�DQG�KXPLF�DFLGV�DQG�DTXDWLF�QDWXUDO�RUJDQLF�PDWWHU��ϰϵϳ
2UJ��*HRFKHP����������±������KWWSV���GRL�RUJ���������M�RUJJHRFKHP������������ϰϵϴ

$OWPDQQ��-���5XKO��$�6���=LHW]VFKPDQQ��)���-HNHO��0���������'LUHFW�FRPSDULVRQ�RI�R]RQDWLRQ�ϰϵϵ
DQG�DGVRUSWLRQ�RQWR�SRZGHUHG�DFWLYDWHG�FDUERQ�IRU�PLFURSROOXWDQW�UHPRYDO�LQ�ϱϬϬ
DGYDQFHG�ZDVWHZDWHU�WUHDWPHQW��:DWHU�5HV���������±�����ϱϬϭ
KWWSV���GRL�RUJ���������M�ZDWUHV������������ϱϬϮ

$OYHV��7�&���&DEUHUD�&RGRQ\��$���%DUFHOy��'���5RGULJXH]�0R]D]��6���3LQKHLUR��$���*RQ]DOH]�ϱϬϯ
2OPRV��5���������,QIOXHQFLQJ�IDFWRUV�RQ�WKH�UHPRYDO�RI�SKDUPDFHXWLFDOV�IURP�ZDWHU�ϱϬϰ
ZLWK�PLFUR�JUDLQ�DFWLYDWHG�FDUERQ��:DWHU�5HV��ϱϬϱ
KWWSV���GRL�RUJ���������M�ZDWUHV������������ϱϬϲ

%DW\��)���5LW]��&���&KDUOHV��6���%UXWVFKH��0���)ODQGURLV��-��3���'HOLJQHWWH�0XOOHU��0��/���������ϱϬϳ
$�WRROER[�IRU�QRQOLQHDU�UHJUHVVLRQ�LQ�5��WKH�SDFNDJH�QOVWRROV��-��6WDW��6RIWZ�������±ϱϬϴ
���ϱϬϵ

%RXUJLQ��0���%HFN��%���%RHKOHU��0���%RURZVND��(���)OHLQHU��-���6DOKL��(���7HLFKOHU��5���YRQ�ϱϭϬ
*XQWHQ��8���6LHJULVW��+���0F$UGHOO��&�6���������(YDOXDWLRQ�RI�D�IXOO�VFDOH�ZDVWHZDWHU�ϱϭϭ
WUHDWPHQW�SODQW�XSJUDGHG�ZLWK�R]RQDWLRQ�DQG�ELRORJLFDO�SRVW�WUHDWPHQWV��$EDWHPHQW�ϱϭϮ
RI�PLFURSROOXWDQWV��IRUPDWLRQ�RI�WUDQVIRUPDWLRQ�SURGXFWV�DQG�R[LGDWLRQ�E\�SURGXFWV��ϱϭϯ
:DWHU�5HV����������±�����KWWSV���GRL�RUJ���������M�ZDWUHV������������ϱϭϰ

%UXQN��%�.���-LUND��*�+���/LRQ��/�:���������(IIHFWV�RI�VDOLQLW\�FKDQJHV�DQG�WKH�IRUPDWLRQ�RI�ϱϭϱ
GLVVROYHG�RUJDQLF�PDWWHU�FRDWLQJV�RQ�WKH�VRUSWLRQ�RI�SKHQDQWKUHQH��,PSOLFDWLRQV�IRU�ϱϭϲ
SROOXWDQW�WUDSSLQJ�LQ�HVWXDULHV��(QYLURQ��6FL��7HFKQRO���������±����ϱϭϳ

&DXSRV��(���7RXIIHW��$���0D]HOOLHU��3���&URXH��-��3���������3DUWLWLRQLQJ�RI�WKH�SHVWLFLGH�ϱϭϴ
WULIOXUDOLQ�EHWZHHQ�GLVVROYHG�RUJDQLF�PDWWHU�DQG�ZDWHU�XVLQJ�DXWRPDWHG�630(�ϱϭϵ
*&�06��(QYLURQ��6FL��3ROOXW��5HV����������±������KWWSV���GRL�RUJ���������V������ϱϮϬ
����������ϱϮϭ

