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Introduction

The Light for Sight FoundationÕs mission is to stop preventable blindness in children and adolescents with 

keratoconus. Founded in 2013, this foundation supports three pillars: increasing awareness about keratoconus 

(outreach/education), providing access to treatment (outreach/intervention) and supporting research.  

In 2016, the Foundation was asked to resume and manage the annual CXL ExpertsÕ Meeting in light of the 

FoundationÕs goal of promoting educational activities about keratoconus.  Additionally, the Foundation felt that 

this congress would be a good platform to increase its presence among key opinion leaders and building its 

network of clinical partners. With the successful completion of these goals in 2016, the scienti! c and organizing 

committees agreed to proceed with hosting the 13th annual meeting from November 30 - December 2, 2017 in 

Zurich, Switzerland.

This yearÕs meeting has already exceed its expectations due to the number of submitted abstracts and regist-

rants one month prior to the congress dates. For the 2017 annual meeting, we will host 200 participants repre-

senting 41 countries. The fact that there is a growing participation rate demonstrates that the CXL ! eld continu-

es to evolve and grow.  

This abstract book is a testament to the versatility of the method as well as the scienti! c e" orts dedicated to 

improving the method for better surgical outcomes, reduced risks and increased patient comfort.  

On behalf of the Light for Sight Foundation, scienti! c and organizing committee, we thank you for your contri-

butions in the ! eld!

Farhad Hafezi
Co-Founder

Nikki Hafezi
Co-Founder

Farhad HafeziNikki Hafezi
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,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

7DEOH RI &RQWHQWV

&;/ LQ HFWDVLD �

$ 1HZ 7RPRJUDSKLF 0DWUL[ IRU (DUO\ 'HWHFWLRQ RI .HUDWRFRQXV �

3URI� 0D]HQ 6LQMDE�

�� *OREDO (\H &HQWHU

$FFHOHUDWHG &RUQHDO &ROODJHQ &URVV /LQNLQJ IRU 0LOG .HUDWRFRQXV �

3URI� 6XKDUGMR ��� 0UV� 5HQ\ 6HW\RZDWL �� 'U� ,QGUD 7UL 0DKD\DQD �

�� 8QLYHUVLWDV *DGMDK 0DGD

$/7(5(' (3,7+(/,$/ &(//6 ,1 .(5$72&2186 � ,03/,&$7,216 ,1 &5266/,1.,1* �

'U� 6KHHWDO 0DKXYDNDU�� 'U� 5RKLW 6KHWW\ �� 'U� 3RRMLWD 9XQQD\D �� 'U� 3RRMD .KDPDU �� 'U� 'HEDVKLVK 'DV �

�� 1DUD\DQD 1HWKUDOD\D

$Q DUWLȲFLDO LQWHOOLJHQFH EDVHG FXVWRPL]HG FURVVOLQNLQJȂ $ QHZ GLPHQVLRQ LQ NHUDWRFRQXV PDQDJHPHQW �

'U� 5LWLND 'DODO�� 'U� 5RKLW 6KHWW\ �� 'U� DEKLMLW VLQKD UR\ �� 0U� 0DWKHZ )UDQFLV �� 'U� 3DOODN .XVXPJDU �

�� 1DUD\DQD 1HWKUDOD\D

$Q LQYHVWLJDWLRQ RI WKH HIIHFWV RI ULERȳDYLQ FRQFHQWUDWLRQ RQ WKH HɘFDF\ RI FRUQHDO FURVV�OLQNLQJ XVLQJ
DQ HQ]\PDWLF UHVLVWDQFH PRGHO LQ SRUFLQH FRUQHDV� �

3URI� 'DYLG 2 %UDUW �� 0V� 1DRPL 2 %UDUW�� 0UV� 1DGD $OGDKODZL �� 'U� 6DOO\ +D\HV �� 3URI� .HLWK 0HHN �

�� .LQJȇV &ROOHJH� /RQGRQ� �� 0RRUȲHOGȇV (\H +RVSLWDO� �� ��6WUXFWXUDO %LRSK\VLFV 5HVHDUFK *URXS� 6FKRRO RI 2SWRPHWU\ DQG

9LVLRQ 6FLHQFHV� &DUGLII 8QLYHUVLW\� 0DLQG\ 5RDG� &DUGLII

%LRPHFKDQLFDO DVVHVVPHQW RI NHUDWRFRQLF H\HV DIWHU FRUQHDO FURVV�OLQNLQJ E\ 6FKHLPSȳXJ�EDVHG WRQRP�
HWU\ �

0U� 5REHUW +HUEHU�� 3URI� (EHUKDUG 6S¸UO �� 3URI� )UHGHULN 5DLVNXS �

�� 'HSDUWPHQW RI 2SKWKDOPRORJ\� 8QLY� +RVSLWDO &DUO *XVWDY &DUXV� 78 'UHVGHQ

&$5%21 1$126758&785(6 )25 2&8/$5 7,668( 5(,1)25&(0(17 �

'U� $OIUHGR 9HJD �� 'U� -RUJH $OLµ GHO %DUULR�� 3URI� -RUJH $OLµ �

�� 9� �� 9LVVXP &RUSRUDFLµQ

&RPSDUDWLYH $QDO\VLV RI 2XWFRPHV RI &XVWRPLVHG 7RSRJXLGHG &URVV /LQNLQJ YHUVXV FRQYHQWLRQDO &URVV
/LQNLQJ IRU SURJUHVVLYH NHUDWRFRQXV ��

'U� *LWDQVKD 6DFKGHY�� 'U� 6KUH\DV 5DPDPXUWK\ �

�� 7KH (\H )RXQGDWLRQ

&RPSDULVRQ RI 2XWFRPHVZLWK 6WDQGDUG DQG $FFHOHUDWHG &RUQHDO &URVV�OLQNLQJ 3URWRFROV LQ 3DWLHQWV ZLWK
3URJUHVVLYH .HUDWRFRQXV ��

3URI� %UDGOH\ 5DQGOHPDQ�� 0U� 3DXO /DQJ �� 3URI� )DUKDG +DIH]L �

�� 8QLYHUVLW\ RI 6RXWKHUQ &DOLIRUQLD� �� 86&� �� 2FXODU &HOO %LRORJ\ /DE� &$%00� 8QLYHUVLW\ RI =XULFK

&RQWDFW OHQV�DVVLVWHG FROODJHQ FURVV�OLQNLQJ �&$&;/�� ��

'U� HOKDGGL 0DKIRXGL�� 'U� 1DFLPD %HQPHU]RXJD�PDKIRXGL �

�� SULYDWH� �� XQLYHUVLW\ RI $QQDED
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,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

'HFUHDVHG 89 /LJKW )LOWHULQJ $ELOLW\ RI WKH &RUQHDO (SLWKHOLXP� ,V LW WKH &DXVH RI 6WURPDO 3DWKRORJLHV LQ
.HUDWRFRQXV ��

'U� 1XUXOODK &DJLO�� 'U� 2]JH 6DUDF �� 0U� 6HUKDW 6HYOL �� 'U� 'HPHW (\LGRJDQ �� 'U� 0HKWDS &DJOD\DQ �

�� $QNDUD $WDWXUN 7UDLQLQJ DQG 5HVHDUFK +RVSLWDO� �� 1HKLU %LRWHFKQRORJ\

'LVWLQJXLVKLQJ NHUDWRFRQLF H\HV DQG KHDOWK\ H\HV XVLQJ 8OWUDKLJK�5HVROXWLRQ �8+5��2&7 EDVHG &RUQHDO
(SLWKHOLXP 7KLFNQHVV 0DSSLQJ ��

'U� 1LNODV 3LUFKHU�� 0U� )ORULDQ 6FKZDU]KDQV �� 'U� 6WHSKDQ +RO]HU �� 'U� -DQ /DPPHU �� 'U� 'RUHHQ 6FKPLGO ��
'U� $KPHG 0� %DWD �� 3URI� 5HQª 0� :HUNPHLVWHU �� 'U� *HUDOG 6HLGHO �� 3URI� *HUKDUG *DUK¸IHU �� 'U� $QGUHDV
*VFKOLH¡HU �� 3URI� /HRSROG 6FKPHWWHUHU �� 3URI� *HUDOG 6FKPLGLQJHU �

�� 'HSDUWPHQW RI 2SKWKDOPRORJ\� 0HGLFDO 8QLYHUVLW\ RI 9LHQQD� �� 'HSDUWPHQW RI 2SKWKDOPRORJ\ DQG 2SWRPHWU\� 0HGLFDO 8QL�

YHUVLW\ RI 9LHQQD� �� 'HSDUWPHQW RI &OLQLFDO 3KDUPDFRORJ\� 0HGLFDO 8QLYHUVLW\ RI 9LHQQD� $XVWULD� �� &HQWHU IRU 0HGLFDO 3K\VLFV

DQG %LRPHGLFDO (QJLQHHULQJ� 0HGLFDO 8QLYHUVLW\ RI 9LHQQD� $XVWULD� �� 'HSDUWPHQW RI 2SKWKDOPRORJ\� 0HGLFDO 8QLYHUVLW\ RI

*UD]� $XVWULD� �� 'HSDUWPHQW RI 2SKWKDOPRORJ\ DQG 2SWRPHWU\� 0HGLFDO 8QLYHUVLW\ RI 9LHQQD� $XVWULD

())(&7,9(1(6 2) $&&(/(5$7(' &251($/ &2//$*(1 &5266/,1.,1* )25 .(5$72&2186 3$7,(176 �
$ &203$5,621 2) 7:2 35272&2/6 ��

0UV� 5HQ\ 6HW\RZDWL�� 3URI� 6XKDUGMR � �

�� 8QLYHUVLWDV *DGMDK 0DGD

(IIHFWV RI ,RQWRSKRUHVLV � 89$ FURVV�OLQNLQJ DQG K\SRWRQLF ULERȳDYLQ VROXWLRQ RQ WKH XOWUDVWUXFWXUDO DU�
FKLWHFWXUH RI KXPDQ FRUQHDO VWURPD ��

3URI� 6DHHG $NKWDU�� 0UV� $OMRKDUDK $ONDQDDQ �� 0U� $GQDQ .KDQ �� 3URI� 7XUNL $OPXEUDG �

�� &RUQHD 5HVHDUFK &KDLU� 'HSDUWPHQW RI 2SWRPHWU\� .LQJ 6DXG 8QLYHUVLW\Ȍ �� &RUQHD 5HVHDUFK &KDLU� .LQJ 6DXG 8QLYHUVLW\�

(YDOXDWLQJ (ɘFDF\ LQ 9DU\LQJ 3URWRFROV RI &XVWRPL]HG &URVVOLQNLQJ �&;/� ��

'U� 5DMHVK 5DMSDO�� 'U� *UDFH /\WOH �� 'U� $OH[DQGUD 1LFNOLQ �

�� $YHGUR� ,QF

+LJK GRVH GLHWDU\ ULERȳDYLQ DQG VXQOLJKW WUHDWPHQW RI NHUDWRFRQXV DQG HFWDVLD � SUHOLPLQDU\ UHVXOWV ��

'U� -RKQ -DUVWDG�� 'U� /LQGVH\ 0FGDQLHO �� 'U� 0DUZD 7DUDQLVVL �

�� 8QLYHUVLW\ RI 0LVVRXUL 6FKRRO RI 0HGLFLQH

+RUPRQDO HIIHFW RQ SURJUHVVLRQ RI FRUQHDO HFWDVLD Ȃ FDVH UHSRUWV ��

'U� 0DUWLQD 9HVHOD�� 3URI� 'UDKRPLUD %DUDNRYD �� 'U� 3DYHO 6WRGXOND �

�� *HPLQL (\H &OLQLF

,Q YLYR %ULOORXLQ IUHTXHQF\ VKLIWV RI FURVVOLQNHG DQG XQFURVVOLQNHG FRUQHDV LQ NHUDWRFRQXV ��

'U� 7KHR *� 6HLOHU�� 'U� 3HQJ 6KDR �� 'U� $PLUD (OWRQ\ �� 'U� 9DO«U\ :LWWZHU �� 'U� 7RELDV .ROOHU �� 3URI� 6HRN�
+\XQ <XQ �� 3URI� 7KHR 6HLOHU �

�� 8QLYHUVLW¦WVNOLQLN I¾U $XJHQKHLONXQGH� ,QVHOVSLWDO %HUQ� �� +DUYDUG 0HGLFDO 6FKRRO� �� ,52& $*

,QWUDRSHUDWLYH &RUQHDO 7KLFNQHVV &KDQJHV GXULQJ 3XOVHG $FFHOHUDWHG &RUQHDO &URVV�/LQNLQJ 8VLQJ ,VR�
WRQLF 5LERȳDYLQ ZLWK +30& ��

'U� 1LKDO (OJKU\DQ\�� 3URI� <HKLD 0RVWDID �

�� &DLUR 8QLYHUVLW\

. 5HDGLQJV� &RUQHDO 7KLFNQHVV DQG 'HPDUFDWLRQ /LQH � 0RQWKV $IWHU $FFHOHUDWHG 3XOVHG &RUQHDO &URVV
/LQNLQJ ��

'U� 1LKDO (OJKU\DQ\�� 3URI� <HKLD 0RVWDID �

�� &DLUR 8QLYHUVLW\
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,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

/DVHU ,QGXFHG ,RQL]DWLRQ )LHOG &URVVOLQNV %LRORJLFDO 0HGLD LQ $EVHQFH RI 3KRWRVHQVLWL]HUV ��

'U� 0LNKDLO )RPRYVN\ �� 0U� &KDR :DQJ �� 'U� 6WHSKHQ 7URNHO �� 'U� 6LQLVD 9XNHOLF�

�� &ROXPELD 8QLYHUVLW\� �� &ROXPELD 8QLYHUVLW\ 0HGLFDO &HQWHU

/RQJ�WHUP UHVXOWV RI PHFKDQLFDO HSLWKHOLDO UHPRYDO YHUVXV SKRWRWKHUDSHXWLF NHUDWHFWRP\ IROORZHG E\
DFFHOHUDWHG FRUQHDO FURVV�OLQNLQJ IRU SHGLDWULF NHUDWRFRQXV ��

'U� 2]JH 6DUDF�� 'U� 3LQDU .RVHNDK\D �� 'U� 0HKWDS &DJOD\DQ �� 'U� *X]LQ 7DVOLSLQDU �� 'U� %XUDN 7DQULYHUGL ��
'U� 1XUXOODK &DJLO �

�� $QNDUD $WDWXUN 7UDLQLQJ DQG 5HVHDUFK +RVSLWDO� �� $QNDUD 8OXFDQODU (JLWLP YH $UDVWLUPD +DVWDQHVL

0HDVXULQJ &RUQHDO +D]H ZLWK 2&7 DIWHU (SLWKHOLDO 'LVUXSWLRQ &RUQHDO &ROODJHQ &URVV�OLQNLQJ �&;/� ZLWK
7UDQV�HSLWKHOLDO 5LERȳDYLQ �7(� LQ SDWLHQWV ZLWK .HUDWRFRQXV� ��

'U� 'KZQL 6KDKDQDQG�� 'U� $VKLVK 1DJSDO �

�� &RUQHD 6HUYLFHV� 5HWLQD )RXQGDWLRQ� $KPHGDEDG

1HHG RI H[SODQWDWLRQ RI DQ LQWUDVWURPDO WLWDQ ULQJ DIWHU SHQHWUDWLQJ NHUDWRSODVW\ LQ WZR SDWLHQWV ZLWK
NHUDWRFRQXV ��

0V� .DVVDQGUD ;DQWKRSRXORX�� 'U� *HRUJLD 0LOLRWL �� 3URI� %HUWKROG 6HLW] �

�� 'HSDUWPHQW RI 2SKWKDOPRORJ\� 6DDUODQG 8QLYHUVLW\ 0HGLFDO &HQWHU� ����� +RPEXUJ� *HUPDQ\

1RQ�FRQWDFW WHFKQLTXH IRU GLUHFW FRUQHDO VWUHQJWK PHDVXUHPHQW ��

'U� 'LPLWUL &KHUQ\DN�

�� ,QWHORQ 2SWLFV� ,QF�

2SWLPL]LQJ *HQLSLQ FRQFHQWUDWLRQ IRU FRUQHDO FROODJHQ FURVV OLQNLQJ� $Q H[�YLYR PRGHO� ��

3URI� -RUJH $OLµ �� 'U� $OPXWH] *KDUDLEHK �� 'U� -RUJH $OLµ GHO %DUULR�

�� 9LVVXP &RUSRUDFLµQ

3UHGLFWLQJ FURVV�OLQNLQJ RXWFRPHV DQG LQȲOWUDWHV XVLQJ PROHFXODU ELRPDUNHUV Ȃ LPSOLFDWLRQV IRU SRLQW RI
FDUH GLDJQRVWLFV ��

'U� 1DWDVKD 3DKXMD�� 'U� 5RKLW 6KHWW\ �� 'U� $UNDVXEKUD *KRVK �� 'U� 3RRMD .KDPDU �� 'U� 6ZDPLQDWKDQ 6HWKX �

�� 1DUD\DQD 1HWKUDOD\D

3URORQJHG ,RQWRSKRUHVLV�DVVLVWHG 7UDQVHSLWKHOLDO &RUQHDO &URVV�OLQNLQJ IRU 3HGLDWULF .HUDWRFRQXV� 7KUHH
<HDUV 5HVXOWV ��

'U� =KLURQJ /LQ�� 0UV� 6KXQURQJ /XR �� 'U� 1XR 'RQJ �� 'U� ;XPLQ 6KDQJ �� 0U� ;LH )DQJ �� 0U� =KLZHQ ;LH ��
0UV� /HL <DQ �� 3URI� =XJXR /LX �� 3URI� +XSLQJ :X �

�� (\H ,QVWLWXWH 	 $ɘOLDWHG ;LDPHQ (\H &HQWHU RI ;LDPHQ 8QLYHUVLW\

5HSURGXFLELOLW\ DQG UHSHDWDELOLW\ RI FRUQHDO 2&7 FURVV�OLQNLQJ GHPDUFDWLRQ OLQHPHDVXUHPHQW E\ KXPDQ
RSHUDWRUV FRPSDUHG WR D QRYHO DXWRPDWHG GHWHFWLRQ VRIWZDUH� ��

'U� 6KDG\ $ZZDG�� 'U� $KPDG 5� 'KDLQL �� 'U� 0DDPRXQ $EGXO )DWWDK �� 0V� 0DQDO &KRNU �

�� $PHULFDQ 8QLYHUVLW\ RI %HLUXW 0HGLFDO &HQWHU� �� $PHULFDQ 8QLYHUVLW\ RI %HLUXW

5LERȳDYLQ FRQFHQWUDWLRQ GXULQJ FURVVOLQNLQJ DW WKH HQGRWKHOLDO OHYHO ��

'U� 7KHR *� 6HLOHU�� 'U� $QD %DWLVWD �� 3URI� .DUVWHQ .¸QLJ �� 3URI� %HDWULFH )U¾K �

�� 8QLYHUVLW¦WVNOLQLN I¾U $XJHQKHLONXQGH� ,QVHOVSLWDO %HUQ� �� 8QLYHUVLW¦W GHV 6DDUODQGHV
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,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

6DIH &;/ RI WKLQ FRUQHDV� OLJKW DWWHQXDWLRQ �5)�89$� YHUVXV OLPLWHG SKRWRVHQVLWL]HU SHQHWUDWLRQ �:67�
'�1,5� SURWHFWLQJ WKH HQGRWKHOLXP LQ FRUQHDV EHORZ ���wP� ��

0U� -XUULDDQ %UHNHOPDQV�� 0UV� $OH[D *R] �� 'U� $OH[DQGHU %UDQGLV �� 'U� 0RU 'LFNPDQ �� 3URI� $YLJGRU 6FKHU]
�� 3URI� 5XG\ 1XLMWV �� 'U� $ULH 0DUFRYLFK �

�� 8QLYHUVLW\ (\H &OLQLF 0DDVWULFKW� 0DDVWULFKW 8QLYHUVLW\ 0HGLFDO &HQWHU� �� 'HSW� 3ODQW 6FLHQFH DQG (QYLURQPHQWDO +HDWOK�

:HL]PDQQ ,QVWLWXWH RI 6FLHQFH� �� 'HSW� %LRORJLFDO 6HUYLFHV� :HL]PDQQ ,QVWLWXWH RI 6FLHQFH

6WURPDO 'HPDUFDWLRQ /LQHV LQ &RUQHDO &URVVOLQNLQJ �&;/�� :KDW :H .QRZ DERXW 6XSSOHPHQWDO 2[\JHQ ��

'U� $OH[DQGUD 1LFNOLQ�� 'U� 5DMHVK 5DMSDO �� 'U� *UDFH /\WOH �

�� $YHGUR ,QF�

6WUXFWXUDO GLIIHUHQFHV RI WKH FROODJHQ ȲEULOV �&)V� DQG SURWHRJO\FDQV �3*V� EHWZHHQ WKH SHULSKHUDO DQG
FHQWUDO SDUW RI WKH NHUDWRFRQXV FRUQHD �.&� Ȃ 8OWUDVWUXFWXUH DQG �' WUDQVPLVVLRQ HOHFWURQ WRPRJUDSK\ ��

3URI� 6DHHG $NKWDU�� 0UV� $OMRKDUDK $ONDQDDQ �� 0U� $GQDQ .KDQ �� 3URI� 7XUNL $OPXEUDG �

�� &RUQHD 5HVHDUFK &KDLU� .LQJ 6DXG 8QLYHUVLW\Ȍ �� &RUQHD 5HVHDUFK &KDLU� 'HSDUWPHQW RI 2SWRPHWU\� .LQJ 6DXG 8QLYHUVLW\�

7KH DQDO\VLV RI HDUO\ VDIHW\ DQG VWDELOLW\ DIWHU &RUQHDO FROODJHQ FURVV�OLQNLQJ LQ NHUDWRFRQXV ��

'U� :HL 6KHQJVKHQJ�� 3URI� /LX -LDQJXR �

�� ;LȇDQ )RXUWK +RVSLWDO

7KH DSSOLFDWLRQ RI 7UDQVHSLWKHOLDO 3KRWRWHUDSHXWKLF .HUDWKHFWRP\ DQG&ROODJHQ &URVV�OLQNLQJ LQ 3HOOXFLG
0DUJLQDO 'HJHQHUDWLRQ�30'� � FDVH UHSRUW� ��

'U� %HDWD 6DZLFND :RMWLXN�

�� *DELQHW\ 2NXOLVW\F]QH

7KH UROH RI R[\JHQ LQ FRUQHDO FURVV�OLQNLQJ �&;/� UHDFWLRQV ��

'U� *UDFH /\WOH�� 'U� $OH[DQGUD 1LFNOLQ �� 'U� 5DMHVK 5DMSDO �

�� $YHGUR� ,QF

7RPRJUDSKLF DQG UHIUDFWLYH FKDUDFWHULVWLFV RI SHGLDWULF ȲUVW GHJUHH UHODWLYHV RI .HUDWRFRQXV SDWLHQWV ��

'U� 6KDG\ $ZZDG�� 'U� &DUO -RH 0HKDQQD �� 'U� 0DGHOHLQH <HKLD �� 'U� 0DDPRXQ $EGXO )DWWDK �� 'U� $ODLQ 6DDG
�

�� $PHULFDQ 8QLYHUVLW\ RI %HLUXW 0HGLFDO &HQWHU

7RSR�JXLGHG UHPRYDO RI HSLWKHOLXP LQNHUDWRFRQXV H\HV �75(.��$QRYHO WLVVXH VDYLQJ FXVWRPLVHGDEODWLRQ
VWUDWHJ\� ��

'U� 3RRMD .KDPDU�� 'U� 5RKLW 6KHWW\ �� 'U� DEKLMLW VLQKD UR\ �

�� 1DUD\DQD 1HWKUDOD\D

7UDQVHSLWKHOLDO 9HUVXV (SLWKHOLXP�RII &RUQHDO &URVV�/LQNLQJ IRU 3URJUHVVLYH &RUQHDO (FWDVLD� $ 0HWD�
$QDO\VLV RI 5DQGRPL]HG &RQWUROOHG 7ULDOV ��

'U� +LGHQDJD .REDVKL�� 'U� 6KL 6RQJ 5RQJ �� 3URI� -RVHSK &LROLQR �

�� 6FKHSHQV (\H 5HVHDUFK ,QVWLWXWH� �� 0DVVDFKXVHWWV (\H DQG (DU ,QȲUPDU\

8SGDWH RQ VXFFHVVIXO FRUQHDO FURVVOLQNLQJ ZLWKRXW HSLWKHOLDO UHPRYDO ��

'U� 'R\OH 6WXOWLQJ�� 'U� :LOOOLDP 7UDWWOHU �� 'U� -RQDWKDQ :RROIVRQ �� 'U� 5R\ 5XELQIHOG �

�� :RROIVRQ (\H ,QVWLWXWH� �� &HQWHU IRU ([FHOOHQFH LQ (\H &DUH� �� *HRUJHWRZQ 8QLYHUVLW\ 0HGLFDO &HQWHU

&;/ LQ UHIUDFWLYH ODVHU VXUJHU\ ��
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,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

%LRPHFKDQLFDO DQDO\VLV RI GLIIHUHQW UH�WUHDWPHQW RSWLRQV DIWHU 6P,/( UHIUDFWLYH VXUJHU\ ��

'U� %RJGDQ 6SLUX�� 'U� 6DELQH .OLQJ �� 3URI� )DUKDG +DIH]L �� 3URI� :DOWHU 6HNXQGR �

�� 'HSDUWPHQW RI 2SKWKDOPRORJ\� 3KLOLSSV 8QLYHUVLW\ RI 0DUEXUJ� �� 2FXODU &HOO %LRORJ\ /DE� &$%00� 8QLYHUVLW\ RI =XULFK� ��

(/=$ ,QVWLWXWH� 'LHWLNRQ�=XULFK� 8QLYHUVLW\ RI 6RXWKHUQ &DOLIRUQLD� /RV $QJHOHV� &$� 86$

&;/� LV LW VDIH" ��

3URI� MRVHSK IUXFKW SHU\�

�� +DGDVVDK 8QLY +RVSLWDO

())(&7,9(1(6 2) $&&(/(5$7(' &251($/ &2//$*(1 &5266/,1.,1* )25 .(5$72&2186 3$7,(176 �
$ &203$5,621 2) 7:2 35272&2/6 ��

0UV� 5HQ\ 6HW\RZDWL�� 3URI� 6XKDUGMR � �

�� 8QLYHUVLWDV *DGMDK 0DGD

(SLWKHOLDO FRUQHDO PDSSLQJ LQ NHUDWRFRQXV� WR GR RU QRW WR GR " ��

3URI� PRXKFLQH (/ %$..$/,�� 0V� DVPDD VDPL �

�� &OLQLTXH GH OD YLVLRQ GH 5DEDW

(SLWKHOLXP�RQ 3KRWRUHIUDFWLYH ,QWUDVWURPDO &RUQHDO &URVV�OLQNLQJ �3L;/� ZLWK 6XSSOHPHQWDO 2[\JHQ IRU
WKH 7UHDWPHQW RI /RZ 0\RSLF 5HIUDFWLYH (UURU� � 0RQWK 5HVXOWV RI D 3URVSHFWLYH &OLQLFDO 6WXG\ ��

'U� 0DWWKLDV (OOLQJ�� 0V� 6DUDK +DXVFKLOG �� 3URI� %XUNKDUG 'LFN �

�� 8QLYHUVLW¦WV�$XJHQNOLQLN %RFKXP

,Q YLYR %ULOORXLQ IUHTXHQF\ VKLIWV RI FURVVOLQNHG DQG XQFURVVOLQNHG FRUQHDV LQ NHUDWRFRQXV ��

'U� 7KHR *� 6HLOHU�� 'U� 3HQJ 6KDR �� 'U� $PLUD (OWRQ\ �� 'U� 9DO«U\ :LWWZHU �� 'U� 7RELDV .ROOHU �� 3URI� 6HRN�
+\XQ <XQ �� 3URI� 7KHR 6HLOHU �

�� 8QLYHUVLW¦WVNOLQLN I¾U $XJHQKHLONXQGH� ,QVHOVSLWDO %HUQ� �� +DUYDUG 0HGLFDO 6FKRRO� �� ,52& $*

/DVHU ,QGXFHG ,RQL]DWLRQ )LHOG &URVVOLQNV %LRORJLFDO 0HGLD LQ $EVHQFH RI 3KRWRVHQVLWL]HUV ��

'U� 0LNKDLO )RPRYVN\ �� 0U� &KDR :DQJ �� 'U� 6WHSKHQ 7URNHO �� 'U� 6LQLVD 9XNHOLF�

�� &ROXPELD 8QLYHUVLW\� �� &ROXPELD 8QLYHUVLW\ 0HGLFDO &HQWHU

1RQ�FRQWDFW WHFKQLTXH IRU GLUHFW FRUQHDO VWUHQJWK PHDVXUHPHQW ��

'U� 'LPLWUL &KHUQ\DN�

�� ,QWHORQ 2SWLFV� ,QF�

3KRWRUHIUDFWLYH LQWUDVWURPDO FURVV�OLQNLQJ �3L;/� IRU WKH WUHDWPHQW RI ORZ P\RSLD ��

'U� *LWDQVKD 6DFKGHY�� 'U� 6KUH\DV 5DPDPXUWK\ �

�� 7KH (\H )RXQGDWLRQ

3KRWRWKHUDSHXWLF LQWUDVWURPDO FRUQHDO FROODJHQ FURVV�OLQNLQJ �3L;/� ZLWK WZR GLIIHUHQW 89 LUUDGLDWLRQ
SURWRFROV IRU WUHDWPHQW RI ORZ�JUDGH P\RSLD ��

0V� $QQHOL )UHGULNVVRQ�� 0V� $QQD $OP �� 3URI� $QGHUV %HKQGLJ �

�� 'HSDUWPHQW RI &OLQLFDO 6FLHQFHV�2SKWKDOPRORJ\� 8PH§ 8QLYHUVLW\� 8PH§� �� 'HSDUWPHQW RI &OLQLFDO 6FLHQFHV�2SKWKDOPRORJ\�

8PH§ 8QLYHUVLW\� 8PH§�

5LERȳDYLQ FRQFHQWUDWLRQ GXULQJ FURVVOLQNLQJ DW WKH HQGRWKHOLDO OHYHO ��

'U� 7KHR *� 6HLOHU�� 'U� $QD %DWLVWD �� 3URI� .DUVWHQ .¸QLJ �� 3URI� %HDWULFH )U¾K �

�� 8QLYHUVLW¦WVNOLQLN I¾U $XJHQKHLONXQGH� ,QVHOVSLWDO %HUQ� �� 8QLYHUVLW¦W GHV 6DDUODQGHV

[YLL



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

7KH UROH RI R[\JHQ LQ FRUQHDO FURVV�OLQNLQJ �&;/� UHDFWLRQV ��

'U� *UDFH /\WOH�� 'U� $OH[DQGUD 1LFNOLQ �� 'U� 5DMHVK 5DMSDO �

�� $YHGUR� ,QF

7RSRJUDSK\ DQG SDFK\PHWU\ JXLGHG FXVWRPLVHG WLVVXH VDYLQJ HSLWKHOLDO DEODWLRQ LQ FURVV�OLQNLQJ RI WKLQ
FRUQHD � WKH 6$9( SURWRFRO ��

'U� $VKLPD %DMDM�� 'U� 5RKLW 6KHWW\ �� 'U� 3RRMD .KDPDU �

�� 1DUD\DQD 1HWKUDOD\D

:,'( $5($ 685)$&( $%/$7,21 /$6(5 *8,'(' %< &251($/ :$9()5217 &20%,1(' :,7+ DFFHOHU�
DWHG FURVV�OLQNLQJ LQ WKH WUHDWPHQW RI NHUDWRFRQXV ��

'U� VDIZDQ DOED\DWL�

�� 1HZ 9LVLRQ (\H &HQWHU 'XEDL

3LORW HYDOXDWLRQ RI SKRWRUHIUDFWLYH FRUQHDO FROODJHQ FURVVOLQNLQJ IRU WKH WUHDWPHQW RI ORZ P\RSLD� �
PRQWK UHVXOWV ��

'U� VDID (/ +287�� 'U� 0\ULDP &DVVDJQH �� 3URI� 3LHUUH )RXUQL« �� 3URI� )UDQ©RLV 0DOHFD]H �

�� SXUSDQ KRVSLWDO

3$&.�&;/ IRU LQIHFWLRXV NHUDWLWLV ��

$VVHVVPHQW RI 89�$�ULERȳDYLQ FRUQHDO FURVV�OLQNLQJ HɘFDF\ IRU WKH WUHDWPHQW RI H[SHULPHQWDOO\ LQGXFHG
FRUQHDO OHVLRQV LQ DQ H[ YLYR DQLPDO PRGHO ��

'U� $QQD 3HUD]]L�� 'U� $QWRQHOOD 3HUXIIR �� 'U� &KLDUD *RPLHUR �� 0UV� 5REHUWD &RQWLQ �� 'U� /LYLR &RUDLQ �� 'U�
(QULFR *ULVDQ �� 'U� 0DUFR /RPEDUGR �� 'U� *LXVHSSH /RPEDUGR �� 'U� *LDQQL 6DOYDODLR �� 3URI� 0DUFR 3DWUXQR
�� 3URI� ,ODULD ,DFRSHWWL �� 'U� 7L]LDQD 0DUWLQHOOR �

�� 8QLYHUVLW\ RI 3DGXD� �� 9LVLRQ (QJLQHHULQJ ,WDO\ VUO� �� )%29

%OXH�OLJKW DFWLYDWLRQ RI ULERȳDYLQ IRU SRVVLEOH XVH LQ 3$&.�&;/ ��

'U� .DULP 0DNGRXPL�

�� �UHEUR 8QLYHUVLW\ +RVSLWDO

,QKLELWRU\ HIIHFW RI SKRWRG\QDPLF DQWLPLFURELDO WKHUDS\ �3'$7� RQ KHDOWKFDUH� DQG FRPPXQLW\�DFTXLUHG
PHWKLFLOOLQ UHVLVWDQW 6WDSK\ORFRFFXV DXUHXV �056$� LVRODWHV RI RFXODU RULJLQ ��

0V� +HDWKHU 'XUNHH�� 0UV� 0DULHOD $JXLODU �� 0U� $OHMDQGUR $UEROHGD �� 'U� 1LGKL 5HOKDQ �� 0U� 1LFKRODV 1RODQ
�� 0V� $QQD 0DUWLQH] �� 0U� .DUDP $ODZD �� 0U� 0HUFXU\ 6DZDWDUL �� 'U� -DLPH 0DUWLQH] 0DUWLQH] �� 'U� +DUU\
:� )O\QQ� -U� �� 'U� *XLOOHUPR $PHVFXD �� 'U� 'DUOHQH 0LOOHU �� 3URI� -HDQ�0DULH 3DUHO �

�� 2SKWKDOPLF %LRSK\VLFV &HQWHU� 'HSDUWPHQW RI 2SKWKDOPRORJ\� %DVFRP 3DOPHU (\H ,QVWLWXWH� 8QLYHUVLW\ RI 0LDPL0LOOHU 6FKRRO

RI 0HGLFLQH� �� 'HSDUWPHQW RI 2SKWKDOPRORJ\� %DVFRP 3DOPHU (\H ,QVWLWXWH� 8QLYHUVLW\ RI 0LDPL 0LOOHU 6FKRRO RI 0HGLFLQH� ��

2FXODU0LFURELRORJ\ /DERUDWRU\� 'HSDUWPHQW RI 2SKWKDOPRORJ\� %DVFRP 3DOPHU (\H ,QVWLWXWH� 8QLYHUVLW\ RI 0LDPL0LOOHU 6FKRRO

RI 0HGLFLQH

5RVH %HQJDO 3KRWRG\QDPLF $QWLPLFURELDO 7KHUDS\ DV DQ $GMXQFW 7UHDWPHQW IRU ,QIHFWLRXV .HUDWLWLV ��

'U� -DLPH 0DUWLQH] 0DUWLQH]�� 0U� $OHMDQGUR $UEROHGD �� 0V� +HDWKHU 'XUNHH �� 0UV� 0DULHOD $JXLODU �� 'U�
1LGKL 5HOKDQ �� 'U� 1HGD 1LNSRRU �� 'U� +DUU\ :� )O\QQ� -U� �� 'U� 'DUOHQH 0LOOHU �� 'U� *XLOOHUPR $PHVFXD ��
3URI� -HDQ�0DULH 3DUHO �

�� 2SKWKDOPLF %LRSK\VLFV &HQWHU� 'HSDUWPHQW RI 2SKWKDOPRORJ\� %DVFRP 3DOPHU (\H ,QVWLWXWH� 8QLYHUVLW\ RI 0LDPL0LOOHU 6FKRRO

RI 0HGLFLQH� �� 'HSDUWPHQW RI 2SKWKDOPRORJ\� %DVFRP 3DOPHU (\H ,QVWLWXWH� 8QLYHUVLW\ RI 0LDPL 0LOOHU 6FKRRO RI 0HGLFLQH� ��

2FXODU0LFURELRORJ\ /DERUDWRU\� 'HSDUWPHQW RI 2SKWKDOPRORJ\� %DVFRP 3DOPHU (\H ,QVWLWXWH� 8QLYHUVLW\ RI 0LDPL0LOOHU 6FKRRO

RI 0HGLFLQH

[YLLL



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

7KH (IIHFW RI $FFHOHUDWHG 3KRWRDFWLYDWHG &KURPRSKRUH IRU .HUDWLWLV�&RUQHDO &ROODJHQ &URVV�/LQNLQJ DV
$GMXYDQW 7KHUDS\ RQ ,O�� /HYHO RI &RUQHDO 8OFHU 3DWLHQW ��

3URI� 6XKDUGMR ��� 0UV� 5HQ\ 6HW\RZDWL �� 0U� 0DU]DUHQGUD (UODQJJD �

�� 8QLYHUVLWDV *DGMDK 0DGD

7KH 7KHUDSHXWLF (IIHFW RI $FFHOHUDWHG 3KRWRDFWLYDWHG &KURPRSKRUH &RUQHDO &URVV�OLQNLQJ �3$&.�&;/�
FRPSDUH WR WKH VWDQGDUG DQWLELRWLF WKHUDS\ LQ ,QIHFWLRXV .HUDWLWLV� ��

'U� %RULV .QDL]HU�� 'U� <RQLW .UDNDXHU �� 3URI� 7RYD /LIVKLW] �� 0U� 0XKDPPDG $EX 7DLODNK �� 3URI� )DUKDG
+DIH]L �

�� 6RURND 8QLYHUVLW\ 0HGLFDO &HQWHU� %HHU�6KHYD� �� 2FXODU &HOO %LRORJ\ /DE� &$%00� 8QLYHUVLW\ RI =XULFK

[L[
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,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

$ 1HZ 7RPRJUDSKLF 0DWUL[ IRU (DUO\ 'HWHFWLRQ RI
.HUDWRFRQXV

2UDO � $EVWUDFW ,'� ��

3URI� 0D]HQ 6LQMDE �

�� *OREDO (\H &HQWHU

3XUSRVH
7R SUHVHQW WKH YDOLGLW\ DQG SUHGLFWDELOLW\ RI LQQRYDWLYH QHZ LQGLFHV EDVHG RQ FRUQHDO WRPRJUDSK\� LQ DGGLWLRQ

WR D QHZ SUREDELOLW\ V\VWHP�

0DWHULDOV DQG 0HWKRGV
%DVHG RQ VXEMHFWLYH HYDOXDWLRQ RI FRUQHDO WRPRJUDSK\ �3HQWDFDP+5�� ��� H\HV ZHUH JURXSHG LQWR *URXS $ ����

QRUPDO� DQG *URXS % ���� .HUDWRFRQXV�� 52& ZDV SORWWHG IRU �SDUDPHWHUV DQG � QHZO\ GHYHORSHG LQGLFHV XVLQJ

6366 �� VRIWZDUH� 'LIIHUHQWLDWLRQ ZDV GHFLGHG EDVHG RQ QHDUO\ ���� VSHFLȲFLW\ DQG KLJKHVW SRVVLEOH VHQVLWLYLW\�

$ QHZ SUREDELOLW\ V\VWHP ZDV HVWLPDWHG� 7KH LQȳXHQFH RI GHPRJUDSK\ DQG UHIUDFWLYH HUURUV RQ SUHGLFWLQJ

NHUDWRFRQXV ZDV UHYLHZHG DQG FRQVLGHUHG�

5HVXOWV
$SDUW IURP \�FRRUGLQDWH RI WKH WKLQQHVW ORFDWLRQ� DOO RWKHU SDUDPHWHUV ZHUH VLJQLȲFDQWO\ GLIIHUHQW LQ WKH WZR

JURXSV� $OWKRXJK DOO QHZO\ GHYLVHG LQGLFHV �6� WR 6�� ZHUH VLJQLȲFDQWO\ GLIIHUHQW� WKH YDOLGLW\ IRU SUHGLFWLQJ

NHUDWRFRQXV ZDV DFFHSWDEOH RQO\ IRU 6� WR 6� LQGLFHV� 7KH FXWRII YDOXHV ZLWK YDOLGLW\ RI WKH � SDUDPHWHUV DQG �

LQGLFHV ZHUH GHWHUPLQHG�7KH SUREDELOLW\ V\VWHP ZLOO EH SUHVHQWHG�

&RQFOXVLRQV
7DNLQJ LQWR FRQVLGHUDWLRQ WKH LQȳXHQFH RI GHPRJUDSK\ DQG UHIUDFWLYH HUURUV� LQGLFHV 6� WR 6� ZHUH XVHIXO WR

GLIIHUHQWLDWH QRUPDO IURP NHUDWRFRQLF FRUQHDV�

%LRJUDSK\
0D]HQ 6LQMDE� *OREDO (\H &HQWHU
0D]HQ 0 6LQMDE

'�2�% ����

����� 0'� $OHSSR 8QLYHUVLW\� 6\ULD

����� 06F� 'DPDVFXV 8QLYHUVLW\� 6\ULD

����� $%2SKWK� $UDE &RXQFLO RI +HDWK 6SHFLDOWLHV

����� 3K'� 'DPDVFXV 8QLYHUVLW\

����� +RQRUDU\ )5&2SKWK� 7KH 5R\DO &ROOHJH RI 2SKWKDOPRORJLVWV� /RQGRQ� 8.

