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� 5HVHDUFK 5HDFWRU ,QVWLWXWH� .\RWR 8QLYHUVLW\� .XPDWRUL�FKR� 6HQQDQ�JXQ� 2VDND ��������� -DSDQ


 9LVLWLQJ 6FLHQWLVW IURP 8QLYHUVLW\ RI 8OVDQ� .RUHD

� 3RKDQJ $FFHOHUDWRU /DERUDWRU\� 3267(&+� 6DQ ��� +\RMDGRQJ 1DPJX� 3RKDQJ �������� .RUHD

� 'HSDUWPHQW RI 3K\VLFV� 8QLYHUVLW\ RI 8OVDQ� 6DQ �� 0RRJHGRQJ 1DPJX� 8OVDQ �������� .RUHD

7KH QHXWURQ WRWDO FURVV�VHFWLRQV RI '\ DQG +I KDYH EHHQ PHDVXUHG LQ WKH HQHUJ\ UHJLRQ IURP ����� H9

WR ��� NH9 E\ WKH QHXWURQ WLPH�RI�IOLJKW PHWKRG ZLWK D �� 0H9 HOHFWURQ OLQHDU DFFHOHUDWRU �OLQDF� RI WKH

5HVHDUFK 5HDFWRU ,QVWLWXWH� .\RWR 8QLYHUVLW\� $
�
/L JODVV VFLQWLOODWRU KDV EHHQ XVHG DV D QHXWURQ

GHWHFWRU DQG PHWDOOLF SODWHV RI '\ DQG +I VDPSOHV� ��� WR ��� PP WKLFN� KDYH EHHQ DSSOLHG WR WKH

QHXWURQ WUDQVPLVVLRQ PHDVXUHPHQW� 7KH QHXWURQ IOLJKW SDWK IURP WKH ZDWHU�FRROHG 7D WDUJHW WR WKH

�
/L JODVV VFLQWLOODWRU LV ����±���� P� 7KH EDFNJURXQG OHYHO KDV EHHQ GHWHUPLQHG E\ WKH EORFN�RII

PHWKRG DQG�RU E\ XVLQJ QRWFK�ILOWHUV RI &R ���� H9�� $J ���� DQG ���� H9� DQG 0Q ���� H9� DQG D &G

VKHHW� 7KH ILJXUHV VKRZ WKH SUHVHQW PHDVXUHPHQWV� WKH SUHYLRXV GDWD DQG WKH HYDOXDWHG GDWD LQ

(1')�%�9,�

!�
#
��$�%��#$



$Q HOHFWURQ OLQHDU DFFHOHUDWRU LV D PRVW SRZHUIXO WRRO WR SURGXFH LQWHQVH SXOVHG QHXWURQV�

0RVW RI WKH HOHFWURQ OLQHDU DFFHOHUDWRUV ZHUH FRQVWUXFWHG IRU YDULRXV IXQGDPHQWDO UHVHDUFK SURJUDPV

LQFOXGLQJ QHXWURQ VSHFWURVFRS\� 7KH\ KDYH EHHQ XVHG IRU QHXWURQ FURVV�VHFWLRQ PHDVXUHPHQWV E\

WKH WLPH�RI�IOLJKW �72)� PHWKRGV FRYHULQJ WKH HQHUJ\ UDQJH IURP WKHUPDO QHXWURQ WR D IHZ WHQV RI

0H9� 3XOVHG QHXWURQV IURP DQ HOHFWURQ OLQHDU DFFHOHUDWRU �OLQDF� DUH VXLWHG IRU PHDVXULQJ WKH

HQHUJ\ GHSHQGHQW FURVV�VHFWLRQ ZLWK KLJK UHVROXWLRQ XVLQJ WKH 72) WHFKQLTXH�

7KH QHXWURQ WRWDO FURVV�VHFWLRQV RI '\ DQG +I DUH RI JUHDW LPSRUWDQFH QRW RQO\ IRU WKH GHVLJQ DQG

GHYHORSPHQW RI QXFOHDU UHDFWRUV EXW DOVR IRU WKH EDVLF VWXG\ RI QHXWURQ LQWHUDFWLRQ ZLWK QXFOHL�

'\VSURVLXP �'\� DQG KDIQLXP �+I� DUH XVHIXO DEVRUELQJ PDWHULDOV IRU WKH FRQWURO URG RI WKHUPDO

