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([SRUW�RI�DLUFUDIW�H[KDXVW�XOWUDILQH�SDUWLFOHV�IURP�7RN\R�,QWHUQDWLRQDO��+DQHGD��$LUSRUW�

1��7DNHJDZD�

�*UDGXDWH�6FKRRO�RI�6FLHQFH��7RN\R�0HWURSROLWDQ�8QLYHUVLW\��-DSDQ�

+LJK FRQFHQWUDWLRQV RI XOWUDILQH SDUWLFOHV �8)3V� GLDPHWHU � ��� QP� KDYH DGYHUVH HIIHFWV RQ KXPDQ KHDOWK >�@� -HW DLUFUDIW
HPLVVLRQV DUH VLJQLILFDQW VRXUFHV RI 8)3V DURXQG DLUSRUWV DQG LQ WKH XSSHU WURSRVSKHUH� +RZHYHU� WKH HPLVVLRQV DQG
GLVSHUVLRQ RI 8)3V RULJLQDWLQJ IURP MHW DLUFUDIW XQGHU UHDO�ZRUOG RSHUDWLQJ FRQGLWLRQV DUH QRW ZHOO XQGHUVWRRG� 7KH SXUSRVH
RI WKLV VWXG\ ZDV WR HVWLPDWH WKH QXPEHU IOX[ RI 8)3V H[SRUWHG IURP 7RN\R ,QWHUQDWLRQDO �+DQHGD� $LUSRUW �+1'� XVLQJ
PRELOH�PHDVXUHPHQW�GDWD�

0RELOH PHDVXUHPHQWV ZHUH SHUIRUPHG LQ WKH YLFLQLW\ RI +1' RQ 0DUFK � DQG �� RI ����� )HEUXDU\ �� DQG �� RI �����
2FWREHU �� RI ����� DQG 0DUFK � RI ����� $ SRUWDEOH &3& �0RGHO ����� 76,� ZDV PDLQO\ XVHG IRU WKH PHDVXUHPHQWV RI
SRO\GLVSHUVH SDUWLFOH QXPEHU FRQFHQWUDWLRQV �!�� QP�� 7KH EDVLF SHUIRUPDQFH RI WKH &3& ���� KDV EHHQ H[WHQVLYHO\
HYDOXDWHG XVLQJ ILHOG PHDVXUHPHQW GDWD REWDLQHG DW .REH $LUSRUW >�� �@� $ SRUWDEOH VFDQQLQJ PRELOLW\ SDUWLFOH VL]HU
�1DQR6FDQ� 0RGHO ����� 76,� DQG DQ RSWLFDO SDUWLFOH FRXQWHU �++3& ��� %HFNPDQ &RXOWHU� ZHUH WHPSRUDULO\ XVHG WR
HVWLPDWH WKH SDUWLFOH QXPEHU FRQFHQWUDWLRQV DERYH WKH 8)3 VL]H UDQJH� )XUWKHUPRUH� D FDUERQ GLR[LGH �&2�� VHQVRU �/,�����
/L�&RU� ZDV WHPSRUDULO\ XVHG WR GHULYH WKH HIIHFWLYH SDUWLFOH QXPEHU HPLVVLRQ LQGLFHV �(,V�� +HUH� WKH WHUP ³HIIHFWLYH´
LQFOXGHV WKH VSDWLDOO\ DQG WHPSRUDOO\ DYHUDJHG QRQYRODWLOH �FRPEXVWLRQ�JHQHUDWHG� SDUWLFOHV DQG YRODWLOH SDUWLFOHV IRUPHG
GXULQJ SOXPH H[SDQVLRQ� 7KH QXPEHU IOX[ RI 8)3V H[SRUWHG IURP +1' FDQ EH HVWLPDWHG XVLQJ WKH HIIHFWLYH QXPEHU (,V RI
8)3V�DQG�DQ�HPLVVLRQ�LQYHQWRU\�IRU�&2��

)LJXUH � VKRZV DQ H[DPSOH WLPH VHULHV RI WKH QXPEHU FRQFHQWUDWLRQV DQG VL]H GLVWULEXWLRQV RI DHURVRO SDUWLFOHV� 7KH GLVWDQFH
IURP WKH QHDUHVW UXQZD\ WR WKH REVHUYDWLRQ SRLQW DORQJ WKH ZLQG GLUHFWLRQ ZDV a� NP� 7KH KLJK SDUWLFOH QXPEHU
FRQFHQWUDWLRQV PHDVXUHG E\ WKH &3& ZHUH DVVRFLDWHG ZLWK WKH HQKDQFHG IUDFWLRQ RI WKH VPDOOHVW WKUHH VL]H ELQV RI WKH
1DQR6FDQ �� �� QP�� LQGLFDWLQJ WKH VLJQLILFDQFH RI VXE��� QP SDUWLFOHV LQ DLUFUDIW H[KDXVW SOXPHV H[SRUWHG IURP DLUSRUWV�
7KH YDULDELOLW\ LQ WKH SDUWLFOH QXPEHU FRQFHQWUDWLRQV DQG HVWLPDWHV RI WKH QXPEHU IOX[ RI 8)3V DUH GLVFXVVHG LQ GHWDLO LQ WKH
SUHVHQWDWLRQ�

$FNQRZOHGJPHQWV� 7KLV VWXG\ ZDV IXQGHG E\ WKH (QYLURQPHQW 5HVHDUFK DQG 7HFKQRORJ\ 'HYHORSPHQW )XQG RI WKH
0LQLVWU\ RI WKH (QYLURQPHQW �-30((5)��������� -30((5)��������� DQG E\ WKH 6WHHO )RXQGDWLRQ IRU (QYLURQPHQWDO
3URWHFWLRQ�7HFKQRORJ\�

�

�

)LJ�����([DPSOH�WLPH�VHULHV�RI�WKH�QXPEHU�FRQFHQWUDWLRQV�DQG�VL]H�GLVWULEXWLRQV�RI�DHURVRO�SDUWLFOHV�REWDLQHG�LQ�WKH
YLFLQLW\�RI�+DQHGD�$LUSRUW�RQ�0DUFK����������

>�@ :+2 JOREDO DLU TXDOLW\ JXLGHOLQHV� KWWSV���LULV�ZKR�LQW�KDQGOH�������������� >�@ 1� 7DNHJDZD� $HURVRO 6FL�
7HFKQRO�����������������±������>�@�1��7DNHJDZD��<��0XUDVKLPD��DQG�+��6DNXUDL��$HURVRO�$LU�4XDO��5HV����������������
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'LVSHUVLRQ�RI�XOWUDILQH�SDUWLFOHV�RULJLQDWHG�IURP�D�PHGLXP�ODUJH�LQWHUQDWLRQDO�DLUSRUW�

7��/HSLVW|���-��9��1LHPL���/��6DOR���9��6LOYRQHQ���+��7LPRQHQ���7��5|QNN|�

�$HURVRO�3K\VLFV�/DERUDWRU\��3K\VLFV�8QLW��7DPSHUH�8QLYHUVLW\��������7DPSHUH��)LQODQG����+HOVLQNL�5HJLRQ�(QYLURQPHQWDO
6HUYLFHV�$XWKRULW\�+6<��3�2��%R[������),��������)LQODQG���$WPRVSKHULF�FRPSRVLWLRQ�UHVHDUFK��)LQQLVK�0HWHRURORJLFDO

,QVWLWXWH��3�2��%R[������),��������)LQODQG��

8OWUDILQH SDUWLFOHV �8)3V�� L�H� DHURVRO SDUWLFOHV ZLWK D GLDPHWHU VPDOOHU WKDQ ��� QP� DUH KDUPIXO WR KXPDQ KHDOWK� $V WKH
HPLVVLRQ DQG DLU TXDOLW\ UHJXODWLRQV KDYH PDLQO\ EDVHG RQ SDUWLFOH PDVV �H�J�� 30����� H[SRVXUH WR 8)3V FDQ VWLOO EH KLJK
HVSHFLDOO\ LQ XUEDQ DUHDV� 8)3V DUH VXJJHVWHG WR EH WKH PRVW LPSRUWDQW FRQWULEXWRU RQ SUHPDWXUH GHDWKV IURP DLU SROOXWLRQ LQ
(XURSH LQ ���� >�@� KLJKOLJKWLQJ WKH QHHG WR XQGHUVWDQG WKH VRXUFHV DQG FRQFHQWUDWLRQV RI 8)3V LQ XUEDQ DUHDV� $LUSRUWV
KDYH EHHQ QRWHG DV LPSRUWDQW VRXUFHV RI 8)3V �H�J� >�@�� /RQJ�WHUP DLU TXDOLW\ LPSDFWV RI DLUSRUWV DV ZHOO DV WKH
FKDUDFWHULVWLFV DQG GLVSHUVLRQ RI WKH DLUSRUW�RULJLQDWHG 8)3V DUH� KRZHYHU� QRW ZHOO XQGHUVWRRG� )RU H[DPSOH� WKH
FRQWULEXWLRQ RI DLUSRUWV RQ �±�� QP SDUWLFOHV� +HUH >�@� ZH PHDVXUHG DLUSRUW�RULJLQDWHG SDUWLFOHV ZLWK WKH $HURVRO DQG 7UDFH�
JDV 0RELOH /DERUDWRU\ �$70R�/DE� QHDU DQ LQWHUQDWLRQDO DLUSRUW LQ +HOVLQNL� )LQODQG� )HEUXDU\ ����� 7KH $70R�/DE ZDV
HTXLSSHG ZLWK IRXU FRQGHQVDWLRQ SDUWLFOH FRXQWHUV �&3&� ZLWK FXW�RII VL]HV RI ��� QP� � QP� �� QP DQG �� QP� DQ HOHFWULFDO
ORZ SUHVVXUH LPSDFWRU �(/3,��� DQ $(�� $HWKDORPHWHU� D 3DUWHFWRU ��� 3UR DQG &2� PHDVXUHPHQW� 'ULYLQJ PHDVXUHPHQW
URXWHV SHUSHQGLFXODU WR WKH DLUSRUW �DSSUR[� �±�� NP� ZHUH GULYHQ VR WKDW WKH ZLQG ZDV EORZLQJ IURP WKH DLUSRUW WR WKH
GLUHFWLRQ RI WKH PHDVXUHPHQW URXWHV� ,Q DGGLWLRQ� GDWD IURP VWDWLRQDU\ DLU TXDOLW\ PHDVXUHPHQW VLWHV ���� NP DZD\ IURP WKH
DLUSRUW�ZHUH�XWLOLVHG��$W�D�VLWH���NP�DZD\��WKH�SDUWLFOH�VL]H�GLVWULEXWLRQ�ZDV�PHDVXUHG�GRZQ�WR�WKH�VL]H�RI�����QP�

,Q WKH GULYLQJ PHDVXUHPHQWV >�@� WKH GRZQZLQG SDUWLFOH QXPEHU FRQFHQWUDWLRQ �31&� H[SRQHQWLDOO\ LQFUHDVHG ZKHQ WKH
GLVWDQFH WR WKH DLUSRUW GHFUHDVHG� DQG HOHYDWHG 31& ZDV VWLOO FOHDUO\ REVHUYDEOH �� NP DZD\ IURP WKH DLUSRUW �)LJXUH�� 7KH
GRZQZLQG 31& �! ��� QP� H[FHHGHG WKH :+2¶V GHILQLWLRQ IRU KLJK VKRUW�WHUP FRQFHQWUDWLRQ ��� ��� ��FP�� �±� NP DZD\
IURP WKH DLUSRUW� 5RXJKO\ �� � RI WKH DLUSRUW�RULJLQDWHG SDUWLFOHV ZHUH VPDOOHU WKDQ �� QP� DQG �� � VPDOOHU WKDQ �� QP�
7KH HIIHFW RI DLUSRUW RQ EODFN FDUERQ RU 30��� ZDV PLQLPDO� 7KH DLUSRUW ZDV HVWLPDWHG WR FRQWULEXWH WR ���±� ��� ��FP

�

\HDUO\�LQFUHDVHV�RI�31&��!����QP���±��NP�DZD\�IURP�WKH�DLUSRUW��VKRZLQJ�WKH�LPSRUWDQFH�RI�8)3V�QHDU�DLUSRUWV�

7KH VWXG\ LV SDUW RI *,$17 �������������� DQG 0(7(&+ �������������� �SURMHFWV IXQGHG E\ %XVLQHVV )LQODQG�
SDUWLFLSDWLQJ FRPSDQLHV DQG PXQLFLSDOLWLHV� DV ZHOO DV 81,&�SURMHFW �+RUL]RQ (XURSH� ����������� :H WKDQN DOO WKH
FROODERUDWRUV�LQ�WKH�PHDVXUHPHQW�FDPSDLJQ�

�

�

>�@�+lQQLQHQ��HW�DO����������(QYLURQPHQW�,QWHUQDWLRQDO��'2,����������M�HQYLQW������������
>�@�.HXNHQ��HW�DO����������$WPRVSKHULF�(QYLURQPHQW�������'2,����������M�DWPRVHQY������������
>�@�/HSLVW|�HW�DO���LQ�UHYLHZ��(QYLURQPHQWDO�,QWHUQDWLRQDO��
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8OWUDILQH�SDUWLFOH�H[SRVXUH�IURP�LQGLYLGXDO�DLUFUDIWV�DSSURDFKLQJ�,QQVEUXFN�DLUSRUW�

$��+DQVHO���/��6WDUN���/��)RUHU���&��/DPSUHFKW���7��.DUO�

�8QLYHUVLW\�RI�,QQVEUXFN��'HSDUWPHQW�RI�,RQ��DQG�$SSOLHG�3K\VLFV��7HFKQLNHUVWUDVVH����������,QQVEUXFN��$XVWULD���

8QLYHUVLW\�RI�,QQVEUXFN��'HSDUWPHQW�RI�$WPRVSKHULF�DQG�&U\RVSKHULF�6FLHQFHV��$&,11���,QQUDLQ���I�������,QQVEUXFN�
$XVWULD�

$LUFUDIW HQJLQHV SURGXFH HPLVVLRQV VLPLODU WR WKRVH IURP RWKHU IRVVLO IXHO FRPEXVWLRQ VRXUFHV� FRQWULEXWLQJ WR DLU SROOXWLRQ�
,Q DGGLWLRQ� WKH\ HPLW ODUJH QXPEHUV RI XOWUDILQH SDUWLFOHV �8)3V� DFURVV D ZLGH UDQJH RI RSHUDWLQJ FRQGLWLRQV� 6WXGLHV KDYH
VKRZQ WKDW H[SRVXUH WR 8)3V FDQ KDYH DGYHUVH KHDOWK HIIHFWV� DV WKHVH SDUWLFOHV FDQ HQWHU WKH EORRGVWUHDP DQG DFW DV FDUULHUV
RI WR[LF VXEVWDQFHV ���� :KLOH WKHUH LV QR JXLGHOLQH OHYHO IRU 8)3 E\ :+2� DQ KRXUO\ 3DUWLFOH 1XPEHU &RQFHQWUDWLRQ �31&�
DERYH �� ��� SDUWLFOHV�FFP LV FRQVLGHUHG ³KLJK´ ���� ,Q WKLV ZRUN ZH GHSOR\HG D ZHDWKHU VWDWLRQ� D PLFURSKRQH� WZR PRELOH
8)3 VHQVRUV DQG UHFHQWO\ D IDVW &2� VHQVRU RQ WKH URRI RI D VFKRRO EXLOGLQJ ORFDWHG DSSUR[LPDWHO\ � NP IURP WKH UXQZD\ RI
WKH ,QQVEUXFN DLUSRUW �LQ WKH GLUHFWLRQ RI WKH FLW\ FHQWHU WR WKH (DVW�� 7KH SRUWDEOH 8)3 VHQVRUV �3DUWHFWRU� DQ 3DUWHFWRU� 3UR
IURP 1DQHRV 3DUWLFOH 6ROXWLRQV *PE+� 6ZLW]HUODQG� DOORZV FKDUDFWHUL]LQJ SDUWLFOH FRQFHQWUDWLRQ DQG VL]H YLUWXDOO\ LQ UHDO
WLPH� :H FDUULHG RXW ORQJ WHUP PHDVXUHPHQWV RYHU PRUH WKDQ D \HDU WR FDSWXUH WKH GLXUQDO DQG VHDVRQDO LPSDFW RI UHDO�ZRUOG
DLUFUDIW VSHFLILF 8)3 HPLVVLRQV� :H REVHUYH 8)3 SOXPHV ZLWK 31& RI VHYHUDO KXQGUHG WKRXVDQG SDUWLFOHV�FFP RI LQGLYLGXDO
DLUFUDIWV DSSURDFKLQJ WKH DLUSRUW SUHYDLOLQJO\ IURP WKH (DVW DV VKRZQ LQ )LJXUH �� $V DQ H[DPSOH� LQ )HEUXDU\ ���� 31&
FRQFHQWUDWLRQV GXULQJ WKH GD\ H[FHHGHG WKH :+2 ³KLJK´ FODVVLILFDWLRQ OLPLW DOPRVW HYHU\ GD\ ZKHQ ZLQG VSHHGV DUH OHVV
WKDQ �� P�V� $ FRPSUHKHQVLYH UHDO�ZRUOG GDWDVHW RQ DLUFUDIW�VSHFLILF HPLVVLRQV ZLOO EH SUHVHQWHG� SURYLGLQJ FULWLFDO LQVLJKWV
LQWR SOXPH GLVSHUVLRQ GXULQJ ODQGLQJ DQG WDNH�RII� 7KLV ZRUN ZDV VXSSRUWHG E\ 2H$' 6SDUNOLQJ 6FLHQFH �3URMHFW $WHPOXIW��

�

�

)LJXUH �� ,Q�VLWX REVHUYDWLRQV RI 31&� ,QVHW VKRZV LQGLYLGXDO SOXPHV DVVRFLDWHG ZLWK DLUFUDIW ODQGLQJ RSHUDWLRQV ���
(XURSHDQ $YLDWLRQ (QYLURQPHQWDO 5HSRUW ����� 'RL� ��������������� DQG UHIHUHQFHV WKHUHLQ� ��� :02 ������ :+2
JOREDO DLU TXDOLW\ JXLGHOLQHV� SDUWLFXODWH PDWWHU �30��� DQG 30���� R]RQH� QLWURJHQ GLR[LGH� VXOIXU GLR[LGH DQG FDUERQ
PRQR[LGH���
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