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,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

'2,�����������MDHIV��

3URI�'U��*XOWHNLQ�2='(0,5
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH��9LWLFXOWXUH
'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�+RUWLFXOWXUH��
'L\DUEDNLU��7XUNH\�
JR]GHPLU#GLFOH�HGX�WU��������HGLWRU#MDHIV�FRP�

(GLWRU�LQ�&KLHI

3URI�'U��=H\QHO�&(%(&,
$JULFXOWXUDO�6FLHQFHV��%LRPHWU\�	�*HQHWLFV
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'LY��RI�%LRPHWU\�	�*HQHWLFV��
$GDQD��7XUNH\�
]FHEHFL#FX�HGX�WU

&R�(GLWRU�LQ�&KLHI

'U��$NEDU�+266$,1
$JULFXOWXUDO�6FLHQFHV��3ODQW�SK\VLRORJ\��:HHG�PDQDJHPHQW��
%DQJODGHVK�:KHDW�DQG�0DL]H�5HVHDUFK�,QVWLWXWH��1DVKLSXU��'LQDMSXU�������%DQJODGHVK
DNEDUKRVVDLQZUF#JPDLO�FRP�

-LEDQ�6+5(67+$�
$JULFXOWXUDO�6FLHQFHV��)LHOG�&URSV
1HSDO�$JULFXOWXUDO�5HVHDUFK�&RXQFLO��1DWLRQDO�&RPPHUFLDO�$JULFXOWXUH�5HVHDUFK�3URJUDP��
3DNKULEDV��'KDQNXWD��1HSDO�
MLEVKUHVWKD#QPUS�JRY�QS

/DQJXDJH�(GLWRU

,QW�-�$JULF�(QYLURQ�)RRG�6FL�������-XQH������

(GLWRULDO�%RDUG 3URI�'U��+DNDQ�$.7$6
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
6XOH\PDQ�'HPLUHO�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��,VSDUWD��7XUNH\�
DNWDVKDNDQ#VGX�HGX�WU
3URI�'U��<ÕOPD]�%$<+$1
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�0DFKLQHU\
1DPÕN�.HPDO�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�%LRV\VWHP�(QJLQHHULQJ��7HNLUGD÷��
7XUNH\�
\ED\KDQ#QNX�HGX�WU
3URI�'U��2QHU�&(7,1�
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�6WUXFWXUHV�DQG�,UULJDWLRQ
'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�$JULFXOWXUDO�6WUXFWXUHV�DQG�,UULJDWLRQ��
'L\DUEDNLU��7XUNH\�
RQHUBFHWLQ#\DKRR�FRP
3URI�'U��+��<LOGL]�'$6*$1�
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\
GDVJDQ#FX�HGX�WU
3URI�'U��7HW\DQD�.$/1$�'8%,1<8.�
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
1DWLRQDO�8QLYHUVLW\�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV��'HSDUWPHQW�RI�([WHQVLRQ�DQG�7RXULVP�RI�
8NUDLQH�.\LY��8NUDLQH�
WDWLDQNG#\DKRR�FRP
3URI�'U��6H]DL�(5&,6/,�
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
$WDWXUN�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��(U]XUXP��7XUNH\
VHUFLVOL#DWDXQL�HGX�WU
3URI�'U��,VPDLO�.$5$&$�
$JULFXOWXUDO�6FLHQFHV��3ODQW�3URWHFWLRQ
$SSOLHG�6FLHQFHV�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�3ODQW�3URWHFWLRQ��,VSDUWD��
7XUNH\�
LVPDLONDUDFD#VGX�HGX�WU
3URI�'U��$\]LQ�%��.8'(1�
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\
DENXGHQ#FX�HGX�WU
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ZZZ�MDHIV�FRP-$()6

,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

'2,�����������MDHIV��

3URI�'U��0DUN�0$77+(:6�
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH�DQG�(QRORJ\
&DOLIRUQLD�8QLYHUVLW\��'HSDUWPHQW�RI�9LWLFXOWXUH�DQG�(QRORJ\��'DYLV��8�6�$�
PDPDWWKHZV#XFGDYLV�HGX
3URI�'U��1��<HVLP�<DOFLQ�0(1',�
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\
\HVLPFDQ#FX�HGX�WU
3URI�'U��6HPLK�1(0/,2*/8�
(QYLURQPHQWDO�6FLHQFHV��:DWHU�3ROOXWLRQ�DQG�&RQWURO
,VWDQEXO�8QLYHUVLW\�&HUUDKSDVD��)DFXOW\�RI�(QJLQHHULQJ��'HSDUWPHQW�RI�(QYLURQPHQWDO�(QJLQHHULQJ��
,VWDQEXO��7XUNH\�
VQHPOL#LVWDQEXO�HGX�WU
3URI�'U��,EUDKLP�257$6�
$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH��3ODQW�1XWULWLRQ
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ��
$GDQD��7XUNH\�
LRUWDV#FX�HGX�WU
3URI�'U��2UKDQ�2=&$7$/%$6�
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
$NGHQL]�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�(FRQRPLFV��$QWDO\D��
7XUNH\�
R]FDWDOEDV#DNGHQL]�HGX�WU
3URI�'U��1HEDKDW�6$5,�
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\
QHVDUL#FX�HGX�WU
3URI�'U��1D]ÕP�6(.(52*/8�
)RRG�6FLHQFHV��0HGLFLQDO�DQG�$URPDWLF�3ODQWV
.LOLV���$UDOLN�8QLYHUVLW\��)DFXOW\�RI�(QJLQHHULQJ�DQG�$UFKLWHFWXUH��'HSDUWPHQW�RI�)RRG�
(QJLQHHULQJ��.LOLV��7XUNH\�
QVHNHURJOX#JPDLO�FRP
3URI�'U��$EGXOODK�6(66,=�
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�0DFKLQHU\
'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�0DFKLQHU\�DQG�7HFKQRORJLHV�
(QJLQHHULQJ��'L\DUEDNLU��7XUNH\�
DVHVVL]#GLFOH�HGX�WU
3URI�'U��6HPLK�7$1*2/$5�
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\
WDQJRODU#FX�HGX�WU
3URI�'U��6HUSLO�7$1*2/$5�
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\
VWDQJRODU#FX�HGX�WU
$VVRF�3URI�'U��(URO�$7$<�
$JULFXOWXUDO�6FLHQFHV��3ODQW�3URWHFWLRQ
0XVWDID�.HPDO�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�3ODQW�3URWHFWLRQ��$QWDN\D��7XUNH\�
HDWD\#PNX�HGX�WU
$VVRF�3URI�'U��.KXGD�%$.+6+
$JULFXOWXUDO�6FLHQFHV��(QYLURQPHQWDO�(FRQRPLFV
&206$76�,QVWLWXWH�RI�,QIRUPDWLRQ�7HFKQRORJ\��'HSDUWPHQW�RI�0DQDJHPHQW�6FLHQFHV��9HKDUL��
3DNLVWDQ�
NEDNKVK#FLLWYHKDUL�HGX�SN
$VVRF�3URI�'U��6HPD�.DOH�&(/,.�
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�6WUXFWXUHV�DQG�,UULJDWLRQ
$SSOLHG�6FLHQFHV�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�$JULFXOWXUDO�6WUXFWXUHV�DQG�
,UULJDWLRQ��,VSDUWD��7XUNH\�
VHPDNDOH#VGX�HGX�WU
$VVRF�3URI�'U��<XUL\�.5$9&+(1.2�
$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH
1DWLRQDO�8QLYHUVLW\�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV�RI�8NUDLQH��6RLO�6FLHQFH�DQG�6RLO�
&RQVHUYDWLRQ�'HSDUWPHQW�8NUDLQH�
NUDYFK#L�XD

(GLWRULDO�%RDUG

�H�,661������������
,QW�-�$JULF�(QYLURQ�)RRG�6FL�������-XQH������
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ZZZ�MDHIV�FRP-$()6

,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

'2,�����������MDHIV��

$VVRF�3URI�'U��(PLQH�(OPDVODU�2=%$6
(QYLURQPHQWDO�6FLHQFHV��:DWHU�3ROOXWLRQ�DQG�&RQWURO
,VWDQEXO�8QLYHUVLW\�&HUUDKSDVD��'HSDUWPHQW�RI�(QYLURQPHQWDO�(QJLQHHULQJ��,VWDQEXO��7XUNH\�
HOPDVODU#LVWDQEXO�HGX�WU
$VVRF�3URI�'U��5yEHUW�6=,/$*<,�
$JULFXOWXUDO�6FLHQFHV��0RELOH�,QWHUQHW�LQ�$JULFXOWXUH
'HEUHFHQ�8QLYHUVLW\��'HEUHFHQ��+XQJDU\�
V]LODJ\L�UREHUW#HFRQ�XQLGHE�KX
$VVRF�3URI�'U��6HOPD�72=$1/,�
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
,QVWLWXW�$JURQRPLTXH�0pGLWHUUDQpHQ�GH�0RQWSHOOLHU��)UDQFH
WR]DQOL#LDPP�IU
$VVLVW�3URI�'U��6LPRQH�&$67(//$5,1�
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH�	�3ODQW�*HQRPLFV
%ULWLVK�&ROXPELD�8QLYHUVLW\��'HSDUWPHQW�9LWLFXOWXUH͒�	�3ODQW�*HQRPLFV��&DQDGD
VLPRQH�FDVWHOODULQ#XEF�FD
'U��-DYLHU�/23(=�
$JULFXOWXUDO�6FLHQFHV��3ODQW�%LRWHFKQRORJ\
7HFQRORJLFR�GHO�9DOOH�GH�2D[DFD��0H[LFR
MDYLHUBORSH]E#KRWPDLO�FRP
'U��;LQJ�-XQ�:$1*
$JULFXOWXUDO�6FLHQFHV��3ODQW�%LRWHFKQRORJ\
6KDQGRQJ�$FDGHP\�RI�$JULFXOWXUDO�6FLHQFHV��%LRWHFKQRORJ\�5HVHDUFK�&HQWHU��-LQDQ��&KLQD
[LQJMXQZ#KRWPDLO�FRP

(GLWRULDO�%RDUG

3URI�'U��,UIDQ�$KPDG�%$,*
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
0XKDPPDG�1DZD]�6KDUHHI�8QLYHUVLW\�RI�$JULFXOWXUH��0XOWDQ��3DNLVWDQ�
LUIDQ�EDLJ#PQVXDP�HGX�SN
3URI�'U��$KPHW�%$<5$0
$JULFXOWXUDO�6FLHQFHV��3ODQW�3URWHFWLRQ
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�
DED\UDP#GLFOH�HGX�WU
3URI�'U��0RKDPHG�%28$=,=
)RRG�6FLHQFHV��)RRG�7HFKQRORJ\
8QLYHUVLW\�RI�6ID[��7XQLVLD�
PRKDPHG�ERXD]L]#LVEV�XVI�WQ
3URI�'U��6DOLK�d(/,.
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH
1DPLN�.HPDO�8QLYHUVLW\��7HNLUGDJ��7XUNH\
VDOLKFHOLN#QNX�HGX�WU
3URI�'U��*LXOLDQR�),1(772
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
8QLYHUVLW\�RI�9HURQD��9HURQD��,WDO\�
JLXOLDQR¿QHWWR#JPDLO�FRP
3URI�'U��%�OHQW�*h/d8%8.
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
$QNDUD�8QLYHUVLW\��$QNDUD��7XUNH\�
JXOFXEXN#DJUL�DQNDUD�HGX�WU
3URI�'U��5D¿T�,6/$0�
(QYLURQPHQW�6FLHQFHV��6RLO��:DWHU�DQG�%LRHQHUJ\�5HVRXUFHV
7KH�2KLR�6WDWH�8QLYHUVLW\��3LNHWRQ��86$�
LVODP���#RVX�HGX
3URI�'U��*HRUJH�-$326+9,/,
$JULFXOWXUDO�6FLHQFHV��(QWRPRORJ\
$JUDULFXOWXUDO�8QLYHUVLW\�RI�*HRUJLD��7ELOLVL�
J�MDSRVKYLOL#DJUXQL�HGX�JH
3URI�'U��+�VH\LQ�d(/ø.
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH
2QGRNX]�0D\LV�8QLYHUVLW\��6DPVXQ��7XUNH\�
KXVFHOLN#RPX�HGX�WU

$GYLVRU\�%RDUG

�H�,661������������
,QW�-�$JULF�(QYLURQ�)RRG�6FL�������-XQH������
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,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

'2,�����������MDHIV��

3URI�'U��+DúLP�.(/(%(.
)RRG�6FLHQFHV��)RRG�7HFKQRORJ\
$GDQD�6FLHQFH�DQG�7HFKQRORJ\�8QLYHUVLW\��$GDQD��7XUNH\
KNHOHEHN#DGDQDEWX�HGX�WU
3URI�'U��.�UúDW�.25.0$=
$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ
2UGX�8QLYHUVLW\��2UGX��7XUNH\�
NRUNPD]��#KRWPDLO�FRP
3URI�'U��%LUKDQ�.817(5
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH
$QNDUD�8QLYHUVLW\��$QNDUD��7XUNH\
PDUDVDOL#DJUL�DQNDUD�HGX�WU
3URI�'U��9HDFHVODY�0$=Ă5(
(QYLURQPHQWDO�6FLHQFHV��6RLO�6FLHQFH
%DQDW�8QLYHUVLW\�RI�$JULFXOWXUDO�6FLHQFHV�DQG�9HWHULQDU\�0HGLFLQH��5RPDQLD
YDOHQWLQ�PD]DUH#JPDLO�FRP
3URI�'U��3DKODM�022/,2
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
3DxxƗVƗVWUD�8QLYHUVLW\�RI�&DPERG�LD��38&���3KQRP�3HQK��&DPERGLD
SDKODM#SXF�HGX�NK
3URI�'U��3HWHU�21'5,âË.
$JULFXOWXUDO�6FLHQFHV��$JURELRORJ\�DQG�)RRG�5HVRXUFHV
6ORYDN�8QLYHUVLW\�RI�$JULFXOWXUH��1LWUD��6ORYDN�5HSXEOLF�
SHWHU�RQGULVLN#XQLDJ�VN
3URI�'U��+DNDQ�g=.$1
$JULFXOWXUDO�6FLHQFHV��)LHOG�&URSV
&XNXURYD�8QLYHUVLW\��$GDQD��7XUNH\�
KR]NDQ#FX�HGX�WU
3URI�'U��$OL�6$%,5
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH
6HOFXN�8QLYHUVLW\��.RQ\D��7XUNH\�
DVDELU#VHOFXN�HGX�WU
3URI�'U��6HNDQ�6(//,
)RRG�6FLHQFHV��)RRG�7HFKQRORJ\
&XNXURYD�8QLYHUVLW\��$GDQD��7XUNH\
VVHOOL#FX�HGX�WU
3URI�'U��9LQD\DN�6��6+('(.$5
$JULFXOWXUDO�6FLHQFHV��)RRG��$JULFXOWXUDO�DQG�%LRORJLFDO�(QJLQHHULQJ
7KH�2KLR�6WDWH�8QLYHUVLW\��3LNHWRQ��86$
VKHGHNDU��#RVX�HGX
3URI�'U��9HOLERU�63$/(9,&
(QYLURQPHQWDO�6FLHQFHV��(FRORJLFDO�(QJLQHHULQJ
8QLYHUVLW\�RI�0RQWHQHJUR��3RGJRULFD��0RQWHQHJUR�
YHOLERU�VSDOHYLF#JPDLO�FRP
3URI�'U��*HRUJH�-��67$7+$6
$JULFXOWXUDO�6FLHQFHV��(QWRPRORJ\�	�=RRORJ\
7HFKQRORJLFDO�(GXFDWLRQDO�,QVWLWXWH�RI�3HORSRQQHVH��.DODPDWD��*UHHFH
JVWDWKDV#WHLNDO�JU
3URI�'U��0HWLQ�785$1
$JULFXOWXUDO�DQG�(QYLURQPHQWDO�6FLHQFHV��6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ
<HGLWHSH�8QLYHUVLW\��,VWDQEXO��7XUNH\
PHWLQ�WXUDQ#\HGLWHSH�HGX�WU
3URI�'U��+DOLO�øEUDKLP�8=81
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH
$NGHQL]�8QLYHUVLW\��$QWDO\D��7XUNH\�
X]XQ#DNGHQL]�HGX�WU
3URI�'U��+�VQ��h1h
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
6XOH\PDQ�'HPLUHO�8QLYHUVLW\��,VSDUWD��7XUNH\�
KXVQXXQOX#VGX�HGX�WU
3URI�'U��+DOLW�<(7,ù,5
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
(UFL\HV�8QLYHUVLW\��.D\VHUL��7XUNH\�
\HWLVLU�#\DKRR�FRP

$GYLVRU\�%RDUG

�H�,661������������
,QW�-�$JULF�(QYLURQ�)RRG�6FL�������-XQH������
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ZZZ�MDHIV�FRP-$()6

,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

'2,�����������MDHIV��

$VVRF�3URI�'U��$KPHW�.RQXUDOS�(/,&,1�
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�0DFKLQHU\
'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�0DFKLQHU\�DQG�7HFKQRORJLHV�
(QJLQHHULQJ��'L\DUEDNLU��7XUNH\�
NRQXUDOS�HOLFLQ#GLFOH�HGX�WU�
$VVRF�3URI�'U��+DOLO�(5'(0
$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ
*D]LRVPDQSDVD�8QLYHUVLW\��7RNDW��7XUNH\�
HUGHPK#KRWPDLO�FRP
$VVRF�3URI�'U��gQGHU�.$0,/2ö/8
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH
0XVWDID�.HPDO�8QLYHUVLW\��+DWD\��7XUNH\�
RNDPLORJOX#PNX�HGX�WU
$VRFF�3URI�'U��0LOHQD�027(9$
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
8QLYHUVLW\�RI�$UFKLWHFWXUH��&LYLO�(QJLQHHULQJ�DQG�*HRGHV\��8$&(*���6R¿D�������%XOJDULD�
PLOHQD�PRWHYD#\DKRR�FRP
$VVRF�3URI�'U��0HFLW�+DOLO�g=723
)RRG�6FLHQFHV��)RRG�3DFNDJLQJ
0LGGOH�(DVW�7HFKQLFDO�8QLYHUVLW\��$QNDUD��7XUNH\�
PHFLW#PHWX�HGX�WU
$VVRF�3URI�'U��1DWDOLLD�6,/2129$
(QYLURQPHQWDO�6FLHQFHV��0DFKLQH�/HDUQLQJ
1DWLRQDO�8QLYHUVLW\�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV�RI�8NUDLQH��.\LY�
VLORQRYD#XNU�QHW
$VVRF��3URI��9MHNRVODY�7$1$6.29,.-
(QYLURQPHQWDO�6FLHQFHV��:DWHU�4XDOLW\
6V��&\ULO�DQG�0HWKRGLXV�8QLYHUVLW\��6NRSMH��0DFHGRQLD�
YMHNRVODYWDQDVNRYLF#\DKRR�FRP
$VVRF�3URI�'U��=HOMND�=*25(/(&
$JULFXOWXUDO�6FLHQFHV��$JURQRP\
8QLYHUVLW\�RI�=DJUHE�)DFXOW\�RI�$JULFXOWXUH��&URDWLD�
]]JRUHOHF#DJU�KU
$VVW�3URI�'U��$EGXUUDKPDQ�.$5$
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�
DEGXUUDKPDQ�NDUD#GLFOH�HGX�WU
$VVW�3URI�'U��1XUJ�O�.,7,5
$JULFXOWXUDO�DQG�)RRG�6FLHQFHV��3ODQW�%LRWHFKQRORJ\
.RQ\D�)RRG�DQG�$JULFXOWXUH�8QLYHUVLW\��.RQ\D��7XUNH\�
QXUJXOBNLWLU#KRWPDLO�FRP
'U��%XOHQW�.RF
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�0HFKDQL]DWLRQ
&OHPVRQ�8QLYHUVLW\��&OHPVRQ��86$�
EXOHQW#FOHPVRQ�HGX
'U��+XPD�1D]
$JULFXOWXUDO�6FLHQFHV��3ODQW�3URWHFWLRQ
'HSDUWPHQW�RI�$JULFXOWXUH�DQG�&RRSHUDWLRQ��0LQLVWU\�RI�$JULFXOWXUH�DQG�)DUPHUV�:HOIDUH��.ULVKL�
%KDZDQ��1HZ�'HOKL��,QGLD�
KXPDQD]��#JPDLO�FRP
'U��:LOVRQ�+8$1&$�0$0$1,
$JULFXOWXUDO�6FLHQFHV��3ODQW�%LRWHFKQRORJ\
8QLYHUVLGDG�GH�7DUDSDFi��$ULFD��&KLOH
ZKXDQFD#XWD�FO
'U��(GPXQGR�0HUFDGR�6,/9$
$JULFXOWXUDO�6FLHQFHV��3ODQW�3K\VLRORJ\
8QLYHUVLGDG�$XWyQRPD�GH�4XHUpWDUR��4XHUHWDUR��0H[LFR�
PHUFDGR������#JPDLO�FRP

$GYLVRU\�%RDUG

�H�,661������������
,QW�-�$JULF�(QYLURQ�)RRG�6FL�������-XQH������



3URI�'U��$KPHW�%$<5$0
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�>DED\UDP#GLFOH�HGX�WU@
3URI�'U��2QHU�&(7,1
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�>RQHUBFHWLQ#\DKRR�FRP@
3URI�'U��$KPHW�(VHQ�&(/(1
(JH�8QLYHUVLW\��,]PLU��7XUNH\�>HVHQ�FHOHQ#HJH�HGX�WU@
3URI�'U��6HPD�.$/(�&(/,.
,VSDUWD�$SSOLHG�6FLHQFHV�8QLYHUVLW\��,VSDUWD��7XUNH\�>VHPDNDOH#LVSDUWD�HGX�WU@
3URI�'U��,VPDLO�.$5$&$
,VSDUWD�$SSOLHG�6FLHQFHV�8QLYHUVLW\��,VSDUWD��7XUNH\�>LVPDLONDUDFD#LVSDUWD�HGX�WU@
3URI�'U��2UKDQ�2=&$7$/%$6
$NGHQL]�8QLYHUVLW\��$QWDO\D��7XUNH\�>RR]FDWDOEDV#JPDLO�FRP@
3URI�'U��3UDWKDS�.XPDU�6+(77<
3RQGLFKHUU\� 8QLYHUVLW\� �$� &HQWUDO� 8QLYHUVLW\��� 59� 1DJDU� .DODSHW�� 3RQGLFKHUU\�� ,QGLD�
>SNVKDODG\#\DKRR�FR�XN@�
3URI�'U��*XOWHNLQ�2='(0,5
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�>JR]GHPLU#GLFOH�HGX�WU@
3URI�'U��1D]LP�6(.(52*/8
.LOLV���$UDOLN�8QLYHUVLW\��.LOLV��7XUNH\�>QVHNHURJOX#JPDLO�FRP@
3URI�'U��0��*XOWHNLQ�7(0,=
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�>PWHPL]#GLFOH�HGX�WU@
$VVRF�3URI�'U��$OLPH�%$<,1',5
3DPXNNDOH�8QLYHUVLW\��'HQL]OL��7XUNH\�>DED\LQGLU#SDX�HGX�WU@
$VVRF�3URI�'U��$OL�.HPDO�%,5*8&8
,VSDUWD�$SSOLHG�6FLHQFHV�8QLYHUVLW\��,VSDUWD��7XUNH\�>DOLELUJXFX#LVSDUWD�HGX�WU@
$VVRF�3URI�'U��.RUVL�'80(1<2
7HQQHVVHH�6WDWH�8QLYHUVLW\��1DVKYLOOH��8QLWHG�6WDWHV�RI�$PHULFD�>FGXPHQ\R#WQVWDWH�HGX@
$VVRF�3URI�'U��-DQLFH�+$57(
0LFKLJDQ�6WDWH�8QLYHUVLW\��(DVW�/DQVLQJ��8QLWHG�6WDWHV�RI�$PHULFD�>KDUWHMD#PVX�HGX@
$VVRF�3URI�'U��&XPDOL�2=$6/$1
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�>FXPDOL�R]DVODQ#GLFOH�HGX�WU@
'U��0G��-D\QDO�$%(',(1
6\OKHW�$JULFXOWXUDO�8QLYHUVLW\��%DQJODGHVK�>DEHGLHQBPM#\DKRR�FRP@
'U��$QFKDO�'$66
'LYLVLRQ� RI� $JURQRP\�� ,&$5�,QGLDQ� $JULFXOWXUDO� 5HVHDUFK� ,QVWLWXWH�� 1HZ� 'HOKL�� ,QGLD�
>DQFKDOBG#UHGLIIPDLO�FRP@
'U��)HUKDW�.,=,/*(&,
0DUGLQ�$UWXNOX�8QLYHUVLW\��0DUGLQ��7XUNH\�>IHUKDWBNL]LOJHFL#KRWPDLO�FRP@
'U��$EGXUUDKPDQ�.$5$
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�>DEGXUUDKPDQBNDUD#KRWPDLO�FRP@
'U��0G��*RODP�5$%%$1,
6\OKHW�$JULFXOWXUDO�8QLYHUVLW\��%DQJODGHVK�>UDEEDQL����#JPDLO�FRP@
'U��7DSDQ�.XPDU�6$+$
6\OKHW�$JULFXOWXUDO�8QLYHUVLW\��%DQJODGHVK�>WNVDKD����#JPDLO�FRP@
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,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

'2,�����������MDHIV��,QW�-�$JULF�(QYLURQ�)RRG�6FL�������-XQH������

5HYLHZHU�%RDUG
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ZZZ�MDHIV�FRP-$()6

,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

'2,�����������MDHIV��

3URGXFWLRQ�,QIRUPDWLRQ

-RXUQDO�1DPH ,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV

$EEUHYLDWLRQ ,QW�-�$JULF�(QYLURQ�)RRG�6FL

6XEMHFWV $JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV

H�,661� ���������

3XEOLVKHU *XOWHNLQ�2]GHPLU

2ZQHU *XOWHNLQ�2]GHPLU

/DQJXDJH (QJOLVK

)UHTXHQF\ 4XDUWHUO\��0DUFK��-XQH��6HSWHPEHU��'HFHPEHU�

7\SH�RI�3XEOLFDWLRQ ,QWHUQDWLRQDO��6FLHQWL¿F��2SHQ�$FFHVV
'RXEOH�EOLQGHG�SHHU�UHYLHZ
:LGHO\�GLVWULEXWHG�SHULRGLFDO

0DQXVFULSW�6XEPLVVLRQ�DQG�
7UDFNLQJ�6\VWHP

-$()6�XVHV�WKH�VXEPLVVLRQ�V\VWHP�RI�78%,7$.�8/$.%,0�-RXUQDO3DUN�
2SHQ�-RXUQDO�6\VWHPV���KWWS���GHUJLSDUN�JRY�WU�MDHIV

/LFHQVH -RXUQDO�LV�OLFHQVHG�XQGHU�D�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�����,QWHUQDWLRQDO�
/LFHQVH

/HJDO�5HVSRQVLELOLW\ $XWKRUV�DUH�UHVSRQVLEOH�IRU�FRQWHQW�RI�DUWLFOHV�WKDW�ZHUH�SXEOLVKHG�LQ�-RXUQDO�

,QGH[HG�DQG�$EVWUDFWHG�LQ 8/$.%,0�75�'L]LQ��&URVVUHI��'LUHFWRU\�RI�2SHQ�$FFHVV�-RXUQDO��'2$-���
$*25$��$FFHVV�WR�*OREDO�2QOLQH�5HVHDUFK�LQ�$JULFXOWXUH���:RUOG&DW��
*RRJOH�6FKRODU��62%,$'��6FLOLW��52$'��'LUHFWRU\�RI�2SHQ�$FFHVV�
6FKRODUO\�5HVRXUFHV���1HOLWL��,QWHUQDWLRQDO�&LWDWLRQ�,QGH[��5227�,QGH[LQJ��
5HVHDUFK%LE��,QGH[�&RSHUQLFXV�,QWHUQDWLRQDO��(6-,��-RXUQDO72&V��7((/6��
5HVHDUFK*DWH��0LFURVRIW�$FDGHPLF

$GGUHVV ,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV�
*XOWHNLQ�2]GHPLU�
'LFOH�8QLYHUVLW\�)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��������
'L\DUEDNLU���785.(<

&RQWDFW 3KRQH�������������������
(�PDLO��HGLWRU#MDHIV�FRP
�������������MDHIVHGLWRU#JPDLO�FRP��
:HE�����ZZZ�MDHIV�FRP�
�������������GHUJLSDUN�JRY�WU�MDHIV

,QW�-�$JULF�(QYLURQ�)RRG�6FL�������-XQH������
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,QW�-�$JULF�(QYLURQ�)RRG�6FL�������-XQH������

ZZZ�MDHIV�FRP-$()6

,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

'2,�����������MDHIV��

$LP�DQG�6FRSH �,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV���-$()6��LV�DQ�LQWHUQDWLRQDO�
MRXUQDO��ZKLFK�SXEOLVKHV�RULJLQDO�UHVHDUFK�DQG�UHYLHZ�DUWLFOHV�GHDOLQJ�ZLWK�$JULFXOWXUH��(QYLURQPHQW�
DQG�)RRG�6FLHQFHV���
-$()6�-RXUQDO� LV�DQ� LQWHUQDWLRQDO��VFLHQWL¿F��RSHQ�DFFHVV�SHULRGLFDO�SXEOLVKHG� LQ�DFFRUGDQFH�ZLWK�
LQGHSHQGHQW��XQELDVHG��DQG�GRXEOH�EOLQGHG�SHHU�UHYLHZ�SULQFLSOHV�
-RXUQDO�SXEOLVKHV�4XDUWHUO\��0DUFK��-XQH��6HSWHPEHU��'HFHPEHU���
7KH�SXEOLFDWLRQ�ODQJXDJH�RI�WKH�MRXUQDO�LV�(QJOLVK�DQG�FRQWLQXHV�SXEOLFDWLRQ�VLQFH�'HFHPEHU�������
$�'LJLWDO�2EMHFW�,GHQWL¿HU��'2,��QXPEHU�KDV�EHHQ�DVVLJQHG�IRU�HDFK�DUWLFOH�DFFHSWHG�WR�EH�SXEOLVKHG�LQ�
-$()6��VWDUWLQJ�IURP�'HFHPEHU�������
-RXUQDO� RI� -$()6� ZHOFRPHV� DUWLFOH� VXEPLVVLRQV� DQG� GRHV� QRW� FKDUJH� DQ\� DUWLFOH� VXEPLVVLRQ� RU�
SURFHVVLQJ�FKDUJHV��

,QWHUQDWLRQDO�-RXUQDO�RI��$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV�DUHDV�RI�LQWHUHVW�LQFOXGH��EXW�DUH�
QRW�OLPLWHG�WR��$JULFXOWXUDO�(QJLQHHULQJ�DQG�7HFKQRORJ\��(QYLURQPHQWDO�(QJLQHHULQJ�DQG�7HFKQRORJ\��
)RRG�(QJLQHHULQJ�DQG�7HFKQRORJ\��$JULFXOWXUH��(QYLURQPHQW��)RRG���$JULFXOWXUH�+LVWRU\��$JULFXOWXUDO�
(FRQRPLFV��$JURQRP\��$QLPDO�6FLHQFHV��$TXDFXOWXUH��%LRFKHPLVWU\��%LRWHFKQRORJ\��%LRLQIRUPDWLFV�
DQG�'DWD� 6FLHQFH�� &URS� 6FLHQFH�� 'DLU\� 6FLHQFH�� ([WHQVLRQ� 6FLHQFH� DQG� (GXFDWLRQ�� (QWRPRORJ\��
(QYLURQPHQWDO�6FLHQFH��)LVK�DQG�)LVKHULHV��)RRG�3URFHVVLQJ��)RRG�&KHPLVWU\��)RRG�&XOWXUH��)RRG�
+HDOWK�DQG�1XWULWLRQ��)RRG�+LVWRU\��)RRG�,QGXVWU\�'HYHORSPHQW��)RRG�0DUNHWLQJ��)RRG�3ROLF\�DQG�
3UDFWLFHV�� )RRG� 6DIHW\�� )RUHVWU\�� +RUWLFXOWXUH�� ,QIRUPDWLRQ� 7HFKQRORJLHV� DQG� 6\VWHPV�� ,UULJDWLRQ��
0ROHFXODU�%LRORJ\��2UJDQLF�$JULFXOWXUH��3ODQW�3K\VLRORJ\��3ODQW�%UHHGLQJ��3ODQW�3URWHFWLRQ��3ODQW�
6FLHQFHV��3UHFLVLRQ�$JULFXOWXUH��5XUDO�'HYHORSPHQW�DQG�3ROLF\��6XVWDLQDEOH�$JULFXOWXUH��6RLO�6FLHQFH��
3ODQW�1XWULWLRQ��(QHUJ\�&URSV��9HWHULQDU\��:DWHU�5HVRXUFHV�

,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV��-$()6��SXEOLVKHV�IXOO\�RSHQ�
DFFHVV�MRXUQDO��ZKLFK�PHDQV�WKDW�DOO�DUWLFOHV�DUH�DYDLODEOH�RQ�WKH�LQWHUQHW�WR�DOO�XVHUV�LPPHGLDWHO\�XSRQ�
SXEOLFDWLRQ��
$OO�WKH�RULJLQDO�DUWLFOHV�DQG�UHYLHZ�SDSHUV�SXEOLVKHG�LQ�-$()6�MRXUQDO�DUH�IUHH�WR�DFFHVV�LPPHGLDWHO\�
IURP�WKH�GDWH�RI�SXEOLFDWLRQ��
,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV��-$()6��GRQ¶W�FKDUJH�DQ\�IHHV�
IRU�DQ\�UHDGHU�WR�GRZQORDG�DUWLFOHV�DQG�UHYLHZV�IRU�WKHLU�RZQ�VFKRODUO\�XVH�
8VHUV�DUH�DOORZHG�WR�UHDG��GRZQORDG��FRS\��GLVWULEXWH��SULQW��VHDUFK��RU� OLQN�WR�WKH�IXOO� WH[WV�RI� WKH�
DUWLFOHV��RU�XVH�WKHP�IRU�DQ\�RWKHU�ODZIXO�SXUSRVH��ZLWKRXW�DVNLQJ�SULRU�SHUPLVVLRQ�IURP�WKH�SXEOLVKHU�RU�
WKH�DXWKRU��7KLV�LV�LQ�DFFRUGDQFH�ZLWK�WKH�%2$,�GH¿QLWLRQ�RI�RSHQ�DFFHVV���
&RS\ULJKW�RI�WKH�OD\RXW�DQG�GHVLJQ�RI�,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�
6FLHQFHV�DUWLFOHV�UHPDLQV�ZLWK�WKH�MRXUQDO�DQG�FDQQRW�EH�XVHG�LQ�RWKHU�SXEOLFDWLRQV��
,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV�DOVR�RSHUDWHV�XQGHU�WKH�&UHDWLYH�
&RPPRQV�/LFHQFH�&&�%<�1&�1'��
$OO�DXWKRUV�SXEOLVKLQJ�ZLWK�WKH�-$()6�DFFHSW�WKHVH�DV�WKH�WHUPV�RI�SXEOLFDWLRQ�
%HQH¿WV�RI�RSHQ�DFFHVV�IRU�$XWKRUV�LQFOXGH�
)UHH�DFFHVV�IRU�DOO�XVHUV�ZRUOGZLGH
$XWKRUV�UHWDLQ�FRS\ULJKW�WR�WKHLU�ZRUN
,QFUHDVHG�YLVLELOLW\�DQG�UHDGHUVKLS
5DSLG�SXEOLFDWLRQ
1R�VSDWLDO�FRQVWUDLQWV�

$XWKRUV� ZKR� SXEOLVK� ZLWK� ,QWHUQDWLRQDO� -RXUQDO� RI�$JULFXOWXUH�� (QYLURQPHQW� DQG� )RRG� 6FLHQFHV�
�-$()6��DJUHH�WR�WKH�IROORZLQJ�WHUPV�

$XWKRUV�WUDQVIHU�WKH�FRS\ULJKW�WR�,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV�
�-$()6����$XWKRUV��KRZHYHU��XSRQ�WKH�SXEOLFDWLRQ�RI�WKHLU�ZRUN��FDQ�UHSXEOLVK�LW�LQ�DQ�DQRWKHU�MRXUQDO�RU�
ERRN�SURYLGHG�WKDW�WKH\�REWDLQ�WKH�SHUPLVVLRQ�RI�WKH�-RXUQDO��0RUHRYHU��WKH\�DUH�WR�LQFOXGH�WKH�QRWH�
LQGLFDWLQJ�WKDW�WKHLU�ZRUN�KDV�¿UVW�EHHQ�SXEOLVKHG�LQ�,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�
DQG�)RRG�6FLHQFHV��-$()6���DQG�WKH�OLQN�WR�WKHLU�ZRUN�LQ�WKH�MRXUQDO�
$XWKRUV�� XSRQ� WKH� SXEOLFDWLRQ� RI� WKHLU�ZRUN�� FDQ� SXEOLVK� LW� LQ� RQOLQH� HQYLURQPHQWV� DQG�RU� VRFLDO�
QHWZRUNV��SHUVRQDO�ZHESDJHV��FRXUVH�FRQWHQW�ZHEVLWHV��)DFHERRN��HWF����+RZHYHU��WKH\�DOVR�SURYLGH�
WKH�OLQN�WR�WKH�ZRUN�DV�SXEOLVKHG�LQ�WKH�MRXUQDO��
³,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV´�MRXUQDO�LV�OLFHQVHG�XQGHU�D�

&UHDWLYH�&RPPRQV�$WWULEXWLRQ�����,QWHUQDWLRQDO�/LFHQVH�

2SHQ�$FFHVV�6WDWHPHQW

&RS\ULJKW�3ROLF\

�H�,661������������
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ZZZ�MDHIV�FRP-$()6

,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

'2,�����������MDHIV��,QW�-�$JULF�(QYLURQ�)RRG�6FL�������-XQH������

5HVHDUFK�$UWLFOHV

$XWKRUV 7LWOH 3DJHV

)HUKDW�g]W�UN 7KH�HYDOXDWLRQ�RI�WKH�\LHOG�DQG�\LHOG�FRPSRQHQWV�RI�VHYHQ�VR\EHDQ�
�*O\FLQH�0D[��/��0HULOO���JHQRW\SHV�JURZQ�DV�D�VHFRQG�FURS�XQGHU�6LUQDN�
FRQGLWLRQ

��������

$QLVK�6KUHVWKD��6DPDWD�%DUDO &RQVXPHUV¶�ZLOOLQJQHVV�WR�SD\�IRU�RUJDQLF�DJULFXOWXUH�SURGXFWV��D�FDVH�VWXG\�
RI�1HSDOJXQM�FLW\��%DQNH

�������

,PHG�%HQ�$LVVD��6DPL�%RXDUID��
2OLYLHU�5RXSVDUG��5DMRXHQH�
0DMGRXE

,V�LW�WUXH�WKDW�GDWH�SDOP�FRQVXPHV�D�ORW�RI�ZDWHU" �������

(NUHP�$WDNDQ 3HVW�DQG�EHQH¿FLDO�LQVHFW�VSHFLHV�GHWHFWHG�RQ�EURDG�EHDQ�LQ�WKH�dXNXURYD�
UHJLRQ�RI�7XUNH\

�������

6DKMDKDQ�$OL��0G��$EXO�
.DVKHP��0G��$EGXO�$]L]

$JUR�HFRQRPLF�SHUIRUPDQFH�RI�ERUR�ULFH�FXOWLYDWLRQ�DW�IDUPHUV¶�OHYHO�RI�
KDRU�DUHD�LQ�%DQJODGHVK

�������

0DGKDY�'KDNDO��6KUDZDQ�.��
6DK��*HHWD�.KDUHO

,QWHJUDWHG�ZHHG�PDQDJHPHQW�LQ�GLUHFW�VHHGHG�ULFH��G\QDPLFV�DQG�
HFRQRPLFV

�������

6RFKLQZHFKL�1ZRVLVL��'LOLS�
1DQGZDQL��5DPDVDP\�5DYL

7H[WXUH�SUR¿OH�DQDO\VLV�RI�RUJDQLF�VZHHWSRWDWR��,SRPRHD�EDWDWDV��FXOWLYDUV�
DV�DIIHFWHG�E\�GLIIHUHQW�WKHUPDO�SURFHVVLQJ�PHWKRGV

���������

5�YH\GH�7XQFWXUN��6HUKDW�
.LSFDN��0DKGL�*KL\DVL��0XUDW�
7XQFWXUN

7KH�GHWHUPLQDWLRQ�RI�JLEEHUHOOLF�DFLG�HIIHFWV�RQ�VHHG�JHUPLQDWLRQ�RI�
(FKLQDFHD�SXUSXUHD��/���0RHQFK�XQGHU�VDOW�VWUHVV

����������
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7KH�HYDOXDWLRQ�RI�WKH�\LHOG�DQG�\LHOG�FRPSRQHQWV�RI�VHYHQ�VR\EHDQ�
�*O\FLQH�0D[��/��0HULOO���JHQRW\SHV�JURZQ�DV�D�VHFRQG�FURS�

XQGHU�6LUQDN�FRQGLWLRQ
��
)HUKDW�2]WXUN

�'HSDUWPHQW�RI�)൴HOG�&URSV��)DFXOW\�RI�$JU൴FXOWXUH��8Q൴YHUV൴W\�RI�6ÕUQDN��������ùÕUQDN��7XUNH\

&RUUHVSRQGLQJ�$XWKRU��IR]WXUN#VLUQDN�HGX�WU��

6R\EHDQ�VHHGV�FRQWDLQ����±�����RLO�DQG�����SURWHLQ��
7KH� JO\FLQH� LQ� WKH� VHHG� LV� KLJKO\� LPSRUWDQW� LQ� DQLPDO�
QXWULWLRQ��0RUHRYHU��LWV�ULFKQHVV�LQ�ROHLF�DQG�OLQROHLF�RLO�W\�
DFLGV� DQG� ORZ� OLQROHQLF� RLO� FRQWHQW� DGG� WR� WKH� TXDOLW\� RI�
VR\EHDQ� RLO��$V� D� SODQW� FRQWDLQLQJ� YDULRXV� YLWDPLQV� DQG�
YDOXDEOH�DPLQR�DFLGV�DQG�VXSSO\LQJ�QLWURJHQ�WR�VRLOV�LQ�WKH�
IRUP�RI�RUJDQLF�VXEVWDQFHV��VR\EHDQ�LV�JURZQ�LQ�7XUNH\�ERWK�
DV� D�PDLQ� FURS� DQG� D� VHFRQG� FURS�� ,Q�7XUNH\�� VR\EHDQ� LV�
SUHGRPLQDQWO\� XVHG� LQ� WKH� IHHG� VHFWRU�� 6R\EHDQ� FDNH�
FRQWDLQV�KLJK�DPRXQWV�RI�SURWHLQ�DQG�WKXV��ODUJH�DPRXQWV�RI�
VR\EHDQ�DUH�XVHG�DV�D�JRRG�VRXUFH�RI�DQLPDO�IHHG�HVSHFLDOO\�
LQ� WKH� IHHG� UDWLRQV� IRU� SRXOWU\�� 7KH� WRS� IRXU� PDWHULDOV�
SUHIHUUHG� LQ� WKH� FRPSRXQG� IHHG� LQGXVWU\� LQFOXGH� IXOO� RLO�
VR\EHDQ��VR\EHDQ�FDNH��VXQÀRZHU�FDNH�DQG�FRWWRQVHHG�FDNH��
ZKLOH�VR\EHDQ�UDQNV�WKH�¿UVW��2QHU��������

�$PRQJ�WKH�RLO�SODQWV�ZRUOGZLGH��VR\EHDQ�UDQNV�¿UVW�LQ�
WHUPV�RI�FXOWLYDWLRQ�DUHD�DQG�SURGXFWLRQ��$FFRUGLQJ�WR�WKH�
GDWD�RI�)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ��)$2���WKH�JOREDO�
FXOWLYDWLRQ�DUHD��SURGXFWLRQ�DQG�\LHOG�RI�VR\EHDQ� LQ������
ZHUH�������PLOOLRQ�KHFWDUHV��������PLOOLRQ�WRQV�DQG�������NJ�

��GD �UHVSHFWLYHO\��,Q�7XUNH\��LW�UDQNV�IRXUWK�LQ�WKH�FXOWLYDWLRQ�
DUHD� RI� RLO� SODQWV� DQG� VHFRQG� LQ� SURGXFWLRQ�� ,Q� ������ WKH�
VR\EHDQ� FXOWLYDWLRQ� DUHD�� SURGXFWLRQ� DQG� \LHOG� LQ�7XUNH\�
ZHUH������WKRXVDQG�KHFWDUHV������WKRXVDQG�WRQV�DQG������NJ�

��KD ��UHVSHFWLYHO\��)$2��������2I�WKH�WRWDO�VR\�FXOWLYDWLRQ�LQ�
7XUNH\��DSSUR[LPDWHO\�����WRRN�SODFH�LQ�WKH�0HGLWHUUDQHDQ�
5HJLRQ� LQFOXGLQJ�FLWLHV� VXFK�DV�$GDQD��2VPDQL\H��+DWD\��
0HUVLQ�DQG�.DKUDPDQPDUDú�����WRRN�SODFH�LQ�WKH�%ODFN�6HD�
5HJLRQ�� DURXQG�2UGX� DQG� 6DPVXQ�� ��� WRRN� SODFH� LQ� WKH�
$HJHDQ�5HJLRQ��$QRQ\PRXV���������7RGD\��VR\�LV�SURGXFHG�
DV� D� PDLQ� FURS� LQ� 7KUDFH�� 0DUPDUD�� %ODFN� 6HD� DQG�
0HGLWHUUDQHDQ� DQG� DV� WKH� VHFRQG� FURS� LQ� 6RXWKHDVWHUQ�
$QDWROLD�DQG�WKH�LUULJDEOH�IDUP�ODQGV�RI�WKH�0HGLWHUUDQHDQ�
5HJLRQ��

6R\EHDQ�KDV�D�KLJK�\LHOG�SRWHQWLDO�DQG�WKH�VHOHFWLRQ�RI�
WKH�DSSURSULDWH�JHQRW\SHV�DQG�TXDOLW\�RI�WKH�VHHGV�DUH�WKH�
OHDGLQJ�IDFWRUV�DIIHFWLQJ�WKH�\LHOG�DQG�\LHOG�FRPSRQHQWV��7KH�
DSSURSULDWH�JHQRW\SHV�VKRXOG�EH�VHOHFWHG�E\�FRQVLGHULQJ�WKH�
VRZLQJ� WLPHV� DQG� VHHGV� ZLWK� D� KLJK� JHUPLQDWLRQ� SRZHU�
VKRXOG�EH�SUHIHUUHG��2WKHUZLVH��PD[LPXP�\LHOG�FDQQRW�EH�
DFKLHYHG�UHJDUGOHVV�RI�WKH�DSSOLFDWLRQ�PHWKRGV��

+LJK�TXDOLW\�DQG�KLJK�\LHOG�JHQRW\SHV�WKDW�DUH�VXLWDEOH�
IRU�WKH�HFRORJLFDO�FRQGLWLRQV�RI�7XUNH\�DUH�QHHGHG��:KHDW�LV�
VRZQ�DV�WKH�PDLQ�FURS�DQG�VR\EHDQ�LV�VRZQ�DV�WKH�VHFRQG�
FURS��7KH�GHWHUPLQDWLRQ�RI�WKH�KLJK�TXDOLW\�DQG�KLJK�\LHOG�
VR\EHDQ� JHQRW\SHV� WKDW� DUH� VXLWDEOH� IRU� WKH� VHFRQG� FURS�
DJULFXOWXUH�LQ�ùÕUQDN�ZLOO�EH�EHQH¿FLDO�ERWK�WR�WKH�IDUPHUV�
DQG�WR�7XUNH\�

�

��
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,Q�WKLV�VWXG\�LQYHVWLJDWHG�WKH�VHHG�\LHOG��RLO�UDWH��SURWHLQ�UDWH��\LHOG�DQG�\LHOG�FRPSRQHQWV�RI�VHYHQ�GLIIHUHQW�VR\EHDQ�
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LQ�.XUWXOXú�9LOODJH�RI�øGLO�7RZQ��ùÕUQDN��7XUNH\�LQ������FURS�VHDVRQ��7KH�VWXG\�ZDV�GHVLJQHG�LQ�DFFRUGDQFH�ZLWK�WKH�
UDQGRPL]HG�EORFN�GHVLJQ�DQG�FDUULHG�RXW�LQ�WKUHH�UHSOLFDWLRQV��,Q�WKH�VWXG\��LPSRUWDQW�SURSHUWLHV�VXFK�DV�VHHG�\LHOG��RLO�
FRQWHQW��FUXGH�RLO�FRQWHQW�DQG�\LHOG�FRPSRQHQWV�ZHUH�LQYHVWLJDWHG��7KH�UHVXOWV�VKRZHG�WKDW�WKH�VHHG�\LHOG�YDOXHV�RI�WKH�
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0DWHULDO�DQG�0HWKRGV
7KH�WULDO�ZDV�FDUULHG�RXW�D�IDUP�ODQG�LQ�.XUWXOXú�9LOODJH�

RI� øGLO� 7RZQ�� ùÕUQDN�� 7XUNH\� LQ� ����� FURS� VHDVRQ�� 7KH�
H[SHULPHQW�ZDV�GHVLJQHG�LQ�DFFRUGDQFH�ZLWK�WKH�UDQGRPL]HG�
EORFN� GHVLJQ� DQG� FDUULHG� RXW� LQ� WKUHH� UHSHWLWLRQV�� 6HYHQ�
VR\EHDQ�JHQRW\SHV�IURP�GLIIHUHQW�PDWXUDWLRQ�JURXSV��/LGHU��
%UDYR��$V\D��$13�������1D]OÕFDQ��7�UNVR\��$GDVR\��ZHUH�
XVHG�DV�WKH�VWXG\�PDWHULDO��7KH�JHQRW\SHV�XVHG�LQ�WKH�WULDO�
ZHUH� REWDLQHG� IURP� (DVWHUQ� 0HGLWHUUDQHDQ� $JULFXOWXUDO�
5HVHDUFK�,QVWLWXWHV�DQG�VHHG�FRPSDQLHV�

7KH�FOLPDWLF�FRQGLWLRQV�RI�WKH�VWXG\�DUHD��7KH�ORFDWLRQ�
LV�XQGHU�WKH�VXEWURSLFDO�FOLPDWLF�FRQGLWLRQV�DQG�DIIHFWHG�E\�
WKH�³$UDELDQ�3HQLQVXOD�&OLPDWH´��7KH�UHJLRQ�LV�KRW�DQG�GU\�
LQ� VXPPHU�DQG� UHFHLYHV� OLWWOH� UDLQ� LQ�ZLQWHU��3UHFLSLWDWLRQ�
GHFUHDVHV� LQ� ZLQWHU� DQG� DXWXPQ�� 7KH� PHDQ� PRQWKO\�

R RWHPSHUDWXUH�GXULQJ�WKH�WULDO�UDQJHG�IURP����� &�WR����� &��,Q�
WKH�H[SHULPHQWDO�\HDU��WKH�PD[LPXP�WHPSHUDWXUH�LQ�ùÕUQDN�

RUHDFKHG� ���� &� LQ� $XJXVW�� $FFRUGLQJ� WR� WKH� GDWD� RQ�
SUHFLSLWDWLRQ��UDLQIDOO�GXULQJ�WKH�WULDO�YDULHG�EHWZHHQ�����PP�
DQG�����PP��'XH�WR�WKH�LQVXI¿FLHQW�SUHFLSLWDWLRQ��WKH�ZDWHU�
UHTXLUHPHQW�ZDV�PHW�E\�LUULJDWLRQ��7KH�VRLOV�RQ�ZKLFK�WKH�
WULDO�ZDV�FDUULHG�RXW�ZHUH�FOD\�ORDP\�DQG�KDG�D�S+�RI�������
7KH�VDOW�FRQWHQW�RI�WKH�VRLOV�ZDV�������DQG�VDOLQLW\�SUREOHP�
ZDV�QRW�REVHUYHG�LQ�WKH�VRLOV��7KH�OLPH�FRQWHQW�ZDV�������
DQG�� KHQFH�� WKH� VRLOV� ZHUH� PLOGO\� FDOFDUHRXV�� 2UJDQLF�
VXEVWDQFH�FRQWHQW�ZDV�������DQG� WKH�VRLOV�FRQWDLQHG� ORZ�

��OHYHOV�RI�SKRVSKRUXV������NJ�GD ���7KH�VRLOV�ZHUH�KLJKO\�ULFK�
LQ�SRWDVVLXP��.��

�7KH�H[SHULPHQW�ZDV�HVWDEOLVKHG�LQ�DFFRUGDQFH�ZLWK�WKH�
UDQGRPL]HG� EORFN� � GHVLJQ� DQG� FDUULHG� RXW� LQ� WKUHH�
UHSOLFDWLRQV��7KH�VHHG�EHG�ZDV�SUHSDUHG�IRU�VRZLQJ�E\�WKH�
SURFHVVLQJ�RI�WKH�WULDO�DUHDV�ZLWK�D�FXOWLYDWRU�DIWHU�WKH�ZKHDW�

��KDUYHVW��%HIRUH�VRZLQJ�����NJ��������'$3������NJ�KD ��1�
���DQG����NJ�KD �3��SHU�GHFDUH�ZDV�DSSOLHG�WR�WKH�DUHD�DQG��WKHQ��

��EHIRUH�WKH�¿UVW�LUULJDWLRQ�����NJ�GD ������DPPRQLXP�QLWUDWH�
������NJ�KD ��QLWURJHQ��ZDV�DSSOLHG�DV�WKH�IHUWLOL]HU��,Q�WKH�WULDO��

�SDUFHO� VL]H�ZDV� ����P� [� ����P�  � ���P � DQG� HDFK� SDUFHO�
FRQWDLQHG���URZV��5RZ�VSDFLQJ�ZDV�DGMXVWHG�WR����FP�[���
FP�� 6RZLQJ� ZDV� FDUULHG� RXW� PDQXDOO\� RQ� -XQH� ���� 7KH�
QHFHVVDU\� PDLQWHQDQFH� ZRUN� ZDV� FDUULHG� RXW� GXULQJ� WKH�
JURZLQJ� SHULRG� XVLQJ� WKH� DSSURSULDWH� PHWKRGRORJ\� LQ� D�
WLPHO\�PDQQHU��5RZ�LUULJDWLRQ�ZDV�FDUULHG�RXW�IRU�IRXU�¿YH�
WLPHV��GHSHQGLQJ�RQ�WKH�ZDWHU�UHTXLUHPHQW�RI�WKH�SODQW��7KH�
KDUYHVW� RI� WKH� LQYHVWLJDWHG� JHQRW\SHV� WRRN� SODFH� LQ� WKH�
VHFRQG�ZHHN�RI�2FWREHU��GHSHQGLQJ�RQ�WKH�PDWXUDWLRQ�VWDWXV�
RI�WKH�JHQRW\SHV��

7KH�SODQW�KHLJKW��FP���¿UVW�SRG�KHLJKW��FP���QRGH�QXPEHU�
�� ���QRGHV�SODQW ���SRG�QXPEHU��SRGV�SODQW ���QXPEHU�RI�VHHGV�
���VHHGV�SODQW �������VHHG�ZHLJKW��J���RLO�FRQWHQW������SURWHLQ�

��FRQWHQW�����DQG�VHHG�\LHOG��NJ�KD ��RI�WKH�JHQRW\SHV�ZHUH�
LQYHVWLJDWHG�

7KH�YDULDQFH�DQDO\VLV�RI�WKH�GDWD�ZDV�SHUIRUPHG�XVLQJ�
-03����6$6�,QVWLWXWH�,QF���VWDWLVWLFDO�VRIWZDUH�LQ�DFFRUGDQFH�
ZLWK� WKH� UDQGRPL]HG� EORFN� H[SHULPHQWDO� GHVLJQ�� 7KH�
GLIIHUHQFHV�EHWZHHQ�WKH�PHDQ�YDOXHV�RI�WKH�IDFWRUV�WKDW�KDG�D�
VLJQL¿FDQW� HIIHFW� RQ� WKH� LQYHVWLJDWHG� SURSHUWLHV� ZHUH�
GHWHUPLQHG�XVLQJ�WKH�7XNH\��������WHVW�

5HVXOWV�DQG�'LVFXVVLRQ
7DEOH� �� VKRZV� WKH� FRPELQHG� YDULDQFH� DQDO\VLV�

UHVXOWV� IRU� WKH�SURSHUWLHV�RI�GLIIHUHQW� VR\�JHQRW\SHV��
7KH�HIIHFWV�RI�SODQW�KHLJKW��¿UVW�SRG�KHLJKW��QXPEHU�RI�
SRGV��QXPEHU�RI�VHHGV�SHU�SODQW��VHHG�\LHOG������VHHG�
ZHLJKW�� SURWHLQ� FRQWHQW� DQG� RLO� FRQWHQW� ZHUH�
VWDWLVWLFDOO\�VLJQL¿FDQW�DW�WKH�3�������ZKLOH�WKHUH�ZHUH�
LQVLJQL¿FDQW� GLIIHUHQFHV� EHWZHHQ� WKH� JHQRW\SHV� LQ�
WHUPV�RI�QRGH�QXPEHU�

��

'2,��KWWSV���G[�GRL�RUJ����������MDHIV��������������)HUKDW�2]WXUN

7DEOH����7KH�UHVXOWV�RI�DQDO\V൴V�RI�YDU൴DQFH�IRU�VR\EHDQ�

7DEOH����0HDQ�SHUIRUPDQFH�DQG�/6'�UDQNV�RI�WKH�VR\EHDQ�DQG�H[DP൴QHG�IHDWXUHV�

$PRQJ�WKH�VR\EHDQ�JHQRW\SHV��WKH�ORZHVW�SODQW�KH൴JKW�
ZDV�REWD൴QHG�Z൴WK�WKH�/൴GHU�JHQRW\SH��������FP���ZK൴OH�WKH�
RWKHU� JHQRW\SHV� ZHUH� ൴Q� WKH� VDPH� JURXS� DQG� KDG� SODQW�
KH൴JKWV�YDU\൴QJ�EHWZHHQ�������FP�DQG�������FP��7DEOH�����
$FFRUG൴QJ� WR� WKH൴U� YDU൴DQFH� DQDO\V൴V� RI� WKH� SODQW� KH൴JKW�
YDOXHV� RI� G൴IIHUHQW� VR\EHDQ� JHQRW\SHV�� *DIIDURJOX\HWJ൴Q�

�������GHWHUP൴QHG�WKDW�WKH�G൴IIHUHQFHV�DPRQJ�WKH�JHQRW\SHV�
ZHUH� �V൴JQ൴¿FDQW��,W�KDV�EHHQ�UHSRUWHG�WKDW�SODQW�KH൴JKW�RI�
VR\EHDQ�FDQ�UDQJH�IURP����FP�WR�����FP��GHSHQG൴QJ�RQ�WKH�
YDU൴HW\��VRZ൴QJ�W൴PH��URZ�VSDF൴QJ�DQG�JURZ൴QJ�FRQG൴W൴RQV�
�$ULRJOX��������



$UÕRJOX� HW� DO��� ������� IRXQG� WKDW� ¿UVW� SODQW� KHLJKW� ZDV�
EHWZHHQ�������FP�DQG�������FP�DQG�6HQ\LJLW�HW�DO����������
GHWHUPLQHG�WKDW�LW�YDULHG�EHWZHHQ������FP�DQG�������FP��7KH�
GLIIHUHQFHV�EHWZHHQ�WKH�SODQW�KHLJKWV�RI�VR\EHDQ�JHQRW\SHV�
DUH�DWWULEXWDEOH�WR�WKH�JHQHWLF�VWUXFWXUHV�RI�WKH�JHQRW\SHV�DQG�
WKH� GLIIHUHQW� HIIHFWV� RI� HQYLURQPHQWDO� FRQGLWLRQV� RQ� WKH�
JHQRW\SHV��,Q�DGGLWLRQ��VR\EHDQ�FURS�LV�D�VKRUW�GD\�SODQW�DQG�
WKXV��GXH�WR�WKH�VKRUWHQLQJ�RI�GD\V�DIWHU�-XQH��WKH�VKRUW�GD\�
FRQGLWLRQV�DUH�HIIHFWLYH�LQ�WKH�VRZLQJV�GXULQJ�WKH�ODVW�ZHHN�
RI� -XQH�� WKHUHIRUH�� WKH� YHJHWDWLYH� JURZWK� RI� VR\EHDQ�
GHFUHDVHV�DQG��FRQVHTXHQWO\��SODQW�KHLJKW�UHPDLQV�VKRUW��,Q�
WKHLU� VWXG\� XQGHU�PDLQ� FURS� DQG� VHFRQG� FURS� FRQGLWLRQV��
&LQVR\�HW�DO����������UHSRUWHG�WKDW�SODQW�KHLJKW�VKRUWHQHG�DV�
VRZLQJ�WLPH�ZDV�GHOD\HG��

7KH�KLJKHVW�¿UVW�SRG�KHLJKW�ZDV�REWDLQHG�ZLWK�WKH�%UDYR�
YDULHW\�ZLWK������FP��ZKLOH�WKH�7�UNVR\�������FP��DQG�/LGHU�
������FP��JHQRW\SHV�KDG�WKH�ORZHVW�¿UVW�SRG�KHLJKW�YDOXHV��
6R\EHDQ�DJULFXOWXUH� LV�QHJDWLYHO\�DIIHFWHG� LI� WKH�SRGV�DUH�
FORVH�WR�WKH�VRLO�VXUIDFH��7KLV�LV�EHFDXVH�WKH�SRGV�WKDW�DUH�
FORVH�WR�WKH�VRLO�VXUIDFH�FDQQRW�EH�KDUYHVWHG��ZKLFK�OHDGV�WR�
VXEVWDQWLDO�KDUYHVW�ORVVHV��$UVODQRJOX�HW�DO���������<LOPD]�HW�
DO���������%H\\DYDV�HW�DO���������,ONHU���������,Q�WKHLU�VWXG\�LQ�
ZKLFK� WKH� HIIHFWV� RI� JURZLQJ� WLPH� RQ� FHUWDLQ� DJURQRPLF�
SURSHUWLHV�DQG�TXDOLW\�RI�VR\EHDQ�ZHUH�LQYHVWLJDWHG��%DNDO�HW�
DO����������IRXQG�WKDW�WKH�PHDQ�¿UVW�SRG�KHLJKW�XQGHU�PDLQ�
FURS�FRQGLWLRQV�ZDV������FP��ZKLOH�LW�ZDV������FP�XQGHU�
VHFRQG�FURS�FRQGLWLRQV�� ,Q� WKH�JURZLQJ�RI�VR\EHDQ�DV� WKH�
PDLQ�FURS��ORQJ�GD\�FRQGLWLRQV�DIIHFW�WKH�YHJHWDWLYH�JURZWK��
ZKLOH� LQ� LWV� DJULFXOWXUH� DV� DQ� VHFRQG� FURS�� VKRUW�GD\�
FRQGLWLRQV�DUH�HIIHFWLYH��%DNDO�HW�DO����������,Q�WKH�VRZLQJV�
DIWHU� -XQH�����GXH� WR� WKH�KLJK�PHDQ� WHPSHUDWXUHV�DQG� WKH�
HIIHFWV� RI� VKRUW�GD\� FRQGLWLRQV�� WKH� SODQWV� VWDUW� WR� ÀRZHU�
VKRUWO\� DIWHU� HPHUJHQFH� DQG�� WKHUHIRUH�� WKH� ¿UVW� SRGV� DUH�
FORVHU�WR�WKH�VRLO��$ULRJOX���������7KXV��¿UVW�SRGV�DUH�GHVLUHG�
WR�EH�KLJKHU�DERYH�WKH�VRLO�VXUIDFH��7KHUH�ZHUH�LQVLJQL¿FDQW�
GLIIHUHQFHV�EHWZHHQ�WKH�JHQRW\SHV�LQ�WHUPV�RI�QRGH�QXPEHU�
�7DEOH����7KH�QRGH�QXPEHU�YDOXHV�YDULHG�EHWZHHQ������DQG�
������QRGHV��1RGH�QXPEHU�GLIIHUV�GHSHQGLQJ�RQ�ZKHWKHU�WKH�
JHQRW\SHV� DUH� HDUO\�PDWXULQJ� RU� ODWH�PDWXULQJ� �*XQHV��
�������7KHUH�ZHUH�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFHV�LQ�WKH�
SRG� QXPEHU� YDOXHV� RI� WKH� JHQRW\SHV�� 7KH� KLJKHVW� SRG�
QXPEHU�YDOXHV�ZHUH�REWDLQHG�ZLWK�WKH�$GDVR\��������SRGV��
DQG�7XUNVR\��������SRGV��JHQRW\SHV��ZKLOH�WKH�%UDYR��������
SRGV��YDULHW\�KDG�WKH�ORZHVW�SRG�QXPEHU��,Q�VR\��SRG�QXPEHU�
LV�FORVHO\�UHODWHG�WR�\LHOG�DQG��WKXV��LW�LV�GHVLUHG�WR�EH�DV�KLJK�
DV�SRVVLEOH��3RG�QXPEHU�FKDQJHV�GHSHQGLQJ�RQ�WKH�VRZLQJ�
WLPH�DQG�JHQHWLF�VWUXFWXUH�RI�WKH�JHQRW\SHV��<DYHU�DQG�3DVD��
������� 9DULRXV� FXOWLYDWLRQ� DSSOLFDWLRQV� �SODQW� GHQVLW\��
LUULJDWLRQ�� IHUWLOL]DWLRQ�� HWF��� DUH� WKRXJKW� WR� DIIHFW� WKH� SRG�
QXPEHU� RI� VR\�� 7KH� UHVXOWV� REWDLQHG� LQ� WKH� VWXG\� DUH�
DWWULEXWDEOH� WR�FOLPDWLF�DQG�JHQRW\SLF� IDFWRUV��7KHUH�ZHUH�
VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFHV�LQ�WKH�VHHG�QXPEHUV�RI�WKH�
SODQWV�� 7KH� KLJKHVW� VHHG� QXPEHU� SHU� SRG� YDOXHV� ZHUH�
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PDQDJHPHQW� V\VWHPV� RQ� JURZWK�� GHYHORSPHQW� DQG� \൴HOG� RI�
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������������
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&RQVXPHUV
�ZLOOLQJQHVV�WR�SD\�IRU�RUJDQLF�DJULFXOWXUH�SURGXFWV��
D�FDVH�VWXG\�RI�1HSDOJXQM�FLW\��%DQNH

��
 �$QLVK�6KUHVWKD ��������������6DPDWD�%DUDO
�$JULFXOWXUH�DQG�)RUHVWU\�8QLYHUVLW\��&KLWZDQ��1HSDO

&RUUHVSRQGLQJ�$XWKRU��DQLVKVKUHVWKD���#JPDLO�FRP�

2UJDQLF� IDUPLQJ� LV� WKH� IRUP� RI� SURGXFWLRQ� DQG�
PDQDJHPHQW� V\VWHP� WKDW� DYRLGV� RU� H[FOXGHV� WKH� XVH� RI�
V\QWKHWLF�FKHPLFDO�LQSXWV�RU�JHQHWLFDOO\�PRGL¿HG�RUJDQLVPV�
DQG� IRFXV� RQ� XWLOL]LQJ� QDWXUDO� UHVRXUFH� DQG� PDQDJHPHQW�
V\VWHP��2UJDQLF�IDUPLQJ�JLYHV�LPSRUWDQFH�WR�HQYLURQPHQWDO�
SUHVHUYDWLRQ��SURWHFWLRQ�DQG�KXPDQ�KHDOWK� �0HHQD�HW�� DO���
��������2UJDQLF�IDUPLQJ�LV�D�IRUP�RI�DJULFXOWXUDO�SURGXFWLRQ�
SUDFWLFH�ZKHUH�FKHPLFDOV�DUH�QRW�XVHG�RQ�FURSV�IURP�SODQWLQJ�
WR� WKH� ¿QDO� FRQVXPSWLRQ�� ,W� LV� DQ� HQYLURQPHQW� IULHQGO\�
SURGXFWLRQ� PDQDJHPHQW� V\VWHP� WKDW� DLPV� WR� SURWHFW� DQG�
LPSURYH� ELRGLYHUVLW\� DQG� HQYLURQPHQW� DV� ZHOO� DV� KXPDQ�
KHDOWK� �%HKHUD� HW�� DO��� ������� $QG�� SURGXFW� RI� VXFK�
SURGXFWLRQ� PDQDJHPHQW� V\VWHP� LV� NQRZQ� DV� RUJDQLF�
SURGXFWV��2XU�FXUUHQW�PRGHUQ�DJULFXOWXUH�V\VWHP�LV�KHDYLO\�
LQÀXHQFHG�DQG�GHSHQGHQW�XSRQ�ODUJH�DPRXQWV�FKHPLFDOV�DQG�
V\QWKHWLF� SURGXFWV� VXFK� DV� IHUWLOL]HU�� SHVWLFLGH�� JURZWK�
KRUPRQH�HWF���ZKLFK�FDXVHV�LQFUHDVH�LQ�FRVW�RI�SURGXFWLRQ�
DQG� DW� WKH� VDPH� WLPH� KDUPV� HQYLURQPHQWDO� TXDOLW\� DQG�
KXPDQ�KHDOWK��6XFK�LQFUHDVHG�ODUJH�VFDOH�XVH�RI�FKHPLFDO�
SURGXFWV� OHDG� WR� WKH� LQFUHDVH� LQ�H[WHQW�DQG�UDWH�RI�VHYHUDO�
GLVHDVHV� VXFK� QHXUDO� GLVHDVHV�� FDQFHURXV� LQIHFWLRQ�� ERG\�
GLVRUGHUV�HWF��:LWK�WKH�LQFUHDVH�LQ�RFFXUUHQFH�RI�VXFK�OLIH�
WKUHDWHQLQJ� GLVHDVHV�� ZRUOG� LV� PRYLQJ� WRZDUG� LQFUHDVLQJ�
KHDOWKLHU�DQG�TXDOLW\�IRRG��5RFN�HW�DO�������D���7KH�VHDUFK�RI�

PRUH�VXVWDLQDEOH��EDODQFH�DQG�KHDOWKLHU�IDUPLQJ�V\VWHP��OHG�
WR�WKH�RUJDQLF�IDUPLQJ��,W�QRW�RQO\�KHOSHG�WR�ORZHU�FRVW�RI�
SURGXFWLRQ�DQG�PLQLPL]DWLRQ�RI�HQYLURQPHQWDO�GHJUDGDWLRQ�
DOVR�LPSURYHPHQWV�RI�KXPDQ�KHDOWK��:RUWKLQJWRQ��������

7KHUH� LV� LQFUHDVLQJ� GHPDQG� IRU� RUJDQLF� SURGXFWLRQ�
WKURXJKRXW� WKH� ZRUOG� HVSHFLDOO\� LQ� GHYHORSHG� FRXQWULHV�
PDLQO\� GXH� WR� KHDOWK� LVVXH�� %XW�� ZH� FDQQRW� IRUJHW� WKDW�
GHPDQG�LV�DOZD\V�GHSHQGHQW�XSRQ�SULFH�RI�WKH�FRPPRGLW\��
*HQHUDOO\� RXWSXW� SURGXFWLRQ� OHYHO� RI� RUJDQLF� SURGXFWLRQ�
V\VWHP�LV�FRQVLGHUHG�WR�EH�ORZHU�LQ�FRPSDULVRQ�WR�LQRUJDQLF�
IDUPLQJ� V\VWHP� �,VVDND� HW�� DO��� �������'XH� WR� WKDW� UHDVRQ��
SURGXFWLRQ�� SURGXFWLYLW\�� SUR¿WDELOLW\� DQG� PDUNHW�
FRPSHWLWLRQ�KDV�EHFRPH�VLJQL¿FDQWO\�LPSRUWDQW�LVVXH�RQ�WKH�
GLVFXVVLRQ�RI�IRRG�VHFXULW\�DQG�RUJDQLF�IDUPLQJ��HVSHFLDOO\�
LQ�GHYHORSLQJ�QDWLRQ�OLNH�1HSDO��1HSDO�LV�GHYHORSLQJ�QDWLRQ�
ZLWK� VLJQL¿FDQWO\� ORZHU� SHU� FDSLWD� LQFRPH� �6KUHVWKD� DQG�
%DUDO������D���VR�ZH�FDQQRW�RYHUORRN�SURGXFWLRQ�FRVW�DQG�
SXUFKDVLQJ�FRVW�DV�ZHOO��3RQWL�HW��DO���������UHSRUWHG�RQ�DQ�
DYHUDJH�JHQHUDO�SURGXFWLRQ�OHYHO�RI�RUJDQLF�IDUPLQJ�LV�����
OHVV� LQ� FRPSDULVRQ� WR� LQRUJDQLF� IDUPLQJ� V\VWHP�� � 6DYDJH�
�������UHSRUWHG�WKDW�RQ�DQ�DYHUDJH�����RI�RUJDQLF�FXOWLYDWHG�
ODQG�VKRZV�ORZHU�SURGXFWLYLW\�LQ�FRPSDULVRQ�WR�LQRUJDQLF�
IDUPLQJ��6R�ORZHU�SURGXFWLYLW\�GLUHFWO\�LPSOLHV�KLJKHU�SHU�
XQLW�FRVW�RI�SURGXFWLRQ�DQG�KLJKHU�SULFH�IRU�FRQVXPHU�

�
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$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV
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7KLV�VWXG\�ZDV�FDUULHG�LQ�1HSDOJXQM�6XE�0HWURSROLWDQ�&LW\��1HSDO�WR�XQGHUVWDQG�DZDUHQHVV�RI�FRQVXPHUV
�DERXW�RUJDQLF�
SURGXFW��FRQVXPHUV
�ZLOOLQJQHVV� WR�SD\�IRU�RUJDQLF�SURGXFWV�DQG�VRFLR�HFRQRPLF�IDFWRUV�DIIHFWLQJ� WKHLU�GHFLVLRQ�RI�
ZLOOLQJQHVV�WR�SD\�IRU�FRQVXPSWLRQ�RI�RUJDQLF�JRRGV��7RWDO�RI�����UHVSRQGHQWV�ZHUH�VHOHFWHG�DV�VDPSOH�SRSXODWLRQ��
$PRQJ�WRWDO�UHVSRQGHQWV��������RI�UHVSRQGHQW�ZHUH�DZDUH�DERXW�RUJDQLF�SURGXFWV��DPRQJ�ZKLFK�RQO\�����UHVSRQGHQWV�
ZHUH�ZHOO�LQIRUPHG�DERXW�RUJDQLF�SURGXFWV�DQG�WKHLU�LPSRUWDQFH��2XW�RI�����UDQGRPO\�VHOHFWHG�UHVSRQGHQWV�RQO\�����
UHVSRQGHQWV�ZHUH�ZLOOLQJ� WR� SD\� DGGLWLRQ� FRVW� RU� SULFH� SUHPLXP� IRU� RUJDQLF� SURGXFWV��$PRQJ� WHQ� VRFLRHFRQRPLF�
YDULDEOHV�OLVWHG�RQO\�VHYHQ�YDULDEOHV�IRXQG�WR�EH�GHWHUPLQDQW�RI�ZLOOLQJQHVV�WR�SD\�SUHPLXP�SULFH�IRU�RUJDQLF�DJULFXOWXUDO�
SURGXFWV��ZKLFK�DUH�JHQGHU��RFFXSDWLRQ��LQFRPH�OHYHO�DQG�HGXFDWLRQ�RI�UHVSRQGHQWV��DQG�DZDUHQHVV�DERXW�FKHPLFDO�
UHVLGXH�DEVHQFH�LQ�RUJDQLF�DJULFXOWXUH�SURGXFWV��SHUFHSWLRQ�RI�KLJKHU�QXWULWLRQ�RQ�RUJDQLF�SURGXFWV�DQG�DZDUHQHVV�DERXW�
KHDOWK�EHQH¿W�IURP�RUJDQLF�SURGXFWV��5HVXOW�VKRZHG�WKDW�LQFRPH�OHYHO�DQG�KHDOWK�FRQVFLRXVQHVV�DUH�WZR�PRVW�LPSRUWDQW�
GHWHUPLQLQJ�IDFWRU�� �6R��WKHUH�LV�D�QHHG�WR�¿QG�D�ZD\�VR�WKDW�PRUH�DQG�PRUH�SHRSOH�FDQ�EH�PDGH�DZDUH�DERXW�RUJDQLF�
DJULFXOWXUDO�SURGXFWV�DQG�SURYLGH�RUJDQLF�SURGXFWV�DW�UHDVRQDEOH�SULFH�SUHPLXP���
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1HSDO� LV� D� GHYHORSLQJ� QDWLRQ� ZLWK� ORZHU� SHU� FDSLWD�
LQFRPH�� VR� SULFH� OHYHO� REYLRXVO\� VHUYHV� DV� DQ� LPSRUWDQW�
GHFLVLRQ� IDFWRU� IRU� RUJDQLF� SURGXFW� FRQVXPSWLRQ��6R�� WKLV�
VWXG\� ZDV� FDUULHG� LQ� 1HSDOJXQM� 6XE�0HWURSROLWDQ� &LW\��
1HSDO�WR�XQGHUVWDQG�DZDUHQHVV�RI�FRQVXPHUV
�DERXW�RUJDQLF�
SURGXFW��FRQVXPHUV
�ZLOOLQJQHVV�WR�SD\�IRU�RUJDQLF�SURGXFWV�
DQG� VRFLR�HFRQRPLF� IDFWRUV� DIIHFWLQJ� WKHLU� GHFLVLRQ� RI�
ZLOOLQJQHVV�WR�SD\�IRU�FRQVXPSWLRQ�RI�RUJDQLF�JRRGV�

0DWHULDOV�DQG�0HWKRG
6WXG\�$UHD
7KLV� VWXG\� ZDV� FRQGXFWHG� LQ� 1HSDOJXQM� 6XE�

0HWURSROLWDQ�&LW\��%DQNH��1HSDO�� ,W� OLHV� LQ� WHUDL� EHOW� QHDU�
VRXWKHUQ�ERDUG�RI�1HSDO��,W�LV�FDSLWDO�RI�%DQNH�'LVWULFW�DQG�
ROGHVW�PDUNHW�RI�ZHVWHUQ�1HSDO��7KLV�DUHD�ZDV�SDUWLFXODUO\�
FKRVHQ� EHFDXVH� RI� DYDLODELOLW\� RI� DOO� UDQJH� RI� RUJDQLF� WR�
LQRUJDQLF��FKHDS�WR�H[SHQVLYH�IRRG�SURGXFWV�GXH�WR�FORVHQHVV�
RI�,QGLDQ�ERDUGHU��7KLV�LV�WKH�¿UVW�UHVHDUFK�RI�1HSDO�WKDW�KDV�
EHHQ�FDUULHG� WR�XQGHUVWDQG�ZLOOLQJQHVV� WR�SD\� IRU�RUJDQLF�
SURGXFWV��

6DPSOH� 6L]H�� 6DPSOLQJ� 3URFHGXUH� DQG� 6HOHFWLRQ� RI�
5HVSRQGHQWV
)RU�WKH�VWXG\��WRWDO�RI�����UHVSRQGHQWV�ZHUH�VHOHFWHG�DV�

VDPSOH�SRSXODWLRQ��2I�ZKLFK����UHVSRQGHQWV�ZHUH�UDQGRPO\�
VHOHFWHG� IURP� KRPH� YLVLW� DQG� UHPDLQLQJ� ���� UHVSRQGHQWV�
ZHUH�UDQGRPO\�VHOHFWHG�IURP�YHJHWDEOH�DQG�IRRG�PDUNHW�RI�
WKH� FLW\��'XH� WR� HFRQRPLF� DQG�PDQSRZHU� OLPLWDWLRQ� VXFK�
OLPLWHG�QXPEHU�RI�UHVSRQGHQWV�ZHUH�VHOHFWHG�IRU�VWXG\��

6RXUFH�RI�,QIRUPDWLRQ
)RU� SULPDU\� GDWD� SUHWHVWHG� V\VWHPLF� VHPL�VWUXFWXUHG�

TXHVWLRQQDLUH� ZDV� XVHG� IRU� IDFH� WR� IDFH� LQWHUYLHZ� RI�
FRQVXPHUV� DQG�NH\� LQIRUPDQW� LQWHUYLHZ��$V�RQO\�SULPDU\�
VRXUFH�RI�GDWD�FDQQRW�EH�XVHG�IRU�RYHUDOO�GDWD�FROOHFWLRQ�DQG�
YHUL¿FDWLRQ� �6KUHVWKD�� ������� VHYHUDO� RWKHU� PHDQV� RI�
UHVRXUFHV�ZHUH�DOVR�LPSOLHG��6R�WKDW��VHYHUDO�ERRNV��UHSRUWV��

DUWLFOH�DQG�RWKHU�SXEOLFDWLRQV�SXEOLVKHG�E\�*RYHUQPHQW�RI�
1HSDO�� VHYHUDO� UHVHDUFK� LQVWLWXWHV�� QHZVSDSHU� DUWLFOHV� DQG�
SXEOLFDWLRQ� RI� VHYHUDO� 1*2V� ZHUH� XVHG� DV� VRXUFH� RI�
VHFRQGDU\�LQIRUPDWLRQ�

'DWD�&ROOHFWLRQ�DQG�$QDO\VLV
7KH� ¿HOG� VXUYH\� DQG� NH\� LQIRUPDQW� LQWHUYLHZ� IRU� WKH�

VWXG\� ZDV� FRQGXFWHG� LQ� -XO\�� ������ 7ZR� GLIIHUHQW� VHW� RI�
TXHVWLRQQDLUH� ZHUH� SUHSDUHG� IRU� UHVSRQGHQWV� DQG� NH\�
LQIRUPDQWV��7KH�UHVSRQGHQWV�ZHUH�LQWHUYLHZHG�XVLQJ�IDFH�WR�
IDFH�PHWKRG�E\�YLVLWLQJ�WKHLU�KRPHV��.H\�LQIRUPDQWV�ZHUH�
LQWHUYLHZHG�LQ�WKH�VDPH�PDQQHU��,QIRUPDWLRQ�REWDLQHG�IURP�
WKH� LQWHUYLHZ� ZDV� FURVVFKHFNHG� WKURXJK� NH\� LQIRUPDQWV�
�6KUHVWKD� HW�� DO��� ������� &ROOHFWHG� GDWD� ZHUH� FRGHG��
WDEXODWHG��VXPPDUL]HG�DQG�DQDO\]HG�IRU�GHWHUPLQDWLRQ�DQG�
LQWHUSUHWDWLRQ��0LFURVRIW�([FHO�DQG�67$7$����ZHUH�XVHG�IRU�
DQDO\VLV�SXUSRVH��

6RFLR�HFRQRPLF�)DFWRUV�$IIHFWLQJ�:LOOLQJQHVV�WR�3D\
7R�HVWLPDWH�RU�DQDO\]H�VRFLRHFRQRPLF� IDFWRU�DIIHFWLQJ�

ZLOOLQJQHVV�WR�SD\�IRU�RUJDQLF�SURGXFWV�/RJLVWLF�UHJUHVVLRQ�
ZDV� XVHG�� GXH� WR� ELQDU\� QDWXUH� RI� GHSHQGHQW� YDULDEOH��
/RJLVWLF� UHJUHVVLRQ� LV� XVHG� WR� GHWHUPLQH� WKH� UHODWLRQVKLS�
EHWZHHQ�VHYHUDO�VRFLRHFRQRPLF�YDULDEOHV�DQG�ZLOOLQJQHVV�WR�
SD\�RI�UHVSRQGHQWV��6KUHVWKD�DQG�%DUDO������E���$IWHU�NH\�
LQIRUPDQW� LQWHUYLHZ�� IRFXV� JURXS� GLVFXVVLRQ� DQG� VRPH�
UHYLHZLQJ�� VHYHUDO� VRFLRHFRQRPLF� IDFWRUV� VXFK� DV� JHQGHU�
DQG� HGXFDWLRQ� RI� KRXVHKROG� KHDG�� RFFXSDWLRQ�� DQQXDO�
LQFRPH�HWF��ZHUH�XVHG�DV�LQGHSHQGHQW�YDULDEOH�WR�HVWLPDWH�
WKHLU�HIIHFW�RQ�ZLOOLQJQHVV�WR�SD\�IRU�RUJDQLF�SURGXFWV�

7KH�ELQDU\�/RJLW�UHJUHVVLRQ�PRGHO�FDQ�EH�H[SUHVVHG�DV�
<  �I��ȕ �[ �� �I��$JH��*HQGHU�DQG�(GXFDWLRQ�RI�++�L� L L

KHDG��2FFXSDWLRQ��)DPLO\�VL]H��JHQGHU�DQG�HGXFDWLRQ�RI�
KRXVHKROG�KHDG��RFFXSDWLRQ��DQQXDO�LQFRPH��DYDLODELOLW\�
HWF����2WKHU�GHWDLOV�DQG�YDOXH�DERXW�YDULDEOHV�DUH�SUHVHQWHG�
LQ�7DEOH���

��
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5HVXOW�DQG�'LVFXVVLRQ�
&RQVXPHUV
�.QRZOHGJH�RI�2UJDQLF�3URGXFWV
$PRQJ� WRWDO� UHVSRQGHQWV�� ������ RI� UHVSRQGHQW� ZHUH�

DZDUH�DERXW�RUJDQLF�SURGXFWV��ZKLFK�LV�RQ�SDU�ZLWK�WKH�UHSRUW�
RI�5RFN�HW��DO�������E���2I�ZKLFK�����UHVSRQGHQWV�ZHUH�YHU\�
FOHDU�DERXW�RUJDQLF�SURGXFWV�DQG� WKHLU� LPSRUWDQFH��������
UHVSRQGHQW�ZHUH�DPELJXRXV�DERXW�RUJDQLF�SURGXFWV�DQG����
UHVSRQGHQWV� KDG� RQO\� OLPLWHG� NQRZOHGJH� DERXW� RUJDQLF�
SURGXFWV�� $PRQJ� WRWDO� UHVSRQGHQWV�� PDMRU� VRXUFH� RI�
LQIRUPDWLRQ� DERXW� RUJDQLF� SURGXFWV� DQG� WKHLU� LPSRUWDQFH�
IRXQG�WR�EH�PHGLD�VRXUFHV�VXFK�DV�VRFLDO�PHGLD��)0��79��
1HZVSDSHU� HWF�� 'HWDLOV� RI� DZDUHQHVV� DQG� VRXUFH� RI�
LQIRUPDWLRQ�DUH�SUHVHQWHG�LQ�7DEOH����

([WHQW�RI�:LOOLQJQHVV�WR�3D\
2XW� RI� ���� UDQGRPO\� VHOHFWHG� UHVSRQGHQWV� RQO\� ����

UHVSRQGHQWV�������ZHUH�ZLOOLQJ�WR�SD\�DGGLWLRQ�FRVW�RU�SULFH�
SUHPLXP�IRU�RUJDQLF�SURGXFWV��7KLV�LV�YHU\�ORZ�LQ�UHODWLRQ�WR�
UHSRUW�RI�9DSD�7DQNRVLF�HW��DO����������$PRQJ�WKRVH�ZLOOLQJ�
FRQVXPHUV��PDMRULW\�RI�WKHP�DUH�ZLOOLQJ�WR�SD\�DGGLWLRQDO�
����IRU�RUJDQLF�SURGXFWV��ZKLFK�PDNHV�IRU��������RI�WRWDO�
ZLOOLQJ� FRQVXPHUV�� :LWK� WKH� LQFUHDVH� LQ� SULFH� SUHPLXP��
QXPEHU�RI�ZLOOLQJ�FRQVXPHUV�NHHS�GHFOLQLQJ��7KLV�LQGLFDWHV�
WKDW�PDMRULW\�RI�ZLOOLQJ�FRQVXPHUV�DUH�ZLOOLQJ�WR�SD\�SULFH�
SUHPLXP�RQO\�IRU� OLPLWHG�H[WHQW��7KLV� LQGLFDWHV� WKDW�SULFH�
SUHPLXP�KLQGHUV�FRQVXPHUV
�ZLOOLQJQHVV�WR�SD\�IRU�RUJDQLF�
SURGXFW��6ULZDUDQXQ�HW��DO����������'HWDLO�RI�WKLV�GLVWULEXWLRQ�
LV�SUHVHQWHG�LQ�7DEOH����

7DEOH����'HVFULSWLRQ�RI�WKH�YDULDEOHV�XVHG�LQ�WKH�/RJLW�PRGHO



6RFLRHFRQRPLF�)DFWRUV�$IIHFWLQJ�:LOOLQJQHVV�WR�3D\
$PRQJ� WHQ� VRFLRHFRQRPLF�YDULDEOHV� OLVWHG�RQO\� VHYHQ�

YDULDEOHV� IRXQG� WR� EH� GHWHUPLQDQW� RI� ZLOOLQJQHVV� WR� SD\�
SUHPLXP�SULFH� IRU�RUJDQLF� DJULFXOWXUDO�SURGXFWV�� �*HQGHU�
DQG�HGXFDWLRQ�RI�UHVSRQGHQWV��DQG�DZDUHQHVV�DERXW�FKHPLFDO�
UHVLGXH�DEVHQFH�LQ�RUJDQLF�DJULFXOWXUH�SURGXFWV�IRXQG�WR�EH�

VLJQL¿FDQW�DW���OHYHO��ZKLOH�RFFXSDWLRQ�RI�UHVSRQGHQWV�DQG�
SHUFHSWLRQ�RI�KLJKHU�QXWULWLRQ�RQ�RUJDQLF�SURGXFWV�IRXQG�WR�
EH� VLJQL¿FDQW� DW� ��� OHYHO�� 6LPLODUO\�� LQFRPH� OHYHO� RI�
UHVSRQGHQWV� DQG� DZDUHQHVV� DERXW� KHDOWK� EHQH¿W� IURP�
RUJDQLF�SURGXFWV�IRXQG�WR�EH�VLJQL¿FDQW�DW����OHYHO��)XUWKHU�
GHWDLOV�DUH�SUHVHQWHG�LQ�7DEOH���
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7DEOH����([WHQW�RI�:LOOLQJQHVV�WR�3D\�

7DEOH����$ZDUHQHVV�RI�RUJDQLF�SURGXFWV

7DEOH����'HWHUPLQDWLRQ�RI�:LOOLQJQHVV�WR�3D\

5HVXOW� VKRZHG� WKDW�� SUREDELOLW\� RI� ZLOOLQJ� WR� SD\�
SUHPLXP�SULFH�IRU�RUJDQLF�SURGXFWV�LV�LQFUHDVHG�E\����IRU�
PDOH�UHVSRQGHQWV�LQ�FRPSDULVRQ�WR�IHPDOH�UHVSRQGHQWV��7KLV�
LV� RSSRVLWH� RI� ZKDW� 5DQL� HW�� DO�� ������� UHSRUWHG�� DV� WKH\�
VXJJHVWHG� WKDW� WKHUH� LV� QR� VLJQL¿FDQW� UHODWLRQ� EHWZHHQ�
ZLOOLQJQHVV�WR�SD\�DQG�JHQGHU�RI�FRQVXPHU��,W�LV�DOVR�YLVLEOH�
LQ�UHVXOW� WKDW�LQFUHDVH�LQ�HGXFDWLRQ�E\���\HDU�FDQ�LQFUHDVH�
SUREDELOLW\�RI�ZLOOLQJQHVV� WR�SD\�E\��������7KLV� UHVXOW� LV�
VXSSRUWHG�E\�¿QGLQJV�RI�5DQL�HW�DO�����������DV�WKH\�VXJJHVW�
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ZLOOLQJQHVV� WR� SD\�E\��������� ,W� KDV� EHHQ�REVHUYHG� WKDW��
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7KHUH� LV� LQFUHDVLQJ� GHPDQG� IRU� RUJDQLF� SURGXFWLRQ�
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LPSRUWDQW�IDFWRU�GHWHUPLQLQJ�ZLOOLQJQHVV�WR�SD\�DUH�LQFRPH�
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�+LJK�,QVWLWXWH�RI�$JULFXOWXUH��,6$���&KRWW�0DULHP��6RXVVH��7XQLVLD

7KH�LUULJDWLRQ�ZDWHU�PDQDJHPHQW�DQG�LWV�UDWLRQDO�XVH�LQ�
DULG�DQG�K\SHU�DULG�]RQHV��VXFK�DV�RDVHV�FRQWH[W��UHTXLUHV�DQ�
DFFXUDWH�TXDQWL¿FDWLRQ�RI�WKH�GLIIHUHQW�ZDWHU�EDODQFH�WHUPV��
LQFOXGLQJ�FDQRS\�WUDQVSLUDWLRQ�UHÀHFWLQJ�WKH�QHW�FURS�ZDWHU�
FRQVXPSWLRQ��%UXQHO�HW�DO����������7KLV�NQRZOHGJH�LV�FUXFLDO�
WR�VXVWDLQ�D�EDODQFHG�IXQFWLRQLQJ�RI�D�GDWH�SDOP�RDVLDQ�DJUR�
V\VWHP�NQRZLQJ�D�FRQWLQXRXV�HQODUJHPHQW�LQ�PDQ\�K\SHU�
DULG�UHJLRQV�RI�WKH�ZRUOG�DV�LQ�WKH�1RUWK�$IULFDQ�6DKDUDQ�
]RQH�� SRVLQJ� WKHUHE\� PDQ\� FKDOOHQJH� DVSHFWV�� DJUR�
VRFLRHFRQRPLF� DQG� K\GURORJLFDO�� YHU\� GHSHQGHQW� RQ�
HQYLURQPHQWDO��FOLPDWLF�DQG�VRLO�FRQGLWLRQV��6HOODPL��������
%RXDUID� HW� DO��� ������ 0HNNL� HW� DO��� ������� (VWDEOLVKLQJ�
H[KDXVWLYH�ZDWHU�EDODQFH�DQG�DVVHVVLQJ�HYDSRWUDQVSLUDWLRQ�
LQVLGH�RDVLDQ�VFKHPHV�LV�WKHUHE\�D�NH\�WDVN�WR�RSWLPL]H�WKH�
ZDWHU� XVH� HI¿FLHQF\� DQG� WR� VXVWDLQ� ZDWHU� UHVRXUFHV��
HVSHFLDOO\�LI�ZDWHU�LV�VFDUFH��H[SHQVLYH�DQG�EUDFNLVK�DV�LQ�
PRVW�7XQLVLDQ�6DKDUDQ�RDVHV��6HOODPL��������%RXDUID�HW�DO���
������0HNNL�HW�DO���������%HQ�$wVVD�HW�DO���������+DFKLFKD�

DQG�%HQ�$wVVD��������2PUDQL��������
7KH�VFLHQWL¿F�HIIRUWV�LQYHVWHG�LQ�WKLV�UHVHDUFK�WRSLF�DUH�

UHODWLYHO\�UHFHQW�IRU�RDVLDQ�FRQWH[W�DQG��JLYHQ�WKHLU�VWLOO�WRR�
QDUURZ�DQDO\VLV��VSDWLDOO\�DQG�WHPSRUDOO\��KDYHQ
W�IDU�VHUYHG�
DV� DQ� HIIHFWLYH� DLG� WR� GHFLGH� RQ� D� PRUH� HI¿FLHQW� ZDWHU�
PDQDJHPHQW�LQVLGH�GDWH�SDOP�JURYHV��&DUU���������6FLHQWL¿F�
UHVHDUFK� PXVW�� WKXV�� LQYHVW� LQ� ERWK� HYHU� PRUH� UHOHYDQW�
PHWKRGRORJLFDO� DSSURDFKHV� DQG� PRUH� XVHIXO� PRGHOLQJ��
5HTXLULQJ� GHHSO\� VWXGLHV� DQG� UHVHDUFK� �$O�0XDLQL� HW� DO���
������� LW
V� FOHDU� WKDW�� GHSHQGLQJ� RI� WKH� ELRORJLFDO� DVSHFWV�
GHWHUPLQLQJ� WKH� GDWH� SDOP�\LHOG� DQG� WKH� IUXLW� TXDOLW\�� WKH�
WUDQVSLUDWLRQ�FRQVWLWXWHV�DQ�LQGLVSHQVDEOH�LQGLFDWRU�WR�SXW�LQ�
UHODWLRQ� ZLWK� WKH� SURGXFWLRQ� IDFWRUV� DQG� WKH� ORFDO� ZDWHU�
TXDOLW\�DQG�PDQDJHPHQW�FRQVWUDLQWV��=KHQ�HW�DO���������

1XPHURXV�PHWKRGV�DQG�DSSURDFKHV�DUH�XVHG�WR�HVWLPDWH�
FURS�HYDSRWUDQVSLUDWLRQ�DW�GLIIHUHQW�VFDOHV��)RU�FRQWLQXRXV�
FRYHU�FURSV��WKH�FKRLFH�LV�VR�ODUJH��+RZHYHU��IRU�VSDUVH�FURSV�
RU�URZ�FURSSHG�WUHHV��OLNH�SDOP�JURYHV��RUFKDUGV�DQG�IRUHVW�

�
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VWDQGV� ZLWK� VDPSOLQJ� DQG� UHSUHVHQWDWLYHQHVV� SUREOHPV��
DGHTXDWH�PHWKRGV� DUH� IHZ� �*UDQLHU�� �������$PRQJ� WKHVH�
PHWKRGV�� VDS� ÀRZ�PHDVXUHPHQW� LV� ZLGHO\� UHIHUHQFHG� IRU�
GLUHFW� ZKROH�WUHH� WUDQVSLUDWLRQ� DVVHVVPHQW� DQG� VHYHUDO�
WKHUPDO�PHWKRGV�DUH�GHYHORSHG�DQG�XVHG�VLQFH�VRPH�WKLUW\�
\HDUV��3R\DWRV�HW�DO����������7KH�WUXQN�VDS�ÀRZ�PHDVXUHPHQW�
KDV�EHHQ�YDOLGDWHG�WR�PRQLWRU�LQ�VLWX�WUHHV
�WUDQVSLUDWLRQ�DW�
GLIIHUHQW�HFRV\VWHPV�VXFK�DV�VDYDQQDKV��'R�DQG�5RFKHWHDX��
����E���IRUHVW�VWDQGV��*UDQLHU��������.|VWQHU�HW�DO����������
IUXLW�RUFKDUGV��&DELEHO�HW�DO�������E��%HQ�$wVVD�HW�DO���������
WURSLFDO�SDOPV��'XIUrQH�HW�DO���������5RXSVDUG�HW�DO���������
0DGXUDSSHUXPD�HW�DO����������GDWH�SDOP�JURYHV��5LQJHUVPD�
HW�DO���������6HOODPL�DQG�6LIDRXL��������6SHUOLQJ�HW�DO���������
(O�.KRXPVL�HW�DO���������$O�0XDLQL�HW�DO����������,W�KDV�WKH�
DGYDQWDJH� WR� LQWHJUDWH� URRWV� DQG� FDQRS\� KHWHURJHQHLWLHV�
WKURXJK�WKH�WUXQN�DV�D�XQLTXH�SDWKZD\�RI�DVFHQGLQJ�ZDWHU�
�[\OHP� FUXGH� VDS�� UHVSHFWLQJ� WKH� VRLO�SODQW�DWPRVSKHUH�
FRQWLQXLW\��

$V�D�FRQWULEXWLRQ�WR� WKHVH�VFLHQWL¿F�LQYHVWLJDWLRQV��ZH�
FRQGXFWHG� WKLV�H[SHULPHQW�DLPLQJ� WR�DSSUHKHQG� WKH�ZDWHU�
EDODQFH�LQVLGH�DQ�RDVLDQ�FURSSLQJ�V\VWHP�ZLWK�D�SDUWLFXODU�
IRFXV�RQ�WKH�GDWH�SDOP�WUDQVSLUDWLRQ�DV�D�NH\�FRPSRQHQW��,Q�
)DWQDVVD
� GDWH�SDOP�JURYH��RXU�RDVLDQ� H[SHULPHQW� VLWH� IRU�
VHYHUDO�\HDUV��%HQ�$wVVD�HW�DO����������ZH�WULHG�WR�DVVHVV�DQG�

DQDO\]H� WKH� ZDWHU� EDODQFH�� LQ� FRQQHFWLRQ� ZLWK� LUULJDWLRQ�
GHSWK� DQG� IUHTXHQF\�� LQVLGH� DQ� LUULJDWHG�GUDLQHG� ¿HOG�
UHÀHFWLQJ�RYHUDOO�WKH�ZDWHU�PDQDJHPHQW�FRPSOH[LW\�ZLWKLQ�
WKH�RDVLV��%HQ�$wVVD�HW�DO����������,Q�WKLV�SDSHU��VRPH�UHVXOWV�
UHODWLQJ�WR�WKH�GDWH�SDOP�VDS�ÀRZ�PDJQLWXGHV�DQG�YDULDWLRQ�
DUH�SUHVHQWHG�ZLWK�WKH�PRQLWRUHG�ZDWHU�EDODQFH�FRPSRQHQWV�
�LUULJDWLRQ�� GUDLQDJH�� ZDWHU�WDEOH� ÀXFWXDWLRQ�� ZDWHU�
VDOLQLW\����$PRQJ�WKH�VHYHUDO�GHYHORSHG�DQG�XVHG�VDS�ÀRZ�
WKHUPDO�PHWKRGV�� WKH� *UDQLHU
V� WKHUPDO� GLVVLSDWLRQ� SUREH�
�7'3��WHFKQLTXH��NQRZQ�IRU�LWV�VLPSOLFLW\�DQG�FRQYHQLHQFH�
IRU� FRQWLQXRXV� PHDVXUHPHQWV� �)XFKV� HW� DO��� ������ ZDV�
VHOHFWHG�DQG�DSSOLHG�IRU�WKH�H[SHULPHQW�RI�WKLV�VWXG\�

0DWHULDOV�DQG�0HWKRGV
([SHULPHQW�VLWH��FRQWH[W�DQG�VSHFL¿FLW\
7KH�)DWQDVVD�RDVLV�VFKHPH�������1������(���ORFDWHG�LQ�

WKH�QRUWK�VLGH�RI�WKH�1HI]DZD�7XQLVLDQ�6DKDUDQ�RDVHV�UHJLRQ��
ZLWK�DERXW�����KHFWDUHV�RI�LUULJDWHG�DUHD��ZDV�FKRVHQ�DV�VLWH�
WR�FRQGXFW�WKLV�H[SHULPHQW��3LFWXUH����7KLV�RDVLV��ULJKW�RQ�
WKH�HGJH�RI�D�ELJ�VDOW\�ODNH�FDOOHG��&KDW�(O�-HULG���LV�SURQH�WR�
ZDWHUORJJLQJ� DQG� VDOLQLW\� PDQLIHVWDWLRQV� ZLWK� D� UDWKHU�
XQIDYRUDEOH� ZDWHU� DYDLODELOLW\� FRPSDUHG� WR� PDQ\� RWKHU�
RDVHV� LQ� WKH� UHJLRQ� �%HQ�$wVVD�� ������+DFKLFKD� DQG�%HQ�
$wVVD��������

��

'2,��KWWSV���G[�GRL�RUJ����������MDHIV��������������,��%��$LVVD��6��%RXDUID��2��5RXSVDUG�DQG�5��0DMGRXE

7KH�FOLPDWH�LV�FRQWLQHQWDO�6DKDUDQ��ZLWK�KLJK�GDLO\�DQG�
VHDVRQDO�WKHUPDO�DPSOLWXGHV�DQG�LUUHJXODU�\HDUO\�UDLQIDOO�OHVV�
WKDQ� ���� PP�� 7KH� PHDQ� SRWHQWLDO� HYDSRWUDQVSLUDWLRQ� LV�

��DERXW� ����� WR� ����� PP� \U � DQG� WKH� ZDWHU� GH¿FLW� LV�
FRQWLQXRXVO\� KLJK� RYHUDOO� WKH� \HDU� �)ORUHW� DQG� 3RQWDQLHU��
�������7KH� VRLO� LQVLGH� WKH� RDVLV� LV�PRVWO\� J\SVLIHURXV� RU�
J\SVHRXV�¿QH�VDQG�UHJHQHUDWHG�IURP�HROLDQ�GHSRVLW�RI�J\SVLF�
DULGLVRLOV� DFWLYH� GXQHV�� 7KHVH� VRLOV�� SRRU� VWUXFWXUHG�� DUH�
NQRZQ�E\�WKHLU�LQVWDELOLW\��WKHLU�UDWKHU�KLJK�SRURVLW\�DQG�WKHLU�
ZHDN�ZDWHU�UHWHQWLRQ�FDSDFLW\��6RPH�FKDUDFWHULVWLFV�RI�WKH�
VWXG\�VLWH�VRLO�DUH�SUHVHQWHG�WKHUHDIWHU��7DEOH����

7KH� H[SHULPHQW� ¿HOG� FRQVLVWV� RI� D� ���� KHFWDUH� SORW�
FRQWDLQLQJ����\HDU�ROG��'HJOHW�1RXU��GDWH�SDOPV�SODQWHG�LQ�
D����� WUHHV�SHU�KHFWDUH���P�SHU��P��GHQVLW\��7KH�DYHUDJH�
SDOP�WUHHV�KHLJKW�ZLWKLQ�WKLV�SORW�LV�a��P��7KH�ORZ�FDQRS\�
OD\HU��XQGHUO\LQJ�WKH�SDOP�WUHHV��FRQVLVWV�PRVWO\�RI�VSDUVH�
IRGGHU� DQG� DOIDOID� FURS� DOPRVW� UHQHZHG� HYHU\� �� \HDUV�
�3LFWXUH����

$V�LQ�PRVW�7XQLVLDQ�RDVHV��WKH�LUULJDWLRQ�ZDWHU�FRPLQJ�

IURP�GHHS� IRVVLO� JURXQGZDWHUV� LV� GLVWULEXWHG� LQ� FRQFUHWHG�
FKDQQHOV�DQG�SURYLGHG�WR�IDUPHUV
�SORWV�LQ�ZDWHU�WXUQ��2Q�WKH�
¿HOG��WKH�ZDWHU�VXSSO\�LV�FDUULHG�RXW�E\�WRWDO�VXUIDFH�ÀRRGLQJ��
,WV� IUHTXHQF\� LQ� WKH� H[SHULPHQW� ¿HOG�� REVHUYHG� E\�
FRQWLQXRXV�PRQLWRULQJ�� LV�DOPRVW�PRQWKO\�ZLWK�VRPH�WXUQ�
LUUHJXODULWLHV��HVSHFLDOO\�LQ�VXPPHU�VHDVRQ�GXH�WR�WKH�KLJK�
ZDWHU�GHPDQG�DQG�ZDWHU�VFDUFLW\��%HQ�$wVVD���������$W�WKH�
DSSURDFK�RI�ZLQWHU��WKH�ZDWHU�WXUQ�LV�PRUH�UHJXODU��JLYHQ�WKH�
GHFUHDVH�RI� WKH�FURSV�ZDWHU�QHHGV�EXW�DOVR�EHFDXVH�RI� WKH�
IDUPHUV
� YROXQWDU\� LUULJDWLRQ� UHGXFWLRQ� ZKLOH� WKH� KDUYHVW�
VHDVRQ�

7KH�GUDLQDJH�LV�GH¿FLHQWO\�DVVXUHG�E\�D�VXEVXUIDFH�39&�
SLSHV�V\VWHP�SURQH�WR�PLQHUDO�DQG�URRW�FORJJLQJ��%HQ�$wVVD�
HW�DO����������7KH�VKDOORZ�VDOLQH�ZDWHU�WDEOH�UHJHQHUDWHG�E\�
LUULJDWLRQ�ZLWK�F\FOLF�SUHVHQFH�HYHQWV�QHDU�WKH�VRLO�VXUIDFH�LV�
LQ�FORVH�LQWHUDFWLRQV�ZLWK�WKH�VRLO��WKH�FURSV�DQG�WKH�GLIIHUHQW�
ZDWHU� DQG� VDOLQLW\� PDQDJHPHQW� SUDFWLFHV� �LUULJDWLRQ��
GUDLQDJH��SXPSLQJ�HWF����7KH�VKDOORZ�JURXQGZDWHU�WDEOH�LV�
WKHUHE\�LQ�D�KLJK�G\QDPLF�DQG�LWV�¿QH�VFDOH�OHYHO�PRQLWRULQJ�

3LFWXUH����*HRJUDSKLF�ORFDWLRQ�RI�WKH�H[SHULPHQW�VLWH
��/HIW��0DS�RI�7XQLVLD���5LJKW��VDWHOOLWH�SKRWR�RI�WKH�RDVLV�IURP�*RRJOH�(DUWK�RQ������



FRQVWLWXWHV� DQ� LPSRUWDQW� WRRO� WR� DSSUHKHQG� WKH� K\GULF�
IXQFWLRQLQJ� ZLWKLQ� D� JURXQGZDWHU�VRLO�SODQW�DWPRVSKHUH�
FRQWLQXXP��%HQ�$wVVD�HW�DO���������

0RUHRYHU��WKH�ORZ�VRLO�ZDWHU�UHWHQWLRQ�FDSDFLW\�DQG�WKH�
ORZ�LUULJDWLRQ�IUHTXHQF\�FRQIHU�D�GHWHUPLQLQJ�FRQWULEXWLRQ�
RI�WKH�VKDOORZ�ZDWHU�WDEOH�LQ�WKH�ZDWHU�VXSSO\�IRU�WKH�JURZQ�
FURSV� �GDWH� SDOP� DQG� IRGGHU��� ZHOO� NQRZQ� IRU� WKHLU�
GHYHORSHG� URRW� V\VWHP� DQG� WKHLU� VDOLQLW\� DQG� J\SVXP�
WROHUDQFH��$\HUV�DQG�:HVWFRWW���������,Q�VXFK�FRQWH[W��WKH�
SUDFWLFH� RI� LUULJDWLRQ� FRUUHVSRQGV�GH� IDFWR� WR�PDQDJH� WKH�
VKDOORZ�ZDWHU�WDEOH�ZLWK�KLJK�FDSLOODU\�ULVH�WKDQ�WR�PDLQWDLQ�
D� ZHDN� XVHIXO� UHVHUYH� LQ� D� KLJK� PDFUR�SRURXV� J\SVHRXV�
VDQG\�VRLO�

6DS�ÀRZ�PHDVXUHPHQW�DQG�FDOFXODWLRQ
2Q�WKH�¿HOG�LQVWDOODWLRQ�SODQ�DQG�KDQGOLQJ
'XULQJ� WKLV� H[SHULPHQWDO� ZRUN�� RQ�WKH� ¿HOG� VDS� ÀRZ�

PHDVXUHPHQW� KDV� EHHQ� SHUIRUPHG� LQ� DFFRUGDQFH� ZLWK�
*UDQLHU
V� KHDW� GLVVLSDWLRQ� PHWKRG� �*UDQLHU�� ������ ������
UHFDOLEUDWHG� IRU� WURSLFDO�SDOPV�E\�5RXSVDUG�HW� DO�� ��������
)RXU�QHLJKERULQJ�IXOO\�JURZQ�GDWH�SDOP�WUHHV��VTXDUH�PHVK�
��[���Pð��RI�WKH��'HJOHW�1RXU��YDULHW\�ZHUH�HTXLSSHG�ZLWK�
VDS�ÀRZ�VHQVRUV��7KH�ORFDOO\�PDGH�VHQVRUV��7'3�W\SH��XVHG�
LQ� WKLV�H[SHULPHQW��KDYLQJ����PP�LQ� OHQJWK�DQG���PP�LQ�
GLDPHWHU��ZHUH�PDQXIDFWXUHG�DFFRUGLQJ�WR�5RXSVDUG�HW�DO��
������� SUHVFULSWLRQV��$V� D� UHVXOW�� WKH� VHQVRUV� DUH� DOPRVW�
LGHQWLFDO� DQG� DFFHSW� WKH� VDPH� FDOLEUDWLRQ� DQG� FDOFXODWLRQ�
HTXDWLRQV�DV�WKDW�HODERUDWHG�DQG�YDOLGDWHG�E\�WKHVH�DXWKRUV��

7KH�KHDWLQJ�YROWDJHV��SURYLGHG�E\�UHFKDUJHDEOH�EDWWHU\��ZHUH�
UHJXODWHG�WR�KDYH�FRQWLQXRXVO\�D�����P:�FRQVWDQW�SRZHU�DW�
HDFK�KHDWHG�SUREH��)ROORZLQJ�D�IDLOXUH�DW�RQH�RI�WKH�SRZHU�
UHJXODWRU�RXWSXW�WHUPLQDOV��RQH�RI�WKH�VLQJXODU�VHQVRUV�ZDV�
OHIW�SHUPDQHQWO\�ZLWKRXW�KHDWLQJ�ZKLOH�UHFRUGLQJ�LWV�VLJQDO��
7KH�VHQVRU�VLJQDOV�ZHUH�ORJJHG�E\�D�&5��[�GDWD�ORJJHU�YLD�
DQ�$0����PXOWLSOH[HU��&DPSEHOO�6FLHQWL¿F��DW�RQH�PLQXWH�
VWHSV�DQG�DYHUDJHG�HYHU\����PLQXWHV��7KH�GDWD�UHFRYHU\�ZDV�
SHUIRUPHG�SHULRGLFDOO\�XVLQJ�D�ODSWRS�3&�

*LYHQ�WKH�GDWH�SDOP�WUXQN�WKLFNQHVV�DQG�KDUGQHVV��VRPH�
PHWKRGRORJLFDO� DGDSWDWLRQV� DERXW� WKH� LQVWDOODWLRQ� DQG� WKH�
LQVXODWLRQ� ZHUH� KRZHYHU� LPSOHPHQWHG� FRPSDUHG� WR� WKDW�
SUHVFULEHG� E\� 5RXSVDUG� HW� DO�� ������� RQ� &RFRQXW� SDOP��
,QGHHG��RQ�HDFK�SDOP�WUHH��WKH�VHQVRU�SUREHV�ZHUH�LQVWDOOHG�DW�
a��FP�GHSWK�UDGLDOO\�LQWR�WKH�WUXQN�1RUWK�GLUHFWLRQ�VLGH�DQG�
DW�����P�KHLJKW�DERYH�JURXQG��6LQFH�ZH�XVHG���FP�OHQJWK�
SUREHV�� WR� UHDFK� WKH� WUXQN� VDSZRRG��ZH� SHUIRUPHG� �� FP�
GLDPHWHU�DQG���WR���FP�GHSWK�KROHV�XVLQJ�KROH�VDZ�DQG�ZRRG�
FKLVHO� DQG�ZLWKRXW� UHPRYLQJ� WKH� ROG� OHDYHV� SUXQHG� VWXEV�
WUDGLWLRQDOO\�OHIW�RQ�WKH�VWHP��$W�WKH�ERWWRP�RI�HDFK�KROH��LW�
ZDV�GULOOHG��XVLQJ�D���PP�ZLFN�����PP�GHSWK�DJDLQ�WR�LQVHUW�
¿WO\�WKH�SUREHV��$IWHU�SUREHV�LQVHUWLRQ��WKH�ZLGH�ERUHG�KROHV�
ZHUH�LQVLGHO\�PDVWLFDWHG�DQG�WKHQ�VHDOHG�ZLWK�SRO\VW\UHQH�
F\OLQGHUV�WR�DYRLG�VDSZRRG�GHVLFFDWLRQ��3LFWXUH����D���(DFK�
VHQVRU�ZDV�SURWHFWHG�IURP�GLUHFW�VXQVKLQH�E\�D�39&�EDIÀH�
FRYHUHG�E\�D� UHÀHFWLYH� VFUHHQ� �3LFWXUH���� E���)RU� D�EHWWHU�
SURWHFWLRQ��WKH�VHQVRU�VHW�ZDV�¿QDOO\�ZHOO�FRYHUHG�ZLWK�SDOP�
¿EULOOXP�WR�JLYH�WKH�VDPH�FRORU�DV�WKH�WUXQN���3LFWXUH����F��

��

7DEOH����6RPH�VRLO�FKDUDFWHULVWLFV�LQ�WKH�VWXGLHG�¿HOG

3LFWXUH����'HJOHW�1RXU� GDWH� SDOP� WUHHV� LQVLGH� WKH�
H[SHULPHQW�¿HOG��3KRWR�WDNHQ�E\�,��%(1�
$,66$�

3LFWXUH����'HWDLOV�RI�WKH�7'3�6DS�ÀRZ�VHQVRU�LQVWDOODWLRQ�RQ�WKH�
GDWH� SDOP� WUXQN�ZLWK� DGRSWHG� LQVXODWLRQ� SUHFDXWLRQV�
�3KRWRV�WDNHQ�E\�,��%(1�$,66$�

*UDQLHU
V�7'3� VDS�ÀRZ� FDOFXODWLRQ�� D� EULHI� WKHRU\�
RYHUYLHZ
7KH�PHDVXUHPHQW�SULQFLSOH�LV�D�FRQYHFWLYH�FRROLQJ��GXH�

WR�WKH�FLUFXODWLRQ�RI�WKH�VDS��RI�D�KHDWHG�SUREH�DW�FRQVWDQW�

SRZHU� �*UDQLHU�� ������� 7KH� VHQVRU� FRQVLVWV� RI� WZR�
F\OLQGULFDO� QHHGOHV� FRQWDLQLQJ� &X�&V� WKHUPRFRXSOHV�
PRXQWHG�LQ�RSSRVLWLRQ��7KH\�DUH�LQVHUWHG�UDGLDOO\�LQWR�WKH�
VWHP�VDS�ZRRG�FRQWDLQLQJ�WKH�[\OHP�EXQGOHV�HQVXULQJ�WKH�

,QW�-�$JULF�(QYLURQ�)RRG�6FL������������ ��������,��%��$LVVD��6��%RXDUID��2��5RXSVDUG�DQG�5��0DMGRXE



FUXGH�VDS�DVFHQVLRQ��$�JDS�RI�DERXW����FP�VHSDUDWHV�WKH�
KHDWHG� QHHGOH� �KLJK�� IURP� WKH� VHFRQG� QHHGOH� �ORZ��
PRQLWRULQJ� WKH� UHIHUHQFH� WUXQN� WHPSHUDWXUH� EHORZ� WKH�
KHDWLQJ�SRLQW��7KH�GHFUHDVH� LQ� WKH� WHPSHUDWXUH� GLIIHUHQFH�
� 7��EHWZHHQ�WKH�WZR�QHHGOHV�LV�UHODWHG�WR�WKH�ÀX[�GHQVLW\�RU�'
VDS�YHORFLW\�FDOFXODWHG�E\�DQ�HPSLULFDO�IRUPXOD�EDVHG�RQ�WZR�
VDS�ÀRZ�FRQGLWLRQV�

�L��DW�]HUR�VDS�ÀRZ��ZH�UHFRUG�D�WHPSHUDWXUH�GLIIHUHQFH�
FDOOHG� 7 ��RU 7 �DQG�' ��'UHI PD[

�LL�� ZLWK� QRQ�]HUR� VDS� ÀRZ�� ZH� UHFRUG� D� WHPSHUDWXUH�
GLIIHUHQFH�FDOOHG� 7'

7KHVH� WKHUPDO� GLIIHUHQFHV� ZLOO� EH� WKH� EDVLV� IRU�
FDOFXODWLQJ�WKH�ÀX[�GHQVLW\����ZULWWHQ�DV�IROORZV��

�����������������������������������������������������������������������������������
����������������������������������������������������������������������������������

ZKHUH� LV� WKH�VDS�ÀX[�GHQVLW\��P �P �V ��RU�DOVR�VDS�I � �� ���
YHORFLW\��P�V ��� �DQG� �DUH�WZR�FDOLEUDWLRQ�FRHI¿FLHQWV�DQG��� D E
.� LV� D� GLPHQVLRQOHVV� WHUP� FDOOHG� WKH� )ORZ� ,QGH[� DQG�
FDOFXODWHG� DV� IROORZV� �ZKLWK�� 7 � DQG� 7 DUH� WKH� VDPH�' 'PD[ �I

SDUDPHWHUV�PHQWLRQHG�DERYH��

�����������������������������������������������������������������������������������

'DWH�SDOP�VDS�ÀX[�GHQVLW\�FDOFXODWLRQ
7KH� VDS� ÀX[� GHQVLW\� LV� FDOFXODWHG� IURP� DQ� HPSLULFDO�

PRGHO�HVWDEOLVKHG�IRU�IRUHVW�VSHFLHV��*UDQLHU��������������
DQG�IUXLW�WUHHV��&DELEHO�HW�DO�������E���2Q�SDOP�WUHHV��RLO�DQG�
FRFRQXW�SDOPV���5RXSVDUG�HW�DO���������UHFDOFXODWHG�D�DQG�E�
DGMXVWPHQW� FRHI¿FLHQWV� DIWHU� D� ORFDOO\�PDGH� SUREHV�
FDOLEUDWLRQ�LQ�WKH�ODERUDWRU\�DQG�YDOLGDWHG�LQ�D�FRFRQXW�SDOP�
¿HOG�E\�FRPSDULVRQ�WR�WKH�HGG\�FRYDULDQFH�ÀX[HV��7KH�QHZ�

��DGRSWHG� FRHI¿FLHQWV� DUH� ������ � DQG� ������ IRU� D� DQG� E�
UHVSHFWLYHO\��DQG�ZH�ZULWH�

������������������������������������������������������������������������������

)RU� WKLV� H[SHULPHQW�� VLQFH� ZH� XVHG� WKH� VDPH� ORFDOO\�
PDGH�SUREHV�DV�5RXSVDUG�HW�DO���������ZLWK�WKH�VDPH�KHDWLQJ�
SRZHU������P:��� WKH�VDPH�D�DQG�E�HTXDWLRQ�FRHI¿FLHQWV�
ZHUH� DGRSWHG� �)RUPXOD� ��� ZLWKRXW� IXUWKHU� SUREHV�
FDOLEUDWLRQ��$IWHU�D�VHQVRUV�LQVWDOODWLRQ�WXQLQJ��LQ�SDUWLFXODU�
FRQFHUQLQJ� WKH�QHHGOHV� LQVHUWLRQ�GHSWK�DQG� LQVXODWLRQ�� WKH�
SUHOLPLQDU\�UHFRUGHG�VLJQDOV�IURP�WKH�KHDWHG�VHQVRUV�HYROYH�
FRKHUHQWO\� ZLWK� UDWKHU� V\QFKURQRXV� NLQHWLFV� EXW��
QHYHUWKHOHVV��ZLWK�GLIIHUHQFHV�LQ�'7 �DQG� 7 RIIVHWV�DQG�PD[ ' �I

DPSOLWXGHV�� 7KH� '7 � YDOXHV� YDU\� IURP� GD\� WR� GD\� DQG�PD[

GLIIHUHQWO\�IRU�HDFK�VHQVRU��7KHUHIRUH��WKH�FRQVLGHUDWLRQ�RI�D�
PDLQ�'7 �RQ�WHQ�GD\V�HQYHORSH�DV�PHQWLRQHG�E\�*UDQLHU�PD[

�������VHHPHG�WR�EH�D�VXSSOHPHQWDO�VRXUFH�RI�HUURU��5DEEHO�
HW�DO����������7KXV��WR�FRPSXWH�WKH�ÀX[�LQGH[�RYHU�D�GD\�ZH�
FRQVLGHUHG�'7 �UHFRUGHG�GXULQJ�WKH�WZR�QRFWXUQDO�SHULRGV��PD[

SUHFHGLQJ� DQG� VXFFHHGLQJ� WKH� GLXUQDO� SHULRG� RI� WKH�
FRQVLGHUHG�GD\�

'DWH�SDOP� WUDQVSLUDWLRQ� DVVHVVPHQW� IURP� VDS�ÀX[�
GHQVLW\
)URP�WKH�DERYH�IRUPXOD��WKH�WRWDO�VDS�ÀRZ��6I��SDVVLQJ�

WKURXJK�WKH�VWHP�LV�HVWLPDWHG�DV�IROORZV��ZKHUH�6F�LV�WKH�VDS�
FRQGXFWLQJ��VDSZRRG��VHFWLRQ�DUHD��HVWLPDWHG�LQ�Pð��

������������������������������������������������������������������������������
�������������������������������������������������������������������������������������

)RU�6F�FDOFXODWLRQ��DQ�LQYHVWLJDWLRQ�KDV�EHHQ�FRQGXFWHG�
WKURXJK�REVHUYDWLRQV�RI�PDQ\�IUHVK�FXWV�PDGH�RQ�GDWH�SDOP�
VWHPV�LQ�WKH�RDVLV��7KLV�DSSUHFLDWLRQ�KDV�EHHQ�SHUIRUPHG�LQ�
RWKHU� VLPLODU�ZRUNV�RQ�SDOP�VWHPV� �'XIUrQH�HW� DO��� ������
5LQJHUVPD�HW�DO���������6HOODPL�DQG�6LIIDZL��������5RXSVDUG�
HW� DO��� ������� )RU� PRUH� DFFXUDF\�� VRPH� UHFHQW� VWXGLHV�
�6SHUOLQJ��������)DWKL��������WULHG�WR�GLIIHUHQWLDWH�D�UDGLDO�
FRQGXFWLRQ� YDULDWLRQ� LQVLGH� WKH� GDWH�SDOP� VWHP� EXW� WKH�
UHVXOWV�DUH�YDULRXV��)RU�RXU�FDVH��YLVXDO�REVHUYDWLRQV�OHDG�XV�
WR�FRQVLGHU��LQ�D�VLPSOL¿FDWLRQ�WUHQG��WKDW�WKH�ZKROH�ZKLWH�
FRORUHG�VDSZRRG�VHFWLRQ�LV�XQLIRUPO\�VDS�FRQGXFWLYH��$�FXW�
RI�D��'HJOHW�1RRU��SDOP�WUXQN��KDYLQJ�WKH�VDPH�DJH�DQG�VL]H�
DV�WKH�VWXGLHG�WUHHV��OHDG�WR�HVWLPDWH��WKURXJK�GLIIHUHQFH�LQ�
FRORU��WKDW�6F�LV�DERXW���GPð��UHSUHVHQWLQJ�a����RI�WKH�WRWDO�
VWHP�VHFWLRQ�DUHD��3LFWXUH����

$W�D�WUHH�VFDOH��WKH�PHDVXUHG�VDS�ÀRZ�LV�H[SUHVVHG�DV�
��x� +RXUO\� VDS�ÀRZ� �/� K ��� WKLV� H[SUHVVLRQ� LV� XVHG� WR�

FKDUDFWHUL]H�DQG�FRPSDUH�WKH�DFWXDO�DQG�Q\FWKHPHUDO�VDS�
ÀRZ�NLQHWLFV�

��x�'DLO\�FXPXODWHG�VDS�ÀRZ��/�G ���ZKLFK�FRUUHVSRQGV�WR�
��WKH�GDLO\�WUDQVSLUDWLRQ�H[SUHVVHG�LQ��PP�G ��RQ�DQ�DUHD�

EDVLV��)RU� WKLV��JLYHQ� WKH�GDWH�SDOP�SODQWDWLRQ�GHQVLW\�
ZLWKLQ�WKH�H[SHULPHQW�¿HOG��D�UHODWLYH�RFFXSDWLRQ�DUHD�RI�
a���Pð�LV�DOORFDWHG�IRU�HDFK�WUHH�
,Q�RUGHU� WR�H[WUDSRODWH� WUDQVSLUDWLRQ� IURP� WUHH�VFDOH� WR�

¿HOG�VFDOH��ZH�KDYH�FRQVLGHUHG�YLD�VLPSOL¿FDWLRQ� WKDW� WKH�
VWXGLHG� SDOPV� �HTXLSSHG� ZLWK� VDS�ÀRZ� VHQVRUV�� DUH�
UHSUHVHQWDWLYH� RI� WKH� ZKROH� ¿HOG�� 7KH� VWXGLHG� WUHHV� KDYH�
QHDUO\�WKH�VDPH�WUXQN�SHULPHWHU�RI�DERXW�������FP��)URP�
ZKHUH��ZH�HVWLPDWH�D�GDLO\�WUDQVSLUDWLRQ��7S���DW�WKH�¿HOG�
VFDOH��E\�WKH�IROORZLQJ�HTXDWLRQ�

�������������������������������������������������������������������������������������

� ��ZKHUH�6I��LV�WKH�VLQJOH�WUHH�VDS�ÀRZ��P �V ��FDOFXODWHG�E\�
PHDQLQJ� PHDVXUHPHQWV� PDGH� RQ� WKUHH� SDOPV�� 1� LV� WKH�
QXPEHU� RI� SDOPV� SHU� KD� RI� ¿HOG� DUHD� �1� §� ���� WUHHV� SHU�
KHFWDUH��

&OLPDWLF�SDUDPHWHUV
*LYHQ�WKH�ODFN�RI�DQ�LQ�VLWX�ZHDWKHU�VWDWLRQ��ZH�WULHG�WR�

HQVXUH� DQ� XQGHU�SDOP�FDQRS\� DLU� WHPSHUDWXUH�PRQLWRULQJ�
XVLQJ�D�&X�&V�WKHUPRFRXSOH��ORGJHG�LQVLGH�D�YHQWLODWHG�ER[�
DQG�ORJJHG�E\�WKH�VDPH�&5��[�DW�WKH�VDPH�WLPH�VWHS�DV�WKH�
VDS�ÀRZ��0RUHRYHU��WKH�XQGHU�SDOP�FDQRS\�DLU�WHPSHUDWXUH�
DQG�UHODWLYH�KXPLGLW\�ZHUH�DOVR��EXW�LUUHJXODUO\��KDOI�KRXUO\�
ORJJHG� DW� ����P�KHLJKW� DERYH�JURXQG�XVLQJ� DQ�(/�86%��
/DVFDU
V�VHQVRU�QHDUE\�WKH�LQVWUXPHQWHG�WUHHV�

)RU� DERYH�FDQRS\� PHWHRURORJLFDO� LQYHVWLJDWLRQV�� WKH�
GDLO\�FOLPDWLF�GDWD��UHODWLQJ�WR�WKH�UHJLRQ�LQ�ZKLFK�WKH�VWXGLHG�
RDVLV� LV� ORFDWHG�� ZHUH� IXUWKHUPRUH� FROOHFWHG� IURP� D�
JRYHUQPHQWDO�ZHDWKHU�VWDWLRQ�ORFDWHG�DW�.pELOL�FLW\��DERXW����
NP�VWUDLJKW�IDU�IURP�WKH�H[SHULPHQW�VLWH�

:DWHU�WDEOH�OHYHO��ZDWHU�DQG�VDOW�EDODQFHV�PRQLWRULQJ
7KH� VKDOORZ� ZDWHU�WDEOH� OHYHO� ZDV� FRQWLQXRXVO\�

PRQLWRUHG� DW� WZR� KDQG�DXJHUHG� REVHUYDWLRQ� ZHOOV� GXJ�
EHWZHHQ� WKH� ¿HOG� ERXQGDULHV� DQG� WKH� XQLTXH� GUDLQ� SLSH�
FURVVLQJ� WKH� ¿HOG�� $� EDURPHWULF�FRPSHQVDWHG� SUHVVXUH�
VHQVRU�LV�LPPHUVHG��DW�HDFK�REVHUYDWLRQ�ZHOO��LQ�WKH�ZDWHU�
WDEOH�WR�PRQLWRU�LWV�OHYHO�ÀXFWXDWLRQ��7KH�GHWDLOV�RI�DOO�WKH�
GHYLFHV� LQVWDOOHG� LQ� WKH�¿HOG� WR�PRQLWRU�ZDWHU� WDEOH� OHYHO��
LUULJDWLRQ�DQG�GUDLQDJH�DUH�ZHOO�GHVFULEHG�E\�%HQ�$wVVD�HW�DO��
�������

��

EDI ���. 

»
»
¼

º

«
«
¬

ª
'

'�'
 

I

I

7
77

. PD[

������� ����������� .VP ��  I

6FVP6I ��� �� I �

�
K��

�W

��� ���
�����

��������� �

 

��� ¦ 16IGPNJRUGPP7S

'2,��KWWSV���G[�GRL�RUJ����������MDHIV��������������,��%��$LVVD��6��%RXDUID��2��5RXSVDUG�DQG�5��0DMGRXE



5HVXOWV�DQG�'LVFXVVLRQ
+RXUO\� VDS� ÀRZ� YDULDWLRQ� ZLWK� WKH� XQGHU�FDQRS\�
PHDVXUHG�DLU�WHPSHUDWXUH
7KH�)LJXUH���LOOXVWUDWHV�WKH�KRXUO\�DYHUDJHV�FDOFXODWHG�

IURP����GD\V�FRQWLQXRXV�PHDVXUHPHQW�VHULHV�UHODWHG�WR�DLU�
��WHPSHUDWXUH��7D���&���DQG�WR�VDS�ÀRZ��6I��/�K ��GXULQJ�WKH�

VXPPHU�VHDVRQ������WR�����'2<���'XULQJ�WKLV�SHULRG��7D�
YDULHG� IURP���� WR����&�FKDUDFWHUL]LQJ�D�KLJK�HYDSRUDWLYH�
GHPDQG��)URP�WKHVH�KRXUO\�UDWHV��DYHUDJHG�IURP���PLQ�VWHS�
UHFRUGV���ZH�FDQ�SHUFHLYH�WKDW�6I�FXUYHV��RI�WZR�SUHVHQWHG�
SDOPV�� DUH� IDLUO\� V\QFKURQRXV� DQG� YHU\� FORVH� GXULQJ� WKLV�
SHULRG�RI�PHDVXUHPHQW��7KH�PD[LPXP�KRXUO\�ÀRZ�YDOXHV��
REVHUYHG�LQ�WKH�PLGGOH�RI�WKH�GD\��UDQJHG�EHWZHHQ����DQG����

�� �� ��/�K �FRUUHVSRQGLQJ�WR�����DQG�����/�GP �K �RI�ÀX[�GHQVLWLHV��
$W�WKLV�KRXUO\�WLPH�VFDOH��WKH�¿JXUHG�FRXUVHV�VKRZV�D�FORVH�
UHODWLRQ� EHWZHHQ� 7D� DQG� 6I�� 7KLV� FRQFRUGDQFH� VHHPV�
KRZHYHU�OHVV�FOHDU�RQ�D�GDLO\�WLPH�VFDOH�

7KH�FRPSDULVRQ�RI�WKH�KRXUO\�DYHUDJHV�GXULQJ�WZR�GD\V�

ZLWK�FRQWUDVWHG�ZHDWKHU�FRQGLWLRQV�VKRZV�� WKDW�GXULQJ�WKH�
VXPPHU� VHDVRQ� �)LJXUH� ��� D��� WKH� DLU� WHPSHUDWXUH� LV�
PD[LPXP�WZR�KRXUV�DIWHU�WKH�VDS�ÀRZ�UHDFKHV�LWV�PD[LPXP�
DQG� LW� WKHQ� GHFUHDVHV� PXFK� OHVV� UDSLGO\�� 7KLV� LV� FDQ� EH�
H[SODLQHG� E\� WKH� IDFW� WKDW� 6I� �RU� WUDQVSLUDWLRQ�� LV� D�
SK\VLRORJLFDO� SKHQRPHQRQ� UHODWHG� DOVR� WR� WKH� LQWHUFHSWHG�
VRODU�UDGLDWLRQ��WR�WKH�YDSRU�SUHVVXUH�GH¿FLW�DQG�WR�WKH�SODQW�
ZDWHU� VWDWXV� FRQWUROOLQJ� WRJHWKHU� WKH� VWRPDWD� UHJXODWHG�
RSHQLQJ�DQG�WKH�ZDWHU�ORVV�IURP�OHDYHV�WR�WKH�DWPRVSKHUH��
:KLOH�7D��SXUH�SK\VLFDO�� LV� LQÀXHQFHG�E\� WKH�VXUURXQGLQJ�
HQYLURQPHQW� WKHUPDO� LQHUWLD� IURP� ZKHUH� LWV� HYROXWLRQ� LV�
VORZHU� WKDQ�6I�� ,Q�ZLQWHU� VHDVRQ� �)LJXUH����E��� WKH�KRXUO\�
NLQHWLFV�DUH�PRUH�V\QFKURQL]HG�RU�VKRZLQJ�D�VPDOO�GHOD\�RI�
WKH�VDS�ÀRZ�FRPSDUHG�WR�WKH�WHPSHUDWXUH�ZLWK�PXFK�ORZHU�
PD[LPXP�YDOXHV�WKDQ�LQ�VXPPHU��%XW��ZH�KDYH�WR�LQGLFDWH�
WKDW�7D�SUHVHQWHG�RQ�WKHVH�¿JXUHV�ZDV�PHDVXUHG�XQGHU�SDOP�
FDQRSLHV�DQG�LW�FDQ�WKHUHE\�EH�LQÀXHQFHG�E\�VKDGLQJ�

7KH� GD\�QLJKW� VKDOORZ� ZDWHU� WDEOH� ÀXFWXDWLRQ� DV�
UHODWHG�WR�WKH�WUDQVSLUDWLRQ�DFWLYLW\

2Q�WKH�¿JXUH����7KH�FXUYHV�RI� WKH� LQVWDQWDQHRXV�GDWH�
SDOP� VDS�ÀRZ� DQG� WKH� ¿QH�PHDVXUHG� ZDWHU� WDEOH� OHYHO�
HYROYLQJ�GXULQJ����VXPPHU�VHDVRQ�FRQVHFXWLYH�GD\V������WR�
����'2<��VXFFHHGLQJ�DQ�LUULJDWLRQ�HYHQW��DUH�SUHVHQWHG��2Q�
WKH�ZDWHU�WDEOH�OHYHO�FXUYH��D�GD\�QLJKW�RVFLOODWLRQ�LV�FOHDUO\�
QRWLFHG�GXULQJ�WKH�JURXQGZDWHU�WDEOH�GUDZGRZQ�SKDVH��7KLV�
Q\FWKHPHUDO� VKDOORZ� JURXQGZDWHU� OHYHO� ÀXFWXDWLRQ� LV�
FKDUDFWHUL]HG� E\� D� IDVWHU� GLXUQDO� GUDZGRZQ� WKDQ� GXULQJ�
QRFWXUQDO� SHULRG�� 7KLV� ÀXFWXDWLRQ�ZDV� DVVXPHG� E\�PDQ\�
DXWKRUV� WR� EH� GLUHFWO\� UHODWHG� WR� WKH� SKUHDWRSK\WHV�
HYDSRWUDQVSLUDWLRQ�DFWLYLW\�DQG�PDJQLWXGH��/RKHLGH�,,�HW�DO��
������� ,Q� RXU� H[SHULPHQW� ¿HOG�� WKH� HYDSRWUDQVSLUDWLRQ�
RXWÀRZ��RFFXUULQJ�GXULQJ�WKH�GLXUQDO�SKDVH��LV�DGGHG�WR�WKH�
GUDLQDJH�DQG�GRZQVWUHDP�RXWÀRZV�� UHVXOWLQJ� WKHUHE\� LQ�D�
IDVWHU� GLXUQDO� GUDZGRZQ�� 'XULQJ� WKH� QRFWXUQDO� SKDVH��
HYDSRWUDQVSLUDWLRQ� LV� DOPRVW� ]HUR� DQG� RQO\� GUDLQDJH� DQG�
GRZQVWUHDP�RXWÀRZV�ZKLFK�FRQWLQXH�WR�GULYH�WKH�ZDWHU�WDEOH�
GUDZGRZQ��%HQ�$LVVD�HW�DO���������!

��

3LFWXUH� ��� &XWV� RQ� GDWH� SDOP� WUXQNV� WR� LQYHVWLJDWH� WKH�
FRQGXFWLYH� VDSZRRG� DUHD� DQG� WR� LGHQWLI\� WKH� 6I�
SUREHV� LQVHUWLRQ� GHSWK� �3KRWRV� WDNHQ� E\� ,��%(1�
$,66$�

)LJXUH����'DLO\�FRXUVHV�RI�WZR�QHLJKERULQJ�SDOP�WUHHV��3��DQG�3���VDS�ÀRZ��6I��RI�DQG�RI�WKH�XQGHU�FDQRS\�DLU�WHPSHUDWXUH��7D���D�
VHULHV�RI����GD\V�PHDVXUHPHQW�GXULQJ�VXPPHU�VHDVRQ������WR�����'2<�

,QW�-�$JULF�(QYLURQ�)RRG�6FL������������ ��������,��%��$LVVD��6��%RXDUID��2��5RXSVDUG�DQG�5��0DMGRXE



7R�GHPRQVWUDWH�WKLV�UHODWLRQ�EHWZHHQ�HYDSRWUDQVSLUDWLRQ�
RXWÀRZ� DQG� WKH� JURXQGZDWHU� GD\�QLJKW� RVFLOODWLRQ�� ZH�
VXSHULPSRVHG� WKH�ZDWHU� WDEOH� OHYHO� DQG� WKH� LQVWDQWDQHRXV�
GDWH�SDOP�VDS�ÀRZ�FRXUVHV��%\�FXUYHV�REVHUYDWLRQ��LW�FDQ�EH�
VHHQ� FOHDUO\� WKH� V\QFKURQL]HG� HYROYLQJ� RI� WKH� WZR�
SKHQRPHQD�� ,QGHHG�� DIWHU� D�QRFWXUQDO�ZDWHU� WDEOH� VORZ�RU�
]HUR�GUDZGRZQ�SKDVH��GXULQJ�ZKLFK�WUDQVSLUDWLRQ��VDS�ÀRZ��
LV�DOPRVW�]HUR��EHJLQ�D�PRUH�DFFHOHUDWHG�GUDZGRZQ�SKDVH�
FRQFRPLWDQW�WR�WKH�GLXUQDO�WUDQVSLUDWLRQ�DFWLYLW\�ULVH��,W�FDQ�
EH� GHGXFHG� KHUH� WKDW� WKH� GLXUQDO� ZDWHU� WDEOH� GUDZGRZQ�
DFFHOHUDWLRQ� LV�� DW� OHDVW� SDUWLDOO\�� GULYHQ� E\� WKH� GDWH� SDOP�
WUDQVSLUDWLRQ� RXWÀRZ�� 6LPLODU� UHVXOWV� ZHUH� IRXQG� DQG�
GLVFXVVHG�E\�/RKHLGH�,,�HW�DO��������IRU�VRPH�GHVHUW�VKUXEV�

7KH� FRQFRPLWDQFH� RI� WKH� GUDZGRZQ� DFFHOHUDWLRQ�
FRXUVH�DQG�WKH�VDS�ÀRZ�GLXUQDO�ULVH�FRQIHUV�PRUHRYHU��DW�
OHDVW�TXDOLWDWLYHO\��D�PRUH�PHWKRGRORJLFDO�VWUHQJWK�WR�WKH�

GDWH�SDOP� WUDQVSLUDWLRQ� DVVHVVPHQW� E\� VDS� ÀRZ�
PHDVXUHPHQW�� 7KH� VKDOORZ� ZDWHU� WDEOH� Q\FWKHPHUDO�
ÀXFWXDWLRQ�VLJQDO�FRXOG�WKHUHIRUH�EH�YDOXHG�WR�LQYHVWLJDWH�
WKH� HYDSRWUDQVSLUDWLRQ� ÀRZ� RI� WKH� WRWDO� DERYH�JURXQG�
FDQRS\�LQVLGH�WKH�RDVLV�VFKHPH�DQG�WR�NQRZ�PRUH�DERXW�
WKH�VKDOORZ�JURXQGZDWHU�FRQWULEXWLRQ�WR�WKLV�ÀRZ�IHHGLQJ�

0RUHRYHU�� WKH�K\SRWKHVLV� WKDW� GDWH�SDOP�EHKDYHV� DV� D�
SKUHDWRSK\WH� DQG� FDQ� H[WUDFW� KLV� ZDWHU� QHHGV� IURP� WKH�
VKDOORZ� JURXQGZDWHU� VHHPV� WR� EH� GHPRQVWUDWHG� E\� WKLV�
SKHQRPHQD� FRQFRPLWDQFH�� ,Q� WKH� OLWHUDWXUH�� VRPH� DXWKRUV�
PHQWLRQHG�WKDW��EHLQJ�D�WUHH�RI�WKH�GHVHUW��GDWH�SDOP�UHTXLUHV�
VXI¿FLHQW� VRLO�PRLVWXUH� LQ� WKHLU� URRWLQJ� ]RQH� ����� WR� ��P�
GHSWK��ZKLFK�LV�WRWDOO\�SURYLGHG�E\�D�VKDOORZ��EXW�QRQ�VDOW\��
ZDWHU� WDEOH� RU� SDUWLDOO\� E\� UHJXODU� DGHTXDWH� LUULJDWLRQ�
�1L[RQ��������0XQLHU�� ������/LHEHQEHUJ�DQG�=DLG��������
&KDR�DQG�.UXHJHU��������(O�.KRXPVL�HW�DO���������

��

��)LJXUH����'DLO\�FRXUVHV�RI�WKH�GDWH�SDOP�VDS�ÀRZ��/�K ��DQG�RI�WKH�XQGHU�FDQRS\�PHDVXUHG�DLU�WHPSHUDWXUH���&���$�FRPSDULVRQ�
EHWZHHQ�WZR�HYDSRUDWLYH�GHPDQG�FRQWUDVWHG�VXQQ\�GD\V���D��'2<������6XPPHU�GD\�ZLWK�KLJK�HYDSRUDWLYH�GHPDQG���E��
'2<�����:LQWHU�GD\�ZLWK�ORZ�HYDSRUDWLYH�GHPDQG

)LJXUH����7HPSRUDO�YDULDWLRQ������WR�����'2<��RI�WKH�GDWH�SDOP�VDS�ÀRZ�DQG�RI�WKH�GHSWK�WR�WKH�VKDOORZ�ZDWHU�WDEOH�IURP�WKH�ODQG�
VXUIDFH��':7��PRQLWRUHG�LQVLGH�WKH�H[SHULPHQW�¿HOG�����PLQ�VWHS�YDOXHV����7KH�LUULJDWLRQ�HYHQW�KDV�RFFXUUHG�ZLWKLQ�
'2<�����DQG������

'2,��KWWSV���G[�GRL�RUJ����������MDHIV��������������,��%��$LVVD��6��%RXDUID��2��5RXSVDUG�DQG�5��0DMGRXE



,W�UHPDLQV��KRZHYHU��DQ�DFFXUDWH�HYDOXDWLRQ�RI�WKH�ORZ�
OD\HU� �IRUDJH� FURSV� DQG� EDUH� VRLO�� FRQWULEXWLRQ� LQWR� WKH�
RYHUDOO� HYDSRWUDQVSLUDWLRQ�� $W� WKH� VFKHPH� VFDOH� LW� ZDV�
GHGXFHG�IURP�VDOW�DQG�LRQLF�EDODQFH��LQSXW�RXWSXW��D�\HDUO\�

��RYHUDOO�HYDSRWUDQVSLUDWLRQ�RI�DOPRVW������WR������PP�\U ��
GXULQJ�D�QRUPDO�ZDWHU�VXSSO\�IXQFWLRQLQJ�\HDU��0DUOHW�HW�DO���
������

1RWLFHG� VRXUFHV� RI� HUURU� WKDW�PD\� DIIHFW� WKH� GDWH�
SDOP�VDS�ÀRZ�PHDVXUHPHQW�DFFXUDF\
,Q�DGGLWLRQ�WR�WKH�GLI¿FXOW\�WR�ORFDOL]H�WKH�]HUR�VDS�ÀRZ�

VWDWH� DQG� WKH� GHULYHG� '7 � GHWHUPLQDWLRQ� LQDFFXUDF\�PD[

GHVFULEHG� DERYH��ZH� GLVWLQJXLVKHG�� IURP� WKH� SHUPDQHQWO\�
XQKHDWHG�VHQVRU�VLJQDOV�RU�HYHQ�IURP�WKH�RWKHU�VHQVRUV�ZKHQ�
WKH�SRZHU�VXSSO\LQJ�EDWWHU\�LV�UXQQLQJ�RXW��D�QRQ�]HUR�DQG�
UHSHWLWLYH� WHPSHUDWXUH�GLIIHUHQFH��'7��EHWZHHQ� WKH�KLJKHU�
DQG� ORZHU� VHQVRU� QHHGOHV�� 7KH� K\SRWKHVLV� RI� DQ� HTXDO�
WHPSHUDWXUH� DW� WKH� WZR� QHHGOHV� LQVHUWLRQ� SRLQWV� XQGHU�
�ZLWKRXW�KHDWLQJ��FRQGLWLRQ�KDV�D�SULRUL�QRW�EHHQ�YDOLGDWHG�
XQGHU�¿HOG�FRQGLWLRQV��&DELEHO�HW�DO�������D��/X�HW�DO���������
+|OWWl�HW�DO���������

7KH�WHPSHUDWXUH�GLIIHUHQFH��)LJXUH����LV�VKDUSO\�QHJDWLYH�
������WR�������&��DW�WKH�EHJLQQLQJ�RI�WKH�GD\��EHWZHHQ��DP�
DQG���DP��GHSHQGLQJ�RQ�WKH�VHDVRQ��DQG�JUDGXDOO\�UHYHUVHG�
WKH�UHVW�RI�WKH�GD\�WR�DOPRVW�������&�ZLWK�D�GDLO\�DQG�VHDVRQDO�
YDULDWLRQ��7KLV�VLJQDO��FRPPRQ�WR�DOO�VHQVRUV�XQGHU�ZLWKRXW�
KHDWLQJ� VWDWH�� LV� WKHQ� D� QRW� KD]DUGRXV� SKHQRPHQRQ��
HVSHFLDOO\�VLQFH�LW�LV�UHSHWLWLYH�ZLWK�DQ�REVHUYHG�HIIHFW�RI�WKH�
GDLO\�VRODU�DQG�WKHUPDO�F\FOH�

%\� VXSHULPSRVLQJ� WKH� FDOFXODWHG� ÀX[� GHQVLW\� NLQHWLFV�
DQG�WKH�ZLWKRXW�KHDWLQJ�VLJQDO�GUDZLQJ�)LJXUH�����LW�KDV�EHHQ�
QRWHG� WKDW� WKLV� RIIVHW� FDQ� LQÀXHQFH� LQVWDQWO\� ÀX[� GHQVLW\�
YDOXHV�� LQ� SDUWLFXODU� E\� DQ� HDUO\� PRUQLQJ� PD[LPXP�
DSSHDUDQFH��7KHUHIRUH��LI�ZH�GRQ
W�WDNH�WKLV�'7�RIIVHW�LQWR�
DFFRXQW��ZH�FDQ�EH�PLVOHG� WR�H[SODLQ� WKLV�PD[LPXP�E\�D�
JUHDWHU�PRUQLQJ�WUDQVSLUDWLRQ�DFWLYLW\��&RQVHTXHQWO\��ZH�FDQ�
HYHQ�ORVH�DFFXUDF\�RQ�WKH�ÀX[�GHQVLW\�FDOFXODWLRQ�VLQFH�WKH�
GDLO\�UHFRUGHG�DPSOLWXGHV�EHWZHHQ�PD[LPXP�DQG�PLQLPXP�

'7 � ZHUH� UDWKHU� VPDOO� �DERXW� ���� WR� �� �&��� 7KLV� RIIVHW�I

VKRXOGQ
W� EH� QHJOHFWHG� VLQFH� LW� FDQ� DOVR� LQGXFH� DQ�
RYHUHVWLPDWLRQ� RI�'7 � ZKRVH� FRQVHTXHQFHV� RQ� WKH� ÀX[�PD[

YDOXHV�FDQ�EH�VLJQL¿FDQW��3HWHUV�HW�DO���������
7KH�QRQ�]HUR�'7�RIIVHW��UHFRUGHG�XQGHU�ZLWKRXW�KHDWLQJ�

FRQGLWLRQ��DSSHDUV�WR�KDYH�D�VLJQL¿FDQW�HIIHFW�RQ�DFWXDO�VDS�
ÀRZ� YDOXHV� ZKLFK� VHHP� JHQHUDOO\� RYHUHVWLPDWHG� DW� WKH�
PRUQLQJ�EHJLQQLQJ��XVXDOO\�IURP�VXQULVH�WR�IRXU�KRXUV�ODWHU��
DQG�WKHQ�XQGHUHVWLPDWHG�WRZDUGV�WKH�DIWHUQRRQ��)LJXUH�����
+RZHYHU��WKLV�RIIVHW�VHHPV�WR�KDYH�D�OHVV�VLJQL¿FDQW�HIIHFW�RQ�
WKH� ���KRXUV� FXPXODWLYH� ÀX[� VLQFH� WKH� DIWHUQRRQ�
XQGHUHVWLPDWLRQ�ZLOO�EH�FRPSHQVDWHG��HYHU�SDUWLDOO\��E\�WKH�
PRUQLQJ�RYHUHVWLPDWLRQ��7KH�XVH�RI�WKLV�ZLWKRXW�KHDWLQJ�'7�
RIIVHW�WR�FRUUHFW�WKH�XQGHU�KHDWLQJ�VHQVRU�VLJQDO�ZDV�WULHG�WR�
LPSURYH� UHVXOWV�DFFXUDF\� �)LJXUH�����7KH�FRUUHFWHG�VLJQDO�
VHHP� WR� EH� PRUH� FRKHUHQW� HYHQ� FRQFHUQLQJ� WKH� GDLO\�
HYROYLQJ��+RZHYHU��VLQFH�WKH�XQKHDWHG�VHQVRU�ZDV�PRXQWHG�
RQ� D� GLVWLQFW� SDOP� WUHH�� ZH� WKLQN� WKDW� XVLQJ� LWV� VLJQDO� WR�
FRUUHFW�WKH�RWKHU�WUHHV
�VHQVRUV�VLJQDOV�LV�QRW�PXFK�DFFXUDWH�

'HVSLWH�WKH�WKHUPDO�LQVXODWLRQ�SUHFDXWLRQV�EHLQJ�WDNHQ�
GXULQJ� WKH� LQVWDOODWLRQ�� WKH� REVHUYHG� QRQ�]HUR� '7� RIIVHW��
DSSHDUV�WR�EH�JHQHUDWHG�E\�WKHUPDO�LQWHUIHUHQFHV�UHODWHG�WR�
H[WHUQDO�HQYLURQPHQW�LQ�SDUWLFXODU�WR�DQ�DLU�VRLO�WHPSHUDWXUH�
JUDGLHQW�ZKLFK�LV�UDWKHU�YDULDEOH�GXULQJ�WKH�GD\��&DELEHO�HW�
DO�������D���'R�DQG�5RFKHWHDX������D���$�EHWWHU�SURWHFWLRQ�RI�
WKH�WUXQN�EDVH�E\�VKDGLQJ�QHWV�ZDV�DWWHPSWHG�WR�DWWHQXDWH�WKH�
REVHUYHG�DUWLIDFW�SHDNV��6KDFNHO�HW�DO���������5RXSVDUG�HW�DO���
�������5HJDUGOHVV�RI�WKH�DUWLIDFW�RULJLQ��D�VLJQDO�FRUUHFWLRQ�
DQG�D�PHDVXUHPHQW�LPSURYHPHQW�VKRXOG�EH�LPSOHPHQWHG�IRU�
D� EHWWHU� PHDVXUHPHQW� DFFXUDF\�� 7KHUH� ZHUH� VRPH�
PHWKRGRORJLFDO�DWWHPSWV�WR�VNLUW�WKHVH�WHPSHUDWXUH�JUDGLHQWV�
E\�LPSOHPHQWLQJ�F\FOLF�KHDWLQJ��'R�DQG�5RFKHWHDX������E��
RU� E\� DSSHQGLQJ� LQ�RSSRVLWLRQ� D� FROG� VHQVRU�RQ� WKH� VDPH�
WUXQN��/X�HW�DO����������$�GHHSHU�LQYHVWLJDWLRQ�DQG�UHVHDUFK�
QHHG�WR�EH�SHUIRUPHG�WR�DSSUHKHQG�WKH�DUWLIDFW�RULJLQ�DQG�WR�
WKHUHIRUH�VXJJHVW�WKH�UHOLDEOH�FRUUHFWLRQ�

��

7UDQVSLUDWLRQ�YDULDWLRQ�DW�GDLO\�WLPH�VFDOH�DQG�ZLWK�
WKH�LUULJDWLRQ�IUHTXHQF\
/LNH�DW�WKH�KRXUO\�WLPH�VFDOH��VDS�ÀRZ�DYHUDJHV�VKRZ�D�

KLJK� YDULDELOLW\�� ,QGHHG�� GDLO\� FXPXODWHG� VDS� ÀRZ� YDULHG�
�� �� ��RYHUDOO�IURP����WR�����/�G �WUHH ��&RQYHUWHG�WR�PP�G �XQLW�

�RQ�WKH�EDVLV�RI�SODQWLQJ�GHQVLW\���GDLO\�WUDQVSLUDWLRQ�YDULHG�
��WKHUHE\�IURP�����WR�����PP�G �ZLWK�DQ�DYHUDJH�RI�DERXW���PP�

��G � FDOFXODWHG� RYHU� RQ� WKH� HQWLUH� PHDVXUHPHQW� SHULRG�

�EHWZHHQ� -XO\� DQG� 0D\� RI� WKH� IROORZLQJ� \HDU��� 'XULQJ�
PRQLWRULQJ� VXPPHU� VHDVRQ�� �-XO\�6HSWHPEHU��� WKH� GDLO\�

�� ��SDOP�WUDQVSLUDWLRQ�DYHUDJHV�UDQJHG�IURP����WR�����/�G �WUHH �
��ZKLFK�HTXLYDOHQW�WR�����WR�����PP�G ��)LJXUH�����'XULQJ�WKLV�

FULWLFDO� ZDWHU�QHHG� SHULRG�� ZH� UHFHLYHG� WKUHH� PRQWKO\�
LUULJDWLRQ�HYHQWV�RI�DERXW��������PP�GHSWK�IRU�HDFK�RQH��
7KHVH� WKUHH� ZDWHU� GHOLYHULHV� DUH� FOHDUO\� GLIIHUHQWLDWHG�
WKURXJK�WKH�FRQVHTXHQW�ZDWHU�WDEOH�OHYHO�UDLVLQJ��)LJXUH����

,QW�-�$JULF�(QYLURQ�)RRG�6FL������������ ��������,��%��$LVVD��6��%RXDUID��2��5RXSVDUG�DQG�5��0DMGRXE

�� ��)LJXUH����7HPSRUDO�YDULDWLRQ�RI�WKH�GDLO\�FXPXODWHG�GDWH�SDOP�VDS�ÀRZ��/�G �WUHH ��LQ�UHODWLRQ�WR�WKH�LUULJDWLRQ�HYHQWV�DQG�WKH�
VKDOORZ�JURXQGZDWHU�GHSWK��IURP�'2<�����WR�'2<������



&RQFOXVLRQ

7KLV� H[SHULPHQW� WULHG� WR� DVVHVV� WKH� GDWH� SDOP�
WUDQVSLUDWLRQ� XVLQJ� WKH� VDSÀRZ� PHDVXUHPHQW� DQG� WR�
LQYHVWLJDWH�LWV�KRXUO\��GDLO\�DQG�VHDVRQDO�YDULDWLRQ�RYHU�RQH�
\HDU� LQ� UHODWLRQ� WR� WKH� PDLQ� VWXG\� VLWH� FRQGLWLRQV� �KLJK�
HYDSRUDWLYH� GHPDQG�� VDOLQH� VKDOORZ� ZDWHU� WDEOH�� GLVWDQW�
ZDWHU�VXSSO\�GHOLYHULHV���

$W�WKH�HQG�RI�WKLV�ZRUN��WKH�LVVXHG�UHVXOWV�VKRZHG�WKDW�WKH�
LQVWDQWO\� WUDQVSLUDWLRQ� YDULHG� ZLWK� WKH� PHDVXUHG� DLU�
WHPSHUDWXUH�DQG�ZDV�KLJK�UHODWHG�WR�WKH�PRQLWRUHG�VKDOORZ�
ZDWHU� WDEOH� Q\FWKHPHUDO� ÀXFWXDWLRQ�� 7KH� ODWWHU� FRXOG�
WKHUHIRUH� EH� YDOXHG� WR� LQYHVWLJDWH� WKH� HYDSRWUDQVSLUDWLRQ�
ÀRZ�RI� WKH� WRWDO�DERYH�JURXQG�FDQRS\�DQG� WR�NQRZ�PRUH�
DERXW� WKH� VKDOORZ� JURXQGZDWHU� FRQWULEXWLRQ� WR� WKLV� ÀRZ�
IHHGLQJ��

��

)LJXUH����6HDVRQDO�YDULDWLRQ�RI�WKH�'7�VLJQDOV�UHFRUGHG�XQGHU�ZLWKRXW�KHDWLQJ�VWDWH��KLJKOLJKWLQJ�RI�WKH�QRQ�]HUR�WKHUPDO�RIIVHW�
EHWZHHQ�WKH�XSSHU�DQG�ORZHU�QHHGOHV�RI�VDS�ÀRZ�VHQVRU�����GD\V�RI�WKH�PLGGOH�RI�HDFK�VHDVRQ�DUH�SUHVHQWHG�RQ�WKLV�¿JXUH

)LJXUH����&RPSDULVRQ�RI�WKH�'7�VLJQDOV�UHFRUGHG�XQGHU�KHDWLQJ�DQG�ZLWKRXW�KHDWLQJ�VWDWH�GXULQJ�¿YH�VXPPHU�GD\V��$SSURDFK�WR�
FRUUHFW�D�KHDWHG�VHQVRU�VLJQDO�XVLQJ�D�FRQFRPLWDQW�ZLWKRXW�KHDWLQJ�VLJQDO

'2,��KWWSV���G[�GRL�RUJ����������MDHIV��������������,��%��$LVVD��6��%RXDUID��2��5RXSVDUG�DQG�5��0DMGRXE

��)LJXUH����6HDVRQDO�PHDQV�RI�WKH�GDLO\�GDWH�SDOP�WUDQVSLUDWLRQ��PP�G ��LQVLGH�WKH�H[SHULPHQW�¿HOG��<�EDUV�UHSUHVHQW��6WDQGDUG�
GHYLDWLRQ



7KH� GDLO\� WUDQVSLUDWLRQ� UDWH�� RQH�\HDU�DYHUDJHG� DW����������
�� ��a��PP�G ��UDQJHG�EHWZHHQ�����DQG�����PP�G �ZLWK�D�FOHDU�

VHDVRQDO�YDULDWLRQ��6HDVRQDO�WUDQVSLUDWLRQ�PHDVXUHG�E\�WKLV�
H[SHULPHQW� UDQJHG� EHWZHHQ� ���� �ZLQWHU� VHDVRQ�� DQG�����������

�������PP�G �VSULQJ�DQG�VXPPHU�VHDVRQV���'XULQJ�WKH�VXPPHU�
KRW�VHDVRQ��D�VXVSHFWHG�ZDWHU�VWUHVV�DSSHDUDQFH�DFFRUGLQJ�
WR�ZDWHU�GHOLYHU\�IUHTXHQF\�ZDV�DOVR�UHYHDOHG��,QGHHG��WKH�
WUDQVSLUDWLRQ� UDWH�GHFOLQHG� LQ� IHZ�GD\V�DIWHU� WKH� LUULJDWLRQ�
HYHQWV� DQG� FRXOG� LQGLFDWH� D� VWUHVV� VWDWXV� UHODWHG� DOVR� WR� D�
GHWULPHQWDO�VDOLQLW\�DW�WKH�WUHH�UKL]RVSKHUH�YLFLQLW\�

7KH� RQH�\HDU�FXPXODWHG� WUDQVSLUDWLRQ� ZDV� DERXW� ����
PP�DQG�UHSUHVHQWHG�DOPRVW�����RI�WKH������PP�GHGXFHG�
HYDSRWUDQVSLUDWLRQ� IRU� WKH� RYHUDOO� RDVLV�� )URP� WKLV�
H[SHULPHQW�FDVH��LW�ZDV�QRWHG�WKDW�WKH�\HDUO\�GDWH�SDOP�WUHH�
WUDQVSLUDWLRQ�UHÀHFWV�D�UDWKHU�PRGHVW�ZDWHU�FRQVXPSWLRQ�����
WR� ����� UHODWLYHO\� WR� WKH� VXUURXQGLQJ� 6DKDUDQ� KLJK�
HYDSRUDWLYH� GHPDQG� UDQJLQJ� EHWZHHQ� ����� DQG���������������
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3HVW�DQG�EHQH¿FLDO�LQVHFW�VSHFLHV�GHWHFWHG�RQ�EURDG�EHDQ�LQ�WKH�
dXNXURYD�UHJLRQ�RI�7XUNH\

��
(NUHP�$WDNDQ
�dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�3ODQW�3URWHFWLRQ��$GDQD��7XUNH\


&RUUHVSRQGLQJ�$XWKRU��HDWDNDQ#PDLO�FX�HGX�WU�

%URDG� EHDQ� LV� JURZQ� LQ� DOPRVW� DOO� SDUWV� RI� 7XUNH\��
KRZHYHU��LW�LV�SULQFLSDOO\�FXOWLYDWHG�LQ�WKH�0HGLWHUUDQHDQ�DQG�
$HJHDQ� UHJLRQV� VXFK� DV� $QWDO\D�� $\GÕQ� DQG� 0HUVLQ�
SURYLQFHV�LQ�7XUNH\��,Q�������IUHVK�EHDQ�SURGXFWLRQ�ZDV����
���� WRQV� DQG� WKH� DUHD� SODQWHG� ZDV� �������� KD� LQ� 7XUNH\�
�$QRQ\PRXV���������)DED�EHDQ�SURGXFWLRQ�LV�IRXUWK�DPRQJ�
WKH�OHJXPLQRXV�FURSV�JURZQ�LQ�7XUNH\��

7KHUH�DUH�YDULRXV�KDUPIXO�DQG�XVHIXO�LQVHFWV�RQ�WKH�EURDG�
EHDQ��ZKLFK�LV�LPSRUWDQW�LQ�KXPDQ�QXWULWLRQ�DQG�DOVR�XVHIXO�
LQ�VRLO�QLWURJHQ�¿[DWLRQ��+DUPIXO�DQG�EHQH¿FLDO�LQVHFWV�RQ�
EURDG�EHDQ�LQ�7XUNH\�KDYH�EHHQ�VWXGLHG�LQ�D�OLPLWHG�DUHD�DQG�
RIWHQ�LQ�H[SHULPHQWDO�SORWV���$WDNDQ�������������DQG�������

,Q�7XUNH\��WKH�LQVHFW�VSHFLHV�DQG�WKHLU�SHVW�VWDWXV�RQ�IDED�
EHDQ� LQ� FRPPHUFLDO�¿HOGV�KDYH�EHHQ� VWXGLHG�� ,Q�SUHYLRXV�
VWXGLHV�SHUIRUPHG�LQ�WKH�VDPH�HFRORJLFDO�DUHD��LQVHFW�SHVWV�RI�
EURDG�EHDQ�DQG�WKHLU�HFRQRPLF�LPSRUWDQFH�ZHUH�GHVFULEHG�
E\�$WDNDQ�DQG�8OXVR\��������DQG�WKH�VHDVRQDO�DEXQGDQFH�RI�
WKH� ZHVWHUQ� ÀRZHU� WKULSV�� )UDQNOLQLHOOD� RFFLGHQWDOLV�
�3HUJDQGH�� �7K\VDQRSWHUD�� 7KULSLGDH�� DQG� WKH� JHQHUDOLVW�
SUHGDWRU� 2ULXVQLJHU� �:ROOI�� �+HPLSWHUD�� $QWKRFRULGDH��
ZHUH�VWXGLHG�E\�$WDNDQ���������3HVW�VWDWXV�RI�LQVHFWV�RI�IDED�
EHDQ�LQ�WKH�0HGLWHUUDQHDQ�FRXQWULHV�LQFOXGLQJ�7XQLVLD��6\ULD�
ZDV�GRFXPHQWHG�E\�:HLJDQG�DQG�%LVKDUD���������$FFRUGLQJ�
WR�:HLJDQG�DQG�%LVKDUD���������DSKLGV�DQG�6LWRQD�VSS��ZHUH�

WKH�PDLQ�SHVWV�RI�IDED�EHDQV�LQ�WKRVH�FRXQWULHV��1XHVVO\�HW�DO��
�������UHSRUWHG����KHUELYRURXV�LQVHFW�SHVW�VSHFLHV�DQG����
SUHGDWRU� DQG� SDUDVLWRLG� VSHFLHV� RQ� IDED� EHDQ� LQ� )ORULGD�
�86$���DQG�$SKLV�FUDFFLYRUD�.RFK��+HPLSWHUD��$SKLGLGDH��
ZDV� WKH�PRVW� GDPDJLQJ� SHVW� RI� IDED� EHDQ� LQ� WKHLU� VWXG\��
$OWKRXJK� VRPH� DVVRFLDWLRQV� EHWZHHQ� SHVW� WKULSV� DQG�
JHQHUDOLVW�SUHGDWRUV�RQ�IDED�EHDQ�ÀRZHUV�KDYH�EHHQ�VWXGLHG�
LQ�WKH�UHVWULFWHG�DUHD�RI�%DOFDOÕ��$GDQD�SURYLQFH��7XUNH\���
WKH�IDXQD�RI�WKULSV�DQG�EHQH¿FLDO�LQVHFWV�DQG�WKH�WKHLU�SHVW�
VWDWXV�RQ�EURDG�EHDQ�LQ�FRPPHUFLDO�¿HOGV�RI�IDED�EHDQ�LQ�WKH�
dXNXURYD�5HJLRQ�RI�7XUNH\�DUH�QRW�ZHOO�XQGHUVWRRG��'XULQJ�
WKH�ZLQWHU�DQG�HDUO\�VSULQJ�PRQWKV��WKH�ÀRZHULQJ�EURDG�EHDQ�
FDQ�KDYH�HFRORJLFDO�HIIHFWV� LQ� WKH�SURWHFWLRQ�RI�EHQH¿FLDO�
LQVHFWV��SURYLGLQJ�VKHOWHU�DQG�RYLSRVLWRQ�DUHD��QHFWDUV�DQG�
SROOHQV� VRXUFHV�� ,Q� FRPPHUFLDO� EHDQ� SURGXFWLRQ� DUHDV��
KDUPIXO�DQG�EHQH¿FLDO�LQVHFW�IDXQD�DQG�WKHLU�GHQVLWLHV�GXH�WR�
SHVWLFLGH�DSSOLFDWLRQV�PD\�YDU\�

7KH� DLP�RI� WKLV� VWXG\�ZDV� WR� LQYHVWLJDWH� WKH� IDXQD� RI�
KDUPIXO�DQG�EHQH¿FLDO�LQVHFWV�RQ�EURDG�EHDQ�LQ�FRPPHUFLDO�
IDUPV�LQ�dXNXURYD�UHJLRQ�RI�7XUNH\��,Q�DGGLWLRQ��REVHUYLQJ�
WKH� GDPDJH� VWDWXV� RI� KDUPIXO� LQVHFWV� PD\� FRQWULEXWH� WR�
VWXGLHV�RI�LQWHJUDWHG�SHVW�FRQWURO�LQ�EURDG�EHDQ�¿HOGV�LQ�WKH�
UHJLRQ�

�

��

$EVWUDFW

.H\ZRUGV��3HVW��%HQH¿FLDO��,QVHFW��%URDG�EHDQ
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%URDG�EHDQ�SODQWV�KDYH�DQ�LPSRUWDQW�VWDWXV�LQ�KXPDQ�QXWULWLRQ�EHFDXVH�WKH\�DUH�ULFK�LQ�SURWHLQ���,Q�WKLV�VWXG\��KDUPIXO�DQG�
EHQH¿FLDO�LQVHFW�IDXQD�RQ�SRGV�RI�EURDG�EHDQ�ZHUH�VWXGLHG�LQ�D�OLPLWHG�DUHD��7KH�VWXG\�ZDV�FDUULHG�RXW�LQ�WKH�FRPPHUFLDO�
EURDG�EHDQ�SURGXFWLRQ�DUHDV�LQ�dXNXURYD�UHJLRQ�RI�7XUNH\�EHWZHHQ�WKH�\HDUV������������,Q�HDFK�VXUYH\������¿HOGV�ZHUH�
YLVLWHG�WR�GHWHUPLQH�WKH�QXPEHUV�RI�SHVW�DQG�SUHGDWRU\�LQVHFW�VSHFLHV��7KH�VL]H�RI�FRPPHUFLDO�¿HOGV�VDPSOHG�YDULHG�IURP�
����WR�����KD��6DPSOLQJ�ZDV�FDUULHG�RXW�ZKHQ�SODQWV�ZHUH�LQ�WKH�ÀRZHULQJ�SRG�IRUPDWLRQ�VWDJH��,QVHFW�VSHFLHV�ZHUH�
VDPSOHG�E\�EHDWLQJ�WKH�SODQWV�YLJRURXVO\�LQWR�D�ZKLWH�SODVWLF�FRQWDLQHU��$�WRWDO�RI����KDUPIXO�LQVHFWV�IURP���JHQHUD�ZHUH�
LGHQWL¿HG��:HVWHUQ�ÀRZHU�WKULSV��)UDQNOLQLHOOD�RFFLGHQWDOLV��3HUJDQGH��GRPLQDWHG�WKH�SHVW�LQVHFW�IDXQD��D�WRWDO�RI�����
LQGLYLGXDOV�� DFFRXQWLQJ��������RI� WKH� WRWDO� QXPEHU�RI� DGXOWV��5HODWLYHO\�KLJK�QXPEHUV�RI� WKULSV� DQG� DSKLGV�ZHUH�
GHWHUPLQHG��$�WRWDO�RI���SUHGDWRU\�LQVHFW�VSHFLHV�IURP���JHQHUD�ZHUH�UHFRUGHG��7KH�PRVW�FRPPRQ�SUHGDWRU\�EXJ�ZDV�
2ULXV�QLJHU��:ROOI��DFFRXQWLQJ�IRU��������RI�WRWDO�DGXOWV�FROOHFWHG��2ULXV�QLJHU�ZDV�RIWHQ�GHWHFWHG�ZLWK�WKULSV�VSHFLHV�RQ�
ÀRZHUV�RI�SODQWV��1R�GDPDJH�GXH�WR�LQVHFW�SHVW�VSHFLHV�GHWHFWHG�ZDV�REVHUYHG�WKURXJKRXW�WKH�VDPSOLQJ�SHULRGV�� �7KLV�
VWXG\�VXJJHVWV�WKDW�JURZLQJ�IDED�EHDQ�LQ�WKH�ZLQWHU�VSULQJ�SHULRG��HVSHFLDOO\�LQ�DJULFXOWXUDO�DUHDV�KDYLQJ�SRRU�SODQW�
GLYHUVLW\�LQ�WKH�0HGLWHUUDQHDQ�UHJLRQ��FRXOG�EH�XVHIXO�IRU�FRQVHUYDWLRQ�DQG�DXJPHQWDWLRQ�RI�EHQH¿FLDO�LQVHFWV�
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0DWHULDO�DQG�0HWKRGV
7KH�VWXG\�ZDV�FDUULHG�RXW�LQ�WKH�FRPPHUFLDO�EURDG�EHDQ�

SURGXFWLRQ�DUHDV�LQ�dXNXURYD�UHJLRQ�RI�7XUNH\�EHWZHHQ�WKH�
\HDUV������������$EXQGDQFH�RI�SHVW�DQG�EHQH¿FLDO� LQVHFW�
VSHFLHV�ZHUH� LQYHVWLJDWHG� LQ� FRPPHUFLDO� IDED� EHDQ� ¿HOGV�
GXULQJ�WKH�����������JURZLQJ�VHDVRQV�LQ�$GDQD�3URYLQFH��
7XUNH\��6XUYH\V�ZHUH�FDUULHG�RXW�RQFH�D�PRQWK�GXULQJ�WKH�
JURZLQJ� VHDVRQ�� 'XULQJ� VXUYH\V�� WKH� VDPH� ¿HOGV� ZHUH�
UHJXODUO\�VDPSOHG��,Q�HDFK�VXUYH\������¿HOGV�ZHUH�YLVLWHG�WR�
GHWHUPLQH�WKH�QXPEHUV�RI�WKULSV�DQG�SUHGDWRU\�LQVHFWV��7KH�
VL]H�RI�WKH�FRPPHUFLDO�¿HOGV�VDPSOHG�YDULHG�IURP�����WR�����
KD�� 6DPSOLQJ� ZDV� FDUULHG� RXW� ZKHQ� SODQWV� ZHUH� LQ� WKH�
ÀRZHULQJ�SRG� VWDJH�� (DFK� ¿HOG� ZDV� GLYLGHG� LQWR� IRXU�

�TXDUWHUV��������������P �VXE�SORWV��DV�UHSOLFDWHV��)LYH�SODQWV�
LQ�HDFK�VXE�SORW�ZHUH�UDQGRPO\�VHOHFWHG��,QVHFW�VSHFLHV�ZHUH�
VDPSOHG�E\�EHDWLQJ�WKH�SODQWV�YLJRURXVO\�LQWR�D�ZKLWH�SODVWLF�
FRQWDLQHU�����î����î���FP��IRU�DERXW���VHF��&ROOHFWHG�LQVHFW�
VSHFLHV�ZHUH�FRXQWHG�E\�XVLQJ�D�KDQG�OHQV�LQ�WKH�¿HOG��0RVW�
2ULXV�VSHFLPHQV�ZHUH�UHOHDVHG�WR�WKH�SORWV�DQG�D�IHZ�ZHUH�
WDNHQ�WR�WKH�ODERUDWRU\�IRU�LGHQWL¿FDWLRQ��,QVHFWV�WKDW�FRXOG�
QRW� EH� LGHQWL¿HG� LQ� WKH� ¿HOG� ZHUH� WUDQVSRUWHG� WR� WKH�
ODERUDWRU\�DQG�VRPH�RI�WKHP�ZHUH�NLOOHG�ZLWK�WKH�KHOS�RI�D�
NLOOLQJ�MDU��6PDOO�DQG�VRIW�ERGLHG�LQVHFWV�ZHUH�NHSW�LQ�����
HWKDQRO�� ,Q� WKH� ODERUDWRU\�� WKH� WKULSV� VDPSOHV� ZHUH�
WUDQVIHUUHG�LQWR�YLDOV�FRQWDLQLQJ�$*$�VROXWLRQ��L�H�����SDUWV�
���� HWKDQRO�� RQH� SDUW� JODFLDO� DFHWLF� DFLG�� DQG� RQH� SDUW�
JO\FHULQ��DQG�NHSW�IRU�RQH�GD\��7KULSV�VSHFLHV�ZHUH�VOLGH�
PRXQWHG�DQG�LGHQWL¿HG�XQGHU�D�ELQRFXODU�PLFURVFRSH�

7KULSV��DGXOWV��ZHUH�LGHQWL¿HG�E\�XVLQJ�WKH�NH\V�JLYHQ�E\�
]XU�6WUDVVHQ��������DQG�%DORX�HW�DO����������2ULXV�VSS��ZHUH�
LGHQWL¿HG� ZLWK� WKH� NH\V� JLYHQ� E\� gQGHU� ������� DQG�
7RPPDVLQL���������2WKHU�LVRODWHG�SUHGDWRUV�DQG�SHVWLIHURXV�
LQVHFW� VSHFLHV� ZHUH� LGHQWL¿HG� E\� UHIHUHQFH� WR� PDWHULDOV�
VWRUHG�LQ�WKH�(QWRPRORJ\�/DERUDWRU\�RI�WKH�'HSDUWPHQW�RI�
3ODQW� 3URWHFWLRQ�� )DFXOW\� RI� $JULFXOWXUH�� 8QLYHUVLW\� RI�
dXNXURYD�� $GDQD�� 7XUNH\�� 1R� LGHQWL¿FDWLRQ� NH\V� DUH�
DYDLODEOH�IRU�Q\PSKV�RI�2ULXV��7KHUHIRUH��WKHVH�ZHUH�WUHDWHG�
DV�D�VLQJOH�JURXS�

5HVXOWV
7RWDO�QXPEHUV�RI�LQVHFW�SHVW�VSHFLHV�RQ�EURDG�EHDQ
7KH�WRWDO�QXPEHUV�RI�LQVHFW�SHVW�VSHFLHV�FROOHFWHG�IURP�

EURDG�EHDQ�SODQWV�DUH�JLYHQ�LQ�7DEOH����7KH�KLJKHVW�QXPEHU�RI�
DSKLGV�� $SKLV� IDEDH� 6FRS�� �+HPLSWHUD�� $SKLGLGDH�� �����
LQGLYLGXDOV��ZDV�GHWHFWHG�RQ����0DUFK�������

$�UHODWLYHO\�KLJKHU�QXPEHU�RI�WKLV�DSKLG�ZDV�UHFRUGHG�RQ�
���$SULO�������7KH�QXPEHU�RI�$F\UWKRVLSKRQ�SLVXP��+DULV��
�+HPLSWHUD��$SKLGLGDH��ZDV�WKH�KLJKHVW�RQ����$SULO�������
2Q�WKH�RWKHU�VDPSOLQJ�GDWHV��IHZ�QXPEHUV�RI�DSKLG�VSHFLHV�
ZHUH� HQFRXQWHUHG�� 2QO\� WKUHH� LQGLYLGXDOV� RI� (SLFRPHWLV�
KLUWD� 3RGD� �&ROHRSWHUD�� 6FDUDEDHLGDH�� ZHUH� UHFRUGHG� RQ�
ÀRZHUV�RQ����0DUFK������

/HDIKRSSHU�� (PSRDVFD� GHFLSLHQV� 3DROL� �+HPLSWHUD��
&LFDGHOOLGDH��ZDV�UHJXODUO\�VDPSOHG�WKURXJKRXW�WKH�VWXG\��
7KH�QXPEHUV�ZHUH�UHODWLYHO\�KLJKHU�RQ�SODQWV�OHDYHV�RQ���
)HEUXDU\� ����� ���� LQGLYLGXDOV��� RQ� ��� 0DUFK����� �����
LQGLYLGXDOV��DQG�RQ����$SULO����������LQGLYLGXDOV���6LPLODU�
WR�WKH�OHDIKRSSHUV��LQGLYLGXDOV�RI�)UDQNOLQLHOOD�RFFLGHQWDOLV�
�3HUJDQGH�� �7K\VDQRSWHUD�� 7KULSLGDH�� ZHUH� UHFRUGHG� RQ�
ÀRZHUV�WKURXJKRXW�WKH�JURZLQJ�VHDVRQ��7KH�KLJKHVW�GHQVLW\�
RQ�EURDG�EHDQ�ÀRZHUV�ZDV�UHFRUGHG�RQ���'HFHPEHU������
�����LQGLYLGXDOV���([FOXGLQJ����'HFHPEHU����������$SULO�
������ DQG����1RYHPEHU� ������ WKH� QXPEHUV� RI� WKHVH� SHVW�
WKULSV�ZHUH�VLPLODU�� UDQJLQJ������� LQGLYLGXDOV�RQ�ÀRZHUV��

0HOLJHWKHV�VS���&ROHRSWHUD��1LWLGXOLGDH��ZHUH�REVHUYHG�RQ�
ÀRZHUV�RI�SODQWV�RQ���)HEUXDU\����������LQGLYLGXDOV��DQG����
0DUFK� ����� ��� LQGLYLGXDOV��� 7RWDO� GHQVLWLHV� RI� WKLV� SHVW�
GHFOLQHG� WR� ]HUR� OHYHO� RQ� RWKHU� VDPSOLQJ� GDWHV�� $� IHZ�
QXPEHUV� RI� FXUFXOLRQLG�� 6LWRQD � VS�� �&ROHRSWHUD��
&XUFXOLRQLGDH��ZHUH�GHWHFWHG�RQ�ÀRZHUV�RQ���)HEUXDU\������
DQG� ���0DUFK� ������$� UHODWLYHO\� KLJK� QXPEHU� RI�7KULSV�
KDZDLLHQVLV� �0RUJDQ�� �7K\VDQRSWHUD�� 7KULSLGDH�� ����
LQGLYLGXDOV��� ZKLFK� LV� D� VHULRXV� SHVW� RI� FLWUXV� OHPRQ� LQ�
0HUVLQ� SURYLQFH�� 7XUNH\�� ZDV� H[WUDFWHG� IURP� ÀRZHUV� RI�
EURDG�EHDQ�SODQWV�RQ���'HFHPEHU�������2Q�RWKHU�VDPSOLQJ�
GDWHV��WKHUH�ZDV�QR�WKULSV�VSHFLHV�RU�WKHLU�QXPEHUV�ZHUH�YHU\�
ORZ�

7RWDO�QXPEHUV�RI�SUHGDWRU\�LQVHFW�VSHFLHV�RQ�EURDG�EHDQV�
DFFRUGLQJ�WR�VDPSOLQJ�GDWHV�DUH�VKRZQ�LQ�7DEOH����3UHGDWRU\�
WKULSV�� $HRORWKULSV� FROODULV� 3ULHVQHU� �7K\VDQRSWHUD��
$HRORWKULSLGDH��ZHUH�GHWHFWHG�RQ�RQO\�RQH�VDPSOLQJ�GDWH����
LQGLYLGXDO���3UHGDWRU\�PLULG��&DPS\ORPPD�QLFRODVL�3XWRQ�
DQG�5HXWHU� �+HPLSWHUD��0LULGDH��ZDV�QRW� IRXQG�RQ� VRPH�
VDPSOLQJ� GDWHV�� LWV� GHQVLW\� UDQJHG� EHWZHHQ� �� DQG� ���
LQGLYLGXDOV�� 9HU\� IHZ� QXPEHUV� RI� FRFFLQHOOLG� SUHGDWRUV�
>&RFFLQHOOD�VHPSWHPSXQFWDWD�/��DQG�+LSSRGDPLD�YDULHJDWH�
�*RH]H�@� �&ROHRSWHUD�� &RFFLQHOOLGDH�� ZHUH� UHFRUGHG�
WKURXJKRXW�WKH�VDPSOLQJ�GDWHV��3UHGDWRU\�DQWKRFRULG��2ULXV�
ODHYLJDWXV�ZHUH�IRXQG�VFDUFHO\�RQ�ÀRZHUV�ZKHQ�FRPSDUHG�
WR�DQRWKHU�SUHGDWRU\�EXJ�2ULXV�QLJHU��:ROOI�� �+HPLSWHUD��
$QWKRFRULGDH���2ULXV�QLJHU�ZDV�WKH�PRVW�FRPPRQ�SUHGDWRU\�
EXJ�LQ�VXUYH\HG�FRPPHUFLDO�¿HOGV�LQ�WKLV�VWXG\��7RWDO�GHQVLW\�
RI�WKLV�EHQH¿FLDO�LQVHFW�ZDV�KLJKHVW�����LQGLYLGXDOV��RQ����
0DUFK�������,WV�QXPEHUV�ZHUH�YHU\�IHZ�DW�WKH�QRQÀRZHULQJ�
VWDJH�RI�VDPSOHG�SODQWV�L�H��LQ�1RYHPEHU���

,Q�WKLV�FXUUHQW�VWXG\�����SHVW�LQVHFW�VSHFLHV�LQ���JHQHUD�
ZHUH�LGHQWL¿HG��,Q�SUHYLRXV�VWXGLHV�GRQH�LQ�%DOFDOÕ�GLVWULFW��
$GDQD�SURYLQFH��7XUNH\�����KDUPIXO�LQVHFW�VSHFLHV�DQG�RQH�
JHQXV�ZHUH�GHWHUPLQHG��$WDNDQ�DQG�8OXVR\��������+DUPIXO�
LQVHFW� VSHFLHV� DQG� WKHLU� GHQVLWLHV� IRXQG� LQ� WKRVH� SUHYLRXV�
VWXGLHV�ZHUH�KLJKHU� WKDQ�ZHUH� IRXQG� LQ� WKH�FXUUHQW� VWXG\��
7KLV�LV�SUREDEO\�GXH�WR�LQWHQVH�LQVHFWLFLGHV�DSSOLFDWLRQV�LQ�
FRPPHUFLDO�¿HOGV�LQ�WKH�UHJLRQ��+RZHYHU��LQ�WKRVH�SUHYLRXV�
VWXGLHV��QR�LQVHFW�GDPDJH�RQ�EURDG�EHDQ�SODQWV�ZDV�GHWHFWHG��
$GGLWLRQDOO\��QR�LQVHFW�GDPDJH�ZDV�DOVR�REVHUYHG�RQ�SODQWV�
JURZQ� LQ� WKH� VXUYH\HG� FRPPHUFLDO� ¿HOGV�� 7KLV� VWXG\�
VXJJHVWV�WKDW�LQVHFWLFLGH�DSSOLFDWLRQV�SHUIRUPHG�DJDLQVW�SHVW�
LQVHFWV�VXFK�DV�DSKLGV�DQG�OHDIKRSSHUV�LQ�WKH�UHJLRQ�DUH�QRW�
QHHGHG��$�WRWDO�RI���SUHGDWRU\�EHQH¿FLDO�LQVHFW�VSHFLHV�LQ���
JHQHUD� ZHUH� DOVR� LGHQWL¿HG�� &DSWXUHG� SUHGDWRU\� LQVHFW�
VSHFLHV� QXPEHUV� DQG� GLYHUVLW\� ZHUH� VLPLODU� WR� SUHYLRXV�
VWXGLHV�GRQH�LQ�%DOFDOÕ�ORFDWLRQ�ZKLFK�LV�D�SRO\FXOWXUH�DUHD�
�$WDNDQ�DQG�8OXVR\��������$WDNDQ�DQG�0DOLN����������

3URSRUWLRQV�RI�SHVW�DQG�SUHGDWRU\�LQVHFW�VSHFLHV�RQ�
EURDG�EHDQ
6HDVRQDO�QXPEHUV�DQG�SURSRUWLRQV�RI�SHVW�LQVHFW�VSHFLHV�

LGHQWL¿HG� LQ� WKH� VXUYH\HG� ¿HOGV� DUH� JLYHQ� 7DEOH� ���
)UDQNOLQLHOOD�RFFLGHQWDOLV�GRPLQDWHG�WKH�SHVW�LQVHFW�IDXQD�
�WRWDO�QXPEHU�ZDV�����LQGLYLGXDOV��DFFRXQWLQJ�IRU��������RI�
WKH� WRWDO� QXPEHU� RI� DGXOWV��(PSRDVFD� GHFLSLHQV� ZDV� WKH�
VHFRQG�PRVW�FRPPRQ�LQVHFW�VSHFLHV��FRPSULVLQJ��������RI�
WKH�WRWDO�LQGLYLGXDOV��$SKLV�IDEDH�DQG�$F\UWKRVLSKRQ�SLVXP�
KDG� VLPLODU� SURSRUWLRQV� LQ� WRWDO� QXPEHU� �������� DQG�
��������UHVSHFWLYHO\��

3URSRUWLRQV�RI�RWKHU�SHVW�LQVHFW�VSHFLHV�FROOHFWHG�IURP�
SODQWV� ZHUH� OHVV� WKDQ� ����)UDQNOLQLHOOD� RFFLGHQWDOLV� ZDV�
IRXQG�WR�EH�WKH�GRPLQDQW�SHVW�WKULSV�LQ�WKH�FXUUHQW�VWXG\��7KLV�
PD\�EH�GXH�WR�LWV�ZLGH�KRVW�UDQJH��KLJK�UHSURGXFWLYH�UDWH��

��
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ZLGH�JHRJUDSKLF�GLVWULEXWLRQ�DQG�EHWWHU�DGDSWDWLRQ�WR�KDUG�
ZLQWHU�FRQGLWLRQV��.LUN�DQG�7HUU\���������7KLV�SHVW�WKULSV�LV�
FRPPRQO\�IRXQG�RQ�PDQ\�KRVW�SODQWV��$WDNDQ�����D��E��DQG�
ZLOG� SODQWV� �$WDNDQ� DQG� 8\JXU� ������$WDNDQ� DQG� 7XQo��
������LQ�WKH�dXNXURYD�UHJLRQ��

6HDVRQDO�QXPEHUV�DQG�SURSRUWLRQV�RI�EHQH¿FLDO� LQVHFW�

VSHFLHV�LGHQWL¿HG�LQ�WKH�VXUYH\HG�¿HOGV�DUH�JLYHQ�LQ�7DEOH����
$� WRWDO� RI� �� SUHGDWRU\� LQVHFW� VSHFLHV� LQ� �� JHQHUD� ZHUH�
LGHQWL¿HG� GXULQJ� WKLV� VWXG\�� 2ULXV� QLJHU� GRPLQDWHG� WKH�
SUHGDWRU\� LQVHFW� IDXQD�� DFFRXQWLQJ� IRU� ������� RI� WRWDO�
DGXOWV��

��

,QW�-�$JULF�(QYLURQ�)RRG�6FL������������ ��������

7DEOH����7RWDO�QXPEHUV�RI�SHVW�LQVHFW�VSHFLHV�RQ�EURDG�EHDQ�DFFRUGLQJ�WR�VDPSOLQJ�GDWHV�LQ�dXNXURYD�5HJLRQ�RI� � �7XUNH\�GXULQJ�
�����������

7DEOH����7RWDO�QXPEHUV�RI�EHQH¿FLDO�LQVHFW�VSHFLHV�RQ�EURDG�EHDQ�DFFRUGLQJ�WR�VDPSOLQJ�GDWHV�LQ�dXNXURYD�5HJLRQ�RI�7XUNH\�GXULQJ�
�����������
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2ULXV� QLJHU� ZDV� IROORZHG� E\� &�� QLFRODVL� ZLWK� D�
SURSRUWLRQ�RI���������7KH�SURSRUWLRQ�RI�2ULXV�ODHYLJDWXV�
ZDV��������3URSRUWLRQV�RI�RWKHU�SUHGDWRU\�LQVHFWV�ZHUH�OHVV�
WKDQ�����2ULXV�QLJHU�ZDV�WKH�PRVW�QRWDEOH�SUHGDWRU\�EXJ��
7KH�UHVXOWV�DJUHH�ZLWK�¿QGLQJV�RI�7RPPDVLQL���������ZKR�
IRXQG� WKDW�2�� QLJHU��2�� ODHYLJDWXV�� DQG�2ULXV�PDMXVFXOXV�
�5HXWHU�� ZHUH� FRPPRQ� DQWKRFRULG� VSHFLHV� LQ� WKH�
0HGLWHUUDQHDQ� EDVLQ�� 2ULXV� QLJHU� ZDV� GRPLQDQW� LQ�
QRUWKZHVWHUQ� ,WDO\�� ZKHUHDV� 2�� ODHYLJDWXV� ZDV� PRUH�
FRPPRQ�LQ�WKH�ZDUPHVW�ORFDWLRQV�RI�WKH�FRXQWU\��%RVFR�HW�

DO��� �������7KXV�� WKH�SUHGRPLQDQFH�RI� LQVHFW� VSHFLHV�PD\�
GHSHQG�RQ�ORFDWLRQ�

2ULXV�DQG�WKULSV�VSHFLHV�LGHQWL¿HG�LQ�WKLV�VWXG\�YLVLWHG�
PRVWO\� ÀRZHUV� GXULQJ� WKH� ÀRZHULQJ� SHULRGV� RI� SODQWV� LQ�
FRPPHUFLDO�¿HOGV��+LJK�QXPEHUV�RI�ERWK�LQVHFWV�LQKDELWHG�
WKH�ÀRZHUV�LQ�SUHYLRXV�VWXGLHV�GRQH�LQ�WKH�%DOFDOÕ�ORFDWLRQ�
�$WDNDQ�DQG�0DOLN���������,Q�DGGLWLRQ��WKHUH�ZDV�D�SRVLWLYH�
DQG�VLJQL¿FDQW�UHODWLRQVKLS�EHWZHHQ�QXPEHUV�RI�WKULSV�DQG�
QXPEHUV�RI�2��QLJHU�IRXQG�RQ�WKH�ÀRZHUV��$WDNDQ�DQG�0DOLN��
�������$FFRUGLQJ� WR� WKH� ¿QGLQJV� RI� VRPH� VWXGLHV��2ULXV�

��

7DEOH����3URSRUWLRQV�RI�SHVW�LQVHFW�VSHFLHV�RQ�EURDG�EHDQ�LQ�dXNXURYD�5HJLRQ�RI�7XUNH\�GXULQJ������������

7DEOH����3URSRUWLRQV�RI�EHQH¿FLDO�LQVHFW�VSHFLHV�RQ�EURDG�EHDQ�LQ�dXNXURYD�5HJLRQ�RI�7XUNH\�GXULQJ������������
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������6DODV�±$TXLODU�DQG�(KOHU��������.LPDQ�DQG�<HUDJDQ��
������� 1XHVVO\� ������� DOVR� LQGLFDWHG� WKDW� FRQVLGHUDEOH�
QXPEHUV�RI�EHQH¿FLDO�LQVHFW�VSHFLHV�FRORQL]HG�WKH�IDED�EHDQ�
JURZQ� LQ� VRXWKHUQ� )ORULGD� �86$��� 7KH� EURDG� DQG� FORVHG�
ÀRZHU�VWUXFWXUH�RI�EURDG�EHDQ�PD\�KDYH�FUHDWHG�IDYRUDEOH�
FRQGLWLRQV�LQ�SURWHFWLQJ�EHQH¿FLDO�LQVHFWV�IURP�KDUG�ZLQWHU�
FRQGLWLRQV�DQG�SUHGDWLRQV�

6HDVRQDO�QXPEHUV�RI�VRPH�SUHGDWRU\�LQVHFWV�UHODWHG�
WR�VRPH�SHVW�LQVHFWV

6HDVRQDO�QXPEHUV�RI�VRPH�SUHGDWRU\�LQVHFWV�LGHQWL¿HG�
ZLWK�VRPH�SHVW�LQVHFWV�RQ�EURDG�EHDQ�DUH�JLYHQ�LQ�7DEOH����
0RVW�2��QLJHU�ZHUH�GHWHFWHG�WRJHWKHU�ZLWK�)��RFFLGHQWDOLV�
DQG�(��GHFLSLHQV��5HODWLYHO\�KLJKHU�GHQVLWLHV�RI�2��ODHYLJDWXV�
ZHUH� DOVR� IRXQG� LQ� DVVRFLDWLRQ� ZLWK� )�� RFFLGHQWDOLV�� $�
UHODWLYHO\� KLJKHU� QXPEHU� RI� &�� QLFRORVL� ZDV� IRXQG� LQ�
DVVRFLDWLRQ�ZLWK�)��RFFLGHQWDOLV��7KH�QXPEHUV�RI�SUHGDWRU\�
LQVHFWV�IRXQG�WRJHWKHU�ZLWK�RWKHU�SHVW�LQVHFWV�ZHUH�ORZ�

��

7DEOH����6HDVRQDO�QXPEHUV�RI�VRPH�SUHGDWRU\�LQVHFWV�LGHQWL¿HG�ZLWK�VRPH�SHVW�LQVHFWV�RQ�EURDG�EHDQ�LQ�dXNXURYD�UHJLRQ�RI�7XUNH\�
GXULQJ������������

7DEOH����3UH\�SUHGDWRU�UDWLRV�RQ�EURDG�EHDQ�LQ�dXNXURYD�UHJLRQ�RI�7XUNH\�GXULQJ�����������

3UH\�SUHGDWRU�UDWLRV
0RQWKO\�SUH\��WKULSV�RU�OHDIKRSSHU��(PSRDVFD��SUHGDWRU�

�2ULXV� VSS��� UDWLRV� DUH� SUHVHQWHG� LQ� 7DEOH� ��� 3UH\�
�WKULSV��SUHGDWRU��2ULXV��UDWLRV�ZHUH�OHVV�WKDQ����WKULSV�SHU�
2ULXV��7KH�KLJKHVW�SUH\�SUHGDWRU�UDWLR�ZDV�GHWHFWHG�RQ����
'HFHPEHU������DV������WKULSV�SHU�2ULXV��3UH\�SUHGDWRU�UDWLRV�
ZHUH�ORZHU��OHVV�WKDQ���WKULSV�SHU�2ULXV��ZKHQ�FRPSDUHG�WR�
WKH� SUHYLRXV� VDPSOLQJ� GDWH�� 3UH\� �OHDIKRSSHUV��� SUHGDWRU�
�2ULXV�� UDWLRV� RQ� WKH� VDPSOLQJ� GDWHV� ZHUH� OHVV� WKDQ� ��
OHDIKRSSHUV�SHU�2ULXV��7KH�UDWLR�ZDV�UHODWLYHO\�JUHDWHU�RQ����
$SULO������DV������OHDIKRSSHUV�SHU�2ULXV�ZKHQ�FRPSDUHG�WKH�
UDWLRV� IRXQG� RQ� RWKHU� VDPSOLQJ� GDWHV�� /HDIKRSSHU�2ULXV�
UDWLRV�ZHUH�OHVV� WKDQ���OHDIKRSSHUV�SHU�2ULXV�RQ�WKH�PRVW�
VDPSOLQJ�GDWHV�

)UDQNOLQLHOOD�RFFLGHQWDOLV�ZDV�XQGHU�WKH�SUHGDWLRQ�ULVN�
LQ� WKH� ÀRZHUV� GXH� WR� 2ULXV� DWWDFNV�� 7KHUH� ZDV� FOHDU�
VXSSUHVVLRQ�RI�)��RFFLGHQWDOLV�SRSXODWLRQV�E\�2ULXV�RQ�WKH�
EURDG� EHDQ�� 3UH\�SUHGDWRU� UDWLRV� RQ�PRVW� VDPSOLQJ� GDWHV�
ZHUH� YHU\� ORZHU� �OHVV� WKDQ� ��� WKULSV� SHU� 2ULXV�� WKDQ�
SUHYLRXVO\� UHSRUWHG� UDWLR�� ���� WKULSV� SHU�2ULXV�� ZKLFK� LV�
FULWLFDO� IRU� 2ULXV� LQVLGLRVXV� WR� VXI¿FLHQWO\� VXSSUHVV� WKH�
SRSXODWLRQ�RI�)��RFFLGHQWDOLV� LQ� JUHHQKRXVHV� �6DEHOLV� DQG�
YDQ�5LMQ�� ������� (IIHFWLYH� VXSSUHVVLRQ� RI� WKH� WKULSV� E\� D�
SUHGDWRU� GHSHQGV� RQ� VHYHUDO� IDFWRUV� LQFOXGLQJ� LQLWLDO�
SRSXODWLRQ�GHQVLWLHV�RI�WKH�SUH\�DQG�SUHGDWRU��WKHLU�IHFXQGLW\�
DQG�VWUXFWXUH�RI� WKH�KRVW�SODQWV��2VHNUH�HW�DO����������7KH�
OHDIKRSSHUV�2ULXV�UDWLRV�ZHUH�ORZ�RQ�PRVW�VDPSOLQJ�GDWHV��
KRZHYHU�� WKLV� PD\� QRW� LQGLFDWH� HI¿FLHQW� SUHGDWLRQ� RI� WKH�
OHDIKRSSHUV�E\�WKH�2ULXV�VSHFLHV�VLQFH�SHVW�OHDIKRSSHUV�IHHG�

PRVWO\�RQ�IROLDJH�DQG�2ULXV�VSHFLHV�YLVLW�PRVWO\�ÀRZHUV��,Q�
OLJKW�RI�WKLV��OHDIKRSSHUV�PD\�KDYH�D�ORZHU�SUHGDWLRQ�ULVN�GXH�
WR�JHQHUDOLVW�SUHGDWRUV��VXFK�DV�2ULXV�VSHFLHV�

&RQFOXVLRQV
$V�D�UHVXOW��EURDG�EHDQ�LV�ULFK�LQ�EHQH¿FLDO�DQG�KDUPIXO�

LQVHFW� IDXQD� HYHQ� WKRXJK� WKH\� ZHUH� FDSWXUHG� LQ� IHZHU�
QXPEHUV�LQ�WKH�FRPPHUFLDO�¿HOGV��0DMRULW\�RI�WKH�LGHQWL¿HG�
SHVWV�RQ�EURDG�EHDQ�DUH�SRO\SKDJRXV�SHVWV�DQG�ZHUH�DOUHDG\�
UHFRUGHG�LQ�$GDQD��$WDNDQ�DQG�8OXVR\���������$FFRUGLQJ�WR�
SUHYLRXV�VWXG\�GRQH� LQ�VDPH�DUHD� �$WDNDQ��������QR�SHVW�
LQVHFW�GDPDJHV�ZHUH�REVHUYHG�HYHQ�LQ�WKH�QRQ�LQVHFWLFLGH�
WUHDWHG�SORWV�RI�WKH�EURDG�EHDQV��7KLV�UHVXOW�LV�LQ�DJUHHPHQW�
ZLWK� WKH� ¿QGLQJV� RI� FXUUHQW� VWXG\�� 7KHUHIRUH� LQVHFWLFLGH�
DSSOLFDWLRQV� DUH� QRW� UHFRPPHQGHG�� WKLV� LV� HVSHFLDOO\�
LPSRUWDQW� IRU� WKH� SURWHFWLRQ� RI� QDWXUDO� HQHPLHV� LQFOXGLQJ�
SUHGDWRUV�� %URDG� EHDQ� LV� HVSHFLDOO\� PRUH� DWWUDFWLYH� WR�
JHQHUDOLVW�SUHGDWRU\�EXJV��2ULXV�VSHFLHV��PDLQO\�2��QLJHU���
)RU�WKLV�UHDVRQ��WKH�FXOWLYDWLRQ�RI�WKH�EURDG�EHDQ�LQ�PRQR�
FXOWXUDO�DJULFXOWXUDO�V\VWHPV�FDQ�LQFUHDVH�HI¿FLHQF\�RI�WKHVH�
SUHGDWRU\� WD[D� WKURXJK� SURYLGLQJ� RYHUZLQWHULQJ�� IHHGLQJ��
PDWLQJ�VLWHV��DQG�WKXV�WKHLU�UHSURGXFWLRQ��%HQH¿FLDO�LQVHFWV�
PD\�KDYH�DQ�LPSRUWDQW�UROH�LQ�VXSSUHVVLQJ�SHVW�LQVHFWV�RQ�
VXPPHU� FURSV� LQ� WKH� UHJLRQ�� )RU� WKLV� SXUSRVH�� WKH� LQVHFW�
ELRGLYHUVLW\�PD\�EH�LQFUHDVHG�ZLWK�WKH�IDXQLVWLFDO�VWXGLHV�RQ�
EURDG�EHDQ�LQ�GLIIHUHQW�HFRORJLFDO�UHJLRQV�RI�7XUNH\��DQG�WKH�
LPSRUWDQFH�RI�WKHVH�EHQH¿FLDO�VSHFLHV�FDQ�EH�FRQYHUWHG�WR�D�
XVHIXO�SRVLWLRQ�LQ�WHUPV�RI�SHVW�PDQDJHPHQW�RQ�VXEVHTXHQW�
DUDEOH�FURSV�
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5HIHUHQFHV

$QRQ\PRXV�� �������� 7XUNLVK� 6WDWLVWLFDO� ,QVWLWXWH�� VWDWLVWLFV� RI�
DJULFXOWXUDO� SURGXFWLRQ�� > @� �$FFHVVHG� GDWH�� ��� 0DUFK�85/
�����

$WDNDQ��(�� �����D���7KULSV� �7K\VDQRSWHUD�� VSHFLHV�RFFXUULQJ�RQ�
ZLQWHU�YHJHWDEOHV�FURSV� LQ�dXNXURYD� UHJLRQ�RI�7XUNH\��$FWD�
3K\WRSDWKRORJLFD� (QWRPRORJLFD� +XQJDULFD�� ������±�����
> @�> @�*RRJOH�6FKRODU &URVV5HI

$WDNDQ���(�������E���7KULSV��7K\VDQRSWHUD��VSHFLHV�RFFXUULQJ�RQ�
IUXLW� RUFKDUGV� LQ� dXNXURYD� UHJLRQ� RI� 7XUNH\�� $FWD�
3K\WRSDWKRORJLFD� (QWRPRORJLFD� +XQJDULFD�� ������±�����
> @�> @*RRJOH�6FKRODU &URVV5HI

$WDNDQ��(����������,QÀXHQFH�RI�ZHHG\�¿HOG�PDUJLQV�RQ�DEXQGDQFH�
SDWWHUQV�RI� WKH�SUHGDWRU\�EXJV�2ULXV�VSS��DQG�WKHLU�SUH\�� WKH�
ZHVWHUQ� ÀRZHU� WKULSV� �)UDQNOLQLHOOD� RFFLGHQWDOLV��� RQ� IDED�
EHDQ�� 3K\WRSDUDVLWLFD�� ���� ��������� > @�*RRJOH� 6FKRODU
> @&URVV5HI

$WDNDQ��(����������$EXQGDQFH�SDWWHUQV�RI�SUHGDWRU\�EXJV��2ULXV�
VSS���+HPLSWHUD��$QWKRFRULGDH��DQG�WKHLU�VRPH�LQVHFW�SUH\V�RQ�
IDED� EHDQ� ZLWK� GLIIHUHQW� SODQWLQJ� GDWHV� LQ�$GDQD� SURYLQFH��
7XUNH\�� 7XUNH\� (QWRPRORJ\� %XOOHWLQ�� ��������� >*RRJOH�
6FKRODU@�

$WDNDQ��(���������� �,QVHFW�VSHFLHV�DQG�WKHLU�GHQVLWLHV�RQ�IDED�EHDQ�
�9LFLD�IDED�/���JURZQ�LQ�WZR�GLYHUVH�KDELWDWV��7XUNLVK�-RXUQDO�
RI�%LRORJLFDO�&RQWURO��������������> @*RRJOH�6FKRODU

$WDNDQ�� (��� 0DOLN�� $�� $�� <�� �������� 3UHGDWRU�SUH\� LQWHUDFWLRQV�
EHWZHHQ�SUHGDWRU\�EXJ�2ULXV�VSS���+HPLSWHUD��$QWKRFRULGDH��
DQG� ZHVWHUQ� ÀRZHU� WKULSV�� )UDQNOLQLHOOD� RFFLGHQWDOLV�
�3HUJDQGH�� �7K\VDQRSWHUD�� 7KULSLGDH�� RQ� IDED� EHDQ� LQ� WZR�
GLYHUVH�KDELWDWV��0XQLV�(QWRPRORJ\�DQG�=RRORJ\������������
�����> @�*RRJOH�6FKRODU

$WDNDQ��(���8OXVR\��0��5����������+DUPIXO�DQG�EHQH¿FLDO�LQVHFW�
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WRQQHV� �%%6�� ������� $JULFXOWXUH� LV� WKH� VLQJOH� ODUJHVW�
SURGXFLQJ�VHFWRU�RI�HFRQRP\�VLQFH�LW�FRPSULVHV�DERXW�������
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%RUR� ULFH� LV� JURZQ� LQ� WKH� 5DEL� VHDVRQ� XVLQJ� LUULJDWLRQ��
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��������KD �XQGHU�WKH�DOO�VDPSOHG�IDUPHUV
��)DUPHUV
�DYHUDJH�FRVW�RI�ULFH�SURGXFWLRQ�IRU�ODQG�SUHSDUDWLRQ��LQWHUFXOWXUDO�
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GRVHV�RI�IHUWLOL]HUV�LQ�WKHLU�FURSV�ODQG��+XPDQ�ODERXU�ZDV�WKH�
PRVW� LPSRUWDQW� DQG� H[WHQVLYHO\� XVHG� LQSXW� IRU� SURGXFLQJ�
ERUR� ULFH�� 3URGXFWLRQ� RI� ERUR� ULFH� UHTXLUHG� GLIIHUHQW�
RSHUDWLRQV�VXFK�DV�ODQG�SUHSDUDWLRQ��WUDQVSODQWLQJ��ZHHGLQJ��
IHUWLOL]HU�	�LQVHFWLFLGHV�DSSOLFDWLRQ�� LUULJDWLRQ��KDUYHVWLQJ��
FDUU\LQJ��WKUHVKLQJ��ZLQQRZLQJ�DQG�GU\LQJ�HWF��6R��ERUR�ULFH�
LV�WKH�PDLQ�FURS�DQG�HYHQ�WKH�RQO\�FURS�RI�WKRVH�KDRU�DUHDV�
GXH�WR�OHQJWK\�ZDWHU�ORJJLQJ�FRQGLWLRQ��,Q�WKRVH�DUHDV��ULFH�
FXOWLYDWLRQ� LV� PDLQO\� GHSHQGHQW� RQ� WKH� QDWXUDO� ZDWHU�
DOWKRXJK� DUWL¿FLDO� LUULJDWLRQ� LV�PDQDJHG� LQ� VRPH�SRVVLEOH�
ORFDOLWLHV��7KH�SURGXFWLRQ�RI�VXFK�DUHDV�LV�FRQ¿QHG�XQGHU�WKH�
FKRLFH�RI�WKH�QDWXUH��6RPHWLPHV�WKH�ULSHQ�ULFH�LV�GDPDJHG�E\�
WKH� XQFHUWDLQ� ÀRRGZDWHU� LQ� WKH� YHU\� ORZ� DUHDV�� 'XH� WR�
OHQJWK\�ZDWHU� ORJJLQJ� WKRVH�KDRU� DUHDV� DUH�PRVWO\� VLQJOH�
FURSSHG�DUHDV��7KH�VWXG\�ZDV�XQGHUWDNHQ�WR�VHH�WKH�ERUR�ULFH�
YDULHWLHV� SUDFWLFHG� LQ� KDRU� DUHD� ZLWK� WKHLU� SURGXFWLRQ�
WHFKQRORJ\�DQG�DJUR�HFRQRPLF�SHUIRUPDQFH���

0DWHULDOV�DQG�0HWKRGV
7KH�VWXG\�ZDV�FDUULHG�RXW�DW�%DKDGXUSXU�YLOODJH�XQGHU�

6XQDPJDQM� VDGDU� XSD]LOD� RI� 6XQDPJDQM� GLVWULFW� GXULQJ�
1RYHPEHU� ����� WR� -XO\� ����� WR� H[DPLQH� WKH� ERUR� ULFH�
SURGXFWLRQ� LQ�KDRU�DUHD�� ,Q�6XQDPJDQM�6DGDU�XSD]LOD�� WKH�
KLJKHVW�UDLQIDOO�RFFXUV�LQ�WKH�PRQWKV�RI�HQG�RI�0D\�WR�PLG�
$XJXVW�ZKLOH�GURXJKW�ZDV�SURORQJ�GXULQJ�HQG�RI�1RYHPEHU�
PLG�)HEUXDU\��6HYHUH�ÀRRG�ZDV�UHSRUWHG�LQ�HQG�RI�-XQH�WR�
PLG�$XJXVW�ZKLOH�ZDUP�ZHDWKHU�SHUVLVWV�DW�WKH�HQG�RI�HQG�RI�
0DUFK� WR�PLG�-XO\�� 7KH� OLVW� RI� DOO� IDUPHU� LQ� WKH� VHOHFWHG�
YLOODJH�ZDV�SUHSDUHG�ZLWK�WKH�KHOS�RI�ORFDO�YLOODJH�OHDGHU�DQG�
6$$2�� 7KHUH� ZHUH� ���� KRXVHKROGV� DUH� VLWXDWHG� LQ� WKH�
%DKDGXUSXU� YLOODJH�� 6DPSOH� IDUPHUV� ZHUH� VHOHFWHG�
IROORZLQJ�VLPSOH�UDQGRP�VDPSOLQJ�PHWKRG��7KH�QXPEHUV�RI�
VDPSOH� IDUPHUV�ZHUH� ����$� VHPL�VWUXFWXUHG� TXHVWLRQQDLUH�
ZDV� XVHG� DV� WKH� GDWD� JDWKHULQJ� LQVWUXPHQW� EDVHG� RQ� WKH�
REMHFWLYHV� RI� WKH� VWXG\��7KH�TXHVWLRQQDLUH� FRQWDLQHG�ERWK�
RSHQ� DQG� FORVHG� IRUP� RI� TXHVWLRQV��7KH� TXHVWLRQV� LQ� WKH�
VFKHGXOH�ZHUH�VLPSOH��GLUHFW�DQG�HDVLO\�XQGHUVWDQGDEOH�E\�
IDUPHUV��3ULRU�WR�¿QDO�GDWD�FROOHFWLRQ��WKH�TXHVWLRQQDLUH�ZDV�
SUH�WHVWHG�LQ�WKH�VWXG\�DUHD�LQ�WKH�DFWXDO�¿HOG�VLWXDWLRQ��%DVHG�
RQ�WKHLU�UHDFWLRQV�WKH�TXHVWLRQQDLUH�ZDV�WKHQ�¿QDOL]HG�DQG�
PXOWLSOLHG�WR�FROOHFW�GDWD��$OO�SRVVLEOH�HIIRUWV�ZHUH�PDGH�WR�
H[SODLQ�WKH�SXUSRVH�RI�WKH�VWXG\�WR�WKH�IDUPHUV
�LQ�RUGHU�WR�JHW�
YDOLG�DQG�SHUWLQHQW�LQIRUPDWLRQ�IURP�WKHP��:KLOH�VWDUWLQJ�
LQWHUYLHZ�ZLWK�D�IDUPHU��WKH�UHVHDUFKHU�WRRN�DOO�SRVVLEOH�FDUH�
WR�HVWDEOLVK�UDSSRUW�ZLWK�KLP�VR�WKDW�KH�GLG�QRW�IHHO�KHVLWDQW�RU�
KRVWLOH�WR�SURYLGH�UHVSRQVHV�WR�WKH�TXHVWLRQV�DQG�VWDWHPHQW�LQ�
WKH�TXHVWLRQQDLUH�� ,Q�VRPH�FDVHV� WKH� LQYHVWLJDWRU�IDLOHG� WR�
PHHW�WKH�IDUPHUV
�DW�WKHLU�KRPHV�IRU�LQWHUYLHZV��+RZHYHU��
WKLV� SUREOHP�ZDV� UHVROYHG� E\� UHSHDWLQJ� WKH� YLVLW�� 2QO\� D�
VLQJOH�TXHVWLRQQDLUH�ZDV�FDUULHG�RXW�ZLWK�HDFK�IDUPHU��7KH�
GDWD�FROOHFWLRQV�ZHUH�EDVHG�RQ� WKH�ULFH�YDULHWLHV�� ODERXUHU�
XVHG�LQ�ULFH�SURGXFWLRQ��FRVW�RI�ULFH�FXOWLYDWLRQ�DQG�ULFH�\LHOG�
DQG�HFRQRPLF� UHWXUQV��7KH� FROOHFWHG�GDWD�ZHUH� FRPSLOHG��
WDEXODWHG�� IDUPHUV� FDWHJRULHV�� PHDQV� DQG� SHUFHQWDJH�
DFFRUGLQJ�WR�REMHFWLYHV�RI�WKH�VWXG\���

5HVXOWV�DQG�'LVFXVVLRQ�
%RUR�ULFH�YDULHWLHV�FXOWLYDWLRQ�LQ�KDRU�DUHD
+DRU� LV� GHHSO\� ÀRRGHG� IURP� 0D\� WR� 2FWREHU� ZKLOH�

ZLQWHU�LV�WKH�VLQJOH�FURSSLQJ�VHDVRQ��7KH�PDMRU�FURS�LV�ERUR�
ULFH��,Q�WKLV�VWXG\��ERUR�ULFH�LV�GLYLGHG�LQWR�WKUHH�W\SHV�VXFK�DV�
ORFDO��PRGHUQ�DQG�K\EULG��'DWD�IRXQG�IURP�WKH�VWXG\��LW�ZDV�
UHYHDOHG�WKDW����ORFDO�ULFH�YDULHWLHV�����PRGHUQ�ULFH�YDULHWLHV�
DQG���K\GULG�ULFH�YDULHWLHV�ZHUH�FXOWLYDWHG�LQ�KDRU�DUHD�XQGHU�

6XQDPMDQM�GLVWULFW��UHVSHFWLYHO\��7DEOH�����7KH�KDRU�DUHDV�DUH�
QDWXUDOO\�KD]DUGRXV�FRPSDUHG�WR�WKRVH�RI�WKH�RWKHU�LUULJDWHG�
DUHDV�RI�WKH�FRXQWU\��$�ERUR�ULFH�LQ�WKH�KDRU�DUHD�JHQHUDOO\�
HQFRXQWHUV� WKH� GLI¿FXOWLHV� OLNH� D� IDLOXUH� RI� WLPHO\� FURS�
HVWDEOLVKPHQW�� FROG� LQMXU\� LQ� WKH� UHSURGXFWLYH� VWDJH�RI� DQ�
HDUO\�FURS��ÀDVK�ÀRRG�GDPDJH�DW� WKH�SUHPDWXUH�WR�PDWXUH�
VWDJH�RI�D�FURS�HWF� 7KH�QRUPDO�VHHGLQJ�WLPH�LQ�WKH�VHHGEHG�LV��
HDUO\� 1RYHPEHU� IRU� D� ORQJ�GXUDWLRQ� YDULHW\� OLNH� %55,�
GKDQ��� DQG� PLG� WR� HQG�1RYHPEHU� IRU� D� VKRUW�GXUDWLRQ�
YDULHW\�OLNH�%55,�GKDQ����7KH�VHHGEHG�SUHSDUDWLRQ�GHSHQGV�
RQ� WKH� WLPH� RI� UHFHGLQJ� RI� ÀRRG�ZDWHU� LQ� WKH� KDRU� DUHD��
*HQHUDOO\��WKH�2FWREHU�VHHGHG�FURS�ZDV�WR�HQFRXQWHU�FROG�
VKRFN�DW�WKH�UHSURGXFWLYH�SKDVH�IURP�ODWH�)HEUXDU\�WR�HDUO\�
0DUFK�� 2Q� WKH� FRQWUDU\�� WKH� ODWH� HVWDEOLVKHG� �VHHGEHG�
SUHSDUDWLRQ� LQ� 'HFHPEHU�� FURS� KDYH� WKH� SUREDELOLW\� WR�
HQFRXQWHU�ÀDVK�ÀRRG�DW�WKH�ODWH�JURZWK�VWDJH�RI�WKH�FURS��6R�
WKH�IDUPHUV�KDYH�WR�SOD\�ZLWK�WKH�ZKHHO�RI�IRUWXQH�IRU�WKHLU�
VXUYLYDO�LQ�WKH�DUHD��6LPLODU�UHVXOWV�ZHUH�DOVR�REVHUYHG�E\�
6LQJK���������+RVVDLR�HW�DO���������

7HFKQRORJ\�XVHG�RI�ERUR�ULFH�FXOWLYDWLRQ
%RUR� ULFH� SURGXFWLRQ� LV� GHSHQGLQJ� RQ� GLIIHUHQW� W\SH�

WHFKQRORJ\��,Q�WKLV�VWXG\�WKDW�PRVW�RI�WKH�IDUPHUV�KDG�ORZ�
FDSLWDO�FRQVXPLQJ�DJULFXOWXUDO�PDFKLQHU\��%XW�KHDY\�FDSLWDO�
FRQVXPLQJ� PDFKLQHU\� ZDV� SRVVHVVHG� RQO\� E\� WKH� ODUJH�
IDUPHUV��7DEOH�����$QLPDO�SRZHU�DQG�SRZHU�WLOOHU�ZDV�XVHG�
IRU�ODQG�SUHSDUDWLRQ�LQ�ERUR�ULFH�FXOWLYDWLRQ��%XW�WKH�UDWH�RI�
XVLQJ�SRZHU�WLOOHU�IRU�ODQG�SUHSDUDWLRQ�ZDV�PRUH�WKDQ�WKDW�RI�
SORXJK��7KH� IDUPHUV�ZHUH� IRXQG� WR�XVH� IHUWLOL]HUV� LQ� WKHLU�
ERUR�ULFH�¿HOG�QDPHO\�&RZGXQJ��8UHD��763�DQG�0R3��,W�ZDV�
REVHUYHG�IURP�WKH�VWXG\�WKDW������RI�WKH�IDUPHUV�XVHG�8UHD�
LQ� WKHLU� ULFH� ¿HOG�� $OPRVW� DOO� IDUPHUV� ZHUH� XVHG� ERWK�
PHFKDQLFDO�DQG�PDQXDO�ZHHGLQJ�WR�UHPRYH�ZHHGLQJ�LQ�WKHLU�
ULFH�¿HOG��*HQHUDOO\�PDQXDO�ZHHGLQJ�ZDV�JLYHQ�WR�WKH�YHU\�
ORZ�ODQG�ZKHUH�PLQLPXP�QXPEHU�RI�ZHHGLQJ�ZDV�UHTXLUHG��
,UULJDWLRQ�LV�PDLQO\�GHSHQGHQW�RQ�WKH�QDWXUDO�ZDWHU�DOWKRXJK�
DUWL¿FLDO�LUULJDWLRQ�LV�PDQDJHG�LQ�VRPH�SRVVLEOH�ORFDOLWLHV��
,QVHFWLFLGHV� DQG� ZHHGLFLGH� ZHUH� XVHG� E\� VRPH� IDUPHUV��
3UREDEO\�IRU�WKLV�UHDVRQ�PRVW�RI�WKH�IDUPHUV�GLG�QRW�ZDQW�WR�
PDNH�DQ\�SURGXFWLRQ�ORVV�GXH�WR�LQVHFWV�LQ�WKHLU�IDUPV��)RU�
WKUHVKLQJ��PRVW�RI�WKH�IDUPHUV�XVHG�WUDGLWLRQDO�KDQG�EHDWLQJ�
DQG�VRPH�WKUHVKHU��7KH�UHVXOWV�DUH�LQ�FORVH�DJUHHPHQW�ZLWK�
WKRVH�RI�$EGXOODK�HW�DO����������+\XQ���������=DPDQ�HW�DO��
�������5RVHJUDQW�DQG�3LQJDOL��������0\LQW�DQG�.\L��������

/DERXUHU�RI�ERUR�ULFH�FXOWLYDWLRQ�
7KH� ODERXU� UHTXLUHG� IRU� ULFH� FXOWLYDWLRQ�ZDV� ����PDQ���
�� ��GD\ �KD �LQ�DYHUDJH�SHU�IDUPV��)DUPHUV
�KDG�UHTXLUHG�ODERXU�

RI� VHHGOLQJ� XSURRWLQJ�� VHHGOLQJ� WUDQVSODQWLQJ�� ZHHGLQJ��

��
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7DEOH����%RUR�ULFH�YDULHWLHV�FXOWLYDWHG�DW�IDUPHUV
�OHYHO�LQ�KDRU�
DUHD



LUULJDWLRQ�� IHUWLOL]HU� DSSOLFDWLRQ�� KDUYHVWLQJ�� WKUHVKLQJ� DQG�
FDUU\LQJ�DV�RI������������������������������������������DQG�

��������PDQ�GD\�KD �� UHVSHFWLYHO\� �7DEOH� ����/DERXUHUV� IRU�
SURGXFLQJ� ERUR� ULFH� DW� IDUPHUV
� OHYHO� ZHUH� WUDQVSODQWLQJ�

���PDQ�GD\� ������� ������� ������� ������ DQG� ������ KD ���
ZHHGLQJ� �PDQ�GD\� ������� ������� ������� ������ DQG� ���������

��KD ���LUULJDWLRQ��PDQ�GD\��������������������������DQG������
�� ��KD ���KDUYHVWLQJ�����������������������������DQG�������KD ���

��WKUHVKLQJ� �������� ������� ������� ������ DQG� ������ KD �� DQG�
FDUU\LQJ�����������������������������DQG��������LQ�FDVH�RI�
ODQGOHVV�� PDUJLQDO�� VPDOO�� PHGLXP� DQG� ODUJH� IDUPHUV��
UHVSHFWLYHO\��5HVXOW�VKRZV�WKDW�WKH�KLJKHVW�QXPEHU�RI�ODERXU�
ZDV� XVHG� IRU� VHHGOLQJ�� WUDQVSODQWLQJ�� ZHHGLQJ� DQG�
KDUYHVWLQJ��7KH�UHVXOW�DOVR�VXSSRUWHG�E\�&KRZGKXU\���������
0DKDEXE�HW�DO����������.KDQ��������DQG�0LDK���������

��

,QW�-�$JULF�(QYLURQ�)RRG�6FL������������ ��������

7DEOH����7HFKQRORJ\�XVHG�RI�ERUR�ULFH�FXOWLYDWLRQ�DW�IDUPHUV
�OHYHO�LQ�KDRU�DUHD�

7DEOH����/DERXUHU�LQ�ERUR�ULFH�FXOWLYDWLRQ�RI�VDPSOHG�IDUPHUV
�ODQG�LQ�KDRU�DUHD�RI�%DKDGXUSXU�YLOODJH�XQGHU�6DGDU�XSD]LOD�RI�
6XQDPJDQM�GLVWULFW��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

�����������������0DQ�GD\�KD �

&RVW�RI�ERUR�ULFH�FXOWLYDWLRQ�
7KH� WRWDO� IDUPLQJ� RSHUDWLRQV� FRVWV� SHU� KHFWDUH� RI�

FXOWLYDEOH� ODQG� LQ� ODQGOHVV��PDUJLQDO�� VPDOO��PHGLXP� DQG�
ODUJH�FDWHJRULHV�RI�IDUPHUV�ZHUH�7N�����������������������
������DQG�������UHVSHFWLYHO\��7DEOH�����7KH�DYHUDJH�FRVW�RI�

���ULFH�FXOWLYDWLRQ�ZDV�7N��������KD LQ�WKH�VWXG\�DUHD��)DUPHUV
�
DYHUDJH� FRVW� RI� ULFH� FXOWLYDWLRQ� IRU� ODQG� SUHSDUDWLRQ��
LQWHUFXOWXUDO�RSHUDWLRQ��VHHG��IHUWLOL]HU��LUULJDWLRQ��SHVWLFLGH��
KDUYHVWLQJ��WKUHVKLQJ��FDUU\LQJ�DQG�RWKHUV�ZHUH�RI�7N��������

������������������������������������������������DQG�����KD ��
UHVSHFWLYHO\��,QWHUFXOWXUDO�RSHUDWLRQ�ZDV�DOVR�VKRZQ�WKDW�FRVW�
RI�ERUR�ULFH�SHU�KHFWDUH�YDULHG�IURP�7N�������WR�������7KH�
DYHUDJH�VHHG��IHUWLOL]HU��LUULJDWLRQ�DQG�SHVWLFLGH�KLJKHVW�FRVWV�
SHU�KHFWDUH�ODQG�ZHUH�7N�������������������DQG������IRU�
PHGLXP�FDWHJRULHV�RI�IDUPHUV�UHVSHFWLYHO\��DQG�ORZHVW�FRVWV�
SHU�KHFWDUH�ODQG�ZHUH������������������DQG�����LQ�ODQGOHVV��

UHVSHFWLYHO\��)URP�WKH�VWXG\��KDUYHVWLQJ�FRVW�SHU�KHFWDUH�DUHD�
ZDV�KLJKHVW�WKDQ�DOO�RWKHU�SDUDPHWHUV��)LQGLQJ�VKRZHG�WKDW�

���WKH�FXOWLYDWLRQ�RI�ERUR�ULFH�ZDV�RI������W�KD LQ�%$5,�GKDQ���
��DQG������W�KD �LQ�%55,�GKDQ����7KH�JURVV�UHWXUQ�ZDV�RI�7N��

�������DQG��������IRU�%$5,�GKDQ���DQG�%$5,�GKDQ����
UHVSHFWLYHO\��,W�ZDV�REVHUYHG�WKDW�WKH�EDODQFHG�DSSOLFDWLRQ�RI�
UHFRPPHQGDWLRQ�IHUWLOL]HUV�JDYH�WKH�KLJKHU�UHWXUQ�DV�ZHOO�DV�
VRLOV� NHHS� IHUWLOH� �$O�DPLQ�� �������.KDQ� ������� REVHUYHG�
WKDW� WKH�FRVWV�RI�SURGXFWLRQ�RI�ERUR� ULFH�ZHUH�7N���������

��������DQG�������KD �IRU�VPDOO��PHGLXP�DQG�ODUJH�IDUPV��
UHVSHFWLYHO\�� ,Q� JHQHUDO� ODERXU�� SRZHU� WLOOHU�� VHHGOLQJV��
IHUWLOL]HUV�� LUULJDWLRQ�DQG� LQVHFWLFLGHV�HPHUJHG�DV� WKH�YHU\�
FUXFLDO� FRQWULEXWRUV� WR� LQFUHDVH� LQFRPH� IURP� ERUR� ULFH�
SURGXFWLRQ�� �6LPLODU�UHVXOWV�ZHUH�DOVR�REVHUYHG�E\�$ODP�HW�
DO�� �������� 5DKPDQ� �������� 1DQWX� ������� DQG� %KXL\DQ�
���������

�6��$OL�0�$��.DVKHP�DQG�0�$��$]L]



�&RQFOXVLRQ�
$�KDRU�LV�D�ZHWODQG�HFRV\VWHP�LQ�WKH�QRUWK�HDVWHUQ�SDUW�RI�

%DQJODGHVK�ZKLFK� SK\VLFDOO\� LV� D� ERZO� RU� VDXFHU� VKDSHG�
VKDOORZ�GHSUHVVLRQ��DOVR�NQRZQ�DV�D�EDFNVZDPS��%RUR�ULFH�
FXOWLYDWLRQ�LQ�KDRU�DUHD�ZDV�UHTXLUHG�ODERXUHU�RI�����PDQ�

�� �GD\�KD �7KH�DYHUDJH�DQQXDO�LQFRPH�IURP�ULFH�SURGXFWLRQ�RI�
��VDPSOHG�IDUPHUV�ZDV�������7N��KD ��3URGXFWLYLW\�RI�ERUR�

��ULFH�LV�ORZ�������W�KD ��GXH�WR�LPEDODQFH�XVH�RI�IHUWLOL]HUV�EXW�
\LHOG�VKRZHG�KLJKHU�WKDQ�WKDW�RI�QDWLRQDO�DYHUDJH�SURGXFWLRQ�
LQ�%DQJODGHVK�GXH�WR�RQH�FURSSHG�DUHD�LQ�KDRU���

$FNQRZOHGJHPHQW
� � � �7KH�DXWKRUV�H[SUHVV�WKDQNIXO�DFNQRZOHGJHPHQW�IRU�WKH�
¿QDQFLDO� VXSSRUW� UHQGHUHG� E\� %DQJODGHVK� $JULFXOWXUDO�
5HVHDUFK�&RXQFLO��%$5&��XQGHU�WKH�SURMHFW�RI�³<LHOG�JDS�
PLQLPL]DWLRQ� RI� ERUR� ULFH� LQ� WKH� KDRU� DUHDV� WKURXJK�
DJURQRPLF� PDQDJHPHQW� ZLWK� VSHFLDO� UHIHUHQFH� WR�
IHUWLOL]DWLRQ´����

5HIHUHQFHV

$EGX,ODK��.RXVHU��6���0XVKWDT��.����������$QDO\VLV�RI�7HFKQLFDO�
(I¿FLHQF\�RI�5LFH�3URGXFWLRQ�LQ�3XQMDE��-RXUQDO�RI�3DNLVWDQ�
(FRQRPLF� DQG� 6RFLDO� 5HYLHZ�� ������� ��������� >*RRJOH�
6FKRODU@�

$ODP�� 0�0��� $OL�� 0�+��� $PLQ�� $�.�0�5��� +DVDQX]]DPDQ�� 0��
�������� <LHOG� DWWULEXWHV�� \LHOG� DQG� KDUYHVW� LQGH[� RI� WKUHH�
LUULJDWHG� ULFH� YDULHWLHV� XQGHU� GLIIHUHQW� OHYHOV� RI� SKRVSKRUXV��
$GY��%LRO�5HV��������������������> @*RRJOH�6FKRODU

$ODP��0�6���4XD\XP��0�$���,VODP��0�$����������&URS�3URGXFWLRQ�
LQ�WKH�+DRU�$UHDV�RI�%DQJODGHVK��,QVLJKWV�IURP�)DUP�/HYHO�
6XUYH\��-��.ULVKL�)RXQGDWLRQ���������������> @�*RRJOH�6FKRODU
> @&URVV5HI

$O�DPLQ����������(IIHFW�RI�IHUWLOL]HUV�RQ�WKH�\LHOG�JDS�PLQLPL]DWLRQ�
RI�ERUR�ULFH�YDULHWLHV�LQ�KDRU�DUHDV��06��7KHVLV��'HSW��6RLO�6FL��
6\OKHW�$JULO��8QLY���6\OKHW��SS��������

%%6��%DQJODGHVK�%XUHDX�RI�6WDWLVWLFV�����������7KH�<HDUERRN�RI�
$JULFXOWXUDO� 6WDWLVWLFV� RI� %DQJODGHVK�� 6WDWLVWLFV� 'LYLVLRQ��
0LQLVWU\�RI�3ODQQLQJ��*RYW��3HRSOH
V�5HSXEOLF�RI�%DQJODGHVK��
'KDND��SS����������> @85/

��

'2,��KWWSV���G[�GRL�RUJ����������MDHIV��������������

7DEOH����&RVW�RI�ERUR� ULFH�FXOWLYDWLRQ� IRU� VDPSOHG� IDUPHUV
� ODQG� LQ�KDRU� DUHD� LQ�%DKDGXUSXU�YLOODJH�XQGHU�6DGDU�XSD]LOD�RI�
6XQDPJDQM�GLVWULFW��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

�����������������7N��KD ����

%RUR�ULFH�\LHOG�DQG�HFRQRPLF�UHWXUQV�
5HWXUQ� ZDV� FDOFXODWHG� E\� PXOWLSO\LQJ� WKH� WRWDO�

��SURGXFWLRQ�ZLWK�PDUNHW�XQLW�SULFH��7N�NJ ��RI�ULFH�DQG�VWUDZ��
7KH�DYHUDJH�HFRQRPLF�UHWXUQ�IRUP�ERUR�ULFH�SURGXFWLRQ�ZDV�

��� ��7N��������KD DQG�\LHOG�ZDV������ W�KD � LQ� WKH� VWXG\�DUHD�
�7DEOH�����7KH�HFRQRPLF�UHWXUQ�IURP�ULFH�SURGXFWLRQ�RI�7N��

�����������������������������DQG�������KD �DJDLQVW�WKH�\LHOG�
��RI������������������������DQG������W�KD �IRU�ODQGOHVV��PDUJLQDO��

VPDOO��PHGLXP�DQG�ODUJH�IDUPHUV
�FDWHJRULHV��UHVSHFWLYHO\��
7KH� DYHUDJH� SHU� KHFWDUH� EHQH¿W�FRVW� UDWLR�ZDV� KLJKHVW� LQ�
ODUJH� IDUPHUV
� FDWHJRULHV� IROORZHG� E\� PHGLXP�� PDUJLQDO��
ODQGOHVV�DQG�VPDOO�IDUPHUV
�FDWHJRULHV��DQG�WKHVH�ZHUH�������

�����������������DQG�������UHVSHFWLYHO\��7KH�DYHUDJH�EHQH¿W�
FRVW�UDWLR�RI�WKRVH�FDWHJRULHV�ZDV�������,W�YDULHG�IURP������WR�
�����IRU�WKH�YDULRXV�FDWHJRULHV�RI�IDUPHUV��7KH�KLJKHVW�UHWXUQ�
LQGLFDWHG� WKH�SUR¿WDELOLW\�RI� ULFH�SURGXFWLRQ��7KH�DYHUDJH�

��ERUR�ULFH�SURGXFWLYLW\�RI� WKH�VWXG\�DUHD�ZDV�RI������ W�KD �
��ZKLFK�ZDV�KLJKHU�WKDQ�WKDW�RI�QDWLRQDO�DYHUDJH��������W�KD ��

LQ�%DQJODGHVK��%%6���������3HU�KHFWDUH�QHW�UHWXUQ�ZDV�IRXQG�
�����������KD��7KH�KLJKHVW�SHU�KHFWDUH�QHW�UHWXUQ�ZDV�IRXQG�
7N��������� LQ� FDVH� RI� ODUJH� IDUPV� IROORZHG� E\� PHGLXP�
�7N���������� DQG� VPDOO� �7N���������� IDUPV�� UHVSHFWLYHO\�
�.KDQ���������

7DEOH����5LFH�\LHOG�DQG�HFRQRPLF�UHWXUQV�RI�VDPSOHG�IDUPHUV
�LQ�KDRU�DUHD�LQ�%DKDGXUSXU�YLOODJH�XQGHU�6DGDU�XSD]LOD�RI�6XQDPJDQM�
GLVWULFW

�6��$OL�0�$��.DVKHP�DQG�0�$��$]L]
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%%6��%DQJODGHVK�%XUHDX�RI�6WDWLVWLFV�����������7KH�<HDUERRN�RI�
$JULFXOWXUDO� 6WDWLVWLFV� RI� %DQJODGHVK�� 6WDWLVWLFV� 'LYLVLRQ��
0LQLVWU\�RI�3ODQQLQJ��*RYW��3HRSOH
V�5HSXEOLF�RI�%DQJODGHVK��
S������> @85/

%KXL\DQ��0�6����������(FRQRPLFV�RI�3URGXFWLRQ�RI�5LFH��-XWH�DQG�
0DL]H�� 0�6�� 7KHVLV�� 'HSW��$JULO�� (FRQ��� %DQJODGHVK�$JULO��
8QLY���0\PHQVLQJK�

&KRZGKXU\��1����������3DUWLFLSDWLRQ�RI�5XUDO�:RPHQ�LQ�)DUP�DQG�
1RQ�IDUP� $FWLYLWLHV�� $Q� (FRQRPLF� $QDO\VLV�� 06�� 7KHVLV��
'HSW��$JULO��(FRQ���%DQJODGHVK�$JULO��8QLY���0\PHQVLQJK��

+RVVDLQ��0���%RVH��0�/���0XVWD¿��%�$�$����������$GRSWLRQ�DQG�
3URGXFWLYLW\�,PSDFW�RI�0RGHUQ�5LFH�9DULHWLHV�LQ�%DQJODGHVK��-��
'HYHO��(FRQ���,QVWLWXWH�RI�'HYHORSLQJ�(FRQRPLHV��SS�����������
> @�> @*RRJOH�6FKRODU &URVV5HI

+XGD�� 0�.�� �������� ([SHULHQFH� ZLWK� PRGHUQ� DQG� K\EULG� ULFH�
YDULHWLHV� LQ� KDRU� HFRV\VWHP�(PHUJLQJ� 7HFKQRORJLHV� IRU�
6XVWDLQDEOH�5LFH�3URGXFWLRQ��7ZHQWLHWK�1DWLRQDO�:RUNVKRS�RQ�
5LFH�5HVHDUFK�DQG�([WHQVLRQ�LQ�%DQJODGHVK��%DQJODGHVK�5LFH�
5HVHDUFK�,QVWLWXWH��*D]LSXU�������������$SULO�������

+\XQ��6�:����������7KH�&KDUDFWHULVWLFV�RI�7HFKQRORJLFDO�&KDQJH�LQ�
5LFH�3URGXFWLRQ�LQ�.RUHD��.RUHD�5XUDO�(FRQRPLF�,QVWLWXWH��-��
5XUDO�'HYHO����������������> @*RRJOH�6FKRODU

.KDQ��0�$�.����������3URGXFWLYLW\�DQG�UHVRXUFH�XVH�HI¿FLHQF\�RI�
ERUR� ULFH� FXOWLYDWLRQ� LQ� VRPH� VHOHFWHG� KDRU� DUHDV� RI�
.LVKRUHJDQM� GLVWULFW�� 06�� 7KHVLV�� 'HSW�� 'HSW��$JULO�� (FRQ���
%DQJDEDQGKX�6KHLNK�0XMLEXU�5DKPDQ�$JULO��8QLY���*D]LSXU��

0DKDEXE��$���(PUDQ��'�0�$���,VODP��0�6���,VODP��=���+RVVDLQ��6�%��
��������)DUPHUV
�H[SHULHQFHV�RI�ULFH�FXOWLYDWLRQ�LQ�%DQJODGHVK��
SS��������

0DVWHU�3ODQ�RI�+DRU�$UHD����������%DQJODGHVK�+DRU�DQG�:HWODQG�
'HYHORSPHQW� %RDUG�� 0LQLVWU\� RI� :DWHU� 5HVRXUFHV�� *RYW��
3HRSOH
V�5HSXEOLF�RI�%DQJODGHVK��������

0LDK�� 7�+�� �������� ,PSDFW� RI� 0HFKDQL]HG� &XOWLYDWLRQ� RQ�
*HQHUDWLQJ� (PSOR\PHQW� DQG� ,QFRPH� RI� 5XUDO� /DERXUHUV� LQ�
%DQJODGHVK��$� 3DSHU� SUHVHQWHG� RQ� WKH�:RUNVKRS� RQ� 6RFLR�
(FRQRPLF�,PSDFW�RI�0HFKDQL]HG�&XOWLYDWLRQ�RQ�/LYHOLKRRGV�RI�
5XUDO�/DERXUHUV�LQ�%DQJODGHVK��,'%�%KDEDQ��6KHU�H��%DQJOD�
1DJDU��'KDND�����6HSWHPEHU������

0\LQW�� 7��� .\L�� 7�� ��������$QDO\VLV� RI� 7HFKQLFDO� (I¿FLHQF\� RI�
,UULJDWHG� 5LFH� 3URGXFWLRQ� 6\VWHP� LQ� 0\DQPDU�� 5HVHDUFK�
5HSRUW��&RQIHUHQFH�RQ�,QWHUQDWLRQDO�$JULFXOWXUDO�5HVHDUFK�IRU�
'HYHORSPHQW��> @85/

1DQWX��0�1����������&RVWV��5HWXUQV�DQG�5HVRXUFH�8VH�(I¿FLHQF\�LQ�
3URGXFLQJ� +<9� %RUR�� 3DGG\� LQ� -KHQLGDKD� 'LVWULFW�� 06��
7KHVLV�� 'HSW�� $JULO�� (FRQ��� %DQJODGHVK� $JULO�� 8QLY���
0\PHQVLQJK��

5DKPDQ�� 5�� �������� (FRQRPLFV� RI� %RUR� SDGG\� SURGXFWLRQ� LQ�
0HODQGDK� 8SD]LOD� RI� -DPDOSXU� GLVWULFW�� 06�� 7KHVLV�� 'HSW��
$JULO��(FRQ���%DQJODGHVK�$JULO��8QLY���0\PHQVLQJK��

5RVHJUDQW��0�:���3LQJDOL��3�/����������3ROLF\�DQG�7HFKQRORJ\�IRU�
5LFH�3URGXFWLYLW\�*URZWK�LQ�$VLD��-��LQW��'HYHO�����������������
> @�> @*RRJOH�6FKRODU &URVV5HI

6KDNRXUL�� 0�-��� 9DMDUJDK�� 9�$��� *DYDEDU�� *�0��� 0DIDNKHUL�� 6���
=DUJDU�� 0�� �������� 5LFH� 9HJHWDWLYH� 5HVSRQVH� WR� 'LIIHUHQW�
%LRORJLFDO�DQG�&KHPLFDO�)HUWLOL]HUV��$GY��(QYLURQ��%LRO���������
���������> @�*RRJOH�6FKRODU

6LQJK�� 1�� �������� (QYLURQPHQW� )ULHQGO\� 7HFKQRORJLHV� IRU�
,QFUHDVLQJ�5LFH�3URGXFWLYLW\��7KH�-��$JUL��(QYLURQ�������������
> @�> @*RRJOH�6FKRODU &URVV5HI

=DPDQ��0���+DVDQ��0�5���$PLQ��0�0���+RJXH��1���+DVDQ��0�5��
��������([WHQW�RI�$GRSWLRQ�RI�0RGHUQ�7HFKQRORJ\�RQ� ,O<9�
%RUR�5LFH�)DUPV��$�6WXG\�LQ�D�6HOHFWHG�$UHD�RI�%DQJODGHVK��
,QW��-��6XVW��&URS�3URG����������������> @�*RRJOH�6FKRODU

��

,QW�-�$JULF�(QYLURQ�)RRG�6FL������������ ���������6��$OL�0�$��.DVKHP�DQG�0�$��$]L]
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,QWHJUDWHG�ZHHG�PDQDJHPHQW�LQ�GLUHFW�VHHGHG�ULFH��G\QDPLFV�DQG�HFRQRPLFV
��
 ��� �0DGKDY�'KDNDO ����������6KUDZDQ�.��6DK �����������*HHWD�.KDUHO

�7H[DV�7HFK�8QLYHUVLW\��'HSDUWPHQW�RI�3ODQW�DQG�6RLO�6FLHQFH��/XEERFN��7;��������86$
�$JULFXOWXUH�DQG�)RUHVWU\�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JURQRP\��&KLWZDQ��1HSDO


&RUUHVSRQGLQJ�$XWKRU��PDGKDY�GKDNDO#WWX�HGX

,Q� 1HSDO�� ULFH� �2U\]D� VDWLYD� /��� LV� ZLGHO\� SODQWHG�
PDQXDOO\�E\�WUDQVSODQWLQJ����WR����GD\V�ROG�VHHGOLQJV�LQWR�
SXGGOHG� VRLO�� +RZHYHU�� WUDQVSODQWLQJ� LV� EHFRPLQJ�
LQFUHDVLQJO\�FKDOOHQJLQJ�GXH�WR�XQDYDLODELOLW\�DQG�WKH�KLJK�
FRVW�RI�ODERU�DQG�HQHUJ\��UHVWULFWHG�VXSSO\�RI�LUULJDWLRQ�ZDWHU��
DQG�GHFOLQH�RI�VRLO�TXDOLW\��&KDXKDQ������E���'HSHQGLQJ�RQ�
WKH� JURZLQJ� VHDVRQ�� FOLPDWLF� FRQGLWLRQV�� VRLO� W\SHV�� DQG�
K\GURORJLFDO�FRQGLWLRQ��WKH�WRWDO�VHDVRQDO�ZDWHU�LQSXW�IRU�D�
SXGGOHG� WUDQVSODQWHG� ULFH� UDQJHV� IURP� ���� WR� ����� PP�
�%RXPDQ�DQG�7XRQJ���������$V�D�UHVXOW��'65�LV�JDLQLQJ�LQ�
SRSXODULW\�DV�LW�LV�DQ�HFRQRPLFDO�DOWHUQDWLYH�WR�WUDQVSODQWHG�
ULFH��'LUHFW�VHHGLQJ�RI�ULFH�RQ�SXOYHUL]HG�VRLO�UHGXFHV�WRWDO�
ODERU�UHTXLUHPHQW�E\����WR������VDYHV����WR����SHUVRQ�G�KD�
���UHVXOWLQJ�LQ�HDUOLHU�DQG�HDVLHU�FURS�HVWDEOLVKPHQW��5DVKLG�
HW�DO����������'65�KDV�WKH�SRWHQWLDO�WR�UHGXFH�ZDWHU�DQG�ODERU�
XVH� FRPSDUHG� WR� WUDQVSODQWHG� ULFH� E\� HOLPLQDWLQJ� WKH�
SXGGOLQJ� SKDVH� DQG� DYRLGLQJ� FRQWLQXRXV� VWDQGLQJ� ZDWHU�
�.XPDU�DQG�/DGKD���������'LUHFW�VHHGLQJ�UHGXFHV�LUULJDWLRQ�
UHTXLUHPHQWV�E\�����RI�WKH�WRWDO�LUULJDWLRQ�ZDWHU�UHTXLUHG�IRU�

WUDQVSODQWHG�ULFH�������WR�����PP���*RSDO�HW�DO����������DQG�
UHVXOWV�LQ�JUHDWHU�WROHUDQFH�RU�ULFH�WR�ZDWHU�GH¿FLW��<DGDY�HW�
DO��� ������� $OVR�� '65� PDWXUHV� �� WR��� G� HDUOLHU� WKDQ�
WUDQVSODQWHG�ULFH��ZKLFK�IDFLOLWDWHV�WKH�HDUOLHU�HVWDEOLVKPHQW�
RI�WKH�IROORZLQJ�ZLQWHU�ZKHDW��%DODVXEUDPDQLDQ�DQG�+LOO��
������

'HVSLWH� VHYHUDO� DGYDQWDJHV�� ZHHGV� DUH� FRQVLGHUHG� D�
PDMRU�ELRORJLFDO�FRQVWUDLQW�RI�'65�V\VWHPV��'KDNDO�HW�DO���
������&KDXKDQ������D���UHVXOWLQJ�LQ�LQIHULRU�\LHOGV�DQG�SRRU�
VWDQG�HVWDEOLVKPHQW�FRPSDUHG�WR�WUDQVSODQWHG�ULFH��6LQJK�HW�
DO��� ������� 0RUH� WKDQ� ��� ZHHG� VSHFLHV� UHSRUWHG� WR� EH� D�
VLJQL¿FDQW�FDXVH�RI�\LHOG�ORVV�LQ�'65��*LDQHVVL�HW�DO����������
,W� ZDV� HVWLPDWHG� WKDW� ULFH� \LHOGV� ZHUH� UHGXFHG� E\� ����
�0DKDMDQ� HW� DO��� ������� DQG� HYHQ� XS� WR� ����� LQ� '65�
FRPSDUHG�WR�WUDQVSODQWHG�ULFH�ZKHQ�QR�ZHHG�PDQDJHPHQW�
SUDFWLFHV�ZHUH� LPSOHPHQWHG��6KDUPD�HW�DO����������:HHGV�
FRPSHWH�ZLWK�ULFH�IRU�OLJKW��QXWULHQWV��DQG�ZDWHU��XOWLPDWHO\�
GLPLQLVKLQJ�FURS�JURZWK�DQG�GHYHORSPHQW��6LQJK�DQG�'DVK�
�������UHSRUWHG�WKDW�DQ�LQFUHDVH�LQ�GU\�ZHHG�ELRPDVV�DW�WKH�

�

��

$EVWUDFW

.H\ZRUGV��'LUHFW�VHHGHG�ULFH��:HHGV��+HUELFLGHV��+DQG�ZHHGLQJ��%HQH¿W�WR�FRVW�UDWLR

��5HFHLYHG�����2FWREHU�����������������������������$FFHSWHG�����$SULO�����������������������������3XEOLVKHG�����-XQH�������

,QWURGXFWLRQ���

5HVHDUFK�$UWLFOH
ZZZ�MDHIV�FRP-$()6

�&൴WH�WK൴V�DUW൴FOH�DV��
'KDNDO��0���6DK��6�.���.KDUHO��*����������,QWHJUDWHG�:HHG�0DQDJHPHQW�൴Q�'൴UHFW�6HHGHG�5൴FH��'\QDP൴FV�DQG�(FRQRP൴FV��,QW��-��$JU൴F��
(QY൴URQ��)RRG�6F൴����������������'2,��KWWSV���G[�GRL�RUJ����������MDHIV���������
<HDU�������9ROXPH����,VVXH�����-XQH��3DJHV�������
$YD൴ODEOH�RQO൴QH�DW���KWWS���ZZZ�MDHIV�FRP���KWWS���GHUJLSDUN�JRY�WU�MDHIV�
&RS\U൴JKW���������,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV��,QW��-��$JULF��(QYLURQ��)RRG�6FL���
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�� ��UDWH�RI���J�P �GHFUHDVHG�ULFH�\LHOG�E\�����NJ�KD ��7KH�ZHHG�
LQWHUIHUHQFH� HDUO\� LQ� DQ� HVWDEOLVKPHQW� LV� HVSHFLDOO\�
SUREOHPDWLF� LQ� '65� RZLQJ� WR� WKH� VL]H� GLVDGYDQWDJH� RI�
VHHGOLQJV�UHODWLYH�WR�ZHHGV�DQG�VRLO�ZDWHU�GH¿FLW�FRQGLWLRQ��
:HHGV�FDXVH�UHGXFWLRQV�LQ�FURS�TXDOLW\�E\�LQWHUIHULQJ�ZLWK�
ULFH� KDUYHVW� DQG� VRPHWLPHV� PDNHV� PHFKDQLFDO� KDUYHVW�
LPSUDFWLFDO��&\SHUDFHDH�DQG�3RDFHDH�DUH�SUHGRPLQDQW��RXW�
RI������VSHFLHV�UHSRUWHG�DV�ZHHGV�RI�ULFH��0RRG\���������
'RPLQDQW� ZHHG� VSHFLHV� LQ� 6RXWK� $VLD� LQFOXGH� &\SHUXV�
URWXQGXV�� )LPEULVW\OLV� PLOLDFHD�� ,VFKDHPXP� UXJRVXP��
0RQRFKRULD�YDJLQDOLV��&RPHOOLQD� VSS���(FKLQRFKORD� VSS���
&\QRGRQ� GDFW\ORQ�� (OXFLQH� LQGLFD�� LQ� '65� V\VWHP�
�&KDXKDQ������E��

6XSSUHVVLRQ�RI�ZHHGV�YHU\�HDUO\�LQ�WKH�VHDVRQ�KROGV�WKH�
NH\�IRU�D�VXFFHVVIXO�'65��6LQJK��������DV�LW�LV�GHVFULEHG�DV�

NQRZOHGJH�LQWHQVLYH
�SUDFWLFH�EHFDXVH�RI�LWV�UHTXLUHPHQW�RI�
D�PRUH�GHFLVLYH�UROH�LQ�FURS�PDQDJHPHQW�DQG�ZHHG�FRQWURO���
6XEVWDQWLDO� LQIRUPDWLRQ� LV� UHTXLUHG� WR� HQDEOH� IDUPHUV� WR�
MXGJH� WKH� EHVW� VFLHQWL¿F� RSWLRQV� IRU� ZHHG� PDQDJHPHQW��
HVSHFLDOO\�GXULQJ�WKH�WUDQVLWLRQ�IURP�WUDQVSODQWLQJ�WR�GLUHFW�
VHHGLQJ� �5DR� HW� DO��� ������� ,Q� 1HSDO�� PDQXDO� ZHHGLQJ� LV�
H[WHQVLYHO\� SUDFWLFHG��ZKLFK� XVXDOO\� VWDUWV� IURP���� WR� ���
'$6��RQO\�DIWHU�WKH�ZHHGV�KDYH�UHDFKHG�D�VXI¿FLHQW�VL]H�WR�EH�
SXOOHG��5DR�HW�DO����������%XW�LW�PD\�WULJJHU�ODWH�WR�FDWFK�WKH�
FULWLFDO�FURS�ZHHG�FRPSHWLWLRQ�ZKLFK�LV�HYLGHQFHG�E\�\LHOG�
ORVV�DVVHVVPHQWV�RI�WKH�HIIHFWV�RI�PDQXDO�ZHHGLQJ�DW����WR����
'$6� ZLWK� VHOHFWLYH� KHUELFLGHV� �=LPGDKO�� ������� /DERU�
VFDUFLW\��KLJK�ODERU�FRVW��LGHQWLFDO�JURZWK�RI�ZHHG\�JUDVV�DQG�
ULFH� VHHGOLQJV�� DQG� WKH� SUHVHQFH� RI� SHUHQQLDO� ZHHGV� WKDW�
EUHDNRXW� RQ� SXOOLQJ� PD\� DOO� OHDG� WR� ORZHUHG� HI¿FDF\� LQ�
PDQXDO�ZHHGLQJ��5DR�HW�DO����������

8VH�RI�KHUELFLGHV� LV�RQH�RI� WKH�DOWHUQDWLYHV�RI�PDQXDO�
ZHHGLQJ��5DR�HW�DO���������ZKLFK�LQ�UHFHQW�\HDUV�KDV�EHHQ�
GUDPDWLFDOO\�LQFUHDVHG�LQ�6RXWK�$VLD�E\�WKH�VSUHDG�RI�'65�
�$]PL�HW�DO����������$SSOLFDWLRQ�RI�SUH�HPHUJHQFH�KHUELFLGH�
LV�HIIHFWLYH�DW�GU\�SHULRG�IRU�HDUO\�ÀXVK�RI�ZHHGV�HLWKHU�MXVW�
EHIRUH�RU�DIWHU�ULFH�HPHUJHQFH��6LQJK�HW�DO���������0DKDMDQ�
DQG�&KDXKDQ���������EXW�IRU�WKH�VHFRQG�ÀXVK�RI�ZHHGV�DW�WKH�
ÀRRG� SHULRG� UHTXLUHV� HLWKHU� D� SRVW�HPHUJHQFH� KHUELFLGH�
DSSOLFDWLRQ�RU�PDQXDO�ZHHGLQJ� �-RUGDQ� HW� DO��� �������7KH�
QDUURZ�WLPH�ZLQGRZ����WR���'$6��GHPDQGV�KLJKO\�HIIHFWLYH�
SUH�HPHUJHQFH�KHUELFLGHV��0DKDMDQ�DQG�&KDXKDQ��������WR�
SURYLGH�VHDVRQ�ORQJ�ZHHG�FRQWURO��+HOPV�HW�DO���������VXFK�
DV�SHQGLPHWKDOLQ��TXLQFORUDF��DQG�WKLREHQFDUE��%LVS\ULEDF�
VRGLXP� �ELVS\ULEDF� IURP� QRZ� RQ��� ����'�� FORPD]RQH��
KDORVXOIXURQ��IHQR[DSURS�DUH�WKH�FRPPRQ�SRVW�HPHUJHQFH�
KHUELFLGHV�XVHG�WR�FRQWURO�VHOHFWLYH�ZHHGV��5DR�HW�DO����������
$OWKRXJK��R[DGLDUJ\O��D�SURWRSRUSK\ULQRJHQ� LQKLELWRU� LV�D�
SUH�HPHUJHQFH�KHUELFLGH��ZKLFK�FDQ�DOVR�EH�DSSOLHG�HLWKHU�
GHOD\HG�SUH�HPHUJHQFH�RU�HDUO\�SRVW�HPHUJHQFH��2[DGLDUJ\O�
ZDV�IRXQG�HIIHFWLYH�LQ�VRPH�UHJLRQV�RI�,QGLD�DQG�1HSDO�LQ�
FRQWUROOLQJ� JUDVV\� ZHHGV� �*RSDO� HW� DO��� ������� 7KH�
HIIHFWLYHQHVV�RI�KHUELFLGH�LV�OLPLWHG�E\�LWV�GLYHUVH�LQWHUDFWLQJ�
IDFWRUV� VXFK� DV� GLYHUVH� ZHHG� VSHFLHV�� ZHHG� SRSXODWLRQV��
FXOWXUDO� SUDFWLFHV�� VRLO� DQG� FOLPDWLF� FRQGLWLRQV�� DQG�
GHYHORSPHQW�RI�KHUELFLGH�UHVLVWDQFH��0RRG\���������7KH�XVH�
RI�VLQJOH�KHUELFLGH�PD\�QRW�ZRUN�IRU�PRUH�H[WHQGHG�SHULRG�
ZKLFK�RIWHQ�GHPDQGV�FKDQJH�LQ�KHUELFLGH�PL[WXUH�LQ�D�IHZ�
\HDUV� RU� LQWHJUDWLRQ� ZLWK� PHFKDQLFDO� PHWKRGV�� :H�
K\SRWKHVL]HG�WKDW�LQFRUSRUDWLRQ�RI�SUH�HPHUJHQFH�DQG�SRVW�
HPHUJHQFH� KHUELFLGH� IROORZHG� E\�PDQXDO� ZHHGLQJ� LV� WKH�
HI¿FLHQW�DQG�HFRQRPLFDO�DSSURDFK�WR�ZHHG�PDQDJHPHQW�LQ�
'65��7KHUHIRUH��WKH�REMHFWLYHV�RI�WKLV�UHVHDUFK�ZHUH�WR����
GHVFULEH�ZHHGV�DQG�WKHLU�GLYHUVLW\�LQ�'65��DQG����TXDQWLI\�

ZHHG� GHQVLW\� DQG� ELRPDVV� LQ� UHVSRQVH� WR� PDQDJHPHQW�
SUDFWLFHV��2XWFRPHV�ZLOO�FRQWULEXWH��WR�GHYHORSLQJ�HIIHFWLYH�
ZHHG�PDQDJHPHQW�VWUDWHJLHV�IRU�'65�

0DWHULDOV�DQG�0HWKRGV
6WXG\�/RFDWLRQ
$� ¿HOG� H[SHULPHQW� ZDV� FRQGXFWHG� DW� WKH� $JURQRP\�

� �5HVHDUFK�)DUP��������� 1��������� (��RI� WKH� ,QVWLWXWH�RI�
$JULFXOWXUH�DQG�$QLPDO�6FLHQFH�ORFDWHG�LQ�&KLWZDQ�GLVWULFW�
RI� 1HSDO� GXULQJ� WKH� UDLQ\� VHDVRQ� RI� ������ 7KH� UHJLRQ� LV�
VXEWURSLFDO��ZLWK�DQQXDO�DYHUDJH�SUHFLSLWDWLRQ�RI�DERXW������
PP� ����� RFFXUV� IURP� -XQH� WR� 6HSWHPEHU�� �7KDSD� DQG�
'DQJRO�� ������� 7KH� WRWDO� UDLQIDOO� UHFHLYHG� IURP� 0D\� WR�
1RYHPEHU�ZDV������PP�ZLWK�D�SHDN�LQ�-XO\������PP���7KH�
DYHUDJH� PD[LPXP� DQG� PLQLPXP� WHPSHUDWXUHV� UHFRUGHG�
IURP�0D\�WR�1RYHPEHU�ZHUH�UDQJHG�IURP������WR������DQG�

������WR����� &��UHVSHFWLYHO\��1053���������)LJ�����

7KH�VRLO�WH[WXUH�ZDV�VDQG\�ORDP��VDQG� ��������������VLOW�
 ��������������DQG�FOD\� ���������������7KH�WRS����FP�VRLO�

±�ZDV� ORZ� LQ� RUJDQLF� PDWWHU� FRQWHQW� ������ PJ� J �� ZLWK� D�
VOLJKWO\�DFLGLF�S+�UDQJH�RI�����±������+LVWRULFDOO\��WKH�DUHD�
ZDV� NQRZQ� DV� WKH� 1DUD\DQL� 5LYHU� ÀRRGSODLQ� DQG� 
ULFH�
VXSHU]RQH�DUHD
�VWDWHG�E\�WKH�JRYHUQPHQW�RI�1HSDO��7KH�¿HOG�
ZDV�SUHYLRXVO\�IDOORZHG�IRU�PRUH�WKDQ�RQH�\HDU�DQG�ULFK�LQ�
WKH�DQQXDO�ZHHG�VHHG�EDQN�

([SHULPHQWDO�'HVLJQ�DQG�7UHDWPHQWV�
7HQ� ZHHG� PDQDJHPHQW� SUDFWLFHV� LQFOXGLQJ� SUH�

HPHUJHQFH� DQG� SRVW�HPHUJHQFH� KHUELFLGH� �7DEOH� ��� ZHUH�
HYDOXDWHG�LQ�D�UDQGRPL]HG�FRPSOHWH�EORFN�GHVLJQ�ZLWK�WKUHH�
UHSOLFDWLRQV�� +HUELFLGHV� LQFOXGHG� LQ� WKH� VWXG\� ZHUH�
SHQGLPHWKDOLQ� �6WRPS�� ���(&��%$6)� ,QGLD� /WG���� ����'�
�6XVSHQG����:3��&$&3�/WG�� ,QGLD��� �ELVS\ULEDF�VRGLXP�
�1RPLQHH� JROG�� ��6&�� 3,� ,QGXVWULHV��� DQG� R[DGLDUJ\O�
�7RSVWDU����:3��%D\HU�&URS�6FLHQFH���7KH�H[SHULPHQWDO�

�XQLW� FRQVLVWHG� RI� �� î� �� P� ���� P �� SORW�� DFFHVVHG� WR� WKH�
FRQWUROOHG�VXUIDFH�LUULJDWLRQ�V\VWHP�

([SHULPHQWDO�'HWDLOV
$� EODQNHW� DSSOLFDWLRQ� RI� JO\SKRVDWH� �*O\NDO� ��6/��

±�.DO\DQL�,QGXVWULHV�3YW��/WG�������NJ�DL�KD ��ZDV�SHUIRUPHG�LQ�
WKH�¿UVW�ZHHN�RI�0D\�IROORZHG�E\�D�FULVVFURVV�SORZLQJ�ZLWK�D�
GLVF�KDUURZ�IROORZHG�E\�VLQJOH�SODQNLQJ��$�OLJKW�SUH�VRZLQJ�
LUULJDWLRQ�����FP��ZDV�SURYLGHG�����K�EHIRUH�VHHGLQJ��7KH�
ULFH�FXOWLYDU�SODQWHG�ZDV�
6DELWUL�
�D�¿QH��VHPL�GZDUI��JURZ�
XS�WR���P�WDOO��ZKLFK�ZDV�GHULYHG�IURP�WKH�FURVV�RI�,5������
������,5�������&U��������3RXGHO���������7KH�VHHG�ZDV

��

'2,��KWWSV���G[�GRL�RUJ����������MDHIV��������������0DGKDY�'KDNDO��6KUDZDQ�.��6DK�DQG�*HHWD�.KDUHO

)LJXUH� ��� 7HPSHUDWXUH� DQG� UDLQIDOO� IRU� WKH� VHYHQ� PRQWKV�
SHULRG�RI������UHFRUGHG�DW�QHDUE\�ZHDWKHU�VWDWLRQ�
RI�UHVHDUFK�ORFDWLRQ�DW�&KLWZDQ��1HSDO�



SUH�WUHDWHG�ZLWK�FDUEHQGD]LP���%DYLVWLQ�����:3��%LRVWDGW�
±�,QGLD�/WG���0XPEDL��DW�D�UDWH�RI�����J�DL�NJ ��DQG�KDQG�VHHGHG�

±��LQ�WKH�¿UVW�ZHHN�RI�-XQH�DW�D�UDWH�RI����NJ�KD LQ�OLJKW��PRLVW�
VRLO�DW����FP�URZ�VSDFLQJ��SODFHG�DW�����FP�GHHS��7KH�VRLO�
ZDV� OHYHOHG� ZLWK� KDQG� DQG� VOLJKWO\� SDFNHG� WR� IDFLOLWDWH�
JHUPLQDWLRQ��2Q�WKH�VDPH�GD\��D�OHJXPH�6HVEDQLD�DFXOHDWD�
:LOG��3HUV���QDWLYH�WR�$VLD�DQG�1RUWK�$IULFD��ZDV�FR�VHHGHG�

±�ZLWK�ULFH�DW�D�UDWH�RI����NJ�KD ��)HUWLOL]HUV�����NJ�1�����NJ�
=Q62 �DQG����NJ�3�DQG�.�ZHUH�LQFRUSRUDWHG�LQWR�WKH�VRLO�DV�D��

±�EDVDO�GRVH��$Q�DGGLWLRQDO����NJ�KD �RI�1�ZDV�WRS�GUHVVHG�LQ�
WZR�VSOLWV�DW����DQG����'$6��7KH�¿HOG�ZDV�ÀRRGHG�DW���GD\V�
LQWHUYDO� SULRU� WR� WKH� ¿HOG� SHUPDQHQWO\� ÀRRGHG� DIWHU� DQ�
LQWHQVH�UDLQ��!�����PP��RQ�WKH�WKLUG�ZHHN�RI�-XO\��$�GHWDLO�RI�
DSSOLHG�WUHDWPHQWV�ZLWK�WKHLU�WLPLQJ�DQG�UDWH�RI�DSSOLFDWLRQ�LV�
SURYLGHG� LQ� 7DEOH� ��� 3HQGLPHWKDOLQ� ZDV� DSSOLHG� DV� SUH�

±�HPHUJHQFH�DW�WKH�UDWH�RI�����/�KD ��D�IHZ�KRXUV�DIWHU�VHHGLQJ�
ULFH��$�GHOD\HG�SUH�HPHUJHQFH�DSSOLFDWLRQ�RI�R[DGLDUJ\O�DW�D�

±�UDWH� RI� ���� J� DL� KD � ZDV� GRQH�� RQH� ZHHN� DIWHU� VHHGLQJ��
±�2[DGLDUJ\O�SRZGHU�ZDV�PL[HG�ZLWK�VDQG�����NJ�KD ��DQG�

EURDGFDVWHG�VLPLODU�WR�D�JHQHUDO�SUDFWLFH�RI�IDUPHUV��$OO�SORWV�
ZHUH� LUULJDWHG�QRW�PRUH� WKDQ��� FP� MXVW�EHIRUH�R[DGLDUJ\O�

DSSOLFDWLRQ�� %LVS\ULEDF� DQG� ����'� ZHUH� DSSOLHG� DV� SRVW�
HPHUJHQFH�IURP����WR����'$6��WKUHH�WR�IRXU�OHDI�VWDJH�RI�
ULFH���RQH�GD\�DIWHU�WKLUG�LUULJDWLRQ�DW�WKH�UDWH�RI����DQG������J�

±�DL�KD ��UHVSHFWLYHO\��6HVEDQLD�ZDV�NLOOHG�E\�����'�HWK\O�HVWHU�
±��DW� D� UDWH� RI� ���� J� DL� KD DW� ���'$6��$� EDWWHU\� RSHUDWHG�

NQDSVDFN� VSUD\HU� ¿WWHG� ZLWK� D� GRXEOH� ERRP� QR]]OH� ZDV�
��FDOLEUDWHG�WR�GHOLYHU�����/�KD �IRU�SHQGLPHWKDOLQ�DQG�����/�

±�KD �IRU�SRVW�HPHUJHQFH�VSUD\�VROXWLRQV��$�VLQJOH�DSSOLFDWLRQ�
RI�LQVHFWLFLGH�(QGRVXOIDQ�����(&��7KLRGDQ��QRZ�EDQQHG��DW�

±���/�KD �ZDV�DSSOLHG�EHIRUH�WKH�PLONLQJ�VWDJH�RI�WKH�FURS�WR�
FRQWURO�ULFH�*XQGKL�EXJ��/HSWRFRULVD�RUDWRULXV�)����:HHGV�
UHPRYHG�PDQXDOO\�RQ�WDUJHWHG�SORWV�DW����'$6�SUHFHGLQJ�
FKHPLFDO�WUHDWPHQW�ZKHUHDV�ZHHG�IUHH�SORWV�ZHHGHG�ZHHNO\�
WKURXJKRXW� WKH� VHDVRQ�� 7KH� DERYH�JURXQG� ELRPDVV� ZDV�
KDUYHVWHG�LQ�WKH�VHFRQG�ZHHN�RI�6HSWHPEHU������'$6���FXW�
WR���WR����FP�VWXEEOH�KHLJKW�XVLQJ�D�KDQG�VLFNOH��+DUYHVW�ZDV�
OHIW�RQ�WKH�¿HOG�IRU���GD\�WR�DOORZ�VXQ�GU\LQJ��7KUHVKLQJ�ZDV�
GRQH�PDQXDOO\��*UDLQV�ZHUH�GHWDFKHG�FOHDQHG�E\�ZLQQRZLQJ�
DQG� ZHLJKHG� DW� WKHLU� DPELHQW� PRLVWXUH� OHYHO� ������ WR�
GHWHUPLQH�\LHOG��6LPLODUO\��VWUDZ�ZDV�ZHLJKHG�WR�DFFRXQW�IRU�
WKH�WRWDO�ELRORJLFDO�\LHOG�

��

,QW�-�$JULF�(QYLURQ�)RRG�6FL������������ ��������

:HHG�'\QDPLFV
:HHG�VDPSOHV�ZHUH�FROOHFWHG�XVLQJ�GHVWUXFWLYH�VDPSOLQJ�

WHFKQLTXH�GXULQJ������������'$6��DQG�KDUYHVW�LQVLGH�D����FP�
î����FP�TXDGUDW�DW�WKUHH�UDQGRP�ORFDWLRQV�RQ�HDFK�SORW��7RWDO�
ZHHGV� ZHUH� WKHQ� VHSDUDWHG� LQWR� VSHFLHV� IUDFWLRQV�
�EURDGOHDYHV�� JUDVVHV�� DQG� VHGJHV�� DQG� WKHQ� FRXQWHG� WR�
GHWHUPLQH�WKHLU�GRPLQDQFH�EDVHG�RQ�WKHLU�GHQVLW\��'��DQG�
IUHTXHQF\� �)��� :HHGV� ZHUH� LGHQWL¿HG� ZLWK� WKH� DLG� RI� D�
VWDQGDUG�SUDFWLFDO�¿HOG�JXLGH�E\�&DWRQ�HW�DO����������/RFDO�
ULFH� JURZHUV� DVVLVWHG� LQ� LGHQWLI\LQJ� VRPH� QDWLYH� ZHHGV��
HVSHFLDOO\�GXULQJ�WKH�HDUO\�YHJHWDWLYH�VWDJH��6DPSOHV�ZHUH�
GULHG�IRU�DW�OHDVW����K�LQ�D�IRUFHG�DLU�RYHQ�DW����&�EHIRUH�
ZHLJKLQJ��7KH�ZHHG�VSHFLHV�GHQVLW\�ZDV�FDOFXODWHG�DV�WKH�
QXPEHU�RI�LQGLYLGXDO�SODQWV�SHU�XQLW�DUHD��ZKHUHDV�WKH�WRWDO�
ZHHG�GHQVLW\�ZDV�FDOFXODWHG�DV�WKH�WRWDO�QXPEHU�RI�ZHHGV�SHU�
XQLW�DUHD�IRU�SDUWLFXODU�WUHDWPHQW�>(T���@�

)UHTXHQF\�ZDV�GHWHUPLQHG�DV�WKH�SUHVHQFH�RU�DEVHQFH�RI�
ZHHG�VSHFLHV�ZLWKLQ�WKH�TXDGUDW��7KH�IUHTXHQF\�RI�LQGLYLGXDO�
ZHHG�VSHFLHV�ZDV�GHWHUPLQHG�XVLQJ�D�PHWKRG�PRGL¿HG�IURP�
0LVDU�HW�DO���������

:HHG�FRQWURO�HI¿FLHQF\��:&(��ZDV�GHWHUPLQHG�IRU�HDFK�
WUHDWPHQWV�XVLQJ�(T��>�@�JLYHQ�E\�0DQL�HW�DO���������ZKLFK�
H[SUHVVHV�WKH�SHUFHQWDJH�UHGXFWLRQ�LQ�ZHHG�SRSXODWLRQ�GXH�
WR�ZHHG�FRQWURO�PHWKRGV�RYHU�WKH�XQZHHGHG�FKHFN�

±�ZKHUH� :3 � LV� ZHHG� SRSXODWLRQ� �SODQWV� P �� LQ� DQ�F

XQZHHGHG�SORW�DQG�:3 �LV�WKH�SRSXODWLRQ�LQ�WKH�WUHDWHG�SORW�W

:HHG�LQGH[��:,��ZDV�GHWHUPLQHG�IRU�HDFK�WUHDWPHQW�DV�WKH�
UHGXFWLRQ� LQ� JUDLQ� \LHOG� GXH� WR� WKH� SUHVHQFH� RI�ZHHGV� LQ�
FRPSDULVRQ� ZLWK� QR� ZHHG� SORW�� � &URS� JUDLQ� \LHOG� ZDV�
GHWHUPLQHG�DQG�FRUUHFWHG�WR�����PRLVWXUH��:HHG�LQGH[�ZDV�
FDOFXODWHG� DV� VXJJHVWHG� E\�*LOO� DQG�9LMD\�.XPDU� �������
XVLQJ�(T��>�@�

��:KHUH�;�DQG�<�DUH�WKH�FURS�JUDLQ�\LHOG��0J�KD ��IURP�
ZHHG�IUHH�SORW�DQG�WUHDWHG�SORWV��UHVSHFWLYHO\�

(FRQRPLF�$QDO\VLV
&RVW� RI� FXOWLYDWLRQ� ZDV� FDOFXODWHG� IURP� FXUUHQW� ORFDO�

FKDUJHV� IRU� GLIIHUHQW� DJUR�LQSXWV� VXFK� DV� ODERU�� IHUWLOL]HU��
FRPSRVW��GLHVHO��HOHFWULFLW\��DQG�IDUP�HTXLSPHQW�LQFOXGLQJ�
��� FRQWLQJHQF\� PHDVXUHV�� 6LPLODUO\�� JURVV� UHWXUQ� ZDV�
GHWHUPLQHG�IRU�WKH�HFRQRPLF�\LHOG��JUDLQ���VWUDZ��RI�ULFH�RQ�
WKH�EDVLV�RI�WKH�FXUUHQW�ORFDO�PDUNHW�SULFH�

7DEOH����'HWDLOV�RI�WUHDWPHQWV�DSSOLHG�LQ�''65�SORWV�LQ������

0DGKDY�'KDNDO��6KUDZDQ�.��6DK�DQG�*HHWD�.KDUHO



7KHQ�EHQH¿W�WR�FRVW�UDWLR�ZDV�GHWHUPLQHG�DV�WKH�UDWLR�RI�
JURVV� UHWXUQ� WR� WKH� FRVW� RI� FXOWLYDWLRQ� >(T�� �@�ZKLFK� DOVR�
H[SUHVVHG� DV� WKH� UHWXUQ� SHU� GROODU� �WUDQVDFWHG� LQ� UXSHH��
LQYHVWHG��5HGG\�DQG�5HGGL���������%�&�UDWLR�JUHDWHU�WKDQ�����
ZRXOG� FRQVLGHU� HFRQRPLFDOO\� LGHDO� IRU� IDUP� EXVLQHVV�
PDQDJHPHQW�IRU�PRVW�RI�WKH�DJULFXOWXUDO�FRPPRGLWLHV��7KDW�
PHDQV�IDUPHUV�ZRXOG�JHW�������IRU�HYHU\�GROODU�LQYHVWHG�

6WDWLVWLFDO�$QDO\VLV
:HHG�GHQVLW\�RU�FRXQW�GDWD�ZHUH�VTXDUH�URRW�WUDQVIRUPHG�

¥�[����EHIRUH�DQDO\VLV�EHFDXVH�WKH\�ZHUH�GLVFUHWH�DQG�WKH�
GLVWULEXWLRQ� ZDV� ULJKW�VNHZHG�� 7KH� ZHHG� IUHTXHQF\�
GLVWULEXWLRQ�ZDV�ELQRPLDO��7KXV��WKH�*/,00,;�SURFHGXUH�
ZDV�XVHG�WR�DQDO\]H�WKH�GDWD�LQ�6$6������6$6�,QVWLWXWH��&DU\��
1&�� ZKHUH� WKH� GHIDXOW� OLQN� IXQFWLRQ� ZDV� 
ORJLW
� �6WURXS��
�������7UHDWPHQWV�ZHUH�VHW�DV�¿[HG�HIIHFWV�DQG�UHSOLFDWLRQ�
ZDV� FRQ¿JXUHG� DV� D� UDQGRP� HIIHFW� �/LWWHOO� HW� DO��� �������
7UHDWPHQW�PHDQV�ZHUH�FRPSDUHG�DW�Į� ������XVLQJ�/HDVW�

6LJQL¿FDQW�'LIIHUHQFH�WHVW�DW�3��������

5HVXOWV�DQG�'LVFXVVLRQ

:HHG�(PHUJHQFH
$� WRWDO� RI� ��� ZHHG� VSHFLHV� EHORQJLQJ� WR� ��� JHQHUD�

ZLWKLQ����IDPLOLHV�ZHUH�LGHQWL¿HG�DFURVV�WKH�JURZLQJ�VHDVRQ�
RI�ULFH�RQ�WKH�¿HOG��7DEOH�����7KH�GRPLQDQW�ZHHG�VSHFLHV�
REVHUYHG�ZHUH�EHORQJLQJ� WR� WKH�3RDFHDH� IDPLO\� ���� VSS���
IROORZHG� E\� &\SHUDFHDH� ���� VSS���� &RPSRVLWDH� ��� VSS����
$PDUDQWKDFHDH�DQG�&RPPHOLQDFHDH����VSS��HDFK��DQG�RWKHUV�
���VSS����2YHUDOO�����EURDGOHDI�ZHHG��%/:������VHGJHV��DQG�
���JUDVV�VSHFLHV�ZHUH�UHFRUGHG�LQ�WKH�¿HOG��%DVHG�RQ�GHQVLW\�
DQG�IUHTXHQF\��WKH�GRPLQDQW�ZHHG�VSHFLHV�ZHUH�(FKLQRFKORD�
FRORQD��/���/LQN��'LJLWDULD�FLOLDULV��5HW]���.RHO���3DVSDOXP�
EUHYLIROLXP� )OXJJH�� &\QRGRQ� GDFW\ORQ� 3HUV��� ,VFKDHPXP�
UXJRVXP�6DOLVE��� DQG�(OHXVLQH� LQGLFD� �/���*DHUWQ�� DPRQJ�
JUDVVHV�� &RPPHOLQD� EHQJKDOHQVLV� /��� &�� GLIIXVD� /��� DQG�
0RQRFKRULD� YDJLQDOLV� %XUP�� DPRQJ� WKH� EURDGOHDI� DQG�
)LPEULVW\OLV�PLOLDFHD�9DKO���6FLUSXV� MXQFRLGHV�5R[E��� DQG�
&\SHUXV�VSS��DPRQJ�WKH�VHGJHV�

��

7DEOH����'HVFULSWLRQ�RI�WKH�REVHUYHG�ZHHG�VSHFLHV��WKHLU�HPHUJHQFH�WLPH��SRSXODWLRQ�GHQVLW\��DQG�IUHTXHQF\�LQ�'65��'HQVLW\�DQG�
IUHTXHQF\�RI�ZHHGV�ZHUH�DYHUDJHG�RYHU�PXOWLSOH�VDPSOLQJ�GDWHV�DQG�UHSOLFDWLRQV�
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*UDVVHV�GRPLQDWHG�ZHHG�ÀRUD�DV�WKH\�FRPSULVHG�����RI�
WKH� WRWDO� ZHHG� SRSXODWLRQ� ZKHUHDV� %/:� DQG� VHGJHV�
FRQVLVWLQJ� RI� ���� DQG� ����� UHVSHFWLYHO\�� *UDVVHV� ZHUH�
HPHUJHG�DV�HDUO\�ÀXVK�DQG�DEXQGDQW�DOWKRXJK�WKH�GHQVLW\�
ZDV�QRW�VLJQL¿FDQW�WKDQ�VHGJHV�DQG�EURDGOHDI�EHFDXVH�RI�WKH�
SUHYLRXV� VHHG� EDQN� RI� JUDVVHV� DQG� DSSURSULDWH� PRLVWXUH�
FRQWHQW�RI�WKH�VRLO�DV�WKH�¿HOG�ZDV�QRQ�ÀRRGHG�IRU�WKH�¿UVW�
PRQWK� RI� VHHGLQJ�� $W� ��� '$6�� DOO� FDWHJRULHV� RI� ZHHGV�
DSSHDUHG�LQ�HTXDO�SURSRUWLRQ��7KH�WKLUG�ÀXVK�RI�ZHHG�ZDV�
FRXQWHG� DW� ��� '$6� DIWHU� WKH� KDQG� ZHHGLQJ� RQ� ��� '$6��
PRVWO\�FKDUDFWHUL]HG�E\�EURDGOHDI�DQG�VHGJHV�DV�WKH�JUDVV�
SRSXODWLRQ�VWDUWHG� WR�GHFOLQH�GXH� WR� VWDQGLQJ�ZDWHU� LQ� WKH�
¿HOG�� %URDGOHDYHV� VXFK� DV�0RQRFKRULD� YDJLQDOLV� %XUP��
HPHUJHG� VLJQL¿FDQWO\� DIWHU� FRQWLQXRXV� LUULJDWLRQ� ZKHUHDV�
&RPPHOLQD� VSS�� EHJDQ� GHFUHDVLQJ� FRQWLQXRXVO\� EXW�
DSSHDUHG�WKURXJKRXW�WKH�VHDVRQ��&\SHUXV�URWXQGXV�/��ZDV�
WKH�PRVW�IUHTXHQWO\�REVHUYHG�ZHHG�IROORZHG�E\�(FKLQRFORD�
FRORQD��/���/LQN�DQG�&RPPHOLQD�EHQJKDOHQVLV�/��

:HHG� VSHFLHV� VXFK� DV�&\QRGRQ� GDFW\ORQ�/��� &\SHUXV�
VSS��� DQG�&RPPHOLQD� VSS��PD\� HPHUJH� HDUOLHU�ZKHQ� WKH\�
UHFHLYH�DGHTXDWH�VRLO�PRLVWXUH��3HQGLPHWKDOLQ�DSSOLHG�SUH�
HPHUJHQFH�FRQWUROOHG�D�VLJQL¿FDQW�QXPEHU�RI�EURDGOHDI�DQG�
VHGJHV�EXW�GLGQ
W�VKRZ�DQ\�HIIHFW�RQ�&\QRGRQ�GDFW\ORQ�/��
DQG� (FKLQRFORD� VSS��� ZKLFK� ZHUH� HYHQ� ÀXVK� RXW�
VLJQL¿FDQWO\�� WZR�ZHHNV�DIWHU�VRZLQJ��6HGJHV�DQG�JUDVVHV�
ZHUH�GRPLQDQW�LQ�����'�DSSOLHG�SORWV��6HVEDQLD�FR�FXOWXUH�
ZDV� HIIHFWLYH� DJDLQVW� JUDVVHV�� EURDGOHDI�� DQG� IHZ� VHGJHV��
$OPRVW� DOO� IDPLOLHV� RI� ZHHGV� REVHUYHG� LQ� FRQWURO� DQG�
R[DGLDUJ\O� WUHDWHG� SORWV�� ,Q� FRQWURO� SORWV�� EURDGOHDI�
FRPSULVHG�QHDUO\�����RI�DOO�WKH�VSHFLHV��%LVS\ULEDF�IDYRUHG�
VHGJHV�ZKLOH�&\QRGRQ�GDFW\ORQ�/��FRQVLVWHQWO\�DSSHDUHG�LQ�
SORWV�WUHDWHG�ZLWK�SHQGLPHWKDOLQ�DORQH�DQG�R[DGLDUJ\O�

7KH�SULPDU\�UHDVRQ� WKDW�DIIHFWV� WKH�G\QDPLFV�RI�ZHHG�
SRSXODWLRQ� HPHUJHQFH� DQG� LWV� VXEVHTXHQW� HVWDEOLVKPHQW�
GHSHQGV�RQ�PDQ\�QHZ�UHFUXLWPHQWV�DV�D�IUHVK�VHHG�UDLQ�RU�
H[LVWLQJ� ZHHG�VHHG� EDQN� �1D\ORU�� ������� 6LQJK� �������
UHSRUWHG�WKDW�EURDGOHDI�ZHHGV�GRPLQDWHG�WKH�¿UVW����'$6�
WKDQ�JUDVVHV�DQG�VHGJHV��FRQVWLWXWLQJ�PRUH�WKDQ�����RI�WKH�

WRWDO�ZHHG�FRPSRVLWLRQ�DQG�LQGLFDWHG�HPHUJHQFH�IURP�WKH�
SUH�H[LVWLQJ� VHHG� EDQN�� 6LQJK� HW� DO�� ������� UHSRUWHG� ����
JURXQG� FRYHUDJH� RZLQJ� WR� EURDGOHDI� ZHHGV� IROORZHG� E\�
JUDVVHV�������DQG�VHGJHV������DW����'$6��.LP�HW�DO���������
DOVR�UHFRUGHG�VLPLODU�W\SHV�RI�ZHHG�VSHFLHV�LQ�'65�ZKHUH�
DQQXDO� JUDVVHV� ZHUH� WKH� SUHGRPLQDQW� ZHHGV�� VXFK� DV�
(FKLQRFORD� VSS��� 'LJLWDULD� DGVFHQGHQV� �.XQWK�� +HQUDUG��
/HSWRFKORD�FKLQHQVLV�/���DQG�6HWDULD�YLULGLV��/���3��%HDXY���
LQFOXGLQJ� ZHHG\� ULFH� �2�� VDWLYD� /�� VXEVSS�� VSRQWDQHD���
6HGJHV� DQG� JUDVVHV� FDQ� VXUYLYH� FRQWLQXRXV� ÀRRGLQJ� WR� D�
ZDWHU� GHSWK� RI� ��� FP�� KRZHYHU�� LQ� RXU� VWXG\�� D�ZHHN� RI�
ÀRRGLQJ�GXULQJ�SHDN�PRQVRRQ�HOLPLQDWHG�VRPH�JUDVV�DQG�
EURDGOHDI�VSHFLHV��$W�KDUYHVW��WKH�PDMRULW\�RI�JUDVVHV�ZHUH�
GLVDSSHDUHG�IURP�DOO�SORWV�H[FHSW�RQ�FRQWURO��ZKLFK�KDG�D�
WKLQ�VWDQG�RI�D�FURS��7KH�ZHHG�FRPPXQLW\�ZDV�VR�GLYHUVH�WKDW�
RQO\� LQWHJUDWHG� DSSURDFK� RI� PDQDJHPHQW� ZRXOG� JLYH�
VDWLVIDFWRU\�UHVXOWV��HQRXJK�WR�MXVWLI\�WKH�WUHDWPHQWV�DSSOLHG��

:HHG�'HQVLW\
:HHG� PDQDJHPHQW� VWUDWHJLHV� DIIHFWHG� WKH� WRWDO� ZHHG�

SRSXODWLRQ�GHQVLW\�DFURVV�WKH�ULFH�JURZLQJ�SHULRG��7DEOH�����
3HQGLPHWKDOLQ�ZDV�VXSHULRU�LQ�FRQWUROOLQJ�HDUO\�ÀXVKHV�RI�
ZHHGV� DW� ��� '$6�� %LVS\ULEDF� DQG� ����'� ZHUH� HTXDOO\�
HIIHF W LYH � IR O ORZLQJ� SHQGLPHWKDO LQ � LQ � UHGXFLQJ�
SRVWHPHUJHQFH� ZHHGV� DW� ��� DQG� ��� '$6� HYHQ� ZLWKRXW�
DGGLWLRQDO�KDQG�ZHHGLQJ��3HQGLPHWKDOLQ�DORQH��VHVEDQLD�FR�
FXOWXUH��DQG�R[DGLDUJ\O�FRXOGQ
W�VXSSUHVV�ZHHG�SRSXODWLRQ�
GXULQJ�PLG�DQG�ODWH�VHDVRQ�ZKHQ�WKH�VHFRQG�ÀXVK�RI�ZHHG�
HPHUJHG� DIWHU� ÀRRGLQJ� ULFH� ¿HOG�� 0RVW� RI� WKH� VHGJHV�
DSSHDUHG�DIWHU�WKH�¿UVW�KDQG�ZHHGLQJ�VKRZHG�JUHDWHU�ZHHG�
GHQVLW\�LQ�SORWV�WUHDWHG�ZLWK�SHQGLPHWKDOLQ�WKDQ�EURDGOHDI�
DQG� JUDVVHV�� %LVS\ULEDF� HIIHFWLYHO\� NLOOHG� GHHS�URRWHG�
VHGJHV� DV� WKH\� UHVLVW� PDQXDO� ZHHGLQJ� EHFDXVH� RI� WKHLU�
EUHDNDEOH� FXOP� DQG� GHHS�VHW� RI� NQRWV�� 3RVW�HPHUJHQFH�
KHUELFLGHV������'��DQG�ELVS\ULEDF�SURYLGHG�H[FHOOHQW�FRQWURO�
RI�ZHHGV� VWDUWLQJ����'$6�XS� WR� KDUYHVW��&RPELQDWLRQ�RI�
KDQG�ZHHGLQJ� SURYLGHG� DQ� RSSRUWXQLW\� WR� UHPRYH� JUDVV\�
ZHHGV� ZKHUH� JUDVVHV� WHQGHG� WR� VXUYLYH� SRVW�HPHUJHQFH�
KHUELFLGH��HVSHFLDOO\�&\QRGRQ�GDFW\ORQ�/�

��

7DEOH����7RWDO�ZHHG�SRSXODWLRQ�DV�DIIHFWHG�E\�GLIIHUHQW�ZHHG�PDQDJHPHQW�SUDFWLFHV�GXULQJ������������'$6��DQG�KDUYHVW�RI�'65�LQ�
&KLWZDQ��1HSDO�

:HHG�GHQVLW\�DQG�ELRPDVV�GHWHUPLQH�WKH�H[WHQW�RI�FURS�
ZHHG� LQWHUIHUHQFH�� \LHOG�� DQG� TXDOLW\� RI� WKH� KDUYHVW�� $Q�
HIIHFWLYH�ZHHG�PDQDJHPHQW�PHWKRG�VKRXOG�HQVXUH�D�ZHHG�
GHQVLW\�DQG�ELRPDVV�EHORZ�DQ�HFRQRPLF� WKUHVKROG� �,55,��
�������6HVEDQLD�FR�FXOWXUH�UHGXFHG�WKH�SODQW�GHQVLW\�E\�����
DV�FRPSDUHG�WR�ZHHG�IUHH�SORW�DQG�FUHDWHG�DQ�HQYLURQPHQW�

IDYRUDEOH� IRU� ZHHGV�� 6LQJK� HW� DO�� ������� UHSRUWHG� WKDW�
6HVEDQLD�LQWHUFURSSLQJ�FDXVHG�D�����UHGXFWLRQ�LQ�WRWDO�ZHHG�
ELRPDVV�DW����'$6��&RQWUROOLQJ�ODWH�ÀXVKHV�RI�ZHHGV�ZLWK�
SRVWHPHUJHQFH�KHUELFLGHV�VXFK�DV�ELVS\ULEDF�DQG�����'�JDYH�
VXSHULRU�UHVXOWV��+XVVDLQ�HW�DO���������UHSRUWHG�WKDW�DPRQJ�
IRXU� KHUELFLGDO� WUHDWPHQWV� YL]�� 6XQ6WDU� *ROG� ��� :*�

,QW�-�$JULF�(QYLURQ�)RRG�6FL������������ ��������0DGKDY�'KDNDO��6KUDZDQ�.��6DK�DQG�*HHWD�.KDUHO



±�DW� ���� J� KD �� D� ULFH� ¿HOG� WUHDWHG� ZLWK� D� SRVWHPHUJHQFH�
DSSOLFDWLRQ�RI�ELVS\ULEDF�DSSOLHG�DW����DQG����'$6�SURGXFHG�
WKH�ORZHVW�ZHHG�ELRPDVV�ZKHQ�FRPSDUHG�WR�SUH�HPHUJHQFH�
KHUELFLGHV��6XULD�HW�DO���������UHSRUWHG�WKDW�SHQGLPHWKDOLQ�

±�WUHDWHG�SORWV�KDG�WKH�ORZHVW�����SODQWV�P ��ZHHG�GHQVLW\�WKDQ�
FRQWURO��6LQJK�HW�DO���������UHSRUWHG�WKH�ORZHU�ZHHG�GHQVLW\�

±�LQ�SORWV�WUHDWHG�ZLWK�SHQGLPHWKDOLQ�����WR����SODQWV�P ��DW����
'$6�WKDQ�RWKHUV�EHFDXVH�RI�WKH�ORZHVW�UHFRUG�RI�EURDGOHDI�
ZHHGV�DQG�VHGJHV��2[DGLDUJ\O�FDXVHG�QHFURVLV�RI�ULFH�OHDYHV�
DQG�LQFUHDVHG�WLOOHU�PRUWDOLW\�WKDW�UHGXFHG�WKH�DELOLW\�RI�ULFH�
WR�VXSSUHVV�ZHHGV��,Q�D�JUHHQKRXVH�H[SHULPHQW��*LWVRSRXORV�
DQG�)URXG�:LOOLDPV��������UHSRUWHG�D�VLJQL¿FDQW�ULFH�FURS�
VHQVLWLYLW\�WR�R[DGLDUJ\O�ZKHQ�DSSOLHG�DW�PRUH�WKDQ�����J�

±�KD �XQGHU�GU\�VHHGLQJ��'DULR�DQG�*DOOR��������QRWHG�VLPLODU�
SK\WRWR[LF�V\PSWRPV�VXFK�DV�VWXQWLQJ�RI�ULFH�SODQWV��VORZHU�
JURZWK�DQG�EURZQ�VSRWV�RQ�WKH�PDLQ�FXOP�DQG�OHDI�XS�WR����
'$6�LQ�%UD]LO��,W�ZDV�DOVR�UHSRUWHG�WKDW�ELVS\ULEDF�DW�WKH�UDWH�

±�RI����J�KD �SURYLGHG�H[FHOOHQW�FRQWURO�RI�JUDVVHV�DQG�VHGJHV��
DQG� WRWDO� ZHHGV� �6FKPLGW� HW� DO��� ������� 0DKDMDQ� DQG�

±�&KDXKDQ��������UHSRUWHG�ORZHU�VHGJHV�GHQVLW\����SODQWV�P ��
±��LQ�WKH�SORWV�WUHDWHG�ZLWK�ELVS\ULEDF�DW����J�KD FRPSDUHG�WR����

±�DQG����SODQWV�P � LQ�SORWV� WUHDWHG�ZLWK�SHQGLPHWKDOLQ�DQG�
IHQR[DSURS�� UHVSHFWLYHO\�� 6LPLODU� UHVXOW� ZDV� UHSRUWHG� E\�

5DQMLW� DQG� 6XZDQNHWQLNRP� ������� DQG�*LOO� HW� DO�� �������
ZKHUH� WKH\�IRXQG�H[FHOOHQW�FRQWURO�RI�JUDVV� �(FKLQRFKORD�
VSS���DQG�VHGJHV��&\SHUXV�VSS���XVLQJ�ELVS\ULEDF�DW�KLJKHU�

±�UDWHV� ������� J� KD �� DW� DQ� HDUO\� DSSOLFDWLRQ� WLPLQJ� �������
'$6��

:HHG�%LRPDVV
'U\� ELRPDVV� LV� WKH� EHVW� ZD\� RI� H[SUHVVLQJ� ZHHG�

GRPLQDQFH�DV�WKLV�PHWKRG�LV�OHVV�VHQVLWLYH�WR�WKH�VDPSOLQJ�
IUDPH� WKDQ� GHQVLW\�� )RU� H[DPSOH�� D� VLQJOH� FXOP� RI�
&RPPHOLQD� VSS��PD\�HTXDO� WHQV�RI�)LPEULVW\OLV� VSS��ZLWK�
UHVSHFW�WR�ELRPDVV��%LRPDVV�SURYLGHV�LQIRUPDWLRQ�DERXW�WKH�
DFFXPXODWLRQ�RI� WKH�JURZWK�DQG�XVH�RI�QXWULHQWV� IURP�WKH�
VRLO�� 7KH� ELRPDVV� RI� JUDVVHV�� EURDGOHDI�� DQG� VHGJHV� ZDV�
ORZHU�ZLWK�����'�DQG�ELVS\ULEDF�DORQH�RU�LQ�LQWHJUDWLRQ�ZLWK�
PDQXDO�ZHHGLQJ� FRPSDUHG� WR�ZHHG\� FKHFN�� VHVEDQLD� FR�
FXOWXUH�� SHQGLPHWKDOLQ� RQO\�� DQG� R[DGLDUJ\O� �7DEOH� ����$�
VHTXHQWLDO� DSSOLFDWLRQ� RI� ����'� RU� ELVS\ULEDF� IROORZLQJ�
SHQGLPHWKDOLQ� HTXDOO\� UHGXFHG� WKH� WRWDO� ZHHG� ELRPDVV�
JUHDWHU�WKDQ�SHQGLPHWKDOLQ�DORQH��R[DGLDUJ\O��DQG�VHVEDQLD�
FR�FXOWXUH��,QWHJUDWHG�ZHHG�FRQWURO�E\�FRPELQLQJ�SUH��DQG�
SRVW�HPHUJHQFH� KHUELFLGHV� DQG� KDQG�ZHHGLQJ�� HIIHFWLYHO\�
FRQWUROOHG�WKH�ZHHG�ELRPDVV�WKURXJKRXW�WKH�VHDVRQ�

��

%LVS\ULEDF� ZDV� IRXQG� VXSHULRU� LQ� FRQWUROOLQJ� VHGJHV��
JUDVVHV� DQG� WRWDO� ZHHG� ELRPDVV� WKDQ� RWKHUV� DW� ��� '$6�
LQGLFDWHG�WKDW�LW�FRXOG�ZRUN�HYHQ�DW�VWDQGLQJ�ZDWHU��7KH�SRVW�
HPHUJHQFH� DSSOLFDWLRQ� RI� ����'� ZDV� IRXQG� HIIHFWLYH� LQ�
FRQWUROOLQJ�EURDGOHDI�ZHHGV�FRPSDUDEOH�ZLWK�WKH�ELVS\ULEDF��
6HVEDQLD� FR�FXOWXUH� DQG� D� VLQJOH� DSSOLFDWLRQ� RI�
SHQGLPHWKDOLQ� ZHUH� IRXQG� ZHDNHU� LQ� UHGXFLQJ� ZHHG�
LQIHVWDWLRQ�WKURXJKRXW�WKH�VHDVRQ��2[DGLDUJ\O�IROORZHG�E\�
KDQG� ZHHGLQJ� SHUIRUPHG� LQ� EHWZHHQ� SUH�HPHUJHQFH� DQG�
SRVW�HPHUJHQFH� KHUELFLGHV�� +DQG� ZHHGLQJ� JDYH� DGGHG�
EHQH¿WV�WR�WKH�KHUELFLGH�DSSOLFDWLRQ�DOWKRXJK�LW�LV�FRQVLGHUHG�
XQHFRQRPLFDO��$�VLQJOH�DSSOLFDWLRQ�RI�SUH�RU�SRVW�HPHUJHQFH�
KHUELFLGH�PD\�QRW�UHVXOW�LQ�VXSHULRU�RXWFRPH��6LQJK�HW�DO��
�������ZKR�UHSRUWHG�LQLWLDO�HIIHFWLYHQHVV�RI�SUH�HPHUJHQFH�
KHUELFLGHV�VXFK�DV�SHQGLPHWKDOLQ�DQG�R[DGLDUJ\O�DORQH�EXW�
WKHLU� SHUIRUPDQFH� GHFOLQHG� ���'$6��7KH� SRVW�HPHUJHQFH�
DSSOLFDWLRQ� RI� ELVS\ULEDF� DQG� D]LPVXOIXURQ� ZDV� IRXQG�
VXSHULRU� HLWKHU� DSSOLHG� DORQH� RU� LQ� VHTXHQWLDO� ZLWK� SUH�
HPHUJHQFH�LQ�FRQWUROOLQJ�DOO�NLQGV�RI�ZHHGV�WKURXJKRXW�WKH�
VHDVRQ�� 7KH� JUDVV� FRPSRQHQW� LQ� WKH� ZHHG� FRPPXQLW\�

LQFUHDVHG�VLJQL¿FDQWO\�DIWHU�RQH�PRQWK�RI�VHHGLQJ��0DKDMDQ�
HW�DO���������DOVR�IRXQG�WKDW�WKH�VXEVHTXHQW�DSSOLFDWLRQ�RI�

±� ±�SHQGLPHWKDOLQ�DW���NJ�KD �IROORZHG�E\�ELVS\ULEDF�DW����J�KD �
DSSOLHG����'$6�UHVXOWHG�LQ�VLJQL¿FDQW�FRQWURO�RI�ZHHGV�LQ�
'65��:DOLD�HW�DO���������DOVR�UHSRUWHG�SHQGLPHWKDOLQ�DW�����

±� ±�J�KD �IROORZHG�E\�ELVS\ULEDF����J�KD �UHVXOWHG�LQ�D������
LQFUHDVH�LQ�ULFH�JUDLQ�\LHOG�WKDQ�ZHHG\�FKHFN��0F&DXOH\�HW�
DO�� ������� DOVR� REVHUYHG� WKDW�ZLWKRXW� VXSSOHPHQWDWLRQ� RI�
SRVW�HPHUJHQFH� KHUELFLGH� ZLWK� WKH� SUH�HPHUJHQFH� WKH�
FKDQFHV�RI�FURS�\LHOG�UHGXFWLRQ�FDQ�EH�LQFUHDVHG�IURP���WR�
����FRPSDUHG�WR�D�ZHHG�IUHH�FRQGLWLRQ��6LQJK�HW�DO���������
HPSKDVL]HG�WKH�LPSRUWDQFH�RI�WKH�VHTXHQWLDO�DSSOLFDWLRQ�RI�
SHQGLPHWKDOLQ� DV� SUH�HPHUJHQFH� DQG� FKORULPXURQ� ��
PHWVXOIXURQ�DV�SRVW�HPHUJHQFH� LQ� UHDOL]LQJ� UHGXFHG�JUDVV�
SRSXODWLRQ��7KH�UHVHDUFK�UHVXOWV�DUH�LQ�OLQH�ZLWK�WKH�SUHYLRXV�
VWXGLHV�RI�VXSHULRU�ZHHG�PDQDJHPHQW�LQ�GLUHFW�VHHGHG�ULFH�
ZLWK� WKH� DSSOLFDWLRQ� RI� SHQGLPHWKDOLQ� IROORZHG� E\�
ELVS\ULEDF��0DKDMDQ�DQG�&KDXKDQ��������*DQLH�HW�DO����������
7KH�VHTXHQWLDO�DSSOLFDWLRQ�RI�SHQGLPHWKDOLQ�DQG�����'�ZDV�
DOVR� IRXQG� VXSHULRU� FRPSDUDEOH�ZLWK� WKH� ELVS\ULEDF�� 7KH�

7DEOH����7RWDO�ZHHG�ELRPDVV�DV�DIIHFWHG�E\�GLIIHUHQW�ZHHG�PDQDJHPHQW�SUDFWLFHV�GXULQJ������������'$6��DQG�KDUYHVW�RI�'65�LQ�
&KLWZDQ��1HSDO�

'2,��KWWSV���G[�GRL�RUJ����������MDHIV��������������0DGKDY�'KDNDO��6KUDZDQ�.��6DK�DQG�*HHWD�.KDUHO



UHVXOWV�DOVR�LQGLFDWHG�WKDW�RQH�KDQG�ZHHGLQJ�KDG�DQ�DGGHG�
EHQH¿W� RI� UHDOL]LQJ� ZHHG� FRQWURO� LQ� FRPELQDWLRQ� RI�
KHUELFLGHV��&XUUHQW�UHVXOWV�DUH�LQ�OLQH�ZLWK�0DQQ�HW�DO���������
ZKR�UHSRUWHG�HIIHFWLYH�FRQWURO�RI�ZHHGV�ZLWK�SHQGLPHWKDOLQ�
IROORZHG�E\�����'� LQ�'65��$OWKRXJK� WKLV� UHVHDUFK� IRXQG�
VHVEDQLD�FR�FXOWXUH�LQIHULRU�LQ�FRQWUROOLQJ�ZHHGV�WKDQ�RWKHU�
PHWKRGV�� *KRVK� HW� DO�� ������� REVHUYHG� VLJQL¿FDQW� ZHHG�
FRQWURO�E\�VHVEDQLD�FR�FXOWXUH������PRUH�ZHHG�FRQWURO�WKDQ�
ZHHG\�FKHFN�ZKHQ�IROORZHG�E\�SHQGLPHWKDOLQ�DQG�WKHQ�����
'�� &RPELQLQJ� SUH�� DQG� SRVW�HPHUJHQFH� KHUELFLGHV� LQ� D�
VHTXHQFH�PD\�SURYLGH�HIIHFWLYH�ZHHG�FRQWURO�LQ�'65�

:HHG�&RQWURO�(I¿FLHQF\�DQG�:HHG�,QGH[
7KH�:&(�DQG�:,�IRU� WKH�HQWLUH�JURZLQJ�VHDVRQ�ZHUH�

FRPSDUHG� DPRQJ� WUHDWPHQWV� �)LJ�� ����6HVEDQLD� FR�FXOWXUH�
ZDV�IRXQG�WKH�ZHDNHVW�DPRQJ�WKH�WUHDWPHQWV�ZKLFK�KDG�RQO\�
���� HI¿FLHQF\� LQ� FRQWUROOLQJ� ZHHGV�� 6LPLODUO\��

SHQGLPHWKDOLQ�DORQH�ZDV�DOVR�LQHIIHFWLYH�LQ�FRQWUROOLQJ�WKH�
ZHHGV��,Q�FRQWUDVW��LQWHJUDWHG�ZHHG�FRQWURO�FRPELQLQJ�ERWK�
SUH�� DQG� SRVW�HPHUJHQFH� KHUELFLGHV� DORQJ� ZLWK� KDQG�
ZHHGLQJ� UHVXOWHG� LQ�:&(� UDQJHG� IURP� ��� WR� ����� 7KH�
VHTXHQWLDO�DSSOLFDWLRQ�RI�SHQGLPHWKDOLQ�IROORZHG�E\�HLWKHU�
ELVS\ULEDF� RU� ����'� UHVXOWHG� LQ� LQIHULRU� UHVXOWV� WKDQ� WKH�
DGGLWLRQDO�KDQG�ZHHGLQJ��2[DGLDUJ\O�VKRZHG�JUHDWHU�:&(�
WKDQ�SHQGLPHWKDOLQ�DORQH�DQG�WKH�VHVEDQLD�FR�FXOWXUH��7KH�
:,� RU� UHGXFWLRQ� LQ� \LHOG� GXH� WR� FURS�ZHHG� FRPSHWLWLRQ�
UDQJHG�IURP�����LQ�SHQGLPHWKDOLQ�IROORZHG�E\�ELVS\ULEDF�
IROORZHG�E\�KDQG�ZHHGLQJ�WR������LQ�ZHHG\�FKHFN��)LJ������
7KH� 6HVEDQLD� FR�FXOWXUH� ZLWK� ULFH� VKRZHG� KLJKHU� \LHOG�
UHGXFWLRQ� VLPLODU� WR� R[DGLDUJ\O� FRPSDUHG� WR� RWKHU�
WUHDWPHQWV�� 7KH� KLJKHU� ZHHG� GHQVLW\� DQG� WKH� VPRWKHULQJ�
HIIHFW�RI�VHVEDQLD� WR� WKH�FURS�FRXOG�EH�WKH�UHDVRQ�IRU� ORZ�
:&(�DQG�D�KLJKHU�:,�LQ�WKH�EURZQ�PDQXULQJ�SORWV�

��

7KH�HI¿FDF\�RI�FXUUHQWO\�DYDLODEOH�QDUURZ�VSHFWUXP�ULFH�
KHUELFLGHV�LV�OLPLWHG�ZKHQ�WKH\�DUH�XVHG�DORQH��6LQJK��������
&KDXKDQ�� ����E�� DQG� KDUGO\� SURYLGH� VHDVRQ�ORQJ� ZHHG�
FRQWURO� �.KDOLT� HW� DO��� ������� 6HVEDQLD� FR�FXOWXUH� ZDVQ
W�
IDPLOLDU� SUDFWLFH� WR� ORFDO� JURZHUV�� 2QH� RI� WKH� UHDVRQV�
KLJKOLJKWHG�E\�.XPDU�HW�DO���������ZDV�WKH�VPRWKHULQJ�HIIHFW�
RI�VHVEDQLD�WR�ULFH��6LQJK�HW�DO���������UHSRUWHG����WR�����
ORZHU� JUDVV� GHQVLWLHV� DQG� ��� WR� ���� ORZHU� EURDGOHDI�
GHQVLWLHV�ZLWK�VHVEDQLD�FR�FXOWXUH��7KH�UHVXOW�ZDV�VXSSRUWHG�
E\�0LVKUD�DQG�6LQJK���������ZKR�UHSRUWHG�ORZHU�JUDLQ�\LHOG�

±�������WR������0J�KD ��ZLWK�LQWHJUDWLRQ�RI�VHVEDQLD�ZLWK�����
'� DQG� IHQR[DSURS� FRPSDUHG� WR� RWKHU� ZHHG� FRQWURO�
WUHDWPHQWV�� 7KH� KLJKHU�:,�ZLWK� DQ� HDUO\� SRVW�HPHUJHQFH�
DSSOLFDWLRQ�RI�R[DGLDUJ\O�ZDV�GXH�WR�UHGXFHG�\LHOG�FDXVHG�E\�
FURS�LQMXU\�IURP�WKH�KHUELFLGH�WUHDWPHQW��&KDXKDQ������E��
GHVFULEHG� R[DGLDUJ\O� DV� QDUURZ�VSHFWUXP� KHUELFLGHV��
UHSRUWHG�ORZ�HI¿FDF\�ZKHQ�XVHG�DORQH��DQG�VXJJHVWHG�WKDW�
WKH\�GR�QRW�JLYH�VHDVRQ�ORQJ�ZHHG�FRQWURO��*LWVRSRXORV�DQG�
)URXG�:LOOLDPV� ������� UHSRUWHG� JUHDWHU� DFWLYLW\� RI�
R[DGLDUJ\O�XQGHU�ZHW�FRQGLWLRQV��DQG�'LFNPDQQ�HW�DO���������
QRWHG�WKDW�WKLV�KHUELFLGH�FDQ�EH�DGVRUEHG�E\�WKH�VRLO�FROORLGV�
DQG�FDQ�IRUP�D�VKDOORZ�KHUELFLGDO�OD\HU�WKDW�LQKLELWV�ZHHG�

VHHG�JHUPLQDWLRQ��,Q�FRQWUDVW��5DPDQD�HW�DO���������UHSRUWHG�
SRVLWLYH� UHVXOWV� ZKHUH� WKH\� IRXQG� WKH� ORZHVW� ZHHG� LQGH[�
������� IROORZLQJ� R[DGLDUJ\O� WUHDWPHQW�� $Q� LQWHJUDWHG�
DSSURDFK�XVLQJ�KHUELFLGHV�ZLWK�D�GLIIHUHQW�PRGH�RI�DFWLRQ�
ZDV�DGYRFDWHG�E\�0DLW\�DQG�0XNKDUMHH��������WR�FRPEDW�
ZHHG� PHQDFHV� LQ� '65� DQG� SUHYHQW� FKDQJHV� LQ� ZHHG�
FRPPXQLW\�VWUXFWXUH�ZKHUH�WKH\�UHSRUWHG����DQG�����:&(�
ZLWK�LQWHJUDWHG�ZHHG�PDQDJHPHQW�GXULQJ����DQG����'$6�
FRPSDUHG�WR�VLQJOH�DSSOLFDWLRQV�RI�SUH��DQG�SRVWHPHUJHQFH�
KHUELFLGHV��7KH�KLJKHU�\LHOG�FDQ�DFKLHYH�IURP�WKH�FRQVLVWHQW�
UHGXFWLRQ� RI� ZHHG� SRSXODWLRQ� UHVXOWLQJ� IURP� KHUELFLGHV�
LQWHJUDWHG�ZLWK�D�SK\VLFDO�PHWKRG�

(FRQRPLF�$QDO\VLV
&XOWLYDWLRQ�FRVW�IRU�'65�IURP�¿HOG�SUHSDUDWLRQ�WR�JUDLQ�

KDUYHVW� GLIIHUHG� DPRQJ� WUHDWPHQWV� �7DEOH� ���� +HUELFLGH�
DSSOLFDWLRQ�LQYROYHG�WKH�FRVW�RI�ODERU�DQG�FKHPLFDO��+DQG�
ZHHGLQJ�FRVW�ZDV�FDOFXODWHG�IURP�SHUVRQ�KRXU�QHHGHG�WR�GR�
WKH�MRE��:HHG�IUHH�FRQWURO�KDG�JUHDWHU�JURVV�DQG�QHW�UHWXUQ�
EXW�UHVXOWHG�LQ�ORZ�%�&�UDWLR�GXH�WR�KLJK�FRVW�RI�SURGXFWLRQ��
:HHG\�FKHFN�KDG�D�QHW�ORVV�RI�����86'�RYHU�SURGXFWLRQ�FRVW�
ZKHUHDV�DOO�ZHHG�FRQWURO�WUHDWPHQWV�ZHUH�DEOH�WR�SURYLGH�QHW�
SRVLWLYH�UHWXUQV��$PRQJ�LQWHJUDWHG�ZHHG�FRQWURO�PHWKRGV��

)LJXUH����:HHG�FRQWURO�HI¿FLHQF\�DQG�ZHHG�LQGH[�RI�ZHHG�PDQDJHPHQW�VWUDWHJLHV�LQ�'65�DW�&KLWZDQ��1HSDO����:���ZHHG\�FKHFN��
:��� ZHHG�IUHH� FRQWURO�� :��� VHVEDQLD� FR�FXOWXUH�� :��� SHQGLPHWKDOLQ�� :��� SHQGLPHWKDOLQ� �� KDQG� ZHHGLQJ�� :���
SHQGLPHWKDOLQ�������'��:���SHQGLPHWKDOLQ�������'���KDQG�ZHHGLQJ��:���SHQGLPHWKDOLQ���ELVS\ULEDF�VRGLXP��:���
SHQGLPHWKDOLQ���ELVS\ULEDF�VRGLXP���KDQG�ZHHGLQJ��2[DGLDUJ\O���KDQG�ZHHGLQJ����7UHDWPHQW�PHDQV� IROORZHG�E\�
GLIIHUHQW�ORZHUFDVH�OHWWHUV�DUH�GLIIHUHQW�DW�3��������

,QW�-�$JULF�(QYLURQ�)RRG�6FL������������ ��������0DGKDY�'KDNDO��6KUDZDQ�.��6DK�DQG�*HHWD�.KDUHO



SHQGLPHWKDOLQ� IROORZHG� E\� ELVS\ULEDF� DQG� KDQG�ZHHGLQJ�
KDG�JUHDWHU�YDOXH�FORVH� WR�����'�SUHFHGLQJ�SHQGLPHWKDOLQ�
DQG� IROORZHG�E\�KDQG�ZHHGLQJ��1HW� UHWXUQ� DQG�%�&� UDWLR�
FORVH�WR����������ZHUH�JUHDWHU�ZLWK�SHQGLPHWKDOLQ�IROORZHG�

E\�ELVS\ULEDF�WKDQ�WKDW�IROORZHG�E\�RQH�KDQG�ZHHGLQJ�DQG�
RWKHU� ZHHG� FRQWURO� WUHDWPHQWV�� 6HVEDQLD� FR�FXOWXUH� DQG�
R[DGLDUJ\O� IROORZHG� E\� KDQG�ZHHGLQJ� KDG� ORZ� HFRQRPLF�
UHWXUQ�WKDQ�RWKHU�LQWHJUDWHG�DSSURDFKHV�

��

2QH� RI� WKH� DGYDQWDJHV� RI� WKH� '65� V\VWHP� KDG� EHHQ�
REVHUYHG� DV� DOO� WKH� WUHDWPHQWV� ZHUH� \LHOGLQJ� ORZ� WR�
VDWLVIDFWRU\� �%�&� UDWLR� ���� WR� ������ OHYHOV� RI� HFRQRPLF�
EHQH¿W��7KH�UDWLR�LPSOLHG�WKDW�WKHUH�ZDV�DW�OHDVW�QR�ORVV�ZKLFK�
ZRXOG�EH�RSSRVLWH�LI�WKH�FURS�ZDV�WUDQVSODQWHG�ULFH�EHFDXVH�
RI�WKH�KLJK�FRVW�RI�ODERU�DQG�LUULJDWLRQ��,Q�D�VWXG\�FRQGXFWHG�
E\�'KDNDO�HW�DO���������LQ�1HSDO�UHSRUWHG�WKDW�WKH�IDUPHUV�RI���
GLVWULFWV� LQ� 7HUDL� UHJLRQ� UHDOL]HG� ORZHU� %�&� UDWLR� ZLWK�
WUDQVSODQWHG� ULFH� DV� FRPSDUHG� WR� '65�� 3UH�HPHUJHQFH�
DSSOLFDWLRQ�RI�SHQGLPHWKDOLQ�IROORZHG�E\�D�SRVW�HPHUJHQFH�
ELVS\ULEDF� FRQWUROOHG� HDUO\� DQG� ODWH� ÀXVK� RI� ZHHGV�
HIIHFWLYHO\�ZKLFK�PLUURUHG�LQWR�WKH�JUHDWHU�FURS�SURGXFWLYLW\�
DQG� HFRQRPLF� UHWXUQV� DV� FRPSDUHG� WR� WKH� OHVV� HI¿FLHQW�
PHWKRGV�RI�ZHHG�FRQWURO��7KH�UHVXOW�ZDV�LQ�FRQIRUPLW\�ZLWK�
+XVVDLQ�HW�DO����������WKH\�UHSRUWHG�WKH�KLJKHVW�QHW�EHQH¿W�
ZLWK�WKH�DSSOLFDWLRQ�RI�ELVS\ULEDF�IROORZHG�E\�6XQVWDU�*ROG�
ZKLOH� WKH� ORZHVW� QHW� JDLQ�ZDV� REVHUYHG� DW� DQ� XQZHHGHG�
FKHFN� SORW��+DVDQX]]DPDQ� HW� DO�� ������� UHSRUWHG� WKDW� WKH�
PD[LPXP�FRVW�RI�LQWHJUDWHG�ZHHG�FRQWURO�ZDV�KDQG�ZHHGLQJ�
GXH�WR�WKH�KLJK�FRVW�RI�ODERU�LQ�,QGLD��7KH�HFRQRPLF�DQDO\VLV�
DOVR�VKRZHG�WKDW�WKH�DSSOLFDWLRQ�RI�KHUELFLGH�PD[LPL]HG�WKH�
SUR¿W� DQG� %�&� UDWLR�� 7KH\� DOVR� DGGHG� WKDW� KHUELFLGDO�
WUHDWPHQWV� ZHUH� PRUH� SUR¿WDEOH� WKDQ� KDQG� ZHHGLQJ�� DQG�
PD\EH�DQ�DOWHUQDWLYH�LQ�FRQWUROOLQJ�ZHHGV�PRUH�HDVLO\�DQG�
FKHDSO\�ZKHQ�WKHUH�LV�D�ODERU�FULVLV�

&RQFOXVLRQV
7KH�'65�KRVWHG�DOO�NLQGV�RI�ZHHGV�DFURVV�WKH�ULFH�VHDVRQ�

ZLWK� D� FRPSOH[� PL[WXUH� RI� %/:�� VHGJHV�� DQG� JUDVVHV��
+RZHYHU��D�IHZ�ZHHG�VSHFLHV�VXFK�DV�&\QRGRQ�GDFW\ORQ�/���
&RPPHOLQD� VSS��� DQG� &\SHUXV� VSS�� UHPDLQHG� GRPLQDQW�
WKURXJKRXW�WKH�ULFH�JURZLQJ�SHULRG��:HHGV�FDQ�SRWHQWLDOO\�
UHGXFH�WKH�'65�\LHOG�E\�����LI�QRW�FRQWUROOHG��+HUELFLGHV�
FDQ� EH� HIIHFWLYH� XS� WR� ���� RI� WKH� ZHHG�IUHH� PHDVXUH� LI�
LQWHJUDWHG�ZLWK�PDQXDO�ZHHGLQJ��3HQGLPHWKDOLQ�IROORZHG�E\�
ELVS\ULEDF�DQG�KDQG�ZHHGLQJ�PD\�SURYLGH�H[FHOOHQW�ZHHG�
FRQWURO�ZKHUH�ELVS\ULEDF�IRXQG�HIIHFWLYH�LQ�NLOOLQJ�DOPRVW�DOO�
W\SHV� RI�ZHHGV� H[FHSW� IHZ�JUDVV� VSHFLHV��2[DGLDUJ\O� DQG�
VHVEDQLD� FR�FXOWXUH� ZLWK� ULFH� SHUIRUPHG� SRRUO\� DV� WKHVH�
PHWKRGV�DOVR�KDG�D�ORZ�HFRQRPLF�UHWXUQ��$OWKRXJK�WKH�SRVW�

HPHUJHQFH� DSSOLFDWLRQ� RI� ELVS\ULEDF� DORQJ� ZLWK� KDQG�
ZHHGLQJ�KDG�JUHDWHU�ZHHG�FRQWURO�DQG�KLJK�JURVV�SUR¿W��QHW�
UHWXUQ�ZDV� OLWWOH� GXH� WR� WKH�KLJK� FRVW� RI� ODERU�ZKLFK� DOVR�
ORZHUHG�%�&�UDWLR��1HYHUWKHOHVV��KDQG�ZHHGLQJ�FRXOG�EH�D�
IHDVLEOH� RSWLRQ� IRU� IDUPHUV� LI� WKH\� KDYH� D� VPDOO� DUHD� RI�
RSHUDWLRQ��%XW�IRU�ODUJH�FRPPHUFLDO�IDUPV��WKH�RQO\�RSWLRQ�LV�
WR� DGRSW� WKH� VHTXHQWLDO� DSSOLFDWLRQ� RI� SHQGLPHWKDOLQ� DQG�
ELVS\ULEDF�EHFDXVH� LW� DOORZV�PDVVLYH� IDUP�PHFKDQL]DWLRQ�
ZLWK�KLJK�QHW�UHWXUQV�DQG�HYHQWXDOO\�VROYH�WKH�SUREOHP�RI�WKH�
ODERU� FULVLV�� ,QWHJUDWLQJ� D� SUH�HPHUJHQFH� KHUELFLGH�
DSSOLFDWLRQ�ZLWK�SRVW�HPHUJHQFH�DSSHDUHG�WR�KDYH�WKH�EHVW�
SRWHQWLDOLW\�LQ�FRQWUROOLQJ�'65�ZHHGV�

$FNQRZOHGJPHQW
:H�JUHDWO\�DSSUHFLDWH�%LEHN�$FKDU\D��.ULVKQD�.KDGND��

DQG�.HVKDE�6XEHGL�IRU�WKHLU�WHFKQLFDO�DVVLVWDQFH�LQ�WKH�¿HOG��
:H� WKDQN� 'U�� 6DQWRVK�0DUDKDWWD� IRU� KLV� VXSSRUW� LQ� GDWD�
DQDO\VLV�� 7KH� UHVHDUFK� ZDV� VXSSRUWHG� E\� WKH� &,00<7�
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DVLGH� IRU� HLJKW� ZHHNV� EHIRUH� FRQGXFWLQJ� WKH� H[SHULPHQW��
6ZHHWSRWDWR�URRWV�ZHUH�JUDGHG�DFFRUGLQJ�WR�86'$�JUDGLQJ�
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KDG� VLPLODU� PDJQLWXGH� DQG� VKDSH� ZHUH� FKRVHQ� IRU� WKH�
H[DPLQDWLRQ��)RU�HDFK�FXOWLYDU��WKUHH�URRWV�RI�8�6��QR���SHWLWH�
VL]H��JUHDWHVW�PHDVXUHPHQW������LQFKHV��PRVW�H[WUHPH�OHQJWK�
��LQFKHV��ZHUH�FKRVHQ�LQGLVFULPLQDWHO\�DQG�ZDVKHG�ZLWK�WDS�
ZDWHU�SUHFHGLQJ�XVH�LQ�WHVW�

6ZHHWSRWDWR� FRRNLQJ� PHWKRGV� DQG� H[SHULPHQWDO�
GHVLJQ
7KH�RSHQ�QRQ�FRQYHQWLRQDO�FRRNLQJ�WHFKQLTXH��SUHVVXUH�

FRRNLQJ� DQG� EDNLQJ� ZHUH� WKH� WKUHH� FRRNLQJ� WHFKQLTXHV�
DSSOLHG� LQ� WKLV� UHVHDUFK� H[SHULPHQW�� 'LVWLOOHG� ZDWHU� ZDV�
XWLOL]HG�DV�D�SDUW�RI�FRRNLQJ�WR�NHHS�LRQV�IURP�DIIHFWLQJ�WKH�
¿UP�VWUXFWXUH�RI�WKH�VZHHWSRWDWR�FXOWLYDUV��

2SHQ�&RRNLQJ�
2SHQ�FRRNLQJ�ZDV�SHUIRUPHG�VSHFL¿FDOO\�RQ�KLJK�KHDW�

ZLWK�D���/�VWDLQOHVV�VWHHO�SRW�FRQWDLQLQJ����R]��WR����R]��RI�
EXEEOLQJ�ZDWHU�DQG�WKH\�ZHUH�FRRNHG�ZLWKRXW�SHHOLQJ�WKHLU�
VNLQV��/HLJKWRQ�HW�DO���������1R�WRS�FRYHU�ZDV�XWLOL]HG�IRU�
SRWV�LQ�WKH�RSHQ�FRRNLQJ�WHFKQLTXH��&RRNLQJ�WLPH�GLIIHUHG�
VOLJKWO\�DPRQJ�WKH�FXOWLYDUV��$�¿[HG�WLPH�RI����PLQXWHV�ZDV�
HPSOR\HG�

3UHVVXUH�FRRNLQJ
3UHVVXUH�FRRNLQJ�ZDV�GRQH�LQ�D���/�VWDLQOHVV�VWHHO�SRW��

ZLWK�������RXQFHV�RI�ZDWHU�DQG�WKH\�ZHUH�FRRNHG�ZLWKRXW�
SHHOLQJ�WKHLU�VNLQV��/HLJKWRQ�HW�DO���������&RRNLQJ�SRWV�ZHUH�
VHFXUHG� ZLWK� WKH� FXVWRPDU\� WRS� IRU� SUHVVXUH� FRRNLQJ�� ,Q�
SUHVVXUH�FRRNLQJ�WKH�WHPSHUDWXUH�XVHG�ZDV������&�DQG�ZLWK�
VLPLODU�VSHFL¿F�WLPH�RI����PLQXWHV��

%DNLQJ�
%DNHG� VDPSOHV�ZHUH� KHDWHG� LQ� DOXPLQXP�FRQWDLQHU� DW�

����&� IRU� ���PLQ�ZLWKLQ� DQ�RYHQ��&RRNLQJ�GXUDWLRQ�ZDV�
FKRVHQ�ZLWK�WKH�DVVLVWDQFH�RI�VHQVRU\�WHVWV��/HNVULVRPSRQJ�
HW�DO���������$QG�¿QDOO\� LQ�RUGHU� WR�FRPSDUH�WKH�GLIIHUHQW�
FRRNLQJ�SURFHGXUHV��WKH�¿QDO�SURGXFW�WHPSHUDWXUH�ZDV�NHSW�
FRQVWDQW��7KH�LQWHUQDO�SURGXFW�WHPSHUDWXUH�ZDV�NHSW�FRQVWDQW�
IRU� DOO� WUHDWPHQWV� LQ� RUGHU� WR� FRPSDUH� WKH� GLIIHUHQW�
SURFHVVLQJ� �� KHDW� WUHDWPHQWV�� 6HYHUDO� H[SHULPHQWV� ZHUH�
FRQGXFWHG�WR�¿[�WKH�¿QDO�LQWHUQDO�SURGXFW�WHPSHUDWXUH���

,QVWUXPHQWDO�SUR¿OH�DQDO\VLV�
$IWHU�FRRNLQJ��DOO�VZHHWSRWDWR�ZHUH�OHIW�WR�FRRO�DW�URRP�

WHPSHUDWXUH��WKHQ�SHHOHG��GLFHG�LQWR�RQH�LQFK�FXEH�VTXDUH�
VDPSOHV�DQG�SXW�DZD\�LQ�LQGHSHQGHQWO\�VHDOHG�DQG�ODEHOOHG�
SRO\WKHQH� EDJV� WR� SUHYHQW� ORVV� RI� PRLVWXUH� EHIRUH�
FRPSOHWLQJ� LQVWUXPHQWDO� H[DPLQDWLRQ�� 7H[WXUH� 3UR¿OH�
$QDO\VLV��73$��ZDV�¿QLVKHG�XWLOL]LQJ�D�WH[WXUH�DQDO\]HU�7$�
+'�3OXV��7H[WXUH�7HFKQRORJLHV��86$���XWLOL]LQJ�D�OHYHO�SODWH�
���PP�LQ�EUHDGWK��7KH�VDPSOHV�ZHUH�SDFNHG�WR�����RI�WKHLU�
XQLTXH� VWDWXUH� E\� WZR� FRQWLQXRXV� FRPSUHVVLRQV�� 7KH�
FURVVKHDG�VSHHG�ZDV�VHW�DW������PP�VHF��&RQ¿JXUHG�KHLJKW�
ZDV�DW����PP��3UH�WHVW�VSHHG�ZDV�VHW�DW������PP�VHF�ZKLOH�
SRVW�WHVW�VSHHG�ZDV������PP�VHF��7HVWLQJ�FRPSUHVVLRQ�ZDV�
GRQH�DV�IROORZV��7KH�SODWH�DSSURDFKHV�WKH�VSHFLPHQ����LQFK�
FXEH��IURP�WKH�FDOLEUDWHG�KHLJKW����PP��ZLWK�WKH�SUH�WHVW�
VSHHG��SDFNV�LW�WR�KDOI�RI�WKH�RULJLQDO�KHLJKW�ZLWK�WHVW�VSHHG��
SODWH�JRHV�EDFN�WR�WKH�RULJLQDO�SRVLWLRQ�XVLQJ�SRVW�WHVW�VSHHG��
2QFH� WKH� WHVW� LV� ¿QLVKHG�� WKH� SXOYHUL]HG� H[DPSOH� ZDV�
H[SHOOHG��DQG�WKH�VWDJH�VXUIDFH�ZDV�FOHDQHG�WR�HYDFXDWH�WKH�
H[WUDFWHG�GDPSQHVV�RU�ZDWHU��$W�WKDW�SRLQW��WKH�QH[W�VSHFLPHQ�
ZDV� VHW� XQGHUQHDWK� WKH� SODWH�� )RU� HDFK� FXOWLYDU�� WKUHH�
GLIIHUHQW� WUHDWPHQWV� �RSHQ� FRRNLQJ�� SUHVVXUH� FRRNLQJ� DQG�
EDNLQJ��ZHUH�DSSOLHG��7KUHH�VDPSOHV�IRU�HDFK�WUHDWPHQW�ZDV�
WHVWHG��&DUH�ZDV�WDNHQ�WR�JXDUDQWHH�WKH�VSHFLPHQ�UHPRYHG�
IURP� WKH� SODWH� ZKHQ� WKH� SODWH� ¿QLVKHG� WKH� VHFRQG�
FRPSUHVVLRQ�F\FOH�DQG�FDPH�EDFN�WR�LWV�XQGHUO\LQJ�SRVLWLRQ�

3URJUHVVLYHO\��WH[WXUH�SUR¿OH�RI�WKH�YDULRXV�VZHHWSRWDWR�

VDPSOHV�SUHSDUHG�XVLQJ�GLIIHUHQW�FRRNLQJ�VWUDWHJLHV��)LJ�����
ZHUH�H[DPLQHG�IRU������+DUGQHVV��1���WKH�KLJKHVW�IRUFH�DW�WKH�
SULPDU\� FRPSUHVVLRQ� �KHLJKW� RI� ¿UVW � SHDN��� ����
&RKHVLYHQHVV��WKH�SURSRUWLRQ�UDWLR�RI�WKH�UHJLRQV�RI�WKH�WZR�
UHVLVWDQFH�ULGJHV��$UHD���$UHD���������*XPPLQHVV��+DUGQHVV�

�&RKHVLYHQHVV��� ����6SULQJLQHVV� LV�GLVWDQFH����GLVWDQFH���
�6SULQJLQHVV�LV�WKH�UHJDLQHG�KHLJKW�RI�WKH�VSHFLPHQ�DIWHU�WKH�
FRPSUHVVLYH�H[HUWLRQ�LV�UHPRYHG��%RXUQH���������FDOFXODWHG�
DV�WKH�UDWLR�RI�WKH�FRPSUHVVLRQ�GLVWDQFH�UHJDLQHG�EHWZHHQ�WKH�
SULPDU\� DQG� VHFRQGDU\� FRPSUHVVLRQ� �0RQWHMDQR� HW� DO��
������� ���� 5HVLOLHQFH� �$UHD��� $UHD��� ���� &KHZLQHVV�
�*XPPLQHVV�
�6SULQJLQHVV��

'DWD�DQDO\VLV�
'DWD�FROOHFWLRQ�DQG�FDOFXODWLRQ�ZHUH�DFFRPSOLVKHG�XVLQJ�

H[SRQHQW� VRIWZDUH� RI� WKH� WH[WXUH� DQDO\]HU�� ,QVWUXPHQWDO�
WH[WXUH�SDUDPHWHUV�IURP�WKH�IRUFH�YHUVXV�WLPH�FXUYHV�ZHUH�
UHFRUGHG� LQ� WULSOLFDWHV�� 7KUHH� VZHHWSRWDWRHV� SHU� FXOWLYDU�
ZHUH� DQDO\]HG� LQ� HDFK� WUHDWPHQW�� 'DWD� IURP� WKH� WH[WXUH�
SUR¿OH� DQDO\VLV� ZHUH� FRPELQHG� IRU� DQDO\VLV� RI� YDULDQFH�
�$129$��XVLQJ�352&�*/0�LQ�6$6��9HU�������6$6��,QF���
&DU\��1�&���WR�GHWHUPLQH�VLJQL¿FDQW�LQÀXHQFHV�RI�SULPDU\�
SDUDPHWHUV�FXOWLYDU�DQG�FRRNLQJ�PHWKRGV�RQ�WKH�VHFRQGDU\�
SDUDPHWHUV� RI� KDUGQHVV�� DQG� VSULQJLQHVV�� FRKHVLYHQHVV��
JXPPLQHVV�� FKHZLQHVV�� DQG� UHVLOLHQFH�� ,I� LQWHUDFWLRQV� RI�
FXOWLYDU�DQG�FRRNLQJ�PHWKRGV�ZHUH� VLJQL¿FDQW�� WKH\�ZHUH�
XVHG� WR� H[SODLQ� WKH� UHVXOWV�� )LVKHU
V� OHDVW� VLJQL¿FDQW�
GLIIHUHQFH��/6'�� �)LVKHU�������� WHVW�ZDV�XVHG�IRU�PXOWLSOH�
FRPSDULVRQV�EHWZHHQ�PHDQ�YDOXHV�RI�WKH�YDULDEOHV�FXOWLYDU�
DQG�FRRNLQJ�PHWKRGV��

5HVXOWV�DQG�'LVFXVVLRQ
$Q� DQDO\VLV� RI� YDULDQFH� �$129$�� ZDV� SHUIRUPHG� WR�

KLJKOLJKW� WKH� FKDUDFWHULVWLFV� DQG� VLJQL¿FDQW� WH[WXUH�
GLIIHUHQFHV�REVHUYHG�IRU�HDFK�VDPSOH��5HJDUGOHVV�RI�ÀHVK�
FRORU�� WKH� VL]HV� RI� WKH� 86�� QR� �� 3HWLWH� VZHHWSRWDWR� URRWV�
HPSOR\HG�LQ�WKLV�VWXG\�ZHUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�IURP�
HDFK�RWKHU��7DEOH�����7KH�UHVXOWV�DOVR�GHSLFWHG�WKH�FXOWLYDU�
KDG�QR�VLJQL¿FDQW�HIIHFW�RQ�WKH�VL]HV�RI�WKH�VZHHWSRWDWR�URRWV�
�7DEOH� ���� � 7H[WXUH� DQDO\VHV� ZHUH� SHUIRUPHG� RQ� FRRNHG�
VOLFHV�RI�WKH�VL[�VZHHW�SRWDWR�VDPSOHV��

2SHQ�FRRNLQJ�
+DUGQHVV� DQG� UHVLOLHQFH�ZHUH� REVHUYHG� WR� EH� KLJKHVW��

ZKLOH�FRKHVLYHQHVV�KDG�WKH�ORZHVW�YDOXHV�DPRQJ�WKH�RSHQ�
FRRNHG�WUHDWHG�VZHHWSRWDWR�FXOWLYDUV��7DEOH����

3UHVVXUH�FRRNLQJ�
+DUGQHVV�� JXPPLQHVV�� FKHZLQHVV� DQG� UHVLOLHQFH� ZHUH�

IRXQG�WR�EH�UHGXFHG�VLJQL¿FDQWO\�LQ�SUHVVXUH�FRRNLQJ�ZKHQ�
FRPSDUHG�WR�RWKHU�FRRNLQJ�PHWKRGV��7DEOH����

%DNLQJ
&RKHVLYHQHVV��JXPPLQHVV�DQG�FKHZLQHVV�ZHUH�KLJKHVW�

��

'2,��KWWSV���G[�GRL�RUJ����������MDHIV�������������

)LJXUH� ��� 7\SLFDO� WH[WXUH� SUR¿OH� DQDO\VLV� �73$�� VZHHW�
SRWDWRHV�LQGLFDWLQJ�WH[WXUH�SDUDPHWHUV
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LQ� WKH� EDNHG� WUHDWPHQWV� �7DEOH� ���� 'LIIHUHQW� PHWKRGV� RI�
FRRNLQJ� DUH� LPSDFWHG� E\� D� EOHQG� RI� YDULRXV� IDFWRUV�� OLNH�
WHPSHUDWXUH�DQG�WLPH��WKXV�ZKHQ�FRPSDULQJ�YDULRXV�FRRNLQJ�
WHFKQLTXHV��FDUH�VKRXOG�EH�WDNHQ�DV�RXWFRPHV�ZLOO�ÀXFWXDWH�
GXH�WR�WKH�W\SH�RI�FRRNLQJ�WUHDWPHQW�DSSOLHG�DQG�WKH�IRRG�
SURGXFW�EHLQJ�SUHSDUHG��%HUQDG���������7KH�GHFLGLQJ�IDFWRU�
IRU� WKH� WH[WXUH� RI� SODQW� VXEVWDQFHV� DUH� WKH� FHOO� ZDOO
V�
SURSHUWLHV��PDJQLWXGH�DQG�VSUHDG�RI�YHVLFOHV�ZLWKLQ�WKH�FHOO
V�
F\WRSODVP�DQG�WKH�DLU�VSDFHV�ORFDWHG�LQ�EHWZHHQ�FHOOV��%DFK��
������� 7KH� WH[WXUDO� FKDUDFWHULVWLFV� RI� URRW� FURSV� DUH�
GHWHUPLQHG�E\�WKH�FRQVWLWXHQWV�RI�FHOO�ZDOO�SRO\PHUV�DQG�FHOO�
WXUJRU�SUHVVXUH��%DFK���������5RRW�FURSV�FRQVLVW�PRVWO\�RI�
WKLQ�ZDOOHG�IXQFWLRQDO�VWRUDJH�FHOOXODU�WLVVXHV�DQG�FHOO�ZDOOV�
WKDW� FRPSULVH� RI� ���� SRO\VDFFKDULGHV� �XVXDOO\� FHOOXORVH��
SHSWLF�VXEVWDQFHV�DQG�KHPLFHOOXORVH��DQG�����JO\FRV\ODWHG�
SURWHLQV�DQG�SKHQROLF�FRQVWLWXHQWV��6PLWK�HW�DO���������%DFK��
������� ,Q� DGGLWLRQ�� RWKHU� FRPSRQHQWV� VXFK� DV�� VL]H� DQG�
PDJQLWXGH�RI�IRRG�SDUWLFOHV��OHYHO�RI�KHWHURJHQHLW\��DQG�WKH�
DVVRFLDWLRQ� RI� VWDUFK�ZLWK� OLSLGV�� SURWHLQ� DQG� ¿EHU�ZRXOG�
PRGLI\� WKH� FKDUDFWHULVWLFV� WKDW� DULVH� GXH� WR� WKH� WKHUPDO�
WUHDWPHQW��7UDQFRVR�5H\HV�HW�DO����������

&XOWLYDU�
$OO� SXUSOH� �SXUSOH� ÀHVKHG�� VZHHWSRWDWR� GLIIHUHG�

VLJQL¿FDQWO\�IURP�RWKHU�FXOWLYDUV�ZLWK�WKH�KLJKHVW�YDOXH�RI�
KDUGQHVV�� FRKHVLYHQHVV��JXPPLQHVV�DQG�FKHZLQHVV� �7DEOH�
���� %HDXUHJDUG� KHOG� WKH� KLJKHVW� YDOXH� IRU� VSULQJLQHVV��
KRZHYHU�� LW� VKRZHG� QR� VLJQL¿FDQW� GLIIHUHQFHV� IURP� WKH�
*ROGHQ�1XJJHW�DQG�$OO�3XUSOH�FXOWLYDU��7DEOH�����%HDXUHJDUG�
DOVR�ZDV�WKH�FXOWLYDU�ZLWK�WKH�PRVW�UHVLOLHQW�WH[WXUH�DQG�WKH�
OHDVW� VSULQJ\� RI� DOO� FXOWLYDUV� DOWKRXJK� LWV� UHVLOLHQFH� DQG�
VSULQJ\�WH[WXUH�SUR¿OH��GLG�QRW�YDU\�VLJQL¿FDQWO\�IURP�PRVW�
RI�WKH�RWKHU�FXOWLYDUV��*LQVHQJ�SURGXFHG�VLJQL¿FDQWO\�ORZHU�
UHVLOLHQFH� WKDQ�DOO� WKH�RWKHU�FXOWLYDUV� WHVWHG��*LQVHQJ�DOVR�
SURGXFHG�WKH� ORZHVW�SDUDPHWHUV�IRU�KDUGQHVV��VSULQJLQHVV��
JXPPLQHVV� DQG� FKHZLQHVV� KRZHYHU� LW� GLG� QRW� YDU\�
VLJQL¿FDQWO\�IURP�PDQ\�RI�WKH�RWKHU�FXOWLYDUV��&RKHVLYHQHVV��
JXPPLQHVV� DQG� FKHZLQHVV� ZHUH� KLJKHVW� LQ� WKH� EDNHG�
WUHDWPHQWV�ZKLOH�KDUGQHVV�DQG�UHVLOLHQFH�ZHUH�REVHUYHG�WR�EH�
KLJKHVW�LQ�WKH�RSHQ�FRRNHG�WUHDWPHQWV��7DEOH�����+DUGQHVV��
JXPPLQHVV�� FKHZLQHVV� DQG� UHVLOLHQFH� ZHUH� IRXQG� WR� EH�
UHGXFHG� VLJQL¿FDQWO\� LQ� SUHVVXUH� FRRNHG� VZHHWSRWDWRHV�
ZKHQ� FRPSDUHG� WR� WKH� UHVW� RI� WKH� FRRNLQJ� PHWKRGV���
&RKHVLYHQHVV�KDG�WKH�ORZHVW�YDOXHV�DPRQJ�WKH�RSHQ�FRRNHG�
WUHDWHG�VZHHWSRWDWR�FXOWLYDUV��6SULQJLQHVV�KDG�QR�VLJQL¿FDQW�

HIIHFW� RQ� SUHVVXUH� FRRNHG� WUHDWPHQW� VZHHWSRWDWR� URRWV��
/HNVULVRPSRQJ�HW�DO���������OLNHZLVH�DVVHVVHG�WKH�LPSDFW�RI�
VZHHW�SRWDWR�RI�YDULRXV�ÀHVK�FRORUV�RQ�EX\HU�SUHIHUHQFH�DQG�
GLVFRYHUHG� WKDW� WKH� RUDQJH� ÀHVKHG� VZHHW� SRWDWRHV� ZHUH�
DSSHDUHG�WR�EH�PRLVWHU�DQG�VRIWHU�WKDQ�WKRVH�RI�RWKHU�ÀHVK�
FRORUV��/HNVULVRPSRQJ�HW�DO���������7KH�SXUSOH�VKDGHG�VZHHW�
SRWDWRHV�ZHUH�EHOLHYHG�WR�EH�VWULQJLHU�DQG�¿UPHU�LQ�WH[WXUH�
�/HNVULVRPSRQJ� HW� DO�� ������� &RQVXPHUV� JHQHUDOO\� ZHUH�
RSHQ�WR�WU\�VZHHWSRWDWRHV�RI�GLIIHUHQW�ÀHVK�FRORUV�RQO\�LI�WKH�
ÀDYRU�DQG�WH[WXUDO�WUDLWV�ZHUH�OLNHZLVH�YHU\�PXFK�HQMR\HG�
�/HNVULVRPSRQJ�HW�DO��������

'U\�PDWWHU�FRQWHQW�KDV�EHHQ�UHSRUWHG�WR�EH�FRQQHFWHG�WR�
VRPH� GHJUHH� ZLWK� WKH� WH[WXUH� RI� SRWDWRHV�� DOWKRXJK� WKLV�
UHDOLW\�LV�QRW�UHDOO\�FOHDU��9DQ�0DUOH�HW�DO���������7KH�GU\�
ZHLJKW�RI�SRWDWRHV�GHWHUPLQHV�WKH�WH[WXUH�RI�FRRNHG�DQG�UDZ�
SRWDWRHV� �7K\ER�	�0DUWHQV� ������9DQ� 'LMN� HW� DO�� ������
6HHIHOGW�HW�DO���������3UHYLRXV�UHVHDUFK�VWXGLHV�KDYH�VKRZQ�
WKDW��UDZ�SRWDWRHV�ZLWK�ORZHU�GU\�PDWWHU�FRQWHQW�DUH�VRIW��DQG�
SRWDWRHV�ZLWK�KLJKHU�GU\�ZHLJKW�EDVLV�DUH�¿UPHU�DQG�KDUGHU�
�*LOVHQDQ�HW�DO���������.UXJHU�HW�DO���������UHSRUWHG�WKDW�WKH�
GU\�PDWWHU�FRQWHQW�RI�WKH�ZKLWH�ÀHVKHG�VZHHWSRWDWR�DW�������
ZDV� ORZHU� WKDQ� WKDW� RI� WKH� RUDQJH� ÀHVKHG� VZHHWSRWDWR� DW�
�����/HLJKWRQ�HW�DO�� ������� LQ�DGGLWLRQ�REVHUYHG� WKDW� WKH�
ZKLWH�ÀHVKHG� VZHHWSRWDWR� KDG� D� PRLVWHU� DSSHDUDQFH�� D�
PRLVWHU� WH[WXUH� ZKHQ� ¿UVW� FKHZHG� DQG� VHHPHG� WR� KDYH�
UHGXFHG� ¿UPQHVV� WKDQ� RI� RUDQJH�ÀHVKHG� VZHHWSRWDWR��
/HLJKWRQ�HW�DO����������H[SODLQHG�WKDW�WKH�KLJKHU�GU\�PDWWHU�
FRQWHQW�RI�RUDQJH�ÀHVKHG�VZHHWSRWDWR�FRXOG�KDYH�DGGHG�WR�LWV�
EHLQJ�OHVV�PRLVW�RQ�DSSHDUDQFH��PRUH�GHQVHU�DQG�SDVWLHU�WKDQ�
WKH�ZKLWH�ÀHVKHG�VZHHWSRWDWR��,Q�DGGLWLRQ��VRPHZKDW�OHVVHU�
GU\�PDWWHU�RI�ZKLWH�ÀHVKHG�VZHHWSRWDWR�FRXOG�DFFRXQW�IRU�
WKH� KLJKHU� ZDWHU\� DSSHDUDQFH� �PRLVWXUH� FRQWHQW�� RI� WKH�
FRRNHG�ZKLWH�ÀHVKHG� VZHHWSRWDWR� ZKHQ� DVVHVVHG� XVLQJ� D�
WUDLQHG�VHQVRU\�SDQHO��/HLJKWRQ�HW�DO���������7RPOLQV�DQG�
RWKHUV� ������� UHSRUWHG� WKDW� WKH� PRVW� HVVHQWLDO� VHQVRU\�
GHVFULSWRUV�DIIHFWLQJ�FRQVXPHU�DFFHSWDELOLW\�ZHUH�VWDUFK�DQG�
VWLFNLQHVV� DV� WKH\� ZHUH� PRUH� IDYRUHG� E\� FRQVXPHUV�
FRPSDUHG�WR�WKH�OHDVW�SUHIHUUHG�W\SHV�ZHUH�QHLWKHU�VWDUFK\�
QRU�ZHUH� WKH\� VWLFN\� �7RPOLQV� HW� DO�� �������1HYHUWKHOHVV��
$IXDSH� HW� DO�� ������� FRQGXFWHG� VHQVRU\� DVVHVVPHQWV� RI�
IRXUWHHQ�VZHHW�SRWDWR�FXOWLYDUV�ZLWK�YDULRXV�ÀHVK�FRORUV�DQG�
GLVFRYHUHG�WKDW�DOO�ZHUH�DFFHSWDEOH�WR�FRQVXPHUV��&RQVXPHU�
DFFHSWDQFH� RI� ÀHVK� FRORU�� WH[WXUH� DQG� DURPD� RI� ERLOHG�
VZHHWSRWDWRHV�ZDV�VLJQL¿FDQW��$IXDSH�HW�DO��������
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7DEOH� ��� 3K\VLFDO� SURSHUWLHV� RI� VZHHWSRWDWR� FXOWLYDUV� �$YHUDJH� VL]HV�ZHLJKW�� OHQJWK� DQG� GLDPHWHU�� RI� 8�6�� QR� �� SHWLWH� VL]H�
VZHHWSRWDWR�URRWV�FXOWLYDWHG�LQ�WKH������JURZLQJ�VHDVRQ�

7DEOH����$129$�UHVXOWV�LQGLFDWLQJ�HIIHFW�RI�FXOWLYDU�RQ�8�6��QR���SHWLWH�VZHHWSRWDWR�URRW�VL]H



&RPSDULVRQ�
,Q� JHQHUDO�� WKH� $129$� UHVXOW� RI� WKH� VL[� WH[WXUH�

SDUDPHWHUV� HYDOXDWHG� ZHUH� VLJQL¿FDQW� IRU� WKH� FXOWLYDU��
FRRNLQJ�PHWKRG�DQG�FXOWLYDU�E\�FRRNLQJ�PHWKRG�LQWHUDFWLRQ�
HIIHFW�� WKH� RQO\� H[FHSWLRQ� ZDV� WKH� HIIHFW� RI� WKH� FRRNLQJ�
PHWKRG�RQ�VSULQJLQHVV�ZDV�QRW�VLJQL¿FDQW��7DEOH������2Q�WKH�
SURSHUWLHV� RI� -HZHO� VZHHWSRWDWRHV� WKDW� KDG� EHHQ� EDNHG�
SDUWLDOO\�DQG�FKLOOHG�EHIRUH�¿QDO�FRRNLQJ��7UXRQJ�	�:DOWHU�
������� VSULQJLQHVV� KDG� QR� VLJQL¿FDQW� HIIHFW� RQ� SUHVVXUH�
FRRNHG� WUHDWPHQW� VZHHWSRWDWR� URRWV��2I�DOO� WKH� WUHDWPHQWV�

WHVWHG��RSHQ�FRRNHG�FXOWLYDUV�RI�$OO�3XUSOH�ZHUH�WKH�KDUGHVW��
ZLWK�QR�VLJQL¿FDQW�YDULDWLRQ�IURP�WKH�EDNHG�*ROGHQ�1XJJHW�
FXOWLYDUV��7DEOH�����73$�KDUGQHVV�DQG�IUDFWXUDELOLW\�VKRZHG�
FRPSDUDWLYH�SDWWHUQV�DQG�ZHUH�KLJKO\�FRUUHODWHG�ZLWK�SHDN�
IRUFH��7UXRQJ�HW�DO���������,W�LV�QRWHZRUWK\�WKDW�WKH�VWUHQJWK�
RI� WKH�FHOO�ZDOO�DQG�FHOO� WXJRU�SUHVVXUH�DUH� WKH� UHDVRQ� IRU�
KDUGQHVV� LQ�SODQW� WLVVXH� �/LQ�	�3LWW�� �������:KHQ�KHDW� LV�
DSSOLHG�KRZHYHU��WKH�FHOO�PHPEUDQH�VWUXFWXUH�LV�GLVWXUEHG��
DQG�WKHUH�LV�ORVV�WXUJRU�SUHVVXUH�ZKHUHLQ�ZDWHU�¿OWHUV�IURP�
WKH�FHOOV��%DFK��������

��

'2,��KWWSV���G[�GRL�RUJ����������MDHIV��������������

7DEOH����0DLQ�HIIHFW�RI�FXOWLYDUV�RQ�73$�SDUDPHWHUV

6RFKLQZHFKL�1ZRVLVL��'LOLS�1DQGZDQL�DQG�5DPDVDP\�5DYL

7DEOH����&XOWLYDU�DQG�FRRNLQJ�PHWKRG�LQWHUDFWLRQ��,QVWUXPHQWDO�WH[WXUH�SDUDPHWHUV



)LUVW� WKH� FHOO� WLVVXHV� ORRVH� VROLGQHVV� TXLFNO\�� D� WXUJRU�
SUHVVXUH�GLPLQLVKHV��*UHYH�HW�DO������E��WKHQ�WKH�FHOO�ZDOO�
ORVHV�LWV�LQWHJULW\�DV�D�UHVXOW�RI�D�ORVV�RI�SHFWLF�FRPSRXQGV�
�*UHYH� HW� DO�� ����D��� 6WDUFK� JUDQXOHV� LQ� URRW� FURSV� DUH�
DYDLODEOH� LQ� XQGH¿QHG� DQG� FU\VWDO�OLNH� VWUXFWXUHV� �%DFK�
�������7KH�VWDUFK�LQ�IUHVKO\�KDUYHVWHG�URRWV�UDQJH�IURP������
WR� ������ �7LDQ� HW� DO�� ������� ,Q� DGGLWLRQ�� %DFK� �������
GLVFRYHUHG� EHHWURRWV� DUH� PRUH� WKHUPDOO\� VWDEOH� ZKHQ� LWV�
WH[WXUH� ZDV� FRPSDUHG� ZLWK� WKDW� RI� -HUXVDOHP� DUWLFKRNH�
WXEHUV�DQG�VRIWHQLQJ�RI�EHHWURRWV�WKURXJK�ERLOLQJ�ZDV�MXVW�DV�
D� UHVXOW� RI� EUHDN� RI� FHOO�ZDOO� VWUXFWXUH� DQG� ORVV� RI� WXUJRU�
SUHVVXUH��$V�EHHWURRWV�KDYH�FRQVLGHUDEOH�PHDVXUHV�RI�IHUXOLF�
DFLG� GLPHUV��ZKLFK� DUH� HQJDJHG�ZLWK� FURVV�FRQQHFWLQJ� RI�
SHFWLF�SRO\VDFFKDULGHV�EHWZHHQ�FHOOV��SURPSWLQJ�D�VROLG�FHOO�
DGKHVLRQ�HYHQ�DIWHU�DIWHU�WUHDWPHQW��:DOGURQ�HW�DO������D�

2SHQ�FRRNHG�
$OO� 3XUSOH� VZHHWSRWDWR� FXOWLYDU� ZHUH� WKH� JXPPLHVW�

DOWKRXJK� WKH\� GLG� QRW� YDU\� VLJQL¿FDQWO\� IURP� EDNHG�$OO�
3XUSOH� DQG� EDNHG� *ROGHQ� 1XJJHW� VZHHWSRWDWR� FXOWLYDUV�
�7DEOH�����%DNHG�*ROGHQ�1XJJHW�VZHHWSRWDWRHV�ZHUH�DOVR�WKH�
FKHZLHVW��KRZHYHU�WKH\�GLG�QRW�YDU\�VLJQL¿FDQWO\�IURP�RSHQ�
FRRNHG� $OO� 3XUSOH� VZHHWSRWDWR� �7DEOH� ���� 'XULQJ� WKH�
FKHZLQJ� SURFHVV�� WKH� FHOO� ZDOO� H[SHULHQFHV� WZLVWLQJ� RU�
EUHDNLQJ�EDVHG�RQ�WKH�FKDUDFWHULVWLFV�WKH�FHOO�ZDOO��:DOGURQ�
HW� DO�� ����E��� %HDXUHJDUG� VZHHWSRWDWR� SUHSDUHG� E\� RSHQ�
FRRNLQJ�KDG�WKH�KLJKHVW�UHVLOLHQFH�EXW�LWV�UHVLOLHQFH�YDOXH�GLG�
QRW�YDU\�VLJQL¿FDQWO\�IURP�WKRVH�LQ�EDNHG�*ROGHQ�1XJJHW�
VZHHWSRWDWR�DQG�LQ�WKH�RSHQ�FRRNHG�%XUJXQG\�DQG�$OO�3XUSOH�
VZHHWSRWDWR�FXOWLYDUV��7DEOH�����7KH�PRVW�FRKHVLYH�ZHUH�WKH�
%HDXUHJDUG�VZHHWSRWDWRHV� WR�ZKLFK�SUHVVXUH�FRRNLQJ�ZDV�
DSSOLHG� ZKLOH� WKH� VSULQJLHVW� ZHUH� WKH� EDNHG� $OO� 3XUSOH�
VZHHWSRWDWRHV��DOWKRXJK�ERWK�GLG�QRW�YDU\�VLJQL¿FDQWO\�IURP�
PDQ\�RI�WKH�RWKHU�VZHHWSRWDWR�FXOWLYDUV�WHVWHG��

7KH� VRIWHVW� VZHHWSRWDWR� ZDV� WKH� %XUJXQG\� FXOWLYDU�
SUHSDUHG�E\�EDNLQJ�� LW� KRZHYHU�GLG�QRW�YDU\� VLJQL¿FDQWO\�
IURP� PDQ\� RI� WKH� RWKHU� FXOWLYDUV� DFURVV� WKH� YDULRXV�
WUHDWPHQWV� WHVWHG� �7DEOH�����7KH�%XUJXQG\�VZHHWSRWDWR� WR�
ZKLFK�WKH�EDNLQJ�WUHDWPHQW�ZDV�DSSOLHG�KDG�WKH�ORZHVW�YDOXH�
IRU� ERWK� JXPPLQHVV� DQG� FKHZLQHVV�� KRZHYHU� QRW�
VLJQL¿FDQWO\�GLIIHUHQW� IURP�PRVW�RI� WKH�RWKHU�FXOWLYDU�DQG�
WUHDWPHQWV� �7DEOH� ���� $OWHUQDWLYHO\�� DQ� H[DPLQDWLRQ� E\�
7UXRQJ�	�:DOWHU���������WKH�W\SLFDO�WH[WXUH�SUR¿OH�DQDO\VLV�
�73$��FXUYH�IRU�EDNHG�VZHHWSRWDWR�URRWV��-HZHO�FXOWLYDU��DW�
��Û&� DQG� ��Û&� GHPRQVWUDWHG� D� ORZHU� DGKHVLYHQHVV��
FRKHVLYHQHVV�DQG�VSULQJLQHVV��7KH�73$�FXUYH�DW�WKH�SULPDU\�
SUHVVXUH�F\FOH�KDG�D�IUDFWXUH�SHDN��VKRZLQJ�WKDW�WKH�SUHSDUHG�
VZHHWSRWDWR�KDG�D�OHYHO�RI�¿UPQHVV��7UXRQJ�	:DOWHU���������
7KLV�VRUW�RI�73$�SUR¿OH�KDV�EHHQ�UHSRUWHG�LQ�FRRNHG�WXEHUV�RI�
GLIIHUHQW� ,ULVK� SRWDWR� YDULHWLHV� �/HXQJ� HW� DO�� ������� � 7KH�
*ROGHQ� 1XJJHW� VZHHWSRWDWR� FXOWLYDU�� WUHDWHG� ZLWK� RSHQ�
FRRNLQJ�ZDV�WKH�OHDVW�FRKHVLYH�DQG�DOVR�WKH�OHDVW�UHVLOLHQW��
WKRXJK� QRW� VLJQL¿FDQWO\� GLIIHUHQW� IURP�PRVW� RI� WKH� RWKHU�
FXOWLYDUV� RI� VDPH� SDUDPHWHU� DFURVV� WUHDWPHQWV� �7DEOH� ����
7DKHULDQ�	�5DPDVZDP��������VDZ�LQ�WKHLU�H[SHULPHQW�WKDW�
GXULQJ� ERLOLQJ�� WDNH�XS� RU� DGVRUSWLRQ� RI�ZDWHU� OHVVHQ� WKH�
FRKHVLYHQHVV�DQG�ZHDNHQV� WKH�FHOO�ZDOOV��2WKHU� WKDQ� WKLV��
SHFWLF�SRO\PHUV�WKDW�SOD\�D�SDUW�LQ�FHOO�DGKHUHQFH�DUH�EURNHQ�
GRZQ�E\�ȕ�HOLPLQDWLRQ�DW�KLJKHU�WHPSHUDWXUHV��.HLMEHWV�	�
3LOQLN��������1J�	�:DOGURQ���������DQG�GLYDOHQW�FDWLRQV��
SDUWLFXODUO\�&D���DQG�0J���FDQ�GHFUHDVH�VRIWHQLQJ�GXULQJ�
KHDWLQJ�� DV� WKH� SDUWLFOHV� FURVV�LQWHUIDFH� WKH� SHFWLF�
SRO\VDFFKDULGHV�DVVRFLDWHG�ZLWK�WKH�FHOO�DGKHVLRQ��)DYDUR�HW�
DO���������7KH�FRQGXFW�RI�WKH�DERYH�SDUDPHWHUV�LV�UHODWHG�WR�
WKH�VDPSOH�SURSHUWLHV�DQG�FRPSRVLWLRQ�DQG�HVVHQWLDOO\�WR�WKH�

FRQFHQWUDWLRQ� RI� VWDUFK� �7UDQFRVR�5H\HV� HW� DO�� �������2Q�
KHDWLQJ��WKH�FU\VWDOOLQH�DUHDV�DUH�GLVWXUEHG��ZDWHU�LV�WDNHQ�XS�
DQG�WKH�VWDUFK�IRUPV�D�JHO��$GDPV���������7KH�JHODWLQLVHG�
VWDUFK�LQ�WKH�FDVH�RI�SRWDWRHV�FDQ�DW�WLPHV�RFFXS\�WKH�ZKROH�
FHOO��LQ�ZKLFK�FDVH�WKH�SRWDWR�ZLOO�EH�YLHZHG�DV�VRIW���$GDPV��
�������7KH�OHDVW�VSULQJ\�FXOWLYDU�ZDV�WKH�SUHVVXUH�FRRNHG�
WUHDWHG�&DUROLQD�5XE\�FXOWLYDU��KRZHYHU�LWV�ORZ�VSULQJLQHVV�
YDOXH�ZDV�DOVR�QRW�VLJQL¿FDQWO\�GLIIHUHQW�IURP�WKDW�RI�PDQ\�
RI� WKH� RWKHU� VZHHWSRWDWR� FXOWLYDUV� DFURVV� WKH� YDULRXV�
WUHDWPHQWV��7DEOH�����,Q�DQ�LQYHVWLJDWLRQ�E\�/HLJKWRQ�HW�DO��
������� ¿YH� VZHHWSRWDWR� FXOWLYDUV� LW� ZDV� GLVFRYHUHG� WKDW�
VZHHW�SRWDWRHV�H[SDQGHG�LQ�ZHLJKW�DIWHU�FRRNLQJ��WKRXJK�QR�
QRWHZRUWK\�FRQWUDVWV�ZHUH�IRXQG�IRU�WKH�PHDVXUH�RI�ZHLJKW�
LQFUHDVH� EHWZHHQ� WKH� GLYHUVH� FXOWLYDUV�� 7KH� H[SDQVLRQ� LQ�
ZHLJKW� FRXOG� EH� EHFDXVH� RI� WKH� DSSOLFDWLRQ�RI�PRLVW� KHDW�
FRRNLQJ�WHFKQLTXH��DQG�WKDW�WKH�ZDWHU�FRQWHQW�LQ�WKH�VZHHW�
SRWDWRHV� LQFUHDVHG� �EHLQJ� VWDUFK�EDVHG�� DPLG� WKH� FRRNLQJ�
WLPH� IUDPH� �/HLJKWRQ� HW� DO�� ������� )OXFWXDWLQJ� OHYHOV� RI�
¿UPQHVV�WKDW�HPHUJH�IURP�YDULRXV�FRRNLQJ�WUHDWPHQW�FRXOG�
EH�WKH�PRWLYDWLRQ�WR�PHDVXUH�WKH�GLIIHUHQFHV�DPRQJ�YDU\LQJ�
FRRNLQJ�PHWKRGV��IRU�H[DPSOH������GLPLQLVKLQJ�LQ�KDUGQHVV�
IRU�VRXV�YLGH�WUHDWHG�VDPSOHV������IRU�SUHVVXUH�FRRNHG�DQG�
���� IRU� FRRNHG� VSHFLPHQV� ZKHQ� FRPSDUHG� ZLWK� UDZ�
VDPSOHV� �%HUQDG�� ������� %RLOLQJ� DW� KLJK� WHPSHUDWXUHV�
GLVWXUEV� FHOO� FRKHVLRQ� DQG� DGKHVLRQ�� EULQJLQJ� DERXW� D�
GLPLQLVK�LQ�WLVVXH�ULJLGLW\��7UXRQJ�HW�DO���������$VLGHV�IURP�
WKLV��SRWDWRHV�ZLWK�JUHDWHU�GU\�PDWWHU�FRQWHQW�DUH�VRIWHU�LQ�
WH[WXUH�DIWHU�WKH\�DUH�ERLOHG��7K\ER�	�0DUWHQV��������.DXU�
HW�DO��������8NSDEL�HW�DO���������$Q�LQYHVWLJDWLRQ�E\�7UXRQJ�
HW�DO���������UHYHDOHG�WKDW�VZHHWSRWDWR�VDPSOHV�LPPHUVHG�LQ�
ERLOLQJ�ZDWHU�ZHUH�VRIWHU�WKDQ�WKH�UDZ�VZHHWSRWDWR�DV�VKRZQ�
E\� D� OHVV� VWHHS� EHQG�ZLWK� UHGXFHG� IUDFWXUH� VWUHQJWK�� ,Q� D�
GLIIHUHQW�UHSRUW�E\�/HLJKWRQ�HW�DO���������GHFUHDVH�LQ�ERWK�
VKHDU� VWUDLQ� DQG� VWUHVV� ZDV� VHHQ� LQ� HYHU\� VLQJOH� FXOWLYDU�
SUHSDUHG�ZLWK�VWHDPLQJ�WHFKQLTXH�LQ�FRQWUDVW�WR�WKH�TXDOLWLHV�
REVHUYHG�IRU�UDZ�VZHHW�SRWDWRHV��7KH�SRVVLEOH�UHDVRQ�FRXOG�
EH� EHFDXVH� RI� WKH� H[WHQW� LQ� ZKLFK� VWDUFK� DQG� FHOO� ZDOO�
FRQVWLWXHQWV�EUHDN�GRZQ�GXULQJ�FRRNLQJ��ZKLFK�WKHQ�LPSDFWV�
RQ�YDULRXV�WH[WXUDO�SURSHUWLHV�DPRQJ�VZHHW�SRWDWR�FXOWLYDUV�
�/HLJKWRQ� HW� DO�� ������� &RQVHTXHQWO\�� WKH� HVWLPDWLRQ� RI�
SUHVVXUH�RU�VKHDU�FRQVWUDLQW�RI�UDZ�VDPSOHV�PD\�QRW�EH�DQ�
H[DFW� IRUHFDVW� RI� WKH� WH[WXUDO� TXDOLWLHV� RI� VZHHW� SRWDWRHV�
�7UXRQJ� HW� DO�� ������� :DQJ� HW� DO�� ������� FRPSDUHG�
VZHHWSRWDWRHV�FRRNHG�E\�KLJK�VWHDPLQJ��DQG�WKRVH�EURLOHG�
IRU����PLQXWHV��DQG�GLVFRYHUHG�WKDW�WKH�OHYHO�RI�JHODWLQL]DWLRQ�
FRXOG� UHDFK� DV� KLJK� DV� ����ZLWK� MXVW� ���Û&� VXSHUKHDWHG�
VWHDP�� ZKLOH� FRRNLQJ� LQ� DQ� RYHQ� RU� RSHQ� ¿UH� UHTXLUHV�
WHPSHUDWXUHV�XS�WR����Û&��,W�ZDV�OLNHZLVH�IRXQG�WKDW�LQ�VSLWH�
RI� WKH� IDFW� WKDW� WKH� SUHVHQFH� RI� VZHHWSRWDWRHV� FRRNHG�
XWLOL]LQJ�VXSHUKHDWHG�VWHDP�ZHUH�QRW�EXUQHG�OLNH�WKH�EURLOHG�
RQHV��QRWZLWKVWDQGLQJ��VZHHWSRWDWRHV�EDNHG�DW����Û&�IRU�D�
�K�KDG� WKH�KLJKHVW�VHQVRU\�VFRUH� �:DQJ�HW�DO���������7KH�
VWUXFWXUH� RI� VWDUFK� JUDQXOHV� DUH� D� PDMRU� GHWHUPLQDQW� RI�
WH[WXUDO� WUDLWV� LQ� WXEHU� DQG� URRW� FURSV� �&KDURHQNXO� HW� DO��
�������6WDUFK�FRQVLVWV�RI�³DP\ORVH��D�VSLUDO�SRO\PHU�PDGH�
XS� RI� '�JOXFRVH� XQLWV�� DQG� DP\ORSHFWLQ� �D� VROXEOH�
SRO\VDFFKDULGH� DQG� KLJKO\� EUDQFKHG� SRO\PHU� RI� JOXFRVH�
IRXQG� LQ� SODQWV�´� �$QGHUVRQ� 	� *XJHUW\�� ������� 7KH�
SURSRUWLRQ�RI�DP\ORSHFWLQ�DQG�DP\ORVH�LQ�VWDUFK�PD\�WKXV�
DFFRXQW�IRU�WKH�WH[WXUH�DWWULEXWHV�LQ�IRRG�SURGXFWV��LQFOXGLQJ��
VWLFNLQHVV��UHVLVWDQFH�DJDLQVW�VKHDU�VWUHVV��VZHOOLQJ�RI�VWDUFK�
JUDQXOHV�GXH�WR�KHDW��VROXELOLW\�� WDFNLQHVV��VWDELOLW\�RI�JHO��
FROG�VZHOOLQJ��DQG�UHWURJUDGDWLRQ��6DWLQ���������
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&RQFOXVLRQ
7KH�UHVXOWV�LQGLFDWHG�WKH�IROORZLQJ�FRQFOXVLRQV����7KH�

WH[WXUH�SUR¿OH�DQDO\VLV��73$��FOHDUO\�LQGLFDWHG�WKH�TXDOLW\�RI�
RUJDQLF� VZHHWSRWDWRHV� LV� DIIHFWHG� E\� GLIIHUHQW� SURFHVVLQJ�
PHWKRGV�� ��� 7KH� PRXWKIHHO� FKDUDFWHULVWLFV� OLNH� KDUGQHVV��
VSULQJLQHVV��FRKHVLYHQHVV��JXPPLQHVV�DQG�FKHZLQHVV�FDQ�EH�
SUHGLFWHG� E\� XVLQJ� LQVWUXPHQWV� OLNH� WH[WXUH� DQDO\]HU�� ���
*XPPLQHVV�ZDV�VLJQL¿FDQWO\�FRUUHODWHG�ZLWK�KDUGQHVV�DQG�
FKHZLQHVV�VXJJHVWLQJ�WKH\�KDYH�D�UHODWLRQVKLS�����$OO�SXUSOH�
ZDV� IRXQG� WR� EH� WKH� KDUGHVW��PRVW� FRKHVLYH�� JXPP\� DQG�
FKHZ\� VZHHWSRWDWR�� 7KH� OHDVW� UHVLOLHQW� FXOWLYDU�� *LQVHQJ��

ZDV� WKH� DOVR� WKH� OHDVW� KDUG�� JXPP\� DQG� FKHZ\� FXOWLYDU��
%HDXUHJDUG�ZDV�WKH�VSULQJLHVW�DQG�PRVW�UHVLOLHQW�FXOWLYDU�����
7KH� GLIIHUHQW� SURFHVVLQJ� FRQGLWLRQV� OLNH� RSHQ� FRRNLQJ��
SUHVVXUH�FRRNLQJ�DQG�EDNLQJ�DIIHFW� WKH�WH[WXDO�SDUDPHWHUV�
GLIIHUHQWO\�GHSHQGLQJ�XSRQ�WKH�FRQGLWLRQV�����&RKHVLYHQHVV��
JXPPLQHVV� DQG� FKHZLQHVV� ZDV� KLJKHVW� XQGHU� EDNLQJ�
FRQGLWLRQV�� +DUGQHVV� DQG� UHVLOLHQFH� ZDV� JUHDWHVW� LQ� RSHQ�
FRRNHG� WUHDWPHQWV�� ,Q� SUHVVXUH� FRRNHG� VZHHWSRWDWRHV�
KRZHYHU�� KDUGQHVV�� JXPPLQHVV�� FKHZLQHVV� DQG� UHVLOLHQFH�
ZHUH�IRXQG�WR�EH�UHGXFHG�VLJQL¿FDQWO\�ZKHQ�FRPSDUHG�WR�WKH�
UHVW�RI�WKH�FRRNLQJ�PHWKRGV��&RKHVLYHQHVV�KDG�WKH�ORZHVW�

'2,��KWWSV���G[�GRL�RUJ����������MDHIV��������������

7DEOH����$129$�UHVXOWV�VKRZLQJ�HIIHFWV�RI�FXOWLYDU��FRRNLQJ�PHWKRGV�DQG�WKHLU�LQWHUDFWLRQV�RQ�LQVWUXPHQWDO�WH[WXUH�SDUDPHWHUV�

7DEOH����&RUUHODWLRQ�FRHI¿FLHQWV RI�73$�SDUDPHWHUV�

6RFKLQZHFKL�1ZRVLVL��'LOLS�1DQGZDQL�DQG�5DPDVDP\�5DYL

&RUUHODWLRQ�
7KH� $129$� WDEOH� IRU� DQDO\]LQJ� WKH� FRUUHODWLRQ�

FRHI¿FLHQWV�IRU�WKH�WH[WXUH�YDULDEOHV�VKRZHG�WKDW�WKH�PRGHO�
ZDV� VLJQL¿FDQW� DW� S������ �7DEOH� ���� 7KH� FRUUHODWLRQ�
FRHI¿FLHQWV� H[KLELWHG� D� SRVLWLYH� UHODWLRQVKLS� EHWZHHQ� WKH�
WH[WXUH� YDULDEOHV� VSULQJLQHVV�� JXPPLQHVV�� FKHZLQHVV��
UHVLOLHQFH�DQG�KDUGQHVV�RI�WKH�VZHHWSRWDWR�URRWV��7DEOH�����
6SULQJLQHVV� DQG� UHVLOLHQFH� ZHUH� QRW� FRUUHODWHG� ZLWK�
FRKHVLYHQHVV� DQG� ZLWK� HDFK� RWKHU�� *XPPLQHVV� ZDV�
VLJQL¿FDQWO\� FRUUHODWHG� ZLWK� KDUGQHVV� DQG� FKHZLQHVV�
VXJJHVWLQJ� WKH\� KDYH� D� UHODWLRQVKLS�� 7H[WXUH� SUR¿OH�
H[DPLQDWLRQ� WKURXJK� LQVWUXPHQWDO� WH[WXUH�HVWLPDWLRQV� WKDW�
LGHQWLI\� ZLWK� KXPDQ� GLVFHUQPHQW�� DUH� ERWK� LPLWDWLYH� DQG�
HPSLULFDO� LQ� QDWXUH� �%KDWWLSUROX�� ������� ,PLWDWLYH� WHVWV�
�PLPLF� JQDZLQJ� DQG� ELWLQJ�� LQFOXGH� LQVWUXPHQWDO�
UHSURGXFWLRQ�RI�FRQGLWLRQV�XQGHU�ZKLFK�VHQVRU\�SURSHUWLHV�
RI�WKH�VSHFLPHQ�DUH�VXUYH\HG�E\�SHRSOH��%KDWWLSUROX���������

7KHUHIRUH��WKH�LPLWDWLYH�WHVW�RXJKW�WR�KDYH�WKH�PRVW�UHOLDEOH�
FRQQHFWLRQ� ZLWK� VHQVRU\� DVVHVVPHQW� �6]F]HVQLDN�� �������
7KH� LPLWDWLYH� WHVW� SURGXFHV� UHVXOWV� IRU� D� QXPEHU� RI�
LQVWUXPHQWDO� SDUDPHWHUV� H�J��� KDUGQHVV�� VSULQJLQHVV��
FKHZLQHVV� DQG� VR� RQ�� QRW� DW� DOO� OLNH� H[SHULPHQWDO��ZKLFK�
PHDVXUHV� MXVW� D� VLQJOH� SDUDPHWHU�� � $OWKRXJK�� WH[WXUH�
VWDQGRXWV�DPRQJVW�WKH�PRVW�HVVHQWLDO�TXDOLW\�WUDLWV�RI�URRW�
FURSV�� LW� KDV� EHHQ� GHVFULEHG� DV� RQH� RI� WKH� PRVW� GLI¿FXOW�
DWWULEXWHV� WR� JDXJH� LQVWUXPHQWDOO\� �%DFK�� �������
1HYHUWKHOHVV�� %DFK� ������� LQ� KLV� VWXG\�� GLG� QRW� ¿QG� DQ\�
GLUHFW� DVVRFLDWLRQ� EHWZHHQ� WKH� LQVWUXPHQWDOO\� PHDVXUHG�
WH[WXUH� DQG� WKH� VHQVRU\� DVVHVVHG� WH[WXUH� SURSHUWLHV� LQ�
-HUXVDOHP�DUWLFKRNH�WXEHUV��$�VWXG\�E\�(OORQJ�HW�DO���������
UHSRUWHG�WKDW�WKH�&$0��������FXOWLYDU�ZDV�EHQH¿FLDO�IRU�XVH�
DV�DQ�HGLEOH�YHJHWDEOH�EHFDXVH�RI�LWV�OLWWOH�VL]H��XQLIRUPLW\�LQ�
FRORU�� H[WUDRUGLQDU\� ÀDYRU� DQG� WH[WXUH�� $OWKRXJK�� LWV�
VSRUDGLF�VKDSH�DQG�ORZ�GLHWDU\�SRWHQWLDO�FDQ�EH�D�GUDZEDFN�



��

YDOXHV�DPRQJ�WKH�RSHQ�FRRNHG�WUHDWHG�VZHHWSRWDWR�FXOWLYDUV��
��� �,Q�JHQHUDO�� WKH�KDUGQHVV�DQG�RWKHU�SDUDPHWHUV�UHGXFHG�
ZLWK�SURFHVVLQJ��EXW�WKH�H[WHQW�RI�GHFUHDVH�GLIIHUHG�ZLWK�WKH�
YDULHW\�����$FURVV�WKH�WUHDWPHQWV��RSHQ�FRRNHG��$OO�3XUSOH�
ZDV�IRXQG�WR�EH�WKH�KDUGHVW��VSULQJLHVW�DQG�JXPPLHVW�FXOWLYDU�
ZKLOH�WKH�EDNHG�EXUJXQG\�VZHHWSRWDWR�ZHUH�WKH�VRIWHVW��OHDVW�
JXPP\�DQG�FKHZ\��2SHQ�FRRNHG�%HDXUHJDUG�ZHUH�WKH�PRVW�
UHVLOLHQW� ZKLOH� %HDXUHJDUG� SUHSDUHG� E\� SUHVVXUH� FRRNLQJ�
ZHUH� WKH� PRVW� FRKHVLYH� RI� DOO� FXOWLYDUV�� %DNHG� *ROGHQ�
1XJJHW�ZHUH�WKH�FKHZLHVW�ZKLOH�WKH�OHDVW�UHVLOLHQW�DQG�OHDVW�
FRKHVLYH� FXOWLYDUV�ZHUH� WKH�RSHQ� FRRNHG�*ROGHQ�1XJJHW��
3UHVVXUH� FRRNHG� &DUROLQD� 5XE\� FXOWLYDUV� ZHUH� WKH� OHDVW�
VSULQJ\��5HVXOWV�RI�WKLV�VWXG\�LQGLFDWH�WKDW�WKH�SUHGLFWLRQ�RI�
PRXWKIHHO�FKDUDFWHULVWLFV�XVLQJ�LQVWUXPHQWV�ZLOO�UHGXFH�WKH�
WLPH�DQG�HQHUJ\�WR�FRQGXFW�VHQVRU\�HYDOXDWLRQV�DQG�KHOSV�WR�
DVVHVV� VZHHWSRWDWR� TXDOLW\�� WKXV� VHWWLQJ� EHQFK� PDUNV� IRU�
PDUNHWDELOLW\�

&RQÀLFW�RI�,QWHUHVW�
7KH�DXWKRUV�GHFODUH�WKDW�WKH\�GR�QRW�KDYH�DQ\�FRQÀLFW�RI�

LQWHUHVW�

5HIHUHQFHV

$GDPV�� -�%�� �������� 5DZ� PDWHULDOV� TXDOLW\� DQG� WKH� WH[WXUH� RI�
SURFHVVHG�YHJHWDEOHV��,Q��.LOFDVW�'���(�G����7H[WXUH�LQ�IRRG�����
���������&DPEULGJH��(QJODQG��:RRGKHDG�SXEOLVKLQJ�OLPLWHG��
> @�> @6FLHQFH'LUHFW &URVV5HI

$IXDSH��6���1ZDQNZR��,���2PRGDPLUR��5���(FKHQGX��7���7RXUH��$��
��������6WXGLHV�RQ�VRPH�LPSRUWDQW�FRQVXPHU�DQG�SURFHVVLQJ�
WUDLWV�IRU�EUHHGLQJ�VZHHW�SRWDWR�IRU�YDULHG�HQG�XVHUV��$PHULFDQ�
-RXUQDO�RI�([SHULPHQWDO�$JULFXOWXUH�����������������>*RRJOH�
6FKRODU &$%'LUHFW@�> @

$QGHUVRQ��/��� �*XJHUW\��0�.�� ��������5RRW��7XEHU�� DQG�%DQDQD�
7H[WXUDO�7UDLWV�$�5HYLHZ�RI�WKH�$YDLODEOH�)RRG�6FLHQFH�DQG�
&RQVXPHU� 3UHIHUHQFHV� /LWHUDWXUH�� (YDQV� 6FKRRO� RI� 3XEOLF�
$IIDLUV�� 8QLYHUVLW\� RI� :DVKLQJWRQ�� (3$5� %ULHI� 1R�� �����
> @�*RRJOH�6FKRODU

%DFK�� 9�� �������� 6HQVRU\� TXDOLW\� DQG� FKHPLFDO� FRPSRVLWLRQ� RI�
FXOLQDU\� SUHSDUDWLRQV� RI� URRW� FURSV�� $DUKXV� 8QLYHUVLW\��
'HSDUWPHQW�RI�)RRG�6FLHQFH��'HQPDUN��'RFWRUDO�GLVVHUWDWLRQ��
���3S���> @�*RRJOH�6FKRODU

%HUQDG��0�'�&�,����������&RPSDULVRQ�RI�YDFXXP�WUHDWPHQWV�DQG�
WUDGLWLRQDO� FRRNLQJ� LQ� YHJHWDEOHV� XVLQJ� LQVWUXPHQWDO� DQG�
VHQVRU\�DQDO\VLV��8QLYHUVLWDW�3ROLWqFQLFD�GH�9DOqQFLD��9DOHQFLD��
'RFWRUDO�GLVVHUWDWLRQ�������3S��> @�*RRJOH�6FKRODU

%XWWRQ�� .�� �������� 3URFHVVLQJ� VZHHW� SRWDWRHV� LQWR� IUHQFK� IULHV��
.DQVDV�6WDWH�8QLYHUVLW\��0DQKDWWDQ��.6��0DVWHU
V�WKHVLV�����3S��
> @*RRJOH�6FKRODU �

&KDURHQNXO��1���8WWDSDS��'���3DWKLSDQDZDW��:���7DNHGD��<����������
3K\VLFRFKHPLFDO� FKDUDFWHULVWLFV� RI� VWDUFKHV� DQG� ÀRXUV� IURP�
FDVVDYD�YDULHWLHV�KDYLQJ�GLIIHUHQW�FRRNHG�URRW�WH[WXUHV��/:7���
)RRG� 6FLHQFH� DQG� 7HFKQRORJ\�� ������ � ����±������
> @�> @6FLHQFH'LUHFW &URVV5HI

)DYDUR��6�3���%HOHLD��$���-XQLRU��1��� �:DOGURQ��.�:����������7KH�
UROHV�RI�FHOO�ZDOO�SRO\PHUV�DQG�LQWUDFHOOXODU�FRPSRQHQWV�LQ�WKH�
WKHUPDO� VRIWHQLQJ� RI� FDVVDYD� URRWV�� )RRG�&KHPLVWU\� ��������
���������> @�> @6FLHQFH'LUHFW &URVV5HI

)LVKHU��5��$�� ��������7KH� FRPSDULVRQ� RI� VDPSOHV�ZLWK� SRVVLEO\�
XQHTXDO�YDULDQFHV��$QQDOV�RI�(XJHQLFV�����������������>:LOH\�
2QOLQH�/LEUDU\ &URVV5HI@�> @

)RQWHV�� /�&�%��� 2OLYHLUD�� )�*��� � &ROODUHV�4XHLUR]�� )�3�� ��������
2SWLPL]DWLRQ� RI� WKH� GHHS�IDW� IU\LQJ� SURFHVV� RI� VZHHW� SRWDWR�
FKLSV� LQ� SDOP� ROHLQ� RU� VWHDULQ�� $PHULFDQ� -RXUQDO� RI� )RRG�
7HFKQRORJ\��������������> @�> @*RRJOH�6FKRODU &URVV5HI

*LOVHQDQ��&���%XUNH��5�0���%DUU\�5\DQ��&����������$�VWXG\�RI�WKH�
SK\VLFRFKHPLFDO� DQG� VHQVRU\� SURSHUWLHV� RI� RUJDQLF� DQG�

FRQYHQWLRQDO�SRWDWRHV��6RODQXP�WXEHURVXP��EHIRUH�DQG�DIWHU�
EDNLQJ��,QWHUQDWLRQDO�-RXUQDO�RI�)RRG�6FLHQFH�DQG�7HFKQRORJ\��
����������������> @�> @:LOH\�2QOLQH�/LEUDU\ &URVV5HI

*UHYH�� /�&��� 0F$UGOH�� 5�1��� *RKONH�� -�5��� � /DEDYLWFK�� -�0��
�����D���,PSDFW�RI�KHDWLQJ�RQ�FDUURW�¿UPQHVV��&KDQJHV�LQ�FHOO�
ZDOO�FRPSRQHQWV��-RXUQDO�RI�$JULFXOWXUH�DQG�)RRG�&KHPLVWU\�
�������������������> @�> @*RRJOH�6FKRODU &URVV5HI

*UHYH��/�&���6KDFNHO��.�$���$KPDGL��+���0F$UGOH��5�1���*RKONH��
-�5��� � /DEDYLWFK�� -�0�� �����E��� ,PSDFW� RI� KHDWLQJ� RQ� FDUURW�
¿UPQHVV��&RQWULEXWLRQ�RI�FHOOXODU�WXUJRU��-RXUQDO�RI�$JULFXOWXUH�
DQG� )RRG� &KHPLVWU\�� �������� ����������� > @�*RRJOH� 6FKRODU
> @&URVV5HI

+XDQJ�� &�&��� &KLDQJ�� 3�<��� &KHQ�� <�<��� :DQJ�� &�5�� ��������
&KHPLFDO�FRPSRVLWLRQV�DQG�HQ]\PH�DFWLYLW\�FKDQJHV�RFFXUULQJ�
LQ�\DP��'LRVFRUHD�DODWD�/���WXEHUV�GXULQJ�JURZWK��)RRG�6FLHQFH�
DQG�7HFKQRORJ\����������±������> @�> @6FLHQFH'LUHFW &URVV5HI

.DXU�� /��� 6LQJK�� 1��� 6RGKL�� 1�6��� *XMUDO�� +�6�� �������� 6RPH�
SURSHUWLHV�RI�SRWDWRHV�DQG�WKHLU�VWDUFKHV��,��&RRNLQJ��WH[WXUDO�
DQG�UKHRORJLFDO�SURSHUWLHV�RI�SRWDWRHV��)RRG�&KHPLVWU\���������
���������> @�> @6FLHQFH'LUHFW &URVV5HI

.HLMEHWV��0�-�+��� �3LOQLN��:����������ȕ�HOLPLQDWLRQ�RI�SHFWLQ�LQ�WKH�
SUHVHQFH�RI�DQLRQV�DQG�FDWLRQV���&DUERK\GUDWH�5HVHDUFK���������
���������> @�> @6FLHQFH'LUHFW &URVV5HI

.UXJHU��0���6D\HG��1���/DQJHQKRYHQ��0��/���+ROLQJ��)�� ��������
&RPSRVLWLRQ� RI� 6RXWK�$IULFDQ� IRRGV�� 9HJHWDEOHV� DQG� IUXLW��
6XSSOHPHQW�WR�WKH�05&�IRRG�FRPSRVLWLRQ�WDEOHV������3DURZ�
9DOOH\��&DSH�7RZQ��6RXWK�$IULFDQ�0HGLFDO�5HVHDUFK�&RXQFLO��
> @�85/

/HLJKWRQ��&��6���6FK|QIHOGW��+��&����.UXJHU��5����������4XDQWLWDWLYH�
GHVFULSWLYH�VHQVRU\�DQDO\VLV�RI�¿YH�GLIIHUHQW�FXOWLYDUV�RI�VZHHW�
SRWDWR� WR�GHWHUPLQH�VHQVRU\�DQG� WH[WXUDO�SUR¿OHV�� -RXUQDO�RI�
6HQVRU\� 6WXGLHV�� ������� ������ > @�:LOH\� 2QOLQH� /LEUDU\
> @&URVV5HI

/HLJKWRQ��&�6���6FK|QIHOGW��+�&��� �.UXJHU��5����������4XDQWLWDWLYH�
GHVFULSWLYH�DQDO\VLV�RI�¿YH�GLIIHUHQW�FXOWLYDUV�RI�VZHHW�SRWDWR�WR�
GHWHUPLQH� VHQVRU\� DQG� WH[WXUDO� SUR¿OHV�� -RXUQDO� RI� 6HQVRU\�
6WXGLHV������������> @�> @:LOH\�2QOLQH�/LEUDU\ &URVV5HI

/HNVULVRPSRQJ��3���:KLWVRQ��0���7UXRQJ��9��� �'UDNH��0����������
6HQVRU\�DWWULEXWHV�DQG�FRQVXPHU�DFFHSWDQFH�RI�VZHHW�SRWDWR�
FXOWLYDUV�ZLWK�YDU\LQJ�ÀHVK�FRORUV��-RXUQDO�RI�6HQVRU\�6WXGLHV��
�������±����> @�> @:LOH\�2QOLQH�/LEUDU\ &URVV5HI

/HXQJ�� +�.��� %DUURQ�� )�+��� � 'DYLV�� '�&�� �������� 7H[WXUDO� DQG�
5KHRORJLFDO� SURSHUWLHV� RI� FRRNHG� VZHHWSRWDWRHV�� -RXUQDO� RI�
)RRG�6FLHQFH������������> @�> @�:LOH\�2QOLQH�/LEUDU\ &URVV5HI

/LQ��7�7����3LWW��5�(����������5KHRORJ\�RI�DSSOH�DQG�SRWDWR�WLVVXH�DV�
DIIHFWHG�E\�FHOO�WXJRU�SUHVVXUH��-RXUQDO�RI�7H[WXUH�6WXGLHV������
���������> @�> @�> @:LOH\�2QOLQH�/LEUDU\ *RRJOH�6FKRODU &URVV5HI

/LX��<�3��DQG�+�%��/L��������5HYLHZ�RQ�WKH�DSSOLFDWLRQ�RI�WH[WXUH�
DQDO\]HU�DQG�73$�LQ�WKH�DVVHVVPHQW�IRU�IUXLWV�DQG�YHJHWDEOHV�
WH[WXUH��-��6KDQ[L�$JULF��8QLY����������������> @�*RRJOH�6FKRODU

0RQWHMDQR�� -�� *��� +DPDQQ�� '�� '��� � /DQLHU�� 7�� &�� ��������
&RPSDULVRQ�RI�WZR�LQVWUXPHQWDO�PHWKRGV�ZLWK�VHQVRU\�WH[WXUH�
RI�SURWHLQ�JHOV��-RXUQDO�RI�7H[WXUH�6WXGLHV���������������>:LOH\�
2QOLQH�/LEUDU\ &URVV5HI@�> @

1ZRVLVL��6���1DQGZDQL��'���+XL��'���5DPDVDP\��5����������6HQVRU\�
(YDOXDWLRQ� RI� 2UJDQLF� 6ZHHWSRWDWR� &XOWLYDUV�� ,QWHU�� -�� 9HJ��
6FLHQFH��������> @�> @85/ &URVV5HI

6DMHHY��0�6��� 6UHHNXPDU�� -���9LPDOD��%���0RRUWK\�� 6�1��� -\RWKL��
$�1�� �������� 7H[WXUDO� DQG� JHODWLQL]DWLRQ� FKDUDFWHULVWLFV� RI�
ZKLWH��FUHDP��DQG�RUDQJH�ÀHVKHG�VZHHW�SRWDWR�WXEHUV��,SRPRHD�
%DWDWDV�/���� ,QWHUQDWLRQDO� -RXUQDO� RI� )RRG�3URSHUWLHV�� �������
���������> @�> @*RRJOH�6FKRODU &URVV5HI

6DWLQ��0�� �������� )XQFWLRQDO� SURSHUWLHV� RI� VWDUFKHV�� ,Q� 6SROLJKW�
WURSLFDO� VWDUFK� PLVVHV� PDUNHW�� $*6,� UHSRUW�� $JULFXOWXUH����
)$2�0DJD]LQH�S�����> @�> @*RRJOH�6FKRODU 85/

6DWR��$����������&KHPLFDO�&RQVWLWXHQWV�RI�6ZHHWSRWDWR�*HQRW\SHV�
LQ�5HODWLRQ�WR�7H[WXUDO�&KDUDFWHULVWLFV�RI�6ZHHWSRWDWR�)UHQFK�
)ULHV��1RUWK�&DUROLQD� 6WDWH�8QLYHUVLW\��1&��0DVWHU
V� WKHVLV��
> @�> @*RRJOH�6FKRODU 85/

6RFKLQZHFKL�1ZRVLVL��'LOLS�1DQGZDQL�DQG�5DPDVDP\�5DYL ,QW�-�$JULF�(QYLURQ�)RRG�6FL������������� ��������
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7KH�GHWHUPLQDWLRQ�RI�JLEEHUHOOLF�DFLG�HIIHFWV�RQ�VHHG�JHUPLQDWLRQ�RI�(FKLQDFHD�
SXUSXUHD��/���0RHQFK�XQGHU�VDOW�VWUHVV
��
 � � �5XYH\GH�7XQFWXUN �������������6HUKDW�.LSFDN �������������0DKGL�*KL\DVL �������������0XUDW�7XQFWXUN

�9DQ�<X]XQFX�<LO�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�)LHOG�&URSV��9DQ�7XUNH\
�8UPLD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�)LHOG�&URSV��8UPLD�,UDQ


&RUUHVSRQGLQJ�$XWKRU��UXYH\GHWXQFWXUN#\\X�HGX�WU�

(FK৻QDFHD�ZK൴FK�൴V�D�PHG൴F൴QDO�DQG�DURPDW൴F�
SODQW�� KDV� EHHQ� XVHG� IRU� WUDG൴W൴RQDO� PHG൴F൴QH��
EHFDXVH�RI�൴WV�SKDUPDFRORJ൴FDO�SURSHUW൴HV�൴Q�PDQ\�
FRXQWU൴HV��7KH�¿UVW�UHSRUWV�RI�WKH�XVH�RI�WKH�SODQWV�
EHORQJ൴QJ� WR� (FK৻QDFHD� JHQXV� GDWH� WR� WKH�
EHJ൴QQ൴QJ� RI� WKH� WZHQW൴HWK� FHQWXU\�� ൴Q� WKH�
(WKQRERWDQ൴FDO � V WXG൴HV � PDGH� E\� :+2��
GRFXPHQWHG�XVHV�DV�D�SU൴P൴W൴YH�DQW൴E൴RW൴F൴WV�XVH�

�DJD൴QVW� VQDNHE൴WHV� WR� KHDO� ZRXQGV �$QRQ\PXV��
�������$OWKRXJK�PHGLFLQDO�SODQWV�KDYH�EHHQ�XVHG�
IRU� WKRXVDQGV� RI� \HDUV� LQ� HYHU\� FXOWXUH� RI� WKH�
ZRUOG�� VHULRXV� VFLHQWL¿F� UHVHDUFKHV� VXSSRUWLQJ�
WKHLU� WKHUDSHXWLF�YDOXH�KDYH�EHJXQ�DURXQG������
�/RSH]� DQG� 6KHSDUG�� ������� (FKLQDFHD� LV� DQ�
LQGLJHQRXV�KHUEDO�SODQW�JHQXV�RI�1RUWK�$PHULFD�
DQG�RFFXSLHV�DQ�LPSRUWDQW�SODFH�DPRQJ�PHGLFLQDO�
SODQWV� GXH� WR� LWV� LPPXQRVWLPXODWRU\� SURSHUWLHV�
DJDLQVW�UHVSLUDWRU\�DLOPHQWV��7KH�JHQXV�(FKLQDFHD�
LV�RQH�RI�WKH�SURPLQHQW�JHQHUD�RI�WKH�SODQWV�WKDW�DUH�
XWLOL]HG� LQ� PHGLFLQDO� SUHSDUDWLRQV� DQG� GUXJV�
�$KPDG� HW� DO��� ������� (FKLQDFHD� SODQW�ZKLFK� LV�

SHUHQQLDOV�KDV���VSHFLHV��%HLQJ�FRPPRQO\�XVHG�LQ�
WUDGLWLRQDO�PHGLFLQH��(��SXUSXUHD��(��SDOOLGD�DQG�(��
DQJXVWLIROLD� KDYH� EHHQ� WKH�PRVW� LQYHVWLJDWHG� RI�
WKHVH� VSHFLHV� �,YDQRYD� HW� DO��� ������� (FKLQDFHD�
ZKLFK� EHORQJV� WR� WKH� IDPLO\� $VWHUDFHDH�
�&RPSRVLWDH�� LV� D�SODQW� FRPPRQO\� IRXQG� LQ� WKH�
ZRUOG��(FKLQDFHD�SXUSXUHD��/���0RHQFK�KDV�EHHQ�
WUDGLWLRQDOO\� DOVR� XVHG� IRU� WKH� WUHDWPHQW� RI�
WRRWKDFKH��VQDNH�ELWH��ERZHO�SDLQ��VNLQ�GLVRUGHUV��
FKURQLF�DUWKULWLV��VHL]XUH�DQG�FDQFHU��*ULPP�DQG�
0XOOHU���������6DOLQLW\�LV�FRQVLGHUHG�WR�EH�RQH�RI�
WKH�HQYLURQPHQWDO�VWUHVVHV�WKDW�UHGXFH�WKH�JURZWK�
DQG� HI¿FLHQF\� RI� PRVW� JO\FRSK\WLF� SODQWV�
ZRUOGZLGH�� ,QGXFHV� ERWK� RVPRWLF� DQG� LRQLF�
VWUHVVHV� OHDGLQJ� WR� GHWHULRUDWLRQ� RI� PDQ\�
SK\VLRORJLFDO� DQG� ELRFKHPLFDO� SURFHVVHV�
LQFOXGLQJ� VDOLQLW\�� ZDWHU� UHODWLRQV�� LRQLF�
KRPHRVWDVLV��JDV�H[FKDQJH�DQG�PLQHUDO�QXWULWLRQ�
�3DULGD�DQG�'DV��������0XQQV�DQG�7HVWHU���������
*LEEHUHOOLQV� DUH� LQYROYHG� LQ� WKH� VWLPXODWLRQ� RI�
HQ]\PHV� LQYROYHG� LQ� VHHG� JHUPLQDWLRQ��

�

���

$EVWUDFW
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*LEEHUHOOLF�DFLG��*$ ��LV�RQH�RI�WKH�KRUPRQHV�SURSRVHG��

WR� FRQWURO� SULPDU\� GRUPDQF\� E\� LQGXFLQJ� JHUPLQDWLRQ��
&DYXVRJOX� HW� DO�� ������� UHSRUWHG� WKDW� *$ �ZDV� WKH� PRVW��

HIIHFWLYH� VDOW� VWUHVV� UHGXFLQJ� DJHQW� DPRQJ� SODQW� JURZWK�
UHJXODWRUV�XVHG�LQ�WKH�UHVHDUFK��

7KLV�VWXG\�ZDV�FDUULHG�RXW� WR�GHWHFW� WKH�HIIHFWV�RI�VDOW�
GRVHV�ZLWK�SUH�DSSOLFDWLRQV�LQ�YDULRXV�OHYHOV�RI�*LEEHUHOOLF�
DFLG��*$ ��RQ�JHUPLQDWLRQ�RI�(FKLQDFHD�SXUSXUHD�/��VHHGV��

0DWHULDOV�DQG�0HWKRGV
,Q�RUGHU� WR� HYDOXDWH� WKH� HIIHFW� RI� VHHG�SULPLQJ�RQ� WKH�

JHUPLQDWLRQ� DQG� VHHGOLQJV
� JURZWK� WUDLWV� RI� (FKLQDFHD�
SXUSXUHD�/��XQGHU�GLIIHUHQW�VDOLQLW\�VWUHVV�OHYHOV��D�IDFWRULDO�
H[SHULPHQW�ZDV�FRQGXFWHG�LQ�FRPSOHWHO\�UDQGRPL]HG�GHVLJQ�
�&5'�� ZLWK� IRXU� UHSOLFDWLRQV�� DW� WKH� ODERUDWRU\� RI� 6HHG�
6FLHQFH�DQG�7HFKRQRORJ\�LQ�WKH�'HSDUWPHQW�RI�)LHOG�&URSV��
)DFXOW\�RI�$JULFXOWXUH��9DQ�<X]XQFX�<LO�8QLYHUVLW\��7XUNH\�
LQ�������7KUHH�VDOW�OHYHOV�������������1D&O�P0��DQG�IRXU�
JLEEHUHOOLF�DFLG��*$ ��OHYHOV��������������DQG�����SSP��ZHUH��

XVHG�LQ�WKH�H[SHULPHQWV��6HHGV�ZHUH�ULQVHG�ZLWK�ZDWHU�DQG�
GLVWLOOHG�ZDWHU��WKHQ�WKHLU�VXUIDFH�VWHULOL]HG�LQ�����VRGLXP�
K\SRFKORULWH� �YRO�YRO�� IRU� �� PLQXWHV�� IROORZHG� E\� ����
DOFRKRO��YRO�YRO��WUHDWPHQW�IRU���PLQXWHV��DIWHU�WKHQ��ZHUH�
WKRURXJKO\� ULQVHG� ZLWK� VWHULOH� GHLRQL]HG� ZDWHU� EHIRUH�
SULPLQJ�

7KH� VHHG� ORWV� ZHUH� LPELEHG� ZLWKLQ� GLIIHUHQW� GRVHV�
JLEEHUHOOLF�DFLG��*$ ��LQ�SULPLQJ�WUHDWPHQWV�� �7UHDWHG�VHHG��

ORWV�ZLWK�*$ �ZHUH�NHSW�LQ�GDUNQHVV�LQ�DQ�LQFXEDWRU�DW�������

�����&�IRU����K��6HHGV��UHPRYHG�IURP�WKH�VROXWLRQV��*$ ���

ZHUH�DLU�GULHG�IRU����KRXUV�DW�����&�WR�UHDFK� WKH�RULJLQDO�
PRLVWXUH� FRQWHQW� ������� ��� DQG� WKHQ� SURFHHG� IRU�
JHUPLQDWLRQ� WHVW� DV� VXJJHVWHG� E\� ,67$�� 8QSULPHG� VHHGV�
ZHUH� XVHG� DV� FRQWURO��7UHDWHG� VHHGV�ZHUH� SODFHG� LQ� �� FP�
GLDPHWHU�VWHULOH�SHWUL�GLVKHV�ZLWK�¿OWHU�SDSHU�DQG����VHHGV�
ZHUH�SODFHG�LQ�HDFK�SHWUL�GLVK�DQG��PO�RI�VDOW�VROXWLRQ�ZDV�
DGGHG�GLVK�WR�DOO�SHWUL�H[FHSW�IRU�FRQWURO�WUHDWPHQWV��WR�WKH�
FRQWURO�WUHDWPHQWV�ZDV�JLYHQ�GLVWLOOHG�ZDWHU����PO���WKHQ�SHWUL�
GLVKHV�ZHUH�SODFHG�LQ�D�WRWDOO\�GDUN�LQFXEDWRU�ZKLFK�VWDEOH�DW�
WHPSHUDWXUH� ��������&���$V� D�¿QDO� VWHS�� DIWHU� ��� GD\V� DOO�
SDUDPHWHUV�ZHUH�REVHUYHG��PHDVXUHG�DQG�UHFRUGHG��7KH�URRW�
DQG� VKRRW�YLJRUV�ZHUH�FDOFXODWHG�DV� WKH� VXP�RI� WRWDO� URRW�
OHQJWK��FP��DQG�VKRRW�OHQJWK��FP��RI�DOO�WKH�VHHGOLQJV�RI�D�
UHSOLFDWH�GLYLGHG�E\�WKH�QXPEHU�RI�VHHGOLQJV��)UHVK�URRW�DQG�

�VKRRW�ZHUH�WKHQ�SODFHG�LQ�D�KRW�DLU�RYHQ����� &�IRU����KRXUV��
WR�GU\��$QRQ\PXV���������5RRW�DQG�VKRRW�GU\�PDVVHV�ZHUH�
ZHLJKHG�JHUPLQDWLRQ�UDWH��JHUPLQDWLRQ�SRZHU��JHUPLQDWLRQ�
LQGH[��PHDQ� JHUPLQDWLRQ� WLPH� DQG� VHQVLWLYLW\� LQGH[�ZHUH�
FDOFXODWHG�ZLWK� WKH�IROORZLQJ�IRUPXODV�� ,W�ZDV�FRQVLGHUHG�

WKWKDW�QXPEHU�RI�JHUPLQDWHG�VHHGV�RQ�� �GD\�DV��JHUPLQDWLRQ�
WKUDWH�� DQG� QXPEHU� RI� JHUPLQDWHG� VHHGV� RQ� �� � GD\� DV�

�JHUPLQDWLRQ�SRZHU���*HUPLQDWLRQ�UDWH��*5��ZDV�FDOFXODWHG�
XVLQJ�WKH�(TXDWLRQ����$NLQFL�DQG�&DOLVNDQ��������

*5� �7RWDO�VHHGV�JHUPLQDWHG�DIWHU�GD\����7RWDO�QXPEHU�
RI�SODQWHG�VHHGV! �(TXDWLRQ���

*HUPLQDWLRQ� LQGH[� �*,�� ZDV� FDOFXODWHG� XVLQJ� WKH�
(TXDWLRQ����:DQJ�HW�DO���������

*, Ȉ�*L�7W�! �(TXDWLRQ���
*,��*HUPLQDWLRQ�LQGH[��*L��L��'D\V�JHUPLQDWHG�VHHG�UDWH��

7W��FRXQW�GD\
0HDQ�JHUPLQDWLRQ�WLPH��0*7��ZDV�FDOFXODWHG�XVLQJ�WKH�

(TXDWLRQ����(OOLV�DQG�5REHUWV��������
0*7 Ȉ�I[��ȈI���(TXDWLRQ���
�I��1XPEHU�RI�VHHGV�JHUPLQDWHG�[��JHUPLQDWLRQ�GD\
6HQVLYLW\�LQGH[��6,��ZDV�FDOFXODWHG�XVLQJ�WKH�(TXDWLRQ���

�)RRODG�DQG�/LQ��������
6, �0*7� LQ� WKH� VDOW� DSSOLFDWLRQ��0*7� LQ� WKH� FRQWURO�

DSSOLFDWLRQ���(TXDWLRQ���
'DWD� ZHUH� DQDO\]HG� VWDWLVWLFDOO\� E\� XVLQJ� DQDO\VLV� RI�

YDULDQFH�ZLWK�&267$7��YHUVLRQ������VRIWZDUH��7KH�YDULDQFH�
DQDO\VLV�RI�GDWD�ZDV�SHUIRUPHG��$129$��DQG�WKH�PXOWLSOH�
FRPSDULVRQ�RI�WKH�PHDQV�ZDV�PDGH�DFFRUGLQJ�WR�WKH�'XQFDQ�
WHVW��'X]JXQHV�HW�DO���������

5HVXOWV�DQG�'LVFXVVLRQ
$FFRUGLQJ� WR� WKH� UHVHDUFK� UHVXOWV�� VDOLQLW\� DQG� VHHG�

SULPLQJ�VKRZHG�D�VLJQL¿FDQW�HIIHFW�RQ�DOO�SDUDPHWHUV��2QO\��
WKH�HIIHFW�RI�JLEEHUHOOLF�DFLG�RQ�WKH�UDGLFXOD�OHQJWK�ZDVQ
W�
IRXQG� LQVLJQL¿FDQW�� )XUWKHUPRUH�� VDOLQLW\� VWUHVV� [� VHHG�
SULPLQJ� LQWHUDFWLRQ� WKDW� LW�ZDV�ZDV� IRXQG� LPSRUWDQW�ZLWK�
UHJDUG�WR�SDUDPHWHUV�VXFK�DV�GU\�UDGLFXOD�ZHLJKW��PJ��DQG�
VHQVLWLYLW\� LQGH[� ����� 6DOLQLW\� VWUHVV� [� VHHG� SULPLQJ�
,QWHUDFWLRQ� LQ� WHUPV� RI� GU\� UDGLFXOD� ZHLJKW� VHHP� VHHGV�
SULPHG� ZLWK� *$ � XQOLNH� XQWUHDWHG� VHHGV� KDG� WKH� KLJKHVW��

JHUPLQDWLRQ�YDOXH�DW� DOO� VDOLQLW\� OHYHOV��:KLOH� WKH�KLJKHVW�
VHQVLWLYLW\�LQGH[�ZDV�REWDLQHG�DV��������IURP�VHHGV�SULPHG�
ZLWK�����SSP�*$ �� LQ�����P0�VDOW�VWUHVV�FRQGLWLRQV�� WKH��

KLJKHVW�GU\�UDGLFXOD�ZHLJKW�ZDV�UHSRUWHG�DV������PJ�IURP�
VHHGV�SULPHG�ZLWK�����SSP�*$ �LQ�QRQ�VWUHVV����P0�1D&O���

FRQGLWLRQV�
+LJKHVW� JHUPLQDWLRQ� SRZHU�� JHUPLQDWLRQ� UDWH� DQG�

JHUPLQDWLRQ� LQGH[� ZHUH� GHWHUPLQHG� DV� ������� ������ DQG�
��������IURP���P0��FRQWURO��VDOW�WUHDWPHQWV��DOVR�WKH�ORZHVW�
YDOXHV�ZHUH�DV�REWDLQHG�DV��������������DQG��������IURP�����
P0�1D&O�DSSOLFDWLRQV��,Q�DGGLWLRQ��WKH�HIIHFW�RI�JLEEHUHOOLF�
DFLG�RQ�WKH�JHUPLQDWLRQ�UDWH�ZDV�IRXQG�VLJQL¿FDQW�DQG�WKH�
EHVW�PHDQ�����������ZDV�GHWHUPLQHG�IURP�����SSP�*$ ���

ORZHVW�JHUPLQDWLRQ�UDWH�����������LV�GXH�WR�FRQWURO�RI�*$ ���

%XW��DPRQJ�WKH�¿UVW�WKUHH�GRVHV�RI�JLEEHUHOOLF�DFLG�WKHUH�LVQ
W�
DQ\�D�GLIIHUHQW�DV�VWDWLVWLFDOO\��%DVHG�RQ�VWDWLVWLFDO�DQDO\VLV��
VDOLQLW\� VLJQL¿FDQWO\�GHFUHDVHG�PHDQ�JHUPLQDWLRQ� WLPH�RI�
VHHGV�SULPHG�ZLWK�����DQG�����SSP�*$ DSSOLFDWLRQV��,Q�VDOW���

GRVHV�RI����P0�DQG�����P0��WKH�DSSOLFDWLRQV�RI�JLEEHUHOOLF�
DFLG�LQ�FRQFHQWUDWLRQV�RI����������DQG�����SSP�FDXVHG�WR�WKH�
LQFUHDVH�LQ�JHUPLQDWLRQ�SRZHU�RU�UDWH��UHVSHFWLYHO\��,Q�WKH�
UHVXOW�RI�WKLV�UHVHDUFK��PHDQ�JHUPLQDWLRQ�WLPH�������GD\��KDV�
VKRUWHQHG�ZLWK�FRQWURO����P0��VDOW�DSSOLFDWLRQ��7KH�ORQJHVW�
DYHUDJH�JHUPLQDWLRQ� WLPH� UHFRUGHG� DV� �����GD\� IURP�����
P0�1D&O�WUHDWPHQWV��$V�IRU�WKH�VHQVLWLYLW\�LQGH[��LQFUHDVLQJ�
VDOW� DSSOLFDWLRQV� KDYH� DOVR� LQFUHDVHG� WKHVH� YDOXHV��
6HQVLWLYLW\�LQGH[�YDOXH�LV��������LQ�����P0�VDOW�GRVH�DQG�
�������LQ���P0�VDOW�GRVH��,Q�WKLV�VWXG\��ZH�REVHUYHG�WKDW�
JHUPLQDWLRQ� SHUFHQWDJH� GHOD\HG� DQG� GHFUHDVHG� ZLWK�
LQFUHDVLQJ� 1D&O� FRQFHQWUDWLRQ� DQG� GUDVWLFDOO\� UHGXFHG� DW�
����P0�1D&O��7KH�UHVXOWV�VKRZHG�WKDW�HFKLQDFHD�LV�KLJKO\�
VHQVLWLYH� WR� VDOLQLW\� LQ� WKH� JHUPLQDWLRQ� VWDJH�� ,Q� FDUULHG�
SUHYLRXV�ZRUN�E\�<XRQHVL�DQG�0RUDGL���������UHSRUWHG�WKDW�
LV�FRQVLVWHQW�ZLWK�WKH�K\SRWKHVLV�WKDW�XQGHU�VDOLQLW\�VWUHVV��
SULPLQJ�FDQ�SUHSDUH�D�VXLWDEOH�PHWDEROLF�UHDFWLRQ�LQ�VHHGV�
DQG�FDQ�LPSURYH�VHHG�JHUPLQDWLRQ�SHUIRUPDQFH�DQG�VHHGOLQJ�

�HVWDEOLVKPHQW�� 7KHVH� UHVXOWV� DJUHH� ZLWK� 6LQJK� DQG� -DNDU
���������LQ�9LJQD�PXQJR� �DQG�)DUGXV�HW�DO�������� LQ�ZKHDW��

WKH\�VXJJHVWHG�WKDW�VDOLQLW\�PD\�LQÀXHQFH�JHUPLQDWLRQ�E\�
GHFUHDVLQJ� WKH�ZDWHU� XSWDNH�� DQG� JHUPLQDWLRQ� SHUFHQWDJH�
GHFOLQHG�ZLWK�LQFUHDVH�RI�VDOLQLW\�OHYHO��+RZHYHU��RVPRWLF�
VWUHVVHV� UHGXFH� JHUPLQDWLRQ� SHUFHQWDJH� �&RUQHOLD� DQG�
%DQGLFL� ������0DJKVRXGL� DQG�$UYLQ� ������ DOWKRXJK�� WKH�
VHHGV� SUH�WUHDWHG� ZLWK� *$ � VROXWLRQV� H[KLELWHG� KLJKHU��

JHUPLQDWLRQ� SHUFHQWDJH�� 6DEUD� HW� DO�� ������� UHSRUWHG� WKDW�
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SKRWRV\QWKHWLF�DFWLYLW\�LQ�HFKLQDFHD�ZDV�DIIHFWHG�E\�VDOLQLW\�
DQG�=ROOLQJHU�HW�DO���������DOVR�IRXQG�D�VLPLODU�UHGXFWLRQ�LQ�
SKRWRV\QWKHWLF�UDWH�DQG�VWRPDWDO�FRQGXFWDQFH�LQ�(��SXUSXUHD�
LUULJDWHG� ZLWK� LQFUHDVLQJ� FRQFHQWUDWLRQV� RI� VDOLQLW\�� ,Q�
DGGLWLRQ�� 6DQDP� HW� DO�� �������� GLIIHUHQW� OHYHOV� RI� VDOLQLW\�
VLJQL¿FDQWO\� UHGXFHG� JHUPLQDWLRQ� UDWH�� JHUPLQDWLRQ� YLJRU�
DQG�LQGH[��7KH�UHVXOWV�DOVR�VKRZHG�WKDW�E\�LQFUHDVLQJ�VDOLQLW\�
OHYHOV��WKH�SHUFHQWDJH�RI�JHUPLQDWLRQ�DQG�QRUPDO�VHHGOLQJV�
VLJQL¿FDQWO\�GHFUHDVHG�DQG� WKH�PHDQ� WLPH� WR�JHUPLQDWLRQ�
LQFUHDVHG��FRPSDUHG�WR�WKH�FRQWURO�WUHDWPHQW��%XW�WKH�VHHGV�
WUHDWHG� ZLWK� *$ � VKRZHG� KLJKHU� YLDELOLW\� DQG� EHWWHU��

�SHUIRUPDQFH�XQGHU�VDOLQLW\�VWUHVV�FRQGLWLRQ��$OL�HW�DO��������
DQG� =DGHK� HW� DO�� ������� UHSRUWHG� WKDW� DSSOLFDWLRQ� RI�*$ ��
HQKDQFHG� JURZWK� SDUDPHWHUV� �VKRRW� OHQJWK�� VKRRW� IUHVK�
ZHLJKW��VKRRW�GU\�ZHLJKW��URRW�OHQJKW��URRW�IUHVK�ZHLJKW��URRW�
GU\� ZHLJKW�� OHDI� DUHD� HWF��� XQGHU� VDOLQH� FRQGLWLRQ�� 7KHVH�
UHVXOWV�DUH�FRQVLVWHQW�ZLWK�WKRVH�RI�-DPLO�DQG�5KD��������LQ�

VXJDU�EHHW��(UGHPOL�DQG�.D\D��������LQ�VXQÀRZHU��<ÕOGÕ]�HW�
DO���������LQ�VZHHW�ZLOOLDP��&DYXVRJOX�HW�DO���������LQ�UDGLVK�
VHHG��6LQJK�DQG�-DNDU���������LQ�9LJQD�PXQJR�DQG�=DGHK�HW�
DO���������LQ�HFKLQDFHD��3URPRWLRQ�LQ�VHHG�JHUPLQDWLRQ�ZLWK�
*$ � PD\� EH� GXH� WR� LQFUHDVHG� XSWDNH� RI� R[\JHQ� DQG� D��

DP\ODVH�DFWLYLW\�
<DOFÕQ��������DQG�<LOGL]�HW�DO���������UHFRUGHG�WKDW�WKH�

SRVLWLYH� DQG� VLJQL¿FDQW� HIIHFWV� RI� *$ � DSSOLFDWLRQV� RQ��

JHUPLQDWLRQ� SRZHU� ZHUH� IRXQG�� -DPLO� DQG� 5KD� �������
UHSRUWHG�WKDW�ZDWHU�XSWDNH�RI�SULPHG�VHHGV�DOVR�LQFUHDVHG�
VLJQL¿FDQWO\� ZLWK� LQFUHDVLQJ� FRQFHQWUDWLRQ� RI� *$ � DV��

FRPSDUHG� WR� FRQWURO�� (UGHPOL� DQG�.D\D� �������� UHFRUGHG�
WKDW�LW�ZDV�FRQFOXGHG�WKDW�VHHG�WUHDWPHQW�ZLWK�*$ �FDQ�EH��

EHQH¿FLDO� IRU� GHFUHDVLQJ� WKH� HIIHFW� RI� DELRWLF� VWUHVV�
FRQGLWLRQV�RQ�JHUPLQDWLRQ�� ,W�ZDV� VHHQ� WKDW�DV�JLEEHUHOOLF�
DFLG�GRVH�LQFUHDVHV�JHUPLQDWLRQ�SDUDPHWHUV�ZHUH�LPSURYH�
ZKHQ�FRPSDUHG�WR�FRQWURO��
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7DEOH����(IIHFW�RI�J൴EEHUHOO൴F�DF൴G�WUHDWPHQWV�RQ�JHUP൴QDW൴RQ�RI�HFK൴QDFHD�VHHGV�XQGHU�VDOW�VWUHVV

7DEOH����(IIHFW�RI�J൴EEHUHOO൴F�DF൴G�WUHDWPHQWV�RQ�VRPH�FKDUDFWHU൴VW൴FV�RI�HFK൴QDFHD��VHHGO൴QJV

5XYH\GH�7XQFWXUN��6HUKDW�.LSFDN��0DKGL�*KL\DVL��0XUDW�7XQFWXUN



7KH� HIIHFW� JHUPLQDWLRQ� LQKLELWLQJ� LQ� VHHGV� RI� VDOW� KDV�
EHHQ�UHYHDOHG�LQ�PDQ\�VWXGLHV��,W�KDV�EHHQ�UHSRUWHG�WKDW�LW�
ZDV� FDXVHG� WR� WKH� LQKLELWLRQ� RI�ZDWHU� LQWDNH� RI� KLJK� VDOW�
FRQFHQWUDWLRQ�RQ�WKH� �GHFUHDVH�RI�JHUPLQDWLRQ�UDWH��WR[LFLW\�
RI�VDOW� �DQG� �WKH�FDQ�QRW�EH�DFWLYDWHG� �GXH�WR�VDOW�VWUHVV�RI��
UHTXLUHG�HQ]\PHV�GXULQJ�JHUPLQDWLRQ��0DQVRXU��������(VVD��
������6DGHJKLDQ�DQG�<DYDUL��������+RZHYHU��6H\HGL�HW�DO��

������� UHSRUWHG� WKDW�� ZLWK� LQFUHDVLQJ� VDOLQLW\� VWUHVV�
JHUPLQDWLRQ�FKDUDFWHULVWLFV�VXFK�DV�JHUPLQDWLRQ�SHUFHQWDJH��
JHUPLQDWLRQ�UDWH�DQG�VHHGOLQJ�IUHVK�ZHLJKW�GHFUHDVHG��$OO�RI�
WKH�HDUO\�JURZWK�SDUDPHWHUV�KDYH�GHFUHDVHG�DV�SDUDOOHO�ZLWK�
VDOW�DSSOLFDWLRQ�

3ULPLQJ� RI� VHHGV� ZLWK� GLIIHUHQW� PDWHULDOV� SDUWLFXODUO\�
*$ � ZDV� XVHIXO� IRU� DOOHYLDWLQJ� VDOW� VWUHVV� HIIHFWV� DQG��

LPSURYLQJ� JHUPLQDWLRQ� DQG� VHHGOLQJ� HVWDEOLVKPHQW� XQGHU�
VDOW�VWUHVV��8QGHU�VDOLQLW\�FRQGLWLRQ��SULPHG�VHHGV�SRVVHVVHG�
PRUH�JHUPLQDWLRQ�DQG�HPHUJHQFH�WKDQ�FRQWURO�� �$FFRUGLQJ�
WR�WKH�UHVXOWV�RI�WKH�VWXG\��WKH�KLJKHVW�YDOXHV�IRU�LQYHVWLJDWHG�
FKDUDFWHUV� VXFK� DV� UDGLFXOD� DQG� VHHGOLQJ� OHQJKW�� IUHVK�
UDGLFXOD�DQG�VHHGOLQJ�ZHLJKW�DQG�GU\�UDGLFXOD�DQG�VHHGOLQJ�
ZHLJKW�ZHUH� GHWHUPLQHG� DV� ����� FP�� ����� FP�� ������PJ��
������PJ�������PJ�DQG�������PJ�IURP�FRQWURO�DSSOLFDWLRQV�
���P0�1D&O���UHVSHFWLYHO\��$OVR��WKH�PRVW�QHJDWLYH�UHVXOWV�
ZHUH�GHWHUPLQHG�DV������FP�������FP��������PJ���������PJ��
�����PJ�DQG�������PJ� IURP�����P0�1D&O� DSSOLFDWLRQV��
UHVSHFWLYHO\�� ,Q� WHUPV� RI� JLEEHUHOOLF� DFLG� DSSOLFDWLRQV� WKH�
PRVW�SRVLWLYH�UHVXOWV�IRU�WKH�FKDUDFWHUV�VXFK�DV�UDGLFXOD�DQG�
VHHGOLQJ�OHQJKW��IUHVK�UDGLFXOD�DQG�VHHGOLQJ�ZHLJKW�DQG�GU\�
UDGLFXOD�DQG�VHHGOLQJ�ZHLJKW�ZHUH�REWDLQHG�IURP�����SSP�
*$ �DSSOLFDWLRQV�DV������FP�������FP��������PJ���������PJ���

�����PJ�DQG�������PJ��UHVSHFWLYHO\�,Q�WKLV�H[SHULPHQW��ZH�
REVHUYHG�WKDW��JURZWK�SDUDPHWHUV�UHGXFHG�ZLWK�LQFUHDVLQJ�
VDOLQLW\��7DEOH����ZKLFK�ZDV�VLPLODU�ZLWK�WKH�UHSRUW�RI�6DEUD�

�HW�� DO�� ������� LQ� HFKLQDFHD� VSHFLHV�� 1D]DULDQ� ������ LQ�
UDSHVHHG��6DODKXGGLQ�HW�DO����������LQ�PXQJEHHQ��)DUGXV�HW��
DO���������LQ�ZKHDW�DQG�6LQJK�DQG�-DNKDU���������LQ�9LJQD�
PXQJR��

&RQFOXVLRQV
,Q�WKH�WU൴DO�FRQGXFWHG�WR�HYDOXDWH�VRPH�JHUP൴QDW൴RQ�DQG�

JURZWK�FKDUDFWHU൴VW൴FV��UDG൴FOH�OHQJWK��VKRRW�OHQJWK��UDG൴FOH�
DJH�DQG�GU\�ZH൴JKW��VKRRW�DJH�DQG�GU\�ZH൴JKW��JHUP൴QDW൴RQ�
VWUHQJWK�� JHUP൴QDW൴RQ� UDWH�� DYHUDJH� JHUP൴QDW൴RQ� W൴PH��
JHUP൴QDW൴RQ� DQG� VHQV൴W൴Y൴W\� ൴QGH[�� RI� HFK൴QDFHD� � ZDV�
FRQFOXGHG� WKDW� JHUP൴QDW൴RQ� DQG� JURZWK� SDUDPHWHUV� RI�
HFK൴QDFHD� VHHGV� ZHUH� ൴QK൴E൴WHG� DV� WKH� VDOW� FRQFHQWUDW൴RQ�
൴QFUHDVHV��(FK൴QDFHD� VHHGV� H[SRVHG� WR� WKH� VDOW� VWUHVV� DQG�
J൴EEHUHOO൴F� DF൴G� FRQFHQWUDW൴RQV� ZHUH� IRXQG� WR� KDYH� D�
V൴JQ൴¿FDQW� SRV൴W൴YH� HIIHFW� RQ� JHUP൴QDW൴RQ� DQG� JURZWK�
SURSHUW൴HV�RI�HFK൴QDFHD�7KH�EHVW�UHVXOWV�ZHUH�REWDLQHG�IURP�
WKH�FRPELQDWLRQ�RI�����SSP�*$ �DQG���P0��FRQWURO��VDOW�LQ��

WKH� LPSURYLQJ� DV� SK\VLRORJLFDO� RI� HFKLQDFHD� VHHGV��$V� D�
UHVXOW��൴W�ZDV�GHWHUP൴QHG�WKDW�*$��WUHDWPHQWV�HO൴P൴QDWHG�WKH�
JHUP൴QDW൴RQ�൴QK൴E൴W൴QJ� HIIHFWV� FDXVHG� E\� VDOW� VWUHVV� DQG�
VKRUWHQHG�WKH�DYHUDJH�JHUP൴QDW൴RQ�W൴PH�
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QG UGZLWK����EOXH�VWLFN\�WUDSV�LQ�WKH��VW�JUHHQKRXVH�ZLWK���GD�VL]H�DQG�WKH�� �JUHHQKRXVH�ZLWK�����GD�VL]H�DQG����WUDSV�LQ�WKH�� �
JUHHQKRXVH�ZLWK�����GD�VL]H��7UDSV�ZHUH�FROOHFWHG�HDFK�ZHHN��ZLWK�WKH�QXPEHUV�RI�WKULSV�UHFRUGHG��2Q�GDWHV�ZKHQ�WKH�
WUDSV�ZHUH�FKDQJHG��WKH�WKULSV�IRXQG�RQ�SODQWV�ZHUH�FRXQWHG�E\�H[DPLQLQJ�WHQ�ÀRZHUV�RQ�WKUHH�SODQWV�EHORZ�RU�FORVH�WR�
WKH�EOXH�VWLFN\�WUDSV�E\�H\H�RU�ZLWK�D�ORXSH�ZLWK�FRXQWV�SHUIRUPHG�XQWLO�WKH�GD\�RI�KDUYHVW��$W�WKH�HQG�RI�WKH�VWXG\��WKH�SHVW�
SRSXODWLRQ�UHDFKHG�D�FHUWDLQ�OHYHO�IURP�WKH�VWDUW�RI�ÀRZHULQJ�LQ�1RYHPEHU�LQ�WKH�WKUHH�JUHHQKRXVHV��DQG�WKHQ�IHOO�LQ�WKH�
PLGGOH�RI�'HFHPEHU��)URP�WKH�PLGGOH�RI�'HFHPEHU��WKH�SRSXODWLRQ�EHJDQ�WR�LQFUHDVH�DQG�WKLV�LQFUHDVH�FRQWLQXHG�XQWLO�
WKH�VWUDZEHUULHV�ZHUH�KDUYHVWHG��7KH�QXPEHU�RI�SHVWV�SHU�WUDS�YDULHG�IURP�����WR���������:KHQ�WKH�ZKROH�SURGXFWLRQ�
VHDVRQ�LV�FRQVLGHUHG��WKH�PHDQ�SHVW�QXPEHUV�SHU�WUDS�LQ�WKH�WKUHH�JUHHQKRXVHV�ZHUH�������������DQG��������WKULSV�WUDS��
7KH�QXPEHU�RI�SHVWV�SHU�ÀRZHUKHDG�YDULHG�IURP�����WR������:KHQ�WKH�ZKROH�SURGXFWLRQ�VHDVRQ�LV�FRQVLGHUHG��WKH�PHDQ�
QXPEHUV�RI�SHVWV�SHU�ÀRZHUKHDG�LQ�WKH�JUHHQKRXVHV�ZHUH������������DQG������WKULSV�ÀRZHUKHDG��,Q�OLJKW�RI�WKH�GDWD�
REWDLQHG�LQ�WKH�VWXG\��DQG�FRQVLGHULQJ�WKH�HFRQRPLF�GDPDJH�WKUHVKROG�YDOXH�UHFRPPHQGHG�E\�SUHYLRXV�UHVHDUFK�UHVXOWV��
LW�ZDV�FRQFOXGHG�WKHUH�LV�QR�QHHG�IRU�FKHPLFDO�LQWHUYHQWLRQ�DJDLQVW�)��RFFLGHQWDOLV�LQ�WKH�UHJLRQ��
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������(VSLQRVD�HW�DO���������+HUURQ�DQG�-DPHV��������'D÷OÕ�
DQG�7XQo��������*DR�HW�DO���������'D÷OÕ���������

7KHVH� DSSOLFDWLRQV� KDYH� GLUHFW� QHJDWLYH� HIIHFWV� RQ�
EHQH¿FLDO� LQVHFWV� DQG� LQGLUHFWO\� FDXVH� HQYLURQPHQWDO�
SROOXWLRQ��7KHVH�SUREOHPV�KDYH�OHG�WR�WKH�QHFHVVLW\�WR�DSSO\�
LQWHJUDWHG�DQG�ELRORJLFDO�LQWHUYHQWLRQ�PHWKRGV�

,Q� 7XUNH\�� WKULSV� LQWHUYHQWLRQ� FRPSULVHV� D� VLJQL¿FDQW�
SRUWLRQ�RI�ELRWHFKQLFDO�LQWHUYHQWLRQ�PHWKRGV��'HWHUPLQLQJ�
WKH�SRSXODWLRQ�FKDQJH�DQG� LQ�JUHHQKRXVH�GLVWULEXWLRQ�DQG�
DVVHVVLQJ� WKH� WKUHVKROG� RI� SRSXODWLRQ� GHQVLW\� ZLOO� EH�
EHQH¿FLDO� LQ� GHFLGLQJ� DERXW� LQWHUYHQWLRQV�� $V� VWDWHG� E\�
%LQQV�DQG�1\URS���������GHFLGLQJ�LV�DQ�LPSRUWDQW�DVSHFW�RI�
FXUUHQW�,QWHJUDWHG�,QWHUYHQWLRQ�3URJUDPV��DQG�ZLOO�FRQWLQXH�
WR� SOD\� DQ� LPSRUWDQW� UROH� LQ� PDWXUDWLRQ� RI� LQWHJUDWHG�
LQWHUYHQWLRQ�SURJUDPV�LQ�WKH�IXWXUH��,W�LV�LPSRUWDQW�WR�NQRZ�
WKH�QXPEHU�DQG�GLVWULEXWLRQ�RI�SHVWV�LQ�DQ�DUHD�ZKHQ�GHFLGLQJ�
DERXW�SUHFDXWLRQV�WR�WDNH�DJDLQVW�WKHVH�SHVWV��7KLV�PD\�EH�
GHWHUPLQHG�ZLWK�D�JRRG�VDPSOLQJ�PHWKRG�

,Q� WKLV� VWXG\�� SRSXODWLRQ� YDULDWLRQ� DQG� LQ�JUHHQKRXVH�
GLVWULEXWLRQ�JUDSKV�ZHUH�FUHDWHG�IRU�SHVWV�ZLWK�WKH�DLG�RI�EOXH�
WUDSV�DQG�GLUHFW�WKULSV�FRXQWV�RQ�ÀRZHUV�LQ�WKUHH�VWUDZEHUU\�
JUHHQKRXVHV� LQ�.DGUL\H� QHLJKERUKRRG� RI� 6HULN� FRXQW\� LQ�
$QWDO\D�SURYLQFH��

0DWHULDOV�DQG�0HWKRGV
7KLV� VWXG\� ZDV� FRPSOHWHG� LQ� .DGUL\H� 0XQLFLSDOLW\�

OLQNHG� WR� 6HULN� FRXQW\� LQ� $QWDO\D� ZKHUH� VWUDZEHUU\�

SURGXFWLRQ�LV�LQWHQVHO\�SUDFWLFHG��7KH�PDLQ�PDWHULDOV�LQ�WKH�
WULDO�ZHUH�)��RFFLGHQWDOLV�SRSXODWLRQV��VWUDZEHUU\�SODQWV�DQG�
EOXH�VWLFN\�WUDSV�

7KH� VWXG\�ZDV� FRPSOHWHG� LQ� KLJK� WXQQHO� JUHHQKRXVHV�
ZLWK�VL]HV�RI����������DQG���GD��

,Q� WKH� WULDO� JUHHQKRXVHV� ZKHUH� WKH� UHVHDUFK� ZDV�
FRPSOHWHG�� DOO� SURFHVVHV� UHODWHG� WR� SODQW� FXOWLYDWLRQ�ZHUH�
SHUIRUPHG� E\� SURGXFHUV� LQ� DFFRUGDQFH� ZLWK� UHJLRQDO�
FRQGLWLRQV�� 6RPH� LQIRUPDWLRQ� UHODWHG� WR� WKH� WULDO�
JUHHQKRXVHV�LQ�WKH�VWXG\�LV�JLYHQ�LQ�7DEOH����

7KH�VWXG\�ZDV�FRPSOHWHG�LQ�WZR�VWDJHV��7KH�¿UVW�VWDJH�
XVHG� EOXH� VWLFN\� WUDSV� WR� FRXQW�PRELOH� LQVHFWV��:LWK� WKLV�
PHWKRG�� EOXH� WUDSV� ZHUH� KRPRJHQHRXVO\� KXQJ� LQ� WKH�
VWUDZEHUU\�DUHDV�ZLWK����EOXH�VWLFN\� WUDSV�HDFK� LQ� WKH��VW�
JUHHQKRXVH�ZLWK���GD�VL]H�DQG�WKH��QG�JUHHQKRXVH�ZLWK�����GD�
VL]H�DQG����WUDSV�LQ�WKH��UG�JUHHQKRXVH�ZLWK�����GD�VL]H��7KH�
WUDSV�ZHUH�SODFHG�DW���PHWHU�LQWHUYDOV��7KH�WUDSV�ZHUH�KXQJ�DW�
������FP�DERYH�WKH�VWUDZEHUU\�SODQWV��7KH�WULDO�XVHG�WKH����[�
��� FP� VL]H� EOXH� VWLFN\� WUDSV� REWDLQHG� IURP� %LRJOREDO�
&RPSDQ\��7KH�¿UVW�WUDSV�ZHUH�KXQJ�RQ����1RYHPEHU������WR�
PRQLWRU� WKH�FKDQJH�LQ�SHVW�SRSXODWLRQV��7KH�ODEHOV�RQ�WKH�
WUDSV�KDG�LQIRUPDWLRQ�DERXW�WKH�GDWH�WKH\�ZHUH�KXQJ��WUDS�
QXPEHU�DQG�JUHHQKRXVH�QXPEHU��7UDSV�ZHUH�FROOHFWHG�HYHU\�
ZHHN�DQG� WKULSV�QXPEHUV�ZHUH� FRXQWHG��2Q� WKH�GDWHV� WKH�
WUDSV�ZHUH�FKDQJHG��WHQ�ÀRZHUV�RQ�WKUHH�SODQWV�LPPHGLDWHO\�
EHORZ�RU�QHDU�WKH�EOXH�VWLFN\�WUDSV�ZHUH�LQYHVWLJDWHG�E\�H\H�
DQG�ZLWK�D�ORXSH��&RXQWV�FRQWLQXHG�XQWLO�WKH����0DUFK�������

���

'2,��KWWSV���G[�GRL�RUJ����������MDHIV�������������6HYJL�*RNND\D�DQG�,VPDLO�.DUDFD

7DEOH����,QIRUPDWLRQ�DERXW�WKH�JUHHQKRXVHV�LQ�.DGUL\H�0XQLFLSDOLW\�ZKHUH�WKH�H[SHULPHQV�ZHUH�HVWDEOLVKHG

5HVXOWV�DQG�'LVFXVVLRQ�
,Q� OLQH�ZLWK� WKH�0DWHULDO� DQG�0HWKRG�� WKH� ORJDULWKPLF�

JUDSKV�RI�SRSXODWLRQ�YDULDWLRQ�IRU�)��RFFLGHQWDOLV�LGHQWL¿HG�
IURP�FRXQWV�RI�VWLFN\�WUDSV�LQ�WKH�JUHHQKRXVHV�DUH�JLYHQ�LQ�
)LJXUH� ���'XULQJ� WKH� VWXG\�� D� WRWDO� RI� �������� LQGLYLGXDO�
WKULSV� ZHUH� FRXQWHG� ZLWK� �������� LQ� WUDSV� DQG� ������ RQ�
ÀRZHUV�GXULQJ�WKH�VWUDZEHUU\�VHDVRQ�

:KHQ� )LJXUH� �� LV� LQYHVWLJDWHG�� WKH� SRSXODWLRQ�
GHYHORSPHQW� IRU�)�� RFFLGHQWDOLV� LQ� WKH� WKUHH� JUHHQKRXVHV�
DSSHDUV�WR�EH�VLPLODU��:LWKLQ�WKH�JUHHQKRXVH��LQ�1RYHPEHU�DW�
WKH� VWDUW� RI� ÀRZHULQJ� D� FHUWDLQ� SHVW� SRSXODWLRQ� OHYHO�ZDV�
UHDFKHG� DQG� WKLV� OHYHO� IHOO� XQWLO� WKH�PLGGOH� RI�'HFHPEHU��
)URP�WKH�PLGGOH�RI�'HFHPEHU��SRSXODWLRQ�LQFUHDVHV�EHJDQ�
DQG� WKHVH� LQFUHDVHV� FRQWLQXHG� XQWLO� VWUDZEHUULHV� ZHUH�
KDUYHVWHG��7KH�QXPEHU�RI�SHVWV�SHU�WUDS�YDULHG�IURP�����WR�
��������&RQVLGHULQJ�WKH�ZKROH�SURGXFWLRQ�VHDVRQ��WKH�PHDQ�
QXPEHU�RI�SHVWV�ZHUH�������������DQG��������WKULSV�WUDS�LQ�
WKH�WKUHH�JUHHQKRXVHV��UHVSHFWLYHO\�

'DWD�REWDLQHG�IURP�VWXGLHV�RI�ÀRZHUV�LQ�SDUDOOHO�WR�WUDS�
VWXGLHV�DUH�JLYHQ�LQ�)LJXUH����

:KHQ� )LJXUH� �� LV� LQYHVWLJDWHG�� WKHUH� DSSHDUV� WR� EH�
FRQWLQXRXV�YDULDWLRQ�LQ�WKH�SHVWV�RQ�ÀRZHUV��7KH�QXPEHU�RI�
SHVWV�SHU�ÀRZHU�KHDG�YDULHG�IURP�����WR������:KHQ�WKH�ZKROH�

SURGXFWLRQ�VHDVRQ�LV�FRQVLGHUHG��WKH�PHDQ�QXPEHU�RI�SHVWV�
ZDV� ������ ����� DQG� ����� WKULSV�ÀRZHU� LQ� WKH� WKUHH�
JUHHQKRXVHV��UHVSHFWLYHO\��

*RQ]DOH]�=DPRUD�DQG�*DUFLD�0DUL��������UHSRUWHG�WKH�
QXPEHU� RI� SHVW� ODUYDH� RQ�ÀRZHU� KHDGV� RI� ROG� DQG� \RXQJ�
ÀRZHUV�YDULHG�IURP������WR������ZKLOH�WKH�QXPEHU�RI�DGXOWV�
YDULHG� IURP� ����� WR� ������$WDNDQ� ������� GHWHUPLQHG� WKH�
QXPEHU�RI�)��RFFLGHQWDOLV�ODUYDH�YDULHG�IURP������WR������SHU�
ÀRZHU�KHDG�ZLWK�WKH�QXPEHU�RI�DGXOWV�YDU\LQJ�IURP������WR�
������ LQ� �� VDPSOLQJV� RI� VWUDZEHUU\� ÀRZHUV� LQ� $GDQD�
SHUIRUPHG� LQ�0D\�DQG� -XQH�������<ÕOGÕUÕP�DQG�%DúSÕQDU�
�������LQ�D�VWXG\�RI�WZR�VWUDZEHUU\�JUHHQKRXVHV�LQ�$\GÕQ�
IRXQG� )�� RFFLGHQWDOLV� ZDV� WKH� RQO\� WKULSV� VSHFLHV� DQG�
GHWHUPLQHG�WKH�SHVW�EHJDQ�WR�EH�REVHUYHG�LQ�WKH�DUHD�IURP�WKH�
PLGGOH� RI� $SULO�� UHDFKHG� KLJKHVW� OHYHOV� LQ� -XQH� DQG�
SRSXODWLRQ�OHYHOV�EHJDQ�WR�IDOO�DIWHU�-XO\��7KH�VWXG\�UHSRUWHG�
WKH�WKULSV�FRXQW�SHU�ÀRZHU�ZHUH�EHWZHHQ�����WR��������$WDNDQ�
HW�DO���������LQ�D�VWXG\�RI�D�VWUDZEHUU\�JUHHQKRXVH�LQ�$GDQD�
LQ�����������LGHQWL¿HG�WKH�WKULSV�ODUYD�DQG�DGXOW�QXPEHUV�
ZHUH� ����ÀRZHU� WR� ����� ODUYDH�ÀRZHU� DQG� ������
DGXOWV�ÀRZHU� LQ� ������ ZKLOH� LQ� ����� WKLV� YDULHG� IURP�
����ÀRZHU�WR������ODUYDH�ÀRZHU�DQG�������DGXOWV�ÀRZHU�

:KHQ�WKLV�VWXG\�LV�FRPSDUHG�ZLWK�OLWHUDWXUH�¿QGLQJV��LW�



LW� DSSHDUV� WR�EH�VLPLODU��ZLWK� WKH�QXPEHU�SHU�ÀRZHU�KHDG�
IRXQG�WR�EH�ORZHU�WKDQ�PD[LPXP�SHVW�QXPEHUV�
7KH�GLVWULEXWLRQ�RI�)��RFFLGHQWDOLV�OLQNHG�WR�WUDS�ORFDWLRQV�LV�
JLYHQ�VHSDUDWHO\�IRU�HDFK�RI�WKH�WKUHH�JUHHQKRXVHV�LQ�)LJXUH�
���

:KHQ�)LJXUH���LV�LQYHVWLJDWHG��WKRXJK�WKH�VWUXFWXUH�DQG�
WULDO� SDWWHUQV� LQ� WKH� �VW� DQG� �QG� JUHHQKRXVHV� ZHUH� YHU\�
VLPLODU�� WKHUH� ZHUH� GLIIHUHQFHV� REVHUYHG� LQ� ERWK� WKH�
SRSXODWLRQ�GHQVLW\�DQG�GLVWULEXWLRQ�ZLWKLQ�WKH�JUHHQKRXVH�RI�
SHVWV�� ,Q�JUHHQKRXVH�QR�����D� WRWDO�RI��������� WKULSV�ZHUH�
FDXJKW�GXULQJ�WKH�ZKROH�H[SHULPHQW�LQ�DOO�WUDSV��ZKLOH�WKLV�
QXPEHU� ZDV� ������� LQ� JUHHQKRXVH� QR�� ��� ,Q� WKH� �VW�

JUHHQKRXVH��WKH�¿UVW�WKUHH�SODFHV�LQ�WHUPV�RI�WUDSSLQJ�ZHUH�
WUDSV�QR���������DQG����ZKLOH�LQ�WKH��QG�JUHHQKRXVH�WKH�¿UVW�
WKUHH�SODFHV�ZHQW�WR�WUDSV�QR��������DQG����$V�XQGHUVWRRG�IURP�
WKH�WULDO�SDWWHUQ�LQ�)LJXUH�����DQG������WKH�¿UVW�WZR�WUDSV�LQ�
JUHHQKRXVH� QR�� �� ZHUH� ORFDWHG� DW� WKH� HDVW� HGJH� RI� WKH�
JUHHQKRXVH��ZKLOH� WKH�¿UVW� WZR� WUDSV� LQ�JUHHQKRXVH�QR�� ��
ZHUH� ORFDWHG� LQ� WKH� QRUWKZHVW� RI� WKH� JUHHQKRXVH�� ,Q� ERWK�
JUHHQKRXVHV�� WUDS� QR�� �� ORFDWHG� DW� WKH� HDVW� HGJH� RI� WKH�
JUHHQKRXVH�DWWUDFWHG�WKH�VDPH�SURSRUWLRQ�RI�SHVWV��,Q�WRWDO��
��������WKULSV�ZHUH�FDXJKW�LQ�JUHHQKRXVH�QR�����ZLWK�WUDSV�
DWWUDFWLQJ�PRVW�SHVWV�IRXQG�LQ�WKH�FHQWHU�RI�WKH�QRUWK�HGJH�RI�
WKH�JUHHQKRXVH��)LJXUH�����

���

,QW�-�$JULF�(QYLURQ�)RRG�6FL��������������� ��������

)LJXUH����3RSXODWLRQ�GHYHORSPHQW�RI�)UDQNOLQLHOOD�RFFLGHQWDOLV� LQ�
EOXH�VWLFN\�WUDSV��/RJDULWKPLF�GDWD�ZHUH�XVHG�LQ�WKH�JUDSKV�
IRU�WKH�QXPEHUV�RI�WKULSV�SRSXODWLRQ�

)LJXUH� ��� 3RSXODWLRQ� GHYHORSPHQW� RI� )UDQNOLQLHOOD�
RFFLGHQWDOLV�RQ�VWUDZEHUU\�ÀRZHUV

:KHQ� DOO� JUHHQKRXVHV� DUH� FRQVLGHUHG� WRJHWKHU� E\�
LQYHVWLJDWLQJ�)LJXUH����WKHUH�LV�QR�SDWWHUQ�IRXQG�LQ�WHUPV�RI�
SHVW�GLVWULEXWLRQ��

:KHQ� )LJXUH� �� LV� LQYHVWLJDWHG�� WKH� QXPEHU� RI� WKULSV�
FDXJKW�LQ�WUDSV�LQ�WKH�¿UVW�JUHHQKRXVH�ZDV�OHDVW�LQ�WKH�FHQWUDO�
URZ� LQ� HDVW�ZHVW� GLUHFWLRQ�� ,Q� WKH� VHFRQG� JUHHQKRXVH� WKH�
WUDSV�LQ�WKH�QRUWKHDVW�FRUQHU�DQG�LQ�WKH�VRXWKZHVW�FRUQHU�KDG�

OHDVW�QXPEHU�RI�WKULSV�LGHQWL¿HG��,Q�WKH�WKLUG�JUHHQKRXVH��DOO�
WUDSV�IRXQG�RQ�WKH�HDVW�HGJH�RI�WKH�JUHHQKRXVH�KDG�ORZHVW�
QXPEHU�WR�WKULSV�

,Q� WKH� VWXG\�� DV� PHQWLRQHG� DERYH�� FRXQWV� GLUHFWO\� RQ�
VWUDZEHUU\� ÀRZHUV� ZHUH� FRPSOHWHG�� ZLWK� WKH� QXPEHU� RI�
WKULSV�DFFRUGLQJ�WR� ORFDWLRQ�RI�ÀRZHUV� LQ� WKH�JUHHQKRXVHV�
JLYHQ�LQ�)LJXUH���
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:KHQ�)LJXUH���LV�LQYHVWLJDWHG��WKH�¿UVW�WZR�JUHHQKRXVHV�
ZKLFK�UHVHPEOH�HDFK�RWKHU�DSSHDU�QRW�WR�VKRZ�VLPLODULWLHV�
OLQNHG�WR�WKH�QXPEHU�RI�WKULSV�LQ�UHODWLRQ�WR�WKH�ORFDWLRQ�RI�WKH�
ÀRZHUV��,Q�WKH�¿UVW�JUHHQKRXVH��WKH�UHJLRQV�LQ�¿UVW�SODFH�IRU
GHQVLW\�ZHUH�WKH�QXPEHUV������DQG����ZKLOH�LQ�WKH�VHFRQG�
JUHHQKRXVH��WKH�QXPEHUV������DQG����ZHUH�LQ�¿UVW�SODFH��,Q�WKH�
¿UVW�JUHHQKRXVH��WKHVH�UHJLRQV�ZHUH�WZR�LQ�WKH�VRXWKZHVW�RI�
WKH�JUHHQKRXVH�DQG�RQH�LQ�WKH�FHQWHU�RI�WKH�ZHVW�HGJH�RI�WKH�
JUHHQKRXVH��,Q�WKH�VHFRQG�JUHHQKRXVH��DJDLQ��WKH�¿UVW�WZR�

UHJLRQV�LQ�WHUPV�RI�GHQVLW\�ZHUH�LQ�WKH�VRXWKZHVW��ZLWK�WKH�
WKLUG� LQ� WKH� VRXWKZHVW� HGJH� RI� WKH� JUHHQKRXVH��:KHQ� WKH�
¿JXUH� LV� LQYHVWLJDWHG�� WKH� WKULSV� SRSXODWLRQ� LQ� WKH� ¿UVW�
JUHHQKRXVH� FOXVWHUHG� LQ� WKH� VRXWKZHVW�� ZKLOH� WKH\� ZHUH�
GLVWULEXWHG�PDLQO\�DORQJ�WKH�JUHHQKRXVH�HGJHV�LQ�WKH�VHFRQG�
JUHHQKRXVH��,Q�WKH�WKLUG�JUHHQKRXVH��WKH�WKULSV�SRSXODWLRQ�
GLG� QRW� VKRZ� FOHDU� GLVWULEXWLRQ�� ZLWK� SRSXODWLRQ� D� OLWWOH�
KLJKHU�LQ�WKH�QRUWKHDVW�RI�WKH�JUHHQKRXVH�

���

)LJXUH����'LVWULEXWLRQ�RI�)UDQNOLQLHOOD�RFFLGHQWDOLV�FDXJKW� LQ�
WUDSV�ZLWKLQ�WKH�JUHHQKRXVHV��SRVLWLRQ�RI�WUDSV�VKRZQ�
E\�D��E��F��G��H�OHQJWK�RI�JUHHQKRXVH�����������������ZLGWK�
RI� WKH� JUHHQKRXVH��7UDS�QXPEHUV�� D����� D����� D�����
D�����D�����E�����E�����E�����E�����E������F������F������
F������ � F������ F������ G������ G������ G������ G������
G������H������H������H������H������H�������&XPLODWLYH�
GDWD�DFFRUGLQJ�WR�WLPH�ZHUH�XVHG�LQ�WKH�JUDSKV�IRU�WKH�
QXPEHUV�RI�WKULSV�SRSXODWLRQ�

)LJXUH����,Q�JUHHQKRXVH�GLVWULEXWLRQ�RI�WKULSV�SRSXODWLRQV�RQ�
ÀRZHUV�DFFRUGLQJ�WR�WUDS�ORFDWLRQV��&XPLODWLYH�GDWD�
DFFRUGLQJ�WR�WLPH�ZHUH�XVHG�LQ�WKH�JUDSKV�IRU�WKH�
QXPEHUV�RI�WKULSV�SRSXODWLRQ�

6WHLQHU�DQG�*RRGZLQ������D��XVHG�\HOORZ�VWLFN\�WUDSV�
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