UHDFWRUV EHFDXVH RI WKHLU ODUJH QHXWURQ FURVV�VHFWLRQV LQ WKH WKHUPDO QHXWURQ HQHUJ\ UHJLRQ� 8S WR

QRZ� D IHZ GDWD RI WKHLU QHXWURQ WRWDO FURVV�VHFWLRQV KDYH EHHQ UHSRUWHG EHORZ �� H9 DQG D IHZ

PHDVXUHPHQWV KDYH EHHQ PDGH DERYH D IHZ KXQGUHGV NH9 HQHUJ\ UHJLRQ�

0RRUH
>�@
DQG 2NDPRWR

>�@
PHDVXUHG WKH WRWDO FURVV�VHFWLRQV RI '\ LQ WKH WKHUPDO QHXWURQ HQHUJ\

UHJLRQ E\ WKH WUDQVPLVVLRQ PHWKRG� 6WXUP HW DO�
>�@
REWDLQHG WKH FURVV�VHFWLRQV IURP ���� H9 WR ��

H9 XVLQJ D KHDY\ ZDWHU SLOH DQG WKH %UDJJ UHIOHFWLRQ PHWKRG� %UXQQHU HW DO�
>�@
REWDLQHG WKH WRWDO

FURVV�VHFWLRQV LQ WKH HQHUJ\ UHJLRQ IURP ����� H9 WR ��� H9 ZLWK D IDVW�FKRSSHU LQVWDOOHG LQ D WKHUPDO

UHDFWRU� .QRUU HW DO�
>�@
KDYH UHSRUWHG WKH WRWDO FURVV�VHFWLRQV PHDVXUHG LQ WKH HQHUJ\ UHJLRQ EHORZ

���×����
H9 LQ D UHDFWRU� ,Q WKH KLJKHU HQHUJ\ UHJLRQ� (JHOVDII

>�@
PHDVXUHG WKH WRWDO FURVV�VHFWLRQV



�

IURP ��� H9 WR �� NH9 E\ WKH 72) PHWKRG XVLQJ D IDVW�FKRSSHU�

7KH WRWDO FURVV�VHFWLRQ RI +I KDV EHHQ PHDVXUHG LQ WKH WKHUPDO QHXWURQ HQHUJ\ UHJLRQ E\ -RNL HW

DO�
>�@
� %HUQVWHLQ HW DO

� >�@
� 0RRUH

>�@
� DQG 6FKHUPHU

>�@
� %ROOLQJHU HW DO�

>��@
REWDLQHG WKH H[SHULPHQWDO GDWD

IURP � H9 WR � NH9� 6KHUZRRG HW DO�
>��@

DQG 'LYDGHHQDP HW DO�
>��@

PHDVXUHG WKH WRWDO FURVV�VHFWLRQ

RI +I LQ WKH HQHUJ\ UHJLRQ IURP ���� NH9 WR ���� NH9 DQG IURP ���� 0H9 WR ���� 0H9 XVLQJ D

9DQ�GH�*UDDII DFFHOHUDWRU�

$OWKRXJK WKHVH WRWDO FURVV�VHFWLRQV RI '\ DQG +I KDYH EHHQ UHSRUWHG� WKHUH H[LVW GLVFUHSDQFLHV

DPRQJ WKH GDWD� HVSHFLDOO\ LQ WKH UHVRQDQFH HQHUJ\ UHJLRQ� 7KHUHIRUH� WKH H[SHULPHQWDO GDWD LQ WKH

UHOHYDQW HQHUJ\ UDQJH DUH VWURQJO\ UHTXHVWHG WR PHDVXUH�

,Q WKH SUHVHQW ZRUN� WKH WRWDO FURVV�VHFWLRQV RI QDWXUDO '\ DQG +I KDYH EHHQ PHDVXUHG EHWZHHQ

����� H9 DQG ��� NH9 E\ WKH QHXWURQ 72) PHWKRG XVLQJ WKH �� 0H9 HOHFWURQ OLQHDU DFFHOHUDWRU RI WKH

5HVHDUFK 5HDFWRU ,QVWLWXWH� .\RWR 8QLYHUVLW\ �.855,�� $
�
/L JODVV VFLQWLOODWRU KDV EHHQ XVHG DV ZH

DSSOLHG LQ WKH SUHYLRXV ZRUN
>��@
� 7KH PHDVXUHG UHVXOWV DUH FRPSDUHG ZLWK WKH SUHYLRXV

PHDVXUHPHQWV DQG WKH HYDOXDWHG GDWD LQ (1')�%�9,
>��@
�

�� (;3(5,0(17$/ 0(7+2'

7KH WUDQVPLVVLRQ PHDVXUHPHQWV ZHUH PDGH E\ WKH QHXWURQ 72) PHWKRG ZLWK WKH �� 0H9

HOHFWURQ OLQDF DW WKH 5HVHDUFK 5HDFWRU ,QVWLWXWH� .\RWR 8QLYHUVLW\ �.855,�� %XUVWV RI IDVW QHXWURQV

ZHUH SURGXFHG IURP D ZDWHU�FRROHG SKRWRQHXWURQ WDUJHW� ZKLFK ZDV PDGH RI WZHOYH VKHHWV RI 7D SODWHV

RI � FP LQ GLDPHWHU DQG DERXW � FP LQ HIIHFWLYH WKLFNQHVV� 7KLV WDUJHW ZDV VHW DW WKH FHQWHU RI DQ

RFWDJRQDO ZDWHU WDQN� ZKLFK ZDV �� FP LQ GLDPHWHU DQG �� FP WKLFN� WR PRGHUDWH IDVW QHXWURQV� $

VKDGRZ EDU PDGH RI 3E EORFN� � FP WKLFN DQG �� FP ORQJ ZDV SODFHG LQ WKH QHXWURQ IOLJKW SDWK LQ IURQW

RI WKH 7D WDUJHW WR UHGXFH WKH JDPPD�IODVK JHQHUDWHG E\ WKH HOHFWURQ EXUVW LQ WKH WDUJHW� 7KH QHXWURQ

FROOLPDWLRQ V\VWHP ZDV PDLQO\ FRPSRVHG RI %�&�KDUGHQHG HSR[\ UHVLQ� +�%2� DQG 3E FROOLPDWRUV�

ZKLFK ZHUH V\PPHWULFDOO\ WDSHUHG IURP �� FP GLDPHWHU DW ERWK WKH EHJLQQLQJ DQG WKH HQG RI WKH IOLJKW

WXEH WR � FP GLDPHWHU DW WKH PLGGOH SRVLWLRQ ZKHUH WKH WUDQVPLVVLRQ VDPSOH ZDV ORFDWHG� )RU WKH

FURVV�VHFWLRQ PHDVXUHPHQW LQ WKH HQHUJ\ UDQJH DERYH ��� H9� D ����PP�WKLFN &G VKHHW ZDV LQVHUWHG LQ

WKH 72) EHDP WR VXSSUHVV RYHUODS RI WKHUPDO QHXWURQV IURP WKH SUHYLRXV SXOVHV GXH WR WKH

KLJK�IUHTXHQF\ RSHUDWLRQ RI WKH OLQDF� 'XULQJ WKH H[SHULPHQW� WKH OLQDF ZDV RSHUDWHG LQ WZR

GLIIHUHQW PRGHV� 2QH ZDV WKDW WKH OLQDF RSHUDWLQJ FRQGLWLRQV ZLWKRXW D &G VKHHW ZHUH IRU WKH WKHUPDO

QHXWURQ HQHUJ\ UHJLRQ �WKHUPDO UHJLRQ� ZLWK D UHSHWLWLRQ UDWH RI �� +]� D SXOVH ZLGWK RI � �� D SHDN

FXUUHQW RI ��� P$� DQG DQ HOHFWURQ HQHUJ\ RI �� 0H9� DQG WKH RWKHU ZLWK D &G VKHHW ZDV IRU WKH KLJKHU

HQHUJ\ UHJLRQ �HSL�FDGPLXP UHJLRQ� ZLWK D UHSHWLWLRQ UDWH RI ��� +]� D SXOVH ZLGWK RI �� QV� D SHDN

FXUUHQW RI � $� DQG DQ HOHFWURQ HQHUJ\ RI �� 0H9�

,Q WKH WRWDO FURVV�VHFWLRQ PHDVXUHPHQWV� ZH KDYH XVHG WKUHH NLQGV RI '\ PHWDO VDPSOHV DQG IRXU

NLQGV RI +I PHWDO VDPSOHV� 7KH WUDQVPLVVLRQ VDPSOHV ZHUH SODFHG DW WKH PLGSRLQW RI WKH IOLJKW SDWK

DQG ZHUH F\FOHG LQWR WKH QHXWURQ EHDP E\ DQ DXWRPDWLF VDPSOH FKDQJHU ZLWK IRXU VDPSOH�SRVLWLRQV�

$ VHW RI QRWFK ILOWHUV RI &R� $J� 0Q DQG D &G VKHHW ZHUH PRXQWHG LQ IURQW RI WKH VDPSOH FKDQJHU ZKHQ

ZH PDGH WKH EDFNJURXQG PHDVXUHPHQW�

)RU WKH QHXWURQ 72) VSHFWUXP PHDVXUHPHQW� D
�
/L JODVV VFLQWLOODWRU RI ���� FP LQ GLDPHWHU DQG

���� FP LQ WKLFNQHVV ZDV PRXQWHG RQ DQ (0,������5 SKRWRPXOWLSOLHU DQG XVHG DV D QHXWURQ GHWHFWRU

ORFDWHG DW ����±���� P GLVWDQW IURP WKH SKRWRQHXWURQ WDUJHW� 1HXWURQ VLJQDOV ZHUH DPSOLILHG�



�

GLVFULPLQDWHG DQG VHQW WR WKH GDWD DFTXLVLWLRQ V\VWHP� 7KH QHXWURQ LQWHQVLW\ GXULQJ WKH 72)