&RXUWLHU��$���&DGLHUH��$���5RLJ��%���������+XPDQ�SKDUPDFHXWLFDOV� :K\�DQG�KRZ�WR�UHGXFH�ϱϮϮ
WKHLU�SUHVHQFH�LQ�WKH�HQYLURQPHQW��&XUU��2SLQ��*UHHQ�6XVWDLQ��&KHP��������±����ϱϮϯ
KWWSV���GRL�RUJ���������M�FRJVF������������ϱϮϰ

GH�5LGGHU��'�-���9HUOLHIGH��$�5�'���+HLMPDQ��6�*�-���9HUEHUN��-�4�-�&���5LHWYHOG��/�&���YDQ�ϱϮϱ
GHU�$D��/�7�-���$P\��*�/���YDQ�'LMN��-�&���������,QIOXHQFH�RI�QDWXUDO�RUJDQLF�PDWWHU�ϱϮϲ
RQ�HTXLOLEULXP�DGVRUSWLRQ�RI�QHXWUDO�DQG�FKDUJHG�SKDUPDFHXWLFDOV�RQWR�DFWLYDWHG�ϱϮϳ
FDUERQ��:DWHU�6FL��7HFKQRO�����������KWWSV���GRL�RUJ���������ZVW���������ϱϮϴ

GH�5LGGHU��'�-���9LOODFRUWH��/���9HUOLHIGH��$�5�'���9HUEHUN��-�4�-�&���+HLMPDQ��6�*�-���$P\��ϱϮϵ
*�/���YDQ�'LMN��-�&���������0RGHOLQJ�HTXLOLEULXP�DGVRUSWLRQ�RI�RUJDQLF�ϱϯϬ
PLFURSROOXWDQWV�RQWR�DFWLYDWHG�FDUERQ��:DWHU�5HV����������±������ϱϯϭ
KWWSV���GRL�RUJ���������M�ZDWUHV������������ϱϯϮ

'HVELROOHV��)���0DOOHUHW��/���7LOLDFRV��&���:RQJ�:DK�&KXQJ��3���/DIIRQW�6FKZRE��,���������ϱϯϯ
2FFXUUHQFH�DQG�HFRWR[LFRORJLFDO�DVVHVVPHQW�RI�SKDUPDFHXWLFDOV��,V�WKHUH�D�ULVN�IRU�ϱϯϰ
WKH�0HGLWHUUDQHDQ�DTXDWLF�HQYLURQPHQW"�6FL��7RWDO�(QYLURQ�����������±������ϱϯϱ
KWWSV���GRL�RUJ���������M�VFLWRWHQY������������ϱϯϲ

)UHXQGOLFK��+���������hEHU�GLH�$GVRUSWLRQ�LQ�/|VXQJHQ��=��)�U�3K\V��&KHP���������±����ϱϯϳ
*RIILQ��$���*XpULQ��6���5RFKHU��9���9DUUDXOW��*���������7RZDUGV�D�EHWWHU�FRQWURO�RI�WKH�ϱϯϴ

ZDVWHZDWHU�WUHDWPHQW�SURFHVV��H[FLWDWLRQ�HPLVVLRQ�PDWUL[�IOXRUHVFHQFH�VSHFWURVFRS\�ϱϯϵ
RI�GLVVROYHG�RUJDQLF�PDWWHU�DV�D�SUHGLFWLYH�WRRO�RI�VROXEOH�%2'��LQ�LQIOXHQWV�RI�VL[�ϱϰϬ
3DULVLDQ�ZDVWHZDWHU�WUHDWPHQW�SODQWV��(QYLURQ��6FL��3ROOXW��5HV��ϱϰϭ
KWWSV���GRL�RUJ���������V����������������ϱϰϮ