3URIHVVRU RI 2SKWKDOPRORJ\� 'DPDVFXV 8QLYHUVLW\� 6\ULD

([DPLQDWLRQ %RDUG 0HPEHU LQ 7KH 5R\DO &ROOHJH RI 6XUJHRQV RI (GLQEXUJK� 8.

$QWHULRU 6HJPHQW DQG 5HIUDFWLYH 6XUJHRQZLWK *OREDO (\H &HQWHU� 5L\DGK� 6$ DQGZLWK *XOI 'LDEHWHV 6SHFLDOL]HG

&HQWHU� %DKUDLQ

$XWKRU RI RSKWKDOPRORJ\ ERRNV KWWSV���ZZZ�DPD]RQ�FRP�DXWKRU�VLQMDE

7KH $SSUHFLDWLRQ 6KLHOG $ZDUG IURP 3ULQFH $EGXO$]L] %LQ $KPDG� 3UHVLGHQW RI 6DXGL 2SKWKDOPRORJ\ 6RFLHW\

IRU H[FHOOHQFH LQ ȲHOG RI WUDLQLQJ DQG HGXFDWLRQ ����

�



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

$FFHOHUDWHG &RUQHDO &ROODJHQ &URVV /LQNLQJ IRU 0LOG
.HUDWRFRQXV

3RVWHU � $EVWUDFW ,'� ��

3URI� 6XKDUGMR � �� 0UV� 5HQ\ 6HW\RZDWL �� 'U� ,QGUD 7UL 0DKD\DQD �

�� 8QLYHUVLWDV *DGMDK 0DGD

3XUSRVH
7KLV FDVH VHULHV ZDV DLPHG WR SUHVHQW WKH HIIHFW RI DFFHOHUDWHG WUDQVHSLWKHOLDO FRUQHDO FROODJHQ FURVV�OLQNLQJ

�&;/� � P:�FP� LQ �� PLQXWHV LQ JUDGH , DQG JUDGH ,, NHUDWRFRQXV�

0DWHULDOV DQG 0HWKRGV
7KLV VWXG\ SUHVHQWHG D FDVH VHULHV RI IRXU SDWLHQWV ZLWK NHUDWRFRQXV� $FFRUGLQJ WR $PVOHU�.UXPHLFK NHUDWR�

FRQXV FODVVLȲFDWLRQ ZH FODVVLȲHG WZR SDWLHQW ZLWK JUDGH , NHUDWRFRQXV DQG WZR SDWLHQWV ZLWK JUDGH ,, NHUDWR�

FRQXV� $OO SDWLHQWV KDG V\PSWRP VXFK DV EOXUUHG YLVLRQ DW \RXQJ DJH� GLVFRPIRUW XVLQJ H\H JODVVHV� DQG XQDEOH

WR UHDFK WKH EHVW FRUUHFWHG YLVXDO DFXLW\ RI ���� 2SKWKDOPRORJLFDO H[DPLQDWLRQ UHYHDOHG 5L]XWWL DQG 0XQVRQȇV

VLJQ IRU DOO SDWLHQW�

5HVXOWV
3DWLHQWV ZLWK JUDGH , DQG ,, NHUDWRFRQXV KDG PHDQ .ȳDW ����� ' DQG ����� '� UHVSHFWLYHO\� DQG PHDQ .VWHHS

ZDV ����� '� DQG ����� '� UHVSHFWLYHO\� $IWHU � PRQWK IROORZ�XS� SDWLHQWV ZLWK JUDGH , NHUDWRFRQXV KDG PHDQ

.ȳDW DQG .VWHHSGHFUHDVHG E\ ���� ' DQG ���� '� UHVSHFWLYHO\� 3DWLHQWV ZLWK JUDGH ,, NHUDWRFRQXV WKDG PHDQ

.ȳDW DQG .VWHHSGHFUHDVHG E\ ��� ' DQG ���� '� UHVSHFWLYHO\�

&RQFOXVLRQV
$FFFHOHUDWHG WUDQVHSLWKHOLDO &;/ZDV VKRZQPRUH HIIHFWLYH GHFUHDVLQJ NHUDWRPHWULF SDUDPHWHUV LQ JUDGH ,, NHU�

DWRFRQXV WKDQ LQ JUDGH , NHUDWRFRQXV�

%LRJUDSK\
6XKDUGMR �� 8QLYHUVLWDV *DGMDK 0DGD

%RUQ LQ <RJ\DNDUWD� ,QGRQHVLD

+H LV WKH RSWKDOPRORJ\ SURIHVVRU ZKR DUH LQWHUHVWHG LQ FRUQHDO GDQ UHIUDFWLYH VXUJHU\ DW 8QLYHUVLWDV *DGMDK

0DGD

+H KDV D ORW RI SXEOLFDWLRQV� RQH RI WKHP LV &;/ SULRU WR SKRWRUHIUDFWLYH NHUDWHFWRP\

�



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

$/7(5(' (3,7+(/,$/ &(//6 ,1 .(5$72&2186 �
,03/,&$7,216 ,1 &5266/,1.,1*

3RVWHU � $EVWUDFW ,'� ��

'U� 6KHHWDO 0DKXYDNDU �� 'U� 5RKLW 6KHWW\ �� 'U� 3RRMLWD 9XQQD\D �� 'U� 3RRMD .KDPDU �� 'U� 'HEDVKLVK
'DV �

�� 1DUD\DQD 1HWKUDOD\D

3XUSRVH
7R VWXG\ WKH FHOOXODU FKDUHFWHULVWLFV RI HSLWKHOLDO FHOOV LQ WKH DIIHFWHG FRQH DQG XQDIIHFWHG SHULSKHU\ RI FRUQHDV

LQ NHUDWRFRQXV SDWLHQWV

0DWHULDOV DQG 0HWKRGV
&RUQHDO HSLWKHOLDO FHOOV IURP WKH DIIHFWHG FRQH DQG XQDIIHFWHG SHULSKHU\ ZHUH FROOHFWHG GXULQJ WKH HSLWKHOLDO

GHEULGHPHQW SURFHGXUH SHUIRUPHG GXULQJ FRUQHDO FURVV OLQNLQJ �&;/�� 3DWLHQWV XQGHUJRLQJ SKWRUHIUDFWLYH NHU�

DWHFWRP\ �35.� IRU FRUUHFWLRQ RI UHIUDFWLYH HUURUV ZHUH WKH FRQWURO JURXS� &ROOHFWHG HSLWKHOLDO FHOOV HUH DQDO\VHG

IXUWKHU IRU GLIIHUHQWLDWLRQ� SUROLIHUDWLRQ� HSLWKHOLDO PHVHQFK\PDO WUDQVLWLRQ� DSRSWRVLV XVLQJ UHDO WLPH TXDQWL�

WDWLYH SRO\PHUDVH FKDLQ UHDFWLRQ� LPPXQRVWDLQLQJ DQG ZHVWHUQ EORW� 6WDWLVWLFDO DQDO\VLV ZDV SHUIRUPHG XVLQJ

V 6WXGHQW W WHVW�

5HVXOWV
FRUQHDO HSLWKHOLDO FHOOV IURP DIIHFWHG FRQH VKRZHG VLJQLȲFDQWO\ ORZHU H[SUHVVLRQ RI GLIIHUHQWLDWLRQ PDUNHU

&.���� �3 ������ FRPSUHG WR FRQWUROV� 6LJQLȲFDQWO\ KLJKHU H[SUHVVLRQ RI SUR DSRSWRWLF PDUNHU %$; �S�������

DQG D FRQFXUUHQW ORZHU H[SUHVVLRQ RI DQWLDSRSWRWLF PDUNHU %&�� �S������� LQ DIIHFWHG FRQH LQ FRPSDULVRQ WR

FRQWUROV� &RUQHDO HSLWKHOLDO FHOOV RI DIIHFWHG FRQH VKRZHG VLJQLȲFDQWO\ KLJKHU OHYHOV RI =2�� � S ������� DQG ORZHU

OHYHOV RI YLPHQWLQ �3 ������� FRPSDUHG WR FRQWUROV

&RQFOXVLRQV
NHUWRFRQLF FRUHDV VKRZ HQKDQFHG FHOO GHDWK� SRRU GLIIHUHQWLDWLRQ� SUROLIHUDWLRQ DQG HSLWKHOLDO PHVHQFK\PDO

WUDQVLWLRQ� ,W LV LPSHUDWLYH WR HQVXUH WKDW &;/GRHVQRW FDXVH DQ\ IXUWKHU GHOHWHULRXV HIIHFWV WR FRUQHDO HSLWKHOLXP

WKHUHE\ DIIHFWLQJ WKH WUHDWPHQW RXWFRPH DQG UHSRSXODWLRQ RI WKH HSLWKHOLXP� .HHSLQJ LQ PLQG WKH ORQJ WHUP

ULVNV RI OLPEDO HSLWKHOLDO FHOO KHDOWK DQG LWV VXEVHTXHQW LPSDFW RQ FRUQHDO HSLKHOLXP� LW LV ZLWK JUHDW SUXGHQFH

WKDW RQH VHOHFWV SDWLHQWV IRU FURVV OLQNLQJ

%LRJUDSK\
6KHHWDO 0DKXYDNDU� 1D
&RUQHD� &DWDUDFW 	 5HIUDFWLYH VXUJHRQ� &RPSOHWHG FRUQHD IHOORZVKLS IURP / 9 3UDVDG H\H LQVWLWXWH� +\GHUDEDG�

,QGLD� &RPSOHWHG EHVSRNH UHIUDFWLYH IHOORZVKLS IURP 1DUD\DQD QHWKUDOD\D� %DQJDORUH� ,QGLD�

&XUUHQWO\ ZRUNLQJ DV D FRUQHD� RFXODU VXUIDFH DQG UHIUDFWLYH VXUJHRQ LQ ,QGLD�

�



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

$Q DUWLȲFLDO LQWHOOLJHQFH EDVHG FXVWRPL]HG FURVVOLQNLQJȂ $
QHZ GLPHQVLRQ LQ NHUDWRFRQXV PDQDJHPHQW

3RVWHU � $EVWUDFW ,'� ��

'U� 5LWLND 'DODO �� 'U� 5RKLW 6KHWW\ �� 'U� DEKLMLW VLQKD UR\ �� 0U� 0DWKHZ )UDQFLV �� 'U� 3DOODN
.XVXPJDU �

�� 1DUD\DQD 1HWKUDOD\D

3XUSRVH
7R HYDOXDWH WKH UHIUDFWLYH DQG NHUDWRPHWULF RXWFRPHV RI DQ DUWLȲFLDO LQWHOOLJHQFH �$,� EDVHG DSSURDFK IRU WRSRJ�

UDSK\ JXLGHG FXVWRPL]HG FURVVOLQNLQJ�

0DWHULDOV DQG 0HWKRGV
)LYH NHUDWRFRQLF �.&� H\HV XQGHUZHQW WRSRJUDSK\ JXLGHG FURVVOLQNLQJ� $ �' $, EDVHG PRGHO ZDV XVHG WR FDO�

FXODWH WKH VKDSH DQG VL]H RI WKH FRQH DQG GHVLJQ FRQFHQWULF WUHDWPHQW ]RQHV WR GHOLYHU GLIIHUHQWLDO HQHUJ\� 7KH

GHOLYHUHG HQHUJ\ YDULHG IURP ����-�FP� DW WKH FHQWHU WR �-�FP� DW WKH SHULSKHU\ RI WKH 89 EHDP� 7KH PD[LPXP

WUHDWHG GLDPHWHU ZDV �PP� 5HIUDFWLYH DQG NHUDWRPHWULF GDWD ZDV PHDVXUHG SUH DQG SRVW �� PRQWKV� VXUJHU\�

5HVXOWV
2YHU � PRQWKV� PHDQ PDQLIHVW UHIUDFWLRQ VSKHULFDO HTXLYDOHQW �056(� UHPDLQHG VDPH �������� PHDQ NHUDWRP�

HWU\ DQG PD[LPXP NHUDWRPHWU\ VKRZHG UHGXFWLRQ RI ����' DQG ���' UHVSHFWLYHO\� $YHUDJH URRW PHDQ VTXDUH

�506� DQWHULRU FRUQHD ORZHU RUGHU DEHUUDWLRQ DQG KLJKHU RUGHU DEHUUDWLRQV UHGXFHG E\ ����� DQG �����wP UH�

VSHFWLYHO\� 6SKHULFDO DEHUUDWLRQV LQFUHDVHG E\ �����wP�

&RQFOXVLRQV
$ PDWKHPDWLFDO $, EDVHG DSSURDFK IRU FXVWRPL]HG WRSRJXLGHG FURVV OLQNLQJ VKRZV DFFHSWDEOH UHIUDFWLYH

DQG NHUDWRPHWULF RXWFRPHV� )XUWKHU VWXG\ LV QHHGHG ZLWK YDU\LQJ SUH�SURJUHVVLRQ PDWHULDO SURSHUW\ SDUDPH�

WHUV DQG FRPSDULVRQ ZLWK VWDQGDUG SURFHGXUH WR HVWDEOLVK $, EDVHG FURVV OLQNLQJ DV QHZ WUHDWPHQW PRGDOLW\�

%LRJUDSK\
5LWLND 'DODO� 1DUD\DQD 1HWKUDOD\D
, DP FXUUHQWO\ ZRUNLQJ DV D UHIUDFWLYH IHOORZ DW 1DUD\DQD 1HWKUDOD\D� %DQJDORUH� , KDYH SUHVHQWHG DW YDUL�

RXV QDWLRQDO DQG LQWHUQDWLRQDO FRQIHUHQFHV DQG KDYH SDSHUV LQ SHHU UHYLHZHG MRXUQDOV� 0\ DUHD RI LQWHUHVW LV

5HIUDFWLYH VXUJHU\ DQG NHUDWRFRQXV PDQDJHPHQW�

, HQMR\ PXVLF DQG WUDYHO�

�



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

$Q LQYHVWLJDWLRQ RI WKH HIIHFWV RI ULERȳDYLQ FRQFHQWUDWLRQ RQ
WKH HɘFDF\ RI FRUQHDO FURVV�OLQNLQJ XVLQJ DQ HQ]\PDWLF

UHVLVWDQFH PRGHO LQ SRUFLQH FRUQHDV�

2UDO � $EVWUDFW ,'� ��

3URI� 'DYLG 2 %UDUW �� 0V� 1DRPL 2 %UDUW �� 0UV� 1DGD $OGDKODZL �� 'U� 6DOO\ +D\HV �� 3URI� .HLWK 0HHN �

�� .LQJȇV &ROOHJH� /RQGRQ� �� 0RRUȲHOGȇV (\H +RVSLWDO� �� ��6WUXFWXUDO %LRSK\VLFV 5HVHDUFK *URXS� 6FKRRO RI 2SWRPHWU\ DQG

9LVLRQ 6FLHQFHV� &DUGLII 8QLYHUVLW\� 0DLQG\ 5RDG� &DUGLII

3XUSRVH
7R LQYHVWLJDWH ULERȳDYLQ FRQFHQWUDWLRQ RQ HQ]\PDWLF UHVLVWDQFH IROORZLQJ FRUQHDO FURVV�OLQNLQJ �&;/� LQ D

SRUFLQH H\H PRGHO XVLQJ D SHSVLQ GLJHVWLRQ PRGHO LQ �� H\HV GLYLGHG LQWR � JURXSV LQ WZR WUHDWPHQW UXQV�

0DWHULDOV DQG 0HWKRGV
*URXS � UHPDLQHG XQWUHDWHG� *URXS � UHFHLYHG ULERȳDYLQ ������ JURXS � ����� JURXS � ���� DQG JURXS � �����

7UHDWHG H\HV XQGHUZHQW &;/� ����PLOOLPHWUH GLVFV ZHUH VXEPHUJHG LQ SHSVLQ GLJHVW� ,Q UXQ RQH� GLVF GLDPHWHUV

ZHUH PHDVXUHG GDLO\� $IWHU �� GD\V� GU\ ZHLJKWV ZHUH UHFRUGHG IURP � VDPSOHV LQ HDFK JURXS� ,Q UXQ WZR� GU\

ZHLJKWV ZHUH UHFRUGHG LQ � VDPSOHV LQ HDFK JURXS DW �� DQG �� GD\V�

5HVXOWV
&;/�WUHDWHG FRUQHDV WRRN ORQJHU WR GLJHVW WKDQ XQWUHDWHG �3 � ������� ,Q UXQ � DQG �� GU\ ZHLJKWV DW ��

GD\V GHPRQVWUDWHG� ZLWK HDFK LQFUHDVH LQ FRQFHQWUDWLRQ� DQ LQFUHDVH LQ ZHLJKW RI UHVLGXDO XQGLJHVWHG WLVVXH

�3�������� $W �� GD\V LQ UXQ �� WKH GU\ ZHLJKW ZDV ORZHU ZLWK ����� ULERȳDYLQ FRPSDUHG WR ���� �3������� DQG

���� DQG ���� VROXWLRQV �S������� ZLWK QR RWKHU GLIIHUHQFH EHWZHHQ JURXSV�

&RQFOXVLRQV
7KHUH LV D FRQVLVWHQW GRVH UHVSRQVH FXUYH ZLWK KLJKHU FRQFHQWUDWLRQV RI ULERȳDYLQ DFKLHYLQJ JUHDWHU &;/ Hɘ�

FDF\� VXJJHVWLQJ WKDW PDQLSXODWLRQ RI ULERȳDYLQ GRVDJH DV ZHOO DV WKH 89$ SURWRFRO FDQ EH XVHG WR RSWLPL]H &;/�

%LRJUDSK\
1DRPL 2ȇ%UDUW� 0RRUȲHOGȇV (\H +RVSLWDO

1DRPL LV D TXDOLȲHG 2SWRPHWULVW XQGHU�WDNLQJ DQ 0DVWHU LQ 2SWRPHWU\ DW 0RRUȲHOGV (\H +RVSLWDO� 6KH KDV

D UHVHDUFK LQWHUHVW LQ FROODJHQ FURVV�OLQNLQJ� ZKLFK WKH VXEMHFW RI KHU XQGHUJUDGXDWH UHVHDUFK GLVVHUWDWLRQ DW

&DUGLII 8QLYHUVLW\�

�



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

%LRPHFKDQLFDO DVVHVVPHQW RI NHUDWRFRQLF H\HV DIWHU FRUQHDO
FURVV�OLQNLQJ E\ 6FKHLPSȳXJ�EDVHG WRQRPHWU\

3RVWHU � $EVWUDFW ,'� ��

0U� 5REHUW +HUEHU �� 3URI� (EHUKDUG 6S¸UO �� 3URI� )UHGHULN 5DLVNXS �

�� 'HSDUWPHQW RI 2SKWKDOPRORJ\� 8QLY� +RVSLWDO &DUO *XVWDY &DUXV� 78 'UHVGHQ

3XUSRVH
7KH DLP RI WKLV VWXG\ ZDV WR DVVHVV WKH ELRPHFKDQLFDO FKDQJHV DIWHU FRUQHDO FURVV�OLQNLQJ �&;/� LQ SDWLHQWV ZLWK

SURJUHVVLYH NHUDWRFRQXV XVLQJ WKH 6FKHLPSȳXJ�EDVHG WRQRPHWU\ �&RUYLV 67� &67��

0DWHULDOV DQG 0HWKRGV
*URXS � LQFOXGHV �� H\HV RI �� SDWLHQWV VKRZLQJ D SURJUHVVLYH NHUDWRFRQXV DQG ZDV FURVV�OLQNHG ZLWK WKH PRG�

LȲHG 'UHVGHQ 3URWRFRO �� P:�FPt� �� PLQ�� 7KH FRQWURO JURXS �JURXS �� LQFOXGHG � IHOORZ H\HV ZLWK D VWDEOH

NHUDWRFRQXV�

$OO G\QDPLF FRUQHDO UHVSRQVH SDUDPHWHUV RI &67ZHUH DQDO\]HG DQG � RI WKHPZHUH UHYLHZHG FORVHU �,23� ELRPH�

FKDQLFDO FRUUHFWHG LQWUDRFXODU SUHVVXUH �E,23�� PD[LPXP LQYHUVH UDGLXV �0D[,QY5DG� DQG LQWHJUDWHG UDGLXV

�,QW5DG���

5HVXOWV
7KH PHDQ SDWLHQW DJH DQG IROORZ�XS ZHUH ��s�� \HDUV DQG ��s�� PRQWKV� UHVSHFWLYHO\� 7KH PHDQ ,23 DQG E,23

LQFUHDVHG VLJQLȲFDQWO\ DIWHU &;/ E\ �����s���PP+J �3 ������ DQG ����s���PP+J �3 ������� UHVSHFWLYHO\� +RZ�

HYHU� WKH FRQWURO JURXS VKRZHG QR VLJQLȲFDQW FKDQJHV LQ ,23 DQG E,23� 7KH 0D[,QY5DG UHGXFHG VLJQLȲFDQWO\

E\ ������s����� PP�� �3 ������� ZKHUHDV JURXS � VKRZHG QR VLJQLȲFDQW GLIIHUHQFHV� $OVR� ,QW5DG ZDV UHGXFHG

�Ţ,QW5DG ����s��� PP��� EXW QRW VLJQLȲFDQWO\�

&RQFOXVLRQV
,23 DQG E,23 VKRZHG VLJQLȲFDQWO\ KLJKHU YDOXHV DIWHU &;/� ZKHUHDV FRQWURO H\HV UHPDLQ VWDEOH DIWHU WKH VDPH

IROORZ�XS WLPH� 3DUWLFXODUO\� E,23 WKDW LV OHVV LQȳXHQFHG E\ PDLQ FRUQHDO SDUDPHWHUV DQG DJH� VHHPV WR EH D

YDOXDEOH SDUDPHWHU WR VLJQLȲFDQW FKDQJHV LQ ELRPHFKDQLFDO SURSHUWLHV DIWHU &;/ LQ YLYR� $GGLWLRQDOO\� D GH�

FUHDVH RI PD[LPXP LQYHUVH UDGLXV VKRZHG PRUH FRUQHDO FRQVLVWHQF\�

%LRJUDSK\
5REHUW +HUEHU� 8QLYHUVLW\ (\H &HQWHU DW &DUO *XVWDY &DUXV 'UHVGHQ
5REHUW +HUEHU LV D 3K�'� VWXGHQW DW 8QLYHUVLW\ +RVSLWDO &DUO *XVWDY &DUXV �'HSDUWPHQW RI 2SKWKDOPRORJ\�� 78

'UHVGHQ� *HUPDQ\� +H VWXGLHG RSWRPHWU\ DW WKH 8QLYHUVLW\ RI $SSOLHG 6FLHQFH �($+� -HQD� $IWHU WKDW� KH JUDGX�

DWHG IURP ($+ -HQD ZLWK D PDVWHU GHJUHH LQ RSWRPHWU\ DQG YLVLRQ VFLHQFH� )ROORZLQJ WKLV� 5REHUW ZRUNHG DV DQ

RSWRPHWULVW XQWLO KH VWDUWHG KLV GRFWRUDO VWXGLHV LQ PHGLFDO VFLHQFH� 6LQFH KLV PDVWHU WKHVLV� 5REHUWȇV VFLHQWLȲF

LQWHUHVWV DUH LQ FRUQHDO FURVV�OLQNLQJ� NHUDWRFRQXV� DQG ELRPHFKDQLFV�

�



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

&$5%21 1$126758&785(6 )25 2&8/$5 7,668(
5(,1)25&(0(17

2UDO � $EVWUDFW ,'� ��

'U� $OIUHGR 9HJD �� 'U� -RUJH $OLµ GHO %DUULR �� 3URI� -RUJH $OLµ �

�� 9� �� 9LVVXP &RUSRUDFLµQ

3XUSRVH
7R DVVHVV LI FDUERQ QDQRPDWHULDOV DUH VDIH IRU WKH FRUQHDO WLVVXH DQG DOVR WR HYDOXDWH WKH PHFKDQLFDO SURSHUWLHV

RI WKH FRUQHD DIWHU WKH LPSODQWDWLRQ RI FDUERQ QDQRVWUXFWXUHV

0DWHULDOV DQG 0HWKRGV
([SHULPHQWDO SURWRFRO ZKHUH �� UDEELWȇV H\HV ZHUH LPSODQWHG ZLWK D FRPSRVLWLRQ FRQWDLQLQJ *UDSKHQH DQG

&DUERQ 1DQRWXEHV� $ SRFNHW ZDV FUHDWHG LQ WKH PLGGOH RI WKH VWURPD LQ ZKLFK FDUERQ QDQRPDWHULDOV ZHUH

LQSODQWHG� %LRFRPSDWLELOLW\ RI WKH FRPSRVLWLRQ LQ WKH FRUQHDO WLVVXH ZDV DVVHVVHG E\PHDQV RI SDWKRORJ\ H[DPL�

QDWLRQ� 0HFKDQLFDO SURSHUWLHV RI WKH FRUQHD ZHUH DQDO\]HG E\ SHUIRUPLQJ VWUHVV�VWUDLQ PHDVXUHPHQWV LQ RUGHU

WR GHWHUPLQH WKH PRGXOXV RI HODVWLFLW\ RI WKH FRUQHDO WLVVXH�

5HVXOWV
%OXH $OFLDQ VWDLQLQJ VKRZHG WKDW WKHUH LV QR ȲEURXV VFDULQJ DQG QR PXFRSRO\VDFFKDULGHV DOWHUDWLRQV LQ WKH

VWURPD� 1R LQȳDPPDWLRQ DQG QR IRUHLJQ ERG\ JLDQW FHOO UHDFWLRQ DJDLQVW WKH FDUERQ QDQRPDWHULDOV LPSODQWHG

ZHUH REVHUYHG E\ 0DVRQ WULFUKRPH VWDLQLQJ� %LRPHFKDQLFV VKRZHG WKDW WKHUH LV D WUHQG WR REWDLQHG KLJKHU

OHYHOV RI ULJLGLW\ LQ WKRVH VDPSOHV LPSODQWHG ZLWK FDUERQ QDQRPDWHULDOV ZKHQ FRPSDULQJ ZLWK D FRQWURO JURXS�

DOWKRXJK WKLV FKDQJHV ZHUH QRW VLJQLȲFDQW �S!������

&RQFOXVLRQV
,PSODQWLQJ FDUERQ QDQRVWUXFWXUHV �*UDSKHQH DQG &DUERQ QDQRWXEHV� DUH ELRFRPSDWLEOH DQG D VDIH SURFHGXUH

IRU WKH FRUQHDO VWURPD� %LRPHFKDQLFDO HYDOXDWLRQ VKRZV WKDW WKHUH LV D WUHQG WR REWDLQ PRUH ULJLGLW\ RI WKH

FRUQHDO WLVVXH DIWHU FDUERQ QDQRVWUXFWXUHV LPSODQWDWLRQ

%LRJUDSK\
-RUJH $OLµ GHO %DUULR� 9LVVXP &RUSRUDFLµQ

-RUJH /� $OLµ GHO %DUULR0'� 3K' VSHFLDOLVHG LQ 2SKWKDOPRORJ\ DW WKH 5DPµQ \ &DMDO 8QLYHUVLW\ +RVSLWDO �0DGULG�

6SDLQ� DQG KH KDV FRPSOHWHG &RUQHD )HOORZVKLSV DW *X\ȇV DQG 6W 7KRPDVȇ +RVSLWDO DQG 0RRUȲHOGV (\H +RVSL�

WDO �/RQGRQ� 8.�� +H LV FXUUHQWO\ ZRUNLQJ DV D VXUJHRQ LQ WKH &RUQHD� &DWDUDFW DQG 5HIUDFWLYH 6XUJHU\ 6HUYLFH

RI 9LVVXP &RUSRUDFLµQ �$OLFDQWH� 6SDLQ��+H LV DOVR D 3URIHVVRU ȊDG +RQRUHPȋ DW 8QLYHUVLGDG 0LJXHO +HUQ£Q�

GH]�$OLFDQWH� 6SDLQ� 6FKRRO RI 0HGLFLQH� +H LV D 3K' DW WKH 6XUJHU\ 'HSDUWPHQW RI 8QLYHUVLGDG GH $OFDO£

�0DGULG� 6SDLQ�� ZLWK D &XP /DXGH 4XDOLȲFDWLRQ�

�



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

&RPSDUDWLYH $QDO\VLV RI 2XWFRPHV RI &XVWRPLVHG 7RSRJXLGHG
&URVV /LQNLQJ YHUVXV FRQYHQWLRQDO &URVV /LQNLQJ IRU

SURJUHVVLYH NHUDWRFRQXV

3RVWHU � $EVWUDFW ,'� ��

'U� *LWDQVKD 6DFKGHY �� 'U� 6KUH\DV 5DPDPXUWK\ �

�� 7KH (\H )RXQGDWLRQ

3XUSRVH
7KH SXUSRVH RI WKH VWXG\ ZDV WR FRPSDUH WKH RXWFRPHV RI &XVWRPLVHG WRSRJUDSK\ JXLGHG YHUVXV FRQYHQWLRQDO

FURVV OLQNLQJ �&;/� LQ WKH PDQDJHPHQW RI SURJUHVVLYH NHUDWRFRQXV�

0DWHULDOV DQG 0HWKRGV
&RQVHFXWLYH SDWLHQWV ZLWK GRFXPHQWHG SURJUHVVLRQ RI NHUDWRFRQXV DQG D PLQLPDO WKLFNQHVV RI ���X ZHUH LQ�

FOXGHG� &RQYHQWLRQDO &;/�*URXS $� ZDV SHUIRUPHG XVLQJ DQ HSLWKHOLXP�RII DSSURDFK ZLWK �PZ�FP� IRU ��

PLQXWHV� ,Q WKH FXVWRPL]HG JURXS�*URXS %�� D ȳXHQFH RI ����� DQG ���-�FP� ZDV GHOLYHUHG LQ FRQFHQWULF FLU�

FOHV�FHQWHUHG DURXQGPD[LPXPSRVWHULRU ȳRDW HOHYDWLRQ� XVLQJ D SXOVHG ��PZ�FP� EHDP�2XWFRPH SDUDPHWHUV

LQFOXGHG H[WHQW RI ȳDWWHQLQJ� LPSURYHPHQW LQ YLVXDO DFXLW\ 	 GHSWK RI GHPDUFDWLRQ OLQH

5HVXOWV
�� H\HV ��� SHU JURXS� ZHUH LQFOXGHG� $W ��PRQWKV�D PD[LPDO ȳDWWHQLQJ RI ���' DQG ���' ZDV GHPRQVWUDWHG

LQ *URXS $ DQG % UHVSHFWLYHO\�S ����� ZLWK JUHDWHU UHJXODULVDWLRQ LQ WKH ODWWHU�3 �������$ GHHSHU GHPDUFDWLRQ

OLQH����X YHUVXV ���X� ZDV QRWHG LQ *URXS %�3 ������$ JUHDWHU SURSRUWLRQ RI H\HV KDG LPSURYHPHQW LQ 8QFRU�

UHFWHG YLVXDO DFXLW\ LQ *URXS %����� DV FRPSDUHG WR ��� LQ *URXS $�([WHQW RI KD]H DQG VSHFXODU FRXQWV ZHUH

FRPSDUDEOH DW ��PRQWKV�

&RQFOXVLRQV
&XVWRPLVHG WRSRJUDSK\ JXLGHG FURVV OLQNLQJ SURYLGHG VXSHULRU ȳDWWHQLQJ DQG JUHDWHU LPSURYHPHQW LQ YLVXDO

DFXLW\ DV FRPSDUHG WR FRQYHQWLRQDO FURVVOLQNLQJ ZKLOH PDLQWDLQLQJ WKH VDPH GHJUHH RI VDIHW\�

%LRJUDSK\
*LWDQVKD 6DFKGHY� 7KH (\H )RXQGDWLRQ
7KH DXWKRU LV FXUUHQWO\ ZRUNLQJ DV WKH $FDGHPLF &RRUGLQDWRU DQG &RQVXOWDQW � &DWDUDFW DQG 5HIUDFWLYH 6HUYLFHV

DW 7KH (\H )RXQGDWLRQ� &RLPEDWRUH� 'XULQJ KHU UHVLGHQF\ WUDLQLQJ VKH UHFHLYHG WKH SUHVWLJLRXV ,QGLDQ &RXQFLO

RI 0HGLFDO 5HVHDUFK �,&05� JUDQW IRU KHU ZRUN LQ FRUQHDO FROODJHQ FURVV�OLQNLQJ� 6KH KDV DXWKRUHG YDULRXV

FKDSWHUV LQ ERRNV RQ UHIUDFWLYH VXUJHU\ DQG KDVPXOWLSOH SXEOLFDWLRQV WR KHU FUHGLW� 6KH LV FXUUHQWO\ WKH DVVLVWDQW

HGLWRU RI UHIUDFWLYH VXUJHU\ IRU WKH ,QGLDQ -RXUQDO 2I 2SKWKDOPRORJ\ �,-2��

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

&RPSDULVRQ RI 2XWFRPHV ZLWK 6WDQGDUG DQG $FFHOHUDWHG
&RUQHDO &URVV�OLQNLQJ 3URWRFROV LQ 3DWLHQWV ZLWK 3URJUHVVLYH

.HUDWRFRQXV

3RVWHU � $EVWUDFW ,'� ��

3URI� %UDGOH\ 5DQGOHPDQ �� 0U� 3DXO /DQJ �� 3URI� )DUKDG +DIH]L �

�� 8QLYHUVLW\ RI 6RXWKHUQ &DOLIRUQLD� �� 86&� �� 2FXODU &HOO %LRORJ\ /DE� &$%00� 8QLYHUVLW\ RI =XULFK

3XUSRVH
3XUSRVH� 7R FRPSDUH DQG HYDOXDWH WKH VWDQGDUG FRUQHDO FURVV�OLQNLQJ SURWRFRO ZLWK WZR DFFHOHUDWHG SURWRFROV

LQ SDWLHQWV ZLWK SURJUHVVLYH NHUDWRFRQX

0DWHULDOV DQG 0HWKRGV
0HWKRGV� 5HWURVSHFWLYH GDWD DQDO\VLV RI WKUHH JURXSV RI SDWLHQWV UHFHLYLQJ HLWKHU VWDQGDUG �P:�FP DW �� PLQ�

XWHV FRUQHDO FURVV�OLQNLQJ SURWRFRO ��P:� RU RQH RI WZR DFFHOHUDWHG SURWRFROV� �P:�FP DW �� PLQXWHV ��P:�

RU ��P:�FP DW � PLQXWHV ���P:�� 'DWD ZDV JDWKHUHG XVLQJ D 6FKHLPSȳXJ EDVHG GHYLFH �3HQWDFDP +5� 2FXOXV�

,QF�� SULRU WR DQG � PRQWKV IROORZLQJ WUHDWPHQW� *URXS FRPSDULVRQV LQFOXGHG FKDQJHV LQ UHIUDFWLYH DVWLJPD�

WLVP� SDFK\PHWULF� WRSRPHWULF� NHUDWRPHWULF� DQG GHQVLWRPHWULF LQGLFHV

5HVXOWV
5HVXOWV� 2QO\ ,+$ �S ������ =RQDO .PD[ �S ������ DQG ,6 YDOXH �S ������ ZHUH VLJQLȲFDQW� 7KH ��P: JURXS KDG

D JUHDWHU FKDQJH LQ ,+$ ������s����� FRPSDUHG WR �P: ������s����� DQG �P: JURXSV ������s������ ZKLOH �P:

JURXS KDG D JUHDWHU FKDQJH LQ =RQDO .PD[ ������ s���� DQG ,6 9DOXH �������s���� FRPSDUHG WR �P: ������s���

DQG �����s���� UHVSHFWLYHO\� RU ��P: JURXSV �������s���� DQG �����s���� UHVSHFWLYHO\�� 'LVHDVH VHYHULW\ ZRUVH

RYHUDOO LQ WKH �P: SRSXODWLRQ�

&RQFOXVLRQV
&RQFOXVLRQ� $OO WKUHH SURWRFROV ZHUH HIIHFWLYH DW KDOWLQJ GLVHDVH SURJUHVVLRQ DQG LPSURYLQJ RYHUDOO RXWFRPHV�

3DWLHQWV UHFHLYLQJ &;/ LQ WKH �P: JURXS KDG PRUH VWDWLVWLFDOO\ VLJQLȲFDQW LPSURYHPHQWV LQ RXWFRPH LQGLFHV�

IROORZHG E\ WKH ��P: DQG �P: JURXSV� 'LVHDVH VHYHULW\ ZDV ZRUVH DW EDVHOLQH LQ WKH �P: JURXS�

%LRJUDSK\
%UDGOH\ 5DQGOHPDQ� 8QLYHUVLW\ RI 6RXWKHUQ &DOLIRUQLD

3URIHVVRU RI 2SKWKDOPRORJ\ DW WKH .HFN 6FKRRO RI 0HGLFLQH RI 86& DQG 'LUHFWRU RI WKH &RUQHD 	 5HIUDFWLYH

6XUJHU\ 6HUYLFH DW WKH 86& 5RVNL (\H ,QVWLWXWH LQ /RV $QJHOHV� &DOLIRUQLD� $ ZLGHO\ UHVSHFWHG FRUQHD VSHFLDOLVW�

KLV DUHDV RI H[SHUWLVH LQFOXGH� FRUQHDO DQG LQWUDRFXODU UHIUDFWLYH VXUJLFDO SURFHGXUHV LQFOXGLQJ /$6,. DQG SUH�

PLXP ODVHU�DVVLVWHG FDWDUDFW DQG ,2/ VXUJHU\� FRPSOLFDWHG FDWDUDFW VXUJHU\� DQG WKH PDQDJHPHQW RI FRUQHDO

HFWDWLF GLVRUGHUV� +LV SULPDU\ UHVHDUFK IRFXVHV RQ LGHQWLȲFDWLRQ DQG PDQDJHPHQW RI FRUQHDO HFWDWLF GLVHDVHV

LQFOXGLQJ NHUDWRFRQXV DQG SRVWRSHUDWLYH HFWDVLD DIWHU /$6,.� DQG WKH DYRLGDQFH� GLDJQRVLV� DQG PDQDJHPHQW

RI UHIUDFWLYH VXUJLFDO FRPSOLFDWLRQV�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

&RQWDFW OHQV�DVVLVWHG FROODJHQ FURVV�OLQNLQJ �&$&;/��

3RVWHU � $EVWUDFW ,'� ��

'U� HOKDGGL 0DKIRXGL �� 'U� 1DFLPD %HQPHU]RXJD�PDKIRXGL �

�� SULYDWH� �� XQLYHUVLW\ RI $QQDED

3XUSRVH
7R HYDOXDWH HSL�RII FURVV�OLQNLQJ DVVLVWHG E\ FRQWDFW OHQV �&$&;/� � SUDFWLFHG RQ FRUQHDO WKLFNQHVV OHVV WKDQ

���ƉP�

0DWHULDOV DQG 0HWKRGV
$ UHWURVSHFWLYH VWXG\ IURP 'HFHPEHU ���� WR PD\ ����� LQ �� SDWLHQWV ��� H\HV� ZLWK DQ SURJUHVVLYH NHU�

DWRFRQXV ZLWK D FRUQHDO WKLFNQHVV EHWZHHQ ��� DQG ��� ƉP� WUHDWHG E\ HSL�RII FURVVOLQNLQJ DVVLVWHG E\ FRQWDFW

OHQV�'DLO\ 'LVSRVDEOH 6RȳHQV � � :H VWXGLHG�WKH SHU�RSHUDWLYH WKLFNQHVV JDLQ �SRFNHW ,,�� DQG DQDO\]HG DW �

DQG �� PRQWKV SRVW�RSHUDWLYH� .PD[ �SHQWDFDP+5� � YLVXDO DFXLW\ � DQG HQGRWKHOLDO FRXQWLQJ �&(0 �����

5HVXOWV
:H QRWHG� D SUHVHUYDWLRQ RI 8&9$ LQ �� H\HV ����� �� ����� WR � DQG �� PRQWKV SRVW�RS�� DQG %&9$ LQ �� H\HV

����� �� ����� DW � DQG �� PRQWKV�� VWDELOL]DWLRQ RI .PD[ LQ �� H\HV �PHDQ RI ����� ������� YV ����� �� � ���� WR �

DQG �� PRQWKV�� 7KH SUH�RS WKLNQHVV JDLQ ZDV �� WR ��� ƉP� (QGRWKHOLDO ORVV ZDV VLJQLȲFDQW LQ RQH SDWLHQW�

&RQFOXVLRQV
7KH RQO\ WUHDWPHQW FXUUHQWO\ VKRZLQJ DQ HIIHFWLYHQHVV WR ULJLGLI\ WKH FRUQHDO VWURPD DQG WR VORZ WKH SURJUHV�

VLRQ RI WKH NHUDWRFRQXV LV WKH FURVVOLQNLQJ RI WKH FRUQHDO FROODJHQ �&;/�� :KHQ WKH FRUQHD LV ȲQH WKH &$&;/

ZRXOG EH DQ LQWHUHVWLQJ DOWHUQDWLYH LQFUHDVLQJ WKH FKDQFHV RI HIIHFWLYHQHVV RI WKH WUHDWPHQW ZKLFK OLPLWHG E\

WKH DEVHQFH RI GH�HSLWKHOLDOL]DWLRQ� $ JUHDWHU FRKRUW DQG D ORQJHU UHWUHDW ZRXOG DOORZ WKH YDOLGDWLRQ RI WKLV

SURWRFRO�

%LRJUDSK\
HOKDGGL 0DKIRXGL� OLEHU


 �����0' WKHVLV ZLWK YHU\ KRQRUDEOHPHQWLRQ DQG FRQJUDWXODWLRQV RI WKH MXU\� HQWLWOHG Ȋ&DQFHU FKHPRWKHUDS\ȋ


 �����'LSORPD RI VSHFLDOL]HG PHGLFDO VWXGLHV LQ RSKWKDOPRORJ\�


 �����$FFUHGLWDWLRQ IRU XVLQJ WKH 9,6; 67$5 �,5


 ����� ����� +HDG RI WKH GHSDUWPHQW RI RSKWKDOPRORJ\� 2.%, KRVSLWDO� *XHOPD $OJHULD�


 �����SUHVHQW� 3ULYDWH RSKWKDOPRORJ\ SUDFWLFH


 ���� Ȃ����� 9LFH SUHVLGHQW RI WKH $OJHULDQ VRFLHW\ RI RSKWKDOPRORJ\�6$2� �


 0HPEHU RI � 6$2 � �����SUHVHQW � 6)2� ����� SUHVHQW�

6$),5 �����SUHVHQW�


35(6(17$7,216 $1' 3267(56�

ȏ $QQXDO FRQJUHVV 6$2�$OJLHUV ������ SUHVHQW�

ȏ $QQXDO FRQJUHVV 6$),5� 3DULV ���������������������

ȏ $QQXDO FRQJUHVV 672� 7XQLV ������ �����

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

ȏ :2&� 7RN\R ���� �

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

'HFUHDVHG 89 /LJKW )LOWHULQJ $ELOLW\ RI WKH &RUQHDO
(SLWKHOLXP� ,V LW WKH &DXVH RI 6WURPDO 3DWKRORJLHV LQ

.HUDWRFRQXV

3RVWHU � $EVWUDFW ,'� ��

'U� 1XUXOODK &DJLO �� 'U� 2]JH 6DUDF �� 0U� 6HUKDW 6HYOL �� 'U� 'HPHW (\LGRJDQ �� 'U� 0HKWDS &DJOD\DQ �

�� $QNDUD $WDWXUN 7UDLQLQJ DQG 5HVHDUFK +RVSLWDO� �� 1HKLU %LRWHFKQRORJ\

3XUSRVH
7KH SXUSRVH RI WKLV SURVSHFWLYH VWXG\ ZDV WR LQYHVWLJDWH WKH XOWUDYLROHW �89� DEVRUSWLRQ RI WKH KXPDQ NHUDWR�

FRQLF FRUQHDO HSLWKHOLXP DQG FRPSDUH LW WR QRUPDO FRUQHDO HSLWKHOLXP�

0DWHULDOV DQG 0HWKRGV
�� NHUDWRFRQLF DQG �� KHDOWK\ KXPDQ FRUQHDO HSLWKHOLXP ZHUH VWXGLHG� (SLWKHOLD ZHUH FHQWULIXJHG DQG WUHDWHG

ZLWK FROODJHQDVH WR IRUP D KRPRJHQRXV FHOO VXVSHQVLRQ� 89 DEVRUSWLRQ RI FHOO VXVSHQVLRQ ZDV VFDQQHG E\

QDQRVSHFWURSKRWRPHWHU� $EVRUSWLRQ YDOXHV RI HDFK VDPSOH DW ���� ���� ���� ��� DQG ��� QP IUHTXHQFLHV ZHUH

UHFRUGHG� 89 DEVRUSWLRQ UHDGLQJV ZHUH GLYLGHG E\ RSWLF GHQVLW\ RI WKH FHOO VXVSHQVLRQ DW ��� QP WR REWDLQ

DEVRUSWLRQ YDOXH SHU XQLW FHOO�

5HVXOWV
7KH 89 DEVRUEDQFH OHYHOV DW HDFK UHFRUGHG 89 IUHTXHQF\ ZHUH

VWDWLVWLFDOO\ VLJQLȲFDQWO\ ORZHU LQ NHUDWRFRQLF FRUQHDO HSLWKHOLDO FHOOV ZKHQ

FRPSDUHG WR WKH KHDOWK\ VXEMHFWȇV HSLWKHOLDO FHOOV �S�������� S������� S�������

S������� DQG S������� UHVSHFWLYHO\��

&RQFOXVLRQV
2XU UHVXOWV LQGLFDWHG WKDW KXPDQ NHUDWRFRQLF FRUQHD HSLWKHOLXP KDV ZHDNHU 89 ȲOWHULQJ DELOLW\ FRPSDUHG WR

QRUPDO HSLWKHOLXP� ZKLFK PD\ OHDG WR FKURQLF RYHU�H[SRVXUH RI WKH VWURPD ZLWK 89� :H SRVWXODWH WKDW FKURQLF

89�%६HVFDSH६ WKURXJK WKH NHUDWRFRQLF FRUQHD HSLWKHOLXP LQWR WKH VWURPDPD\ FDXVH GLUHFW FROODJHQ EUHDNGRZQ�

DQG PD\ DOVR EH WKH FDXVH RI LQFUHDVHG PDWUL[ PHWDOORSURWHLQDVHV DFWLYLW\� 7KXV� SULPDU\ SDWKRORJ\ LQ NHUDWR�

FRQXV PD\ EH WKH HSLWKHOLXP LQVWHDG RI VWURPD�

%LRJUDSK\
1XUXOODK &DJLO� $QNDUD $WDWXUN 7UDLQLQJ DQG 5HVHDUFK +RVSLWDO

1XUXOODK &DJLO LV DVVRFLDWH SURIHVVRU LQ RSKWKDOPRORJ\ LQ <LOGLULP %H\D]LW 8QLYHUVLW\ $QNDUD $WDWXUN 7UDLQLQJ

DQG 5HVHDUFK +RVSLWDO� ZKHUH KH ZRUNV DV DQ DFDGHPLF PHPEHU VLQFH ����� +H HVWDEOLVKHG 5HIUDFWLYH 6XUJHU\

DQG .HUDWRFRQXV FHQWHU LQ WKLV LQVWLWXWLRQ� ZKLFK EHFDPH RQH RI WKH PDMRU NHUDWRFRQXV FHQWHUV RI WKH FRXQWU\�

+LV ZRUN LV IRFXVHG RQ FDWDUDFW DQG UHIUDFWLYH VXUJHU\� FRUQHD� DQG NHUDWRFRQXV� +H FRQGXFWV FOLQLFDO DQG EDVLF

UHVHDUFK RQ NHUDWRFRQXV�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

'LVWLQJXLVKLQJ NHUDWRFRQLF H\HV DQG KHDOWK\ H\HV XVLQJ
8OWUDKLJK�5HVROXWLRQ �8+5��2&7 EDVHG &RUQHDO (SLWKHOLXP

7KLFNQHVV 0DSSLQJ

3RVWHU � $EVWUDFW ,'� ��

'U� 1LNODV 3LUFKHU �� 0U� )ORULDQ 6FKZDU]KDQV �� 'U� 6WHSKDQ +RO]HU �� 'U� -DQ /DPPHU �� 'U� 'RUHHQ
6FKPLGO �� 'U� $KPHG 0� %DWD �� 3URI� 5HQª 0� :HUNPHLVWHU �� 'U� *HUDOG 6HLGHO �� 3URI� *HUKDUG
*DUK¸IHU �� 'U� $QGUHDV *VFKOLH¡HU �� 3URI� /HRSROG 6FKPHWWHUHU �� 3URI� *HUDOG 6FKPLGLQJHU �

�� 'HSDUWPHQW RI 2SKWKDOPRORJ\� 0HGLFDO 8QLYHUVLW\ RI 9LHQQD� �� 'HSDUWPHQW RI 2SKWKDOPRORJ\ DQG 2SWRPHWU\� 0HGLFDO

8QLYHUVLW\ RI 9LHQQD� �� 'HSDUWPHQW RI &OLQLFDO 3KDUPDFRORJ\� 0HGLFDO 8QLYHUVLW\ RI 9LHQQD� $XVWULD� �� &HQWHU IRU 0HGLFDO

3K\VLFV DQG %LRPHGLFDO (QJLQHHULQJ� 0HGLFDO 8QLYHUVLW\ RI 9LHQQD� $XVWULD� �� 'HSDUWPHQW RI 2SKWKDOPRORJ\� 0HGLFDO

8QLYHUVLW\ RI *UD]� $XVWULD� �� 'HSDUWPHQW RI 2SKWKDOPRORJ\ DQG 2SWRPHWU\� 0HGLFDO 8QLYHUVLW\ RI 9LHQQD� $XVWULD

3XUSRVH
'LVFRYHULQJ QHZ SUHGLFWLYH SDUDPHWHUV LQ WKH GLDJQRVWLFV RI .HUDWRFRQXV �.&� KDV KLJK SULRULW\� $LP RI WKLV WULDO

ZDV WR ȲQG GLIIHUHQFHV LQ HSLWKHOLDO WKLFNQHVV �(7� PDSV RI H\HV ZLWK .& DQG KHDOWK\ H\HV

0DWHULDOV DQG 0HWKRGV
6XEMHFWV ZHUH VFDQQHG ZLKW DQ 8+5�2&7� $XWRPDWHG VHJPHQWDWLRQ (7�PDSV ZLWK �� VXEVHFWRUV ZHUH FDOFX�

ODWHG� 7KH WKLQQHVW �PLQ(7�� WKH WKLFNHVW �PD[(7�� WKH WKLQQHVW SRLQW GLDJRQDOO\ RSSRVLQJ WKH WKLFNHVW SRLQW

�(7PLQ�PD[� ZHUH DGGLWLRQDO SDUDPHWHUV� 5DWLRV ZHUH FDOFXODWHG DV IROORZV� PLQ(7�GLDJRQDOO\ RSSRVLQJ SRLQW

�5�� DQG PD[(7�GLDJRQDOO\ RSSRVLQJ SRLQW �5��� ,QIHULRU WHPSRUDO DUHD�VXSHULRU QDVDO DUHD �57,�16� DQG LQIH�

ULRU�VXSHULRU KHPLVSKHUH �5,�6�� )XUWKHUPRUH� FROOHFWHG SDUDPHWHUV ZHUH DQDO\VHG UHJDUGLQJ WKHLU GLDJQRVWLF

DFFXUDF\ >$UHD XQGHU WKH FXUYH �$8&�@

5HVXOWV
�� NHUDWRFRQLF H\HV DQG �� KHDOWK\ H\HV ZHUH VFDQQHG� 6WDWLVWLFDOO\ VLJQLȲFDQW GLIIHUHQFHV ZHUH �PHDQ

(7sVWDQGDUG GHYLDWLRQ ƉP�� FHQWUDO (7� �����s���� � �����s����� PLQ(7� �����s���� � �����s����� (7PLQ�PD[�

�����s���� � �����s���� DQG WHPSRUDO LQIHULRU DUHD� �����s���� � �����s����� )RU 5�� ����s���� � ����s����� 5��

����s���� � ����s����� 57,�16� ����s���� � ����s���� DQG 5,�6� ����s���� � ����s����� $8&�YDOXHV ZHUH 5�� ����� �&,�

������������� 57,�16� ����� �&,� ������������ DQG PLQ(7� ����� �&,� ������������

&RQFOXVLRQV
(SLWKHOLDO WKLFNQHVV PDSV FRXOG FOHDUO\ YLVXDOL]H GLIIHUHQW (7�SDWWHUQV� 3DUDPHWHUV ZLWK WKH KLJKHVW SRWHQWLDO

RI GLDJQRVWLF GLVFULPLQDWLRQ EHWZHHQ H\HV ZLWK .& DQG KHDOWK\ H\HV ZHUH LQ GHVFHQGLQJ RUGHU� 5�� 57,�16 DQG

PLQ(7� &RQVHTXHQWO\� HSLWKHOLDO WKLFNQHVV LUUHJXODULW\ DQG DV\PPHWU\ VHHP WR EH WKHPRVW SURPLVLQJ GLDJQRVWLF

IDFWRU LQ WHUPV RI GLVFULPLQDWLQJ EHWZHHQ NHUDWRFRQLF H\HV DQG KHDOWK\ H\HV

%LRJUDSK\
1LNODV 3LUFKHU� 'HSDUWPHQW RI 2SKWKDOPRORJ\� 0HGLFDO 8QLYHUVLW\ RI 9LHQQD

���� � ���� &OLQLFDO 6FLHQWLȲF $VVLVWDQW 0HGLFDO 8QLYHUVLW\ RI 9LHQQD

���� � WRGD\ 5HVLGHQF\ 2SKWDOPRORJ\� 'HSDUWPHQW RI 2SKWKDOPRORJ\� 0HGLFDO 8QLYHUVLW\ RI 9LHQQD� $XVWULD

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

())(&7,9(1(6 2) $&&(/(5$7(' &251($/ &2//$*(1
&5266/,1.,1* )25 .(5$72&2186 3$7,(176 � $

&203$5,621 2) 7:2 35272&2/6

3RVWHU � $EVWUDFW ,'� ��

0UV� 5HQ\ 6HW\RZDWL �� 3URI� 6XKDUGMR � �

�� 8QLYHUVLWDV *DGMDK 0DGD

3XUSRVH
$FFHOHUDWHG &RUQHDO &ROODJHQ &URVV�/LQJNLQJ �$�&;/� KDV EHHQ GHYHORSHG WR VKRUWHQ WKH GXUDWLRQ RI WKH SURFH�

GXUH E\ LQFUHDVLQJ LOOXPLQDWLRQ LQWHQVLW\�

7KLV VWXG\ KDV D SXUSRVH WR FRPSDUH VKRUW WHUP RXWFRPH RI WZR GLIIHUHQW SURWRFROV RI $�&;/ IRU NHUDWRFRQXV

SDWLHQWV�

0DWHULDOV DQG 0HWKRGV
1RQUDQGRPL]HG FOLQLFDO FRQWURO VWXG\ DW 'U 6DUGMLWR +RVSLWDO LQ <RJ\DNDUWD� ,QGRQHVLD� .HUDWRFRQXV SDWLHQWV

ZHUH GLYLGHG LQWR WZR JURXSV FRQVHFXWLYHO\� 3DWLHQWV XQGHUZHQW D GHWDLOHG RSKWKDOPLF DQG PHGLFDO H[DPL�

QDWLRQ� 5HIUDFWLRQ DQG NHUDWRPHWULF YDOXHV DUH PHDVXUHG SUHRSHUDWLYHO\ DQG SRVWRSHUDWLYHO\� )RXU H\HV ZHUH

WUHDWHGZLWK �P:�FP� IRU ��PLQXWHV �JURXS �� DQG �� H\HV ZHUH WUHDWHGZLWK ��P:�FP� IRU �PLQXWHV �JURXS

��� 7KH GDWD RI WKH WZR JURXSV ZHUH FRPSDUHG VWDWLVWLFDOO\�

5HVXOWV
$IWHU � PRQWKV� SDWLHQWV HYDOXDWLRQ LQ JURXS �� PLQLPXP DQGPD[LPXP NHUDWRPHWU\ ȳDWWHQHG E\ ���� GLRSWHUV

�S ������ DQG � GLRSWHUV �S ������� UHVSHFWLYHO\� ,Q JURXS �� PLQLPXP DQG PD[LPXP NHUDWRPHWU\ ȳDWWHQHG E\

���� GLRSWHUV �S ������ DQG ���� GLRSWHUV �S ������� UHVSHFWLYHO\� 7KHUH ZHUH QR LQWHU�JURXS GLIIHUHQFHV LQ WKH

FKDQJHV LQ NHUDWRPHWU\ YDOXHV EHWZHHQ JURXS � $�&;/ DQG JURXS � $�&;/ DW �PRQWKV SRVWRSHUDWLYHO\ �S ������

&RQFOXVLRQV
.HUDWRPHWULF SDUDPHWHU UHVXOWV RI ERWK SURWRFROV $�&;/ IRU WKH WUHDWPHQW RI NHUDWRFRQXV LQ VKRUW WLPH SHULRG

ZHUH VLPLODU�

%LRJUDSK\
5HQ\ 6HW\RZDWL� 8QLYHUVLWDV *DGMDK 0DGD

%RUQ LQ 0HGDQ� 1RUWK 6XPDWUD� ,QGRQHVLD DW ����

1RZ VKH LV LQ KHU ȲQDO \HDU RI 2SWKDOPRORJ\ 5HVLGHQF\ DW 8QLYHUVLWDV *DGMDK 0DGD

6KH LV DOVR D \RXQJ VWDII DW &RUQHDO 'LYLVLRQ DW WKH VDPH LQVWLWXWLRQ�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

(IIHFWV RI ,RQWRSKRUHVLV � 89$ FURVV�OLQNLQJ DQG K\SRWRQLF
ULERȳDYLQ VROXWLRQ RQ WKH XOWUDVWUXFWXUDO DUFKLWHFWXUH RI

KXPDQ FRUQHDO VWURPD

3RVWHU � $EVWUDFW ,'� ��

3URI� 6DHHG $NKWDU �� 0UV� $OMRKDUDK $ONDQDDQ �� 0U� $GQDQ .KDQ �� 3URI� 7XUNL $OPXEUDG �

�� &RUQHD 5HVHDUFK &KDLU� 'HSDUWPHQW RI 2SWRPHWU\� .LQJ 6DXG 8QLYHUVLW\Ȍ �� &RUQHD 5HVHDUFK &KDLU� .LQJ 6DXG 8QLYHUVLW\�

3XUSRVH
7R HYDOXDWH WKH HIIHFW RI GLIIHUHQW 89�$ WUHDWPHQW LQWHQVLWLHV RQ KXPDQ FRUQHDV VRDNHG WKURXJK ZLWK DQ LRQ�

WRSKRUHVLV SURFHGXUH SHUIRUPHG ZLWK D VSHFLȲF VROXWLRQ Ȇ5LFUROLQ � p� 6RRIW� 0RQWHJLRUJLR� )0� ,WDO\ȇ RQ WKH

XOWUDVWUXFWXUH RI FRUQHDO VWURPDO� FROODJHQ ȲEULOV DQG SURWHRJO\FDQV�

0DWHULDOV DQG 0HWKRGV
1RUPDO FRUQHDO VDPSOHV ZHUH WUHDWHG ZLWK Ȇ5LFUROLQ � p � 6RRIW� 0RQWHJLRUJLR� )0� ,WDO\ȇ XVLQJ LRQWRSKRUHVLV IRU

� PLQXWHV DQG LUUDGLDWHG ZLWK � PHWKRGV� *URXS �� DQ LUUDGLDQFH DW � P:�FP� SRZHU IRU �� PLQXWHV� *URXS
�� DQ LUUDGLDQFH DW �� P:�FP� SRZHU IRU � PLQXWHV� *URXS �� ZLWKRXW LUUDGLDQFH SRZHU� &RQWURO *URXS� 7KUHH

XQWUHDWHG FRUQHD ZHUH XVHG DV D FRQWURO� $OO FRUQHD ZHUH SURFHVVHG IRU HOHFWURQ PLFURVFRS\�

5HVXOWV
7KH ODPHOODH DQG &) ZHUH ZHOO RUJDQLVHG LQ JURXS � DQG EHWWHU RUJDQLVHG WKDQ DOO RWKHU JURXSV� 7KH PHDQ

&) GLDPHWHU RI Ȇ*URXS �ȇ ������ s����� Q ���� ZDV VLJQLȲFDQWO\ �S������� KLJKHU WKDQ Ȇ*URXS �ȇ ������s����QP�

Q ����� Ȇ*URXS �ȇ ������s����QP� Q ���� DQG QRUPDO FRUQHD ������s�����QP� Q ����� 7KH PHDQ 3*V DUHD RI WKH

Ȇ*URXS �ȇ �������s����� ZDV VLJQLȲFDQWO\ �S������� KLJKHU WKDQ *URXS � �������s����� DQG *URXS � �������s�����

EXW QRW WKH FRQWURO�

&RQFOXVLRQV
7KH DSSOLFDWLRQ RI &;/ ZLWK LRQWRSKRUHVLV VKRZHG DQ LPSURYHPHQW LQ WKH FROODJHQ ȲEULO GLDPHWHU DQG WKHLU

RUJDQLVDWLRQ LQ WKH *URXS �� ,W LV SUHVXPHG WKDQ WKH WUHDWPHQW PLJKW DIIHFW WKH GHYHORSPHQW RI WKH PLFURȲEULOV

ZLWKLQ WKH &)� ,Q YLYR VWXGLHV DUH UHTXLUHG WR HYDOXDWH WKH HIIHFW RI WKH ,RQWRSKRUHVLV WHFKQLTXH RQ WKH RUJDQL�

VDWLRQ RI FRUQHDO VWURPD�

%LRJUDSK\
6DHHG $NKWDU� &RUQHD 5HVHDUFK &KDLU� .LQJ 6DXG 8QLYHUVLW\�

3URI 6DHHG$NKWDU KDV EHHQZRUNLQJ RQ WKH XOWUDVWUXFWXUH RI QRUPDO DQGSDWKRORJLFDO FRUQHD DW &RUQHD5HVHDUFK

&KDLU� .LQJ 6DXG 8QLYHUVLW\ VLQFH ����� +LV PDLQ UHVHDUFK LQWHUHVWV DUH LQYHVWLJDWLQJ UHPRGHOLQJ RI FROODJHQ

ȲEULOV DQG SURWHRJO\FDQV LQ KXPDQ DQG DQLPDO FRUQHD DIIHFWHG E\ GLVHDVHV VXFK DV NHUDWRFRQXV� SRVW�/$6,.

FRUQHD� FURVV�OLQNHG FRUQHD� EXOORXV NHUDWRSDWK\� JUDQXODU G\VWURSK\ HWF� 7KHVH GLVHDVHV FDXVH WKH FRUQHD WR

EHFRPH RSDTXH� 5HFHQWO\� KH SXEOLVKHG D SDSHU H[SORULQJ WKH GLIIHUHQFHV LQ WKH ODPHOODU RUJDQL]DWLRQ RI WKH

SHULSKHU\ DQG WKH FHQWHU RI WKH NHUDWRFRQXV FRUQHD� 7KLV UHVHDUFK VKRZHG WKDW WKH RULJLQ RI WKH XQGXODWLQJ

ODPHOODH ZDV DERYH WKH 'HVFHPHWȇV PHPEUDQH�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

(YDOXDWLQJ (ɘFDF\ LQ 9DU\LQJ 3URWRFROV RI &XVWRPL]HG
&URVVOLQNLQJ �&;/�

2UDO � $EVWUDFW ,'� ��

'U� 5DMHVK 5DMSDO �� 'U� *UDFH /\WOH �� 'U� $OH[DQGUD 1LFNOLQ �

�� $YHGUR� ,QF

3XUSRVH
7R HYDOXDWH WKH HɘFDF\ RI YDU\LQJ WUHDWPHQW GHVLJQV LQ FXVWRPL]HG FURVVOLQNLQJ�

0DWHULDOV DQG 0HWKRGV
$ UHYLHZ RQ WKH WKHRU\ RI FXVWRPL]HG FURVVOLQNLQJZDV SHUIRUPHG WR LVRODWH WKHPDLQ SDUDPHWHUV WKDW KDYH EHHQ

XVHG WR PRGHO WUHDWPHQW GHVLJQ SODQV WR GDWH�$GGLWLRQDOO\� FOLQLFDO VWXGLHV LQYROYLQJ FXVWRPL]HG FURVVOLQNLQJ

ZHUH VWXGLHG WR DVVHVV WKH FKDQJH LQ .PD[ DQG %&9$ LQ YDULRXV SURWRFROV�

5HVXOWV
&OLQLFDO VWXGLHV GHPRQVWUDWHG D JUHDWHU Ţ.PD[ LQ WUHDWPHQW GHVLJQV WKDW FHQWHUHG RQ WKH SRVWHULRU ȳRDW� :KHQ

FHQWUDWLRQ ZDV EDVHG RQ WKH D[LDO FXUYDWXUH� SRVWHULRU ȳRDW� DQG D K\EULG RI WKH WZR� WKH Ţ.PD[ ZDV ȩ���� s ����

'� ���� s ��� '� DQG ����� s ���� '� UHVSHFWLYHO\� :KHQ FHQWUDWLRQ ZDV EDVHG RQ D[LDO FXUYDWXUH DQG SRVWHULRU

ȳRDW� WKH Ţ%&9$ >/RJ0DU@ ZDV ȩ���� s ���� DQG ����� s ����� UHVSHFWLYHO\�

&RQFOXVLRQV
&OLQLFDO GDWD VXSSRUWV WKHRUHWLFDO PRGHOLQJ WR GDWH� +RZHYHU� IXUWKHU VWXGLHV DUH QHHGHG LQ RUGHU HVWDEOLVK D

VWDQGDUGL]HG DSSURDFK WR FXVWRPL]HG FURVVOLQNLQJ�

%LRJUDSK\
5DMHVK 5DMSDO� $YHGUR� ,QF
&KLHI 0HGLFDO 2ɘFHU DW $YHGUR ,QF� %RDUG FHUWLȲHG H\H GRFWRU DQG WKH )RXQGHU RI 6HH &OHDUO\ 9LVLRQ LQ :DVK�

LQJWRQ� '&�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

+LJK GRVH GLHWDU\ ULERȳDYLQ DQG VXQOLJKW WUHDWPHQW RI
NHUDWRFRQXV DQG HFWDVLD � SUHOLPLQDU\ UHVXOWV

2UDO � $EVWUDFW ,'� ��

'U� -RKQ -DUVWDG �� 'U� /LQGVH\ 0FGDQLHO �� 'U� 0DUZD 7DUDQLVVL �

�� 8QLYHUVLW\ RI 0LVVRXUL 6FKRRO RI 0HGLFLQH

3XUSRVH
7KH HIIHFWV RI KLJK GRVH GLHWDU\ ULERȳDYLQ DQG GLUHFW VXQOLJKW H[SRVXUH ZHUH VWXGLHG LQ �� SDWLHQWV RYHU � WR ��

PRQWKV� &URVV�OLQNLQJ RFFXUUHG PHDVXUHG E\ LPSURYHG DFXLW\ DQG D UHGXFWLRQ LQ WRSRJUDSKLFDO 	 NHUDWRPHW�

ULF UHDGLQJV LQ DOO EXW RQH SDWLHQW�

0DWHULDOV DQG 0HWKRGV
(OHYHQ SDWLHQWV ZLWK SURJUHVVLYH NHUDWRFRQXV RU SRVW�UHIUDFWLYH HFWDVLD ZHUH DVVLJQHG ���PJ RU ���PJ RI GL�

HWDU\ ULERȳDYLQ GDLO\ DFFRPSDQLHG E\ ��PLQXWHV RI VXQOLJKW H[SRVXUHZLWKRXW VXQJODVVHV RU FRQWDFW OHQVHV� 6L[

IHPDOH DQG � PDOH SDWLHQWV ZHUH HQUROOHG� $JH UDQJHG IURP �� WR ��� 3UH�WUHDWPHQW .PD[ UHDGLQJV ZHUH

IURP ����� WR ������ 3DWLHQWV ZHUH IROORZHG IURP � WR �� PRQWKV� 3UH DQG SRVW RSHUDWLYH %&9$� 8&9$� WRSRJUD�

SK\ DQG NHUDWRPHWU\ ZDV HYDOXDWHG�

5HVXOWV
$OO EXW RQH SDWLHQW VKRZHG FRUQHDO ȳDWWHQLQJ DW VL[ PRQWKV ZLWK DYHUDJH ȳDWWHQLQJ RI ��� GLRSWHUV DQG UDQJLQJ

IURP ]HUR WR ���� GLRSWHUV� 2QH SDWLHQW UHIXVHG WR UHPRYH KDUG FRQWDFW OHQVHV RXWVLGH VHUYHG DV DQ XQLQWHQ�

WLRQDO FRQWURO DQG KDG QR HIIHFW IURP WUHDWPHQW� $YHUDJH LPSURYHPHQW LQ %&9$ DQG 8&9$PHDVXUHG WZR OLQHV�

5HGXFWLRQ LQ V\PSWRPV RI JODUH� KDORHV DQG GLVWRUWLRQ ZHUH UHSRUWHG E\ VHYHUDO SDWLHQWV� 1R DGYHUVH HIIHFWV

ZHUH QRWHG�

&RQFOXVLRQV
&ROODJHQ FURVV�OLQNLQJ XVLQJ HSLWKHOLDO VFUDSLQJ DQG FRPPHUFLDOO\ DYDLODEOH ULERȳDYLQ H[WUDFW ZLWK KLJK

GRVH� VKRUW GXUDWLRQ XOWUD�YLROHW H[SRVXUH KDV EHHQ VKRZQ WR EH KLJKO\ HIIHFWLYH LQ WUHDWLQJ NHUDWRFRQXV�

:H SUHVHQW LQLWLDO ȲQGLQJV VKRZLQJ D EHQHȲFLDO HIIHFW XVLQJ KLJK GRVH GLHWDU\ ULERȳDYLQ DQG QDWXUDO 89 OLJKW

IURP WKH VXQ RYHU DQ H[WHQGHG WLPH SHULRG WKDW PD\ SURYLGH D ORZ�FRVW DGMXQFWLYH RU DOWHUQDWLYH PHWKRG RI

WUHDWLQJ NHUDWRFRQXV DQG SRVW UHIUDFWLYH FRUQHDO HFWDVLD�

ȏ

%LRJUDSK\
-RKQ -DUVWDG� 8QLYHUVLW\ RI 0LVVRXUL 6FKRRO RI 0HGLFLQH

'U� -RKQ 6WHYHQ -DUVWDG LV $VVRFLDWH 3URIHVVRU DQG 'LUHFWRU RI &DWDUDFW 	 5HIUDFWLYH 6XUJHU\ DW 8QLYHUVLW\ RI

0LVVRXUL�

+H UHFHLYHG KLV XQGHUJUDGXDWH GHJUHH DW %ULJKDP <RXQJ 8QLYHUVLW\ LQ 3URYR� 8WDK� KLV 0�'� DW 8QLYHUVLW\ RI

:DVKLQJWRQ� 6HDWWOH DQG ZDV D UHVHDUFK IHOORZ DW 1DWLRQDO ,QVWLWXWHV RI +HDOWK LQ %HWKHVGD� 0DU\ODQG�

'U� -DUVWDGȇV FRQWULEXWLRQV WR RSKWKDOPRORJ\ LQFOXGH WKH -DUVWDG UHIUDFWLYH FDWDUDFW VXUJHU\ PDUNHU� WKH RQH�

KDQGHG ,2/ LQMHFWRU� D UHVLGHQW WHDFKLQJ KHDG DQG ORZ�FRVW FDSVXORUUKH[LV VXUJHU\ VLPXODWRU DQG HDUO\ IHP�

WRVHFRQG ODVHU ZRUN�

+H KDV EHHQ D YLVLWLQJ SURIHVVRU LQ $XVWULD� (QJODQG� $IULFD� $VLD DQG 1RUWK .RUHD ZLWK �� SXEOLFD�

WLRQV�SUHVHQWDWLRQV DQG RQH ERRN�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

+RUPRQDO HIIHFW RQ SURJUHVVLRQ RI FRUQHDO HFWDVLD Ȃ FDVH
UHSRUWV

2UDO � $EVWUDFW ,'� ��

'U� 0DUWLQD 9HVHOD �� 3URI� 'UDKRPLUD %DUDNRYD �� 'U� 3DYHO 6WRGXOND �

�� *HPLQL (\H &OLQLF

3XUSRVH
7KH DLP RI WKH SUHVHQWDWLRQ LV WR KLJKOLJKW WKH SRVVLEOH UHODWLRQVKLS RI NHUDWRFRQXV DQG KRUPRQDO GLVEDODQFH

GXH WR WKH KRUPRQDO VWLPXODWLRQ SULRU LQ YLWUR IHUWLOL]DWLRQ �,9)� WUHDWPHQW�

0DWHULDOV DQG 0HWKRGV
)URP ���� WR ����� WKH QXPEHU RI ,9) WUHDWPHQWV LQ &]HFK 5HSXEOLF KDV LQFUHDVHG IURP �� ��� WR �� ��� SHU

\HDU� $IWHU D VXPPDU\ SUHVHQWDWLRQ RI WKH HIIHFWV RI HDFK KRUPRQH DIIHFWLQJ WKH FRUQHD� WZR FDVH UHSRUWV RI

FRUQHDO HFWDVLD DUH SUHVHQWHG LQ SDWLHQWV ZKR KDYH XQGHUJRQH KRUPRQDO VWLPXODWLRQ EHIRUH ,9)�

5HVXOWV
&DVH UHSRUWV RI � SDWLHQWV ZLWK NHUDWRFRQXV� ZKR ZHUH XQGHUZHQW D VHYHUDO ,9) WUHDWPHQWV� DIWHU ZKLFK YLVXDO

DFXLW\ EHFDPH ZRUVH GXH WR SURJUHVVLRQ RI HFWDVLD� 7KH\ KDYH DOVR RWKHU GLVHDVHV� WK\URLG JODQG K\SRIXQFWLRQ�

KHSDWLWLV &� SHUPDQHQW FRORQRVWRP\ GXH WR &URKQȇV GLVHDVH� 7KH FRUQHDO FURVV�OLQNLQJ ZDV SHUIRUPHG LQ ERWK

H\HV WR VWRS SURJUHVVLRQ RI NHUDWRFRQXV LQ WKH IROORZ�XS RYHU WKH �� PRQWKV LQ RQH H\H DQG � PRQWKV LQ IHOORZ

H\H�

&RQFOXVLRQV
'XH WR DQ LQFUHDVH LQ ,9) WUHDWPHQW LQ &]HFK 5HSXEOLF� PRUH FDUHIXO PRQLWRULQJ RI SDWLHQWV ZLWK LQFUHDVHG ULVN

RI FRUQHDO HFWDVLD DQG HDUO\ WUHDWPHQW XVLQJ WKH FRUQHDO FURVV�OLQNLQJ LV UHTXLUHG� $ VWDWLVWLFDO FRPSDULVRQ RI

WKH LQFLGHQFH RI FRUQHDO HFWDVLD LQ D ODUJHU JURXS RI ZRPHQ DIWHU KRUPRQDO VWLPXODWLRQ GXULQJ ,9) WUHDWPHQW

ZLWK D FRQWURO JURXS ZRXOG EH DSSURSULDWH IRU DVVHVVLQJ WKH ULVN HFWDVLD LQGXFHG E\ KRUPRQDO ,9) VWLPXODWLRQ�

%LRJUDSK\
0DUWLQD 9HVHOD� *HPLQL (\H &OLQLF

&XUUHQWO\� &DWDUDFW DQG UHIUDFWLYH VXUJHRQ� &RQVXOWDQW 2SKWKDOPRORJLVW � UHIUDFWLYH VXUJHU\� *HPLQ\ (\H &OLQLF�

3UDJXH� &]HFK 5HSXEOLF

ȏ 0�'� Ȃ ���� � 0HGLFDO )DFXOW\ RI 3- 6DIDULN 8QLYHUVLW\� .RVLFH� 6ORYDN 5HSXEOLF

ȏ )(%2 Ȃ ������ Ȃ 3DULV� )UDQFH

ȏ 3K�'� Ȃ ������ Ȃ 7KH WUHDWPHQW PRGLȲFDWLRQ RI SURJUHVVLYH NHUDWRFRQXV XVLQJ WKH FROODJHQ FURVV�OLQNLQJ

ZLWK ULERȳDYLQ DQG 89$ LUUDGLDWLRQ� SURI� )UHGHULN 5DLVNXS� 0�'�� 3K�'�� )(%2� &KDUOHV 8QLYHUVLW\� &]HFK

5HSXEOLF

ȏ 0%$ Ȃ ������ Ȃ 0DQDJHPHQW 6RIW 6NLOOV� 'HVLJQLQJ WKH FRPPXQLFDWLRQ VWUDWHJ\ RI FOLQLF WRZDUGV WKH

SDWLHQWV EDVHG RQ VHJPHQWLQJ SDWLHQWV E\ DJH� 3UDJXH %XVLQHVV ,QVWLWXW� 3UDJXH� &]HFK 5HSXEOLF

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

,Q YLYR %ULOORXLQ IUHTXHQF\ VKLIWV RI FURVVOLQNHG DQG
XQFURVVOLQNHG FRUQHDV LQ NHUDWRFRQXV

2UDO � $EVWUDFW ,'� ��

'U� 7KHR *� 6HLOHU �� 'U� 3HQJ 6KDR �� 'U� $PLUD (OWRQ\ �� 'U� 9DO«U\ :LWWZHU �� 'U� 7RELDV .ROOHU �� 3URI�
6HRN�+\XQ <XQ �� 3URI� 7KHR 6HLOHU �

�� 8QLYHUVLW¦WVNOLQLN I¾U $XJHQKHLONXQGH� ,QVHOVSLWDO %HUQ� �� +DUYDUG 0HGLFDO 6FKRRO� �� ,52& $*

3XUSRVH
7R LQYHVWLJDWH %ULOORXLQ IUHTXHQF\ VKLIWV RI NHUDWRFRQXV FRUQHDV DQG WKH LQȳXHQFH RI &;/ RQ FRUQHDO HODVWLF

PRGXOXV LQ YLYR�

0DWHULDOV DQG 0HWKRGV
%ULOORXLQ IUHTXHQF\ VKLIW PDSV ZHUH DFTXLUHG WR GHWHUPLQH FRUQHDO ULJLGLW\ ZLWK D KLJK VSDWLDO UHVROXWLRQ XVLQJ

WKH %266�V\VWHP� (\HV RI SDWLHQWV VXIIHULQJ

IURP SURJUHVVLYH NHUDWRFRQXV DV ZHOO DV H\HV KDYLQJ UHFHLYHG FURVVOLQNLQJ �&;/�

PRUH WKDQ �� PRQWKV DJR ZHUH H[DPLQHG XVLQJ %ULOORXLQ PLFURVFRS\ DQG

6FKHLPSȳXJ WRPRJUDSK\� 5LJLGLW\ PDSV DQG FRUQHDO WRPRJUDSKLHV ZHUH DQDO\]HG

IRU SRVVLEOH FRUUHODWLRQV DQG FRPSDUHG EHWZHHQ ERWK JURXSV�

5HVXOWV
%ULOORXLQ PDSV LQ NHUDWRFRQXV GHPRQVWUDWH� WKDW WKH FRUQHD LV QRW VXIIHULQJ IURP D XQLIRUP EXW UDWKHU D IRFDO

ZHDNHQLQJ ZLWK D SHDN %ULOORXLQ�VKLIW RI ����s����*+] LQ WKH HFWDWLF UHJLRQ FRPSDUHG WR D %ULOORXLQ�VKLIW RI

����s����*+] LQ WKH QRUPDO FRUQHDO SHULSKHU\� 0D[LPDO FRUQHDO SRVWHULRU ȳRDW LV VLJQLȲFDQWO\ FRUUHODWHG ZLWK

PD[LPDO ZHDNHQLQJ LQ FRUQHDO %ULOORXLQ PDSV� %ULOORXLQ IUHTXHQF\ VKLIWV ZHUH VLJQLȲFDQWO\ ORZHU �ZHDNHU�

LQ XQFURVVOLQNHG FRUQHDV FRPSDUHG WR FURVVOLQNHG FRUQHDV�

&RQFOXVLRQV
.HUDWRFRQXV FRUQHDV VXIIHU IURP D IRFDO ZHDNHQLQJ� &RUQHDO WRPRJUDSK\� LQ SDUWLFXODU WKH PD[LPXP SRVWH�

ULRU ȳRDW PLJKW VHUYH DV DQ HVWLPDWLRQ IRU WKH ZHDNHVW SRLQW� 7KLV PD\ KHOS WR LPSURYH FXVWRPL]HG LUUDGLDWLRQ

SDWWHUQV LQ FRUQHDO

FURVVOLQNLQJ LQ RUGHU WR RSWLPL]H YLVXDO RXWFRPH IRU SDWLHQWV ZLWK SURJUHVVLYH

FRUQHDO HFWDVLD

%LRJUDSK\
7KHR *� 6HLOHU� 8QLYHUVLW¦WVNOLQLN I¾U $XJHQKHLONXQGH� ,QVHOVSLWDO %HUQ
0HGLFDO 6FKRRO =XULFK

5HVLGHQW DW ,52&� 78 0XQLFK� ,QVHOVSLWDO %HUQ�

5HVHDUFK )HOORZ DW +DUYDUG 0HGLFDO 6FKRRO� :HOOPDQ &HQWHU IRU 3KRWRPHGLFLQH

&XUUHQWO\ ,QVHOVSLWDO %HUQ

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

,QWUDRSHUDWLYH &RUQHDO 7KLFNQHVV &KDQJHV GXULQJ 3XOVHG
$FFHOHUDWHG &RUQHDO &URVV�/LQNLQJ 8VLQJ ,VRWRQLF 5LERȳDYLQ

ZLWK +30&

3RVWHU � $EVWUDFW ,'� ��

'U� 1LKDO (OJKU\DQ\ �� 3URI� <HKLD 0RVWDID �

�� &DLUR 8QLYHUVLW\

3XUSRVH
7R HYDOXDWH FRUQHDO WKLFNQHVV FKDQJHV GXULQJ SXOVHG DFFHOHUDWHG FRUQHDO FURVV�OLQNLQJ �&;/� IRU NHUDWRFRQXV

XVLQJ D QHZ LVRWRQLF ULERȳDYLQ IRUPXOD�

0DWHULDOV DQG 0HWKRGV
,Q WKLV SURVSHFWLYH� LQWHUYHQWLRQDO VWXG\ SDWLHQWV ZLWK JUDGHV ��� NHUDWRFRQXV XQGHUZHQW SXOVHG DFFHOHU�

DWHG &;/ � VHF� RQ�� VHF� RII RI 89$ LUUDGLDWLRQ RI �� P:�FP� �GXUDWLRQ RI � PLQXWHV DQG �� VHFRQGV� DIWHU

DSSOLFDWLRQ RI DQ LVRWRQLF ULERȳDYLQ VROXWLRQ ������ ZLWK +30& IRU �� PLQXWHV� &HQWUDO FRUQHDO WKLFNQHVV �&&7�

PHDVXUHPHQWV ZHUH WDNHQ XVLQJ XOWUDVRXQG SDFK\PHWU\ EHIRUH DQG DIWHU HSLWKHOLDO UHPRYDO� DIWHU ULERȳDYLQ

VRDNLQJ� DQG LPPHGLDWHO\ DIWHU FRPSOHWLRQ RI 89$ WUHDWPHQW�

5HVXOWV
�� H\HV RI �� SDWLHQWV ZHUH HQUROOHG� 0HDQ SDWLHQW DJH ZDV ��s� \HDUV�1R LQWUDRSHUDWLYH RU SRVWRSHUDWLYH FRP�

SOLFDWLRQV ZHUH REVHUYHG� 0HDQ &&7 ZDV ��� s�� ƉP EHIRUH DQG ��� s �� ƉP DIWHU HSLWKHOLDO UHPRYDO� $IWHU ��

PLQXWHV RI ULERȳDYLQ LQVWLOODWLRQ� WKHUHZDV D VWDWLVWLFDOO\ VLJQLȲFDQW GHFUHDVH RI &&7 E\ ���� IURP ���s�� ƉP WR

���s�� ƉP�7KHUH ZDV QR RWKHU VWDWLVWLFDOO\ VLJQLȲFDQW FKDQJH RI &&7 GXULQJ 89$ LUUDGLDWLRQ�

&RQFOXVLRQV
$ VLJQLȲFDQW GHFUHDVH RI FRUQHDO WKLFNQHVV ZDV GHPRQVWUDWHG GXULQJ WKH LVRWRQLF ULERȳDYLQ ZLWK +30& DSSOL�

FDWLRQ ZKLOH WKHUH ZDV QR VLJQLȲFDQW FKDQJH GXULQJ WKH SXOVHG DFFHOHUDWHG 89$ LUUDGLDWLRQ�

%LRJUDSK\
1LKDO (OJKU\DQ\� &DLUR 8QLYHUVLW\
'U 1LKDO LV DQ $QWHULRU 6HJPHQW VXUJHRQ VSHFLDOL]HG LQ FRUQHDO GLVHDVHV DQG UHIUDFWLYH VXUJHU\ LQ H\H&DUH &HQ�

WHU� 0DDGL� &DLUR� 6KH JUDGXDWHG IURP &DLUR 8QLYHUVLW\ LQ ���� ZKHUH VKH FRPSOHWHG RSKWKDOPRORJ\ UHVLGHQF\

WUDLQLQJ LQ &DLUR 8QLYHUVLW\ +RVSLWDOV IROORZHG E\ D 0DVWHUV GHJUHH LQ ���� ZLWK D WKHVLV GLVFXVVLRQ LQ $FFHOHU�

DWHG 3XOVHG &&;/ DQG FXUUHQWO\ 0' FDQGLGDWH LQ &DLUR 8QLYHUVLW\� 6KH KDV D VSHFLDO LQWHUHVW LQ FRUQHDO HFWDVLD

DQG &&;/ ZLWK VHYHUDO SXEOLFDWLRQV DQG QDWLRQDO DQG LQWHUQDWLRQDO FRQIHUHQFHV SUHVHQWDWLRQV �(6&56� $592��

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

. 5HDGLQJV� &RUQHDO 7KLFNQHVV DQG 'HPDUFDWLRQ /LQH �
0RQWKV $IWHU $FFHOHUDWHG 3XOVHG &RUQHDO &URVV /LQNLQJ

3RVWHU � $EVWUDFW ,'� ��

'U� 1LKDO (OJKU\DQ\ �� 3URI� <HKLD 0RVWDID �

�� &DLUR 8QLYHUVLW\

3XUSRVH
7R HYDOXDWH GHPDUFDWLRQ OLQH� . UHDGLQJV DQG FRUQHDO WKLFNQHVV �PRQWKV DIWHU DFFHOHUDWHG SXOVHG FRUQHDO FURVV

OLQNLQJ LQ SDWLHQWV ZLWK NHUDWRFRQXV

0DWHULDOV DQG 0HWKRGV
,Q WKLV SURVSHFWLYH�LQWHUYHQWLRQDO VWXG\� SDWLHQWV ZLWK JUDGHV ��� NHUDWRFRQXV XQGHUZHQW HSLWKHOLXP RII SXOVHG

DFFHOHUDWHG���P:�FP�� �$YHGUR ,QF�� :DOWKDP� 06� 86$� &;/ IRU � PLQXWHV �� VHFRQG RQ� � VHFRQG RII� DIWHU

DSSOLFDWLRQ RI DQ LVRWRQLF ULERȳDYLQ VROXWLRQ ������ ZLWK +30& �9LEH; 5DSLG� $YHGUR ,QF�� :DOWKDP� 06� 86$�

IRU �� PLQXWHV� 6FKHLPSȳXJ LPDJLQJ ZDV GRQH EHIRUH DQG �PRQWKV DIWHU WKH WUHDWPHQW� $QWHULRU VHJPHQW 2&7

ZDV GRQH � PRQWKV DIWHU WKH WUHDWPHQW�

5HVXOWV
7KLV VWXG\ LQFOXGHG �� H\HV RI �� SDWLHQWV� 0HDQ SUHRSHUDWLYH ȳDWWHVW . �.�� ZDV ����� ' ZKLOH PHDQ SRVW RSHU�

DWLYH .� LV ���� '� 0HDQ SUHRSHUDWLYH VWHHSHVW . �.�� ZDV ����� ' ZKLOH PHDQ SRVW RSHUDWLYH .� LV ���� '� 0HDQ

SUHRSHUDWLYH FHQWUDO FRUQHDO WKLFNQHVV �&&7�ZDV ���PLFURQV� SRVWRSHUDWLYH &&7 LV �����PLFURQV� 'HPDUFDWLRQ

OLQH LV HDVLO\ GHWHFWHG LQ �� H\HV RI �� SDWLHQWV� PHDQ GHSWK LV ����� PLFURQV

&RQFOXVLRQV
$FFHOHUDWHG SXOVHG FURVV OLQNLQJ FDXVHV D GHFUHDVH LQ WKH . UHDGLQJV DQG WKH FHQWUDO FRUQHDO WKLFNQHVV� $SRSWRWLF

HIIHFW GHPRQVWUDWHG E\ FRUQHDO GHPDUFDWLRQ OLQH FDQ EH GHWHFWHG DW GHSWK RI ����� PLFURQV�

%LRJUDSK\
1LKDO (OJKU\DQ\� &DLUR 8QLYHUVLW\
'U 1LKDO LV DQ $QWHULRU 6HJPHQW VXUJHRQ VSHFLDOL]HG LQ FRUQHDO GLVHDVHV DQG UHIUDFWLYH VXUJHU\ LQ H\H&DUH &HQ�

WHU� 0DDGL� &DLUR� 6KH JUDGXDWHG IURP &DLUR 8QLYHUVLW\ LQ ���� ZKHUH VKH FRPSOHWHG RSKWKDOPRORJ\ UHVLGHQF\

WUDLQLQJ LQ &DLUR 8QLYHUVLW\ +RVSLWDOV IROORZHG E\ D 0DVWHUV GHJUHH LQ ���� ZLWK D WKHVLV GLVFXVVLRQ LQ $FFHOHU�

DWHG 3XOVHG &&;/ DQG FXUUHQWO\ 0' FDQGLGDWH LQ &DLUR 8QLYHUVLW\� 6KH KDV D VSHFLDO LQWHUHVW LQ FRUQHDO HFWDVLD

DQG &&;/ ZLWK VHYHUDO SXEOLFDWLRQV DQG QDWLRQDO DQG LQWHUQDWLRQDO FRQIHUHQFHV SUHVHQWDWLRQV �(6&56� $592��

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

/DVHU ,QGXFHG ,RQL]DWLRQ )LHOG &URVVOLQNV %LRORJLFDO 0HGLD LQ
$EVHQFH RI 3KRWRVHQVLWL]HUV

2UDO � $EVWUDFW ,'� ��

'U� 0LNKDLO )RPRYVN\ �� 0U� &KDR :DQJ �� 'U� 6WHSKHQ 7URNHO �� 'U� 6LQLVD 9XNHOLF �

�� &ROXPELD 8QLYHUVLW\� �� &ROXPELD 8QLYHUVLW\ 0HGLFDO &HQWHU

3XUSRVH
6SDWLDOO\ UHVROYHG FURVVOLQNLQJ RI FROODJHQRXV ELRORJLFDOPHGLD KDV EHHQ DFKLHYHG LQ DEVHQFH RI SKRWRVHQVLWL]HUV

YLD XWLOL]DWLRQ RI XOWUDIDVW ODVHUV� 7KH WUHDWPHQW LV EHLQJ LQYHVWLJDWHG IRU LWV SRWHQWLDO WR SURGXFH JHRPHWULFDOO\

GHȲQHG YROXPHV RI FURVVOLQNHG FRUQHDO WLVVXH IRU WKHUDSHXWLF SXUSRVHV�

0DWHULDOV DQG 0HWKRGV
1RYHO ODVHU�WLVVXH LQWHUDFWLRQ SDUDGLJP KDV EHHQ DFKLHYHG E\ FRQȲQLQJ ODVLQJ UHJLPH EHORZ WKH RSWLFDO EUHDN�

GRZQ WKUHVKROG� WKXV UHVWULFWLQJ WKH WUHDWPHQW WR SKRWRFKHPLFDO HIIHFWV� $V VXFK� WKH WUHDWPHQW RPLWV WKHUPDO

DFFXPXODWLRQ� ZKLFK ZRXOG GHQDWXUH FROODJHQ ȲEULOV� &DUHIXO WDLORULQJ RI SURFHVVLQJ SDUDPHWHUV FRQȲQHV LQ�

GXFHG LRQL]DWLRQ ȲHOG WR WKH IRFDO YROXPH� UHVXOWLQJ LQ DELOLW\ WR FRQWURO WKH FURVVOLQNLQJ SURFHVV� DQG WKXV OLPLW

WKH DOWHUDWLRQV WR GHVLUHG UHJLRQ RI WKH LUUDGLDWHG PHGLD�

5HVXOWV
)LQGLQJV REWDLQHG IURP (OHFWURQ 3DUDPDJQHWLF 5HVRQDQFH 6SHFWURVFRS\ DQG )OXRUHVFHQFH 0LFURVRFRS\ KDYH

FRQȲUPHG RXU K\SRWKHVLV� 7KH SURFHVV KDV WKHQ EHHQ DSSOLHG RQWR SRUFLQH DQG UDEELW H\HV� DQG SRVW�WUHDWPHQW

FKDUDFWHUL]DWLRQ KDV VKRZQ FKDQJHV LQ FURVVOLQN GHQVLW\� PHFKDQLFDO SURSHUWLHV DV ZHOO DV RYHUDOO JHRPHWU\ RI

FRUQHDO WLVVXH� 7HPSHUDWXUH LQFUHDVH GXULQJ WKH SURFHGXUH LV ZHOO EHORZ GHQDWXUDWLRQ WKUHVKROG� DQG KLVWRORJ\

KDV FRQȲUPHG DEVHQFH RI WKHUPDO GDPDJH� &RPSOHPHQWDU\ UHVXOWV KDYH EHHQ REVHUYHG LQ DUWLFXODU FDUWLODJH�

&RQFOXVLRQV
%\ FDUHIXOO\ WDLORULQJ RI WKH ODVHU�LQGXFHG DPHQGPHQWV LQ WKH WDUJHW WLVVXH� ZKLFK FRXOG EH RFXODU WLVVXH� WHQGRQ

RU DUWLFXODU FDUWLODJH� RQH KDV DELOLW\ WR LQGXFH VWUXFWXUDO PRGLȲFDWLRQ WKDW IXUWKHU WULJJHUV DOWHUDWLRQ RI LWV

PHFKDQLFDO SURSHUWLHV DV ZHOO DV RYHUDOO JHRPHWU\� 7KHUHIRUH� WKH SURSRVHG ODVHU�WLVVXH LQWHUDFWLRQ PHWKRG KDV

SRWHQWLDOO\ WUHPHQGRXV WKHUDSHXWLF YDOXH� 6SHFLȲFDOO\� WKLV WHFKQLTXH KDV DOORZHG XV WR FKDQJH WKH PHFKDQLFDO

SURSHUWLHV DQG WKH JHRPHWU\ RI H[SRVHG FRUQHDO VWURPD�

%LRJUDSK\
6LQLVD 9XNHOLF� &ROXPELD 8QLYHUVLW\

'U� 9XNHOLF KDV REWDLQHG KLV 3K' IURP &ROXPELD 8QLYHUVLW\ LQ ���� DQG ZDV DSSRLQWHG DV $VVLVWDQW 3URIHVVRU

DW %XFNQHOO 8QLYHUVLW\� ,Q ���� KH KDV MRLQHG &ROXPELD 8QLYHUVLW\ IDFXOW\� 'U� 9XNHOLFȇV UHVHDUFK LQWHUHVWV LQ�

FOXGH LQYHVWLJDWLRQ RI XQGHUO\LQJ SKHQRPHQD EHKLQG WKH LQWHUDFWLRQ RI ODVHUVZLWK ELRORJLFDOPHGLD� ,Q DGGLWLRQ

WR EDVLF VFLHQFH� 'U� 9XNHOLFȇV UHVHDUFK SURMHFWV LQFOXGH WUDQVODWLRQDO UHVHDUFK LQ ZKLFK IXQGDPHQWDO FRQFHSWV

DUH DSSOLHG RQWR SUDFWLFDO FOLQLFDO SUREOHPV VXFK DV FRUUHFWLRQ RI UHIUDFWLYH HUURUV� WUHDWPHQW RI FRUQHDO HFWDVLDV�

DV ZHOO DV GHYHORSPHQW RI QRYHO WUHDWPHQW IRU HDUO\ RVWHRDUWKULWLV�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

/RQJ�WHUP UHVXOWV RI PHFKDQLFDO HSLWKHOLDO UHPRYDO YHUVXV
SKRWRWKHUDSHXWLF NHUDWHFWRP\ IROORZHG E\ DFFHOHUDWHG

FRUQHDO FURVV�OLQNLQJ IRU SHGLDWULF NHUDWRFRQXV

3RVWHU � $EVWUDFW ,'� ��

'U� 2]JH 6DUDF �� 'U� 3LQDU .RVHNDK\D �� 'U� 0HKWDS &DJOD\DQ �� 'U� *X]LQ 7DVOLSLQDU �� 'U� %XUDN
7DQULYHUGL �� 'U� 1XUXOODK &DJLO �

�� $QNDUD $WDWXUN 7UDLQLQJ DQG 5HVHDUFK +RVSLWDO� �� $QNDUD 8OXFDQODU (JLWLP YH $UDVWLUPD +DVWDQHVL

3XUSRVH
7RFRPSDUH WKH ORQJ�WHUP RXWFRPHV RI SHGLDWULF NHUDWRFRQXV SDWLHQWV WUHDWHG ZLWKHLWKHU PHFKDQLFDO HSLWKHOLDO

UHPRYDO RU WUDQVHSLWKHOLDO SKRWRWKHUDSHXWLFNHUDWHFWRP\ �37.� EHIRUH DFFHOHUDWHG FRUQHDO FURVV�OLQNLQJ �&;/��

0DWHULDOV DQG 0HWKRGV
�� H\HV RI �� FRQVHFXWLYH NHUDWRFRQXV SDWLHQWV XQGHU �� \HDUV ROGZLWK �� PRQWK IROORZ�XS SHULRG IROORZLQJ

DFFHOHUDWHG �� P:�FP�� ��PLQ� &;/ ZHUH LQFOXGHG� (\HV WKDW KDG XQGHUJRQH &;/ IROORZLQJ PDQXDO HSLWKH�

OLDO GHEULGHPHQW �JURXS �� Q ��� RU WUDQVHSLWKHOLDO 37. �JURXS �� Q ��� ZHUH HYDOXDWHG SUHRSHUDWLYHO\ DQG DW

��� ���DQG �� PRQWKV SRVWRSHUDWLYHO\ IRU XQFRUUHFWHG �8'9$� DQG FRUUHFWHG �&'9$�� VSKHULFDO HTXLYDOHQW �6(��

PDQLIHVW DVWLJPDWLVP �0$�� FRUQHDO WRSRJUDSKLF DQG DEHUURPHWULF YDOXHV�

5HVXOWV
7KH LPSURYHPHQW LQ WKH8'9$ �JURXS ��S ������ JURXS ��S ������ DQG WKH GHFUHDVH LQ WKH.�PD[� DQG 7&7 �JURXS

��S������DQG S������� UHVSHFWLYHO\� JURXS ��S ����� DQG S�������UHVSHFWLYHO\� ZHUH VWDWLVWLFDOO\ VLJQLȲFDQW LQ

ERWK JURXSV� 7KH FKDQJHV LQ .�PD[� WRSRJUDSKLF DVWLJPDWLVP� DQG VSKHULFDO DEHUUDWLRQ LQ JURXS � DW �� PRQWKV

SRVWRSHUDWLYHO\ ZDV JUHDWHU WKDQ JURXS � �S ����� S ����� DQG S �����UHVSHFWLYHO\�� $IWHU �� PRQWKV SRVWRSHUD�

WLYHO\� WKHVH GLIIHUHQFHV ZHUH SUHVHQW EXW QRW VWDWLVWLFDOO\ VLJQLȲFDQW�

&RQFOXVLRQV
&RPELQHG WUDQVHSLWKHOLDO 37. DQG DFFHOHUDWHG &;/ZDV HIIHFWLYH DQG VDIH LQ SHGLDWULF NHUDWRFRQLF SDWLHQWV RYHU

D ORQJ�WHUP IROORZ�XS� 7KH LQLWLDO YLVXDO DQG WRSRJUDSKLF HIIHFWV RI WUDQVHSLWKHOLDO 37. HSLWKHOLXP UHPRYDO ZDV

VXSHULRU WKDQ WKH PHFKDQLFDO HSLWKHOLXP UHPRYDO�

%LRJUDSK\
2]JH 6DUDF� $QNDUD $WDWXUN 7UDLQLQJ DQG 5HVHDUFK +RVSLWDO

2]JH 6DUDF LV DQ DVVRFLDWH SURIHVVRU LQ RSKWKDOPRORJ\ DW $QNDUD $WDWXUN 7UDLQLQJ DQG 5HVHDUFK +RVSLWDO�

$QNDUD� ZKHUH VKH KDV EHHQ D IDFXOW\ PHPEHU VLQFH ����� 6KH KDG UHVHDUFK H[SHULHQFH DW :LOPHU (\H ,QVWLWXWH

DW -RKQV +RSNLQV +RVSLWDO� %DOWLPRUH DQG DOVR KDV EHHQ ZRUNLQJ DV DQ DGMXQFW DVVRFLDWH SURIHVVRU DW $XVWUDOLDQ

1DWLRQDO 8QLYHUVLW\ LQ &DQEHUUD� $XVWUDOLD� 6KH LV VSHFLDOL]HG LQ WKH ȲHOG RI FRUQHD DQG H[WHUQDO GLVHDVHV� UHIUDF�

WLYH VXUJHU\� DQG QHXUR�RSKWKDOPRORJ\� +HU UHVHDUFK LV PDLQO\ EDVHG RQ NHUDWRFRQXV� SHGLDWULF NHUDWRFRQXV�

DQG FRUQHDO FROODJHQ FURVV�OLQNLQJ�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

0HDVXULQJ &RUQHDO +D]H ZLWK 2&7 DIWHU (SLWKHOLDO 'LVUXSWLRQ
&RUQHDO &ROODJHQ &URVV�OLQNLQJ �&;/� ZLWK 7UDQV�HSLWKHOLDO

5LERȳDYLQ �7(� LQ SDWLHQWV ZLWK .HUDWRFRQXV�

3RVWHU � $EVWUDFW ,'� �

'U� 'KZQL 6KDKDQDQG �� 'U� $VKLVK 1DJSDO �

�� &RUQHD 6HUYLFHV� 5HWLQD )RXQGDWLRQ� $KPHGDEDG

3XUSRVH
7R TXDQWLWDWLYHO\ PHDVXUH &;/ �&RUQHDO &ROODJHQ&URVVOLQNLQJ� DVVRFLDWHG FRUQHDO KD]H E\ $QWHULRU 6HJPHQW

�6SHFWUDO 'RPDLQ� 2&7 LQ SDWLHQWV ZLWK NHUDWRFRQXV XQGHUJRLQJ &;/ E\ HSLWKHOLDO GLVUXSWLRQ ZLWK 5LERȳDYLQ

7( ��������

0DWHULDOV DQG 0HWKRGV
5HWURVSHFWLYH� LQWHUYHQWLRQDO� FRKRUW VWXG\� �� H\HV RI � SDWLHQWV ZLWK NHUDWRFRQXV� ZKR XQGHUZHQW &;/ ZLWK

HSLWKHOLDO GLVUXSWLRQ DQG 5LERȳDYLQ 7( ������� ZHUH DQDO\]HG RQ EDVLV RI VHULDO SRVW�RSHUDWLYH 2&7 �6SHFWUDO

'RPDLQ� DQG 7RSRJUDSK\ �6LULXV 7RPRJUDSK\� GRQH SUH�RSHUDWLYHO\� SRVW�RSHUDWLYH GD\ �� � PRQWK� � PRQWKV

DQG � PRQWKV� &OLQLFDO FRUUHODWLRQ RI KD]H RQ 2&7 ZDV GRQH ZLWK WKH KD]H RQ VOLW�ODPS H[DPLQDWLRQ RQ HDFK

H[DPLQDWLRQ�

5HVXOWV
,QLWLDO LQFUHDVH LQ SDFK\PHWU\ RQ �VWSRVWRSHUDWLYH GD\ E\ ����� PLFURQV VHHQ� 'LIIXVH FHQWUDO KD]H �PHDQ GHSWK

���������WDSHULQJ LQ SHULSKHU\ REVHUYHG� ,QLWLDO FRPSDFWLRQ RI FRUQHDO VWURPD RYHU SRVW�RSHUDWLYH ��� PRQWKV

ZLWK FRPSDFWLRQ RI KD]H FRPSDUHG WR SRVWRSHUDWLYH GD\ � LV REVHUYHG� 6WURPDO WKLFNQHVV UHWXUQHG WR SUHRSHU�

DWLYH YDOXHV DW � PRQWKV� GHSWK DQG GHQVLW\ RI KD]H KDG JUDGXDOO\ UHGXFHG IURP ��� PRQWKV�

&RQFOXVLRQV
&RUQHDO KD]H DIWHU &;/ LV FRQVLGHUHG LQGLUHFW PHDVXUH RI WKH GHSWK RI FURVVOLQNLQJ DQG KDV EHHQ TXDQWLWDWLYHO\

PHDVXUHG RQ 2&7� ,W VKRZV LQLWLDO LQFUHDVH LQ FRUQHDO WKLFNQHVV IROORZHG E\ JUDGXDO FRPSDFWLRQ DQG GHFUHDVH

LQ KD]H RYHU D SHULRG RI � PRQWKV LQ H\HV XQGHUJRLQJ &;/ ZLWK HSLWKHOLDO GLVUXSWLRQ ZLWK 5LERȳDYLQ 7(� 7KH SD�

UDPHWHUV RI NHUDWRFRQXV OLNH YLVXDO DFXLW\ DQG WRSRJUDSKLF .�PD[ YDOXHV UHPDLQHG VWDEOH LQ WKHVH SDWLHQWV�

%LRJUDSK\
'KZQL 6KDKDQDQG� &RUQHD 6HUYLFHV� 5HWLQD )RXQGDWLRQ� $KPHGDEDG

'U 'KZQL 6KDKDQDQG� IRUPHU )HOORZ RI &RUQHD 6HUYLFHV DW 5HWLQD )RXQGDWLRQ� $KPHGDEDG� ,QGLD� FXUUHQWO\

SUDFWLFLQJ DV D &RUQHDO DQG 5HIUDFWLYH 6XUJHRQ LQ ,QGLD� 6KH KDV VSHFLDO LQWHUHVW GLVHDVHV OLNH .HUDWRFRQXV DQG

FRUQHDO ELRPHFKDQLFV�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

1HHG RI H[SODQWDWLRQ RI DQ LQWUDVWURPDO WLWDQ ULQJ DIWHU
SHQHWUDWLQJ NHUDWRSODVW\ LQ WZR SDWLHQWV ZLWK NHUDWRFRQXV

3RVWHU � $EVWUDFW ,'� ��

0V� .DVVDQGUD ;DQWKRSRXORX �� 'U� *HRUJLD 0LOLRWL �� 3URI� %HUWKROG 6HLW] �

�� 'HSDUWPHQW RI 2SKWKDOPRORJ\� 6DDUODQG 8QLYHUVLW\ 0HGLFDO &HQWHU� ����� +RPEXUJ� *HUPDQ\

3XUSRVH
7KH PRVW VHYHUH FRPSOLFDWLRQV DIWHU SHQHWUDWLQJ NHUDWRSODVW\ �3.3� LQFOXGH KLJK DVWLJPDWLVP DQG LPPXQR�

ORJLFDO JUDIW IDLOXUH� 7KH LQWURGXFWLRQ RI WKH FRUQHDO LQWUDVWURPDO WLWDQ ULQJ WZHQW\ \HDUV DJR E\ .UXPHLFK�

LPSODQWHG GXULQJ 3.3 ZDV VXSSRVHG WR UHGXFH WKH LQFLGHQFH RI ERWK FRPSOLFDWLRQV�

0DWHULDOV DQG 0HWKRGV
:H SUHVHQW WZR SDWLHQWV ZLWK NHUDWRFRQXV ZKR ZHUH UHIHUUHG LQ RXU GHSDUWPHQW DIWHU HDFK KDYLQJ XQGHUJRQH

D 3.3 LQ RQH H\H ZLWK VLPXOWDQHRXV LPSODQWDWLRQ RI WKH LQWUDVWURPDO WLWDQ ULQJ� 7KH ȲUVW SDWLHQW VXIIHUHG IURP

H[FHVVLYH EXOEDU SDLQ DQG SHUVLVWHQW KHDGDFKHV �� PRQWKV DIWHU VXUJHU\� )RU WKH VHFRQG SDWLHQW ZDV DOUHDG\

WKH VHFRQG JUDIW DQG KH VXIIHUHG IURP SRVWRSHUDWLYH KLJK P\RSLD� LUUHJXODU DVWLJPDWLVP DQG ZDV FRQWDFW OHQV

LQWROHUDQW�

5HVXOWV
,Q WKH ȲUVW SDWLHQW ZH UHFRJQLVHG D IRUZDUG PRYHPHQW RI WKH WLWDQ ULQJ LQVLGH WKH FRUQHDO VWURPD ZLWKRXW SHQ�

HWUDWLRQ RI WKH HSLWKHOLXP� :H GHFLGHG WR UHPRYH WKH LQWUDFRUQHDO ULQJ DQG VRRQ DIWHU RSHUDWLRQ WKH V\PS�

WRPV GLVDSSHDUHG� 7KH VHFRQG SDWLHQW ZDV IRXQG WR KDYH H[WUHPH EXOJLQJ RI WKH WUDQVSODQW LQ WKH RSHUDWHG

H\H ZKLFK H[SODLQHG WKH KLJK SRVWRSHUDWLYH UHIUDFWLYH HUURU� :H UHPRYHG WKH LPSODQWHG LQWUDFRUQHDO ULQJ DQG

VHTXHQWLDOO\ SHUIRUPHG D UH�UH�3.3�

&RQFOXVLRQV
,Q ERWK FDVHV WKH LPSODQWDWLRQ RI WKH LQWUDFRUQHDO WLWDQ ULQJ IDLOHG WR GHFUHDVH WKH SRVWRSHUDWLYH DVWLJPDWLVPDQG

FDXVHG V\PSWRPV WKDW DIIHFWHG WKH SDWLHQWVȇ HYHU\GD\ OLIH RQ VLJQLȲFDQW OHYHO� 7R UHOLHYH WKH SDWLHQWVȇ V\PSWRPV

ZH KDG WR UHPRYH WKH WLWDQ ULQJ LQ ERWK FDVHV� ,W UHPDLQV GRXEWIXO LI .UXPHLFKȇV ULQJ LV EHQHȲFLDO LQ 3.3�

%LRJUDSK\
.DVVDQGUD ;DQWKRSRXORX� 'HSDUWPHQW RI 2SKWKDOPRORJ\� 6DDUODQG 8QLYHUVLW\ 0HGLFDO &HQWHU� ����� +RPEXUJ�

*HUPDQ\

, JUDGXDWHG IURP0HGLFDO 6FKRRO RI $ULVWRWOH 8QLYHUVLW\ RI 7KHVVDORQLNL LQ *UHHFH LQ -XO\ RI ����� $IWHU WKH FRP�

SOHWLRQ RI P\ VWXGLHV , FRPSOHWHG D KRVSLWDWLRQ RI � PRQWKV LQ WKH 8QLYHUVLW\ (\H 'HSDUWPHQW RI 3DSDJHRUJLRX

+RVSLWDO LQ 7KHVVDORQLNL� *UHHFH � 6LQFH )HEUXDU ���� , DP ZRUNLQJ DV D UHVLGHQW DW WKH 2SKWKDOPRORJ\ 'HSDUW�

PHQW LQ 6DDUODQG 8QLYHUVLW\ RI *HUPDQ\� , DP FXUUHQWO\ ZRUNLQJ RQP\0DVWHU FRQFHUQLQJ D SURVSHFWLYH VWXG\

RQ &URVVOLQNLQJ� , VSHDN (QJOLVK� *HUPDQ� )UHQFK DQG ,WDOLDQ�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

1RQ�FRQWDFW WHFKQLTXH IRU GLUHFW FRUQHDO VWUHQJWK
PHDVXUHPHQW

2UDO � $EVWUDFW ,'� ��

'U� 'LPLWUL &KHUQ\DN �

�� ,QWHORQ 2SWLFV� ,QF�

3XUSRVH
0XOWLSOH WHFKQLTXHV KDYH HPHUJHG LQ UHFHQW \HDUV IRU PHDVXULQJ FRUQHDO ELRPHFKDQLFV� :KLOH XVHIXO� WKHVH

GHYLFHV DUH LQȳXHQFHG E\ ,23 DQG FRUQHDO JHRPHWU\� ([WUDFWLQJ GDWD IURP VXFK PHDVXUHPHQWV UHOLHV RQ DV�

VXPSWLRQV DQG PRGHOLQJ� GRHVQȇW SURYLGH VSDWLDO DVSHFW RI HODVWLFLW\ DFURVV FRUQHD�

0DWHULDOV DQG 0HWKRGV
%ULOORXLQ 6SHFWURVFRS\ KDV EHHQ UHFHQWO\ VKRZQ WR PHDVXUH FRUQHDO ELRPHFKDQLFDO VWUHQJWK GLUHFWO\ DQG WR

SURYLGH VSDWLDO PDSSLQJ RI WKH VWUHQJWKPRGXOXV LQ WLVVXH� ,W XVHV ORZ�SRZHU ODVHU WR GHWHUPLQH HODVWLF PRGXOXV

RI RFXODU WLVVXH E\ DQDO\]LQJ WKH UHWXUQ VLJQDO VSHFWUXP� 7KH ODVHU LV ZLWKLQ SXEOLVKHG VDIHW\ OLPLWV RI H[SRVXUH

IRU RFXODU WLVVXHV� 8QOLNH 5DPDQ VFDWWHULQJ� %ULOORXLQ VSHFWURVFRS\ LQYROYHV ORZ IUHTXHQF\ VFDWWHU WKDW GLUHFWO\

UHODWHV WR HODVWLF EXON SURSHUWLHV RI PDWHULDO�

5HVXOWV
/DERUDWRU\ PHDVXUHPHQWV RI YDULRXV SRO\PHUV KDYH VKRZQ FORVH FRUUHODWLRQ ZLWK SXEOLVKHG HODVWLF PRGXOXV

GDWD IRU WKHVH UHIHUHQFH PDWHULDOV� +XPDQ FOLQLFDO VWXGLHV KDYH GHPRQVWUDWHG VLJQLȲFDQW GLIIHUHQFH LQ WKH

HODVWLF PRGXOXV RI QRUPDO FRUQHDV YHUVXV FRUQHDV GLDJQRVHG ZLWK NHUDWRFRQXV FRQGLWLRQ� &OLQLFDO GDWD KDV DOVR

VKRZQ VWDWLVWLFDOO\ VLJQLȲFDQW FKDQJHV DVVRFLDWHG ZLWK FRUQHDO FURVVOLQNLQJ WUHDWPHQW IRU NHUDWRFRQXV SDWLHQWV

LQ WKH DQWHULRU FRUQHD� ZKHUH FURVVOLQNLQJ ZDV DSSOLHG�

&RQFOXVLRQV
%ULOORXLQ 6SHFWURVFRS\ GDWD SURYLGHV XQLTXH DQG GLUHFW PHDVXUHPHQW RI FRUQHDO HODVWLF SURSHUWLHV DFURVV WLVVXH

YROXPH� $FFHVV WR VXFK LQIRUPDWLRQ PD\ DOORZ SK\VLFLDQV WR FXVWRPL]H UHIUDFWLYH VXUJHU\ QRPRJUDPV DV ZHOO

DV FURVVOLQNLQJ WUHDWPHQW SDUDPHWHUV IRU FRQWUROOLQJ NHUDWRFRQXV SURJUHVVLRQ�

%LRJUDSK\
'LPLWUL &KHUQ\DN� ,QWHORQ 2SWLFV� ,QF�

'LPLWUL KDV ��� \HDUV RI H[SHULHQFH LQ GHYHORSLQJ GLDJQRVWLF DQG VXUJLFDO GHYLFHV LQ RSKWKDOPRORJ\ DQG KDV

EHHQ 6FLHQWLȲF $GYLVRU WR VHYHUDO FRPSDQLHV LQ PHGLFDO VRIWZDUH DQG GDWD DQDO\WLFV�

'LPLWUL HDUQHG D 3K' LQ 9LVLRQ 6FLHQFH DW 8& %HUNHOH\ LQ ����� +LV UHVHDUFK ZDV FHQWHUHG RQ PRGHOLQJ RI DWWHQ�

WLRQ� H\H PRYHPHQWV DQG REMHFW UHFRJQLWLRQ� %RUQ LQ 0RVFRZ� 5XVVLD� KH DWWHQGHG WKH %LRORJ\ 'HSDUWPHQW RI

0RVFRZ 6WDWH 8QLYHUVLW\� DQG LQ ���� UHFHLYHG D %$ GHJUHH IURP %UDQGHLV 8QLYHUVLW\� :DOWKDP� 0$� LQ 0DWK�

HPDWLFV DQG %LRORJ\� ,Q ����� KH ZDV DZDUGHG DQ 0$ GHJUHH LQ &RJQLWLYH DQG 1HXUDO 6\VWHPV IURP %RVWRQ

8QLYHUVLW\�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

2SWLPL]LQJ *HQLSLQ FRQFHQWUDWLRQ IRU FRUQHDO FROODJHQ FURVV
OLQNLQJ� $Q H[�YLYR PRGHO�

2UDO � $EVWUDFW ,'� ��

3URI� -RUJH $OLµ �� 'U� $OPXWH] *KDUDLEHK �� 'U� -RUJH $OLµ GHO %DUULR �

�� 9LVVXP &RUSRUDFLµQ

3XUSRVH
7R RSWLPL]H WKH FURVVOLQNLQJ HIIHFW FDXVHG E\ *HQLSLQ DW GLIIHUHQW FRQFHQWUDWLRQV� GXUDWLRQ RI WUHDWPHQW DQG

GHOLYHU\ PHWKRGV DV D SKDUPDFRORJLFDO VXEVWDQFH IRU FRUQHDO FROODJHQ FURVVOLQNLQJ �&;/� ZLWK WKH SXUSRVH RI

DSSURYLQJ LWV FOLQLFDO KXPDQ DSSOLFDWLRQ�

0DWHULDOV DQG 0HWKRGV
��� FRUQHDV WUHDWHG ZLWKGLIIHUHQW *HQLSLQ FRQFHQWUDWLRQV ������ ���� DQG ��� DQG WUHDWPHQW GXUDWLRQV ���

PLQXWHV� �� PLQXWHV� �� PLQXWHV� � KRXU� � KRXUV DQG � KRXUV� WKURXJK GLIIHUHQW PHWKRGV RI GHOLYHU\ �VRDNLQJ

RU WRSLFDO GURSV RI ��� wO� ZHUH FRPSDUHG WR �� FRQWUROV FRUQHDV WUHDWHGZLWK 5LERȳDYLQ DQG89� +LVWRORJ\ H[DP�

HQ]\PDWLF GLJHVWLRQ ZLWK FROODJHQDVH DQG 7KHUPDO 'LIIHUHQWLDO 6FDQQLQJ &DORULPHWU\ �'6&� ZHUH SHUIRUPHG RQ

WKH GLIIHUHQW VDPSOHV�

5HVXOWV
&RUQHDV VRDNHG �� PLQXWHV LQ ���� *HQLSLQ ����*� DUH OHVV FURVVOLQNHG WKDQ FRQWURO� +LJKHU VRDNLQJ WLPH GLG

QRW LQFUHDVH WKH FURVVOLQNLQJ HIIHFW� 7RSLFDO DSSOLFDWLRQ RI ���* HYHU\ KRXU IRU � KRXUV VKRZHG �� FURVVOLQNLQJ

HIIHFW� 'URSV RI ���* DSSOLHG IRU �� PLQXWHV� � DQG � KRXUV VKRZHG ORZHU HQ]\PDWLF GHJUDGDWLRQ FRPSDUHG WR

FRQWURO� 'URSV RI ���* DSSOLHG GXULQJ �� � DQG � KRXUV VKRZHG KLJKHU WKHUPDO GHQDWXUDWLRQ UHVLVWDQFH WKDQ

FRQWURO�

&RQFOXVLRQV
7KLV H[SHULPHQWDO VWXG\ GHPRQVWUDWHV WKDW ��� wO GURSV RI *HQLSLQ ���� DSSOLHG KRXUO\ IRU � KRXUV LVDQ Hɘ�

FLHQW &;/ WUHDWPHQW� )XUWKHU WHVWV WR RSWLPL]H WKH FRQFHQWUDWLRQ RI*HQLSLQ� WKH GXUDWLRQ RI WUHDWPHQW DQG WKH

SHQHWUDWLRQ LQ WKH FRUQHD ZLOO EHFDUULHG RXW EHIRUH WKH DSSOLFDWLRQ LQ KXPDQV�

%LRJUDSK\
-RUJH $OLµ GHO %DUULR� 9LVVXP &RUSRUDFLµQ

-RUJH /� $OLµ GHO %DUULR0'� 3K' VSHFLDOLVHG LQ 2SKWKDOPRORJ\ DW WKH 5DPµQ \ &DMDO 8QLYHUVLW\ +RVSLWDO �0DGULG�

6SDLQ� DQG KH KDV FRPSOHWHG &RUQHD )HOORZVKLSV DW *X\ȇV DQG 6W 7KRPDVȇ +RVSLWDO DQG 0RRUȲHOGV (\H +RVSL�

WDO �/RQGRQ� 8.�� +H LV FXUUHQWO\ ZRUNLQJ DV D VXUJHRQ LQ WKH &RUQHD� &DWDUDFW DQG 5HIUDFWLYH 6XUJHU\ 6HUYLFH

RI 9LVVXP &RUSRUDFLµQ �$OLFDQWH� 6SDLQ��+H LV DOVR D 3URIHVVRU ȊDG +RQRUHPȋ DW 8QLYHUVLGDG 0LJXHO +HUQ£Q�

GH]�$OLFDQWH� 6SDLQ� 6FKRRO RI 0HGLFLQH� +H LV D 3K' DW WKH 6XUJHU\ 'HSDUWPHQW RI 8QLYHUVLGDG GH $OFDO£

�0DGULG� 6SDLQ�� ZLWK D &XP /DXGH 4XDOLȲFDWLRQ�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

3UHGLFWLQJ FURVV�OLQNLQJ RXWFRPHV DQG LQȲOWUDWHV XVLQJ
PROHFXODU ELRPDUNHUV Ȃ LPSOLFDWLRQV IRU SRLQW RI FDUH

GLDJQRVWLFV

2UDO � $EVWUDFW ,'� ��

'U� 1DWDVKD 3DKXMD �� 'U� 5RKLW 6KHWW\ �� 'U� $UNDVXEKUD *KRVK �� 'U� 3RRMD .KDPDU �� 'U�
6ZDPLQDWKDQ 6HWKX �

�� 1DUD\DQD 1HWKUDOD\D

3XUSRVH
7R LGHQWLI\PROHFXODU IDFWRUV WKDW ZRXOG DLG LQ SUHGLFWLQJ IDYRUDEOH DQG DGYHUVH FOLQLFDO FURVV�OLQNLQJ RXWFRPHV

LQ NHUDWRFRQXV �.&��

0DWHULDOV DQG 0HWKRGV
7KH JHQH H[SUHVVLRQ RI O\V\O R[LGDVH �/2;�� PDWUL[�PHWDOORSURWHLQDVH � �003��� WLVVXH LQKLELWRU RI PHWDOORSUR�

WHLQDVH �7,03�� DQG FROODJHQVZHUHPHDVXUHG E\ 4�3&5 LQ WKH HSLWKHOLXP �FRQH DQG SHULSKHU\� RI �� .& SDWLHQWV

XQGHUJRLQJ &;/� 3RVW�RS YLVXDO DFXLW\� UHIUDFWLRQ DQG NHUDWRPHWULF RXWFRPHV ZHUH FRUUHODWHG ZLWK WKH H[SUHV�

VLRQ RI WKHVH PROHFXODU IDFWRUV� 3UH�RS WHDUV F\WRNLQH SURȲOHV ��� DQDO\WHV� RI WKH WZR SDWLHQWV ZKR GHYHORSHG

XQLODWHUDO VWHULOH LQȲOWUDWHV ZHUH DQDO\]HG XVLQJ F\WRPHWULF EHDG DUUD\�

5HVXOWV
3UH�RSHUDWLYH OHYHOV RI FRQH VSHFLȲF /2; H[SUHVVLRQ LQ FDVHV RI SRVLWLYH RXWFRPHZHUH VLJQLȲFDQWO\ KLJKHU� &2/

,9$�� 7,03� JHQH H[SUHVVLRQ ZDV UHGXFHG LQ WKH FRQHV RI WKH VXEMHFWV ZLWK VXE�RSWLPDO RXWFRPH� 7KH SUH�RS

WHDU LQȳDPPDWRU\ PDUNHUV �,/��D� ,/��� ,&$0��� 0&3��� 0,*� 5$17(6� E)*)� 9(*)� ZHUH !��� IROG KLJKHU LQ WKH

H\HV WKDW GHYHORSHG VWHULOH LQȲOWUDWH DV FRPSDUHG WR WKH FRQWUDODWHUDO H\HV �ZKLFK DOVR XQGHUZHQW FURVV�OLQNLQJ

LQ ERWK WKH SDWLHQWV�

&RQFOXVLRQV
3UH�RSHUDWLYH OHYHOV RI WLVVXH IDFWRUV DQG�RU WHDU LQȳDPPDWRU\ F\WRNLQH SURȲOH DLGH LQ SUHGLFWLRQ RI FURVV�

OLQNLQJ RXWFRPHV� :H DUH QRZ GHYHORSLQJ D UDSLG SRLQW RI FDUH NLW WR GHWHFW WKHVH ELRPDUNHUV LQ SUH�RSHUDWLYH

WHDUV IRU LPSURYHG DQG HYLGHQFHG EDVHG SUHGLFWLRQ RI FURVV�OLQNLQJ RXWFRPHV DQG SDWLHQW VHOHFWLRQ�

%LRJUDSK\
1DWDVKD 3DKXMD� 1DU
'U 1DWDVKD 3DKXMD LV D &RUQHD 5HIUDFWLYH VXUJHRQ DQG D FOLQLFLDQ VFLHQWLVW� 6KH GLG KHU&RUQHD 5HIUDFWLYH IHO�

ORZVKLS DW 1DUD\DQD 1HWKUDOD\D� 6KH LV DOVR D 3K' VFKRODU DW WKH 0DDVWULFKW 8QLYHUVLW\� +HU DUHD RI LQWHUHVW LV

NHUDWRFRQXV� DGYDQFH LPDJLQJ DQG EDVLF VFLHQFH WR XQGHUVWDQG PROHFXODU SDWKZD\V GULYLQJ GLVHDVHV

6KH KDV PDQ\ SXEOLFDWLRQV WR KHU FUHGLW� 6KH DOVR VHUYHUV DV D PHPEHU RI HGLWRULDO ERDUG RI PDQ\ LQWHUQDWLRQDO

SHHU UHYLHZHG SXEOLFDWLRQV� 6KH LV D FOLQLFDO DQG UHVHDUFK VFLHQWLVW DW WKH *52: ODERUDWRULHV� 6KH KDV UHFHLYHG

PDQ\ DZDUGV LQFOXGLQJ WKH PRVW SUHVWLJLRXV &RO� 5DQJDFKDUL $ZDUG DW WKH $OO ,QGLD 2SKWKDOPLF FRQJUHVV

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

3URORQJHG ,RQWRSKRUHVLV�DVVLVWHG 7UDQVHSLWKHOLDO &RUQHDO
&URVV�OLQNLQJ IRU 3HGLDWULF .HUDWRFRQXV� 7KUHH <HDUV 5HVXOWV

2UDO � $EVWUDFW ,'� ��

'U� =KLURQJ /LQ �� 0UV� 6KXQURQJ /XR �� 'U� 1XR 'RQJ �� 'U� ;XPLQ 6KDQJ �� 0U� ;LH )DQJ �� 0U� =KLZHQ
;LH �� 0UV� /HL <DQ �� 3URI� =XJXR /LX �� 3URI� +XSLQJ :X �

�� (\H ,QVWLWXWH 	 $ɘOLDWHG ;LDPHQ (\H &HQWHU RI ;LDPHQ 8QLYHUVLW\

3XUSRVH
7R DVVHVV WKH ORQJ�WHUP �WKUHH \HDUV� HɘFDF\ DQG VDIHW\ RI SURORQJHG LRQWRSKRUHVLV�DVVLVWHG WUDQVHSLWKHOLDO

FRUQHDO FURVV�OLQNLQJ �,�&;/� LQ SHGLDWULF SDWLHQWV ZLWK NHUDWRFRQXV�

0DWHULDOV DQG 0HWKRGV
3HGLDWULF SDWLHQWV ZLWK NHUDWRFRQXV ZKR XQGHUZHQW SURORQJHG ,�&;/ ��� PLQV

IRU LRQWRSKRUHVLV� ZHUH LQFOXGHG� 6OLW ODPS H[DPLQDWLRQ� FRUQHDO HSLWKHOLDO ȳXRUHVFHLQ VWDLQLQJ�XQFRUUHFWHG

GLVWDQFH YLVXDO DFXLW\ �8&9$�� EHVW FRUUHFWHG GLVWDQFH YLVXDO DFXLW\ �%&9$�� VSKHULFDO HTXLYDOHQW DQG F\OLQ�

GHU UHIUDFWLRQ� 6FKHLPSȳXJ WRPRJUDSK\ �3HQWDFDP�� DQWHULRU VHJPHQW RSWLFDO FRKHUHQFH WRPRJUDSK\ �$6�

2&7��HQGRWKHOLDO FHOO FRXQW DQG LQ YLYR FRQIRFDO ODVHU VFDQQLQJ PLFURVFRS\ ZHUH DVVHVVHG DW EDVHOLQH DQG DW

� GD\V� � PRQWK� � \HDU DQG � \HDUV SRVWRSHUDWLYHO\�

5HVXOWV
�� H\HV RI �� SDWLHQWV ZHUH LQFOXGHG ZLWK PHDQ DJH RI ���� \HDUV� 0LOG SXQFWDWH HSLWKHOLDO GHIHFW DQG PLOG GLV�

FRPIRUW ZDV REVHUYHG ZLWKLQ WKUHH GD\V SRVWRSHUDWLYHO\� 6LJQLȲFDQW LPSURYHPHQW RI %&9$� PHDQ 63+ DQG

.PD[ ZHUH REVHUYHG ZLWKLQ � \HDU SRVWRSHUDWLYHO\ EXW QR VLJQLȲFDQW LPSURYHPHQW DW � \HDUV� &RQIRFDO PL�

FURVFRS\ VKRZHG LQFUHDVHG ȲEHU OLQNV LQ WKH DQWHULRU VWURPD ZLWKLQ ��� ƉP GHSWK� 7KUHH SDWLHQWV �������

VKRZHG SURJUHVVLRQ DW � \HDU SRVWRSHUDWLYHO\�

&RQFOXVLRQV
2XU ORQJ�WHUP UHVXOWV XS WR � \HDUV SRVWRSHUDWLYHO\ UHYHDOHG WKDW SURORQJHG ,�&;/ LV ERWK HIIHF�

WLYH DQG VDIH LQ VWDELOL]LQJ WKH SURJUHVVLRQ RI SHGLDWULF NHUDWRFRQXV SUHVHQWHG ZLWK VLJQLȲFDQW LPSURYHPHQW

RI %&9$ DQG .PD[� 3URORQJHG ,�&;/ KDV WKH DGYDQWDJH IRU SHGLDWULF SDWLHQWV ZLWK UHGXFHG SRVWRSHUDWLYH SDLQ�

ORZ ULVN RI LQIHFWLRQ� DQG VKRUW VXUJHU\ WLPH� +RZHYHU� SURJUHVVLRQ RFFXUUHG LQ ����� RI WKH WUHDWHG H\HV�

%LRJUDSK\
=KLURQJ /LQ� (\H ,QVWLWXWH 	 $ɘOLDWHG ;LDPHQ (\H &HQWHU RI ;LDPHQ 8QLYHUVLW\

=KLURQJ /LQ UHFHLYHG KLV 0�' GHJUHH LQ 6KDQJKDL 0HGLFDO &ROOHJH RI )XGDQ 8QLYHUVLW\ LQ ����� DQG UHFHLYHG KLV

3K�' GHJUHH LQ =KRQJVKDQ 2SKWKDOPLF &HQWHU RI 6XQ <DW�VHQ 8QLYHUVLW\ LQ ����� $IWHU SRVW�GRFWRUDO UHVHDUFK�

KH ZRUNHG LQ WKH $ɘOLDWHG ;LDPHQ (\H &HQWHU RI ;LDPHQ 8QLYHUVLW\� ,Q UHFHQW \HDUV� KH KDV GHYRWHG KLPVHOI

LQ WKH FOLQLFDO DQG EDVLF UHVHDUFK UHODWHG WR NHUDWRFRQXV� GU\ H\H� NHUDWLWLV DQG NHUDWRSODVW\� HWF� +H LV QRZ LQ

FKDUJH RI � 16)& JUDQWV DQG � SURYLQFLDO JUDQWV� +H KDV SXEOLVKHG RQH ERRN RQ &;/ LQ &KLQD DQG VHYHUDO DUWLFOHV

LQ LQWHUQDWLRQDO MRXUQDOV VXFK DV ,296 HWF�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

5HSURGXFLELOLW\ DQG UHSHDWDELOLW\ RI FRUQHDO 2&7 FURVV�OLQNLQJ
GHPDUFDWLRQ OLQH PHDVXUHPHQW E\ KXPDQ RSHUDWRUV
FRPSDUHG WR D QRYHO DXWRPDWHG GHWHFWLRQ VRIWZDUH�

2UDO � $EVWUDFW ,'� ��

'U� 6KDG\ $ZZDG �� 'U� $KPDG 5� 'KDLQL �� 'U� 0DDPRXQ $EGXO )DWWDK �� 0V� 0DQDO &KRNU �

�� $PHULFDQ 8QLYHUVLW\ RI %HLUXW 0HGLFDO &HQWHU� �� $PHULFDQ 8QLYHUVLW\ RI %HLUXW

3XUSRVH
7R HYDOXDWH WKH UROH RI DQ DXWRPDWHG GHWHFWLRQ VRIWZDUH DV FRPSDUHG WR KXPDQ RSHUDWRUV LQ DVVHVVLQJ
WKH SUHVHQFH DQG GHSWK RI VWURPDO GHPDUFDWLRQ OLQH RQ 2&7 LQ NHUDWRFRQXV H\HV SRVW FURVV�OLQNLQJ

0DWHULDOV DQG 0HWKRGV
7ZR LQGHSHQGHQW RSHUDWRUV DQG DQ LPDJH DQDO\VLV VRIWZDUH H[DPLQHG ��� FHQWUDO FRUQHDO 2&7 FXWV RI �� H\HV

RI �� SDWLHQWV SRVW FRUQHDO FURVV�OLQNLQJ XVLQJ WKH 'UHVGHQ SURWRFRO� DW � DQG � PRQWKV SRVWRSHUDWLYHO\� 2SHU�

DWRUV HYDOXDWHG WKH SUHVHQFH RI WKH GHPDUFDWLRQ OLQH DQG PHDVXUHG LWV GHSWK� 7KH RSHUDWRUV ZHUH EOLQGHG WR

SDWLHQWVȇ QDPH� RWKHU H[DPLQHUVȇ UHVXOWV �KXPDQ RU VRIWZDUH�� DQG WKHLU RZQ SUHYLRXV UHVXOWV� 5HSHDWDELOLW\

DQG UHSURGXFLELOLW\ ZHUH FDOFXODWHG DQG FRPSDUHG�

5HVXOWV
7KH PHDQ ��PRQWK GHPDUFDWLRQ OLQH ZDV�����s����� ���s����� DQG �����s���� PLFURQV DV FRPSXWHG E\
WKH VRIWZDUH DQG WKH RSHUDWRUV� UHVSHFWLYHO\� 7KH ,QWUDFODVV FRUUHODWLRQ FRHɘFLHQWV �,&&� DQG SHDU�
VRQ FRUUHODWLRQ FRHɘFLHQWV EHWZHHQ VRIWZDUH DQG RSHUDWRUV �� DQG ��� ZHUH ����� DQG ������ DQG �����
DQG ������ UHVSHFWLYHO\ �3�������� 7KH LQWHU�RSHUDWRUV ,&&���PRQWK� ������ ,&&���PRQWKV� ������ LQWUD�
RSHUDWRU ,&& ����� DQG ������ DQG LQWUD�VRIWZDUH ,&& �� 7KH DYHUDJH RSHUDWRU WLPH�2&7 H[DP �� VHF�
RQGV� FRPSDUHG WR � VHFRQG E\ WKH VRIWZDUH�

&RQFOXVLRQV
:LWK VR PDQ\ GLIIHUHQW LWHUDWLRQV RI WKH FURVV�OLQNLQJ WHFKQLTXH EHLQJ FRQVWDQWO\ GHYHORSHG� DQ REMHF�
WLYH� VWDQGDUGL]HG� DQG IDVW VXFFHVV PHDVXUHPHQW WRRO LV NH\ WR HYDOXDWLQJ DJJUHJDWH UHVXOWV�'HWHFWLRQ RI

WKH GHPDUFDWLRQ OLQH E\ KXPDQ RSHUDWRUV LV UHSHDWDEOH DQG UHSURGXFLEOH� EXW LW FDQ EH IXUWKHU RSWLPL]HG DQG

VWDQGDUGL]HG E\ DQ XOWUDIDVW� REMHFWLYH� DQG DFFXUDWH DXWRPDWHG VRIWZDUH GHWHFWLRQ WRRO� SURYLGLQJ D UHOLDEOH

LQGLFDWRU IRU WUHDWPHQW VXFFHVV�

%LRJUDSK\
6KDG\ $ZZDG� $PHULFDQ 8QLYHUVLW\ RI %HLUXW 0HGLFDO &HQWHU

'U� 6KDG\ $ZZDG REWDLQHG KLV PHGLFDO GHJUHH ZLWK WKH $OSKD 2PHJD $OSKD DZDUG� FRPSOHWHG DQ LQWHUQVKLS

LQ JHQHUDO VXUJHU\� DQG D UHVLGHQF\ LQ RSKWKDOPRORJ\ DW WKH $PHULFDQ 8QLYHUVLW\ RI %HLUXW 0HGLFDO &HQWHU

�$8%0&�� +H SXUVXHG D IHOORZVKLS LQ FRUQHD DQG UHIUDFWLYH VXUJHU\� DQG D IHOORZVKLS LQ RSKWKDOPLF SDWKRORJ\�

DOO DW WKH 8QLYHUVLW\ RI 7H[DV 6RXWKZHVWHUQ 0HGLFDO &HQWHU LQ 'DOODV� +H LV FXUUHQWO\ DQ DVVRFLDWH SURIHVVRU DQG

KHDG RI WKH FRUQHD DQG UHIUDFWLYH VXUJHU\ GLYLVLRQ DW $8%0&� +H UHFHLYHG WKH $$2 DFKLHYHPHQW DZDUG DQG KDV

�� SHHU�UHYLHZHG SXEOLFDWLRQV� +LV UHVHDUFK IRFXVHV RQ UHIUDFWLYH VXUJHU\� NHUDWRFRQXV� ,2/ FDOFXODWLRQV� DQG

FRUQHDO PHDVXUHPHQWV�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

5LERȳDYLQ FRQFHQWUDWLRQ GXULQJ FURVVOLQNLQJ DW WKH
HQGRWKHOLDO OHYHO

2UDO � $EVWUDFW ,'� ��

'U� 7KHR *� 6HLOHU �� 'U� $QD %DWLVWD �� 3URI� .DUVWHQ .¸QLJ �� 3URI� %HDWULFH )U¾K �

�� 8QLYHUVLW¦WVNOLQLN I¾U $XJHQKHLONXQGH� ,QVHOVSLWDO %HUQ� �� 8QLYHUVLW¦W GHV 6DDUODQGHV

3XUSRVH
7R GHWHUPLQH WKH ULERȳDYLQ FRQFHQWUDWLRQ LQ WKH SRVWHULRU VWURPD� 'HVFHPHWvV PHPEUDQH DQG HQGRWKHOLXP�

0DWHULDOV DQG 0HWKRGV
)LYH KXPDQ GH�HSLWKHOLDOL]HG FDGDYHU FRUQHDV ZHUH PRXQWHG LQWR DUWLȲFLDO DQWHULRU FKDPEHUV� $IWHU WKH HV�

WDEOLVKPHQW RI VWDEOH SK\VLRORJLFDO K\GUDWLRQ� ���� ULERȳDYLQ LQ ��� GH[WUDQ ZDV DSSOLHG IRU �� PLQXWHV RQWR

WKH DQWHULRU VXUIDFH� 0XOWLSKRWRQPLFURVFRS\ ZDV XVHG WR GHWHUPLQH ��SKRWRQ�ȳXRUHVFHQFH LQWHQVLW\ DQG 6+*�

VLJQDOV WKURXJKRXW HDFK FRUQHD ZLWK D VWHS VL]H RI ���wP� 7R GHWHUPLQH WKH DEVROXWH FRQFHQWUDWLRQ� FRUQHDV

ZHUH VDWXUDWHG ZLWK ���� ULERȳDYLQ DQG PHDVXUHG D VHFRQG WLPH E\ PXOWLSKRWRQ PLFURVFRS\�

5HVXOWV
5LERȳDYLQ FRQFHQWUDWLRQ LV GHFUHDVLQJ LQ WKH SRVWHULRU VWURPD GRZQ WR ������ ,QVLGH 'HVFHPHWvV PHPEUDQH

WKH ULERȳDYLQ FRQFHQWUDWLRQ GURSV VXEVWDQWLDOO\� UHDFKLQJ RQO\ DERXW ������ MXVW DQWHULRU RI WKH HQGRWKHOLXP�

&RQFOXVLRQV
7KHRUHWLFDOO\ FDOFXODWHG ������� DQG H[SHULPHQWDOO\ PHDVXUHG �������� HQGRWKHOLDO ULERȳDYLQ FRQFHQWUDWLRQ

VKRZV D KXJH GLVFUHSDQF\� 7KLV LPSOLFDWHV QHZ� KLJKHU VDIHW\ WKUHVKROGV IRU KXPDQ DSSOLFDWLRQ RI &;/�

%LRJUDSK\
7KHR *� 6HLOHU� 8QLYHUVLW¦WVNOLQLN I¾U $XJHQKHLONXQGH� ,QVHOVSLWDO %HUQ
0HGLFDO 6FKRRO =XULFK

5HVLGHQW DW ,52&� 78 0XQLFK� ,QVHOVSLWDO %HUQ�

5HVHDUFK )HOORZ DW +DUYDUG 0HGLFDO 6FKRRO� :HOOPDQ &HQWHU IRU 3KRWRPHGLFLQH

&XUUHQWO\ ,QVHOVSLWDO %HUQ

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

6DIH &;/ RI WKLQ FRUQHDV� OLJKW DWWHQXDWLRQ �5)�89$� YHUVXV
OLPLWHG SKRWRVHQVLWL]HU SHQHWUDWLRQ �:67�'�1,5� SURWHFWLQJ

WKH HQGRWKHOLXP LQ FRUQHDV EHORZ ���wP�

2UDO � $EVWUDFW ,'� ��

0U� -XUULDDQ %UHNHOPDQV �� 0UV� $OH[D *R] �� 'U� $OH[DQGHU %UDQGLV �� 'U� 0RU 'LFNPDQ �� 3URI�
$YLJGRU 6FKHU] �� 3URI� 5XG\ 1XLMWV �� 'U� $ULH 0DUFRYLFK �

�� 8QLYHUVLW\ (\H &OLQLF 0DDVWULFKW� 0DDVWULFKW 8QLYHUVLW\ 0HGLFDO &HQWHU� �� 'HSW� 3ODQW 6FLHQFH DQG (QYLURQPHQWDO +HDWOK�

:HL]PDQQ ,QVWLWXWH RI 6FLHQFH� �� 'HSW� %LRORJLFDO 6HUYLFHV� :HL]PDQQ ,QVWLWXWH RI 6FLHQFH

3XUSRVH
'LIIHUHQW &;/ PRGDOLWLHV RU SURWRFROV DFKLHYH GLIIHUHQW FKURPRSKRUH FRQFHQWUDWLRQV DW WKH HQGRWKHOLXP� 7KLV

UHVXOWV LQ GLIIHUHQW SKRWRG\QDPLF DFWLYLW\ DQG WKXV ULVN RQ HQGRWKHOLDO GDPDJH� 7KLV VWXG\ VHW RXW WR H[SHUL�

PHQWDOO\ DVVHVV KXPDQ FRUQHDO HQGRWKHOLDO FHOO VDIHW\ LQ GLIIHUHQW &;/ PRGDOLWLHV�

0DWHULDOV DQG 0HWKRGV
6WURPDO 5) DQG :67�' GLVWULEXWLRQ ZDV LPDJHG E\ FRQIRFDO ȳXRUHVFHQFH PLFURVFRS\ RI H[ YLYR FKURPRSKRUH

LPSUHJQDWHG SLJ H\HV �Q ���� )RU ERWK 5) DQG :67�' &;/� D VWDQGDUG FXUYH IRU HQGRWKHOLDO WR[LFLW\ ZDV GHWHU�

PLQHG LQ YLWUR �+&(&���� '60=� *HUPDQ\� XVLQJ FRPELQDWLRQV RI GLIIHUHQW FKURPRSKRUH FRQFHQWUDWLRQV DQG

OLJKW LQWHQVLWLHV�

5HVXOWV
5) VKRZHG IXOO VWURPDO SHQHWUDWLRQ LQ DOO FRUQHDV� ZKLOVW :67�' SHQHWUDWHG WR YDULDEOH GHSWKV� QHJDWLYHO\ UH�

ODWHG WR WKH FRQFHQWUDWLRQ RI DGGHG 'H[WUDQ� 1R:67�' ZDV VHHQ DW WKH HQGRWKHOLXP LQ DQ\ FRUQHD� 7KH LQ YLWUR

VWXG\ VKRZHG FHOOXODU WR[LFLW\ OLQHDUO\ UHODWHG WR 5) FRQFHQWUDWLRQ DQG 89$ LQWHQVLW\� )RU :67�'� D WKUHVK�

ROG DURXQG D FRQFHQWUDWLRQ RI ����PJ�P/ ZDV VHHQ IRU DOO 1,5 LQWHQVLWLHV� 1,5 DORQH GLG QRW FDXVH HQGRWKHOLDO

WR[LFLW\�

&RQFOXVLRQV
,Q 5)�89$ &;/� IXOO VWURPDO 5) LPSUHJQDWLRQ LV QHHGHG WRPHHW VDIHW\ UHTXLUHPHQWV� ZKLFK UHVXOWV LQ SRWHQWLDOO\

WR[LF SKRWRG\QDPLF DFWLYLW\ DW WKH HQGRWKHOLXP� 7KH VDIH QDWXUH RI 1,5 OLJKW DOORZV HIIHFWLYH VWLIIHQLQJ ZLWKRXW

IXOO VWURPDO:67�' LPSUHJQDWLRQ� H[FOXGLQJ WKH ULVN RI DQ\ SKRWRG\QDPLF WR[LFLW\ DW WKH HQGRWKHOLDO OHYHO� &RQ�

WURO RI FKURPRSKRUH SHQHWUDWLRQ GHSWK PD\ DOORZ VDIH &;/ E\ :67�'�1,5 RI FRUQHDV WKLQQHU WKDQ ���wP�

%LRJUDSK\
-XUULDDQ %UHNHOPDQV� 0DDV

�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

6WURPDO 'HPDUFDWLRQ /LQHV LQ &RUQHDO &URVVOLQNLQJ �&;/��
:KDW :H .QRZ DERXW 6XSSOHPHQWDO 2[\JHQ

3RVWHU � $EVWUDFW ,'� ��

'U� $OH[DQGUD 1LFNOLQ �� 'U� 5DMHVK 5DMSDO �� 'U� *UDFH /\WOH �

�� $YHGUR ,QF�

3XUSRVH
7R HYDOXDWH WKH DGGLWLRQ RI VXSSOHPHQWDO R[\JHQ RQ VWURPDO GHPDUFDWLRQ OLQH GHSWK LQ FRUQHDO FURVVOLQNLQJ� 8S�

GDWHG SHHU�UHYLHZHG OLWHUDWXUHZLOO EH VWXGLHG FRPSDULQJ WKH GHSWK RI GHPDUFDWLRQ OLQHVZLWK YDULRXV FURVVOLQN�

LQJ SURWRFROV� DQG ZLOO HQG LQ D UHYLHZ RI FDVH UHSRUWV�

0DWHULDOV DQG 0HWKRGV
$UWLFOHV GLVFXVVLQJ VWURPDO GHPDUFDWLRQ �6'� OLQH GHSWK IURP WKH SHHU�UHYLHZHG OLWHUDWXUH IURP ���� WR SUHVHQW

ZHUH VWXGLHG WR DVVHVV WKH FRUUHODWLRQ EHWZHHQ WUHDWPHQW SDUDPHWHUV DQG VWURPDO GHPDUFDWLRQ �6'� OLQH GHSWK�

$GGLWLRQDOO\� 2&7V IURP SURWRFROV XWLOL]LQJ VXSSOHPHQWDO R[\JHQ ZHUH HYDOXDWHG WR GHWHUPLQH WKH HIIHFW RQ

GHPDUFDWLRQ OLQH�

5HVXOWV
'DWD IURP WKH SHHU�UHYLHZHG OLWHUDWXUH RQ VWURPDO GHPDUFDWLRQ OLQH GHSWK GHPRQVWUDWHG WKDW 6' OLQH GHSWK

YDULHG GHSHQGLQJ RQ FURVVOLQNLQJ WUHDWPHQW SDUDPHWHUV� 7KH UDQJH VHHQ ZDV ��� s �� ƉP WR ��� s �� ƉP� $GGL�

WLRQDOO\� LQ UHYLHZLQJ 2&7V RI SURWRFROV XWLOL]LQJ VXSSOHPHQWDO R[\JHQ� LW ZDV QRWHG WKDW HSL�RQ SURWRFROV� ZKLFK

\LHOG D VKDOORZHU 6' OLQH GHSWK� ZLOO LQFUHDVH E\ DSSUR[LPDWHO\ �� PLFURQV ZLWK WKH DGGLWLRQ RI VXSSOHPHQWDO

R[\JHQ�

&RQFOXVLRQV
,Q DVVHVVLQJ VWURPDO GHPDUFDWLRQ OLQHV LQ YDU\LQJ WUHDWPHQW WLPH DQG LUUDGLDWLRQ LQWHQVLW\ VHWWLQJV� LW LV HYL�

GHQW WKDW HSL�RQ SURWRFROV DIIHFW HɘFDF\� KRZHYHU� WKH DGGLWLRQ RI VXSSOHPHQWDO R[\JHQ FDQ KDYH D VLJQLȲFDQW

HIIHFW RQ WKH 6' OLQH GHSWK� 2QJRLQJ UHVHDUFK LV VWLOO QHHGHG LQ RUGHU WR EHVW XQGHUVWDQG KRZ WKH DGGLWLRQ RI

VXSSOHPHQWDO R[\JHQ FDQ LQFUHDVH WKH HɘFDF\ LQ FRUQHDO FURVVOLQNLQJ�

%LRJUDSK\
$OH[DQGUD 1LFNOLQ� $YHGUR� ,QF
'LUHFWRU RI 3URIHVVLRQDO (GXFDWLRQ DW $YHGUR� ,QF LQ :DOWKDP� 0$�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

6WUXFWXUDO GLIIHUHQFHV RI WKH FROODJHQ ȲEULOV �&)V� DQG
SURWHRJO\FDQV �3*V� EHWZHHQ WKH SHULSKHUDO DQG FHQWUDO SDUW

RI WKH NHUDWRFRQXV FRUQHD �.&� Ȃ 8OWUDVWUXFWXUH DQG �'
WUDQVPLVVLRQ HOHFWURQ WRPRJUDSK\

2UDO � $EVWUDFW ,'� ��

3URI� 6DHHG $NKWDU �� 0UV� $OMRKDUDK $ONDQDDQ �� 0U� $GQDQ .KDQ �� 3URI� 7XUNL $OPXEUDG �

�� &RUQHD 5HVHDUFK &KDLU� .LQJ 6DXG 8QLYHUVLW\Ȍ �� &RUQHD 5HVHDUFK &KDLU� 'HSDUWPHQW RI 2SWRPHWU\� .LQJ 6DXG 8QLYHUVLW\�

3XUSRVH
7R LQYHVWLJDWH WKH RUJDQL]DWLRQ RI FROODJHQ ȲEULOV DQG SURWHRJO\FDQV LQ WKH ODPHOODH RI NHUDWRFRQXV FRUQHDO �.&�

VWURPD� 7KUHH�GLPHQVLRQDO HOHFWURQ WRPRJUDSK\ ZDV FDUULHG RXW WR XQGHUVWDQG WKH VWUXFWXUH DQG DUUDQJHPHQW

RI WKH &)V DQG 3*V�

0DWHULDOV DQG 0HWKRGV
.& FRUQHDV ZHUH Ȳ[HG LQ ���� JOXWDUDOGHK\GH DQG SURFHVVHG IRU HOHFWURQ PLFURVFRS\� 7KH XOWUDWKLQ VHFWLRQV

ZHUH REVHUYHG XQGHU -(2/ ���� 7(0� DQG GLJLWDO LPDJHV ZHUH WDNHQ ZLWK D ERWWRP�PRXQWHG ���PHJDSL[HO

4XDPLVD FDPHUD� XVLQJ WKH L7(0 VRIWZDUH� ,Q WRWDO� ��� GLJLWDO LPDJHV ZHUH WDNHQ IURP ���r WR ���r DQJOHV

WR FRQVWUXFW LQGLYLGXDO �' LPDJHV E\ XVLQJ WKH VRIWZDUH SURJUDP Ȋ&RPSRVHU�[��� YHUVLRQ �������ȋ� 6WDWLVWLFDO

DQDO\VLV ZDV SHUIRUPHG XVLQJ 6366 VRIWZDUH�

5HVXOWV
7KH PHDQ &) GLDPHWHU RI FHQWUDO�DQWHULRU VWURPD ZDV VLJQLȲFDQWO\ �SҮ������ ODUJHU WKDQ WKH SHULSKHUDO�FHQWUDO

VWURPD� 7KH FHQWHU WR FHQWHU GLVWDQFH RI &)V ZDV VLJQLȲFDQWO\ VPDOOHU LQ WKH FHQWUDO�DQWHULRU VWURPD WKDQ LQ WKH

SHULSKHUDO�DQWHULRU VWURPD� 7KH ȆERUGHU WR ERUGHU GLVWDQFH RI &)Vȇ RI WKH FHQWUDO VWURPDZDV VLJQLȲFDQWO\ ODUJHU

WKDQ WKH SHULSKHUDO VWURPD� �' LPDJLQJ VKRZHG WKH GHJHQHUDWLRQ RIPLFURȲEULOV ZLWKLQ WKH &)V DQG GLVWXUEDQFH

LQ WKH DWWDFKPHQW RI WKH 3*V�

&RQFOXVLRQV
7KH SUHVHQW VWXG\ UHYHDOHG WKDW WKH SHULSKHUDO VWURPD SOD\ DQ LPSRUWDQW UROH LQ WKH SDWKRJHQLFLW\ RI WKH .&

FRUQHD� 7KH SUHVHQFH RI GHJHQHUDWHG &)V LQ WKH XQGXODWHG ODPHOODH DERYH WKH 'HVFHPHWȇV PHPEUDQH VXJJHVWHG

WKDW WKH NHUDWRFRQXV GLVHDVH PLJKW EH VWDUWHG IURP WKH SUH�'HVFHPHWȇV VWURPD�

%LRJUDSK\
6DHHG $NKWDU� &RUQHD 5HVHDUFK &KDLU� .LQJ 6DXG 8QLYHUVLW\�

3URI 6DHHG$NKWDU KDV EHHQZRUNLQJ RQ WKH XOWUDVWUXFWXUH RI QRUPDO DQGSDWKRORJLFDO FRUQHD DW &RUQHD5HVHDUFK

&KDLU� .LQJ 6DXG 8QLYHUVLW\ VLQFH ����� +LV PDLQ UHVHDUFK LQWHUHVWV DUH LQYHVWLJDWLQJ UHPRGHOLQJ RI FROODJHQ

ȲEULOV DQG SURWHRJO\FDQV LQ KXPDQ DQG DQLPDO FRUQHD DIIHFWHG E\ GLVHDVHV VXFK DV NHUDWRFRQXV� SRVW�/$6,.

FRUQHD� FURVV�OLQNHG FRUQHD� EXOORXV NHUDWRSDWK\� JUDQXODU G\VWURSK\ HWF� 7KHVH GLVHDVHV FDXVH WKH FRUQHD WR

EHFRPH RSDTXH� 5HFHQWO\� KH SXEOLVKHG D SDSHU H[SORULQJ WKH GLIIHUHQFHV LQ WKH ODPHOODU RUJDQL]DWLRQ RI WKH

SHULSKHU\ DQG WKH FHQWHU RI WKH NHUDWRFRQXV FRUQHD� 7KLV UHVHDUFK VKRZHG WKDW WKH RULJLQ RI WKH XQGXODWLQJ

ODPHOODH ZDV DERYH WKH 'HVFHPHWȇV PHPEUDQH�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

7KH DQDO\VLV RI HDUO\ VDIHW\ DQG VWDELOLW\ DIWHU &RUQHDO
FROODJHQ FURVV�OLQNLQJ LQ NHUDWRFRQXV

3RVWHU � $EVWUDFW ,'� �

'U� :HL 6KHQJVKHQJ �� 3URI� /LX -LDQJXR �

�� ;LȇDQ )RXUWK +RVSLWDO

3XUSRVH
7R DVVHVV WKH HDUO\ VDIHW\ DQG HɘFDF\ RI WKH FRUQHDO FROODJHQ FURVV�OLQNLQJ RSHUDWLRQ LQ NHUDWRFRQLF H\HV�

0DWHULDOV DQG 0HWKRGV
,Q �� FDVHV ��� H\HV�� WKH UDSLG FRUQHDO FROODJHQ FURVV OLQNLQJ RI WKH FRUQHD ZDV SHUIRUPHG LQ SDWLHQWV ZLWK NHU�

DWRFRQXV� 7KH H[DPLQDWLRQ UHVXOWV� LQFOXGLQJ RI QDNHG H\H VLJKW� .P� WKH FRUQHD WKLFNQHVV� FRUQHDO HQGRWKHOLDO

FHOO FRXQW� FRUQHDO ELRPHFKDQLFV HWF� ZHUH FDUULHG RXW LQ IURQW RI WKH RSHUDWLRQ� � ZHHN� � PRQWK� � PRQWK� �

PRQWK� � PRQWKV DIWHU RSHUDWLRQ�

5HVXOWV
7KHUH ZDV QR VWDWLVWLFDOO\ VLJQLȲFDQW GLIIHUHQFH IRU .P� FRUQHDO HQGRWKHOLDO FHOO FRXQWV DQG FRUQHD WKLFNQHVV EH�

WZHHQ WKH SUHRSHUDWLYH DQG SRVWRSHUDWLYH� 7KH SUH�RSHUDWLYH 8&9$ ZDV ����s����� 7KHUH ZDV QR VWDWLVWLFDOO\

VLJQLȲFDQW GLIIHUHQFH FRPSDUHG WR � ZHHN� �PRQWK DQG �PRQWK SRVWRSHUDWLYH� 7KH &RUYLV 67ȇV 5DGLXV DQG

3�' LVW LPSURYHG LQ � ZHHN� �PRQWK DQG �PRQWK SRVWRSHUDWLYH FRPSDUHG WR SUH�RSHUDWLYH� EXW QR VWDWLVWLFDOO\

VLJQLȲFDQW GLIIHUHQFH�

&RQFOXVLRQV
7KH UDSLG FRUQHDO FROODJHQ FURVV�OLQNLQJ RSHUDWLRQ RI WKH LQWHUHSLWKHOLXP LV DVVRFLDWHG ZLWK EHWWHU VDIHW\ DQG

VWDELOLW\ LQ WKH HDUO\ VWDJHV RI WKH WUHDWPHQW� 3RVWRSHUDWLYH FRUQHDO ELRPHFKDQLFV VKRZHG LPSURYHPHQW�

%LRJUDSK\
:HL 6KHQJVKHQJ� ;LȇDQ )RXUWK +RVSLWDO

:HL VKHQJVKHQJ� PDVWHU RI RSKWKDOPRORJ\� 0HPEHU RI &KLQHVH DFDGHP\ RI RSKWKDOPRORJ\� 7KH PDLQ UHVHDUFK

GLUHFWLRQ LV ODVHU FRUUHFWLRQ UHIUDFWLYH DQG NHUDWRFRQXV GLDJQRVLV DQG WUHDWPHQW� ,Q ����� FDUU\LQJ RXW WKH UDSLG

FRUQHDO FROODJHQ FURVV�OLQNLQJ RSHUDWLRQ DW ȲUVWO\ LQ WKHQRUWKZHVW UHJLRQ RI &KLQD� ,WV UHVHDUFK UHVXOWV SXEOLVKHG

LQ Ȋ*UDHIHV $UFK &OLQ ([S 2SKWKDOPROȋ� Ȋ&XUUHQW (\H 5HVHDUFKȋ DQG Ȋ&KLQHVH MRXUQDO RI RSKWKDOPRORJ\ȋ� 7KH

UHVHDUFK RQ FRUQHDO ELRPHFKDQLFV RI NHUDWRFRQXV FRUQHD KDV EHHQ FRQGXFWHG LQ PDQ\ GRPHVWLF DQG SURYLQFLDO

RSKWKDOPRORJLFDO PHHWLQJV� DQG KDV FRQGXFWHG DFDGHPLF H[FKDQJHV ZLWK H[SHUWV DQG VFKRODUV DW GRPHVWLF DQG

DEURDG�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

7KH DSSOLFDWLRQ RI 7UDQVHSLWKHOLDO 3KRWRWHUDSHXWKLF
.HUDWKHFWRP\ DQG &ROODJHQ &URVV�OLQNLQJ LQ 3HOOXFLG 0DUJLQDO

'HJHQHUDWLRQ�30'� � FDVH UHSRUW�

3RVWHU � $EVWUDFW ,'� ��

'U� %HDWD 6DZLFND :RMWLXN �

�� *DELQHW\ 2NXOLVW\F]QH

3XUSRVH
7KH DLP RI WKLV UHSRUW ZDV WR LQWURGXFH WKH VL[ PRQWKV UHVXOWV RI 7UDQVHSLWKHOLDO 37. � FROODJHQ FURVV�OLQNLQJ

LQ WZR H\HV RI WZR SDWLHQWV ZLWK 30'�

0DWHULDOV DQG 0HWKRGV
7ZR H\HV RI WZR SDWLHQWV ZLWK 30' ZHUH HQUROOHG WR 7UDQVHSLWKHOLDO

37. � FROODJHQ FURVV�OLQNLQJ DIWHU JHQHUDO RSKWKDOPLF H[DPLQDWLRQ � WRPRJUDSK\ RI WKH FRUQHD ZLWK 706 ��

2&7� SDFK\PHWU\ DQG HYDOXDWLRQ RI HSLWKHOLXPȇV WKLNQHVV ZLWK 6SHFWUDOLV 62&7+5$ 7UDQVHSKWKHOLDO 37. ZLWK

6FKZLQG $PDULV ���+= 6PDUW 6XUI ZDV GHFHQWHUHG �PP ORZHU� +\SRWRQLF VROXWLRQ RI U\ERȳDYLQH ZDV XVHG WR

VRDN FRUQHD DQG WKHQ FROODJHQ FURVV�OLQNLQJ ZDV SHUIRUPHG � PLQXWHV ��P:�FP� �

5HVXOWV
$IWHU � PRQWKV +LJKHU 2UGHU $EHUUDWLRQV LQ ERWK SDWLHQWV ZHUH UHGXFHG LQ �PP DQG LQ �PP ]RQH �%HVW

FRUUHFWHG YLVXDO DFXLW\ ZDV EHWWHU LQ RQH SDWLHQW IURP ���� ORJ0DU WR ���� ZLWK ORZHU FRUUHFWLRQ � WKH VHFRQG

IURP ���� ORJ0DU WR ����� . PLQ KDV FKDQJHG IURP ����' WR ���� ' DQG IURP ���� ' WR ����'�

&RQFOXVLRQV
,Q RXU WZR SDWLHQWV ZLWK 30' 7UDQVHSKLWKHOLDO 37. � &ROODJHQ FURVV�OLQNLQJ ZDV DEOH WR UHGXFH +2$� DQG LP�

SURYH YLVLRQ LQ � PRQWKV RI REVHUYDWLRQ� ,QWHUHVWLQJO\ LQ WKRVH FDVHV ZH REVHUYH WKH FKDQJH LQ . PLQ QRW .

