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7KH &HQWUDO /DERUDWRU\� 6X]KRX 8QLYHUVLW\� 6X]KRX ������

�
6FKRRO RI &KHPLVWU\ DQG &KHPLFDO (QJLQHHULQJ� 6X]KRX 8QLYHUVLW\� 6X]KRX ������
3� 5� &KLQD

$EVWUDFW

3RO\DFU\ODPLGH �3$0�� SRO\�1�1�GLPHWK\ODFU\ODPLGH� �3'0$� DQG SRO\�1�1�GLHWK\ODFU\O�

DPLGH� �3'($� ZHUH V\QWKHVL]HG E\ SODVPD�LQLWLDWHG SRO\PHUL]DWLRQ� %RWK ZHW DQG GU\ SRO\PHUV

ZHUH SUHSDUHG� 7KH VWDWHV RI WKH ZDWHU DEVRUEHG LQ WKH ZHW DQG GU\ VDPSOHV ZHUH VWXGLHG GLUHFWO\

E\ PHDQV RI 7*� DQG WKH VWDELOLWLHV RI WKH GU\ SRO\PHUV LQ WKH SURFHVV RI WKHUPDO WUHDWPHQW ZHUH

LQYHVWLJDWHG E\ )7�,5� 7KH DFWLYDWLRQ HQHUJ\ RI UHOHDVH RI WKH ERQGHG ZDWHU ZDV FDOFXODWHG E\ WKH

.LVVLQJHU PHWKRG� 7KH ZDWHU DEVRUEHG LQ WKH SRO\PHUV ZDV IRXQG WR EH LQ WZR VWDWHV� L�H� ZHDNO\�

ERQGHG ZDWHU DQG ERQGHG ZDWHU� DQG WKH DEVRUEHG ZDWHU FRQWHQW YDULHG ZLWK WKH PRQRPHU FRQFHQ�

WUDWLRQ� WKH SODVPD GXUDWLRQ WLPH DQG WKH W\SH RI SRO\PHU�

.H\ZRUGV� DFU\ODPLGH� )7�,5� 1�1�GLDON\ODFU\ODPLGH� SODVPD�LQLWLDWHG SRO\PHUL]DWLRQ� 7*

,QWURGXFWLRQ

,Q UHFHQW \HDUV� FKHPLVWV KDYH EHHQ SD\LQJ LQFUHDVLQJ DWWHQWLRQ WR WKH V\QWKHVLV
RI D YLQ\O VXSHU ZDWHU�DEVRUEHQW UHVLQ� ,W FDQ EH REWDLQHG E\ EXON SRO\PHUL]DWLRQ� VR�
OXWLRQ SRO\PHUL]DWLRQ� DQG LQYHUVH HPXOVLRQ DQG VXVSHQVLRQ SRO\PHUL]DWLRQ�
3ODVPD�LQLWLDWHG SRO\PHUL]DWLRQ KDV EHHQ UHSRUWHG E\ 2VDGD HW DO� >�� �@� 7KH UHDF�
WLRQ RI SRO\PHUL]DWLRQ LV LQLWLDWHG E\ VXEVWDQFHV IRUPHG LQ WKH SODVPD RI D ORZ�SUHV�
VXUH JORZ GLVFKDUJH >�−�@�

,Q WKH SUHVHQW SDSHU� WKH SODVPD�LQLWLDWHG IRUPDWLRQ RI SRO\DFU\ODPLGH �3$0��
SRO\�1�1�GLPHWK\ODFU\ODPLGH� �3'0$� DQG SRO\�1�1�GLHWK\ODFU\ODPLGH� �3'($�
LV GHVFULEHG� 7KH HIIHFWV RI WKH PRQRPHU FRQFHQWUDWLRQ DQG WKH SODVPD GXUDWLRQ RQ
WKH ZDWHU�DEVRUEHQW DELOLW\ RI 3$0 ZHUH VWXGLHG E\ PHDQV RI WKHUPRJUDYLPHWU\
�7*�� DQG WKH VWDELOLW\ RI 3$0 LQ WKH FRXUVH RI WKHUPDO GHFRPSRVLWLRQ ZDV LQYHVWL�
JDWHG E\ )7�,5� 7KH DFWLYDWLRQ HQHUJLHV RI WKH 3$0 SRO\PHUV ZHUH HYDOXDWHG E\ WKH
.LVVLQJHU PHWKRG >�@� 7KH UHVXOWV GHPRQVWUDWHG WKDW WKH ZDWHU DEVRUEHG LQ 3$0�
3'0$ DQG 3'($ GLVSOD\ QRW RQO\ WZR GLIIHUHQW VWDWHV >�@ DQG WKH FRQWHQW H[KLELWV

����±�������� � ����

 ���� $NDGpPLDL .LDGy� %XGDSHVW

$NDGpPLDL .LDGy� %XGDSHVW

.OXZHU $FDGHPLF 3XEOLVKHUV� 'RUGUHFKW

 $XWKRU IRU FRUUHVSRQGDQFH� ID[� ���������������� H�PDLO� FV][�#VXGD�HGX�FQ



VDWXUDELOLW\� EXW WKH SURSRUWLRQ RI ZDWHU DEVRUEHG LQ WKH SRO\PHUV DSSHDUV WR GH�
FUHDVH ZLWK LQFUHDVLQJ DON\O FKDLQ OHQJWK� 7KLV FRQFOXVLRQ SURYLGHV D EDVLV IRU WKH
DSSOLFDWLRQ RI 3$0� 3'0$ DQG 3'($ LQ PHGLFLQH DQG FKHPLFDO HQJLQHHULQJ�

([SHULPHQWDO

3UHSDUDWLRQ RI SRO\PHUV

$FU\ODPLGH ZDV UHFU\VWDOOL]HG WKUHH WLPHV IURP &+&O�� 1�1�GLPHWK\ODFU\ODPLGH
�'0$� DQG 1�1�GLHWK\ODFU\ODPLGH �'($� ZHUH SUHSDUHG DQG SXULILHG DFFRUGLQJ WR
OLWHUDWXUH SURFHGXUHV >�@�

7KH SRO\PHU VDPSOHV �3$0� 3'0$ DQG 3'($� ZHUH PDGH E\ SODVPD�LQLWLDWHG
SRO\PHUL]DWLRQ� $ SUHVFULEHG DPRXQW RI DFU\ODPLGH ZDV GLVVROYHG LQ ZDWHU DW D SUH�
VFULEHG FRQFHQWUDWLRQ� 7KH VROXWLRQ RI 3$0 ZDV LUUDGLDWHG DW D UDGLDWLRQ IUHTXHQF\
DIWHU GHJDVVLQJ XQGHU OLTXLG 1� WKUHH WLPHV� ZLWK D SUHVFULEHG UDGLDWLRQ WLPH LQ D VSH�
FLDO JODVV YLDO� $ JORZ GLVFKDUJH SODVPD ZDV JHQHUDWHG DERYH WKH VROYHQW LQ WKH YLDO�
1H[W� WKH UHDFWDQW ZDV SODFHG LQ D FRQVWDQW WHPSHUDWXUH EDWK IRU VRPH WLPH� )LQDOO\�
WKH SRO\PHU ZDV REWDLQHG E\ EUHDNLQJ WKH YLDO�

7KH ZHW VDPSOHV RI 3$0 ZHUH REWDLQHG E\ WRUUHIDFWLRQ RI WKH SRO\PHU XQGHU HQ�
YLURQPHQWDO WHPSHUDWXUH LQ WKH DLU� 7KH GU\ VDPSOH ZDV REWDLQHG E\ GU\LQJ WKH ZHW
VDPSOH LQ DQ RYHQ DW ��R&� 7KH SRO\PHUV V\QWKHVL]HG XQGHU GLIIHUHQW FRQGLWLRQV DUH
SUHVHQWHG LQ 7DEOH ��

$SSDUDWXV

7KH FDUERQ� K\GURJHQ DQG QLWURJHQ DQDO\VHV ZHUH PDGH ZLWK D &DUOR�(UED PRGHO
���� HOHPHQWDO DQDO\VHU�

7KH ,5 VSHFWUD ZHUH UHFRUGHG LQ 1D&O SOXV D OLTXLG ILOP RQ D 0XWWVRQ $OSKD &HQ�
WDXUL ,5 VSHFWURPHWHU�

7KHUPDO GHFRPSRVLWLRQ VWXGLHV RI DOO WKH SRO\PHUV ZHUH SHUIRUPHG RQ D 3HUNLQ
(OPHU 'HOWD VHULHV 7*�� LQ SXUH QLWURJHQ IORZLQJ DW D UDWH RI �� PO PLQ−�� 7KH VDP�

7DEOH � 7KH SRO\PHUL]DWLRQ SDUDPHWHUV

1R� 3RO\PHUV
&RQFHQWUDWLRQ�

�
3ODVPD SRO\�

PHUL]DWLRQ WLPH�V
3RO\PHUL]DWLRQ
WHPSHUDWXUH�

R

&
3RVW�SRO\

PHUL]DWLRQ WLPH�K

� 3$0 �� ��

�� ��

� 3$0 �� ��

� 3$0 �� ��

� 3$0 �� ��

� 3$0 �� ��

� 3'0$ �� ��

� 3'($ �� ��
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SOHV ZHUH KHDWHG DW �� ��� �� DQG ��R& PLQ−� IURP �� WR ���R&� ZLWK D VDPSOH PDVV
RI DERXW �� PJ�

5HVXOWV�DQG�GLVFXVVLRQ

(OHPHQWDO DQDO\VHV

7KH UHVXOWV RI HOHPHQWDO DQDO\VHV� OLVWHG LQ 7DEOH �� LQGLFDWH WKDW WKH PHDVXUHG
YDOXHV DUH VPDOOHU WKDQ WKH FDOFXODWHG YDOXHV� 7KLV PLJKW EH GXH WR DPPRQRO\VLV GXU�
LQJ WKH SURFHVV RI SODVPD�LQLWLDWHG SRO\PHUL]DWLRQ�

,QIUDUHG VSHFWUD

)LJXUH � VKRZV WKH ,5 VSHFWUD RI WKH 3$0 SRO\PHUV DW GLIIHUHQW WHPSHUDWXUHV LQ
WKH FRXUVH RI WKHUPDO GHFRPSRVLWLRQ� D ± DW ��R&� E ± DW ���R& DQG F ± DW ���R&�

7DEOH � 7KH GDWD RI HOHPHQWDO DQDO\VLV

3RO\PHUV 3$0 3'0$ 3'($

&��
WKHRU\ ������� ������� �������

PHDVXUHG ������� ������� �������

+��
WKHRU\ ������ ������ �������

PHDVXUHG ������ ����� �������

1��
WKHRU\ ������� ������� �������

PHDVXUHG ������� ������� �������

)LJ� � 7KH )7�,5 VSHFWUD RI 3$0 LQ WKH SURFHVV RI WKHUPDO GHFRPSRVLWLRQ� D ± DW ��
R

&�
E ± DW ���

R

&� F ± DW ���
R

&
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)URP D FRPSDULVRQ RI �D� ZLWK �E� DQG �F�� WKH SRO\PHUV H[KLELWHG VWURQJ &21+�

VWUHWFKLQJ YLEUDWLRQ DEVRUSWLRQV DW DERXW ���� DQG ���� FP−�� DQG QR VSHFLDO DEVRUS�
WLRQ RI &≡1 DW ���� FP−�� 7KLV VXJJHVWHG WKDW WKH ORVW ZDWHU PROHFXOHV ZHUH DE�
VRUEHG LQ WKH FURVV�OLQNHG QHW RI 3$0 EHIRUH ���R& >�� �@� EXW QRW WKH LQQHU FRQGHQ�
VDWLRQ RI &21+�� )LJXUHV ��D� DQG �E� UHYHDO D PHGLXP &−2−& VWUHWFKLQJ YLEUDWLRQ
DEVRUSWLRQ DW a���� FP−�� DQG &+� DQG &+� DEVRUSWLRQV DW a����� ����� ���� DQG
���� FP−� >�@� LQGLFDWLQJ WKDW WKH 3$0 ZDV SDUWO\ R[LGL]HG GXULQJ WKH ORVV RI DE�
VRUEHG ZDWHU PROHFXOHV >��@� 7KLV LV LQ DFFRUGDQFH ZLWK WKH DERYH UHVXOWV�

7KHUPDO DQDO\VHV

7KH WHPSHUDWXUH UDQJH RI PDVV ORVV DQG WKH SHUFHQWDJH PDVV ORVV PHDVXUHG DW

β �R& PLQ−�� WRJHWKHU ZLWK WKH DFWLYDWLRQ HQHUJ\ YDOXHV IRXQG IRU ORVV RI WKH ERQGHG
ZDWHU E\ WKH .LVVLQJHU PHWKRG� DUH SUHVHQWHG LQ 7DEOH �� 6RPH 7* FXUYHV DUH VKRZQ
LQ )LJV �−��

7KH 7* FXUYHV IRU DOO VDPSOHV� H[FHSW IRU ZHW �� RI 3$0 DQG 3'0$� H[KLELW
WKUHH VWHSV� 7KH ILUVW VWHS FRUUHVSRQGV WR WKH UHPRYDO RI ZHDNO\�ERQG ZDWHU PROH�
FXOHV� IROORZHG E\ WKH VWHS LQYROYLQJ WKH UHOHDVH RI WKH ERQGHG ZDWHU PROHFXOHV�
ZKLOH WKH ILQDO VWHS FRUUHVSRQGV WR WKH WKHUPDO GHFRPSRVLWLRQ RI WKH SRO\PHUV� 7KH
7* FXUYHV IRU WKH ZHW �� RI 3$0 DQG 3'0$ GLVSOD\ RQO\ RQH VWHS� 7KLV LV SUREDEO\
GXH WR D KLJKHU UDWLR RI ZHDNO\�ERQGHG ZDWHU DEVRUEHG DQG UHODWLYHO\ ORZ FRQWHQWV RI
ERQGHG ZDWHU DQG SRO\PHUV� ZKLFK OHDGV WR GLIILFXOW\ LQ PHDVXULQJ WKH SHUFHQWDJHV
RI ERQGHG ZDWHU DQG SRO\PHUV�

)LJ� � 7KH 7* FXUYHV IRU �� − �� RI ZHW 3$0� � ± ��� � ± ��� � ± ��� � ± ��� � ± ��
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)LJ� � 7KH 7* FXUYHV IRU �� − �� RI GU\ 3$0� � ± ��� � ± ��� � ± ��� � ± ��� � ± ��

)LJ� � 7KH 7* FXUYHV IRU ZHW DQG GU\ RI 3'0$ DQG 3'($ � ± ZHW 3'0$� � ± ZHW 3'($�
� ± GU\ 3'0$� � ± GU\ 3'($
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$V VHHQ IURP 7DEOH �� WKH PHDVXUHG SHUFHQWDJH PDVV ORVV LQFUHDVHV ZLWK LQFUHDV�
LQJ PRQRPHU FRQFHQWUDWLRQ LQ WKH 3$0� 7KLV PD\ EH FDXVHG E\ DQ LQFUHDVH LQ WKH
FURVV�OLQNHG SRO\PHU� :KHQ WKH SODVPD GXUDWLRQ WLPH �3'7� ZDV OHVV WKDQ �� V� WKH
SHUFHQWDJH PDVV ORVV UHODWLQJ WR ZDWHU LQFUHDVHV ZLWK LQFUHDVLQJ WLPH� 2YHU �� V� WKH
SHUFHQWDJH RI ZDWHU ORVW GURSSHG� 7KLV WUHQG VXJJHVWV WKDW WKHUH LV DQ RSWLPXP 3'7
GXULQJ WKH SRO\PHUL]DWLRQ�

,W LV LQWHUHVWLQJ WR QRWH WKDW WKH SHUFHQWDJH RI ZDWHU DEVRUEHG GHFUHDVHV ZLWK LQ�
FUHDVLQJ DON\O FKDLQ OHQJWK� DQG WKH DFWLYDWLRQ HQHUJ\ IRU ORVV RI WKH ERQGHG ZDWHU
GHFUHDVHV ZLWK LQFUHDVH LQ WKH PDVV RI ERQGHG ZDWHU� ZKLFK LQGLFDWHV WKDW WKH DELOLW\
WR DEVRUE ZDWHU GHFUHDVHV ZLWK GHFUHDVLQJ K\GURSKLOLFLW\ RI WKH SRO\PHUV�

&RQFOXVLRQV

�� 7KH ZDWHU DEVRUEHG LQ 3$0� 3'0$ DQG 3'($ GLVSOD\V WZR GLIIHUHQW VWDWHV
ZHDNO\�ERQGHG ZDWHU DQG ERQGHG ZDWHU�

�� 7KH WKHUPDO GHFRPSRVLWLRQ VFKHPH IRU WKH VWXGLHG SRO\PHUV LQYROYHV ILUVW WKH
UHOHDVH RI WKH ZHDNO\�ERQGHG ZDWHU� IROORZHG E\ LPPHGLDWH UHOHDVH RI WKH ERQGHG
ZDWHU� DQG ILQDOO\ WKH SRO\PHUV GHFRPSRVH�

�� 7KH PDVV RI ZDWHU DEVRUEHG LQFUHDVHV ZLWK LQFUHDVLQJ PRQRPHU FRQFHQWUDWLRQ�
LW ILUVW LQFUHDVHV DQG WKHQ GHFUHDVHV ZLWK LQFUHDVH RI WKH SODVPD GXUDWLRQ� DQG LW GH�
FUHDVHV ZLWK LQFUHDVH LQ OHQJWK RI WKH DON\O FKDLQ�

  

:H DFNQRZOHGJH ILQDQFLDO VXSSRUW IURP WKH 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD�

WKH )LOP 0DWHULDO /DERUDWRU\ RI -LQDJVX� DQG WKH NH\ SURMHFW RI -LDQJVX�

5HIHUHQFHV

� <� 2VDGD� $� 7� %HOO DQG 0� 6KHQ� -� 3RO\P� 6FL� 3RO\P� /HWW� (G�� �� ������ ����
� <� 2VDGD� 0� 7DNDVH DQG 7� ,U\DPD� -� 3RO\P�� �� ��� ������ ���
� 7� =KHQ� *DR IHQ ]L WRQJ EDR� � ������ ���
� +� (� .LVVLQJHU� $QDO� &KHP�� �� ������ �����
� 6� -XQ DQG =� /LX� 3RO\PHULF 0DWHULDOV 6FLHQFH DQG (QJLQHHULQJ� �� ������ ���
� 1� )DQ� 'LFWLRQDU\ RI 2UJDQLF 6\QWKHVLV� (OVHYLHU� %HLMLQJ� &KLQD�
� &� 3DQDWWRQL� 5� *UD]LDQL� %� =� %DQJROL DQG *� %RPELHUL� ,QRUJ� &KHP�� � ������ ����
� -� *� $OOSUHVV DQG $� 1� +DPEO\� $XVW� -� &KHP�� �� ������ ����
� =� 5� /X� -� 3� 6XQ� /� <DQJ DQG +� =� :DQJ� 7KHUPRFKLP� $FWD� ��� ������ ����
�� /� 0� 0LQVN� -� 3RO\P� 6FL�� 3RO\P� &KHP� (GLWLRQ� ����� S�����
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