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,PSDFW�RI�6HDVRQDO�9DULDWLRQV�RQ�-HW�(QJLQH�(PLVVLRQV�IURP�D�%XVLQHVV�-HW�5XQQLQJ�RQ�)RVVLO�DQG�6XVWDLQDEOH
$YLDWLRQ�)XHOV��

7��6FKULSS���'��%HOO���5��6XDUH]�%HUWRD���6��+RIVWHWWHU���2��/LSS���7��5LQGOLVEDFKHU�

�&HQWHU�IRU�$YLDWLRQ��=XULFK�8QLYHUVLW\�IRU�$SSOLHG�6FLHQFHV��=+$:���:LQWHUWKXU��6ZLW]HUODQG���36,�&HQWHU�IRU�(QHUJ\
DQG�(QYLURQPHQWDO�6FLHQFHV��9LOOLJHQ�36,��6ZLW]HUODQG���(XURSHDQ�&RPPLVVLRQ��-RLQW�5HVHDUFK�&HQWUH��-5&���,VSUD��,WDO\�
�3LODWXV�)OXJ]HXJZHUNH��6WDQV��6ZLW]HUODQG���,QVWLWXWH�RI�&KHPLVWU\�DQG�%LRWHFKQRORJ\��=+$:���:lGHQVZLO��6ZLW]HUODQG�

�6ZLVV�)HGHUDO�2IILFH�IRU�&LYLO�$YLDWLRQ��)2&$���%HUQ��6ZLW]HUODQG�
&KDUDFWHUL]LQJ DLUFUDIW HQJLQH SDUWLFOH HPLVVLRQV LV FULWLFDO IRU DVVHVVLQJ DYLDWLRQ¶V FOLPDWH LPSDFW� :KLOH VLJQLILFDQW
SURJUHVV KDV EHHQ PDGH LQ FHUWLI\LQJ ODUJH�WKUXVW HQJLQHV �!���� N1 WKUXVW�� VXEVWDQWLDO GDWD JDSV UHPDLQ IRU QRQ�UHJXODWHG�
VPDOOHU HQJLQHV� )XUWKHUPRUH� ZKLOH WKH LQIOXHQFHV RI IXHO FRPSRVLWLRQ DQG DPELHQW FRQGLWLRQV DUH NQRZQ WR DIIHFW
HPLVVLRQV��WKHVH�IDFWRUV�DUH�UDUHO\�TXDQWLILHG�IRU�VPDOOHU�WXUERIDQV�XQGHU�YDU\LQJ�VHDVRQDO�FRQGLWLRQV�

7KLV VWXG\ SUHVHQWV HPLVVLRQ PHDVXUHPHQWV IURP D 3LODWXV 3&��� DLUFUDIW HTXLSSHG ZLWK :LOOLDPV )-����$ WXUERIDQ
HQJLQHV� 8VLQJ WKH 6ZLVV 0RELOH $LUFUDIW (PLVVLRQ 0HDVXUHPHQW 6\VWHP �60$57(0,6�� ZH PHDVXUHG WKH PDVV� QXPEHU�
DQG VL]H GLVWULEXWLRQ RI QRQ�YRODWLOH SDUWLFOHV� DV ZHOO DV RUJDQLF HPLVVLRQV� ERWK DW WKH HQJLQH H[LW DQG LQ WKH QHDU�ILHOG
�)LJXUH ��� 7R LVRODWH WKH HIIHFWV RI HQYLURQPHQWDO YDULDEOHV DQG IXHO SURSHUWLHV� WZR FDPSDLJQV ZHUH FRQGXFWHG� D �VXPPHU
FDPSDLJQ� �$XJXVW ����� DW HOHYDWHG DPELHQW WHPSHUDWXUHV DQG D �ZLQWHU FDPSDLJQ� �-DQXDU\ ����� DW ORZ WHPSHUDWXUHV�
7HVWLQJ�FRPSDUHG�VWDQGDUG�IRVVLO�NHURVHQH�DJDLQVW�D�����+\GURSURFHVVHG�(VWHUV�DQG�)DWW\�$FLGV��+()$��EOHQG�

5HVXOWV LQGLFDWH WKDW D UHGXFWLRQ LQ IXHO DURPDWLF FRQWHQW IURP ���� Y� WR ���� Y� �FRUUHVSRQGLQJ WR D �� P� LQFUHDVH LQ
K\GURJHQ FRQWHQW�� GHVSLWH D VPDOO LQFUHDVH LQ QDSKWKDOHQH FRQWHQW IURP ���� Y� WR ���� Y�� \LHOGHG D VRRW QXPEHU
UHGXFWLRQ RI XS WR �� �� 1RWDEO\� WKLV UHGXFWLRQ HIILFLHQF\ GLPLQLVKHG DV HQJLQH WKUXVW LQFUHDVHG� %H\RQG HVWDEOLVKLQJ WKH
HPLVVLRQ SURILOH� WKLV VWXG\ GHPRQVWUDWHV WKH SDUWLFOH UHGXFWLRQ SRWHQWLDO RI VPDOO WXUERIDQ HQJLQHV DQG SURYLGHV XQLTXH
HPSLULFDO GDWD RQ DPELHQW WHPSHUDWXUH VHQVLWLYLW\� ILOOLQJ D FULWLFDO NQRZOHGJH JDS WKDW UHPDLQV XQUHVROYHG IRU ODUJHU HQJLQH
FODVVHV�

�

�

)LJXUH����6HWXS�RI�WKH�MHW�HQJLQH�PHDVXUHPHQW�GXULQJ�WKH�VXPPHU�FDPSDLJQ�
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([SHULPHQWDO�VWXG\�RQ�WKH�LPSDFW�RI�+92�DGGLWLRQ�WR�-HW�$���RQ�QRQ�YRODWLOH�SDUWLFXODWH�PDWWHU�HPLVVLRQV�

3��.XU]DZVND�3LHWURZLF]�

�)DFXOW\�RI�&LYLO�DQG�7UDQVSRUW�(QJLQHHULQJ��3R]QDQ�8QLYHUVLW\�RI�7HFKQRORJ\�

:KLOH 6XVWDLQDEOH $YLDWLRQ )XHOV �6$)V� KDYH EHHQ ZLGHO\ VWXGLHG UHJDUGLQJ WKHLU DELOLW\ WR ORZHU SDUWLFOH HPLVVLRQV
FRPSDUHG WR FRQYHQWLRQDO MHW IXHOV� WKHUH LV VWLOO D QHHG WR H[SORUH DGGLWLRQDO RSWLRQV IRU UHSODFLQJ WUDGLWLRQDO DYLDWLRQ IXHOV
LQ WKH QHDU IXWXUH�2QH RI WKH FHUWLILHG 6$)V LV +()$�63. �+\GURSURFHVVHG (VWHUV DQG )DWW\ $FLGV 6\QWKHWLF 3DUDIILQLF
.HURVHQH�� GHULYHG PRVWO\ IURP XVHG FRRNLQJ RLO� ZDVWH DQG UHVLGXHV >�@� +RZHYHU� WKH SURGXFWLRQ SURFHVV LV FRPSOH[ DQG
UHTXLUHV DGYDQFHG WHFKQRORJLHV� PDNLQJ ODUJH�VFDOH LPSOHPHQWDWLRQ LQ DYLDWLRQ FKDOOHQJLQJ LQ WKH VKRUW WHUP� &XUUHQWO\�
WKHUH LV DOVR ZHOO LPSODQWHG +\GURWUHDWHG 9HJHWDEOH 2LO �+92� ZKLFK LV GHGLFDWHG WR GLHVHO HQJLQHV� KRZHYHU WKH
SURGXFWLRQ SURFHVV DQG SK\VLFRFKHPLFDO SDUDPHWHUV DUH VLPLODU WR +()$�63.� $FFRUGLQJ WR RWKHU UHVHDUFKHV� WKH +92 DQG
+()$�63.�DUH�RIWHQ�XVHG�LQWHUFKDQJHDEO\�LQ�DQDO\VHV�>�@�

7KLV UHVHDUFK IRFXVHV RQ DQDO\]LQJ WKH HIIHFW RI DGGLQJ +92 WR -HW $�� IXHO DQG HYDOXDWLQJ WKHLU LPSDFW RQ 30
HPLVVLRQV IURP D ODERUDWRU\�VFDOH MHW HQJLQH� +92 IXHO ZDV EOHQGHG ZLWK -HW $�� DW D YROXPHWULF UDWLR RI ��� �+92����
��� �+92��� DQG ��� �+92��� ZLWK WKH UHPDLQGHU FRQVLVWLQJ RI -HW $��� $OVR WHVW ZHUH FDUULHG RXW ZLWK QHDW -HW $�� IXHO
DV D UHIHUHQFH IXHO� 7KH H[SHULPHQWV ZHUH FRQGXFWHG XVLQJ D *70 ��� MHW HQJLQH XQGHU IRXU RSHUDWLRQDO FRQGLWLRQV� ����
����������DQG�����RI�PD[LPXP�HQJLQH�SRZHU�

�

�

)RU HDFK WHVWHG HQJLQH RSHUDWLRQ SRLQW� HPLVVLRQ LQGLFHV VXFK DV QY30 1XPEHU (PLVVLRQ ,QGH[ >��NJ@ DQG QY30 0DVV
(PLVVLRQ ,QGH[ >PJ�NJ@� DV ZHOO DV 3DUWLFOH 6L]H 'LVWULEXWLRQ �36'� RI (,1 >��NJ@ DQG (,0 >PJ�NJ@ ZHUH SUHVHQWHG� 2QH RI
WKH UHVXOWV LV WKDW WKH DGGLWLRQ RI +92 WR -HW $�� OHG WR D GHFUHDVH LQ (,1 DW ��� DQG ��� RI WKH PD[LPXP WKUXVW� ZLWK WKH
KLJKHVW�YDOXH�REVHUYHG�IRU�QHDW�-HW�$���DQG�WKH�ORZHVW�IRU�+92����

>�@ 0DQQLRQ /�$� 5HGLQJWRQ &�� .HOO\ 0�� %HOO $�� 'RROH\ 6�� 7KH HIIHFW RI XVHG FRRNLQJ RLO FRPSRVLWLRQ RQ WKH
VSHFLILF�&2�H�HPLVVLRQV�HPERGLHG�LQ�+()$�63.�SURGXFWLRQ��%LRIXHOV��%LRSURGXFWV�DQG�%LRUHILQLQJ�������

>�@ 0ROGDQRYi -�� +DOOTXLVW $�0�� 3ULHVWOH\ 0�� 'DQqO .�� )DOOHQLXV %�� $EGDODO 2�� 3RWWHU $�� 6WUDQGEHUJ %��
&KDUDFWHUL]DWLRQ RI HPLVVLRQV IURP D WXUERMHW HQJLQH UXQQLQJ RQ VXVWDLQDEOH DYLDWLRQ IXHOV� EOHQGV DQG FRQYHQWLRQDO MHW $��
$WPRVSKHULF�(QYLURQPHQW�������
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3K\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�RI�QRQ�YRODWLOH�DQG�YRODWLOH�QDQRSDUWLFOHV�HPLWWHG�IURP�WXUERIDQ�MHW�HQJLQHV�

$��)XVKLPL���<��)XMLWDQL���/��'XUGLQD�����-��*��$QHW�����&��6SLULJ���-��(GHEHOL���+��6DNXUDL���<��0XUDVKLPD���.��6DLWRK���1�
7DNHJDZD�

�1DWLRQDO�,QVWLWXWH�IRU�(QYLURQPHQWDO�6WXGLHV��-DSDQ���=XULFK�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV��6ZLW]HUODQG���*UHHQ/HW
5HVHDUFK��6ZLW]HUODQG���8PZHOW��DQG�*HVXQGKHLWVVFKXW]�=�ULFK��&LW\�RI�=�ULFK��6ZLW]HUODQG���1DWLRQDO�,QVWLWXWH�RI

$GYDQFHG�,QGXVWULDO�6FLHQFH�DQG�7HFKQRORJ\��-DSDQ���(QYLURQPHQWDO�6FLHQFH�$QDO\VLV�	�5HVHDUFK�/DERUDWRU\��-DSDQ���

7RN\R�0HWURSROLWDQ�8QLYHUVLW\��-DSDQ�

7KHUH LV ZRUOGZLGH FRQFHUQ DERXW WKH HIIHFWV RI DLUFUDIW H[KDXVW SDUWLFOHV RQ KXPDQ KHDOWK DQG WKH FOLPDWH� 7KH SDUWLFOH
QXPEHU FRQFHQWUDWLRQV LQ H[KDXVW SOXPHV RI WXUERIDQ MHW HQJLQHV� ZKLFK DUH FRPPRQO\ XVHG LQ FLYLO DYLDWLRQ� DUH JHQHUDOO\
GRPLQDWHG E\ YRODWLOH SDUWLFOHV UDWKHU WKDQ QRQYRODWLOH SDUWLFOHV �PRVWO\ VRRW�� +RZHYHU� WKH PHFKDQLVPV RI HPLVVLRQ DQG
IRUPDWLRQ RI YRODWLOH SDUWLFOHV DUH XQFOHDU� :H H[DPLQHG WKH H[KDXVW SDUWLFOHV IURP LQ�VHUYLFH FRPPHUFLDO WXUERIDQ HQJLQHV
DW WKH HQJLQH H[LW DQG �� P GRZQVWUHDP LQ D WHVW FHOO DW 65 7HFKQLFV� =XULFK $LUSRUW� 7KH WDUJHW HQJLQHV ZHUH 3:���� DQG
&)0��� 5HDO�WLPH PHDVXUHPHQWV RI SDUWLFOH VL]H GLVWULEXWLRQV DQG JDVHV �H�J�� &2�� ZHUH SHUIRUPHG� DV ZHOO DV ILOWHU�EDVHG
VDPSOLQJ� DQG VXEVHTXHQW KLJK�UHVROXWLRQ WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\ DQG FKHPLFDO DQDO\VHV �H�J�� RUJDQLF VSHFLHV
ZLWK WKHUPDO GHVRUSWLRQ JDV FKURPDWRJUDSK\�PDVV VSHFWURPHWU\ �7'�*&�06��� $W WKH HQJLQH H[LW� WKH WXUERVWUDWLF �VRRW�
SDUWLFOHV ZHUH GRPLQDQW� ZKLFK PRVWO\ H[LVWHG DV DJJORPHUDWHV >�@� ,Q GRZQVWUHDP VDPSOHV� WKH QXPEHU RI VRRW SDUWLFOHV
ZDV ��� RI WKH WRWDO QXPEHU RI SDUWLFOHV DQDO\]HG� 7KH UHPDLQLQJ IUDFWLRQ SUHGRPLQDQWO\ FRQWDLQHG WUDFH DPRUSKRXV�
DPRUSKRXV� DQG RQLRQ�OLNH SDUWLFOHV WKDW SDUWLDOO\ FRQWDLQ JUDSKHQH�OLNH VSKHULFDO OD\HUV� 7KH PLFURSK\VLFDO VWUXFWXUHV RI
WKHVH WKUHH W\SHV RI SDUWLFOHV LQ DLUFUDIW H[KDXVW SOXPHV ZHUH QHZO\ LGHQWLILHG� 7KH\ ZHUH PDLQO\ VLQJOH VSKHULFDO SDUWLFOHV
ZLWK GLDPHWHUV RI DSSUR[LPDWHO\ ��í�� QP� VXJJHVWLQJ WKDW WKH\ ZHUH IRUPHG YLD QXFOHDWLRQ DQG SDUWLDO S\URO\VLV DQG ZHUH
QRW VLJQLILFDQWO\ DIIHFWHG E\ FRDJXODWLRQ ZLWK SUHH[LVWLQJ VRRW SDUWLFOHV� 7KH RUJDQLF DQDO\VLV UHYHDOHG WKDW WKH
FRQFHQWUDWLRQV RI OXEULFDWLRQ RLO PDUNHUV �L�H�� IDWW\ DFLG HVWHUV RI SHQWDHU\WKULWRO� DQG WULFUHV\O SKRVSKDWH� LQ WKH EXON
SDUWLFXODWH VDPSOHV ZHUH PXFK KLJKHU GRZQVWUHDP WKDQ DW WKH HQJLQH H[LW� 7KH UHVXOWV VXJJHVW WKDW WKH K\GURFDUERQV LQ
GRZQVWUHDP�QDQRSDUWLFOHV�ZHUH�PDLQO\�FRPSRVHG�RI�OXEULFDWLRQ�RLO��)LJ��

�

�

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�(QYLURQPHQW�5HVHDUFK�DQG�7HFKQRORJ\�'HYHORSPHQW�)XQG��-30((5)���������DQG
-30((5)����������RI�WKH�0LQLVWU\�RI�WKH�(QYLURQPHQW��-DSDQ��WKH�6FLHQWLILF�([FKDQJHV�*UDQW�RI�WKH�6ZLVV�1DWLRQDO
6FLHQFH�)RXQGDWLRQ��,=6(=�B���������DQG�WKH�6ZLVV�)HGHUDO�2IILFH�RI�&LYLO�$YLDWLRQ��)2&$��3URMHFWV��$*($,5�6)/9
���������DQG�$*($,5���6)/9�����������

>�@ $� )XVKLPL� <� )XMLWDQL� /� 'XUGLQD� -�*� $QHW� &� 6SLULJ� -� (GHEHOL� +� 6DNXUDL� <� 0XUDVKLPD� .� 6DLWRK� 1� 7DNHJDZD�
$&6�(67�$LU�������������������
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6285&(�))5��5HFHQW�DFWLYLWLHV�ZLWKLQ�WKH�8)3�H[SRVXUH�VWXG\�LQ�WKH�)UDQNIXUW�5KLQH�0DLQ�UHJLRQ�

6��6FKPLWW���)��8QJHKHXHU���*��0HQ]HO���&��7DW]HOW���)��+RO]lSIHO���&��:ROI���&��$VEDFK���7��*UHLQ���1��*DLVHU���/��%RQGRUI��
0��5DPDFKHU���0��.DUO���%��.U�JHU�GH�+RODQGD���)��'LWDV���'��5RVH���$��9RJHO���0��+HUPDQQ�
��0��.|KOHU�
�

�,QVWLWXWH�RI�&RPEXVWLRQ�7HFKQRORJ\��*HUPDQ�$HURVSDFH�&HQWHU��'/5���6WXWWJDUW��*HUPDQ\���,QVWLWXWH�IRU�$WPRVSKHULF�DQG
(QYLURQPHQWDO�6FLHQFHV��*RHWKH�8QLYHUVLW\�)UDQNIXUW��)UDQNIXUW��*HUPDQ\���$WPRVSKHULF�0LFURSK\VLFV�'HSDUWPHQW�
/HLEQL]�,QVWLWXWH�IRU�7URSRVSKHULF�5HVHDUFK��752326���/HLS]LJ��*HUPDQ\���,QVWLWXWH�RI�$WPRVSKHULF�3K\VLFV��*HUPDQ

$HURVSDFH�&HQWHU��'/5���2EHUSIDIIHQKRIHQ��*HUPDQ\���)LOWUDWLRQ�	�$HURVRO�5HVHDUFK�'HSDUWPHQW��,QVWLWXW�I�U�8PZHOW�	
(QHUJLH��7HFKQLN�	�$QDO\WLN�H�9���,87$���'XLVEXUJ��*HUPDQ\���,QVWLWXWH�RI�&RDVWDO�(QYLURQPHQWDO�&KHPLVWU\��+HOPKROW]�
=HQWUXP�+HUHRQ��*HHVWKDFKW��*HUPDQ\���'HSDUWPHQW�RI�$PELHQW�$LU�4XDOLW\��+HVVLDQ�$JHQF\�IRU�1DWXUH�&RQVHUYDWLRQ�

(QYLURQPHQW�DQG�*HRORJ\��:LHVEDGHQ��*HUPDQ\�

2YHU WKH SDVW \HDUV� WKH HPLVVLRQV DQG LPSDFWV RI XOWUDILQH SDUWLFOHV �8)3� KDYH UHFHLYHG LQFUHDVHG DWWHQWLRQ� HVSHFLDOO\ LQ
GHQVHO\ SRSXODWHG DQG XUEDQL]HG DUHDV FORVH WR D ZLGHVSUHDG KLJKZD\ QHW DQG ODUJH DLUSRUWV� OLNH WKH )UDQNIXUW 5KLQH�0DLQ
UHJLRQ� 7KH SURMHFW 6285&( ))5 �6WXG\ 2Q 8OWUDILQH 3DUWLFOHV LQ WKH )UDQNIXUW $LUSRUW 5HJLRQ�
KWWSV���ZZZ�XOWUDIHLQVWDXE�VWXGLH�GH�HQ�� ZDV FRPPLVVLRQHG E\ WKH 8PZHOW� XQG 1DFKEDUVFKDIWVKDXV �81+� LQ RUGHU WR
SURYLGH D VFLHQWLILF EDVLV IRU IXUWKHU GLVFXVVLRQV� 7KH VWXG\ LV GLYLGHG LQWR DQ 8)3 H[SRVXUH VWXG\ SUHVHQWHG KHUH DQG DQ
LPSDFW�VWXG\�ZKLFK�VWDUWHG�LQ�6HSWHPEHU������

6LQFH )UDQNIXUW $LUSRUW LV RQH SURPLQHQW VRXUFH RI 8)3 LQ WKH UHJLRQ� WZR HPLVVLRQ PHDVXUHPHQW FDPSDLJQV ZHUH
SHUIRUPHG DW IRXU GLIIHUHQW SRVLWLRQV RQ WKH DLUSRUW DSURQ� 3DUW RI WKLV GDWD ZDV XVHG WR REWDLQ UHDO�ZRUOG HPLVVLRQ LQGLFHV
�(,¶V� E\ DVVLJQLQJ PHDVXUHG H[KDXVW SOXPHV WR VSHFLILF DLUFUDIW� 7KHVH (,¶V FRQWDLQ HPLVVLRQ LQIRUPDWLRQ RI ERWK QRQ�
YRODWLOH DQG WRWDO SDUWLFOH QXPEHU FRQFHQWUDWLRQV DQG DUH XVHG DV DQ LQSXW IRU WKH GLVSHUVLRQ PRGHOOLQJ DIWHU WKH FOXVWHULQJ RI
WKH GDWD DFFRUGLQJ WR DLUFUDIW HQJLQH W\SHV�$VLGH IURP 8)3 HPLVVLRQV GLUHFWO\ DW WKH DLUSRUW� D SXEOLF FRQFHUQ LV WKH SRWHQWLDO
IRU WKH WUDQVSRUWDWLRQ RI 8)3 LQ WKH GRZQZDUG GLUHFWLRQ YLD WKH ZDNH YRUWLFHV JHQHUDWHG E\ DLUFUDIW RQ WKH JOLGH SDWKV� 7KLV
TXHVWLRQ ZDV DVVHVVHG E\ SHUIRUPLQJ ZDNH YRUWH[ SUHGLFWLRQV FRQVLGHULQJ ZLQG FRQGLWLRQV SUHYDLOLQJ LQ ���� DQG WKH
UHVSHFWLYH WUDIILF PL[ RI )UDQNIXUW $LUSRUW� 5HVXOWV LQGLFDWH RQO\ D PLQRU FRQWULEXWLRQ RI ZDNH YRUWLFHV WR WKH DPELHQW
SDUWLFOH�FRQFHQWUDWLRQV�FORVH�WR�WKH�DLUSRUW�DQG�QR�VLJQLILFDQW�LQIOXHQFH�RQ�WKH�VXUURXQGLQJ�DUHD�

7R FKDUDFHWHUL]H WKH VSDWLDO DQG WHPSRUDO GLVWULEXWLRQ RI 8)3 �QXPEHU VL]H GLVWULEXWLRQV DPRQJ RWKHU SDUDPHWHUV� LQ WKH
VWXG\ DUHD� LPPLVVLRQ PHDVXUHPHQWV ZHUH FDUULHG RXW DW WHQ ORFDWLRQV LQ ERWK XSZLQG DQG GRZQZLQG ORFDWLRQV� FRQVLGHULQJ
WKH PRVW SUHYDOHQW ZLQG GLUHFWLRQV� :KLOH SDUWLFOH VL]HV LQ VRPH FDVHV DOORZ IRU FRQFOXVLRQV WR EH GUDZQ RQ 8)3 VRXUFHV�
IXUWKHU LQIRUPDWLRQ LV QHHGHG IRU D FOHDU VRXUFH DSSRUWLRQPHQW� 7DNLQJ DGYDQWDJH RI WKH FKDUDFWHULVWLF FRPSRXQGV SUHVHQW LQ
DLUFUDIW HQJLQH RLOV� FRPSUHKHQVLYH FKHPLFDO DQDO\VHV IDFLOLWDWHG WKH LGHQWLILFDWLRQ RI DLUFUDIW�UHODWHG HPLVVLRQV GHVSLWH WKH
PDQLIROG 8)3 VRXUFHV LQ WKH DUHD �H�J� JURXQG WUDIILF� LQGXVWU\� GRPHVWLF IXHO HWF��� 7KH TXDQWLILFDWLRQ RI WKHVH HQJLQH RLOV LQ
SDUWLFOH�ILOWHU�VDPSOHV�SURYLGHV�YDOXHDEOH�LQVLJKW�LQWR�WKH�GLVWULEXWLRQ�DQG�GLVSHUVLRQ�RI�WKH�HPLVVLRQV�ZLWKLQ�WKH�VWXGLHG�DUHD�

7KH GLVSHUVLRQ PRGHOOLQJ DLPV IRU DQ DFFXUDWH DQG GHWDLOHG GHVFULSWLRQ RI DLU TXDOLWL\ SDUDPHWHUV LQ ERWK WLPH DQG VSDFH� ,W
UHOLHV RQ ERWK HPLVVLRQ PHDVXUHPHQW UHVXOWV SURYLGHG E\ WKH SURMHFW FRQVRUWLXP DQG HPLVVLRQ GDWD RI WKLUG�SDUW\ SURYLGHUV
DV LQSXW SDUDPHWHUV� 5HVXOWV RI WKH DIRUHPHQWLRQHG LPPLVVLRQ PHDVXUHPHQWV VHUYH DV D YDOLGDWLRQ WDUJHW WR LQYHVWLJDWH WKH
TXDOLW\ RI WKH PRGHO RXWSXW� 7KLV SUHVHQWDWLRQ DLPV WR JLYH DQ RYHUYLHZ RQ WKH SURMHFW E\ VKRZLQJ VHOHFWHG UHVXOWV �HPLVVLRQ
PHDVXUHPHQWV��YRUWH[�PRGHOOLQJ��FKHPLFDO�FKDUDFWHULVDWLRQ��
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$�³�QG´��!�����QP��6L]H�0RGH�LQ�$LUFUDIW�*DV�7XUELQH�(QJLQH�([KDXVW��1HZ�$QDO\VLV�

'��.LWWHOVRQ���$��=HOHQ\XN�

�8QLYHUVLW\�RI�0LQQHVRWD��0LQQHDSROLV��01���������86$���3DFLILF�1RUWKZHVW�1DWLRQDO�/DERUDWRU\��5LFKODQG��:$��������
86$�

:H KDYH EHHQ SXUVXLQJ WKLV SURMHFW IRU VHYHUDO \HDUV� DQG ODVW \HDU ZH UHSRUWHG RXU SURJUHVV DW WKH ��WK (7+�1DQRSDUWLFOHV
&RQIHUHQFH� 7KDW SUHVHQWDWLRQ IRFXVHG RQ GHWDLOHG H[SHULPHQWDO REVHUYDWLRQV EXW GLG QRW \HW RIIHU D WKHRUHWLFDO
LQWHUSUHWDWLRQ� ,Q WKLV SUHVHQWDWLRQ� ZH LQWURGXFH QHZ DQDO\VHV WKDW SURYLGH IUHVK LQVLJKW LQWR WKH PHFKDQLVPV UHVSRQVLEOH IRU
WKH�IRUPDWLRQ�RI�WKH�VHFRQG�PRGH�

3LVWRQ�HQJLQH H[KDXVW SDUWLFOH VL]H GLVWULEXWLRQV �36'� W\SLFDOO\ H[KLELW WKUHH PRGHV� D ���� QP QXFOHDWLRQ PRGH RI VHPL�
YRODWLOH PDWHULDO� D ������ QP VRRW PRGH RI FDUERQDFHRXV DJJUHJDWHV� DQG D FRDUVH PRGH RI ODUJHU PHFKDQLFDOO\ JHQHUDWHG
SDUWLFOHV IURP RLO DWRPL]DWLRQ DQG VXUIDFH UH�HQWUDLQPHQW� 0HDVXULQJ 36'V IURP FRPPHUFLDO DLUFUDIW JDV�WXUELQH HQJLQHV LV
PXFK PRUH FKDOOHQJLQJ WKDQ ZLWK SLVWRQ HQJLQHV GXH WR PRUH H[WUHPH FRQGLWLRQV� H[KDXVW WHPSHUDWXUHV XS WR ��� �&� QHDU�
0DFK�� YHORFLWLHV� 7KH ORQJ VDPSOLQJ OLQHV UHTXLUHG VXSSUHVV QXFOHDWLRQ�PRGH IRUPDWLRQ� 7XUELQH�HQJLQH VRRW DJJUHJDWHV
DUH VPDOOHU ������ QP *0'�� DQG FRDUVH SDUWLFOHV ZHUH QRW H[SHFWHG JLYHQ OLPLWHG H[KDXVW±VXUIDFH LQWHUDFWLRQV DQG WKH
DEVHQFH RI SLVWRQ ULQJV� 1HYHUWKHOHVV� XQGHU VRPH FRQGLWLRQV²SDUWLFXODUO\ DW ORZ VRRW FRQFHQWUDWLRQV²ZH REVHUYHG D
GLVWLQFW ³�QG PRGH´ RI SDUWLFOHV ODUJHU WKDQ a��� QP� 'DLO\ ]HUR FKHFNV DQG VWHS�FKDQJH WHVWV VKRZHG QR HYLGHQFH WKDW
WKHVH�SDUWLFOHV�ZHUH�GXH�WR�VDPSOLQJ�V\VWHP�SDUWLFOH�VKHGGLQJ�

7KHVH UHVXOWV ZHUH REWDLQHG GXULQJ WKH (3$�86$) 9$5,$Q7 �±� PHDVXUHPHQW FDPSDLJQV� GHVLJQHG WR UHILQH PHWKRGV IRU
TXDQWLI\LQJ QRQ�YRODWLOH DLUFUDIW�HQJLQH SDUWLFOHV� 7KH ILQGLQJV UHSRUWHG KHUH GUDZ RQ 9$5,$Q7 � DQG �� XVLQJ D *( -���
WXUERMHW DQG /LEE\ :HOGLQJ *7��� DQG /*7��� WXUELQH VWDUW FDUWV RSHUDWHG DFURVV D UDQJH RI FRQGLWLRQV DQG IXHOV� 3DUWLFOH
VL]H��FRQFHQWUDWLRQ��DQG�FRPSRVLWLRQ�ZHUH�PHDVXUHG�ZLWK�PXOWLSOH�LQVWUXPHQWV�

36' PHDVXUHPHQWV HPSOR\HG 6036� ((36� DQG '06��� V\VWHPV� VXSSOHPHQWHG E\ $HURG\QH &$36 3066$
H[WLQFWLRQ�VFDWWHULQJ PHDVXUHPHQWV LQ ERWK FDPSDLJQV DQG PLQL63/$7 VLQJOH�SDUWLFOH PDVV VSHFWURPHWU\ LQ 9$5,$Q7 ��
7KH �QG PRGH ZDV TXDQWLILHG XVLQJ YROXPH DERYH ��� QP �9���� DQG D ELPRGDO ORJQRUPDO ILW RI VRRW PRGH DQG �QG PRGH�
9��� DQG WKH ILWWHG YROXPH LQ WKH �QG PRGH� 9�QG� ZHUH ZHOO FRUUHODWHG� :LWK WKH -���� 9�QG�9WRWDO UDWLRV DSSURDFKHG ��� LQ
VRPH WHVWV DQG JHQHUDOO\ GHFUHDVHG ZLWK LQFUHDVLQJ HQJLQH ORDG DQG WRWDO PDVV HPLVVLRQV� 7KH PRGH ZDV IDU PRUH
SURQRXQFHG�IRU�WKH�-����WKDQ�IRU�WKH�VWDUW�FDUWV�

,WV IRUPDWLRQ DOVR FRLQFLGHG ZLWK LQFUHDVHG VLQJOH�VFDWWHULQJ DOEHGR DQG WKH DSSHDUDQFH RI SDUWLFOHV ZLWK GLVWLQFW
FRPSRVLWLRQV�DQG�PRUSKRORJLHV�LQ�WKH�PLQL63/$7�GDWD�
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��6HVVLRQ����$LUFUDIW�HPLVVLRQV��3DUW�����7DON
��
&KDUDFWHUL]LQJ�$YLDWLRQ�&RQWULEXWLRQV�WR�3DUWLFXODWH�0DWWHU�QHDU�=XULFK�$LUSRUW�XVLQJ�&KHPLFDO�&RPSRVLWLRQ�DQG

6RXUFH�$SSRUWLRQPHQW�

6��0LVKUD���=��&��'HFNHU�����3��$OSHUW���0��%DXHU���6��7LQRUXD���0��*|WVFK���$��6��3UpY{W���-��6LQWHUPDQQ���0��*\VHO�%HHU��
%��7��%UHP���-��*��6ORZLN�

�36,�&HQWHU�IRU�(QHUJ\�DQG�(QYLURQPHQWDO�6FLHQFHV�������9LOOLJHQ�36,��6ZLW]HUODQG���12$$�&6/�	�&RRSHUDWLYH�,QVWLWXWH
IRU�5HVHDUFK�LQ�(QYLURQPHQWDO�6FLHQFHV��&,5(6���%RXOGHU��&2��86$���&DQWRQ�RI�=XULFK��$:(/���$PW�I�U�$EIDOO��:DVVHU�

(QHUJLH�XQG�/XIW�������=�ULFK��6ZLW]HUODQG�

$LUFUDIW HPLVVLRQV DUH D PDMRU VRXUFH RI SDUWLFXODWH PDWWHU �30� DQG XOWUDILQH SDUWLFOHV �8)3� GXULQJ WDNHRII� ODQGLQJ�
WD[LLQJ� DQG LGOLQJ� GHJUDGLQJ DLU TXDOLW\ QHDU DLUSRUWV� :LWK JOREDO DLU WUDIILF SURMHFWHG WR JURZ E\ a���� DQQXDOO\ DQG
SRWHQWLDOO\ GRXEOLQJ E\ ���� �,$7$� ����D�� DYLDWLRQ�UHODWHG 30 UHSUHVHQWV DQ LQFUHDVLQJ SXEOLF KHDOWK FRQFHUQ GXH WR LWV
OLQNV WR UHVSLUDWRU\ DQG FDUGLRYDVFXODU HIIHFWV� $LUSRUW HPLVVLRQV FRQWULEXWH WR ERWK SULPDU\ DQG VHFRQGDU\ 30 DQG FDQ
LQIOXHQFH DLU TXDOLW\ ZHOO EH\RQG DLUSRUW ERXQGDULHV� ZLWK LPSDFWV REVHUYHG XS WR �� NP GRZQZLQG �+XGGD HW DO�� ������
:LWKLQ WKH $335235,$7( SURMHFW� D PRQWK�ORQJ ILHOG FDPSDLJQ ZDV FRQGXFWHG LQ IDOO ���� DW D GRZQZLQG VLWH a� NP HDVW
RI =�ULFK $LUSRUW� XVLQJ /7R)�$06 DQG ((6,�/7R) WR FKDUDFWHUL]H UHDO�ZRUOG DLUFUDIW HPLVVLRQV� 30) DQDO\VLV RI /7R)�
$06 GDWD UHVROYHG QLQH 30��� IDFWRUV �)LJXUH ��� LQFOXGLQJ WZR R[\JHQDWHG RUJDQLF DHURVRO �22$� IDFWRUV� SULPDU\
FRPEXVWLRQ�UHODWHG FRPSRQHQWV �+2$ DQG &2$�� WZR ELRPDVV EXUQLQJ IDFWRUV� D QLWURJHQ�FRQWDLQLQJ RUJDQLF DHURVRO
�12$�� DQ RUJDQLF QLWURJHQ±ULFK IDFWRU� DQG DQ HYHQW�UHODWHG IDFWRU� &RPSDUHG WR WKH VHYHQ IDFWRUV UHVROYHG E\ /X HW DO�
������ $&3�� WZR DGGLWLRQDO IDFWRUV ZHUH LGHQWLILHG� RQH VKRZLQJ VWURQJ FRUUHODWLRQV ZLWK DLUFUDIW OXEULFDWLRQ RLO PDUNHUV
�<X HW DO�� ������ LQGLFDWLQJ D GLVWLQFW SULPDU\ DYLDWLRQ�UHODWHG RUJDQLF DHURVRO VRXUFH� DQG DQRWKHU GRPLQDWHG E\
RUJDQRQLWUDWHV� 7KH HYHQW�UHODWHG IDFWRU FRQWULEXWHG ����� GXULQJ WKH ILUVW FDPSDLJQ ZHHN ��� 2FWREHU±� 1RYHPEHU� DQG
����� RYHU WKH IXOO VDPSOLQJ SHULRG� 2QJRLQJ LQWHJUDWLRQ RI FRPSOHPHQWDU\ PROHFXODU� DQG JDV�SKDVH PHDVXUHPHQWV ZLOO
IXUWKHU UHILQH VRXUFH DWWULEXWLRQ DQG LPSURYH VHSDUDWLRQ RI DLUSRUW HPLVVLRQV IURP RWKHU DQWKURSRJHQLF DQG ELRJHQLF
LQIOXHQFHV�

�

�

)LJXUH����)DFWRU�VROXWLRQ�IRU������FDPSDLJQ�ZLWK�IDFWRU�WLPH�VHULHV��IDFWRU�SURILOHV�DQG�GLXUQDO�YDULDWLRQ

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�6ZLVV�)HGHUDO�2IILFH�RI�&LYLO�$YLDWLRQ��6)/9������������:H�DFNQRZOHGJH�WKH�VXSSRUW
IURP�=+$:��(03$��)ULWKMRI�6LHJHULVW��657HFKQLFV���DQG�WKH�&LW\�RI�.ORWHQ�

,$7$������D���*OREDO�2XWORRN�IRU�$LU�7UDQVSRUW�

+XGGD��1���)UXLQ�6�$���(QYLURQPHQWDO�6FLHQFH�	�7HFKQRORJ\�����������������������

4L� /�� &KHQ� 0�� 6WHIHQHOOL� *�� 3RVSLVLORYD� 9�� 7RQJ� <�� %HUWUDQG� $�� +XHJOLQ� &�� *H� ;�� %DOWHQVSHUJHU� 8�� 3UpY{W� $�
6��+���DQG�6ORZLN��-��*��$WPRV��&KHP��3K\V�������������±����

=KHQKRQJ� <�� 6FRWW &�� +�� /XNH '�� =� 0LFKDHO 7�� 7�� 'DYLG 6�� /�� %UXFH (�� $�� DQG 5LFKDUG &�� 0�� (QYLURQPHQWDO
6FLHQFH�	�7HFKQRORJ\������������������������
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