PD[ �7KLV UHVXOW LV GLIIHUHQW LQ 30' WKHQ LQ NHUDWRFRQXV � :H QHHGPRUH SDWLHQWV DQGPRUH WLPH WR HVWDEOLVK WKH

ULVN DQG REVHUYH WKH UHVXOWV RI WKH SURFHGXUH LQ WKLV UDUH GLVHDVH�

%LRJUDSK\
%HDWD 6DZLFND :RMWLXN� *DELQHW\ 2NXOLVW\F]QH
, ZDV VWXGLQJ LQ 0HGLFDO 8QLYHUVLW\ RI /XEOLQ� 3RODQG� IURP ���� WR �����, ȲQLVKHG DQ RSKWDOPRORJ\ WUDLQLQJ

DQG SDVVHG DQ H[DP LQ�����, ZRUN DV FRQVXOWDQW �RSKWDOPRORJLVW LQ *DELQHW\ 2NXOLVW\F]QH LQ /XEOLQ� , GHDO

ZLWK JHQHUDO RSKWDOPRORJ\� GLIIHUHQW W\SHV RI FRQWDFW OHQV ȲWWLQJ� UHIUDFWLYH VXUJHU\ DQG FURVV�OLQNLQJ�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

7KH UROH RI R[\JHQ LQ FRUQHDO FURVV�OLQNLQJ �&;/� UHDFWLRQV

2UDO � $EVWUDFW ,'� ��

'U� *UDFH /\WOH �� 'U� $OH[DQGUD 1LFNOLQ �� 'U� 5DMHVK 5DMSDO �

�� $YHGUR� ,QF

3XUSRVH
7KH H[SDQVLRQ RI &;/ LQWR WKH UHIUDFWLYH GRPDLQ UHTXLUHV WKDW WKH SURFHGXUH EH SUHGLFWDEOH DQG FXVWRPL]DEOH�

:H DLP WR HOXFLGDWH WKH UROH RI R[\JHQ LQ WKH DPRXQW DQG GLVWULEXWLRQ RI FURVV�OLQN ERQGV IRUPHG� DQG GHPRQ�

VWUDWH WKH LPSDFW RQ FRUQHDO FXUYDWXUH�

0DWHULDOV DQG 0HWKRGV
,Q D VHULHV RI SUH�FOLQLFDO VWXGLHV� IUHVK ZKROH SRUFLQH H\HV ZHUH EURXJKW WR ��R& LQ D KXPLGLW\ FKDPEHU DQG

PDLQWDLQHG DW DQ ,23 RI ��PP+J� &RUQHDV ZHUH VDWXUDWHG ZLWK ULERȳDYLQ� LUUDGLDWHG ZLWK FRQVWDQW RU SXOVHG

LUUDGLDQFH LQ WKH DPELHQW DWPRVSKHUH RU LQ D FKDPEHU ZLWK ���� R[\JHQ FRQFHQWUDWLRQ� 0HFKDQLFDO� ȳXRUR�

PHWULF DQG WRSRPHWULF DQDO\VHV ZHUH XVHG WR PHDVXUH LQFUHDVHV LQ FRUQHDO VWLIIQHVV� IRUPDWLRQ RI FURVV�OLQNHG

ERQGV� DQG FKDQJH LQ FRUQHDO FXUYDWXUH�

5HVXOWV
0HFKDQLFDO DQDO\VLV VKRZHG DQ LQFUHDVH LQ FRUQHDO VWLIIQHVV DQG ȳXRURPHWULF DQDO\VLV VKRZHG D KLJKHU UH�

VSRQVH IRU FURVV�OLQNLQJ SHUIRUPHG LQ DQ R[\JHQ ULFK HQYLURQPHQW RU ZLWK SXOVHG 89$� 7KH FRPELQDWLRQ RI

SXOVHG 89$ DQG DQ R[\JHQ ULFK HQYLURQPHQW SURGXFHG WKHPRVW FRUQHDO VWLIIHQLQJ DQG WKH KLJKHVW ȳXRURPHWULF

UHVSRQVH� *UHDWHU FRUQHDO ȳDWWHQLQJ LV REVHUYHG XQGHU FRQGLWLRQV UHVXOWLQJ LQ JUHDWHU FRUQHDO VWLIIHQLQJ�

&RQFOXVLRQV
%RWK SXOVLQJ DQG SHUIRUPLQJ LUUDGLDWLRQ LQ DQ R[\JHQ ULFK HQYLURQPHQW LQFUHDVHG WKH DPRXQW RI FURVV�OLQNLQJ

DFKLHYHG IRU WKH VDPH 89$ HQHUJ\ GRVH� :KHQ FRPELQHG WKH\ KDYH DQ DGGLWLYH HIIHFW� 7KH DGGLWLRQ RI VXSSOH�

PHQWDO R[\JHQ GXULQJ &;/ SURFHGXUHV KDV WKH SRWHQWLDO WR LQFUHDVH WKH PDJQLWXGH RI WKH WUHDWPHQW HIIHFW IRU

WKH VDPH WRWDO 89$ HQHUJ\ GRVH� DQG KDV LPSOLFDWLRQV IRU LPSURYLQJ WKH HɘFLHQF\ RI HSLWKHOLXP�RQ SURFHGXUHV�

%LRJUDSK\
*UDFH /\WOH� $YHGUR� ,QF
*UDFH /\WOH� 2'� 06 LV DQ RSWRPHWULVW DQG WKH YLFH SUHVLGHQW RI 0HGLFDO $IIDLUV DW $YHGUR� LQF� 6KH UHFHLYHG

KHU GRFWRUDWH LQ RSWRPHWU\ IURP WKH 1HZ (QJODQG &ROOHJH RI 2SWRPHWU\� FRQWLQXLQJ RQ WR FRPSOHWH D UHVHDUFK

PDVWHUV GHJUHH LQ YLVLRQ VFLHQFH LQ WKH DUHD RI RFXODU JURZWKPHFKDQLVPV DQG WKH GHYHORSPHQW RIP\RSLD� $IWHU

FRPSOHWLQJ DGYDQFHG UHVLGHQF\ WUDLQLQJ LQ FRUQHD DQG FRQWDFW OHQV DW WKH 1HZ (QJODQG (\H ,QVWLWXWH� *UDFH

SUDFWLFHG RSWRPHWU\ LQ FOLQLFDO SUDFWLFH DQG VHUYHG DV DQ LQVWUXFWRU LQ WKH FRQWDFW OHQV ODERUDWRU\ FRXUVH DW WKH

1HZ (QJODQG &ROOHJH RI 2SWRPHWU\ EHIRUH MRLQLQJ $YHGUR LQ �����

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

7RPRJUDSKLF DQG UHIUDFWLYH FKDUDFWHULVWLFV RI SHGLDWULF ȲUVW
GHJUHH UHODWLYHV RI .HUDWRFRQXV SDWLHQWV

3RVWHU � $EVWUDFW ,'� ��

'U� 6KDG\ $ZZDG �� 'U� &DUO -RH 0HKDQQD �� 'U� 0DGHOHLQH <HKLD �� 'U� 0DDPRXQ $EGXO )DWWDK �� 'U�
$ODLQ 6DDG �

�� $PHULFDQ 8QLYHUVLW\ RI %HLUXW 0HGLFDO &HQWHU

3XUSRVH
7R HYDOXDWH WKH WRPRJUDSKLF DQG UHIUDFWLYH FKDUDFWHULVWLFV RI SHGLDWULF ȲUVW GHJUHH UHODWLYHV RI QHZO\ GLDJQRVHG

.HUDWRFRQXV SDWLHQWV

0DWHULDOV DQG 0HWKRGV
$ SURVSHFWLYH VWXG\ LGHQWLI\LQJ WKH ȲUVW GHJUHH UHODWLYHV� DJHG ���� \HDUV� RI QHZO\ GLDJQRVHG NHUDWRFRQXV

SDWLHQWV DW WKH $PHULFDQ 8QLYHUVLW\ RI %HLUXW 0HGLFDO &HQWHU� 6FKHLPSȳXJ WRPRJUDSK\� PDQLIHVW DQG F\FOR�

SOHJLF UHIUDFWLRQ� DQG VOLW ODPS DQG GLODWHG IXQGXV H[DP ZHUH SHUIRUPHG RQ DOO SDUWLFLSDQWV� 2XWFRPH PHD�

VXUHV LQFOXGHG DQWHULRU FXUYDWXUH LQGLFHV� SRVWHULRU HOHYDWLRQ YDOXHV� UHIUDFWLYH DQG WRSRJUDSKLFDO DVWLJPDWLVP�

SDFK\PHWU\ DQG 6LP.� 7ZR H[SHULHQFHG FRUQHD DQG UHIUDFWLYH VXUJHRQV LQGHSHQGHQWO\ HYDOXDWHG WKH SDUWLFL�

SDQWV WRSRJUDSKLFDO RXWSXWV�

5HVXOWV
��� ȲUVW�GHJUHH UHODWLYHV ZHUH UHFUXLWHG� 7RSRJUDSKLF HYDOXDWLRQ DVVHVVHG E\ WZR LQGHSHQGHQW FRUQHD VSHFLDO�

LVWV UHYHDOHG ����� ��� SDWLHQWV� ZLWK NHUDWRFRQXV ����� RI SDWLHQWV DJHG� �� \HDUV� ����� RI DJHG ����� \HDUV�

DQG ����� RI SDWLHQWV DJHG ����� \HDUV�� 7KH PHDQ 6LP.� WKLQQHVW SDFK\PHWU\� PHDQ WRSRJUDSKLF DQG UHIUDF�

WLYH DVWLJPDWLVP ZHUH �����s���� '� �����s����� PLFURQV� ����s���� '� DQG ����s���� '� UHVSHFWLYHO\� ����� DQG

��� � RI H\HV KDG D WKLQQHVW SDFK\PHWU\���� DQG���� PLFURQV�

&RQFOXVLRQV
7KH LQFLGHQFH RI .HUDWRFRQXV LQ SHGLDWULF ȲUVW GHJUHH UHODWLYHV RI GLDJQRVHG .HUDWRFRQXV SDWLHQWV LV KLJK DQG

ZDUUDQWV VFUHHQLQJ LQ WKH FOLQLFDO VHWWLQJ� 7KH ȲQGLQJV RI PDUJLQDO WRPRJUDSKLF SDUDPHWHUV LQ WKH DEVHQFH RI

.HUDWRFRQXV LQPDQ\ SDWLHQWV VXJJHVW D SRWHQWLDO IRU SURJUHVVLRQ RU D YDULDEOH FOLQLFDO SHQHWUDQFH RI WKH GLVHDVH�

SHQGLQJ HQYLURQPHQWDO RU JHQHWLF SUHGLVSRVLWLRQ�

%LRJUDSK\
6KDG\ $ZZDG� $PHULFDQ 8QLYHUVLW\ RI %HLUXW 0HGLFDO &HQWHU

'U� 6KDG\ $ZZDG REWDLQHG KLV PHGLFDO GHJUHH ZLWK WKH $OSKD 2PHJD $OSKD DZDUG� FRPSOHWHG DQ LQWHUQVKLS

LQ JHQHUDO VXUJHU\� DQG D UHVLGHQF\ LQ RSKWKDOPRORJ\ DW WKH $PHULFDQ 8QLYHUVLW\ RI %HLUXW 0HGLFDO &HQWHU

�$8%0&�� +H SXUVXHG D IHOORZVKLS LQ FRUQHD DQG UHIUDFWLYH VXUJHU\� DQG D IHOORZVKLS LQ RSKWKDOPLF SDWKRORJ\�

DOO DW WKH 8QLYHUVLW\ RI 7H[DV 6RXWKZHVWHUQ 0HGLFDO &HQWHU LQ 'DOODV� +H LV FXUUHQWO\ DQ DVVRFLDWH SURIHVVRU DQG

KHDG RI WKH FRUQHD DQG UHIUDFWLYH VXUJHU\ GLYLVLRQ DW $8%0&� +H UHFHLYHG WKH $$2 DFKLHYHPHQW DZDUG DQG KDV

�� SHHU�UHYLHZHG SXEOLFDWLRQV� +LV UHVHDUFK IRFXVHV RQ UHIUDFWLYH VXUJHU\� NHUDWRFRQXV� ,2/ FDOFXODWLRQV� DQG

FRUQHDO PHDVXUHPHQWV�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

7RSR�JXLGHG UHPRYDO RI HSLWKHOLXP LQ NHUDWRFRQXV H\HV
�75(.�� $ QRYHO WLVVXH VDYLQJ FXVWRPLVHG DEODWLRQ VWUDWHJ\�

2UDO � $EVWUDFW ,'� ��

'U� 3RRMD .KDPDU �� 'U� 5RKLW 6KHWW\ �� 'U� DEKLMLW VLQKD UR\ �

�� 1DUD\DQD 1HWKUDOD\D

3XUSRVH
7R HYDOXDWH WKH WUHDWPHQW RXWFRPH RI FXVWRPLVHG WRSR�JXLGHG HSLWKHOLXP UHPRYDO �75(.� DQG FRUQHDO FURVVOLQN�

LQJ LQ WKH PDQDJHPHQW RI NHUDWRFRQXV �.&� LQ WHUPV RI PHDQ VWURPDO DEODWLRQ� YLVXDO RXWFRPH� PHDQ NHUDWRP�

HWU\� DQG DEHUUDWLRQV�

0DWHULDOV DQG 0HWKRGV
�� .& H\HV �JUDGH ,,� ,,,� XQGHUZHQW 75(. H[HFXWHG RQ 37.�&$0 PRGXOH RI 6FKZLQG�6LULXV WRSRJUD�

SKHU�6&+:,1' H\H�WHFK�VROXWLRQV *PE+� *HUPDQ\�� ZLWK D FXVWRPLVHG ]RQH DFFRUGLQJ WR WKH FRQH VL]H �FHQWUHG

RQ WKH FRQH DSH[� WR D GHSWK ��wP JUHDWHU WKDQ HSLWKHOLDO WKLFNQHVV �579XHp� 2SWRYXH ,QF�� )UHPRQW� &$�� $I�

WHU 75(.� VXUURXQGLQJ � PP HSLWKHOLXP ZDV PDQXDOO\ UHPRYHG IROORZHG E\ DFFHOHUDWHG FROODJHQ FURVVOLQNLQJ�

9LVXDO DFXLW\� NHUDWRPHWU\ DQG DEHUUDWLRQV ZHUH HYDOXDWHG � PRQWKV DIWHU VXUJHU\�

5HVXOWV
75(. UHVXOWHG LQ VLJQLȲFDQWO\ OHVVHU PHDQ VWURPDO DEODWLRQ ������s���� ƉP� DV FRPSDUHG WR SXEOLVKHG WRSRJUD�

SK\ JXLGHG 35. GDWD ������s��� ƉP�� 7KHUH ZDV D VWDWLVWLFDOO\ VLJQLȲFDQW GLIIHUHQFH �S ������ EHWZHHQ 7KH 3UH

DQG 3RVW� RSHUDWLYH PHDQ NHUDWRPHWU\ ������s�����'�� GHIRFXV ������s����� ƉP�� VSKHULFDO DEHUUDWLRQ ������ s

�����ƉP� DQG 506 RI KLJKHU RUGHU DEHUUDWLRQ ����� s ����� ƉP��

&RQFOXVLRQV
9LVXDO RXWFRPHV LQ WKH QRYHO WRSRJUDSK\ JXLGHG UHPRYDO RI HSLWKHOLXP DUH VLPLODU WR WRSRJUDSK\ JXLGHG 35.

DQG KDV WKH DGGLWLRQDO DGYDQWDJH RI PLQLPLVLQJ WKH VWURPDO DEODWLRQ LQ .&�

%LRJUDSK\
3RRMD .KDPDU� 1DUD\DQD 1HWKUDOD\D
&OLQLFDO DQG 7UDQVODWLRQDO 6FLHQWLVW DW *HQHV� 5HSDLU DQG 5HJHQHUDWLRQ LQ 2SKWKDOPLF :RUNVWDWLRQ�*52:� /DE�

RUDWRU\ DQG ,PDJLQJ� %LRPHFKDQLFV DQG0DWKHPDWLFDO 6ROXWLRQV �,%06�� 1DUD\DQD 1HWKUDOD\D� &XUUHQW DUHDV RI

ZRUN LQFOXGH (SLWKHOLXP� ELRPHFKDQLFV DQG WHDU ELRPDUNHU LQ NHUDWRFRQXV� 'U\ H\H DQG ELRPDUNHU� $XWRSKDJ\

DQG HFWDVLD� $UWLȲFLDO ,QWHOOLJHQFH 	 &URVVOLQNLQJ� 3UHVHQWHG LQ YDULRXV QDWLRQDO DQG LQWHUQDWLRQDO FRQIHUHQFHV

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

7UDQVHSLWKHOLDO 9HUVXV (SLWKHOLXP�RII &RUQHDO &URVV�/LQNLQJ
IRU 3URJUHVVLYH &RUQHDO (FWDVLD� $ 0HWD�$QDO\VLV RI

5DQGRPL]HG &RQWUROOHG 7ULDOV

3RVWHU � $EVWUDFW ,'� ��

'U� +LGHQDJD .REDVKL �� 'U� 6KL 6RQJ 5RQJ �� 3URI� -RVHSK &LROLQR �

�� 6FKHSHQV (\H 5HVHDUFK ,QVWLWXWH� �� 0DVVDFKXVHWWV (\H DQG (DU ,QȲUPDU\

3XUSRVH
7R FRPSDUH WKH HɘFDF\ DQG VDIHW\ RI WUDQVHSLWKHOLDO FRUQHDO FROODJHQ FURVV�OLQNLQJ �&;/� WR HSLWKHOLXP�RII &;/

LQ SURJUHVVLYH FRUQHDO HFWDVLD E\ VXPPDUL]LQJ UDQGRPL]HG FRQWUROOHG WULDOV �5&7V� XVLQJ D PHWD�DQDO\VLV�

0DWHULDOV DQG 0HWKRGV
$ FRPSUHKHQVLYH VHDUFKZDV SHUIRUPHG XVLQJ &RFKUDQH &ROODERUDWLRQPHWKRGRORJ\ WR HYDOXDWH WKH FOLQLFDO RXW�

FRPHV RI WUDQVHSLWKHOLDO &;/ DQG HSLWKHOLXP�RII &;/� 7KH RXWFRPH SDUDPHWHUV LQFOXGHGPD[LPXPNHUDWRPHWU\�

FRUQHDO WKLFNQHVV� YLVXDO DFXLW\� VSKHULFDO HTXLYDOHQW UHIUDFWLRQ� F\OLQGULFDO UHIUDFWLRQ� DQG DGYHUVH HYHQWV RQH

\HDU DIWHU HDFK WHFKQLTXH� (VWLPDWHV ZHUH HYDOXDWHG E\ ZHLJKWHG PHDQ GLIIHUHQFH �:0'� DQG ��� FRQȲGHQFH

LQWHUYDO �&,� IRU DEVROXWH FKDQJHV RI WKH HɘFDF\ RXWFRPHV GXULQJ ��\HDU REVHUYDWLRQ SHULRGV�

5HVXOWV
:H LGHQWLȲHG ȲYH 5&7V LQYROYLQJ ��� H\HV IRU WKLV PHWD�DQDO\VLV� (SLWKHOLXP�RII &;/ JURXS VKRZHG VLJQLȲFDQW

EHWWHU RXWFRPH LQ SRVWRSHUDWLYH FKDQJHV LQ PD[LPXP NHUDWRPHWU\ �:0' ����� ��� &,� ���� WR ����� S���������

ZKHUHDV WUDQVHSLWKHOLDO &;/ UHSUHVHQWHG VLJQLȲFDQW EHWWHU LQ FRUQHDO WKLFNQHVV �:0' ����� ��� &,� ���� WR

����� S ����� DQG EHVW VSHFWDFOH�FRUUHFWHG YLVXDO DFXLW\ �:0' ������ ��� &,� ����� WR ������ S ������ 7KHUH ZDV

QR VLJQLȲFDQW GLIIHUHQFH EHWZHHQ WKH WZR JURXSV LQ RWKHU SDUDPHWHUV�

&RQFOXVLRQV
$OWKRXJK VXEMHFWV LQ WKH WUDQVHSLWKHOLDO &;/ GHPRQVWUDWHG D JUHDWHU LPSURYHPHQW LQ EHVW VSHFWDFOH�FRUUHFWHG

YLVXDO DFXLW\ FRPSDUHG ZLWK VXEMHFWV LQ WKH HSLWKHOLXP�RII &;/ DW � \HDU IROORZ�XS� WUDQVHSLWKHOLDO &;/ KDV OHVV

LPSDFW RQ KDOWLQJ SURJUHVVLYH FRUQHDO HFWDVLD LQ WHUPV RI PD[LPXP NHUDWRPHWU\ WKDQ HSLWKHOLXP�RII &;/�

%LRJUDSK\
+LGHQDJD .REDVKL� 6FKHSHQV (\H 5HVHDUFK ,QVWLWXWH

+LGHQDJD.REDVKL XVHG EH D 3RVWGRFWRUDO IHOORZ DW+DUYDUG0HGLFDO 6FKRRO DQG DQ ,QYHVWLJDWRU DW0DVVDFKXVHWWV

(\H DQG (DU ,QȲUPDU\� %RVWRQ� 0DVVDFKXVHWWV� +LVPDLQ IRFXV RI ZRUN DQG UHVHDUFK LV FRQWDFW OHQV GUXJ GHOLYHU\

DQG FRUQHDO FURVV�OLQNLQJ�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

8SGDWH RQ VXFFHVVIXO FRUQHDO FURVVOLQNLQJ ZLWKRXW HSLWKHOLDO
UHPRYDO

2UDO � $EVWUDFW ,'� ��

'U� 'R\OH 6WXOWLQJ �� 'U� :LOOOLDP 7UDWWOHU �� 'U� -RQDWKDQ :RROIVRQ �� 'U� 5R\ 5XELQIHOG �

�� :RROIVRQ (\H ,QVWLWXWH� �� &HQWHU IRU ([FHOOHQFH LQ (\H &DUH� �� *HRUJHWRZQ 8QLYHUVLW\ 0HGLFDO &HQWHU

3XUSRVH
7R LQYHVWLJDWH WKH HIIHFW RI ULERȳDYLQ�89$ FRUQHDO FURVVOLQNLQJ ZLWKRXW HSLWKHOLDO UHPRYDO �HSL�RQ &;/� RQ NHU�

DWRFRQXV DQG HFWDVLD DIWHU /$6,.�

0DWHULDOV DQG 0HWKRGV
��� H\HVZLWK NHUDWRFRQXV RU HFWDVLD DIWHU /$6,.ZHUH WUHDWHGZLWK D QRYHO ULERȳDYLQ IRUPXODWLRQ� WKHQ H[SRVHG

WR D 89$ OLJKW V\VWHP ZLWK RQ�RII F\FOLQJ IRU �� PLQXWHV� 0RVW ZHUH ELODWHUDO� VLPXOWDQHRXV WUHDWPHQWV� 8Q�

FRUUHFWHG YLVXDO DFXLW\ �8&9$�� FRUUHFWHG GLVWDQFH YLVXDO DFXLW\ �&'9$�� PD[LPXP FRUQHDO FXUYDWXUH �.PD[��

WRWDO KLJK�RUGHU DEHUUDWLRQV �+2$�� DQG FRPD ZHUH PHDVXUHG SUHRSHUDWLYHO\ DQG DW �� �� ��� DQG �� PRQWKV

SRVWRSHUDWLYHO\�

5HVXOWV
8&9$ DQG &'9$ LPSURYHG ������� 6QHOOHQ OLQHV DW � DQG � \HDUV �S��������� .PD[ GHFUHDVHG ���� ' DW � \HDUV

�S �������� 7RWDO +2$ DQG FRPD GHFUHDVHG ��� �S�������� DQG ��� �S ������� DW � DQG � \HDUV� UHVSHFWLYHO\�

7KUHH WLPHV PRUH H\HV KDG D UHGXFWLRQ RI !� ' .PD[ WKDQ WKRVH WKDW KDG DQ LQFUHDVH LQ .PD[ �S��������� 1R

H\HV KDG !�' LQFUHDVH LQ .PD[ DQG ORVW !� OLQH RI &'9$�

&RQFOXVLRQV
(SL�RQ &;/ XVLQJ WKLV QRYHO SURWRFRO KDOWV WKH SURJUHVVLRQ RI NHUDWRFRQXV DQG HFWDVLD DIWHU /$6,. IRU DW OHDVW �

\HDUV� ,W LV VDIHU DQG SURYLGHV PRUH UDSLG YLVXDO UHFRYHU\ WKDQ WUDGLWLRQDO &;/ ZLWK UHPRYDO RI WKH HSLWKHOLXP

�HSL�RII &;/�� DOORZLQJ URXWLQH ELODWHUDO� VLPXOWDQHRXV WUHDWPHQW ZLWK PLQLPDO SDWLHQW LQFRQYHQLHQFH�

%LRJUDSK\
'R\OH 6WXOWLQJ� :RROIVRQ (\H ,QVWLWXWH

'U� 6WXOWLQJ LV 'LUHFWRU RI WKH 6WXOWLQJ 5HVHDUFK &HQWHU DW :RROIVRQ (\H ,QVWLWXWH� KDYLQJ VHUYHG DV D IDFXOW\

PHPEHU DQG 3URIHVVRU RI 2SKWKDOPRORJ\ DW (PRU\ 8QLYHUVLW\ IRU �� \HDUV� +H KDV SXEOLVKHG RYHU ��� SDSHUV

LQ WKH SHHU�UHYLHZHG OLWHUDWXUH� UHFHLYHG WKH /LIHWLPH $FKLHYHPHQW $ZDUG IURP WKH $PHULFDQ $FDGHP\ RI 2SK�

WKDOPRORJ\� WKH 3D\WRQ $ZDUG IURP WKH (\H %DQN $VVRFLDWLRQ RI $PHULFD� DQG WKH %LQNKRUVW $ZDUG IURP WKH

$PHULFDQ 6RFLHW\ IRU &DWDUDFW DQG 5HIUDFWLYH 6XUJHU\� +H LV 3DVW 3UHVLGHQW RI WKH $PHULFDQ 6RFLHW\ IRU &DWDUDFW

DQG 5HIUDFWLYH VXUJHU\ DQG SUHYLRXV (GLWRU�,Q�&KLHI RI WKH MRXUQDO &RUQHD�

��



&;/ LQ UHIUDFWLYH ODVHU
VXUJHU\



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

%LRPHFKDQLFDO DQDO\VLV RI GLIIHUHQW UH�WUHDWPHQW RSWLRQV DIWHU
6P,/( UHIUDFWLYH VXUJHU\

2UDO � $EVWUDFW ,'� ��

'U� %RJGDQ 6SLUX �� 'U� 6DELQH .OLQJ �� 3URI� )DUKDG +DIH]L �� 3URI� :DOWHU 6HNXQGR �

�� 'HSDUWPHQW RI 2SKWKDOPRORJ\� 3KLOLSSV 8QLYHUVLW\ RI 0DUEXUJ� �� 2FXODU &HOO %LRORJ\ /DE� &$%00� 8QLYHUVLW\ RI =XULFK� ��

(/=$ ,QVWLWXWH� 'LHWLNRQ�=XULFK� 8QLYHUVLW\ RI 6RXWKHUQ &DOLIRUQLD� /RV $QJHOHV� &$� 86$

3XUSRVH
7R GHWHUPLQH WKH FRUQHDO ZHDNHQLQJ LQGXFHG E\ GLIIHUHQW UH�WUHDWPHQW RSWLRQV DIWHU 6P,/(� DQG WR LQYHVWLJDWH

WKH SRWHQWLDO RI FRUQHDO FURVV�OLQNLQJ �&;/� WR UH�HVWDEOLVK WKH RULJLQDO FRUQHDO VWUHVV UHVLVWDQFH�

0DWHULDOV DQG 0HWKRGV
�� SRUFLQH FRUQHDV ZHUH XVHG� 7KH LQLWLDO UHIUDFWLYH FRUUHFWLRQ ZDV ���'� WKH HQKDQFHPHQW ��'� 7KUHH UH�

WUHDWPHQW RSWLRQV ZHUH DQDO\]HG� �L� 5H�6P,/(� �LL� 35. DQG �LLL� FDS�WR�ȳDS FRQYHUVLRQ ZLWK H[FLPHU DEODWLRQ

�Ȋ/$6,.ȋ�� 7KH �LY� FRQWURO JURXS UHFHLYHG QR WUHDWPHQW� 6XEVHTXHQWO\� DFFHOHUDWHG &;/ ��P:�FP�� ��PLQ� ZDV

SHUIRUPHG LQ WZR JURXSV ZLWK FXUUHQWO\ FRPPRQ HQKDQFHPHQW WHFKQLTXHV� �Y� LQ Ȋ/$6,.ȋ DQG �YL� LQ FRQWUROV�

%LRPHFKDQLFDO SURSHUWLHV ZHUH PHDVXUHG ZLWK VWUHVV�VWUDLQ H[WHQVRPHWU\ ����� WR ����1��

5HVXOWV
7KH 5H�6P,/( DQG 35. HQKDQFHPHQW GLG QRW VLJQLȲFDQWO\ UHGXFH WKH RYHUDOO HODVWLF

PRGXOXV RI WKH FRUQHD FRPSDUHG WR FRQWUROV ������������ 03D DQG ����������� 03D YHUVXV ����������� 03D�

S ������� ZKLOH /$6,. HQKDQFHPHQW GLG ������������ 03D� S ������� &;/ WUHDWPHQW VLJQLȲFDQWO\ LQFUHDVHG WKH

HODVWLF PRGXOXV FRPSDUHG WR DOO QRQ�FURVV�OLQNHG FRQGLWLRQV �S ������� 5HIUDFWLYH VXUJHU\ GHFUHDVHG WKH RYHUDOO

HODVWLF PRGXOXV E\ ��� ZKLOH &;/ LQFUHDVHG LW E\ ����

&RQFOXVLRQV
,Q HQKDQFHPHQW� WKH FRUQHDO ELRPHFKDQLFDO LQWHJULW\ LV OHVV DIIHFWHG ZLWK ERWK� 5H�

60,/( DQG 35. HQKDQFHPHQW� &RUQHDO ZHDNHQLQJ WKURXJK ODVHU UHIUDFWLYH VXUJHU\ LV VPDOO FRPSDUHG WR WKH

VWLIIHQLQJ HIIHFW DIWHU &;/�

%LRJUDSK\
%RJGDQ 6SLUX� 8QLYHUVLW¦WV�$XJHQNOLQLN %RQQ
'U� %� 6SLUX LV LQ WKH ȲQDO \HDU RI UHVLGHQF\ �)(%2� 0D\ ����� DW WKH 8QLY� (\H &OLQLF RI 0DUEXUJ� 3URI� 6HNXQGR�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

&;/� LV LW VDIH"

2UDO � $EVWUDFW ,'� ��

3URI� MRVHSK IUXFKW SHU\ �

�� +DGDVVDK 8QLY +RVSLWDO

3XUSRVH
7R SUHVHQW FRPSOLFDWLRQV RI FRPELQHG &;/ DQG 35.�

0DWHULDOV DQG 0HWKRGV
3UHVHQWDWLRQ RI � FDVHV ZLWK XQH[SHFWHG RXWFRPHV SRVW &;/� SURFHGXUH� �PRQWKV WR � \HDUV DIWHU WKH FRPELQHG

SURFHGXUH LQ DQG RXW RI ,VUDHO�

5HVXOWV
� FDVHV KDG VHYHUH FRUQHDO VFDUV UHTXLULQJ FRUQHDO WUDQVSODQWV� � RWKHU FDVHV KDGXQVWDEOH FKDQJHVZLWK GHFUHDVH

RI &'9$�

&RQFOXVLRQV
5LVNV RI FRPELQHG 35. DQG &;/ VKRXOG EH FOHDUO\ H[SODLQHG SULRU WR HDFK SURFHGXUH� ,W VKRXOG QRW EH RIIHUHG

WR SDWLHQWV ZLWK JRRG 8&9$ DQG�RU '&9$�

%LRJUDSK\
MRVHSK IUXFKW SHU\� +DGDVVDK 8QLY +RVSLWDO

'LUHFWRU RI FRUQHD DQG UHIUDFWLYH VXUJHU\ XQLW� 'HSDUWPHQW RI 2SKWKDOPRORJ\� ���� � �����

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

())(&7,9(1(6 2) $&&(/(5$7(' &251($/ &2//$*(1
&5266/,1.,1* )25 .(5$72&2186 3$7,(176 � $

&203$5,621 2) 7:2 35272&2/6

3RVWHU � $EVWUDFW ,'� ��

0UV� 5HQ\ 6HW\RZDWL �� 3URI� 6XKDUGMR � �

�� 8QLYHUVLWDV *DGMDK 0DGD

3XUSRVH
$FFHOHUDWHGa &RUQHDO &ROODJHQ &URVV�/LQJNLQJ �$�&;/� KDV EHHQ GHYHORSHG WR VKRUWHQ WKH GXUDWLRQ RI WKH SUR�

FHGXUH E\ LQFUHDVLQJ LOOXPLQDWLRQ LQWHQVLW\�a 7KLV VWXG\ KDV D SXUSRVH WRaFRPSDUH VKRUW WHUP RXWFRPH RI WZR

GLIIHUHQW SURWRFROV RI $�&;/ IRU NHUDWRFRQXV SDWLHQWV�

0DWHULDOV DQG 0HWKRGV
1RQUDQGRPL]HG FOLQLFDO FRQWURO VWXG\ DW 'U 6DUGMLWR +RVSLWDO LQ <RJ\DNDUWD� ,QGRQHVLD� .HUDWRFRQXV SDWLHQWV

ZHUH GLYLGHG LQWR WZR JURXSV FRQVHFXWLYHO\� 3DWLHQWV XQGHUZHQW D GHWDLOHG RSKWKDOPLF DQG PHGLFDO H[DPL�

QDWLRQ� 5HIUDFWLRQ DQG NHUDWRPHWULF YDOXHV DUH PHDVXUHG SUHRSHUDWLYHO\ DQG SRVWRSHUDWLYHO\� )RXU H\HV ZHUH

WUHDWHGZLWK �P:�FP� IRU ��PLQXWHV �JURXS �� DQG �� H\HV ZHUH WUHDWHGZLWK ��P:�FP� IRU �PLQXWHV �JURXS

��� 7KH GDWD RI WKH WZR JURXSV ZHUH FRPSDUHG VWDWLVWLFDOO\�

5HVXOWV
$IWHU �PRQWKV� SDWLHQWVaHYDOXDWLRQ LQ JURXS��PLQLPXPDQGPD[LPXPaNHUDWRPHWU\ȳDWWHQHGE\ ���� GLRSWHUV

�S ������ DQGa� GLRSWHUV �S ������� UHVSHFWLYHO\� ,Q JURXS �� PLQLPXP DQGPD[LPXPaNHUDWRPHWU\ ȳDWWHQHG E\

���� GLRSWHUV �S ������ DQGa���� GLRSWHUV �S ������� UHVSHFWLYHO\� 7KHUH ZHUH QR LQWHU�JURXS GLIIHUHQFHV LQ WKH

FKDQJHV LQ NHUDWRPHWU\ YDOXHV EHWZHHQ JURXS � $�&;/ DQG JURXS � $�&;/ DW �PRQWKV SRVWRSHUDWLYHO\ �S ������

&RQFOXVLRQV
.HUDWRPHWULF SDUDPHWHU UHVXOWV RI ERWK SURWRFROV $�&;/ IRU WKH WUHDWPHQW RI NHUDWRFRQXV LQ VKRUW WLPH SHULRG

ZHUH VLPLODU�

%LRJUDSK\
?WH[WEI^5HQ\ 6HW\RZDWL`?HPSK^� 8QLYHUVLWDV *DGMDK 0DGD` %RUQ LQ 0HGDQ� 1RUWK 6XPDWUD� ,QGRQHVLD DW ����

1RZ VKH LV LQ KHU ȲQDO \HDU RIa2SWKDOPRORJ\ 5HVLGHQF\ DW 8QLYHUVLWDV *DGMDK 0DGD 6KH LV DOVR Da\RXQJ VWDII

DW &RUQHDO 'LYLVLRQ DW WKH VDPH LQVWLWXWLRQ�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

(SLWKHOLDO FRUQHDO PDSSLQJ LQ NHUDWRFRQXV� WR GR RU QRW WR GR
"

3RVWHU � $EVWUDFW ,'� ��

3URI� PRXKFLQH (/ %$..$/, �� 0V� DVPDD VDPL �

�� &OLQLTXH GH OD YLVLRQ GH 5DEDW

3XUSRVH
2XU DLP LV WR GHPRQVWUDWH WKH XVHIXOQHVV RU QRW RI DQ HSLWKHOLDO PDSSLQJ SUDFWLFH LQ .HUDWRFRQXV ZKLOH DWWHPSW�

LQJ WR UHVSRQG WR WKH IROORZLQJ TXHVWLRQV�

ȏ ,V WKHUH D SODFH LQ GLDJRQRVLQJ RI LQIUD FOLQLF� HYROYLQJ IRUPV � EHIRUH DQG DIWHU FURVVOLNLQJ"

0DWHULDOV DQG 0HWKRGV
�� H\HV DJHG� �� DQG �� \HDUV� VXIIHULQJ IURP HYROYLQJ NHUDWRFRQXV KDV KDG D WRSRJUDSK\ DQG D FRUQHDO 2&7

EHIRUH �� � DQG � PRQWKV RQ DYHUDJH DIWHU FURVVOLNLQJ�

:H KDYH DQDO\VHG WKH IROORZLQJ IDFWRUV �

7KH WKLFNQHVV RI WKH FRUQHDO HSLWKHOLXP EHIRUH DQG DIWHU FURVVOLNLQJ RQ WKH FRQH� DURXQG WKH FRQH� WKH WKLQQHVW

SRLQW RI WKH HSLWKHOLXP LQ UHODWLRQ WR WKH WKLQQHVW SRLQW� DQG WKH PDSSLQJ VWDELOLW\ DIWHU FURVVOLNLQJ�

5HVXOWV

ȏ 7KHUH LV DQ HSLWKHOLXP PDSSLQJ YDULDWLRQ LQ UHJDUG WR WKH FRQH DV ZHOO DV WR WKH EXOJLQJ RI WKH SRVWHULRU

VLGH�

ȏ 7KHUH LV DQ HSLWKHOLXP PDSSLQJ YDULDWLRQ DIWHU FURVVOLNLQJ�

ȏ 7KH PRGLȲFDWLRQV RI WKH HSLWKHOLXP WKLFNQHVV DUH FRQVWDQW LQ WKH .HUDWRFRQXV�

ȏ 7KH WKLFNQHVV RI WKH FRUQHDO HSLWKHOLXP LV GLIIHUHQW IURP D QRUPDO FRUQHD�

&RQFOXVLRQV
7KH UDSLG WXUQRYHU DQG WKH HDV\ DFFHVV RI WKH FRUQHDO HSLWKHOLXP WR WKH PRGHUQ 2&7 PDNHV XV WKLQN VXSSRVH

WKDW �

WKH HSLWKHOLXPPDSSLQJ FRXOG XQFRYHU VRPH XQNQRZQ DVSHFWV LQ WKH GLDJQRVLV RI LQIUD FOLQLF DVSHFW DQG LQ WKH

HVWDEOLVKPHQW RI D UHOLDEOH FULWHULD IRU HYROYLQJ IRUPV RU .HUDWRFRQXV VWDELOLW\�

%LRJUDSK\
PRXKFLQH (/ %$..$/,� &OLQLTXH GH OD YLVLRQ GH 5DEDW

3URIHVVRU RQ RSKWDOPRORJ\ � DFWXDO\ GLUHFWRU RI &OLQLTXH GH OD YLVLRQ GH 5DEDW

JUDGXDWH RI WKH 8QLYHUVLW\ RI 0HGLFLQH RI 5DEDW DQG %RUGHDX[

VSHFLDOL]LQJ LQ FRUQHDO SDWKRORJ\ DQG UHIUDFWLYH VXUJHU\�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

(SLWKHOLXP�RQ 3KRWRUHIUDFWLYH ,QWUDVWURPDO &RUQHDO
&URVV�OLQNLQJ �3L;/� ZLWK 6XSSOHPHQWDO 2[\JHQ IRU WKH

7UHDWPHQW RI /RZ0\RSLF 5HIUDFWLYH (UURU� � 0RQWK 5HVXOWV RI
D 3URVSHFWLYH &OLQLFDO 6WXG\

3RVWHU � $EVWUDFW ,'� ��

'U� 0DWWKLDV (OOLQJ �� 0V� 6DUDK +DXVFKLOG �� 3URI� %XUNKDUG 'LFN �

�� 8QLYHUVLW¦WV�$XJHQNOLQLN %RFKXP

3XUSRVH
7R HYDOXDWH WKH VDIHW\ DQG HɘFDF\ RI D QHZ PHWKRG IRU UHGXFWLRQ RI ORZ P\RSLF UHIUDFWLYH HUURU LQ KHDOWK\

P\RSLF H\HV WKURXJK WKH WDUJHWHG DSSOLFDWLRQ RI KLJK GRVH� SXOVHG� DFFHOHUDWHG FRUQHDO FURVV�OLQNLQJ LQ D FLUFXODU

VSRW SDWWHUQ�

0DWHULDOV DQG 0HWKRGV
7KLV ��PRQWK� VLQJOH FHQWHU� SURVSHFWLYH VWXG\ LQFOXGHG KHDOWK\ H\HV ZLWK P\RSLD� (SLWKHOLXP�RQ 3L;/ ZLWK

VXSSOHPHQW R[\JHQZDV SHUIRUPHG RQ �� VWXG\ H\HV XVLQJ WKH0RVDLF 6\VWHP DQG ULERȳDYLQ H\H GURSV� (ɘFDF\

ZDV DVVHVVHG E\ 8&9$� 056(� DQG WKH PHDQ FKDQJH LQ FRUQHDO FXUYDWXUH �.PHDQ� . )ODW� DQG . 6WHHS� IURP

EDVHOLQH� 6DIHW\ ZDV GHWHUPLQHG E\ ORVV RI %&9$� VOLW ODPS ELRPLFURVFRS\� HQGRWKHOLDO FHOO FRXQW DQG LQFLGHQFH

RI DGYHUVH HYHQWV�

5HVXOWV

��PRQWK DQDO\VLV LQFOXGHG �� H\HV� 7KH PHDQ FKDQJH LQ 05 DQG 056( IURP EDVHOLQH WR � PRQWKV ZDV

��� GLRSWHUV DQG ��� GLRSWHUV� 7KH PHDQ FKDQJH LQ 8&9$ IURP EDVHOLQH WR � PRQWKV ZDV � OLQHV� 7KHUH ZHUH VLJ�

QLȲFDQW UHGXFWLRQV LQ .PHDQ� .ȳDW DQG .VWHHS DW DOO IROORZ�XS YLVLWV YHUVXV EDVHOLQH �DOO S������� $Q HQGRWKHOLDO

FHOO FRXQW SHUIRUPHG DW � PRQWK SRVWRSHUDWLYH VKRZHG QR VLJQLȲFDQW FKDQJHV�

&RQFOXVLRQV
(SLWKHOLXP�RQ 3L;/ SURFHGXUH ZLWK VXSSOHPHQWDO R[\JHQ LV D SURPLVLQJ PHWKRG IRU UHGXFLQJ ORZ P\RSLF UH�

IUDFWLYH HUURU LQ KHDOWK\ H\HV ZLWKRXW DEODWLRQ RU UHPRYDO RI VWURPDO WLVVXH� 7KLV PHWKRG PD\ EH HYDOXDWHG DV

DQ DOWHUQDWLYH WR FRQYHQWLRQDO UHIUDFWLYH VXUJHU\� $GGLWLRQDO VWXGLHV DUH QHHGHG WR UHȲQH WUHDWPHQW SDUDPHWHUV

DQG FRQȲUP ORQJ WHUP VWDELOLW\ RI WKH DSSURDFK�

%LRJUDSK\
0DWWKLDV (OOLQJ� XQLY
+HDG SK\VLFLDQ DQG FR�FKDLU DW 8QLYHUVLW\ (\H +RVSLWDO %RFKXP

6SHFLDO LQWHUHVW LQ DQWHULRU VHJPHQW DQG UHIUDFWLYH VXUJHU\

)LUVW 3L;/ WUHDWPHQW LQ 2FWREHU ����

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

,Q YLYR %ULOORXLQ IUHTXHQF\ VKLIWV RI FURVVOLQNHG DQG
XQFURVVOLQNHG FRUQHDV LQ NHUDWRFRQXV

2UDO � $EVWUDFW ,'� ��

'U� 7KHR *� 6HLOHU �� 'U� 3HQJ 6KDR �� 'U� $PLUD (OWRQ\ �� 'U� 9DO«U\ :LWWZHU �� 'U� 7RELDV .ROOHU �� 3URI�
6HRN�+\XQ <XQ �� 3URI� 7KHR 6HLOHU �

�� 8QLYHUVLW¦WVNOLQLN I¾U $XJHQKHLONXQGH� ,QVHOVSLWDO %HUQ� �� +DUYDUG 0HGLFDO 6FKRRO� �� ,52& $*

3XUSRVH
7R LQYHVWLJDWH %ULOORXLQ IUHTXHQF\aVKLIWV RI NHUDWRFRQXV FRUQHDV DQG WKH LQȳXHQFH RI &;/ RQ FRUQHDO HODVWLF

PRGXOXV LQ YLYR�

0DWHULDOV DQG 0HWKRGV
%ULOORXLQaIUHTXHQF\aVKLIW PDSV ZHUH DFTXLUHGaWR GHWHUPLQH FRUQHDO ULJLGLW\ ZLWKaD KLJK VSDWLDO UHVROXWLRQ XV�

LQJ WKH %266�V\VWHP� (\HV RI SDWLHQWV VXIIHULQJ??IURP SURJUHVVLYH NHUDWRFRQXV DV ZHOO DV H\HV KDYLQJ UHFHLYHG

FURVVOLQNLQJ �&;/�??PRUH WKDQ �� PRQWKV DJR ZHUH H[DPLQHG XVLQJ %ULOORXLQ PLFURVFRS\ DQG??6FKHLPSȳXJ WR�

PRJUDSK\� 5LJLGLW\ PDSV DQG FRUQHDO WRPRJUDSKLHV ZHUH DQDO\]HG??IRU SRVVLEOH FRUUHODWLRQV DQG FRPSDUHG

EHWZHHQ ERWK JURXSV�

5HVXOWV
%ULOORXLQaPDSV LQ NHUDWRFRQXV GHPRQVWUDWH� WKDW WKH FRUQHD LV QRW VXIIHULQJ IURP D XQLIRUPaEXW UDWKHU D IRFDO

ZHDNHQLQJ ZLWK D SHDN %ULOORXLQ�VKLIW RI ����s����*+] LQ WKH HFWDWLF UHJLRQ FRPSDUHG WR D %ULOORXLQ�VKLIWaRI

����s����*+] LQ WKH QRUPDO FRUQHDO SHULSKHU\� 0D[LPDOaFRUQHDO SRVWHULRU ȳRDW LV VLJQLȲFDQWO\ FRUUHODWHG ZLWK

PD[LPDO ZHDNHQLQJ LQaFRUQHDO %ULOORXLQ PDSV� %ULOORXLQ IUHTXHQF\aVKLIWV ZHUH VLJQLȲFDQWO\ ORZHU �ZHDNHU�

LQaXQFURVVOLQNHG FRUQHDV FRPSDUHG WR FURVVOLQNHG FRUQHDV�??

&RQFOXVLRQV
.HUDWRFRQXVaFRUQHDV VXIIHU IURP D IRFDO ZHDNHQLQJ� &RUQHDO WRPRJUDSK\� LQ SDUWLFXODU WKHaPD[LPXP SRVWH�

ULRU ȳRDW PLJKW VHUYH DV DQ HVWLPDWLRQ IRU WKH ZHDNHVW SRLQW�a7KLV PD\ KHOS WR LPSURYH FXVWRPL]HG LUUDGLDWLRQ

SDWWHUQV LQ FRUQHDO??FURVVOLQNLQJ LQ RUGHU WR RSWLPL]H YLVXDO RXWFRPH IRU SDWLHQWV ZLWK SURJUHVVLYH??FRUQHDO HF�

WDVLD

%LRJUDSK\
?WH[WEI^7KHR *� 6HLOHU`?HPSK^� 8QLYHUVLW¦WVNOLQLN I¾U $XJHQKHLONXQGH� ,QVHOVSLWDO %HUQ` 0HGLFDO 6FKRRO =XULFK

5HVLGHQW DW ,52&� 78 0XQLFK� ,QVHOVSLWDO %HUQ�a 5HVHDUFK )HOORZ DW +DUYDUG 0HGLFDO 6FKRRO� :HOOPDQ &HQWHU

IRU 3KRWRPHGLFLQH &XUUHQWO\ ,QVHOVSLWDO %HUQ

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

/DVHU ,QGXFHG ,RQL]DWLRQ )LHOG &URVVOLQNV %LRORJLFDO 0HGLD LQ
$EVHQFH RI 3KRWRVHQVLWL]HUV

2UDO � $EVWUDFW ,'� ��

'U� 0LNKDLO )RPRYVN\ �� 0U� &KDR :DQJ �� 'U� 6WHSKHQ 7URNHO �� 'U� 6LQLVD 9XNHOLF �

�� &ROXPELD 8QLYHUVLW\� �� &ROXPELD 8QLYHUVLW\ 0HGLFDO &HQWHU

3XUSRVH
6SDWLDOO\ UHVROYHG FURVVOLQNLQJ RI FROODJHQRXV ELRORJLFDOPHGLD KDV EHHQ DFKLHYHG LQ DEVHQFH RI SKRWRVHQVLWL]HUV

YLD XWLOL]DWLRQ RI XOWUDIDVW ODVHUV� 7KH WUHDWPHQW LV EHLQJ LQYHVWLJDWHG IRU LWV SRWHQWLDO WR SURGXFH JHRPHWULFDOO\

GHȲQHG YROXPHV RI FURVVOLQNHG FRUQHDO WLVVXH IRU WKHUDSHXWLFaSXUSRVHV�

0DWHULDOV DQG 0HWKRGV
1RYHO ODVHU�WLVVXH LQWHUDFWLRQ SDUDGLJP KDV EHHQ DFKLHYHG E\ FRQȲQLQJ ODVLQJ UHJLPH EHORZ WKH RSWLFDO EUHDN�

GRZQ WKUHVKROG� WKXV UHVWULFWLQJ WKH WUHDWPHQW WR SKRWRFKHPLFDO HIIHFWV� $V VXFK� WKH WUHDWPHQW RPLWV WKHUPDO

DFFXPXODWLRQ� ZKLFK ZRXOG GHQDWXUH FROODJHQ ȲEULOV� &DUHIXOaWDLORULQJ RI SURFHVVLQJaSDUDPHWHUV FRQȲQHV LQ�

GXFHGaLRQL]DWLRQ ȲHOG WRaWKH IRFDO YROXPH� UHVXOWLQJ LQ DELOLW\ WR FRQWURO WKH FURVVOLQNLQJ SURFHVV� DQG WKXV OLPLW

WKH DOWHUDWLRQV WR GHVLUHG UHJLRQ RI WKH LUUDGLDWHG PHGLD�a

5HVXOWV
)LQGLQJV REWDLQHG IURPa(OHFWURQ 3DUDPDJQHWLF 5HVRQDQFH 6SHFWURVFRS\ DQG )OXRUHVFHQFH 0LFURVRFRS\ KDYH

FRQȲUPHG RXU K\SRWKHVLV� 7KH SURFHVVaKDV WKHQ EHHQ DSSOLHG RQWR SRUFLQH DQG UDEELW H\HV� DQG SRVW�WUHDWPHQW

FKDUDFWHUL]DWLRQaKDV VKRZQaFKDQJHV LQ FURVVOLQN GHQVLW\� PHFKDQLFDO SURSHUWLHV DV ZHOO DV RYHUDOO JHRPHWU\ RI

FRUQHDO WLVVXH�a7HPSHUDWXUH LQFUHDVH GXULQJ WKH SURFHGXUH LVaZHOO EHORZGHQDWXUDWLRQ WKUHVKROG� DQGKLVWRORJ\

KDV FRQȲUPHG DEVHQFH RI WKHUPDO GDPDJH�a&RPSOHPHQWDU\ UHVXOWV KDYH EHHQ REVHUYHG LQ DUWLFXODU FDUWLODJH�a

&RQFOXVLRQV
%\ FDUHIXOO\ WDLORULQJ RI WKH ODVHU�LQGXFHG DPHQGPHQWV LQ WKH WDUJHW WLVVXH� ZKLFK FRXOG EH RFXODU WLVVXH� WHQGRQ

RU DUWLFXODU FDUWLODJH� RQH KDV DELOLW\ WR LQGXFH VWUXFWXUDO PRGLȲFDWLRQ WKDW IXUWKHU WULJJHUV DOWHUDWLRQ RI LWV

PHFKDQLFDO SURSHUWLHV DV ZHOO DV RYHUDOO JHRPHWU\� 7KHUHIRUH� WKH SURSRVHG ODVHU�WLVVXH LQWHUDFWLRQ PHWKRG KDV

SRWHQWLDOO\ WUHPHQGRXV WKHUDSHXWLF YDOXH� 6SHFLȲFDOO\� WKLV WHFKQLTXH KDV DOORZHG XV WR FKDQJH WKH PHFKDQLFDO

SURSHUWLHV DQG WKH JHRPHWU\ RI H[SRVHG FRUQHDO VWURPD�a??

%LRJUDSK\
?WH[WEI^6LQLVD 9XNHOLF`?HPSK^� &ROXPELD 8QLYHUVLW\` 'U� 9XNHOLF KDV REWDLQHG KLV 3K' IURP &ROXPELD 8QLYHU�

VLW\ LQ ���� DQG ZDV DSSRLQWHG DV $VVLVWDQW 3URIHVVRU DW %XFNQHOO 8QLYHUVLW\� ,Q ���� KH KDV MRLQHG &ROXPELD

8QLYHUVLW\ IDFXOW\� 'U� 9XNHOLFȇV UHVHDUFK LQWHUHVWV LQFOXGHaLQYHVWLJDWLRQ RI XQGHUO\LQJ SKHQRPHQD EHKLQG WKH

LQWHUDFWLRQ RIaODVHUV ZLWK ELRORJLFDO PHGLD� ,Q DGGLWLRQ WR EDVLF VFLHQFH� 'U� 9XNHOLFȇV UHVHDUFK SURMHFWV LQFOXGH

WUDQVODWLRQDO UHVHDUFK LQ ZKLFK IXQGDPHQWDO FRQFHSWV DUH DSSOLHG RQWR SUDFWLFDO FOLQLFDO SUREOHPV VXFK DV FRU�

UHFWLRQ RI UHIUDFWLYH HUURUV� WUHDWPHQW RI FRUQHDOaHFWDVLDV� DV ZHOO DV GHYHORSPHQW RI QRYHO WUHDWPHQW IRU HDUO\

RVWHRDUWKULWLV�aa??

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

1RQ�FRQWDFW WHFKQLTXH IRU GLUHFW FRUQHDO VWUHQJWK
PHDVXUHPHQW

2UDO � $EVWUDFW ,'� ��

'U� 'LPLWUL &KHUQ\DN �

�� ,QWHORQ 2SWLFV� ,QF�

3XUSRVH
0XOWLSOH WHFKQLTXHV KDYH HPHUJHG LQ UHFHQW \HDUV IRU PHDVXULQJ FRUQHDO ELRPHFKDQLFV� :KLOH XVHIXO� WKHVH

GHYLFHV DUHaLQȳXHQFHG E\ ,23 DQG FRUQHDO JHRPHWU\� ([WUDFWLQJ GDWD IURP VXFK PHDVXUHPHQWV UHOLHV RQ DV�

VXPSWLRQV DQG PRGHOLQJ�aGRHVQȇW SURYLGH VSDWLDO DVSHFW RI HODVWLFLW\ DFURVV FRUQHD�

0DWHULDOV DQG 0HWKRGV
%ULOORXLQ 6SHFWURVFRS\ KDV EHHQ UHFHQWO\ VKRZQ WR PHDVXUH FRUQHDO ELRPHFKDQLFDO VWUHQJWK GLUHFWO\ DQG WR

SURYLGH VSDWLDO PDSSLQJ RI WKH VWUHQJWKPRGXOXV LQ WLVVXH� ,W XVHV ORZ�SRZHU ODVHU WR GHWHUPLQH HODVWLF PRGXOXV

RI RFXODU WLVVXH E\ DQDO\]LQJ WKH UHWXUQ VLJQDO VSHFWUXP� a7KH ODVHU LVaZLWKLQ SXEOLVKHG VDIHW\ OLPLWV RI H[SRVXUH

IRU RFXODU WLVVXHV� 8QOLNH 5DPDQ VFDWWHULQJ� %ULOORXLQ VSHFWURVFRS\ LQYROYHV ORZ IUHTXHQF\ VFDWWHU WKDW GLUHFWO\

UHODWHV WR HODVWLF EXON SURSHUWLHV RI PDWHULDO�

5HVXOWV
/DERUDWRU\ PHDVXUHPHQWV RI YDULRXV SRO\PHUV KDYH VKRZQ FORVH FRUUHODWLRQ ZLWK SXEOLVKHG HODVWLF PRGXOXV

GDWD IRU WKHVH UHIHUHQFH PDWHULDOV� +XPDQ FOLQLFDO VWXGLHV KDYH GHPRQVWUDWHG VLJQLȲFDQW GLIIHUHQFH LQ WKH

HODVWLF PRGXOXV RI QRUPDO FRUQHDV YHUVXV FRUQHDV GLDJQRVHG ZLWK NHUDWRFRQXV FRQGLWLRQ� &OLQLFDO GDWD KDV DOVR

VKRZQ VWDWLVWLFDOO\ VLJQLȲFDQW FKDQJHV DVVRFLDWHG ZLWK FRUQHDO FURVVOLQNLQJ WUHDWPHQW IRU NHUDWRFRQXV SDWLHQWV

LQ WKH DQWHULRU FRUQHD� ZKHUH FURVVOLQNLQJ ZDV DSSOLHG�

&RQFOXVLRQV
%ULOORXLQ 6SHFWURVFRS\ GDWD SURYLGHV XQLTXH DQG GLUHFW PHDVXUHPHQW RI FRUQHDO HODVWLF SURSHUWLHV DFURVV WLVVXH

YROXPH� $FFHVV WR VXFK LQIRUPDWLRQ PD\ DOORZ SK\VLFLDQV WR FXVWRPL]H UHIUDFWLYH VXUJHU\ QRPRJUDPV DV ZHOO

DV FURVVOLQNLQJ WUHDWPHQW SDUDPHWHUV IRU FRQWUROOLQJ NHUDWRFRQXV SURJUHVVLRQ�

%LRJUDSK\
?WH[WEI^'LPLWUL &KHUQ\DN`?HPSK^� ,QWHORQ 2SWLFV� ,QF�` 'LPLWUL KDV ��� \HDUV RI H[SHULHQFH LQ GHYHORSLQJ GLDJ�

QRVWLF DQG VXUJLFDO GHYLFHV LQ RSKWKDOPRORJ\ DQG KDV EHHQ 6FLHQWLȲF $GYLVRU WR VHYHUDO FRPSDQLHV LQaPHGLFDO

VRIWZDUH DQG GDWD DQDO\WLFV� 'LPLWUL HDUQHG D 3K' LQ 9LVLRQ 6FLHQFH DW 8& %HUNHOH\ LQ ����� +LV UHVHDUFK ZDV

FHQWHUHG RQPRGHOLQJ RI DWWHQWLRQ� H\HPRYHPHQWV DQG REMHFW UHFRJQLWLRQ� %RUQ LQ0RVFRZ� 5XVVLD� KH DWWHQGHG

WKH %LRORJ\ 'HSDUWPHQW RI 0RVFRZ 6WDWH 8QLYHUVLW\� DQG LQ ���� UHFHLYHG D %$ GHJUHH IURP %UDQGHLV 8QLYHU�

VLW\� :DOWKDP� 0$� LQ 0DWKHPDWLFV DQG %LRORJ\� ,Q ����� KH ZDV DZDUGHG DQ0$ GHJUHH LQ &RJQLWLYH DQG 1HXUDO

6\VWHPV IURP %RVWRQ 8QLYHUVLW\�a

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

3KRWRUHIUDFWLYH LQWUDVWURPDO FURVV�OLQNLQJ �3L;/� IRU WKH
WUHDWPHQW RI ORZ P\RSLD

3RVWHU � $EVWUDFW ,'� ��

'U� *LWDQVKD 6DFKGHY �� 'U� 6KUH\DV 5DPDPXUWK\ �

�� 7KH (\H )RXQGDWLRQ

3XUSRVH
7R HYDOXDWH WKH VDIHW\ DQG HɘFDF\ RI 3KRWRUHIUDFWLYH ,QWUDVWURPDO &URVV�OLQNLQJ �3L;/� IRU WKH WUHDWPHQW RI

ORZ P\RSLD� 7R HYDOXDWH WKH WUHDWPHQW SDUDPHWHUV LPSDFWLQJ WKH HɘFDF\ RI WUHDWPHQW LQ UHGXFWLRQ RI P\RSLF

UHIUDFWLYH HUURU

0DWHULDOV DQG 0HWKRGV
3L;/ ZDV SHUIRUPHG LQ �� H\HV RI SDWLHQWV VHHNLQJ UHIUDFWLYH FRUUHFWLRQ�XVLQJ WKH 0RVDLF V\VWHP ZLWK DFFHOHU�

DWHG &;/� (SLWKHOLXP�RQ DSSURDFK ZLWK VXSSOHPHQWDO R[\JHQ ZDV XVHG� 7KH HɘFDF\ ZDV GHWHUPLQHG E\ WKH

PHDQ FKDQJH LQ PDQLIHVW UHIUDFWLRQ VSKHULFDO HTXLYDOHQW �056(�� XQFRUUHFWHG GLVWDQFH YLVXDO DFXLW\ �8'9$�

DQG FRUQHDO FXUYDWXUH IURP EDVHOLQH� 6DIHW\ ZDV GHPRQVWUDWHG E\ HQGRWKHOLDO FHOO ORVV �VSHFXODU PLFURVFRS\�

DQG YLVXDOO\ VLJQLȲFDQW FRUQHDO KD]H� )ROORZ�XS SHULRG ZDV ��� PRQWKV�

5HVXOWV
7KH PHDQ FKDQJH LQ 056( IURP EDVHOLQH ZDV ���� ������' DW � PRQWK ZLWK D FKDQJH LQ 8'9$ RI ���� ��� �����

7KH PHDQ FKDQJH LQ FRUQHDO FXUYDWXUH ZDV ���� ��� ���� '� 1RQH RI WKH H\HV VKRZHG UHJUHVVLRQ GXULQJ ��PRQWK

IROORZ�XS� 1R VLJQLȲFDQW HQGRWKHOLDO FHOO FRXQW RU ORVV RI EHVW FRUUHFWHG YLVXDO DFXLW\ GXH WR FRUQHDO KD]H ZDV

QRWHG�

&RQFOXVLRQV
7KH HSLWKHOLXP RQ SURWRFRO ZLWK VXSSOHPHQWDO R[\JHQ VKRZHG UHGXFWLRQ LQ P\RSLF UHIUDFWLYH HUURU XWLOL]LQJ

3L;/

%LRJUDSK\
*LWDQVKD 6DFKGHY� 7KH (\H )RXQGDWLRQ
7KH DXWKRU LV FXUUHQWO\ ZRUNLQJ DV WKH $FDGHPLF &RRUGLQDWRU DQG &RQVXOWDQW � &DWDUDFW DQG 5HIUDFWLYH 6HUYLFHV

DW 7KH (\H )RXQGDWLRQ� &RLPEDWRUH� 'XULQJ KHU UHVLGHQF\ WUDLQLQJ VKH UHFHLYHG WKH SUHVWLJLRXV ,QGLDQ &RXQFLO

RI 0HGLFDO 5HVHDUFK �,&05� JUDQW IRU KHU ZRUN LQ FRUQHDO FROODJHQ FURVV�OLQNLQJ� 6KH KDV DXWKRUHG YDULRXV

FKDSWHUV LQ ERRNV RQ UHIUDFWLYH VXUJHU\ DQG KDVPXOWLSOH SXEOLFDWLRQV WR KHU FUHGLW� 6KH LV FXUUHQWO\ WKH DVVLVWDQW

HGLWRU RI UHIUDFWLYH VXUJHU\ IRU WKH ,QGLDQ -RXUQDO 2I 2SKWKDOPRORJ\ �,-2��

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

3KRWRWKHUDSHXWLF LQWUDVWURPDO FRUQHDO FROODJHQ FURVV�OLQNLQJ
�3L;/� ZLWK WZR GLIIHUHQW 89 LUUDGLDWLRQ SURWRFROV IRU

WUHDWPHQW RI ORZ�JUDGH P\RSLD

2UDO � $EVWUDFW ,'� ��

0V� $QQHOL )UHGULNVVRQ �� 0V� $QQD $OP �� 3URI� $QGHUV %HKQGLJ �

�� 'HSDUWPHQW RI &OLQLFDO 6FLHQFHV�2SKWKDOPRORJ\� 8PH§ 8QLYHUVLW\� 8PH§� �� 'HSDUWPHQW RI &OLQLFDO 6FLHQFHV�2SKWKDOPRORJ\�

8PH§ 8QLYHUVLW\� 8PH§�

3XUSRVH
7R FRPSDUH WKH HɘFDF\ DQG VDIHW\ RI 3L;/ IRU ORZ�JUDGH P\RSLD ZLWK 89 LUUDGLDWLRQ LQ D FHQWUDO � PP ]RQH

�SURWRFRO $� JURXS $� DQG LQ D FHQWUDO � PP ULQJ�VKDSHG ]RQH �SURWRFRO %� JURXS %��

0DWHULDOV DQG 0HWKRGV
/RZ�JUDGH P\RSLF SDUWLFLSDQWV ZHUH WUHDWHG ZLWK 3L;/ LQ D KLJK�R[\JHQ HQYLURQPHQW ���s��2��� 3DUWLFLSDQWV

ZHUH UDQGRPL]HG WR UHFHLYH SURWRFRO $ �WRWDO GRVH RI ��� -RXOH �-�� LQ RQH H\H DQG % �WRWDO GRVH RI ��� -� LQ WKH

RWKHU� &RUUHFWHG �&'9$� DQG XQFRUUHFWHG YLVXDO DFXLWLHV �8'9$�� UHIUDFWLYH VSKHULFDO HTXLYDOHQWV �6(�� HQGRWKH�

OLDO FHOO FRXQW �(&&�� SDWLHQW UHSRUWHG YLVLRQ DQG GLVFRPIRUW� DV ZHOO DV DGYHUVH HYHQWV ZHUH DQDO\]HG SUH� DQG

SRVWRSHUDWLYHO\

5HVXOWV
,Q JURXS $ �Q �� H\HV�� WKH 8'9$ RI ����s���� �PHDQs6'� /RJ0$5 DQG 6( RI �����s����' LPSURYHG WR ����s����

/RJ0$5 �S ������ DQG �����s����' �S ������ DW � PRQWKV �Q � H\HV�� *URXS % �Q �� H\HV� GLVSOD\HG VLPLODU

UHVXOWV ZLWK D FKDQJH LQ 8'9$ IURP ����s���� WR ����s���� /RJ0DU �S�������� DQG 6( IURP �����s����' WR �����s

����' �S������� DW � PRQWKV �Q � H\HV�� 7KH (&& DQG &'9$ UHPDLQHG XQFKDQJHG� 1R DGYHUVH HYHQWV RFFXUUHG�

&RQFOXVLRQV
(DUO\ UHVXOWV LQGLFDWH WKDW ERWK 3L;/ SURWRFROV DUH SURPLVLQJ QRQ�LQYDVLYH DOWHUQDWLYHV WR UHIUDFWLYH VXUJHU\ IRU

ORZ�JUDGHP\RSLF SDWLHQWV� +RZHYHU� SDUWLFLSDQWV UHSRUWHG EHWWHU YLVLRQ DW � ZHHN DQG �PRQWK DIWHU WUHDWPHQW

LQ H\HV WUHDWHG DFFRUGLQJ WR SURWRFRO %� 7KH UHVXOWV RI WKLV RQJRLQJ VWXG\ DUH SUHOLPLQDU\� DQG PRUH FRPSOHWH

IROORZ�XS YLVLWV DUH QHHGHG WR HYDOXDWH WKH VWDELOLW\ RI WKH UHVXOWV�

%LRJUDSK\
$QQHOL )UHGULNVVRQ� 'HSDUWPHQW RI &OLQLFDO 6FLHQFHV�2SKWKDOPRORJ\� 8PH§ 8QLYHUVLW\� 8PH§

0HGLFDO LQWHUQ DW 9¦VWHU§V KRVSLWDO DQG 3K' VWXGHQW DW WKH GHSDUWPHQW RI &OLQLFDO 6FLHQFHV�2SKWKDOPRORJ\

DW 8PH§ 8QLYHUVLW\� 3XEOLFDWLRQV�

Ȋ0HDVXUHPHQW FHQWUDWLRQ DQG ]RQH GLDPHWHU LQ DQWHULRU� SRVWHULRU DQG WRWDO FRUQHDO DVWLJPDWLVP LQ NHUDWR�

FRQXV�ȋ )UHGULNVVRQ $� %HKQGLJ $� $FWD 2SKWKDOPRO� ���� -XO ��� GRL� ��������DRV������� >(SXE DKHDG RI SULQW@

Ȋ5HIUDFWLYH LPSURYHPHQWV DQG VDIHW\ ZLWK WRSRJUDSK\�JXLGHG FRUQHDO FURVVOLQNLQJ IRU NHUDWRFRQXV� ��\HDU UH�

VXOWV�ȋ 1RUGVWU¸P0� 6FKLOOHU 0� )UHGULNVVRQ $� %HKQGLJ $� %U - 2SKWKDOPRO� ���� -XO���������������� (SXE ����

1RY ���

Ȋ(FFHQWULF VPDOO�]RQH UD\ WUDFLQJ ZDYHIURQW DEHUURPHWU\ IRU UHIUDFWLRQ LQ NHUDWRFRQXV�ȋ )UHGULNVVRQ $�

%HKQGLJ $� $FWD 2SKWKDOPRO� ���� 1RY��������������� GRL� ��������DRV������� (SXE ���� $XJ �

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

5LERȳDYLQ FRQFHQWUDWLRQ GXULQJ FURVVOLQNLQJ DW WKH
HQGRWKHOLDO OHYHO

2UDO � $EVWUDFW ,'� ��

'U� 7KHR *� 6HLOHU �� 'U� $QD %DWLVWD �� 3URI� .DUVWHQ .¸QLJ �� 3URI� %HDWULFH )U¾K �

�� 8QLYHUVLW¦WVNOLQLN I¾U $XJHQKHLONXQGH� ,QVHOVSLWDO %HUQ� �� 8QLYHUVLW¦W GHV 6DDUODQGHV

3XUSRVH
7R GHWHUPLQH WKH ULERȳDYLQ FRQFHQWUDWLRQ LQ WKH SRVWHULRU VWURPD� 'HVFHPHWvV PHPEUDQH DQG HQGRWKHOLXP�

0DWHULDOV DQG 0HWKRGV
)LYH KXPDQ GH�HSLWKHOLDOL]HG FDGDYHU FRUQHDV ZHUH PRXQWHG LQWR DUWLȲFLDO DQWHULRU FKDPEHUV� $IWHU WKH HVWDE�

OLVKPHQW RI VWDEOH SK\VLRORJLFDO K\GUDWLRQ� ���?� ULERȳDYLQ LQ ��?� GH[WUDQ ZDV DSSOLHG IRU �� PLQXWHV RQWR

WKH DQWHULRU VXUIDFH� 0XOWLSKRWRQPLFURVFRS\ ZDV XVHG WR GHWHUPLQH ��SKRWRQ�ȳXRUHVFHQFH LQWHQVLW\ DQG 6+*�

VLJQDOV WKURXJKRXW HDFK FRUQHD ZLWK D VWHS VL]H RI ���wP� 7R GHWHUPLQH WKH DEVROXWH FRQFHQWUDWLRQ� FRUQHDV

ZHUH VDWXUDWHG ZLWK ���?� ULERȳDYLQ DQG PHDVXUHG D VHFRQG WLPH E\ PXOWLSKRWRQ PLFURVFRS\�

5HVXOWV
5LERȳDYLQ FRQFHQWUDWLRQ LV GHFUHDVLQJ LQ WKH SRVWHULRU VWURPD GRZQ WR ����?�� ,QVLGH 'HVFHPHWvV PHPEUDQH

WKH ULERȳDYLQ FRQFHQWUDWLRQ GURSV VXEVWDQWLDOO\� UHDFKLQJ RQO\ DERXW �����?� MXVW DQWHULRU RI WKH HQGRWKHOLXP�

&RQFOXVLRQV
7KHRUHWLFDOO\ FDOFXODWHG �����?�� DQG H[SHULPHQWDOO\ PHDVXUHG ������?�� HQGRWKHOLDO ULERȳDYLQ FRQFHQWUDWLRQ

VKRZV D KXJH GLVFUHSDQF\� 7KLV LPSOLFDWHV QHZ� KLJKHU VDIHW\ WKUHVKROGV IRU KXPDQ DSSOLFDWLRQ RI &;/�

%LRJUDSK\
?WH[WEI^7KHR *� 6HLOHU`?HPSK^� 8QLYHUVLW¦WVNOLQLN I¾U $XJHQKHLONXQGH� ,QVHOVSLWDO %HUQ` 0HGLFDO 6FKRRO =XULFK

5HVLGHQW DW ,52&� 78 0XQLFK� ,QVHOVSLWDO %HUQ�a 5HVHDUFK )HOORZ DW +DUYDUG 0HGLFDO 6FKRRO� :HOOPDQ &HQWHU

IRU 3KRWRPHGLFLQH &XUUHQWO\ ,QVHOVSLWDO %HUQ

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

7KH UROH RI R[\JHQ LQ FRUQHDO FURVV�OLQNLQJ �&;/� UHDFWLRQV

2UDO � $EVWUDFW ,'� ��

'U� *UDFH /\WOH �� 'U� $OH[DQGUD 1LFNOLQ �� 'U� 5DMHVK 5DMSDO �

�� $YHGUR� ,QF

3XUSRVH
7KH H[SDQVLRQ RI &;/ LQWR WKH UHIUDFWLYH GRPDLQ UHTXLUHV WKDW WKH SURFHGXUH EH SUHGLFWDEOH DQG FXVWRPL]DEOH�

:H DLP WR HOXFLGDWH WKH UROH RI R[\JHQ LQ WKH DPRXQW DQG GLVWULEXWLRQ RI FURVV�OLQN ERQGV IRUPHG� DQG GHPRQ�

VWUDWH WKH LPSDFW RQ FRUQHDO FXUYDWXUH�??

