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0HDVXUHPHQW�RI�LVRWRSLF�FURVV�VHFWLRQV

RI���&�EHDP�IUDJPHQWDWLRQ�RQ�K\GURJHQ�DW������*H9�Q

$� .RUHMZR�� 0� *LOOHU�� 7� ']LNRZVNL�� -� :GRZF]\N�� 9� 9� 3HUHO\JLQ� DQG $� 9� =DUXELQ�

�'LYLVLRQ RI ([SHULPHQWDO 3K\VLFV� 8QLYHUVLW\ RI /RG]� ������ àyG(� 3RODQG
�/DERUDWRU\ RI 3DUWLFOH 3K\VLFV� -RLQW ,QVWLWXWH IRU 1XFOHDU 5HVHDUFK� 'XEQD� 5XVVLD

$EVWUDFW

$Q H[SHULPHQW ZLWK ��& EHDP IUDJPHQWDWLRQ RQ OLTXLG K\GURJHQ WDUJHW ZDV SHUIRUPHG RQ WKH
PDJQHWLF VSHFWURPHWHU $120$/21� HTXLSSHG ZLWK &KHUHQNRY FKDUJH GHWHFWRU� RQ 'XEQD
6\QFKURSKDVRWURQ DW WKH SURMHFWLOH HQHUJ\ ���� *H9 SHU QXFOHRQ� &KDUJH UHVROXWLRQ RI ���� H �H[FHSW
K\GURJHQ QXFOHL� DQG PDVV UHVROXWLRQ RI ����·���� DPX KDYH EHHQ DFKLHYHG� ,VRWRSLF DQG HOHPHQWDO
IUDJPHQWDWLRQ FURVV VHFWLRQV DUH REWDLQHG IRU IUDJPHQWV IURP = � WR = �� 'HFD\HG FURVV VHFWLRQV DUH DOVR
FDOFXODWHG�

� ,QWURGXFWLRQ

,W LV ZHOO NQRZQ WKDW FRVPLF UD\ QXFOHL FROOLGH ZLWK WKH LQWHUVWHOODU JDV �PDLQO\ K\GURJHQ� GXULQJ WKHLU
SURSDJDWLRQ LQ WKH *DOD[\� .QRZOHGJH RI FRVPLF UD\ IUDJPHQWDWLRQ FURVV VHFWLRQV IRU SDUWLFXODU LVRWRSHV LV
QHFHVVDU\ WR GUDZ DVWURSK\VLFDOO\ LPSRUWDQW FRQFOXVLRQV DERXW WKHLU SDWK OHQJWKV DQG OLIH WLPH LQ WKH
LQWHUVWHOODU VSDFH� ,Q SDUWLFXODU� WKH GHSHQGHQFH RI FURVV VHFWLRQV RQ HQHUJ\ LQ WKH *H9�Q UHJLRQ KDV WR EH
PHDVXUHG LI ZH ZDQW WR NQRZ KRZ WKH SURSDJDWLRQ FKDUDFWHULVWLFV FKDQJH ZLWK HQHUJ\� ,Q WKLV SDSHU ZH
SUHVHQW UHVXOWV RI D PHDVXUHPHQW RI WKH LVRWRSLF IUDJPHQWDWLRQ FURVV VHFWLRQV RI FDUERQ ��& RQ D K\GURJHQ
WDUJHW DW WKH HQHUJ\ UHJLRQ QRW PHDVXUHG VR IDU� L�H� ���� *H9�Q�

� ([SHULPHQWDO�VHW�XS�DQG�GDWD�FROOHFWLRQ

,Q WKLV H[SHULPHQW WKH IUDJPHQWDWLRQ RI ��& SURMHFWLOHV RQ K\GURJHQ WDUJHW ZDV VWXGLHG� 7KH H[SHULPHQW
ZDV SHUIRUPHG RQ WKH $QRPDORQ VHW�XS >���@ ORFDWHG DW WKH 6\QFKURSKDVRWURQ
V VORZ H[WUDFWLRQ EHDP 93��
LQ WKH -RLQW ,QVWLWXWH IRU 1XFOHDU 5HVHDUFK LQ 'XEQD �5XVVLD�� 7KH $QRPDORQ PDJQHWLF VSHFWURPHWHU
�)LJ� �� LV EDVHG RQ D V\VWHP RI PXOWLZLUH SURSRUWLRQDO FKDPEHUV �0:3&� DQG DQ DQDO\]LQJ PDJQHW 63����
,W DOVR LQFOXGHV D &KHUHQNRY KRGRVFRSH IRU GHWHUPLQDWLRQ RI IUDJPHQW FKDUJHV� D WULJJHU V\VWHP FRQVLVWLQJ
RI VFLQWLOODWLRQ DQG &KHUHQNRY GHWHFWRUV� DQG D EHDP PRQLWRU� 7KH WDUJHW FRQVLVWV RI D ���� J FP�� OLTXLG
K\GURJHQ FRQWDLQHG LQ D P\ODU WXEH ZLWK WRWDO ZDOO WKLFNQHVV RI ����� J FP���

7KH PXOWLZLUH SURSRUWLRQDO
FKDPEHUV FRQVWLWXWH D FRRUGLQDWH
GHWHFWRU GHVWLQDWHG IRU GHWHUPLQLQJ
WUDFNV RI FKDUJHG SDUWLFOHV� 7KH ILUVW
0:3&V ��·�� GHWHUPLQH WKH
SDUDPHWHUV RI WKH EHDP SDUWLFOH ���&
QXFOHXV� WUDFN� 1H[W JURXS �0:3&V �·
�� PHDVXUH IUDJPHQW WUDFNV EHIRUH WKH
PDJQHW� ZKHUHDV 0:3&V �·��
GHWHUPLQH WUDFNV EHKLQG WKH PDJQHW�

$OO WKH GHWHFWRUV ZHUH JDWHG E\
WULJJHU V\VWHP RQ WLPH LQWHUYDOV RI ���
QV ZLWK D WLPH GHOD\ FKRVHQ IRU HDFK
FKDPEHU VHSDUDWHO\� 9ROWDJH RI WKH
SURSRUWLRQDO FKDPEHUV ZDV FKRVHQ VR DV

)LJ� �� ([SHULPHQWDO VHW�XS $120$/21 − WRS YLHZ�
0:3& �·��� PXOWLZLUH SURSRUWLRQDO FKDPEHUV�
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� &KHUHQNRY GHWHFWRUV�

7� OLTXLG K\GURJHQ WDUJHW�
63���� DQDO\]LQJ PDJQHW�



WR IDYRXU GHWHFWLRQ RI QXFOHL ZLWK = �·�� 7KH D[LV RI 0:3&V �·�� DQG WKH &KHUHQNRY KRGRVFRSH LV
GHIOHFWHG IURP WKH SULPDU\ EHDP GLUHFWLRQ E\ �� PUDG� &KHUHQNRY KRGRVFRSH FRQVLVWV RI �� GHWHFWRUV� 7KH
UDGLDWRUV DUH PDGH RI SOH[LJODVV�

0DJQHWLF ILHOG LV VHW WR DVVXUH WKH GHIOHFWLRQ DQJOH IRU SULPDU\ EHDP SDUWLFOHV WKH VDPH DV WKH DQJOH RI
GHIOHFWLRQ EHWZHHQ WKH PDLQ DQG WKH VHFRQG D[LV RI WKH VSHFWURPHWHU DQG LV DERXW ��� 7� 1XFOHL DUH
GHIOHFWHG LQ WKH KRUL]RQWDO SODQH�

7KH ZLUH FKDPEHUV� WKH UHDGLQJ FRQWURO V\VWHP DQG WKH OLTXLG K\GURJHQ WDUJHW ZHUH FRQVWUXFWHG LQ -,15
>���@� 7ULJJHULQJ DQG EHDP IOX[ PHDVXUHPHQWV ZHUH SHUIRUPHG E\ VFLQWLOODWLRQ FRXQWHUV 6
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� 7RWDO QXPEHU RI UHJLVWHUHG HYHQWV LQ WKH PHDVXUHPHQWV LV DERXW ��� ZLWK WKH

K\GURJHQ WDUJHW DQG ���Â��� ZLWK HPSW\ WDUJHW �IRU WKH EDFNJURXQG FDOFXODWLRQ��

� 5HVXOWV

7KH FKDUJH VSHFWUXP RI IUDJPHQWV REWDLQHG
IURP &KHUHQNRY GHWHFWRUV �FKDQQHO ZLGWK −
��� H� LV VKRZQ LQ )LJ� �� 7KH UHVXOWV DUH VKRZQ
DV VTXDUHV� GDVKHG OLQH UHSUHVHQWV VKDSHV RI
LQGLYLGXDO SHDNV ILWWHG ZLWK *DXVVLDQ IXQFWLRQV�
FRQWLQXRXV OLQH − WRWDO ILWWHG VSHFWUXP� 7KH
SHDN DW WKH FKDUJH ��� H LV LQWHUSUHWHG DV FDXVHG
E\ WZR KHOLXP QXFOHL FURVVLQJ WKH VDPH
&KHUHQNRY GHWHFWRU VLPXOWDQHRXVO\� $ VLPLODU
HIIHFW �EXW VLJQLILFDQWO\ VPDOOHU� LV REVHUYHG
DOVR DW = ��� �+H DQG /L QXFOHL WKURXJK RQH
GHWHFWRU�� :H REWDLQ WKDW WKH FKDUJH UHVROXWLRQ
RI WKH &KHUHQNRY KRGRVFRSH LV DERXW ���� H IRU
WKH IUDJPHQWV ZLWK �≤=≤��

)LJ� � SUHVHQWV WKH
DQJXODU GLVWULEXWLRQV RI
FDUERQ� ERURQ� EHU\OOLXP�
DQG OLWKLXP LVRWRSHV� 7KH
UHVXOWV RI PHDVXUHPHQWV
DUH VKRZQ DV VTXDUHV�
GDVKHG OLQHV UHSUHVHQW
ILWWHG VKDSHV RI LQGLYLGXDO
SHDNV� FRQWLQXRXV OLQH −
WRWDO ILWWHG VSHFWUXP�
%HFDXVH RI WKH XQFHUWDLQW\
RI FKDUJH GHWHUPLQDWLRQ�
WKHVH VSHFWUD DUH
FRQWDPLQDWHG E\ RWKHU
�QHLJKERXULQJ� HOHPHQWV�
)RU LQVWDQFH� LQ WKH FDVH RI
ERURQ LVRWRSHV VSHFWUXP�
WKH SHDN PDUNHG DV ��%
FRQWDLQV D FRQWULEXWLRQ RI
��&� 0DVV UHVROXWLRQ IRU
WKH IUDJPHQWV LV LQ WKH
UDQJH ����·���� DPX�

)LJ� ��7KH FKDUJH VSHFWUXP RI IUDJPHQWV
SURGXFHG LQ WKH UHDFWLRQ ��&�S
�EHIRUH VXEWUDFWLRQ RI EDFNJURXQG��

� �������

)LJ� ��$QJXODU GLVWULEXWLRQ IRU LVRWRSHV RI FDUERQ� ERURQ� EHU\OOLXP� DQG OLWKLXP�



� )UDJPHQWDWLRQ�FURVV�VHFWLRQV

,VRWRSLF FURVV VHFWLRQV �7DE� �� ZHUH FDOFXODWHG WDNLQJ LQWR DFFRXQW QXPEHUV RI UHJLVWHUHG QXFOHL� WDUJHW

SDUDPHWHUV DQG FRXQWV RI WULJJHU GHWHFWRUV DQG QRUPDOL]HG XVLQJ WKH YDOXH RI WKH LQHODVWLF FURVV VHFWLRQ RI

WKH ��&�S UHDFWLRQ HTXDO ������� PE >�@�

'HWHUPLQDWLRQ RI WKH WRWDO QXPEHU RI QXFOHL RI D SDUWLFXODU LVRWRSH ZDV SHUIRUPHG IURP SDUWLDO LVRWRSLF

GDWD �LQFOXGLQJ RQO\ = YDOXHV QHDU WKH LQWHJHU QXPEHUV� ZLWK XVH RI WKH IXQFWLRQV ILWWLQJ WKH DQJXODU

GLVWULEXWLRQ� DQG UHFDOFXODWHG DOORZLQJ IRU WKH IDFW� WKDW WKH FKDUJH VSHFWUXP IRU DQ\ = FRQWDLQV D VXP RI

LVRWRSLF FRXQWV IRU WKH VDPH =�

([SHULPHQWDO HUURUV ZHUH FRPSXWHG VHSDUDWHO\

DV VWDWLVWLFDO �LQFOXGLQJ HUURUV FRQFHUQLQJ WKH

GLVFULPLQDWLRQ RI FRQWULEXWLRQV RI LVRWRSHV ZLWK WKH

VDPH $�=� DQG V\VWHPDWLFDO� 7KH V\VWHPDWLFDO HUURUV

DUH GXH PDLQO\ WR XQFHUWDLQW\ RI WUDFN

UHFRQVWUXFWLRQ HIILFLHQF\ �YDU\LQJ ZLWK =�� RWKHU

IDFWRUV EHLQJ QHJOLJLEOH�

,Q WKLV H[SHULPHQW WKHUH LV QR VLPSOH FRUUHODWLRQ

EHWZHHQ WKH QXPEHU RI UHJLVWHUHG QXFOHL DQG WKH

VWDWLVWLFDO HUURU RI WKH FRUUHVSRQGLQJ FURVV VHFWLRQV

EHFDXVH RI FRQWULEXWLRQ RI QXFOHL ZLWK RWKHU FKDUJH

DQG WKH VDPH $�= UDWLR� )RU LQVWDQFH� LQ WKH FDVH RI
��%� WKH YDOXH RI VWDWLVWLFDO HUURU RI FURVV VHFWLRQV

ZKLFK LV FRQVLGHUDEO\ JUHDWHU WKDQ IRU ��%� LV

PDLQO\ GXH WR WKH VWDWLVWLFDO HUURU RI WKH ��&

FRQWULEXWLRQ LQ WKH SHDN PDUNHG DV ��% �)LJ� ���

ZKLOH ��% SHDN FRQWDLQV QR FRQWDPLQDWLRQ RI RWKHU

QXFOLGHV�

:LWK D PXFK EHWWHU DFFXUDF\ WKDQ DEVROXWH FURVV

VHFWLRQV ZH FRXOG GHWHUPLQH UDWLRV RI WKH FURVV

VHFWLRQV IRU LVRWRSHV ZLWK WKH VDPH =� 2I SDUWLFXODU

LQWHUHVW DUH LVRWRSHV RI %H� IRU ZKLFK ZH REWDLQHG

σ��%H
�σ�%H

 �����±����� DQG σ��%H
�σ�%H
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7KH FURVV VHFWLRQV IRU SURGXFWLRQ RI HOHPHQWV