*XLOORVVRX��5���/H�5RX[��-���0DLOOHU��5���0RUOD\��&���9XOOLHW��(���1DXOHDX��)���5RFKHU��9���ϱϰϯ
*DVSHUL��-���������,QIOXHQFH�RI�WKH�SURSHUWLHV�RI���PLFUR�JUDLQ�DFWLYDWHG�FDUERQV�RQ�ϱϰϰ
RUJDQLF�PLFURSROOXWDQWV�UHPRYDO�IURP�ZDVWHZDWHU�HIIOXHQW��&KHPRVSKHUH������ϱϰϱ
��������KWWSV���GRL�RUJ���������M�FKHPRVSKHUH������������ϱϰϲ
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*XLOORVVRX��5���/H�5RX[��-���0DLOOHU��5���9XOOLHW��(���0RUOD\��&���1DXOHDX��)���*DVSHUL��-���ϱϰϳ
5RFKHU��9���������2UJDQLF�PLFURSROOXWDQWV�LQ�D�ODUJH�ZDVWHZDWHU�WUHDWPHQW�SODQW��ϱϰϴ
:KDW�DUH�WKH�EHQHILWV�RI�DQ�DGYDQFHG�WUHDWPHQW�E\�DFWLYDWHG�FDUERQ�DGVRUSWLRQ�LQ�ϱϰϵ
FRPSDULVRQ�WR�FRQYHQWLRQDO�WUHDWPHQW"�&KHPRVSKHUH����������±������ϱϱϬ
KWWSV���GRL�RUJ���������M�FKHPRVSKHUH������������ϱϱϭ

+DVVHWW��-�3���$QGHUVRQ��0�$���������(IIHFWV�RI�GLVVROYHG�RUJDQLF�PDWWHU�RQ�DGVRUSWLRQ�RI�ϱϱϮ
K\GURSKRELF�RUJDQLF�FRPSRXQGV�E\�ULYHU� DQG�VHZDJH�ERUQH�SDUWLFOHV��:DWHU�5HV��ϱϱϯ
�������±�����KWWSV���GRL�RUJ�����������������������������ϱϱϰ

+HUQDQGH]�5XL]��6���$EUHOO��/���:LFNUDPDVHNDUD��6���&KHIHW]��%���&KRURYHU��-���������ϱϱϱ
4XDQWLI\LQJ�33&3�LQWHUDFWLRQ�ZLWK�GLVVROYHG�RUJDQLF�PDWWHU�LQ�DTXHRXV�VROXWLRQ��ϱϱϲ
&RPELQHG�XVH�RI�IOXRUHVFHQFH�TXHQFKLQJ�DQG�WDQGHP�PDVV�VSHFWURPHWU\��:DWHU�5HV��ϱϱϳ
�������±�����KWWSV���GRL�RUJ���������M�ZDWUHV������������ϱϱϴ

+X��-���6KDQJ��5���+HLMPDQ��%���5LHWYHOG��/���������,QIOXHQFH�RI�DFWLYDWHG�FDUERQ�SUHORDGLQJ�ϱϱϵ
E\�(I20�IUDFWLRQV�IURP�WUHDWHG�ZDVWHZDWHU�RQ�DGVRUSWLRQ�RI�SKDUPDFHXWLFDOO\�DFWLYH�ϱϲϬ
FRPSRXQGV��&KHPRVSKHUH��������±����ϱϲϭ
KWWSV���GRL�RUJ���������M�FKHPRVSKHUH������������ϱϲϮ

+XEHU��6�$���%DO]��$���$EHUW��0���3URQN��:���������&KDUDFWHULVDWLRQ�RI�DTXDWLF�KXPLF�DQG�ϱϲϯ
QRQ�KXPLF�PDWWHU�ZLWK�VL]H�H[FOXVLRQ�FKURPDWRJUDSK\�± RUJDQLF�FDUERQ�GHWHFWLRQ�±ϱϲϰ
RUJDQLF�QLWURJHQ�GHWHFWLRQ��/&�2&'�21'���:DWHU�5HV���������±�����ϱϲϱ
KWWSV���GRL�RUJ���������M�ZDWUHV������������ϱϲϲ

,ODQL��7���6FKXO]��(���&KHIHW]��%���������,QWHUDFWLRQV�RI�2UJDQLF�&RPSRXQGV�ZLWK�:DVWHZDWHU�ϱϲϳ
'LVVROYHG�2UJDQLF�0DWWHU��5ROH�RI�+\GURSKRELF�)UDFWLRQV��-�(QY��48$/��������ϱϲϴ

-HOLF��$���*URV��0���*LQHEUHGD��$���&HVSHGHV�6iQFKH]��5���9HQWXUD��)���3HWURYLF��0���%DUFHOR��ϱϲϵ
'���������2FFXUUHQFH��SDUWLWLRQ�DQG�UHPRYDO�RI�SKDUPDFHXWLFDOV�LQ VHZDJH�ZDWHU�DQG�ϱϳϬ
VOXGJH�GXULQJ�ZDVWHZDWHU�WUHDWPHQW��:DWHU�5HV����������±������ϱϳϭ
KWWSV���GRL�RUJ���������M�ZDWUHV������������ϱϳϮ

-LQ��-���)HQJ��7���*DR��5���0D��<���:DQJ��:���=KRX��4���/L��$���������8OWUDKLJK�VHOHFWLYH�ϱϳϯ
DGVRUSWLRQ�RI�]ZLWWHULRQLF�33&3V�ERWK�LQ�WKH�DEVHQFH�DQG�SUHVHQFH�RI�KXPLF�DFLG��ϱϳϰ
3HUIRUPDQFH�DQG�PHFKDQLVP��-��+D]DUG��0DWHU����������±�����ϱϳϱ
KWWSV���GRL�RUJ���������M�MKD]PDW������������ϱϳϲ

-RVV��$���.HOOHU��(���$OGHU��$�&���*|EHO��$���0F$UGHOO��&�6���7HUQHV��7���6LHJULVW��+���������ϱϳϳ
5HPRYDO�RI�SKDUPDFHXWLFDOV�DQG�IUDJUDQFHV�LQ�ELRORJLFDO�ZDVWHZDWHU�WUHDWPHQW��ϱϳϴ
:DWHU�5HV����������±������KWWSV���GRL�RUJ���������M�ZDWUHV������������ϱϳϵ

.nUHOLG��9���/DUVVRQ��*���%M|UOHQLXV��%���������3LORW�VFDOH�UHPRYDO�RI�SKDUPDFHXWLFDOV�LQ�ϱϴϬ
PXQLFLSDO�ZDVWHZDWHU��&RPSDULVRQ�RI�JUDQXODU�DQG�SRZGHUHG�DFWLYDWHG�FDUERQ�ϱϴϭ
WUHDWPHQW�DW�WKUHH�ZDVWHZDWHU�WUHDWPHQW�SODQWV��-��(QYLURQ��0DQDJH����������±�����ϱϴϮ
KWWSV���GRL�RUJ���������M�MHQYPDQ������������ϱϴϯ

.RYDORYD��/���.QDSSH��'�5�8���/HKQEHUJ��.���.D]QHU��&���+ROOHQGHU��-���������5HPRYDO�RIϱϴϰ
KLJKO\�SRODU�PLFURSROOXWDQWV�IURP�ZDVWHZDWHU�E\�SRZGHUHG�DFWLYDWHG�FDUERQ��ϱϴϱ
(QYLURQ��6FL��3ROOXW��5HV����������±������KWWSV���GRL�RUJ���������V����������������ϱϴϲ