0DWHULDOV DQG 0HWKRGV
,Q D VHULHV RI SUH�FOLQLFDO VWXGLHV� IUHVK ZKROH SRUFLQH H\HV ZHUH EURXJKW WR ��?WH[WVXSHUVFULSW^R`& LQ D KXPLG�

LW\ FKDPEHU DQG PDLQWDLQHG DW DQ ,23 RI ��PP+J� &RUQHDV ZHUH VDWXUDWHG ZLWK ULERȳDYLQ� LUUDGLDWHG ZLWK

FRQVWDQW RU SXOVHG LUUDGLDQFH LQ WKH DPELHQW DWPRVSKHUH RU LQ D FKDPEHU ZLWK ���?� R[\JHQ FRQFHQWUDWLRQ�

a0HFKDQLFDO� ȳXRURPHWULF DQG WRSRPHWULF DQDO\VHV ZHUH XVHG WRPHDVXUH LQFUHDVHV LQ FRUQHDO VWLIIQHVV� IRUPD�

WLRQ RI FURVV�OLQNHG ERQGV� DQG FKDQJH LQ FRUQHDO FXUYDWXUH�

5HVXOWV
0HFKDQLFDO DQDO\VLV VKRZHG DQ LQFUHDVH LQ FRUQHDO VWLIIQHVV DQG ȳXRURPHWULF DQDO\VLV VKRZHG D KLJKHU UH�

VSRQVH IRU FURVV�OLQNLQJ SHUIRUPHG LQ DQ R[\JHQ ULFK HQYLURQPHQW RU ZLWK SXOVHG 89$� 7KH FRPELQDWLRQ RI

SXOVHG 89$ DQG DQ R[\JHQ ULFK HQYLURQPHQW SURGXFHG WKHPRVW FRUQHDO VWLIIHQLQJ DQG WKH KLJKHVW ȳXRURPHWULF

UHVSRQVH� *UHDWHU FRUQHDO ȳDWWHQLQJ LV REVHUYHG XQGHU FRQGLWLRQV UHVXOWLQJ LQ JUHDWHU FRUQHDO VWLIIHQLQJ�

&RQFOXVLRQV
%RWK SXOVLQJ DQG SHUIRUPLQJ LUUDGLDWLRQ LQ DQ R[\JHQ ULFK HQYLURQPHQW LQFUHDVHG WKH DPRXQW RI FURVV�OLQNLQJ

DFKLHYHG IRU WKH VDPH 89$ HQHUJ\ GRVH� :KHQ FRPELQHG WKH\ KDYH DQ DGGLWLYH HIIHFW� 7KH DGGLWLRQ RI VXSSOH�

PHQWDO R[\JHQ GXULQJ &;/ SURFHGXUHV KDV WKH SRWHQWLDO WR LQFUHDVH WKH PDJQLWXGH RI WKH WUHDWPHQW HIIHFW IRU

WKH VDPH WRWDO 89$ HQHUJ\ GRVH� DQG KDV LPSOLFDWLRQV IRU LPSURYLQJ WKH HɘFLHQF\ RI HSLWKHOLXP�RQ SURFHGXUHV�

%LRJUDSK\
?WH[WEI^*UDFH /\WOH`?HPSK^� $YHGUR� ,QF` *UDFH /\WOH�a2'� 06 LV DQ RSWRPHWULVW DQG WKH YLFH SUHVLGHQWaRI 0HGL�

FDO $IIDLUV DW $YHGUR� LQF�a6KH UHFHLYHG KHU GRFWRUDWH LQ RSWRPHWU\ IURP WKH 1HZ (QJODQG &ROOHJH RI 2SWRPHWU\�

FRQWLQXLQJ RQ WR FRPSOHWH D UHVHDUFKPDVWHUV GHJUHH LQ YLVLRQ VFLHQFHaLQ WKH DUHD RI RFXODU JURZWKPHFKDQLVPV

DQG WKH GHYHORSPHQW RI P\RSLD�a $IWHU FRPSOHWLQJ DGYDQFHG UHVLGHQF\ WUDLQLQJ LQ FRUQHD DQG FRQWDFW OHQV DW

WKH 1HZ (QJODQG (\H ,QVWLWXWH� *UDFH SUDFWLFHG RSWRPHWU\ LQ FOLQLFDO SUDFWLFH DQG VHUYHG DV DQ LQVWUXFWRU LQ WKH

FRQWDFW OHQV ODERUDWRU\ FRXUVH DW WKH 1HZ (QJODQG &ROOHJH RI 2SWRPHWU\ EHIRUH MRLQLQJ $YHGUR LQa�����aa

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

7RSRJUDSK\ DQG SDFK\PHWU\ JXLGHG FXVWRPLVHG WLVVXH VDYLQJ
HSLWKHOLDO DEODWLRQ LQ FURVV�OLQNLQJ RI WKLQ FRUQHD � WKH 6$9(

SURWRFRO

2UDO � $EVWUDFW ,'� ��

'U� $VKLPD %DMDM �� 'U� 5RKLW 6KHWW\ �� 'U� 3RRMD .KDPDU �

�� 1DUD\DQD 1HWKUDOD\D

3XUSRVH
7R VWXG\ WKH HɘFDF\ RI FRUQHDO FROODJHQ FURVV�OLQNLQJ �&;/� LQ WKLQ FRUQHDV DIWHU WRSRJUDSK\ DQG DQWHULRU VHJ�

PHQW RSWLFDO FRKHUHQFH WRPRJUDSK\ �$62&7� DVVLVWHG ORFDOL]HG VHOHFWLYH HSLWKHOLDO UHPRYDO E\ H[FLPHU ODVHU

DEODWLRQ�

0DWHULDOV DQG 0HWKRGV
�� H\HV RI SURJUHVVLYH NHUDWRFRQXV ZLWK FRUQHDO WKLFNQHVV EHWZHHQ ��� WR ��� PLFURQV ZHUH LQFOXGHG LQ WKH

VWXG\ DQG XQGHUZHQW FRUQHDO WRSRJUDSK\� $62&7� FRQIRFDO PLFURVFRS\ DQG FRUYLV� 7RSRJXLGHG (SLWKHOLDO UH�

PRYDO ZDV SODQQHG ZLWK FXVWRPLVHG VSDULQJ RI FRUQHDO HSLWKHOLXP RYHU WKLQ FRUQHD ����� PLFURQV� IROORZHG

E\ DFFHOHUDWHG FRUQHDO FROODJHQ FURVVOLQNLQJ� 3RVW�RSHUDWLYHO\ SDWLHQWV ZHUH H[DPLQHG FOLQLFDOO\ IROORZHG E\

XOWUD�KLJK UHVROXWLRQ $62&7�8+7�$62&7� DQG FRUQHDO WRSRJUDSK\ DW ��� DQG � PRQWKV�

5HVXOWV
6WDELOLW\ RI NHUDWRFRQXV ZDV REVHUYHG DW VL[ PRQWKV� ,QFUHDVHG UHȳHFWDQFH DQG GHPDUFDWLRQ OLQH ZDV QRWHG LQ

DQWHULRU VWURPDZKLFK FRQWLQXHG EHQHDWK WKH VSDUHG HSLWKHOLXP RQ 8+5�$62&7� &RQIRFDO ,PDJLQJ DOVR VKRZHG

FKDQJHV VXJJHVWLYH RI &;/ LQ WKH UHJLRQ ZKHUH HSLWKHOLXP ZDV VSDUHG�

&RQFOXVLRQV
7KLV WHFKQLTXH RI FURVVOLQNLQJ ZLWK VHOHFWLYH VSDULQJ RI HSLWKHOLXP LV HDV\ WR SHUIRUP DQG PD\ KHOS XV H[WHQG

WKH DGYDQWDJH RI FURVVOLQNLQJ HYHQ LQ SDWLHQWV ZLWK WKLQ FRUQHDV�

%LRJUDSK\
$VKLPD %DMDM� 1DUD\DQD 1HWKUDOD\D
&XUUHQWO\ ZRUNLQJ DW 1DUD\DQD 1HWKUDOD\D (\H +RVSLWDO� %DQJDORUH � ,QGLD � LQ &DWDUDFW�5HIUDFWLYH GHSDUWPHQW�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

:,'( $5($ 685)$&( $%/$7,21 /$6(5 *8,'(' %< &251($/
:$9()5217 &20%,1(':,7+ DFFHOHUDWHG FURVV�OLQNLQJ LQ

WKH WUHDWPHQW RI NHUDWRFRQXV

3RVWHU � $EVWUDFW ,'� �

'U� VDIZDQ DOED\DWL �

�� 1HZ 9LVLRQ (\H &HQWHU 'XEDL

3XUSRVH
7RSUHVHQW WKH RXWFRPHV RI WUDQVHSLWKHOLDO SKRWRUHIUDFWLYH NHUDWHFWRP\ �W35.�ZLWKZLGH RSWLFDO ]RQH�2=� JXLGHG

E\ FRUQHDO ZDYH�IURQW FRPELQHG VLPXOWDQHRXVO\ ZLWK DFFHOHUDWHG FRUQHDO FURVV�OLQNLQJ �$�&;/��ZLGH DEODWLRQ

SURWRFRO �IRU NHUDWRFRQXV WUHDWPHQW�

0DWHULDOV DQG 0HWKRGV
7KLV FOLQLFDO FDVHV VHULHV LQFOXGHG �� H\HV RI �� NHUDWRFRQLF SDWLHQWV� $OO SDWLHQWV XQGHUZHQW�ZLGH DEODWLRQ

SURWRFRO��9LVXDO� UHIUDFWLYH DQG NHUDWRPHWULF RXWFRPHV DV ZHOO DV KLJK RUGHU DEHUUDWLRQV�+2$V�ZHUH HYDOXDWHG

SUHRSHUDWLYHO\ DQG DW �� �� �� ��� �� DQG �� PRQWKV SRVWRSHUDWLYHO\�

5HVXOWV
$OO VWXG\ SDUDPHWHUV VKRZHG D VWDWLVWLFDOO\ VLJQLȲFDQW LPSURYHPHQW DW ��������� DQG ��PRQWKV RYHU SUHRS�

HUDWLYH YDOXHV� $W ��PRQWKV SRVWRSHUDWLYHO\� 8'9$ LPSURYHG WR ����� ����s���ORJ0$5� IURP ������ ����s�����

SUHRSHUDWLYHO\ �3��������� ZKLOH &'9$ LPSURYHG WR ����� ����s����� IURP ����� ����s���� SUHRSHUD�

WLYHO\�3��������� VSKHULFDO HTXLYDOHQW�6(4� LPSURYHG IURP �����s����'� WR ������s����'� DW ��PRQWKV SRVWRS�

HUDWLYHO\ �3��������� 0HDQ URRW VTXDUH �506� RI FRPD LPSURYHG IURP �����s����� SUHRSHUDWLYHO\ WR �����s�����

DW ODVW IROORZ�XS �3���������

&RQFOXVLRQV
ZLGH DEODWLRQ SURWRFRO VHHPV WR EH D VDIH� HIIHFWLYH DQG SURPLVLQJ SURFHGXUH IRU WUHDWPHQW RI NHUDWRFRQXV� UHJ�

XODUL]LQJ DQG VWDELOL]LQJ WKH HFWDWLF FRUQHDO VXUIDFH DQG LPSURYLQJ YLVXDO RXWFRPHZLWK QHLWKHU RYHU FRUUHFWLRQ

QRU LQFUHDVLQJ H[LVWLQJ P\RSLF DVWLJPDWLVP�

%LRJUDSK\
VDIZDQ DOED\DWL� 1HZ 9LVLRQ (\H &HQWHU 'XEDL

6SHFLDOLVW RSKWKDOPRORJLVW� KDG KLV )5&6 LQ 2SKWKDOPRORJ\ IURP WKH 5R\DO &ROOHJH RI 3K\VLFLDQ DQG 6XUJHRQV

RI *ODVJRZ �8.��

PHGLFDO FROOHJH IURP %DJKGDG 0HGLFDO &ROOHJH� ,Q ����

ȲQLVKHG ȲUVW RSKWKDOPLF IHOORZVKLS IURP ,UDTL &RPPLVVLRQ RI 0HGLFDO 6SHFLDOL]DWLRQ �),&06��

PHPEHU RI WKH $PHULFDQ 6RFLHW\ RI 5HWLQD 6SHFLDOLVWV�$656��

0HPEHU RI WKH $PHULFDQ 6RFLHW\ RI &DWDUFW DQG 5HIUDFWLYH 6XUJHRQV�$6&56��

PHPEHU RI WKH $PHULFDQ $FDGHP\ RI 2SWKDOPRORJ\�$$2��

FRQVXOWDQW LQ 3KDFR�9LWUHFWRP\� IHOORZVKLS WUDLQLQJ LQ SKDFR�YLWUHFWRP\ XQGHU 'U� )UDQN .RFK IURP )UDQNIXUW

8QLYHUVLW\� 2SKWKDOPLF 'HSDUWPHQW� *HUPDQ\�

+DG GRQH KLV WUDLQLQJ LQ /$6,. IURP 0XQLFK� *HUPDQ\ �%DXVFK 	 /RPE��

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

3LORW HYDOXDWLRQ RI SKRWRUHIUDFWLYH FRUQHDO FROODJHQ
FURVVOLQNLQJ IRU WKH WUHDWPHQW RI ORZ P\RSLD� � PRQWK UHVXOWV

3RVWHU � $EVWUDFW ,'� ��

'U� VDID (/ +287 �� 'U� 0\ULDP &DVVDJQH �� 3URI� 3LHUUH )RXUQL« �� 3URI� )UDQ©RLV 0DOHFD]H �

�� SXUSDQ KRVSLWDO

3XUSRVH
$ SURVSHFWLYH VWXG\ WR HYDOXDWH WKH VDIHW\ DQG HɘFDF\ RI D QHZ SKRWRUHIUDFWLYH DSSOLFDWLRQ RI WUDQVHSLWKH�

OLDO FRUQHDO FROODJHQ FURVV OLQNLQJ �7(�&;/� WR WUHDW P\RSLF HUURU RQ QRQ�NHUDWRFRQLF H\HV ZLWK ORZ P\RSLD�

0DWHULDOV DQG 0HWKRGV
7KH LQFOXVLRQ FULWHULD ZDV KDYLQJ P\RSLD ZLWK PDQLIHVW UHIUDFWLRQ VSKHULFDO HTXLYDOHQW �056(� RI ����� WR �

���� '� 7KH VXUJLFDO SURWRFRO LQYROYHV DSSO\LQJ DQ R[\JHQ PDVN RQ WKH H\H� WKHQ VRDNLQJ ZLWK ULERȳDYLQ DQG

ȲQDOO\ LQLWLDWLQJ 89$ SXSLO FHQWHUHG LUUDGLDWLRQ� 2XWFRPHV PHDVXUHG ZHUH XQFRUUHFWHG DQG EHVW FRUUHFWHG

YLVXDO DFXLW\ �8&9$ DQG %&9$�� PHDQ FKDQJH LQ 056(� LQ PHDQ NHUDWRPHWU\� HQGRWKHOLDO FHOO FRXQW �(&&� DQG

VWURPDO GHPDUFDWLRQ OLQH� $GYHUVH HYHQWV ZDV HYDOXDWHG�

5HVXOWV
�� H\HV ZHUH WUHDWHG ZLWK HSL�RQ SKRWRUHIUDFWLYH &;/� $W � PRQWKV� 8&9$ LQFUHDVHG E\ ���� s ���� ORJ0$5

�S�������� 056(ZDV UHGXFHG E\ ���� s ����' �S�������� 0HDQ NHUDWRPHWU\ GHFUHDVHG E\ ���� s ���� ' �S��������

0RGHUDWH KD]H ZDV REVHUYHG LQ DOO SDWLHQWV� PD[LPDO DW � PRQWK� 7KH PHDQ GHSWK RI VWURPDO GHPDUFDWLRQ OLQH

ZDV ����� s ����� PP� 7KHUH ZHUH QR RWKHU VLGH HIIHFWV� (&& DQG %&9$ ZHUH XQFKDQJHG�

&RQFOXVLRQV
7UDQVHSLWKHOLDO SKRWRUHIUDFWLYH LQWUDVWURPDO &;/ �7(�3L;/� UHGXFHV UHIUDFWLYH HUURU LQ SDWLHQWV ZLWK ORZ P\�

RSLD� ,W LV D QRQ LQYDVLYH PHWKRG ZLWKRXW WLVVXH DEODWLRQ VXLWDEOH IRU SDWLHQWV ZLWK WKLQ FRUQHDV� (ɘFDFLW\ FRXOG

EH LPSURYHG LQ WKH IXWXUH E\ RSWLPL]LQJ 89$ GHOLYHU\ DQG LQFOXGLQJ WRSRJUDSK\ GDWD�

%LRJUDSK\
VDID (/ +287� SXUSDQ KRVSLWDO

)LIWK�\HDU UHVLGHQW LQ RSKWKDOPRORJ\ GHSDUWPHQW DW 7RXORXVH KRVSLWDO�

��



3$&.�&;/ IRU LQIHFWLRXV
NHUDWLWLV



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

$VVHVVPHQW RI 89�$�ULERȳDYLQ FRUQHDO FURVV�OLQNLQJ HɘFDF\
IRU WKH WUHDWPHQW RI H[SHULPHQWDOO\ LQGXFHG FRUQHDO OHVLRQV

LQ DQ H[ YLYR DQLPDO PRGHO

2UDO � $EVWUDFW ,'� �

'U� $QQD 3HUD]]L �� 'U� $QWRQHOOD 3HUXIIR �� 'U� &KLDUD *RPLHUR �� 0UV� 5REHUWD &RQWLQ �� 'U� /LYLR
&RUDLQ �� 'U� (QULFR *ULVDQ �� 'U� 0DUFR /RPEDUGR �� 'U� *LXVHSSH /RPEDUGR �� 'U� *LDQQL 6DOYDODLR ��

3URI� 0DUFR 3DWUXQR �� 3URI� ,ODULD ,DFRSHWWL �� 'U� 7L]LDQD 0DUWLQHOOR �

�� 8QLYHUVLW\ RI 3DGXD� �� 9LVLRQ (QJLQHHULQJ ,WDO\ VUO� �� )%29

3XUSRVH
7KH DLP RI WKLV SLORW VWXG\ ZDV WR HYDOXDWH WKH KLVWRORJLFDO DQG LPPXQRKLVWRFKHPLFDO FKDQJHV LQGXFHG E\ 89�

$�ULERȳDYLQ FRUQHDO FURVV�OLQNLQJ LQ H[SHULPHQWDOO\ LQGXFHG FRUQHDO OHVLRQV LQ DQ H[ YLYR DQLPDO PRGHO�

0DWHULDOV DQG 0HWKRGV
7KUHH JURXSV RI �ZHHN FXOWXUHG SRUFLQH FRUQHDVZHUH XVHG� VXFK DV WKH FRQWURO JURXS� WKH LQMXUHG JURXS �DONDOL�

LQGXFHG FRUQHDO VWURPDO PHOWLQJ� DQG WKH LQMXUHG DQG WKHQ FURVV�OLQNLQJ WUHDWHG JURXS �9HWXYLU� �� P:�FP�

IRU � PLQ�� $IWHU � ZHHN DOO VDPSOHV ZHUH SURFHVVHG IRU KLVWRORJLFDO DQDO\VLV DQG LPPXQRKLVWRFKHPLFDO FKDU�

DFWHUL]DWLRQ� 7R DQDO\]H WKH FRUQHDO VHFWLRQV� LPDJH DQDO\VLV RI GLJLWL]HG KHPDWR[\OLQ�HRVLQ FRUQHDO VHFWLRQV�

FRPSXWDWLRQDO DQDWRP\� VWDWLVWLFDO PRGHOV DQG LQIHUHQWLDO PHWKRGV ZHUH SHUIRUPHG�

5HVXOWV
6WDWLVWLFDOO\ VLJQLȲFDQW GLIIHUHQFHV ZHUH IRXQG LQ WKH PHDQ ȊGHQVLW\ȋ �WKH PHDVXUH RI WKH UHODWLYH H[WHQVLRQ RI

WKH LQMXUHG DUHDV LQ WKH FRUQHDO VWURPD� DPRQJ WKH WUHH JURXSV �$129$� 3�������� 6SHFLȲFDOO\� WKH WUHDWHG JURXS

VKRZHG D VLJQLȲFDQW HIIHFW RQ WKH UHSDLU SURFHVV DIWHU FURVV�OLQNLQJ WUHDWPHQW LQ FRPSDULVRQ ZLWK WKH LQMXUHG

JURXS DQG DQ LQWHUPHGLDWH OHYHO RI UHSDLU SODFHG EHWZHHQ WKRVH RI FRQWURO �7XNH\ȇV WHVWV� 3������� DQG LQMXUHG

JURXSV �7XNH\ȇV WHVWV� 3��������

&RQFOXVLRQV
7KH UHVXOWV REWDLQHG VXJJHVW DQ LQWHUHVWLQJ HIIHFW RI FURVV�OLQNLQJ RQ WKH UHSDLU SURFHVV IURP D FHOOXODU DQG

PROHFXODU SRLQW RI YLHZ� 2QH RI WKH IXWXUH DVSHFWV RI WKLV SURMHFW FRXOG EH WKH LPSOHPHQWDWLRQ RI FOLQLFDO WULDOV

RI FURVV�OLQNLQJ RQ VPDOO GRPHVWLF DQLPDOV VLQFH WKLV WHFKQLTXH PD\ SURYLGH DQ H[FHOOHQW DOWHUQDWLYH DQG �RU

FRPSOHPHQW FRQYHQWLRQDO WKHUDS\�

%LRJUDSK\
$QQD 3HUD]]L� 8QLYHUVLW\ RI 3DGXD
$QQD 3HUD]]L JUDGXDWHG LQ 9HWHULQDU\0HGLFLQH LQ ���� DW WKH8QLYHUVLW\ RI 3DGXD �,WDO\�� )URP -DQXDU\ ���� VKH

VWDUWHG D 3K'SURJUDPZRUNLQJ RQ WKH FOLQLFDO DSSOLFDWLRQ RI SODWHOHW ULFK SODVPDDQGPHVHQFKLPDO VWHPFHOOV IRU

WKH RUWKRSDHGLF GLVHDVH� )URP2FWREHU ���� VKH EHJDQ � )HOORZVKLS SURJUDPDW WKH 8QLYHUVLW\ RI 3DGXDZRUNLQJ

DERXW UHJHQHUDWLYH PHGLFLQH� 6KH LV LQWHUHVWHG LQ VPDOO DQLPDO VXUJHU\ DQG RSKWKDOPRORJ\� 6LQFH 2FWREHU ����

VKH LV D UHVHDUFKHU RI WKH 8QLYHUVLW\ RI 3DGXD ZRUNLQJ DERXW UHJHQHUDWLYH PHGLFLQH� 'U� 3HUD]]L SXEOLVKHG Q���

VFLHQWLȲF SDSHUV� DWWHQGHG QXPHURXV FRQJUHVVHV DQG FRXUVH RI FRQWLQXLQJ HGXFDWLRQ DERXW RSKWKDOPRORJ\ DQG

UHJHQHUDWLYH PHGLFLQH�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

%OXH�OLJKW DFWLYDWLRQ RI ULERȳDYLQ IRU SRVVLEOH XVH LQ
3$&.�&;/

2UDO � $EVWUDFW ,'� ��

'U� .DULP 0DNGRXPL �

�� �UHEUR 8QLYHUVLW\ +RVSLWDO

3XUSRVH
(YDOXDWLRQ RI EOXH�OLJKW ULERȳDYLQ SKRWRDFWLYDWLRQ IRU HOLPLQDWLRQ RI 056$ LQ YLWUR�

0DWHULDOV DQG 0HWKRGV
7ZR GLIIHUHQW OLJKW VRXUFHV ZHUH XVH ZLWKZDYHOHQJWKV� ��� QP DQG ��� QP UHVSHFWLYHO\� %DFWHULDO VXVSHQVLRQV

��[��� &)8�PO� ZLWKDQG ZLWKRXW ULERȳDYLQ ������� LQ ȳXLG OD\HUV �WKLFNQHVV RI ��� PP� ZHUH LOOXPLQDWHGXV�

LQJ WZR GLIIHUHQW GRVDJHV ���� -�FP DQG ���� -�FP��� ([SHULPHQWV ZHUH UHSHDWHG � WLPHV� $IWHU LQFXEDWLRQ WKH

GHJUHH RI PLFURELDOHOLPLQDWLRQ ZDV FRPSDUHG� $VVHVVPHQW RI 056$ HUDGLFDWLRQ ZDV DOVR GRQH IRUEDFWHULDO

VXVSHQVLRQV ZLWK WKLFNQHVV RI ��� PP�

5HVXOWV
([SRVXUH RI ERWK EOXH�OLJKW ZDYHOHQJWKV ZLWK WKH ORZHU GRVH RQO\ UHVXOWHG LQ D VLJQLȲFDQW HOLPLQDWLRQ ZLWK

ULERȳDYLQ� ZLWK D PRUH H[WHQVLYH UHGXFWLRQ XVLQJ WKH ORZHU ZDYHOHQJWK� $W WKH KLJKHU GRVH EOXH OLJKW DORQH

HOLPLQDWHG ������ RI EDFWHULD LQ VROXWLRQV� KRZHYHU� ZLWK ULERȳDYLQ D QHDU FRPSOHWH HUDGLFDWLRQ RI SDWKRJHQV

ZDV DFKLHYHG ��������� ,Q WKH WKLFNHU ȳXLG OD\HUPRGHO LOOXPLQDWLRQ FRPELQHGZLWK ULERȳDYLQZDV FRQVLGHUDEO\

PRUH HɘFDFLRXV WKDQ EOXH OLJKW DORQH�

&RQFOXVLRQV
%OXH OLJKW DQG ULERȳDYLQ LVPRUH HɘFLHQW WKDQ EOXH OLJKW DORQH DQG FRXOG SRVVLEO\ EH XVHG WR WUHDW GHHSHU FRUQHDO

LQȲOWUDWHV� +RZHYHU� KLJKHU OLJKW GRVDJHV� FRPSDUHG ZLWK 89$� DUH UHTXLUHG WR DFKLHYH D VLPLODU UHGXFWLRQ RI

SDWKRJHQV� )XWXUH UHVHDUFK ZLOO QHHG WR HOXFLGDWH WKH EHQHȲWV DQG OLPLWDWLRQV RI EOXH OLJKW LQ 3$&.�&;/�

%LRJUDSK\
.DULP 0DNGRXPL� �UHEUR 8QLYHUVLW\ +RVSLWDO
.DULP 0DNGRXPL� 0'� 3K'�

&RQVXOWDQW 2SKWKDOPLF 6XUJHRQ�+HDG RI 6XUJLFDO 8QLW DW WKH �UHEUR 8QLYHUVLW\ +RVSLWDO� 6ZHGHQ� 6SHFLDOL]HG

LQ &DWDUDFW DQG 9LWUHRUHWLQDO 6XUJHU\�

$ɘOLDWHG 5HVHDUFKHU DW WKH �UHEUR 8QLYHUVLW\�

3K' WKHVLV RQ8OWUDYLROHW OLJKW $ �89$� SKRWRDFWLYDWLRQ RI ULERȳDYLQ DV D SRWHQWLDO WKHUDS\ IRU LQIHFWLRXV NHUDWLWLV�

2QJRLQJ UHVHDUFK LQ WKH ȲHOG RI 3$&.�&;/�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

,QKLELWRU\ HIIHFW RI SKRWRG\QDPLF DQWLPLFURELDO WKHUDS\
�3'$7� RQ KHDOWKFDUH� DQG FRPPXQLW\�DFTXLUHG PHWKLFLOOLQ
UHVLVWDQW 6WDSK\ORFRFFXV DXUHXV �056$� LVRODWHV RI RFXODU

RULJLQ

2UDO � $EVWUDFW ,'� ��

0V� +HDWKHU 'XUNHH �� 0UV� 0DULHOD $JXLODU �� 0U� $OHMDQGUR $UEROHGD �� 'U� 1LGKL 5HOKDQ �� 0U�
1LFKRODV 1RODQ �� 0V� $QQD 0DUWLQH] �� 0U� .DUDP $ODZD �� 0U� 0HUFXU\ 6DZDWDUL �� 'U� -DLPH

0DUWLQH] 0DUWLQH] �� 'U� +DUU\ :� )O\QQ� -U� �� 'U� *XLOOHUPR $PHVFXD �� 'U� 'DUOHQH 0LOOHU �� 3URI�
-HDQ�0DULH 3DUHO �

�� 2SKWKDOPLF %LRSK\VLFV &HQWHU� 'HSDUWPHQW RI 2SKWKDOPRORJ\� %DVFRP 3DOPHU (\H ,QVWLWXWH� 8QLYHUVLW\ RI 0LDPL 0LOOHU

6FKRRO RI 0HGLFLQH� �� 'HSDUWPHQW RI 2SKWKDOPRORJ\� %DVFRP 3DOPHU (\H ,QVWLWXWH� 8QLYHUVLW\ RI 0LDPL 0LOOHU 6FKRRO RI

0HGLFLQH� �� 2FXODU 0LFURELRORJ\ /DERUDWRU\� 'HSDUWPHQW RI 2SKWKDOPRORJ\� %DVFRP 3DOPHU (\H ,QVWLWXWH� 8QLYHUVLW\ RI 0LDPL

0LOOHU 6FKRRO RI 0HGLFLQH

3XUSRVH
,QFUHDVHG SUHYDOHQFH DQG GLYHUVLW\ RI 056$ VSHFLHV SRVH D VLJQLȲFDQW SUREOHP WR RSKWKDOPRORJLVWV� $YDLODEOH

DQWLELRWLFV DUH LQHIIHFWLYH DJDLQVW WKHVH LVRODWHV� 7KLV VWXG\ LQYHVWLJDWHV WKH LQKLELWRU\ HIIHFW RI DQ DOWHUQDWLYH

WUHDWPHQW� 3'$7 RQ KHDOWKFDUH� DQG FRPPXQLW\�DFTXLUHG 056$ LVRODWHV RI RFXODU RULJLQ�

0DWHULDOV DQG 0HWKRGV
056$ VSHFLHV �� KHDOWKFDUH� DQG � FRPPXQLW\�DFTXLUHG� ZHUH LVRODWHG IURP FRUQHDO VFUDSLQJV RI SDWLHQWV ZLWK

LQIHFWLRXV NHUDWLWLV DQG PDGH LQWR VXVSHQVLRQ RI FRQFHQWUDWLRQ RI ���[��� &)8 SHU P/� 6HULDO GLOXWLRQV ������

����� ������ RI URVH EHQJDO DQG ULERȳDYLQ VROXWLRQV ZHUHPL[HG ZLWK HDFK RI WKH 056$ VXVSHQVLRQV� LQRFXODWHG

RQWR EORRG DJDU SODWHV� DQG H[SRVHG WR GLIIHUHQW LUUDGLDWLRQ FRQGLWLRQV� 3ODWHVZHUH LQFXEDWHG DQGSKRWRJUDSKHG

�� KRXUV ODWHU IRU SHUFHQW JURZWK DQDO\VLV�

5HVXOWV
:LWKLQ WKH LUUDGLDWLRQ ]RQHV� ERWK VWUDLQV RI 056$ ZHUH LQKLELWHG E\ DOO FRQFHQWUDWLRQV RI URVH�EHQJDO ZLWK

JUHHQ OLJKW� ZKLOH ULERȳDYLQ ZLWK 89�$ OLJKW GHPRQVWUDWHG PLQLPDO LQKLELWLRQ� 5RVH EHQJDO LQ ORZ OLJKW FRQ�

GLWLRQV KDG LQKLELWRU\ HIIHFW RQ ERWK 056$ VSHFLHV� 7KH KHDOWKFDUH�DFTXLUHG 056$ VSHFLHV VKRZHG ODUJHU LQ�

KLELWRU\ HIIHFW WR ERWK WKH URVH EHQJDO DQG ULERȳDYLQ 3'$7ZKHQ FRPSDUHG WR WKH FRPPXQLW\�DFTXLUHG VSHFLHV�

&RQFOXVLRQV
7KLV VWXG\ GHPRQVWUDWHV WKDW URVH EHQJDO 3'$7 KDV DQ LQKLELWRU\ HIIHFW RQ ERWK KHDOWKFDUH� DQG FRPPXQLW\�

DFTXLUHG 056$ VSHFLHV� ,QKLELWRU\ HIIHFW ZDV JUHDWHU LQ WKH URVH EHQJDO JURXSV WKDQ WKH ULERȳDYLQ JURXSV� 7KH

VWURQJ LQKLELWRU\ HIIHFW RI 3'$7 DJDLQVW 056$ VXJJHVWV WKDW URVH EHQJDO 3'$7PD\ EH D SURPLVLQJ DGMXQFW WUHDW�

PHQW IRU 056$ NHUDWLWLV�

%LRJUDSK\
+HDWKHU 'XUNHH� 2SKWKDOPLF %LRSK\VLFV &HQWHU� 'HSDUWPHQW RI 2SKWKDOPRORJ\� %DVFRP 3DOPHU (\H ,QVWLWXWH�

8QLYHUVLW\ RI 0LDPL 0LOOHU 6FKRRO RI 0HGLFLQH

+HDWKHU 'XUNHH UHFHLYHG KHU %�6� DQG0�6� GHJUHHV LQ %LRPHGLFDO (QJLQHHULQJ LQ ���� DW WKH 8QLYHUVLW\ RI0LDPL�

&RUDO *DEOHV� $IWHU JUDGXDWLRQ� VKH ZDV DZDUGHG D :KLWDNHU ,QWHUQDWLRQDO )HOORZVKLS DQG VKH ZRUNHG DW WKH

,QVWLWXWH RI $SSOLHG 3K\VLFV Ȃ &15� )ORUHQFH� ,WDO\� ,Q ����� VKH EHJDQ SXUVXLQJ KHU 3K�'� DW WKH 2SKWKDOPLF

%LRSK\VLFV &HQWHU DW %DVFRP 3DOPHU (\H ,QVWLWXWH XQGHU WKH PHQWRUVKLS RI 'UV� 3DUHO DQG 0DQQV� +HDWKHUȇV

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

UHVHDUFK LQWHUHVWV LQFOXGH SKRWRG\QDPLF DQWLPLFURELDO WKHUDS\ IRU WKH WUHDWPHQW RI FRUQHDO LQIHFWLRQV� WKH UROH

RI ELRȲOP LQ RFXODU SURVWKHWLFV� YLVXDO SKRWRVHQVLWLYLW\� RSWLFDO LPDJLQJ WHFKQLTXHV� DQG WKH DJH�UHODWHG FKDQJHV

RI WKH FU\VWDOOLQH OHQV�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

5RVH %HQJDO 3KRWRG\QDPLF $QWLPLFURELDO 7KHUDS\ DV DQ
$GMXQFW 7UHDWPHQW IRU ,QIHFWLRXV .HUDWLWLV

3RVWHU � $EVWUDFW ,'� ��

'U� -DLPH 0DUWLQH] 0DUWLQH] �� 0U� $OHMDQGUR $UEROHGD �� 0V� +HDWKHU 'XUNHH �� 0UV� 0DULHOD $JXLODU
�� 'U� 1LGKL 5HOKDQ �� 'U� 1HGD 1LNSRRU �� 'U� +DUU\ :� )O\QQ� -U� �� 'U� 'DUOHQH 0LOOHU �� 'U� *XLOOHUPR

$PHVFXD �� 3URI� -HDQ�0DULH 3DUHO �

�� 2SKWKDOPLF %LRSK\VLFV &HQWHU� 'HSDUWPHQW RI 2SKWKDOPRORJ\� %DVFRP 3DOPHU (\H ,QVWLWXWH� 8QLYHUVLW\ RI 0LDPL 0LOOHU

6FKRRO RI 0HGLFLQH� �� 'HSDUWPHQW RI 2SKWKDOPRORJ\� %DVFRP 3DOPHU (\H ,QVWLWXWH� 8QLYHUVLW\ RI 0LDPL 0LOOHU 6FKRRO RI

0HGLFLQH� �� 2FXODU 0LFURELRORJ\ /DERUDWRU\� 'HSDUWPHQW RI 2SKWKDOPRORJ\� %DVFRP 3DOPHU (\H ,QVWLWXWH� 8QLYHUVLW\ RI 0LDPL

0LOOHU 6FKRRO RI 0HGLFLQH

3XUSRVH
7R UHSRUW FOLQLFDO RXWFRPHV RI URVH EHQJDO SKRWRG\QDPLF DQWLPLFURELDO WKHUDS\ �5%�3'$7� LQ SDWLHQWV ZLWK VH�

YHUH LQIHFWLRXV NHUDWLWLV�

0DWHULDOV DQG 0HWKRGV
$ UHWURVSHFWLYH VWXG\ RI �� SDWLHQWV �PHGLDQ DJH  �� \HDUV� UDQJH� ��� �� \HDUV� ZKR XQGHUZHQW 5%�3'$7 DV

DQ DGMXQFW WUHDWPHQW IRU VHYHUH FDVHV RI LQIHFWLRXV NHUDWLWLV� WKDW GLG QRW UHVSRQG WR WKH VWDQGDUG PHGLFDO WUHDW�

PHQW� 3URFHGXUH� 5RVH EHQJDO VROXWLRQ ���������� 5% LQ %66� ZDV DSSOLHG WR D GH�HSLWKHOL]HG FRUQHD IRU ��

PLQXWHV DQG WKHQ LUUDGLDWHG ZLWK D �P:�FP� FXVWRP�PDGH JUHHQ /(' VRXUFH IRU �� PLQXWHV ����-�FP���

5HVXOWV
3RVLWLYH PLFURELDO FXOWXUHV LQ �� ����� SDWLHQWV�$FDQWKDPRHED �Q ��� )XVDULXP VSS� �Q ��� 3VHXGRPRQDV DHUXJ�

LQRVD �Q ��� &XUYXODULD VSS� �Q ��� 2QH SDWLHQW KDG WKH SUHVHQFH RI PXOWLSOH PLFURRUJDQLVPV� &DQGLGD� 6WDSK\�

ORFRFFXV $XUHXV� DQG $FDQWKDPRHED� 7KH UHVROXWLRQ RI WKH LQIHFWLRQ ZDV ZLWKLQ �� GD\V SRVW 5%�3'$7� $ WKHUD�

SHXWLF FRUQHDO WUDQVSODQWDWLRQ ZDV DYRLGHG LQ ��� RI WKH SDWLHQWV�

&RQFOXVLRQV
2XU FDVH VWXG\UHVXOWV SURYLGHV HYLGHQFH WKDW URVH EHQJDO 3'$7 LV D JRRG DOWHUQDWLYH IRU WKH WUHDWPHQW RI SDWLHQWV

ZLWK VHYHUH LQIHFWLRXV NHUDWLWLV� VHFRQGDU\ WR DJJUHVVLYH DQG�RU UHVLVWDQW RUJDQLVPV� 5%�3'$7 SUHYHQWHG WKH

QHHG IRU WKHUDSHXWLF FRUQHDO WUDQVSODQW LQ SDWLHQWV�

%LRJUDSK\
-DLPH 0DUWLQH] 0DUWLQH]� 2SKWKDOPLF %LRSK\VLFV &HQWHU� 'HSDUWPHQW RI 2SKWKDOPRORJ\� %DVFRP 3DOPHU (\H

,QVWLWXWH� 8QLYHUVLW\ RI 0LDPL 0LOOHU 6FKRRO RI 0HGLFLQH

-DLPH '� 0DUWLQH] LV DQ 2SKWKDOPRORJLVW� +H FRPSOHWHG KLV RSKWKDOPRORJ\ UHVLGHQF\ LQ ���� DW WKH $VRFLDFLRQ

SDUD (YLWDU OD &HJXHUD LQ 0H[LFR &LW\� &XUUHQWO\ KH LV FRPSOHWLQJ D D UHVHDUFK FRUQHD IHOORZVKLS DW %DVFRP

3DOPHU (\H ,QVWLWXWH XQGHU PHQWRUVKLS RI 'UV� 3DUHO DQG $PHVFXD� -DLPHvV UHVHDUFK LQWHUHVWV LQFOXGH� SKR�

WRG\QDPLF WKHUDS\ IRU WKH WUHDWPHQW RI LQIHFWLRXV NHUDWLWLV� GU\ H\H� NHUDWRSURWKHVHV� DQG FRUQHDO WUDQVSODQWV�

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

7KH (IIHFW RI $FFHOHUDWHG 3KRWRDFWLYDWHG &KURPRSKRUH IRU
.HUDWLWLV�&RUQHDO &ROODJHQ &URVV�/LQNLQJ DV $GMXYDQW 7KHUDS\

RQ ,O�� /HYHO RI &RUQHDO 8OFHU 3DWLHQW

3RVWHU � $EVWUDFW ,'� ��

3URI� 6XKDUGMR � �� 0UV� 5HQ\ 6HW\RZDWL �� 0U� 0DU]DUHQGUD (UODQJJD �

�� 8QLYHUVLWDV *DGMDK 0DGD

3XUSRVH
3UHYLRXV VWXG\ KDYH VXJJHVWHG WKDW ,/�� LV F\WRNLQH LQYROYHG LQ LPPXQH� LQGXFHG FRUQHDO GDPDJH�

7KLV VWXG\ HYDOXDWH WKH HIIHFW RI $FFHOHUDWHG 3KRWRDFWLYDWHG &KURPRSKRUH IRU .HUDWLWLV�&RUQHDO &ROODJHQ &URVV�

/LQNLQJ �3$&.�&;/� RQ ,/�� OHYHO DQG FOLQLFDO LPSURYHPHQW LQ PLFURELDO FRUQHDO XOFHU SDWLHQW

0DWHULDOV DQG 0HWKRGV
1RQUDQGRPL]HG FOLQLFDO FRQWURO VWXG\ DW 'U 6DUGMLWR +RVSLWDO LQ <RJ\DNDUWD� ,QGRQHVLD� 3DWLHQW ZLWK PLFURELDO

FRUQHDO XOFHU WUHDWHG ZLWK FOLQLFDO JXLGHOLQH IRU PLFURELDO FRUQHDO XOFHU DQG XQGHUZHQW DFFHOHUDWHG 3$&.�&;/

�� P:�FP� IRU � PLQXWHV� 7KLV VWXG\ XVHG (/,6$ WR GHWHFW ,/�� OHYHO � 7KLV VWXG\ DQDO\VHG WKH FKDQJH RI ,/��

H[SUHVVLRQ DQG EOHSKDURVSDVP FOLQLFDOO\� SUH DQG � GD\V SRVW DFFHOHUDWHG 3$&.�&;/� 7KH SUH DQG SRVW GDWD ZHUH

FRPSDUHG VWDWLVWLFDOO\�

5HVXOWV
$PRQJ �� SDWLHQWV� ,/�� OHYHO FRPSDULVRQ EHWZHHQ PRGHUDWH DQG VHYHUH FRUQHDO XOFHU ZHUH ������s������

SJ�P/ DQG �������s������� SJ�P/� UHVSHFWLYHO\� 3RVW DFFHOHUDWHG 3$&.�&;/ PHDQ RI ,/�� OHYHO ZDV

������s������ SJ�P/ DQG �������s������� SJ�P/ RQ PRGHUDWH DQG VHYHUH FRUQHDO XOFHU SDWLHQWV �S ������� UH�

VSHFWLYHO\� 7KHUH ZHUH ������ DQG ������ JUDGH � DQG JUDGH � EOHSKDURVSDVP� UHVSHFWLYHO\� 3RVW WUHDWPHQW

WKHUH ZHUH QR JUDGH � EOHSKDURVSDVP DQG RQO\ ������ KDG JUDGH � EOHSKDURVSDVP �S �������

&RQFOXVLRQV
7KHUH ZHUH FOLQLFDOO\ VLJQLȲFDQW UHVXOW RI ,/�� OHYHO SRVW WUHDWPHQW DQG DFFHOHUDWHG 3$&. &;/ DV DQ DGMXYDQW

WKHUDS\� %OHSKDURVSDVP DV FOLQLFDO SDUDPHWHU ZDV LPSURYHG� $FFHOHUDWHG 3$&.�&;/ KDV EHHQ VXFFHVVIXOO\

VKRZHG LPPXQRORJ\ DQG FOLQLFDO LPSURYHPHQW LQ PLFURELDO FRUQHDO XOFHU SDWLHQW

%LRJUDSK\
6XKDUGMR �� 8QLYHUVLWDV *DGMDK 0DGD

%RUQ LQ <RJ\DNDUWD� ,QGRQHVLD

+H LV WKH RSWKDOPRORJ\ SURIHVVRU ZKR DUH LQWHUHVWHG LQ FRUQHDO GDQ UHIUDFWLYH VXUJHU\ DW 8QLYHUVLWDV *DGMDK

0DGD

+H KDV D ORW RI SXEOLFDWLRQV� RQH RI WKHP LV &;/ SULRU WR SKRWRUHIUDFWLYH NHUDWHFWRP\

��



,QWHUQDWLRQDO &;/ ([SHUWV 0HHWLQJ ����

7KH 7KHUDSHXWLF (IIHFW RI $FFHOHUDWHG 3KRWRDFWLYDWHG
&KURPRSKRUH &RUQHDO &URVV�OLQNLQJ �3$&.�&;/� FRPSDUH WR

WKH VWDQGDUG DQWLELRWLF WKHUDS\ LQ ,QIHFWLRXV .HUDWLWLV�

2UDO � $EVWUDFW ,'� ��

'U� %RULV .QDL]HU �� 'U� <RQLW .UDNDXHU �� 3URI� 7RYD /LIVKLW] �� 0U� 0XKDPPDG $EX 7DLODNK �� 3URI�
)DUKDG +DIH]L �
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