IURP K\GURJHQ WR FDUERQ VKRZQ LQ 7DE� � DUH

REWDLQHG E\ VXPPLQJ XS WKH LVRWRSLF FURVV VHFWLRQV

SUHVHQWHG LQ 7DE� ��

,Q 7DE� � DQG 7DE� � DUH DOVR VKRZQ WKH

VWDWLVWLFDO �∆σVWDW� DQG V\VWHPDWLFDO �∆σV\VW� HUURUV

RI IUDJPHQWDWLRQ FURVV VHFWLRQV�

� 'HFD\HG�FURVV�VHFWLRQV

'HFD\HG FURVV VHFWLRQV DQG WKHLU XQFHUWDLQWLHV

FDQ EH VLPSO\ FDOFXODWHG XVLQJ WKH GDWD FROOHFWHG LQ

7DE� � DQG 7DE� �� 7KH\ DUH FRQVLGHUDEO\ JUHDWHU

WKDQ WKH GLUHFW RQHV RQO\ LQ WKH FDVH RI ��% �����

DQG ���� PE UHVSHFWLYHO\� DQG ��% ����� DQG ����

PE�� 'HFD\HG FURVV VHFWLRQ IRU ERURQ SURGXFWLRQ LV

D VXP RI YDOXHV IRU ��% DQG ��%� L�H� ���� PE�

7DE� �� ,VRWRSLF FURVV VHFWLRQV IRU WKH ��&
IUDJPHQWDWLRQ RQ K\GURJHQ WDUJHW
DW WKH HQHUJ\ ���� *H9 SHU QXFOHRQ�

UHDFWLRQ
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7DE� �� ��& IUDJPHQWDWLRQ HOHPHQWDO FURVV VHFWLRQV
DW WKH HQHUJ\ ���� *H9 SHU QXFOHRQ�
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� &RPSDULVRQ�ZLWK�RWKHU�H[SHULPHQWV

7KH YDOXHV RI LVRWRSLF FURVV VHFWLRQV RI ��& IUDJPHQWDWLRQ REWDLQHG LQ VHYHUDO H[SHULPHQWV DUH VKRZQ LQ

)LJ� �� 7KH FURVV VHFWLRQV REWDLQHG LQ WKH SUHVHQW H[SHULPHQW �DOVR IRU ��& DQG �& SURGXFWLRQ − QRW VKRZQ

KHUH� IRU =!� GR QRW VKRZ DQ\ XQH[SHFWHG EHKDYLRXU DW ���� *H9�Q� DSDUW IURP WKH FURVV VHFWLRQV IRU WKH

SURGXFWLRQ RI �+� 7KLV FURVV VHFWLRQV LV FRQVLGHUDEO\ JUHDWHU WKDQ WKDW DW ���� DQG ��� *H9�Q� ,W LQGLFDWHV

WKDW D SUREDELOLW\ RI SURWRQ HPLVVLRQ LQFUHDVHV ZLWK LQFUHDVLQJ HQHUJ\� 6RPH SUHYLRXV UHVXOWV FRQFHUQLQJ
�+ SURGXFWLRQ ZHUH REWDLQHG LQ RWKHU H[SHULPHQWV LQ ZKLFK FURVV VHFWLRQV ZHUH FDOFXODWHG RQ WKH EDVLV RI

WULWLXP β�DFWLYLW\ PHDVXUHPHQWV >��� ��@� 9DOXHV RI FURVV VHFWLRQV GHWHUPLQHG LQ WKRVH H[SHULPHQWV� QRW

PDUNHG RQ )LJ� �� ���·�� PE ZLWK HUURUV RI DERXW ���� DW HQHUJLHV ���·��� *H9�Q� DUH D IHZ WLPHV ORZHU

WKDQ WKRVH REWDLQHG LQ >���@ DQG LQ WKLV ZRUN� ,W PLJKW EH FDXVHG E\ ORVVHV RI WULWLXP GXULQJ FKHPLFDO

WUHDWPHQW RI WKH WDUJHW�

)LJ� �� &URVV VHFWLRQ IRU FDUERQ� ERURQ� EHU\OOLXP� OLWKLXP DQG KHOLXP LVRWRSHV SURGXFHG LQ ��&
IUDJPHQWDWLRQ RQ K\GURJHQ� 9DOXHV DW WKH HQHUJLHV ����� *H9�Q − IURP >�@� DW ��� *H9�Q − IURP >��@� DW
���� DQG ��� *H9�Q − IURP >���@� DW ���� *H9�Q − WKLV ZRUN�
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