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

'2,�����������MDHIV��

$VVRF�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

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��$\]Q�%��.8'(1�
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\
DENXGHQ#FX�HGX�WU
3URI�'U��0DUN�0$77+(:6�
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH�DQG�(QRORJ\
&DOLIRUQLD�8QLYHUVLW\��'HSDUWPHQW�RI�9LWLFXOWXUH�DQG�(QRORJ\��'DYLV��8�6�$�
PDPDWWKHZV#XFGDYLV�HGX

(GLWRULDO�%RDUG

-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�-�$JULF�(QYLURQ�)RRG�6FL�������0DUFK������
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ZZZ�MDHIV�FRP-$()6

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

'2,�����������MDHIV��

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
$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

(GLWRULDO�%RDUG

�H�,661������������
,QW�-�$JULF�(QYLURQ�)RRG�6FL�������0DUFK������
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ZZZ�MDHIV�FRP-$()6

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

'2,�����������MDHIV��

$VVRF�3URI�'U��5yEHUW�6=,/$*<,�
$JULFXOWXUDO�6FLHQFHV��0RELOH�,QWHUQHW�LQ�$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
3URI�'U��+DúLP�.(/(%(.
)RRG�6FLHQFHV��)RRG�7HFKQRORJ\
$GDQD�6FLHQFH�DQG�7HFKQRORJ\�8QLYHUVLW\��$GDQD��7XUNH\
KNHOHEHN#DGDQDEWX�HGX�WU

$GYLVRU\�%RDUG

�H�,661������������
,QW�-�$JULF�(QYLURQ�)RRG�6FL�������0DUFK������
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ZZZ�MDHIV�FRP-$()6

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

'2,�����������MDHIV��

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
$VVRF�3URI�'U��+DOLO�(5'(0
$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ
*D]LRVPDQSDVD�8QLYHUVLW\��7RNDW��7XUNH\�
HUGHPK#KRWPDLO�FRP

$GYLVRU\�%RDUG

�H�,661������������
,QW�-�$JULF�(QYLURQ�)RRG�6FL�������0DUFK������
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ZZZ�MDHIV�FRP-$()6

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

'2,�����������MDHIV��

$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�������0DUFK������



3URI�'U��&XPD�$.,1&,
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�>DNLQFL#GLFOH�HGX�WU@

3URI�'U��+DNDQ�$.7$6
,VSDUWD�$SSOLHG�6FLHQFHV�8QLYHUVLW\��,VSDUWD��7XUNH\�>NWDVKDNDQ#VGX�HGX�WU@

3URI�'U��=H\QHO�&(%(&,
&XNXURYD�8QLYHUVLW\��$GDQD��7XUNH\�>]FHEHFL#FX�HGX�WU@

3URI�'U��'DYXW�.$5$$6/$1
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�>GDYXW�NDUDDVODQ#GLFOH�HGX�WU@

3URI�'U��6HPLK�1(0/,2*/8�
,VWDQEXO�8QLYHUVLW\�&HUUDKSDVD��,VWDQEXO��7XUNH\� >VQHPOL#LVWDQEXO�HGX�WU@

3URI�'U��+XVQX�81/8
,VSDUWD�$SSOLHG�6FLHQFHV�8QLYHUVLW\��,VSDUWD��7XUNH\�>KXVQXXQOX#VGX�HGX�WU@

3URI�'U��1D]LP�6(.(52*/8
.LOLV���$UDOLN�8QLYHUVLW\��.LOLV��7XUNH\�>QVHNHURJOX#JPDLO�FRP@

3URI�'U��$EGXOODK�6(66,=
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�>DVHVVL]#GLFOH�HGX�WU@

$VVRF�3URI�'U��+DOLO�(5'(0
7RNDW�*D]LRVPDQSDVD�8QLYHUVLW\��7RNDW��7XUNH\�>HUGHPK#KRWPDLO�FRP@

$VVRF�3URI�'U��8PPDKDQ�&HWLQ�.$5$&$
6HOFXN�8QLYHUVLW\��.RQ\D��7XUNH\�>XFHWLQ#VHOFXN�HGX�WU@

$VVRF�3URI�'U��$KPHW�.RQXUDOS�(/ødø1
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�>NRQXUDOS�HOLFLQ#GLFOH�HGX�WU@

$VVRF�3URI�'U��2PHU�.,/,&
%LQJRO�8QLYHUVLW\��%LQJRO��7XUNH\�>RPHUNLOLF��#JPDLO�FRP@

$VVRF�3URI�'U��*XOWHNLQ�2='(0,5
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�>JR]GHPLU#GLFOH�HGX�WU@

$VVRF�3URI�'U��0HKPHW�3$5/$.
&DQDNNDOH�2QVHNL]�0DUW�8QLYHUVLW\��&DQDNNDOH��7XUNH\�>PHKPHWSDUODN��#KRWPDLO�FRP@�

$VVRF�3URI�'U��ùHULIH�(YULP�$5,&,�ù(1.$<1$ö,
,VSDUWD�$SSOLHG�6FLHQFHV�8QLYHUVLW\��,VSDUWD��7XUNH\� �>HYULPDULFL#VGX�HGX�WU@

$VVRF�3URI�'U��2]OHP�721&(5
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�>WRQFHU#GLFOH�HGX�WU@

'U��6DKLO�6,1'+,
-XQDJDGK�$JULFXOWXUDO�8QLYHUVLW\��-XQDJDGK��,QGLD�>VDKLODPLW\��#JPDLO�FRP@

'U��6XPHHW�6+$50$
'U��<6�3DUPDU�8QLYHUVLW\��+LPDFKDO�3UDGHVK��,QGLD�>VXPHHWSRPRORJ\#JPDLO�FRP@

'U��9RONDQ�2.$7$1
8VDN�8QLYHUVLW\��8VDN��7XUNH\�>YRONDQ�RNDWDQ#XVDN�HGX�WU@

'U��(URO�25$/
9DQ�<X]XQFX\LO�8QLYHUVLW\��9DQ��7XUNH\�>HURORUDO��#JPDLO�FRP@

'U��)HUKDW�2=785.
6LUQDN�8QLYHUVLW\��6LUQDN��7XUNH\�>IHUKDWR]WXUN��#JPDLO�FRP@

9,

ZZZ�MDHIV�FRP-$()6

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

'2,�����������MDHIV��,QW�-�$JULF�(QYLURQ�)RRG�6FL�������0DUFK������

5HYLHZHU�%RDUG

�H�,661������������



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�$EVWUDFWHG�LQ &URVVUHI��'LUHFWRU\�RI�2SHQ�$FFHVV�-RXUQDO��'2$-���*RRJOH�6FKRODU��6FLOLW��
52$'��'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�-�$JULF�(QYLURQ�)RRG�6FL�������0DUFK������
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,QW�-�$JULF�(QYLURQ�)RRG�6FL�������0DUFK������

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�������0DUFK������

5HVHDUFK�$UWLFOHV

$XWKRUV 7LWOH 3DJHV

)DWPD�dL÷GHP�6DNLQR÷OX�2UXo��
øOND\�(MGHU�(UWXUDQ��'HQL]�
2UXo��6DGÕN�+DVDQ�2UXo

$ZDUHQHVV�RI�PHGLFDO�DQG�DURPDWLF�SODQWV�LQ�WKH�ZHVWHUQ�EODFN�VHD�UHJLRQ ������

0XUDW�7XQoW�UN��5XYH\GH�
7XQoW�UN��8QDO�.DULN��7DPHU�
(U\L÷LW

'HWHUPLQDWLRQ�RI�QXWULWLYH�YDOXH�DQG�DQDO\VLV�RI�PLQHUDO�HOHPHQWV�IRU�ZLOG�
HGLEOH� 6WDFK\V� ODYDQGXOLIROLD� YDKO�� YDU�� ODYDQGXOLIROLD� JURZLQJ� LQ� HDVWHUQ�
$QDWROLD

�����

(GJDU�&DPED]D��6KLJHQREX�
.RVHNL��6KXVR�.DZDPXUD

)XVDULXP�JUDPLQHDUXP�JURZWK�DQG�LWV�¿WQHVV�WR�WKH�FRPPRQO\�XVHG�
PRGHOV

������

0RKDQ�$UWKDQDUL��6HQWKLONXPDU�
'KDQDSDODQ

$�VXUYH\�RI�WRPDWR�EORVVRP�DQG�ÀRZHU�GURS�WR�WKH�LQÀXHQFH�RI�
HQYLURQPHQWDO�SKHQRPHQD��6RODQXP�O\FRSHUVLFXP�/��

�������

(PLQH�(OPDVODU�g]EDú��$WDNDQ�
gQJHQ��+�VH\LQ�.XUWXOXú�
g]FDQ��6HOGD�<L÷LW�+XQFH

2EVHUYDWLRQ�RI�SODQW�GHYHORSPHQW�ZLWK�FRPSRVW��OLPH�DQG�FKHPLFDO�
IHUWLOL]HU�VXSSRUW�LQ�DFLGLF�VRLO�ZLWK�KLJK�PHWDO�FRQWHQW

�������

$\OLQ�(UNRoDN��2UKDQ�'HQJL] 3KRVSKDWDVH�HQ]\PH�DFWLYLW\�LQ�GLIIHUHQW�VRLOV�IRUPHG�RQ�ED]DOWLF�SDUHQW�
PDWHULDO�XQGHU�VHPL�KXPLG�FOLPDWH�FRQGLWLRQV

�������

)HUKDW�g]W�UN (IIHFWV�RI�WLOODJH�V\VWHPV�RQ�VHFRQG�FURS�VHVDPH��6HVDPXP�LQGLFXP�/���
\LHOG�DQG�ZHHG�GHQVLW\

��������

)HUKDW�.L]LOJHFL��0HKPHW�
<LOGLULP��$NEDU�+RVVDLQ

(YDOXDWLRQ�RI�JURZWK��\LHOG��TXDOLW\�DQG�SK\VLRORJLFDO�SDUDPHWHUV�RI�
HOHYHQ�$XVWUDOLDQ�EUHDG�ZKHDW��7ULWLFXP�DHVWLYXP�/���FXOWLYDUV�JURZQ�
XQGHU�WKH�HFRORJLFDO�FRQGLWLRQ�RI�'L\DUEDNLU��7XUNH\

��������

$\úH�6HUSLO�.D\D��.|NVDO�
$\GLQúDNLU��hPP��g]J�O�
.DUDJ�]HO

$VVHVVPHQW�RI�*$ �DQG�%$�DSSOLFDWLRQ�RQ�JHUEHUD�FXOWLYDWLRQ�LQ�VRLOOHVV��

FXOWXUH
�������

0RKDPPDG�0HKGL]DGHK 6HQVLWLYLW\�RI�RLOVHHG�UDSH��%UDVVLFD�QDSXV�/���WR�VRLO�UHVLGXHV�RI�
LPD]HWKDS\U�KHUELFLGH

�������

8PDOL�6DWKVDUDQL�+HUDWK )UXLW�FRQVXPSWLRQ��LWV�GHWHUPLQDQWV�DQG�DWWLWXGHV�DPRQJ�XQGHUJUDGXDWHV �������

&RQWHQWV
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$ZDUHQHVV�RI�PHGLFDO�DQG�DURPDWLF�SODQWV�LQ�WKH�ZHVWHUQ�EODFN�VHD�UHJLRQ
��
�� ��� ��� ��)DWPD�dL÷GHP�6DNLQR÷OX�2UXo ����øOND\�(MGHU�(UWXUDQ ����'HQL]�2UXo ����6DGÕN�+DVDQ�2UXo

�'X]FH�8QLYHUVLW\��dLOLPOL�9RFDW൴RQDO�6FKRRO��3ODQW�DQG�$Q൴PDO�3URGXFW൴RQ�'൴Y൴V൴RQ��'X]FH��7XUNH\�
� 9RFDW൴RQDO�6FKRRO��$FFRXQW൴QJ�DQG�7D[DW൴RQ�'HSDUWPHQW��'X]FH��7XUNH\'X]FH�8QLYHUVLW\��dLOLPOL�

� )DFXOW\�RI�+HDOWK�6F൴HQFHV��'X]FH��7XUNH\�'X]FH�8QLYHUVLW\��
�*XFOX�+X]HOQXW�&RPSDQ\��'X]FH��7XUNH\


&RUUHVSRQGLQJ�$XWKRU��FLJGHPVDNLQRJOX#GX]FH�HGX�WU��

$OO�DQLPDOV��SODQWV�DQG�KXPDQV�LQ�QDWXUH�DUH�WKH�SURGXFW�
RI�D�EDODQFH��,Q�P\WKRORJ\��SODQWV�ZHUH�WUHDWHG�DV�WKH�PRVW�
YDOXDEOH�JLIW�JLYHQ�WR�KXPDQV�E\�WKH�*RGV��$OO�SODQWV�DUH�LQ�
WKH�VHUYLFH�RI�KXPDQ�EHLQJ�DQG�WKH�UHODWLRQVKLS�ZLWK�SODQWV�
KDV� EHJXQ� IURP� WKH� KXPDQ� H[LVWHQFH�� $FFRUGLQJ� WR�
DUFKDHRORJLFDO� ¿QGLQJV� IURP� WKH� HDUO\� DJHV�� SHRSOH�ZHUH�
SULPDULO\�EHQH¿WHG� IURP�SODQWV� WR�REWDLQ�QXWULHQWV� DQG� WR�
DGGUHVV�KHDOWK�SUREOHPV��.Ro\L÷LW���������

7KURXJKRXW� WKH� KLVWRU\� RI� KXPDQLW\�� PDQ\� GLVHDVHV�
�GLDEHWHV��KHSDWLWLV��VKRUWQHVV�RI�EUHDWK��HWF���KDYH�EHHQ�WULHG�
DQG� WULHG� WR� EH� WUHDWHG� XVLQJ� SODQWV�� 7KH� :RUOG� +HDOWK�
2UJDQL]DWLRQ� �:+2�� UHSRUWV� WKDW� QHDUO\� �� ELOOLRQ� SHRSOH�
DURXQG� WKH�ZRUOG� DUH� WU\LQJ� WR� HOLPLQDWH� KHDOWK� SUREOHPV�
ZLWK� KHUEDO� GUXJV� LQ� WKH� ¿UVW� SODFH� ����� RI� WKH� ZRUOG�
SRSXODWLRQ���)XUWKHUPRUH������RI�WKH�SUHVFULSWLRQV�DUH�SODQW�
RULJLQDWHG��YLPELODVWLQ��UHVHUSLQH��TXLQLQH��DVSLULQ��HWF���LQ�
WKH�GHYHORSHG�FRXQWULHV��)DUQVZRUWK��HW�DO���������(VSHFLDOO\�
DIWHU�WKH�����V��WKH�SUHVHQFH�RI�QHZ�DUHDV�RI�PHGLFLQDO�DQG�
DURPDWLF�SODQWV��LQFUHDVH�LQ�GHPDQG�IRU�QDWXUDO�SURGXFWV��,W�
LQFUHDVHV�WKH�YROXPH�RI�XVH�RI�WKHVH�SODQWV�HYHU\�GD\��7RGD\��
WKH�PHGLFDO� SODQWV�PDUNHW� LV� HVWLPDWHG� WR�KDYH� DQ� DQQXDO�
¿JXUH�RI�DERXW����ELOOLRQ�GROODUV��.XPDU��������

7KH�LQWHUHVW�DQG�GHPDQG�IRU�RUJDQLF�SURGXFWLRQ�SODQWV�
DQG�GUXJV�LV�LQFUHDVLQJ�HYHU\�GD\��$FFRUGLQJ�WR�WKH�¿YH�\HDU�
GDWD�� ZKLFK� FRYHUV� WKH� ���������� \HDUV� LQ� 7XUNH\�� WKH�

RUJDQLF�SURGXFWLRQ�DUHD� LV���������KD�DQG� WKH�SURGXFWLRQ�
DUHD�RI�WKH�PHGLFLQDO�SODQWV�LQ�WKLV�DUHD�LV�������KD��7KH�VKDUH�
RI�PHGLFLQDO�SODQWV�LQ�WRWDO�DUHD�LV�������7KH�DYHUDJH�RUJDQLF�
SURGXFW�SURGXFWLRQ�TXDQWLW\�IRU�WKH�VDPH�SHULRG�LQ�WHUPV�RI�
SURGXFWLRQ�TXDQWLWLHV�LV���������WRQV��,Q�WRWDO�SURGXFWLRQ��WKH�
SURGXFWLRQ�RI�PHGLFLQDO�DQG�DURPDWLF�SODQWV�LV��������WRQV�
DQG�LWV�VKDUH�LV�������%D\UDP��HW�DO��������

�7KH�ZHVWHUQ�%ODFN�6HD�UHJLRQ�FRQWLQXHV�IURP�WKH�ZHVW�RI�
WKH� .Õ]ÕOÕUPDN� 'HOWD� WR� WKH� $GDSD]DUÕ� 3ODLQV�� '�]FH��
6DNDU\D��=RQJXOGDN�DQG�%DUWÕQ�DUH�DPRQJ�WKH�SURYLQFHV�RI�
WKH�:HVWHUQ�%ODFN�6HD�UHJLRQ��7KH�¿UVW�VWULNLQJ�IHDWXUH�RI�WKH�
UHJLRQ�LV�WKDW�LW�LV�D�PRXQWDLQRXV�UHJLRQ��7KH�PRXQWDLQV�LQ�
WKLV�DUHD�DUH�PRUH�RU�OHVV�SDUDOOHO�WR�WKH�VKRUH�DQG�DUH�LQ�D�URZ�
VHSDUDWHG�IURP�HDFK�RWKHU�E\�SLW�DUHDV��7KH�VHFRQG�IHDWXUH�RI�
WKH�UHJLRQ�LV�WKDW�LW�LV�RSHQ�WR�VHD�HIIHFWV��)RU�WKLV�UHDVRQ��WKH�
UHJLRQ� LV� UDLQ\� LQ� HYHU\� VHDVRQ� DQG� WKH� WHPSHUDWXUH�
GLIIHUHQFH�EHWZHHQ�VHDVRQV�LV�YHU\�ORZ��$�OXVK�YHJHWDWLRQ�LV�
REVHUYHG�LQ�JHQHUDO��*HQo���������+RZHYHU��KD]HOQXW��FRUQ��
ZKHDW�� EHDQ� FXOWLYDWLRQ� VWHPV� IURP� WKH� VWUXFWXUDO�
FKDUDFWHULVWLFV� RI� WKH� UHJLRQ� DQG� IDPLO\� FRQWLQXLW\�� ZKLOH�
KD]HOQXW�UDQNV�¿UVW�DPRQJ�WKHVH�SODQWV��7KH�PRVW�SURPLQHQW�
DJULFXOWXUDO�SURGXFW�LV�KD]HOQXW�LQ�WKH�SURYLQFHV�RI�'�]FH�
DQG� LWV� QHLJKERULQJ� SURYLQFHV� 6DNDU\D�� .RFDHOL�� %ROX��
=RQJXOGDN�� %DUWÕQ� DQG� .DVWDPRQX�� +D]HOQXW� IDUPLQJ� LV�
FDUULHG�RXW�LQ�WKH�ODQG�RI�DURXQG���������GHFDUHV�LQ�WKLV�
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UHJLRQ�DQG�QHDUO\���PLOOLRQ�IDUPHUV�DUH�OLYLQJ�LQ�KD]HOQXW�
IDUPLQJ��:LWK�WKHVH�¿JXUHV��WKH�UHJLRQ�KDV�D�����VKDUH�LQ�
7XUNH\� KD]HOQXW� SURGXFWLRQ� DUHD� �$QRQ\PRXV�� �������
$OWKRXJK�WKH�OLQGHQ�SODQW�LV�QRW�FXOWLYDWHG�E\�EHLQJ�WDNHQ�
LQWR�WKH�FXOWXUH��LW�LV�FRQVXPHG�DQG�WUDGHG�E\�FROOHFWLQJ�IURP�
WKH�SODQWV�LQ�WKH�JDUGHQ�RI�KRXVHV�DQG�IRUHVW�DUHDV�

$W� WKH� SRLQW� ZKHUH� WKH� ZRUOG� LV� FRPLQJ� WRGD\��
HQYLURQPHQWDO�DZDUHQHVV�KDV�FHDVHG�WR�EH�DQ�LGHDO�DQG�KDV�
EHFRPH�D�WDVN�IRU�IXWXUH�JHQHUDWLRQV��0DQNLQG�LV�PRUWJDJLQJ�
WKHLU�QH[W�JHQHUDWLRQ�RI�OLYHV�DW�D�JUHDW�SDFH��)RU�WKLV�UHDVRQ��
LW�LV�RI�JUHDW�LPSRUWDQFH�WR�HGXFDWH�SHRSOH�LQ�RUGHU�WR�JDLQ�
FRUUHFW�EHKDYLRU�DERXW�WKH�HQYLURQPHQW��0DQ\�SUREOHPV�DUH�
EDVHG�RQ�ODFN�RI�HGXFDWLRQ�DQG�LQVHQVLWLYLW\��0DQ\�SUREOHPV�
UHODWHG�WR�WKH�HQYLURQPHQW�ZLOO�EH�UHVROYHG��ZLWK�WKH�JDLQ�RI�
HQYLURQPHQWDO�DZDUHQHVV�WR�SHRSOH��.Õ]ÕODVODQ��HW��DO��������

,Q�DGGLWLRQ�WR�HQYLURQPHQWDO�DZDUHQHVV��WKH�DFTXLVLWLRQ�
RI�IDUPLQJ�DZDUHQHVV�LV�RI�JUHDW�LPSRUWDQFH��7KH�DFTXLVLWLRQ�
RI�WKLV�DZDUHQHVV�LV�LQWHQVL¿HG�E\�WKH�LQÀXHQFH�RI�YLVXDO�DQG�
SULQWHG�PHGLD��+RZHYHU��LW�ZDV�GHWHUPLQHG�WKDW�WKH�YLVXDO�
DQG� SULQWHG� PHGLD� ZDV� UDUHO\� IROORZHG� �������� LQ� WKH�
H[DPLQHG�FRPSDQLHV��������IROORZ�79�EURDGFDVWV��������
IROORZ� EURFKXUHV� DQG� ����� IROORZ�PDJD]LQHV� DPRQJ� WKH�
&RPSDQLHV�ZKLFK�DUH�IROORZLQJ�YLVXDO�DQG�SULQWHG�PHGLD��

:H�ZDQWHG�WR�LQYHVWLJDWH�WKH�OHYHOV�RI�DZDUHQHVV�DERXW�
WKH�SODQWV�WKDW�WKH�SHRSOH�RI�WKH�UHJLRQ�XVHG�RU�ZLWQHVVHG�DW�
GLIIHUHQW�VWDJHV�RI�WKHLU�OLYHV��H[FHSW�IRU�WKH�SODQWV�WKDW�WKH\�
KDG� WUDGLWLRQDOO\� FXOWLYDWHG�� &RQVLGHULQJ� WKH� 3HRSOH
V�
LQWHUHVW� LQ� PHGLFLQDO� DQG� DURPDWLF� SODQWV� LQ� GHYHORSLQJ�
7XUNH\��H[DPLQLQJ�WKH�SRWHQWLDO�LQ�WKH�UHJLRQ�DQG�PHDVXULQJ�

WKH�LQWHUHVW�DQG�NQRZOHGJH�RI�WKH�SHRSOH�RI�WKH�UHJLRQ�ZLOO�
VKHG�OLJKW�RQ�XV�

0DWHULDO�DQG�0HWKRGV�
,Q�WKLV�VWXG\��ZH�LQYHVWLJDWHG�WKH�NQRZOHGJH�RI�WKH����

SHRSOH�ZKR�OLYH�LQ�WKH�:HVWHUQ�%ODFN�6HD�5HJLRQ��'�]FH��
6DNDU\D��=RQJXOGDN�DQG�%DUWÕQ��RQ�PHGLFLQDO�DQG�DURPDWLF�
SODQWV� E\� GLUHFW� LQWHUYLHZ� PHWKRG�� 8VLQJ� WKH� 1H\PDQ�
PHWKRG�����SHRSOH�ZHUH�VXUYH\HG�DERXW�ZKHWKHU�PHGLFLQDO�
DQG�DURPDWLF�SODQWV�DUH�UHFRJQL]HG��WKHLU�XVDJH�FRQGLWLRQV��
ZKHWKHU�PHGLFLQDO�DQG�DURPDWLF�SODQWV�DUH�RUJDQLF��ZKHWKHU�
RUJDQLF�FHUWL¿FDWLRQ�LV�QHHGHG�DQG�ZKHUH�WKH\�UHFHLYH�WKH�
LQIRUPDWLRQ�DERXW�PHGLFLQDO�DQG�DURPDWLF�SODQWV��WKH�/LNHUW�
VFDOH�ZDV� EDVHG� DQG� WKH� UHVXOWV�ZHUH� HYDOXDWHG� E\� 6366�
PHWKRG��,Q�RXU�VWXG\�����SHRSOH�IURP�GLIIHUHQW�SURIHVVLRQV�
�IDUPHUV�� FLYLO� VHUYDQWV�� ZRUNHUV�� UHWLUHG�� VWXGHQWV� DQG�
XQHPSOR\HG���GLIIHUHQW� HGXFDWLRQ� OHYHOV� �OLWHUDF\��SULPDU\�
HGXFDWLRQ��VHFRQGDU\�HGXFDWLRQ��KLJK�VFKRRO�DQG�XQLYHUVLW\��
DQG�GLIIHUHQW�LQFRPH�OHYHOV�ZHUH�LQFOXGHG�LQ�WKH�VXUYH\��7KH�
VXUYH\� ZDV� FRQGXFWHG� E\� H[SHUWV� DQG� SDUWLFLSDQWV� ZHUH�
SURYLGHG�ZLWK�DQVZHUV�WR�DOO�TXHVWLRQV�

5HVXOWV�DQG�'LVFXVVLRQ
,Q�RXU�VWXG\��ZH�WULHG�WR�DQVZHU�WKH�TXHVWLRQ�RI�ZKHWKHU�

PHGLFLQDO�DQG�DURPDWLF�SODQWV�PD\�EH�DOWHUQDWLYH�WR�KD]HOQXW�
ZLWK� WKH� VXUYH\� FRQGXFWHG� LQ� ���SHRSOH� RQ�GLIIHUHQW� DJH��
SURIHVVLRQ�� HGXFDWLRQ� DQG� LQFRPH� OHYHOV� OLYLQJ� LQ� WKH�
:HVWHUQ�%ODFN�6HD�UHJLRQ�
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7DEOH����:KHUH�\RX�OLYH"

7DEOH����<RXU�DJH"

7DEOH�����<RXU�MRE�SURIHVVLRQ"

,Q�RXU�VWXG\��������RI�WKH����SHRSOH�OLYH�LQ�'�]FH��������LQ�6DNDU\D��������LQ�=RQJXOGDN�DQG�������LQ�%DUWÕQ��7DEOH����

������RI�UHVSRQGHQWV�DUH�������\HDUV������RI�WKH�DJH�������\HDUV��������LQ�������DJH�JURXS��������LV�XQGHU�����7KH�DYHUDJH�DJH�LV�
����7DEOH����

,Q�RXU�VWXG\��������RI�WKH�UHVSRQGHQWV�DUH�IDUPHUV�DQG�������DUH�UHWLUHHV��,Q�WRWDO�������RI�ZRUNHUV�DQG�FLYLO�VHUYDQWV�ZHUH�LQFOXGHG�
LQ�WKH�VXUYH\��$�ODUJH�SDUW�RI�WKH�SHQVLRQHU�UHWLUHG�IURP�WKH�DJULFXOWXUDO�VHFWRU��&LYLO�VHUYDQWV�DQG�ZRUNHUV�DOVR�KHOS�DJULFXOWXUDO�
ZRUNHUV�LQ�WKHLU�IDPLOLHV��7DEOH����



�

7DEOH����(GXFDWLRQ"

:KHQ�ZH�ORRN�DW�WKH�HGXFDWLRQDO�VWDWXV�RI�WKH�PDMRULW\�RI�WKH�IDUPHUV�ZKR�SDUWLFLSDWHG�LQ�RXU�VXUYH\��ZH�VHH�WKDW�����RI�WKHP�DUH�
SULPDU\�VFKRRO�JUDGXDWHV��2QO\������DUH�XQLYHUVLW\�JUDGXDWHV��7KH�OHYHO�RI�(GXFDWLRQ�UHPDLQV�UHODWLYHO\�ORZ��7DEOH����

7DEOH�����6RFLDO�6HFXULW\"

,W�ZDV�REVHUYHG�WKDW�������RI�WKH�IDUP�PHPEHUV�ZHUH�VHOI�HPSOR\HG�WKUX�%D÷�.XU��2QO\���SHUVRQ�RXW�RI����
SHRSOH�LV�XQLQVXUHG��7DEOH����

7DEOH�����,Q�:KLFK�&KDPEHU�$UH�<RX�5HJLVWHUHG"

������RI����SHRSOH�VXUYH\HG�KDYH�UHJLVWHUHG�LQ�WKH�DJULFXOWXUDO�FKDPEHU��7DEOH����

7DEOH�����:KLFK�RQH�GR�\RX�XVH�ZKHQ�\RX�JHW�VLFN"

$OWKRXJK�����RI�WKH�SHRSOH�LQ�WKH�:HVWHUQ�%ODFN�6HD�UHJLRQ�ZKHUH�ZH�FDUU\�RXW�RXU�VXUYH\�DUH�SULPDU\�DQG�
VHFRQGDU\�VFKRRO�JUDGXDWHV��WKH\�VWLOO�WXUQ�WR�WKH�GUXJV�UHFRPPHQGHG�E\�WKH�GRFWRU�ZKHQ�WKH\�JHW�VLFN��������RI�
UHVSRQGHQWV�SUHIHU�WR�XVH�GUXJV�RQO\�ZKHQ�WKH\�DUH�VLFN��ZKLOH������SUHIHU�WR�XVH�PHGLFLQDO�KHUEV�RQO\������RI�
WKHP�XVH�ERWK�GUXJV�DQG�PHGLFLQDO�SODQWV��$V�DQ�DOWHUQDWLYH�WR�WKH�XVH�RI�GUXJV��WKH\�XVH�PHGLFLQDO�SODQWV�ZKLFK�
DUH�FRQVXPHG�DV�WHD��7DEOH����
7DEOH�����$UH�0HGLFLQDO�DQG�$URPDWLF�3ODQWV�2UJDQLF"

,Q�RXU�VXUYH\�FRQGXFWHG�RQ����SHRSOH��ZKHQ�DVNHG�ZKHWKHU�WKH�PHGLFDO�DQG�DURPDWLF�SODQWV�DUH�RUJDQLF�RU�QRW��������RI����SHRSOH�
KDYH�EHHQ�GHHPHG�WR�WKLQN�WKDW�PHGLFDO�SODQWV�DUH�RUJDQLF�ZLWKRXW�FHUWL¿FDWLRQ�LV�TXHVWLRQHG��7DEOH����
7DEOH�����+RZ�'R�<RX�*HW�,QIRUPDWLRQ�$ERXW�0HGLFLQDO�DQG�$URPDWLF�3ODQWV"
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7KH�SHRSOH�ZKR�SDUWLFLSDWHG�LQ�WKH�VXUYH\�KDYH�D�ZLGH�
UDQJH�RI�LQIRUPDWLRQ��79��IDUPHUV��HQJLQHHUV�DUH�YHU\�XVHIXO�
WR�WKH�SXEOLF�LQ�DFTXLULQJ�LQIRUPDWLRQ��,Q�RXU�VWXG\��WKH�OHYHO�
RI�XWLOL]DWLRQ�RI�YLVXDO�DQG�SULQWHG�PHGLD�ZDV������ZKLOH�LQ�
RWKHU�VWXGLHV�����VWLOO�REWDLQV�LQIRUPDWLRQ�IURP�WKH�PHGLD�
�7DEOH�����

&RFOXVLRQ
,Q�RXU�UHVHDUFK�FRQGXFWHG�RQ����SHRSOH�ZLWK�D����\HDU�

ROG�DYHUDJH�LQ�'X]FH��6DNDU\D��=RQJXOGDN�DQG�%DUWÕQ�IURP�
WKH� :HVWHUQ� %ODFN� 6HD� UHJLRQ�� ZH� WULHG� WR� PHDVXUH� WKH�
DZDUHQHVV�RI�WKH�PHGLFLQDO�DQG�DURPDWLF�SODQWV�WKDW�DUH�XVHG�
LQ�$OWHUQDWLYH�0HGLFLQH�DQG�WKDW�KDYH�EHFRPH�D�SDUW�RI�RXU�
OLYHV��������DUH�OLWHUDWH�DQG�������DUH�IDUPHUV�DQG�UHWLUHHV�
LQ�JURXS�RI����SHRSOH��2QO\�RQH�SHUVRQ�LV�LQVXUHG��,W�VHHPV�
WKDW�WKHUH�LV�D�KLJK�DZDUHQHVV�RI�WKH�IXWXUH�KHUH��$OPRVW�DOO�
IDUPHUV�DUH�UHJLVWHUHG�LQ�WKH�DJULFXOWXUDO�FKDPEHU��7KHLU�JRDO�
LV�WR�UHDFK�WKH�ULJKW�LQIRUPDWLRQ�IURP�HQJLQHHUV�DQG�SHRSOH�
ZKR�DUH�LQWHUHVWHG�LQ�DJULFXOWXUH��$OWKRXJK�WKH�XVH�RI�YLVXDO�
DQG�SULQWHG�PHGLD�LQ�DFFHVVLQJ�LQIRUPDWLRQ�DFURVV�7XUNH\�
UHDFKHV������RQO\������RI� WKH�SDUWLFLSDQWV� LQ�RXU� VXUYH\�
SUHIHU�YLVXDO�PHGLD��7KH�UHVW�RI�WKH�SHRSOH�DUH�WU\LQJ�WR�JHW�
LQIRUPDWLRQ� IURP� HQJLQHHUV� RU� IDUPHUV� GHDOLQJ� ZLWK� WKLV�
LVVXH�

$OWKRXJK�WUDGLWLRQDO�PHGLFLQDO�DQG�DURPDWLF�SODQWV�DUH�LQ�
RXU� OLYHV�� RQO\������DUH� WU\LQJ� WR�EHQH¿W� IURP�PHGLFLQDO�
SODQWV�ZKHQ�WKH\�JHW�VLFN������RI�WKHP�DUH�XVLQJ�PHGLFLQDO�
SODQWV�LQ�DGGLWLRQ�WR�GUXJV��������RI�WKHP�XVH�PHGLFDWLRQ�
XQGHU�GRFWRU
V�FRQWURO��

7KHUH�LV�D�JURXS�RI�������ZKR�EHOLHYH�WKDW�PHGLFLQDO�DQG�
DURPDWLF� SODQWV� DUH� RUJDQLF�� +RZHYHU�� LQIRUPDWLRQ� RQ�
ZKHWKHU�RU�QRW�WKHUH�LV�RUJDQLF�GRFXPHQW�LV�XQIRUWXQDWHO\�
ORZ�HQRXJK�WR�VD\�QR�

7KRVH�ZKR�SDUWLFLSDWH�LQ�WKH�VXUYH\�LQ�WKH�:HVWHUQ�%ODFN�
6HD�5HJLRQ�ZKR�KDYH�KLJK�OLWHUDF\�DQG�ZDQW�WR�VHFXUH�WKHLU�
OLYHV�KDYH�D�V\PSDWK\�IRU�PHGLFLQDO�DQG�DURPDWLF�SODQWV��EXW�
WKH\�GR�QRW�KDYH�HQRXJK�DQG�DFFXUDWH� LQIRUPDWLRQ��$SDUW�
IURP� WKH� YLVXDO� DQG� SULQWHG� PHGLD�� WKH� HIIRUWV� WR� REWDLQ�
LQIRUPDWLRQ�IURP�IDUPHUV�ZRUNLQJ�RQ�WKLV�LVVXH�DUH�FDXVLQJ�
LQDFFXUDWH�RU�LQFRPSOHWH�LQIRUPDWLRQ�

,Q�RXU�VWXG\�LQ�WKH�ZHVWHUQ�%ODFN�6HD�UHJLRQ��DZDUHQHVV�
FDQ� EH� LQFUHDVHG� E\� RUJDQL]LQJ� LQIRUPDWLYH� PHHWLQJV� RQ�
PHGLFLQDO� DQG� DURPDWLF� SODQWV� DQG� GLUHFWLQJ� WKHP� WR�
FXOWLYDWLRQ� DQG� SURGXFWLRQ� LQ� WKH� UHJLRQ�� :LWK� PRUH�
H[WHQVLYH� VWXGLHV�� WKH� OHYHO� RI� DZDUHQHVV� DERXW�PHGLFLQDO�
DQG�DURPDWLF�SODQWV� IRU� WKH� UHJLRQ��RULHQWDWLRQV��SUREOHPV�
DQG�VROXWLRQV�VKRXOG�EH�H[DPLQHG�

5HIHUHQFHV�

$QRQ\PRXV���������� ��7XUNH\�6WDWLVWLFDO�,QVWLWXWH�'DWDEDVH
$FFHVV�'DWH������������

%D\UDP��(���.ÕUÕFÕ��6���7DQVÕ��6���<ÕOPD]��*���$UDEDFÕ��2���
.Õ]ÕO�� 6���7HOFL��Ĉ��� �������� 3RVVLELOLWLHV� RI� ,QFUHDVLQJ�
3URGXFWLRQ� RI� 0HGLFDO� DQG� $URPDWLF� 3ODQWV�� 7XUNH\�
$JULFXOWXUDO� (QJLQHHULQJ� 7HFKQLFDO� &RQIHUHQFH�
3URFHHGLQJV�%RRN�,�����±�������±����2FDN��$QNDUD�

)DUQVZRUWK�� 1�� 5���$NHUHY�� 2�� %LQJHO��$�6�� �������� 7KH�
%XOOHWWLRQ�RI�:+2�����������������

*HQo��g����������6RFLDO�DQG�(FRQRPLF�6WDWXV�RI�WKH�%ODFN�
6HD� 5HJLRQ��� 'HYHORSPHQW� %DQN� RI� 7XUNH\� *HQHUDO�
(FRQRPLF�5HVHDUFK��-DQXDU\��$QNDUD�

.Õ]ÕODVODQ��+���.Õ]ÕODVODQ��1����������$ZDUHQHVV�/HYHO�DQG�

%HKDYLRUV� RI� 5XUDO� 3HRSOH� LQ� (QYLURQPHQWDO� ,VVXHV�
�&DVH�RI�$UWRYD�'LVWULFW�RI�7RNDW�3URYLQFH���������������

.Ro\L÷LW��0����������$Q�(WKQRERWDQLFDO�5HVHDUFK�LQ�<DORYD��
*UDGXDWH�7KHVLV��,QVWLWXWH�RI�+HDOWK�6FLHQFHV��,VWDQEXO�
8QLYHUVLW\�

.XPDU�� 6�$�� �������� 3ODQWV�EDVHG� 0HGLFLQHV� LQ� ,QGLD��
K W WS � � �S LE �Q LF � LQ � IHD WX UH � IH\U����� IPD\�����
�I����������KWPO��$FFHVV�'DWH�������������
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'HWHUPLQDWLRQ�RI�QXWULWLYH�YDOXH�DQG�DQDO\VLV�RI�PLQHUDO�HOHPHQWV�IRU�ZLOG�HGLEOH�
6WDFK\V�ODYDQGXOLIROLD�YDKO��YDU��ODYDQGXOLIROLD�JURZLQJ�LQ�HDVWHUQ�$QDWROLD

��� ��
�� ��� ��0XUDW�7XQFWXUN �������5XYH\GH�7XQFWXUN �������8QDO�.DULN �������7DPHU�(U\LJLW
�9DQ�<X]XQFX�<ÕO�8Q൴YHUV൴W\��$JU൴FXOWXUDO�)DFXOW\��)൴HOG�&URSV�'HSDUWPHQW��9DQ��7XUNH\

�$HJHDQ�$JU൴FXOWXUDO�5HVHDUFK�,QVW൴WXWH��ø]P൴U��7XUNH\
�9DQ�<X]XQFX�<ÕO�8Q൴YHUV൴W\�*HYDV�9RFDW൴RQDO�6FKRRO��'HSDUWPHQW�RI�3ODQW�DQG�$Q൴PDO�3URGXFW൴RQ��9DQ��7XUNH\


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

7KH� JHQXV�6WDFK\V� LV� RQH� RI� WKH� ODUJHVW� JHQHUD� LQ� WKH�
ÀRZHULQJ�SODQW�IDPLO\�RI�/DPLDFHDH�ZLWK�DERXW�����VSHFLHV�
GLVWULEXWHG�LQ�(XURSH��$VLD��$IULFD��$XVWUDODVLD��DQG�1RUWK�
$PHULFD��(YDQV���������7KLV�JHQXV�LV�PDLQO\�GLVWULEXWHG�LQ�
VXEWURSLFDO� DQG� WURSLFDO� UHJLRQV� RI� ERWK� KHPLVSKHUHV��
6WDFK\V�VSHFLHV�KDYH�PDQ\�SKDUPDFRORJLFDO�DFWLYLWLHV�DQG�
WKH\�DUH�NQRZQ�DV�³'HOL�DGDoD\Õ��GD÷�oD\Õ�RU�7�\O��oD\´�LQ�
$QDWROLD��6WDFK\V�VSHFLHV�DUH�ZLGHO\�XVHG�LQ�IRON�PHGLFLQH�
DJDLQVW�VNLQ�LQIHFWLRQV��SHSWLF�XOFHUV��UHVSLUDWLRQ�DQG�NLGQH\�
GLVRUGHUV� IRU� WKHLU� DQWLEDFWHULDO�� DQWLFDQFHU�� DQWL�
LQÀDPPDWRU\�� DQWLS\UHWLF�� DQWL�DQ[LHW\�� DQWLR[LGDQW� DQG�
F\WRWR[LF� HIIHFWV�� 6HYHUDO� VWXGLHV� KDYH� EHHQ� UHSRUWHG� WKDW�
FRPPRQ� VHFRQGDU\� PHWDEROLWHV� RI� WKH� 6WDFK\V� /�� DUH�
LULGRLGV��ÀRYRQRLGV��GLWHUSHQHV�DQG�HVVHQWLDO�RLOV�±±�øúFDQ�HW�
DO����������'HFRFWLRQV�RU�LQIXVLRQV�RI�6WDFK\V�DUH�DSSOLHG�DV�
WRQLFV�WR�WUHDW�VNLQ�RU�WDNHQ�LQWHUQDOO\�IRU�VWRPDFK�GLVRUGHUV��
0DQ\�6WDFK\V� VSHFLHV�DUH�XVHG� LQ� WKH�SUHSDUDWLRQ�RI� IRRG�
VXFK�DV�\RJKXUW�RU�MHOO\�WR�LPSURYH�WKH�WDVWH�DQG�DV�ÀDYRXUV�
�)HUKDW� HW� DO��� ������� 6WDFK\V� ODYDQGXOLIROLD� 9DKO� �:RRG�

EHWRQ\��LV�RQH�RI�VWDFK\V�JHQXV�PHPEHUV��)UHVK�DQG�GULHG�
DHULDO�SDUWV�RI�WKH�SODQW��VXFK�DV�OHDYHV�DQG�ÀRZHUV�DUH�XVHG�
DV�WUDGLWLRQDO�PHGLFLQH�IRU�KXPDQV��0RJKDQORX�HW�DO����������
6WDFK\V� ODYDQGXOLIROLD� 9DKO� LV� DQ� KHUEDFHRXV� ZLOG� SODQW�
QDWLYH�WR�7XUNH\�ZKLFK�LV�WUDGLWLRQDOO\�XVHG�LQ�7XUNH\�IRON�
PHGLFLQH�DV� WHD� IRU� UHGXFLQJ�DQ[LHW\�DQG� IRU� WUHDWPHQW�RI�
VWRPDFK�GLVHDVH��DJDLQVW�WXPRU��XOFHU�DQG�DQRUH[LD��6DMMDGL�
HW�DO����������

9DULRXV�VWXGLHV�KDYH�EHHQ�XQGHUWDNHQ�RQ�WKH�HIIHFWV�RI�
PLFUR� DQG� PDFURQXWULHQWV� LQ� WUHDWPHQW� KXPDQ� GLVHDVHV��
6RPH�PLFURQXWULHQWV��DOWKRXJK�UHTXLUHG�LQ�PLQRU�TXDQWLWLHV�
DUH�HVVHQWLDO�IRU�KHDOWK�RI�KXPDQ��=Q��)H��&X��&U��0R��6H��3E��
&G�DQG�&R�DUH�KDUPIXO�RQO\�DW�KLJK�FRQFHQWUDWLRQV�RYHU�WKDQ�
DFFHSWDEOH�OHYHOV�LQ�WKH�KXPDQ�ERG\��=HLQHU�HW�DO���������

8QWLO� WRGD\�� WKHUH� DUH� QR� UHSRUWV� DERXW� FKHPLFDO�
FRPSRVLWLRQ� RI� WKH� 6WDFK\V� ODYDQGXOLIROLD� 9DKO�� YDU��
ODYDQGXOLIROLD�VSHFLHV��7KHUHIRUH��WKH�DLP�RI�WKLV�VWXG\�ZDV�
WR�GHWHUPLQH�WKH�QXWULWLRQDO�YDOXHV�DQG�PLQHUDO�FRPSRVLWLRQV�
RI�6��ODYDQGXOLIROLD�9DKO��YDU��ODYDQGXOLIROLD�VSHFLHV�ZKLFK
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JUHZ�DV�ZLOG�SODQWV�LQ�WKH�9DQ�UHJLRQ�RI�(DVWHUQ�$QDWROLD��
7XUNH\�

0DWHULDO�DQG�0HWKRGV�
6RPH�FKHPLFDO�FRPSRVLWLRQV�RI�6WDFK\V�ODYDQGXOLIROLD�

9DKO�� YDU�� ODYDQGXOLIROLD�ZKLFK� ORFDWHG� LQ� QDWXUDO� ÀRUD� DW�
DURXQG� 9DQ� /DNH� LQ� (DVWHUQ� $QDWROLD� 5HJLRQ�� ZHUH�
GHWHUPLQHG��7KH�SODQWV�ZHUH�FROOHFWHG�IURP�QDWXUDO�ÀRUD�LQ�
����� DQG� ERWDQLFDO� LGHQWL¿FDWLRQV� ZHUH� PDGH� E\� WKH�
'HSDUWPHQW�RI�%LRORJ\��6FLHQFH�)DFXOW\��9DQ�<X]XQFX�<LO�


 �8QLYHUVLW\�DFFRUGLQJ�WR�
)ORUD�RI�7XUNH\��'DYLV�HW�DO���������
6RPH� LQIRUPDWLRQ� IRU� 6�� ODYDQGXOLIROLD� 9DKO�� YDU��
ODYDQGXOLIROLD�VSHFLHV�DUH�JLYHQ�LQ�7DEOH����

3ODQWV�ZHUH�FOHDQHG�IURP�IRUHLJQ�PDWHULDOV��VHSDUDWHG�WR�
SDUWV�XVHG�DQG�ZDVKHG�ZLWK�GHLRQL]HG�ZDWHU��GULHG�LQ�URRP�
WHPSHUDWXUH��JURXQG��SDFNDJHG�LQ�SODVWLF�EDJV�DQG�NHSW�LQ�
GHVLFFDWRUV�XQWLO�DQDO\VLV��(OHFWULF�0XIÀH�)XUQDFH�VHW�DW�����
�&�ZDV�XVHG�IRU�GHWHUPLQDWLRQ�RI�WRWDO�DVK�FRQWHQW��LQRUJDQLF�
PDWWHU���.MHOGDKO�DSSDUDWXV�DQG�PHWKRG�ZHUH�XVHG�WR�¿QG�WKH�
QLWURJHQ�FRQWHQW RI�WKH�VDPSOHV���

$IWHU�WRWDO�QLWURJHQ�FRQWHQW�GHWHUPLQDWLRQ��FUXGH�SURWHLQ�
FRQWHQWV�ZHUH�FDOFXODWHG�E\�IRUPXODV

S+� YDOXHV�ZHUH� GHWHUPLQHG� E\� S+�PHWHU� LQ� WKH� SODQW�
VDPSOHV��&UXGH�¿EHU�DQDO\VHV�ZHUH�DFFRPSOLVKHG�E\�$2$&�
�$VVRFLDWLRQ� RI� $QDO\WLFDO� &KHPLVWV�� PHWKRG� �$2$&��
������� 0LQHUDO� FRPSRVLWLRQV� RI� WKH� VDPSOHV� ZHUH�
GHWHUPLQHG�DV�IROORZV��GULHG�SODQW�VDPSOHV�ZHUH�DVKHG�LQ�D�
IXUQDFH� E\� QLWULF� �$5�� DQG� K\GURFKORULF� DFLG� �$2$&���
$IWHUZDUGV��GLVWLOOHG�ZDWHU�����PO��ZDV�DGGHG�WR�VDPSOHV�LQ�D�
YROXPHWULF�ÀDVN��$OO�WKH�DQDO\VHV�ZHUH�UHSHDWHG�WKUHH�WLPHV�
DQG� VWDQGDUG� PDWHULDOV� ZHUH� XVHG� IRU� FKHPLFDO� DQDO\VHV��
$WRPLF� $EVRUSW LRQ� 6SHFWURPHWU\� ZDV� XVHG� IRU�
GHWHUPLQDWLRQ� RI� PLQHUDO� FRQWHQWV�� 3KRVSKRUXV� �3�� ZDV�
GHWHUPLQHG� E\� PRO\EGDWH�YDQDGDWH� DQG� VXOSKXU� �6�� ZDV�
REVHUYHG� DFFRUGLQJ� WR� WKH�0LWFKHOO� ������� PHWKRG� LQ�
FRQMXJDWLRQ� ZLWK� D� 89�9LVLEOH� VSHFWURSKRWRPHWHU�
�6KLPDG]X� 89������ 9�� 6KLPDG]X�� .\RWR�� -DSDQ��� 7KH�
DYHUDJH� GDWD� REWDLQHG� IURP� FKHPLFDO� DQDO\VHV� KDYH� EHHQ�
VKRZQ�LQ�7DEOH���ZLWK�WKHLU�VWDQGDUG�GHYLDWLRQV�
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5HVXOWV�DQG�'LVFXVVLRQ
,Q�WKLV�VWXG\��QXWULHQW�FRQWHQW�RI�6WDFK\V�ODYDQGXOLIROLD�

9DKO�� YDU�� ODYDQGXOLIROLD� VSHFLHV� WKDW� DUH� LPSRUWDQW� IRU�
KXPDQ� KHDOWK� IRU� WKH� SUHYHQWLRQ� DQG� FRQWURO� RI� GLVHDVHV��
ZHUH�LQYHVWLJDWHG�DQG�VRPH�SURSHUWLHV�VXFK�DV�WKH�YDOXHV�RI�
WRWDO�DVK��WRWDO�QLWURJHQ��FUXGH�SURWHLQ��S+�DQG�FUXGH�¿EHU�
FRQWHQWV�DUH�JLYHQ�LQ�7DEOH���DQG�PLQHUDO�FRPSRVLWLRQV�LQ�
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7KH�WRWDO�DVK��WRWDO�QLWURJHQ��FUXGH�SURWHLQ��S+�DQG�FUXGH�
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������������DQG���������UHVSHFWLYHO\��,Q�SUHYLRXV�VWXGLHV��
WRWDO�DVK��WRWDO�QLWURJHQ��FUXGH�SURWHLQ��S+�DQG�FUXGH�¿EHU�
FRQWHQW�RI�VRPH�PHGLFLQDO�DQG�HGLEOH�SODQWV�ZHUH�IRXQG�LQ�
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VSHFLHV�XWLOL]HG�WUDGLWLRQDOO\��

$QDO\]HG�SODQW�VDPSOHV�KDG�OLPLWHG�DQG�WUDFH�OHYHOV�RI�
FKURPLXP��&U���FDGPLXP��&G��DQG�FREDOW��&R��DV������������
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$�VXUYH\�RI�WRPDWR�EORVVRP�DQG�ÀRZHU�GURS�WR�WKH�LQÀXHQFH�RI�HQYLURQPHQWDO�
SKHQRPHQD��VRODQXP�O\FRSHUVLFXP�/��

� ��
� � ��0RKDQ �$UWKDQDUL ������������6HQWKLONXPDU �'KDQDSDODQ
�'HSDUWPHQW�RI�=RRORJ\��.DQGDVZDPL�.DQGDU
V�&ROOHJH��3HUL\DU�8QLYHUVLW\��7DPLO�1DGX��,QGLD


&RUUHVSRQGLQJ�$XWKRU��HOXU�PRKDQ#JPDLO�FRP����

7RPDWR� �6RODQXP� O\FRSHUVLFXP� /��� LV� DQ� LPSRUWDQW�
YHJHWDEOH�FURS��$W�SUHVHQW��DERXW�����PLOOLRQ�WRQV�RI�IUHVK�
WRPDWRHV� DUH� WKH� SURGXFWLRQ� IURP� ����PLOOLRQ� KHFWDUHV� LQ�
,QGLD��)$267$7���������6��O\FRSHUVLFXP�DUH�QDWLYH�WR�6RXWK�
$PHULFD�EXW�ZHUH�EURXJKW�WR�(XURSH�VRPHWLPH�LQ�WKH���WK�
FHQWXU\��ZKHUH�WKH\�VRRQ�EHFDPH�SRSXODU�DQG�ZHUH�H[SRUWHG�
DURXQG� WKH� ZRUOG�� 3ROOLQDWLRQ� LV� DQ� LPSRUWDQW� HFRORJLFDO�
LQWHUDFWLRQ�DQG�WKH�¿UVW�VWHS�IRU�WKH�VH[XDO�UHSURGXFWLRQ�RI�
PRVW�SODQW�VSHFLHV��0XUFLD���������7KH�HFRV\VWHP�VHUYLFH�
IRU�VXVWDLQDEOH�FURS�SURGXFWLRQ�LV�WKH�PXWXDOLVWLF�LQWHUDFWLRQ�
EHWZHHQ� SODQW� SROOLQDWLRQ�� 7RPDWRHV� %ORVVRP� GURS� DQG�
UHGXFHG�IUXLW�VHW�LQ�D�WRPDWR�FDQ�VHULRXVO\�LPSDFW�\LHOGV��6��
O\FRSHUVLFXP�SODQWV�DUH�VHOI�SROOLQDWHG�DW�WKH�UDWH�RI�����RU�
PRUH��3ROOLQDWLRQ�RFFXUV�SULPDULO\�EHWZHHQ����DP�WR���SP�
�/HY\�HW�DO����������,QVHFW�SROOLQDWRUV�DUH�QRW�LPSRUWDQW�IRU�
SROOLQDWLRQ� RI� WRPDWRHV� JURZQ� LQ� RSHQ� ¿HOG� SURGXFWLRQ�
�/HY\�HW� DO��� �������7KH�SULPDU\� FDXVHV� RI� EORVVRP�GURS�
WRPDWRHV�DUH�HQYLURQPHQWDO�IDFWRUV��H�J���7HPSHUDWXUH�DQG�
5HODWLYH�+XPLGLW\���VHFRQGDU\�FDXVHV�FDQ� LQFOXGH� ODFN�RI�
ZDWHU��UHGXFHG�RU�H[WHQGHG�OLJKW�H[SRVXUH��H[FHVVLYH�ZLQG��
DQG�KHDY\�IUXLW�VHW��7KH�,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�
&KDQJH��,3&&��������UHSRUWV�DQ�DSSUR[LPDWH�WHPSHUDWXUH�

�R VWLQFUHDVH�UDQJLQJ�IURP�����WR���� �&�GXULQJ�WKH��� �FHQWXU\��
7KH� )RXUWK�$VVHVVPHQW� 5HSRUW� �$5��� GHYHORSHG� E\� WKH�
,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��,3&&��������
OLVWV� PDQ\� REVHUYHG� FKDQJHV� LQ� WKH� JOREDO� FOLPDWH�� 7KH�
ELRORJLFDO�LPSDFWV�RI�ULVLQJ�WHPSHUDWXUHV�GHSHQG�XSRQ�WKH�
SK\VLRORJLFDO� VHQVLWLYLW\� RI� RUJDQLVPV� WR� WHPSHUDWXUH�
FKDQJH��+HJODQG�HW�DO����������'LVFXVVHG�WKH�FRQVHTXHQFHV�

RI� WHPSHUDWXUH�LQGXFHG� FKDQJHV� LQ� SODQW�SROOLQDWRU�
LQWHUDFWLRQ�� 7KH\� IRXQG� WKDW� WKH� WLPLQJ� RI� ERWK� SODQWV�
ÀRZHULQJ� DQG� SROOLQDWRU� DFWLYLW\� VHHPV� WR� EH� VWURQJO\�
DIIHFWHG� E\� WHPSHUDWXUH�� :LWKRXW� SROOLQDWLRQ�� ZKLFK�
VWLPXODWHV�IUXLW�VHW��WKH�ÀRZHUV�GLH�RU�GURS��7KLV�FRQGLWLRQ�
FDQ�DIIHFW�WRPDWRHV��SHSSHUV��VQDS�EHDQV�DQG�DQRWKHU�IUXLWLQJ�
YHJHWDEOH��,Q�WRPDWRHV��EORVVRP�GURS�LV�XVXDOO\�SUHFHGHG�E\�
WKH� \HOORZLQJ� RI� WKH� SHGLFOH�� 7RPDWR� ÀRZHUV� PXVW� EH�
SROOLQDWHG�ZLWKLQ�DSSUR[LPDWHO\����KRXUV�RU�WKH\�ZLOO�DERUW�
DQG�GURS�RII��7KLV�LV�DERXW�WKH�WLPH�LW�WDNHV�IRU�WKH�SROOHQ�WR�
JHUPLQDWH� DQG� WUDYHO� XS� WKH� VW\OH� WR� IHUWLOL]H� WKH�RYDU\� DW�

�R�WHPSHUDWXUHV�DERYH������ &��0RQLFD�2]RUHV�+DPUWRQ�DQG�
*HQH�0F$YR\���������$�UHFHQW�UHYLHZ�KDV�HPSKDVL]HG�WKDW�
SODQW�SROOLQDWRU�LQWHUDFWLRQV�FDQ�EH�DIIHFWHG�E\�FKDQJHV�LQ�
FOLPDWLF�FRQGLWLRQV�LQ�VXEWOH�ZD\V��7KH�DLP�RI�SUHVHQW�VWXG\�
LV�WR�LQYHVWLJDWH�WKH�GDWD�RQ�WKH�LPSDFWV�RI�FOLPDWLF�FKDQJHV�
RQ�WRPDWR�FURS�SROOLQDWLRQ�

0DWHULDO�DQG�0HWKRGV
$� VWXG\� RI� WKH� LQFLGHQFH� DUHDV� RI� RSHQ� ¿HOG� 6��

O\FRSHUVLFXP�FXOWLYDWLRQ�ZDV�FDUULHG�RXW�DW�WKH�.DQGDVZDPL�
.DQGDU
V� FROOHJH� RI� 1DPDNNDO� 'LVWULFW� ���������� 1��
���������(���1RUWK�ZHVWHUQ�GLVWULFW�RI�7DPLO�1DGX�� ,QGLD��
7KH� VWXG\� DUHD� UHFHLYHV� 1RUWK� (DVW� PRQVRRQ� GXULQJ� WKH�
PRQWKV�RI�2FWREHU�±�'HFHPEHU��7KH�QRUPDO�OHYHO�UDLQIDOO�RI�
WKH� 1DPDNNDO� 'LVWULFW� LV� DERXW� ������ PP� LQ� 2FWREHU� WR�
'HFHPEHU� �50&�� �������7KH� REVHUYDWLRQV�ZHUH�PDGH� DW�
ZHHNO\�LQWHUYDOV�IRU�WRPDWR�SODQWV�2FWREHU�WR�1RYHPEHU��
������(LJKW�6��O\FRSHUVLFXP�SODQWV�FXOWXUHG�LQ�SRWV�VHSDUDWH�
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WXEV� DQG� SODFHG� LQ� DQ� RSHQ� ¿HOG� DQG�ZHHNO\� REVHUYDWLRQ�
PDGH�LQGLYLGXDOO\�RQ�HDFK�SODQW�UHJDUGLQJ�ÀRZHU�EORVVRP��
ÀRZHU�GURSV�RXW��0HWHRURORJLFDO�GDWD�VXFK�DV�WHPSHUDWXUH��
UHODWLYH�KXPLGLW\��ZLQG�VSHHG�DQG�UDLQIDOO�GXULQJ�WKH�VWXG\�
SHULRG�ZHUH�DOVR�UHFRUGHG�WR�DVVHVV� WKH�LQÀXHQFH�RI� WKHVH�
IDFWRUV� RQ� WKH� ÀRZHUV� ORVLQJ� LQFLGHQFHV�� 7KH� FRUUHODWLRQ�
FRHI¿FLHQWV� EHWZHHQ� DELRWLF� IDFWRUV� ZLWK� ÀRZHU�
EORVVRP�GURS�ZDV�ZRUNHG�RXW�E\�XVLQJ�WKH�3633�6WDWLVWLFDO�
VRIWZDUH� /LQX[� 0LQW� ������ DQG� YDULRXV� PXOWLYDULDWH�
VWDWLVWLFDO� PHWKRGV�� LQFOXGLQJ� &DQRQLFDO� &RUUHVSRQGHQFH�
$QDO\VLV��&&$��/HJHQGUH�DQG�/HJHQGUH���������DQG�%UD\���
&XUWLV� 6LPLODULW\� �&ODUNH�� ������ $QDO\]HG� XVLQJ� 3$67�
6WDWLVWLFDO��6RIWZDUH�9HUVLRQ��������

5HVXOWV

7KH�GDWD�VKRZV�RQ�WKH�$ELRWLF�IDFWRUV��7DEOH����VXFK�DV�
7HPSHUDWXUH��5HODWLYH�+XPLGLW\��:LQG�6SHHG�DQG�5DLQIDOO�
LQ�1DPDNNDO�GLVWULFW��7DPLO�1DGX��GXULQJ�WKH�VWXG\�SHULRG�
�2FWREHU�±�1RYHPEHU�������� �7KH�DELRWLF�IDFWRUV�LQÀXHQFH�

IRU�WRPDWR�EORVVRP�GURS�RQ�RSHQ�¿HOG�FXOWXUH��7KH�KLJKHVW�
WHPSHUDWXUH��������&��DQG�ORZHVW��������&��ZDV�UHFRUGHG�
RQ�,�DQG�,;�ZHHN�UHVSHFWLYHO\��0D[LPXP�UHODWLYH�KXPLGLW\�
�5+��ZDV�UHFRUGHG�RQ�WKH�,;�ZHHN�����������DQG�������LQ�,�
ZHHN������������,Q�,,,�DQG�,9�ZHHNV�RI�RXU�VWXG\�SHULRG��
PD[LPXP�ZLQG�VSHHG� �������.P�K��DQG�PLQLPXP�VSHHG�
������ .P�K�� ZHUH� UHFRUGHG�� 'XULQJ� WKH� WRPDWR� FXOWXUH�
����PP�UDLQIDOO�ZDV�UHFRUGHG��,,�ZHHN��LQ�WKH�VWXG\�DUHD��
+LJKHVW� ÀRZHU� EORVVRP� ���� DQG� ÀRZHU� GURS� ������� ZDV�
UHJLVWHUHG�LQ�9,,�ZHHN��)LJXUH����

7DEOH���LQGLFDWHG�WKH�FRUUHODWLRQ�EHWZHHQ�DELRWLF�IDFWRUV�
RQ�WKH�WRPDWR�ÀRZHU�EORVVRP�DQG�GURS��$PRQJ�WKH�DELRWLF�
IDFWRUV�� PD[LPXP� WHPSHUDWXUH� KDV� D� SRVLWLYH� FRUUHODWLRQ�
ZLWK�ÀRZHU�EORVVRP��������DQG�ÀRZHU�GURS��������DW�WKH������
SHUFHQW� OHYHO��$� QHJDWLYH� FRUUHODWLRQ� KDV� H[LVWHG� EHWZHHQ�
PLQLPXP� WHPSHUDWXUH� ��������� PD[LPXP� DQG� PLQLPXP�
UHODWLYH� KXPLGLW\� �������� �������� ZLQG� �������� ������� DQG�
UDLQIDOO� �������� ZLWK� ÀRZHU� GURS� UHVSHFWLYHO\�� 0D[LPXP�
ZLQG�DQG�UDLQIDOO�H[KLELW�D�QHJDWLYH�FRUUHODWLRQ�IRU�WKH�ÀRZHU�
EORVVRP����������������DW�WKH������OHYHO��
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0XOWLYDULDWH�$QDO\VLV
&DQRQLFDO� &RUUHVSRQGHQFH�$QDO\VLV�� DQG� %UD\�&XUWLV�

6LPLODULW\�ZHUH�FDOFXODWHG�ZLWK�WKH�HQYLURQPHQWDO�IDFWRU�DQG�
WRPDWR�ÀRZHU�EORVVRP�DQG�GURS�GXULQJ�WKH�FXOWXUH�SHULRG��
)LJXUH� ��� EDVHG� RQ� ZKLFK� �� GLVWLQFW� JURXSLQJV� FRXOG� EH�
GLVWLQJXLVKHG�WKDW�DSSDUHQWO\�UHÀHFWHG�GLIIHUHQFHV�LQ�DELRWLF�
IDFWRU�VWUHVV�LQ�WRPDWR�ÀRZHU�EORVVRP�GURS�LQ�WKH�VWXG\�DUHD��
*URXS�,��)ORZHU�EORVVRP�GURS��0D[LPXP�7HPSHUDWXUH��DQG�
0LQLPXP� 7HPSHUDWXUH��� *URXS� ,,� LQFOXGHG� �0D[LPXP�
:LQG�� 0LQLPXP� :LQG�� 5DLQIDOO�� 0D[LPXP� 5+� DQG�
0LQLPXP� 5+��� &RUUHVSRQG� WR� UHODWLYHO\� 0D[LPXP� DQG�

0LQLPXP�WHPSHUDWXUH��YHU\�KLJKO\�LQÀXHQFHG�E\�D�WRPDWR�
ÀRZHU�GURS�DQG�ÀRZHU�EORRP��,Q�)LJXUH����D�UHODWLRQVKLS�KDV�
H[LVWHG�EHWZHHQ�WKH�DELRWLF�IDFWRUV�ZLWK�ÀRZHU�EORVVRP�DQG�
D�GURS�LQ�WKH�VWXG\�SODFH��+RZHYHU��IURP�WKH�&&$�UHVXOWV��LW�
LV� HYLGHQW� WKDW� DELRWLF� IDFWRUV� VXFK� DV�5DLQIDOO��0LQLPXP�
:LQG� 6SHHG�� DQG� 0D[LPXP� 7HPSHUDWXUH� KDYH� GLUHFWO\�
DIIHFWHG�WKH�WRPDWR�ÀRZHU�EORVVRP�DQG�GURS��&RQYLQFLQJO\�
EH�SUHVXPHG� WKDW� LQ� WKHLU� SODFH�� WKH�SROOLQDWLRQ� LV�PDLQO\�
VWRSSHG� IURP�PD[LPXP� WHPSHUDWXUH� DQG�PLQLPXP�ZLQG��
WKH�UDLQIDOO�DOVR�HIIHFWHG�IRU�WKH�WRPDWR�ÀRZHU�EORRP�DQG�
GURS�EHFDXVH�LW�KLJKO\�LQFUHDVHV�UHODWLYH�KXPLGLW\�

)LJXUH����7KH�,QÀXHQFH�RI�DELRWLF�IDFWRUV�RQ�6��O\FRSHUVLFXP�ÀRZHU�%ORVVRP���'URS

)LJXUH����%UD\���&XUWLV�VLPLODULWLHV�$QDO\]HG

)LJXUH����&DQRQLFDO�&RUUHVSRQGHQFH�$QDO\VLV��&&$�
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0XOWLYDULDWH�$QDO\VLV
&DQRQLFDO� &RUUHVSRQGHQFH�$QDO\VLV�� DQG� %UD\�&XUWLV�

6LPLODULW\�ZHUH�FDOFXODWHG�ZLWK�WKH�HQYLURQPHQWDO�IDFWRU�DQG�
WRPDWR�ÀRZHU�EORVVRP�DQG�GURS�GXULQJ�WKH�FXOWXUH�SHULRG��
)LJXUH� ��� EDVHG� RQ� ZKLFK� �� GLVWLQFW� JURXSLQJV� FRXOG� EH�
GLVWLQJXLVKHG�WKDW�DSSDUHQWO\�UHÀHFWHG�GLIIHUHQFHV�LQ�DELRWLF�
IDFWRU�VWUHVV�LQ�WRPDWR�ÀRZHU�EORVVRP�GURS�LQ�WKH�VWXG\�DUHD��
*URXS�,��)ORZHU�EORVVRP�GURS��0D[LPXP�7HPSHUDWXUH��DQG�
0LQLPXP� 7HPSHUDWXUH��� *URXS� ,,� LQFOXGHG� �0D[LPXP�
:LQG�� 0LQLPXP� :LQG�� 5DLQIDOO�� 0D[LPXP� 5+� DQG�
0LQLPXP� 5+��� &RUUHVSRQG� WR� UHODWLYHO\� 0D[LPXP� DQG�
0LQLPXP�WHPSHUDWXUH��YHU\�KLJKO\�LQÀXHQFHG�E\�D�WRPDWR�
ÀRZHU�GURS�DQG�ÀRZHU�EORRP��,Q�)LJXUH����D�UHODWLRQVKLS�KDV�
H[LVWHG�EHWZHHQ�WKH�DELRWLF�IDFWRUV�ZLWK�ÀRZHU�EORVVRP�DQG�
D�GURS�LQ�WKH�VWXG\�SODFH��+RZHYHU��IURP�WKH�&&$�UHVXOWV��LW�
LV� HYLGHQW� WKDW� DELRWLF� IDFWRUV� VXFK� DV�5DLQIDOO��0LQLPXP�
:LQG� 6SHHG�� DQG� 0D[LPXP� 7HPSHUDWXUH� KDYH� GLUHFWO\�
DIIHFWHG�WKH�WRPDWR�ÀRZHU�EORVVRP�DQG�GURS��&RQYLQFLQJO\�
EH�SUHVXPHG� WKDW� LQ� WKHLU� SODFH�� WKH�SROOLQDWLRQ� LV�PDLQO\�
VWRSSHG� IURP�PD[LPXP� WHPSHUDWXUH� DQG�PLQLPXP�ZLQG��
WKH�UDLQIDOO�DOVR�HIIHFWHG�IRU�WKH�WRPDWR�ÀRZHU�EORRP�DQG�
GURS�EHFDXVH�LW�KLJKO\�LQFUHDVHV�UHODWLYH�KXPLGLW\�

'LVFXVVLRQ
([WUHPH�WHPSHUDWXUH��VXFK�DV�KLJK�GD\WLPH�WHPSHUDWXUHV�

�DERYH�����&���ORZ�QLJKW�WLPH�WHPSHUDWXUHV��EHORZ�����&��
ZLOO�FDXVH�VHULRXV�ÀRZHU�GURS�IURP�WRPDWR�SODQWV��7RPDWRHV�
JURZ�EHVW�LI�GD\WLPH�WHPSHUDWXUHV�UDQJH�EHWZHHQ����&�DQG�
���&��7RPDWR�SODQWV�FDQ�WROHUDWH�PRUH�H[WUHPH�WHPSHUDWXUHV�
IRU�VKRUW�SHULRGV��VHYHUDO�GD\V�RU�QLJKWV�ZLWK�WHPSHUDWXUHV�
RXWVLGH�WKH�LGHDO�UDQJH�ZLOO�FDXVH�WKH�SODQW�WR�DERUW�IUXLW�VHW�
DQG�IRFXV�RQ�VXUYLYDO��0LOOV���������7HPSHUDWXUHV�RYHU�����
&�IRU�RQO\�IRXU�KRXUV�FDQ�FDXVH�WKH�ÀRZHUV�WR�DERUW��,I�WKH�
QLJKW� WHPSHUDWXUHV� IDOO� EHORZ� ���� &� RU� LI� WKH� GD\�
WHPSHUDWXUHV�DUH�DERYH�����&��WKH�SROOHQ�EHFRPHV�WDFN\�DQG�
QRQDYLDEOH�� SROOLQDWLRQ� FDQ
W� RFFXU�� ,I� WKH� ÀRZHUV�ZHUHQ
W�
SROOLQDWHG�� WKH� ÀRZHUV� ZLOO� GLH� DQG� IDOO� RII�� &KHPLFDOV�
JURZWK� UHJXODWRUV� FDQ� VRPHWLPHV� KHOS� RYHUFRPH� ORZ�
WHPSHUDWXUH�HIIHFWV��EXW�WKH�UHVXOWLQJ�IUXLW�LV�XVXDOO\�VHHGOHVV�
DQG�RI�SRRU�TXDOLW\��

7KH� LGHDO� UHODWLYH� KXPLGLW\� IRU� WRPDWR� JURZWK� DQG�
GHYHORSPHQW� UDQJHV� EHWZHHQ� ���� DQG� ����� 5HODWLYH�
KXPLGLW\� SOD\V� D�PDMRU� UROH� LQ� SROOHQ� WUDQVIHU�� ,I� UHODWLYH�
KXPLGLW\�LV�ORZHU�WKDQ�WKH�RSWLPDO�UDQJH��LW�LQWHUIHUHV�ZLWK�
SROOHQ�UHOHDVH�EHFDXVH�WKH�SROOHQ�LV�GU\�DQG�XQDEOH�WR�VWLFN�WR�
WKH�VWLJPD��,I�UHODWLYH�KXPLGLW\�LV�KLJKHU�WKDQ�WKH�RSWLPDO�
UDQJH�� WKH� SROOHQ� ZLOO� QRW� VKHG� SURSHUO\� �0LOOV�� ������
2]RUHV�+DPSWRQ�DQG�0F$YR\���������0D[LPXP�5HODWLYH�
+XPLGLW\��5+��ZDV�KLJKHU�WKURXJKRXW�WKH�VWXG\�SHULRG�DQG�
WKXV�FDXVH�D�IDOO�LQ�WRPDWR�SURGXFWLRQ�LQ�WKH�FXOWXUH�SHULRG��
([FHVVLYH�ZLQG�FDQ�GURS�ÀRZHUV�DQG�RU�SK\VLFDOO\�VWRSSHG�
WKHP� RII�� UHGXFLQJ� IUXLW� VHW�� ([FHVV�ZLQG� FDQ� UHGXFH� WKH�
DPRXQW�RI�HQHUJ\� WKH�SODQW�SURGXFHV�DQG� WKXV�FDQ�UHGXFH�
ÀRZHU� SURGXFWLRQ� DQG� IUXLW� VHW� �0RQLFD�2]RUHV�+DPUWRQ�
DQG�*HQH�0F$YR\���������6RPH�DUHDV�ZLOO�OLNHO\�H[SHULHQFH�
GHFUHDVHG� UDLQIDOO�� OHDGLQJ� WR� PRUH� H[WHQVLYH� GURXJKW�
SHULRGV��7KXV�ZDWHU� VWUHVV�PD\�GHFUHDVH�ÀRZHU� QXPEHUV��
6QRZ�FRYHU�PLJKW�DOVR�EH�UHVSRQGLQJ�PRUH�WR�VQRZ�FRYHU�
WKDQ�WR�WHPSHUDWXUH��,QRX\H��������

&RQFOXVLRQ
7KH�SURGXFWLRQ�RI�WRPDWR�LQ�WKH�VWXG\�DUHD�ZDV�

VHULRXVO\�UHGXFHG�E\�DELRWLF�IDFWRUV�GXULQJ�WKH�1RUWK�(DVW�
PRQVRRQ�VHDVRQ��EHFDXVH�RI�ÀXFWXDWLRQ�LQ�WHPSHUDWXUH��

ZLQG�VSHHG��UDLQIDOO�DQG�UHODWLYH�KXPLGLW\���7KXV�DELRWLF�
IDFWRUV�ZLOO�SOD\�D�PDMRU�UROH�LQ�WKH�SURGXFWLRQ�RI�WRPDWRHV�
DQG�DOVR�DIIHFWV�WKH�HFRQRPLF�JURZWK�RI�,QGLD�

5HIHUHQFHV

&ODUNH��.��5����������1RQ�SDUDPHWULF�PXOWLYDULDWH�DQDO\VLV�
RI�FKDQJHV�LQ�FRPPXQLW\�VWUXFWXUH��$XVWUDOLDQ�-RXUQDO�
RI�(FRORJ\���������������> @�&URVV5HI

)$267$7���������)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�
8QLWHG�1DWLRQV��7RS�SURGXFHUV�RI�WRPDWRHV�LQ�ZRUOG�

+HJODQG�� 6�� -��� 1LHOVHQ��$��� /i]DUR��$��� %MHUNQHV�� $�� ,���
7RWODQG�������������+RZ�GRHV�FOLPDWH�ZDUPLQJ�DIIHFW�
SODQW�SROOLQDWRU� LQWHUDFWLRQV"�(FRO�/HWWHUV��� ���� ����
�����> @�&URVV5HI

,QRX\H�� '�:�� �������� (IIHFWV� RI� FOLPDWH� FKDQJH� RQ�
SKHQRORJ\�� IURVW� GDPDJH�� DQG� ÀRUDO� DEXQGDQFH� RI�
PRQWDQH� ZLOGÀRZHUV�� (FRORJ\��� ���� ���������
> �&URVV5HI@

,3&&� �������� &OLPDWH� &KDQJH�� 6\QWKHVLV� 5HSRUW��
&RQWULEXWLRQ�RI�:RUNLQJ�*URXSV� ,�� ,,� DQG� ,,,� WR� WKH�
)RX U W K � $V V H V VPHQ W � 5HSR U W � �$5� � � R I � W K H�
,QWHUJRYHUQPHQWDO�3DQHO� RQ�&OLPDWH�&KDQJH�� ,3&&��
*HQHYD��6ZLW]HUODQG������

/HJHQGUH��3���/HJHQGUH��/����������1XPHULFDO�(FRORJ\���QG�
(QJOLVK�(G��(OVHYLHU������

/HY\�� $��� 5DELQRZLWFK�� +�� '��� .HGDU�� 1�� ��������
0RUSKRORJLFDO� DQG� 3K\VLRORJLFDO� &KDUDFWHUV�
$IIHFWLQJ�)ORZHU�'URS�DQG�)UXLW�6HW�RI�7RPDWRHV�DW�
+LJK� 7HPSHUDWXUHV�� (XSK\WLFD��� ������� ���������
> @�&URVV5HI

0LOOV��/����������&RPPRQ�7RPDWR�'LVRUGHUV�XQGHU�'HVHUW�
&RQGLWLRQV�� 8QLYHUVLW\� RI� 1HYDGD�� &RRSHUDWLYH�
([WHQVLRQ���)6�����

0RQLFD�2]RUHV�+DPUWRQ���*HQH�0F$YR\����������%ORVVRP�
'URS�� 5HGXFHG� )UXLW� 6HW�� DQG� 3RVW�3ROOLQDWLRQ�
'LVRUGHUV�LQ�7RPDWR��+6������*DLQHVYLOOH��8QLYHUVLW\�
RI�)ORULGD�,QVWLWXWH�RI�)RRG�DQG�$JULFXOWXUDO�6FLHQFHV���
KWWSV���HGLV�LIDV�XÀ�HGX�SGI¿OHV�+6�+6�������SGI�

0XUFLD��&����������)RUHVW�)UDJPHQWDWLRQ�DQG�WKH�3ROOLQDWLRQ�
RI� 1HRWURSLFDO� 3ODQWV�� ,Q�� 6FKHOKDV�� *UHHQEHUJ� 5�
�(GV��� )RUHVW� SDWFKHV� LQ� WURSLFDO� ODQGVFDSHV�� ,VODQG�
3UHVV��:DVKLQJWRQ��'�&���86$�

2]RUHV�+DPSWRQ�� 0��� 0F$YR\�� *�� ��������:KDW� &DXVHV�
%ORVVRP�'URS�LQ�7RPDWRHV"��7KH�7RPDWR�0DJD]LQH���
��������±��

50&�� �������� 5HJLRQDO� 0HWHRURORJLFDO� &HQWHU�� ,QGLDQ�
0HWHRURORJLFDO� 'HSDUWPHQW� RI� (DUWK� 6FLHQFHV��
*RYHUQPHQW�RI�,QGLD���

'2,�� ���KWWSV���GRL�RUJ����������MDHIV���������0RKDQ�$UWKDQDUL�DQG�6HQWKLONXPDU�'KDQDSDODQ�
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2EVHUYDWLRQ�RI�SODQW�GHYHORSPHQW�ZLWK�FRPSRVW��OLPH�DQG�FKHPLFDO�IHUWLOL]HU�VXSSRUW�
LQ�DFLGLF�VRLO�ZLWK�KLJK�PHWDO�FRQWHQW

���
� �� � �(PLQH�(OPDVODU�g]EDú �����$WDNDQ�gQJHQ ������+��.XUWXOXú�g]FDQ ������6HOGD�<L÷LW�+XQFH
�,VWDQEXO�8QLYHUVLW\�&HUUDKSDúD��(QJLQHHULQJ�)DFXOW\��(QYLURQPHQWDO�(QJLQHHULQJ�'HSDUWPHQW���������$YFÕODU�,VWDQEXO�7XUNH\�


&RUUHVSRQGLQJ�$XWKRU��HOPDVODU#LVWDQEXO�HGX�WU����

,W�LV�NQRZQ�WKDW�WKH�DPRXQW�RI�KDUPIXO�FRPSRXQGV�LQ�WKH�
HQYLURQPHQW� LV� LQFUHDVLQJ� DORQJ� ZLWK� WKH� UDSLG� ULVH� RI�
WHFKQRORJ\� DQG� LQGXVWULDO� DJULFXOWXUH� �1HLOVRQ� DQG�
5DMDNDUXQD�� ������� )DFWRUV� VXFK� DV� LQGXVWULDO� ZDVWHV��
OHDFKDWH�� VHZDJH� VOXGJH�� PLQLQJ� DQG� XVH� RI� H[FHVVLYH�
IHUWLOL]HU� DQG� SHVWLFLGHV� DUH� WKH� PDLQ� VRXUFHV� RI� KDUPIXO�
SROOXWDQWV� LQ� VRLO� DQG� ZDWHU� HQYLURQPHQW� �0HPRQ� HW� DO���
������ -lUXS�� ������� 2UJDQLF� DQG� LQRUJDQLF� SROOXWDQWV�
FRQWDLQLQJ�KHDY\�PHWDOV�DUH�NQRZQ�DV�WKH�PRVW�LPSRUWDQW�
SROOXWDQWV� FDXVLQJ� HQYLURQPHQWDO� SROOXWLRQ�� 8QOLNH� RWKHU�
W\SHV�RI�SROOXWLRQ��KHDY\�PHWDOV�DUH�LQ�WKH�KLJK�ULVN�JURXS�IRU�
HFRV\VWHPV�GXH�WR�WKHLU�ELRDFFXPXODWLRQ�DQG�WKHLU�UHVLVWDQFH�
WR� FKHPLFDO� DQG� ELRORJLFDO� GHJUDGDWLRQ�� 0HUFXU\� �+J���
&DGPLXP��&G���&RSSHU��&X���0DQJDQHVH��0Q���=LQF��=Q��
DQG�$OXPLQXP��$O�� DUH� WKH�PRVW� FRPPRQO\� IRXQG�KHDY\�
PHWDOV�LQ�WKH�HQYLURQPHQW��8OODK�HW�DO����������7KH�SUHVHQFH�
RI�KHDY\�PHWDOV�LQ�VRLO��HVSHFLDOO\�LQ�DJULFXOWXUDO�VRLOV��SRVHV�
D�JUHDW�GDQJHU�WR�KXPDQ�KHDOWK�DQG�WKH�HFRV\VWHP��=KXDQJ�HW�
DO�����������/XR�HW�DO���������6D\DUD�HW�DO���������&ROLQ�HW�DO���
������6XOWDQD�HW�DO���������$U\DO�HW�DO�����������1LUROD�HW�DO���

������=KRX�HW�DO����������6WDELOL]DWLRQ�RI�KHDY\�PHWDOV�LQ�WKH�
VRLO�LV�UHJDUGHG�DV�D�UHPDUNDEOH�DOWHUQDWLYH�WR�KHDY\�PHWDO�
UHPRYDO�GXH�WR�LWV�HI¿FLHQF\��VKRUW�GXUDWLRQ�RI�DFWLRQ��PRUH�
HFRQRPLFDO�FRPSDUHG�WR�RWKHU�UHPHGLDWLRQ�PHWKRGV��DQG�WKH�
ORZ�HI¿FDF\�RQ�HFRV\VWHP��.XPSLHQH�HW�DO���������/HH�HW�DO���
������=KRX�HW�DO����������)RU�WKLV�UHDVRQ��VWDELOL]DWLRQ�VWXGLHV�
FDUULHG� RXW� E\� DSSOLFDWLRQ� RI� VRLO� DPHQGPHQWV� VXFK� DV�
FRPSRVW��OLPH�DQG�ELRFKDU�WR�WKH�VRLO�V\VWHP�FRQWDLQLQJ�KLJK�
DPRXQWV�RI�KHDY\�PHWDOV�DUH�IUHTXHQWO\�HQFRXQWHUHG�LQ�WKH�
OLWHUDWXUH��:KLWH�HW�DO���������*UD\�HW�DO���������6KL�HW�DO���
������'X�HW�DO���������5X\WHUV�HW�DO��������%RODQ�HW�DO���������
'LQJ�HW�DO���������+XDQJ�HW�DO���������/L�HW�DO���������:DQJ�HW�
DO�����������;X�HW�DO���������

$SSUR[LPDWHO\�����UHGXFWLRQ�LQ�YROXPH�DQG�LQ�ZHLJKW�
RI� GRPHVWLF� VROLG� ZDVWHV� LV� PDLQWDLQHG� E\� FRPSRVWLQJ��
7KHUHIRUH�� LW� LV� NQRZQ� DV� DQ� HIIHFWLYH� DQG� HQYLURQPHQWDO�
IULHQGO\�ZDVWH� WUHDWPHQW�PHWKRG��7KH�XVH�RI� WKH�REWDLQHG�
FRPSRVW�DV�D�VRLO�UHPHGLDWLRQ�PDWHULDO�LQ�DJULFXOWXUDO�DUHDV�LV�
DOVR�DQ�LPSRUWDQW�HQYLURQPHQWDO�DGYDQWDJH��=KDQJ���������

�

��

$EVWUDFW

.H\ZRUGV��06:�FRPSRVW��6RLO��+HDY\�PHWDOV��6RLO�UHPHGLDWLRQ
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,QWURGXFWLRQ���

5HVHDUFK�$UWLFOH
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�&൴WH�WK൴V�DUW൴FOH�DV��
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,QWHUQDW൴RQDO�-RXUQDO�RI
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,QW�-�$JULF�(QYLURQ�)RRG�6FL����������� ��������

,Q�WKLV�VWXG\��WKH�JURZWK�RI�SDUVOH\�SODQWV��3HWURVHOLQXP�FULVSXP��ZDV�REVHUYHG�LQ�DQ�DFLGLF��S+����VRLO�KDYLQJ�KLJK�KHDY\�
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&RPSRVWLQJ� SURFHVV� LV� GH¿QHG� DV� D� ELRFKHPLFDO�
EUHDNGRZQ�RI�RUJDQLF�SDUWV�RI�DJULFXOWXUDO�DQG�XUEDQ�VROLG�
ZDVWHV�E\�EDFWHULD�DQG�RWKHU�PLFURRUJDQLVPV� LQWR�KXPXV��
&RPSRVW�LV�D�VRLO�FRQGLWLRQHU�DQG�QRW�D�IHUWLOL]HU��,Q�FRQWUDVW�
WR�FKHPLFDO�IHUWLOL]HUV��GLVVROXWLRQ�RI�FRPSRVW�PDWHULDOV�FDQ�
RFFXU� LQ� D� ORQJ� WLPH� DQG� LWV� WUDQVSRUWDWLRQ� WR� UHFHLYLQJ�
RUJDQLVPV�DOVR�WDNHV�WLPH��8\JXQ���������&RPSRVWLQJ�LV�D�
VLJQL¿FDQW� SDUW� RI� PRGHUQ� LQWHJUDWHG� VROLG� ZDVWH�
PDQDJHPHQW��$�YDOXDEOH�SURGXFW�ZLWK�KLJK�KXPXV�FRQWHQW�
IRU�YDULRXV�XVDJH�LV�REWDLQHG�E\�FRPSRVWLQJ�PHWKRG��7KH�
DPRXQW�RI�VROLG�ZDVWHV�IRU�ODQG¿OOLQJ�LV�EHLQJ�UHGXFHG�DQG�
RUJDQLF�ZDVWHV�FDQ�EH�UHFRYHUHG�LQ�WKLV�ZD\��7KH�FRPSRVW�LV�
PDLQO\� XVHG� IRU� DJULFXOWXUDO� DFWLYLWLHV�� ,Q� DGGLWLRQ�� LW� LV�
IUHTXHQWO\�XVHG�LQ�SODQWDWLRQ��KRUWLFXOWXUH��SXEOLF�SDUNV��JROI�
DUHDV� DQG� ODQGVFDSLQJ�� 7KH� DGGLWLRQ� RI� OLPH� WR� WKH� VRLO�
LQFUHDVHV�WKH�S+�RI�VRLO�DQG�WKH�FRQYHUVLRQ�RI�KHDY\�PHWDOV�
LQ�VRLO�WR�VWDWLRQDU\�IRUPV�E\�WKH�HIIHFWV�RI�WKLV�S+�LQFUHDVH�
KDYH�EHHQ�DVVHUWHG�LQ�PDQ\�VWXGLHV�LQ�WKH�OLWHUDWXUH��=KX�HW�
DO���������0DKDU�HW�DO���������<DQ�ELQJ�HW�DO����������

,Q� WKLV� VWXG\�� LW� LV� DLPHG� WR�REVHUYH� WKH�JURZWK�RI� WKH�
SDUVOH\�SODQWV� LQ� VRLOV� KDYLQJ�KLJKO\� DFLGLF� FKDUDFWHU� DQG�
KLJK� KHDY\� PHWDO� FRQFHQWUDWLRQ� E\� DGGLWLRQ� RI� VRLO�
DPHQGPHQWV�VXFK�DV�FRPSRVW��OLPH�DQG�FKHPLFDO�IHUWLOL]HU��
)RU�WKLV�SXUSRVH��H[SHULPHQWV�ZHUH�FDUULHG�RXW�LQ�SODQW�SRWV�
LQ�ODERUDWRU\�HQYLURQPHQW�

0DWHULDOV�DQG�0HWKRGV�
7KH�¿UVW�VRLO�VDPSOH��7���ZDV�REWDLQHG�IURP�WKH�.DVWHO�

9LOODJH�RQ�WKH�ERUGHU�RI�dDPEXUQX�'LVWULFW�RI�7UDE]RQ��$OVR��
D� FRPPHUFLDO� SODQW� VRLO� �7��� �7URSLFDO� EUDQG�� VRLO� IRU�
RUQDPHQWDO�SODQWV��ZDV�XVHG�DQG�WKH�JURZWK�RI�SODQWV�ZDV�
H[DPLQHG�RQ�WZR�VRLO�VDPSOHV��7KH�FRPSRVW�VDPSOH�XVHG�DV�
VRLO� FRQGLWLRQHU� ZDV� REWDLQHG� IURP� WKH� .HPHUEXUJD]�
5HF\FOLQJ� DQG� &RPSRVWLQJ� )DFLOLW\� ORFDWHG� LQ� ,VWDQEXO�
0HWURSROLWDQ� 0XQLFLSDOLW\�� &DOFLXP� DPPRQLXP� QLWUDWH�
�7RWDO� QLWURJHQ� ����� $PPRQLXP� QLWURJHQ� ����� 1LWUDWH�
QLWURJHQ������ZDV�HPSOR\HG�DV�DQ�FKHPLFDO�IHUWLOL]HU��7KH�
DGGLWLRQ�RI�OLPH�ZDV�FDUULHG�RXW�ZLWK�VODNHG�OLPH��&D�2+� ���

)RU�WKH�S+�PHDVXUHPHQW�RI�FRPSRVW��GLVWLOOHG�ZDWHU�ZDV�
DGGHG� WR� WKH� FRPSRVW� VDPSOH� LQ� D� UDWLR� RI� ���� �H�J��� �� J�
VDPSOH���� P/� GLVWLOOHG� ZDWHU�� � DQG� WKH� S+� ZDV�
PHDVXUHGZLWK�WKH�S+�PHWHU�DIWHU�PL[LQJ�IRU����PLQXWHV�E\�
PDJQHWLF�VWLUUHU��0HWKRGHQEXFK�]XU�$QDO\VH�YRQ�.RPSRVW��
�������,Q�RUGHU�WR�GHWHUPLQH�WKH�S+�YDOXH�RI�WKH�VRLO�VDPSOH��
����1�.&O�ZDV�DGGHG�RQ�WKH�VRLO�VDPSOH�LQ�D�UDWLR�RI�������DQG�
WKH�S+�YDOXH�ZDV�UHDG�ZLWK�WKH�S+�PHWHU�DIWHU�PL[LQJ�IRU���
KRXU�RQ�WKH�PDJQHWLF�VWLUUHU��3DUDGHOR�DW�DO����������7KH�S+�
PHDVXUHPHQWV� ZHUH� GRQH� E\� XVLQJ� -HQZD\� ����� ,RQ�
$QDO\]HU�� 7KH� &�� +�� 1� YDOXHV� RI� WKH� VRLO� DQG� FRPSRVW�
VDPSOHV� ZHUH� GHWHUPLQHG� XVLQJ� 7KHUPR� 6FLHQWL¿F� )ODVK�
�����&+1�6�HOHPHQWDO�DQDO\]HU�

6DPSOHV�ZHUH�SUHSDUHG�IRU�DQDO\VLV�E\�WKH�PLFURZDYH�
GLJHVWLRQ� PHWKRG� �8�6�� (3$�� ������ IRU� LGHQWL¿FDWLRQ� RI�
PHWDO� TXDQWLWLHV� LQ� VRLO� DQG� FRPSRVW� VDPSOHV�� $IWHU� WKH�
PLFURZDYH�GLJHVWLRQ�� WKH�VDPSOHV�ZHUH�¿OWHUHG��ZLWK�01�
���������PP��0DFKHUH\�1DJHO�¿OWHU�SDSHU��DQG�SRXUHG�LQWR�
+'3(�EDOORRQV�DQG�YROXPHV�ZHUH�IXO¿OOHG�ZLWK�XOWUDSXUH�
ZDWHU�WR����P/��$QDO\VHV�RI�WKH�VDPSOHV�ZHUH�SHUIRUPHG�
ZLWK� DQ� ,&3�RSWLFDO� HPLVVLRQ� VSHFWURPHWHU� �3HUNLQ�(OPHU�
2SWLPD� ����� '9�� FRPELQHG� ZLWK� DQ� DXWRPDWLF� VDPSOHU�
�3HUNLQ�(OPHU�6���$XWRVDPSOHU��

,QRUGHU�WR�REVHUYH�WKH�SODQW�JURZWK���WKH�PL[WXUHV�WR�EH�
SODFHG�LQ�WKH�SODQW�SRWV�ZHUH�SUHSDUHG�DV�IROORZV��7��VRLO�
VDPSOHV�ZHUH� SUHSDUHG� WR� FRQWDLQ� �L�� ���� �Y�Y�� FRPSRVW�

�.���� �LL�� ���� �Y�Y�� FRPSRVW� DQG� ����� �Y�Y�� FKHPLFDO�
IHUWLOL]HU��.�����LLL�������Y�Y��FRPSRVW�DQG�������Y�Y��OLPH�
�.����LY��������Y�Y��OLPH�DQG�������Y�Y��FKHPLFDO�IHUWLOL]HU�
�.���� �Y�������Y�Y��FRPSRVW��������Y�Y�� OLPH�DQG� ������
�Y�Y��FKHPLFDO�IHUWLOL]HU��.���DQG��YL�������Y�Y��FRPSRVW�
DQG�������Y�Y��FKHPLFDO�IHUWLOL]HU��.���

7ZR� ZHHNV� ZDLWLQJ� SHULRG� ZDV� DSSOLHG� SULRU� WR� WKH�
DGGLWLRQ�RI�FKHPLFDO� IHUWLOL]HU�� WR�REWDLQ� UHDFWLRQ�EHWZHHQ�
FRPSRVW��7��VDPSOH�DQG�OLPH��2QO\�LUULJDWLRQ�ZDV�GRQH�DW�
WKLV�VWDJH��0RUHRYHU��WKH�PL[WXUH�SUHSDUHG�E\��������Y�Y��
FKHPLFDO� IHUWLOL]HU� DGGLWLRQ� WR� 7�� VRLO� ZLWKRXW� DQ\� RWKHU�
FRQGLWLRQHU� DGGLWLRQ�ZHUH� SODFHG� LQ� WKH� SODQW� SRWV��7KHQ��
ZKHQ�SDUVOH\�VHHGV�ZHUH�SODQWHG��WKH�FKHPLFDO�IHUWLOL]HU�ZDV�
DGGHG�VLPXOWDQHRXVO\��6HHGV�DOVR�ZHUH�SODQWHG�LQWR�WKH�SODQW�
SRWV� KDYLQJ� QR� VRLO� DGGLWLYHV� DV� FRQWURO� VDPSOHV�� 7KH�
SUHSDUHG� SRWV� ZHUH� SODFHG� LQ� DQ� DUWL¿FLDOO\� OLJKWHG�
HQYLURQPHQW�ZLWK�WLPHU�FRQWURO�REWDLQLQJ����KRXUV�GD\OLJKW��
�� KRXUV� QLJKW��7KH� WHPSHUDWXUH�ZDV� NHSW� FRQVWDQW� GXULQJ�
H[SHULPHQWDO� SHULRG�� 7KH� SODQWV� ZHUH� KDUYHVWHG� DIWHU� ���
GD\V��$OO�H[SHULPHQWV�ZHUH�UHSOLFDWHG�DQG�PHDQ�YDOXHV�DQG�
VWDQGDUG�GHYLDWLRQV�ZHUH�SUHVHQWHG�

5HVXOWV�DQG�'LVFXVVLRQ�
7KH� FKDUDFWHUL]DWLRQ� RI� WKH� FRPSRVW� DQG� VRLO� VDPSOHV�

XVHG�LQ�WKH�H[SHULPHQWV�LV�SUHVHQWHG�LQ�7DEOH����$FFRUGLQJ�WR�
7DEOH����LW�LV�VHHQ�WKDW�7��VRLO�LV�DFLGLF��S+����DQG�WKH�S+�
YDOXH� RI� 7�� VRLO� LV� DERXW� ��� :KHQ� &�� +�� 1� YDOXHV� DUH�
H[DPLQHG��LW�LV�VHHQ�WKDW�7��VRLO�KDV�YHU\�ORZ�DPRXQW�RI�&�DV�
�����DQG�1�FRQWHQW�LV�QRW�GHWHFWHG�LQ�WKH�VDPSOHV��7KH�&�DQG�
1�FRQWHQWV�RI�7��VRLO�ZHUH�GHWHUPLQHG�DV��������DQG���������
UHVSHFWLYHO\��7KH�S+�RI�FRPSRVW�ZDV�GHWHUPLQHG�DV�����

:KHQ�WKH�YDOXHV�LQ�7DEOH���DUH�FRPSDUHG�ZLWK�WKH�YDOXHV�
LQ�7DEOH����LW�LV�VHHQ�WKDW�WKH�S+�YDOXH�RI�7��VDPSOH�LV�GH¿QHG�
DV��WR[LF�IRU�DOO�SURGXFWV���7KH�S+�YDOXH�RI�WKH�7��VDPSOH�LV�
GH¿QHG�DV��DOO�SURGXFWV�JURZ���:KHQ�WKH�YDOXHV�LQ�7DEOH���
DUH�FRPSDUHG�ZLWK�WKH�YDOXHV�LQ�7DEOH����LW�FDQ�EH�VHHQ�WKDW�
WKH� FRPSRVW� XVHG� LQ� WKH� VWXG\� SURYLGHV� WKH� TXDOLW\�
SDUDPHWHUV�LQ�WKH��&RPSRVW�5HJXODWLRQ���:KHQ�WKH�YDOXHV�LQ�
7DEOH���DUH�FRPSDUHG�ZLWK�WKRVH�LQ�7DEOH����LW�LV�VHHQ�WKDW�WKH�
DPRXQWV�RI�PHWDOV�LQ�7��ZHUH�IRXQG� �PXFK�KLJKHU�WKDQ�WKH�
OLPLW�YDOXHV�JLYHQ�LQ�7DEOH���

5RRW�DQG�DHULDO�SDUW� OHQJWKV�RI�JURZLQJ�SDUVOH\�SODQWV�
ZHUH�PHDVXUHG�DIWHU�D�SHULRG�RI����GD\V��7KHLU�ZHLJKWV�ZHUH�
UHFRUGHG��7KH�S+�YDOXHV�RI�WKH�PL[WXUH�LQ�WKH�SODQW�SRWV�ZHUH�
PHDVXUHG�DW�WKH�EHJLQQLQJ�DQG�DW�WKH�HQG�RI�WKH�H[SHULPHQW��
7KH�VKRUW�QRPHQFODWXUH�RI�WKH�VDPSOHV�DQG�WKH�S+�YDOXHV�DW�
WKH�EHJLQQLQJ�DQG�DW�WKH�HQG�RI�WKH�VWXG\�DUH�SUHVHQWHG�LQ�
7DEOH� ��� $FFRUGLQJ� WR� UHVXOWV� JLYHQ� LQ� 7DEOH� ��� WKH� S+�
LQFUHDVHV�IURP���WR���ZLWK�WKH�DGGLWLRQ�RI�����FRPSRVW�WR�7��
VRLO��DQG�ZKHQ������OLPH�LV�DGGHG��WKH�S+�LQFUHDVHV�IURP���WR�
���,W� LV�NQRZQ�WKDW� WKH�SURSHU�S+�YDOXH�IRU�SDUVOH\�SODQWV�
FKDQJHV�EHWZHHQ������:LWK�WKH�DGGLWLRQ�RI�FRPSRVW�DQG�OLPH��
WKH�S+�YDOXH�RI�7��VRLO�LV�UHDFKHG�WR�D�SURSHU�S+�YDOXH�IRU�WKH�
GHYHORSPHQW�RI�SDUVOH\�SODQW�

5RRW�DQG�VWHP�OHQJWKV�RI�KDUYHVWHG�SODQWV�DW�WKH�HQG�RI�
WKH����GD\�JURZWK�SHULRG�DUH�GLVSOD\HG�LQ�7DEOH����$FFRUGLQJ�
WR�WKH�7DEOH����SODQW�JURZWK�ZDV�QRW�REVHUYHG�LQ�SODQW�SRWV�
FRQWDLQLQJ�RQO\�7��VRLO��.��DQG�.��PL[WXUHV��$OWKRXJK�WKH�
S+�YDOXHV�RI�WKH�PL[WXUHV�.��DQG�.��ZHUH�LQLWLDOO\�DW�WKH�
DSSURSULDWH�S+�IRU�WKH�GHYHORSPHQW�RI�WKH�SDUVOH\�SODQW��LW�
ZDV�FRQVLGHUHG�WKDW�WKH�UHDVRQ�RI�WKH�REVHUYDWLRQ�RI�QR�SODQW�
JURZWK�FDQ�EH�WKH�GHFUHDVH�LQ�S+�XS�WR����S+���LQ�7DEOH���LV�
GH¿QHG�DV�WR[LF�WR�PRVW�FURSV��DW�WKH�HQG�RI�WKH�H[SHULPHQW��
7KH�SODQW�JURZWK������FP�VWHP�OHQJWK������FP�URRW�OHQJWK��
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,QW�-�$JULF�(QYLURQ�)RRG�6FL�������������������

��������J�ZHLJKW��ZDV�REVHUYHG�HYHQ�ZLWK�RQO\�WKH�DGGLWLRQ�
RI�OLPH�WR�WKH�7��VRLO��.��PL[WXUH���7KH�S+�RI�.��PL[WXUH�
ZDV�UHFRUGHG�DV���DW�WKH�HQG�RI�WKH�VWXG\��7KLV�S+�YDOXH�LV�
GH¿QHG�DV�DSSURSULDWH�IRU�WKH�JURZWK�RI�DOO�SURGXFWV�LQ�7DEOH�
���%HVLGHV�WKH�OLPH��WKH�DGGLWLRQ�RI�FKHPLFDO�IHUWLOL]HU��.��
PL[WXUH��DQG��FRPSRVW�DQG�FKHPLFDO�IHUWLOL]HU��.��PL[WXUH��
WR�7��VRLO�LPSURYHG�WKH�JURZWK�RI�SDUVOH\�SODQWV��HVSHFLDOO\�LW�
ZDV�UHVXOWHG�LQ�DQ�LQFUHDVH�LQ�WKHLU�ZHLJKWV��7DEOH�����

%DVHG�RQ�WKH�.��DQG�.��PL[WXUHV��LW�LV�FRQVLGHUHG�WKDW�WKH�
DGGLWLRQ�RI�FRPSRVW�LPSURYHV�WKH�SRURVLW\�RI�WKH�VRLO�DV�ZHOO�
DV� WKH� DGMXVWLQJ� WKH� S+� IRU� WKH� SODQW� JURZWK�� DQG� WKH�
HOLPLQDWLRQ� RI� QXWULHQW� GH¿FLHQF\� E\� XVLQJ� FKHPLFDO�
IHUWLOL]HU�DIIHFW�SODQW�JURZWK�SRVLWLYHO\��7DEOH���VKRZV�WKDW�
WKH�EHVW�SODQW�JURZWK�ZDV�DFKLHYHG�LQ�WKH�PL[WXUH��.���ZLWK�
IHUWLOL]HU�DGGHG�WR�WKH�7��VRLO��+RZHYHU��LW�FDQ�EH�VDLG�WKDW�WKH�
UHVXOWV�REWDLQHG�IURP�WKH�H[SHULPHQWV�RI�.��DQG�.��PL[WXUHV�
ZHUH� OHDG� WR� EHWWHU� SODQW� JURZWK� WKDQ� WKH� UHVXOWV� RI�
H[SHULPHQWV�SHUIRUPHG�ZLWK�RQO\�7��VRLO��7DEOH����

&RQFOXVLRQ

,Q�WKLV�VWXG\��WKH�JURZWK�RI�SDUVOH\�SODQW�ZDV�DFKLHYHG�LQ�
DQ� DFLGLF� VRLO� KDYLQJ� KLJK�PHWDO� FRQWHQW� E\� DGGLQJ� OLPH��
FRPSRVW�DQG�FKHPLFDO�IHUWLOL]HU�WR�WKH�VRLO��$GGLWLRQ�RI�RQO\�
FRPSRVW�DV�D�VRLO�FRQGLWLRQHU� �ZDV�QRW�IRXQG�VXI¿FLHQW�DQG�
WKH� DGGLWLRQ� RI� ERWK� OLPH� DQG� FRPSRVW� ZDV� VXJJHVWHG� WR�
EXIIHU�WKH�DFLGLW\�RI�WKH�VRLO��$OVR��WKH�DGGLWLRQ�RI�FKHPLFDO�
IHUWLOL]HU�ZDV�SURPRWHG�HOLPLQDWLRQ�RI�QXWULHQW�GH¿FLHQF\�RI�
WKH� VRLO�� 7KXV�� WKH� EHVW� FRQGLWLRQV� IRU� WKH� SDUVOH\� SODQW�
JURZWK� LQ� DFLGLF� VRLO� KDYH� EHHQ� GHWHUPLQHG� DV� XVH� RI� D�
FRPELQDWLRQ�RI�FRPSRVW��OLPH�DQG�FKHPLFDO�IHUWLOL]HU�� �$V�
ZHOO�DV�PRQLWRULQJ�WKH�SODQW�JURZWK�LQ�WKLV�W\SH�DFLGLF�DQG�
KHDY\�PHWDO�FRQWDLQLQJ�VRLOV��WKH�DFFXPXODWLRQ�RI�WKH�KHDY\�
PHWDOV� LQ� URRWV� DQG� DHULDO� SDUWV� RI� WKH� JURZQ� SODQWV� ZDV�
WKRXJKW� WR�EH� LQYHVWLJDWHG�DV�D� IXWXUH�ZRUN�ZLWK�D� ORQJHU�
VWXG\�SHULRG�

7DEOH����&KDUDFWHUL]DWLRQ�RI�FRPSRVW�DQG�VRLO�VDPSOHV

7DEOH����5HODWLRQ�EHWZHHQ�S+�YDOXHV�DQG�SODQW�JURZWK�

7DEOH����&RPSRVW�TXDOLW\�SDUDPHWHUV��&RPSRVW�1RWL¿FDWLRQ�������

(�(��g]EDú��$��gQJHQ��+�.��g]FDQ��6�<��+XQFH
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7DEOH����*HQHULF�3ROOXWDQW�/LPLW�9DOXHV��7..1<��������

7DEOH����S+�YDOXHV�RI�WKH�VRLO�PL[WXUHV�LQ�WKH�SRWV�DW�WKH�EHJLQQLQJ�DQG�HQG�RI�WKH�VWXG\

7DEOH����*URZWK�RI�SODQWV�DW�WKH�HQG�RI�WKH�VWXG\

)LJXUH����3KRWRV�RI�SODQWV�GHYHORSHG�DW�WKH�HQG�RI�WKH�VWXG\
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�������� 5HPHGLDWLRQ� RI� KHDY\� PHWDO� �ORLG�� V�
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+D]DUG��0DWHU�����������������> @�> @�&URVV5HI 3XE0HG

&ROLQ��9�/���9LOOHJDV��/�%���$EDWH��&�0����������,QGLJHQRXV�
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3KRVSKDWDVH�HQ]\PH�DFWLYLW\�LQ�GLIIHUHQW�VRLOV�IRUPHG�RQ�ED]DOWLF�SDUHQW�PDWHULDO�
XQGHU�VHPL�KXPLG�FOLPDWH�FRQGLWLRQV
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$\OLQ�(UNRoDN ! ! 2UKDQ�'HQJL]
�%ODFN�6HD�$JULFXOWXUDO�5HVHDUFK�,QVWLWXWH��6DPVXQ��7XUNH\

�'HSDUWPHQW�RI�6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ��)DFXOW\�RI�$JULFXOWXUH��2QGRNX]�0D\LV�8QLYHUVLW\��6DPVXQ��7XUNH\

&RUUHVSRQGLQJ�$XWKRU��RGHQJL]#RPX�HGX�WU���

6RLO�LV�D�G\QDPLF�HQYLURQPHQW�WKDW�GLIIHUV�LQ�ERWK�WLPH�
DQG�VSDFH�DQG�FRQWDLQV�PDQ\� OLYLQJ�VSHFLHV��7KHVH� OLYLQJ�
VSHFLHV� LQ� WKH� VRLO� SOD\� DQ� LPSRUWDQW� UROH� LQ� EULQJLQJ� WKH�
YLWDPLQV�DQG�KRUPRQHV�WKDW�SURPRWH�SODQW�JURZWK�E\�VWRULQJ�
SODQW�QXWULHQWV�GLVVROYHG�LQ�ZDWHU��6RLO�PLFURRUJDQLVPV�DQG�
VRPH�RWKHU�PDFURVFRSLF�RUJDQLVPV�LQFUHDVH�VRLO�IHUWLOLW\�VR�
WKH\�SURYLGH�YHJHWDWLRQ�HQKDQFHPHQW�HVSHFLDOO\�LQ�QDWXUDO�
HFRV\VWHPV��7KHVH�OLYLQJ�VSHFLHV�ZKLFK�KHOS�WR�IRUP�WKH�VRLO�
E\� VHSDUDWLQJ� URFNV� DQG� PLQHUDOV� DUH� LQÀXHQWLDO� LQ� WKH�
IRUPDWLRQ�DQG�GHYHORSPHQW�SURFHVVHV�RI�WKH�VRLOV�ZLWK�WKH�
SDUHQW�PDWHULDO�� WRSRJUDSK\��FOLPDWH�DQG�WLPH�IDFWRUV��)RU�
WKLV� UHDVRQ��PLFURRUJDQLVPV�KDYH� VLJQL¿FDQW� IXQFWLRQV�RQ�
VRLO�IHUWLOLW\�DQG�TXDOLW\�

0LFURELDO�DFWLYLW\�LV�DOVR�LPSRUWDQW�LQ�ELR�FKHPLFDO�VRLO�
SURFHVVHV�DV�ZHOO�DV�LW�LV�DOVR�DVVRFLDWHG�ZLWK�WKH�SUHVHQFH�RI�
VRLO�HQ]\PHV��.LVV�HW�DO���������1DNDV�HW�DO���������0DUWHQV�HW�
DO���������(OOLRWW�HW�DO����������6RLO�HQ]\PHV�DUH�UHODWHG�ZLWK�
RWKHU�ELRORJLFDO�SURSHUWLHV�RI� VRLO� DQG�SOD\�D�YLWDO� UROH� LQ�
PLQHUDOL]DWLRQ�SURFHVVHV��)UDQNEHUJHU�DQG�'LFN��������7DWH��
������� ,Q� DGGLWLRQ� WR� WKDW�� HQ]\PHV� VXFK� DV� XUHDVH��
SKRVSKDWDVH� DQG� ȕ�JO\FRVLGDVH� DUH� LQYROYHG� LQ� WKH�
PLQHUDOL]DWLRQ�RI�RUJDQLF�PDWWHU� LQ� WKH�VRLO�DQG�KDYH�DOVR�
PRUH�HIIHFW�IRU�VRLO�IHUWLOLW\��%XUQV���������6RPH�UHVHDUFKHU�
LQGLFDWHG� WKDW� PDQ\� IDFWRUV� VXFK� DV� RUJDQLF� PDWWHU� DQG�
DJULFXOWXUDO� SUDFWLFHV� LQÀXHQFH� WKH�SUHVHQW� SRSXODWLRQV�RI�
PLFURRUJDQLVPV� LQ� WKH�VRLO� �&R[VRQ�DQG�3DUNLQVRQ��������
.RZDOHQNR�HW�DO����������7KXV��GHWHUPLQDWLRQ�IRU�DPRXQWV�RI�

WKHVH�H[LVWLQJ�PLFURRUJDQLVPV�LQ�WKH�VRLO�FDQ�DOVR�UHÀHFW�WKH�
DFWLYLW\� RI� PLFURRUJDQLVPV� ZLWK� HQ]\PHV� VXFK� DV� &2 ��
SURGXFWLRQ� DQG� GHK\GURJHQDVH� DFWLYLW\�� WRJHWKHU� ZLWK�
GLIIHUHQW�FRXQWLQJ�WHFKQLTXHV��1DQQLSLHUL�HW�DO����������

2QH� RI� WKH� PRVW� LPSRUWDQW� LQGLFDWRUV� IRU� VRLO�
GHYHORSPHQW�LV�VWUXFWXUDO�JURZLQJ��VWURQJ�JUDQXODU�RU�EORFN�
VWUXFWXUH�LQ�VXUIDFH�DQG�LQ�VXEVXUIDFH�KRUL]RQV��VWHP�IURP�
DJJUHJDWH�IRUPDWLRQ�DQG�DJJUHJDWH�VL]H�IUDFWLRQV��'HQJL]�HW�
DO���������FDUULHG�RXW�DQ�LQYHVWLJDWLRQ�WR�GHWHUPLQH�FKDQJHV�
LQ� PLFURELDO� UHVSRQVH� LQ� QDWXUDO� VRLO� DJJUHJDWHV� IRU� VRLO�
FKDUDFWHUL]DWLRQ� LQ� GLIIHUHQW� ÀXYLDO� ODQG� VKDSHV�� 7KH�
PDMRULW\�VRLOV�RI�LQ�WKHLU�VWXG\�DUHD�ZHUH�FODVVL¿HG�DV�7\SLF�
8VWLÀXYHQW�DQG�7\SLF�+DSOXVWHSW�LQ�6RLO�7D[RQRP\��5HVXOWV�
RI�WKLV�VWXG\�VKRZHG�WKDW�WKH�DJJUHJDWH�VL]H�GLVWULEXWLRQ�DQG�
VRPH�PLFURELDO�SURSHUWLHV�DQG�DFWLYLWLHV�LQ�DJJUHJDWHV�YDULHG�
VLJQL¿FDQWO\� LQ� GLIIHUHQW� GHYHORSHG� VRLO� W\SHV� IRUPHG� RQ�
GLIIHUHQW� ÀXYLDO� ODQGVFDSH� SRVLWLRQV�� (VSHFLDOO\�
PDFURDJJUHJDWHV��GLDPHWHU�!����ȝP��IRXQG�KLJK�FRQWHQW�LQ�
7\SLF�+DSOXVWHSW�DUH�LPSRUWDQW�IRU�VRLO�SRURVLW\��PLFURELDO�
KDELWDWV�DQG�WKHLU�DFWLYLWLHV�DQG�VRLO�GHYHORSPHQW��7KH�PDLQ�
HIIHFWV� RI� WKH�PDFURDJJUHJDWHV� RQ� WKH�PLFURELDO� UHVSRQVH�
PD\�EH�LQFUHDVLQJ�E\�WKH�DFFXPXODWLRQ�DQG�GHFRPSRVLWLRQ�
RI�RUJDQLF�PDWWHU��&RQVHTXHQWO\�� UHVHDUFKHV� LQGLFDWHG� WKDW�
WKLV� VWXG\� HYLGHQFHG� FRQWUDVWLQJ� PLFURELDO� KDELWDWV� LQ�
GLIIHUHQW�VRLO�DJJUHJDWH�VL]HV�IRUPHG�LQ�YDULRXV�GHYHORSHG�
VRLOV�
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,Q� WKLV�SUHVHQW� VWXG\�� LW�ZDV�DLPHG� WR�GHWHUPLQH� VRPH�
SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�ZLWK�SKRVSKDWDVH�HQ]\PH�
DFWLYLW\�RI�WKH�VRLOV�GHYHORSHG�RQ�WKH�ED]DOWLF�SDUHQW�PDWHULDO�
LQ� VHPL�KXPLG� WHPSHUDWH� FOLPDWLF� FRQGLWLRQV� DQG� WR�
GHWHUPLQH� WKH� UHODWLRQVKLSV� EHWZHHQ� SKRVSKDWDVH� HQ]\PH�
DFWLYLW\�DQG�GLIIHUHQW�HOHYDWLRQV�DQG�GLIIHUHQW�ODQG�XVHV�LQ�WKH�
(QJL]�%DVLQ�ORFDWHG�DW�%DIUD�GLVWULFW�RI�6DPVXQ�SURYLQFH��
7KXV�� LW�ZDV� SODQQHG� WKDW� WKH� HIIHFWV� RI� WKHVH� SDUDPHWHUV�
GLVFXVVHG�RQ�WKH�IRUPDWLRQ�DQG�GHYHORSPHQW�SURFHVVHV�RI�
WKH�VRLO�LQ�WKH�VWXG\�DUHD��

0DWHULDOV�DQG�0HWKRGV
*HQHUDO�'HVFULSWLRQ�RI�6WXG\�$UHD
7KLV�VWXG\�ZDV�FDUULHG�RXW�LQ�6DPVXQ�%DIUD�GHOWD�SODLQ�

DQG�LWV�QHDU�GLVWULFW��7KH�%DIUD�3ODLQ�IRXQG�LQ�WKH�.Õ]ÕOÕUPDN�
'HOWD�DQG�ORFDWHG�LQ�WKH�&HQWUDO�%ODFN�6HD�5HJLRQ�RI�7XUNH\�
�)LJXUH�����7KH� VWXG\�DUHD� LV� IDU����NP� IURP�ZHVW�RI� WKH�
6DPVXQ�SURYLQFH�DQG�FRRUGLQDWHG�DV�����������������1�
DQG��������������(�870�����=RQH�P��� ,W� FRYHUV�DERXW�
�����KD�DQG�LWV�OLHV�DW�DQ�HOHYDWLRQ�IURP�VHD�OHYHO�EHWZHHQ����
DQG�����P�

$FFRUGLQJ�WR�6RLO�7D[RQRP\���������WKH�VWXG\�VLWH�KDV�
PHVLF�VRLO� WHPSHUDWXUH� UHJLPH�DQG�XVWLF�PRLVWXUH� UHJLPH��
0DMRU� SK\VLRJUDSKLF� XQLWV� RI� WKH� VWXG\� DUHD� DUH� IRXU�
ODQGVFDSH�IHDWXUHV��IRRW�VORSH��EDFN�VORSH��ORZODQG�SODWHDX�
DQG� VKRXOGHU�� UHSUHVHQWLQJ� FKDQJHV� LQ� JHRPRUSKRORJ\��
WRSRJUDSKLF � JUDGLHQW � � SDUHQW � PDWHU LD O � DQG� VRL O�
FKDUDFWHULVWLFV��7KH�XQGHUO\LQJ�EHGURFN�FRQVLVWV�SULPDULO\�
RI�4XDWHUQDU\�DJH� EDVDOWLF�� FROOXYLDO� GHSRVLWV� RQ� WKH� IRRW�
VORSH��ORZODQG�SODWHDX��DQG�0HVR]RLF�DJH�EDVDOW�DQG�PDUO�
OLPHVWRQH�RQ�WKH�EDFN�VORSH�DQG�KLJKODQG�SODWHDX��7KH�VWXG\�
DUHD�LV�FRYHUHG�PRVWO\�E\�IRUHVW�DQG�SDVWXUH�ODQG��$�PLQRULW\�
RI�WKH�VWXG\�DUHD�FRQVLVWV�RI�D�VOLJKWO\�VORSHG������WR�������
ORZ�SODWHDX��ZKLOH�RWKHU�VHFWLRQV�DUH�KLOO\�DQG�PRGHUDWHO\�WR�
VHYHUHO\�VORSH����WR�������2QO\�D�VPDOO�SDUW�RI�WKH�IRRW�VORSH�
DQG�ORZODQG�SODWHDX�LV�DJULFXOWXUDO�ODQG�

7KH�(QJL]�6WUHDP�SOD\V�D�PDMRU�UROH�LQ�WKH�IRUPDWLRQ�DQG�
GHYHORSPHQW� RI� WKH� VWXG\� DUHD
V� ODQGVFDSH�� ,Q� WKH� VRLOV�
IRUPHG�RQ�WKH�EDVDOW�PDWHULDO�FRQVLGHUHG��WKHUH�DUH�SDVWXUH�
DQG�GU\�IDUPLQJ�DUHDV��DQG�DOWKRXJK�WKHUH�DUH�YHU\�IHZ�IRUHVW�
DUHDV�IRUPHG�RI�RDNV��7KH�PDLQ�KHUEDFHRXV�IDPLOLHV�WKDW�DUH�
FRPPRQ� LQ� SDVWXUH� DUHDV� DUH�� &UXFLIHUDH�� *UDPLQHDH��
8PEHOOLIHUDH��&RPSRVLWDH��)DEDFHDH�DQG�5RVDFHDH
GÕU��,Q�
DGGLWLRQ�� LQ� DUHDV� ZKHUH� GU\� DJULFXOWXUH� LV� FDUULHG� RXW��
JHQHUDOO\�ZKHDW�DJULFXOWXUH�KDV�EHHQ�FXOWLYDWHG�

7KH� FXUUHQW� FOLPDWH� LQ� WKH� UHJLRQ� LV� VHPL�KXPLG��7KH�
VXPPHUV�DUH�ZDUPHU�WKDQ�ZLQWHUV��WKH�DYHUDJH�WHPSHUDWXUH�

RLQ�-XO\�LV������DQG�LQ�-DQXDU\�LV����� &���7KH�FROGHVW�PRQWK�RI�
WKH� \HDU� LV� )HEUXDU\� LQ� WKH� VWXG\� DUHD� ����� �&���$YHUDJH�
WHPSHUDWXUHV�LQ�IRXU�PRQWKV�RI�WKH�\HDU��'HFHPEHU��-DQXDU\��
)HEUXDU\�� DQG� 0DUFK�� DUH� EHORZ� ��� �&� EXW� DIWHU� $SULO�
DYHUDJH�WHPSHUDWXUHV�UDLVH��7KH�PHDQ�DQQXDO�WHPSHUDWXUH��
UDLQIDOO� DQG�HYDSRUDWLRQ�DUH�����ƕ&��������PP�DQG�������
PP�� UHVSHFWLYHO\�� :KHQ� WKH� GLVWULEXWLRQ� RI� UDLQIDOO�
DFFRUGLQJ�WR�WKH�VHDVRQ�LV�H[DPLQHG��LW�LV�VHHQ�WKDW�WKH�PRVW�
UDLQIDOO�LV�LQ�WKH�DXWXPQ�VHDVRQ�DQG�WKH�OHDVW�UDLQIDOO�LV�LQ�WKH�
VXPPHU�VHDVRQ��$FFRUGLQJ�WR�WKLV��LW�LV�SRVVLEOH�WR�VD\�WKDW�
WKH�UDLQIDOO�LV�GLVWULEXWHG�DOO�WKH�\HDU�WKRXJK�LW�LV�QRW�YHU\�
UHJXODU�

0HWKRG
,Q� WKLV�VWXG\�EDVHG�RQ� WKH�K\SRWKHVLV� WKDW� WRSRJUDSK\��

SDUHQW� PDWHULDO� DQG� YHJHWDWLRQ� FRYHU� PLJKW� EH� WKH� PDLQ�
FRQWUROOLQJ� IDFWRUV� IRU� ELRORJLFDO� DFWLYLW\� LQ� VRLO�
GHYHORSPHQW�� VRLOV� KDYH� EHHQ� VWXGLHG� DORQJ� D� WUDQVYHUVH�

VHFWLRQ� �GLDJRQDOO\� LQ� WKH� VRXWKZHVWHUQ� WR� QRUWKZHVWHUQ�
GLUHFWLRQ��XVLQJ�IRXU�UHSUHVHQWDWLYH�SUR¿OHV��)LJXUH�����7KH�
PRUSKRORJLFDO�IHDWXUHV�RI�WKHVH�IRXU�SUR¿OHV�IURP�WKH�¿HOG�
ZHUH� LGHQWL¿HG� DQG� VDPSOHG� E\� JHQHWLF� KRUL]RQV� DQG�
FODVVL¿HG�LQ�DFFRUGDQFH�ZLWK�6RLO�6XUYH\�6WDII���������������
7ZHOYH�GLVWXUEHG�DQG�XQGLVWXUEHG�WKH�VDPSOHV�RI�VRLO�ZHUH�
WDNHQ�WR�WKH�ODERUDWRU\�WR�VHDUFK�IRU�WKHLU�SK\VLFDO��FKHPLFDO�
IHDWXUHV�� 7KH� VRLO� VDPSOHV� ZHUH� ¿UVW� DLU�GULHG� DQG� WKHQ�
SDVVHG� WKURXJK� D� �ௗ PP� VLHYH� WR� EH� UHDG\� IRU� ODERUDWRU\�
DQDO\VLV�

)RXU�SUR¿OHV�ZHUH�RSHQHG�RQ�WKH�6RXWKZHVW�1RUWKHDVW�
WUDQVHFW� VHFWLRQ� DQG� IURP� WKH� KRUL]RQV� RI� HDFK� SUR¿OH�
GLVWXUEHG�DQG�XQGLVWXUEHG�VRLO�VDPSOHV�ZHUH�PDGH�DFFRUGLQJ�
WR�WKH�KRUL]RQ�EDVLV��)LJXUH�����

3K\VLFDO�DQG�&KHPLFDO�$QDO\VHV
7H[WXUH�E\�K\GURPHWHU�PHWKRG��%RX\RXFRV��������S+�

DQG�HOHFWULFDO�FRQGXFWLYLW\��(&��LQ������Z�Y��LQ�VRLO��ZDWHU�
VXVSHQVLRQ�E\�S+�PHWHU�DQG�(&�PHWHU��6RLO�6XUYH\�6WDII�
�������&D&2 �E\�6FKHLEOHU�FDOFLPHWULF�PHWKRG��6RLO�6XUYH\��

6WDII��������WRWDO�QLWURJHQ�E\�.MHOGDKO�PHWKRG��%UHPQHU�DQG�
0XOYDQH\��������DYDLODEOH�3�E\�����0�1D+&2 �H[WUDFWLRQ��

PHWKRG��2OVHQ��������H[FKDQJHDEOH�FDWLRQV��1D��.��&D�DQG�
0J��E\���1�1+ 2$F�H[WUDFWLRQ�PHWKRG��FDWLRQ�H[FKDQJH��

FDSDFLW\� �&(&��E\�6RLO� 6XUYH\�6WDII� �������� VRLO� RUJDQLF�
PDWWHU� E\� D� PRGL¿HG� :DONOH\�%ODFN� PHWKRG� �-DFNVRQ��
������

3KRVSKDWDVH�(Q]\PH�$FWLYLW\
$ONDOLQH� SKRVSKDWDVH� DFWLYLW\� �$3$�� ZDV� GHWHUPLQHG�

DFFRUGLQJ�WR�7DEDWDEDL�DQG�%UHPQHU�����������PO�SKRVSKDWH�
EXIIHU� �S+� ������ DQG� �� PO� RI� ������ 0� S�QLWURSKHQ\O�
SKRVSKDWH��GLVRGLXP�VDOW�KH[DK\GUDWH��VROXWLRQ�ZHUH�DGGHG�
WR�WKH���J�VDPSOH�DQG�WKH�VDPSOHV�ZHUH�LQFXEDWHG�IRU���K�DW����
�&�� 7KH� IRUPDWLRQ� RI� S�QLWURSKHQRO� ZDV� GHWHUPLQHG�
VSHFWURSKRWRPHWULFDOO\� DW� ���� QP� DQG� UHVXOWV� ZHUH�

�� ��H[SUHVVHG�DV��J�S�QLWURSKHQRO�J �GU\�VRLO�K ��7KH�UHVXOWV�RI�
DONDOLQH� SKRVSKDWDVH� HQ]\PH� DFWLYLW\� UHSRUWHG� ZLWK� WKH�
PHDQ�YDOXH�RI�WKUHH�UHSOLFDWHV�GHWHUPLQDWLRQV�FDOFXODWHG�RQ�
DQ�RYHQ�GU\�EDVLV��PRLVWXUH�ZDV� GHWHUPLQHG� IURP� ORVV� LQ�
ZHLJKW�DIWHU�GU\LQJ�WKH�VRLO�DW������&�IRU����K�

6WDWLVWLFDO�$QDO\VHV
6366������SDFNDJH�SURJUDP�ZDV�XVHG�WR�GHWHUPLQH�WKH�

UHODWLRQVKLSV� EHWZHHQ� SKRVSKDWDVH� HQ]\PH� DFWLYLW\� DQG�
GLIIHUHQW�SUR¿OHV��ODQG�XVH�DQG�KHLJKW�LQ�WKH�VRLO�VDPSOHV�RI�
WKH�VWXG\�DUHD�

5HVXOWV�DQG�'LVFXVVLRQV
3K\VLFDO��&KHPLFDO�3URSHUWLHV�DQG�&ODVVL¿FDWLRQ�RI�
6RLOV
)RXU�SUR¿OHV�RSHQHG�RQ�VRXWKZHVW�QRUWKHDVW��6:�1(��

VHFWLRQ� DQG� VRLO� VDPSOHV� ZHUH� WDNHQ� IURP� WKH� KRUL]RQV�
EHORQJLQJ� WR� HDFK� SUR¿OH� DFFRUGLQJ� WR� WKH� KRUL]RQ� EDVLV��
6RPH� SK\VLFR�FKHPLFDO� DQDO\VHV� UHVXOWV� RI� WKH� SUR¿OHV�
ORFDWHG�RQ�6:�1(�WUDQVHFW�DUH�JLYHQ�LQ�7DEOH���DQG�7DEOH����
,Q�DGGLWLRQ�WKH�PDMRULW\�VRLOV�RI�WKH�VWXG\�DUHD�ZHUH�FODVVL¿HG�
DV�7\SLF�8VWLÀXYHQW�DQG�7\SLF�+DSOXVWHSW�LQ�6RLO�7D[RQRP\�
�������

7KH� SUR¿OH� FRGHG� DV� 3,9� DQG� FODVVL¿HG� DV� 7\SLF�
+DSOXVHUW�IRUPHG�RQ�WKH�IRRWVORSH�SRVLWLRQ�DQG�KDV�GHHS�VRLO��
$OO�SUR¿OH�KDV�FOD\�WH[WXUH�DQG�FOD\�FRQWHQW�RI�WKH�SUR¿OH�
YDULHV�EHWZHHQ�������DQG��������7KLV�FDVH�GLUHFWO\�DIIHFWV�
WKH� VDWXUDWLRQ� RI� VRLOV� VR�� HVSHFLDOO\� WKH� LQFUHDVH� LQ� WKH�
DPRXQW�RI�FOD\�DORQJ�ZLWK�VRLO�GHSWK� LW�DOVR� LQFUHDVHV� WKH�
VDWXUDWLRQ� FRQGLWLRQV� RI� WKH� VRLO�� 7KH� FDWLRQ� H[FKDQJH�

í�FDSDFLW\��&(&��LV������FPRO�F��ௗNJ �GXH�WR�WKH�DPRXQW�

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

)LJXUH����/RFDWLRQ�RI�WKH�VWXG\�DUHD

)LJXUH�����7UDQVHFW�RI�WKH�IRXU�GLIIHUHQW�VRLO�SUR¿OHV�RQ�EDVDOW�SDUHQW�PDWHULDO�EXW�GLIIHUHQW�WRSRJUDSKLFDO�SRVLWLRQV
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RI�FOD\�FRQWHQW�DQG�RUJDQLF�PDWWHU�RQ�WKH�VXUIDFH�ZKHUHDV��
WKLV� DPRXQW� VKRZV� UHGXFLQJ� ZLWK� WKH� VRLO� GHSWK� GXH� WR�
GHFUHDVLQJ�RI�RUJDQLF�PDWWHU�FRQWHQW�� ,Q�DGGLWLRQ��RUJDQLF�
PDWWHU�FRQWHQW�LV�������RQ�WKH�VXUIDFH�RQ�WKH�RWKHU�KDQG��LW�
IDOOV�GUDPDWLFO\�WR�������DIWHU����FP�GHSWK��7KH�VRLO�UHDFWLRQ�
RI� SUR¿OH� 3,9� KDV� VOLJKWO\� DONDOLQH� DQG� S+� YDOXHV� UDQJH�
EHWZHHQ������DQG�������7KH�DPRXQW�RI�OLPH��&D&2 ��FRQWHQW��

ZDV�IRXQG�ORZ�OHYHO�LQ�DOO�WKH�SUR¿OH�DQG�FKDQJHV�EHWZHHQ�
������DQG�������IURP�VXUIDFH�WR�GHSWK�EHFDXVH�RI�OHDFKLQJ�
SURFHVV��7KH�GRPLQDQW�H[FKDQJHDEOH�FDWLRQV�RI�SUR¿OH�3,9�
DUH�&D�DQG�0J�LRQV�LQ�VRLOV��$OVR��WKHUH�LV�QR�VDOLQLW\�DQG�
DONDOLQLW\�SUREOHP�IRU�WKLV�SUR¿OH�

/LWKLF�8VWRUWHQW�VKRZHQ�DV�3,,,�V\PEROV�ORFDWHG�RQ�EDFN�
VORSH�SRVLWLRQ�DQG�VOLJKWO\�VWHHS�VORSH�����������7KLV�SUR¿OH�
KDV�VKDOORZ�GHSWK��*HQHUDOO\�WKH�DURXQG�¿HOGV�RI�WKLV�SUR¿OH�
KDYH�EHHQ�XVHG�DV�GHJUDGDWHG�IRUHVW�ODQG�GXH�WR�GHIRUHVWDWLRQ�
DFWLYLW\��7KLV�VLWXDWLRQ�OHDGV�WR�WKH�WUDQVSRUW�RI�WKH�VRLO�IURP�
XSODQG�WR�ORZ�ODQG�GXH�WR�XQVXLWDEOH�WLOODJH�SUDFWLFHV��3UR¿OH�
3,,,�KDV�ORZ�SHGRJHQLF�SURFHVV�VR��WKLV�VRLO�FDQ�EH�GH¿QHG�DV�
\RXQJ�VRLO�DQG�KDV�$S�&U�KRUL]RQ�RUGHU��:KLOH�WKH�VXUIDFH�
KRUL]RQ� LQFOXGHV� FOD\� ORDP� WH[WXUH�� VXEVXUIDFH� OD\HU� �&U��
ZKLFK�LV�WKH�SDUHQW�PDWHULDO�DQG�PRVWO\�DIIHFWHG�XQGHU�SDUHQW�
URFN� DOWHUDWLRQ� KDV� VDQG\� ORDP�� ,W� FDQ� DOVR� EH� VDLG� WKDW�

í�DOWKRXJK�WKH�&(&�LV������FPRO�F��ௗNJ �GXH�WR�WKH�DPRXQW�RI�
FOD\�FRQWHQW�DQG�RUJDQLF�PDWWHU�RQ�WKH�VXUIDFH�LW�IDOOV�WR������

í�FPRO�F��ௗNJ �DIWHU����FP�GHSWK��7KLV�VLWXDWLRQ�VKRZV�SDUDOOHO�
ZLWK�WKH�DPRXQW�RI�RUJDQLF�PDWWHU�DQG�LW�ZDV�IRXQG�������RQ�
WKH�VXUIDFH�EXW�LW�IDOOV�WR�������LQ�WKH�VXEVXUIDFH�OD\HU��7KH�
DPRXQW�RI�OLPH�ZDV�GHWHFWHG�WRR�ORZ�LQ�WKH�SUR¿OH��2Q�WKH�
RWKHU� KDQG�� GXH� WR� GRPLQDQW� EDVLF� FDWLRQV� UHVXOWHG� IURP�
DOWHUDWLRQ�DQG�ZHDWKHULQJ�RI�EDVDOWLF�URFN��VRLO� UHDFWLRQ� LV�
DOVR�VOLJKWO\�DONDOLQH�DQG�S+�YDOXHV�UDQJH�EHWZHHQ������DQG�
������7KH�GRPLQDQW� H[FKDQJHDEOH�FDWLRQV�DUH�&D�DQG�0J�
LRQV�LQ�VRLOV��0RUHRYHU��WKHUH�LV�DOVR�QR�VDOLQLW\�DQG�DONDOLQLW\�
SUREOHP�IRU�WKLV�SUR¿OH�

7KH� SUR¿OH� QXPEHU� 3,,� FODVVL¿HG� DV� 7\SLF� +DSXVWHUW�
IRUPHG�RQ�ORZODQG�SODWXH�DQG�KDV�VOLJKWO\�VORSH���������7KH�
VRLOV�LQ�WKHVH�¿HOGV��ZKLFK�XVXDOO\�FRQWDLQ�SDVWXUH�FRYHUV��DUH�
GHSWK�DQG�WKLV�SUR¿OH�VKRZHG�VLPLODULW\�ZLWK�3,9�KDV�KHDY\�
WH[WXUH�LQ�DOO�GHSWK��&OD\�FRQWHQW�YDULHV�EHWZHHQ�������DQG�
������LQ�WKH�SUR¿OH��$V�LQ�WKH�SUR¿O�FRGHG�DV�3,9��WKLV�FDVH�
GLUHFWO\�LQÀXHQFHV�DOVR�WKH�VDWXUDWLRQ�LQFUHDVLQJ�ZLWK�FOD\�
FRQWHQW�LQ�VRLO�GHSWK��7KH�EXON�GHQVLW\�YDOXHV�ZHUH�WKH�ORZHVW�
LQ� WKH� VXUIDFH� RU� FORVH� WR� WKH� VXUIDFH� KRUL]RQV�� DQG� WKH\�
LQFUHDVHG� SURJUHVVLYHO\� ZLWK� GHSWK�� 6LPLODU� UHVXOWV� ZHUH�
UHSRUWHG� E\� *|O� DQG� 'HQJL]� �������� /RZHU� EXON� GHQVLW\�
YDOXHV� ZHUH� UHODWHG� WR� RUJDQLF� PDWWHU� DQG� FOD\� FRQWHQW��
HVSHFLDOO\�DW�WKH�VXUIDFH�KRUL]RQ��7KH�&(&�YDOXHV�YDULHG�DQG�
FRXOG�EH�FRUUHODWHG�WR�FOD\�DQG�RUJDQLF�PDWWHU�FRQWHQW��ZLWK�

í�PD[LPXP�YDOXHV�RI�������FPRO�F��ௗNJ ��LQ�WKH�VXUIDFH�VRLOV�
í�RI�DOO�SUR¿OHV��DQG�PLQLPXP�YDOXHV�RI�������FPRO�F��ௗNJ �LQ�

WKH� VXEVXUIDFH�KRUL]RQV� �&�RU�&U��2UJDQLF�PDWWHU� FRQWHQW�
ZDV�GHWHFWHG�������LQ�WKH�VXUIDFH�VRLO�EXW�LW�GHFHUHVHG�WR�
������DIWHU����FP�GHSWK��7KH�VRLO�UHDFWLRQ�VOLJKWO\�DONDOLQH�
DQG�S+�YDOXHV�UDQJH�EHWZHHQ������DQG�������7KH�DPRXQW�RI�
OLPH�LV�WRR�ORZ�LQ�WKH�SUR¿OH��%HVLGHV��ZKLOH�WKH�OLPH�FRQWHQW�
LV�������LQ�WKH�VXUIDFH�OD\HU��WKLV�UDWLR�EHFDPH�������ZLWK�
LQFUHDVLQJ�GHSWK�GXH�WR�OHDFKLQJ�DQG�FDOFL¿FDWLRQ�SURFHVVHV��
$V�WKH�RWKHU�DOO�SUR¿OHV��WKH�GRPLQDQW�H[FKDQJHDEOH�FDWLRQV�
DUH�&D�DQG�0J�LRQV�LQ�IRU�3,,��,W�FDQ�EH�DOVR�VDLG�WKDW�WKHUH�LV�
QR�VDOLQLW\�DQG�DONDOLQLW\�SUREOHP�LQ�WKH�VRLOV�

3UR¿OH�ORFDWHG�RQ�WKH�KLJKHVW�SRVLRQ��DW�����P�IURP�VHD�
OHYHO��RI�VRXWKZHVW�QRUWKHDVW�VHFWLRQ��ZDV�FRGHG�DV�3,��,Q�
WKLV�SUR¿OH�WKH�VRLOV�KDYH�VWHHS�VORSH�DQG�WKH�VXUIDFH�FRYHUHG�

E\� YHU\� ZHDN� LQWHQVLW\� YHJHWDWLRQ� VR�� VRLO� KDV� EHHQ�
H[FHVVLYHO\�H[SRVHG�WR�HURVLRQ�SURFHVV�FDXVHG�YHU\�VKDOORZ�
GHSWK��6RPPHU�HW�DO���������UHSRUWHG�WKDW�LQ�JHQHUDO��VRPH�
SDUWV�RI�WKH�ODQGVFDSH�ZLOO�HURGH�IDVWHU�WKDQ�RWKHUV�GHSHQGLQJ�
RQ�WKH�ORFDO�JHRPRUSKLF�VLWXDWLRQ�DQG�VSDWLDOO\�YDU\LQJ�VRLO�
HURGLELOLW\�� 2WKHU� SDUWV�� ZKLFK� DUH� QRW� DIIHFWHG� E\� VRLO�
HURVLRQ�VHGLPHQWDWLRQ��H�J���ÀDW�SODWHDXV��DUH�FKDUDFWHUL]HG�
E\� IXUWKHU�SURJUHVVLYH� VRLO�GHYHORSPHQW��7KHUHIRUH�� VORSH�
KDV�EHHQ�UHJDUGHG�DV�RQH�RI�WKH�PRVW�LPSRUWDQW�IDFWRU�WKDW�
FRQWUROV�WKH�SHGRJHQLF�SURFHVV�RQ�3,��DQG�3,,,��'HSWK�RI�WKH�
3,�DQG�3,,,
�VRLOV�GHFUHDVHV�ZLWK�LQFUHDVLQJ�VORSH�GHJUHH��7KH�
FOD\�FRQWHQW���������ZDV�KLJKHU�LQ�WKH�$�KRUL]RQ�ZKHUHDV��
VDQG�FRQWHQW�ZDV�IRXQG�DERXW�����LQ�VXEVXUIDFH�OD\HU�LQ�WKLV�
SUR¿OH��2YDOOHV� DQG�&ROOLQV� ������� UHSRUWHG� WKDW� SK\VLFDO�
VRLO�SURSHUWLHV�VXFK�DV�WKH�GLVWULEXWLRQ�RI�FOD\�FRQWHQW�ZLWK�
GHSWK�� VDQG� FRQWHQW� DQG� S+� ZHUH� KLJKO\� FRUUHODWHG� WR�
ODQGVFDSH�SRVLWLRQ��7KLV�SUR¿OH�KDV�ORZHU�S+�YDOXHV��EHLQJ�
ORFDWHG� RQ� WKH� XSSHU� VORSH� SRVLWLRQV� WKDW� SURPRWH� EDVLF�
FDWLRQ�OHDFKLQJ��ZKHUHDV�RWKHU�SUR¿OHV�ZHUH�QHXWUDO�WR�EDVLF�
VRLO�UHDFWLRQ�S+�YDOXHV��,Q�DGGLWLRQ��&D&2 FRQWHQWV�UDQJHG���

IURP� ������ WR� ������ HYHQ� WKH� GHYHORSPHQW� RI� DOO� WKHVH�
SUR¿OHV�RQ�EDVDOWLF�SDUHQW�PDWHULDO�ZKLFK�GRHVQ
W�SURGXFH�
FDUERQDWH�� ,W� FDQ� EH� VDLG� WKDW� WKLV� FDVH� UHVXOWHG� IURP�
FDUERQDWH� FRQWDPLQDWLRQ�� 6LPLODU� WR� RXU� ¿QGLQJV��$NVR\�
�������IRXQG�D�OLPH�FRQWHQW�RI����WR�����LQ�VRLOV�RQ�WKH�
.D\DFLN�SODLQV�LQ�*D]LDQWHS��DOWKRXJK�WKH�SULPDU\�PDWHULDO�
LQ�WKH�DUHD�RI�WKHLU�VWXG\�ZDV�EDVDOW�

7KH�SUR¿OH�3,,,�DQG�3,�KDYH�VKDOORZ�VRLO�GHSWK�WKDW�FDQ�
QRW�KDYH�HQRXJK�SHGRJHQHWLF�SURFHVV��%HFDXVH��WKHVH�VRLOV�
DUH�ORFDWHG�RQ�KLJK�VORSH�SRVLWLRQ�DQG�WKH\�DUH�QRW�FRYHUHG�
ZLWK�HQRXJK�YHJHWDWLRQ��,W�LV�ZHOO�NQRZQ�WKDW�6ORSH�EULQJV�
JUHDWHU�UXQRII��DV�ZHOO�DV�WR�JUHDWHU�WUDQVORFDWLRQ�RI�VXUIDFH�
PDWHULDOV� GRZQ�VORSH� WKURXJK� VXUIDFH� HURVLRQ� DQG� VRLO�
PRYHPHQW��7KHUHIRUH�� WKH\�KDYH�EHHQ�H[SRVHG� WR�HURVLRQ�
GXH�WR�XQVXLWDEOH�WLOODJH�SUDFWLFHV��7KHVH�VRLOV�GR�QRW�XVXDOO\�
KDYH� HQGRSHGRQ� H[FHSW� IRU� DQ� RFKULF� HSLSHGRQH� RQ� WKH�
VXUIDFH��7KHUH�LV�QR�KRUL]RQ�H[FHSW�IRU�OLWKLF�FRQWDFW�LQ�WKH�
GHSWK�RI����FP�VXEVXUIDFH��7KH�KRUL]RQ�RUGHUV�RI�WKH�3,�DQG�
3,,,�SUR¿OHV�ZHUH�GH¿QHG�DV�$�&U�KRUL]RQV��7KH�VRLOV�DUH�
FODVVL¿HG�LQ�WKH�RUWKHQW�VXE�RUGR�GXH�WR�WKHLU�ORFDWLRQ�RQ�WKH�
VORSH� ODQG� DQG� DOVR� WKHVH� VRLOV� DUH� FODVVL¿HG� XQGHU� WKH�
XVWRUWKHQW� DQG� /LWKLF� 8VWRUWKHQW� VXE� RUGR� GXH� WR� WKH�
KXPLGLW\� UHJLPH�� $FFRUGLQJ� WR� WKH� )$2�:5%� �������
FODVVL¿FDWLRQ�V\VWHP��WKHVH�SUR¿OHV�ZHUH�FODVVL¿HG�DV�(XWULF�
5HJRVRO�

$V�IRU�3,9�DQG�3,,�SUR¿OHV�KDYH�YHU\�ODUJH�DPRXQWV�RI�
VZHOOLQJ�FOD\V� �����DQG�PRUH� DORQJ�ZLWK� WKH�SUR¿OH��� DV�
LQGLFDWHG�E\�VXUIDFH�FUDFNV�UDQJLQJ�IURP���WR��ௗFP�LQ�ZLGWK��
DV�ZHOO�DV�LQWHUVHFWLQJ�VOLFNHQVLGHV�DQG�VKLQ\�SUHVVXUH�IDFHV�
LQ�WKH�VXEVXUIDFH�KRUL]RQ��%VV��7KLV�DOVR�UHÀHFWV�D�VKULQNLQJ�
DQG�VZHOOLQJ�RI�WKH�VRLO��$FFRUGLQJO\��SUR¿OHV�3,,�DQG�3,9�
ZHUH�FODVVL¿HG�DV�7\SLF�+DSOXVWHUW��7KHVH�SUR¿OHV�ZHUH�DOVR�
FODVVL¿HG�DV�+DSOLF�9HUWLVRO�E\�WDNLQJ�WKH�)$2�:5%��������
FODVVL¿FDWLRQ�V\VWHP�LQWR�FRQVLGHUDWLRQ�

3KRVSKDWDVH�(Q]\PH�$FWLYLW\�RI�6RLOV
6XUIDFH� DQG� VXEVXUIDFH� VRLO� VDPSOHV�ZHUH� WDNHQ� IURP�

IRXU�SUR¿OHV�WR�GHWHUPLQH�WKH�SKRVSKDWDVH�HQ]\PH�DFWLYLW\�
RI� WKH� VRLOV�� )RU� WKLV� SXUSRVH�� WKH� SKRVSKDWDVH� HQ]\PH�
DFWLYLW\�KDV�EHHQ�FDUULHG�RXW���UHSHDWHGO\�DQG�WKH�UHVXOWV�RI�
WKLV�DQDO\VLV�DUH�JLYHQ�LQ�7DEOH���

0RVW�RI�WKH�FKHPLFDO�HYHQWV�WKDW�WDNH�SODFH�LQ�WKH�VRLO�DUH�
WKH�UHVXOW�RI�DFWLYLWLHV�RI�PLFURRUJDQLVPV�OLYLQJ�LQ�WKH�VRLO��
0LFURRUJDQLVPV�GHFRPSRVH�KLJK�SRO\PHU�FRPSRXQGV�VXFK�
DV�FHOOXORVH��OLJQLQ��SKRVSKDWH�HVWHUV��SURWHLQ��FDUERK\GUDWH��
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7DEOH����6RPH�VRLO�FKHPLFDO�DQDO\VLV�UHVXOWV�RI�SUR¿OHV�FODVVL¿HG�DFFRUGLQJ�WR�6RLO�7D[RQRP\��������DQG�)$2�:5%�������

7DEOH����6RPH�VRLO�SK\VLFDO�DQDO\VLV�UHVXOWV�RI�SUR¿OHV�FODVVL¿HG�DFFRUGLQJ�WR�6RLO�7D[RQRP\��������

7DEOH����&RQFHQWUDWLRQV�RI�WKH�SKRVSKDWDVH�HQ]\PH�DFWLYLW\�LQ�VXUIDFH�DQG�VXEVXUIDFH�KRUL]RQV�RI�SUR¿OH

,QW�-�$JULF�(QYLURQ�)RRG�6FL�������������������$\OLQ�(UNRoDN�DQG�2UKDQ�'HQJL]
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VWDUFK�LQ�RUJDQLF�ZDVWHV�E\�UHOHDVLQJ�HFWR�HQ]\PHV�DW�WKH�
HQG� RI� WKH� VHULHV� RI� ELRFKHPLFDO� UHDFWLRQV�� ,Q� DGGLWLRQ� WR�
PLFURRUJDQLVPV�� KLJKHU� SODQWV� DOVR� EHQH¿W� IURP� QXWULHQW�
LRQV� WKDW�FRPH� IURP�KLJK�SRO\PHU�FRPSRXQGV�GXH� WR� WKH�
HIIHFWV� RI� HQ]\PDWLF� UHDFWLRQV� LQ� WKH� VRLO�� ,Q� DGGLWLRQ��
PLFURELDO�SRSXODWLRQ�DQG�LWV�DFWLYLW\�KDYH�QRW�RQO\�D�HVVHQWLDO�
UROH�RQ�ELR�JHR�FKHPLFDO�F\FOHV�RI�HOHPHQW�LQ�D�VRLO�SUR¿OH�
EXW�DOVR�KDYH�D�VLJQL¿FDQW�WDVN�IRU�WKH�ZHDWKHULQJ�SURFHVVHV�
RU�VRLO�DJJUHJDWLRQ�E\�SURYLGLQJ�RUJDQLF�OLJDQGV�DQG�DFLGV��
DQG�E\�VXSSO\LQJ�LQFUHDVHG�&2 �FRQFHQWUDWLRQV�LQ�WKH�VRLO��

�'UHYHU� DQG� 9DQFH� ������� ,Q� WKLV� VWXG\�� LW� KDV� EHHQ�
GHWHUPLQHG�WKDW�WKH�SKRVSKDWDVH�HQ]\PH�DFWLYLW\�RI�WKH�VRLO�
VDPSOHV�WDNHQ�IURP�WKH�SUR¿OHV�IRXQG�RQ��6:�1(��WUDQVHFW�
ZDV�FKDQJHG�EHWZHHQ�����������ȝJ�S�QLWURSKHQRO��:KHQ�WKH�
UHVXOWV� RI� WKH� DQDO\VLV� ZHUH� HYDOXDWHG�� WKH� DFWLYLW\� RI�
SKRVSKDWDVH� HQ]\PH� LQ� VRLO� VDPSOHV� ZDV� GHWHUPLQHG�
JHQHUDOO\�KLJKHU� OHYHO� LQ� WKH�VXUIDFH�VRLOV� WKDQ�VXEVXUIDFH�
VRLOV��H[FHSW�IRU�%VV�RI�3,9���'HQJL]�HW�DO��������UHSRUWHG�
WKDW�RQH�RI�WKH�PRVW�HIIHFWLYH�IDFWRUV�LV�RUJDQLF�FDUERQ�RQ�
PLFURELDO�SRSXODWLRQ�DQG�WKHLU�DFWLYLWLHV�WR�JHW�WKHLU�HQHUJ\�
DQG� QXWULHQW� HOHPHQWV�� 7KLV� FDVH� ZDV� DOVR� VXSSRUWHG� E\�
1\DPDG]DZR�HW� DO�� �������DQG�&KULVWHQVHQ�DQG�6RUHQVHQ�
��������7KH\� LQGLFDWHG� WKDW� YDULRXV� VRLO� WH[WXUDO� IUDFWLRQV�
LQÀXHQFH�PLFURELDO�JURZWK�DQG�VXEVWUDWH�XWLOL]DWLRQ�LQ�VRLOV��
,Q�WKLV�FDVH��SDUWLFXODUO\�FOD\�W\SHV�DQG�WKHLU�VSHFL¿F�VXUIDFH�
DUHD
� VL]H�KDYH�D� IXQGDPHQWDO� UROH�EHFDXVH� VDQG� IUDFWLRQV�
KDYH� VPDOOHU� VXUIDFH� DUHD�� WKXV� WKH\� FDQ� RQO\� VXSSRUW� D�
VPDOOHU�PLFURELDO�SRSXODWLRQ��&OD\�IUDFWLRQV�KDYH�D�ODUJHU�
VXUIDFH�DUHD�DQG�DUH�DPRQJ�WKH�PRVW�LPSRUWDQW�FRQVWLWXHQWV�
LQÀXHQFLQJ�PLFURELDO�SRSXODWLRQ�DQG�WKHLU�DFWLYLWLHV��,Q�WKLV�
VWXG\�� ZKHQ� FRPSDUHG� 7\SLF� +DSOXVWHUW� DQG� /LWKLF�
8VWRUWKHQW�� LW� FDQ� EH� GHWHFWHG� WKDW� /LWKLF� 8VWRUWKHQW� KDV�
ORZHU�SKRVSKDWDVH�HQ]\PH�DFWLYLW\� WKDQ�/LWKLF�8VWRUWKHQW�
GXH�WR�LWV�ORZ�RUJDQLF�PDWWHU��LQVXI¿FLHQW�QXWULHQW�HOHPHQW�
FRQFHQWUDWLRQ��ORZ�FOD\�DQG�KLJK�VDQG�FRQWHQW�

5HODWLRQVKLS� RI� 3KRVSKDWDVH� (Q]\PH�$FWLYLW\�ZLWK�
/DQG�8VH�7\SHV�DQG�(OHYDWLRQ�RI�6RLOV

7KH� UHVXOWV� RI� SKRVSKDWDVH� HQ]\PH� DFWLYLW\� ZHUH�
HYDOXDWHG�VWDWLVWLFDOO\�LQ�WKUHH�GLIIHUHQW�ZD\V�ZKLFK�DUH�L���
UHODWLRQVKLS�EHWZHHQ�WKH�SUR¿OHV�DQG�SKRVSKDWDVH�HQ]\PH�
DFWLYLW\�� LL��� UHODWLRQVKLS� EHWZHHQ� WKH� ODQG� XVH� DQG�
SKRVSKDWDVH�HQ]\PH�DFWLYLW\�DQG�LLL���UHODWLRQVKLS�EHWZHHQ�
WKH�HOHYDWLRQ�DQG�SRVLWLRQ�RI�SUR¿OH�DQG�SKRVSKDWDVH�HQ]\PH�
DFWLYLW\�

� ,Q� ¿UVW� FDVH� �UHODWLRQ� EHWZHHQ� SKRVSKDWDVH� HQ]\PH�
DFWLYLW\�DQG�SUR¿OHV���WKH�VWDWLVWLFDO�UHVXOWV�IRU�WKH�FKDQJHV�LQ�
SKRVSKDWDVH� HQ]\PH� DFWLYLWLHV� RI� VRLOV� RQ� WKH� VRXWKZHVW�
QRUWKHDVW�VHFWLRQ�DUH�SUHVHQWHG�LQ�7DEOH����$FFRUGLQJ�WR�WKH�

UHVXOWV�RI�$129$�WHVW��LW�ZDV�IRXQG�WKDW�GLIIHUHQW�SUR¿OHV�
DORQJ�WKH�6RXWKZHVW�1RUWKHDVW�OLQH�DUH�LPSRUWDQW�DW����OHYHO�
R I � WKH � H IIHF W � RQ � SKRVSKD WDVH � HQ]\PH� DF W LY L W\�
�3 �������������$FFRUGLQJ� WR� WKH� '81&$1� WHVW�� LW� ZDV�
GHWHUPLQHG� WKDW� WKH� KLJKHVW� SKRVSKDWDVH� HQ]\PH� DFWLYLW\�
DORQJ�WKH�6RXWKZHVW�1RUWKHDVW�OLQH�ZDV�LQ�WKH�3,9��3,�DQG�3,,�
SUR¿OHV��UHVSHFWLYHO\��$OVR��WKH�ORZHVW�SKRVSKDWDVH�HQ]\PH�
DFWLYLW\�ZDV�IRXQG�LQ�WKH�3,,,�SUR¿OH�

6WDWLVWLFDO�UHVXOWV�IRU�WKH�UHODWLRQVKLS�EHWZHHQ�ODQG�XVH�
W\SHV� DQG�SKRVSKDWDVH� HQ]\PH�DFWLYLW\� LQ� WKH�6RXWKZHVW�
1RUWKHDVW�VHFWLRQ�DUH�DOVR�JLYHQ�LQ�7DEOH����,W�ZDV�IRXQG�WKH�
GLIIHUHQW� YDOXHV� RI� SKRVSKDWDVH� HQ]\PH� DFWLYLW\� LQ� VRLOV�
XQGHU� YDULRXV� ODQG� XVH� W\SHV� DIWHU� DQDO\VLV��2Q� WKH� RWKHU�
KDQG��LW�ZDV�GHFHWHG�WKDW�WKHUH�ZDV�VWDWLVWLFDOO\�LQVLJQL¿FDQW�
GLIIHUHQFH�EHWZHHQ�WKH�ODQG�XVH�SDWWHUQ�DQG�WKH�SKRVSKDWDVH�
HQ]\PH�DFWLYLW\�LQ�WKH�VRLO�

$V� IRU� UHODWLRQ� WKH� SKRVSKDWDVH� HQ]\PH� DFWLYLW� DQG�
HOHYDWLRQ�DQG�ODQG�SRVLWLRQ�RI�SUR¿OHV��DFFRUGLQJ�VWDWLVWLFDO�
UHVXOWV�IRU�FKDQJHV�LQ�EHWZHHQ�SKRVSKDWDVH�HQ]\PH�DFWLYLW\�
DQG�GLIIHUHQW�DOWLWXGH�RI�SUR¿OHV�ZHUH�IRXQG�WR�EH�LPSRUWDQW�
DW����OHYHO�RI�WKH�HIIHFW�RQ�WKH�SKRVSKDWDVH�HQ]\PH�DFWLYLW\�
LQ� WKH� VRLO� �3 ������������� ,W� ZDV� GHWHUPLQHG� WKDW� WKH�
PD[LPXP�SKRVSKDWDVH�HQ]\PH�DFWLYLW\�ZDV����P������P�
DQG� ���� P� DOWLWXGH�� DQG� WKH� ORZHVW� SKRVSKDWDVH� HQ]\PH�
DFWLYLW\�ZDV�IRXQG�DW����P�DOWLWXGH�DQG�EDFN�VORSH�SRVLWLRQ��
$FFRUGLQJO\�� LW� FDQ� EH� VDLG� WKDW� WKH� HQ]\PH� DFWLYLW\�
GHFUHDVHV�DV�WKH�KHLJKW�LQFUHDVHV��,Q�WKLV�FDVH��LW�FDQ�EH�VDLG�
WKDW� SKRVSKDWDVH� HQ]\PH� DFWLYLW\� LV� GHFUHDVLQJ� ZLWK�
LQFUHDVLQJ�DOWLWXGH�EXW�WKLV�FDVH�LV�QRW�OLQHHU�UHODWLRQ�EHWZHHQ�
WKHP��

&RQFOXVLRQ
,Q�WKLV�FXUUHQW�VWXG\�WKH�SURSHUWLHV�RI�YDULRXV�GHYHORSHG�

IRXU� VRLOV� SUR¿OHV� IRUPHG� RQ� WRSRJUDSKLFDOO\� GLIIHUHQW�
SRVLWLRQV� RI� 6(�1(� GLUHFWLRQ� ZHUH� LQYHVWLJDWHG�� 7KH�
LQYHVWLJDWLRQ�FRQVLGHUHG�WKH�SKRVSKDWDVH�HQ]\PH�DFWLYLW\�LQ�
7\SLF�+DSOXVWHUW�DQG�/WKLF�8VWRUWKHQW�VRLOV�UHSUHVHQWHG�E\�
IRXU�SUR¿OHV�IRUPHG�RQ�EDVDOWLF�SDUHQW�PDWHULDO�LQ�RUGHU�WR�
XQGHUVWDQG�LWV�UHODWLRQVKLS�ZLWK�WKHVH�VRLOV��ODQGVFDSH��ODQG�
XVH��ODQG�SRVLWLRQ�DQG�HOHYDWLRQ�

$V�D�UHVXOW�RI�WKLV�UHVHDUFK��VRPH�SK\VLFDO�DQG�FKHPLFDO�
SURSHUWLHV� DQG� SKRVSKDWDVH� HQ]\PH� DFWLYLW\� RI� WKH� VRLOV�
IRUPHG� RQ� WKH� EDVDOWLF� SDUHQW� PDWHULDO� LQ� VHPL� KXPLG�
WHPSHUDWH�FOLPDWLF�FRQGLWLRQV�ZHUH�GHWHUPLQHG�LQ�WKH�(QJL]�
%DVLQ�LQ�%DIUD�GLVWULFW�RI�6DPVXQ�SURYLQFH��,Q�DGGLWLRQ�WR�
WKDW�� WKH� UHODWLRQVKLSV� EHWZHHQ� GLIIHUHQW� DOWLWXGH�VORSH�
SRVLWLRQV� DQG� GLIIHUHQW� ODQG� XVH� W\SHV� ZLWK� SKRVSKDWDVH�
HQ]\PH�DFWLYLW\�ZHUH�LQYHVWLJDWHG��

7DEOH����5HODWLRQVKLS�EHWZHHQ�SKRVSKDWDVH�HQ]\PH�DFWLYLW\�DQG�SUR¿OHV��ODQG�XVH�W\SHV�DQG�HOHYDWLRQ�ODQG�SRVLWLRQV
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$FNQRZOHGJHPHQW
7KLV�UHVHDUFK�ZDV�VXSSRUWHG�E\�78%,7$.�SURMHFW�ZKLFK�

KDV����2����QXPEHU��:H�ZLVK�WR�WKDQN�78%,7$.�IRU�WKHLU�
VXSSRUW�

5HIHUHQFHV

$NVR\�� (��������� *�QH\� GR÷X� $QDGROX� E|OJHVLQGHNL�
SHWURFDOFLN� KRUL]RQOX� WRSUDNODUÕQ� |QHPOL� |]HOOLNOHUL�
ROXúX� YH� VÕQÕÀDQGÕUÕOPDVÕ�� 7RSUDN� øOPL� 'HUQH÷L� ����
ELOLPVHO�WRSODQWÕVÕ��LQ�7XUNLVK��

%RX\RXFRV��*��-����������$�5HFDOLEUDWLRQ�RI�+\GURPHWHU�IRU�
0DNLQJ� 0HFKDQLFDO� $QDO\VLV� RI� 6RLOV�� $JURQRP\�
-RXUQDO������������������> @�*RRJOH�6FKRODU

%UHPQHU��-�0��DQG�0XOYDQH\��&�6����������1LWURJHQ�7RWDO��
,Q�� 3DJH��$/��0LOOHU�� 5+�� HGLWRUV��0HWKRGV� RI� 6RLO�
$QDO\VLV��3DUW�����QG�HGLWLRQ��$JURQRP\�0RQRJUDSKV��
���0DGLVRQ��:,��$6$�DQG�666$��S���±����

%XUQV��5�*�� ��������6RLO�(Q]\PHV��$FDGHPLF�3UHVV������
�����/RQGRQ�

&R[VRQ��'�6���DQG�3DUNLQVRQ��'����������:LQWHU�UHVSLUDWRU\�
DFWLYLW\�LQ�DVSHQ�ZRRGODQG�IRUHVW�ÀRRU�OLWWHU�DQG�VRLOV��
6RLO�%LRO��%LRFKHP�������������> @�&URVV5HI

&KULVWHQVHQ��%�7��6RUHQVHQ��/�+����������7KH�GLVWULEXWLRQ�RI�
QDWLYH�DQG�ODEHOOHG�FDUERQ�EHWZHHQ�VRLO�SDUWLFOH�VL]H�
IUDFWLRQV� LVRODWHG� IURP� ORQJWHUP� LQFXEDWLRQ�
H[SHULPHQWV��-�6RLO�6FL�������±�����> @�&URVV5HI

'HQJL]��2���.Õ]ÕOND\D��5���(UNRoDN��$���'XUPXú��0����������
9DULDEOHV� RI� PLFURELDO� UHVSRQVH� LQ� QDWXUDO� VRLO�
DJJUHJDWHV�IRU�VRLO�FKDUDFWHUL]DWLRQ�LQ�GLIIHUHQW�ÀXYLDO�
ODQG�VKDSHV��*HRPLNURE\RORJ\�-RXUQDO���������������
> @�&URVV5HI

'UHYHU��-�/��9DQFH��*�)����������5ROH�RI�VRLO�RUJDQLF�DFLGV�LQ�
PLQHUDO�ZHDWKHULQJ�SURFHVVHV��,Q��/HZDQ�0'��3LWWPDQ�
('��HGLWRUV��5ROH�RI�6RLO�2UJDQLF�$FLGV�LQ�*HRORJLFDO�
3URFHVVHV��1HZ�<RUN��6SULQJHU��S���±����

(OOLRWW�� (�7��� &DPEDUGHOOD�� &�$��� DQG� &ROH�� &�9�� ��������
0RGL¿FDWLRQ�RI�HFRV\VWHP�SURFHVVHV�E\�PDQDJHPHQW�
DQG� WKH�PHGLDWLRQ� RI� VRLO� RUJDQLF�PDWWHU� G\QDPLFV��
3ODQW�6RLO��������������> @�*RRJOH�6FKRODU

)$2�:5%�� �������� :RUOG� 5HIHUHQFHV� %DVH� IRU� 6RLO�
5HVRXUFHV��,QWHUQDWLRQDO�VRLO�FODVVL¿FDWLRQ�V\VWHP�IRU�
QDPLQJ� VRLOV� DQG� FUHDWLQJ� OHJHQGV� IRU� VRLO� PDSV���
:RUOG�6RLO�5HS��������)$2��5RPH��

)UDQNEHUJHU�:��7���'LFN�:��$����������5HODWLRQVKLSV�ZLWK�
HQ]\PH�DFWLYLWLHV�DQG�PLFURELDO�JURZWK�DQG�DFWLYLW\�
LQGLFHV�LQ�VRLO��6RLO�6FL��6RF��RI�$PHULFDQ�-����������
�����> @�&URVV5HI

-DFNVRQ��0��/��������6RLO�&KHPLFDO�$QDO\VLV��(QJOHZRRG�
&OLIIV��1HZ�-HUVH\��3UHQWLFH�+DOO�,QF�

*|O��&��DQG�'HQJL]��2����������(IIHFW�RI�0RGLI\LQJ�/DQG�
&RYHU� DQG�/RQJ�7HUP�$JULFXOWXUDO� 3UDFWLFHV� RQ� WKH�
6RLO�&KDUDFWHULVWLFV�LQ�1DWLYH�)RUHVW�/DQG��-RXUQDO�RI�
(QYLURQPHQWDO� %LRORJ\�� ���� ��������� >*RRJOH�
6FKRODU@�

.LVV�� 6���'UDJDQ�%XODUGD��0��� DQG�5DGXOHVFX��'�� ��������
%LRORJLFDO� VLJQL¿FDQFH� RI� HQ]\PHV� DFFXPXODWHG� LQ�
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)HUKDW�2]WXUN
�'HSDUWPHQW�RI�)LHOG�FURS��)DFXOW\�RI�$JULFXOWXUH��6LUQDN�8QLYHUVLW\���������6LUQDN��7XUNH\


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

6HVDPH��6HVDPXP�LQGLFXP�/���LV�DPRQJ�VR�PDMRU�DUDEOH�
WKH� VHFRQG� FURS� LQ� FRQYHQWLRQDO� IDUPLQJ� LQ� 6RXWKHDVWHUQ�
UHJLRQ�RI�7XUNH\��,W�LV�YHU\�UHVLVWDQW�WR�GURXJKW�FURS�DQG�LV�
WKHUHIRUH�PDLQO\� JURZQ� DV� GU\� ODQG� FURS� LQ� 7XUNH\�� 7KH�
DYHUDJH�SURGXFWLRQ�DPRXQWV�RI�VHVDPH�DUH�������WRQV�DQG�

��VHHG�\LHOG�������NJ�KD �LQ�7XUNH\��)$2���������+RZHYHU��LQ�
RXU�FRXQWU\��(QWU\�RI�IDUP�LUULJDWLRQ�DIWHU�*$3�KDV�OHG�WR�
LQFUHDVH� LQ� LUULJDWLRQ� IDUPLQJ� DQG� WKHUHIRUH� VHFRQG� FURS�
VHVDPH� VR� LPSRUWDQW� IRU� JURZHU�� +RZHYHU�� WKH� PRVW�
LPSRUWDQW�SUREOHPV� LQ� VHVDPH� LV�SODQWLQJ�RSHUDWLRQV��7KH�
VHVDPH�VHHGV�DUH�PLQRU�DQG�VRZLQJ�PXVW�EH�PDGH�DV�FORVH�WR�
WKH�JURXQG�VXUIDFH�IRU�VHHG�HPHUJHQFH��6HHG�FDQQRW�EH�GHHS�
WKDW� WKH� JHUPLQDWLRQ� GRHV� QRW� RFFXU��&RQYHQWLRQDO� WLOODJH�
PHWKRG�LV�LQWHQVLYH�LQ�WKLV�UHJLRQ��7LOODJH�LV�SRZHU�UHTXLUHG�
ZRUN�RI�DJULFXOWXUDO�PDQXIDFWXUH��%HFDXVH��WKH�H[WUHPH�FRVW�
RI�HQHUJ\�WKDW�LV�ZK\�WKH�IDUPHUV�QHHG�WR�HFRQRPLFDO�WLOODJH�
PHWKRGV�� 7KH� DSSOLFDWLRQ� RI� HQHUJ\�VDYLQJ� V\VWHPV� FDQ�
SHUIRUP� HI¿FLHQW� VXSSRUWV� WR� HFRQRPLFDO� �%D\KDQ� HW� DO���
������6HVVL]�HW�DO�����������$JULFXOWXUH�LV�FRQVLGHUHG���DV���DQ�
HQHUJ\�FRQYHUVLRQ� �%DUDQ�DQG�*RNGRJDQ���������)DUPHUV�
SUHIHU�FRQVHUYDWLRQ�WLOODJH�LQ�VHVDPH�IDUPLQJ��&RQVHUYDWLRQ�
WLOODJH�PHWKRGV�RIIHU�FRQVLGHUDEOH�DGYDQWDJHV�FRPSDUHG�WR�
WKH� FRQYHQWLRQDO� WLOODJH�� 7KHUHIRUH�� UHGXFH� RU� QR�WLOODJH�
V\VWHPV�DUH�EHFRPLQJ�ZLGHVSUHDG��2WKHU�DGYDQWDJHV�RI�QR�
WLOODJH� LQFOXGH� UHGXFLQJ� VRLO� PRLVWXUH� ORVV�� UHGXFHG� VRLO�
HURVLRQ�� LQFUHDVHG�ZDWHU�SURWHFWLRQ�DQG�VRLO� DFFXPXODWLRQ�
LQFUHDVLQJ� VRLO� RUJDQLF�PDWWHU�� UHGXFH� WLPH�� DQG� UHGXFLQJ�

JUHHQKRXVH�JDV�HPLVVLRQ��&DNÕU�HW�DO���������6HVVL]�HW�DO���
������DV�FRPSDUHG�WR�&7��17�KDV�QRW�EHHQ�ZLGHO\�DGRSWHG�LQ�
7XUNH\�� HVSHFLDOO\� LQ� VRXWKHDVWHUQ� UHJLRQ�� 7R� LQFUHDVH�
SURGXFWLRQ� DQG� UHGXFH� SURGXFWLRQ� FRVW� LQ� VRLO� WLOODJH�
RSHUDWLRQV��UHGXFHG�WLOODJH�DQG�GLUHFW�VHHGLQJ�V\VWHP�LV�RI�
JUHDW�LPSRUWDQFH��$SSURSULDWH�WLOODJH�DQG�VRZLQJ�WHFKQLTXH�
FDQ�UHGXFH�IDFWRUV�WKDW�LPSHGH�VHHGOLQJ�HPHUJHQFH�UHGXFH�
HQHUJ\�DQG� ODERU�FRVW�� DQG�FRQWURO�ZHHGV��+RZ�HZHU�� WKH�
VXFFHVV� RI� WLOODJH�PHWKRGV� LV� GHSHQGLQJ� VRLO�� FOLPDWH� DQG�
ORFDO�SUDFWLFHV��%D\KDQ�HW�DO���������2]SLQDU�DQG�&D\��������
6HVVL]� HW� DO��� ������ 6HVVL]� HW� DO��� ������� (VSHFLDOO\�ZHHG�
FRQWURO� LQ� DJULFXOWXUDO� FXOWXUDO� SUDFWLFHV� LV� VR� H[SHQVLYH�
DPRQJ�DSSOLFDWLRQV��

:HHGV�KDYH�DQ�DGYHUVH�HIIHFW�RQ�FURS�\LHOGV�EHFDXVH�RI�
FRPSHWLWLRQ� ZLWK� FXOWLYDWHG� SODQWV� �6HVVL]� HW� DO��� ������
g]W�UN�HW�DO����������0RVWO\�KDQG�DQG�FXOWLYDWRU�GR�WKH�ZHHG�
FRQWURO� LQ� VHVDPH� IDUPLQJ�� %HFDXVH� WKH� PDQXDO� ZHHG�
VWUXJJOH�LV�D�WHGLRXV��WLPH�FRQVXPLQJ�DQG�H[SHQVLYH�SURFHVV��
7KHUHIRUH��PHFKDQLFDOV�VWUXJJOH�LV�VR�LPSRUWDQFH�LQ�ZHHG�
FRQWURO�SURFHVVHV��7KH�PHFKDQLFDOO\�ZHHG�VWUXJJOH�GRHV�QRW�
RQO\�GHVWUR\�ZHHGV�EXW�DOVR�LQFUHDVHV�WKH�DHUDWLRQ�RI�WKH�VRLO��
7KH� JHUPLQDWLRQ� RI�ZHHG� VHHGV� RU� WKH� DSSOLFDWLRQ� RI� WKH�
YHJHWDWLYH�SURSDJDWLRQ�RUJDQV�YDULHV�GHSHQGLQJ�RQ�WKH�VRLO�
WHPSHUDWXUH�� OLJKW�� OLJKW� VRLO� KDQGOLQJ� SDWWHUQV� DQG�
SURFHVVLQJ� GHSWK�� $V� WKH� FKHPLFDO� VWUXJJOH� OHDGV� WR�
HQYLURQPHQWDO�SROOXWLRQ�WKDW�LV�ZK\�WKH�PHFKDQLFDO�VWUXJJOH�
LV�LPSRUWDQW�DV�DOWHUQDWLYH�PHWKRG�RI�VWUXJJOH�
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$JULFXOWXUDO� LUULJDWLRQ�KDV�RFFXUUHG� DQ� LQFUHDVH� LQ� WKH�
VRXWKHDVWHUQ�$QDWROLDQ� UHJLRQ� DIWHU� SURMHFW� RI� 7KH� *$3��
7KHUHIRUH��WKH�VHFRQG�SURGXFW�VHVDPH�FXOWLYDWLRQ�KDV�JDLQHG�
LPSRUWDQFH��

7KH�VRLO�VWUXFWXUH�GHWHULRUDWLRQ��VRLO�HURVLRQ�RFFXUUHG�GXH�
WR� WKH� FRQYHQWLRQDO� WLOODJH� PHWKRG� RI� WKH� IDUPHUV� LQ� WKH�
UHJLRQ�� %HFDXVH� RI� WKH� IDUPHUV� LQ� WKH� UHJLRQ�� XVLQJ� RI�
FRQYHQWLRQDO� WLOODJH� PHWKRGV� ZHUH� RFFXUUHG� SK\VLFDO�
GHWHULRUDWLRQ�RI�VRLO�DQG�LQFUHDVHG�VRLO�HURVLRQ�HWF���6HVVL]�HW�
DO���������g]W�UN�HW�DO���������(OLFLQ�HW�DO����������
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FRQGLWLRQV��GXULQJ� WKH� VXPPHU�VHDVRQ� LQ������DIWHU� OHQWLO�
KDUYHVWLQJ��7KH�PHDQ�DQQXDO�DYHUDJH�SUHFLSLWDWLRQ�LV�FKDQJH�
EHWZHHQ� �������� PP� IRU� DORQJ� \HDUV� GXULQJ� VXPPHU�
JURZLQJ� VHDVRQ�� DQG� WKH� PHDQ� DQQXDO� DLU� WHPSHUDWXUH� LV�

ƕFKDQJH� EHWZHHQ� ���������� &�� � 7KH� DQDO\VLV� RI� VRLO� LQ�
H[SHULPHQWDO� DUHD� ZHUH� GHWHUP൴QHG� DV� ������ �FOD\H\���
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VSHFL¿FDWLRQV�RI�WKH�XVHG�GHYLFHV�LQ�UHVHDUFK�DUH�JLYHQ�WDEOH�
���7KH�WLOODJH�V\VWHPV�DUH�JLYHQ�LQ�7DEOH����7KH�VDPH�WROOV�DQG�
PDFKLQHV�ZHUH�XVHG�IRU�WKLV�H[SHULPHQW�
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KHLJKW�RI�DERXW���±���FP�DERYH�WKH�FDQRS\�

6WDWLVWLFDO�DQDO\VLV��7KH�REWDLQHG�GDWD�ZHUH�FRPSXWHG�
IRU� SURSHU� VWDWLVWLFDO� DQDO\VLV� DFFRUGLQJ� WR� 6$6� 3URJUDP�
��������7KH�/6'�DW����OHYHO�RI� VLJQL¿FDQFH�ZDV�XVHG� WR�
GLIIHUHQWLDWH�EHWZHHQ�PHDQV��

��

'2,��KWWSV���G[�GRL�RUJ����������MDHIV��������������)HUKDW�.L]LOJHFL��0HKPHW�<LOGLULP��$NEDU�+RVVDLQ

)LJXUH����0RQWKO\�PHDQ�WHPSHUDWXUH�DQG�SUHFLSLWDWLRQ�DW�'L\DUEDNLU�LQ�WKH����������

5HVXOWV�DQG�'LVFXVVLRQ
&KORURSK\OO�FRQWHQW��63$'��
&KORURSK\OO�FRQWHQW�LV�DQ�LQGLFDWLRQ�IRU�VWD\�JUHHQ�RU�OHDI�

VHQHVFHQFH� LQ� DJULFXOWXUDO� UHVHDUFK� � SURMHFWV� �.L]LOJHFL��
������� 6WDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFHV� ZHUH� VKRZQ�
DPRQJ�EUHDG�ZKHDW�JHQRW\SHV�IRU�63$'��7KH�UHVXOWV�RI�WKLV�
VWXG\�VKRZHG�WKDW�WKH�FKORURSK\OO�FRQWHQW�LQ�DOO�JHQRW\SHV�
ZHUH�YDULHG�VLJQL¿FDQWO\��7KH�KLJKHVW�63$'�YDOXH���������
ZDV�REWDLQHG�IURP�
(QYR\
��0HDQZKLOH��WKH�ORZHVW���������
ZDV� UHFRUGHG� IURP� 
(PX R N
� �)LJXUH� �� 	� 7DEOH� ����� 5 F
&KORURSK\OO�FRQWHQW�FRXOG�EH�XVH�DV�LQGLFDWRU�WR�GHWHUPLQH�
WKH� SHUIRUPDQFH� RI� SKRWRV\QWKHWLF� UDWH� DQG� UHÀHFW�
SKRWRV\QWKHWLF�SRWHQWLDO�DQG�SULPDU\�SURGXFWLRQ��$QMXP�HW�
DO��� ������� 5H\QROGV� DQG� 7UHWKRZDQ� ������� UHSRUWHG� WKDW�
FKORURSK\OO� FRQWHQW�RU� VWD\�JUHHQ�ZDV�FRUUHODWHG�ZLWK� WKH�
WUDQVSLUDWLRQ�HI¿FLHQF\��ZKLFK�DIIHFWV�WR�WKH�HQKDQFHPHQW�RI�

ZDWHU�XVH�HI¿FLHQF\�XQGHU�GURXJKW�VWUHVV�FRQGLWLRQV��*UDLQ�
\LHOG�KDG�D�VLJQL¿FDQW�SRVLWLYH�UHODWLRQVKLS�ZLWK�OHDI�DUHD�DQG�
OHDI� FKORURSK\OO� FRQWHQW�� DQG� WKH�FRUUHODWLRQ�EHWZHHQ� OHDI�
DUHD� DQG� OHDI� FKORURSK\OO� FRQWHQW� ZDV� DOVR� SRVLWLYH��
)XUWKHUPRUH�� WKH� FKORURSK\OO� FRQWHQW� FDQ� VLPXOWDQHRXVO\�
LQFUHDVH�JUDLQ�\LHOG��DQG�SODQWV�ZLWK�ODUJH�OHDYHV�DQG�JUDWH�
FKORURSK\OO� FRQWHQW� FDQ� DOVR� SURGXFH� KLJKHU� JUDLQ� \LHOG�
�<HJDQHKSRRU�HW�DO���������

&DQRS\�WHPSHUDWXUH��&7�
&7�PHDVXUHPHQW� LV� YHU\� VLPSOH� E\� XVLQJ� DQ� LQIUDUHG�

WKHUPRPHWHU�� ZKLFK� LQ� IHZ� VHFRQGV� FDQ� GHWHUPLQH� WKH�
VXUIDFH�WHPSHUDWXUH�RI�D�¿HOG�SORW�DQG�LW�FDQ�EH�XVHG�DV�DQ�
LQGLUHFW� VHOHFWLRQ� FULWHULRQ� IRU� JUDLQ� \LHOG� XQGHU� FHUWDLQ�
HQYLURQPHQWDO� FRQGLWLRQV�� ,Q� WKH� FXUUHQW� VWXG\� VLJQL¿FDQW�
GLIIHUHQFHV� ZHUH� REVHUYHG� DPRQJ� JHQRW\SHV� IRU� FDQRS\�
WHPSHUDWXUH��



��

7KH�KLJKHVW�&7�ZDV�UHFRUGHG�LQ�
&DUDFN
���������&��DQG�
WKH� ORZHVW� LQ� 
&DOLQJLUL
� ������� �&��� 7KH�PHDQV� RI� EUHDG�
ZKHDW�YDULHWLHV�ZDV�IRXQG��������&��)LJXUH���	�7DEOH�����$�
ORZHU�FDQRS\�WHPSHUDWXUH�KDV�EHHQ�OLQNHG�WR�LPSURYHG�\LHOG�
XQGHU�KHDW�VWUHVV��5H\QROGV�HW�DO���������%DKDU�HW�DO���������
3LQWR�DQG�5H\QROGV��������'HHU\�HW�DO���������g]W�UN�DQG�
$\GÕQ���������3UHVXPDEO\�JHQRW\SHV�ZLWK�FRROHU�FDQRSLHV�
KDYH�WKH�DELOLW\�WR�H[WUDFW�PRUH�VRLO�ZDWHU��5H\QROGV�HW�DO���
������� /RZHU� FDQRS\� WHPSHUDWXUH� KDV� EHHQ� SUHYLRXVO\�
OLQNHG�WR�KLJKHU�WUDQVSLUDWLRQ�UDWHV�DQG�WKHUHIRUH�LPSURYHG�
FDUERQ� FDSWXUH� DQG� DOORFDWLRQ� HI¿FLHQF\� DQG� XOWLPDWHO\�
KLJKHU� \LHOGV� �3LQWR� HW� DO��� ������ &RVVDQL� DQG� 5H\QROGV��
�������

1RUPDOL]HG�GLIIHUHQFH�YHJHWDWLRQ�LQGH[��1'9,�
6SHFWUDO� UHÀHFWDQFH� LQGLFHV� DUH� LPSRUWDQW� WRROV� IRU�

HYDOXDWLQJ� SKRWRV\QWKHWLF� WUDLWV�� 1'9,� LV� RQH� RI� WKH�
PD[LPXP�EURDGO\�XWLOL]HG�YHJHWDWLRQ�LQGLFHV�DV�DQ�LQGLFDWRU�
RI�FDQRS\�JUHHQ�DUHD�DQG�LW�LV�DVVRFLDWHG�ZLWK�JUDLQ�\LHOG�DV�
ZHOO��7DQULYHUGL��������5H\QROGV�HW�DO�������D��.L]LOJHFL�HW�
DO����������7KH�GLIIHUHQFHV�DPRQJ�WKH�EUHDG�ZKHDW�YDULHWLHV�
ZHUH� VWDWLVWLFDOO\� VLJQL¿FDQW� IRU� 1'9,�� 7KH� PD[LPXP�
1'9,� YDOXH� �������� ZDV� UHFRUGHG� LQ� 
3HKOLYDQ
� DQG� WKH�
PLQLPXP� 1'9,� YDOXH� �������� ZDV� UHFRUGHG� LQ�

:\DONDWFKHP
��)LJXUH���	�7DEOH�����7KH�DYHUDJH�1'9,�RI�
EUHDG� ZKHDW� YDULHWLHV� ZDV� ������� &UXV൴RO� HW� DO��� �������
UHSRUWHG�WKDW�1'9,�HVWLPDWHV�DUH�DIIHFWHG�E\�PDQ\�IDFWRUV��
VXFK�DV�PHDVXULQJ�VWDJH��VHQVRUV�DQG�HQYLURQPHQW��6SHFWUDO�
UHÀHFWDQFH�1'9,�LV�DVVRFLDWHG�ZLWK�\LHOG�DQG�FDQ�EH�XVHG�WR�
HVWLPDWH�VWD\�JUHHQ��/RSHV�DQG�5H\QROGV��������0DJQH\�HW�
DO���������3LQWR�HW�DO���������5HEHW]NH�HW�DO���������

3ODQW�KHLJKW�DQG�OHDI�DUHD�LQGH[��/$,�
3ODQW�KHLJKW�LV�D�VLJQL¿FDQW�DJURQRPLF�IHDWXUH�LQ�EUHDG�

ZKHDW�EHFDXVH�RI�LWV�FORVHO\�DVVRFLDWHG�ZLWK�ORGJLQJ��3ODQW�
KHLJKW�LV�DOVR�FRQWUROOHG�E\�JURZLQJ�HQYLURQPHQW�DQG�DOVR�
PDQ\�JHQHV�� ,Q� WKH�SUHVHQW� VWXG\�SODQW�KHLJKW�ZDV�YDULHG�
VLJQL¿FDQWO\�IRU�DOO�JHQRW\SHV�XQGHU�WKH�HFRORJLFDO�FRQGLWLRQ�
RI�'L\DUEDNLU��7XUNH\� $PRQJ�WKH�JHQRW\SHV��WKH� �PD[LPXP�
SODQW�KHLJKW�ZDV�UHFRUGHG�LQ�
3HKOLYDQ
��������FP���ZKLOH�WKH�
PLQLPXP� ZDV� UHFRUGHG� LQ� 
/3%� �������
� ������� FP���
7XUNLVK� RULJLQ� FXOWLYDUV� ZHUH� WDOOHU� WKDQ� WKH� $XVWUDOLDQ�
FXOWLYDUV���$\NXW�HW�DO����������UHSRUWHG�LQ�D�UHFHQW�VWXG\�WKDW�
RSWLPXP� SODQW� KHLJKW � KDYH� YDULHG�� RI� ZKHDW� YDULHWLHV
VLJQL¿FDQWO\�IURP����WR�����FP��GXH�WR�WKH�JHQHWLF�PDNHXS�RI�

WKH�VSHFL¿F�YDULHWLHV�DQG�DOVR�WKHLU�LQWHUDFWLRQ�ZLWK�JURZLQJ�
HQYLURQPHQWDO�FRQGLWLRQV�

&RQVLGHULQJ�RQ�WKH�OHDI�DUHD�LQGH[�RI�IRXUWHHQ�ZKHDW�
JHQRW\SHV�� VLJQL¿FDQW� �S������� GLIIHUHQFHV� ZHUH� IRXQG�
DPRQJ�FXOWLYDUV��7KH�KLJKHVW�/$,��������ZDV�UHFRUGHG�IURP�

0DJHQWD
�� ZKLOH� WKH�PLQLPXP� �������ZDV� UHFRUGHG� IURP�

6HUL�����
��)LJXUH���	�7DEOH����

3URWHLQ��VWDUFK�DQG�ZHW�JOXWHQ��FRQWHQW�
7KH� SURWHLQ� FRQWHQW� LV� DQ� LQKHUHQW� WUDLW� WKDW� FDQ� EH�

LQÀXHQFHG� VLJQL¿FDQWO\� E\� FXOWXUDO� SUDFWLFHV�� QLWURJHQ�
SUDFWLFHV�DQG�HQY൴URQPHQWDO�IDFWRUV��7KH�GLIIHUHQFHV�DPRQJ�
WKH�EUHDG�ZKHDW� FXOWLYDUV�ZHUH� VWDWLVWLFDOO\� VLJQL¿FDQW� IRU�
SURWHLQ�FRQWHQW��7KH�SURWHLQ�FRQWHQW�YDULHG�EHWZHHQ��������
�
&DOLQJLUL
�� DQG� ������� �
6HUL� ����
�� ZLWK� DQ� DYHUDJH� RI�
��������3UHYLRXV�EUHDG�ZKHDW�UHODWHG�UHVHDUFKHV�UHSRUWHG�
WKH� VLJQL¿FDQW� GLIIHUHQFHV� IRU� SURWHLQ� FRQWHQW� DPRQJ�
JHQRW\SHV� ZKLFK� VXSSRUWV� RXU� UHVXOWV $PDQOÕ\HY� DQG���
øúDQNXOÕ\HY��������UHSRUWHG�WKDW�WKH�SURWHLQ�UDWLR�RI�EUHDG�
ZKHDW�DW�LQWHUQDWLRQDO�VWDQGDUGV�LV�DFFHSWHG�DV��������)LJXUH�
��	�7DEOH�����

6WDUFK� LV� DOVR�PDMRU� FRQVWLWXHQW� RI� WKH�ZKHDW� JUDLQ�� D�
VLJQL¿FDQW� GLIIHUHQFH�ZDV� REVHUYHG� DPRQJ� FXOWLYDUV��7KH�
PD[LPXP� VWDUFK� FRQWHQW� ��������� ZDV� UHFRUGHG� LQ�

&DOLQJLUL
�ZKLOH��WKH�PLQLPXP�VWDUFK�FRQWHQW�����������ZDV�
UHFRUGHG�LQ�
0DJHQWD
��)LJXUH�����
:KLOH� ZHW� JOXWHQ� LV� WKH� PDLQ� IDFWRU� LQ� GHWHUPLQLQJ� WKH�
TXDOLW\� RI� EUHDG� LQ� EUHDG� ZKHDW�� LW� FRQVWLWXWHV� DOPRVW� ���
SHUFHQW�RI�WKH�WRWDO�SURWHLQ�LQ�JUDLQ��7KH�GDWD�UHODWHG�WR�ZHW�
JOXWHQ�FRQWHQW�IRU�DOO�REVHUYHG�FXOWLYDUV�ZHUH�JLYHQ�LQ�7DEOH�
��� ,Q� WKH� VWXG\�� ZHW� JOXWHQ� RI� DOO� JHQRW\SHV� ZDV� YDULHG�
VLJQL¿FDQWO\��7KH�YDOXH�RI�ZHW�JOXWHQ�ZDV�WKH�KLJKHVW�DW�
6HUL�
����
� �������� DQG� WKH� ORZHVW�ZHW� JOXWHQ�ZDV� UHFRUGHG� LQ�

&DOLQJLUL
����������)LJXUH���	�7DEOH�����

=HOHQ\�6HGLPHQWDWLRQ�DQG�JUDLQ�KDUGQHVV
=HOHQ\�6HGLPHQWDWLRQ�YDOXH�LV�DQ�LPSRUWDQW�IHDWXUH�WKDW�

JLYHV�LQIRUPDWLRQ�DERXW�JOXWHQ�TXDOLW\�RI�ZKHDW�ÀRXU��2]HQ�
DQG� $NPDQ� ������� ,Q� WKH� SUHVHQW� VWXG\�� =HOHQ\�
6HGLPHQWDWLRQ� YDOXH� IRU� DOO� JHQRW\SHV� ZHUH� YDULHG�
VLJQL¿FDQWO\�XQGHU�WKH�HFRORJLFDO�FRQGLWLRQ�RI�'L\DUEDNLU��
7XUNH\��7KH�]HOHQ\�VHGLPDQWDWLRQ�YDOXH�RI�FXOWLYDUV�UDQJHG�
IURP� � � ������PO� �
&H\KDQ� ��
�� WR� ������PO� �6HUL� ��� DQG�

0DJHQWD
���)LJXUH���	�7DEOH�����

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

)LJXUH����&KORURSK\OO�FRQWHQW��63$'���&DQRS\�WHPSHUDWXUH��&7��DQG�QRUPDOL]HG�GLIIHUHQFH�YHJHWDWLRQ�LQGH[��1'9,��RI�EUHDG�
ZKHDW�FXOWLYDUV�XQGHU�WKH�HFRORJLFDO�FRQGLWLRQ�RI�'L\DUEDNLU�LQ�7XUNH\�GXULQJ�WKH�ZKHDW�JURZLQJ�VHDVRQ�RI���������

)HUKDW�.L]LOJHFL��0HKPHW�<LOGLULP��$NEDU�+RVVDLQ



��

)LJXUH����3ODQW�KHLJKW�DQG�OHDI�DUHD�LQGH[��/$,��RI�IRXUWHHQ�EUHDG�ZKHDW�FXOWLYDUV�XQGHU�WKH�HFRORJLFDO�FRQGLWLRQ�RI�'L\DUEDNLU�LQ�
7XUNH\�GXULQJ�WKH�ZKHDW�JURZLQJ�VHDVRQ�RI����������

)LJXUH����3URWHLQ��VWDUFK�DQG�ZHW�JOXWHQ�����FRQWHQW�RI�IRXUWHHQ�EUHDG�ZKHDW�FXOWLYDUV�XQGHU�WKH�HFRORJLFDO�FRQGLWLRQ�RI�'L\DUEDNLU�
LQ�7XUNH\�GXULQJ�WKH�ZKHDW�JURZLQJ�VHDVRQ�RI����������

)LJXUH����=HOHQ\�VHGLPHQWDWLRQ�DQG�JUDLQ�KDUGQHVV�RI�IRXUWHHQ�EUHDG�ZKHDW�FXOWLYDUV�XQGHU�WKH�HFRORJLFDO�FRQGLWLRQ�RI�'L\DUEDNLU�
LQ�7XUNH\�GXULQJ�WKH�ZKHDW�JURZLQJ�VHDVRQ�RI����������

'2,��KWWSV���G[�GRL�RUJ����������MDHIV��������������)HUKDW�.L]LOJHFL��0HKPHW�<LOGLULP��$NEDU�+RVVDLQ



��

7DEOH����0HDQ�GDWD�RI�LQYHVWLJDWHG�WUDLWV�IRU�EUHDG�ZKHDW�FXOWLYDUV�

*UDLQ� KDUGQHVV� LV� RQH� WKH� PRVW� LPSRUWDQW� WUDLWV� WKDW�
GHWHUPLQH�WKH�HQG�XVH�TXDOLW\�RI�ZKHDW�DQG�LWV�WHFKQRORJLFDO�
XWLOL]DWLRQ��8VXDOO\�ZKHDWV�FDOOHG�VRIW�DQG�KDUG�EUHDG�ZKHDW��
)ORXU� \LHOGV� RI� KDUG� ZKHDW� DUH� KLJKHU� WKDQ� VRIW� ZKHDW��
6LJQL¿FDQW�GLIIHUHQFHV�ZHUH�VKRZHG�DPRQJ�WKH�FXOWLYDUV�IRU�
JUDLQ� KDUGQHVV�� 7KH� KLJKHVW� JUDLQ� KDUGQHVV�ZDV� REWDLQHG�
IURP� 
3HKOLYDQ
� ����������ZK൴OH� WKH� ORZHVW� JUDLQ� KDUGQHVV�
REWDLQHG�IURP�
&DOLQJLUL
����������7KH�JUDLQ�KDUGQHVV�YDOXHV�
LQGLFDWH� WKH� VRIWQHVV� DV� FORVH� WR������$\GR÷DQ� DQG�6R\OX�
�������VWDWHG�WKDW�JUDLQ�KDUGQHVV�LV�D�JHQHWLF�IDFWRU�DQG�LV�QRW�
DIIHFWHG�E\�HQYLURQPHQWDO�FRQGLWLRQV��

7HVW�ZHLJKW�DQG������NHUQHO�ZHLJKW
7HVW�ZHLJKW�LV�RQH�RI�WKH�IDFWRUV�WKH�PRVW�LPSRUWDQW�HIIHFW�

RQ� WKH� TXDOLW\� RI� ZKHDW�� 7HVW� ZHLJKW� ZDV� VWDWLVWLFDOO\�
VLJQL¿FDQWO\� GLIIHUHG� EHWZHHQ� FXOWLYDUV�� 7KH� KLJKHVW� WHVW�
ZHLJKW�YDOXH�LQ�WKLV�VWXG\�ZDV�IRXQG�LQ�JHQRW\SH� �
/3%����

������
��������NJ�KO ���:KLOH��WKH�ORZHVW�WHVW�ZHLJKW�YDOXH�ZDV�
��GHWHUPLQHG�LQ�
&DOLQJLUL
��������NJ�KO ���)LJXUH���	�7DEOH�����

7HVW�ZHLJKW�LV�DIIHFWHG�E\�VHYHUDO�IDFWRUV��VXFK�DV�JHQRW\SH��

HQYLURQPHQW�� GLVHDVH�� FXOWXUDO� DSSOLFDWLRQV� �ùHQHU� HW� DO���
������7DJKRXWL�YH�DUN���������.Õ]ÕOJHoL���������

6LJQL¿FDQW� GLIIHUHQFHV� �S������� LQ� WKH�PHDQ� RI� �����
NHUQHO� ZHLJKW� ZHUH� IRXQG� DPRQJ� EUHDG� ZKHDW� FXOWLYDUV�
�)LJXUH� ���� 7KRXVDQG� NHUQHO� ZHLJKW� UDQJHG� IURP� �����J�
�
:\DONDWFKHP
��WR������J��
3HKOLYDQ
���,Q�WHUPV�RI�WKLV�WUDLW��
LW�ZDV�VKRZHG�WKDW�YDULHWLHV�RI�7XUNLVK�RULJLQ�KDYH�DERYH�
DYHUDJH�YDOXHV�

*UDLQ�\LHOG
7KH� JUDLQ� \LHOG� LV� FRQVLGHUHG� D� PDMRU� SDUDPHWHU� IRU�

VFUHHQLQJ�ZKHDW�JHQRW\SHV�LQ�EUHHGLQJ�SURJUDPV��)RUJRQH��
�������*UDLQ�\LHOG� LQ�EUHDG�ZKHDW� LV�D�FRPSOH[�FKDUDFWHU�
ZLWK� VHYHUDO� FRPSRQHQWV�� LQFOXGLQJ� JHQHWLF� DQG�
HQYLURQPHQWDO� FRQGLWLRQV�� ,Q� WHUPV� RI� JUDLQ� \LHOG��
GLIIHUHQFHV� DPRQJ� FXOWLYDUV� ZHUH� IRXQG� VLJQL¿FDQW�� 7KH�
PD[LPXP� JUDLQ� \LHOG� ZDV� REWDLQHG� IURP� JHQRW\SH�

��
:\DONDWFKHP
��ZLWK��������NJ�KD ��ZKHUHDV�WKH�PLQLPXP�
��JUDLQ�\LHOG�ZDV�REWDLQHG� IURP� 
0DFH
�ZLWK��������NJ�KD �

�)LJXUH���	�7DEOH����

)LJXUH����7HVW�ZHLJKW�DQG������NHUQHO�ZHLJKW�RI�IRXUWHHQ�EUHDG�ZKHDW�FXOW൴YDUV�XQGHU�WKH�HFRORJLFDO�FRQGLWLRQ�RI�'L\DUEDNLU�LQ�
7XUNH\�GXULQJ�WKH�ZKHDW�JURZLQJ�VHDVRQ�RI����������

,QW�-�$JULF�(QYLURQ�)RRG�6FL�������������������)HUKDW�.L]LOJHFL��0HKPHW�<LOGLULP��$NEDU�+RVVDLQ



��

&RQFOXVLRQ
)URP�WKH�UHVXOWV�DQG�GLVFXVVLRQ�RI�WKH�VWXG\��LW�ZDV�IRXQG�

WKDW�JUDLQ�\LHOG��JUDLQ�KDUGQHVV��WHVW�ZHLJKW��WKRXVDQG�NHUQHO�
ZHLJKW�� SODQW� KHLJKW�� ZHW� JOXWHQ�� SURWHLQ� FRQWHQW�� ]HOHQ\�
VHGLPHQWDWLRQ�� VWDUFK� FRQWHQW�� 1'9,�� 63$'�� /$,� DQG�
FDQRS\�WHPSHUDWXUH�RI�IRXUWHHQ�ZKHDW�EUHDG�JHQRW\SHV�ZHUH�
FKDQJHG� DFFRUGLQJ� WR� FXOWLYDUV� XQGHU� WKH� HFRORJLFDO�
FRQGLWLRQV� RI� 'L\DUEDNLU�7XUNH\�� +RZHYHU�� JHQRW\SHV�
ZKLFK�ZHUH�IURP�$XVWUDOLDQ�RULJLQ�SHUIRUPHG�WKH�EHVW�WKDQ�
7XUNLVK�RULJLQ��$PRQJ�WKH�JHQRW\SHV��WKH�PD[LPXP�YDOXHV�
IRU� JUDLQ� \LHOG�� TXDOLW\� DQG� SK\VLRORJLFDO� SDUDPHWHUV�ZDV�
UHFRUGHG�IRU�JHQRW\SH��
0DFH
��IRU�JUDLQ�\LHOG��DQG�
<RXQJ
�
�IRU� TXDOLW\� WUDLWV��� 7KHUHIRUH�� FXOWLYDUV� ZKLFK� ZHUH�
$XVWUDOLDQ�RULJLQ�FDQ�EH�JURZQ�DQG�DOVR�PD\�EH�XVHG�LQ�WKH�
EUHHGLQJ� SURJUDPV� IRU� WKHVH� YDOXDEOH� WUDLWV�� XQGHU� WKH�
'L\DUEDNLU�HFRORJLFDO�FRQGLWLRQV�RI�7XUNH\��

&RQÀLFW�RI�LQWHUHVW
$XWKRUV�GHFODUHG�QR�FRQÀLFW�RI�LQWHUHVW

5HIHUHQFHV

$PDQOÕ\HY��$��øúDQNXOÕ\HY��+�����������7DKÕOODU��RNXO�NLWDEÕ�
�JROODQPD��� 6�$�� 1L\D]RY� 7DUÕP� hQLYHUVLWHVL��
$úJDEDW��������������LQ�7XUNLVK��

$QMXP��6�$���;LH��;�<���:DQJ��/�&���6DOHHP��0�)���0DQ��&���
/HL�� :�� �������� 0RUSKRORJLFDO�� SK\VLRORJLFDO� DQG�
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UHJXODWRUV�DUH�XVHG�LQ�SODQW�FXOWLYDWLRQ��3DWUD�HW�DO���������
UHSRUWHG� WKDW� XVLQJ� SODQW� JURZWK� UHJXODWRUV� LQ� FXOWLYDWLRQ�
HQFRXUDJH� ÀRZHULQJ� WR� JHW� PD[LPXP� \LHOG�� 7KHUH� DUH�
VHYHUDO�UHVHDUFK�RQ�WKH�SODQW�JURZWK�UHJXODWRUV�RQ�FXW�ÀRZHU�
LQ�7XUNH\��

6RJXW�DQG�.XFXN��������UHSRUWHG�WKDW�*$ �DSSOLFDWLRQV��
��FRQVLVWHG�RI�5RVD�VS�����PJ�/ ���'LDQWKXV�FDU\RSK\OXV�������

SSP��� $QWKXULXP� ��������� SSP�� DQG� &KU\VDQWKHPXP�
��������������� SSP���������������� SSP�� HQKDQFHG�
VKRRW�GHYHORSPHQW�ZKHUHDV�*$ �DSSOLFDWLRQV�FRQVLVWHG�RI��

�� ��5RVD� VS�� ����� PJ� / �� DQG� *\SVRSKLOD� ����� PJ� / ��
HQFRXUDJHG�ÀRZHULQJ��

.HZWH�DQG�6DEOH��������LQYHVWLJDWHG�WKH�HIIHFWV�RI�*$ ��

���������������SSP���DQG�GLIIHUHQW�QXWULHQW�HOHPHQWV��1��3��
.��0J��0Q��)H��%���1D������SSP��DQG�������WULDFRQWDQRO�
DSSOLFDWLRQV�RQ�TXDOLW\�SDUDPHWHUV�DQG�YDVH�OLIH�RQ�3DUDGLVH�
URVH�YDULHW\��7KH�EHVW�UHVXOW�ZDV�REWDLQHG�����SSP�RI�*$ ��
DSSOLFDWLRQ�

6HNHU�DQG�6XMDWD��������LQYHVWLJDWHG�WKH�FRLU�PHGLD��FRLU�
SLWK� �� JDUGHQ� VRLO� �� IDUP\DUG� PDQXUH��� VDZGXVW� PHGLD�
�VDZGXVW� �� JDUGHQ� VRLO� �� IDUP\DUG�PDQXUH��� FRPPHUFLDO�
PL[WXUH��VDQG���UHG�VRLO���IDUP\DUG�PDQXUH���VDQG�PHGLD�
�VDQG��� IDUP\DUG�PDQXUH�� DQG� UHG� VRLO�PHGLD� �UHG� VRLO���
IDUP\DUG�PDQXUH���DQG�VSUD\HG�ZLWK�*$�DW�WKH�GRVH�RI������
����DQG�����SSP�DQG�ZDWHU��FRQWURO��RQ�*HUEHUD�MDPHVRQLL�
FY��0DPPXW��*$�ZDV� DSSOLHG� WZLFH� DW�PRQWKO\� LQWHUYDOV�
VWDUWLQJ�DIWHU����GD\V�SODQWLQJ��7KH�SHDN�QXPEHU�RI�ÀRZHU�
SHU� SODQW� ZDV� DFKLHYHG� ���� SSP� RI� *$� WUHDWPHQW�� 7KH�
WUHDWPHQW�FRPELQDWLRQ�FRQVLVWHG�RI�*$�DW�����SSP�DQG�FRLU�
SLWK�PHGLD�ZHUH�JLYHQ�WKH�KLJKHVW�\LHOG�DQG�TXDOLW\�ZKHUHDV�
FRLU�SLWK�PHGLD�ZDV�JLYHQ�WKH�ORQJHVW�YDVH�OLIH�

(O�6KD¿H�HW�DO����������DSSOLHG�IRXU�VSUD\�DSSOLFDWLRQV�RI�
*$� DW� ���� ����� ���� RU� ���� SSP� DQG� WZR� DSSOLFDWLRQV� RI�
FKORUPHTXDW� DW� ���� DQG� ���� SSP� DW�PRQWKO\� LQWHUYDOV� WR�
*HUEHUD� MDPHVRQLL�� (DUO\� ÀRZHULQJ�� QXPEHU� RI� ÀRZHUV��
ÀRZHU�GLDPHWHU�DQG�ÀRZHU�VWHP�OHQJWK�ZDV�SURPRWHG�E\�ORZ�
FRQFHQWUDWLRQV� RI� *$�� ZKHUHDV� FKORUPHTXDW� GHOD\HG�
ÀRZHULQJ��7KH�QXPEHU�RI�ÀRZHUV�ZDV�LQFUHDVHG�E\�*$�DW�
����SSP�GXULQJ�WKH�¿UVW�VHDVRQ�DQG�DW����������DQG�����SSP�
LQ�WKH�VHFRQG�RQH��

)DULQD�HW� DO�� ������� VWXGLHG�*$ �DSSOLFDWLRQV�RQ� WKUHH��

JHUEHUD�YDULHW\�FXOWLYDWHG�LQ�D�ORZ�WHPSHUDWXUH�RI����&�IRU�
ZLQWHU�VHDVRQ��7KH\�FRQFOXGHG�WKDW�DSSOLFDWLRQ��DW�����SSP
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RI�*$ �IURP�1RYHPEHU�WR�)HEUXDU\�LQ�PRQWKO\�LQFUHDVH�RI��

\LHOG�LQ�ZLQWHU�VHDVRQ�DQG�JLYH�ORZHU�\LHOG�LQ�WKH�IROORZLQJ�
SURGXFWLRQ� VHDVRQ��'LIIHUHQW�*$ � OHYHOV�GLG�QRW� HIIHFW�RQ��

SHGXQFOH� OHQJWK� EXW� SODQW� UHJXODWRUV� OHYHOV� LQFUHDVHG� WKH�
LQÀRUHVFHQFH� GLDPHWHU�� +RZHYHU�� WKH\� VWDWHG� WKDW� PRUH�
UHVHDUFK�LV�UHTXLUHG�WR�GHWHUPLQH�WKH�HIIHFW�RI�SODQW�YDULHW\�
DQG�JURZWK�UHJXODWRU�OHYHOV�

1DLU�HW�DO���������LQYHVWLJDWHG�WKH�HIIHFW�WKUHH�GLIIHUHQW�
OHYHOV� RI� JLEEHUHOOLF� DFLG�� FKORURFKROLQH� FKORULGH��
PDOLFK\GUD]LGH�DQG�HWKHSWRQ���������������SSP�RI�*$ ��������

���������SSP�RI�&&&����������������SSP�RI�0+��DQG���������
SSP� RI� HWKHSWRQ�� RQ�*HUEHUD� MDPHVRQLL� FY��9HUVDFH��$OO�
WUHDWPHQWV� ZHUH� VSUD\HG� PRQWKO\� IURP� -DQXDU\� WR� 0D\�
������������VWDUWLQJ�IURP�WZR�PRQWKV�DIWHU�SODQWLQJ��8VLQJ�
����SSP�RI�JLEEHUHOOLF�DFLG�JDYH�WKH�PD[LPXP�SODQW�VSUHDG�
DQG�WKH�KLJKHVW�OHDI�QXPEHU�DQG�VXFNHUV�DQG�OHDI�DUHD��:KLOH�
WKH�*$�DW�����SSP�SURGXFHG�WKH�KLJKHVW�ÀRZHU�QXPEHU�SHU�
SRW� �������� LQ� ¿UVW� \HDU�� WKH� KLJKHVW� ÀRZHU� QXPEHU� ZDV�
REWDLQHG� ����� ���� DQG� ��� SSP� *$� LQ� VHFRQG� \HDU�
UHVSHFWLYHO\��7KH�ODUJHVW�ÀRZHU�GLDPHWHU�DQG�YDVH�OLIH�ZHUH�
REWDLQHG�����SSP�&&&�WUHDWPHQWV�LQ�ERWK�\HDUV�ZKHUHDV�WKH�
ODUJHVW� ÀRZHU� VWDONV� ZHUH� REWDLQHG� ���� SSP� RI� *$�
WUHDWPHQWV��7KH�KLJKHVW�EHQH¿W�FRVW�UDWLR�LQ�ERWK�\HDUV�ZDV�
DWWULEXWHG� WR�����SSP�*$��,Q�DQRWKHU�VWXG\��SODQWV�RI� WKH�
JHUEHUD�FXOWLYDUV�$PEHU�DQG�4XHQQ�5HEHFFD��UDLVHG�LQ�YLWUR��
ZHUH� SRWWHG� LQ� 0D\� DQG� JURZQ� XQGHU� JODVV� LQ� QDWXUDO�
SKRWRSHULRGV��+DOI�ZHUH�VSUD\HG�ZLWK�*$ �DW��������������RU��

������PJ�/ �DW�VHYHQ��IRXUWHHQ�RU�WZHQW\�RQH�GD\V
�LQWHUYDOV��
&RQWURO�SODQWV�ZHUH�VSUD\HG�ZLWK�WDS�ZDWHU��$SSOLFDWLRQ�RI�

����������J/ �*$ �LQ�YDULHW\�RI�*HUEHUD�MDPHVRQLL�FY��$PEHU��

UDLVHG� LQ� ÀRZHU� VWHP� OHQJWK� EXW� KDG� QR� VXFK� HIIHFW� RQ�
*HUEHUD� MDPHVRQLL� FY�� 4XHQQ� 5HEHFFD�� *LEEHUDOOLF� DFLG�
DSSOLFDWLRQ�LQFUHDVHG�LQÀRUHVFHQFH�VL]H��EXW�WUHDWPHQWV�ZHUH�
UHGXFHG�YDVH�OLIH�LQ�ERWK�YDULHWLHV��7KH�FXW�ÀRZHU�\LHOG�ZDV�
XQDIIHFWHG�E\�DQ\�*$ �WUHDWPHQW��3REXGNLHZLF]�DQG�1RZDN��

�������7KHUH�LV�OLPLWHG�OLWHUDWXUH�RQ�WKH�DSSOLFDWLRQ�RI�%$�
ZKLFK�LV�XVHG�LQ�WKLV�VWXG\��6RJXW�DQG�.XFXN��������UHSRUWHG�

��WKDW�����PJ/ �RI�%$�DQG����������SSP�RI�%$�LQFUHDVHG�
VKRRW�GHYHORSLQJ�RQ�URVD�VSS��DQG�DQWKXULXP�UHVSHFWLYHO\��
7KH�DSSOLFDWLRQV�LQFUHDVHG�YDVH�OLIH�RI�GLDQWKXV�VSS��%$�LV�
XVHG�LQ�YLWUR�FXOWXUH�QRZDGD\V�

7KLV�VWXG\�ZDV�FDUULHG�RXW�WR�DVVHVVPHQW�WKH�HIIHFWV�RI�
*$ �DQG�%$�DSSOLFDWLRQ�RQ�\LHOG��TXDOLW\�DQG�PXOWLSOLFDWLRQ��

UDWLR�RQ�*HUEHUD�MDPHVRQLL�FY��6DQJULD�SODQWHG�DW�JODVVKRXVH�
XQGHU�0HGLWHUUDQHDQ�FRQGLWLRQV��

0DWHULDOV�DQG�0HWKRGV�
7KLV�VWXG\�ZDV�FDUULHG�RXW�D�JODVV�JUHHQKRXVH�ORFDWHG�DW�

WKH�%DWÕ�$NGHQL]�$JULFXOWXUDO�5HVHDUFK�,QVWLWXWH�RI�$QWDO\D��
7XUNH\� EHWZHHQ� ����������� 7KH� SODQW� RI� WKH� *HUEHUD�
FXOWLYDU�6DQJULD��UDLVHG�LQ�YLWUR��ZDV�REWDLQHG�IURP�)ORULVW�
)LUP��7KLV�YDULHW\�KDV�D�UHG�FRORU��VWHP�GLDPHWHU�LV�������FP��
VWHP�OHQJWK�LV����FP�DQG�YDVH�OLIH�LV�������GD\V�DFFRUGLQJ�WR�
WKH�FDWDORJ�GDWD��<LHOG�LV�DERXW���������SHU�VTXDUH�PHWHU�

7KH� UHVHDUFK� ZDV� GHVLJQHG� DFFRUGLQJ� WR� UDQGRPL]HG�
EORFNV��HDFK�WUHDWPHQW�KDG����SODQWV�DQG�ZDV�UHSOLFDWHG�WKUHH�
WLPHV��5LJLG�SODVWLF�EODFN�WXEHV�ZKLFK�KDYH����P�OHQJWK�DQG�
���FP�ZLGWK����FP�GHSWK�ZHUH�XVHG�LQ�WKH�VWXG\��7XUI�DQG�
YROFDQLF� WXII� ������ ZHUH� XVHG� DV� JURZLQJ�PHGLD� S+�ZDV�
GHWHUPLQHG�DV������DQG�(&�ZDV�����PLFURPKRV�UHVSHFWLYHO\�

$IWHU�WKH�VHHGOLQJV�VXQN�WKH�IXQJXVHV��JHUEHUD�VHHGOLQJV�
ZHUH�SODQWHG�RQ����-XQH������LQ���[���FP�LQWHUYDOV�DQG�HDFK�
WXEH�KDYH����VHHGOLQJV��7R�IDFLOLWDWH�DGDSWDWLRQ�RI�WKH�SODQWV�
VSULQNOHU�LUULJDWLRQ�ZDV�XVHG�LQ�WKH�¿UVW�PRQWK�RI�WKH�VWXG\��

$IWHU�WKDW�GULS�LUULJDWLRQ�V\VWHP�ZDV�ORFDWHG�DV�RQH�GULSSHU�
IRU�HDFK�SODQW��7KH�QXWULWLRQDO�SURJUDP�ZDV�PDGH�DIWHU�WZR�
ZHHNV� SODQWLQJ� GDWH��1XWULHQW� VROXWLRQ� DQG� WKHLU� DPRXQWV�
ZKLFK�ZHUH�XVHG�LQ�WKH�UHVHDUF�DUH�JLYHQ�LQ�7DEOH����

7KH� SODQWV� ZHUH� WUHDWHG� DJDLQVW� IXQJDO� GLVHDVHV� DQG�
LQVHFWV� SHULRGLFDOO\�� ROG� DQG� GLVHDVHG� OHDYHV�ZHUH� SLFNHG�
GXULQJ� WKH� VWXG\�� *UHHQKRXVH� WHPSHUDWXUH� DQG� KXPLGLW\�
ZHUH�PHDVXUHG�YLD�WKHUPR�K\JURJUDSK�

7KUHH�GLIIHUHQW�*$ ����������������SSP��DQG�%$�OHYHOV��

���������������SSP��ZHUH� DSSOLHG�E\� IROLDU� VSUD\�RQFH�D�
PRQWK�EHWZHHQ�2FWREHU�������DQG�0DUFK��������$SSOLFDWLRQ�
GRVHV�DQG�GDWHV�ZHUH�GHWHUPLQHG�GHSHQGLQJ�RQ�OLWHUDWXUH�OLNH�
)DULQD�HW�DO����������3REXGNLHZLF]�DQG�1RZDN��������DQG�
WDNLQJ�SURGXFWLRQ�SHULRG�LQ�$QWDO\D�LQWR�FRQVLGHUDWLRQ�

$W� WKH�HQG�RI� WKH�VWXG\��PXOWLSOLFDWLRQ�UDWLR��QXPEHU���
ÀRZHU�VWHP�GLDPHWHU��PP���ÀRZHU�VWHP�OHQJWK��FP���ÀRZHU�

��GLDPHWHU��FP���\LHOG��QXPEHU�SORW ���DQG�YDVH�OLIH��GD\��ZHUH�
GHWHUPLQHG��'DWD�ZHUH�VXEMHFWHG�WR�YDULDQFH�DQDO\VLV�DQG�WKH�
VLJQL¿FDQFH�RI� WKH�GLIIHUHQFHV�DFURVV�PHDQV�ZHUH�GH¿QHG�
XVLQJ�'XQFDQ
V�PXOWLSOH�UDQJH�WHVWV�DW�VLJQL¿FDQFH�OHYHO�RI�
S ������*RPH]�DQG�*RPH]��������

5HVXOWV�DQG�'LVFXVVLRQ�
7KH� ¿UVW� ÀRZHUV� KDUYHVWHG� LQ� ��� 6HSWHPEHU� ������

%HFDXVH� WKH� *$ � DQG� %$� DSSOLFDWLRQ� ZHUH� VWDUWHG� LQ� ����

2FWREHU�������¿UVW�ÀRZHUV�ZHUH�QRW�HYDOXDWHG��'DWD�ZKLFK�LV�
UHODWHG�WR�VWXG\�ZHUH�REWDLQHG�EHWZHHQ����2FWREHU���������
$SULO������LQ�WKH�¿UVW�\HDU�DQG����2FWREHU���������$SULO�
�����LQ�WKH�VHFRQG�\HDU�RI�WKH�H[SHULPHQW��0XOWLSOLFDWLRQ�
UDWLR� �QXPEHU�� ZDV� GHWHUPLQHG� RQO\� VHFRQG� \HDU� RI� WKH�
H[SHULPHQW�

7KH�PDLQ�JRDO�RI�WKH�JHUEHUD�SURGXFWLRQ�LV�WR�JHW�EHVW�
H[SRUW�TXDOLW\�ÀRZHUV�LQ�ZLQWHU�PRQWKV��,Q�WKHVH�PRQWKV��WKH�
ORZ�DLU�DQG�VRLOOHVV�FXOWXUH�WHPSHUDWXUH��WKH�QHJDWLYHO\�DIIHFW�
\LHOG�DQG�TXDOLW\� LQ�JHUEHUD�SURGXFWLRQ� �5RJHUV�DQG�7MLD��
������.RUNXW��������*�UVDQ��������0HUFXULR���������7KHVH�
QHJDWLYH�HIIHFWV�DUH�PRUH�SURQRXQFHG�DV�WKH�SODQW�LV�JHWWLQJ�
ROGHU��g]]DPEDN���������

7KH�YDULDQFH�DQDO\]HV�UHVXOWV�DUH�SUHVHQWHG�LQ�7DEOH����
7KH� HIIHFWV� RI� GLIIHUHQW� JURZWK� UHJXODWRUV� OHYHOV� ZHUH�
VWDWLVWLFDOO\� VLJQL¿FDQW� RQ� WKH� JHUEHUD� \LHOG� DQG� TXDOLW\�
SDUDPHWHUV� VXFK� DV� ÀRZHU� VWHP� OHQJWK� �FP��� ÀRZHU� VWHP�
GLDPHWHU� �PP���ÀRZHU�GLDPHWHU� �FP���YDVH� OLIH� �GD\��DQG�
PXOWLSOLFDWLRQ�UDWLR��QXPEHU���(DFK�SODQW�JURZWK�UHJXODWRUV�
DSSOLFDWLRQ�IRUPHG�D�JURXS�LQ�'XQFDQ�WHVW��3�������<LHOG�DQ�
TXDOLW\�SDUDPHWHUV�YDOXHV�RI�JHUEHUD�DUH�JLYHQ�)LJXUH����������
������
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$SSOLFDWLRQ� RI� JLEEHUHOOLQ� DQG� EHQ]\O� DGHQLQH� JURZWK�
UHJXODWRUV�DV�WZR�HIIHFWLYH�DQG�LPSRUWDQW�FKHPLFDO�IDFWRUV�LQ�
JDLQLQJ�RI�PRUH�\LHOG�LQ�ÀRZHU�SURGXFWLRQ��7KH�KLJKHVW�\LHOG�

�������QXPEHU�SORW ��ZDV�REWDLQHG�LQ�����SSP�RI�*$ �DQG�WKLV��
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:HHG�LQWHUIHUHQFH�ZLWK�DJULFXOWXUDO�SODQWV�LV�FRQVLGHUHG�
DV�RQH�RI�WKH�PRVW�LPSRUWDQW�IDFWRUV�DIIHFWLQJ�FURS�\LHOGV�DQG�
WKHUHIRUH� ZHHG� FRQWURO� LQ� DJULFXOWXUDO� ODQG� LV� RI� JUHDW�
LPSRUWDQFH��3HUVLVWHQFH�RI�KHUELFLGHV�LQ�VRLO�FRXOG�EH�XVHIXO�
GXH�WR�LQFUHDVLQJ�WKH�HIIHFWLYHQHVV�FRQWURO�RI�ZHHGV�ZKLFK�
DOWHUQDWHO\�JURZ�LQ�¿HOGV�EXW�GDPDJH�WR�VHQVLWLYH�FURSV�LQ�
URWDWLRQV��0HKGL]DGHK�HW�DO���������0HOR�HW�DO���������DQG�
DOVR� WKHLU� LQKLELWRU\� HIIHFWV� RQ� VRLO� PLFURRUJDQLVPV� LV� D�
QHJDWLYH�FRQVHTXHQFH�RI�WKLV�SKHQRPHQRQ��6HELRPR�HW�DO���
������6DWKL\DYDQL�HW�DO����������+HQFH��XQGHUVWDQGLQJ� WKH�
IDFWRUV�DQG�PHFKDQLVPV�WKDW�GHWHUPLQH�WKH�SHUVLVWHQFH�DQG�
GHJUDGDWLRQ� RI� KHUELFLGHV�� E\� SURYLGLQJ� PDQDJHPHQW�
VWUDWHJLHV�� FRXOG� EH� XVHG� WR� HQVXUH� WKH� KHDOWK� RI� DJUR�
HFRV\VWHPV��+HUELFLGHV�ZLWK�DFWLYH�UHVLGXHV�LQ�WKH�VRLO�DUH�
FRPSRXQGV�WKDW��GXH�WR�WKHLU�WR[LF�UHVLGXHV��DIIHFW�WKH�JURZWK�
RI�WKH�SODQW�LQ�WKH�QH[W�VHDVRQV��0HKGL]DGHK�DQG�*KRODPL�
$EDGDQ�� ������� ,PLGD]ROLQRQH� DUH� RQH� RI� WKH� JURXSV� RI�
KHUELFLGHV�WKDW�DUH�HDVLO\�DEVRUEHG�E\�WKH�URRW�DQG�IROLDJH�RI�
WKH�SODQWV�DQG�DFFXPXODWH�LQ�WKH�PHULVWHP�WLVVXHV�DQG�UHGXFH�
WKH� JURZWK�� WKH� IRUPDWLRQ� RI� QHFURVLV� DQG� FKORURVLV�� DQG�
¿QDOO\� WKH� GHDWK� RI� SODQW�� ,PD]HWKDS\U� LV� RQH� RI� WKH�
LPLGD]ROLQRQH�KHUELFLGHV�WKDW�DUH�ZLGHO\�XVHG�IRU�FRQWURO�RI�
EURDG�OHDYHG�ZHHGV�LQ�PDQ\�FURSV��:HEVWHU�HW�DO����������
7KLV�KHUELFLGH�LQKLELWV�WKH�DFHW\ODFHWDWH�V\QWKDVH�HQ]\PH��
ZKLFK� SOD\V� DQ� LPSRUWDQW� UROH� LQ� WKH� ELRV\QWKHVLV� RI�

EUDQFKHG�FKDLQ�DPLQR�DFLGV��YDOLQH��OHXFLQH�DQG�LVROHXFLQH�
�=DEDO]D� HW� DO��� ������� ,PD]HWKDS\U� LV� D� UHODWLYHO\� KLJK�
SHUVLVWDQW� KHUELFLGH� LQ� WKH� VRLO� DQG� LWV� KDOI�OLIH� KDV� EHHQ�
UHSRUWHG�IRU�DERXW����WR����GD\V�LQ�DJULFXOWXUDO�VRLOV��9HQFLOO��
������� 7KH� SHUVLVWHQFH� RI� WKHVH� KHUELFLGHV� LQ� WKH�
HQYLURQPHQW� PD\� LQFUHDVH� WKH� GXUDWLRQ� RI� ZHHG� FRQWURO�
SHULRG��EXW�LW�FDQ�FDXVH�GDPDJH�WR�QRQ�WDUJHW�RUJDQLVPV�DQG�
VHQVLWLYH�FURSV�LQ�WKH�URWDWLRQ�DQG�DOVR�HQGDQJHUV�KXPDQ�DQG�
HQYLURQPHQW�KHDOWK��*DVWRQ�HW�DO���������UHSRUWHG�WKDW�ZLWK�
LQFUHDVLQJ�LPD]HWKDS\U�FRQFHQWUDWLRQ�LQ�VRLO��JURZWK�RI�URRW�
PHULVWHPV��GU\�ZHLJKW�DQG�IUHVK�ZHLJKW��DQG�FKLFNSHD�\LHOG�
VLJQL¿FDQWO\� GHFUHDVHG��:LDWUDN�HW� DO�� ������� HYDOXDWH� WKH�
SHUIRUPDQFH�RI�LPD]DSLF�VLPXODWHG�UHVLGXHV�RQ�FRWWRQ�SODQW�
DQG� REVHUYHG� WKDW� JURZWK�� \LHOG� TXDQWLW\� DQG� TXDOLW\� RI�
FRWWRQ�ZHUH�VLJQL¿FDQWO\�DIIHFWHG�E\�WKH�KHUELFLGH�UHVLGXHV��
0R\HU�DQG�(VDX��������IRXQG�WKDW�VXJDU�EHHW�ZDV�DIIHFWHG�E\�
LPD]HWKDS\U� KHUELFLGH� HYHQ� RQH� \HDU� DIWHU� DSSOLFDWLRQ��
$OLVWHU� DQG� .RJDQ� ������� UHSRUWHG� WKDW� WKH� UHVLGXHV� RI�
LPD]DS\U� KHUELFLGHV� ZLWK� LPD]DTXLQ� DQG� LPD]HWKDS\U�
UHGXFHG�WKH�\LHOG�RI�EDUOH\��RDWV��FKLFNSHDV��VXJDU�EHHW�DQG�
WRPDWRHV�RQH�\HDU�DIWHU�DSSOLFDWLRQ�

5HVLGXHV�RI�KHUELFLGHV�LQ�WKH�VRLO�FRXOG�EH�PHDVXUHG�E\�
DQDO\WLFDO� RU� ELRDVVD\V� PHWKRGV�� $QDO\WLFDO� PHWKRGV� DUH�
YHU\� VSHFL¿F� DQG� VHQVLWLYH� DQG� MXVW� TXDQWLI\LQJ� WKH� WRWDO�
DPRXQW� RI� KHUELFLGH� UHVLGXHV� LQ� WKH� VRLO� �*ULPDOW� DQG�

�

��
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'HKRXFN�� ������ -DQDNL� HW� DO��� ������� +RZHYHU�� WKHVH�
PHWKRGV� DUH� FRVWO\�� WLPH�FRQVXPLQJ�� UHTXLULQJ� FRPSOH[�
HTXLSPHQW�DQG�RUJDQLF�VROYHQWV�IRU� WKH�H[WUDFWLRQ�SURFHVV�
�6RQGKLD�DQG�6LQJK���������%LRDVVD\�LV�D�UHODWLYHO\�VLPSOH�
DQG�LQH[SHQVLYH�PHWKRG�WKDW�FDQ�PHDVXUH�WR[LF�SRUWLRQV�RI�
WKH�KHUELFLGHV�UHVLGXHV�LQ�WKH�VRLO��7KHUHIRUH��LW�VHHPV�WKDW�
WKH� XVH� RI� DQDO\WLFDO� PHWKRGV� VXFK� DV� KLJK� SHUIRUPDQFH�
OLTXLG�FKURPDWRJUDSK\��+3/&��DQG�SODQW�ELRDVVD\�PHWKRG�
FRPSOHPHQW�HDFK�RWKHU�DQG�FDQ�JUHDWO\�KHOS�UHVHDUFKHUV�WR�
LGHQWLI\� DQG� TXDQWLI\� KHUELFLGH� UHVLGXHV� LQ� WKH� VRLO�
�0HKGL]DGHK�HW�DO����������,Q�WKLV�UHJDUG��6]PLJLHOVND�DQG�
6FKRHQDX� ������� UHSRUWHG� WKDW� WKH� XVH� RI� SODQW� ELRDVVD\�
PHWKRG�ZDV�PRUH� VHQVLWLYH� WKDQ� LRQ� H[FKDQJH� H[WUDFWLRQ�
PHWKRG�LQ�HYDOXDWLQJ�WKH�LPD]HWKDS\U�UHVLGXHV�LQ�VRLOV��7KH\�
GHWHFWHG�YHU\�ORZ�FRQFHQWUDWLRQV�RI�KHUELFLGH�E\�ELRDVVD\�
PHWKRG��6LQFH�WKH�RLOVHHG�UDSH�KDV�EHHQ�XVHG�DV�D�UHIHUHQFH�
SODQW� WR�HYDOXDWH�KHUELFLGHV�UHVLGXHV�� WKLV�H[SHULPHQW�ZDV�
FRQGXFWHG� WR� HYDOXDWH� LWV� VHQVLWLYLW\� WR� VLPXODWHG�
FRQFHQWUDWLRQV� RI� LPD]HWKDS\U� KHUELFLGH� LQ� VRLO� XVLQJ�
ELRDVVD\�PHWKRG�

0DWHULDOV�DQG�0HWKRGV
$�JUHHQKRXVH�H[SHULPHQW�ZDV�FRQGXFWHG�GXULQJ������LQ�

D� FRPSOHWHO\� UDQGRPL]HG� GHVLJQ�ZLWK� �� UHSOLFDWLRQV��7KH�
WUHDWPHQWV� FRQVLVWHG� RI� GLIIHUHQW� FRQFHQWUDWLRQV� RI�
LPD]HWKDS\U�LQ�VRLO��������������������������������������DQG�

�������PJ��NJ VRLO���ZKLFK�WKH�HIIHFWV�RI�WKHVH�FRQFHQWUDWLRQV�
RQ�URRW�DQG�VKRRW�ELRPDVV�RI�RLOVHHG�UDSH�ZHUH�HYDOXDWHG��
)RU�WKLV�SXUSRVH��DIWHU�SUHSDUDWLRQ�RI�D�VRLO�ZLWK�HTXDO�UDWLR�RI�
VDQG��VRLO�DQG�OHDI�PRXOG��WKH�DTXHRXV�VWRNH�VROXWLRQ�RI������
SSP� RI� LPD]HWKDS\U� ZDV� SUHSDUHG� DQG� WKH� UHPDLQLQJ�
FRQFHQWUDWLRQV�ZHUH�SUHSDUHG�E\�GLOXWLRQ�RI�VWRNH�VROXWLRQ��
7KHQ��E\�XVLQJ�WKH�V\ULQJH�SLSHWWH��WKH�FDOFXODWHG�DPRXQW�RI�
KHUELFLGH�VROXWLRQ�ZDV�PL[HG�XS�ZLWK�WKH�VRLO�DQG�SRXUHG�
RQWR�WKH�VRLO�VXUIDFH�RI�WKH�SRWV�DQG�DIWHU�HYDSRUDWLRQ�RI�WKH�
VROYHQW��ZDWHU��ZDV�FRPSOHWHO\�PL[HG�ZLWK�WKH�XSSHU�OD\HU�

RI�WKH�VRLO��7KHQ����VHHGV�RI�RLOVHHG�UDSH��+\ROD�FXOWLYDU��
ZHUH�SODQWHG�DW�DSSURSULDWH�GHSWK�LQ�HYHU\�SRW��'XULQJ�WKH�
H[SHULPHQW�� WKH� SRWV�ZHUH� LUULJDWHG� XQLIRUPO\��2QH�ZHHN�
DIWHU� WKH�HPHUJHQFH�RI�SODQWV��¿YH�SODQWV�ZHUH� WKLQQHG� LQ�
HDFK� SRW�� $IWHU� ��� GD\V� WKH� SODQWV� ZHUH� KDUYHVWHG� DQG�
VHSDUDWHO\�GULHG�LQ�DQ�RYHQ�DW�����&�IRU����KRXUV��7KHQ��WKH�
URRW� DQG� VKRRW� GU\� ZHLJKW� ZDV� PHDVXUHG�� 7KH� GDWD� ZDV�
VXEMHFWHG� WR� DQDO\VLV� RI� YDULDQFH� XVLQJ� WKH� 067$7�&�
VRIWZDUH��0HDQ�FRPSDULVRQV�ZHUH�SHUIRUPHG�XVLQJ�'XQFDQ�
0XOWLSOH� 5DQJH� 7HVW� �'057�� VHW� DW� ������ 2LOVHHG� UDSH�
UHVSRQVH�RI�GU\�ZHLJKW�RI�URRWV�DQG�VKRRW�SHU�SRW��<��ZHUH�
GHVFULEHG�E\�D�WKUHH�SDUDPHWHU�ORJ�ORJLVWLF�UHJUHVVLRQ�PRGHO�
DV�D�IXQFWLRQ�RI�LPD]HWKDS\U�GRVHV��[�

:KHUH�G�LV�WKH�XSSHU�DV\PSWRWH��PD[LPXP�ELRPDVV�SHU�
SRW���ZKLFK�LV�FORVH�WR�WKH�XQWUHDWHG�FRQWURO��E�GHQRWHV�WKH�
VORSH�RI�WKH�FXUYH�DURXQG�WKH�H��ZKLFK�GHQRWHV�WKH�GRVH�WKDW�
LQÀLFWV�D�����ELRPDVV�UHGXFWLRQ�UHODWLYH�WR�G�

5HVXOWV�DQG�'LVFXVVLRQ
%DVHG� RQ� WKH� ¿QGLQJV� RI� H[SHULPHQW�� WKH� UHVSRQVH� RI�

SODQW�URRWV�DQG�VKRRW�ELRPDVV�WR�WKH�VLPXODWHG�LPD]HWKDS\U�
UHVLGXHV�IROORZV�WKH�ORJLVWLF�PRGHO�ZKLFK�LV�DFFRUGDQFH�ZLWK�
UHVXOWV� IURP�RWKHU� VWXGLHV� �+DOORZD\�HW� DO��� ������6DQWLQ�
0RQWDQ\D� HW� DO��� ������� 7KH� UHVXOWV� VKRZHG� WKDW� WKH�
LPD]HWKDS\U� UHVLGXHV� LQ�FRQFHQWUDWLRQV�RI������������PJ��

��NJ �VRLO�VLJQL¿FDQWO\�UHGXFHG�WKH�RLOVHHG�UDSH�URRW�DQG�VKRRW�
ELRPDVV��3���������7DEOH����

$FFRUGLQJ� WR� WKH� UHVXOWV�� GDPDJH� DPRXQW� RI� URRW� DQG�
VKRRW� GU\� ZHLJKW� LQFUHDVHG� VLJQL¿FDQWO\� ZLWK� LQFUHDVLQJ�
LPD]HWKDS\U� FRQFHQWUDWLRQ� LQ� VRLO�� VR� WKDW� DW� WKH�

��FRQFHQWUDWLRQ�RI�������PJ�NJ �VRLO��DSSUR[LPDWHO\�����RI�
URRW�ELRPDVV�DQG�����RI�VKRRW�ELRPDVV�ZHUH�UHGXFHG��ZKLOH��

��DW�������PJ��NJ �VRLO��WKH�URRW�DQG�VKRRW�ORVVHV�RI�RLOVHHG�UDSH�
ZHUH������

��

'2,��KWWSV���G[�GRL�RUJ����������MDHIV���������������0RKDPPDG�0HKGL]DGHK

7DEOH����$QDO\VLV�RI�YDULDQFH�RI�RLOVHHG�UDSH�URRW�DQG�VKRRW�GU\�PDWWHU�WR�LPD]HWKDS\U�UHVLGXHV�LQ�VRLO�

7DEOH����0HDQ�FRPSDULVRQ�RI�UDSHVHHG�URRW�DQG�VKRRW�GU\�PDWWHU�LQ�GLIIHUHQW�OHYHOV�RI�LPD]HWKDS\U�UHVLGXHV�

7DEOH����3DUDPHWHUV�HVWLPDWHG�E\���SDUDPHWHU�VLJPRLGDO�ORJLVWLF�HTXDWLRQ�WR�UDSHVHHG�URRW�DQG�VKRRW�GU\�PDWWHU�WR�LPD]HWKDS\U�
UHVLGXHV�LQ�VRLO�



��

,Q�ELRGHJUDGDWLRQ�VWXGLHV�RI�KHUELFLGH�UHVLGXHV�LQ�VRLO��
(' ��(' � DQG� HVSHFLDOO\�(' � DUH� XVHG� WR� GHWHUPLQH� WKH��� �� ��

VHQVLWLYLW\�RI�SODQWV�WR�KHUELFLGH�UHVLGXHV�LQ�VRLO��$FFRUGLQJ�
WR�WKH�UHVXOWV��WKH�(' �SDUDPHWHU�IRU�URRW�ELRPDVV�����������

��PJ��NJ �VRLO��ZDV�ORZHU�WKDQ�WKH�VKRRW�ELRPDVV���������PJ�
��NJ �VRLO���ZKLFK�LQGLFDWHV�JUHDWHU�VHQVLWLYLW\�RI�WKH�URRW�WR�

UHVLGXHV�RI�WKLV�KHUELFLGH�LQ�WKH�VRLO��7DEOH����
%UHVQDKDQ� HW� DO�� ������� )RXQG� WKDW� WKH� UHVLGXH� RI�

LPD]HWKDS\U�KHUELFLGH�LQ�YHU\�ORZ�FRQFHQWUDWLRQV������WR���
��ȝJ��NJ �VRLO��DOVR�UHVXOWHG�LQ�GDPDJH�WR�GLIIHUHQW�FURSV��2WKHU�

VWXGLHV�DOVR�KLJKOLJKWHG�WKH�KLJK�VHQVLWLYLW\�RI�RLOVHHG�UDSH�WR�
KHUELFLGHV�UHVLGXHV�LQ�WKH�VRLO��0HKGL]DGHK��������UHSRUWHG�
WKDW� RLOVHHG� UDSH� LV� YHU\� VXLWDEOH� IRU� XVH� LQ� ELRDVVD\V� IRU�
HYDOXDWLQJ� WKH� VLGH�HIIHFWV� RI� WULDVXOIXURQ� DW� ORZ�
FRQFHQWUDWLRQ� UDWHV��0DQVRRUL� HW� DO�� ������� REVHUYHG� WKDW�
UHVLGXHV�RI�VXOIRVXOIXURQ�KHUELFLGHV� LQ� WKH�VRLO�UHVXOWHG�LQ�
WR[LFLW\� DQG� UHGXFHG� RLOVHHG� UDSH� \LHOG� LQ� URWDWLRQ� ZLWK�
ZKHDW�� 7KH\� UHSRUWHG� WKDW� LQFUHDVLQJ� VXOIRVXOIXURQ�

��DSSOLFDWLRQ�UDWH�IURP����WR����J�D�L��K �LQFUHDVHG�RLOVHHG�UDSH�
\LHOG� ORVVHV� IURP� ����� WR� ����� SHUFHQW�� ,W� VHHPV� WKDW� LQ�
HYDOXDWLQJ� WKH� LPD]HWKDS\U� KHUELFLGH� UHVLGXHV�� WKH� XVH� RI�
URRW�ELRPDVV�SDUDPHWHUV�RI�VHQVLWLYH�SODQWV�VXFK�DV�RLOVHHG�
UDSH��FDQ�EH�YHU\�DFFXUDWH�DQG�HIIHFWLYH�GXH�WR�WKH�LQKLELWRU\�
HIIHFWV�RI�KHUELFLGH�RQ�FHOO�GLYLVLRQ�RI�URRW�PHULVWHPLF�DUHDV�
LQ�VXVFHSWLEOH�SODQWV��7KHUHIRUH��6]PLJLHOVND�HW�DO�� �������
KDYH� XVHG� WKH� PXVWDUG� URRW� ELRDVVD\� DV� DQ� DSSURSULDWH�
ELRORJLFDO�LQGLFDWRU�LQ�HYDOXDWLQJ�WKH�ÀXFDUED]RQH�KHUELFLGH�
UHVLGXHV��6LQFH�URRWV�DUH�GLUHFWO\�H[SRVHG�WR�WKH�KHUELFLGH�
UHVLGXHV�� LW� VHHPV� WR� EH� PRUH� VHQVLWLYH� WKDQ� VKRRWV� LQ�
UHVSRQVH� WR� KHUELFLGH� UHVLGXHV�� 6R� WKDW� LQ� WKLV� VWXG\�� WKH�
VHQVLWLYLW\�RI�RLOVHHG�UDSH�URRW�ELRPDVV�ZDV�JUHDWHU�WKDQ�WKDW�
RI�WKH�VKRRW�ELRPDVV��7DEOHV������DQG�)LJXUH����

,Q�ELRDVVD\�VWXGLHV�RI�KHUELFLGHV�UHVLGXHV�LQ�VRLO��URRW�
JURZWK�RI�SODQWV�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�LQGLFDWRUV�LQ�
DVVHVVLQJ� WKH� VHQVLWLYLW\� RI� SODQW� VSHFLHV� WR� KHUELFLGH�
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)UXLW�FRQVXPSWLRQ��LWV�GHWHUPLQDQWV�DQG�DWWLWXGHV�DPRQJ�XQGHUJUDGXDWHV
��
8PDOL�6DWKVDUDQL�+HUDWK

�6DEDUDJDPXZD�8QLYHUVLW\�RI�6UL�/DQND��)DFXOW\�RI�$JULFXOWXUDO�6FLHQFHV��'HSDUWPHQW�RI�([SRUW�$JULFXOWXUH��%HOLKXO�2\D��6UL�/DQND

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

)UXLWV� FRQWDLQ� QXPHURXV� QXWULHQWV� LQFOXGLQJ� YLWDPLQV��
FDUERK\GUDWHV��DQG�PLQHUDOV�WKDW�DUH�HVVHQWLDO�IRU�WKH�ZHOO�
EHLQJ�RI�KXPDQV��&RQVXPSWLRQ�RI�IUXLWV�SHUPLWV�WKH�LQWDNH�RI�
ULFK�VRXUFHV�RI�DVFRUELF�DFLG��WKLDPLQH��QLDFLQ��YLWDPLQ�%��DV�
ZHOO� DV� PLQHUDOV� VXFK� DV� SRWDVVLXP�� PDJQHVLXP�� DQG�
FDOFLXP��%RWK�JO\FDHPLF�DQG�QRQ�JO\FDHPLF�FDUERK\GUDWHV�
DUH�IRXQG�LQ�IUXLWV��KRZHYHU��WKH\�GR�QRW�FRQWDLQ�FKROHVWHURO��
D�SRLQW�WKDW�FDQ�EH�XVHG�WR�FODVVLI\�IUXLWV�DV�D�KHDOWK\�VRXUFH�
RI� IRRG�� 3UHVHQFH� RI� GLHWDU\� ¿EHUV� WKDW� DUH� YLWDO� IRU� WKH�
PDLQWHQDQFH�RI�D�KHDOWK\�FLUFXODWRU\�DQG�GLJHVWLYH�V\VWHP�
HQKDQFHV� WKH� LPSRUWDQFH� RI� IUXLWV� DV� D� QRQ�QXWULWLYH� IRRG�
FRQVWLWXHQW�� 6WXGLHV� UHJDUGLQJ� WKH� OLQN� EHWZHHQ� WKH�
FRQVXPSWLRQ�RI�YHJHWDEOHV�DQG�IUXLWV�DQG�FKURQLF�GLVHDVHV�
VKRZ�WKDW�SUHYHQWLRQ�RI�WKHVH�GLVHDVHV�ZKLOH�SURPRWLRQ�RI�
KHDOWK� FDQ� EH� D� UHVXOW� RI� DQ� LQFUHDVH� LQ� FRQVXPSWLRQ� RI�
YHJHWDEOHV� DQG� IUXLWV� �%RLUQJ� HW� DO�� �������:RUOG� +HDOWK�
2UJDQL]DWLRQ� �:+2�� DQG� )RRG� DQG� $JULFXOWXUH�
2UJDQL]DWLRQ��)$2��UHFRPPHQG�D�PLQLPXP�GDLO\�LQWDNH�RI�
���J�RU�¿YH�SRUWLRQV�RI����JUDPV�RI�YHJHWDEOHV�DQG�IUXLWV�D�
GD\��H[FOXGLQJ�VWDUFK\�WXEHUV��7KLV�KHOSV�WR�SUHYHQW�FKURQLF�
GLVHDVHV�LQFOXGLQJ�KHDUW�GLVHDVHV��FDQFHU��GLDEHWHV��REHVLW\�
DQG�GH¿FLHQFLHV�LQ�PLFURQXWULHQWV��7KH�ORZ�FRQVXPSWLRQ�RI�
IUXLWV�DQG�YHJHWDEOHV�LV�UHVSRQVLEOH�IRU�DSSUR[LPDWHO\����RI�
GLVDELOLW\�DGMXVWHG�OLIH�\HDUV������RI�JDVWURLQWHVWLQDO�FDQFHU�
GHDWKV������RI�LVFKDHPLF�KHDUW�GLVHDVHV�DQG����RI�VWURNH�

GHDWKV� ZRUOGZLGH� �:+2�)$2�� ������� (YHQ� WKRXJK�
FRQVXPSWLRQ�RI�IUXLWV�DQG�YHJHWDEOHV�LV�SURPRWHG��WKH�ZRUOG�
SHU�FDSLWD�FRQVXPSWLRQ�LV�OHVV�WKDQ����WR����SHUFHQW�RI�WKH�
PLQLPXP�GDLO\�UHFRPPHQGHG�LQWDNH��)RRG�DQG�$JULFXOWXUH�
2UJDQL]DWLRQ��������

7KH�IXWXUH�JHQHUDWLRQ�RI�DQ\�FRXQWU\�DUH�WKH�DGROHVFHQWV�
DQG�WKHLU�QXWULWLRQDO�QHHGV�DUH�FULWLFDO�IRU�WKH�ZHOO�EHLQJ�RI�
VRFLHW\� DQG� WR� EUHDN� WKH� LQWHUJHQHUDWLRQDO� F\FOH� RI�
PDOQXWULWLRQ��FKURQLF�GLVHDVHV��DQG�SRYHUW\��:RUOG�+HDOWK�
2UJDQL]DWLRQ���������,Q�D�VWXG\�FDUULHG�RXW�DPRQJ�XQLYHUVLW\�
VWXGHQWV� LQ� 6DXGL�$UDELD�� LW� ZDV� IRXQG� WKDW� WKH� IUXLW� DQG�
YHJHWDEOH� FRQVXPSWLRQ� LV� IDU� OHVV� WKDQ� WKH� :+2�
UHFRPPHQGHG�OHYHO��$OVXQQL�DQG�%DGDU��������

7DVWH�SUHIHUHQFHV��FRVWV��DYDLODELOLW\�DQG�NQRZOHGJH�RI�
QXWULWLRQ� LQÀXHQFH� WKH� IUXLW� DQG� YHJHWDEOH� LQWDNH� RI�
DGROHVFHQWV��/LPLQJ��������&RUZLQ�HW�DO����������&RQWUDU\�WR�
WKLV�� GXULQJ� DQ� LQYHVWLJDWLRQ�� 6FKURHWHU� HW� DO�� ��������
GLVFRYHUHG�WKDW�VHOI�UDWHG�KHDOWK�NQRZOHGJH�KDG�OLWWOH�LPSDFW�
RQ�WKH�FRQVXPSWLRQ�RI�IUXLWV�DQG�WKH�JUHHQ�VDODG�RI�FROOHJH�
VWXGHQWV�� :KHQ� FRPSDUHG� EHWZHHQ� PDOH� DQG� IHPDOH�
VWXGHQWV��IHPDOHV�ZHUH�PRUH�OLNHO\�WR�HDW�IUXLW�DQG�YHJHWDEOHV�
�8QXVDQ���������3HUHUD�DQG�0DGKXMLWK���������XVHG�D�)RRG�
)UHTXHQF\�4XHVWLRQQDLUH� WR� VWXG\� WKH� IUXLW� DQG� YHJHWDEOH�
FRQVXPSWLRQ�SDWWHUQ�RI�XQLYHUVLW\�VWXGHQWV�DQG�FRQFOXGHG�
WKDW�WKH�PHDQ�IUXLW�DQG�YHJHWDEOH�FRQVXPSWLRQ�SHU�GD\�LV�IDU�
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OHVV� WKDQ� WKH� :+2� UHFRPPHQGDWLRQV� DQG� JHQGHU��
LQFRPH�DQG�WDERRV�KDG�D�VLJQL¿FDQW�HIIHFW�RQ�WKLV��7KH\�DOVR�
VWDWH�WKDW�PRVW�RI�WKH�VWXGHQWV�KDYH�D�IDLU�NQRZOHGJH�RQ�VRPH�
RI�WKH�EDVLF�DVSHFWV�RI�QXWULWLRQ�VXFK�DV�KHDOWK�EHQH¿WV�RI�
IUXLWV�DQG�YHJHWDEOH��7KLV�VWXG\�IRXQG�EDQDQD�DQG�SDSD\D�WR�
EH�WKH�PRVW�IUHTXHQWO\�FRQVXPHG�IUXLWV�E\�XQGHUJUDGXDWHV�

&URSV�ZLWK�DQ�XQUHDOL]HG�SRWHQWLDO�WR�FRQWULEXWH�WR�WKH�
KXPDQ�ZHOIDUH�WKURXJK�HQVXULQJ�IRRG�VHFXULW\�DQG�QXWULWLRQ�
DQG� UHGXFLQJ� KLGGHQ� KXQJHU� FDXVHG� PLFURQXWULHQW�
GH¿FLHQFLHV� DUH� FRQVLGHUHG� DV� XQGHUXWLOL]HG� FURSV�� ,Q� 6UL�
/DQND�� D� QXPEHU� RI� XQGHUXWLOL]HG� IUXLWV� WKDW� FDQ� EH�
HIIHFWLYHO\� GHYHORSHG� LQWR� SURPLVLQJ� FURSV� WR� IXO¿O� WKH�
QXWULWLRQDO� UHTXLUHPHQWV� DUH� SUHVHQW�� 7KH� SHUVSHFWLYH� RI�
XQGHUJUDGXDWHV�RQ�WKH�XVH�RI�XQGHUXWLOL]HG�IUXLWV�DV�KHDOWK\�
IRRG�WR�SURPRWH�DFFHVV�WR�EHWWHU�QXWULWLRQ�IRU�FRPPXQLWLHV�LV�
KHOSIXO�LQ�GHWHUPLQLQJ�IXWXUH�FURSV�

,W� LV� FOHDU� WKDW� IXO¿OOLQJ� WKH� QXWULWLRQDO� QHHGV� RI�
XQGHUJUDGXDWHV�LV�FULWLFDO�DV�DGROHVFHQWV�DUH�WKH�IXWXUH�RI�D�
FRXQWU\��+RZHYHU��SUHYLRXV�VWXGLHV�KDYH�LGHQWL¿HG�WKDW�WKHUH�
LV�D�FRQVLGHUDEOH�JDS�EHWZHHQ�WKH�GDLO\�UHFRPPHQGHG�LQWDNH�
DQG� WKH� DFWXDO� FRQVXPSWLRQ� RI� IUXLWV� DQG� YHJHWDEOHV� E\�
VWXGHQWV��7KLV�KDV�JLYHQ�ULVH�WR�D�QHHG�WR�LQTXLUH�WKH�GDLO\�
LQWDNH�RI�IUXLWV�RI�XQGHUJUDGXDWHV�DQG�WR�LGHQWLI\�WKH�EDUULHUV�
DQG� OLPLWDWLRQV� IRU� FRQVXPSWLRQ� WKDW� DUH� IDFHG� E\� WKHP��
7KHUHIRUH��WKLV�VWXG\�ZDV�FDUULHG�RXW�LQ�RUGHU�WR�GHWHUPLQH�
WKH�SDWWHUQV�RI�FRQVXPSWLRQ�RI�IUXLWV�E\�XQGHUJUDGXDWHV�RI�
WKH� )DFXOW\� RI� $JULFXOWXUDO� 6FLHQFHV�� 6DEDUDJDPXZD�
8QLYHUVLW\�RI�6UL�/DQND��0RUHRYHU��LW�LV�H[SHFWHG�WR�LGHQWLI\�
WKH�EDUULHUV�WR�IUXLW�FRQVXPSWLRQ��VROXWLRQV�WR�RYHUFRPH�WKH�
EDUULHUV��SHUVSHFWLYH�RI�XQGHUJUDGXDWHV�RQ�XQGHUXWLOL]HG�IUXLW�
FURSV�DQG�IUXLW�FXOWLYDWLRQ�LQ�6UL�/DQND�

0DWHULDOV�DQG�0HWKRGV
&ROOHFWLRQ�RI�'DWD
$� VHOI�DGPLQLVWHUHG� TXHVWLRQQDLUH� ZDV� GLVWULEXWHG�

DPRQJ� ��� UDQGRPO\� VHOHFWHG� VWXGHQWV� RI� WKH� )DFXOW\� RI�
$JULFXOWXUDO� 6FLHQFHV�� 6DEDUDJDPXZD� 8QLYHUVLW\� RI� 6UL�
/DQND�� 7KLV� TXHVWLRQQDLUH� FROOHFWHG� LQIRUPDWLRQ� RQ� WKH�
FRQVXPSWLRQ�� SUHIHUHQFHV� DQG� EDUULHUV� WR� FRQVXPSWLRQV��
SUREDEOH� VROXWLRQV� WR� RYHUFRPH� WKH� EDUULHUV�� 0RUHRYHU��
UHVSRQGHQWV� VHOI�UDWHG� WKHPVHOYHV� DFFRUGLQJ� WR� WKH�
NQRZOHGJH� LQ� QXWULWLRQDO� DVSHFWV�� 7KH� TXHVWLRQQDLUH�
FRQWDLQHG� TXHVWLRQV� UHJDUGLQJ� WKH� RSLQLRQ� RI� UHVSRQGHQWV�
UHJDUGLQJ� WKH� XQGHUXWLOL]HG� IUXLWV� LQ� 6UL� /DQND� DQG� IUXLW�
FXOWLYDWLRQ�� 5HVSRQGHQWV� UDQNHG� WKH� PHWKRG� RI� LQWDNH��
IDFWRUV� FRQVLGHUHG� ZKHQ� VHOHFWLQJ� IUXLWV�� W\SH� RI� IUXLWV�
FRQVXPHG��EDUULHUV�DQG�UHPHGLHV�WR�LQFUHDVH�SURGXFWLRQ�DQG�
FRQVXPSWLRQ�LQ�RUGHU�RI�SUHIHUHQFH��5DQN���ZDV�JLYHQ�WR�WKH�
PRVW�FRPPRQ�FKRLFH��EDUULHU�RU�WKH�EHVW�VROXWLRQ�DFFRUGLQJ�
WR�WKHLU�RSLQLRQ�ZKLOH�WKH�YDOXH�WKH�UDQN�LQFUHDVHG�ZLWK�WKH�
GHFUHDVLQJ�LPSRUWDQFH�

'DWD�$QDO\VLV
'HVFULSWLYH�VWDWLVWLFDO�DQDO\VLV� WR�FDOFXODWH�IUHTXHQFLHV�

ZDV�FDUULHG�RXW�XVLQJ�,%0�6366�VRIWZDUH�YHUVLRQ�����'DWD�
ZHUH�JUDSKLFDOO\�LOOXVWUDWHG�XVLQJ�06�(;&(/���������%DU�
FKDUWV�ZHUH�XVHG�LQ�RUGHU�WR�FOHDUO\�FRPSDUH�WKH�SHUFHQWDJHV�
RI�GLIIHUHQW�UDQNV�DOORFDWHG�E\�WKH�UHVSRQGHQWV�

5HVXOWV�DQG�'LVFXVVLRQ�
$JH�DQG�JHQGHU�GLVWULEXWLRQ�DQG�VSHQGLQJ�RQ�IRRG
$PRQJ�WKH�UHVSRQGHQWV������ZHUH�EHWZHHQ�WKH�DJHV�RI�

������\HDUV�ZKLOH�WKH�UHPDLQLQJ�����EHORQJHG�WR�WKH�DJH�
JURXS� ������ \HDUV�� )HPDOH� UHVSRQGHQWV� H[FHHGHG� WKH�
SHUFHQWDJH�RI�PDOHV�ZLWK�D�YDOXH�RI�������2QO\�����VSHQG�

OHVV�WKDQ�5V������SHU�PRQWK�RQ�IRRG��([SHQVHV�IRU�IRRG�RI�
���� VWRRG� EHWZHHQ� 5V����������� DQG� ���� LW� H[FHHGHG�
5V������

,QWDNH�RI�IUXLWV
*UDPV�RI�IUXLWV�FRQVXPHG�SHU�GD\�E\�D�UHVSRQGHQW�YDULHG�

DV�IROORZV������RI�UHVSRQGHQWV�FRQVXPHG�EHWZHHQ�������J�
RI�IUXLWV�GDLO\�DQG�WKH�LQWDNH�RI�����ZDV�OHVV�WKDQ���J��2QO\�
���FRQVXPHG�DERYH����J�RI�SHU�GD\��7KHUHIRUH��WKH�GDLO\�
LQWDNH�RI�D�PDMRULW\�RI�UHVSRQGHQWV�ZDV�OHVV�WKDQ�WKH�GDLO\�
UHFRPPHQGHG�OHYHO�

$PRQJ� WKH� IUXLWV� WKDW� ZHUH� PHQWLRQHG� DV� FRPPRQO\�
FRQVXPHG�� ���� RI� UHVSRQGHQWV� PHQWLRQHG� WKDW� WKH\�
FRQVXPHG�EDQDQD�DW� OHDVW�RQFH�GXULQJ�D�ZHHN�DQG� LW�ZDV�
GHWHUPLQHG�DV�WKH�PRVW�FRPPRQO\�FRQVXPHG�IUXLW����3DSD\D�
ZDV�WKH�QH[W�FRPPRQ�IUXLW�ZLWK�D�SHUFHQWDJH�RI�������7KHVH�
UHVXOWV� DUH� VLPLODU� WR� WKRVH� GLVFRYHUHG� E\� 3HUHUD� DQG�
0DGKXMLWK��������

&RQVXPSWLRQ�RI�IUHVK�IUXLWV�ZDV�WKH�FRPPRQ�PHDQ�RI�
LQWDNH� RI� IUXLWV� DV� LW� ZDV� UDQNHG� DV� �� E\� D� PDMRULW\� RI�
UHVSRQGHQWV��)UXLW�VDODGV�DQG�MXLFHV�ZHUH�OHVV�SRSXODU�WKDQ�
IUHVK� IUXLWV��7KH� OHDVW� FRPPRQ�PHDQ�RI� LQWDNH�RI� D� ODUJH�
QXPEHU�RI�UHVSRQGHQWV�ZDV�WKH�FRQVXPSWLRQ�RI�YDOXH�DGGHG�
SURGXFWV�ZLWK�����UDQNLQJ�LW���

)DFWRUV� DIIHFWLQJ� WKH� VHOHFWLRQ� VSHFL¿F� IUXLWV� IRU�
FRQVXPSWLRQ�E\�UHVSRQGHQWV�DUH�JLYHQ�LQ�)LJXUH����
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7DEOH����'DLO\�LQWDNH�RI�IUXLWV�

7DEOH����&RPPRQO\�FRQVXPHG�IUXLWV�

7DEOH����&RPPRQ�PHDQ�RI�LQWDNH�RI�IUXLWV�

)LJXUH����)DFWRUV�WKDW�DIIHFW�WKH�VHOHFWLRQ�RI�IUXLWV�



����RI�UHVSRQGHQWV�UDQNHG�WDVWH�DV�WKH�FRPPRQ�IDFWRU�
WKDW� DIIHFWV� WKH� VHOHFWLRQ� RI� IUXLWV� IRU� FRQVXPSWLRQ�� 7KLV�
UHVXOW� LV� VLPLODU� WR� WKH� ¿QGLQJV� E\� 3HUHUD� DQG�0DGKXMLWK�
��������0DUNHW�SULFH�ZDV�FRQVLGHUHG�DV�WKH�PRVW�LPSRUWDQW�
IDFWRU� E\� RQO\� ���� (YHQ� WKRXJK� ���� FRQVLGHUHG� WKH�
QXWULWLRQDO� YDOXH� DV� WKH� PRVW� FRPPRQ� IDFWRU� FRQVLGHUHG�
ZKHQ� VHOHFWLQJ� D� IUXLW�� LW� ZDV� DOVR� UDQNHG� �� E\� ���� RI�
UHVSRQGHQWV� PDNLQJ� LW� WKH� OHDVW� FRQVLGHUHG� IDFWRU� E\� D�
PDMRULW\��

)UXLWV�LQ�WKH�FDQ�EH�GLYLGHG�DV�IUXLWV�WKDW�DUH�JURZQ�ORFDOO\�
DQG�IUXLWV�WKDW�DUH�LPSRUWHG��7KHUH�DUH�XQGHUXWLOL]HG�IUXLWV�DV�
ZHOO�� �����RI�WKH�UHVSRQGHQWV�SUHIHUUHG�WKH\�ZRXOG�OLNH�WR�
FRQVXPH�DQ\�W\SH�RI�IUXLW�WKDW�LV�JURZQ�ORFDOO\��

����RI�UHVSRQGHQWV�GR�QRW�EHOLHYH�WKDW�WKH\�LQWDNH�WKH�
VXI¿FLHQW�DPRXQW�RI�IUXLWV�GDLO\���7KH\�LGHQWL¿HG�WKH�EDUULHUV�
IRU� FRQVXPSWLRQ� RI� D� VXI¿FLHQW� DPRXQW� DV� EHORZ�� 6RPH�
UHVSRQGHQWV�SRLQWHG�RXW�PRUH�WKDQ�RQH�UHDVRQ�

8QDYDLODELOLW\�RI�IUXLWV�LQ�WKH�PDUNHW�RU�OLPLWHG�DFFHVV�WR�
WKH�PDUNHWHG�IUXLWV�LV�WKH�PDMRU�EDUULHU�IRU�WKH�UHVSRQGHQWV��
6LPLODU� ¿QGLQJV� ZHUH� UHYHDOHG� E\� 3HUHUD� DQG�0DGKXMLWK�
�������� � 0RUHRYHU�� ���� RI� UHVSRQGHQWV� GR� QRW� ZLVK� WR�
FRQVXPH�IUXLWV�GXH�WR�WKH�IHDU�RI�SHVWLFLGH�UHVLGXHV�RQ�WKHP�

.QRZOHGJH�RQ�QXWULWLRQ�DQG�VXJJHVWLRQV�WR�HQKDQFH�
WKH�FRQVXPSWLRQ
$� PDMRULW\� RI� UHVSRQGHQWV� KDG� D� IDLU� NQRZOHGJH� RI�

QXWULHQWV�SUHVHQFH� LQ� IUXLW�� IXO¿OPHQW�RI� WKH�GDLO\�QXWULHQW�
UHTXLUHPHQW�E\�IUXLWV�DQG�WKH�UHFRPPHQGHG�GDLO\�LQWDNH�RI�
IUXLWV�

5HVSRQGHQWV� PDUNHG� PRUH� WKDQ� RQH� VXJJHVWLRQV� WR�
LPSURYH� IUXLW� FRQVXPSWLRQ�� ����RI� UHVSRQGHQWV� FLWHG� WKH�
LQFUHDVH�LQ�FRQYHQLHQFH�RI�REWDLQLQJ�IUXLWV�RU�DYDLODELOLW\�DV�
RQH� RI� WKH� UHPHGLHV� WR� RYHUFRPH� WKH� EDUULHUV� WR� IUXLW�
FRQVXPSWLRQ�� $OVR�� D� FRQVLGHUDEOH� SHUFHQWDJH� RI�
UHVSRQGHQWV� VXJJHVWHG� YDOXH� DGGLWLRQ� WR� SURGXFH� QHZ�
SURGXFWV�DV�DQ�RSWLRQ�

%DUULHUV�WR�IUXLW�SURGXFWLRQ
���� RI� UHVSRQGHQWV� LGHQWL¿HG� WKH� LQFRQVLVWHQF\� RI�

PDUNHW�SULFHV�LQ�WKH�PDMRU�EDUULHU�IRU�IUXLW�SURGXFWLRQ�LQ�6UL�
/DQND��2YHUFRPLQJ�WKLV�EDUULHU�LQ�SURGXFWLRQ�FDQ�KDYH�DQ�
HIIHFW�RQ�LQFUHDVLQJ�WKH�DYDLODELOLW\�RI�IUXLWV�LQ�WKH�PDUNHW�

&XOWLYDWLRQ�RI�XQGHUXWLOL]HG�IUXLWV
2WKHU� WKDQ� IUXLWV� WKDW� DUH� FRPPRQO\� DYDLODEOH� LQ� WKH�

PDUNHW�� XQGHUXWLOL]HG� IUXLWV� FDQ� EH� XVHG� DV� D� SURPLVLQJ�
VRXUFH� RI� QXWULHQWV�� 5HVSRQGHQWV� VWDWHG� WKHLU� RSLQLRQ� RQ�
SURPRWLRQ�RI�FXOWLYDWLRQ�DQG�FRQVXPSWLRQ�RI�XQGHUXWLOL]HG�
IUXLWV�

,PSURYHPHQW� LQ� H[WHQVLRQ� VHUYLFHV� IRU� IDUPHUV� ZDV�
UDQNHG� �� DV� WKH� PRVW� LPSRUWDQW� UHPHG\� WR� RYHUFRPH�
FRQVWUDLQWV� LQ� SURGXFWLRQ� RI� XQGHUXWLOL]HG� IUXLWV� E\�
UHVSRQGHQWV�ZLWK�D�SHUFHQWDJH�RI�����

&RQVXPSWLRQ�RI�XQGHUXWLOL]HG�IUXLWV
,QFUHDVLQJ� DZDUHQHVV� RQ� QXWULWLRQ� DPRQJ� SHRSOH� ZDV�
LGHQWL¿HG�DV�WKH�EHVW�RSWLRQ�WR�SURPRWH�WKH�FRQVXPSWLRQ�RI�
XQGHUXWLOL]HG�IUXLWV�

��

7DEOH����7\SHV�RI�IUXLWV�SUHIHUUHG�

7DEOH����5HVSRQGHQW
V�DWWLWXGH�RQ�FRQVXPSWLRQ�RI�VXI¿FLHQW�
DPRXQW�RI�IUXLWV�

7DEOH����%DUULHUV�IRU�IUXLW�FRQVXPSWLRQ�

)LJXUH����.QRZOHGJH�RQ�QXWULWLRQDO�DVSHFWV�

)LJXUH����%DUULHUV�WR�WKH�IUXLW�SURGXFWLRQ�

7DEOH����6XJJHVWLRQV�WR�LQFUHDVH�WKH�IUXLW�FRQVXPSWLRQ�

)LJXUH����5HPHGLHV� WR�RYHUFRPH�EDUULHUV� LQ�XQGHUXWLOL]HG�
IUXLW�SURGXFWLRQ�

,QW�-�$JULF�(QYLURQ�)RRG�6FL�������������������8PDOL�6DWKVDUDQL�+HUDWK



$PRQJ�WKH�UHVSRQGHQWV��,QGLDQ�3OXP��)ODFRXUWLD�LQGLFD��
�8JXUHVVD� LQ�6LQKDOD��ZDV� WKH�PRVW�SRSXODU�XQGHUXWLOL]HG�
IUXLW�DQG�WKH�IUXLW�ZLWK�WKH�KLJKHU�SRWHQWLDO�WR�EH�SURGXFHG�
DQG�PDUNHWHG��7KLV�ZDV�VHOHFWHG�E\�����RI�WKH�UHVSRQGHQWV�
7KHUHIRUH��WKHUH�LV�D�JRRG�SRWHQWLDO�WR�XVH�XQGHUXWLOL]HG�IUXLW�
FURSV� WR� IXO¿OO� WKH� QXWULHQW� UHTXLUHPHQWV� WKURXJK�
LPSURYHPHQW�RI�H[WHQVLRQ�VHUYLFHV�WR�IDUPHUV�DQG�LQFUHDVLQJ�
DZDUHQHVV�DPRQJ�WKH�FRQVXPHUV�

)UXLW�FXOWLYDWLRQ�LQ�WKH�KRPH�JDUGHQ

&XOWLYDWLRQ� RI� IUXLW� FURSV� LQ� WKH� KRPH� JDUGHQ� DOORZV�
FRQVXPHUV� WR� UHDGLO\� DFFHVV� WR� IUXLWV�� )UXLW� FURSV� JURZQ�
RUJDQLFDOO\� LQ� RZQ� KRPH� JDUGHQ� LV� D� JRRG� VROXWLRQ� WR�
RYHUFRPH�WKH�EDUULHU�RI�QRW�FRQVXPLQJ�IUXLWV�GXH�WR�FKHPLFDO�
UHVLGXHV� RQ� WKHP�� $OO� WKH� UHVSRQGHQWV� KDG� IUXLW� FURSV�
FXOWLYDWHG� LQ� WKHLU� KRPH� JDUGHQV�� ���� RI� UHVSRQGHQWV�
IXO¿OOHG� EHWZHHQ� ������� RI� WKHLU� IUXLW� UHTXLUHPHQW� IURP�
WKHLU�KRPH�JDUGHQV�

5HVSRQGHQWV�ZHUH�DVNHG�WKHLU�RSLQLRQ�RQ�FXOWLYDWLRQ�RI�
IUXLW�FURSV�LQ�WKH�KRPH�JDUGHQ�RUJDQLFDOO\�

����RI� UHVSRQGHQWV�KDG� WKHLU� KRPH�JDUGHQV�PDQDJHG�
RUJDQLFDOO\��'HVSLWH�WKHLU�SUHVHQW�FXOWLYDWLRQ�����SUHIHU�WR�
JURZ�IUXLWV�RUJDQLFDOO\�LQ�WKH�IXWXUH�

%DQDQD�ZDV�LGHQWL¿HG�DV�WKH�FRPPRQ�IUXLW�FURS�JURZQ�LQ�
KRPH�JDUGHQV�ZLWK�����DQG� WKH�QH[W�ZDV�SDSD\D�ZLWK� D�
SHUFHQWDJH�RI��������

&RQFOXVLRQ
'HVSLWH�KDYLQJ�D�IDLU�NQRZOHGJH�RQ�QXWULWLRQDO�DVSHFWV��WKH�
GDLO\�IUXLW�FRQVXPSWLRQ�RI�D�PDMRULW\�RI�XQGHUJUDGXDWHV�RI�
WKH� )DFXOW\� RI� $JULFXOWXUDO� 6FLHQFHV�� 6DEDUDJDPXZD�
8QLYHUVLW\�RI�6UL�/DQND�OLHV�DW�D�YHU\�ORZHU�YDOXH��%DQDQD�
FODLPV� WR� EH� WKH� FRPPRQO\� FRQVXPHG� DQG� JURZQ� IUXLW��
2YHUFRPLQJ�WKH�EDUULHUV�RI�XQDYDLODELOLW\�LQ�WKH�PDUNHW�DQG�
SULFH�ÀXFWXDWLRQV�ZKLOH�SURPRWLQJ�H[WHQVLRQ�VHUYLFHV�DQG�
FUHDWLQJ� DZDUHQHVV� FDQ� EH� XVHG� WR� LQFUHDVH� WKH� IUXLW�
FRQVXPSWLRQ� DQG� SURGXFWLRQ�� 8QGHUXWLOL]HG� IUXLWV� KDYH� D�
JRRG�SRWHQWLDO�WR�EH�XVHG�WR�IXO¿OO�QXWULHQW�UHTXLUHPHQW�DQG�
KRPH�JDUGHQV�FDQ�SOD\�D�FUXFLDO�UROH�LQ�GHWHUPLQLQJ�WKH�IUXLW�
FRQVXPSWLRQ�
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