/DIUDQFH��3���9LOOHQHXYH��-���0D]HW��0���$\HOH��-���)DEUH��%���������2UJDQLF�FRPSRXQGV�ϱϴϳ
DGVRUSWLRQ�RQWR�DFWLYDWHG�FDUERQ��WKH�HIIHFW�RI�DVVRFLDWLRQ�EHWZHHQ�GLVVROYHG�KXPLF�ϱϴϴ
VXEVWDQFHV�DQG�SHVWLFLGHV��(QYLURQ��3ROOXW���������±����ϱϴϵ

/DZDHW]��$�-���6WHGPRQ��&�$���������)OXRUHVFHQFH�,QWHQVLW\�&DOLEUDWLRQ�8VLQJ�WKH�5DPDQ�ϱϵϬ
6FDWWHU�3HDN�RI�:DWHU��$SSO��6SHFWURVF���������±����ϱϵϭ

/HH��6���*DQ��-���/LX��:���$QGHUVRQ��0���������(YDOXDWLRQ�RI�.G�XQGHUHVWLPDWLRQ�XVLQJ�VROLG�ϱϵϮ
SKDVH�PLFURH[WUDFWLRQ��(QYLURQ��6FL��7HFKQRO����������±�����ϱϵϯ

0DLOOHU��5���*DVSHUL��-���&RTXHW��<���%XOHWp��$���9XOOLHW��(���'HVKD\HV��6���=HGHN��6�� 0LUDQGH�ϱϵϰ
%UHW��&���(XGHV��9���%UHVV\��$���&DXSRV��(���0RLOOHURQ��5���&KHEER��*���5RFKHU��9���ϱϵϱ
����D��5HPRYDO�RI�D�ZLGH�UDQJH�RI�HPHUJLQJ�SROOXWDQWV�IURP�ZDVWHZDWHU�WUHDWPHQW�ϱϵϲ
SODQW�GLVFKDUJHV�E\�PLFUR�JUDLQ�DFWLYDWHG�FDUERQ�LQ�IOXLGL]HG�EHG�DV�WHUWLDU\�WUHDWPHQW�ϱϵϳ



��

DW�ODUJH�SLORW�VFDOH��6FL��7RWDO�(QYLURQ�������3DUW�$�����±�����ϱϵϴ
KWWS���G[�GRL�RUJ���������M�VFLWRWHQY������������ϱϵϵ

0DLOOHU��5���*DVSHUL��-���&RTXHW��<���'HURPH��&���%XOHWp��$���9XOOLHW��(���%UHVV\��$���9DUUDXOW��ϲϬϬ
*���&KHEER��*���5RFKHU��9�������E��5HPRYDO�RI�HPHUJLQJ�PLFURSROOXWDQWV�IURP�ϲϬϭ
ZDVWHZDWHU�E\�DFWLYDWHG�FDUERQ�DGVRUSWLRQ��([SHULPHQWDO�VWXG\�RI�GLIIHUHQW�DFWLYDWHG�ϲϬϮ
FDUERQV�DQG�IDFWRUV�LQIOXHQFLQJ�WKH�DGVRUSWLRQ�RI�PLFURSROOXWDQWV�LQ�ZDVWHZDWHU��-��ϲϬϯ
(QYLURQ��&KHP��(QJ���������±������KWWSV���GRL�RUJ���������M�MHFH������������ϲϬϰ

0DLOOHU��5���*DVSHUL��-���&RTXHW��<���'HVKD\HV��6���=HGHN��6���&UHQ�2OLYp��&���&DUWLVHU��1���ϲϬϱ
(XGHV��9���%UHVV\��$���&DXSRV��(���0RLOOHURQ��5���&KHEER��*���5RFKHU��9���������ϲϬϲ
6WXG\�RI�D�ODUJH�VFDOH�SRZGHUHG�DFWLYDWHG�FDUERQ�SLORW��5HPRYDOV�RI�D�ZLGH�UDQJH�RI�ϲϬϳ
HPHUJLQJ�DQG�SULRULW\�PLFURSROOXWDQWV�IURP�ZDVWHZDWHU�WUHDWPHQW�SODQW�HIIOXHQWV��ϲϬϴ
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