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$LU SROOXWLRQ LV RQH RI WKH PRVW VHULRXV HQYLURQPHQWDO SUREOHPV

DOO RYHU WKH ZRUOG� 6LQFH GLHVHO HQJLQHV RI EXVHV DQG WUXFNV H[KDXVW

D KXJH DPRXQW RI 12
[
DQG SDUWLFXODWHV� D FOHDQ DOWHUQDWLYH IXHO LV

KLJKO\ GHPDQGHG� 7KH XVH RI R[\JHQDWHG K\GURFDUERQV� VXFK DV

DOFRKROV DQG HWKHUV� DV VXEVWLWXWHV IRU SHWUROHXP�GHULYHG IXHOV KDV

EHHQ WKH VXEMHFW RI DWWHQWLRQ LQ UHFHQW \HDUV >%URZQ HW DO�� ����@�

2[\JHQDWHV DUH DWWUDFWLYH DV IXHOV DQG IXHO DGGLWLYHV LQ D EURDG UDQJH

RI FRPEXVWLRQ DSSOLFDWLRQV EHFDXVH RI WKHLU FOHDQ�EXUQLQJ FKDUDF�

WHULVWLFV� ZKLFK OHDG WR UHGXFHG HPLVVLRQV RI SROOXWDQWV VXFK DV FDU�

ERQ PRQR[LGH� UHDFWLYH K\GURFDUERQV DQG QLWURJHQ R[LGHV�

$Q DOWHUQDWLYH VWDUWLQJ SRLQW FRXOG EH WKH V\QWKHVLV RI GLPHWK\O

HWKHU �'0(� IURP V\QJDV YLD PHWKDQRO� 7KUHH UHYHUVLEOH� H[RWKHU�

PLF DQG WKHUPRG\QDPLFDOO\ HTXLOLEULXP OLPLWHG FKHPLFDO UHDFWLRQV

DUH LQYROYHG� 7KHVH DUH PHWKDQRO V\QWKHVLV�

&2��+�é&+�2+ �∆+ −���� NFDO�PRO� ���

PHWKDQRO GHK\GUDWLRQ IRU WKH SURGXFWLRQ RI '0(�

�&+�2+é&+�2&+��+�2 �∆+ −��� NFDO�PRO� ���

DQG ZDWHU JDV VKLIW UHDFWLRQ �:*65��

&2�+�2é&2��+� �∆+ −���� NFDO�PRO� ���

6LQFH PHWKDQRO IRUPHG E\ UHDFWLRQ ��� LV UHPRYHG E\ PHWKDQRO

GHK\GUDWLRQ >UHDFWLRQ ���@� HTXLOLEULXP FRQYHUVLRQ RI '0( V\QWKH�

VLV UHDFWLRQ EHFRPHV KLJKHU WKDQ WKDW RI WKHPHWKDQRO V\QWKHVLV� 6LQFH

ZDWHU IRUPHG E\ PHWKDQRO GHK\GUDWLRQ LV DOVR UHPRYHG IURP WKH

UHDFWLRQ V\VWHP E\ WKH :*65� HTXLOLEULXP VKLIWV WRZDUG WKH ULJKW

KDQG VLGH RI UHDFWLRQ ���� +\GURJHQ SURGXFHG IURP WKH:*65 SUR�

PRWHV WKH IRUPDWLRQ RI PHWKDQRO LQ UHDFWLRQ ���� 7KHUHIRUH� IURP

WKH WKHUPRG\QDPLF SRLQW RI YLHZ� '0( V\QWKHVLV SURFHVV IURP V\Q�

JDV LVPRUH IDYRUDEOH WKDQPHWKDQRO V\QWKHVLV >&KDGZLFN HW DO�� �����

&KRL HW DO�� ����@� (TXLOLEULXP FRQYHUVLRQV RI WKH UHDFWLRQV PHQ�

WLRQHG DERYH DUH SUHVHQWHG LQ )LJ� ��

$V VKRZQ DERYH� WKH UHDFWLRQV LQYROYHG IRU WKH V\QWKHVLV RI '0(

DUH KLJKO\ H[RWKHUPLF� $OWKRXJK D JDV SKDVH VLQJOH�VWHS V\QJDV�WR�

'0( SURFHVV ZRXOG SURYLGH WKH DGYDQWDJH RI JUHDWHU SURGXFWLRQ

UDWHV� WKH SURFHVV LV PRVW OLNHO\ WR EH VWLOO VXEMHFW WR WKH OLPLWDWLRQ

LQ KHDW UHPRYDO� ZKLFK LV SUHYHQWLQJ HIIHFWLYH UHDOL]DWLRQ RI WKH V\V�

WHP� )RU HIILFLHQW KHDW UHPRYDO DQG ILQH WHPSHUDWXUH FRQWURO� /LT�

XLG 3KDVH 'LPHWK\O (WKHU 3URFHVV �/3'0(70� ZDV SURSRVHG DQG

GHYHORSHG E\ $LU 3URGXFWV >%URZQ HW DO�� ����� 3HQJ HW DO�� �����

����� ����@ ZLWK WKH VXSSRUW RI WKH 86 'HSDUWPHQW RI (QHUJ\

�'2(�� ,Q WKLV SURFHVV� V\QJDV LV FRQYHUWHG LQWR '0( LQ D VLQJOH�

VOXUU\ SKDVH UHDFWRU XVLQJ D SK\VLFDO PL[WXUH RI PHWKDQRO V\QWKHVLV

FDWDO\VW DQG D VROLG DFLG GHK\GUDWLRQ FDWDO\VW� GLVSHUVHG LQ D PLQ�

HUDO RLO�

)LJ� �� (TXLOLEULXP FRQYHUVLRQV RI WKH LQYROYHG UHDFWLRQV LQ '0(
V\QWKHVLV IURP V\QJDV DW �� DWP DQG ��� R& >)XMLPRWR HW

DO�� ����@�
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7KH HIIHFW RI ZDWHU RQ WKH V\QWKHVLV RI '0( KDV EHHQ LQYHVWL�

JDWHG SDUWO\ E\ VHYHUDO JURXSV� 7DNHJXFKL HW DO� VWXGLHG WKH HIIHFW

RI ZDWHU RQ WKH FDWDO\WLF DFWLYLW\ IRU WKH V\QWKHVLV RI '0( IURP

PHWKDQRO GHK\GUDWLRQ LQ D IL[HG EHG UHDFWRU >7DNHJXFKL HW DO�� ����@�

7KH DGGLWLRQ RI ZDWHU WR WKH IHHG GHFUHDVHG PHWKDQRO FRQYHUVLRQ

ZKLOH LQFUHDVLQJ VHOHFWLYLW\ WR &2�� :KHQ +� ZDV XVHG DV D EDODQFH

JDV� PHWKDQRO FRQYHUVLRQV ERWK WR '0( DQG &2� GHFUHDVHG� ,Q WKH

SUHVHQFH RI +�� WKH UHYHUVH :*65 WRRN SODFH WR VKLIW WKH HTXLOLE�

ULXP FRPSRVLWLRQ WR &2�+�2 VLGH� DQG WKHQ WKH IRUPHGZDWHU VXS�

SUHVVHG WKH '0( V\QWKHVLV� 7KHVH UHVXOWV FOHDUO\ VKRZHG WKDW HTXL�

OLEULXP RI WKH:*65 LQIOXHQFHG WKH FRQYHUVLRQ RIPHWKDQRO DV ZHOO

DV WKH VHOHFWLYLW\ RI WKH SURGXFWV� %URZQ HW DO� LQYHVWLJDWHG WKH HIIHFW

RI ZDWHU DV D VXEVWLWXWH UHDJHQW IRU +� LQ WKH OLTXLG SKDVH '0( V\Q�

WKHVLV SURFHVV IURP ORZ +��&2 UDWLR FRDO GHULYHG V\QJDV >%URZQ

HW DO�� ����@� :*65 FDWDO\VW ZDV ORDGHG ZLWK PHWKDQRO V\QWKHVLV

DQG GHK\GUDWLRQ FDWDO\VW� &R�IHG ZDWHU ZDV VKLIWHG WR +� E\:*65�

$W WKH ORZHU IHHGLQJ UDWH RI VWHDP� ERWK PHWKDQRO DQG '0( SUR�

GXFWLYLWLHV LQFUHDVHG WR OHYHOV FRPSDUDEOH ZLWK KLJK +��&2 UDWLR

V\QJDV� )XUWKHU LQFUHDVH RI WKH IHHGLQJ UDWH RI VWHDP GLG QRW LQFUHDVH

PHWKDQRO SURGXFWLYLW\� EXW GLG FDXVH VKDUS GHFUHDVH LQ '0( SUR�

GXFWLYLW\� 7KLV GHFUHDVH FRXOG EH H[SODLQHG E\ WKH GHFUHDVH LQ WKH

DFWLYLW\ RI WKH DFLG FDWDO\VW ZLWK LQFUHDVLQJ +�2SDUWLDO SUHVVXUH�

)URP WKH UHVXOWV RI WKH OLWHUDWXUH� ZH FRXOG FRQFOXGH WKDW ZDWHU

SURGXFHG GXULQJ WKH UHDFWLRQ PLJKW DIIHFW WKH FDWDO\WLF DFWLYLW\ DQG

WKH SURGXFWLYLW\ RI '0( GXH WR WKH HTXLOLEULXP FRPSRVLWLRQ OLPL�

WDWLRQ� %XW WKHVH HIIHFWV ZHUH QRW V\VWHPDWLFDOO\ LQYHVWLJDWHG WR GDWH

IRU WKH GLUHFW V\QWKHVLV RI '0( IURP V\QJDV XVLQJ PHWKDQRO V\Q�

WKHVLV FDWDO\VW DQG GHK\GUDWLRQ FDWDO\VW�

7KHUHIRUH� LQ WKLV VWXG\� ZH KDYH IRFXVHG RQ WKH HIIHFW RI ZDWHU

WR WKH SHUIRUPDQFH RI WKH OLTXLG SKDVH GLUHFW V\QWKHVLV RI '0( IURP

V\QJDV�:H FRXOG ILQDOO\ ILQG RXW WKDW ZDWHU DIIHFWHG ERWK WKH DFWLYLW\

RI WKH PHWKDQRO V\QWKHVLV FDWDO\VW DQG WKH GHK\GUDWLRQ FDWDO\VW� %\

FRQWUROOLQJ WKH IRUPDWLRQ UDWH RI PHWKDQRO DQG WKH UHPRYDO RI ZDWHU

IURP WKH UHDFWLRQ V\VWHP� KRZHYHU� KLJK FDWDO\WLF DFWLYLW\ DQG VWDELO�

LW\ FRXOG EH REWDLQHG�

(;3(5,0(17$/

7KH &X�=Q2�$O�2� FDWDO\VW IRU WKH PHWKDQRO V\QWKHVLV ZDV SUH�

SDUHG E\ WKH FR�SUHFLSLWDWLRQ PHWKRG >,QXL HW DO�� ����@� 1LWUDWHV RI

FRSSHU� ]LQF� DQG DOXPLQXP ZHUH GLVVROYHG LQ ZDWHU DQG PL[HG WR�

JHWKHU� DQG WKH SUHFLSLWDWHV ZHUH REWDLQHG E\ GURSZLVH DGGLQJ VR�

GLXP FDUERQDWH VROXWLRQ LQWR WKH QLWUDWHV VROXWLRQV� 7KH SUHFLSLWDWHV

ZHUH ILOWHUHG� ZDVKHG� GULHG DW ��� R& RYHUQLJKW DQG FDOFLQHG DW ���
R& IRU � K� 7KH WKXV�IRUPHG &X�=Q2�$O�2� FDWDO\VW KDG WKH FRP�

SRVLWLRQ RI &X�=Q�$O �������������� RQ ZHLJKW EDVLV �,&3�� )RU

WKH GHK\GUDWLRQ FDWDO\VW� γ�$O�2�PDQXIDFWXUHG E\ 6XPLWRPR&KHP�

LFDOV ZDV XVHG� 7KH K\EULG FDWDO\VWV ZHUH SUHSDUHG E\ SK\VLFDOO\

PL[LQJ WKH PHWKDQRO V\QWKHVLV FDWDO\VW� &X�=Q2�$O�2� ZLWK WKH GH�

K\GUDWLRQ FDWDO\VW� γ�$O�2��

7KH FDWDO\VWV ZHUH UHGXFHG SULRU WR WKH UHDFWLRQ E\ LQ�VLWX PHWK�

RG ZLWK IORZLQJ +� DW ���P/�PLQ >/HH HW DO�� ����@� 7KH UHDFWLRQ

ZDV FDUULHG RXW LQ D VOXUU\ UHDFWRU �$XWRFODYH (QJLQHHUV� ZLWK D FD�

SDFLW\ RI ���P/� 6\Q JDV KDYLQJ D+��&2 UDWLR RI � �WRWDO IORZ UDWH�

���P/�PLQ� ZDV DOORZHG WR UHDFW RQ WKH FDWDO\VW VXVSHQGHG LQ D

OLTXLG PHGLXP �PLQHUDO RLO� ��P/�� 7KH UHDFWLRQ ZDV FDUULHG RXW

DW �� DWP DQG ��� R&� 7KH FRPSRVLWLRQ RI SURGXFWV DQG WKH &2 FRQ�

YHUVLRQ ZHUH GHWHUPLQHG E\ PHDQV RI JDV FKURPDWRJUDSK\�

7R LQYHVWLJDWH WKH HIIHFW RI ZDWHU RQ WKH FDWDO\WLF DFWLYLW\� UHDF�

WLRQV GHVFULEHG LQ 7DEOH �ZHUH FDUULHG RXW� )RU WKHVH UHDFWLRQV� ZDWHU

YDSRU ZDV DGVRUEHG RQ WKH FDWDO\VWV DW ��� R& ZLWK 1� DV FDUULHU DW

IORZ UDWH RI ���P/�PLQ� 7KH DGVRUEHG DPRXQW RI ZDWHU ZDV PHDV�

XUHG E\ WKH PDJQHWLF VXVSHQVLRQ EDODQFH�
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7KH UHDFWLRQ UHVXOWV LQ WKH VWDQGDUG FRQGLWLRQV DUH VKRZQ LQ )LJ�

�� &2 FRQYHUVLRQ ZDV DERXW ���� ZKLFK ZDV IDU EHORZ WKH HTXL�

OLEULXP FRQYHUVLRQ� )XUWKHUPRUH� DIWHU � K RQ VWUHDP� '0( VHOHF�

WLYLW\ GHFUHDVHG WR ��� ZKLOH &2� VHOHFWLYLW\ LQFUHDVHG WR ���� 7KLV

VHHPV WR EH FDXVHG E\ WKH :*65 GXH WR +�2 IRUPHG E\ WKH GH�

K\GUDWLRQ RI PHWKDQRO� 7KH IRUPHG +�2 VXSSUHVVHG WKH IRUPDWLRQ

RI '0(� DV ZHOO� 0HWKDQRO ZDV� KRZHYHU� FRQWLQXDOO\ IRUPHG GXU�

LQJ ��K� 7KH&2� DQG+� IRUPHG E\ WKH:*65 FRXOG UHDFW WR IRUP

PHWKDQRO DQG +�2 �&2���+�é&+�2+�+�2� >/HH HW DO�� �����

����@� 7KHUHIRUH� PHWKDQRO ZDV WKRXJKW WR EH FRQWLQXDOO\ IRUPHG

E\ WKH K\GURJHQDWLRQ RI &2�� 7KH +�2 IRUPHG E\ WKH K\GURJHQD�

WLRQ RI &2� VKLIWHG WKH HTXLOLEULXP >UHDFWLRQ ���@ WR WKH OHIW KDQG

VLGH� ZKLFK VXSSUHVVHG WKH IRUPDWLRQ RI '0( IXUWKHU� 7KHVH UHVXOWV

LQGLFDWH WKDW WKH UHDFWLRQV PHQWLRQHG DERYH DUH OLQNHG WRJHWKHU DQG

WKH HTXLOLEULXPV DUH LQIOXHQFHG E\ WKH SUHVHQFH RI ZDWHU�

7KHUHIRUH� LQ RUGHU WR LQFUHDVH WKH HTXLOLEULXP FRQYHUVLRQ DQG

WKH VHOHFWLYLW\ WR '0(� WKH UHDFWLRQV LQYROYHG VKRXOG EH FRQWUROOHG

DQG RSWLPL]HG WRZDUG WKH UHDFWLRQ FRQGLWLRQV FRQWDLQLQJ DV VPDOO

DPRXQW RI ZDWHU DV SRVVLEOH�

7R LQYHVWLJDWH WKH HIIHFW RI ZDWHU RQ WKH FDWDO\WLF DFWLYLWLHV PRUH

SUHFLVHO\� FDWDO\VWV ZHUH SUHWUHDWHG E\ ZDWHU EHIRUH WKH UHDFWLRQ DQG

WKH DFWLYLWLHV ZHUH WHVWHG� 7KH DPRXQWV RI ZDWHU DGVRUEHG RQ &X�

7DEOH �� 5HDFWLRQ FRQGLWLRQV IRU WKH LQYHVWLJDWLRQ RI WKH HIIHFW RI
ZDWHU IRU '0( V\QWKHVLV IURP V\QJDV

7\SH 5HDFWLRQ &X�=Q2�$O�2� γ�$O�2�

$ 0HWKDQRO V\QWKHVLV :DWHU DGVRUEHG 1RW XVHG

% '0( V\QWKHVLV :DWHU DGVRUEHG 8VHG

& '0( V\QWKHVLV 8VHG :DWHU DGVRUEHG

' '0( V\QWKHVLV :DWHU DGVRUEHG :DWHU DGVRUEHG

)LJ� �� &2 FRQYHUVLRQ DQG SURGXFW VHOHFWLYLW\ LQ '0( V\QWKHVLV

IURP V\QJDV �&X�=Q2�$O�2� ��� J�γ�$O�2� ��� J��



��� +��-� .LP HW DO�
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=Q2�$O�2� DQG γ�$O�2� ZHUH ����ZW� DQG ����ZW�� UHVSHFWLYHO\�

$V VKRZQ LQ )LJ� �� ZKHQ WKH UHDFWLRQ ZDV FDUULHG RXW RYHU RQO\ WKH

PHWKDQRO V\QWKHVLV FDWDO\VW SUHWUHDWHG E\ ZDWHU �7\SH $ LQ 7DEOH

��� &2 FRQYHUVLRQZDV DOPRVW VDPH DV WKH VWDQGDUG UHDFWLRQ RI '0(

V\QWKHVLV �)LJ� �� DW WKH EHJLQQLQJ� EXW GHFUHDVHG JUDGXDOO\ IURP

��� WR ��� ZLWK WLPH RQ VWUHDP� &RQWUDU\ WR WKLV� &2� VHOHFWLYLW\

LQFUHDVHG IURP ��� WR ���� &X�=Q2�$O�2� LV NQRZQ WR FDWDO\]H

ERWK WKH PHWKDQRO V\QWKHVLV DQG WKH :*65� :KHQ WKH DPRXQW RI

+�2 LQ WKH UHDFWLRQ V\VWHP ZDV QHJOLJLEOH� +� FRXOG EH HDVLO\ DG�

VRUEHG RQ WKH VXUIDFH RI WKH FDWDO\VW� WKXV PHWKDQRO IRUPDWLRQ SUR�

FHHGHG� 2Q WKH RWKHU KDQG� ZKHQ+�2ZDV DGVRUEHG RQ WKH FDWDO\VW�

+� FRXOG QRW EH HDVLO\ DGVRUEHG RQ WKH FDWDO\VW VXUIDFH� VR PHWKD�

QRO IRUPDWLRQ ZDV GHSUHVVHG� ,Q RWKHU ZRUGV� :*65 SURFHHGHG

ZLWK WKH DGVRUEHG+�2DOORZLQJ DQ LQFUHDVH RI &2� IRUPDWLRQ�7KHUH�

IRUH� ZH FRXOG FRQFOXGH WKDW +�2 IRUPHG GXULQJ WKH UHDFWLRQ FRXOG

VXSSUHVV WKH PHWKDQRO IRUPDWLRQ�

7KH HIIHFW RI DGVRUEHG ZDWHU RQ '0( V\QWKHVLV RYHU &X�=Q2�

$O�2� DQG γ�$O�2� LV VKRZQ LQ )LJ� �� :KHQ ZDWHU ZDV DGVRUEHG

RQ WKH PHWKDQRO V\QWKHVLV FDWDO\VW RQO\� &2 FRQYHUVLRQ GHFUHDVHG

IURP ��� WR ���� ZKLOH '0( VHOHFWLYLW\ UHDFKHG ���� ZKLFK LQ�

GLFDWHV WKDW RQFH PHWKDQRO IRUPHG LW FRXOG EH HDVLO\ FRQYHUWHG WR

'0( RQ WKH VXUIDFH RI γ�$O�2�� 6R LQ WKLV FDVH� WKH IRUPDWLRQ RI

'0( ZDV OLPLWHG E\ WKH IRUPDWLRQ RI PHWKDQRO�

:KHQ ZDWHU ZDV DGVRUEHG RQO\ RQ WKH GHK\GUDWLRQ FDWDO\VW �γ�
$O�2��� RQO\ PHWKDQRO ZDV IRUPHG ZLWK D GHFUHDVH RI WKH IRUPD�

WLRQ UDWH� 7KLV PHDQV WKDW ZDWHU DIIHFWHG WKH FDWDO\WLF DFWLYLW\ RI WKH

GHK\GUDWLRQ FDWDO\VW� ZKLFK KDV EHHQ UHSRUWHG LQ VHYHUDO VWXGLHV >,QXL

HW DO�� ����� 7DNHJXFKL HW DO�� ����� 6RILDQRV HW DO�� ����@� $QG ILQDOO\�

ZKHQ ZDWHU ZDV DGVRUEHG RQ ERWK WKH PHWKDQRO V\QWKHVLV FDWDO\VW

DQG WKH GHK\GUDWLQJ FDWDO\VW� QR UHDFWLRQ RFFXUUHG�

)URP WKH H[SHULPHQWV IRU WKH HIIHFWV RI ZDWHU RQ WKH FDWDO\WLF

DFWLYLWLHV� LW ZDV YHULILHG WKDW ZDWHU IRUPHG GXULQJ WKH UHDFWLRQZRXOG

LQIOXHQFH WKH DFWLYLW\ RI WKH GHK\GUDWLRQ FDWDO\VW DV ZHOO DV WKH PHWK�

DQRO V\QWKHVLV FDWDO\VW� 7KHUHIRUH� WKH UHPRYDO RI ZDWHU ZDV D NH\

IDFWRU WR LQFUHDVH WKH FRQYHUVLRQ RI &2 WR WKH OHYHO RI WKH HTXLOLE�

ULXP FRQYHUVLRQ�

$V D GLUHFW PHWKRG WR UHPRYH ZDWHU IRUPHG GXULQJ WKH UHDFWLRQ�

0J62�ZDV HPSOR\HG DV GHK\GUDWLQJ DJHQW ZLWK WKH FDWDO\VWV� 7KH

UHDFWLRQ UHVXOW LV UHSUHVHQWHG LQ )LJ� ��:KHQ WKH GHK\GUDWLQJ DJHQW

ZDV ORDGHG� &2 FRQYHUVLRQ ZDV YHU\ KLJK DW WKH EHJLQQLQJ EXW GH�

FUHDVHG TXLFNO\ WR WKH OHYHO RI WKH VWDQGDUG FRQGLWLRQ �)LJ� ��� 6LQFH

WKH DPRXQW RI ZDWHU IRUPHG GXULQJ WKH UHDFWLRQ ZDV ODUJHU WKDQ WKH

FDSDELOLW\ RI WKH GHK\GUDWLQJ DJHQW� WKH DELOLW\ RI GHK\GUDWLQJ DJHQW

VXGGHQO\ GHFUHDVHG ZKHQ VDWXUDWHG E\ ZDWHU� +RZHYHU� LW VKRXOG

EH QRWHG WKDW &2 FRQYHUVLRQ FRXOG EH LQFUHDVHG E\ UHPRYLQJZDWHU�

)LJ� ��0HWKDQRO V\QWKHVLV UHDFWLRQ RYHU &X�=Q2�$O�2� ���� J� SUH�

WUHDWHG E\ ZDWHU�

)LJ� �� '0( V\QWKHVLV UHDFWLRQ RYHU &X�=Q2�$O�2� ���� J��γ�$O�2�

����J�� ZKHUH WKH RQO\ RQH FDWDO\VW ZDV SUHWUHDWHG E\ZDWHU�

)LJ� �� '0( V\QWKHVLV IURP V\QJDV ZLWK WKH GHK\GUDWLQJ DJHQW
�&X�=Q2�$O�2� ��� J�γ�$O�2� ��� J��

)LJ� �� (IIHFW RI DPRXQW RI WKHPHWKDQRO V\QWKHVLV FDWDO\VW LQ '0(

V\QWKHVLV IURP V\QJDV �γ�$O�2�� ��� J� IHHG IORZ UDWH� ���PO�
PLQ��



(IIHFW RI :DWHU RQ /LTXLG 3KDVH '0( 6\QWKHVLV IURP 6\QJDV RYHU +\EULG &DWDO\VWV &RPSRVHG RI &X�=Q2�$O�2� DQG γ�$O�2� ���

.RUHDQ -� &KHP� (QJ��9RO� ��� 1R� ��

7KH HIIHFW RI DPRXQW RI WKH PHWKDQRO V\QWKHVLV FDWDO\VW ZDV LQ�

YHVWLJDWHG� 7KH DPRXQW RI WKH GHK\GUDWLRQ FDWDO\VW ZDV NHSW FRQ�

VWDQW DW ��� J ZKLOH WKH DPRXQW RI WKH PHWKDQRO V\QWKHVLV FDWDO\VW

ZDV YDULHG IURP ���J WR ���J� $V VKRZQ LQ )LJ� �� ZKHQ WKH DPRXQW

RI WKH PHWKDQRO V\QWKHVLV FDWDO\VW ZDV GLPLQLVKHG WR ��� J� WKH &2

FRQYHUVLRQ LQFUHDVHG� 6RPH LQGXFWLRQ SHULRG ZDV REVHUYHG LQ WKLV

FDVH� EXW WKH VWHDG\ VWDWH FRQYHUVLRQ ZDV FOHDUO\ KLJKHU WKDQ WKDW RI

WKH VWDQGDUG FRQGLWLRQ� 7KH KLJKHU FDWDO\WLF DFWLYLW\ ZLWK VPDOOHU

DPRXQW RI PHWKDQRO V\QWKHVLV FDWDO\VW FDQ EH H[SODLQHG DV IROORZV�

0HWKDQRO IRUPDWLRQ UDWH YLD &2� K\GURJHQDWLRQ ZDV FRQWUROOHG E\

GLPLQLVKLQJ WKH DPRXQW RI WKH PHWKDQRO V\QWKHVLV FDWDO\VW� ZKLFK

GHFUHDVHG WKH DPRXQW RI ZDWHU SURGXFHG� DQG ILQDOO\ DOORZHG KLJKHU

FRQYHUVLRQ WR '0(�

:LWK FRQVLGHULQJ WKLV DVSHFW� WKH HIIHFW RI IHHG IORZ UDWH ZDV LQ�

YHVWLJDWHG� 7KH UHVXOW LV VKRZQ LQ )LJ� �� :KHQ WKH IHHG IORZ UDWH

GHFUHDVHG� &2 FRQYHUVLRQ ZDV LPSURYHG� $W WKH IORZ UDWH RI ��PO�

PLQ� VWHDG\�VWDWH &2 FRQYHUVLRQ DOPRVW UHDFKHG WKH HTXLOLEULXP

FRQYHUVLRQ� 0HWKDQRO IRUPDWLRQ UDWH PLJKW EH FRQWUROOHG WR VXS�

SUHVV WKH IRUPDWLRQ RI ZDWHU E\ GHFUHDVLQJ WKH IHHG IORZ UDWH� 0DVV

WUDQVIHU RI ZDWHU IRUPHG PLJKW EH LQIOXHQFHG E\ GHFUHDVLQJ WKH

IHHG IORZ UDWH� DV ZHOO�

&21&/86,216

)RU '0( V\QWKHVLV UHDFWLRQ IURP V\QJDV LQ D VLQJOH�VWDJH OLTXLG

SKDVH UHDFWRU� ZDWHU SURGXFHG GXULQJ WKH UHDFWLRQ DIIHFWHG ERWK WKH

DFWLYLW\ RI WKH PHWKDQRO V\QWKHVLV FDWDO\VW DQG WKH GHK\GUDWLRQ FDW�

DO\VW� (PSOR\LQJ D GHK\GUDWLQJ DJHQW ZDV HIIHFWLYH IRU DQ LQVWDQW

WR UHPRYH ZDWHU� EXW LW FRXOG QRW EH FRQWLQXHG IRU ORQJ GXH WR WKH

OLPLWHG FDSDFLW\� %\ GLPLQLVKLQJ WKH DPRXQW RI PHWKDQRO V\QWKHVLV

FDWDO\VW DQG WKH IHHG IORZ UDWH� PHWKDQRO IRUPDWLRQ UDWH FRXOG EH

FRQWUROOHG DQG WKH IRUPDWLRQ RI ZDWHU ZDV VXSSUHVVHG� ZKLFK LQ�

FUHDVHG WKH VWHDG\�VWDWH &2 FRQYHUVLRQ QHDUO\ WR WKH HTXLOLEULXP

FRQYHUVLRQ�

$&.12:/('*(0(176

)LQDQFLDO VXSSRUW E\ WKH *UDQW�LQ�DLG IURP .RUHD (QHUJ\ 0DQ�

DJHPHQW &RUSRUDWLRQ LV KLJKO\ DSSUHFLDWHG� .��<� /HH DOVR DSSUHFL�

DWHV WKH VXSSRUW E\ UHVHDUFK JUDQWV IURP WKH .RUHD 6FLHQFH DQG

(QJLQHHULQJ )RXQGDWLRQ �.26()� WKURXJK WKH $SSOLHG 5KHRORJ\

&HQWHU �$5&� DW .RUHD 8QLYHUVLW\�

5()(5(1&(6

%URZQ� '�0�� %KDWW� %� /�� +VLXQJ� 7�+�� /HZQDUG� -� -� DQG :DOOHU�

)� -�� ³1RYHO 7HFKQRORJ\ IRU WKH 6\QWKHVLV RI 'LPHWK\O (WKHU IURP

6\QJDV�́ &DWDO� 7RGD\� �� ��� �������

&KDGZLFN� $�� 1J� .� /� DQG 7RVHODQG� %�$�� ³.LQHWLFV DQG0RGHOLQJ

RI 'LPHWK\O (WKHU 6\QWKHVLV IURP 6\QWKHVLV *DV�́ &KHP� (QJ� 6FL��

��� ���� �������

&KRL� +� 6�� 6KHQ� :� -�� -XQ� .�:� DQG /HH� .�:�� ³7KHUPRG\QDPLF

,QYHVWLJDWLRQ RI0HWKDQRO DQG 'LPHWK\O (WKHU 6\QWKHVLV IURP &2�

+\GURJHQDWLRQ�́ .RUHDQ -� &KHP� (QJ�� ��� ��� �������

,QXL� 7� DQG /L� -� /�� ³&KDUDFWHUL]DWLRQ RI 3UHFXUVRUV RI0HWKDQRO 6\Q�

WKHVLV&DWDO\VWV�&RSSHU�=LQF�$OXPLQXP2[LGHV� 3UHFLSLWDWHG DW'LI�

IHUHQW S+V DQG 7HPSHUDWXUHV�́ $SSO� &DWDO� $� *HQ�� ���� ���

�������

,QXL� 7�� /L� -� /� DQG=KDQJ�;�*�� ³,PSURYHPHQW LQ WKH&DWDO\VW$FWLY�

LW\ IRU 'LUHFW 6\QWKHVLV RI 'LPHWK\O (WKHU IURP 6\QWKHVLV *DV

WKURXJK (QKDQFLQJ WKH 'LVSHUVLRQ RI &X2�=Q2�γ�$O�2� LQ +\EULG

&DWDO\VWV�́ $SSO� &DWDO $� *HQ�� ���� �� �������

/HH� -� 6� DQG /HH� .�+�� ³(IIHFWV RI &DWDO\VW &RPSRVLWLRQ RQ0HWKD�

QRO 6\QWKHVLV IURP&2��+��́ .RUHDQ -�&KHP� (QJ�� ��� ��� �������

/HH� -� 6�� +DQ� 6�+�� .LP� +�*�� /HH� .�+� DQG .LP� <�*�� ³(IIHFWV

RI6SDFH9HORFLW\ RQ0HWKDQRO6\QWKHVLV IURP&2��&2�+�RYHU&X2�

=Q2�$O�2� &DWDO\VW�́ .RUHDQ -� &KHP� (QJ�� ��� ��� �������

/HH� .�<�� .LP�+� -� DQG -XQJ� +�� ³/LTXLG 3KDVH0HWKDQRO 6\QWKHVLV

IURP 6\QJDV RYHU 9�PRGLILHG &X�=Q2�$O�2� &DWDO\VWV�́ ��WK 0HHW�

LQJ RI WKH 1RUWK $PHULFDQ &DWDO\VLV 6RFLHW\ 3RVWHU 3URJUDP� 3,,�

���� 86$ �������

3HQJ� ;�'�� 7RVHODQG� %�$� DQG 8QGHUZRRG� 5� 3�� ³3URJUHVV LQ WKH

'HYHORSPHQW RI /3'0( 3URFHVV� &DWDO\VWV 'HDFWLYDWLRQ�́ 3URFHHG�

LQJV RI WKH&RDO /LTXHIDFWLRQ	*DV&RQYHUVLRQ&RQWUDFWRUV5HYLHZ

&RQIHUHQFH� 3LWWVEXUJK �������

3HQJ� ;�'�� 7RVHODQG� %�$��:DQJ� $�:� DQG 3DUULV� *� (�� ³3URJUHVV

LQ WKH 'HYHORSPHQW RI /3'0( 3URFHVV� .LQHWLFV DQG &DWDO\VWV�́

3URFHHGLQJV RI WKH &RDO /LTXHIDFWLRQ 	 6ROLG )XHOV &RQWUDFWRUV

5HYLHZ &RQIHUHQFH� 3LWWVEXUJK �������

3HQJ�;�'�� 7RVHODQG� %�$� DQG7LMP� 3� -�$�� ³.LQHWLF8QGHUVWDQGLQJ

RI WKH &KHPLFDO 6\QHUJ\ XQGHU /3'0(70 &RQGLWLRQV 2QFH�

7KURXJK $SSOLFDWLRQV�́ &KHP� (QJ� 6FL�� ��� ���� �������

6KLNDGD�7��2KQR�<��2JDZD�7��2QR�0��0L]XJXFKL�0��7RPXUD� .�

DQG )XMLPRWR� .�� ³'LUHFW 6\QWKHVLV RI 'LPHWK\O (WKHU IURP 6\Q�

WKHVLV *DV�́ 6WXG� 6XUI� 6FL� &DWDO�� ���� ��� �������

6RILDQRV� $� &� DQG 6FXUUHOO� 0� 6�� ³&RQYHUVLRQ RI 6\QWKHVLV *DV WR

'LPHWK\O (WKHU RYHU %LIXQFWLRQDO &DWDO\WLF 6\VWHPV�́ ,QG� (QJ�

&KHP� 5HV�� ��� ���� �������

7DNHJXFKL� 7�� <DQDJLVDZD� .�� ,QXL� 7� DQG ,QRXH� 0�� ³(IIHFW RI WKH

3URSHUW\ RI 6ROLG$FLG XSRQ 6\QJDV�WR�'LPHWK\O (WKHU &RQYHUVLRQ

RQ WKH +\EULG &DWDO\VWV &RPSRVHG RI &X�=Q�*D DQG 6ROLG $FLGV�́

$SSO� &DWDO� $� *HQ�� ���� ��� �������

)LJ� �� (IIHFW RI IHHG IORZ UDWH LQ '0( V\QWKHVLV IURP V\QJDV
�&X�=Q2�$O�2� ��� J�γ�$O�2� ��� J��


