
��� -2851$/�2)�62/,'�:$67(�7(&+12/2*<�$1'�0$1$*(0(17���������92/80(�����12������������$8*867�����

5(0(',$7,21�2)�'8036,7(�/($&+$7(�&217$0,1$176
%<�&2$*8/$7,21�$1'�&203/(;$7,21

$�0� 7DLZR�
��$��%HOOR���$�7��7RZRODZL���-�$��2\HGHSR�� <�2��.KDQLDEDGL�

�'HSDUWPHQW�RI�(QYLURQPHQWDO�0DQDJHPHQW�DQG�7R[LFRORJ\�
)HGHUDO�8QLYHUVLW\�RI $JULFXOWXUH��30%�������$EHRNXWD��2JXQ�6WDWH��1LJHULD

�'HSDUWPHQW�RI�(QYLURQPHQWDO�+HDOWK�(QJLQHHULQJ��+HDOWK�&DUH�6\VWHP�RI�.DURRQ�
$KYD]�-XQGLVKDSXU�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��$KYD]��,UDQ

WDLZRDP#IXQDDE�HGX�QJ��WDLZRDGHPDW#JPDLO�FRP� ��������������

$%675$&7

/HDFKDWH�LV�D�PDMRU�WKUHDW� WR�JURXQGZDWHU�TXDOLW\�DQG�HFRV\VWHP��7KH�SUHVHQW�VWXG\�DGRSWHG
IRXU VHOHFWHG� FRDJXODQWV �LQRUJDQLF�� $O��62��� >$OXP@�� )H&O��� )H62�� ELRORJLFDO�� 0RULQJD
ROHLIHUD� DQG�D�FRPSOH[LQJ DJHQW��HWK\OHQHGLDPLQHWHWUDDFHWLF�DFLG ('7$� WR�UHPHGLDWH�OHDFKD�
WHV FROOHFWHG�IURP�WZR�GXPSVLWHV�LQ�$EHRNXWD��7KH�OHDFKDWH�VDPSOHV�ZHUH�VXEMHFWHG�WR�FKHPL�
FDO�DQG�KHDY\�PHWDO DQDO\VHV�XVLQJ�WKH�$PHULFDQ�3XEOLF�+HDOWK�$VVRFLDWLRQ �$3+$��VWDQGDUG�
PHWKRG��7KH�GDWD�REWDLQHG�ZHUH�HYDOXDWHG�IRU VLPSOH�GHVFULSWLYH�VWDWLVWLFV��PHDQ�DQG�VWDQGDUG�
GHYLDWLRQ� XVLQJ�6366�IRU�:LQGRZV��7KH�UHVXOWV�LQGLFDWHG�WKDW�H[FHSW�IRU�)H�DQG�1L��PHWDO�YDO�
XHV� LQ�ERWK�UDZ�DQG�WUHDWHG� OHDFKDWHV�ZHUH�JHQHUDOO\�KLJKHU�WKDQ�WKH�SHUPLVVLEOH�VWDQGDUG�RI�
WKH� 1DWLRQDO� (QYLURQPHQW� 0DQDJHPHQW� $XWKRULW\ �1(0$��� 7KH� VWXG\� UHYHDOHG� WKDW� GHVSLWH�
WUHDWPHQW��WKH�YDOXHV�RI�PHWDOV�LQ�WUHDWHG�OHDFKDWHV�ZHUH�VWLOO�LVVXHV�RI�HQYLURQPHQWDO�FRQFHUQV��
7KH� UHGXFWLRQ� GDWD� UHYHDOHG� VXEVWDQWLDO UHPRYDO� RI�(&�DQG�7'6 ������� &O� ���������� DQG�
62�

�� ���������LQ�OHDFKDWHV��7KH�SUHVHQW�VWXG\ DOVR�UHYHDOHG�WKDW�HDFK�FRDJXODQW�KDV YDULHG
DIILQLW\� IRU� UHPRYDO� RI GLIIHUHQW� SDUDPHWHUV� LQ� WKH� OHDFKDWH�� $PRQJ� WKH� FRDJXODQWV��0RULQJD�
ROHLIHUD VKRZHG�WKH�KLJKHVW ��UHPRYDO HIILFLHQF\ IRU &G����������DQG�1L�����������ZKLOH�('7$
VKRZHG� WKH� ORZHVW� UHPRYLQJ� DELOLW\ IRU &G� ��������$OO� WKH� UHPHGLDWLQJ� DJHQWV HIIHFWLYHO\ UH�
GXFHG WKH�FKHPLFDO�FRQWDPLQDQWV�LQ�OHDFKDWH VDPSOHV WR�DSSUHFLDWH�OHYHOV�

.H\ZRUGV��&RDJXODQWV��('7$��/HDFKDWH� GXPSVLWH��FKHPLFDO�SDUDPHWHUV��UHPHGLDWLRQ

,1752'8&7,21

/HDFKDWH� LV� WKH� OLTXLG� SURGXFHG� IURP� GHFRPSRVLWLRQ� RI�
ODQGILOO�ZDVWH�DQG�ELRGHJUDGDWLRQ�SURFHVV�>�@��7KLV� LV XVXDOO\
DLGHG�E\�KXPLGLW\� ZDWHU�FRQWHQWV�RI�UHVLGXDO�RUJDQLF�PDWWHU�
LQ�FRPSDUWPHQW�OD\HUV�DQG FRQWUROOHG� IDFWRUV� LQFOXGLQJ HQYL�
URQPHQWDO� FRQGLWLRQV�� ODQGILOO� RSHUDWLRQDO� PDQDJHPHQW� DQG�
GHFRPSRVLWLRQ� G\QDPLVP�ZLWKLQ� WKH� FRPSDUWPHQWV� >�@��7KH�

IDFWRUV� ZKLFK� GHWHUPLQH� OHDFKDWH� FKDUDFWHULVWLFV� YDU\� ZLWK�
UHVSHFW� WR�LWV�FRPSRVLWLRQ� YROXPH DQG�ELRGHJUDGDEOH�PDWWHU�
DJDLQVW� WLPH�>����@��7KH�FKDUDFWHULVWLFV�RI� OHDFKDWH�DUH�GHWHU�
PLQHG�E\�WKH�GXPSVLWH DJH� IRU�H[DPSOH��\RXQJ �����\HDUV���
LQWHUPHGLDWH� ����� \HDUV�� DQG� VWDELOL]HG� �!� ��� \HDUV�� >��� �@�
,QDSSURSULDWH�KDQGOLQJ�RI� ODQGILOO� LQIOXHQFHV�HFRORJLFDO� ULVNV�
GXH� WR� OHDFKDWH� JHQHUDWLRQ� DQG� GLVFKDUJH� WKDW SHUFRODWH WKH�
VXE�VRLO ZLWK�UHVXOWDQW�DGYHUVH�HIIHFWV�RQ�JURXQG�DQG�VXUIDFH�
ZDWHUV >����@� /HDFKDWH� IURP�GXPSVLWHV�DQG� ODQGILOOV� KDG UH�
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SRUWHGO\� VWUHDPHG� WKURXJK� WKH� SDGG\� ILHOGV� RQWR� WKH� QHDUE\�
ZDWHU� VRXUFHV� ZKHUH� LW� FDXVHG VXUIDFH ZDWHU SROOXWLRQ� >�@��
7KH� LQILOWUDWLRQ� RI� OHDFKDWH� LQWR WKH�ZDWHU� WDEOH� DQG�PL[LQJ�
ZLWK�JURXQGZDWHU�VRXUFH�PD\�UHVXOW� LQWR IRUPDWLRQ�RI�SROOX�
WLRQ� SOXPH� ZKLFK� PD\� VSUHDG LQ� WKH� IORZLQJ� JURXQGZDWHU�
GLUHFWLRQ�>��@��7KH�SUHVHQFH�RI�SROOXWLQJ�DQG�WR[LF�VXEVWDQFHV�
LQ�OHDFKDWH�PD\�LQLWLDWH�QXPHURXV�HFRWR[LFRORJLFDO�DQG�KHDOWK�
LOO�HIIHFWV >���� ��@�� 7KH� IRXU� PDMRU� FRQVWLWXHQWV� RI� OHDFKDWH�
DUH� GLVVROYHG� RUJDQLF� PDWWHU�� LQRUJDQLF� PDFUR�FRPSRQHQWV��
KHDY\� PHWDOV� DQG� [HQRELRWLF� RUJDQLF� FRPSRXQGV� >��@�� 7KH�
KXPDQ�KHDOWK�HIIHFWV�RI� WKH� WR[LF� VXEVWDQFHV� LQ� OHDFKDWH�KDG�
EHHQ�DVVHVVHG�E\�6ZDWL�HW�DO�� >��@��,W�LV�WKHUHIRUH�LPSRUWDQW�WR�
KDQGOH� OHDFKDWH PDQDJHPHQW� SURSHUO\� WR� DYRLG� SROOXWLRQ� RI�
ZDWHU�DQG�VRLOV >��@��7KH�SUHVHQW�ZHDN UHJXODWLRQ�� ORZ�WHFK�
QRORJ\� NQRZ�KRZ DQG� TXDQWLW\� RI� OHDFKDWH� JHQHUDWHG GDLO\�
IURP� GXPSVLWHV� LQ� WKH� GHYHORSLQJ� FRXQWULHV� DUH� PDMRU� FRQ�
WULEXWRUV WR�HFRORJLFDO�WR[LFLW\�>������@�

7KH GLIIHUHQW� UHPHGLDWLRQ� PHWKRGV� RI� OHDFKDWH�HIIOXHQWV
IRU�SROOXWDQWV�DUH FRDJXODWLRQ� IORFFXODWLRQ��SUHFLSLWDWLRQ�SUR�
FHVVHV�� LRQ�H[FKDQJH�� DGVRUSWLRQ�� PHPEUDQH� ILOWUDWLRQ�� VHGL�
PHQWDWLRQ DQG� HOHFWURFKHPLFDO >�����@� 7KH� DSSURSULDWH�
PHWKRG� IRU� UHPHGLDWLRQ� GHSHQGV� RQ� WKH� FKDUDFWHULVWLFV� RI�
OHDFKDWH� KRZHYHU��FRDJXODWLRQ�RU�IORFFXODWLRQ�SURFHVV� LV�RQH�
RI�WKH�PRVW�HIILFLHQW WHFKQLTXHV�>��@��7KHVH�UHPHGLDWLQJ�SUR�
FHVVHV� PD\� EH� FODVVLILHG� EURDGO\� LQWR� ELRORJLFDO� DQG� SK\VL�
FDO�FKHPLFDO�WHFKQRORJLHV� EXW�FRPELQDWLRQ�RI�WKH�WZR�PHWK�
RGV�PD\�EH�DGRSWHG�GHSHQGLQJ�RQ�WKH�VFDOHV DQG�JRDOV�>��@��

&RDJXODWLRQ�RU�IORFFXODWLRQ�LV�D�SK\VLFR�FKHPLFDO�SURFHVV�
HIILFLHQW�IRU�UHPRYLQJ VXVSHQGHG�DQG�FROORLGDO�SDUWLFOHV >��@��
7KH� VWXG\ RQ� FRPSDUDWLYH� HIILFLHQF\�RI� FRDJXODQWV� UHYHDOHG
WKDW�D�QXPEHU�RI�FRDJXODQWV�PD\�OHDG�WR EHWWHU�UHVXOWV >��@� ,Q�
SUHYLRXV� VWXGLHV�� WKH� HIIHFWLYHQHVV� RI� FKHPLFDO� FRDJXODQWV�
VXFK�DV�DOXPLQXP�VXOIDWH� IHUURXV�VXOIDWH� DOXPLQXP�FKORULGH��
DQG IHUULF�FKORULGH�KDV EHHQ�FRPSDUHG� >������@� 7KH�XVH�RI�
0RULQJD� ROHLIHUD VHHG� DV� D� QDWXUDO� FRDJXODWLQJ DJHQW� IRU�
OHDFKDWH� WUHDWPHQW� LV� EHFRPLQJ� PRUH� SRSXODU� >��@� 6HYHUDO�
VWXGLHV KDYH LQYHVWLJDWHG� WKH� HIILFLHQW DSSOLFDWLRQV� RI�
0RULQJD�ROHtIHUD VHHG�IRU�OHDFKDWH�WUHDWPHQW�>�����@� ('7$�
KDV� DOVR� EHHQ� SURYHG� WR� EH� DQ� HIIHFWLYH� PHWKRG� RI� UH�
PRYLQJ KHDY\� PHWDOV� LQ� SROOXWHG� VDPSOHV� GXH� WR� LWV�
VWURQJ�FRPSOH[LQJ�DELOLW\� >��@��+RZHYHU��PXFK�KDV� QRW�
EHHQ�GRQH�RQ� WKH�UHPRYDO�HIILFLHQF\�RI�PHWDOV LQ� OHDFK�
DWH XVLQJ� ('7$� 7KH� IHZ�VWXGLHV�RQ� WKH�XVH�RI�('7$� IRU�
PHWDO� UHPRYDO�ZHUH� FRQGXFWHG� RQ� VRLOV >�����@�� 7KH� REMHF�
WLYH�RI�WKLV�VWXG\�LV�WR�UHPHGLDWH�GXPSVLWH�OHDFKDWH�XVLQJ�GLI�
IHUHQW�FRDJXODQWV DQG�('7$�

0$7(5,$/6�$1'�0(7+2'6

/HDFKDWH�FROOHFWLRQ�DQG�DQDO\VLV

/HDFKDWH�VDPSOHV ZHUH�FROOHFWHG�LQ�6HSWHPEHU����� IURP�
WZR�PDMRU�GXPSVLWHV�LQ�$EHRNXWD��6DPSOHV�ZHUH�FROOHFWHG�LQ�
��� /� SODVWLF� NHJV� DQG� WUDQVSRUWHG WR� WKH� /DERUDWRU\� RI� WKH�
'HSDUWPHQW�RI�(QYLURQPHQWDO�0DQDJHPHQW�DQG�7R[LFRORJ\��
)HGHUDO�8QLYHUVLW\� RI�$JULFXOWXUH��$EHRNXWD��/HDFKDWH� VDP�
SOHV�ZHUH UHIULJHUDWHG�DW���&�LQ�WKH�GDUN�LQ�RUGHU�WR�PLQLPL]H�

OHDFKDWH� GHFRPSRVLWLRQ� GXH� WR� PLFURELDO� DFWLYLW\� >���� ��@�
5DZ�OHDFKDWH�VDPSOHV�ZHUH�GHWHUPLQHG�IRU� LPSRUWDQW�FKHPL�
FDO� SDUDPHWHUV� XVLQJ� VWDQGDUG� SURFHGXUH� >��@�� 7KH� OHDFKDWH�
VDPSOHV� ZHUH� WUHDWHG� ZLWK� IRXU� FRDJXODQWV� DQG� ('7$� SUH�
SDUHG� LQ WKH� YDU\LQJ� FRQFHQWUDWLRQ GRVHV� RI� ������ ����� DQG�
�����PJ�/��7KH�FKHPLFDO�SDUDPHWHUV GHWHUPLQHG�LQ�OHDFKDWHV
ZHUH S+�� HOHFWULFDO� FRQGXFWLYLW\� �(&��� WRWDO� GLVVROYHG� VROLG�
�7'6���FKORULGH��QLWUDWH��VXOSKDWH��SKRVSKDWH DQG�KHDY\�PHW�
DOV� �&G��&U��)H��3E��0Q��1L��� S+��(&�DQG�7'6�ZHUH�GHWHU�
PLQHG�HOHFWURFKHPLFDOO\�XVLQJ�WKH�FRPELQHG�S+�7'6�DQG�(&�
WHVWHU �+,�������+DQQD���7KH�ZDWHU� VROXEOH� LRQV� �&O���12�

���
62�

����32�
����ZHUH�DQDO\]HG�XVLQJ�VSHFWURSKRWRPHWULF PHWKRG

�+DFK�'5�������8.�� ZKLOH�PHWDOV�ZHUH�DQDO\]HG�XVLQJ�WKH�
$WRPLF� $EVRUSWLRQ� 6SHFWURSKRWRPHWU\� �$$6�� %XON� 6FLHQ�
WLILF�� �������9*S�� &7�� 86$�� %HIRUH� WKH� GHWHUPLQDWLRQ� RI�
KHDY\� PHWDOV�� OHDFKDWH� VDPSOHV� ZHUH� GLJHVWHG� ZLWK� FRQFHQ�
WUDWHG�+12� E\�PHDVXULQJ� ����P/�RI� OHDFKDWH� LQWR� D� FOHDQ�
SUHZDVKHG�FRQLFDO�IODVN�IROORZHG�E\�DGGLWLRQ�RI����P/�FRQ�
FHQWUDWHG� +12�� �6LJPD�$OGULFK� &KHPLH *PE+�� 'DUPVWDGW��
*HUPDQ\��DQG�WKHQ�KHDWHG�RQ�D�KRWSODWH�IRU����PLQXWHV��7KH�
GLJHVWHG�VDPSOHV�ZHUH�ILOWHUHG�XVLQJ�:KDWPDQ�ILOWHU�SDSHU RI
�����P�SRUH�VL]H� 7KH�GLJHVWHG�H[WUDFW�ZDV�VHQW�WR�WKH�&HQWUDO�
/DERUDWRU\�RI�8QLYHUVLW\�RI�,EDGDQ�IRU�$$6��$$6��%XON�6FL�
HQWLILF�� �������9*S�� &7�� 86$�� DQDO\VLV� 7KH� $$6� LQVWUX�
PHQW�ZDV�FDOLEUDWHG�ZLWK�VHULHV�RI�VWDQGDUG�VROXWLRQV��&G��&U��
)H�� 3E�� 0Q�� 1L�� SUHSDUHG� LQ� WKH� FRQFHQWUDWLRQ� UDQJH� RI� �±
�����PJ�/���� WR�REWDLQ�WKH�FDOLEUDWLRQ�FXUYHV� &KHPLFDO�UHD�
JHQWV�XVHG�IRU�PHWDO�DQDO\VLV�ZHUH�RI�$QDO\WLFDO�*UDGH��6LJ�
PD�$OGULFK� &KHPLH *PE+� 'DUPVWDGW�� *HUPDQ\��� %ODQN�
VDPSOHV� ZHUH� DOVR� DQDO\]HG� WR� FDQFHO� WKH� PDWUL[� HIIHFWV� RI�
H[WUDFWLQJ� UHDJHQWV�DQG� WR�FDOFXODWH� WKH� OLPLW�RI� GHWHFWLRQ�RI�
LQVWUXPHQWV�DV���[�VWDQGDUG�GHYLDWLRQ�>��@�

3UHSDUDWLRQ RI�FRDJXODWLQJ�('7$
WUHDWPHQWV

7KH�0RULQJD� ROHLIHUD VHHGV� ZHUH� DLU�GULHG�� VKHOOHG� DQG�
SXOYHUL]HG ZLWK�HOHFWULF�EOHQGHU� >��@��7KH�GRVDJH� WUHDWPHQWV�
RI� ������ ����� DQG� ����� PJ�/� ZHUH� SUHSDUHG� E\� ZHLJKLQJ�
H[DFWO\� ��� � DQG� �� J� RI�0RULQJD� ROHLIHUD LQWR� �� /� RI� UDZ�
OHDFKDWH VDPSOHV��6LPLODUO\��RWKHU�WUHDWPHQW GRVHV� IRU�$OXP��
)H&O��� )H62� DQG�('7$�ZHUH� SUHSDUHG� LQ� WKH� YDU\LQJ� FRQ�
FHQWUDWLRQV RI� ������ ����� DQG� ����� PJ�/�� (DFK� WUHDWPHQW�
ZDV� UHSOLFDWHG� VL[ WLPHV�� 7KH� H[SHULPHQWDO� VHWXSV� ZHUH�
VWLUUHG� IRU��� KRXU�DQG� OHIW� IRU���� KRXUV��$IWHU� WUHDWPHQW� WKH�
PL[WXUH�ZDV� ILOWHUHG�ZLWK�:KDWPDQ� ILOWHU�SDSHU� RI�SRUH� VL]H�
���� ȝP� >��@� 7KH� WUHDWHG� OHDFKDWHV� ZHUH� WKHQ� VXEMHFWHG� WR�
FKHPLFDO�DQDO\VLV�

'DWD�DQDO\VLV�

'DWD�FROOHFWHG�ZHUH�HYDOXDWHG� IRU� VLPSOH�GHVFULSWLYH� VWD�
WLVWLFV� �0HDQ� DQG� 6WDQGDUG� GHYLDWLRQ�� XVLQJ� 6366� IRU�:LQ�
GRZ�YHUVLRQ������ 7KH�SHUFHQW UHGXFWLRQ�RI� OHDFKDWH�SDUDPH�
WHUV�ZHUH�FDOFXODWHG�DV�

� 5HGXFWLRQ  � [ ��� >��@
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:KHUH� ;L DQG�;I UHIHU�WR�WKH�LQLWLDO�DQG�ILQDO�YDOXHV�RI�PHDV�
XUHG�SDUDPHWHUV� UHVSHFWLYHO\�

5(68/76�$1'�',6&866,21

&KHPLFDO�SDUDPHWHUV�RI�OHDFKDWHV�EHIRUH�
DQG�DIWHU WUHDWPHQW

5HVXOWV� RI� WKH� FKHPLFDO� SURSHUWLHV� RI� ERWK� WKH� UDZ� DQG�
WUHDWHG�OHDFKDWH�VDPSOHV�DUH�SUHVHQWHG�LQ�7DEOH��� 7KH�S+�RI�
WKH� UDZ� OHDFKDWH�ZDV����������� LQGLFDWLQJ�DQ�DONDOLQH�PHGL�
XP��7KLV�S+�YDOXH�ZDV�VLPLODU�WR�WKH�S+�UDQJH�RI������� �����
UHSRUWHG E\�2MRDZR�HW�DO�� >��@ LQ�OHDFKDWH�VDPSOHV�FROOHFWHG�
IURP�GXPSVLWHV� LQ�2JERPRVKR��2\R� VWDWH� 7KH� LQWURGXFWLRQ�
RI� LQRUJDQLF� FRDJXODQWV� DQG�('7$� UHGXFHG� WKH� OHDFKDWH S+�
WR� DFLG�PHGLXP��+RZHYHU� 0RULQJD� ROHLIHUD PDLQWDLQHG� WKH�
DONDOLQH� HQYLURQPHQW� LQ� WKH� WUHDWHG� OHDFKDWH�� ZKLOH $OXP��
)H&O�� DQG� )H62�� FKDQJHG WKH� S+� WR� DFLGLF PHGLXP� $V� WKH�
FRQFHQWUDWLRQV RI� ('7$� DQG� 0RULQJD� ROHLIHUD LQFUHDVHG
IURP������WR����� PJ�/��WKH�S+�GHFUHDVHG� ZKLOH�LQFUHDVLQJ�

LQ�FRQFHQWUDWLRQV�RI�$OXP��)H&O��DQG�)H62��LQFUHDVHG WKH�S+
RI�WKH�GXPSVLWH�OHDFKDWH��

7KH� (&� ������������� �6�FP�� DQG� 7'6� ������������
PJ�/�� FRQFHQWUDWLRQV� RI� WKH� UDZ� OHDFKDWH� ZHUH� KLJKHU� WKDQ�
WKH�SHUPLVVLEOH�VWDQGDUGV�RI�������6�FP�>��@�DQG������PJ�/�
>��@�� UHVSHFWLYHO\�� +RZHYHU�� WKH� VWXG\� RI� $L\HVDQPL� DQG�
,PRVL�>��@ KDV PHDVXUHG�KLJKHU�FRQFHQWUDWLRQV�RI�(&��������
������ �6�FP�� DQG� 7'6� ������������� PJ�/�� LQ� GXPSVLWH�
OHDFKDWHV� VDPSOHG� LQ�%HQLQ�&LW\� (&� DQG�7'6� DUH� HQYLURQ�
PHQWDO� LVVXHV� RI� FRQFHUQ� LQ� WHUPV� RI� VRLO� DQG� JURXQGZDWHU
SROOXWLRQ�ZLWK�GLVVROYHG�VDOWV��7KH�IRXU�FRDJXODQWV�DQG�('7$�
ZHUH�DEOH�WR�UHGXFH (&�DQG�7'6�WR�OHYHOV�WKDW�DUH�ZLWKLQ�WKH�
SHUPLVVLEOH� OLPLWV� LQGLFDWLQJ�WKH�HIIHFWLYHQHVV�RI� WKH�UHPHGL�
DWLQJ�DJHQWV��

7KH�FRQFHQWUDWLRQV�RI�&O���32�
�� DQG 62�

�� LQ�UDZ�OHDFKD�
WHV�ZHUH�JHQHUDOO\�ORZHU�WKDQ�WKH�SHUPLVVLEOH�VWDQGDUGV�RI�WKH�
)HGHUDO� (QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\� >��@� 12�

� ZDV�
PHDVXUHG� EHORZ� GHWHFWLRQ� OLPLWV� 7KH� FRQFHQWUDWLRQV� RI� &O���
32�

�� DQG�62�
�� PHDVXUHG� LQ� UDZ� OHDFKDWHV�ZHUH� ORZHU� WKDQ�

WKH� YDOXHV SUHYLRXVO\ UHSRUWHG�E\�2MRDZR HW�DO�� >��@��$IWHU�
UHPHGLDWLRQ�� &O��� 32�

�� DQG� 62�
�� UHGXFHG� E\� DW� OHDVW� ����

LQGLFDWLQJ� WKH� SURPLVLQJ� SRWHQWLDOV� RI� XVHG� FRDJXODQWV� DQG�
('7$��7KH�FRQFHQWUDWLRQV RI�32�

�� LQ�WKH�WUHDWHG�OHDFKDWH DW�

7$%/(��
&KHPLFDO�SURSHUWLHV�RI�OHDFKDWHV�EHIRUH�DQG�DIWHU�WUHDWPHQW�ZLWK�YDU\LQJ�FRQFHQWUDWLRQV�RI�FRDJXODQWV

S+ (&���6�FP� 7'6��PJ�/� &O� �PJ�/� 12�
� �PJ�/� 32�

�� �PJ�/� 62�
�� �PJ�/�

5DZ�/HDFKDWH ��������� ����������� ���������� ����������� ����� ���������� �����������

0RULQJD�ROHLIHUD �����PJ�/ ��������� ����������� ���������� ��������� ����� ��������� ����������

�����PJ�/ ��������� ����������� ���������� ��������� ����� ��������� ����������

�����PJ�/ ��������� ����������� ���������� ��������� ����� ��������� ����������

('7$� �����PJ�/ ��������� ����������� ��������� ��������� ����� ��������� ����������

�����PJ�/ ��������� ����������� ��������� ��������� ����� ��������� ����������

�����PJ�/ ��������� ����������� ��������� ��������� ����� ��������� ����������

$O��62��� �����PJ�/ ��������� ����������� ��������� ��������� ����� ��������� ����������

�����PJ�/ ��������� ����������� ��������� ��������� ����� ��������� ����������

�����PJ�/ ��������� ����������� ��������� ��������� ����� ��������� ����������

)H&O� �����PJ�/ ��������� ����������� ��������� ��������� ����� ��������� ����������

�����PJ�/ ��������� ����������� ���������� ��������� ����� ��������� ����������

�����PJ�/ ��������� ����������� ���������� ��������� ����� ��������� ����������

)H62� �����PJ�/ ��������� ����������� ��������� ��������� ����� ��������� ����������

�����PJ�/ ��������� ����������� ��������� ��������� ����� ��������� ����������

�����PJ�/ ��������� ����������� ��������� ��������� ����� ��������� ����������

)(3$�>��@ ��� ����
 ���� ��� �� �� ���


:+2�>��@
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YDU\LQJ� GRVDJH� FRQFHQWUDWLRQV� RI� UHPHGLDWLQJ� DJHQWV ZHUH�
VWLOO� KLJK� WR� FDXVH� QXWULHQW� HQULFKPHQW� RI� ZDWHU� ERGLHV�� ,Q�
QDWXUDO� ZDWHU�� 32�

�� FRQFHQWUDWLRQ� LV� QRUPDOO\� PHDVXUHG� DW�
FRQFHQWUDWLRQ�OHVV�WKDQ������PJ�/�>��@� *HQHUDOO\��SKRVSKDWH�
SROOXWLRQ�LV�RQH�RI�WKH�PDMRU�WKUHDWV�WR�ZDWHU�TXDOLW\�LQ�1LJH�
ULD�>��@��

7KH�PHWDO�FRQFHQWUDWLRQV�RI�UDZ�DQG�WUHDWHG�OHDFKDWHV�DUH�
SUHVHQWHG�LQ�7DEOH����$OO�WKH�PHWDOV �H[FHSW�)H DQG�1L��LQ�UDZ�
OHDFKDWH� VDPSOHV� H[FHHGHG� WKH� 1DWLRQDO� (QYLURQPHQW� 0DQ�
DJHPHQW�$XWKRULW\� >��@ SHUPLVVLEOH� OLPLWV� +RZHYHU�� WKH�)H�
FRQWHQW� LQ UDZ� OHDFKDWHV�ZDV� KLJKHU� WKDQ� WKH�)(3$� >��@ DO�
ORZDEOH�OLPLW�RI������PJ�/��+LJK�OHYHO�RI�)H�LQ�OHDFKDWH�PD\�
OHDG� WR� GDUN� EURZQ� FRORXU� DVVRFLDWHG�ZLWK� R[LGDWLRQ� RI� IHU�
URXV�WR�IHUULF�IRUP��DQG�IRUPDWLRQ�RI�IHUULF�K\GUR[LGH�FROORLGV�
DQG�FRPSOH[HV�ZLWK�IXOYLF�KXPLF�VXEVWDQFHV�>�@��7KH�FRDJX�
ODQWV�DQG�('7$�ZHUH�DEOH�WR�UHPHGLDWH�VLJQLILFDQW�DPRXQW�RI�
PHWDOV�IURP�WKH�UDZ�OHDFKDWH�VDPSOHV��(YHQ�WKRXJK��QRQH�RI�
WKH�UHPHGLDWLQJ�DJHQWV�ZDV�DEOH�WR�UHGXFH�WKH�PHWDO�FRQFHQ�
WUDWLRQV� WR� ]HUR� OHYHO�� EXW� KDV VKRZQ� YDU\LQJ� GHJUHHV� RI� UH�
PRYDO�HIILFLHQF\��$IWHU�UHPHGLDWLRQ��PHWDO�FRQWHQWV��H�J��&U��
3E�DQG�0Q�� LQ�VRPH�RI�WKH�WUHDWHG�OHDFKDWH VDPSOHV VWLOO�H[�
KLELWHG� FRQFHQWUDWLRQV� JUHDWHU� WKDQ� WKH� SHUPLVVLEOH� OLPLWV� RI�

WKH� 1DWLRQDO� (QYLURQPHQW� 0DQDJHPHQW� $XWKRULW\� >��@��
&RPSDULQJ�WKHVH PHWDO�FRQFHQWUDWLRQV�LQ�WKH�WUHDWHG�OHDFKDWHV�
ZLWK� )(3$� >��@ SHUPLVVLEOH� VWDQGDUGV� UHYHDOHG� OHYHOV� WKDW�
FDQ� UHVXOW� LQWR� FRQWDPLQDWLRQ� RI JURXQG� DQG� VXUIDFH�ZDWHUV��
DQG�DOVR�ELR�DFFXPXODWH�LQ SODQWV�DQG�DTXDWLF�RUJDQLVPV�>��@���

3HUFHQW�UHPRYDO�RI�FKHPLFDO�SDUDPHWHUV

)LJXUH� �� VKRZV� WKH� HIIHFWV� RI� FRDJXODQWV� DQG� ('7$� RQ�
OHDFKDWH¶V� FKHPLFDO� SDUDPHWHUV� (&� DQG� 7'6� ZHUH� WRWDOO\�
UHPHGLDWHG�E\�DOO�WKH�FRDJXODQWV�DQG�('7$�DW�GLIIHULQJ�FRQ�
FHQWUDWLRQV�RI�WUHDWPHQWV��,Q�WKH�VWXG\�RI�5DJKDE�HW�DO�� >��@��
7'6� UHPRYDO� E\� DGVRUEHQWV� RQO\� GHFUHDVHG� E\� RQH�TXDUWHU��
)H&O� DQG� ('7$� UHGXFHG� S+� RI� UDZ� OHDFKDWHV� E\� DW� OHDVW�
�����0RULQJD� ROHLIHUD ZDV� DOVR� DEOH� WR� UHGXFH� WKH� S+� DW�
WUHDWPHQW� GRVH� RI� ����� PJ�/�� $V� WKH� WUHDWPHQW� GRVH RI�
0RULQJD�ROHLIHUD LQFUHDVHG�IURP������WR������PJ�/��WKH�S+�
DOVR�LQFUHDVHG�E\���DQG�����UHVSHFWLYHO\��$OO�WKH�UHPHGLDWLQJ�
DJHQWV� SHUIRUPHG� H[FHOOHQWO\� LQ� UHPRYLQJ� &O� E\� ��������
$PRQJ�WKH�VROXEOH�LRQLF�VSHFLHV��32�

�� ZDV�OHDVW�UHPRYHG�E\�
DOO�WKH�UHPHGLDWLQJ�DJHQWV��

7$%/(��
0HWDO�FRPSRVLWLRQ�RI�OHDFKDWH�EHIRUH�DQG�DIWHU�WUHDWPHQW�ZLWK�YDU\LQJ�FRQFHQWUDWLRQV�RI�FRDJXODQWV

PJ�/ &G��PJ�/� &U��PJ�/� )H��PJ�/� 3E��PJ�/� 0Q��PJ�/� 1L��PJ�/�

5DZ�/HDFKDWH ��������� ��������� ��������� ��������� ��������� ���������

0RULQJD �����PJ�/ ��������� ��������� ��������� ��������� ��������� ���������

�����PJ�/ ��������� ��������� ��������� ��������� ��������� ���������

�����PJ�/ ��������� ��������� ��������� ��������� ��������� ���������

('7$� �����PJ�/ ��������� ��������� ��������� ��������� ��������� ���������

�����PJ�/ ��������� ��������� ��������� ��������� ��������� ���������

�����PJ�/ ��������� ��������� ��������� ��������� ��������� ���������

$OXP� �����PJ�/ ��������� ��������� ��������� ��������� ��������� ���������

�����PJ�/ ��������� ��������� ��������� ��������� ��������� ���������

�����PJ�/ ��������� ��������� ��������� ��������� ��������� ���������

)H&O� �����PJ�/ ��������� ��������� ��������� ��������� ��������� ���������

�����PJ�/ ��������� ��������� ��������� ��������� ��������� ���������

�����PJ�/ ��������� ��������� ��������� ��������� ��������� ���������

)H62� �����PJ�/ ��������� ��������� ��������� ��������� ��������� ���������

�����PJ�/ ��������� ��������� ��������� ��������� ��������� ���������

�����PJ�/ ��������� ��������� ��������� ��������� ��������� ���������

1(0$�>��@ ��� ��� �� ��� ��� ���

)(3$�>��@ ���� ��� ���� ���� ���� ����
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1RQH�RI�WKH�FRDJXODQWV�DQG�('7$�VKRZHG�DQ\�SUHIHUHQFH�
IRU� UHPRYDO� RI� (&� DQG� 7'6�� )H&O� VKRZHG� KLJKHVW� DIILQLW\�
IRU�S+�UHGXFWLRQ� ZKLOH�0RULQJD�ROHLIHUD UHYHDOHG�WKH�ORZHVW�
UHGXFWLRQ� SRWHQWLDO� RI� S+��(YHQ� WKRXJK�� WKHUH�ZDV� QR�PXFK�
GLIIHUHQFH�LQ�WKH�UHPHGLDWLQJ�DELOLWLHV�RI�WKHVH FRDJXODQWV�DQG�
('7$�LQ�UHPRYLQJ�&O�� EXW�LW�DSSHDUHG�WKDW�0RULQJD�ROHLIHUD
H[KLELWHG� WKH� KLJKHVW� UHPRYDO� HIILFLHQF\� )H62� DQG� )H&O�
DOVR� KDG� VOLJKWO\� KLJKHU� UHPRYLQJ� HIILFLHQFLHV� IRU�32�

�� DQG�
62�

����UHVSHFWLYHO\� 7KH�HIIHFWV�RI�YDU\LQJ�WUHDWPHQW�FRQFHQ�
WUDWLRQV� RI� WUHDWPHQWV� ZHUH� QRW� REYLRXV LQ� WKH� UHGXFWLRQ� RI�
(&�� 7'6�� &O� �� 32�

�� DQG� 62�
���� H[FHSW� IRU� )H&O� DW� �����

PJ�/��ZKLFK�VKRZHG�KLJKHVW SHUFHQW�UHPRYDO�RI�62�
���

)LJXUH���SUHVHQWV� WKH�HIIHFWV�RI�FRDJXODQWV�DQG�('7$�RQ�
PHWDO�FRQFHQWUDWLRQV�RI�OHDFKDWHV��7KH�FRDJXODQWV�DQG�('7$�
UHYHDOHG� YDU\LQJ� UHPHGLDWLQJ� GHJUHHV� DW� GLIIHUHQW� GRVHV RI�
WUHDWPHQWV� )XUWKHUPRUH�� WKH� UHPRYDO� DIILQLW\� IRU� SDUWLFXODU�
PHWDOV� KDV EHHQ� FOHDUO\� GHILQHG� E\� WKH� UHPHGLDWLQJ� DJHQWV��
0RULQJD�ROHLIHUD VKRZHG�WKH�KLJKHVW�UHPRYLQJ�DELOLW\�IRU�1L�
DQG�&G��ZKLOH�)H&O� FOHDUO\� UHGXFHG�&U� LQ� OHDFKDWH VDPSOHV
WKDQ�RWKHU FRDJXODQWV��7KH�SHUFHQW UHPRYDO�RI�&G�E\�0RULQJD�
ROHLIHUD YDULHG� IURP��������� VLPLODU� WR� WKH� VWXG\�RI� 3UDVDG�
DQG�5DR� >��@�ZKLFK GRFXPHQWHG� UHPRYDO�HIILFLHQF\�RI�����
IRU�&G�LQ�ZDVWHZDWHU�FROOHFWHG�IURP�3UDGHVK��,QGLD� $OXP�KDV�
WKH�EHVW� UHPRYLQJ�SRWHQWLDO� IRU�0Q�DV� WKH� UHPHGLDWLQJ� WUHQG�

),*85(��
5HPRYDO�UHGXFWLRQ�RI�FKHPLFDO�SDUDPHWHUV�RI�OHDFKDWHV�E\�FRDJXODQWV�DQG�('7$�DW�YDU\LQJ�FRQFHQWUDWLRQV
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LQFUHDVHG�ZLWK�LQFUHPHQWDO WUHDWPHQW�GRVDJH��7KH�('7$�ZDV�
DOVR� YHU\� HIIHFWLYH� LQ� UHPRYLQJ� 3E� DQG� )H�� *HQHUDOO\�� WKH�
RSWLPDO�UHPRYDO�RI�&G��&U�DQG�)H�E\�('7$�ZDV�DW�WUHDWPHQW�
�����PJ�/��6LPLODUO\�� WKH�RSWLPDO� UHGXFWLRQ�RI�0Q��&G�DQG�
)H�E\�)H&O� ZDV�REVHUYHG�DW������PJ�/��$OXP�DOVR�UHPRYHG�
WKH� KLJKHVW� SRUWLRQ RI� 0Q� DQG� 1L� DW� ����� PJ�/�� 3UHYLRXV�
VWXGLHV� KDYH VKRZQ� KLJK SHUFHQW� UHPRYDO� RI� SROOXWDQWV�ZLWK�
LQFUHDVHG�GRVH�RI�FRDJXODQWV�>������@�

0RULQJD�ROHLIHUD�ZDV�DEOH�WR�UHPHGLDWH�����RI�1L�DW������
PJ�/��ZKLOH�('7$�DOVR� VKRZHG�KLJK� UHPRYDO� HIILFLHQF\�RI�
����IRU�1L�DW������PJ�/��)H&O� HIIHFWLYHO\�UHPRYHG�����RI�
&U DW������PJ�/��ZKLOH�$OXP�UHPHGLDWHG�XS�WR�����RI�0Q�DW�
�����PJ�/� 7KH�VWXG\�KDV UHYHDOHG )H62� DV�WKH�OHDVW�HIIHF�

WLYH� FRDJXODQW�ZLWK UHPRYDO� HIILFLHQF\� YDU\LQJ� EHWZHHQ����
IRU�3E�DW������PJ�/�DQG�����IRU�0Q�DW������PJ�/� 0RULQJD�
ROHLIHUD� VKRZHG KLJKHU UHPRYLQJ� DELOLW\� WKDQ PDQ\ FRDJX�
ODQWV VLPLODU� WR WKH� VWXG\� RI (PDQ� HW� DO�� >��@ ZKR� GHPRQ�
VWUDWHG EHWWHU� UHPRYDO� RI PHWDOV� E\�0RULQJD� ROHLIHUD WKDQ�
$OXP�� 7KLV� VWXG\� DOVR� VKRZHG PRUH� HIIHFWLYH� UHGXFWLRQ RI�
PHWDOV�E\�)H&O�� WKDQ�$OXP��H[FHSW�0Q���ZKLFK� LV GLVVLPLODU�
WR� WKH� VWXGLHV RI�2JXQIRZRNDQ� HW� DO�� >��@ DQG�<RXVHIL� DQG�
=D]RXOL >��@�

7KH� VXPPDU\� RI� PHWDO� UHPRYDO� SRWHQWLDOV� E\ GLIIHUHQW�
FRDJXODQWV�DQG�('7$�LV�SUHVHQWHG�LQ )LJXUH����7KH�RUGHU�RI�
UHPRYDO� HIILFLHQF\� RI� PHWDOV� IROORZHG� )H&O� !� 0RULQJD�
ROHLIHUD ! $OXP� !('7$� !� )H62��� 7KH� RSWLPXP� UHPRYDO�

),*85(��
0HWDO�UHPRYDO�E\�FRDJXODQWV�DQG�('7$�DW�YDU\LQJ�FRQFHQWUDWLRQV
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GRVH�RI�PHWDOV�E\�)H&O� DQG�$OXP�ZDV������PJ�/� 0RULQJD�
ROHLIHUD DQG ('7$�VKRZHG�DQ�RSWLPXP�UHPHGLDO�FDSDFLW\�DW�
�����PJ�/��ZKLOH IRU� )H62��� WKH� KLJKHVW� UHPRYDO GRVH ZDV�
����� PJ�/� 2Q� WKH� DYHUDJH�� DW� WUHDWPHQW� FRQFHQWUDWLRQ� RI�
����� PJ�/�� PHWDOV� UHGXFHG� E\� ���� �)H62��� DQG ����
�)H&O��� ZKLOH� DW� ����� PJ�/�� UHPRYDO� HIILFLHQF\� RI� PHWDOV�
YDULHG� EHWZHHQ� ���� �)H62��� DQG� ��� �)H&O���� 7KH� FRDJX�
ODQWV�DQG�('7$�ZHUH�DEOH�WR�UHPHGLDWH������)H62���WR����
�0RULQJD�ROHLIHUD��RI�WKH�PHDQ�WRWDO�PHWDOV�DW������PJ�/�

&21&/86,21

7KH�SUHVHQW�VWXG\�KDV UHPHGLDWHG�OHDFKDWHV�FROOHFWHG�IURP�
GXPSVLWHV�LQ�$EHRNXWD��2JXQ�VWDWH�XVLQJ�IRXU�FRDJXODQWV�DQG�
('7$��7KH UHPHGLDWLQJ�DJHQWV�ZHUH SUHSDUHG�LQ�WKH�FRQFHQ�
WUDWLRQ�UDQJH�RI�����������PJ�/��7KH�SUHVHQW�VWXG\�GHPRQ�
VWUDWHG� WKH� HIIHFWLYHQHVV� RI� DOO� WKH� FRDJXODQWV� DQG� ('7$� LQ�
UHPRYLQJ� QRWDEOH� FRQWDPLQDQWV� LQ� GXPSVLWH� OHDFKDWHV�� (&�
DQG�7'6�ZHUH FRPSOHWHO\ UHPRYHG�IURP�WKH�OHDFKDWHV��ZKLOH�
��� ����RI�&O� ZDV�UHPHGLDWHG��7KH�DIILQLW\�RI�HDFK�UHPHGL�
DWLQJ� DJHQW� WR� UHGXFWLRQ� RI� PHWDOV� ZDV� DOVR� REVHUYHG�� 7KH�
('7$� KDV EHHQ� HIIHFWLYH� IRU� UHPRYDO� RI� 3E�� )H&O� IRU� &U��
$OXP�IRU�0Q DQG�0RULQJD ROHLIHUD IRU�1L�DQG�&G� 0RULQJD
ROHLIHUD��('7$�DQG�)H&O� ZHUH�DEOH�WR�UHPHGLDWH�1L�FRQWHQW�
LQ�WKH�OHDFKDWHV�E\��������DQG������UHVSHFWLYHO\� 7KHUH�ZHUH�
YDULDWLRQV�LQ�WKH�RSWLPXP�UHPRYDO�GRVHV�RI�WUHDWPHQWV��)H&O�
DQG� $OXP� ZHUH� DEOH� WR� UHPRYH FRQWDPLQDQWV� RSWLPDOO\� DW�
����� PJ�/��0RULQJD� ROHLIHUD DQG� ('7$� SHUIRUPHG� H[FHO�
OHQWO\� DW� �����PJ�/�� ZKLOH )H62� ZDV� RXWVWDQGLQJ� DW� �����
PJ�/� 7KH� VHTXHQFH RI� UHPRYDO� HIILFLHQF\� RI� PHWDOV� E\� UH�
PHGLDWLQJ� DJHQWV� IROORZHG WKH� GHFUHDVLQJ� RUGHU� RI )H&O� !�
0RULQJD�ROHLIHUD !�$OXP�!('7$�!�)H62���2Q�WKH�DYHUDJH��
�������RI�WRWDO�PHWDOV� LQ�WKH�OHDFKDWHV ZHUH�UHPRYHG�E\�WKH�
IRXU� FRDJXODQWV� DQG� ('7$� LQGLFDWLQJ� WKH� SURPLVLQJ� SRWHQ�
WLDOV�RI�FRDJXODWLRQ�DQG�FRPSOH[LQJ�PHWKRGV�

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

7KH�DXWKRUV�DUH�JUDWHIXO�WR�WKH�&HQWUDO�/DERUDWRU\�RI�8QL�
YHUVLW\�RI�,EDGDQ��ZKHUH�PHWDO�DQDO\VHV�ZHUH�FDUULHG�RXW��:H�
DUH� DOVR� JUDWHIXO� WR� WKH� DQRQ\PRXV� UHYLHZHUV� IRU� WKHLU� FRQ�
VWUXFWLYH�FULWLFLVPV�

&RQIOLFW�RI�,QWHUHVW

7KH�DXWKRUV�GHFODUHG�QRQH�

5()(5(1&(6

>�@ 5HQRX��6���*LYDXGDQ��-��*���3RXODLQ��6���'LUDVVRX\DQ��)���
0RXOLQ��3���������5HYLHZ��/DQGILOO� OHDFKDWH� WUHDWPHQW��
5HYLHZ� DQG� RSSRUWXQLW\�� -�� +D]DUG��0DWHU� ���� ����
����

>�@ (O�)DGHO�� 0��� %RX�=HLG�� (��� &KDKLQH�� :��� $OD\OL�� %���
����� 7HPSRUDO YDULDWLRQ�RI� OHDFKDWH�TXDOLW\� IURP�SUH�
VRUWHG�DQG�EDOHG�PXQLFLSDO�VROLG�ZDVWH�ZLWK�KLJK�RUJDQ�
LF�DQG�PRLVWXUH�FRQWHQW� :DVWH�0DQDJH� ������������

>�@ ,QDQF�� %��� &DOK�� %��� 6DDWFL�� $��� ������ &KDUDFWHUL]DWLRQ�
DQG�DQDHURELF�WUHDWPHQW�RI�WKH�VDQLWDU\�ODQGILOO�OHDFKDWH�
LQ�,VWDQEXO��:DWHU�6FL��7HFKQRO� ������������

>�@ ,P��-��+���:RR��+��-���&KRL��0��:���+DQ��.��%����.LP��&��
:�� ������ 6LPXOWDQHRXV� RUJDQLF� DQG� QLWURJHQ� UHPRYDO�
IURP� PXQLFLSDO� ODQGILOO� OHDFKDWH� XVLQJ� DQ� DQDHURELF�
DHURELF�V\VWHP��:DWHU�5HV� ��������������

>�@ .DQJ��.��+���6KLQ��6��+���3DUN��+���������&KDUDFWHUL]D�
WLRQ� RI� KXPLF� VXEVWDQFHV� SUHVHQW� LQ� ODQGILOO� OHDFKDWHV�
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