PHDVXUHPHQW ZDV PRQLWRUHG ZLWK D %)� SURSRUWLRQDO FRXQWHU� ZKLFK ZDV LQVHUWHG LQWR WKH QHXWURQ

EHDP� 7KH PRQLWRU FRXQWV E\ WKH %)� FRXQWHU ZHUH DOVR DPSOLILHG DQG OHG WR WKH FRPSXWHU IRU

VWRUDJH WKURXJK D GLVFULPLQDWRU�

�� '$7$ 5('8&7,21

��� � 72) 0HDVXUHPHQW

)RU WKH WUDQVPLVVLRQ PHDVXUHPHQW� WKUHH VDPSOH�LQ SRVLWLRQV ZLWK GLIIHUHQW VDPSOHV LQ WKLFNQHVV

DQG D VDPSOH�RXW �RSHQ� SRVLWLRQ ZHUH F\FOHG SHULRGLFDOO\ LQWR WKH QHXWURQ 72) EHDP IRU D SUHVHW WLPH

LQWHUYDO E\ WKH DXWRPDWLF VDPSOH FKDQJHU� 7KH F\FOH WLPH ZDV � WR �� PLQ��SHULRG� DQG WKH WLPH ZDV

DOORWWHG WR HDFK VDPSOH VR DV WR PLQLPL]H WKH VWDWLVWLFDO HUURU LQ WKH FURVV�VHFWLRQ PHDVXUHPHQW�

7KH 72) VLJQDOV IURP WKH
�
/L JODVV VFLQWLOODWRU ZHUH IHG LQWR D WLPH GLJLWL]HU� ZKLFK ZDV LQLWLDWHG

E\ WKH HOHFWURQ EXUVW RI WKH .855, OLQDF� DQG WKH FRXQWV YHUVXV 72) FKDQQHO IRU HDFK VDPSOH SRVLWLRQ

ZHUH UHFRUGHG LQ HDFK VHFWLRQ RI WKH GDWD DFTXLVLWLRQ V\VWHP OLQNHG WR D SHUVRQDO FRPSXWHU� 7KH

PXOWL�FKDQQHO WLPH DQDO\]HU ZDV RSHUDWHG DV IRXU �����FKDQQHO DQDO\]HUV FRUUHVSRQGLQJ WR HDFK

WUDQVPLVVLRQ VDPSOH�LQ RU VDPSOH�RXW SRVLWLRQ� $QRWKHU IRXU �����FKDQQHO DQDO\]HUV ZHUH XVHG IRU

WKH 72) PHDVXUHPHQWV XVLQJ WKH %)� PRQLWRU V\VWHP LQ RUGHU WR QRUPDOL]H WKH QHXWURQ LQWHQVLW\

EHWZHHQ WKH H[SHULPHQWDO UXQV�

7KH FKDQQHO ZLGWK RI WKH WLPH DQDO\]HU LQ WKLV H[SHULPHQW ZDV VHW WR EH �� ��FK IRU WKH WKHUPDO

QHXWURQ HQHUJ\ UHJLRQ DQG �����FK IRU WKH HSL�FDGPLXP HQHUJ\ UHJLRQ� 7KH HQHUJ\ FDOLEUDWLRQ RI

WKH 72) QHXWURQ EHDP ZDV SHUIRUPHG ZLWK WKH ZHOO�NQRZQ UHVRQDQFH HQHUJLHV RI WKLQ $J� &R� DQG

0Q ILOWHUV� 7RWDO UXQQLQJ WLPHV IRU WKH WKHUPDO DQG WKH HSL�FDGPLXP UHJLRQV ZHUH DERXW ��� KRXUV�

��� �� DQG �� KRXUV IRU ��� PP� � PP DQG � PP WKLFN '\ VDPSOHV DQG ��� ��� �� DQG �� KRXUV IRU ���

PP� ��� PP� � PP DQG � PP WKLFN +I VDPSOHV� UHVSHFWLYHO\�

��� � %DFNJURXQG 0HDVXUHPHQW

,Q RUGHU WR HVWLPDWH WKH EDFNJURXQG OHYHO� ZH KDYH XVHG WZR NLQGV RI PHWKRGV� 2QH ZDV WKH

EORFN�RII PHWKRG XVLQJ D ERUDWHG SDUDIILQH EORFN RI �� FP LQ WKLFNQHVV� ZKLFK ZDV SODFHG LQ IURQW RI

WKH VDPSOH WR EODFN RXW WKH QHXWURQ EHDP� 7KH RWKHU ZDV WR DSSO\ QRWFK�ILOWHUV RI $J� &R� DQG 0Q

DQG D ����PP�WKLFN &G VKHHW� 7KH PDJQLWXGH RI WKH EDFNJURXQG OHYHO KDV EHHQ LQWHUSRODWHG XVLQJ

WKH ILWWLQJ IXQFWLRQ )�,�  D,
E
� ZKHUH D DQG E DUH FRQVWDQWV DQG , LV WKH FKDQQHO QXPEHU RI WKH WLPH

DQDO\]HU�

�� '$7$ $1$/<6,6

7KH WRWDO FURVV�VHFWLRQ LV GHWHUPLQHG E\ PHDVXULQJ WKH WUDQVPLVVLRQ RI QHXWURQV WKURXJK WKH

VDPSOH� 7KH WUDQVPLVVLRQ UDWH RI QHXWURQV DW HQHUJ\ (L LV GHILQHG DV D IUDFWLRQ RI LQFLGHQW QHXWURQV

SDVVLQJ WKURXJK WKH VDPSOH WR WKH RSHQ EHDP� 7KXV� WKH QHXWURQ WRWDO FURVV�VHFWLRQ LV JLYHQ DV

IROORZV� XVLQJ WKH QHXWURQ WUDQVPLVVLRQ UDWH 7�(L��



�

σ�(L�  ���1� OQ 7�(L� ���

>,�(L� ± ,%�(L�@ � 0

7�(L�   ���

>2�(L� ± 2%�(L�@ � 0%

ZKHUH 1 LV WKH DWRPLF GHQVLW\ RI WKH WUDQVPLVVLRQ VDPSOH� DQG WKH EUDFNHW �(L� PHDQV WKH WRWDO FRXQWV

LQ L�WK HQHUJ\ JURXS FRUUHVSRQGLQJ WR HDFK 72) FKDQQHO� ,�(L� DQG 2�(L� DUH WKH IRUHJURXQG FRXQWV IRU

VDPSOH�LQ DQG VDPSOH�RXW� ,%�(L� DQG 2%�(L� DUH WKH EDFNJURXQG FRXQWV IRU VDPSOH�LQ DQG VDPSOH�RXW�

DQG 0 DQG 0% DUH WKH PRQLWRU FRXQWV IRU WKH IRUHJURXQG DQG WKH EDFNJURXQG UXQV� UHVSHFWLYHO\�

7KH PRQLWRU FRXQWV DUH REWDLQHG E\ LQWHJUDWLQJ 72) FRXQWV LQ HDFK FKDQQHO FRUUHVSRQGLQJ WR WKH

UHOHYDQW HQHUJ\ UHJLRQ�

�� 5(68/76 $1' ',6&866,21


7KH WRWDO FURVV�VHFWLRQV RI QDWXUDO '\ DQG +I KDYH EHHQ REWDLQHG LQ WKH HQHUJ\ UDQJH IURP �����

H9 WR ��� NH9 E\ WKH QHXWURQ 72) PHWKRG� 7KH UHVXOWV REWDLQHG KDYH EHHQ VXPPHG XS LQ HYHU\

δ8=���� OHWKDUJ\ ZLGWK LQ RUGHU WR REWDLQ EHWWHU VWDWLVWLFV� ,Q WKH GDWD SURFHVVLQJ� WKH IROORZLQJ

FRUUHFWLRQV KDYH EHHQ PDGH� 7KH GHDG WLPH RI WKH WLPH DQDO\]HU XVHG LQ WKLV H[SHULPHQW ZDV

HVWLPDWHG WR EH OHVV WKDQ ��� µVHF� DQG WKH GHDG WLPH FRUUHFWLRQ FRXOG EH QHJOHFWHG LQ WKH SUHVHQW ZRUN�
7KH HIIHFW RI DWWHQXDWLRQ RI QHXWURQ EHDP GXH WR WKH WKLFNQHVV RI VDPSOH ZDV HVWLPDWHG WR EH OHVV WKDQ

���� � IRU WKH WUDQVPLVVLRQ VDPSOHV� 7KH PDMRU LPSXULW\ HOHPHQWV DUH 7D �< ��� �� DQG $O ��������

7KH HIIHFW GXH WR WKH LPSXULWLHV RQ WKH WUDQVPLVVLRQ PHDVXUHPHQW LV HVWLPDWHG WR EH � ����

FRQVLGHULQJ WKHLU WRWDO FURVV�VHFWLRQ YDOXHV� 7KH WRWDO XQFHUWDLQWLHV LQ WKH SUHVHQW H[SHULPHQW DUH

HVWLPDWHG WR EH OHVV WKDQ �� DV IROORZV� 0DLQ VRXUFHV RI WKH XQFHUWDLQWLHV DUH GXH WR WKH VWDWLVWLFDO

HUURUV �����a���� � IRU '\� ����a���� � IRU +I�� WKH GHWHFWLRQ HIILFLHQFLHV �����a���� ��� WKH

JHRPHWULF IDFWRU IRU WKH VDPSOHV �� ��� ��� DQG WKH V\VWHPDWLF HUURUV ����a��� �� LQFOXGLQJ VRPH

RWKHU FRUUHFWLRQV�

)RU WKH '\ FURVV�VHFWLRQ� JHQHUDOO\� JRRG DJUHHPHQW FDQ EH VHHQ EHWZHHQ WKH H[LVWLQJ PHDVXUHG

DQG HYDOXDWHG GDWD DQG WKH SUHVHQW PHDVXUHPHQW� DV VKRZQ LQ )LJ� �� DOWKRXJK WKH GDWD E\ 0RRUH
>�@

DQG 6DLORU HW DO�
>��@

DQG WKH (1')�%�9, GDWD VKRZ D WHQGHQF\ WR EH ORZHU D OLWWOH WKDQ WKH SUHVHQW

UHVXOW DW HQHUJLHV EHWZHHQ ���� H9 DQG ��� H9� ,Q )LJ� � �D�� WKH GDWD IURP ���� PH9 WR ���� PH9

PHDVXUHG E\ .QRUU HW DO�
>�@
DUH D OLWWOH ELW KLJKHU DQG WKH GDWD IURP ����� H9 WR ����� H9 E\ %UXQQHU HW

DO�
>�@
� DQG IURP ���� PH9 WR ���� H9 E\ 2NDPRWR

>�@
DUH LQ JRRG DJUHHPHQW ZLWK WKH SUHVHQW

PHDVXUHPHQW� 7KH GDWD E\ 0RRUH
>�@
VHHP WR KDYH D VWUXFWXUH DURXQG ��� H9� 7KH GDWD IURP ���

H9 WR � H9 PHDVXUHG E\ 6WXUP HW DO�
>�@
DUH PDUNHGO\ GLVFUHSDQW IURP WKH SUHYLRXV PHDVXUHPHQWV DQG

WKH HYDOXDWHG GDWD LQ (1')�%�9,� ,Q WKH )LJ� � �E� IRU WKH WRWDO FURVV�VHFWLRQ RI '\� WKH GDWD IURP

���� H9 WR �� H9 PHDVXUHG E\ &DUWHU
>��@

DUH LQ JRRG DJUHHPHQW ZLWK WKH SUHVHQW PHDVXUHPHQW DQG WKH

HYDOXDWHG RQHV� %XW� WKH GDWD IURP ��� H9 WR �� NH9 PHDVXUHG E\ (JHOVWDII
>�@
VKRZ H[WUHPHO\ ORZ

YDOXHV FRPSDUHG WR WKH SUHVHQW PHDVXUHPHQWV� 7KH HYDOXDWHG GDWD LQ (1')�%�9, DUH UDWKHU FORVH

WR WKH PHDVXUHPHQWV� DOWKRXJK WKH\ DUH KLJKHU LQ WKH HQHUJ\ UDQJH IURP ��� H9 WR � NH9�

)RU WKH +I FURVV�VHFWLRQ� SUHYLRXV GDWD PHDVXUHG E\ %HUQVWHLQ HW DO�
>�@
� %ROOLQJHU HW DO�

>��@
�

2ND]DNL HW DO�
>��@
� 0RRUH

>�@
� -RNL HW DO�

>�@
� DQG 6FKHUPHU

>�@
� DUH LQ JRRG DJUHHPHQW ZLWK WKH SUHVHQW



�

PHDVXUHPHQW� 7KH HYDOXDWHG GDWD LQ (1')�%�9, DUH DOVR LQ JHQHUDO DJUHHPHQW H[FHSW IRU WKH

UHVRQDQFH UHJLRQ RU DERYH ��� H9� DV VKRZQ LQ )LJ� �� ,Q WKH UHVRQDQFH HQHUJ\ UHJLRQ� WKH

UHVRQDQFH SDUDPHWHUV IRU '\ DQG +I KDYH WR EH LQYHVWLJDWHG LQ WKH IXWXUH E\ DQDO\]LQJ WKH PHDVXUHG

GDWD ZLWK D FRPSXWHU FRGH LQ WKH IXWXUH�

�� &21&/86,216

7KH QHXWURQ WRWDO FURVV�VHFWLRQV RI QDWXUDO '\ DQG +I KDYH EHHQ PHDVXUHG LQ WKH HQHUJ\ UHJLRQ

IURP ����� H9 WR ��� NH9 E\ XVLQJ WKH QHXWURQ 72) PHWKRG DQG WKH
�
/L JODVV VFLQWLOODWRU DV D QHXWURQ

GHWHFWRU� )RU WKH WRWDO FURVV�VHFWLRQ RI '\� LW KDV EHHQ IRXQG WKDW WKH SUHYLRXV PHDVXUHPHQWV DQG

WKH HYDOXDWHG GDWD LQ (1')�%�9, DUH LQ JRRG DJUHHPHQW ZLWK WKH SUHVHQW PHDVXUHPHQW H[FHSW IRU WKH

GDWD IURP ��� H9 WR ��� H9 E\ 6WXUP HW DO� DQG IURP ��� H9 WR �� NH9 E\ (JHOVWDII� 7KH HYDOXDWHG

YDOXHV LQ (1')�%�9, DUH KLJKHU WKDQ WKH SUHVHQW PHDVXUHPHQW LQ WKH HQHUJ\ UDQJH IURP ��� H9 WR �

NH9� 7KH HYDOXDWHG FURVV�VHFWLRQ RI +I LQ (1')�%�9, DUH KLJKHU WKDQ WKH PHDVXUHG FURVV�VHFWLRQ

LQ WKH HQHUJ\ UHJLRQ DERYH ��� H9� DOWKRXJK WKH HYDOXDWLRQ DQG PRVW RI WKH SUHYLRXV PHDVXUHPHQWV

DUH FORVH WR WKH SUHVHQW GDWD LQ JHQHUDO� 7KH GDWD PHDVXUHG LQ WKH UHVRQDQFH HQHUJ\ UHJLRQ VKRXOG

EH DQDO\]HG LQ WKH IXWXUH WR JHW WKH UHVRQDQFH SDUDPHWHUV�

$&.12/('*(0(17

7KH DXWKRUV ZRXOG OLNH WR H[SUHVV WKHLU VLQFHUH WKDQNV WR WKH VWDII RI WKH 5HVHDUFK 5HDFWRU

,QVWLWXWH� .\RWR 8QLYHUVLW\ �.855,� IRU WKH H[FHOOHQW OLQDF RSHUDWLRQ� 2QH RI WKH DXWKRUV �+� -�

&KR� LV JUDWHIXO WR WKH .RUHD 6FLHQFH DQG (QJLQHHULQJ )RXQGDWLRQ �.26()� IRU WKH ���� 3RVW�'RF�

3URJUDP�
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>�@ 0RRUH� :�0�� %XOO� $P� 3K\V� 6RF� �� �� �;��� �������

>�@ 2NDPRWR� .�� 5HSRUW -$(5,����� �������

>�@ 6WXUP� :� -� DQG $UQROG� *� 3�� 3K\V� 5HY� ��� ��� �������

>�@ %UXQQHU� -� DQG :LGGHU� )�� 5HSRUW (,5���� �������

>�@ .QRUU� .� DQG 6FKPDW]� :�� $WRPN�HUQHQHUJLH �$.(� ������ �� �������

>�@ (JHOVWDII� 3� $�� 3URF� 3K\V� 6RF� $ ��� �� �������

>�@ -RNL� (� *�� (YDQV� -� (� DQG 6PLWK� 5� 5�� 1XFO� 6FL� DQG (QJL� ��� ��� �������

>�@ %HUQVWHLQ� 6�� %RUVW� /� %�� 6WDQIRUG� &� 3�� 6WHSKHQVRQ� 7� (� DQG 'LDO� -� %�� 3K\V� 5HY� ��� ���

�������

>�@ 6FKHUPHU� 5�� $(& UHSRUWV WR WKH 1&6$*� :$6+������ �� �������

>��@ %ROOLQJHU� /� 0�� +DUULV� 6� 3�� +LEGRQ &� 7� DQG 0XHKOKDXVH� &� 2�� 3K\V� 5HY� ���

���� �������

>��@ 6KHUZRRG� *� /�� 6PLWK� $� %� DQG :KDOHQ� -� )�� 1XFO� 6FL� DQG (QJL� ��� �� �������

>��@ 'LYDGHHQDP� 0�� %LOSXFK� (� *� DQG 1HZVRQ� +� :�� 5HSRUW 1&6$&���� ��� �������

>��@ .RED\DVKL� .�� )XMLWD� <� DQG .LPXUD� ,�� $QQ� 1XFO� (QHUJ\� ��� ��� �������
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>��@ 5RVV� 5� )�� �(G�� �(QGI����� (1')�%�9, 6XPPDU\ 'RFXPHQWDWLRQ�� %1/�1&6������� �
WK

(G� �(1')�%�9,� %URRNKDYHQ 1DWLRQDO /DERUDWRU\ ������� DQG �(1')�%�9, 02' �

(YDOXDWLRQ�� E\ 3� *� <RXQJ �������

>��@ 6DLORU� 9� /�� /DQGRQ� +� +�� DQG -5� )RRWH� +� /�� 3K\V� 5HY� ��� ���� �������

>��@ &DUWHU� 5� 6�� ([IRU 'DWD )LOH ������� �������

>��@ 2ND]DNL� $�� 'DUGHQ� 6� (� DQG :DOWRQ� 5� %�� 3K\V� 5HY�� ��� ��� �������

)LJ� �� &RPSDULVRQ RI WKH QHXWURQ WRWDO FURVV�VHFWLRQ RI '\ ZLWK WKH H[SHULPHQWDO GDWD DQG WKH

HYDOXDWHG � �D� LQ WKH ORZHU HQHUJ\ UHJLRQ EHORZ � H9 DQG �E� LQ WKH KLJKHU HQHUJ\

UHJLRQ EHWZHHQ � H9 DQG ��� NH9�

)LJ� �� &RPSDULVRQ RI WKH QHXWURQ WRWDO FURVV�VHFWLRQ RI +I ZLWK WKH H[SHULPHQWDO GDWD DQG WKH

HYDOXDWHG GDWD � �D� LQ WKH ORZHU HQHUJ\ UHJLRQ EHORZ � H9 DQG �E� LQ WKH KLJKHU HQHUJ\

UHJLRQ EHWZHHQ � H9 DQG ��� NH9�


