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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������������
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,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\��)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
$VVRF�3URI�'U��5yEHUW�6=,/$*<,�
$JULFXOWXUDO�6FLHQFHV��0RELOH�,QWHUQHW�LQ�$JULFXOWXUH
'HEUHFHQ�8QLYHUVLW\��'HEUHFHQ��+XQJDU\�
V]LODJ\L�UREHUW#HFRQ�XQLGHE�KX

(GLWRULDO�%RDUG

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

'2,�����������MDHIV��

$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��9LWLFXOWXUH͒�	�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

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

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
3URI�'U��.�UúDW�.25.0$=
$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ
2UGX�8QLYHUVLW\��2UGX��7XUNH\�
NRUNPD]��#KRWPDLO�FRP

$GYLVRU\�%RDUG

�H�,661������������
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,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

'2,�����������MDHIV��

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
$VVRF�3URI�'U��gQGHU�.$0,/2ö/8
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH
0XVWDID�.HPDO�8QLYHUVLW\��+DWD\��7XUNH\�
RNDPLORJOX#PNX�HGX�WU

$GYLVRU\�%RDUG

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

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

'2,�����������MDHIV��

$VRFF�3URI�'U��0LOHQD�027(9$
$JULFXOWXUDO�6FLHQFHV��$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

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

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

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

5HYLHZHU�%RDUG 3URI�'U��0HKPHW�%$6%$*
'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�)LHOG�&URSV��'L\DUEDNLU��7XUNH\�
�PEDVEDJ#GLFOH�HGX�WU��
3URI�'U��2PHU�)DUXN�(0(.6,=
&XNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�(FRQRPLFV��$GDQD��
7XUNH\��IHPHNVL]#FX�HGX�WU��
3URI�'U��,VPDLO�.$5$&$
$SSOLHG�6FLHQFHV�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�3ODQW�3URWHFWLRQ��,VSDUWD��
7XUNH\��LVPDLONDUDFD#VGX�HGX�WU�
3URI�'U��6DOLKD�.,5,&,
&XNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�)LHOG�&URSV��$GDQD��7XUNH\�
�NLULUFL#FX�HGX�WU�
3URI�'U��6HPLK�1(0/,2*/8
,VWDQEXO�8QLYHUVLW\��)DFXOW\�RI�(QJLQHHULQJ��'HSDUWPHQW�RI�(QYLURQPHQWDO�(QJLQHHULQJ��,VWDQEXO��
7XUNH\��VQHPOL#LVWDQEXO�HGX�WU�
3URI�'U��2UKDQ�2=&$7$/%$6
$NGHQL]�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�(FRQRPLFV��$QWDO\D��
7XUNH\��RR]FDWDOEDV#JPDLO�FRP�
3URI�'U��1D]LP�6(.(52*/8
.LOLV���$UDOLN�8QLYHUVLW\��)DFXOW\�RI�(QJLQHHULQJ�DQG�$UFKLWHFWXUH��'HSDUWPHQW�RI�)RRG�
(QJLQHHULQJ��.LOLV��7XUNH\��QVHNHURJOX#JPDLO�FRP�
$VVRF�3URI�'U��.HPDO�'2*$1
0XVWDID�.HPDO�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ��
+DWD\��7XUNH\��NGRJDQ#PNX�HGX�WU�
$VVRF�3URI�'U��0G��$ODPJLU�.$%,5
3DWXDNKDOL�6LHQFH�DQG�7HFKQRORJ\�8QLYHUVLW\���)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JURIRUHVWU\��
3DWXDNKDOL��%DQODGHVK��DODPJLUPN#\DKRR�FRP�
$VVRF�3URI�'U��,QDQF�2=*(1
)LUDW�8QLYHUVLW\��)DFXOW\�RI�(QJLQHHULQJ��'HSDUWPHQW�RI�%LRHQJLQHHULQJ��(OD]LJ��7XUNH\�
�LQDQFR]JHQ#JPDLO�FRP�
$VVRF�3URI�'U��*XOWHNLQ�2='(0,5
'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�+RUWLFXOWXUH��'L\DUEDNLU��7XUNH\�
�JR]GHPLU#GLFOH�HGX�WU�
$VVRF�3URI�'U��$EGXOODKL�0XKDPPDG�6$'',4
0RGLEER�$GDPD�8QLYHUVLW\�RI�7HFKQRORJ\���'HSDUWPHQW�RI�6RLO�6FLHQFH��<ROD��$GDPDZD�6WDWH��
1LJHULD��DPXKDPPDGVDGGLT#PDXWHFK�HGX�QJ�
'U��7XUJXW�$/$6
(XURSHDQ�8QLYHUVLW\�RI�/HINH��'HSDUWPHQW�RI�+RUWLFXOWXUDO�3URGXFWLRQ�DQG�0DUNHWLQJ��/HINH��
&\SUXV��WXUJXWDODV��#JPDLO�FRP��
'U��,EUDKLP�%8/'8.
8VDN�8QLYHUVLW\��)DFXOW\�RI�(QJLQHHULQJ��'HSDUWPHQW�RI�&KHPLFDO�(QJLQHHULQJ��8VDN��7XUNH\�
�LEUDKLP�EXOGXN#XVDN�HGX�WU��
'U��,EUDKLP�.$+5$0$12*/8
(XURSHDQ�8QLYHUVLW\�RI�/HINH��'HSDUWPHQW�RI�+RUWLFXOWXUDO�3URGXFWLRQ�DQG�0DUNHWLQJ��/HINH��
&\SUXV��LEUDKLPF\��#\DKRR�FRP��
'U��)HUKDW�.,=,/*(&,
6LUQDN�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�)LHOG�&URSV��6LUQDN��7XUNH\�
�IHUKDWBNL]LOJHFL#KRWPDLO�FRP��
'U��5HP]L\H�2=(/
+DUUDQ�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�(FRQRPLFV��6DQOLXUID��7XUNH\�
�UR]HO#KDUUDQ�HGX�WU�
'U��$U]X�6(&(5
&XNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�(FRQRPLFV��$GDQD��
7XUNH\��DVHFHU#FX�HGX�WU��
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ZZZ�MDHIV�FRP-$()6

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

'2,�����������MDHIV��

3URGXFWLRQ�,QIRUPDWLRQ

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

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

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

H�,661� ���������

3XEOLVKHU *XOWHNLQ�2]GHPLU

2ZQHU *XOWHNLQ�2]GHPLU

/DQJXDJH (QJOLVK

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

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

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

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

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

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

,QGH[HG�DQG�$EVWUDFWHG�LQ &URVUHI��'LUHFWRU\�RI�2SHQ�$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�-�$JULF�(QYLURQ�)RRG�6FL�������'HFHPEHU������
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,QW�-�$JULF�(QYLURQ�)RRG�6FL�������'HFHPEHU������

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\
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ZZZ�MDHIV�FRP-$()6

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

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

5HVHDUFK�$UWLFOHV

$XWKRUV 7LWOH 3DJHV

$UXQ�*&��.LUDQ�*KLPLUH $�6:27�$QDO\VLV�RI�1HSDOHVH�$JULFXOWXUDO�3ROLF\ ����������

0DQRM�.DQGHO��6XU\D�.DQW�
*KLPLUH��%LVKQX�5DM�2MKD��
-LEDQ�6KUHVWKD

&RUUHODWLRQ�DQG�SDWK�FRHI¿FLHQW�DQDO\VLV�IRU�JUDLQ�\LHOG�DQG�LWV�DWWULEXWLQJ�
WUDLWV�RI�PDL]H�LQEUHG�OLQHV��=HD�PD\V�/���XQGHU�KHDW�VWUHVV�FRQGLWLRQ

���������

0HKPHW�3RODW��9RONDQ�2NDWDQ��
6XOWDQ�)LOL]�*�oO���$\úHQ�
0HOGD�dRODN

'HWHUPLQDWLRQ�RI�VRPH�FKHPLFDO�FKDUDFWHULVWLFV�DQG�WRWDO�DQWLR[LGDQW�
FDSDFLW\�LQ�DSSOH�YDULHWLHV�JURZQ�LQ�3RVRI�$UGDKDQ�UHJLRQ

���������

1LOGD�(UVR\��9RONDQ�2NDWDQ��
'HQL]�+D]DU��øEUDKLP�%DNWÕU

,QYHVWLJDWLRQ�RI�SHVWLFLGH�UXLQV�E\�/&�06�06�DQG�*&�06�
FKURPDWRJUDSK\�LQ�VZHHW�IHQQHO�VHHG��)RHQLFXOXP�YXOJDUH�0LOO��

���������

0G�$KVDQXO�+DTXH��1D]PXQ�
1DKHU��7DQLD�6XOWDQD

+RPHVWHDG�WUHH�VSHFLHV�GLYHUVLW\�DQG�LWV�LPSDFW�RQ�WKH�OLYHOLKRRG�RI�WKH�
IDUPHUV�LQ�%DQJODGHVK

���������

9HGDW�3LULQF��$EGXUUDKPDQ�
.DUD��=DIHU�$NWXUN��6RQJ�O�
$NLQ

.QRZOHGJH�OHYHO�RI�YHJHWDEOH�JURZLQJ�IDUPHUV�RQ�RUJDQLF�SURGXFWLRQ�LQ�
'L\DUEDNÕU�SURYLQFH

���������

,EUDKHHP�$OKDVVDQ��$XZDOX�
*DUED�*DVKXD��6XQGD\�'RJR��
0DKPXG�6DQL

3K\VLFDO�SURSHUWLHV�DQG�RUJDQLF�PDWWHU�FRQWHQW�RI�WKH�VRLOV�RI�%DGH�LQ�<REH�
6WDWH��1LJHULD

����������

9LFWRU�$GMHL��5RVLQD�
.\HUHPDWHQ

,PSDFWV�RI�FKDQJLQJ�FOLPDWH�RQ�PDL]H�SURGXFWLRQ�LQ�WKH�WUDQVLWLRQDO�]RQH�
RI�*KDQD��$�FDVH�VWXG\�RI�1NRUDQ]D�VRXWK�PXQLFLSDOLW\

����������

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

&DQ�PHGLFDO�DQG�DURPDWLF�SODQWV�EH�DQ�DOWHUQDWLYH�WR�KD]HOQXW�LQ�WKH�
:HVWHUQ�%ODFN�6HD�5HJLRQ"

���������

5HYLHZ�$UWLFOHV

$XWKRUV 7LWOH 3DJHV

+DIWD\�*HEUH\HVXV�*HEUH]LKHU 7KH�UROH�RI�KHUELYRUH�LQGXFHG�SODQW�YRODWLOHV��+,39V��DV�LQGLUHFW�SODQW�
GHIHQVH�PHFKDQLVP�LQ�D�GLYHUVH�SODQW�DQG�KHUELYRUH�VSHFLHV��D�UHYLHZ

���������

7DLZR�2GHOH\H ([WHQVLRQ¶V�UROH�DQG�VWDNHKROGHUV¶�LQWHUYHQWLRQ�LQ�FOLPDWH�FKDQJH�DGYRFDF\ ���������

7KRPDV�$EX��(GLD�5H[�
2JEXNX��.RNL�,GLEL\H

$�UHYLHZ��VHFRQGDU\�PHWDEROLWHV�RI�8YDULD�FKDPDH�S��%HDXY��
�$QQRQDFHDH��DQG�WKHLU�ELRORJLFDO�DFWLYLWLHV

���������

&RQWHQWV
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$�6:27�$QDO\VLV�RI�1HSDOHVH�$JULFXOWXUDO�3ROLF\
��
 �$UXQ�*& ���������.LUDQ�*KLPLUH

�.\XQSRRN�1DWLRQDO�8QLYHUVLW\��5HSXEOLF�RI�.RUHD
�'HSDUWPHQW�RI�$JULFXOWXUH��1HSDO


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

1HSDO�LV�D�VPDOO��ODQGORFNHG��DJULFXOWXUDO�FRXQWU\�ZKLFK�
LV�VDQGZLFKHG�EHWZHHQ�&KLQD�DQG�,QGLD�� ,W�KDV�DQ�DUHD�RI�
��������VTXDUH�NLORPHWHUV�DQG�D�SRSXODWLRQ�RI����PLOOLRQ�
ZLWK�WKH�JURZWK�UDWH�RI��������&%6���������5HJDUGLQJ�WKH�
IDFW�WKDW�DJULFXOWXUH�LQ�1HSDO�FRQWULEXWHV�WR�RQH�WKLUG�RI�WKH�
*'3�DQG�SURYLGHV�HPSOR\PHQW�RSSRUWXQLW\�WR�DOPRVW�WZR�
WKLUGV� RI� WKH� SRSXODWLRQ� �0R)�� ������� LW� LV� DQ� LPSRUWDQW�
HFRQRPLF�DFWLYLW\�LQ�1HSDO���

1HSDO� LV� JHRJUDSKLFDOO\� GLYLGHG� EHWZHHQ� PRXQWDLQV�
������� KLOOV� ������ DQG� WHUDL� ������� 7KH� FXOWLYDWHG�
DJULFXOWXUDO�ODQG�RI�1HSDO�LV�WKUHH�PLOOLRQ�KHFWDUHV��ZKHUHDV�
WKH�XQFXOWLYDWHG�DJULFXOWXUDO�ODQG�LV�RQH�PLOOLRQ�KHFWDUHV��2Q�
WKH�RWKHU�KDQG��RQO\�����PLOOLRQ��XS�WR����������KHFWDUHV�RI�
DJULFXOWXUDO�ODQG�LV�LUULJDWHG��0R$'���������1HSDO�SURGXFHV�
PDQ\�DJULFXOWXUDO�FRPPRGLWLHV�GXH�WR�WKH�GLYHUVLW\�FUHDWHG�
E\� DOWLWXGLQDO� YDULDWLRQ� ���� ±� ������PDVO�� DQG� JHRJUDSK\�
�81�� ������� 7KH� 0LQLVWU\� RI� $JULFXOWXUDO� 'HYHORSPHQW�
SXEOLVKHV� WKH� DQQXDO� VWDWLVWLFV� RI� ���� DJULFXOWXUDO�
FRPPRGLWLHV��0R$'��������DQG�IDUPHUV�VWLOO�SUDFWLFH�PL[HG�
FURS� DQG� OLYHVWRFN� LQWHJUDWHG� IDUPLQJ� LQ� HYHU\� DJUR�
HFRORJLFDO�UHJLRQ�RI�WKH�FRXQWU\��)$2������D���

8QOLNH� -DSDQ� ZKHUH� DYHUDJH� IDUP� VL]H� LV� LQFUHDVLQJ�
�2(&'�� ������� WKH� DYHUDJH� IDUP� VL]H� LQ� 1HSDO� LV�
FRQWLQXRXVO\�GHFUHDVLQJ�DQG�KDV�UHDFKHG�WR�������KHFWDUHV�
E\����������&%6���������$URXQG������RI�WKH�DJULFXOWXUDO�
KROGLQJV�LQ�1HSDO�DUH�OHVV�WKDQ�����KHFWDUHV��&%6���������
0RUHRYHU��RQH�IRUWK�RI�WKH�WRWDO�SRSXODWLRQ�OLYHV�EHORZ�WKH�
SRYHUW\�OLQH�DQG�SHU�FDSLWD�*1,�LV�MXVW�������$'%���������
7KH�UDWH�RI�IHUWLOL]HU�FRQVXPSWLRQ��ZKLFK�KDV�LQFUHDVHG�IURP�
���NJ���KD�E\�����������WR����NJ���KD�E\������������LV�VWLOO�
ORZ��0R)���������7KH�LQFUHDVH�LQ�IHUWLOL]HU�FRQVXPSWLRQ�LV�
VXSSRUWHG�E\�JRYHUQPHQW�JUDQWV�DQG�VWDEOH�SULFH�IRU�WKH�ODVW�
IHZ� \HDUV� �0R)�� ������� 7KH� VKDUH� RI� DJULFXOWXUH� LQ� WRWDO�

H[SRUWV� LV� ����� ZKLOH� WKH� VKDUH� LQ� WRWDO� LPSRUWV� LV� ����
�7(3&���������

7R�JXLGH�WKH�DJULFXOWXUDO�VHFWRU�LQ�1HSDO��WKH�JRYHUQPHQW�
ODXQFKHG� WKH� ³1DWLRQDO�$JULFXOWXUH� 3ROLF\�� ����´� �1$3�
������LQ�WKH�EDFNJURXQG�RI�WKH�:RUOG�7UDGH�2UJDQL]DWLRQ�
DQG� WKH� FRPPLWPHQWV� RI� 0LOOHQQLXP� 'HYHORSPHQW� *RDO�
�)$2������D���7KH�SDSHU�DWWHPSWV�WR�DQDO\]H�WKH�SROLF\�LQ�
WKH� IUDPHZRUN� RI� ³6WUHQJWK��:HDNQHVV�� 2SSRUWXQLW\� DQG�
7KUHDWV� �6:27�� $QDO\VLV´�� 7KH� 6:27� DQDO\VLV� LV� D�
SODQQLQJ�DQG�VWUDWHJLF�SRVLWLRQLQJ�WRRO��0DUDWRYQD��������
ZKLFK�HQDEOHV�WKH�SODQQHUV�WR�KDYH�D�EHWWHU�XQGHUVWDQGLQJ�RI�
HQKDQFLQJ� WKH� VWUHQJWKV� WR�DFKLHYH� WKH�SRVVLEOH�� DYDLODEOH�
RSSRUWXQLWLHV� DQG�RYHUFRPLQJ� WKH�ZHDNQHVVHV�DQG� WKUHDWV�
�+HOPV�DQG�1L[RQ���������

2EMHFWLYH
7KH�REMHFWLYH�RI� WKH�VWXG\� LV� WR�DVVHVV� WKH� LQÀXHQFLQJ�

IDFWRUV�RI� WKH�1DWLRQDO�$JULFXOWXUH�3ROLF\�������DQG� WDNH�
WKHP�LQWR�FRQVLGHUDWLRQ��7KH�VSHFL¿F�REMHFWLYHV�RI�WKH�VWXG\�
DUH��

Ͳ�(YDOXDWLQJ�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�WKH�1$3�
����

Ͳ�$VVHVVLQJ� WKH� RSSRUWXQLWLHV� DQG� WKUHDWV� RI� WKH�1$3�
����

0DWHULDOV�DQG�0HWKRGV
7KH�1$3�������LQ�1HSDOL�DQG�(QJOLVK�/DQJXDJH��ZDV�

DFFHVVHG� IURP� WKH�ZHE� SRUWDO� RI�1HSDO� /DZ� FRPPLVVLRQ�
� ���6LPLODUO\��WKH�VHFRQGDU\�ZZZ�ODZFRPPLVVLRQ�JRY�QS
GDWD�KDV�EHHQ�FROOHFWHG�IURP�YDULRXV�JRYHUQPHQW�UHSRUWV�DQG�
ZHEVLWHV�� /LNHZLVH�� WKH� SHHU� UHYLHZHG� DUWLFOHV� DQG�
SXEOLFDWLRQV�IURP�LQWHUQDWLRQDO�RUJDQL]DWLRQV�ZRUNLQJ�LQ�WKH�
¿HOG�RI�DJULFXOWXUH�DQG�HFRQRPLF�SROLF\�ZHUH�UHYLHZHG�WR�
FDWHJRUL]H�WKH�SROLF\�RSWLRQV�ODLG�GRZQ�E\�WKH�1$3�������

�

���

$EVWUDFW

.H\ZRUGV��6:27��$JULFXOWXUH�3ROLF\��1HSDOHVH
5HFHLYHG����������������������������$FFHSWHG����������������������������3XEOLVKHG��RQO൴QH��������������

,QWURGXFWLRQ���

5HVHDUFK�$UWLFOH
ZZZ�MDHIV�FRP-$()6
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2ULJLQDOO\�� D� 6:27�PDWUL[� ZDV� GHYLVHG� IRU� VWUDWHJLF�
SRVLWLRQLQJ�DQG�JLYLQJ�DQ�DGYLFH�WR�EXVLQHVV�HQWLW\��EXW�LW�FDQ�
EH�H[WHQGHG�WR�EH�H[WHQVLYHO\�XVHG�LQ�RWKHU�DUHDV��WRR��6LFD��
HW�DO����������$�FRQFHSWXDO�IUDPHZRUN�KDV�EHHQ�GHYHORSHG�WR�
FDWHJRUL]H�WKH�1$3������LQWR�HQGRJHQRXV�DQG�H[RJHQHRXV�
IDFWRUV��(QGRJHQRXV� IDFWRUV� DUH� IXUWKHU� FODVVL¿HG� LQWR� WKH�
VWUHQJWKV� DQG� ZHDNQHVVHV�� ZKLOH� H[RJHQHRXV� IDFWRUV� DUH�
FODVVL¿HG� LQWR� WKH� RSSRUWXQLWLHV� DQG� WKUHDWV�� � 7DEOH� ��
GHVFULEHV�WKH�GHWDLOV�RI�HDFK�IDFWRU�

5HVXOW�DQG�'LVFXVVLRQ
)RU�WKH�EHWWHU�FRPSDULVRQ�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�

RI� WKH� 1$3������ KDYH� EHHQ� FDWHJRUL]HG� LQWR� QLQH� VXE�
KHDGLQJV�� QDPHO\� ³3ROLF\� 2EMHFWLYH´�� ³,QFOXVLYHQHVV´��
³&RPSHWLWLYHQHVV´�� ³&RRSHUDWLRQ´�� ³0RGHUQL]DWLRQ´��
³1HZ� FRQFHSWV´�� ³(QYLURQPHQW� DQG� VXVWDLQDELOLW\´��
³0RQLWRULQJ�DQG�6WUXFWXUH´�DQG�³3ROLF\�2SWLRQ´��7KH�VDPH�
FDWHJRU\�HQDEOHV�WR�KDYH�LQVLJKW�LQ�SDUWLFXODU�LVVXH��ZKLFK�
FRQWUDVWV�VWUHQJWK�DQG�ZHDNQHVV��6LQFH�D�SROLF\�KDV�ZLGHU�
LPSOLFDWLRQ��YDULRXV�FDWHJRULHV�FDQ�KDYH�ERWK�VWUHQJWK�DQG�
ZHDNQHVV� GXH� WR� OLPLWHG� LQWHUQDOL]DWLRQ� RU� LPSHUIHFW�
DFFRPPRGDWLRQ�RI�WKH�LVVXHV��7KH�UHVXOW�KDV�EHHQ�GLVFXVVHG�
DFFRUGLQJO\�LQWR�IRXU�VHFWLRQV��DV�WKH�6WUHQJWKV��:HDNQHVVHV��
2SSRUWXQLWLHV�DQG�7KUHDWV�

L�� 6WUHQJWKV
D�� 3ROLF\� 2EMHFWLYH�� � 7KH� SROLF\� REMHFWLYHV� RI� WKH�

DJULFXOWXUDO�SROLF\�DUH�FDWHJRUL]HG�LQWR�WKUHH�SDUWV�
DV�WKH�REMHFWLYHV�UHODWHG�WR�WKH�IDUPHUV��FRQVXPHUV�
DQG�VRFLHW\�DW�ODUJH��2(&'���������7KH�REMHFWLYHV�
UHODWHG� WR� WKH� IDUPHUV� DLP� WR� LQFUHDVH� ERWK� WKH�
SURGXFWLRQ�DQG�SURGXFWLYLW\�RI�DJULFXOWXUH��DV�ZHOO�
DV� LQFUHDVLQJ� WKH�FRPSHWLWLYHQHVV� LQ� WKH� UHJLRQDO�
DQG�ZRUOG�PDUNHWV�WKURXJK�WKH�FRPPHUFLDOL]DWLRQ�
DQG� GHYHORSPHQW� RI� D� FRPSHWLWLYH� DJULFXOWXUH�
V\VWHP�� 6LPLODUO\�� WKH� REMHFWLYH� UHODWHG� WR� WKH�
VRFLHW\� GHDOV � ZLWK� WKH� HQYLURQPHQW� DQG�
VXVWDLQDELOLW\� LVVXHV� DQG� LW� DLPV� WR� FRQVHUYH��
SURPRWH� DQG� XWLOL]H� WKH� QDWXUDO� UHVRXUFHV��
HQYLURQPHQW� DQG� ELRGLYHUVLW\�� &RQVLGHULQJ� WKH�
SROLF\�REMHFWLYH�RI�WKH�2(&'��WKH�1$3�������LV�
HQRXJK� LQ� FUHDWLQJ� WKH� REMHFWLYHV� UHODWHG� WR� WKH�
IDUPHUV� DQG� VRFLHW\� EXW� GRHV� QRW� VDWLVI\� WKH�
FRQVXPHUV�LQ�WKH�¿HOG�RI�IDLU�SULFH��1HYHUWKHOHVV��
IRRG� TXDOLW\�� IRRG� VDIHW\� DQG� TXDUDQWLQH� V\VWHP�

ZHUH� VRPH� FRQVXPHU� UHODWHG� LVVXHV� WDNHQ� LQWR�
FRQVLGHUDWLRQ�DW�WKH�SROLF\�OHYHOV��UDWKHU�WKDQ�DV�DQ�
REMHFWLYH��

E�� ,QFOXVLYHQHVV��7KH�1$3������KDV�D�VSHFLDO�VHFWLRQ�
IRU�WKH�WDUJHW�JURXS��ZKLFK�KDV�EHHQ�LGHQWL¿HG�DV�
'DOLW�� RSSUHVVHG��PDUJLQDOL]HG� IDUPHUV� DQG� IDUP�
ODERUV��(LJKW�SROLF\�RSWLRQV�ZKLFK�FRQVLVW�RI� WKH�
DFFHVV�WR�ODQG��WKH�SURYLVLRQ�RI�D�ODQG�EDQN��ORDQ��
VSHFLDO� IDFLOLWLHV� WR� VPDOO�VFDOH� LUULJDWLRQ�� WKH�
DVVXUDQFH�RI� IRRG�DYDLODELOLW\�� WKH�SULRULW\�RI� WKH�
DFFHVV� WR� IRRG�� WUDQVSRUWDWLRQ� LQWHUHVW� DQG� WKH�
SURYLVLRQ� RI� D� ³)RRG� DQG� 1XWULWLRQ� 6DIHW\� 1HW´�
KDYH�EHHQ�HQYLVLRQHG�IRU� WKH� WDUJHW�JURXS�E\� WKH�
JRYHUQPHQW�� /LNHZLVH�� IDUPHUV� KDYLQJ� OHVV� WKDQ�
IRXU� KHFWDUHV� RI� ODQG� KDYH� EHHQ� LGHQWL¿HG� DV�
�UHVRXUFH�SRRU� IDUPHUV��� 2Q� WKH� RWKHU� KDQG��
HQKDQFLQJ� WKH� SDUWLFLSDWLRQ� RI� IHPDOH� IDUPHUV� WR�
���� LQ� UHVSRQVH� WR� WKH� ���� WDUJHW� RI� WKH�1LQWK�
3HULRG� 3ODQ� ������������ DQG� SURYLGLQJ� PRELOH�
WUDLQLQJ�WR�IHPDOH�IDUPHUV�ZHUH�DOVR�H[SUHVVHG�LQ�
WKH� 1$3������ �)$2�� ����D�� � 0RUHRYHU��
GHYROXWLRQ� LQ� WKH� DJULFXOWXUDO� SURJUDPPH� DQG� D�
ERWWRP�XS�DSSURDFK�KDYH�EHHQ�DGRSWHG�WR�PDNH�WKH�
1$3������ PRUH� LQFOXVLYH�� 7KH� SURYLVLRQ� RI�
SDUWLFLSDWRU\�LPSOHPHQWDWLRQ�DQG�PRQLWRULQJ�KDYH�
EHHQ�PDGH�DQG�WKH�1DWLRQDO�$JULFXOWXUDO�5HVRXUFH�
&HQWHU�KDV�EHHQ�HQYLVLRQHG� LQ�HDFK�GHYHORSPHQW�
UHJLRQ��

F�� &RPSHWLWLYHQHVV�� 7KH� VHFRQG� REMHFWLYH� RI� WKH�
1$3����� � L V � D LPHG � D W � L Q F U H D V L QJ � W K H�
FRPPHUFLDO L]DW LRQ� DQG� FRPSHWL W LYHQHVV ��
&RQVLGHULQJ�VPDOO�KROGLQJ�VL]HV�ZKLFK�FRQWULEXWH�
WR� ORZ�RXWSXW�DQG�KLJK�FRVWV�RI�SURGXFWLRQ� �81��
������� ODUJH� SURGXFWLRQ� SDFNHWV� KDYH� EHHQ�
SURSRVHG�WR�DGGUHVV�WKH�PDUNHW�GHPDQG�DQG�WR�EH�
EHQH¿WHG� IURP� HFRQRPLHV� RI � VFDOH� � 7KH�
GLYHUVL¿FDWLRQ� WRZDUG� KLJK� YDOXH�DGGHG� FURSV� LV�
LPSRUWDQW�IRU�WKH�FRPSHWLWLYHQHVV�ZKLFK�KDV�EHHQ�
REVHUYHG�LQ�UHFHQW�\HDUV��81���������'RXEOH�7UDFN�
V\VWHP�ZDV�LQWURGXFHG�WR�EH�XVHG�LQ�JRYHUQPHQWDO�
IDUPV�ZKHUH� ORFDO� FRPPXQLW\� DQG�SULYDWH� VHFWRU�
SDUWLFLSDWH�DW�WKH�RSWLPDO�OHYHO��&RQVLGHULQJ�PDUNHW�
GHPDQG�� SURPRWLRQ� RI� RUJDQLF� IDUPLQJ� DQG�
UHJXODWLRQ�RQ�*02V�KDYH�EHHQ�GHYLVHG��

$UXQ�*&�DQG�.LUDQ�*KLPLUH $�6:27�DQDO\VLV�RI�1HSDOHVH�DJULFXOWXUDO�SROLF\

7DEOH����'H¿QLWLRQV�RI�6:27�IDFWRUV�IURP�D�WUDQV�GLVFLSOLQDU\�LQWHUSUHWDWLRQ
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,QW�-�$JULF�(QYLURQ�)RRG�6FL�����������������������

6SHFLDO� WUDLQLQJ� RI� \RXQJ�� HGXFDWHG� DQG�
XQHPSOR\HG� SHRSOH� DERXW� FRPPHUFLDOL]DWLRQ� RI�
DJULFXOWXUDO� SURGXFWV� ZLWK� WKH� SURYLVLRQ� RI� WKH�
DFFHVV� WR� ORDQ� KDV� EHHQ� SURSRVHG� WR� LQFUHDVH�
FRPSHWLWLYHQHVV��
/LNHZLVH��SURYLVLRQ�RI�WKH�DVVXUDQFH�RI�LPSURYHG�
DJULFXOWXUDO� LQSXWV�� PDUNHW� LQIRUPDWLRQ� V\VWHP��
FRQWUDFW� IDUPLQJ�� IHH�EDVHG�DJULFXOWXUH�H[WHQVLRQ�
�LI�SRVVLEOH���IRFXVLQJ�RQ�WKH�GHYHORSPHQW�RI�KLJK�
YDOXH�DGGHG�DJULFXOWXUDO�SURGXFWV�LQ�UXUDO�DUHDV�DQG�
VWUHQJWKHQLQJ� WKH� TXDUDQWLQH� V\VWHP� FDQ� EH�
FRQVLGHUHG� DV� WKH� VWUHQJWKV� RI� WKH� 1$3������ WR�
ERRVW� WKH� FRPSHWLWLYHQHVV�� 6WUHQJWKHQLQJ� WKH�
TXDUDQWLQH� V\VWHP� LV� LPSRUWDQW� EHFDXVH� WUDQV�
ERXQGDU\�GLVHDVHV�DUH�D�ELJ�SUREOHP�QRW�RQO\�IRU�
WKH�DFFHVV�WR�PDUNHWV��EXW�DOVR�IRU�GRPHVWLF�SODQWV��
DQLPDOV�DQG�KXPDQV��0R$&���������

G�� &RRSHUDWLRQ��7KH�1$3������ KDV� IRFXVHG� RQ� WKH�
FRRSHUDWLRQ� DPRQJ� WKH� JRYHUQPHQW� DJHQFLHV��
SULYDWH� VHFWRUV�� QRQJRYHUQPHQWDO� RUJDQL]DWLRQV��
FRRSHUDWLYHV�� LQWHUQDWLRQDO� RUJDQL]DWLRQV� DQG�
XQLYHUVLWLHV��,W�LV�D�VWUHQJWK�RI�WKH�1$3������

H�� 0RGHUQL]DWLRQ�� ,QFUHDVLQJ� WKH� DJULFXOWXUDO�
SURGXFWLYLW\�WKURXJK�LUULJDWLRQ�DQG�RWKHU�VXSSRUWV�
LV� D� NH\� FKDOOHQJH� LQ� 1HSDO� VLQFH� LW� UHTXLUHV�
LQFUHDVLQJ� WKH� LQYHVWPHQWV� LQ� UXUDO� LQIUDVWUXFWXUH�
OLNH� LUULJDWLRQ�� UXUDO� URDGV�� DQG� PDUNHWV� �$'%��
������6FKZDE��HW�DO��������+DHIHOH��HW�DO���������
7KXV�� WKH� DVVXUDQFH� RI� LPSURYHG� LQSXWV�� VXFK� DV�
VHHGV�� IHUWLOL]HUV�� LUULJDWLRQ�� UXUDO� URDGV� DQG�
HOHFWUL¿FDWLRQ�DQG�WUDLQLQJ�RI�WKH�\RXQJ��HGXFDWHG�
DQG�XQHPSOR\HG�SHRSOH�OLYLQJ�LQ�WKH�UXUDO�DUHDV�KDV�
EHHQ�SURSRVHG�IRU�PRGHUQL]DWLRQ��7KH�LQWURGXFWLRQ�
RI� DJULFXOWXUH� DQG� OLYHVWRFN� LQVXUDQFH� LV� DQRWKHU�
VWUHQJWK�RI�WKH�1$3������IRU�WKH�PRGHUQL]DWLRQ�RI�
1HSDOHVH� $JULFXOWXUH�� 7KH� SURYLVLRQ� RI� TXDOLW\�
FRQWURO�� UHJXODWLRQV�DQG�ZHOO�HTXLSSHG�ZKROHVDOH�
PDUNHWV�IRU�DJULFXOWXUDO�SURGXFWV�ZLOO�DOO�KHOS�IRU�
PRGHUQL]DWLRQ�

I�� 1HZ�&RQFHSWV��6RPH�RI�WKH�FRQFHSWV�LQWURGXFHG�LQ�
WKH�1$3�������VXFK�DV�WKH�DJULFXOWXUH�DQG�WKH
GRXEOH�WUDFN�V\VWHP�LQ�JRYHUQPHQWDO�IDUPV�DUH�WKH�
QHZ� SUDFWLFHV� WKDW� DUH� FXUUHQWO\� LPSOHPHQWLQJ��
/DQG� EDQNV�� FRRSHUDWLYH�EDVHG� LQGXVWULDOL]DWLRQ�
DQG� SDUWLFLSDWRU\� ELRGLYHUVLW\� SDUN� DUH� WKH� RWKHU�
QHZ� SUDFWLFHV�� ZKLFK� DUH� � \HW� WR� EH� UHDOL]HG��
0RUHRYHU��JHQH�EDQNV�DQG�LQ�VLWX�FRQVHUYDWLRQ�DUH�
WKH�RWKHU�VWUHQJWKV�RI�WKH�1$3�������

J�� (QYLURQPHQW� DQG� 6XVWDLQDELOLW\�� 6RPH� SROLFLHV��
VXFK�DV�GLVFRXUDJLQJ�1HSDOHVH�IDUPHUV�IURP�XVLQJ�
DJUR�FKHPLFDOV�LQ�DJULFXOWXUH�DV�ZHOO�DV�PHGLFLQHV�
DQG� KRUPRQHV� LQ� OLYHVWRFN� SURGXFWLRQ� DQG�
SURPRWLQJ� WKH� XVH� RI� RUJDQLF� IHUWLOL]HUV� DUH� WKH�
HQYLURQPHQW� IULHQGO\� RSWLRQV�� )XUWKHUPRUH�� WKH�
FRPPLWPHQW� WR� WKH� FRQVHUYDWLRQ� RI� ELRGLYHUVLW\�
DQG� SURPRWLRQ� RI� DJUR�IRUHVWU\� DUH� WKH� RWKHU�
VWUHQJWKV� RI� WKH� 1$3�������:LWK� UHVSHFW� WR� WKH�
YDULRXV� DJULFXOWXUDO� SUDFWLFHV�� JHRJUDSKLFDO�
FRQGLWLRQV�DQG�RWKHU�SUREOHPV��VXFK�DV�LQFUHDVHG�
VRLO� HURVLRQ�� ORZHU� IHUWLOLW\� RI� VRLO�� GLPLQLVKHG�
ELRGLYHUVLW\�� LQFUHDVHG�SROOXWLRQ�RI�JURXQG�ZDWHU�
DQG� HXWURSKLFDWLRQ� WKDW� EHFRPH� D� WKUHDW� WR� WKH�
VXVWDLQDELOLW\�RI�XSODQG�IDUPLQJ�V\VWHP�LQ�1HSDO��
DJURIRUHVWU\� LV� D� JRRG� RSWLRQ� WR� FRXQWHUDFW� VXFK�

SUDFWLFHV��6FKZDE��6FKLFNKRII��	�)LVFKHU��������
K�� 0RQLWRULQJ� DQG� 6WUXFWXUH�� $� PRQLWRULQJ� V\VWHP�

ZKLFK�LQYROYHV�WKH�VWDNHKROGHUV�LV�D�VWURQJ�SRLQW�RI�
WKH� 1$3������� 7KH� SURYLVLRQ� RI� PXOWL�OHYHO�
FRPPLWWHH� IRU� SDUWLFLSDWRU\� DQG� FRRUGLQDWLYH�
SURJUDP�SODQQLQJ��LPSOHPHQWDWLRQ�DQG�PRQLWRULQJ�
PDGH�WKH�1$3�VWUXFWXUDOO\�VWURQJ�

L�� 3ROLF\�2SWLRQ��2QH�RI�WKH�YHU\�VWURQJ�SRLQWV�RI�WKH�
1$3������ LV� WKDW� LW� KDV� HVWDEOLVKHG� LWVHOI� DV� DQ�
XPEUHOOD� SROLF\� IRU� WKH� DJULFXOWXUDO� VHFWRU��
$FNQRZOHGJLQJ�WKH�H[WHQW�RI�DJULFXOWXUH��DQ�DJUR�
LQGXVWU\� GHYHORSPHQW� SROLF\� DV� ZHOO� DV� WKH�
FRPPRGLW\�DQG�VXEMHFW��VSHFL¿F�SROLFLHV�DUH�WDNHQ�
LQWR�DFFRXQW�E\�WKH�1$3�������

LL�� :HDNQHVVHV
D�� 3ROLF\�2EMHFWLYH�� �7KH�SROLF\�REMHFWLYH�ZDV�VWDWHG�

E\�WKH�2(&'�UHJDUGLQJ�WKH�FRQVXPHUV�LV�ODFNLQJ�LQ�
WKH�1$3�������7KH�FRQFHSW�RI��IDLU�SULFH��LV�QRW�
PHQWLRQHG� LQ� WKH�1$3������� 5HJDUGLQJ� WKH� IDFW�
WKDW� JRYHUQPHQWDO� FDSDFLW\� KDV� D� VLJQL¿FDQW�
LQÀXHQFH� RQ� SURYLGLQJ� TXDOLW\� VHUYLFH� WR� WKH�
SURGXFHUV� DQG� FRQVXPHUV�� WKHUH� LV� WKH� QHHG� WR�
L Q F U H D V H � W K H � F RPSH W H Q F\� � PR W L Y D W L R Q ��
SURIHVVLRQDOLVP��HWF���0R$&��������)$2������D���
+RZHYHU�� WKHVH� LVVXHV� DUH� WRWDOO\� LJQRUHG� E\� WKH�
1$3������� 0RUHRYHU�� JRYHUQDQFH� ZKLFK� LV� DQ�
LPSRUWDQW�DVSHFW�LQ�UHFHLYLQJ�EHWWHU�RXWSXW��0R$&��
������0R$'�� ������ FDQQRW� EH� YLVXDOL]HG� LQ� WKH�
1$3�������

E�� ,QFOXVLYHQHVV�� (YHQ� WKRXJK� WKH� 1$3������ ZDV�
GHVLJQHG�WR�EH�DV�LQFOXVLYH�DV�SRVVLEOH��WKLV�FRXOG�
QRW�EH�DFWXDOO\�UHDOL]HG�VLQFH��SRYHUW\�UHGXFWLRQ���
ZKLFK� FDQQRW� EH� H[WUDFWHG� IURP� WKH� SROLFLHV� IRU�
WDUJHW� JURXSV�� LV� QRW� D� GHWHUPLQLQJ� IDFWRU� LQ� WKH�
1$3�������,Q�WKLV�FRQQHFWLRQ��WKH�IRUPXODWLRQ�DQG�
VXFFHVVIXO� LPSOHPHQWDWLRQ� RI� D� ODERU� SROLF\� WR�
HQFRXUDJH� ODERU�LQWHQVLYH� DJULFXOWXUH� FDQ� EH� D�
EHWWHU�RSWLRQ� IRU� WKH�1HSDOHVH� UXUDO�GHYHORSPHQW�
�-RVKL�	�0DKDUMDQ���������

F�� &RPSHWLWLYHQHVV�� $OWKRXJK� WKH� 1$3������
H[SODLQHG� JOREDO� FRPSHWLWLRQ� LQ� WKH� EDFNJURXQG��
WKH�SROLF\�IDLOV�UHDOL]H�JOREDO�FRPSHWLWLRQ�WR�D�ODUJH�
H[WHQW�� 'XH� WR� WKH� RSSRUWXQLW\� FUHDWHG� E\�
JHRJUDSKLFDO� GLYHUVLW\�� 1HSDO� SURGXFHV� ODUJH�
QXPEHUV� RI� DJULFXOWXUDO� FRPPRGLWLHV� DQG�
OLYHVWRFN�� +RZHYHU�� 1HSDOHVH� DJULFXOWXUH� VXIIHUV�
IURP�KLJK�FRVWV�RI�SURGXFWLRQ��0R$&��������ZKLFK�
WKH�1$3������ IDLOHG� WR� RYHUFRPH�� )XUWKHUPRUH��
WKH�UDWLR�RI�WHFKQLFDO�PDQSRZHU�WR�IDUP�IDPLO\�LV�
������� LQ� WKH� FURS� VHFWRU�� $V� D� UHVXOW�� WKH�
JRYHUQPHQW�DGRSWHG�WKH�JURXS�DSSURDFK��6KUHVWKD��
������ WR� FKDQJH� WKLV� UDWLR�� HYHQ� DIWHU� ZKRVH�
DGRSWLRQ�WKH�UDWLR�ZLOO�EH��������VWLOO�XQVDWLVIDFWRU\�
WR� SURYLGH� WKH� TXDOLW\� H[WHQVLRQ� VHUYLFHV� DQG� WR�
LQFUHDVH�WKH�FRPSHWLWLYHQHVV��7KHUH�ZDV�PRUH�WKDQ�
D������QHW�LQFUHDVH�LQ�IRUHVWV�VLQFH������EHFDXVH�
FURSODQG�ZDV�DEDQGRQHG�IRU�PLJUDWLRQ��UHVXOWLQJ�LQ�
IUDJPHQWHG�IDPLOLHV��D�KLJKHU�SURSRUWLRQ�RI�HOGHUO\�
SHRSOH�IRU�ODQG�PDQDJHPHQW�DQG�KLJKHU�KRXVHKROG�
LQFRPHV�� +RZHYHU�� WKH� LQFUHDVH� LQ� KRXVHKROG�
LQFRPHV�LV�QRW�XVHG�IRU�DJULFXOWXUDO�GHYHORSPHQW�
�6FKZLOFK��HW�DO����������

'2,�����������MDHIV������
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$UXQ�*&�DQG�.LUDQ�*KLPLUH $�6:27�DQDO\VLV�RI�1HSDOHVH�DJULFXOWXUDO�SROLF\

$V� D� PDWWHU� RI� IDFW�� 1HSDO� FDQQRW� SURGXFH� DOO�
DJULFXOWXUDO�FRPPRGLWLHV�LQ�D�FRPSHWLWLYH�ZD\�DQG�
WKH� DJULFXOWXUDO� SROLF\� VKRXOG� LGHQWLI\� SULRULW\�
FRPPRGLWLHV�ZKLFK�FDQQRW�EH�IRXQG�LQ�WKH�1$3�
������7KHUH�ZDV�PRUH�WKDQ�D������QHW�LQFUHDVH�LQ�
IRUHVWV� VLQFH� ����� EHFDXVH� FURSODQG� ZDV�
DEDQGRQHG�IRU�PLJUDWLRQ��UHVXOWLQJ�LQ�IUDJPHQWHG�
IDPLOLHV��D�KLJKHU�SURSRUWLRQ�RI�HOGHUO\�SHRSOH�IRU�
ODQG�PDQDJHPHQW�DQG�KLJKHU�KRXVHKROG�LQFRPHV��
+RZHYHU��WKH�LQFUHDVH�LQ�KRXVHKROG�LQFRPHV�LV�QRW�
XVHG�IRU�DJULFXOWXUDO�GHYHORSPHQW��6FKZLOFK��HW�DO���
�������$V�D�PDWWHU�RI�IDFW��1HSDO�FDQQRW�SURGXFH�DOO�
DJULFXOWXUDO�FRPPRGLWLHV�LQ�D�FRPSHWLWLYH�ZD\�DQG�
WKH� DJULFXOWXUDO� SROLF\� VKRXOG� LGHQWLI\� SULRULW\�
FRPPRGLWLHV�ZKLFK�FDQQRW�EH�IRXQG�LQ�WKH�1$3�
������

G�� &RRSHUDWLRQ�� (YHQ� WKRXJK� WKH� 1$3������ KDV�
IRFXVHG� RQ� FRRSHUDWLRQ� DPRQJ� VHYHUDO� DJHQFLHV��
WKHUH�LV�DPELJXLW\�RQ�WKH�UROHV�RI�WKH�SULYDWH�VHFWRU�
DQG�FRRSHUDWLYHV�ZKLFK�PD\�OHDG�WR�FRQIXVLRQ�DQG�
FRQWUDGLFWLRQ�RQ�LPSOHPHQWDWLRQ��

H�� 0RGHUQL]DWLRQ��5HJDUGLQJ�HQVXULQJ�LPSURYHG�DQG�
TXDOLW\�LQSXWV��WKH�1$3������IDLOHG�WR�H[SODLQ�KRZ�
LW�ZLOO�HQVXUH�LW��7KH�FRQQHFWLRQ�EHWZHHQ�IDUP�DQG�
PDUNHW� LV� QRW� FOHDU�� 0RVW� IDUPHUV� VXIIHU� IURP� D�
ORQJHU� DQG� VWURQJ� FKDLQ� RI� EURNHUV�� OHDGLQJ� WR�
IDUPHUV�HDUQLQJ�OHVV�PRQH\�DQG�FRQVXPHUV�SD\LQJ�
PRUH�� 6LPLODUO\�� ORJLVWLF� LPSURYHPHQW�� ZKLFK� LV�
DQRWKHU�LPSRUWDQW�SDUW�RI�PRGHUQL]DWLRQ��ZDV�QRW�
FRQVLGHUHG� VXI¿FLHQWO\�� 7KH� SURPRWLRQ� RI�
DJULFXOWXUDO�PHFKDQL]DWLRQ�ZDV�QRW�PHQWLRQHG� LQ�
WKH�1$3�������HYHQ�WKRXJK�PRVW�IDUPHUV�VWLOO�XVH�
ORFDOO\� PDGH� DJULFXOWXUDO� HTXLSPHQWV� DQG� WRROV�
�81�� ������� ,Q� FRQVHTXHQFH�� WKH� JRYHUQPHQW�
LQWURGXFHG�D�VHSDUDWH�SROLF\��QDPHO\�³$JULFXOWXUH�
0HFKDQL]DWLRQ�3URPRWLRQ�3ROLF\������´��+RZHYHU��
WKH�XVH�RI�MDUJRQV�OLNH�³6FLHQWL¿F�/DQG�8VH´�DQG�
³$SSURSULDWH� 7HFKQRORJ\´� FUHDWHV� GLI¿FXOWLHV�
GXULQJ�LPSOHPHQWDWLRQ��

I�� 1HZ� FRQFHSW�� 7KH� 1$3������ KDV� QRW� LQFOXGHG�
VRPH�RI�WKH�QHZ�DJULFXOWXUDO�FRQFHSWV�ZKLFK�FDQ�EH�
XQDYRLGDEOH�LQ�WKH�QHDU�IXWXUH��)RU�H[DPSOH��DJUR�
WRXULVP� RU� OHLVXUH� DJULFXOWXUH�� ZKLFK� LV� D�
FRPELQDWLRQ�RI�DJULFXOWXUDO�SURGXFWLRQ�DQG�PRGHUQ�
WRXULVP��KDV�EHHQ�GHYHORSLQJ�UDSLGO\��=KDQJ�DQG�
)HQJ�� ������� 8UEDQ� DJULFXOWXUH� DQG� VPDOO�VFDOH�
DJULFXOWXUH� OLNH� NLWFKHQ� JDUGHQ� DQG� URRI�WRS�
JDUGHQLQJ��ZKLFK�FDQ�KHOSIXO�LQ�DFKLHYLQJ�IRRG�DQG�
QXWULWLRQ�VHFXULW\��ZHUH�DOVR�QHJOHFWHG��)$2��Q�G����
/LNHZLVH��VPDUW�IDUPLQJ�DQG�SURWHFWHG�DJULFXOWXUH�
DUH� VRPH� SURPLVLQJ� WHFKQRORJ\� LQ� DJULFXOWXUH�
ZKLFK�KDV�QRW�LQWHUQDOL]HG�E\�1$3������

J�� (QYLURQPHQW�DQG�6XVWDLQDELOLW\��&OLPDWH�FKDQJH�LV�
QRW�WDNHQ�LQ�FRQVLGHUDWLRQ�VXI¿FLHQWO\�LQ�WKH�1$3�
������ ZKLFK� SRVHV� D� JUHDW� WKUHDW� WR� WKH� ZKROH�
DJULFXOWXUDO�V\VWHP��7KH�FRQWUDGLFWLRQ�EHWZHHQ�WKH�
SURPRWLRQ� RI� KLJK� LQSXW� IDUPLQJ� DQG� RUJDQLF�
DJULFXOWXUH�SUHYHQWV�WKH�1$3�IURP�EHLQJ�D�VRXQG�
SROLF\��

K�� 0RQLWRULQJ� DQG� 6WUXFWXUH�� ,PSOHPHQWDWLRQ� DQG�
PRQLWRULQJ�E\�WKH�VDPH�RUJDQL]DWLRQ�LV�DJDLQVW�WKH�
SULQFLSOH� RI� LQGHSHQGHQW� PRQLWRULQJ�� ,Q� WKLV�
UHVSHFW��SDUWLFLSDWRU\�PRQLWRULQJ�EHFRPHV�RQH�RI�
WKH�ZHDNQHVVHV� RI� WKH�1$3�������0RUHRYHU�� QR�

MXVWL¿FDWLRQ�KDV�EHHQ�SURYLGHG�IRU�WKH�SURYLVLRQ�RI�
DJULFXOWXUDO�UHVHDUFK�DQG�GHYHORSPHQW�IXQG�ZLWKLQ�
WKH�VDPH�RUJDQL]DWLRQ�

L�� 3ROLF\� RSWLRQ�� 7KH� 1$3������ KDV� VXFFHVVIXOO\�
HVWDEOLVKHG� LWVHOI� DV� DQ� XPEUHOOD� SROLF\� IRU�
1HSDOHVH�DJULFXOWXUH��+RZHYHU��LW�IDLOHG�WR�H[SODLQ�
WKH�VWDWXV�RI�SROLFLHV�HQDFWHG�EHIRUH�LWVHOI��QDPHO\�
WKH�1DWLRQDO�6HHG�3ROLF\�������1DWLRQDO�7HD�3ROLF\�
������1DWLRQDO�)HUWLOL]HU�3ROLF\������DQG�1DWLRQDO�
&RIIHH�3ROLF\�������

LLL�� 2SSRUWXQLWLHV
,Q� DGGLWLRQ� WR� YDULRXV�� SRVLWLYH�� HQGRJHQRXV� IDFWRUV��
WKHUH� DUH� VHYHUDO�� SRVLWLYH�� H[RJHQHRXV� IDFWRUV�ZKLFK�
PD\� OHDG� WR� WKH� VXFFHVV� RI� WKH� 1$3������� 7KHVH�
SRWHQWLDOV�DUH�GLVFXVVHG�KHUHXQGHU�
Ͳ� 7KH�JURZLQJ�LQWHUHVW�RI�\RXWK�DQG�SULYDWH�VHFWRU�LQ�

DJULFXOWXUH� FUHDWHV� D� FRQGXFLYH� HQYLURQPHQW� IRU�
DJULFXOWXUDO� GHYHORSPHQW�� 6LPLODUO\�� IDUPHUV��
HQWUHSUHQHXUV�DQG�WUDGHUV�DUH�RUJDQL]LQJ�JUDGXDOO\�
�)$2������E���

Ͳ� ,Q� HYHU\� SROLF\� GRFXPHQW�� WKH� JRYHUQPHQW� KDV�
SULRULWL]HG� DJULFXOWXUH� DV� WKH� WRS� FKRLFH� RI� WKH�
QDWLRQ�� 1HYHUWKHOHVV�� EXGJHW� DOORFDWLRQ� IRU�
DJULFXOWXUH�� ZKLFK� LV� DURXQG� ���� VWLOO� GRHV� QRW�
PDWFK�ZLWK�WKLV�SULRULW\��0R$&��������DQG�LV�QRW�
DGHTXDWH� WR� SURPRWH� WKH� DQWLFLSDWHG� JURZWK� UDWH�
DQG�WR�HQVXUH�WKH�IRRG�VHFXULW\��:DJOH���������

Ͳ� 7KH� UHYROXWLRQ� RQ� ,QIRUPDWLRQ� &RPPXQLFDWLRQ�
7HFKQRORJLHV��,&7V��LV�DQRWKHU�RSSRUWXQLW\�IRU�WKH�
VXFFHVV� RI� WKH� 1$3������� ,I� JRYHUQPHQW�
VXFFHVVIXOO\�JUDEV�WKLV�FKDQFH��LW�FDQ�RYHUFRPH�WKH�
VHWEDFN�RI�JURXS�DSSURDFK�

Ͳ� 6HYHUDO�VHFWRUDO�SROLFLHV��VXFK�DV�±�³$JULEXVLQHVV�
3URPRWLRQ� 3ROLF\�� ����´�� ³$JUR�ELRGLYHUVLW\�
3ROLF\������´��³'DLU\�'HYHORSPHQW�3ROLF\������´��
³)ORULFXOWXUH� 3URPRWLRQ� 3ROLF\�� ����´�� ³3RXOWU\�
3ROLF\�� ����´�� ³5DQJHODQG� 3ROLF\�� ����´��
³$JULFXOWXUH� 0HFKDQL]DWLRQ� 3URPRWLRQ� 3ROLF\��
����´�DQG�³%HHNHHSLQJ�3URPRWLRQ�3ROLF\������´��
PDGH� JRRG� RSSRUWXQLW\� WR� 1$3������ DUH�
LQWURGXFHG�WR�DVVLVW�WKH�1$3�������0R$&��������

Ͳ� ,QFUHDVLQJ� IRUHLJQ� FRRSHUDWLRQ� DOVR� EHFDPH� D�
SRVLWLYH�H[WHUQDO�IDFWRU�IRU�WKH�VXFFHVV�RI�WKH�1$3�
�����

Ͳ� *URZLQJ� FRQFHUQ� RYHU� WKH� �IRRG� VHFXULW\�� KDV�
FUHDWHG�D�IDYRUDEOH�HQYLURQPHQW�IRU�WKH�VXFFHVV�RI�
WKH�1$3������

LY�� 7KUHDWV
'HVSLWH�YDULRXV�RSSRUWXQLWLHV��WKH�1$3������KDV�EHHQ�
VXUURXQGHG� E\� VHYHUDO� WKUHDWV�� 7KH\� DUH� GLVFXVVHG�
KHUHXQGHU��
Ͳ� *OREDO�WUDGLQJ�V\VWHP�KDV�SRVHG�D�VHYHUH�WKUHDW�WR�

WKH� VXFFHVV� RI� WKH� 1$3������� /RZHULQJ� WUDI¿F�
GHFUHDVHV� FRPSHWLWLYHQHVV� RI� GRPHVWLF� SURGXFW�
DFFRPSDQ\LQJ� ZLWK� KLJK� FRVW� RI� SURGXFWLRQ�
�0R$&���������

Ͳ� 5DSLG� FKDQJHV� LQ� WKH� SUHIHUHQFH�� TXDOLW\� DQG�
VWDQGDUGV� RI� FRQVXPHUV� DOVR� SRVH� D� WKUHDW� WR�
1HSDOHVH� DJULFXOWXUH�� 6PDOO� DQG� UHVRXUFH�SRRU�
IDUPHUV� FDQQRW� NHHS� SDFH� ZLWK� WKH� FKDQJH� RI�
SUHIHUHQFH��TXDOLW\�DQG�VWDQGDUGV�GHPDQGHG�E\�WKH�
FRQVXPHUV�



���

Ͳ� 1HSDOHVH� DJULFXOWXUH� LV� KLJKO\� GHSHQGHQW� RQ�
ZHDWKHU�FRQGLWLRQV��D�VLWXDWLRQ�ZKLFK�LV�VXSSRUWHG�
E\�WKH�YDULDWLRQ�LQ�WKH�DJULFXOWXUDO�JURZWK�UDWH��7KH�
DYHUDJH�UDWH�RI�DJULFXOWXUDO�JURZWK�ZKLFK�ZDV�����
��LQ�����������SHULRGV�EHFDPH��������LQ������
�����SHULRGV� �$'%��������� �$V�D� UHVXOW��FOLPDWH�
FKDQJH� LV� WKH� JUHDWHVW� H[RJHQHRXV� IDFWRU�
WKUHDWHQLQJ�WKH�DJULFXOWXUDO�VHFWRU��

Ͳ� 3ROLF\� LQFRQVLVWHQF\� LV� DQRWKHU� WKUHDW� IRU� WKH�
VXFFHVV�RI�WKH�1$3�������,W�HPSKDVL]HV�LQFUHDVLQJ�
WKH�SURGXFWLRQ�E\�HQVXULQJ�LQSXWV�OLNH�WKH�FKHPLFDO�
IHUWLOL]HUV�� � +RZHYHU�� WKH� GHPDQG� IRU� FKHPLFDO�
IHUWLOL]HUV�LQ�1HSDO�LV�IDU�EHKLQG�WKH�VXSSO\�DQG�WKH�
VXSSO\�RI�IHUWLOL]HUV�GHFUHDVHG�IURP��������07�LQ�
�������� WR� ������� 07� LQ� �������� DIWHU� WKH�
ZLWKGUDZDO�RI�VXEVLG\��0R$&�����������

Ͳ� $� ODFN� RI� ³IXQQHO� V\VWHP´� �FHQWUDOL]HG� IXQGLQJ�
PHFKDQLVP��LQ�DJULFXOWXUDO�GHYHORSPHQW�PD\�SRVH�
D�WKUHDW�WR�WKH�VXFFHVV�RI�WKH�1$3�������:LWKRXW�
IXQQHO� V\VWHP� GHYHORSPHQW� DFWLYLWLHV� FDQQRW�
HQVXUH�DOLJQPHQW�ZLWK�1$3������

Ͳ� %HLQJ�D�ODQGORFNHG�FRXQWU\��XQUHVWULFWHG�VXSSO\�RI�
LQSXWV�PDWWHUV�D�ORW�WR�DFKLHYH�WKH�GHVLUHG�SDFH�RI�
JURZWK��,Q�WKLV�FRQQHFWLRQ��1HSDO�KDV�DOUHDG\�IDFHG�
VHYHUDO�WUDGH�DQG�VXSSO\�UHVWULFWLRQV�DORQJ�VRXWKHUQ�
ERUGHU�ZKLFK�KDG�UHVWULFWHG�JURZWK�VHYHUDOO\��

Ͳ� 'XH� WR� WKH� VDQLWDU\� DQG� SK\WRVDQLWRU\� PHDVXUHV�
�636��DQG�WKH�WHFKQLFDO�EDUULHUV�RQ�WUDGH��7%7��RI�
WKH�:RUOG�7UDGH�2UJDQL]DWLRQ� �:72��� VPDOO�DQG�
UHVRXUFH�SRRU� IDUPHUV� IDFH� VHYHUH� SUREOHPV� WR�
FRPSO\�ZLWK�WKHVH�VHW�VWDQGDUGV�

Ͳ� 7KH� DJULFXOWXUDO� SROLFLHV� RI� WKH� QHLJKERXULQJ�
FRXQWULHV� DOVR� WKUHDWHQ� WKH� 1$3������� +HDY\�
VXEVLGLHV�WR�WKH�IDUPHUV�RI�QHLJKERXULQJ�FRXQWULHV��
GLUHFWO\�KDPSHU� WKH� FRPSHWLWLYHQHVV�RI�1HSDOHVH�
DJULFXOWXUH�

Ͳ� &URVV�VHFWRUDO� LQWHUDFWLRQ� DQG� LPSURYLQJ�
FRRUGLQDWLRQ� DPRQJ� LQWHU�VHFWRUDO� PLQLVWULHV� DUH�
WKH�NH\�FKDOOHQJHV��$'%��������LQ�1HSDO�ZKLFK�LV�
DOVR�WKUHDWLQJ�WKH�VXFFHVV�RI�1$3�������

&RQFOXVLRQ
$V�D�UHVXOW�RI� WKH�HFRQRPLF�JURZWK�DQG�JOREDOL]DWLRQ��

LQFUHDVH� LQ� IRRG� FRQVXPSWLRQ�� GLYHUVL¿FDWLRQ� RI� WKH� GLHW�
DZD\�IURP�WUDGLWLRQDO�IRRG�DQG�GHFOLQH�LQ�WKH�VKDUH�RI�IRRG�LQ�
KRXVHKROG� H[SHQGLWXUH� DUH� H[SHFWHG�� 7KXV�� D� VRXQG�
DJULFXOWXUDO� SROLF\� VKRXOG� IRUHVHH� WKH� IXWXUH� DORQJ� ZLWK�
DGGUHVVLQJ�WKHVH�FXUUHQW�LVVXHV��+RZHYHU��WKH�SROLF\�PDNLQJ�
SURFHVVHV� LQ� 1HSDO� DUH� KLJKO\� FRPSOH[� DQG� WKH\� DUH�
LQÀXHQFHG�E\�SROLWLFDO��VRFLDO�DQG�HFRQRPLF�HQYLURQPHQW�WR�
D�JUHDW�H[WHQW��&RQVLGHULQJ�WKHVH�IDFWRUV��WKH�1$3������KDV�
DFKLHYHG�WR�RYHUFRPH�VRPH�RI�WKH�FRQVWUDLQWV�LQ�1HSDOHVH�
DJULFXOWXUH� DQG� FDQ� EH� FODVVL¿HG� DV� D� JRRG� DJULFXOWXUDO�
SROLF\�� 1HYHUWKHOHVV�� OLPLWHG� FRQVLGHUDWLRQV� RQ� FOLPDWH�
FKDQJH�� JOREDO� WUDGLQJ� V\VWHP�� LQQRYDWLRQ� LQ� DJULFXOWXUH��
HQVXULQJ�FRPSHWLWLYHQHVV��UHGXFLQJ�SRYHUW\�DQG�SURYLGLQJ�
IDLU�SULFHV�ERWK�IRU�WKH�IDUPHUV�DQG�WKH�FRQVXPHUV�DQG�KLJKHU�
GHSHQGHQF\� RQ� RWKHU� VHFWRUDO� SROLFLHV� DUH� WKH� VHULRXV�
VHWEDFNV�RI�WKH�1$3������

5HIHUHQFHV�
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$'%� �������� %DVLF� ����� 6WDWLVWLFV�� 0DQLOD��$VLDQ� 'HYHORSPHQW� %DQN�
�$'%��

&%6� �������� 1DWLRQDO� 6DPSOH� &HQVXV� RI� $JULFXOWXUH� 1HSDO� ���������
.DWKPDQGX�� &HQWUDO� %HXUHDX� RI� 6WDWLVWLFV�� 1DWLRQDO� 3ODQQLQJ�
&RPPLVVLRQ��*RYHUQPHQW�RI�1HSDO�

&%6� ��������1HSDO� LQ� ¿JXUH��.DWKPDQGX��&HQWUDO� %XUHDX� RI� 6WDWLVWLFV��
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)$2������D���$JULFXOWXUDO�([WHQVLRQ�6HUYLFHV�'HOLYHU\�6\VWHP�LQ�1HSDO��
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)$2� �����E��� ,QWHJUDWLRQ� RI� *HQGHU� LQ� $JULFXOWXUH�� $Q� $QDO\VLV� RI�
6LWXDWLRQ��3XOFKRZN��)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�
1DWLRQV��)$2��

)$2� �Q�G���� 8UEDQ� DJULFXOWXUH�� 5HWULHYHG� IURP� )RRG� DQG� $JULFXOWXUH�
2UJDQL]DWLRQ� RI� WKH� 8QLWHG� 1DWLRQV�� KWWS���ZZZ�IDR�RUJ�XUEDQ�
DJULFXOWXUH�HQ�
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,QWHUQDWLQDO�'HYHORSPHQW�DQG�&RRSHUDWLRQ��������������
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6:27�$QDO\VLV��3URFHGLD�6RFLDO�DQG�%HKDYLRUDO�6FLHQFH����������

0R$&� �������� 1DWLRQDO� $JULFXOWXUH� 6HFWRU� 'HYHORSPHQW� 3ULRULW\�
�1$6'3�� IRU� WKH� 0HGLXP� �7HUP� ������������������� .DWKPDQGX��
0LQLVWU\�RI�$JULFXOWXUH�DQG�&RRSHUDWLYHV�
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)LQDQFH��*RYHUQPHQW�RI�1HSDO�

2(&'� �������� $JULFXOWXUDO� 3ROLF\� 'HVLJQ� DQG� ,PSOHPHQWDWLRQ�� $�
6\VQWKHVLV�� 2UJDQL]DWLRQ� IRU� (FRQRPLF� &R�RSHUDWLRQ� DQG�
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8SUHWL�%�5���������,PSDFWV�RI�RXWPLJUDWLRQ�RQ�ODQG�PDQDJHPHQW�LQ�
1HSDO�PRXQWDLQ�DUHD�� -�� ,GHQWLI\LQJ�HPHUJLQJ� LVVXHV� LQ�GLVDVWHU� ULVN�
UHGXFLWRQ��PLJUDWLRQ��FOLPDWH�FKDQJH�DQG�VXVWDLQDEOH�GHYHORSPHQW��SS��
����������6SULQJHU�,QWHUQDWLRQDO�3XEOLVKLQJ�

6FROR]]L� 5�� 6FKLUSNH� 8�� 0RUUL� (�� '
$PDWR� '�� 6DQWROLQL� 5� ��������
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1HSDO�� 'HSDUWPHQW� RI� $JULFXOWXUH�� 0LQLVWU\� RI� $JULFXOWXUDO�
'HYHORSPHQW��*RYHUQPHQW�RI�1HSDO��5HWULHYHG�IURP�'HSDUWPHQW�RI�
$JULFXOWXUH��KWWS���ZZZ�GRDQHSDO�JRY�QS�XSORDGV�6KLGGL���*�SGI

6LFD�&��/RLVL�5�9��%ODQFR�,��6FKHWWLQL�(��0XJQR]]D�*�6��9R[�*���������
6:27�DQDO\VLV�DQG�ODQG�PDQDJPHQW�RI�SODVWLF�ZDVWHV�LQ�DJULFXOWXUH��-��
$FWXDO� WDVNV� RQ� DJULFXOWXUH� HQJLQHHULQJ�� 3URFHHGLQJV� RI� WKH� ��UG�
LQWHUQDWLRQDO�V\VPSRVLXP�RQ�DJULFXOWXUDO�HQJLQQHULQJ����������

7(3&���������([SRUW�,PSRUW�'DWD�%DQN��5HWULHYHG�IURP�7UDGH�DQG�
([SRUW�3URPRWLRQ�&HQWHU��
KWWS���ZZZ�HIRXUFRUH�FRP�QS�WHSFGDWDEDQN�WUDQVDFWLRQPRQWKZLVH�SK
S

81���������&RXQWU\�3ROLF\�$QDO\VLV��1XWULWLRQ�,PSDFW�RI�$JULFXOWXUH�DQG�
)RRG�6\VWHPV��1HSDO��8QLWHG�1DWLRQV�6\VWHP��6WDQGLQJ�&RPPLWWHH�RQ�
1XUWLWLRQ�

:DJOH�7�3���������*RYHUQPHQW�H[SHQGLWXUH�LQ�DJULFXOWXUH�VHFWRU�RI�1HSDO��
$Q�HPSLULFDO�DQDO\VLV��-�*OREDO�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK�������
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&RUUHODWLRQ�DQG�SDWK�FRHI¿FLHQW�DQDO\VLV�IRU�JUDLQ�\LHOG�DQG�LWV�DWWULEXWLQJ�WUDLWV�RI�PDL]H�LQEUHG�
OLQHV��=HD�PD\V�/���XQGHU�KHDW�VWUHVV�FRQGLWLRQ
�����
 � � ���0DQRM�.DQGHO 6XU\D�.DQW�*KLPLUH %LVKQX�5DM�2MKD -LEDQ�6KUHVWKD������������� ������������� �������������
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�1DWLRQDO�0DL]H�5HVHDUFK�3URJUDP��5DPSXU��&KLWZDQ��1HSDO
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&RUUHVSRQGLQJ�$XWKRU���PDQRMNDQGHO��#JPDLO�FRP�

0DL]H�EHLQJ�QXWULWLRQDOO\�DQLPSRUWDQW�FURS�KDV�PXOWLSOH�
IXQFWLRQV� LQ� WKHWUDGLWLRQDO� IDUPLQJ� V\VWHP�� EHLQJ� XVHG� DV�
IRRG� DQGIXHO� IRU� KXPDQ� EHLQJV� DQGIHHG� IRU� OLYHVWRFN�
DQGSRXOWU\��,Q�1HSDO��LW�LV�JURZQ�LQ����������KD�SURGXFLQJ�

������� PLOOLRQ� WRQV�� ZLWK� DQ� DYHUDJH� \LHOG� RI� ����� NJ� KD
�02$'���������7KH�UHDVRQV�IRU�ORZ�PDL]H�\LHOG�LQ�1HSDO�
DUH�KLJK� WHPSHUDWXUH��GURXJKW��VWDON�URW� LQIHVWDWLRQ��PDL]H�
ERUHU�DQG�VKRRW�À\�LQIHVWDWLRQ��SRRU�FURS�PDQDJHPHQW��KLJK�
LQSXW�UDWHV�DQG�XVH�RI�ORZ�TXDOLW\��VXEVWDQGDUG�VHHG��

+HDW� DQG� GURXJKW� VWUHVV� KDYH� HPHUJHG� DV� D� FRPPRQ�
SUREOHP� ZRUOGZLGH� ZKLFK� FDQ� UHGXFH� PDL]H� FURS�
SURGXFWLYLW\��$OL�HW�DO����������+HDW�VWUHVV�LQ�WKH�ÀRZHULQJ�
DQG� JUDLQ� ¿OOLQJ� SHULRGV� GXH� WR� HOHYDWHG� WHPSHUDWXUHV�
GUDVWLFDOO\�DIIHFW�FURS�SURGXFWLYLW\��$�UHFRUG�GURS�LQ�PDL]H�
SURGXFWLRQ�ZDV�UHSRUWHG�LQ�PDQ\�PDL]H�JURZLQJ�DUHDV�RI�WKH�
ZRUOG��9DQ�GHU�9HOGH�HW�DO����������,W�LV�SUHGLFWHG�WKDW�PDL]H�
\LHOG� PLJKW� EH� UHGXFHG� XS� ��� �� GXH� WR� LQFUHDVLQJ�
WHPSHUDWXUHV��.KRGDUDKPSRXU�HW�DO����������$�UHSRUW�RI�WKH�
$VLDQ�'HYHORSPHQW�%DQN�ZDUQV� WKDW� LI� WKH�FXUUHQW� WUHQGV�
SHUVLVW� XQWLO� ����� PDMRU� IRRG� FURS� \LHOGV� DQG� IRRG�
SURGXFWLRQ� FDSDFLW\� RI� VRXWK� $VLD� ZLOO� VLJQL¿FDQWO\�
GHFUHDVHV�E\�����IRU�PDL]H�����IRU�ZKHDW�DQG�����IRU�ULFH�
GXH�WR�FOLPDWH�FKDQJH�LQGXFHG�KHDW�DQG�ZDWHU�VWUHVV��

0DL]H�FURS�\LHOG�SRWHQWLDO�JURZQ�LQ�WHUDL�LV�DOZD\V�DW�ULVN�
IURP�LPSRUWDQW�ELRWLF�DQG�DELRWLF�VWUHVVHV�ZKLFK�OLPLW�FURS�
SURGXFWLRQ��1RZ�GD\
V�KHDW�VWUHVV�LV�RQH�RI�NH\�DELRWLF�VWUHVV�
ZLWK� KLJK� SRWHQWLDO� LPSDFW� RQ� PDL]H� FURS� JURZWK� DQG�
GHYHORSPHQW�DQG�HYHQWXDOO\�RQ�SURGXFWLYLW\��9DULRXV�SODQW�
RUJDQV��LQ�D�GH¿QLWH�KLHUDUFK\�DQG�LQ�LQWHUDFWLRQ�ZLWK�HDFK�
RWKHU� DUH� LQYROYHG� LQ� GHWHUPLQLQJ� FURS�\LHOG� XQGHU� VWUHVV�
�%DUQDEDV� HW� DO��� ������� 7KH� UHVSRQVH� RI� PDL]H� FURS� WR�
FOLPDWH�GHSHQGHG�RQ�WKH�JHQHWLF�DQG�SK\VLRORJLFDO�PDNH�XS�
RI� YDULHW\� EHLQJ� JURZQ� DQG� LQWHUDFWLRQ� ZLWK� SUHYDLOLQJ�
FOLPDWLF�FRQGLWLRQ��7KHUHIRUH��LQFRPSDUDVLRQ�WR�DJURQRPLF�
PDQDJHPHQW�JHQHWLF�PDQDJHPHQW�RI�KHDW� VWUHVV� WROHUDQFH�
JHQRW\SHV�ZRXOG� EH� ORZ� HFRQRPLF� LQSXW� WHFKQRORJ\� WKDW�
ZRXOG� EH� UHDGLO\� DFFHSWDEOH� WR� UHVRXUFH
V� ±SRRU�� KHDW�
DIIHFWHG�DQG�VPDOO�ODQG�KROGLQJ�IDUPHU��6D[HQD�DQG�7RROH��
������

7UDQVLWRU\� RU� FRQVWDQWO\� KLJK� WHPSHUDWXUHV� FDXVH� DQ�
DUUD\�RI�PRUSK�SK\VLRORJLFDO��DQDWRPLFDO�DQG�ELRFKHPLFDO�
FKDQJHV�LQ�SODQWV��ZKLFK�HYHQWXDOO\�DIIHFWV�SODQW�JURZWK�DQG�
GHYHORSPHQW��DQG�OHDG�WR�D�GUDVWLF�UHGXFWLRQ�LQ�ELRORJLFDO�
DQG� HFRQRPLF� \LHOG� �&RPPXUL� DQG� -RQHV�� ������� 7KH�
FRUUHODWLRQ�VWXGLHV�PHDVXUH�WKH�DVVRFLDWLRQV�EHWZHHQ�\LHOG�
DQG�RWKHU�WUDLWV��3DWK�FRHI¿FLHQW�DQDO\VLV�SHUPLWV�WKH�

�
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$EVWUDFW
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5HVHDUFK�$UWLFOH
ZZZ�MDHIV�FRP-$()6
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,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

+HDW�VWUHVV�GXULQJ�WKH�ÀRZHULQJ��SROOLQDWLRQ�DQG�JUDLQ�¿OOLQJ�SHULRGV�DIIHFW�PDL]H�JUDLQ�\LHOG�DQG�LWV�DWWULEXWLQJ�WUDLWV��
7ZHQW\�PDL]H�LQEUHG�OLQHV�ZHUH�HYDOXDWHG�LQ�DOSKD�ODWWLFH�GHVLJQ�ZLWK�WZR�UHSOLFDWLRQV�XQGHU�KHDW�FRQGLWLRQ�GXULQJ�VSULQJ�
VHDVRQ� IURP� )HEUXDU\� WR� -XQH�� ����� DW� 5DPSXU�� &KLWZDQ�� 1HSDO�� 0HWHURORJLFDO� GDWD� VKRZHG� PD[LPXP� PHDQ�

� �WHPSHUDWXUH������±�����&��DQG�PLQLPXP�������������&��LQ�ZLWK�UHODWLYH�KXPLGLW\�������WR��������LQVLGH�WKH�WXQQHO�
GXULQJ�LQ�$SULO�0D\�ZKLFK�FRLQFLGHG�ZLWK�WKH�ÀRZHULQJ��SROOLQDWLRQ�DQG�JUDLQ�¿OOLQJ�SHULRGV��7KH�GDWD�ZHUH�DQDO\]HG�
VWDWLVWLFDOO\� WR� VWXG\� WKH� FRUUHODWLRQ� DQG� SDWK� FRHI¿FLHQW��7KH� DQDO\VLV� RI� YDULDQFH� VKRZHG� WKDW� DOO� WKH� OLQHV�ZHUH�
VLJQL¿FDQWO\�GLIIHUHQW�IURP�HDFK�RWKHU�IRU�DOO�WUDLWV�DQWKHVLV�VLONLQJ�LQWHUYDO��63$'�FKORURSK\OO�DQG�OHDI�VHQHVFHQFH��WDVVHO�

��EODVW��OHDI�¿ULQJ��SODQW�DQG�HDU�KHLJKW��OHDI�DUHD�LQGH[��HDU�SHU�SODQW��FRE�OHQJWK�DQG�GLDPHWHU��QXPEHU�RI�NHUQHO�HDU ��
��QXPEHU�RI�NHUQHO�URZ ��QXPEHU�RI�NHUQHO�URZ��VLON�UHFHSWLYLW\��VKHOOLQJ�SHUFHQWDJH��WKRXVDQG�NHUQHO�ZHLJKW�DQG�JUDLQ�

\LHOG��*UDLQ�\LHOG�KDG�SRVLWLYH�DQG�VLJQL¿FDQW�SKHQRW\SLF�FRUUHODWLRQ�ZLWK�VLON�UHFHSWLYLW\��VKHOOLQJ�SHUFHQWDJH��FRE�
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VHSDUDWLRQ� RI� FRUUHODWLRQ� FRHI¿FLHQW� LQWR� GLUHFW� DQG�
LQGLUHFW� HIIHFWV�� 7KHUHIRUH�� WKH� SUHVHQW� LQYHVWLJDWLRQ� ZDV�
FDUULHG�RXW�WR�GHWHUPLQH�WKH�DVVRFLDWLRQ�RI�WUDLWV�ZLWK�JUDLQ�
\LHOG�WKURXJK�FRUUHODWLRQ�FRHI¿FLHQW�DQG�GLUHFW�DQG�LQGLUHFW�
HIIHFW�RI�D�VHW�RI�YDULDEOHV�WKURXJK�SDWK�DQDO\VLV�XQGHU�KHDW�
VWUHVV�FRQGLWLRQ�LQ�PDL]H�

0DWHULDOV�DQG�0HWKRGV�
7KH�UHVHDUFK�ZDV�FRQGXFWHG�DW�1DWLRQDO�0DL]H�5HVHDUFK�

3URJUDP��1053��RI�5DPSXU��&KLWZDQ�GXULQJ�VSULQJ�VHDVRQ�
IURP�)HEUXDU\����������WR�-XO\�������JHRJUDSKLFDOO\�ORFDWHG�
DW�������
�1RUWK�/DWLWXGH�DQG��������
�(DVW�ORQJLWXGH�DW�DQ�
DOWLWXGH�RI�����PHWHU�DERYH�VHD�OHYHO��7KLV�VLWH�FRQWDLQV�RQO\�
VDQG\�ORDP�VRLO�ZLWK�DFLGLF�UHDFWLRQ��7KLV�UHVHDUFK�ORFDWLRQ�
LV�FKDUDFWHULVWLFV�RI�VXEWURSLFDO�FOLPDWH��7KH�SODQW�PDWHULDOV�
ZHUH� FROOHFWHG� IURP� 1DWLRQDO� 0DL]H� 5HVHDUFK� 3URJUDP�
�1053��� 7KH� OLVW� RI� LQEUHG� OLQHV� DORQJ� ZLWK� SHGLJUHH�
LQIRUPDWLRQ�LQFOXGHG�LQ�WKH�VWXG\�LV�SUHVHQWHG�LQ�7DEOH����

)LHOG�H[SHULPHQW�ZDV�FRQGXFWHG�LQ�DOSKD�ODWWLFH�GHVLJQ��
7KHUH�ZHUH�WZR�FRQGLWLRQV��QRUPDO�DQG�SODVWLF�KRXVH��IRU�
KHDW� VWUHVV��� HDFK� FRQGLWLRQ� UHSOLFDWHG� WZLFH�� (DFK�
UHSOLFDWLRQ� FRPSULVHG� IRXU� EORFNV� FRQVLVWLQJ�RI�¿YH�SORWV�
HDFK��(DFK�SORW�ZDV���PHWHU�LQ�OHQJWK�����PHWHU�ZLGH��(DFK�
SORW�KDG�RQH�URZ�ZLWK�VSDFLQJ����FP�EHWZHHQ�URZV��LQWHU�
EORFN�JDS�ZDV�����P�ZDV�PDLQWDLQHG��(DFK�SORW�FRQWDLQHG�
VLQJOH�URZ�ZLWK�VSDFLQJ���î���FP�DQG�FRQVLVWHG����KLOOV��
HDFK�RI�WZR�VHHG�ZHUH�VRZQ��RQH�RI�ZKRVH�VHHGOLQJ�ZHUH�
UHPRYHG� DW� WKH� VL[� OHDYHV� VWDJH�� 7KH� GRVH� RI� FKHPLFDO�
IHUWLOL]HU� DSSOLHG� ZDV� ���������� NJ� 13.� SHU� KHFWDUH��

��)HUWLOL]HU�ZHUH�DSSOLHG�SULRU�WR�VRZLQJ�DW�UDWH�RI�����NJ�1�KD ��
������NJ�3��DQG����NJ�.��KD DQG�DGGLWLRQDO�VLGH�GUHVVLQJ�RI����

��NJ�1�KD �ZHUH�DSSOLHG�DW�WKH� �WZR�WLPHV�LQ�VL[�OHDYHV�VWDJH�
DQG�NQHH�KLJK�VWDJH�RI�PDL]H��7KH�LUULJDWLRQ�ZDV�GRQH�WKUHH�
LPSRUWDQW�VWDJH��NQHH�KLJK�VWDJH��WDVVHOLQJ�VWDJH�DQG�PLONLQJ�
VWDJH��7R�FUHDWHG�KHDW�VWUHVV�FRQGLWLRQ�PDL]H�VWXG\�KDOI�RI�
¿HOG� ZDV� FRQWUROOHG� KHDWLQJ� LPSRVHG� XVLQJ� WZR� SODVWLF�
����JVP��KRXVHV�ZHUH�XVHG�WZR�ZHHN�MXVW�SULRU�WR�WKH�RQVHW�
RI�UHSURGXFWLYH�SHULRG�XS�WR�WKH�FURS�KDUYHVWLQJ��0D[LPXP�

�PHDQ� WHPSHUDWXUH�����&� LQ�$SULO� LQ�KHDW� VWUHVV�FRQGLWLRQ�
�ZKHUHDV�DV�QRUPDO�FRQGLWLRQ�ZDV������&�DQG�VLPLODUO\�IRU�

�0D\�PRQWK� LQ�PD[LPXP�PHDQ� WHPSHUDWXUH� ZDV� �����&�
�ZKHUHDV�LQ�QRUPDO�FRQGLWLRQ������&�DW�WLPH�RI�ÀRZHULQJ��

SROOLQDWLRQ� DQG�JUDLQ�¿OOLQJ�SHULRGV� DV� VKRZQ� LQ�7DEOH����
3DUWLDO� RSHQLQJ� WRS� VLGH� RI� WXQQHO� ZDV� GRQH� IRU� FRQWURO�
UHODWLYH�KXPLGLW\�LQVLGH�WXQQHO�WR�DYRLG�DQ\�SRVVLEOH�GLVHDVH�
RXWEUHDN�

'DWD�&ROOHFWLRQ
'DWD�RQ�GD\V�WR����DQWKHVLV��GD\V�WR�����VLONLQJ�DQG�

HDUV�SHU�SORW��OHDI�¿ULQJ��WDVVHO�EODVW��OHDI�VHQHVFHQFH�ZHUH�
UHFRUGHG�RQ�SORW�EDVLV��:KHUHDV��HDU�KHLJKW��FP���QXPEHU�RI�

�� ��NHUQHO�HDU ��QXPEHU�RI�NHUQHO�URZ��QXPEHU�RI�NHUQHO�URZ ��
63$'� UHDGLQJ�� OHDI� DUHD� LQGH[�� VLON� UHFHSWLYLW\�� WKRXVDQG�
NHUQHO�ZHLJKW��J�DQG�VKHOOLQJ�SHU�FHQW�ZHUH�UHFRUGHG�RQ�¿YH�
VHOHFWHG� UHSUHVHQWDWLYH� SODQWV�� 7KH� VDPSOH� FREV� ZHUH�
VKHOOHG��FOHDQHG�DQG�JUDLQ�ZHLJKW�DQG�VKDQN�ZHLJKW�ZHUH�
UHFRUGHG�WR�FDOFXODWH�WKH�VKHOOLQJ�SHUFHQW��7KRXVDQG�NHUQHO�
ZHLJKW�ZDV�PHDVXUHG�E\�FRXQWLQJ������JUDLQV�IURP�WKH�EXON�
RI�HDFK�SORW�DIWHU�VKHOOLQJ�DQG�ZHLJKHG�LQ�JUDPV�DIWHU�WKH�
PRLVWXUH� ZDV� DGMXVWHG� WR� ����� $QWKHVLV�VLONLQJ� LQWHUYDO�
�$6,�� ZDV� FDOFXODWHG� E\� VXEWUDFWLQJ� WKH� QXPEHU� RI� GD\V�
WDNHQ�IRU�����DQWKHVLV�IURP�WKH�QXPEHU�RI�GD\V� WDNHQ�WR�
����VLON�HPHUJHQFH�

'2,�����������MDHIV������

7DEOH����1DPHV�DQG�SHGLJUHH�LQIRUPDWLRQ�RI�PDL]H�LQEUHG�OLQHV�XVHG�IRU�KHDW�VWUHVV�UHVHDUFK�DW�1053�&KLWZDQ��������

WK7DEOH����:HDWKHU�GDWD�UHFRUGHG�LQ�1053��&KLWZDQ�GXULQJ�([SHULPHQWDO�SHULRG���� �)HE�WR�-XQH�������
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,QW�-�$JULF�(QYLURQ�)RRG�6FL�����������������������

/HDI�DUHD�LQGH[�ZDV�FDOFXODWHG�E\�WRWDO�OHDI�DUHD�GLYLGHG�
E\�ODQG�DUHD�DQG�PXOWLSO\�E\�FRUUHFWLRQ�IDFWRU���������6LON�
UHFHSWLYLW\�ZDV�UHFRUGHG�E\�WRWDO�QXPEHU�RI�IHUWLOL]HG�JUDLQV�
SHU�HDU�GLYLGHG�E\�QXPEHU�RI�SRWHQWLDO�JUDLQ�SHU�HDU��/HDI�
¿ULQJ�ZDV�REWDLQHG�E\�WKH�FRXQWLQJ�WKH�QXPEHU�RI�SODQWV�WKDW�
VKRZHG�OHDI�¿ULQJ�V\PSWRPV�LQ�WKH�WRWDO�QXPEHU�RI�SODQWV�LQ�
D� SDUWLFXODU� SORW� DQG�ZDV� H[SUHVVHG� LQ� SHUFHQWDJH��7DVVHO�
EODVW�ZDV�REWDLQHG�E\�WKH�FRXQWLQJ�WKH�QXPEHU�RI�SODQWV�WKDW�
VKRZHG�WDVVHO�EODVW�V\PSWRPV�LQ�WKH�WRWDO�QXPEHU�RI�SODQWV�LQ�
SDUWLFXODU� SORW� ZDV� H[SUHVVHG� LQ� SHUFHQWDJH�� *UDLQ� \LHOG�
�NJ�KD��DW�����PRLVWXUH�FRQWHQW�ZDV�FDOFXODWHG�XVLQJ�IUHVK�
HDU�ZHLJKW�ZLWK�WKH�KHOS�RI�WKH�EHORZ�IRUPXOD�

:KHUH�
)�:�� �)UHVK�ZHLJKW�RI�HDU�LQ�NJ�SHU�SORW�DW�KDUYHVW
+03� �*UDLQ�PRLVWXUH�SHUFHQWDJH�DW�KDUYHVW
'03� �'HVLUHG�PRLVWXUH�SHUFHQWDJH��L�H�����

�13$� �1HW�KDUYHVW�SORW�DUHD��P
6� �6KHOOLQJ�FRHI¿FLHQW��L�H�����
7KLV�IRUPXOD�ZDV�DOVR�DGRSWHG�E\�&DUDQJDO�HW�DO���������

��DQG�6KUHVWKD�HW�DO���������WR�DGMXVW�WKH�JUDLQ�\LHOG��NJ�KD ��DW�
������PRLVWXUH�FRQWHQW��7KLV�DGMXVWHG�JUDLQ�\LHOG��NJ�KD ��ZDV�

��DJDLQ�FRQYHUWHG�WR�JUDLQ�\LHOG��W�KD ��
6WDWLVWLFDO�$QDO\VLV
7KH�GDWD�UHFRUGHG�RQ�GLIIHUHQW�SDUDPHWHUV�IURP�LQ�KHDW�

VWUHVV�¿HOG�ZHUH�¿UVW�WDEXODWHG�DQG�SURFHVVLQJ�LQ�0LFURVRIW�
H[FHO� �06�� ([FHO�� ������� WKHQ� VXEMHFWHG� WR� UHVWULFWHG�
PD[LPXP� OLNHOLKRRG� �5(0/�� WRRO� LQ� *HQ6WDW� WR� REWDLQ�
$129$�� &RUUHODWLRQ� FRHI¿FLHQWV� RI� GLIIHUHQW� WUDLWV� ZHUH�
FDUULHG� RXW� XVLQJ� WKH� IRUPXOD� JLYHQ� E\� 6WHHO� DQG� 7RUULH��
�������E\�XVLQJ�6366�SURJUDP��3DWK�DQDO\VLV�FDUULHG�RXW�E\�
XVLQJ�06��([FHO�

5HVXOWV�DQG�'LVFXVVLRQ�
�0D[LPXP� PHDQ� WHPSHUDWXUH� ����&� LQ� $SULO� LQ� KHDW�

�VWUHVV�FRQGLWLRQ�ZKHUHDV�DV�QRUPDO�FRQGLWLRQ�ZDV������&�
DQG�VLPLODUO\�IRU�0D\�PRQWK�LQ�PD[LPXP�PHDQ�WHPSHUDWXUH�

� �ZDV� �����&� ZKHUHDV� LQ� QRUPDO� FRQGLWLRQ� �����&PHDQV�
�PHDQ�WHPSHUDWXUH����&�KLJKHU�LQ�SODVWLF�KRXVH�DW�WLPH�RI�

ÀRZHULQJ��SROOLQDWLRQ�DQG� �JUDLQ�¿OOLQJ�SHULRGV�DV�ZHOO�DV�
WKHUH�ZDV�QR�GURXJKW�GXH� WR� �SORW�ZDV� LUULJDWHG�ZKHQ�WKH�
VXUIDFH�EHJDQ�GU\�DQG�DOO�RWKHU�IDFWRU�ZHUH�NHSW�FRQVWDQW��WKH�
RQO\�VWUHVV�OHG�WR�GLIIHUHQFH�EHWZHHQ�WKH�QRUPDO�DQG�VWUHVV�
WUHDWPHQW�ZDV�DVVXPHG�WR�EH�GXH�WR�KHDW�VWUHVV��$QDO\VLV�RI�
YDULDQFH�ZDV�SHUIRUPHG�IRU�DOO�WUDLWV��$QDO\VLV�RI�YDULDQFH�RI�
PHDQ� VTXDUH� FRPSDULVRQ� GHVFULEHG� VLJQL¿FDQW� GLIIHUHQFH�
DPRQJ����PDL]H�LQEUHG�OLQHV�IRU�WUDLWV�DV�VKRZQ�LQ�7DEOH���
DQG���

$QWKHVLV�VLONLQJ�LQWHUYDO��$6,��
,Q�SUHVHQW�VWXG\��VLJQL¿FDQW�LQFUHDVHV�WKH�$6,�XQGHU�KHDW�

VWUHVV�DV�FRPSDUHG�WR�QRUPDO�FRQGLWLRQ�ZDV�REVHUYHG��0KLNH�
HW�DO����������DOVR�UHSRUWHG�VLPLODU�UHVXOW�VLJQL¿FDQW�LQFUHDVHV�
WKH�$6,�LQ�PDL]H�XQGHU�KHDW�VWUHVV�PLJKW�EH�VLONLQJ�GHOD\�L�H��
GXH�WR�DW�ULVH�LQ�WHPSHUDWXUH�����&���SROOHQ�VKHGGLQJ�VWDUWV�
PXFK�DKHDG�RI�VLONV�HPHUJHQFH�ZKLOH�VLONLQJ�LV�GHOD\HG��VR�
WKDW�VLONLQJ�SHULRG�GRHV�QRW�FRUUHVSRQG�WR�DQWKHVLV�WDVVHOLQJ��
UHVXOWLQJ�LQ�SRRU�V\QFKURQL]DWLRQ�RI�ÀRZHULQJ��&LFFKLQR�HW�DO�
������� UHSRUWHG�PHFKDQLVPV� RI� LQFUHDVHV� DQWKHVLV� VLONLQJ�
LQWHUYDO� XQGHU� KHDW� VWUHVV� FRQGLWLRQ� FDXVHV� UHGXFWLRQ� LQ�
HVVHQWLDO� QXWULHQWV� DV�ZHOO� DV� DOO� RWKHU� IDFWRUV� OLNH� SROOHQ�
YLDELOLW\��LQFUHDVH�VLONLQJ�GD\�NQRZQ�DV�VLON�GHOD\��(GPHDGHV�

HW�DO����������UHSRUWHG�DVVRFLDWLRQ�RI�VKRUW�DQWKHVLV�VLONLQJ�
LQWHUYDO�ZLWK�LQFUHDVHG�SDUWLWLRQLQJ�RI�DVVLPLODWH�WR�WKH�HDU�DW�
ÀRZHULQJ� DQG� VXSSO\� RI� QLWURJHQ� WR� WKH� GHYHORSLQJ� HDU� D�
FDXVH�RI�LPSURYHG�SHUIRUPDQFH�RI�JHQRW\SHV�XQGHU�VWUHVV�
HQYLURQPHQW��

/HDI�¿ULQJ�DQG�7DVVHO�EODVW��
/HDI�¿ULQJ�RI�WKH�ÀDJ�OHDI�DQG�RQH�RU�WZR�DGMDFHQW�OHDYHV�

ZDV�REVHUYHG�DIWHU�VHYHUH�KHDW�ZDYHV�WKDW�RFFXUUHG�ZKHQ�WKH�
WDVVHO�WLVVXH�ZDV�DERXW�WR�HPHUJH�IURP�WKH�OHDI�ZKRUO��7KXV�
RFFXUUHQFH� RI� WDVVHO� EODVWLQÀXHQFHV� WKH� RFFXUUHQFH� OHDI�
¿ULQJ�XQGHU�KHDWVWUHVV�FRQGLWLRQ�GXH�LQFUHDVH�LQ�FHOO�LQMXU\�
OHDGV�WR�UHOHDVH�RI�UHDFWLYH�R[\JHQ�VSHFLHV�FRPSOH[HV�DQG�
OHDNDJH�RI�HOHFWURO\WHV�ZKLFK�OHDGV�WR�FKORURVLV��DQG�GHDWK�RI�
WKH�WLVVXH�XQGHU�KLJK�WHPSHUDWXUH��&KHQ�HW�DO����������DOVR�
UHSRUWHG� WKDW�XQGHU�KLJK� WHPSHUDWXUH� VWUHVV�FRQGLWLRQ� OHDI�
¿ULQJ� UHGXFHV� SKRWRV\QWKHWLF� DSSDUDWXV� ZKLFK� OHDG� WR�
UHGXFWLRQ� LQ� JUDLQ� \LHOG��0DL]H� SROOHQ� YLDELOLW\� GHFUHDVHV�
ZLWK� H[SRVXUH� WR� WHPSHUDWXUHV� DERYH� ��� �&� �'XSXLV� DQG�
'XPDV�� ����� 'DVV� HW� DO��� ������� UHSRUWHG� WKDW� KLJK���
WHPSHUDWXUH�FDQ�GHOD\�DQWKHVLV�DQG�GDPDJH�PRVW�RI�WDVVHOV�
UHVXOWLQJ�LQ�OLWWOH�RU�QR�SROOHQ�SURGXFWLRQ�DQG�LQFUHDVLQJ�WKH�
RFFXUUHQFH�RI�PDOH�VWHULOH�SODQWV�LQ�¿HOG�

63$'�FKORURSK\OO�DQG�OHDI�VHQHVFHQFH�
,Q�KHDW�VWUHVV�FRQGLWLRQ��OHDI�VHQVHQVHGXH�WR�LQFUHDVH�LQ�

FHOO� LQMXU\� OHDGV� WR� UHOHDVH� RI� UHDFWLYH� R[\JHQ� VSHFLHV�
FRPSOH[HV� DQG� OHDNDJH� RI� HOHFWURO\WHV� ZKLFK� OHDGV� WR�
FKORURVLV��DQG�GHDWK�RI�WKH�WLVVXH��OHDGLQJ�WR�LQDSSURSULDWH�
SURGXFWLRQ� RI� DVVLPLODWHV� ZKLFK� DUH� UHTXLUHG� IRU� SURSHU�
JURZWK�� &UDIWV�%UDQGQHU� HW� DO��� ������� UHSRUWHG� � UHGXFHG�
FRQWHQW�RI�FKORURSK\OO�PLJKW�FDXVH�D�GUDVWLF�UHGXFWLRQ�LQ�WKH�
HI¿FLHQF\�RI� WKH�SKRWRV\QWKHWLF�PDFKLQHU\�RI� FURS�SODQWV�
GXH�WR�UHGXFWLRQ�LQ�DFWLYDWLRQ�RI�UXELVFR�HQ]\PH�DOWHUV�UDWH�RI�
ULEXORVH�����ELSKRVSKDWH� UHJHQHUDWLRQ� E\� GLVUXSWLRQ� RI�
HOHFWURQ� WUDQVSRUW� DQG� LQDFWLYDWLRQ� RI� R[\JHQ� HYROYLQJ�
HQ]\PHV� RI� 36� ,,�� 3ODQW� VHQHVFHQFH� LV� D� FRPPRQ�
SK\VLRORJLFDO� SKHQRPHQRQ� ZKLFK� OHDGV� WR� GU\LQJ� RI� WKH�
OHDYHV�EXW�LQ�KHDW�VWUHVV�SKHQRPHQRQ�SURFHHGV�DW�IDVWHU�UDWH�
PRYLQJ�WRZDUGV�WKH�ÀDJ�OHDI�E\�GHVWUR\LQJ�WKH�FKORURSK\OO�
FRQWHQW��*XHQGRX]�HW�DO����������UHSRUWHG�WKDW�SODQW�KDYLQJ�
KLJK�FKORURSK\OO�FRQWHQW�VKRZHG�VORZ�OHDI�VHQHVFHQFH�DQG�
SURGXFHV�PD[LPXP�\LHOG�XQGHU�KHDW�VWUHVV�FRQGLWLRQ��5HQX�
HW�DO��� ������� UHSRUWHG� WKDW�SODQW�KDYLQJ�KHDW� WROHUDQW�ZDV�
FKDUDFWHUL]HG�E\�OHVV�FHOO�LQMXU\�SHUFHQWDJH�XQGHU�KHDW�VWUHVV�
FRQGLWLRQ�

3ODQW�DQG�(DU�+HLJKW��
(IIHFW�RI�KHDW�VWUHVV�ZDV�PRVW�SURPLQHQW�RQ�SODQW�DQG�HDU�

KHLJKW�UHGXFWLRQ�PLJKW�EH�UHVXOW�RI�WKH�HIIHFW�RI�KHDW�VWUHVV�RQ�
LQWHUQDO� ±QRGDO� HORQJDWLRQ�� 7KLV� UHVHDUFK� ¿QGLQJ� ZDV�
VXSSRUWHG�E\��:HDLFK�HW�DO��������DQG��&DLUQV�HW�DO���������

/HDI�DUHD�LQGH[��/$,��
/HDI� DUHD� LQGH[� RI� WKH� GHFUHDVHV� ZDV� REVHUYHG� DIWHU�

VHYHUH� KHDW� ZDYHV� GXH� WR� OHDI� JURZWK� SDWWHUQ� RI� PDL]H�
LQFUHDVHV�LQ�UDQJ�RI�WHPSHUDWXUH������&�ZLWK�GHFOLQH�DW����
���&��/HDI�DUHD�H[SDQVLRQ�LV�RI�JUHDW�LPSRUWDQFH�IRU�OLJKW�
LQWHUFHSWLRQ� DQG� IRU� SKRWRV\QWKHVLV�� LW� YDULHV� ZLWK� WKH�
TXDQWLW\�RI�DVVLPLODWHV�DOORFDWHG�WR�WKH�SURGXFWLRQ�RI�OHDYHV�
DQG�WKH�UDWLR�RI�WKH�OHDI�DUHD�SURGXFHG�SHU�XQLW�RI�OHDI�GU\�
PDWWHU��+HDW�VWUHVV�FDXVHV�WUDQVORFDWLRQ�RI�WKH�SKRWRV\QWKHWLF�
SURGXFWV�FDQQRW� IXOO\�PDWFK� WKH� LQFUHDVHG�UDWHV�RI�FDUERQ�
¿[DWLRQ�XQGHU�WKH�SUHYDLOLQJ�FRQGLWLRQV��WKLV�UHVXOWV�LQ�WKH�
WKLFNHQLQJ�RI�WKH�H[LVWLQJ�OHDYHV�DQG�WKH�IRUPDWLRQ�RI�WKLFNHU�
QHZ�OHDYHV��DQG�WKHUHIRUH�LQ�D�VKDUS�GHFUHDVH�RI�OHDI�DUHD�LQ�
WKH�SUH�DQWKHVLV�SHULRG��,W�FDQ�DOVR�EH�QRWHG�WKDW�WKH�/$,�LV�
PD[LPXP�DW�WDVVHOOLQJ�RU�ODWHU�DQG�IXUWKHU�VOLJKW�GHFUHDVH
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LQ� OHDI� DUHD� LV� DWWULEXWHG� WR� WKH� VHQHVFHQFH� RI� WKH� ROG�
�WKLQQHU��OHDYHV��VR�WKDW�WKH�\RXQJHU�WKLFNHU�OHDYHV�UHPDLQ�RQ�
WKH�VWDQG�D�DQG��ORQJHU�JURZLQJ�F\FOH�DQG�QRUPDOO\�D�KLJKHU�
/$,��DQG�GHWHUPLQH�WKH�RYHUDOO�/$,�YDOXH��7KLV�¿QGLQJ�ZDV�
DJUHHPHQW�ZLWK�HDUOLHU�¿QGLQJ�UHSRUWHG�E\�� HW�DO���'DQDODWRV�
�������.DULP�HW�DO����������DOVR�QRWHG��WKDW�OHDI�DUHD�DQG�GD\�
WLPH�OHDI�H[SDQVLRQ�UDWH�ZHUH�JRRG�WKHUPR�WROHUDQFH�WUDLW�RI�
WURSLFDO�PDL]H�XQGHU�KHDW�VWUHVV�FRQGLWLRQ�

(DU�3HU�3ODQW��(33��
6LJQL¿FDQW� LQFUHDVHV�LQ�WKH�IUHTXHQF\�RI�EDUUHQQHVV�LQ�

KLJK�WHPSHUDWXUH�GXH�UHGXFWLRQ�LQ�DYHUDJH�HDUV�SHU�SODQW�ZDV�
REVHUYHG��,W�LV�DWWULEXWHG�WR�WKH�IDFW�WKDW�GLIIHUHQW�YHJHWDWLYH�
DQG�UHSURGXFWLYH�RUJDQV�XQGHUJR�DFWLYH�JURZWK�DW�WKH�VDPH�
VWDJH�� ZKLFK� LQFXUV� FRPSHWLWLRQ� IRU� DVVLPLODWHV� DPRQJ�
RUJDQV�� 5DWWDOLQR� (GUHLUD� HW� DO��� ������� ¿QGLQJ� ZDV�
DJUHHPHQW� ZLWK� HDUOLHU� ¿QGLQJ� UHSRUWHG� DV� FKDQJHV� LQ�
GLVWULEXWLRQ� RI� DVVLPLODWHV� PLJKW� EH� FDXVH� IRU� UHGXFHG�
UHSURGXFWLYH�JURZWK��SDUWLFXODUO\�HDUV�SHU�SODQW��&LFFKLQR�HW�
DO��������E��UHSRUWHG�WKDWVLPLODU�¿QGLQJV�KDV�EHHQ�UHSRUWHG�
LQ� SUHYLRXV� VWXGLHV� LQ� PDL]H� FURS� H[SRVHG� WR� KLJK�
WHPSHUDWXUH�DW�ÀRZHULQJ�VWDJH��

��1XPEHU�RI�NHUQHO�SHU�HDU��1.( �
$�QXPEHU�RI�IDFWRUV�FRXOG�EH�UHVSRQVLEOH�IRU�UHGXFWLRQ�LQ�

��QXPEHU�RI�NHUQHOV�HDU �XQGHU�KHDW�VWUHVV�FRQGLWLRQ��'XNH�DQG�
'RHKOHUW���������DQG�5DWWDOLQR�(GUHLUD�HW�DO����������¿QGLQJ�
ZDV�DJUHHPHQW�ZLWK�HDUOLHU�¿QGLQJ�UHSRUWHG�DV�QXPEHU�RI�
NHUQHO�SHU�HDU�UHGXFHV�GXH�WR� �UHGXFHG�SROOHQ�YLDELOLW\�DQG�
UHFHSWLYLW\�RI�VLON��LQFUHDVHG�IUHTXHQF\�RI�NHUQHO�DERUWLRQ��
GHFUHDVHG�FHOO�GLYLVLRQ�LQ�HQGRVSHUP��UHGXFHG�VLQN�FDSDFLW\�
RI� GHYHORSLQJ� NHUQHOV�� UHGXFHG� VWDUFK� JUDLQ� QXPEHU� DQG�
RYHUDOO� VWDUFK� V\QWKHVLV�� LQFUHDVHG� VROXEOH� VXJDU�
DFFXPXODWLRQ��GXUDWLRQ�RI�JUDLQ�¿OOLQJ��NHUQHO�GHYHORSPHQW�
DQG� HQ]\PH� DFWLYLWLHV�� &LFFKLQR� HW� DO��� �����E�� UHSRUWHG�
VLPLODU�¿QGLQJ� WKDW�VWUHVV� LQ�SUH�DQWKHVLV�VWUHVV� OHDGLQJ� WR�
EDUUHQQHVV�LQ�SODQWV��ZKLOH�DEVRUSWLRQ�RI�IHUWLOL]HG�VWUXFWXUH�
DQG� UHGXFHG� HDU� JURZWK� UDWH� OHDG� WR� UHGXFWLRQ� LQ� NHUQHO�
QXPEHU�DQG�XOWLPDWH�DIIHFW�FURS�\LHOG��0RVHU�HW�DO����������
UHSRUWHG�WKDW�VWUHVV�EHIRUH�DQG�LPPHGLDWHO\�DIWHU�SROOLQDWLRQ�
PD\�OHDG�WR�IDLOXUH�RI�QXPEHU�RI�NHUQHO�GHYHORSPHQW�HDU��

�+XVVDLQ�HW�DO���������DOVR�UHSRUWHG�WKDW��QXPEHU�RI�URZV�FRE
� ����QXPEHU�RI�NHUQHOV� URZ �DQG�\LHOG�SHU�SODQW�ZHUH�PXFK�
UHGXFHG�LQ�VSULQJ�VHDVRQ�GXH�WR�KHDW�VWUHVV�

6LON�5HFHSWLYLW\�
3ROOHQ�VKHG�PD\�RFFXUV�IRU�XS�WR���ZHHNV�EXW�XVXDOO\�ODVWV�

IRU���WR���GD\V��ZLWK�SHDN�VKHG�E\�DERXW�GD\V���6LON�FDQ�JURZ�
��WR���LQFK�SHU�GD\�DQG�PD[LPXP�JURZWK�E\���DQG���GD\V�
DIWHU� ¿UVW� VLON�� 6LON� ORQJHYLW\� LV� DURXQG� ��� GD\V� DQG�
PD[LPXP� XS� WR� ��� GD\V� EXW� XQGHU� KHDW� VWUHVV� FRQGLWLRQ�
GHVLFFDWH� WKH�SUHPDWXUHO\�ZLOO�DSSHDU�DV�HUUDWLF�SDWWHUQ�RI�
IHUWLOL]DWLRQ�DORQJ�WKH�HDU�ZLWK�PRVW�IHUWLOL]HG�RYXOH�ORFDWHG�
DW� WKH�EDVH��$�QXPEHU�RI� IDFWRUV�FRXOG�EH� UHVSRQVLEOH� IRU�
UHGXFWLRQ�LQ�QXPEHU�RI�VLON�UHFHSWLYLW\�XQGHU�KHDW�VWUHVV�RQ�
FRUQ�NHUQHO�VHW��VHDVRQDO�SROOHQ�SURGXFWLRQ��VLON�HORQJDWLRQ�
SDWWHUQ�DQG�GXUDWLRQ�RI�VLON�UHFHSWLYLW\��7KH�VHDVRQDO�SROOHQ�
SURGXFWLRQ�GHWHUPLQH�NHUQHO�SHU�SODQW�DW�SROOHQ�GHQVLWLHV�OHVV�
WKDQ������SROOHQ�JUDLQ�SHU�VLON��,W�ZDV�IRXQG�WKDW�D�PLQLPXP�
SROOHQ�VKHG�GHQVLW\�SHU�H[SRVHG�VLON�LV�UHTXLUHG�WR�DFKLHYH�
PD[LPXP�NHUQHO�VHW�DQG�JUDLQ�\LHOG�UHSRUWHG�E\��:HVWJDWH�HW�
DO����������6LON�UHFHSWLYLW\�FDQ�EH�GUDVWLFDOO\�UHGXFHG�E\�DV�
PXFK�DV�����GXULQJ�KLJK�WHPSHUDWXUHV�GXH�WRVXGGHQ�SROOHQ�
VKHGGLQJ� RYHU� D� YHU\� VKRUW� WLPH� �)RQVHFD� HW� DO��� �������
$QGHUVRQ� HW� DO��� ������� IRXQG� WKDW� NHUQHO� VHW� DQG� \LHOG�
VWDELOLW\� DUH� LPSDFWHG� E\� YDULDWLRQ� DPRQJ� K\EULG� IRU� VLON�
HORQJDWLRQ�DQG�VHQHVFHQFH��&DPSRV�HW�DO����������VXJJHVWHG�

WKDW�VHOHFWLRQ�EDVHG�RQ�SHUIRUPDQFH�LQ�PXOWL��HQYLURQPHQW�
WULDOV� LQFUHDVHG�JUDLQ�\LHOG�XQGHU�GURXJKW� WURXJK� LQFUHDVH�
\LHOG�SRWHQWLDO�DQG�NHUQHO�VHW��UDSLG�VLON�H[HUWLRQ�DQG�UHGXFHG�
EDUUHQQHVV� WKURXJK� DW� ORZHU� UDWH� WKDQ� XQGHU� RSWLPDO�
FRQGLWLRQ��

6KHOOLQJ�SHUFHQWDJH�
5RZKDQL�HW�DO����������UHSRUWHG�WKDW�VLJQL¿FDQW�YDULDWLRQ�

LQ�VKHOOLQJ�SHUFHQWDJH�XQGHU�KHDW�VWUHVV�FRQGLWLRQ�PLJKW�EH�
DVVRFLDWHG� ZLWK� ORZHU� JUDLQ� \LHOG� WUDLWV� VXFK� DV� SROOHQ�
YLDELOLW\�DQG�IHUWLOL]DWLRQ�XQGHU�KLJK�WHPSHUDWXUH��7KLV�ZDV�
EHFDXVH�RI�JUDLQ�¿OOLQJ�SHULRG�ZDV�PRVW� VHQVLWLYH� WR�KHDW�
VWUHVV�DV�UHSRUWHG�E\��7KRPSVRQ�������

7KRXVDQG�.HUQHO�ZHLJKW��7.:��
5LVH�LQ�WHPSHUDWXUH�EH\RQG����&�LPSDFWV�WKH�DFWLYLW\�RI�

5XELVFR�LQ�PDL]H��ZKLFK�LQ�WXUQ�UHGXFHV�SKRWRV\QWKHVLV�DQG�
XOWLPDWHO\� GHFUHDVHV� JUDLQ� ¿OOLQJ� SHULRG� DQG� JUDLQ� VL]H�
�6WHYHQ�HW�DO����������.HUQHO�ZHLJKW�LV�LQÀXHQFHG�E\�VRXUFH�
VLQN� UHODWLRQVKLSV� GXULQJ� JUDLQ� ¿OO� ZLWK� LQFUHDVHG� NHUQHO�
ZHLJKW�EHLQJ�FDXVHG�E\�LUUDGLDQFH�OHYHO��JUDLQ�¿OO�GXUDWLRQ��
DQG�SODQW�DQG�NHUQHO�JURZWK�UDWH��*DPELQHW�HW�DO����������7KH�
UHGXFWLRQ� RI� WKRXVDQG� NHUQHO� ZHLJKW� LQ� DJUHHPHQW� ZLWK�
¿QGLQJV��$EHQGURWKHW�HW�DO���������

*UDLQ�<LHOG�
0DL]H� \LHOGV� KDYH� EHHQ� VKRZQ� WR� KDYH� DQ� RSWLPXP�

JURZLQJ� WHPSHUDWXUH� RI� ��� �&� DQG� ��� �&�� UHVSHFWLYHO\��
WHPSHUDWXUHV�DERYH�WKLV�WKUHVKROG�UHVXOW�LQ�\LHOG�GHFUHDVHV�
� ��� 7KH� PDMRU� HIIHFW� RI� KLJK�6FKOHQNHUDQG� 5REHUWV�� ����
WHPSHUDWXUH� LV� HPEU\R� DERUWLRQ�� ZKLFK� LV� UHODWHG� WR� WKH�
LQKLELWLRQ�RI�SKRWRV\QWKHVLV�DQG�WKH�VXEVHTXHQW�UHGXFWLRQ�LQ�
DVVLPLODWHV� DYDLODEOH� WR� GHYHORSLQJ� NHUQHOV�� ([SRVXUH� WR�
WHPSHUDWXUHV� DERYH� ��� �&� GDPDJHG� FHOO� GLYLVLRQ� DQG�
DP\ORSODVW�UHSOLFDWLRQ�LQ�PDL]H�NHUQHOV�ZKLFK�UHGXFHG�WKH�
VL]H�RI� WKH�JUDLQ� VLQN�DQG�XOWLPDWHO\�\LHOG� �&RPPXUL�DQG�
-RQHV���������7KH�RI�WKH�\LHOG�GHFUHDVH�XS�WR�������ODUJHU�
WKDQ�WKRVH�HVWLPDWHG�LQ�SUHYLRXV�VWXGLHV��/REHOO�DQG�)LHOG��
������ 6FKOHQNHU� DQG� 5REHUWV�� ������� /REHOO� DQG� )LHOG��
������� VKRZHG�PDL]H�\LHOGV�GHFUHDVHG������SHU���&�ULVH�
ZLWKRXW� DQ\� FRPSOLFDWLQJ� HIIHFW� GXH� WR� ZDWHU� VWUHVV��
.KRGDUDKPSRXU�HW�DO����������REVHUYHG�UHGXFWLRQ�RI�JUDLQ�
\LHOG�XS�WR�����XQGHU�KHDW�VWUHVV�PLJKW�EH�GXH�WR�ORZ�SROOHQ�
YLDELOLW\�� VLON� UHFHSWLYLW\� DQG� ORQJHU�$6,� GXUDWLRQ� LQ� KHDW�
VWUHVVHG�FRQGLWLRQ�

&RUUHODWLRQ�$QDO\VLV�
7KH�JUDLQ�\LHOG�KDG�SRVLWLYH�DQG�VLJQL¿FDQW�SKHQRW\SLF�

FRUUHODWLRQ� ZLWK� VLON� UHFHSWLYLW\�� VKHOOLQJ� SHUFHQWDJH�� FRE�
��OHQJWK�DQG�GLDPHWHU��QXPEHU�RI�NHUQHO�HDU ��QXPEHU�RI�NHUQHO�

�� ��URZ� HDU �� QXPEHU� RI� NHUQHO� HDU �� 63$'� FKORURSK\OO�� DQG�
WKRXVDQG� NHUQHO� ZHLJKW� ZKHUHDV� LW� ZDV� VLJQL¿FDQW� DQG�
QHJDWLYH� FRUUHODWLRQ� ZLWK� WDVVHO� EODVW�� DQWKHVLVVLONLQJ�
LQWHUYDO�� OHDI� DUHD� LQGH[�� OHDI� ¿ULQJ� XQGHU� KHDW� VWUHVV�
FRQGLWLRQ� DV� VKRZQ� LQ� 7DEOH� ��� .KRGDUDKPSRXUDQG�
&KRXNDQ���������UHSRUWHG�VLPLODU�¿QGLQJ�LQ�D�VWXG\�RI�¿IWHHQ�
LQEUHG� OLQH�XQGHU�KHDW�VWUHVV�FRQGLWLRQ�UHSRUWHG� WKDW�JUDLQ�
\LHOG�KDG�SRVLWLYH�DQG�VLJQL¿FDQW�FRUUHODWLRQ�ZLWK�QXPEHU�RI�

�� ��NHUQHO�HDU ��QR�RI�NHUQHO�URZ��QR�RI�NHUQHO�HDU �������JUDLQ�
ZHLJKW��DQG�FRE�GLDPHWHU��.DXU�HW�DO����������UHSRUWHG�VLPLODU�
UHVXOW�VLJQL¿FDQW�QHJDWLYH�DVVRFLDWLRQ�OHDI�¿ULQJ�DQG�WDVVHO�
EODVW�ZLWK�JUDLQ�\LHOG�XQGHU�KHDW�VWUHVV��&DLUQVHW�DO���������
UHSRUWHG�VLJQL¿FDQW�FRUUHODWLRQ�EHWZHHQ�JUDLQ�\LHOG�DQG�$6,
DQG�63$'�UHDGLQJ�ZDV�QHJDWLYHO\�FRUUHODWHG��.UDVHQVN\��-���
DQG�-RQDN��&���������UHSRUWHG�VLPLODU�UHVXOW�IRU�VLJQL¿FDQW�
SRVLWLYH� IRU� DVVRFLDWLRQ� EHWZHHQ� FKORURSK\OO� FRQWHQW� DQG�
JUDLQ� \LHOG� XQGHU� GURXJKW� VWUHVV�� %HWUDQ� HW� DO�������D��
UHSRUWHG�VLPLODU�UHVXOW�IRU�63$'�FKORURSK\OO�FRQWHQW�DQG
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7DEOH����0HDQ�VTXDUH�FRPSDULVRQ�IRU�GLIIHUHQW�WUDLWV�LQ����LQEUHG�OLQHV�RI�PDL]H�XQGHU�KLJK�WHPSHUDWXUH�VWUHVV�DW�1053��5DPSXU��
&KLWZDQ��������

7DEOH����0HDQ�VTXDUH�FRPSDULVRQ�IRU�GLIIHUHQW�WUDLWV�LQ����LQEUHG�OLQHV�RI�PDL]H�XQGHU�KLJK�WHPSHUDWXUH�VWUHVV�DW�1053��5DPSXU��
&KLWZDQ��������

7DEOH����3HDUVRQ
V�&RUUHODWLRQ�FRHI¿FLHQW�DPRQJ�GLIIHUHQW�WUDLWV�XQGHU�KHDW�VWUHVV�FRQGLWLRQ�DW�1053��5DPSXU��������

(33�ZLWK�JUDLQ�\LHOG�XQGHU�GURXJKW�VWUHVV�EXW�UHODWLRQ�RI�(33�
ZDV�IRXQG�QRQ�VLJQL¿FDQW�

3DWK�&RHI¿FLHQW�$QDO\VLV
'LUHFW�HIIHFW�RI�WKRXVDQG�NHUQHO�ZHLJKW����������VKHOOLQJ�

��SHUFHQWDJH� ��������� QXPEHU� RI� NHUQHO� HDU � ��������� VLON�
UHFHSWLYLW\���������OHDI�DUHD�LQGH[���������RQ�JUDLQ�\LHOG�KDG�
KLJKHVW�SRVLWLYH�YDOXH�DV�FRPSDUHG�WR�DOO�RWKHU�WUDLWV�VXFK�DV�
HDU�SHU�SODQW��������H[HUWHG�SRVLWLYH�GLUHFW�HIIHFW�RQ�\LHOG�
EDVHG�RQ�GLUHFW�HIIHFW�LQ�SDWK�DQDO\VLV�EXW�LW�LV�QRQ�VLJQL¿FDQW�
FRUUHODWHG�ZLWK� JUDLQ� \LHOG� KHQFH�PD\�QRW� EH� VWDWLVWLFDOO\�
FRQVLGHUDEOH�� (O�%DGDZ\� HW� DO��� ������� UHSRUWHG� VLPLODU�
UHVXOW� �KLJKHVW�SRVLWLYH�GLUHFW�HIIHFW�RI�����JUDLQ�ZHLJKW�RQ�
\LHOG�SHU�SODQW�LQ�PDL]H��.ULVKQDML�HW�DO����������IRXQG�VLPLODU�
UHVXOW�KLJK�SRVLWLYH�GLUHFW�HIIHFW�RI�VKHOOLQJ�SHUFHQWDJH�DQG�
QXPEHU�RI�NHUQHO�SHU�HDU�XQGHU�KHDW�VWUHVV�FRQGLWLRQ��-DZDULD�
$]KDU��-���5DP]DQDQG$KPDG��5�0���������UHSRUWHG�VLPLODU�
UHVXOW�KLJK�SRVLWLYH�GLUHFW�HIIHFW�RI�WKRXVDQG�NHUQHO�ZHLJKW�
RQ�JUDLQ�\LHOG�XQGHU�KHDW�VWUHVV�FRQGLWLRQ�LQ�PDL]H��6LPLODUO\�
FRUUHODWLRQ�FRHI¿FLHQW�RI�63$'�FKORURSK\OO��FRE�GLDPHWHU��

��FRE�OHQJWK��1XPEHU�RI�NHUQHO�URZ�HDU ��QXPEHU�RI�NHUQHO�

URZ�ZHUH�SRVLWLYHDQG�VLJQL¿FDQW�ZLWK�JUDLQ�\LHOG�ZKLOH�WKHUH�
GLUHFW� HIIHFWV� RQ� JUDLQ� \LHOG� ZHUH� QHJDWLYH�� %XW� QHJDWLYH�
GLUHFW�HIIHFWV�RI�WKHVH�WUDLWV�ZHUH�QXOOL¿HG�E\�WKHLU�SRVLWLYH�
LQGLUHFW�FRQWULEXWLRQ�YLD�RWKHU�\LHOG�FRPSRQHQWV��6LPLODUO\�
FRUUHODWLRQ�FRHI¿FLHQW�RI�OHDI�DUHD�LQGH[�ZDV�QHJDWLYH�DQG�
VLJQL¿FDQW�ZLWK�JUDLQ�\LHOG�ZKLOH�WKHUH�GLUHFW�HIIHFWV�RQ�JUDLQ�
\LHOG�ZHUH�SRVLWLYH��%XW�SRVLWLYH�GLUHFW�HIIHFWV�RI�WKHVH�WUDLWV�
ZHUH� QXOOL¿HG� E\� WKHLU� QHJDWLYH� LQGLUHFW� FRQWULEXWLRQ� YLD�
RWKHU� \LHOG� FRPSRQHQWV�� 2Q� FRQWUDU\�� VRPH� FKDUDFWHURI�
DQWKHVLV� VLONLQJ� LQWHUYDO� DQG� WDVVHO� EODVW� H[HUWHG� SRVLWLYH�
GLUHFW�HIIHFW�RQ�JUDLQ�\LHOG��+RZHYHU�SRVLWLYH�GLUHFW�HIIHFW�RI�
WKHVH� WUDLWV� ZDV� QXOOL¿HG� E\� WKHLU� QHJDWLYH� LQGLUHFW�
FRQWULEXWLRQ�YLD�RWKHU�\LHOG�FRPSRQHQWV��7KRXVDQG�NHUQHO�
ZHLJKW� VKRZHG� WKH� KLJKHVW� SRVLWLYH� LQGLUHFW� FRQWULEXWLRQ�
WRZDUGV� JUDLQ� \LHOG� YLD� VKHOOLQJ� SHUFHQWDJH� ����������
QXPEHU� RI� NHUQHO� SHU� HDU� ��������� VLONUHFHSWLYLW\� ���������
DQWKHVLV�VLONLQJ�LQWHUYDO���������HDU�KHLJKW���������DQG�OHDI�
¿ULQJ����������+RZHYHU��LW�VKRZHG�QHJDWLYH�LQGLUHFW�HIIHFW�
YLD�WDVVHO�EODVW��OHDI�VHQHVFHQFH��63$'�FKORURSK\OO��OHDI�DUHD�
LQGH[��HDU�SHU�SODQW��FRE�GLDPHWHU�DQG�OHQJWK��QXPEHU�RI�

,QW�-�$JULF�(QYLURQ�)RRG�6FL�����������������������0DQRM�.DQGHO��6XU\D�.DQW�*KLPLUH���%LVKQX�5DM�2MKD��-LEDQ�6KUHVWKD
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NHUQHO� URZ� SHU� HDU� DQG� QXPEHU� RI� NHUQHO� SHU� URZ�
UHVSHFWLYHO\�� 6KHOOLQJ� SHUFHQWDJH� H[KLELWHG� KDG� SRVLWLYH�
LQGLUHFW� FRQWULEXWLRQ� RQ� JUDLQ� \LHOG� YLD� WKRXVDQG� NHUQHO�
ZHLJKW��QXPEHU�RI�NHUQHO�SHU�HDU��VLON�UHFHSWLYLW\��HDU�KHLJKW��
OHDI�¿ULQJ�DQG�DQWKHVLV�VLONLQJ�LQWHUYDO��+RZHYHU��LW�VKRZHG�
QHJDWLYH� LQGLUHFW� HIIHFW� YLD� WDVVHO� EODVW�� OHDI� VHQHVFHQFH��
63$'� FKORURSK\OO�� OHDI� DUHD� LQGH[�� HDU� SHU� SODQW�� FRE�
GLDPHWHU� DQG� OHQJWK�� QXPEHU� RI� NHUQHO� URZ� SHU� HDU� DQG�
QXPEHU�RI�NHUQHO�SHU�URZ�UHVSHFWLYHO\��1XPEHU�RI�NHUQHO�SHU�
HDU� H[KLELWHG� KDG� SRVLWLYH� LQGLUHFW� FRQWULEXWLRQ� RQ� JUDLQ�
\LHOG�YLD�WKRXVDQG�NHUQHO�ZHLJKW��VKHOOLQJ�SHUFHQWDJH��VLON�
UHFHSWLYLW\�� DQWKHVLV�VLONLQJ� LQWHUYDO�� HDU� KHLJKW�� DQG� OHDI�
¿ULQJ��+RZHYHU��LW�VKRZHG�QHJDWLYH�LQGLUHFW�HIIHFW�YLD�WDVVHO�
EODVW�� OHDI�VHQHVFHQFH��63$'�FKORURSK\OO�� OHDI�DUHD�LQGH[��
HDU�SHU�SODQW��FRE�GLDPHWHU�DQGOHQJWK��QXPEHU�RI�NHUQHO�URZ�

�� ��HDU �DQG�QXPEHU�RI�NHUQHO�URZ UHVSHFWLYHO\��6LON�UHFHSWLYLW\�
H[KLELWHG�KDG�SRVLWLYH�LQGLUHFW�FRQWULEXWLRQ�RQ�JUDLQ�\LHOG�
YLD� WKRXVDQG� NHUQHO�ZHLJKW�� VKHOOLQJ� SHUFHQWDJH�� DQWKHVLV�
VLONLQJ� LQWHUYDO�� HDU� KHLJKW�� DQG� OHDI� ¿ULQJ�� +RZHYHU�� LW�
VKRZHG� QHJDWLYH� LQGLUHFW� HIIHFW� YLD� WDVVHO� EODVW�� OHDI�
VHQHVFHQFH��63$'�FKORURSK\OO��OHDI�DUHD�LQGH[��HDU�SHU�SODQW��

��FRE� GLDPHWHU� DQG� OHQJWK�� QXPEHU� RI� NHUQHO� URZ� HDU � DQG�
��QXPEHU�RI�NHUQHO�URZ UHVSHFWLYHO\�7KH�QHJDWLYH�FRUUHODWLRQ�

EHWZHHQ�JUDLQ�\LHOG�DQG�DQWKHVLV�VLONLQJ�LQWHUYDO��WDVVHO�EODVW�
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YDULHV� DFFRUGLQJ� WR� WKH� FXOWLYDUV� RI� DSSOH� �)LVKHU� ������
0DSVRQ�������6FKXSKDQ��������7KH�SKHQROLFV�ZHUH�KLJKHU�
UHVSRQVLELOLW\� WKDQ�9LWDPLQ�&� IRU� WKH� DQWLR[LGDQW� DFWLYLW\�
�:ROIH�HW�DO���������$W�WKH�VDPH�WLPH��WKH�FRQWHQW�RI�WRWDO�
SKHQROLFV� RU� RWKHUV� RIWHQ� GR� QRW� GLUHFWO\� UHÀHFW� WKH� WRWDO�
DQWLR[LGDQW�FDSDFLW\�LQ�IUXLWV��/HH�HW�DO�������

7KH�DLP�RI�WKLV�UHVHDUFK�ZDV�GHWHUPLQDWLRQ�RI�WKH�WRWDO�
SKHQROLFV��WRWDO�DQWKRF\DQLQV�DVFRUELF�DFLG�FRQWHQW�DQG�WRWDO�
DQWLR[LGDQW�DFWLYLW\�RI�ORFDO�DSSOH�YDULHWLHV�LQ�3RVRI�$UGDKDQ�
UHJLRQ��7KH�REWDLQHG�UHVXOWV�FDQ�EH�XVHG�LQ�WKH�UHJLVWUDWLRQ�
SURFHVV� RI� WKHVH� ORFDO� YDULHWLHV� DQG� PD\� EH� WDNHQ� LQWR�
FRQVLGHUDWLRQ� LQ� WKH� VHOHFWLRQ� RI� SDUHQWV� LQ� EUHHGLQJ�
SURJUDPV�

0DWHU൴DOV�DQG�0HWKRGV
)UXLW�0DWHULDO
6HYHQ� YDULHWLHV� RI� DSSOHV� �³3RVRI� NÕUPÕ]ÕVÕ´�� ³6DUÕ�

úDIUDQ´�� ³3DúD´�� ³.DEXUJDOÕ´�� ³8UXVHW´�� ³6�WHOPDVÕ´� DQG�
³%H\D]HOPD´�� ZHUH� REWDLQHG� IURP� WKH� 3RVRI�$UGDKDQ�
UHJLRQ��7KH�IUXLWV�ZHUH�FROOHFWHG�RQ�WKH�KDUYHVW�WLPH�DQG�XVHG�
IRU� DQDO\VLV�� )RU� WKH� VWXG\� DSSOH� IUXLWV� ZHUH� QRW� VWRUHG��
6DPSOHV�ZHUH�WUDQVSRUWHG�WR�,VSDUWD�LQ�LFHER[�IRU�DQDO\VLV�
DIWHU�KDUYHVWHG�DQG�WKH�DSSOHV�ZHUH�DQDO\]HG�GLUHFWO\��

0HWKRGV
,Q�H[SHULPHQW����VDPSOHV�ZHUH�SUHSDUHG�IRU�HDFK�FXOWLYDU��

7RWDO�SKHQROLF�ZHUH�GHWHFWHG�ZLWK�)ROLQ�&LRFDOWHX�DVVD\�����
J� ÀHVK�SHHOV� ZHUH� FHQWULIXJHG� DW� ����� USP� DIWHU�
KRPRJHQL]HG�LQ����PO�HWKDQRO�VROXWLRQ��$IWHU��GLOXWHG��������
������O�IROLQ�FLRFDOWHX�DQG������O��1D &2 ��VROXWLRQ�ZDV�� �

�

���

$EVWUDFW

.H\ZRUGV��$SSOH��7RWDO�SKHQROLF��7RWDO�DQWLR[LGDQW��$QWKRF\DQLQ��$VFRUELF�DFLG
5HFHLYHG����������������������������$FFHSWHG����������������������������3XEOLVKHG��RQO൴QH��������������

,QWURGXFWLRQ���

5HVHDUFK�$UWLFOH
ZZZ�MDHIV�FRP-$()6

�&LWH� WKLV�DUWLFOH�DV� ��3RODW��0���2NDWDQ��9���*XFOX��6�)���&RODN��$�0�� ��������'HWHUPLQDWLRQ�RI� VRPH�FKHPLFDO�FKDUDFWHULVWLFV�DQG� WRWDO�
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'2,�����������MDHIV�������

$YD൴ODEOH�RQO൴QH�DW�����ZZZ�MDHIV�FRP�

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

�H�,661������������ '2,�����������MDHIV��������

,QW�-�$JULF�(QYLURQ�)RRG�6FL���������������������
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DGGHG�XSRQ�VXSHUQDWDQW��$IWHU���K�LQFXEDWHG�H[DPSOHV�ZHUH�
UHDG� DW� ���� QDQRPHWHU� ZDYHOHQJWK� LQ� VSHFWURSKRWRPHWHU��
:DWHU�HWKDQRO�PL[WXUH�ZDV�XVHG�DV�EODQN��*DOOLF�DFLG�LV�XVHG�
DV�D�VWDQGDUG�LQ�WKH�FDOFXODWLRQ��$UDEDFÕ�DQG�6HYLQGLN������

)RU� WRWDO� DQWKRF\DQLQ� DQDO\VLV�� ��� J� ÀHVK�SHHV� ZHUH�
KRPRJHQL]HG�LQ�PHWKDQRO�VROXWLRQ�WKDW����+&/�LQFOXGHG��
6DPSOHV�ZHUH�¿OWHUHG�ZLWK�¿OWHU�SDSHU�DIWHU�D�QLJKW�VWDQGLQJ��
6XSHUQDWDQW�ZHUH�LQFXEDWHG�LQ�WDPSRQ�VROXWLRQ��S+�����DQG�
S+�������6DPSOHV�ZHUH�UHDG�DJDLQVW�WKH�EODQN�DW�����DQG�����
QDQRPHWHU� ZDYHOHQJWKV�� 5HVXOWV� ZHUH� FDOFXODWHG� XVLQJ�
VL\DQLGLQ�� ��JDODFWRVLGH� PRODU� DEVRUEWLYLW� FRHI¿FLHQW�
�$UDEDFÕ�DQG�6HYLQGLN������

)RU� DVFRUELF� DFLG� DQDO\VLV�� IUXLW� MXLFH� VDPSOHV� ZHUH�
REWDLQHG�E\�SXUHHG�DQG�¿OWHUHG��6DPSOHV�ZHUH�KRPRJHQL]HG�
E\�FHQWULIXJH������ȝ/RN]DOLF�DFLG������������DQG�����PO�����
GLNORURIHQROLQGRIHQRO� VROXWLRQ� ZHUH� DGGHG� XSRQ�
VXSHUQDWDQW�� 'DWD� ZHUH� UHDG� DJDLQVW� WKH� EODQN� DW� ����
QDQRPHWHU� ZDYHOHQJWKLQ� VSHFWURSKRWRPHWHU� �$UDEDFÕ� DQG�
6HYLQGLN�������

$QWLR[LGDQW� FDSDFLW\� ZDV� GHWHUPLQHG� XVLQJ� '33+�
PHWKRG��)UXLW� MXLFH�VDPSOHV�ZHUH�REWDLQHG�E\�SXUHHG�DQG�
¿OWHUHG��6DPSOHV�ZHUH�KRPRJHQL]HG�E\�FHQWULIXJH�������O�
����1�'33+������GLSKHQ\O���SLFU\OK\GUD]\O��VROXWLRQ�ZDV�
DGGHG�XSRQ�����O�VXSHUQDWDQW��7KHQ�LW�ZDV�UHDG�DJDLQVW�WKH�
EODQN�DW�����QP�ZDYHOHQJWK�VSHFWURSKRWRPHWHU��6XLOV�HW�DO��
������ %DNKVKLDQG� $UDNDZD� ������ 5H]DHLUDGHW� DO�� ������
$UDEDFÕ�DQG�6HYLQGLN�������

6WDWLVWLFDO�$QDO\VLV
,Q� WKLV� UHVHDUFK�� 'DWD� ZHUH� FKHFNHG� IRU� QRUPDO�

GLVWULEXWLRQ� WKDW� LV� WKH� SUHFRQGLWLRQ� RI� SDUDPHWULF� WHVWV��
1RUPDO� GLVWULEXWLRQ� DQG� KRPRJHQHLW\� RI� YDULDQFH� ZHUH�
FKHFNHG�E\�$QGHUVRQ�'DUOLQJ�WHVW�DQG�%DUWOHWW
V�&KL�VTXDUH�
WHVW�UHVSHFWLYHO\��7KH�GLIIHUHQFH�EHWZHHQ�WKH�DYHUDJH�UDQN�RI�
WKH�YDULHWLHV�ZHUH�DQDO\]HG�ZLWK�WKH�.UXVNDO�:DOOLV�WHVW�GXH�
WR�DEQRUPDO�GLVWULEXWLRQ��'LIIHUHQFHV�EHWZHHQ�YDULHWLHV�ZHUH�
DQDO\]HG� E\� %RQIHUURQL�'XQQ� PXOWLSOH� FRPSDULVRQ� WHVW��
6WDWLVWLFDO� DQDO\]HV� ZHUH� SHUIRUPHG� XVLQJ� 0LQLWDE� ���
VRIWZDUH�SDFNDJH�

5HVXOWV�DQG�'LVFXVVLRQ
,Q� WKLV� UHVHDUFK�� WKH� WRWDO� SKHQROLF�� DQWKRF\DQLQ� DQG�

DVFRUELF� DFLG� FRQWHQWV� DQG� DQWLR[LGDQW� DFWLYLW\� RI� WKH�
ÀHVK�SHHO� RI� WKH� VHYHQ� DSSOH� YDULHWLHV� ZHUH� GHWHUPLQHG�

�7DEOH�����7KH�.UXVNDO�:DOOLV�WHVW�ZDV�DSSOLHG�WR�GDWD��7KH�
GLIIHUHQFHV� EHWZHHQ� WKH� DYHUDJH� UDQN� RI� WKH� YDULHWLHV� DUH�
VWDWLVWLFDOO\�VLJQL¿FDQW��S��������7KH�%RQIHUURQL�'XQQ�WHVW�
ZDV�DSSOLHG�WR�GLIIHUHQFHV�EHWZHHQ�WKH�DYHUDJH�UDQNV�RI�WKH�
YDULHWLHV�DQG�VKRZQ�LQ�7DEOH����7KH�SKHQROLF�FRQWHQW�ZDV�
IRXQG�WR�YDU\�IURP��������WR��������PJ�����J�DFFRUGLQJ�WR�
WKH�YDULHW\��

7KH�WRWDO�SKHQROLF�FRQWHQWV�RI�³3RVRINÕUPÕ]ÕVÕ´�DQG�³6DUÕ�
úDIUDQ´�YDULHWLHV�ZHUH�KLJKHVW�DW�������DQG��������PJ�RI�
JDOOLF�DFLG�HTXLYDOHQWV�����JUHVSHFWLYHO\��7DEOH����)LJXUH�����
7KHVH� YDOXHV� ZHUH� VLJQL¿FDQWO\� GLIIHUHQW�� 2WKHU�
FXOWLYDUVZHUH� IROORZHG� E\� ������� PJ����J� IRU³3DúD´��
������PJ����J� IRU� ³.DEXUJDOÕ´�� ������� PJ����J� IRU�
³8UXVHW´�� ������� PJ����J� IRU� ³6�WHOPDVÕ´� DQG� �������
PJ����J�IRU�³%H\D]HOPD´FXOWLYDUV�7DEOH����)LJXUH�����7KH�
WRWDO� SKHQROLF� FRQWHQWV� RI� WKH� ³%H\D]HOPD´� ZHUH�
VLJQL¿FDQWO\� ORZHVW� WKDQ� WKH� RWKHU� DOO� YDULHWLHV�� 'LIIHUHQW�
UHVHDUFKHUV�ZHUH�LQIRUPHG�WKH�UHVXOWV�IRU�WRWDO�SKHQROLF�LQ�
DSSOH��2XU�GDWD�ZDV�VLPLODU�WKLV�UHVXOWV��9UKRYVHNHW�DO�����
�������PJ�����J��.HYHUV�HW�DO������������WR�����PJ�����J��
:ROIH� HW� DO�� ������ ���WR������ PJ����J�� $UDEDFÕ� DQG�
6HYLQGLN������������WR�������PJ����J��

7RWDO�DQWKRF\DQLQ�FRQWHQWV�RI�³.DEXUJDOÕ´�ZHUH�KLJKHVW�
DW�������PJ����J��IROORZHG�E\�³%H\D]HOPD´�DQG�³8UXVHW´�
YDULHWLHV��������PJ����J�DQG�������PJ����JUHVSHFWLYHO\��
�7DEOH� ��� )LJXUH� ���� 7KHVH� YDOXH� GLIIHUHQFHV� EHWZHHQ�
³.DEXUJDOÕ´� ZHUH� VLJQL¿FDQW�� ³6DUÕ� úDIUDQ´�� ³3DúD´� DQG�
³3RVRINÕUPÕ]ÕVÕ´�YDULHWLHV�ZHUH�IROORZHG�E\�RWKHUV��������
PJ����J��������PJ����J�DQG�������PJ����J�UHVSHFWLYHO\��
�7DEOH� ��� )LJXUH� ���� 7KH� GLIIHUHQFHV� EHWZHHQ� WKHVH� WKUHH�
YDULHWLHV�ZHUH�VLJQL¿FDQW��'LIIHUHQW�UHVHDUFKHUV�ZHUH�IRXQG�
UHVXOWV�WKDW�ZLGH�UDQJHG��$UDEDFÕ�DQG�6HYLQGLN������ZHUH�
LQIRUPHG� IURP����� WR������PJ����J� IRU� WRWDO� DQWKRF\DQLQ�
DPRXQW� RI� DSSOH� SHHOV� EXW�� RQO\� RQH� DSSOH� YDULHW\� KDV�
DQWKRF\DQLQ� ������PJ����J� IRU� UHG�FRORUHG�ÀHVK�8UXVHW���
:ROIH� DW� DO�� ������ZDV� UHSRUWHG� IURP� ���� WR� ����� PJ� RI�
F\DQLGLQ���JOXFRVLGH�HTXLYDOHQWV�����J�RI�SHHOV��5DEDEDK�HW�
DO�� �������ZDV�GHWHUPLQHGDV�����PJ�NJRI�DSSOH��2XU�GDWD�
ZDV�VLPLODU�WKLV�UHVXOWV��$FFRUGLQJ�WR�VRPH�UHVHDUFKHUV��WKH�
DPRXQW�RI�DQWKRF\DQLQ�LV�YDULHV�DFFRUGLQJ�WR�SHHO�FRORU�RI�
IUXLWV�� $QG� WKLV� GHSHQGV� RQ� WKH� SUHVHQFH� RI� F\DQLGLQ� ��
JDODFWRVLGH�WKDW�PDNHV�WKH�SHHO�UHG�FRORU��:ROIH�DW�DO����������
$ZDG�DQG�-DJHU�������

0HKPHW�3RODW��9RONDQ�2NDWDQ��6XOWDQ�)LOL]�*�oO���$\úHQ�0HOGD�dRODN '2,�����������MDHIV������

7DEOH����7RWDO�SKHQROLF�DQG�DQWKRF\DQLQ��DVFRUELF�DFLG�DQG�IUHH�UDGLFDO�DFWLYLW\�RI�DSSOH�FXOWLYDUV
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,QW�-�$JULF�(QYLURQ�)RRG�6FL�����������������������

)LJXUH����%R[SORW�RI�3KHQROLF��0HDQV�DQG�6(�0HDQ�

)LJXUH����%R[SORW�RI�$QWKRF\DQLQ��0HDQV�DQG�6(�0HDQ�

)LJXUH���%R[SORW�RI�$QWLR[LGDQW�FDSDFLW\�0HDQV�DQG�6(�0HDQ�

)LJXUH����%R[SORW�RI�$VFRUELF�DFLG��0HDQV�DQG�6(�0HDQ�

,Q�WKLV�UHVHDUFK��DVFRUELF�DFLG�FRQWHQWV�RI�DSSOH�YDULHWLHV�
ZHUH�VKRZQ�LQ�7DEOH���DQG�)LJXUH����³%H\H]HOPD´�DQG�³6DUÕ�
úDIUDQ´� YDULHWLHV� ZHUH� KLJKHVW� DPRXQW� RI� DVFRUELF� DFLG�
������PJ����J� DQG� ������ PJ����J� UHVSHFWLYHO\��� 7KHVH�
YDOXHV� ZHUH� VLJQL¿FDQWO\� GLIIHUHQW�� 2WKHU� FXOWLYDUV� ZHUH�
IROORZHG� E\� ������ PJ����J� IRU� ³3RVRINÕUPÕ]ÕVÕ´�� ������
PJ����J�IRU�³6�WHOPDVÕ´�������PJ����J�IRU�³3DúD´��������
PJ����J�IRU�³8UXVHW´�DQG������PJ����J�IRU�³.DEXUJDOÕ´�
�7DEOH� ��� )LJXUH� ���� 7KH� GLIIHUHQFHV� EHWZHHQ� WKHVH� IRXU�
YDULHWLHV� ZHUH� VLJQL¿FDQW� DQG� VLJQL¿FDQW� GLIIHUHQFHV� DUH�
EHWZHHQ�WKHVH�IRXU�YDULHWLHV�DQG�WKH�YDULHWLHV�ZKLFK�KDV�WKH�
KLJKHVW� YDOXH� �³%H\H]HOPD´� DQG� ³6DUÕ� úDIUDQ´���'LIIHUHQW�
UHVHDUFKHUV�ZHUH�LQIRUPHG�WKH�UHVXOWV�IRU�WRWDO�SKHQROLF�LQ�
DSSOH��2XU�GDWD�ZDV�VLPLODU�WKLV�UHVXOWV��6]HWR�HW�DO�����������
PJ����J��$UDEDFÕ�DQG�6HYLQGLN�����������WR������PJ����J��
.HYHUV� HW� DO�� ������ ����� WR� �����PJ����J��*DUGQHU� HW� DO��
����������PLNUR0��/HH�HW�DO������������ WR������PJ����J��
0LOOHU�HW�DO�����������PRO�OLWUHRI�MXLFH���$W�WKH�VDPH�WLPH��
RXU�GDWD�ZHUH�KLJKHU�WKDQ�PDQ\�RWKHU�UHVHDUFKHUV�UHSRUWHG��
7KH�UHDVRQ�IRU�WKLV�LV�EHOLHYHG�WR�EH�JHQHWLF�YDULDWLRQV�DQG�
HIIHFWV�RI�JURZWK�DUHD�FRQGLWLRQV�

7KH�DQWLR[LGDQW�DFWLYLW\�RI�³3RVRINÕUPÕ]ÕVÕ´�ZDV�KLJKHVW�

DW� ����� �PRO� RI� YLWDPLQ� &� HTXLYDOHQWV�J�� IROORZHG� E\�
³8UXVHW´�� ³6DUÕ� úDIUDQ´�� ³%H\D]HOPD´�� ³6�WHODVÕ´� DQG�
³3DúD´�YDULHWLHV���������������������������������DQG��������
�PRO� RI� YLWDPLQ� &� HTXLYDOHQWV�J� UHVSHFWLYHO\�� �7DEOH� ���
)LJXUH� ���� 7KHVH� YDOXHV� ZHUH� VLJQL¿FDQWO\� GLIIHUHQW�� 7KH�
DQWLR[LGDQW� DFWLYLW\� RI� WKH� ³.DEXUJDOÕ´� ������� �PRO� RI�
YLWDPLQ�&�HTXLYDOHQWV�J��ZHUH�VLJQL¿FDQWO\�ORZHVW�WKDQ�WKH�
RWKHU�DOO�YDULHWLHV��'LIIHUHQW�UHVHDUFKHUV�ZHUH�LQIRUPHG�WKH�
UHVXOWV�IRU�WRWDO�SKHQROLF�LQ�DSSOH��2XU�GDWD�ZDV�VLPLODU�WKLV�
UHVXOWV��6]HWR�HW�DO������������������ȝPRO�NJ�IUHVK�ZHW�ZW��
$UDEDFÕ�DQG�6HYLQGLN�������������������.HYHUV�HW�DO��������
����������ȝPRO7(�����J�):��9DQ�GHU�6OXLV� HW� DO�� ������
,&���� �������� J� RI� IZ�/�� /HH� HW� DO�� ������ ������� PJ� RI�
9&($&�����J��5DEDEDK�HW�DO�������������P0�7(�NJ��

&RQFOXVLRQ�
$V�D�UHVXOW��WKDW�WKHVH�ORFDO�DSSOH�FXOWLYDUV�KDYH�KLJK�WRWDO�

SKHQROLF�� DQWKRF\DQLQ� DQG� DQWLR[LGDQW� FDSDFLW\� LQ�
ÀHVK�SHHOV��,W�LV�NQRZQ��SRVLWLYH�HIIHFW�RQ�KXPDQ�KHDOWK�RI�
WKHVH�VXEVWDQFHV��)RU�WKLV�UHDVRQ�LW�LV�VXJJHVWHG�IRU�FRQVXPH�
ZLWK�WKHLU�SHHOV�

0HKPHW�3RODW��9RONDQ�2NDWDQ��6XOWDQ�)LOL]�*�oO���$\úHQ�0HOGD�dRODN
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5HIHUHQFHV�

$UDEDFÕ� =�7�� DQG� 6HYLQGLN� (�� �������� 'HWHUPLQDWLRQ� RI� %LRDFWLYH�
&RPSRXQGV�DQG�7RWDO�$QWLR[LGDQW�&DSDFLW\�LQ�$SSOH�9DULHWLHV�*URZQ�
LQ�$UGDKDQ�5HJLRQ��<X]XQFX�<LO�8QLYHUVLW\� -RXUQDO� RI�$JULFXOWXUDO�
6FLHQFHV��<<8�-�$*5�6&,������������������

$ZDG�� 0�$��� GH� -DJHU�� $�� �������� )ODYRQRLGV� DQG� FKORURJHQLF� DFLG�
FRQFHQWUDWLRQV�LQ�VNLQ�RI�
-RQDJROG
�DQG�
(OVWDU
�DSSOHV�GXULQJ�DQG�DIWHU�
UHJXODU�DQG�XOWUD�ORZ�R[\JHQ�VWRUDJH��3RVWKDUYHVW�%LRO��7HFKQRO����������
�����

%DNKVKL��'���$UDNDZD��2����������(IIHFWV�RI�89�E�LUUDGLDWLRQ�RQ�SKHQROLF�
FRPSRXQG�DFFXPXODWLRQ�DQG�DQWLR[LGDQW�DFWLYLW\� LQ� 
-RQDWKDQ
�DSSOH�
LQÀXHQFHG�E\�EDJJLQJ��WHPSHUDWXUH�DQG�PDWXUDWLRQ��-RXUQDO�RI�)RRG��
$JULFXOWXUH�	�(QYLURQPHQW���������������

&KHQ�� $�<��� &KHQ�� <�&�� �������� $� UHYLHZ� RI� WKH� GLHWDU\� ÀDYRQRLG��
NDHPSIHURO� RQ� KXPDQ� KHDOWK� DQG� FDQFHU� FKHPRSUHYHQWLRQ�� )RRG�
&KHPLVWU\����������������������

']LXELDN��0����������&ROOHFWLRQ�RI�WKH�JHQXV�0DOXV�0LOO��,Q�WKH�ERWDQLFDO�
JDUGHQ�RI�WKH�SROLVK�$FDGHP\�RI�VFLHQFHV�LQ�:DUVDZ��-RXUQDO�RI�IUXLW�
DQG�RUQDPHQWDO�SODQW�UHVHDUFK���������������

(EHUKDUGW��0�9���/HH��&�<���/LX��5�+����������$QWLR[LGDQW�DFWLYLW\�RI�IUHVK�
DSSOHV��1DWXUH���������������

(UFLúOL��6����������$�VKRUW�UHYLHZ�RI�WKH�IUXLW�JHUPSODVP�UHVRXUFHV�RI�7XUNH\��
*HQHWLF�5HVRXUFHV�DQG�&URS�(YROXWLRQ�������������

)LVKHU�� &�� �������� (UJHEQLVVH� GHU� $SÀH=�FKWXQJ� LQ� 'UHVGHQ�3LOOQLW]��
%HUOLQ��(UZHUEVREVWEDX������������

*DUGQHU��3�7���:KLWH��7�$�&��0F3KDLO��'�%��DQG�'XWKLH��*�*����������7KH�
UHODWLYH�FRQWULEXWLRQV�RI�YLWDPLQ�&��FDURWHQRLGV�DQG�SKHQROLFV�WR�WKH�
DQWLR[LGDQW�SRWHQWLDO�RI�IUXLW�MXLFHV��)RRG�&KHPLVWU\�������������

-LDQJ��+���-L��%�3���/LDQJ��-�)���=KRX��)���<DQJ��=�:���=KDQJ��*�=����������
&KDQJHV�RI�FRQWHQWV�DQG�DQWLR[LGDQW�DFWLYLWLHV�RI�SRO\SKHQROV�GXULQJ�
IUXLW�GHYHORSPHQW�RI�IRXU�DSSOH�FXOWLYDUV��(XU��)RRG�5HV��7HFKQRO�������
���±�����

.HYHUV��&���3LQFHPDLO��-���7DEDUW��-���'HIUDLJQH��-�2���'RPPHV��-����������
,QÀXHQFH�RI�&XOWLYDU��+DUYHVW�7LPH��6WRUDJH�&RQGLWLRQV��DQG�3HHOLQJ�
RQ�WKH�$QWLR[LGDQW�&DSDFLW\�DQG�3KHQROLF�DQG�$VFRUELF�$FLG�&RQWHQWV�
RI�$SSOHV�DQG�3HDUV��$JULF��)RRG�&KHP�����������±�����

/HH��.�:���.LP��<�-���.LP��'���/HH��+�-���/HH��&�-����������0DMRU�3KHQROLFV�
LQ�$SSOH�DQG�7KHLU�&RQWULEXWLRQ�WR�WKH�7RWDO�$QWLR[LGDQW�&DSDFLW\��-��
$JULF��)RRG�&KHP����������������

0DSVRQ�� /�:�� �������� 9LWDPLQV� LQ� IUXLWV�� ,Q�� +XOPH��$�&�� �(G�V��� 7KH�
%LRFKHPLVWU\� RI� )UXLWV� DQG� 7KHLU� 3URGXFWV�� 9RO�� ��� SS�� ���������
$FDGHPLF�3UHVV��/RQGRQ�

0F*KLH��7��.���+XQW��0���%DUQHWW��/�(����������&XOWLYDU�DQG�JURZLQJ�UHJLRQ�
GHWHUPLQH�WKH�DQWLR[LGDQW�SRO\SKHQROLF�FRQFHQWUDWLRQ�DQG�FRPSRVLWLRQ�
RI�DSSOHV�JURZQ�LQ�1HZ�=HDODQG��-��$JULF��)RRG�&KHP�����������±�����

0LOOHU�� 1�-�� DQG� 5LFH�(YDQV� &�$�� �������� 7KH� UHODWLYH� FRQWULEXWLRQV� RI�
DVFRUELF�DFLG�DQG�SKHQROLF�DQWLR[LGDQWV�WR�WKH�WRWDO�DQWLR[LGDQW�DFWLYLW\�
RI� RUDQJH� DQG� DSSOH� IUXLW� MXLFHV� DQG� EODFNFXUUDQW� GULQN�� )RRG�
&KHPLVWU\��9RO������1R�����SS���������

3RGVHGHN�� $��� :LOVND�-HVND�� -��� $QGHUV�� %��� 0DUNRZVNL�� -�� ��������
&RPSRVLWLRQDO�FKDUDFWHUL]DWLRQ�RI�VRPH�DSSOH�YDULHWLHV��(XU��)RRG�5HV��
7HFKQRO����������������

5DEDEDK��7�0���(UHÕIHM��.�,��DQG�+RZDUG��/����������(IIHFW�RI�$VFRUELF�$FLG�
DQG�'HK\GUDWLRQ�RQ�&RQFHQWUDWLRQV�RI�7RWDO�3KHQROLFV��$QWLR[LGDQW�
&DSDFLW\��$QWKRF\DQLQV��DQG�&RORU�LQ�)UXLWV��-��$JULF��)RRG�&KHP�������
���������

5RVVOH��&���:LMQJDDUG��+�+���*RUPOH\��5�7���%XWOHU��)���%UXQWRQ��1����������
(IIHFW�RI�VWRUDJH�RQ�WKH�FRQWHQW�RI�SRO\SKHQROV�RI�PLQLPDOO\�SURFHVVHG�
VNLQ�RQ�DSSOH�ZHGJHV�IURP�WHQ�FXOWLYDUV�DQG�WZR�JURZLQJ�VHDVRQV��-��
$JULF��)RRG�&KHP����������±������

6FKXSKDQ�� :�� �������� 9DOHXU� QXWULWLYH� GHV� IUXLWV� HQ� UDSSRUW� DYHF�
O
DOLPHQWDWLRQKXPDLQH�� ,Q�� 6RF�� 3RPRO�� )UDQFH�� &�5�� &RQJU��
3RPRO�,QW�����H�6HVV��1DPXU��%HOJLXP�

6]HWR��<�7���7RPOLQVRQ��%��DQG�%HQ]LH�,�)�)����������7RWDO�DQWLR[LGDQW�DQG�
DVFRUELF�DFLG�FRQWHQW�RI�IUHVK�IUXLWV�DQG�YHJHWDEOHV��LPSOLFDWLRQV�IRU�
GLHWDU\�SODQQLQJ�DQG� IRRG�SUHVHUYDWLRQ��%ULWLVK� -RXUQDO�RI�1XWULWLRQ�
��������������±��

9DQ� GHU� 6OXLV��$�$��� 'HNNHU��0��� -DJHU�$�� DQG� -RQJHQ��:�0�)�� ��������
$FWLYLW\� DQG�&RQFHQWUDWLRQ� RI� 3RO\SKHQROLF�$QWLR[LGDQWV� LQ�$SSOH��
(IIHFW�RI�&XOWLYDU��+DUYHVW�<HDU��DQG�6WRUDJH�&RQGLWLRQV��-��$JULF��)RRG�
&KHP����������������

9DX]RXU�� '��� 5RGULJXH]�0DWHRV�� $��� &RURQD� *��� 2UXQD�&RQFKD�� 0�-���
6SHQFHU��-�3�(����������3RO\SKHQROV�DQG�KXPDQ�KHDOWK��3UHYHQWLRQ�RI�
'LVHDVH�DQG�0HFKDQLVPV�RI�$FWLRQ��1XWULHQWV���������������

:LOOLDPV�� 5�-��� 6SHQFHU�� -�3��� 5LFH�(YDQV�� &�� �������� )ODYRQRLGV��
DQWLR[LGDQWV�RU�VLJQDOOLQJ�PROHFXOHV"�)UHH�5DGLF��%LRO��0HG����������
���

:RMG\OR�� $��� 2V]PLDQVNL�� -��� /DVNRZVNL�� 3�� �������� 3RO\SKHQROLF�
FRPSRXQGV�DQG�DQWLR[LGDQW�DFWLYLW\�RI�QHZ�DQG�ROG�DSSOH�YDULHWLHV��-��
$JULF��)RRG�&KHP����������±�����

:ROIH��.���:X��;��DQG�/LX�5�+����������$QWLR[LGDQW�$FWLYLW\�RI�$SSOH�3HHOV��
-��$JULF��)RRG��&KHP��������������

0HKPHW�3RODW��9RONDQ�2NDWDQ��6XOWDQ�)LOL]�*�oO���$\úHQ�0HOGD�dRODN '2,�����������MDHIV������



,QYHVWLJDWLRQ�RI�SHVWLFLGH�UXLQV�E\�/&�06�06�DQG�*&�06�FKURPDWRJUDSK\�LQ�VZHHW�IHQQHO�VHHG�
�)RHQLFXOXP�YXOJDUH�0LOO��

� ��
 � �1LOGD�(UVR\ ��������9RONDQ�2NDWDQ ���������'HQL]�+D]DU ��������,EUDKLP�%DNWLU
�$NGHQL]�8QLYHUVLW\��7HFKQLFDO�6FLHQFHV��$QWDO\D��7XUNH\

�8úDN�8QLYHUVLW\��6LYDVOÕ�9RFDWLRQDO�+LJK�6FKRRO��8úDN��7XUNH\
��$NGHQL]�8QLYHUVLW\��'HSDUWPHQW�RI�+RUWLFXOWXUH��$QWDO\D��7XUNH\

��$NGHQL]�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUDO�6FLHQFHV�DQG�7HFKQRORJLHV��&\SUXV

&RUUHVSRQGLQJ�$XWKRU��RNDWDQ�YRONDQ#JPDLO�FRP��

)HQQHOV� �)RHQLFXOXP� YXOJDUH� 0LOO�� YDU�� 'XOFH�� DUH�
PHPEHUV� RI� $SLDFHDH� �8PEHOOLIHUDH�� IDPLO\� DQG� WKHLU�
V\QRQ\PV� LQ� 7XUNH\� DUH� ³UH]HQH�� � UD]L\DQH�� � DUDSVDoÕ���
LU]L\DQ� DQG�PD\DQD´��7KH� RULJLRQ� RI� WKHVH� VSLFH� SODQWVLV�
UHSRUWHG� WR�EH�:HVWHUQ�$VLD�DQG�0HGLWHUUDQHDQ�&RXQWULHV�
�'DYLV�� ������ 8]XQ� HW� DO��� ������� ³6ZHHW� IHQQHOV´�
�)RHQLFXOXP� YXOJDUH� 0LOO�� YDU�� GXOFH�� WKDW� DUH� JURZQ�
DUWL¿FLDOO\�DV�ZHOO��DUH�VSLFH�SODQWV��%D\GDU��������&H\ODQ��
������ IRXQG�QDWXUDOO\� LQ�1RUWKHUQ��6RXWKHUQ�DQG�:HVWHUQ�
UHJLRQV�RI�7XUNH\��'DYLV��������DQG�DUH�JURZQ�LQ�OLPLWHG�
DUHDV�RI�FLWLHV�VXFK�DV�%XUVD��'HQL]OL��*D]LDQWHS��0DQLVD�DQG�
$QWDO\D��$QRQ\PRXV���������³+RW�IHQQHOV´�DUH�IRXQG�ZLOG�
LQ� WKH� 1RUWKHUQ� $QDWROLD� UHJLRQ� �2UGX� DQG� 7UDE]RQ�� RI�
7XUNH\��=H\EHN��������%D\WRS��������$NJ�O��������

:KLOH�D�JUHDW�DPRXQW�RI�IHQQHO�VHHGV�ZDV�SURGXFHG�LQ�
7XUNH\��WKH\�DUH�FRQVXPHG�LQ�LQWHUQDO�PDUNHW��DQG�WKH�UHVW�LV�
EHLQJ�H[SRUWHG��$QRQ\PRXV���������)HQQHOV�VKDUHG�DERXW�
������RI�7XUNH\
V�0HGLFDO�3ODQW�([SRUW�LQ������DQG�������
WRQQHV�RI�SURGXFWV�ZHUH�H[SRUWHG�IRU�������������ZKLOH�����
WRQQHV�ZHUH�LPSRUWHG�IRU���������������WRQQHV�RI�IHQQHOV�KDG�
EHHQ�SURFHVVHG�DQG�DV�D�UHVSRQVH������NJ
V�RI�YRODWLOH�RLO�KDG�
EHHQ� REWDLQHG� �$QRQ\PRXV�� ������� )XUWKHUPRUH�� UDWH� RI�
YRODWLOH�RLO�REWDLQHG�IURP�IHQQHOV�WKDW�DUH�WUDGHG�VKRXOG�QRW�
EH� XQGHU� ������7KH� ��� LQIXVLRQ� REWDLQHG� IURP� VHHGV� RI�
IHQQHOV�� ZKRVH� OHDYHV� DUH� NQRZQ� DV� ZRXQG� KHDOLQJ� DQG�
VWHPV�DUH�NQRZQ�DV�GLXUHWLF��LV�NQRZQ�DV�JDV�UHPRYLQJ�DQG�
PLON�HQKDQFHU�DQG�ZDV�UHSRUWHG�WR�EH�HIIHFWLYH�DV�VSDVPV�
VROYHQWV�DQG�VHFUHRO\WLFDOO\�HIIHFWLYH��%D\WRS��������(UQVW��
�������,Q�DGGLWLRQ��IHQQHOV�KDYH�SURGXFWLRQ�OLFHQVH�DV�KHUEDO�
GUXJV� E\� WKH�0LQLVWU\� RI� +HDOWK� �g]oHOLND\HW� DO��� �������
)HQQHOV
�ODXQFKHG�PHGLFDO�IRUPV�DUH�XVHG�IRU�VRPH�GLVHDVHV�

VXFK�DV�DFKHV��VZHOOLQJ��JDV�SDLQV�DQG�VSDVPV�RI�VWRPDFK�DQG�
LQWHVWLQHV�DQG�XSSHU�UHVSLUDWRU\�WUDFW�GLVFKDUJHV��H�J��)OX��
�&]\JDQH��������:HLE��������

9RODWLOH� RLO� DQG� VRPH� RWKHU� FRPSRQHQWV� SURGXFHG� E\�
IHQQHO� VHHGV� DUH� XVHG� IRU� IRRG� DQG�PHGLFLQH� VHFWRUV� DQG�
SHUIXPHV�DQG�FRVPHWLFV�VHFWRUV��%D\WRS���������7KHUH�LV�D�
QHHG�IRU�WKH�GHWHUPLQDWLRQ�RI�SHVWLFLGH�UHVLGXHV�RQ�IHQQHO�
VHHGV�DQG�EULQJLQJ�WKHVH�¿QGLQJV�LQWR�WKH�HFRQRP\�ZKLFK�
VHUYH� D� UHZDUGLQJ� SXUSRVH� IRU� 7XUNH\�� DV� D� GHYHORSLQJ�
FRXQWU\��3HVWLFLGHV�DUH�XVHG�DV�SURWHFWRUV�LQ�DJULFXOWXUH�DQG�
WKHLU� RYHUXVH� DQG�PLVXVH� FDXVH� SHUPDQHQW� WR[LF� HIIHFW� LQ�
QDWXUH��7KHLU�PLVXVH�FDXVH�DFXWH�DQG�FKURQLFDO�GLVHDVHV�RQ�
SHRSOH� DQG� FDXVH� HQYLURQPHQWDO� SROOXWLRQ�� $OWKRXJK�
UHVWULFWLRQ� VKDYH� WDNHQ� SODFH� IRU� SHVWLFLGH� XVH�� KDUYHVW� RI�
SUHPDWXUH� SURGXFWV� DQG� LQWURGXFWLRQ� RI� WKHVH� SURGXFWV� WR�
PDUNHWV�EHIRUH�WKH�FRUUHFW�WLPH�UHVXOWHG�IRU�SHVWLFLGHV�WR�WDNH�
SODFH�DV�UHVLGXHV�LQ�WKH�IRRG�FKDLQ��5HVLGXHV�RQ�HDUWK�DUH�
REVHUYHG�WR�SROOXWH�VSULQJ�ZDWHUV�DQG�GULQNLQJ�ZDWHUV�E\�WKH�
HIIHFWV�RI�UDLQV�DQG�HWF��:KHQ�SHVWLFLGHV�DUH�PLVXVHG��WKH\�
PD\�OHDG�WR�PDQ\�NLQGV�RI�GLVHDVHV�IRU�DQLPDOV�PRUH�WKDQ�WKH�
SODQW� LWVHOI�� ZKLFK� SHVWLFLGHV� DUH� DSSOLHG� RQ�� DQG� WKLV�
VLWXDWLRQ� PD\� JR� DV� IDU� DV� GHDWK� IRU� DQLPDOV�� $FWLYH�
VXEVWDQFHV�RI�SHVWLFLGHV�DUH�NQRZQ�WR�FDXVH�DFXWH�WR[LF�DQG�
JHQRWR[LF� HIIHFWV� RQ� SHRSOH� �$QRQ\PRXV�� ������� :KHQ�
DQDO\]LQJ� WKH� SHVWLFLGH� UHVLGXHV� RYHU� WKH� VWDQGDUGV�
GHYHORSHG�E\�:RUOGV�+HDOWK�2UJDQL]DWLRQ��:+2��DQG�)RRG�
$JULFXOWXUH�2UJDQL]DWLRQ��)$2��KLJKO\�VHQVLWLYH�DQDO\WLFDO�
GHYLFHV� VXFK� DV� *&�06�06� DQG� /&�06�06� DUH� XVHG�
�(UVR\� HW� DO��� ����D�� (UVR\� HW� DO��� ����E��� ,Q� WKLV� VWXG\��
SHVWLFLGH� UHVLGXHV� RQ� IHQQHO� VHHGV� WKDW� JURZQ� LQ� 7HIHQQL�
7RZQ�RI�%XUGXU�FLW\�ZHUH�DQDO\]HG�

�

���

$EVWUDFW

.H\ZRUGV��)HQQHO��3HVWLFLGHV��5HVLGXHV��&KURPDWRJUDSK\��%XUGXU
5HFHLYHG����������������������������$FFHSWHG����������������������������3XEOLVKHG��RQO൴QH��������������

,QWURGXFWLRQ���

5HVHDUFK�$UWLFOH
ZZZ�MDHIV�FRP-$()6

�&LWH� WKLV� DUWLFOH� DV� ��(UVR\��1��� 2NDWDQ��9��� +D]DU�� '��� %DNW൴U�� ,�� �������� ,QYHVW൴JDW൴RQ� RI� SHVW൴F൴GH� UX൴QV� E\� /&�06�06� DQG�*&�06�
FKURPDWRJUDSK\�൴Q�VZHHW�IHQQHO�VHHG��)RHQ৻FXOXP�YXOJDUH�0൴OO����,QW��-��$JU൴F��(QY൴URQ��)RRG�6F൴������������������'2,��
���������MDHIV������

$YD൴ODEOH�RQO൴QH�DW�����ZZZ�MDHIV�FRP�

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

�H�,661������������ '2,�����������MDHIV��������

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

7KH�DLP�RI�SUHVHQW�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�WKH�SHVWLFLGH�UHVLGXHV�RQ�WKH�VHHGV�RI�VZHHW�IHQQHO��)RHQLFXOXP�
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0DWHULDOV�DQG�0HWKRGV
,Q� WKLV� VWXG\�� WKH� VHHG�PDWHULDOV� REWDLQHG� IURP� IHQQHO�

SODQWV� JURZQ� E\� D� IDUPHU� LQ�7HIIHQL� WRZQ� RI�%XUGXU� FLW\�
GXULQJ�������������([DPSOHV�ZHUH�JDWKHUHG�DSSUR[LPDWHO\�
��PRQWK�ODWHU�WKH�KDUYHVW��$V�WKH�SXUSRVH����NJ�VHHG�VDPSOHV�
IURP����GLIIHUHQW� VDFNV� LQ� WKH� IDUPHU
V� IHQQHO� VWRFN�ZHUH�
JDWKHUHG�DQG�PL[HG����J�RI�VHHG�VDPSOHV�ZHUH�VWXGLHG�IRU�
H[WUDFWLRQV� IRU� �� WLPHV� UHYHDOLQJO\�� 3HVWLFLGHV� JLYHQ� LQ�
)LJXUH���DQG���DUH�VHDUFKHG�LQ�WKH�H[DPSOHV�RI�IHQQHO�VHHGV��
ZKLFK�DUH�WKH�PDWHULDOV��$OO�H[WUDFWLRQ�VWXGLHV�DQG�UHVLGXH�
DQDO\VLV�RI�WKH�VDPSOHV�ZHUH�GRQH�DW�WKH�'LUHFWRUDWH�RI�)RRG�
&RQWURO�/DERUDWRU\�RI�ø]PLU��FRQQHFWHG�7KH�)RRG��)DUPLQJ�
DQG��/LYHVWRFN�0LQLVWU\�

$OO� WKH� VROYHQWV� DQG� FKHPLFDOV� �ZDWHU�� DFHWRQLWULOH��
PHWKDQRO�� IRUPLF� DFLG�� DFHWLF� DFLG�� DPPRQLXP� IRUPDWH��
XVHG�DV�PRELOH�SKDVHV�LQ�VDPSOH�H[WUDFWLRQV�ZHUH�FKRVHQ�LQ�
DFFRUGDQFH� WR� D� SURIRXQG� TXDOLW\�� 3HVWLFLGH� VWDQGDUGV� DUH�
SUHSDUHG� DW� OHDVW� D� ���� UDWH� RI� SXULW\�� ([WUDFWLRQV� DQG�
FOHDUDQFH�RI�WKH�VDPSOHV�DUH�JHQHUDOL]HG�LQ�DFFRUGDQFH�ZLWK�
$2$&� �,QWHUQDWLRQDO� 2I¿FLDO� 0HWKRGV� RI� $QDO\VLV��
PHWKRGV��$2$&��������

([DPSOHV
�3UHSDUDWLRQ�IRU�$QDO\VLV
��� J� VDPSOHV� ZHUH� KRPRJHQL]HG� LQ� D� PHFKDQLFDO�

VKUHGGHU��2WKHU�VLPLODU�VDPSOHV�RI�WKH�VDPH�VDPSOH�ZHUH�SXW�

LQWR�VDPH�SURFHVVHV�VHSDUDWHO\��6DPSOH�DPRXQWV�WKDW�SXW�LQWR�
H[WUDFWLRQ�ZHUH�WDNHQ�IURP�WKHVH�KRPRJHQL]HG�VDPSOHV�DIWHU�
ZHLJKLQJ��

([WUDFWLRQ�RI�([DPSOHV
:KROH�VDPSOHV�ZHUH�KRPRJHQL]HG�ZLWK�VWHHO�EOHQGHUV�

E\�VKUHGGLQJ�DQG��J�RI�VDPSOH�IURP�WKH�PDLQ�VDPSOH�ZHUH�
ZHLJKHG� DQG� PL[HG� ZLWK� ��PO� RI� ZDWHU� DQG� ��PO� RI�
DFHWRQLWULOH�ZLWK����DFHWLF�DFLG�DQG�VWURQJO\�VKDNHG�IRU���
PLQXWH��$IWHUZDUGV�� �� J� RI� ZDWHUOHVV� PDJQHVLXP� VXOIDWH�
�0J62 ��DQG�����J
V�RI�6RGLXP�$FHWDWH��& + 1D2 ��+ 2��� � � � �

ZDV�DGGHG� LQWR� IDOFRQ� WXEHV�DQG�DIWHU�EHLQJ� VKDNHG� IRU���
PLQXWH��FHQWULIXJHG�IRU���PLQXWHV�DW������USP�UDWH��$V�WKH�
QH[W�VWHS����PO�RI�VDPSOHV�IURP�WKH�SUHYLRXV�H[DPSOHV
�KLJK�
SKDVHV� ZHUH� FROOHFWHG� IRU� WKH� FOHDQLQJ� SURFHVV� DQG�
WUDQVSRUWHG�LQWR����PO�IDOFRQ�WXEHV�DQG�PL[HG�ZLWK�����J�RI�
ZDWHUOHVV�0J62 DQG� �����J
V�RI�36$�DQG�FHQWULIXJHG�IRU����� �

PLQXWHV�DW������USP�UDWH��RQFH�DJDLQ��/DWHU��WKH�KLJK�SKDVH�
ZDV� WUDQVSRUWHG� LQWR� YLDOV� DQG� NHSW� LQ� D� IUHH]HU� XQWLO� WKH�
GHYLFH�HYDOXDWLRQV��$V�WKH�ODVW� LQMHFWLRQV�LQWR�/&�06�06�
DQG�*&�06�06�GHYLFHV�ZHUH�FRQGXFWHG�DQG�UHVLGXH�UDWHV�
ZHUH�GHWHUPLQHG��&KURPDWRJUDSKLFDOO\� FRQGLWLRQV�RI�/&�
06�06�DQG�*&�06�06�GHYLFHV�DUH�H[SODLQHG�RQ�7DEOH���
DQG�7DEOH���LQ�GHWDLO�

'2,�����������MDHIV������

)LJXUH� ��� $FWLYH� VXEVWDQFHV� H[DPLQHG� LQ� IHQQHO� VHHG�
H[DPSOHV� RQ� /&�06�06� GHYLFH� �'HWHFWLRQ�
/LPLW���������������J�NJ�

)LJXUH����$FWLYH�VXEVWDQFHV�H[DPLQHG�LQ�IHQQHO�VHHGV�H[DPSOHV�
RQ�*&�06�06�GHYLFH� �'HWHFWLRQ�/LPLW��������������
�J�NJ�

7DEOH����&KURPDWRJUDSKLF�:RUNLQJ�&RQGLWLRQV�RI�/&�06�06
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,QW�-�$JULF�(QYLURQ�)RRG�6FL�����������������������

5HVXOWV�DQG�'LVFXVVLRQ
7KH�¿QGLQJV�DPRXQW�LQ�WKH�VWXG\�DUH�FRQVLGHUHG�RQ�DQ�

DYHUDJH�RI���UHSHWLWLRQV�RI�HDFK�H[DPSOH�LQ�DFFRUGDQFH�ZLWK�
WKH� ³7XUNLVK� )RRG� &RGH[� �7*.�� 5HVFULSW� RI� 0D[LPXP�
5HVLGXH� /LPLWV� RI� 3HVWLFLGHV� 3HUPLWWHG� WR� EH� )RXQG� LQ�
/LYHVWRFN��2I¿FLDO�1HZVSDSHU��������������������5HVFULSW�
1R�����������(DFK�UHVLGXH�OLPLWV�RI�7*.�IRU�HDFK�SHVWLFLGH�
H[DPSOH�DUH�JLYHQ�LQ� WKH� WDEOHV��VHSDUDWHO\��,Q� WKH�UHVLGXH�
OLPLWV�RI�IHQQHO�VHHG�H[DPSOHV
�H[DPLQDWLRQV��ZKHUH�KLJK�
SUHYLVLRQHG�GHYLFHV� VXFK� DV�*&�06�06�DQG�/&�06�06�
ZHUH� XVHG�� ���� DFWLYH� VXEVWDQFHV� RI� SHVWLFLGHV� LQ� /&�
06�06�GHYLFH�DQG�����DFWLYH�VXEVWDQFHV�RI�SHVWLFLGHV�DW�
*&�06�06�GHYLFH�ZHUH�DQDO\]HG��,Q�WKLV�VWXG\�FRQGXFWHG�
GXULQJ�WKH�\HDUV�RI������DQG�������DQ\�DQDO\]DEOH�UHVLGXHV�
ZHUH�QRW�REVHUYHG�LQ�WKH�H[DPSOHV�RI�ERWK�\HDUV�

(UVR\� HW� DO��� �����D��� LQ� WKH� VWXG\� WKH\� FRQGXFWHG� WR�
DQDO\]H� WKH� SHVWLFLGH� UHVLGXHV� RQ� VWUDZEHUULHV� DQG� WDEOH�
JUDSH�H[DPSOHV�JDWKHUHG�IURP�WKH�PDUNHWV�RI�.RQ\D�DUHD��
IRXQG�WKDW��WKHUH�LV��������DQG����ȝJ�NJ��WROHUDWH�YDOXH����
ȝJ�NJ��UDWH�RI�,PD]DOLO� LQ� WKH�H[DPSOH�RI�ZHW�JUDSHV��DQG�
WKHUH�LV�����DQG�����ȝJ�NJ�%HQRP\O�&DUEHQGD]LP��WROHUDWH�
YDOXH�����ȝJ�NJ��RQ���H[DPSOHV�RQ�ZHW�JUDSHV��,Q�WKH�VWXG\�
WKH\�FRQGXFWHG��LQ�WKH�ZHW�JUDSH�H[DPSOHV�RQ�ZKLFK�WKH\�
VWXGLHG��WKH�SURGXFW�ZLWKRXW�DQ\�SHVWLFLGH�UHVLGXHV�LV������
WKH�SURGXFW�ZLWK���NLQG�RI�SHVWLFLGH� UHVLGXHV� LV� ����� WKH�
SURGXFW�ZLWK���NLQG�RI�SHVWLFLGH�UHVLGXHV�LV������WKH�SURGXFW�
ZLWK���NLQG�RI�SHVWLFLGH�UHVLGXHV�LV������WKH�SURGXFW�ZLWK���
NLQGV� RI� SHVWLFLGH� UHVLGXHV� LV� ����� WKH� SURGXFW� ZLWK� ��
SHVWLFLGH� UHVLGXHV� LV� ���� WKH� SURGXFW� ZLWK� ���� NLQGV� RI�
SHVWLFLGH� UHVLGXHV� LV� ��� RI� DOO� WKH� H[DPSOHV�� 7KH\�
GHWHUPLQHG�WKH�VWUDZEHUU\�H[DPSOHV�DV�����LV�ZLWKRXW�DQ\�
SHVWLFLGH�UHVLGXHV�DQG�����LV�ZLWK�SHVWLFLGH�UHVLGXHV��RYHU�
OLPLW� SHVWLFLGH� UHVLGXHV� DQG� ZLWK� WKH� XVH� RI� IRUELGGHQ�
FKHPLFDOV��

.XUW�HW�DO����������VWXGLHG�WKH�VSLFH�DQG�RWKHU�VSLFH�NLQGV
�
H[SRUWDWLRQ�EHWZHHQ�WKH�\HDUV�RI�������������7KH\�UHSRUWHG�
WKDW� IHQQHO� KDYH� D� UROH� RI� ��� ������ PLOOLRQ� NJ
V�� LQ�
H[SRUWDWLRQ�DQG����������PLOOLRQ�NJ
V��LQ�VSLFH�LPSRUWDWLRQ�
RI�7XUNH\
V�VSLFH�WUDGH�

$ERX�$UDEHW�HW�DO�����������LQ�WKH�VWXG\�WKH\�FRQGXFWHG��
DQDO\]HG�SHVWLFLGH�UHVLGXHV�RQ�����GLIIHUHQW�H[DPSOHV�RI����
GLIIHUHQW�PHGLFLQDO�SODQWV�VSLFHV�LQ�(J\SW�DQG�DPRQJ�WKHVH��
KLELVFXV��GLOO��FHOHU\��WHD��FXPLQ�DQG�FKDPRPLOH�DUH�WDNLQJ�

SODFH��7KHLU�¿QGLQJV�VKRZHG�WKDW�PDODWKLRQ�LV�WKH�VXSHULRU�
SHVWLFLGH�UHVLGXH�RQ�WKH�DQDO\]HG�H[DPSOHV��7KH\�UHSRUWHG�
WKDW� GLPHWRKDWH� UDWH� RQ� FXPLQ� DQG� FDPRPLOH� H[DPSOHV�
SDVVHG� WKH� SHUPLWWHG� OLPLW� �03/V��� 2Q� FKDPRPLOH�
H[DPSOHV��OLQGDQH��DOGULQ��GLHOGULQ��''7��FORUGDQH�DQG�UDWHV�
KDYH�SDVVHG�WKH�PD[LPXP�OLPLWV��03/V���7KH\�UHSRUWHG�WKDW�
ZKHQ�PHGLFDO�SODQWV�ERLOHG�LQ�ZDWHU��WKH�UHVLGXHV�FDQQRW�EH�
DQDO\]HG��ZKHQ�WKH�SODQWV�GURZQ�LQWR�ZDWHU�� WKH�SHVWLFLGH�
UHVLGXHV�PRYH�LQWR�WKH�OLTXLG�H[WUDFW�

$ERX�$UDE�������� LQ�KLV�VWXG\��VWXG\�RQ� WKH�SHVWLFLGH�
UHVLGXHV� RQ� WRPDWRHV� DQG� WRPDWR� SURGXFWV� LQ� (J\SW�+H�
GHWHUPLQHG�WKH�DYHUDJH�+&%��OLQGDQH��GLHOGULQ��KHSWDFKORU�
HSR[LGH�DQG�''7�VRUWV
�OHYHOV�LQ�WKH�IROORZLQJ�RUGHU��������
��������������������DQG�������PJ�NJ�DQG�KH�UHSRUWHG�WKDW�KH�
GLG�QRW�IRXQG�DQ\�SHVWLFLGH�UHVLGXHV�LQ�NHWFKXS�DQG�WRPDWR�
SDVWH��+H�VXJJHVWHG�WKDW�WRPDWRHV�FRQWDLQ�WKH�KLJKHVW�OHYHO�
RI�+&%�� OLQGDQH��GLHOGULQ�DQG�''7�LQ� WKHLU�FXWLFXODU�DQG�
VXE�FXWLFXODU� WLVVXHV�� +H� XQGHUOLQHG� WKH� LPSRUWDQFH� RI�
ZDVKLQJ� WKHP� ZLWK� ZDWHU� DQG�RU� GHWHUJHQW� VROXWLRQ� WR�
GHFUHDVH�WKH�SHVWLFLGH�UDWH�WR�WKH�ORZHVW�OHYHO�DQG�FRRNLQJ�
�$V� WKH� WRPDWR� SDVWH� SURGXFWLRQ� SURFHVV�� WKHP� KHOSV� WR�
HOLPLQDWH�WKH�SHVWLFLGH�UHVLGXHV�IURP�WRPDWRHV�

6DQWDPDULD�HW�DO�����������LQ�WKHLU�VWXG\�WKH\�FRQGXFWHG�LQ�
%DUL� �,WDO\��� VWXGLHG� RQ� ���� GLIIHUHQW� H[DPSOHV� IURP� ���
GLIIHUHQW� IUHVK� YHJHWDEOH� NLQGV� WKDW� FRQWDLQ� QLWUDWH� DQG�
R[DODWH��7KHLU�¿QGLQJV�VXJJHVWHG�WKDW�WKH�YHJHWDEOHV�ZKRVH�
OHDYHV� DUH� HGLEOH� �FHOHU\�� SDUVOH\�� VSLQDFK�� HWF���� FRQWDLQ�
KLJKHU�OHYHOV�RI�QLWUDWH�WKDQ�YHJHWDEOHV�ZKRVH�EXOEV��WXEHUV�
DQG�VKRRWV�DUH�HGLEOH��7KH\�IRXQG�KLJK�OHYHO�RI�R[DODWH�LQ�
VSLQDFK� DQG� FKDUG��7KH\� UHSRUWHG� WKDW� WKH�GDLO\� LQWDNH�RI�
QLWUDWH� LV� GHWHUPLQHG� DV� ���PJ
V� E\� WKH� QDWLRQDO� QXWULWLRQ�
LQVWLWXWH�DQG�DV�WKH\�UHSRUWHG��ZLWK�FKDUG�DQG�OHWWXFH�LQWDNH�
WKLV�YDOXH�OLQH�LV�SDVVHG�����

$ERX�$UDE�DQG�$ERX�'RQ൴D� �������� LQ� WKH�VWXG\� WKH\�
FRQGXFWHG�� VWXGLHG� SHVWLFLGH� UHVLGXHV�� KHDY\� PHWDOV� DQG�
DÀDWR[LQ� FRPSRQHQWV� RQ� PHGLFDO� SODQWV� �SHSSHUPLQW��
FKDPRPLOH��IHQQHO��FXPLQ��HWF��XVHG�RQ�ERWK�FKLOGUHQ�DQG�
JURZQ�XSV��([DPSOHV�ZHUH�FROOHFWHG�IURP�GLIIHUHQW�PDUNHWV�
LQ� (J\SW�� $V� D� UHVXOW�� ZKLOH� PDODWKLRQ�� GLPHWKRDWH�� DQG�
SURIHQRIRV�ZHUH�IRXQG�LQ�KLJK�OHYHOV�RQ�PRVW�RI�WKH�DQDO\VHG�
H[DPSOHV��DOGULQ��GLHOGULQ��FKORUGDQH�DQG�OLQGDQH�ZHUH�IRXQG�
LQ� ORZHVW� OHYHOV�� &KORUS\ULIRV�� SDUDWKLRQ�� GLD]LQRQ� DQG�
HQGRVXOIDQ�ZHUH�QRW�IRXQG�LQ�DQDO\VDEOH�OHYHOV�

7DEOH����&KURPDWRJUDSKLF�:RUNLQJ�&RQGLWLRQV�RI�*&�06�06

1൴OGD�(UVR\��9RONDQ�2NDWDQ��'HQ൴]�+D]DU��,EUDK൴P�%DNW൴U



���

&RQFOXVLRQ
7HIHQQL�%XUGXU� GLVWULFW� LV� RQH� RI� WKH� PRVW� LPSRUWDQW�

UHJLRQV�LQ�WHUPV�RI�RUJDQLF�SURGXFWLRQ�LQ�RXU�FRXQWU\��7KH�
XVH�RI�SHVWLFLGHV�LQ�WKH�UHJLRQ�LV�UHDVRQDEOH��2XU�DQDO\VDEOH�
UHVLGXHV�ZHUH�QRW�REVHUYHG�LQ�WKH�H[DPSOHV�RI�ERWK�\HDUV��
7KLV�LV�JRRG�UHVXOW�IRU�JRRG�DJULFXOWXUDO�SUDFWLFHV��$FFRUGLQJ�
WR�WKHVH�UHVXOWV��RUJDQLF�IDUPLQJ�FDQ�EH�DSSOLHG�LQ�WKH�UHJLRQ�

5HIHUHQFHV�

$QRQ\PRXV����������([SRUW�3URPRWLRQ�&HQWHU��,*(0(��5HFRUGV��$QNDUD��
8UO��ZZZ�LJHPH�FRP�WU��$FFHVV�GDWH�������������

$QRQ\PRXV�� �������� KWWS���ZZZ�JLGD�����FRP�JLGDODUGD�SHVWLVLW�
NDOLQWLODUL�YH�NDOLQWL�DQDOL]OHUL�KWPO��3HVWLFLGH�UHVLGXHV�DQG�UHVLGXH�
DQDO\VLV�LQ�IRRGV���0XUDW�<D\OD����$FFHVV�GDWH�������������

$NJ�O��$����������6SLFH�6FLHQFH�	�7HFKQRORJ\��)LUVW�(GLWLRQ��$QNDUD��)RRG�
7HFKQRORJ\�$VVRFLDWLRQ�(GLWLRQ�1XPEHU������$QNDUD

$ERX�$UDE��$�$�.�� �������� %HKDYLRU� RI� SHVWLFLGHV� LQ� WRPDWRHV� GXULQJ�
FRPPHUFLDO�DQG�KRPH�SUHSDUDWLRQ��)RRG�&KHPLVWU\��������������

$ERX�$UDE�� $�$�.��� .DZWKHU�� 0�6��� (O� 7DQWDZ\�� 0�(��� %DGHDD�� 5�,���
.KD\ULD��1����������4XDQWLW\�HVWLPDWLRQ�RI�VRPH�FRQWDPLQDQWV�LQ�
FRPPRQO\� XVHG� PHGLFLQDO� SODQWV� LQ� WKH� (J\SWLDQ� PDUNHW�� )RRG�
&KHPLVWU\���������������

$ERX�$UDE��$�$�.���$ERX�'RQLD��0�$����������3HVWLFLGH�UHVLGXHV�LQ�VRPH�
(J\SWLDQ� VSLFHV� DQG� PHGLFLQDO� SODQWV� DV� DIIHFWHG� E\� SURFHVVLQJ��
)RRG�&KHP������������������

%D\WRS�� 7�� �������� 7XUNLVK� 3ODQW� 1DPHV� 'LFWLRQDU\�� 7XUNLVK� /DQJXDJH�
,QVWLWXWLRQ�3XEOLFDWLRQV��1R�������$QNDUD������������

%D\WRS��7����������7KHUDS\�ZLWK�0HGLFLQDO�3ODQWV�LQ�7XUNH\���QG�(GLWLRQ��
1REHO�7ÕS�.LWDEHYOHUL��,VWDQEXO�

%D\GDU��+����������0HGLFDO�DQG�$URPDWLF�DQG�3XEOLF�3ODQWV�6FLHQFH�DQG�
7HFKQRORJ\��6�OH\PDQ�'HPLUHO�8QLYHUVLW\�)DFXOW\�RI�$JULFXOWXUH�
6'8�3XEOLFDWLRQ�1R����������V�

&H\ODQ��$�� �������� 0HGLFDO� 3ODQWV� ,,� �(VVHQWLDO� 2LO� 3ODQWV�� (JH� 8QLY��
)DFXOW\�RI�$JULFXOWXUH�3XEOLFDWLRQ�1R�����

&]\JDQH��)�&����������)HQFKHO��7HHGURJHQ���QG�(GLWLRQ��:LFKWO��0���(G���
:LVVHQVFDIWOLFKH�9HUODJVJHVHOOVFDKW��6WXWWJDUW��SS���������

'DYLV��3�+����������)ORUD�RI�7XUNH\�DQG�7KH�(DVW�$JHDQ�,VODQGV��/DELDWDH��
8QLYHUVLW\�3UHVV��(GLQEXUJ�9ROXPH����S���������

(UQVW��(����������7KH�'HVNWRS�*XLGH�WR�&RPSOHPHQWDU\�DQG�$OWHUQDWLYH�
0HGLFLQH��0RVE\��7RURQWR�

(UVR\��1���7DWOÕ��g���g]FDQ��6���(YFLO��(���&RúNXQ��/�ù���(UGR÷DQ��(���.HVNLQ��
*�� �����D��� 'HWHUPLQDWLRQ� RI� 3HVWLFLGH� 5HVLGXHV� LQ� *UDSH� DQG�
6WUDZEHUU\�E\�/&�06���06�DQG�*&�06���06��6HOoXN�-RXUQDO�RI�
$JULFXOWXUH�DQG�)RRG�6FLHQFHV����������������,661�����������

(UVR\��1���7DWOÕ��g���g]FDQ��6���(YFLO��(���&RúNXQ��/�ù���(UGR÷DQ�(�������E���
'HWHFWLRQ�RI�SHVWLFLGH�UHVLGXHV�LQ�VRPH�YHJHWDEOH�VSHFLHV�ZLWK�/&�
06� ��06� DQG� *&�06�� 6HOFXN� -RXUQDO� RI�$JULFXOWXUH� DQG� )RRG�
6FLHQFHV����������������,661�����������

.XUW��5���dDEXN��<���.DUD\ÕOPD]ODU��6����������)RUHLJQ�7UDGH�$QDO\VLV�RI�
6SLFHV� DQG� 6SLFHV� 'HULYDWHV� DV� 1RQ�:RRG� )RUHVW� 3URGXFWV� RI�
7XUNH\���QG�,QWHUQDWLRQDO�1RQ��:RRG�)RUHVW�3URGXFWV�6\PSRVLXP��
�����6HSWHPEHU�������,VSDUWD�785.(<

g]oHOLND\��*���6DU��6���$VLO��(����������$�VWXG\�RQ�LPSRUWHG�DQG�SURGXFWLRQ�
OLFHQVHV� LVVXHG�E\�WKH�0LQLVWU\�RI�+HDOWK�EHWZHHQ�����������IRU�
KHUEDO� PHGLFLQHV�� ;,�� %B+$7�� ������ 0D\� ����� $QNDUD��
3URFHHGLQJV� ERRN�� (GLWRU�� &RVNXQ� 0�� $QNDUD� 8QLY� 3KDUPDF\�
)DFXOW\�3XEOLFDWLRQ�1R��������������

6DQWDPDULD��3���(OLD��$���6HULR��)���7RGDUR��(�����������$�VXUYH\�RI�QLWUDWH�DQG�
R[DODWH�FRQWHQW�LQ�IUHVK�YHJHWDEOHV��-�6FL��)RRG��$JULF��������������

� 8]XQ��$��� .HYVHUR÷OX�� .��� g]oHOLN�� +��� <ÕOPD]�� 6�� �������� � 6WDELOLW\�
DQDO\VLV�RI�IHQQHO��)RHQLFXOXP�YXOJDUH�0LOO��9DU��'XOFH��GHYHORSHG�
IRU�0LGGOH�%ODFN�6HD�5HJLRQ�DQG�VWDELOLW\�DQDO\VLV�RI�HVVHQWLDO�RLO�
UDWLRV��-RXUQDO�RI�$QDWROLDQ�$JULFXOWXUH�6FLHQFH����������������
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7KH�UROH�RI�KHUELYRUH�LQGXFHG�SODQW�YRODWLOHV��+,39V��DV�LQGLUHFW�SODQW�GHIHQVH�PHFKDQLVP�
LQ�D�GLYHUVH�SODQW�DQG�KHUELYRUH�VSHFLHV��D�UHYLHZ

��̦+DIWD\�*HEUH\HVXV�*HEUH]LKHU
�$GLJUDW�8QLYHUVLW\��&ROOHJH�RI�$JULFXOWXUH�DQG�(QYLURQPHQWDO�6FLHQFH��'HSDUWPHQW�RI�+RUWLFXOWXUH��$GLJUDW��(WKLRSLD


&RUUHVSRQGLQJ�$XWKRU��KDIWD\�JHEUH\HVXV#JPDLO�FRP����

,Q�FR�HYROXWLRQ��SODQWV�DQG�LQVHWV�KDYH�HYROYHG�D�YDULHW\�
RI� GHOHWHULRXV� DQG� EHQH¿FLDO� LQWHUDFWLRQV� �0DIIHL� HW� DO���
������� ,Q� SODQW�LQVHFW� KHUELYRUH� LQWHUDFWLRQ�� SODQWV� DUH�
WKUHDWHQHG�E\�SRWHQWLDOO\�KRVWLOH�LQVHFW�KHUELYRUHV��2Q�WKH�
RWKHU�KDQG��SODQWV�DUH�IDU�IURP�EHLQJ�SDVVLYH�YLFWLPV�RI�WKHVH�
DWWDFNHUV��'LFNH�HW�DO���������'DV�HW�DO����������7KH\�KDYH�
HYROYHG�PXOWLWXGH�RI�GHIHQVH�V\VWHPV�WKDW�SURWHFW�WKHP�IURP�
EHLQJ� RYHUHDWHQ� E\� WKH� KHUELYRUHV� �.HVVOHU� DQG�%DOGZLQ��
������+HLO�DQG�.DUEDQ���������7KHVH�FRXOG�EH�HLWKHU�GLUHFW�RU�
LQGLUHFW�GHIHQVH�V\VWHPV��:DU�HW�DO����������

'LUHFW� SODQW� GHIHQVHV� LQYROYH� DQ\� SODQW� WUDLWV� VXFK� DV�
VSLQHV��WKRUQV��WULFKRPHV��SULPDU\�DQG�VHFRQGDU\�FKHPLFDO�
PHWDEROLWHV� RU� SURWHLQDVH� LQKLELWRUV� WKDW� DIIHFW� WKH�
VXVFHSWLELOLW\� WR� DQG�RU� WKH� SHUIRUPDQFH� RI� DWWDFNLQJ�
KHUELYRUHV� DQG� WKXV� LQFUHDVH� SODQW� ¿WQHVV� LQ� HQYLURQPHQW�
ZLWK�WKH�KHUELYRUHV��.HVVOHU�DQG�%DOGZLQ���������,QGLUHFW�
SODQW� GHIHQVHV� LQYROYH� SODQW� WUDLWV� RU� DGDSWDWLRQV� VXFK� DV�
SURYLVLRQ� RI� VKHOWHU� RU� DOWHUQDWLYH� IRRG� VRXUFHV� �H�J��
H[WUDÀRUDO�QHFWDU���7XUOLQJV�DQG�:DFNHUV��������.RVW�DQG�
+HLO��������&KRK�DQG�7DNDED\DVKL�������RU�UHOHDVH�LQGXFHG�
SODQW�YRODWLOHV�XSRQ�KHUELYRUH�LQIHVWDWLRQ�WKDW�UHVXOW�LQ�WKH�
UHFUXLWPHQW� DQG� VXVWHQDQFH� RI� QDWXUDO� HQHPLHV� VXFK� DV�
SUHGDWRUV�DQG�SDUDVLWRLGV�WKDW�DWWDFN�WKH�KHUELYRUHV��'LFNH�HW�
DO���������'LFN�HW�DO�������D��7XUOLQJV�DQG�7XPOLQVRQ��������
<DQ�HW�DO���������7DWHPRWR�DQG�6KLPRGD���������

:KHQ� SODQWV� DUH� DWWDFNHG� E\� KHUELYRUHV�� WKH\� UHOHDVH�
LQGXFHG� SODQW� YRODWLOHV� IURP� OHDYHV� RU� RWKHU� SDUWV� WR� WKH�

HQYLURQPHQW�WR�FRPPXQLFDWH�ZLWK�KLJKHU�WURSKLF�OHYHOV�WKDW�
DWWDFN�WKH�KHUELYRUHV�DQG�VXFK�GHIHQVHV�DUH�FDOOHG�LQGLUHFW�
SODQW�GHIHQVHV��3DUH�DQG�7XPOLQVRQ���������:KHQ�DWWDFNHG�
E\� KHUELYRUHV�� SODQWV� UHOHDVH� PXFK� JUHDWHU� TXDQWLWLHV� RU�
SURGXFH�GH�QHYR��RI�ORZ�PROHFXODU�ZHLJKW�YRODWLOHV�ZKLFK�
DUH�FDOOHG�KHUELYRUH�LQGXFHG�SODQW�YRODWLOHV��KHUHDIWHU�FDOOHG�
+,39V�� WKDW� DWWUDFW� QDWXUDO� HQHPLHV� RI� WKH� KHUELYRUHV�
�'UXNNHU� DQG� 6DEHOLV�� ������ <X� HW� DO��� ������� 7KH\� DUH�
UHOHDVHG� IURP� WKH� VLWH� RI� KHUELYRUH� IHHGLQJ� DQG�RU�
V\VWHPDWLFDOO\�IURP�XQGDPDJHG�SDUWV�GLVWDO�WR�WKH�IHHGLQJ�
VLWH� �7XUOLQJV� DQG� 7XPOLQVRQ�� ������ 5RVH� HW� DO��� �������
1XPHURXV�DUWKURSRG�QDWXUDO�HQHPLHV�H[SORLW�WKH�+,39V�WR�
ORFDWH�DQG�IHHG�RQ�WKHLU�SUH\V�RU�SDUDVLWL]H�WKHLU�KRVWV��'LFNH�
DQG�6DEHOLV��������7XUOLQJV�DQG�:DFNHUV��������'DV�HW�DO���
������'LFNH���������7R�GDWH��SOHWKRUD�RI�LQYHVWLJDWLRQV�KDYH�
H[SORUHG�WKH�DWWUDFWLYHQHVV�RI�+,39V�WR�QDWXUDO�HQHPLHV�VXFK�
DV�SUHGDWRUV��VXFK�DV�'LFNH�DQG�6DEHOLV��������7DWHPRWR�DQG�
6KLPRGD�� ������ +DIWD\� DQG� 1DNDPXWD�� ����� D�� E�� DQG�
SDUDVLWRLGV��7XUOLQJV�HW�DO���������9DQ�3RHFNH�HW�DO���������<X�
HW�DO����������

,Q� DGGLWLRQ� WR� DWWUDFWLQJ� QDWXUDO� HQHPLHV� WR� WKH� IRRG�
VRXUFH��+,39V� FRXOG� DUUHVW� WKHP� WR� UHPDLQ� RQ� WKH� SODQWV�
�8HIXQH� HW� DO��� ������� 8HIXQH� ������� UHSRUWHG� WKDW� WKH�
SDUDVLWLF� ZDVS� &RWHVLD� YHVWDOLV� +DOLGD\� �+\PHQRSWHUD��
%UDFRQLGDH��KDG�D�ORQJHU�UHVLGHQFH�WLPH�RQ�SODQWV�WUHDWHG�
ZLWK� DQ� DWWUDFWLYH� EOHQG� RI� IRXU� YRODWLOHV� �Q�KHSWDQDO��
VDELQHQH��Į�SLQHQH�DQG��=����KH[HQ\O�DFHWDWH��ZKLFK�DUH�

�

���

$EVWUDFW

.H\ZRUGV��+HUELYRUH�LQGXFHG�SODQW�YRODWLOHV��+,39V���7ULWURSKLF�LQWHUDFWLRQ��1DWXUDO�HQHPLHV��+HUELYRUHV��6SHFLHV�

5HFHLYHG����������������������������$FFHSWHG����������������������������3XEOLVKHG��RQO൴QH��������������

,QWURGXFWLRQ���

5HYLHZ�$UWLFOH
ZZZ�MDHIV�FRP-$()6

�&LWH�WKLV�DUWLFOH�DV����*HEUH]LKHU��+�*����������7KH�UROH�RI�KHUELYRUH�LQGXFHG�SODQW�YRODWLOHV��+,39V��DV�LQGLUHFW�SODQW�GHIHQVH�PHFKDQLVP�LQ�D��
GLYHUVH�SODQW�DQG�KHUELYRUH�VSHFLHV��D�UHYLHZ��,QW��-��$JULF��(QYLURQ��)RRG�6FL������������������'2,�����������MDHIV������

$YD൴ODEOH�RQO൴QH�DW����ZZZ�MDHIV�FRP�

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

�H�,661������������ '2,�����������MDHIV��������

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

:KHQ�SODQWV�DUH�DWWDFNHG�E\�KHUELYRUHV��WKH\�UHOHDVH�SODQW�YRODWLOHV�FDOOHG�KHUELYRUH�LQGXFHG�SODQW�YRODWLOHV��+,39V��WR�
WKH�HQYLURQPHQW�WR�FRPPXQLFDWH�ZLWK�KLJKHU�WURSKLF�OHYHOV��+,39V�SOD\�GLIIHUHQW�HFRORJLFDO�UROHV�VXFK�DV�SODQW�SODQW�
LQWHUDFWLRQ��SODQW�KHUELYRUH�LQWHUDFWLRQ��WULWURSKLF�LQWHUDFWLRQ�DQG�RWKHU�UHODWHG�LQWHUDFWLRQV��$WWUDFWLYHQHVV�RI�+,39V�WR�
QDWXUDO�HQHPLHV�LQ�D�WULWURSKLF�LQWHUDFWLRQ�YDULHV�GHSHQGLQJ�RQ�VSHFLHV�GLYHUVLW\��8QGHU�QDWXUDO�DQG�PXOWLSOH�FURSSLQJ�
V\VWHPV��WULWURSKLF�LQWHUDFWLRQ�LV�H[SHFWHG�WR�EH�PRUH�FRPSOH[�WKDQ�VLQJOH�WULWURSKLF�LQWHUDFWLRQ�ZLWK�RQH�VSHFLHV�SHU�
WURSKLF�OHYHO��,Q�FRPSOH[�WULWURSKLF�LQWHUDFWLRQ��GLYHUVLW\�RI�GLIIHUHQW�WURSKLF�OHYHOV�DIIHFWV�DWWUDFWLYHQHVV�RI�+,39V�WR�
QDWXUDO�HQHPLHV��)URP�SODQW�GLYHUVLW\�SRLQW�RI�YLHZ��+,39V�PL[WXUH�HPDQDWLQJ�IURP�KHUELYRUH�GDPDJHG�PXOWLSOH�SODQW�
VSHFLHV�DUH�UHSRUWHG�WR�DIIHFW�EHKDYLRUDO�UHVSRQVHV�DQG�IRUDJLQJ�EHKDYLRU�RI�QDWXUDO�HQHPLHV�XQGHU�ODERUDWRU\�DQG�¿HOG�
FRQGLWLRQV��6LPLODUO\��IURP�KHUELYRUH�GLYHUVLW\�SRLQW�RI�YLHZ��LQ�QDWXUH��SODQWV�DUH�FRPPRQO\�DWWDFNHG�E\�PRUH�WKDQ�RQH�
KHUELYRUH�VSHFLHV��&RQVWLWXHQWV�RI�+,39V�YDU\�EHWZHHQ�SODQWV�LQIHVWHG�E\�PXOWLSOH�DQG�VLQJOH�KHUELYRUH�VSHFLHV�DQG�WKLV�
DIIHFWV�WKH�EHKDYLRUDO�UHVSRQVHV�DQG�IRUDJLQJ�EHKDYLRU�RI�QDWXUDO�HQHPLHV��7KLV�SDSHU�UHYLHZV�UHFHQW�¿QGLQJV�RQ�WKH�UROH�
RI�+,39V�DV�LQGLUHFW�SODQW�GHIHQVH�LQ�V\VWHPV�ZLWK�VLPSOH�WULWURSKLF�LQWHUDFWLRQ��DQG�LQ�GLYHUVH�SODQWV�VSHFLHV�DQG�GLYHUVH�
KHUELYRUH�VSHFLHV�
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LQGXFHG� IURP� 3OXWHOOD� [\ORVWHOOD� /LQQDHXV� �/HSLGRSWHUD��
3OXWHOOLGDH��ODUYDH�LQIHVWHG�FDEEDJH�SODQWV��

+,39V�PD\�FRPSULVH�FRPSRXQGV�IURP�GLIIHUHQW�JURXSV�
VXFK� DV� WHUSHQRLGV�� JUHHQ� OHDI� YRODWLOHV� �*/9���
SKHQ\OSURSDQRLGV�EHQ]HQRLGV�� DQG� DURPDWLF� FRPSRXQGV�
OLNH� LQGROH� DQG�PHWK\O� VDOLF\ODWH� �0H6$�� �'LFNH�� �������
7KHVH�JURXSV�RI�+,39V�DUH� V\QWKHVL]HG� WKURXJK�GLIIHUHQW�
ELRV\QWKHWLF� SDWKZD\� LQ� GLIIHUHQW� FRPSDUWPHQWV� RI� SODQW�
FHOOV��3DUH�DQG�7XPOLQVRQ��������'DV�HW�DO���������DQG�DUH�
UHJXODWHG�E\�SK\WRKRUPRQHV�VXFK�DV�MDVPRQLF�DFLG��VDOLF\OLF�
DFLG��DQG�HWK\OHQH��2]DZD�HW�DO���������0HQ]HO�HW�DO�������D��
7KH� DWWUDFWLYHQHVV� RI� +,39V� WR� QDWXUDO� HQHPLHV� YDULHV�
GHSHQGLQJ�RQ�VSHFLHV�GLYHUVLW\�RI�GLIIHUHQW�WURSKLF�OHYHOV�LQ�D�
JLYHQ� HQYLURQPHQW�� 8QGHU� QDWXUDO� FRQGLWLRQV�� WKRXJK�
GLIIHUHQW�IURP�SODFH�WR�SODFH��WKH�LQWHUDFWLRQ�DPRQJ�GLIIHUHQW�
WURSKLF� OHYHOV� LV�H[SHFWHG� WR�EH�FRPSOH[��)RU� LQVWDQFH�� LQ�
¿HOGV�ZLWK�GLYHUVH�SODQW�VSHFLHV��WKH�SODQW�YRODWLOHV�UHOHDVHG�
WR�WKH�HQYLURQPHQW�LV�H[SHFWHG�WR�EH�ZLWK�JUHDWHU�GLYHUVLW\�
ERWK�TXDQWLWDWLYHO\�DQG�TXDOLWDWLYHO\��2Q�WKH�RWKHU�KDQG��D�
SODQW�VSHFLHV�FRXOG�EH�DWWDFNHG�E\�PXOWLSOH�KHUELYRUHV�ZKLFK�
PLJKW�UHVXOW�FKDQJH�LQ�UHVSRQVH�RI�SODQWV�LQ�UHOHDVLQJ�+,39V�
FRPSDUHG� WR� DWWDFN� E\� VLQJOH� KHUELYRUH� VSHFLHV�� 5HFHQW�
VWXGLHV� VKRZ� WKDW� LQ� V\VWHPV� ZLWK� GLYHUVH� SODQW� VSHFLHV��
KHUELYRUH� VSHFLHV� RU� ERWK� DIIHFW� UHOHDVH� RI� +,39V�
TXDQWLWDWLYHO\�DQG�TXDOLWDWLYHO\��DQG�LQ�WXUQ�WKH�UHVSRQVH�RI�
QDWXUDO�HQHPLHV��+DGGDG�HW�DO���������0RUHLUD�HW�DO���������
+DIWD\�DQG�1DNDPXWD������D��E���7KHVH�¿QGLQJV�DUH�UHFHQW�
DGYDQFHV�LQ�WKH�SODQWV�KHUELYRUHV�QDWXUDO�HQHPLHV�WULWURSKLF�
LQWHUDFWLRQ� SDUDGLJP� JLYHQ� WKDW� LQ� QDWXUDO� DQG� PXOWLSOH�
FURSSLQJ�V\VWHPV�WKH� LQWHUDFWLRQ�LV�PRUH�FRPSOLFDWHG�DQG�
QHHG� IXUWKHU� LQYHVWLJDWLRQV� E\� HFRORJLVWV�� HYROXWLRQLVWV��
QDWXUDOLVWV�HWF��7KHUHIRUH��WKH�DLP�RI�WKLV�SDSHU�LV�WR�UHYLHZ�
WKH�UHFHQW�JURZLQJ�HYLGHQFHV�RQ�WKH�UROH�RI�+,39V�DV�LQGLUHFW�
GHIHQVH� RI� SODQWV� LQ� V\VWHPV� ZLWK� VLPSOH� WULWURSKLF�
LQWHUDFWLRQ�� DQG� LQ� GLYHUVH� SODQWV� VSHFLHV� DQG� GLYHUVH�
KHUELYRUH�VSHFLHV�

(FRORJLFDO� UROH� RI� +,39V� LQ� D� VLPSOH� WULWURSKLF�
LQWHUDFWLRQ
2QFH�+,39V�DUH�UHOHDVHG�WR�WKH�HQYLURQPHQW��WKH\�DUH�QRW�

XQGHU�WKH�FRQWURO�RI�WKH�SODQWV��7KH\�PLJKW�EH�H[SORLWHG�E\�
YDULRXV� RUJDQLVPV� IURP� YDULRXV� WURSKLF� OHYHOV� VXFK� DV�
QHLJKERULQJ�FRQVSHFL¿F�SODQWV��.RVW�DQG�+HLO��������&KRK�
DQG�7DNDED\DVKL��������RU�GLIIHUHQW�SODQW�VSHFLHV��%DOGZLQ�
HW�DO���������3HDUVH�HW�DO����������FRQVSHFL¿F�KHUELYRUHV��'H�
0RUDHV� HW� DO��� ������ &DUUROO� HW� DO��� ������ RU� GLIIHUHQW�
KHUELYRUH� VSHFLHV� �%HUQDVFRQL� HW� DO��� ������ 5REHUW� HW� DO���
�������DQG�QDWXUDO�HQHPLHV��'LFNH�DQG�6DEHOLV��������<X�HW�
DO���������<X�HW�DO���������=KDQJ�HW�DO���������+DIWD\�DQG�
1DNDPXWD������D�E���7KHVH�DWWULEXWHV�DUH� WKRXJKW� WR�H[HUW�
GLIIHUHQW�VHOHFWLRQ�SUHVVXUHV�RQ�WKH�SODQW�¿WQHVV��+REDOODK�
DQG� 7XUOLQJV�� ������ .RVW� DQG� +HLO�� ������ 'LFNH� DQG�
%DOGZLQ���������7KH�HFRORJLFDO�UROHV�RI�+,39V�LQ�D�VLPSOH�
WULWURSKLF�LQWHUDFWLRQ�PLJKW�UHVXOW�LQ�GLIIHUHQW�HIIHFWV�LQ�WKH�
HQYLURQPHQW��6RPH�RI�WKH�HIIHFWV�DUH�H[SODLQHG�EHORZ�

5ROH�RI�+,39V�LQ�SODQW�SODQW�LQWHUDFWLRQ
2QH�RI�WKH�HFRORJLFDO�UROHV�RI�+,39V�LV�WKHLU�LQYROYHPHQW�

LQ� SODQW�SODQW� LQWHUDFWLRQ�� 7KH� UHOHDVH� RI� +,39V� IURP�
KHUELYRUH�DWWDFNHG�SODQWV�PLJKW�WULJJHU�UHVSRQVHV��SRVLWLYH�
RU� QHJDWLYH� HIIHFW�� RQ� WKH� UHFHLYLQJ� SODQW� RI� WKH� VDPH� RU�
GLIIHUHQW�VSHFLHV��)RU�LQVWDQFH��.RVW�DQG�+HLO��������IRXQG�
WKDW� +,39V� HPLWWHG� IURP� KHUELYRUH�LQIHVWHG� /LPD� EHDQ�
SODQWV�DV�ZHOO�DV�D�V\QWKHWLF�+,39�PL[WXUH�UHVHPEOLQJ�WKH�
QDWXUDO� RQH� LQGXFHV� DQRWKHU� LQGLUHFW� GHIHQVH� WKDW� LV� D�
VHFUHWLRQ�RI�H[WUDÀRUDO�QHFWDU��DQ�DOWHUQDWLYH�IRRG�VRXUFH�IRU�
QDWXUDO�HQHPLHV��LQ�D�QHLJKERULQJ�FRQVSHFL¿F�SODQW��7KLV�OHG�

WR�WKH�DWWUDFWLRQ�RI�D�KLJKHU�FXPXODWLYH�QXPEHU�RI�SUHGDWRU\�
DQG�SDUDVLWRLG�LQVHFWV�DQG�WKH�SODQWV�JHW�D�¿WQHVV�EHQH¿W�VXFK�
DV� DQ� LQFUHDVHG� SURGXFWLRQ� RI� LQÀRUHVFHQFHV� DQG� OHDYHV�
�SRVLWLYH�HIIHFW���6LPLODUO\��&KRK�DQG�7DNDED\DVKL� �������
IRXQG�WKDW�XQLQIHVWHG�/LPD�EHDQ�SODQWV�H[SRVHG�WR�+,39V�
DWWUDFWHG� PRUH� SUHGDWRU\� PLWHV� 3K\WRVHLXOXV� SHUVLPLOLV�
$WKLDV�+HQULRW��$FDULQD��3K\WRVHLLGDH��DQG�VHFUHWHG�ODUJHU�
DPRXQWV�RI�H[WUDÀRUDO�QHFWDUV�WKDQ�XQH[SRVHG�SODQWV��7KH\�
IXUWKHU� UHSRUWHG� WKDW� WKH� SUHGDWRUV� VXUYLYHG� ORQJHU� ZKHQ�
VXSSOLHG� ZLWK� H[WUDÀRUDO� QHFWDU� DQG� VWD\HG� ORQJHU� RQ�
XQLQIHVWHG� SODQWV� WKDW� KDG� EHHQ� VXSSOHPHQWHG� ZLWK�
DGGLWLRQDO� H[WUDÀRUDO� QHFWDU�� 7KHVH� ¿QGLQJV� LPSO\� WKDW�
+,39V�SOD\�LPSRUWDQW�UROH�IRU�SODQW�SODQW�FRPPXQLFDWLRQV��
,W� LV� H[SHFWHG� WKDW� WKLV� PLJKW� UHVXOW� LQ� DGMXVWPHQW� RI�
PHFKDQLFDO�DQG�FKHPLFDO�GHIHQVHV��DQG�JHQH�H[SUHVVLRQ�LQ�
WKH�UHFHLYHU�SODQW�����

5ROH�RI�+,39V�LQ�SODQW�KHUELYRUH�LQWHUDFWLRQ
+,39V�FDQ�DOVR�DIIHFW�IRUDJLQJ�EHKDYLRUV�RI�KHUELYRUHV�

HLWKHU� FRQVSHFL¿FV� RU� KHWHURVSHFL¿FV�� )RU� H[DPSOH�� 'H�
0RUDHV�HW�DO���������UHSRUWHG�WKDW�+,39V�HPLWWHG�DW�QLJKW�
WLPH� IURP� WREDFFR�SODQWV�GDPDJHG�E\�+HOLRWKLV�YLUHVFHQV�
)DEULFLXV� �/HSLGRSWHUD�� 1RFWXLGDH�� ODUYDH� DUH� KLJKO\�
UHSHOOHQW� WR� DQG� UHVXOW� LQ� D� ORZHU� RYLSRVLWLQJ� RI� HJJV� E\�
FRQVSHFL¿F� DGXOW� PRWKV�� $GGLWLRQDOO\�� +,39V� FDQ� UHSHO�
KHWHURVSHFL¿F�KHUELYRUH�VSHFLHV��)RU�H[DPSOH��%HUQDVFRQL�HW�
DO���������IRXQG�WKDW�PDL]H�SODQWV�WUHDWHG�ZLWK�UHJXUJLWDQW�RI�
WKH�FDWHUSLOODU�6SRGRSWHUD�OLWWRUDOLV�%LRVGXYDO��/HSLGRSWHUD��
1RFWXLGDH��ZKLFK�LQGXFH�HPLVVLRQ�RI�YRODWLOHV�WKDW�DWWUDFW�
QDWXUDO� HQHPLHV� ZHUH� UHSHOODQW� WR� FRUQ� OHDI� DSKLG�
5KRSDORVLSKXP� PDLGLV� )LWFK� �+RPRSWHUD�� $SKLGLGDH���
7KHVH�¿QGLQJV�DUH�LQGLFDWRUV�IRU�WKH�SRVVLEOH�XVH�RI�+,39V�
QRW�RQO\�WR�DWWUDFW�QDWXUDO�HQHPLHV�EXW�DOVR�KHOS�WKH�SODQW�QRW�
WR�KRVW�RWKHU�KHUELYRUHV�HLWKHU�FRQVSHFL¿F�RU�KHWURVSHFL¿FV��
,Q�DGGLWLRQ�WR�WKLV��XSRQ�GDPDJH�E\�KHUELYRUHV��SODQWV�UHOHDVH�
WR[LF�FKHPLFDOV�WKDW�LV�XQSOHDVDQW�IRU�WKH�KHUELYRUHV��7KLV�
KHOSV�WKH�SODQW�WR�DYRLG�IXUWKHU�GDPDJH�E\�WKH�KHUELYRUHV��2Q�
WKH�RWKHU�KDQG��IRU�VRPH�KHUELYRUH�VSHFLHV��+,39V�FRXOG�EH�
DWWUDFWLYH� DQG� PLJKW� QHJDWLYHO\� DIIHFW� WKH� SODQW� GXH� WR�
GDPDJH�E\�WKH�KHUELYRUH�����

5ROH�RI�+,39V�DV�LQGLUHFW�SODQW�GHIHQVH
$QRWKHU�ZHOO�HVWDEOLVKHG�HFRORJLFDO�UROH�RI�+,39V�LV�WKHLU�
IXQFWLRQ�DV�SODQWCV�LQGLUHFW�GHIHQVH�E\�DWWUDFWLQJ�DUWKURSRG�
QDWXUDO�HQHPLHV�VXFK�DV�SUHGDWRUV�DQG�SDUDVLWRLGV�WKDW�DWWDFN�
WKH�KHUELYRUHV��'LFNH�HW�DO�������D��E��8HIXQH�HW�DO���������
+DIWD\�DQG�1DNDPXWD������D���7KH�LPSRUWDQFH�RI�WKH�WKLUG�
WURSKLF� OHYHO� IRU� WKH� SODQW� LQGLUHFW� GHIHQVH� LQ� D� WULWURSKLF�
SODQW�KHUELYRUH�DUWKURSRG� QDWXUDO� HQHP\� LQWHUDFWLRQ� ZDV�
¿UVW� VXJJHVWHG� E\� 3ULFH� DQG� KLV� FROOHDJXHV� �3ULFH� HW� DO���
�������7KLV�ZDV�IROORZHG�E\� LQYHVWLJDWLRQV�RQ�EHKDYLRUDO�
UHVSRQVHV�RI�QDWXUDO�HQHPLHV�WR�SODQW�YRODWLOHV�HPLWWHG�IURP�
KHUELYRUH�LQIHVWHG� SODQWV� ZKLFK� OHG� WR� WKH� GLVFRYHU\� RI�
+,39V�WKDW�DWWUDFW�SUHGDWRUV��6DEHOLV�DQG�9DQ�GH�%DDQ��������
'LFNH�DQG�6DEHOLV��������'LFNH�HW�DO�������D��DQG�SDUDVLWRLGV�
�7XUOLQJV� HW� DO��� ������� 6DEHOLV� DQG� 9DQ� GH� %DDQ� �������
UHYHDOHG� WKDW� YRODWLOHV� �ZKLFK� WKH\� XVHG� WKH� WHUP�
³NDLURPRQHV´�IRU� WKH�YRODWLOHV��HPLWWHG�IURP�DSSOH� OHDYHV�
LQIHVWHG� E\� WZR�VSRWWHG� VSLGHU� PLWHV�7HWUDQ\FKXV� XUWLFDH�
.RFK��$FDUL��7HWUDQ\FKLGDH��DWWUDFWHG�WKH�3��SHUVLPLOLV�DQG�
0HWDVHLXOXV� RFFLGHQWDOLV� 1HVELW� �$FDULQD�� 3K\WRVHLLGDH���
$PRQJ�RWKHU�HDUO\�ZRUNV��'LFNH�HW�DO�������D��E��UHYHDOHG�
WKDW��XSRQ�LQIHVWDWLRQ�E\�7��XUWLFDH��/LPD�EHDQ�SODQWV�HPLWWHG�
D�EOHQG�RI�YRODWLOHV�DWWUDFWLQJ�WKH�SUHGDWRU\��PLWH�3�SHUVLPLOLV�
WKDW� HIIHFWLYHO\� UHPRYHG� ORFDO� SRSXODWLRQV� RI� WKH� VSLGHU�
PLWHV�� 6LPLODUO\�� FRUQ� SODQWV� GDPDJHG� E\� FDWHUSLOODUV� RI�
6SRGRSWHUD�H[LJXD�+XEQHU��/HSLGRSWHUD��1RFWXLGDH�

'2,�����������MDHIV������+DIWD\�*HEUH\HVXV�*HEUH]LKHU



���

HPLWWHG� YRODWLOHV� WKDW� DWWUDFWHG� WKH� SDUDVLWRLG� &RWHVLD�
PDUJLQLYHQWULV� &UHVVRQ� �+\PHQRSWHUD�� %UDFRQLGDH��
�7XUOLQJV� HW� DO��� ������� 6LQFH� WKHVH� GLVFRYHULHV�� VHYHUDO�
EHKDYLRUDO� DQG� HOHFWURSK\VLRORJLFDO� LQYHVWLJDWLRQV� KDG�
UHYHDOHG�WKH�DWWUDFWLYHQHVV�RI�+,39V�WR�SUHGDWRUV��VXFK�DV�
'UXNNHU�HW�DO���������=KDQJ�HW�DO���������=KDQJ�HW�DO���������
DQG�SDUDVLWRLGV��H�J���7XUOLQJV�DQG�7XPOLQVRQ��������<X�HW�
DO��� ������ <X� HW� DO��� ������� 6RPH� RI� WKH� UHSRUWV� RQ� WKH�
DWWUDFWLYHQHVV�RI�+,39V� IURP�KHUELYRUH�LQIHVWHG�SODQWV� WR�
SUHGDWRUV�SDUDVLWRLGV�XQGHU�ODERUDWRU\�DQG�¿HOG�FRQGLWLRQV�
DUH�VXPPDUL]HG�LQ�7DEOH���DQG�7DEOH���UHVSHFWLYHO\��

$V�D�UHVXOW�RI�DWWUDFWLQJ�QDWXUDO�HQHPLHV��WKH�SODQWV�DUH�
H[SHFWHG�WR�JHW�¿WQHVV�EHQH¿W��7KHUH�DUH�UHSRUWV�ZKLFK�VKRZ�
SODQWV� JHW� ¿WQHVV� EHQH¿WV� IURP� WKH� LQGLUHFW� GHIHQVHV� YLD�
+,39V�E\�DWWUDFWLQJ�QDWXUDO�HQHPLHV��)RU�LQVWDQFH��+REDOODK�
DQG�7XUOLQJV��������UHSRUWHG�WKDW�PDL]H�SODQWV��=HD�PD\V�/���
XQGHU� DWWDFN� E\� ODUYDH� RI� 6�� OLWWRUDOLV� DWWUDFWHG� &��
PDUJLQLYHQWULV� DQG� &DPSROHWLV� VRQRUHQVLV� &DPHURQ�
�+\PHQRSWHUD�� ,FKQHXPRQLGDH�� ZKLFK� UHVXOWHG� KLJKHU�
SDUDVLWL]DWLRQ�DQG�UHGXFHG�IHHGLQJ�DQG�ZHLJKW�JDLQ�RI� WKH�
KRVW� ODUYDH��&RQVHTXHQWO\�� DW�PDWXULW\�� SDUDVLWL]HG� ODUYDH�
DWWDFNHG� SODQWV� SURGXFHG� ���� PRUH� VHHGV� WKDQ� SODQWV�
DWWDFNHG�E\�XQSDUDVLWL]HG�ODUYDH�GLG��.RVW�DQG�+HLO��������
UHSRUWHG�WKDW�H[SRVXUH�RI�SODQWV� WR�+,39V�ZKLFK�UHVXOW� LQ�
KLJKHU� H[WUDÀRUDO� QHFWDU� DWWUDFWLQJ� PRUH� SUHGDWRU\� DQG�
SDUDVLWRLG� LQVHFWV� DQG� WKH� SODQWV� LQFUHDVHG� SURGXFWLRQ� RI�
LQÀRUHVFHQFHV�DQG�OHDYHV�DV�FRPSDUHG�WR�XQH[SRVHG�SODQWV�

$WWUDFWLYHQHVV� RI� +,39V� WR� QDWXUDO� HQHPLHV� LQ�
V\VWHPV�ZLWK�PXOWLSOH�SODQW�DQG�KHUELYRUH�VSHFLHV
,Q�D�ELRORJLFDO�FRQWURO�V\VWHP��LW�LV�FUXFLDO�WKDW�WKH�QDWXUDO�

HQHPLHV�DUH�DEOH�WR�¿QG�SUH\�KDELWDW�ORFDWLRQ�DQG�WKH�SUH\�
SDWFKHV� HI¿FLHQWO\� �%RXZPHHVWHU� HW� DO��� ������ .DSODQ��
�������&RQVLGHULQJ�WKH�KLJKHU�GHWHFWDELOLW\��+,39V�FDQ�EH�D�
UHOLDEOH�LQGLFDWRU�RI�KRVW�RU�SUH\�SUHVHQFH�DQG�WKHLU�LGHQWLWLHV�
�'LFNH�HW�DO���������&DL�HW�DO���������DQG�WKXV�SUHGDWRUV�DQG�
SDUDVLWRLGV�XWLOL]H�WKHVH�YRODWLOHV�IRU�ORQJ�UDQJH�SUH\�KDELWDW�
ORFDWLRQ��DQG�WR�ORFDWH�KRVW�RU�SUH\�LQ�WKH�KDELWDW��'LFNH�HW�DO���
�������7KXV��+,39V�SOD\�LPSRUWDQW�UROHV�LQ�HQKDQFLQJ�WKH�
HI¿FLHQF\�RI�QDWXUDO�HQHPLHV�DV�D�ELRORJLFDO�FRQWURO�DJDLQVW�
LQVHFW�SHVWV�LQ�DJULFXOWXUDO�FURSV��%RXZPHHVWHU�HW�DO����������

0RVW� RI� WKH� VWXGLHV� RQ� HOHFWURSK\VLRORJLFDO� DQG�
EHKDYLRUDO� UHVSRQVHV� RI� QDWXUDO� HQHPLHV� WR� +,39V� KDYH�
IRFXVHG�RQ�D�VLQJOH�VSHFLHV�RI�SODQW��KHUELYRUH�DQG�QDWXUDO�
HQHP\� WULWURSKLF� LQWHUDFWLRQ�� %HVLGH� WR� WKHVH� IDFWRUV��
UHFHQWO\�� HYLGHQFHV� DUH� DFFXPXODWLQJ� EH\RQG� WKH� VLPSOH�
WULWURSKLF� LQWHUDFWLRQ� SDUDGLJP� WKDW� FRQVLGHUV� VSHFLHV�
GLYHUVLW\� RI� GLIIHUHQW� WURSKLF� OHYHOV� �'LFNH� DQG� %DOGZLQ��
������'DV�HW�DO����������7KH�HPLVVLRQ�RI�+,39V�FRQVWLWXHQWV�
�TXDQWLWDWLYHO\�DQG�TXDOLWDWLYHO\��LV�UHSRUWHG�WR�EH�GLIIHUHQW�
EDVHG�RQ�WKH�GLYHUVLW\�RI�KHUELYRUH�VSHFLHV��6KLRMLUL�HW�DO���
������'HOSKLD�HW�DO���������DQG�SODQW�VSHFLHV��+DIWD\�DQG�
1DNDPXWD������D��E���7KH�KLJK�YDULDELOLW\�WKDW�FKDUDFWHUL]HV�
WKH� FRQVWLWXHQWV� RI� +,39V� DV� D� UHVXOW� RI� WKHVH� IDFWRUV�
LQÀXHQFH�VXFFHVV�RI�QDWXUDO�HQHPLHV�LQ�ORFDWLQJ�WKHLU�SUH\�RU�
KRVW��7KH�FRQVWLWXHQWV�RI� WKH�+,39V�HPLWWHG� IURP�GLYHUVH�
SODQW�DQG�RU�SODQW�VSHFLHV�LV�GLIIHUHQW�IURP�D�VLPSOH�WULWURSKLF�
LQWHUDFWLRQ� LQYROYLQJ� VLQJOH� VSHFLHV�RI� HDFK� WURSKLF� OHYHO��
8QGHU�QDWXUDO�FRQGLWLRQV�DQG�PXOWLSOH�FURSSLQJ�DJULFXOWXUH�
V\VWHPV�� SODQWV�KHUELYRUHV�QDWXUDO� HQHP\� LQWHUDFWLRQV� DUH�
WKRXJKW�WR�EH�PRUH�FRPSOH[��'LFNH�HW�DO����������8QGHU�VXFK�
FRQGLWLRQ��QDWXUDO�HQHPLHV�VKRXOG�GHWHFW�KHUELYRUH�LQIHVWHG�
SODQWV� ZLWKLQ� WKH� FRPSOH[� HQYLURQPHQW� ZLWK� D� GLYHUVH�
VSHFLHV� RI� GLIIHUHQW� WURSKLF� OHYHOV� VXFK� DV� GLYHUVH� SODQW�
VSHFLHV�RU�KHUELYRUH�VSHFLHV��:KHWKHU�VSHFLHV�GLYHUVLW\�RI�D�

JLYHQ� WURSKLF� OHYHO� FRQWULEXWHV� WR� D� SUHGDWRUCV� VXFFHVV� LQ�
VHDUFKLQJ�DQG�ORFDWLQJ�RI�WKHLU�SUH\�LQ�D�JLYHQ�KDELWDW�ZLOO�
GHSHQG�RQ�WKH�FRQWH[W�LQ�ZKLFK�WKH�LQIRUPDWLRQ�LV�SHUFHLYHG�
E\� WKH� SUHGDWRUV� RU� SDUDVLWRLGV�� )RU� LQVWDQFH�� LW� KDV� EHHQ�
UHSRU WHG � WKD W � WKH � DEXQGDQFHV � � EHKDY LR UD O � DQG�
HOHFWURSK\VLRORJLFDO� UHVSRQVHV� RI� SUHGDWRUV� WR� KHUELYRUH�
GDPDJHG�SODQWV�FRXOG�EH�DIIHFWHG�E\�GLYHUVLW\�RI�SODQW�DQG�
LQVHFW� KHUELYRUH� VSHFLHV� �'LFNH� DQG�9DQ�/RRQ�� ������'H�
%RHU�HW�DO���������+DGGDG�HW�DO���������'LFNH�DQG�%DOGZLQ��
�������

)URP� WKH� SODQW� VSHFLHV� GLYHUVLW\� SHUVSHFWLYH�� WKH�
DEXQGDQFH� DQG� VWDELOLW\� �L�H�� ORZHUHG� \HDU�WR�\HDU�
YDULDELOLW\��RI�DUWKURSRG�QDWXUDO�HQHPLHV�KDV�EHHQ�UHSRUWHG�
KLJKHU�LQ�V\VWHPV�ZLWK�D�GLYHUVH�SODQW�VSHFLHV�RU�PXOWLSOH�
FURSSLQJ� DJULFXOWXUH� V\VWHPV� WKDQ� D� VLPSOL¿HG� RU�
PRQRFXOWXUH�FURSSLQJ�V\VWHPV��+DGGDG�HW�DO���������0RUHLUD�
HW�DO���������+DIWD\�DQG�1DNDPXWD������D��E���8QGHU�VXFK�
GLYHUVH� SODQW� VSHFLHV�� QDWXUDO� HQHPLHV� VKRXOG� ORFDWH� WKHLU�
SUH\�RU�KRVW�XVLQJ�GLIIHUHQW�FRPPXQLFDWLRQ�FXHV��7KH�XVH�RI�
+,39V�LV�RQH�RI�WKH�FRPPXQLFDWLQJ�FXHV�WKDW�PHGLDWH�QDWXUDO�
HQHPLHV� WR� VHDUFK� D� SUH\�� RU� KRVW�KDELWDW� ORFDWLRQ� DQG� WR�
ORFDWH�WKH�SUH\�RU�KRVW�ZLWKLQ�WKH�KDELWDW��'LFNH�HW�DO���������

$WWUDFWLYHQHVV�RI�+,39V�WR�QDWXUDO�HQHPLHV�LQ�GLYHUVH�
SODQW�VSHFLHV�V\VWHP
)URP�WKH�SODQW�VSHFLHV�GLYHUVLW\�SHUVSHFWLYH��SOHWKRUD�RI�

VWXGLHV�KDG�UHYHDOHG�WKDW�WKH�FRQVWLWXHQWV�RI�+,39V�HPLWWHG�
IURP�GLIIHUHQW�SODQW�VSHFLHV�LQIHVWHG�E\�WKH�VDPH�KHUELYRUHV�
DUH�GLIIHUHQW� �)RUWXQD�HW�DO���������+DIWD\�DQG�1DNDPXWD��
����D���%HFDXVH�RI�WKLV��LW�LV�H[SHFWHG�WKDW�WKH�FRQVWLWXHQWV�RI�
+,39V�UHOHDVHG�WR�WKH�HQYLURQPHQW�IURP�KHUELYRUH�LQIHVWHG�
PXOWLSOH�SODQW�VSHFLHV��VXFK�DV�LQ�PXOWLSOH�FURSSLQJ�V\VWHP�
RU�XQGHU�QDWXUDO�YHJHWDWLRQ��ZLOO�EH�D�FRPSOH[�PL[WXUH�RI�
YRODWLOH�FRPSRXQGV��+DIWD\�DQG�1DNDPXWD������D�� IRXQG�
WKDW� PXOWLSOH� SODQW� VSHFLHV� LQYROYLQJ� WRPDWR� �6RODQXP�
O\FRSHUVLFXP�/����)UHQFK�EHDQ��3KDVHROXV�YXOJDULV�/���DQG�
VZHHW� FRUQ� �=HD� PD\V� /��� LQIHVWHG� E\� WKH� SRO\SKDJRXV�
KHUELYRUH�� $IULFDQ� EROOZRUP� �+HOLFRYHUSD� DUPLJHUD�
+XEQHU�� /HSLGRSWHUD�� 1RFWXLGDH�� UHOHDVHG� D� FRPSOH[�
PL[WXUH�RI�+,39V���

5HFHQWO\��UHVHDUFK�¿QGLQJV�DUH�JURZLQJ�RQ�WKH�ERWWRP�
XS� LQÀXHQFH� RI� D� PL[WXUH� RI� +,39V� HPDQDWLQJ� IURP�
KHUELYRUH�GDPDJHG� PXOWLSOH� KRVW� SODQW� VSHFLHV� RQ�
EHKDYLRUDO� UHVSRQVHV� DQG� IRUDJLQJ� EHKDYLRU� RI� QDWXUDO�
HQHPLHV�XQGHU�ODERUDWRU\�DQG�¿HOG�FRQGLWLRQV��8QGHU�VXFK�
FRPSOH[�PL[WXUHV�RI�FKHPLFDOV��WKH�UHVSRQVHV�DQG�IRUDJLQJ�
EHKDYLRU� RI� QDWXUDO� HQHPLHV� DUH� H[SHFWHG� WR� EH� DIIHFWHG�
�:DVFKNH�HW�DO���������������+DIWD\�DQG�1DNDPXWD������D��
E���:DVFKNH� HW� DO� �������� LQ� WKHLU� UHYLHZ�� VXJJHVWHG� WKDW�
QDWXUDO�HQHPLHV�PLJKW�XVH�GLIIHUHQW�IRUDJLQJ�VWUDWHJLHV�XQGHU�
FKHPLFDOO\� FRPSOH[� HQYLURQPHQWV� ZKLFK� FRXOG� LQYROYH�
DYRLGLQJ�� LJQRULQJ�� SUHIHUULQJ�� RU� VSDWLDOO\� UHVSRQGLQJ� WR�
VXFK�HQYLURQPHQW�GHSHQGLQJ�RQ�WKH�EHQH¿WV�WKH\�JDLQ��
)RU�LQVWDQFH��'LFNH�HW�DO���������UHSRUWHG�WKDW�EHKDYLRU�RI�WKH�
SUHGDWRU\�PLWH��3��SHUVLPLOLV�WRZDUGV�YRODWLOHV�HPLWWHG�IURP�
7��XUWLFDH� �LQIHVWHG�/LPD�EHDQ�SODQWV�ZDV�QRW�DIIHFWHG�E\�
PL[LQJ� ZLWK� YRODWLOHV� HPLWWHG� IURP� WKH� FDWHUSLOODU�� 3��
EUDVVLFDH�LQIHVWHG�%UXVVHOV��%UDVVLFD�ROHUDVFHDH�/���SODQWV�
ERWK�LQ�D�ODERUDWRU\��H[FHSW�LQ�RQH�RXW�RI�¿YH�H[SHULPHQW�
ZKHUH� WKH� SUHGDWRU� SUHIHUUHG� YRODWLOHV� IURP� VSLGHU� PLWH�
LQIHVWHG�/LPD�EHDQ�RYHU�PL[HG�YRODWLOHV��DQG�JUHHQKRXVH�
H[SHULPHQW� VHWXS��7KH�RGRU� EOHQGV� WKDW�ZHUH�PL[HG�KDYH�
YHU\�GLIIHUHQW�FRPSRVLWLRQV�DQG�QR�RYHUODS�LQ�FRPSRXQGV�
WKDW�DUH�NQRZQ�WR�DWWUDFW�WKH�SUHGDWRUV��7KH\�VXJJHVWHG�WKDW�
WKH�PL[LQJ�RI�YRODWLOHV�IURP�FDWHUSLOODU�LQIHVWHG�%UXVVHOV��

+DIWD\�*HEUH\HVXV�*HEUH]LKHU ,QW�-�$JULF�(QYLURQ�)RRG�6FL���������������������
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SODQWV�WKDW�DUH�QRW�NQRZQ�LQ�DWWUDFWLQJ�WKH�SUHGDWRU�GLG�QRW�
LQWHUIHUH�ZLWK�WKH�DWWUDFWLRQ�RI�YRODWLOHV�HPLWWHG�IURP�VSLGHU�
PLWH�LQIHVWHG�OLPD�EHDQ�SODQWV��RU�KDV�EHHQ�LJQRUHG�E\�WKH�
SUHGDWRU�� ZKLFK� FRQVLVWHG� YRODWLOH� FRPSRXQGV� NQRZQ� WR�
DWWUDFW�WKH�SUHGDWRU��%HFDXVH�RI�WKLV��WKH�SUHGDWRUV�PLJKW�KDYH�
³LJQRUHG´�WKH�FRPSOH[�PL[WXUH�ZKLFK�LV�RQH�RI�WKH�IRUDJLQJ�
VWUDWHJLHV�GHVFULEHG�E\�:DVFKNH�HW�DO����������

2Q� WKH� RWKHU� KDQG�� +DIWD\� DQG� 1DNDPXWD� �����D�� E��
UHSRUWHG� WKDW�SRO\SKDJRXV�KHUELYRUHV� IHHGLQJ�RQ�PXOWLSOH�
KRVW�SODQW�VSHFLHV�ZLWK�D�PL[WXUH�RI�+,39V�IURP�WKH�GLIIHUHQW�
KRVW� SODQW� VSHFLHV� HQKDQFHG� WKH� EHKDYLRUDO� UHVSRQVH� DQG�
IRUDJLQJ�EHKDYLRU�RI�D�JHQHUDOLVW�SUHGDWRU��2ULXV�VWULJLFROOLV�
�+HWHURSWHUD��$QWKRFRULGHD���$FFRUGLQJ�WR�WKHLU�¿QGLQJV��2��
VWULJLFROOLV�SUHIHUUHG�PL[WXUH�RI�YRODWLOHV�HPLWWHG� IURP�+��
DUPLJHUD�GDPDJHG� PXOWLSOH� SODQW� VSHFLHV� WR� YRODWLOHV�
HPLWWHG� IURP� +�� DUPLJHUD�GDPDJHG� VLQJOH� SODQW� VSHFLHV�
XQGHU�ODERUDWRU\��+DIWD\�DQG�1DNDPXWD������D��DQG�¿HOG�
FDJH� FRQGLWLRQV� �+DIWD\� DQG�1DNDPXWD�� ����E��� %HVLGHV��
HQKDQFHG�SRVLWLYH�UHVSRQVH�RI�WKH�SUHGDWRUV�WR�UHFRQVWLWXWHG�
+,39V�IURP�PXOWLSOH�VSHFLHV�WKDQ�UHFRQVWLWXWHG�+,39V�IURP�
VLQJOH�SODQW�VSHFLHV�ZDV�IRXQG�LQ�WKHLU�ODERUDWRU\�DQG�¿HOG�
FDJH�VWXG\��0RUHRYHU��WKH�SUHGDWRU�UHPRYHV�JUHDWHU�QXPEHU�
RI�SUH\�IURP�PXOWLSOH�SODQW�VSHFLHV�WKDQ�VLQJOH�SODQW�VSHFLHV�
ERWK� XQGHU� ODERUDWRU\� DQG� ¿HOG�FDJH� FRQGLWLRQ�� 7KH�
HQKDQFHG�DWWUDFWLYHQHVV�RI�PL[WXUH�RI�+,39V�IURP�PXOWLSOH�
SODQW�VSHFLHV� WR� WKH�SUHGDWRU�VKRZV�D�³SUHIHUULQJ´�W\SH�RI�
IRUDJLQJ�VWUDWHJ\�DV�VWDWHG�LQ�:DVFKNH�HW�DO����������,Q�WKLV�
VWUDWHJ\�� KHUELYRUH�GDPDJHG� VLQJOH� SODQW� VSHFLHV� ZHUH�
DWWUDFWLYH� WR� WKH� SUHGDWRU� DV� FRPSDUHG� WR� XQGDPDJHG� RU�
PHFKDQLFDOO\�GDPDJHG� SODQWV�� :KHQ� WKH� SODQWV� DUH� LQ�
PL[WXUH�HQKDQFHG�DWWUDFWLYHQHVV�WR�WKH�SUHGDWRU�ZDV�IRXQG��
7KLV�PLJKW�VXJJHVW� WKDW�³V\QHUJLVWLF�RU�DGGLWLYH´�HIIHFW� LQ�
DWWUDFWLYHQHVV�RI�+,39V�LV�IRXQG�ZKHQ�+,39V�IURP�WZR�RU�
PRUH�WKDQ�WZR�DWWUDFWLYH�SODQW�VSHFLHV�DUH�PL[HG�DQG�RIIHUHG�
WR� WKH� SUHGDWRU�� $QRWKHU� SRVVLEOH� PHFKDQLVP� IRU� WKH�
HQKDQFHG�DWWUDFWLYHQHVV�RI�+,39V�IURP�PXOWLSOH�KRVW�SODQW�
VSHFLHV� WR� 2�� VWULJLFROOLV� FRXOG� EH� H[SODLQHG� IURP� WKH�
SHUVSHFWLYH�RI�UHVRXUFH�DYDLODELOLW\�LQ�ZKLFK�D�GLYHUVH�SODQW�
VSHFLHV�V\VWHP�RIIHUV�VKHOWHUV�RU�JUHDWHU�YDULHW\�DQG�DPRXQW�
RI�SUH\�WR�WKH�SUHGDWRUV�WKDQ�D�VLQJOH�SODQW�VSHFLHV�ZKLFK�DOVR�
VXSSRUWV�WKH�
SUHIHU
�IRUDJLQJ�VWUDWHJ\�

+RZHYHU��LI�WKH�FKHPLFDOV�HPLWWHG�IURP�HLWKHU�RI�SODQW�
VSHFLHV�LV�UHSHOOHQW�WR�QDWXUDO�HQHPLHV�XQGHU�PXOWLSOH�SODQW�
VSHFLHV�V\VWHP��WKH�QDWXUDO�HQHPLHV�DUH�H[SHFWHG�WR�SUHIHU�
DWWUDFWLYH�FKHPLFDOV�HPDQDWLQJ�IURP�VLQJOH�SODQW�VSHFLHV�WR�
PL[WXUH�RI�FKHPLFDOV�HPDQDWLQJ�IURP�PXOWLSOH�SODQW�VSHFLHV�
FRQVLVWLQJ�RI�DWWUDFWLYH�DQG�UHSHOOHQW�SODQW�VSHFLHV��,Q�WKLV�
VFHQDULR�� WKH� FRPSOH[� PL[WXUH� RI� +,39V� ZLOO� KDYH� DQ�
³DQWDJRQLVWLF�HIIHFW´�RQ�WKH�IRUDJLQJ�EHKDYLRU�RI�WKH�QDWXUDO�
HQHPLHV�� )RU� LQVWDQFH��*RKROH� HW� DO�� ������� UHSRUWHG� WKDW�
'HQWLFKDVPLDV� EXVVHRODH� +HLQULFK� �+\PHQRSWHUD��
,FKQHXPRQLGDH��� D� SXSDO� SDUDVLWRLG� RI� &KLOR� SDUWHOOXV�
6ZLQKRH��/HSLGRSWHUD��&UDPELGDH���SUHIHUUHG�YRODWLOHV�IURP�
LQIHVWHG�KRVW�SODQWV��VRUJKXP��6RUJKXP�ELFRORU�/���RU�PDL]H�
�=HD�PD\V�/���WR�YRODWLOHV�IURP�D�FRPELQDWLRQ�RI�WKH�LQIHVWHG�
KRVW� SODQWV� DQG� D�QRQ�KRVW� SODQW��PRODVVHV�JUDVV� �0HOLQLV�
PLQXWLÀRUD�%����7KH\�VWDWHG�WKDW�WKH�PRODVVHV�JUDVV�LQ�WKH�
FRPELQDWLRQ�ZDV�UHSHOOHQW��DQG�WKXV��WKH�SDUDVLWRLG�JRHV�IRU�
WKH�LQIHVWHG�SODQWV�ZKRVH�YRODWLOHV�ZHUH�DWWUDFWLYH��7KLV�LV�DQ�
³DYRLGLQJ´�IRUDJLQJ�VWUDWHJ\�RI�QDWXUDO�HQHPLHV��

7KHVH�GLIIHUHQW�¿QGLQJV�VKRZ�WKDW��WKH�DWWUDFWLYHQHVV�RI�
+,39V� IURP� PXOWLSOH� SODQW� VSHFLHV� WR� QDWXUDO� HQHPLHV�
GHSHQGV�RQ� WKH�HIIHFW�RI� WKH�+,39V� IURP� WKH�VLQJOH�SODQW�
VSHFLHV�RQ�EHKDYLRUDO�UHVSRQVHV�DQG�IRUDJLQJ�EHKDYLRU�RI�WKH�

QDWXUDO�HQHP\��,Q�JHQHUDO��FKRRVLQJ�DQG�SODQWLQJ�DWWUDFWLYH�
SODQWV� LQ� LQWHUFURSSLQJ� RU� PXOWLSOH� FURSSLQJ� V\VWHPV� LV�
UHFRPPHQGHG� WR� HQKDQFH� WKH� EHKDYLRUDO� UHVSRQVHV� DQG�
IRUDJLQJ�EHKDYLRUV�RI�QDWXUDO�HQHPLHV�WKRXJK�RWKHU�IDFWRUV�
VXFK� DV� GLVHDVH� VXVFHSWLELOLW\�� HGDSKLF� DQG� HQYLURQPHQWDO�
IDFWRUV� DOVR� GHWHUPLQH� WKH� FKRLFH� RI� SODQWV� WR� EH� XVHG� LQ�
LQWHUFURSSLQJ�RU�PXOWLSOH�FURSSLQJ�V\VWHP���

$WWUDFWLYHQHVV�RI�+,39V�WR�QDWXUDO�HQHPLHV�LQ�GLYHUVH�
KHUELYRUH�VSHFLHV�V\VWHP
)URP� WKH� KHUELYRUH� VSHFLHV� GLYHUVLW\� SHUVSHFWLYH�� LQ�

QDWXUH�� SODQWV� DUH� FRPPRQO\� DWWDFNHG� E\� PRUH� WKDQ� RQH�
KHUELYRUH�VSHFLHV��'LFNH�DQG�9DQ�/RRQ��������5DVPDQQ�DQG�
7XUOLQJV��������+RORSDLQHQH�DQG�*HUVKHQ]RQ��������'DV�HW�
DO���������VLPXOWDQHRXVO\�RU�VHTXHQWLDOO\��,Q�VXSSRUW�RI�WKLV�
SHUVSHFWLYH�� UHFHQW� VWXGLHV� KDG� UHSRUWHG� WKDW� YRODWLOHV�
HPLWWHG� IURP� SODQWV� VLPXOWDQHRXVO\� GDPDJHG� E\�PXOWLSOH�
KHUELYRUH� VSHFLHV� DIIHFWHG� WKH� EHKDYLRUDO� UHVSRQVHV� RI�
SUHGDWRUV��0RD\HUL�HW�DO���������'H�%RHU�HW�DO���������'LFNH�
HW�DO���������RU�SDUDVLWRLGV��6KLRMLUL�HW�DO���������9RV�HW�DO���
������5DVPDQQ�DQG�7XUOLQJV��������&XVXPDQR�HW�DO����������
6WXGLHV�KDG�IRXQG�WKDW�WKHUH�DUH�YDULDWLRQV�LQ�WKH�FRQVWLWXHQWV�
RI�+,39V�EHWZHHQ�SODQWV�VLPXOWDQHRXVO\�LQIHVWHG�E\�PXOWL�
VSHFLHV�KHUELYRUHV�DQG�SODQWV�LQIHVWHG�E\�VLQJOH�KHUELYRUH�
VSHFLHV��'HOSKLD�HW�DO���������5DVPDQQ�DQG�7XUOLQJV��������
'H�%RHU�HW�DO����������7KH\�VXJJHVWHG�WKDW�WKHVH�YDULDWLRQV�LQ�
FRQVWLWXHQW�RI�+,39V�PLJKW�KDYH�OHG�WR�WKH�PRGL¿FDWLRQ�RI�
EHKDYLRUDO�UHVSRQVHV�RI�WKH�QDWXUDO�HQHPLHV��

)RU� H[DPSOH�� 0RD\HUL� HW� DO�� ������� IRXQG� WKDW� WKH�
SUHGDWRU\� PLU LG � EXJ� 0DFURORSKXV� FDO LJLQRVXV��
�+HWHURSWHUD�� 0LULGDH�� VKRZHG� D� VWURQJHU� UHVSRQVH� WR�
YRODWLOHV� HPLWWHG� IURP� VZHHW� SHSSHU� SODQWV� �&DSVLFXP�
DQQXP� /��� VLPXOWDQHRXVO\� LQIHVWHG� ZLWK� WKH� VSLGHU� PLWH��
7HWUDQ\FKXV� XUWLFDH�.RFK� �$FDUL��7HWUDQ\FKLGDH�� DQG� WKH�
DSKLG�� 0DFURORSKXV� FDOLJLQRVXV� :DJQHU� �+HWHURSWHUD��
0LULGDH��WKDQ�WR�WKRVH�HPLWWHG�IURP�SODQWV�LQIHVWHG�E\�MXVW�
RQH�KHUELYRUH��LUUHVSHFWLYH�RI�WKH�VSHFLHV��,Q�DQRWKHU�VWXG\�
E\� 6KLRMLUL� HW� DO� ������� IRXQG� WKDW�&RWHVLD� JORPHUDWD� /��
�+\PHQRSWHUD��%UDFRQLGDH���SDUDVLWRLG�RI� ODUYDH�RI�3LHULV�
UDSDH�/LQQDHXV��/HSLGRSWHUD��3LHULGDH���SUHIHUUHG�YRODWLOH�
EOHQGV� HPDQDWLQJ� IURP� FDEEDJH� �%UDVVLFD� ROHUDFHD� /���
VLPXOWDQHRXVO\� LQIHVWHG� E\� GLDPRQG� EDFN� PRWK��3OXWHOOD�
[\ORVWHOOD� /LQQDHXV� �/HSLGRSWHUD�� <SRQRPHXWLGDH�� DQG�
FDEEDJH�ZKLWH�EXWWHUÀ\��3��UDSDH�WR�WKRVH�LQIHVWHG�E\�RQO\�
RQH� KHUELYRUH� VSHFLHV�� 6LPLODUO\�� 'H� %RHU� HW� DO�� �������
UHSRUWHG� WKDW�3�� SHUVLPLOLV� SUHIHUUHG� YRODWLOHV� LQGXFHG� E\�
PXOWL�VSHFLHV�KHUELYRU\�WR�YRODWLOHV�LQGXFHG�E\�WKH�ODUYDH�RI�
EHHW�DUP\ZRUP��6SRGRSWHUD�H[LJXD�+XEQHU��/HSLGRSWHUD��
1RFWXLGDH��DORQH�RU�E\�7��XUWLFDH�DORQH��7KH\�VXJJHVWHG�WKDW�
WKLV� ZDV� WKH� SUHGDWRUCV� UHDFWLRQ� WR� WKH� GLIIHUHQFHV� LQ� WKH�
FRQVWLWXHQWV�RI�+,39V�EHWZHHQ�SODQWV�H[SRVHG�WR�VLQJOH�DQG�
PXOWLSOH�KHUELYRUH�VSHFLHV��7KLV�LPSOLHV�WKH�YDULDWLRQ�LQ�WKH�
FRQVWLWXHQWV� RI� +,39V� PLJKW� KDYH� PHGLDWHG� WKH� QDWXUDO�
HQHPLHV�WR�GLVWLQJXLVK�EHWZHHQ�YRODWLOHV�HPLWWHG�IURP�SODQWV�
H[SRVHG�WR�D�VLQJOH�DQG�PXOWLSOH�KHUELYRUH�VSHFLHV��

,Q� VXSSRUW� RI� WKHVH�� VRPH� ¿QGLQJV� KDYH� GHWHFWHG�
GLIIHUHQFHV� LQ� WKH� FRQVWLWXHQWV� RI� +,39V� EHWZHHQ� SODQWV�
LQIHVWHG�E\�PXOWLSOH�DQG�VLQJOH�KHUELYRUH�VSHFLHV��6KLRMLUL�HW�
DO���������5RGULJXH]�6DRQD�HW�DO���������'HOSKLD�HW�DO���������
0RD\HUL�HW�DO���������'H�%RHU�HW�DO����������)RU�H[DPSOH��
'HOSKLD�HW�DO���������UHSRUWHG�WKDW�VLPXOWDQHRXV�IHHGLQJ�RI�
WREDFFR�SODQWV� �1LFRWLDQD� WDEDFXP�/��� E\�ZHVWHUQ�ÀRZHU�
WKULSV��)UDQNOLQLHOOD�RFFLGHQWDOLV�3HUJDQGH��7K\VDQRSWHUD��
7KULSLGDH�� DQG� WKH� FKHZLQJ� KHUELYRUH� WREDFFR� EXGZRUP��
+HOLRWKLV�YLUHVFHQV�)DEULFLXV��/HSLGRSWHUD��1RFWXLGDH�

+DIWD\�*HEUH\HVXV�*HEUH]LKHU ,QW�-�$JULF�(QYLURQ�)RRG�6FL���������������������
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HPLWWHG� JUHDWHU� DPRXQW� RI� VRPH� YRODWLOHV� VXFK� DV� Į�
KXPXOHQH�DQG�FDU\RSK\OOHQH�R[LGH��6LPLODUO\��6KLRMLUL�HW�DO��
�������IRXQG�WKDW�FDEEDJH�SODQWV�VLPXOWDQHRXVO\�LQIHVWHG�E\�
ODUYDH�RI�3��[\ORVWHOOD�DQG�3��UDSDH�HPLWWHG�D�GLIIHUHQW�EOHQG�
RI�YRODWLOHV�FRPSDUHG�WR�WKRVH�LQIHVWHG�E\�HLWKHU�RI�WKH�WZR�
KHUELYRUH�VSHFLHV��7KH�FKDQJH�LQ�WKH�FRQVWLWXHQWV�RI�+,39V�
GXH�WR�VLPXOWDQHRXV�PXOWL�VSHFLHV�KHUELYRU\�FRQVHTXHQWO\�
DIIHFWV�ROIDFWRU\�UHVSRQVHV�RI�DUWKURSRG�QDWXUDO�HQHPLHV�WR�
+,39V��6KLRMLUL�HW�DO���������0RD\HUL�HW�DO���������'H�%RHU�HW�
DO���������PDLQO\�JHQHUDOLVW�QDWXUDO�HQHPLHV��0RD\HUL�HW�DO���
�������

2WKHU� WKDQ� VLPXOWDQHRXV� KHUELYRU\�� SODQWV� DUH� DOVR�
IUHTXHQWO\� DWWDFNHG� E\�PXOWLSOH� KHUELYRUH� VSHFLHV�� ZKLFK�
DUULYH� DW� GLIIHUHQW� WLPH� VHTXHQFHV� �VHTXHQWLDO� KHUELYRU\����
7KLV�PLJKW�DIIHFW�LQGLUHFW�GHIHQVH�RI�SODQWV��-RKQVRQ�HW�DO���
������ 0HQ]HO� HW� DO��� ����E��:DQJ� HW� DO��� ������ WKURXJK�
+,39V�WKDW�DWWUDFW�QDWXUDO�HQHPLHV��6HTXHQWLDO�KHUELYRU\�E\�
PXOWLSOH�KHUELYRUH�VSHFLHV�PD\�LQÀXHQFH�LQGLUHFW�GHIHQVH�RI�
SODQWV�LQ�D�SRVLWLYH��QHXWUDO�RU�QHJDWLYH�PDQQHU��-RKQVRQ�HW�
DO���������0HQ]HO�HW�DO�������E���)RU�H[DPSOH��0HQ]HO�HW�DO��
�����E�� UHSRUWHG� WKDW� SULRU� WUHDWPHQW� RI� SODQWV� ZLWK� RUDO�
VHFUHWLRQV�RI�WKH�JHQHUDOLVW�FDWHUSLOODU�0DPHVWUD�EUDVVLFDH�
/�� �/HSLGRSWHUD�� 1RFWXLGDH��� DV� D� PLPLF� RI� FDWHUSLOODU�
IHHGLQJ��GLG�QRW�DIIHFW�WKH�DWWUDFWLRQ�RI�3��SHUVLPLOLV�WR�SODQWV�
LQIHVWHG�ZLWK�LWV�SUH\�7��XUWLFDH��QHXWUDO�HIIHFW���2Q�WKH�RWKHU�
KDQG�� -RKQVRQ� HW� DO�� ������� UHSRUWHG� WKDW� LQGXFHG� SODQW�
GHIHQVH� LQFUHDVHV� ZKHQ� DERYH� JURXQG� KHUELYRUHV� ZHUH�
IHHGLQJ�¿UVW�IROORZHG�E\�EHORZ�JURXQG�KHUELYRUHV��SRVLWLYH�
HIIHFW���ZKHUHDV��WKH�LQGXFHG�SODQW�GHIHQVH�GHFUHDVHV�ZKHQ�
EHORZJURXQG� KHUELYRUHV� ZHUH� IHHGLQJ� ¿UVW� IROORZHG� E\�
DERYHJURXQG� KHUELYRUHV� �QHJDWLYH� HIIHFW��� ,Q� VXSSRUW� RI�
WKHVH�¿QGLQJV��SUHYLRXV�VWXGLHV�VXJJHVW�WKDW�SODQWV�FDQ�IRUP�
³PHPRULHV´� DIWHU� VHTXHQWLDO� VWUHVVIXO� HYHQWV� VXFK� DV�
KHUELYRU\�� ZKLFK� HQDEOH� WKHP� WR� DGMXVW� WKHLU� GHIHQVH�
DFFRUGLQJO\� �SULPLQJ��� WKXV� UHVSRQGLQJ� LQ� DQ� HQKDQFHG�
PDQQHU�WR�D�VHFRQG�VWUHVV��-RKQVRQ�HW�DO���������

7KH� GLIIHUHQFH� LQ� SUHIHUHQFH� RI� QDWXUDO� HQHPLHV� LQ�
GLYHUVH�KHUELYRUH�VSHFLHV�PLJKW�EH�UHODWHG�ZLWK�WKH�QDWXUDO�
HQHP\CV�SUH\�RU�KRVW�SUHIHUHQFH�DQG�RU�GLHW�PL[WXUH��6LQJOH�
KHUELYRUH�VSHFLHV�GDPDJHG�SODQWV�PLJKW�EH�OHVV�SUHIHUUHG�E\�
QDWXUDO� HQHPLHV� FRPSDUHG� WR� PXOWLSOH� KHUELYRUH� VSHFLHV�
GDPDJHG�SODQWV�LI�ERWK�WKH�KHUELYRUHV�DUH�SUH\�RU�KRVW�IRU�WKH�
QDWXUDO�HQHP\��)RU�WKH�QDWXUDO�HQHP\��SUHGDWRUV�LQ�SDUWLFXODU��
WKLV�FDQ�EH�H[SODLQHG�E\�WKH�KLJKHU�SUR¿WDELOLW\�RI�¿QGLQJ�D�
PL[HG�GLHW� �H[SODQDWLRQV�DERXW�SUR¿WDELOLW\�RI�PL[HG�GLHW�
FDQ� EH� IRXQG� LQ� &ROO� DQG� *XHUVKRQ� ������ RU� KLJKHU�
SUR¿WDELOLW\� LQ� WHUPV� RI� DFFHVVLQJ� WKH� PRVW� SUHIHUDEOH�
KHUELYRUH�VSHFLHV��6KLRMLUL�HW�DO���������0RD\HUL�HW�DO���������
;X�HW�DO���������+DUULV�HW�DO���������)HUUHUR�HW�DO����������,Q�
FDVH� RI� VHTXHQWLDO� KHUELYRU\� ZLWK� YDU\LQJ� DUULYDO� WLPH��
PXOWLSOH�IDFWRUV�VXFK�DV�SULPLQJ�RI�SODQW�LQGLUHFW�GHIHQVH�IRU�
HQKDQFHG� HPLVVLRQ� RI� +,39V�� SUHGDWRUCV� SUH\� SUHIHUHQFH�
DQG�RU�SUR¿WDELOLW\�RI�JHWWLQJ�PL[HG�GLHW�PLJKW�EH�SOD\LQJ�
WKHLU�RZQ�UROHV�IRU�QDWXUDO�HQHPLHV�WR�GLVWLQJXLVK�EHWZHHQ�
YRODWLOHV�HPDQDWLQJ�IURP�GLIIHUHQW�VHTXHQFHV�RI�KHUELYRU\�
E\� WKH� WZR�KHUELYRUH�VSHFLHV�DV�ZHOO�DV�EHWZHHQ�YRODWLOHV�
HPDQDWLQJ�IURP�PXOWL�VSHFLHV�KHUELYRU\�DQG�VLQJOH�VSHFLHV�
KHUELYRU\��7KH�YDULRXV�¿QGLQJV�VKRZ�WKDW�WKH�GLIIHUHQFH�LQ�
DWWUDFWLYHQHVV� RI� +,39V� HPDQDWLQJ� IURP� PXOWL�VSHFLHV�
KHUELYRU\�FDQ�PRGLI\�ROIDFWRU\�UHVSRQVHV�QDWXUDO�HQHPLHV�WR�
KHUELYRUH�GDPDJHG� SODQWV� DQG� WKLV� PLJKW� EH� D� UHVXOW� RI�
GLIIHUHQW� �SHUKDSV� LQWHUDFWLQJ�� IDFWRUV� VXFK� DV� SULPLQJ� RI�
SODQW� LQGLUHFW� GHIHQVH�� QDWXUDO� HQHP\CV� SUH\� RU� KRVW�
SUHIHUHQFH�DQG�GLHW�EUHDGWK��

7KH� XQGHUO\LQJ� PHFKDQLVP� IRU� WKH� YDULDWLRQV� LQ� WKH�
FRQVWLWXHQWV� RI� +,39V� DPRQJ� SODQWV� H[SRVHG� WR� VLQJOH���
VLPXOWDQHRXV� DQG� GLIIHUHQW� VHTXHQFHV� RI� PXOWL�VSHFLHV�
KHUELYRU\�PLJKW� EH� SK\WRKRUPRQH� FURVV�WDON�� ,W� KDV� EHHQ�
UHSRUWHG� WKDW� WKH� SK\WRKRUPRQH� MDVPRQLF� DFLG� �-$�� DQG�
VDOLF\OLF�DFLG��6$��DUH�LQYROYHG�LQ�VLJQDOLQJ�DQG�UHJXODWLQJ�
+,39V�ELRV\QWKHWLF�SDWKZD\V��2]DZD�HW�DO���������0HQ]HO�HW�
DO���������:HL�HW�DO���������� -$�RU�6$�VLJQDOLQJ�SDWKZD\V�
ZKLFK�PRGXODWH�HPLVVLRQ�RI�+,39V�IURP�SODQWV�KDYH�EHHQ�
UHSRUWHG� GLIIHUHQW� GHSHQGLQJ� RQ� WKH� IHHGLQJ� PRGH� RI�
KHUELYRUHV��2]DZD�HW�DO���������YDQ�3RHFNH�DQG�'LFNH��������
'H�9RV�HW�DO���������:HL�HW�DO����������6\QHUJLVWLF��DGGLWLYH�RU�
DQWDJRQLVWLF� HIIHFW� IURP� FURVV�WDON� EHWZHHQ� WKHVH�
SK\WRKRUPRQHV�RQ�HPLVVLRQ�RI�YRODWLOHV�PLJKW�RFFXU�DIWHU�
SODQWV�DUH�DWWDFNHG�E\�PXOWLSOH�KHUELYRUH�VSHFLHV��$ULPXUD�HW�
DO���������0HQ]HO�HW�DO���������:HL�HW�DO���������ZLWK�GLIIHUHQW�
IHHGLQJ�KDELWV�DQG�VXEVHTXHQWO\�DIIHFW�DWWUDFWLRQ�WR�QDWXUDO�
HQHPLHV�� )RU� H[DPSOH�� 5RGULJXH]�6DRQD� HW� DO�� �������
UHSRUWHG�WKDW��LQ�WRPDWR��VLPXOWDQHRXV�LQIHVWDWLRQ�RI�SODQWV�
ZLWK�FDWHUSLOODUV�RI�6��H[LJXD�ZKLFK�LQGXFH�WKH�-$�SDWKZD\�
DQG�DSKLGV�0DFURVLSKXP�HXSKRUELDH�7KRPDV��+HPLSWHUD��
$SKLGLGDH��ZKLFK�LQGXFH�6$�SDWKZD\�UHVXOWV�LQ�VLJQL¿FDQW�
DWWUDFWLRQ�RI�WKH�SDUDVLWRLG�&RWHVLD�PDUJLQLYHQWULV�&UHVVRQ�
�+\PHQRSWHUD�� %UDFRQLGDH��� D� QDWXUDO� HQHP\� RI� WKH�
FDWHUSLOODUV�� 6LPLODUO\�� 'H�9RV� HW� DO�� ������� UHSRUWHG� WKDW�
H[SRVXUH�RI�SODQWV�WR�VLPXOWDQHRXV�LQIHVWDWLRQ�E\�KHUELYRUHV�
ZKLFK� LQGXFH� GLIIHUHQW� SK\WRKRUPRQHV� ELRV\QWKHVLV�
SDWKZD\�� UHVXOWV� LQ� D� VWURQJ� DWWUDFWLRQ� RI� SUHGDWRUV� WKDQ�
YRODWLOHV� IURP� SODQWV� DWWDFNHG� E\� VSLGHU� VLQJOH� KHUELYRUH�
VSHFLHV��

&RQFOXVLRQV�DQG�UHFRPPHQGDWLRQV
)URP�WKH�SODQW�VSHFLHV�GLYHUVLW\�SRLQW�RI�YLHZ��LW�PLJKW�EH�

SRVVLEOH�WR�HQKDQFH�RU�PRGLI\�WKH�ROIDFWRU\�UHVSRQVHV�DQG�
IRUDJLQJ� EHKDYLRU� RI� QDWXUDO� HQHPLHV� XVLQJ� D� PL[WXUH� RI�
+,39V� IURP� GLIIHUHQW� KRVW� SODQW� VSHFLHV� WR� ELRORJLFDOO\�
FRQWURO�KHUELYRURXV�LQVHFW�SHVWV��$V�PDMRULW\�RI�WKH�VWXG\�LQ�
WKLV� UHYLHZ� GHSLFWHG�� QDWXUDO� HQHPLHV� FRXOG� EH� PRUH�
IUHTXHQWO\� IRXQG�RQ�RU� DWWUDFWHG� WR�PXOWLSOH�SODQW� VSHFLHV�
�JUHDWHU�SODQW�VSHFLHV�GLYHUVLW\��VXFK�DV�QDWXUDO�YHJHWDWLRQ�RU�
SRO\FXOWXUH� FURSSLQJ� V\VWHPV� WKDQ�PRQRFXOWXUH� FURSSLQJ�
V\VWHPV�� 7KHUHIRUH�� XVH� RI� PL[WXUH� RI� V\QWKHWLF� RU�
UHFRQVWLWXWHG�+,39V�IURP�PXOWLSOH�SODQW�VSHFLHV�FRXOG�EH�DV�
RQH� RI� WKH� LPSRUWDQW� FRPSRQHQW� RI� LQWHJUDWHG� SHVW�
PDQDJHPHQW��,30���+RZHYHU��PRVW�RI�WKH�¿QGLQJV�\HW�KDYH�
EHHQ� FDUULHG� RXW� LQ� D� ODERUDWRU\�� ¿HOG�FDJH� RU� VPDOO� ¿HOG�
FRQGLWLRQV��7KHUHIRUH��IXUWKHU�LQYHVWLJDWLRQV�DUH�QHHGHG�RQ�
WKH� DWWUDFWLYHQHVV� RI�PL[WXUH� RI� V\QWKHWLF� RU� UHFRQVWLWXWHG�
+,39V�IURP�PXOWLSOH�SODQW�VSHFLHV�WR�QDWXUDO�HQHPLHV�LQ�D�
ODUJHU�DQG�RSHQ�¿HOG�E\�GHVLJQLQJ�D�PRQR��YHUVXV�PL[HG�
FURSSLQJ�V\VWHPV�H[SHULPHQW��%HVLGHV��WKH�HFRQRPLF�EHQH¿W�
WKDW�FDQ�EH�JDLQHG�E\�XVLQJ�PL[WXUH�RI�+,39V�QHHG�IXUWKHU�
LQYHVWLJDWLRQ���

)URP� WKH� KHUELYRUH� VSHFLHV� GLYHUVLW\� SRLQW� RI� YLHZ��
DWWUDFWLYHQHVV� RI� +,39V� HPDQDWLQJ� IURP� PXOWL�VSHFLHV�
KHUELYRU\� FDQ� PRGLI\� ROIDFWRU\� UHVSRQVHV� DQG� IRUDJLQJ�
EHKDYLRU� RI� QDWXUDO� HQHPLHV�� ,Q�SODQW� V\VWHPV� H[SRVHG� WR�
PXOWLSOH�KHUELYRUH�VSHFLHV�ZLWK�WKH�VDPH�RU�YDU\LQJ�DUULYDO�
WLPH�� PXOWLSOH� IDFWRUV� VXFK� DV� SULPLQJ� RI� SODQW� LQGLUHFW�
GHIHQVH�IRU�HQKDQFHG�HPLVVLRQ�RI�+,39V��QDWXUDO�HQHP\CV�
SUH\�RU�KRVW�SUHIHUHQFH�DQG�RU�SUR¿WDELOLW\�RI�JHWWLQJ�PL[HG�
GLHW�PLJKW�EH�SOD\LQJ� WKHLU�RZQ�UROHV� IRU� WKH�SUHGDWRUV� WR�
GLVWLQJXLVK�EHWZHHQ�YRODWLOHV�HPDQDWLQJ�IURP�WKH�VDPH�RU�
GLIIHUHQW�VHTXHQFHV�RI�KHUELYRU\�E\�PXOWLSOH�KHUELYRUH�

+DIWD\�*HEUH\HVXV�*HEUH]LKHU '2,�����������MDHIV������
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VSHFLHV�DV�ZHOO�DV�EHWZHHQ�YRODWLOHV�HPDQDWLQJ�IURP�PXOWL�
VSHFLHV� KHUELYRU\� DQG� VLQJOH� VSHFLHV� KHUELYRU\�� )RU�PRUH�
HOXFLGDWLRQ�� IXUWKHU� VWXG\� RQ� WKH� UHVSRQVHV� RI� WKH� QDWXUDO�
HQHPLHV� WR�V\QWKHWLF�+,39V�ZLWK�GLIIHUHQW�FRQVWLWXHQWV�RI�
YRODWLOHV�WKDW�FRUUHVSRQG�ZLWK�WKH�PRVW�DWWUDFWLYH�VHTXHQFHV�
RI�PXOWL�VSHFLHV�KHUELYRU\�LV�QHFHVVDU\�WR�LGHQWLI\�WKH�PRVW�
DWWUDFWLYH� EOHQG� RI� +,39V� VR� WKDW� LW� FDQ� EH� LPSRUWDQW�
FRPSRQHQW�RI�,30��,Q�DGGLWLRQ��LQYHVWLJDWLQJ�WKH�HIIHFW�RI�
QDWXUDO�HQHP\CV�SUH\�RU�KRVW�SUHIHUHQFH�DQG�GLHW�PL[WXUH�RU�
WKHLU�LQWHUDFWLRQ�RQ�WKH�UHVSRQVH�RI�QDWXUDO�HQHPLHV�WR�+,39V�
HPLWWHG� IURP� VLPXOWDQHRXV� RU� VHTXHQWLDO� PXOWL�VSHFLHV�
KHUELYRU\�PLJKW�IXUWKHU�HODERUDWH�WKH�SRVVLEOH�PHFKDQLVPV�
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WRZDUG�KHUELYRUH�LQGXFHG�SODQW�YRODWLOHV��YDULDWLRQ�LQ�UHVSRQVH�WR�
WZR�ORFDO�SRSXODWLRQV��$SSO��(QWRPRO��=RRO����������������

0DIIHL��0�(���0LWKRIHU��$���%RODQG��:����������,QVHFW�IHHGLQJ�RQ�SODQWV��
5DSLG� VLJQDOV� DQG� UHVSRQVHV� SUHFHGLQJ� WKH� LQGXFWLRQ� RI�
SK\WRFKHPLFDO�UHOHDVH��3K\WRFKHPLVWU\��������������

0DWWLDFFL��/���'LFNH��0���3RVWKXPXV��$�� �������� ,QGXFWLRQ�RI� SDUDVLWRLG�
DWWUDFWLQJ�V\QRPRQH�LQ�%UXVVHOV�VSURXWV�SODQWV�E\�IHHGLQJ�RI�3LHULV�
EUDVVLFDH� ODUYDH�� UROH� RI� PHFKDQLFDO� GDPDJHG� DQG� KHUELYRUH�
HOLFLWRU��-�&KHP�(FRO�����������������

0HQ]HO��7�5���:HOGHJHUJLV��%�7���'DYLG��$���%RODQG��:���*ROV��5���9DQ�/RRQ��
-�-�$���'LFNH��0����������6\QHUJLVP�LQ�WKH�HIIHFW�RI�SULRU�MDVPRQLF�
DFLG�DSSOLFDWLRQ�RQ�KHUELYRUH�LQGXFHG�YRODWLOH�HPLVVLRQ�E\�/LPD�
EHDQ� SODQWV�� WUDQVFULSWLRQ� RI� PRQRWHUSHQH� V\QWKDVH� JHQH� DQG�
YRODWLOH�HPLVVLRQ��-�RI�([S�%RW��GRL���������M[E�HUX���

0RD\HUL��+�5�6���$VKRXUL��$���%URGVJDDUG��+�)���(QNHJDDUG��$�� �����D���
2GRU�PHGLDWHG�SUHIHUHQFH� DQG�SUH\�SUHIHUHQFH�RI�0DFURORSKXV�
FDOLJLQRVXV�EHWZHHQ�VSLGHU�PLWHV�DQG�JUHHQ�SHDFK�DSKLGV��-�RI�$SSO�

(QWRPRO�������������������
0RD\HUL��+�5�6���$VKRXUL��$���3ROO��/���(QNHJDDUG��$�� ��������2OIDFWRU\�

UHVSRQVH�RI�D�SUHGDWRU\�PLULG�WR�KHUELYRUH�LQGXFHG�SODQW�YRODWLOHV��
PXOWLSOH�KHUELYRU\�YV�VLQJOH�KHUELYRU\��-�$SSO�(QWRPRO����������
���

0RUHLUD�� ;��� 0RRQH\�� .�$��� =DV�� 5��� 6DPSHUGR�� /�� �������� %RWWRP�XS�
HIIHFWV�RI�KRVW�SODQW�VSHFLHV�GLYHUVLW\�DQG�WRS�GRZQ�HIIHFWV�RI�DQWV�
LQWHUDFWLYHO\� LQFUHDVH� SODQW� SHUIRUPDQFH�� 3URF� 5R\DO� 6RF� %�
GRL���������UVSE����������

0XUFKLH��$�.���6PDUW��/�(���:LOOLDPV��,�+����������5HVSRQVHV�RI�'DVLQHXUD�
EUDVVLFDH� DQG� LWV� SDUDVLWRLGV� 3ODW\JDVWHU� VXEXOLIRUPLV� DQG�
2PSKDOH� FO\SHDOLV � WR� ¿HOG� WUDSV� EDLWHG� ZLWK� RUJDQLF�
LVRWKLRF\DQDWHV��-�&KHP�(FRO���������������

1LQNRYLF��9���$O�$EDVVL��6���3HWWHUVVRQ��-����������7KH�LQÀXHQFH�RI�DSKLG�
LQGXFHG� SODQW� YRODWLOHV� RQ� ODG\ELUG� EHHWOH� VHDUFKLQJ� EHKDYLRU��
%LRORJLFDO�&RQWURO������������

2UUH��*�8�6���:UDWWHQ��6�'���-RQVVRQ��0���+DOH��5�-����������(IIHFWV�RI�DQ�
KHUELYRUH�LQGXFHG�SODQW�YRODWLOH�RQ�DUWKURSRGV�IURP�WKUHH�WURSKLF�
OHYHOV�LQ�EUDVVLFDV��%LRORJLFDO�&RQWURO������±��

2]DZD��5���$ULPXUD��*���7DNDED\DVKL��-���6KLPRGD��7���1LVKLRND��7���������
,QYROYHPHQW� RI� -DVPRQDWH�� DQG� VDOLF\ODWH�UHODWHG� VLJQDOLQJ�
SDWKZD\V� IRU� WKH� SURGXFWLRQ� RI� VSHFL¿F� KHUELYRUH�LQGXFHG�
YRODWLOHV�LQ�SODQWV��3ODQW�&HOO�3K\VLRORJ\���������������

3DUH�� 3�:���7XPOLQVRQ�� -�+�� �������� 3ODQW� YRODWLOHV� DV� D� GHIHQVH� DJDLQVW�
LQVHFW�KHUELYRUHV��3ODQW�3K\VLRORJ\�������������

3HDUVH�� ,���+XJKHV��.��� 6KLRMLUL��.��� ,VKL]DNL�� 6�� DQG�.DUEDQ��5�� ��������
,QWHUSODQW� YRODWLOH� VLJQDOLQJ� LQ� ZLOORZV�� UHYLVLWLQJ� WKH� RULJLQDO�
WDONLQJ�WUHHV��2HFRORJLD�������������

3ULFH�� 3�:��� %RXWRQ�� &�(���*URVV�� 3���0F3KHURQ�� %�$���7KRPSVRQ�� -�1���
:HLV�� $�(�� �������� ,QWHUDFWLRQV� DPRQJ� WKUHH� WURSKLF� OHYHOV��
,QÀXHQFH�RI�SODQWV�RQ�LQWHUDFWLRQV�EHWZHHQ�LQVHFW�KHUELYRUHV�DQG�
QDWXUDO�HQHPLHV��$QQX�5HY�(FRO�6\VW����������

5DVPDQQ�� 6��� 7XUOLQJV�� 7�&�-�� �������� 6LPXOWDQHRXV� IHHGLQJ� E\�
DERYHJURXQG� DQG� EHORZJURXQG� KHUELYRUHV� DWWHQXDWHV� SODQW�
PHGLDWHG� DWWUDFWLRQ� RI� WKHLU� UHVSHFWLYH� QDWXUDO� HQHPLHV�� 2LNRV�
���������������

5REHUW��&�$���(UE��0���'XSOR\HU��0���=ZDKOHQ��&���'R\HQ��*�5���7XUOLQJV��
7�&�-�� �������� +HUELYRUH�LQGXFHG� SODQW� YRODWLOHV� PHGLDWH� KRVW�
VHOHFWLRQ�E\�D�URRW�KHUELYRUH��1HZ�3K\WRORJLVW���������������

5RGULJXH]�6DRQD��&���&KDOPHU��-�$���5DM��6���7KDOHU��-�6����������,QGXFHG�
SODQW� UHVSRQVHV� WR�PXOWLSOH�GDPDJHUV��GLIIHUHQWLDO� HIIHFWV�RQ�DQ�
KHUELYRUH�DQG�LWV�SDUDVLWRLGV���2HFRORJLD�������������

5RVH�� 8�6�5��� /HZLV�� :�-��� 7XPOLQVRQ�� -�+�� �������� 6SHFL¿FLW\� RI�
V\VWHPLFDOO\�UHOHDVHG�FRWWRQ�YRODWLOHV�DV�DWWUDFWDQWV�IRU�VSHFLDOLVW�
DQG�JHQHUDOLV�SDUDVLWLF�ZDVSV��-�&KHP�(FRO��������������

6DEHOLV��0�:���9DQ�GHQ�%DDQ��+�(����������/RFDWLRQ�RI�GLVWDQW�VSLGHU�PLWH�
FRORQLHV� E\� SK\WRVHLG� SUHGDWRUV�� GHPRQVWUDWLRQ� RI� VSHFL¿F�
NDLURPRQHV�HPLWWHG�E\�7HWUDQ\FKXV�XUWLFDH�DQG�3DQRQ\FKXV�XOPL��
(QW��([S��DQG�DSSO�������������

6KLRMLUL�� .��� 7DNDED\DVKL�� -��� 7DNDIXML�� 6�<�$�� �������� ,QIRFKHPLFDOO\�
PHGLDWHG�LQWHUDFWLRQ�ZHEV�RQ�FDEEDJH�SODQWV��3RSXODWLRQ�(FRORJ\�
���������

7DWHPRWR��6���6KLPRGD��7����������2OIDFWRU\�UHVSRQVH�RI�SUHGDWRU\�PLWHV�
�1HRVHLXOXV� FXFXPHULV� DQG� LQVHFWV� �2ULXV� VWULJLFROOLV�� WR� WZR�
GLIIHUHQW�SODQW�VSHFLHV�LQIHVWHG�ZLWK�RQLRQ�WKULSV��7KULSV�WDEDFL���-�
&KHP�(FRO������������

7LWD\DYDQ�� 0��� $OWLHUL�� 0�$�� �������� 6\QRPRQH�PHGLDWHG� LQWHUDFWLRQV�
EHWZHHQ� WKH� SDUDVLWRLG� 'LDHUHWLHOOD� UDSDH� DQG� %UHYLFRU\QH�
EUDVVLFDH�XQGHU�¿HOG�FRQGLWLRQV��(QWRPRSKDJD���������������

7XUOLQJV�� 7�&�-��� 7XPOLQVRQ�� -�+�� �������� 6\VWHPLF� UHOHDVH� RI� FKHPLFDO�
VLJQDOV�E\�KHUELYRUH�LQMXUHG�FRUQ��3URF��1DWO��$FDG��6FL����������
����

7XUOLQJV��7�&�-���7XPOLQVRQ��-�+���+HDWK��5�5���3URYHDX[��$�7���'RROLWWOH��
5�(�� �������� ,VRODWLRQ�DQG� LGHQWL¿FDWLRQ�RI� DOOHORFKHPLFDOV� WKDW�
DWWUDFW�WKH�ODUYDO�SDUDVLWRLG��&RWHVLD�PDUJLQLYHQWULV��&UHVVRQ���WR�
WKH�PLFURKDELWDW�RI�RQH�RI�LWV�KRVW��-�&KHP�(FRO������������������

7XUOLQJV�� 7�&�-��� 7XPOLQVRQ�� -�+��� /HZLV�� :�-�� �������� ([SORLWDWLRQ� RI�
KHUELYRUH�LQGXFHG� SODQW� RGRUV� E\� KRVW�VHHNLQJ� SDUDVLWLF�ZDVSV��
6FLHQFH���������������

7XUOLQJV�� 7�&�-��� :DFNHUV�� )�� �������� 5HFUXLWPHQW� RI� SUHGDWRUV� DQG�
SDUDVLWRLGV� E\� KHUELYRUH�LQMXUHG� SODQWV�� ,Q��$GYDQFHV� LQ� ,QVHFW�
&KHPLFDO� (FRORJ\�� 5�7�&DUGH� DQG� -�*�0LOODU� �HGV�� SS� �������
&DPEULGJH�8QLYHUVLW\�3UHVV������

8HIXQH��0���.XJLPL\D��6���2]DZD��5���7DNDED\DVKL��-����������3DUDVLWLF�ZDV�
IHPDOHV�DUH�DWWUDFWHG�WR�EOHQGV�RI�KRVW�LQGXFHG�SODQW�YRODWLOHV��GR�
TXDOLWDWLYH� DQG� TXDQWLWDWLYH� GLIIHUHQFHV� LQ� WKH� EOHQG� PDWWHU"�
)����5HVHDUFK������

8HIXQH�� 0��� .XJLPL\D�� 6��� 7DNDED\DVKL�� -�� �������� +HUELYRUH�LQGXFHG�
FDUQLYRUH�DWWUDFWDQWV�HQKDQFH�WKH�UHVLGHQFH�WLPH�RI�FDUQLYRUHV�RQ�D�
KRVW�IRRG�SODQW��-�RXUQDO�RI�3ODQW�,QWHUDFWLRQ�������

+DIWD\�*HEUH\HVXV�*HEUH]LKHU '2,�����������MDHIV������



���

9DQ� 3RHFNH� 503�� 'LFNH� 0� ������� ,QGXFHG� SDUDVLWRLG� DWWUDFWLRQ� E\�
$UDELGRSVLV� WKDOLDQD�� LQYROYHPHQW� RI� WKH� RFWDGHFDQRLG� DQG�
VDOLF\OLF�DFLG�SDWKZD\��-�RI�([SHULPHQWDO�%RWDQ\���������������
����

9DQ� 3RHFNH�� 5�0�3��� 3RVWKXPXV�� 0�$��� 'LFNH�� 0�� �������� +HUELYRUH�
LQGXFHG� YRODWLOH� SURGXFWLRQ� E\� $UDELGRSVLV� WKDOLDQD� OHDGV� WR�
DWWUDFWLRQ�RI�WKH�SDUDVLWRLG�&RWHVLD�UXEHFXOD��FKHPLFDO��EHKDYLRUDO��
DQG�JHQH�H[SUHVVLRQ�DQDO\VLV��-�&KHP�(FRO������������������

9HQ]RQ��0���-DQVVHQ��$���6DEHOLV��0�:����������$WWUDFWLRQ�RI�D�JHQHUDOLVW�
SUHGDWRU� WRZDUGV� KHUELYRUH�LQIHVWHG� SODQWV�� (QWRPRORJLD�
([SHULPHQWDOLV�HW�$SSOLFDWD������������

9RV��0���%HUURFDO��6�0���.DUDPDRXQD��)���+HPHULN��/���9HW��/�(�0����������
3ODQW�PHGLDWHG�LQGLUHFW�HIIHFWV�DQG�WKH�SHUVLVWHQFH�RI�SDUDVLWRLG�
KHUELYRUH�FRPPXQLWLHV��(FRORJ\�/HWWHUV���������

:DU��$�5���3DXOUDM��0�*���,JQDFLPXWKX��6���6KDUPD��+�&����������,QGXFHG�
UHVLVWDQFH� WR� +HOLFRYHUSD� DUPLJHUD� WKURXJK� H[RJHQRXV�
DSSOLFDWLRQ� RI� MDVPRQLF� DFLG� DQG� VDOLF\OLF� DFLG� LQ� JURXQGQXW��
$UDFKLV�K\SRJDHD��3HVW�0DQDJ�6FL����������

:DVFKNH��1���+DUGJH��.���+DQFRFN��&���+LONHU��0���2EHUPDLHU��(��HW� DO��
��������+DELWDWV�DV�FRPSOH[�RGRU�HQYLURQPHQWV��+RZ�GRHV�SODQW�
GLYHUVLW\�DIIHFW�KHUELYRUH�DQG�SDUDVLWRLG�RULHQWDWLRQ"�3/R6�21(�
������H�����

:DVFKNH�� 1��� 0HLQHUV�� 7��� 5RVWDV�� 0�� �������� )RUDJLQJ� VWUDWHJLHV� RI�
SDUDVLWRLGV�LQ�FRPSOH[�FKHPLFDO�HQYLURQPHQWV��,Q�� �:DMQEHUJ�(�
DQG�&ROD]]D�6��HGV��&KHPLFDO�HFRORJ\�RI�LQVHFW�SDUDVLWRLGV��¿UVW�
HGLWLRQ��-RKQ�:LOH\�DQG�6RQV��/WG��:LOH\�%ODFNZHOO��&KLFKHVWHU

:HL��-���9DQ�/RRQ��-�-�$���*ROV��5���0HQ]HO��7�5���/L��1���.DQJ��/�G���'LFNH��
0����������5HFLSURFDO�FURVVWDON�EHWZHHQ�MDVPRQDWH�DQG�VDOLF\ODWH�
GHIHQVH�VLJQDOLQJ�SDWKZD\V�PRGXODWHV�SODQW�YRODWLOH�HPLVVLRQ�DQG�
KHUELYRUH� KRVW�VHOHFWLRQ� EHKDYLRU�� -� RI� ([SHULPHQWDO� %RWDQ\�
GRL���������M[E�HUX���

;X��;���%RUJHPHLVWHU��&���3RHKOLQJ��+����������,QWHUDFWLRQV�LQ�WKH�ELRORJLFDO�
FRQWURO� RI� ZHVWHUQ� ÀRZHU� WKULSV� )UDQNOLQLHOOD� RFFLGHQWDOLV�
�3HUJDQGH��DQG�WZR�VSRWWHG�VSLGHU�PLWHV�7HWUDQ\FKXV�XUWLFDH�.RFK�
E\�SUHGDWRU\�2ULXV�LQVLGLRXV�6D\�RQ�EHDQV��%LRORJLFDO�&RQWURO�����
�����

<DQ�� <��� <DQ�� <��� :DQJ�� &�� ��������$WWUDFWLYHQHVV� RI� WREDFFR� YRODWLOHV�
LQGXFHG� E\�+HOLFRYHUSD� DUPLJHUD� DQG�+HOLFRYHUSD� DVVXOWD� WR�
&RPSROHWLV�FKORULGDH�� �&KLQHVH�6FLHQFH�%XOOHWLQ��������������
�����

<X��+���=KDQJ��<���:X��.���*DR��;�:���*XR��<�<����������)LHOG�WHVWLQJ�RI�
V\QWKHWLF�KHUELYRUH�LQGXFHG�SODQW�YRODWLOHV�DV�DWWUDFWDQWV�IRU�
EHQH¿FLDO�LQVHFWV��(QYLURQ�(QWRPRO�������������������

<X��+���=KDQJ��<���:\FKX\V��.�$�*���:X��.���*DR��;���*XR��<�� ��������
(OHFWURSK\VLRORJLFDO� DQG� EHKDYLRUDO� UHVSRQVH� RI� 0LFURSOLWLV�
PHGLDWRU� �+\PHQRSWHUD�� %UDFRQLGDH�� WR� FDWHUSLOODU�LQGXFHG�
YRODWLOHV�IURP�FRWWRQ���-�RI�(QYLURQ�(QWRPRO�������������

=KDQJ��<���;LH��<���;XH��-���3HQJ��*���:DQJ��;����������(IIHFW�RI�9RODWLOH�
(PLVVLRQV��HVSHFLDOO\�Į�SLQHQH��)URP�3HUVLPPRQ�7UHHV�,QIHVWHG�
E\� -DSDQHVH�:D[�6FDOHV� RU�7UHDWHG�ZLWK�0HWK\O� -DVPRQDWH� RQ�
5HFUXLWPHQW�RI�/DG\EHHWOH�3UHGDWRUV��(QYLURQ�(QWRPRO����������
�����

=KDQJ��<���;LH��<���;XH��-���<DQJ��=���*RQJ��6����������5HVSRQVH�RI�SUHGDWRU\�
LQVHFW��&KU\VRSD�VLQLFD��WRZDUG�WKH�YRODWLOHV�RI�SHUVLPPRQ�WUHHV�
LQIHVWHG�ZLWK�WKH�KHUELYRUH�-DSDQHVH�:D[�VFDOZ��,QWHUQDWLRQDO�-�RI�
(FRORJ\�������,'���������GRL��������������������

=KX�� -��� &RVVH�� $�$��� 2EU\�� &�.�,��� --� %RR�� .�6��� %DNHU�� 7�&�� ��������
2OIDFWRU\� UHDFWLRQV� RI� WKH� WZHOYH�VSRWWHG� ODG\� EHHWOH��
&ROHRPHJLOOD� PDFXODWH� DQG� WKH� JUHHQ� ODFHZLQJ�� &KU\VRSHUOD�
FDUQHD� WR� VHPLRFKHPLFDOV� UHOHDVHG� IURP� SUH\� DQG� KRVW� SODQW��
(OHFWURDQWHQRJUDP�DQG�EHKDYLRUDO�UHVSRQVHV��-�&KHP�(FRO��������
���������

=KX��-���3DUN��.����������0HWK\O�VDOLF\ODWH��D�VR\EHDQ�DSKLG�LQGXFHG�SODQW�
YRODWLOH� DWWUDFWLYH� WR� WKH� SUHGDWRU�&RFFLQHOOD� VHSWHPSXQFWDWD�� -�
&KHP�(FRO�����������������

+DIWD\�*HEUH\HVXV�*HEUH]LKHU ,QW�-�$JULF�(QYLURQ�)RRG�6FL���������������������



+RPHVWHDG�WUHH�VSHFLHV�GLYHUVLW\�DQG�LWV�LPSDFW�RQ�WKH�OLYHOLKRRG�RI�WKH�IDUPHUV�LQ�%DQJODGHVK
� � ��̦0G��$KVDQXO�+DTXH ���������1D]PXQ�1DKHU ����������7DQLD�6XOWDQD

�'HSDUWPHQW�RI�$JURIRUHVWU\�DQG�(QYLURQPHQWDO�6FLHQFH��'KDND�������%DQJODGHVK

&RUUHVSRQGLQJ�$XWKRU��NEGWDQLD��#\DKRR�FRP��

%DQJODGHVK� LV� RQH� RI� WKH� PRVW� GHQVHO\� SRSXODWHG�
FRXQWULHV�LQ�WKH�ZRUOG�ZLWK�D�SRSXODWLRQ�RI� PLOOLRQ�DQG�������
ZLWK�DQ�DQQXDO�JURZWK�UDWH�RI�������%%6���������7KHUH�DUH�
������PLOOLRQ�KRPHVWHDGV�LQ�%DQJODGHVK�DQG�RYHU�����RI�
WKH�SRSXODWLRQ� OLYHV� LQ� WKH�UXUDO�DUHDV��$SSUR[LPDWHO\����
DUHD�������PLOOLRQ�KD��RI�WKH�WRWDO�����PLOOLRQ�KD�RI�FXOWLYDEOH�
ODQG� LQ� %DQJODGHVK� LV� RFFXSLHG� E\� KRPHVWHDGV� ZKLFK� LV�
H[WUHPHO\�SURGXFWLYH��%%6���������7KH�IRUHVW�ODQG�DUHD�RI�
%DQJODGHVK�ZDV�UHSRUWHG�DW��������LQ������:RUOG�%DQN��
�������+RZHYHU��WKH�DFWXDO�WUHH�FRYHUDJH�DUHD�RI�%DQJODGHVK�
LV�HVWLPDWHG�RQO\�DW�������RI�WKH�FRXQWU\��0RVW�RI�WKH�IRUHVWV�
DUH�GLVWULEXWHG�WR�WKH�VRXWKHDVWHUQ�DQG�VRXWKZHVWHUQ�UHJLRQ�
RI�WKH�FRXQWU\��2XW�RI����GLVWULFWV�RI�%DQJODGHVK�����KDYH�QR�
QDWXUDO� IRUHVW� �%KXL\DQ�� ������� 7KH� VLWXDWLRQ� RI� QRUWKHUQ�
%DQJODGHVK� LV� HYHQ� ZRUVH�� )RUHVW� SURGXFWLYLW\� LQ�
%DQJODGHVK�LV�DOVR�H[WUHPHO\�ORZ���������P��KD�\U��IRU�ERWK�
SODQWDWLRQ� DQG� QDWXUDO� IRUHVWV� �$'%�� ������� 7KH� )$2�
HVWLPDWHV� WKDW� IRUHVW� LQGXVWULHV� FRQWULEXWH�PRUH� WKDQ�86��
���� ELOOLRQ� WR� QDWLRQDO� LQFRPHV�� FRQWULEXWLQJ� QHDUO\� ��
SHUFHQW� RI� WKH� JOREDO�*'3� LQ� ����� DQG� SURYLGLQJ� IRUPDO�
HPSOR\PHQW�WR������RI�WKH�JOREDO�ODERU�IRUFH��)$2��������
%XW�DODUPLQJ�IRU�XV�WKDW�IRUHVWV�DUH�GHFUHDVLQJ�GD\�E\�GD\��

7KHUHIRUH��7KH�IRUHVWV�FDQQRW�PHHW�WKH�GHPDQG�RI�ZRRGV�RI�
WKH� FRXQWU\� DQG�REVHUYHG� WKDW� ����RI� WKH� IXHO�ZRRG� DQG�
EDPERR��DQG�����RI�WLPEHU�UHTXLUHPHQW�RI�WKH�FRXQWU\�ZHUH�

�PHW�IURP�WKH�����NP �RI�KRPHVWHDG�$JURIRUHVWU\��%\URQ��
��������7KH�\LHOG�RI�WKLV�SODQWDWLRQ�LV����NP �KD��\U��'RXJODV��

�������+RPHVWHDG�$JURIRUHVWU\�LV�WKH�WKH�LQWHJUDWLRQ�RI�WUHH��
FURS�DQG�YHJHWDEOH�RQ�WKH�VDPH�DUHD�RI�ODQG�LV�D�SURPLVLQJ�
SURGXFWLRQ� V\VWHP� IRU� PD[LPL]LQJ� \LHOG� �1DLU�� �������
+RPHVWHDG� UHSUHVHQWV� D� ODQG� XVH� V\VWHP� LQYROYLQJ�
SXUSRVHIXO�PDQDJHPHQW�RI�PXOWLSXUSRVH�WUHHV�DQG�VKUXEV�LQ�
LQWLPDWH� DVVRFLDWLRQ� ZLWK� VHDVRQDO� YHJHWDEOHV� �)HUQDQGHV�
DQG� 1DLU�� ������� � )URP� WKH� FRQVHUYDWLRQ� SRLQW� RI� YLHZ��
KRPHVWHDGV�DUH�WKH�LQ�VLWX�FRQVHUYDWLRQ�VLWHV�RI�ZLGH�UDQJH�RI�
SODQW�ELRGLYHUVLW\��0DQQDQ��������� �7KH�KLJKO\�GLYHUVLW\�RI�
0XOWLSXUSRVH�7UHH�6SHFLHV� � LQ� KRPH�JDUGHQ�KDYH� D�ZLGH�
VRFLRHFRQRPLF� DQG� DJUR�HFRORJLFDO� UROHV� LQFOXGLQJ�
SURGXFWLRQ�RI� �IRRG�DQG�D�ZLGH�UDQJH�RI�SURGXFWV�VXFK�DV�
¿UHZRRG�� �IRGGHUV��VSLFHV��PHGLFLQDO�SODQWV�DQG�DYRLGDQFH�
RI� FOLPDWH� UHODWHG� KD]DUGV� FRPPRQO\� DVVRFLDWHG� ZLWK�
PRQRFXOWXUH� SURGXFWLRQ� V\VWHPV�� 0XOWLSXUSRVH� 7UHH�
6SHFLHV�LQ�KRPHVWHDG�IRUHVWV�VXSSO\�����RI�WLPEHU�DQG�����
RI�IXHOZRRG�DQG�EDPERR��6LQJK���������

�
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$EVWUDFW

.H\ZRUGV��'LYHUVLW\��)DUPHU��+RPHVWHDG��/LYHOLKRRG��7UHH�6SHFLHV�GLYHUVLW\
5HFHLYHG����������������������������$FFHSWHG����������������������������3XEOLVKHG��RQO൴QH��������������

,QWURGXFWLRQ���

5HVHDUFK�$UWLFOH
ZZZ�MDHIV�FRP-$()6

�&LWH�WKLV�DUWLFOH�DV���+DTXH��0G��$���1DKHU��1���6XOWDQD��7����������+RPHVWHDG�WUHH�VSHFLHV�GLYHUVLW\�DQG�LWV�LPSDFW�RQ�WKH�OLYHOLKRRG�RI�WKH�
IDUPHUV�LQ�%DQJODGHVK���,QW��-��$JULF��(QYLURQ��)RRG�6FL������������������'2,�����������MDHIV������

$YD൴ODEOH�RQO൴QH�DW����ZZZ�MDHIV�FRP�

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

�H�,661������������ '2,�����������MDHIV��������

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

7KH�VWXG\�ZDV�FRQGXFWHG�LQ�WZHOYH�YLOODJHV�RI�IRXU�XQLRQV�XQGHU�*RSDOSXU�XSD]LOD�LQ�7DQJDLO�GLVWULFW�RI�%DQJODGHVK�WR�
H[SORUH�WKH�GLYHUVLW\�RI�PXOWLSXUSRVH�WUHH�VSHFLHV�LQ�WKH�KRPHVWHDGV�DQG�LWV�LPSDFW�RQ�WKH�OLYHOLKRRG�RI�WKH�IDUPHUV�LQ�
������6WXG\�VLWHV�ZHUH�VHOHFWHG�SXUSRVLYHO\�DV�WKH�ORFDWLRQ��$�WRWDO�RI������IDUPHUV�RI�WKH����YLOODJHV�FRQVWLWXWHG�WKH�
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����IDUPHUV�ZHUH�VHOHFWHG��+RZHYHU�����IDUPHUV�ZHUH�VHOHFWHG�IURP�����VDPSOHG�IDUPHUV�E\�XVLQJ�<DPDQH�IRUPXOD��
7KHUHIRUH��WKHVH����IDUPHUV�FRQVWLWXWH�WKH�VDPSOH�IRU�WKLV�VWXG\��)LYH�SHUFHQW��������OHYHO�RI�SUREDELOLW\�ZDV�XVHG�DV�WKH�
EDVLV�IRU�UHMHFWLRQ�RI�DQ\�QXOO�K\SRWKHVLV� WKURXJKRXW�WKH�VWXG\��'DWD�IRU� WKH�VWXG\�ZHUH�FROOHFWHG�WKURXJK�SHUVRQDO�
LQWHUYLHZ�E\�WKH�UHVHDUFKHU�KLPVHOI�GXULQJ����0D\�WR����'HFHPEHU�������XVLQJ�WKH�LQWHUYLHZ�VFKHGXOH��)DUPHU
V�RSLQLRQ�
UHJDUGLQJ�PXOWLSXUSRVH�WUHH�VSHFLHV�LQ�WKH�KRPHVWHDGV�DQG�LWV�LPSDFW�RQ�VRFLR�HFRQRPLF�GHYHORSPHQW�ZDV�WKH�GHSHQGHQW�
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,Q�WKH�FRQWH[W�RI�WKH�SUHYDLOLQJ�VKRUWDJH�RI�IXHO�ZRRG�DQG�
H[FHVVLYH� GHIRUHVWDWLRQ� LQ� %DQJODGHVK�� WKLV� KRPHVWHDG�
DJURIRUHVWU\� V\VWHP� QHHGV� WR� EH� VWUHQJWKHQHG� �/HXVFKQHU�
DQG� .KDOHTXH�� ������� 7KH� GLYHUVLW\� RI� � 037V� LQ� WKH�
KRPHJDUGHQ�DVVRFLDWHG�ZLWK�RWKHU�RUJDQLVPV�FRQWULEXWH�WR�
WKH�IRUPDWLRQ�DQG�PDLQWHQDQFH�RI�VRLO�VWUXFWXUH��UHWHQWLRQ�RI�
PRLVWXUH�DQG�QXWULHQW�OHYHOV�DQG�SURPRWHV�WKH�UHF\FOLQJ�RI�
QXWULHQWV��ZKLFK�UHGXFHV�HFRV\VWHP�YXOQHUDELOLW\�WR�FOLPDWH�
FKDQJH��037V�LQ�KRPHJDUGHQV�RI�%DQJODGHVK�LV�D�VRXUFH�RI�
OLYHOLKRRG� IRU� PDQ\� IDUPHUV�� ,W� LQFUHDVHV� LQFRPH� RI� WKH�
IDUPHUV�DQG�VHUYH�DV�VDIHW\�QHW�GXULQJ�WKH�WLPH�RI�KDUGVKLS�
DQG�QDWXUDO�GLVDVWHU��)DUPHUV�ZDQW�WR�EH�XVHG�KLV�IDUP�DUHD�
IRU�PD[LPXP�SURGXFWLRQ��7KH\�FDQ�LQFUHDVH�SURGXFWLRQ�E\�
SUDFWLFLQJ� LQWHUFURSSLQJ�� PL[HG� FURSSLQJ�� UHOD\� FURSSLQJ�
V\VWHP�XQGHU�VXLWDEOH�037V��%XW�IDUPHUV�KDYH�QR�VXI¿FLHQW�
NQRZOHGJH� DERXW� HIIHFW� RI� GLIIHUHQW� 037V� RQ� WKHLU�
SURGXFWLRQ��(YHQ�WKH\�KDYH�QR�FOHDUHG�LGHD�DERXW�EHQH¿FLDO�
IXQFWLRQ�RI�GLIIHUHQW�037V��0DMRULW\�RI�WKH�IDUPHUV�FXOWLYDWH�
WKHLU�KRPHVWHDGV�E\�GLIIHUHQW�037V�LQ�XQSODQQHG�ZD\��6R�LW�
LV� QHFHVVDU\� WR� JLYH� WKHP� VXJJHVWLRQV� KRZ� WR� PDNH� IRU�
SODQWDWLRQ�RI�037V�DQG�KRZ�WR�LQFUHDVH�LQFRPH��2YHUDOO�LW�
LPSURYHV� VRFLR�HFRQRPLF�FRQGLWLRQ�RI� WKH� IDUPHUV��7KHUH�
DUH�IHZ�UHVHDUFKHV�DUH�GRQH�LQ�WKLV�FDVH��,W�LV�QHFHVVDU\�WR�
PDNH�VRXQG�SODQV�DQG�SURFHGXUH�IRU�SODQWLQJ�PRUH�SUHYDOHQW�
037V�LQ�VFLHQWL¿F�ZD\�FRQVLGHULQJ�FOLPDWLF�FRQGLWLRQ��6R�
WKH� VWXG\� ZDV� FRQGXFWHG� WR� H[SORUH� WKH� GLYHUVLW\� RI�
PXOWLSXUSRVH�WUHH�VSHFLHV�LQ�WKH�KRPHVWHDGV�DQG�LWV�LPSDFW�
RQ� WKH� OLYHOLKRRG� RI� WKH� IDUPHUV� RI� *RSDOSXU� XSD]LOD� LQ�
7DQJDLO�GLVWULFW��

0DWHULDOV�DQG�0HWKRGV�
7KH�VWXG\�ZDV�FRQGXFWHG�LQ�WZHOYH�YLOODJHV�XQGHU�IRXU�

XQLRQV�RI�*RSDOSXU�XSD]LOD�LQ�7DQJDLO�GLVWULFW��$FFRUGLQJ�WR�
SRSXODWLRQ� FHQVXV� �%%6�� ������� WKH� WRWDO� QXPEHU� RI�
KRXVHKROGV�RI�7DQJDLO�GLVWULFW�LV�����WKRXVDQG�ZKLFK�LV�����
SHUFHQW�RI�WRWDO�KRXVHKROGV�RI�WKH�FRXQWU\�DQG�WKH�SRSXODWLRQ�
LV������WKRXVDQG�ZKLFK�LV��������RI�WKH�WRWDO�SRSXODWLRQ�RI�
WKH�FRXQWU\��7KH�GHQVLW\�RI�WKH�SRSXODWLRQ�LV�����SHU�VT��NP��
7KH�SHUFHQWDJH�RI�WKH�PDOH�DQG�IHPDOH�SRSXODWLRQ�LV���������
DQG����������UHVSHFWLYHO\��7KH�DYHUDJH�OLWHUDF\�UDWH�DV�RI�WKH�
FHQVXV� �ZDV��������PDOH������IHPDOH�������%%6������� �
DPRQJ� ��� XSD]LOD� RI� 7DQJDLO� GLVWULFW�� 7KH� VWXG\� ZDV�
FRQGXFWHG� LQ�7DQJDLO� GLVWULFW� WKDW� FRQVLVWV� RI� ���XSD]LODV��
$PRQJ�WKHP��*RSDOSXU�XSD]LOD�ZDV�SXUSRVLYHO\�VHOHFWHG��,W�
FRQVLVWV�RI����XQLRQV��$PRQJ�WKHP����XQLRQV�ZHUH�UDQGRPO\�
VHOHFWHG�� 7KH\� DUH� +DGLUD�� 'KRSDNDQGL�� -KDRDLO� DQG�
+HPQDJDU�XQLRQV����YLOODJHV�QDPH�9DGXULUFKRU��*RQLSXU�DQG�
.RULDWD� IURP� +DGLUD� XQLRQ�� �� YLOODJHV� QDPH� 6KDKDSXU��
5DPQDJDU�DQG�%RURPD�IURP�'KRSDNDQGL�XQLRQ����YLOODJHV�
QDPH�-DZDLO��0RDLO�DQG�3DWDOLD�IURP�-KDRDLO�XQLRQ��DQG���
YLOODJHV�QDPH�1DWXDUSDUD��6RQDPXNKL�DQG�&KDOWDSXU�IURP�
+HPQDJDU�XQLRQ�ZHUH�UDQGRPO\�VHOHFWHG��7KHUH�DUH�WRWDO�RI�
�����GLIIHUHQW�KRPHVWHDGV�LQ�WKLV�VHOHFWHG�DUHD��2XW�RI������
KRPHVWHDGV�� D� VDPSOH�RI� ����� L�H��� ����KRPHVWHDGV�ZHUH�
VHOHFWHG�E\�VWUDWL¿HG�UDQGRP�VDPSOLQJ�PHWKRG��7KHQ�¿QDOO\�
��� UHSUHVHQWDWLYH� KRPHVWHDGV� ZHUH� VHOHFWHG� IRU�
TXHVWLRQQDLUH�VXUYH\��WR�¿QG�RXW�WKH�HIIHFW�RI�PXOWLSXUSRVH�
WUHH� VSHFLHV� RQ� WKH� OLYHOLKRRG� RI� WKH� IDUPHUV� DQG� WUHH�
GLYHUVLW\�PHDVXUHPHQW��)LQDO�VHOHFWLRQ�RI�KRPHVWHDGV�KDG�

�EHHQ� GRQH� E\� XVLQJ� <DPDQH� IRUPXOD�� Q 1�^��1�H �`�
:KHUH�� Q 6DPSOLQJ� VL]H�� 1 3RSXODWLRQ�� H (UURU� RI�
SUHFLVLRQ��$IWHU�VHOHFWLRQ�RI�VDPSOHG�IDUPHUV��)DUPHUV�ZHUH�
FODVVL¿HG�LQWR�WKH�IROORZLQJ�JURXSV�RQ�WKH�EDVLV�RI�IDUP�VL]H�
LQ�WHUPV�RI�KHFWDUH�DFFRUGLQJ�WR�$EHGLQ�DQG�4XGGXV���������

,Q� VRFLDO� UHVHDUFK�� WKH� VHOHFWLRQ� DQG� PHDVXUHPHQW� RI�
YDULDEOHV� FRQVWLWXWH� D� VLJQL¿FDQW� WDVN�� 7KH� LQGHSHQGHQW�
YDULDEOHV�ZHUH��DJH��OHYHO�RI�HGXFDWLRQ��RFFXSDWLRQ��IDPLO\�
VL]H�� IDUP� VL]H�� KRPHVWHDG� DUHD�� DQQXDO� LQFRPH��
RUJDQL]DWLRQDO� SDUWLFLSDWLRQ�� NQRZOHGJH� RQ� 037V� LQ�
KRPHVWHDG�DJURIRUHVWU\��DQG�SUREOHP�FRQIURQWDWLRQ�RI� WKH�
IDUPHUV��7KH�IDUPHU
V�RSLQLRQ�UHJDUGLQJ�WKH�LPSDFW�RI�037V�
LQ�KRPHVWHDG�DJURIRUHVWU\�RQ�VRFLR�HFRQRPLF�DVSHFWV�ZDV�
WKH�GHSHQGHQW�YDULDEOH��8OWLPDWHO\�WHQ�LQGHSHQGHQW�DQG�RQH�
GHSHQGHQW� YDULDEOH� ZHUH� VHOHFWHG� IRU� WKLV� VWXG\�� 7KH�
LQGHSHQGHQW� YDULDEOHV� ZHUH�$JH�� (GXFDWLRQ�� 2FFXSDWLRQ��
)DPLO\�PHPEHU��)DUP�VL]H��+RPHVWHDG�VL]H��$QQXDO�LQFRPH��
2UJDQL]DWLRQDO� SDUWLFLSDWLRQ� DQG� .QRZOHGJH� RQ�037V� LQ�
KRPHVWHDG� DJURIRUHVWU\�� (GXFDWLRQ� RI� D� UHVSRQGHQW� ZDV�
PHDVXUHG�LQ�WHUPV�RI�FODVVHV�SDVVHG�E\�KLP��2FFXSDWLRQ�RI�D�
UHVSRQGHQW�ZDV�PHDVXUHG�LQ�WHUPV�RI�ZRUNLQJ�E\�KLP�DQG�
UHVSRQGHQW� WR� WKH� WLPH� RI� LQWHUYLHZ�� ,W� ZDV� RSHUDWLRQDOO\�
PHDVXUHG�LQ�WHUPV�RI�DFWXDO�RFFXSDWLRQ��)DPLO\�PHPEHU�RI�D�
UHVSRQGHQW�ZDV�GHWHUPLQHG�LQ�WHUPV�RI�WKH�WRWDO�QXPEHU�RI�
PHPEHUV�RI�HDFK�UHVSRQGHQW��7KH�IDPLO\�PHPEHU�LQFOXGHG�
UHVSRQGHQW� KLPVHOI�� VSRXVH�� VRQV�� GDXJKWHUV� DQG� RWKHU�
GHSHQGHQWV��/DQG�LV�WKH�PRVW�LPSRUWDQW�FDSLWDO�WR�D�IDUPHUV�
DQG� VL]H� LQÀXHQFHV� RQ� SHUVRQDO� FKDUDFWHULVWLF� RI� IDUPHU��
)DUP�VL]H�ZDV�H[SUHVVHG�DV�KHFWDUH�DQG�ZDV�FRPSXWHG�E\�
XVLQJ�WKH�IRUPXOD��)DUP�VL]H� �+RPHVWHDG�DUHD���2ZQ�ODQG�
XQGHU�FXOWLYDWLRQ���&XOWLYDWHG�DUHD�WDNHQ�XQGHU�OHDVH���ò�
�&XOWLYDWHG�DUHD�JLYHQ�WR�RWKHUV�DV�ERUJD���FXOWLYDWHG�DUHD�
WDNHQ�IURP�RWKHUV�DV�ERUJD���$QQXDO�LQFRPH�ZDV�PHDVXUHG�
E\� WKH� VXP� RI� DOO� LQFRPH� VRXUFHV� RI� D� IDUPHU� LQ� D� \HDU�
�DJULFXOWXUDO� LQFRPH� OLNH� IUDPLQJ�� FURSSLQJ� HWF�� DQG�QRQ�
DJULFXOWXUDO� LQFRPH� OLNH� EXVLQHVV�� VHUYLFH�� VDYLQJ�� ODERXU��
RWKHU�HWF���

$�VFRUH�RI��� �RQH��ZDV�JLYHQ�IRU�HDFK� WKRXVDQG�7DND��
2UJDQL]DWLRQDO�SDUWLFLSDWLRQ�RI�UHVSRQGHQWV�ZDV�PHDVXUHG�
RQ�WKH�EDVLV�RI�WKH�QDWXUH�RI�KLV�LQYROYHPHQW�DQG�GXUDWLRQ�RI�
SDUWLFLSDWLRQ�LQ�GLIIHUHQW�ORFDO�IRUPDO�DQG�LQIRUPDO�JURXSV�RU�
RUJDQL]DWLRQV� LQ� WKH� VWXG\� DUHD�� )RU� FRPSXWLQJ�
RUJDQL]DWLRQDO� SDUWLFLSDWLRQ� VFRUH�� WKH� IRUPXOD� LV��
2UJDQL]DWLRQ�SDUWLFLSDWLRQ�VFRUH� ����$�î�'��:KHUH��$� �
$FWLYLW\�VFRUH��'� �'XUDWLRQ�VFRUH��3DUWLFLSDWLRQ�VFRUH�ZDV�
DVVLJQHG�LQ�WKH�IROORZLQJ�PDQQHU�IRU�DFWLYLWLHV�RI�D�IDUPHU�LQ�
HDFK� JURXS� RU� RUJDQL]DWLRQ�� 2UJDQL]DWLRQDO� SDUWLFLSDWLRQ�
VFRUH� RI� UHVSRQGHQW� LV� REWDLQHG� E\� DGGLQJ� WKH� VFRUH�
DFFRUGLQJ�WR�WKH�DERYH�PHQWLRQHG�IRUPXOD�IRU�KLV�DFWLYLWLHV�
LQ�WKH�UHVSHFWLYH�JURXS�RU�RUJDQL]DWLRQ��7KH�IDUPHUV�ZHUH�
DVNHG� ��� TXHVWLRQV� RQ� GLIIHUHQW� DVSHFWV� RI� KRPHVWHDG�
DJURIRUHVWU\��7KH�WRWDO�DVVLJQHG�VFRUH�RQ�WKH�HQWLUH�TXHVWLRQ�
ZDV� ���� $� UHVSRQGHQW� DQVZHULQJ� D� TXHVWLRQ� FRUUHFWO\�
REWDLQHG� WKH� IXOO� VFRUH� RI� �� ZKLOH� IRU� SDUWLDO� DQVZHU� KH�
REWDLQHG�SDUWLDO�VFRUH�DQG�IRU�ZURQJ�DQVZHU�KH�REWDLQHG�]HUR�
VFRUH��7KH�WRWDO�VFRUH�REWDLQHG�E\�D�UHVSRQGHQW�ZDV�WDNHQ�DV�
KLV�NQRZOHGJH�RQ�KRPHVWHDG�DJURIRUHVWU\� VFRUH��3UREOHP�
ZDV�PHDVXUHG� RQH� ZD\� VXFK� DV� XVLQJ� RI� FORVHG� IRUP� RI�
TXHVWLRQV� DV� VKRZQ� LQ� LWHP� QXPEHU� ��� RI� WKH� LQWHUYLHZ�
VFKHGXOH��7KH�UHVSRQGHQWV�ZHUH�DVNHG�WR�JLYH�WKHLU�RSLQLRQ�
RI�WKH�TXHVWLRQQDLUHV�DORQJ�ZLWK�WKHLU�H[WHQW�RI�FRQIURQWDWLRQ�
LQ� XVH� RI� KRPHVWHDG� DJURIRUHVWU\� SUDFWLFHV��$V� IRXU�SRLQW�
VFDOH� ZDV� XVHG� IRU� FRPSXWLQJ� WKH� SUREOHP� FRQIURQWDWLRQ�
VFRUH�RI�D�UHVSRQGHQW��7KH�ZHLJKWV�ZHUH�DVVLJQHG����WKUHH��
IRU�
KLJK
�����WZR��IRU�
PHGLXP
�����RQH��IRU�
ORZ
�DQG����]HUR��
IRU� 
QRW� DW� DOO
�� 7KH� SUREOHP� FRQIURQWDWLRQ� VFRUH� RI� WKH�
UHVSRQGHQWV�FRXOG�UDQJH�IURP���WR�����=HUR� LQGLFDWLQJ�QR�
SUREOHP�DQG����LQGLFDWLQJ�KLJK�SUREOHP�FRQIURQWDWLRQV��7KH�
IDUPHUV�ZHUH�DVNHG�WR�JLYH�WKHLU�RSLQLRQ�UHJDUGLQJ�WKH�
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LPSURYHPHQW�RI�WKHLU�OLYHOLKRRG�GXH�WR�WKH�GLUHFW�RU�LQGLUHFW�
FRQWULEXWLRQ� RI� 037V� LQ� KRPHVWHDG� DUJRIRUHVWU\�� ,W� ZDV�
PHDVXUHG� RQ� WKH� EDVLV� RI� RSLQLRQ� REWDLQHG� IURP� WKH�
UHVSRQGHQWV�RQ����VWDWHPHQW�FRQWDLQLQJ�LQIRUPDWLRQ�RQ�WKH�
LPSURYHPHQW�RI�VRFLR�HFRQRPLF�DVSHFW�RI�WKHLU�OLYHOLKRRG��
$���SRLQW�PRGL¿HG�/LNHG�W\SH�VFDOH�VXFK�DV�VWURQJO\�DJUHH��
DJUHH��GLVDJUHH�DQG�VWURQJO\�GLVDJUHH�ZDV�XVHG�WR�PHDVXUH�WR�
H[WHQW�RI�DJUHHPHQW�RI�IDUPHUV�ZLWK�WKH�VWDWHPHQW��7KH�VFRUH�
DVVLJQHG� WR� HDFK�RI� WKH� VFDOH� IRU�PHDVXULQJ� WKH� H[WHQW� RI�
DJUHHPHQW�ZDV���������DQG����UHVSHFWLYHO\�IRU�HDFK�RI�WKH����
VWDWHPHQWV��&HOO�RI�WKH�VFDOH�RI�LQGLYLGXDO�FRQVHTXHQFH�ZLWK�
LWV� FRQVLGHULQJ� VFRUH� VXFK� DV� �� IRU� 
VWURQJO\� DJUHH
�� �� IRU�

DJUHH
����IRU�
GLVDJUHH
�DQG���IRU�
VWURQJO\�GLVDJUHH
��)LQDOO\�
DGGLQJ�DOO�WKH�IUHTXHQF\�FRXQW�RI�HDFK�RI�WKH�FHOO�RI�WKH�VFDOH��
WKH�YDOXH�ZDV�FDOFXODWHG��6SHFLHV�GLYHUVLW\�LV�PHDVXUHG�WKH�
WRWDO� QXPEHU� RI� VSHFLHV�ZLWKLQ� D� JLYHQ� DUHD� XQGHU� VWXG\��
6SHFLHV�GLYHUVLW\�FDQ�EH�H[SUHVVHG�E\�VSHFLHV�GLYHUVLW\�LQGH[�
�ERWK�LQ�ULFKQHVV�DQG�DEXQGDQFH�RI�WKH�VSHFLHV���7KH�PRVW�
FRPPRQO\�XVHG�PHWKRG�RI�VSHFLHV�GLYHUVLW\�LV�WKH�6KDQRQ�
:LHQHU�LQGH[��+� ����3L,Q3L���:KHUH��3L�LV�WKH�SURSRUWLRQDO�
DEXQGDQFH� RI� WKH� LWK� VSHFLHV� VXFK� WKDW� 3L�  Q�1� �Q� LV� WKH�
QXPEHU�RI�LQGLYLGXDOV�LQ�WKH�LWK�VSHFLHV�DQG�1�LV�WKH�WRWDO�
QXPEHU�RI�LQGLYLGXDOV�RI�DOO�VSHFLHV�LQ�WKH�FRPPXQLW\���7KH�
VWDWLVWLFDO�DQDO\VLV�LV�GRQH�E\�XVLQJ�6366�SURJUDP��

5HVXOWV�DQG�'LVFXVVLRQ
'HPRJUDSKLF�DQG�VRFLR�HFRQRPLF�FKDUDFWHULVWLFV�RI�
WKH�UHVSRQGHQWV�RI�WKH�VWXG\�DUHD�
7KH�DJH�RI�WKH�UHVSRQGHQWV�UDQJHG�IURP����WR����\HDUV��

7KH�UHVSRQGHQWV�ZHUH�JURXSHG�LQWR�WKUHH�FDWHJRULHV��\RXQJ�
�XS�WR����\HDUV���PLGGOH�����WR����\HDUV��DQG�ROG��DERYH����
\HDUV�� RQ� WKH� EDVLV� RI� WKHLU� DJH�� 1XPEHU� DQG� SHUFHQWDJH�
GLVWULEXWLRQ�RI�IDUPHUV�DFFRUGLQJ�WR�WKHLU�DJH�JURXS�KDV�EHHQ�
VKRZQ�LQ�WKH�7DEOH���

'DWD�SUHVHQWHG�LQ�7DEOH���UHYHDOHG�WKDW�WKH�PDMRULW\�����
���RI�WKH�UHVSRQGHQWV�ZHUH�LQ�WKH�PLGGOH�DJHG�FDWHJRU\�����
��RI�WKH�UHVSRQGHQWV�ZHUH�LQ�WKH�ROG�DJHG�DQG�RQO\������
ZHUH�\RXQJ�DJHG�FDWHJRU\�LQ�WKH�VWXG\�DUHD��7KH�HGXFDWLRQ�
OHYHO�RI�WKH�IDUPHUV�UDQJHG�IURP�������ZLWK�DQ�DYHUDJH�RI�����
DQG�VWDQGDUG�GHYLDWLRQ�RI������RI�VFKRROLQJ�� ,Q� WKLV�VWXG\�
�������RI�WKH�IDUPHUV�KDG�SULPDU\�OHYHO�HGXFDWLRQ��ZKHUHDV�
��������RI� WKHP�ZHUH� LOOLWHUDWH�������ZHUH�RI� VHFRQGDU\�
OHYHO�DQG�������ZHUH�RI�KLJKHU�OHYHO�HGXFDWLRQ��7DEOH����

0HPEHU�RI�VDPSOHG�IDUP�KRXVHKROGV�ZHUH�FDWHJRUL]HG�
LQWR�WKUHH�JURXSV��7DEOH�����7KH�FDWHJRULHV�DQG�GLVWULEXWLRQ�
RI� WKH� UHVSRQGHQWV�ZLWK� WKHLU� QXPEHU�� SHUFHQW��PHDQ� DQG�

VWDQGDUG�GHYLDWLRQ�DUH�IXUQLVKHG�EHORZ�

'DWD�SUHVHQWHG�LQ�7DEOH���VKRZHG�WKDW� �PDMRULW\�RI�WKH�
IDUPHUV�����������EHORQJHG�WR�PHGLXP�VL]H�IDPLO\����������
RI�WKH�UHVSRQGHQWV�KDG�VPDOO�VL]H�IDPLO\�DQG� ���������RI�
WKHP�EHORQJHG�WR�ODUJH�IDPLO\��7KH�KRPHVWHDGV�VL]H�RI�WKH�
IDUPHU�UDQJHG�IURP�������������KHFWDUH�ZLWK�DQ�DYHUDJH�RI�
������KHFWDUH�DQG�VWDQGDUG�GHYLDWLRQ�RI��������$PRQJ�WKH�
IDUPHUV��������ZHUH� ODQGOHVV�DQG�PDUJLQDO���������ZHUH�
VPDOO�� ������ �� ZHUH� PHGLXP� DQG� ������ �� ZHUH� ODUJH��
+RPHVWHDGV�VL]H�DUH�JLYHQ�EHORZ��7DEOH����

$QQXDO�LQFRPH�RI�WKH�IDUP�IDPLOLHV�IURP�037V�UDQJHG�
IURP�7N�����WKRXVDQG�WR�7N������WKRXVDQG�ZLWK�DQ�DYHUDJH�
������� WKRXVDQG�KDYLQJ� VWDQGDUG� GHYLDWLRQ� RI� �������7KH�
UHVSRQGHQWV� DUH� FODVVL¿HG� WKUHH� FDWHJRULHV� EDVLV� RQ� WKHLU�
LQFRPH�H�J��� ORZ� LQFRPH��7N��������� WKRXVDQG��FDWHJRU\��
PHGLXP�LQFRPH��7N����������WKRXVDQG��DQG�KLJK�LQFRPH�
�DERYH�7N������WKRXVDQGV��FDWHJRULHV�

'DWD�SUHVHQWHG�LQ�7DEOH���LQGLFDWHG�WKDW�PDMRULW\��������
RI�WKH�UHVSRQGHQWV�KDG�PHGLXP�LQFRPH�FDWHJRU\�������RI�WKH�
UHVSRQGHQWV� KDG� KLJK� LQFRPH� FDWHJRU\� DQG� ��� �� RI� WKH�
UHVSRQGHQWV�LQ�ORZ�LQFRPH�FDWHJRU\��

7DEOH���LQGLFDWHG�WKDW�PDMRU�SRUWLRQ�RI�WKH�UHVSRQGHQWV�
����������EHORQJHG�WR�KDYH�PHGLXP�NQRZOHGJH�ZKLOH�VOLJKW�
PRUH�WKDQ�D�TXDUWHU�����������KDG�KLJK�NQRZOHGJH�DQG������
EHLQJ�XQGHU�ORZ�NQRZOHGJH�FDWHJRU\��

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

7DEOH����'LVWULEXWLRQ�RI�UHVSRQGHQWV�DFFRUGLQJ�WR�WKHLU�DJH

7DEOH����&DWHJRUL]DWLRQ�RI� UHVSRQGHQWV�DFFRUGLQJ� WR� WKHLU�
HGXFDWLRQ

7DEOH����)DPLO\�PHPEHU�RI�VDPSOHG�IDUPHUV

7DEOH����&DWHJRUL]DWLRQ�RI� UHVSRQGHQWV� DFFRUGLQJ� WR� WKHLU�
KRPHVWHDG�VL]H

7DEOH� ��� 'LVWULEXWLRQ� RI� UHVSRQGHQWV� DFFRUGLQJ� WR� WKHLU�
DQQXDO�LQFRPH

7DEOH� ��� 'LVWULEXWLRQ� RI� WKH� IDUPHUV� DFFRUGLQJ� WR� WKHLU�
NQRZOHGJH
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3UREOHP� FRQIURQWDWLRQ� VFRUHV� RI� WKH� UHVSRQGHQW� IDUPHUV�
YDULHG�IURP�������ZLWK�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�ZHUH�
������ DQG������ UHVSHFWLYHO\�� ,Q� FDVH� RI� SHUFHQW�� WKHUH� DUH�
������� WLPEHU� WUHHV�� ���� IUXLW� WUHHV�� ������� PHGLFLQDO�
WUHHV���������IRGGHU�WUHHV�DQG��������IXHO�ZRRG�WUHHV�LQ�
VWXG\�DUHD���)LJXUH�����

$PRQJ� ����GLIIHUHQW� WLPEHU� WUHHV�� �$NDVKPRQL��������
���� 0DKRJDQ\� ������ ��� DQG� (XFDO\SWXV� ������ ��� ZHUH�
IRXQG�DV�GRPLQDQW�WUHHV�� �$PRQJ� ����GLIIHUHQW�IUXLW� �WUHHV��
-DFNIUXLW�����������DQG�0DQJR�����������ZHUH�GRPLQDQW�
WUHHV��$PRQJ����PHGLFLQDO� WUHHV��1HHP����������DQG�%HO�
�������� ZHUH� GRPLQDQW� WUHHV�� $PRQJ� �� IRGGHU� WUHHV��
%DPERR��������DQG�,SLO�LSLO����������ZHUH�GRPLQDQW�WUHHV���
$PRQJ��� IXHO� WUHHV��0DQGHU� ��������DQG�6LVVRR���������
ZHUH�GRPLQDQW�WUHHV��2XW�RI����WLPEHU�VSHFLHV�0DKRJRQL��
$NDVKPRQL� DQG� (XFO\SWXV� ZHUH� IRXQG� DV� FRPPRQO\� LQ�
DOPRVW�����UHVSRQGHQW�KRXVHV�DUHD��7KH�GLYHUVLW\�RI�WLPEHU�
VSHFLHV� LQ� WKH� VWXG\� DUHD�ZDV� ULFK� FRPSDUH� WR�PHGLFLQDO��
IUXLWV��6LPLODU�W\SH�RI�WLPEHU�VSHFLHV�GLYHUVLW\�ZDV�REVHUYHG�
E\� 6DGDW� ������� LQ� *DLEDQGKD� DQG� KH� REVHUYHG� WRWDO� ���
WLPEHU�VSHFLHV�LQ�KLV�VWXG\�DUHD�

7RWDO����IUXLW�WUHH�VSHFLHV�ZHUH�IRXQG�LQ�WKH�VWXG\�DUHD��
$PRQJ�WKH�IUXLW�VSHFLHV�0DQJR�DQG�-DFNIUXLW�ZHUH�GRPLQDQW�
DQG�IRXQG�XS�WR�����UHVSRQGHQW�KRXVHV��7KH�GLYHUVLW\�RI�
IUXLW� VSHFLHV� LQ� WKH� VWXG\�DUHD�ZDV� ULFK�FRPSDUH�DOO�RWKHU�
VSHFLHV��6LPLODU�W\SH�RI�IUXLW�VSHFLHV�GLYHUVLW\�ZDV�REVHUYHG�
E\�%HODOL��������LQ�1DUD\DQJRQM�DQG�KH�REVHUYHG�WRWDO����
IUXLW�VSHFLHV�LQ�1DUD\DQJRQM�DUHD��$QG�VSHFLHV�GLYHUVLW\�ZDV�
REVHUYHG� E\� +RVVDLQ� DQG� %DUL� ������� VWDWHG� WKDW� WKH�
KRPHVWHDGV�LQ�UXUDO�%DQJODGHVK�DUH�FOXVWHUHG�ZLWK�QHDUO\����
VSHFLHV�RI�IUXLW�WUHHV�DQG����VSHFLHV�RI�WLPEHU��IXHOZRRG�DQG�
LQGXVWULDO�ZRRG�WUHHV�

6SHFLHV� GLYHUVLW\� LQGH[� IRU� WKH� 0XOWLSXUSRVH� 7UHH�
6SHFLHV� LQ� WKH� KRPHVWHDGV� DJURIRUHVWU\�ZDV�PHDVXUHG� E\�
6KDQQRQ�ZLHQHU�LQGH[��+���6KDQQRQ�ZLHQHU�LQGH[��+��YDOXH�
UDQJHG� IURP� ��������������� � ,QFDVH� RI� WLPEHU� VSHFLHV��
KLJKHVW�LQGH[��+��YDOXH�IRXQG�LQ�+HPQDJDU�XQLRQ��+ �������
DQG� ORZHVW� LQGH[� �+�� YDOXH� IRXQG� LQ� -KDRDLO� XQLRQ�
�+ ��������,QFDVH�RI�IUXLWV��VSHFLHV��KLJKHVW�LQGH[��+��YDOXH�
IRXQG�LQ�-KDRDLO�XQLRQ��+ �������DQG�ORZHVW�LQGH[��+��YDOXH�
IRXQG�LQ�'KRSDNDQGL�XQLRQ��+ ��������,QFDVH�RI�PHGLFLQDO�
WUHH��VSHFLHV��KLJKHVW�LQGH[��+��YDOXH�IRXQG�LQ�-KDRDLO�XQLRQ�
�+ �������DQG�ORZHVW�LQGH[��+��YDOXH�IRXQG�LQ�'KRSDNDQGL�
XQLRQ� �+ �������� ,QFDVH� RI� IRGGHU� WUHH� � VSHFLHV�� KLJKHVW�
LQGH[��+��YDOXH�IRXQG�LQ�+DGLUD�XQLRQ��+ �������DQG�ORZHVW�
LQGH[� �+�� YDOXH� IRXQG� LQ� 'KRSDNDQGL� XQLRQ� �+ ��������
,QFDVH�RI�IXHO�WUHH��VSHFLHV��KLJKHVW�LQGH[��+��YDOXH�IRXQG�LQ�
-KDRDLO�XQLRQ��+ �������DQG�ORZHVW�LQGH[��+��YDOXH�IRXQG�LQ�
+DGLUD�XQLRQ��+ ��������,QFDVH�RI�DOO��VSHFLHV��KLJKHVW�LQGH[�

)LJXUH����3HUFHQWDJH�RI�IUXLW��WLPEHU�DQG�PHGLFLQDO�WUHHV�LQ�
WKH�VWXG\�DUHD

7DEOH����0XOWLSXUSRVH� WUHH�VSHFLHV�GLYHUVLW\�RI�KRPHVWHDG�
DJURIRUHVWU\
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YDOXH�IRXQG�LQ�-KDRDLO�XQLRQ��+ ��������,QFDVH�RI�IUXLWV��
VSHFLHV�� KLJKHVW� LQGH[� �+�� YDOXH� IRXQG� LQ� -KDRDLO� XQLRQ�
�+ �������DQG�ORZHVW�LQGH[��+��YDOXH�IRXQG�LQ�'KRSDNDQGL�
XQLRQ��+ ��������,QFDVH�RI�PHGLFLQDO�WUHH� �VSHFLHV��KLJKHVW�
LQGH[��+��YDOXH�IRXQG�LQ�-KDRDLO�XQLRQ��+ �������DQG�ORZHVW�
LQGH[� �+�� YDOXH� IRXQG� LQ� 'KRSDNDQGL� XQLRQ� �+ ��������
,QFDVH�RI�IRGGHU�WUHH��VSHFLHV��KLJKHVW�LQGH[��+��YDOXH�IRXQG�
LQ�+DGLUD�XQLRQ��+ �������DQG�ORZHVW�LQGH[��+��YDOXH�IRXQG�
LQ�'KRSDNDQGL�XQLRQ��+ ��������,QFDVH�RI�IXHO�WUHH��VSHFLHV��
KLJKHVW�LQGH[��+��YDOXH�IRXQG�LQ�-KDRDLO�XQLRQ��+ �������
DQG� ORZHVW� LQGH[� �+�� YDOXH� IRXQG� LQ� +DGLUD� XQLRQ�
�+ ��������,QFDVH�RI�DOO� �VSHFLHV��KLJKHVW�LQGH[��+��YDOXH�
IRXQG�LQ�-KDRDLO�XQLRQ��+ �������DQG�ORZHVW�LQGH[��+��YDOXH�
IRXQG�LQ�'KRSDNDQGL�XQLRQ��+ ����������7DEOH����

6LPLODU�W\SH�RI�VSHFLHV�GLYHUVLW\�ZDV�REVHUYHG�E\�5R\�HW��
DO��� ��������7KH�UHVXOW�RI�6KDQQRQ�:LQQHU�GLYHUVLW\�LQGH[�
YDOXH�ZDV�FDOFXODWHG�KLJKHVW�IRU�WUHH���������KHUE��������DQG�
VKUXE��������LQ�UXUDO�KRPHVWHDG�JDUGHQ��

'LVWULEXWLRQ�RI�UHVSRQGHQWV�DFFRUGLQJ�WR�WKHLU�LQFRPH�
IURP�037V
,Q�KRPHVWHDG� DJURIRUHVWU\��0XOWLSXUSRVH�7UHH�6SHFLHV�

�037V�� KDYH� GLUHFW� LPSDFW� RQ� � LQFRPH� RI� WKH� IDUPHUV��
)DUPHUV�DUH�FODVVL¿HG�LQWR�WKUHH�FDWHJRULHV�RQ�WKH�EDVLV�RI�
037V�QXPEHU�ZLWK�VWDQGDUG�GHYLDWLRQ��������6PDOO�IDUPHUV�
ZLWK�037V�QXPEHU� ����±� ���� KDYH� � DYHUDJH� ORZ� LQFRPH�
������WKRXVDQG��0HGLXP�IDUPHUV�ZLWK�037V�QXPEHU�����±�
����KDYH� �DYHUDJH�PHGLXP�LQFRPH������� WKRXVDQG�� �$QG�
ODUJH�IDUPHUV�ZLWK�DYHUDJH�037V�QXPEHU�PRUH�WKDQ����KDYH�
DYHUDJH�KLJKHVW�LQFRPH�������WKRXVDQG��7DEOH����

6FRUHV�RI�IDUPHUV�RSLQLRQ�UHJDUGLQJ�FKDQJHV�LQ�VRFLR�
HFRQRPLF� DVSHFWV� GXH� WR� KRPHVWHDG� DJURIRUHVWU\� UDQJHG�
IURP���WR������LQGLFDWHG�QR�RSLQLRQ�DQG������LQGLFDWHG�KLJK�
RSLQLRQ���������UHVSRQGHQWV�WKLQN�WKDW�037V�LQ�KRPHVWHDG�
DJURIRUHVWU\�KDYH�ORZ�LPSDFW�LQ�LPSURYLQJ�VRFLR�HFRQRPLF�
DVSHFWV���������UHVSRQGHQWV�WKLQN�WKDW�037V�LQ�KRPHVWHDG�
DJURIRUHVWU\� KDYH� PHGLXP� LPSDFW� LQ� LPSURYLQJ� VRFLR�
HFRQRPLF� DVSHFWV�� ���� UHVSRQGHQWV� WKLQN� WKDW� 037V� LQ�
KRPHVWHDG� DJURIRUHVWU\� KDYH� KLJK� LPSDFW� LQ� LPSURYLQJ�
VRFLR�HFRQRPLF�DVSHFWV��7DEOH�����

5HODWLRQVKLS�
7KH�VHFWLRQ�GHDOV�ZLWK�UHODWLRQVKLS�EHWZHHQ�WHQ�VHOHFWHG�

FKDUDFWHULVWLFV�RI�WKH�IDUPHUV�DQG�WKH�LPSDFW�RI�PXOWLSXUSRVH�
WUHH� VSHFLHV� LQ� WKH� KRPHVWHDG� DUJRIRUHVWU\� V\VWHP� RQ� WKH�
OLYHOLKRRG�RI�WKH�IDUPHUV��7KH�YDULDEOHV�ZHUH�DJH��HGXFDWLRQ��
IDPLO\�PHPEHU��IDUP�VL]H��KRPHVWHDG�VL]H��DQQXDO�LQFRPH��
RUJDQQL]DWLRQ�SDUWLFLSDWLRQ��NQRZOHGJH�RQ�KRHPVWHDG�DQG�
SUREOHP� FRQIURQWDWLRQ�� 7R� H[SORUH� WKH� UHODWLRQVKLSV�
3HDUVRQ
V� 3URGXFW�0RPHQW�&R�HI¿FLHQW� RI�&RUUHODWLRQ� �U��
KDV�EHHQ�XVHG��7DEOH�����ZLWK�GHVFULSWLRQ�RI�WKH�PHDQLQJ�RI�

U
� �&RKHQ� DQG� +ROLGD\�� ������� 7KH� UHODWLRQVKLSV� RI� WKH�
VHOHFWHG�FKDUDFWHULVWLFV�RI�WKH�UHVSRQGHQWV�DQG�WKH�LPSDFW�RI�
PXOWLSXUSRVH�WUHH�VSHFLHV�RQ�WKH�OLYHOLKRRG�RI�WKH�IDUPHUV�
KDYH�EHHQ�VKRZQ�LQ�7DEOH����

7KH�DJH�RI�WKH�IDUPHUV�DQG�WKH�LPSDFW�RI�PXOWLSXUSRVH�
WUHH�VSHFLHV�RQ�WKH�OLYHOLKRRG�RI�WKH�IDUPHUV�ZDV�H[DPLQHG�
DJDLQVW� WKH� QXOO� K\SRWKHVLV� DV� ³WKHUH� LV� QR� UHODWLRQVKLS�
EHWZHHQ� WKH� DJH� RI� RI� WKH� IDUPHUV� DQG� WKH� LPSDFW� RI�
PXOWLSXUSRVH�WUHH�VSHFLHV�RQ�WKH�OLYHOLKRRG�RI�WKH�IDUPHUV��´
7KH�YDOXH�RI�FRUUHODWLRQ�
U
�ZDV�IRXQG�˹ ̄˼˻˻�ZKLFK�ZDV�QRQ�
VLJQL¿FDQW�� 7KH� ¿QGLQJV� LQGLFDWHG� WKDW� DJH� RI� WKH�
UHVSRQGHQWV� KDG� QR� UHODWLRQVKLS� ZLWK� WKH� LPSDFW� RI�
PXOWLSXUSRVH�WUHH�VSHFLHV�RQ�WKH�OLYHOLKRRG�RI�WKH�IDUPHUV��
$HDUZDO� ������� DOVR� REVHUYHG� VDPH� UHODWLRQ� LQ� QRUWKHUQ�
%DQJODGHVK��7KH�HGXFDWLRQ�RI�WKH�IDUPHUV�DQG�WKH�LPSDFW�RI�
PXOWLSXUSRVH�WUHH�VSHFLHV�RQ�WKH�OLYHOLKRRG�RI�WKH�IDUPHUV�
ZDV� H[DPLQHG� DJDLQVW� WKH� QXOO� K\SRWKHVLV� DV� ³WKHUH� LV� QR�
UHODWLRQVKLS�EHWZHHQ�WKH�HGXDFWLRQ�RI� WKH�IDUPHUV�DQG� WKH�
LPSDFW�RI�PXOWLSXUSRVH�WUHH�VSHFLHV�RQ�WKH�OLYHOLKRRG�RI�WKH�
IDUPHUV��7KH�YDOXH�RI�FRUUHODWLRQ�
U
�LQ�VXFK�FDVH�ZDV�IRXQG��
˹̄˾̀˻�ZKLFK�ZDV�VLJQL¿FDQW�DW�˹̄˹˺�OHYHO�RI�SUREDELOLW\��,W�
PHDQV� WKDW�D�SHUVRQ�KDYLQJ�PRUH�HGXFDWLRQ�ZDV� OLNHO\� WR�
KDYH� OHVV� LPSDFW� ZLWK� PXOWLSXUSRVH� WUHH� VSHFLHV� RQ� KLV�
OLYHOLKRRG��6XGPH\H�HW��DO����������DOVR�REVHUYHG�WKH�VDPH�
UHVXOW� LQ�5RQJSXU�GLVWULFW��+DOLP�DQG�+RVVDLQ� �������DOVR�
REVHUYHG�WKH�VDPH�UHVXOW�LQ�7DQJDLO�GLVWULFW��7KH�KRPHVWHDG�
VL]H� RI� WKH� IDUPHUV� DQG� WKH� LPSDFW� RI� PXOWLSXUSRVH� WUHH�
VSHFLHV�RQ�WKH�OLYHOLKRRG�RI�WKH�IDUPHUV�ZDV�H[DPLQHG�E\�
WHVWLQJ� WKH� IROORZLQJ� QXOO� K\SRWKHVLV�� ³WKHUH� LV� QR�
UHODWLRQVKLS�EHWZHHQ�WKH�KRPHVWHDG�VL]H�RI�WKH�IDUPHUV�DQG�
WKH�LPSDFW�RI�PXOWLSXUSRVH�WUHH�VSHFLHV�RQ�WKH�OLYHOLKRRG�RI�
WKH� IDUPHUV´��7KH� FRPSXWHG�YDOXH�RI� 
U
�ZDV� IRXQG�������
ZKLFK� ZDV� VLJQL¿FDQW� DW� ����� OHYHO� RI� SUREDELOLW\�� 7KH�
UHODWLRQVKLS� EHWZHHQ� WKH� WZR� FRQFHUQHG� YDULDEOHV� DOVR�
VKRZHG�SRVLWLYH�WUHQG��+HQFH��WKH�FRQFHUQHG�QXOO�K\SRWKHVLV�
FRXOG�EH�UHMHFWHG��7KH�¿QGLQJV�LQGLFDWHG�WKDW�KRPHVWHDG�VL]H�
RI� WKH� UHVSRQGHQWV� KDG� D� SRVLWLYH� VLJQL¿FDQW� UHODWLRQVKLS�
ZLWK� WKH� LPSDFW� RI� PXOWLSXUSRVH� WUHH� VSHFLHV� RQ� WKH�
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7DEOH����&DWHJRUL]DWLRQ�RI�UHVSRQGHQWV�DFFRUGLQJ�WR�WKHLU�
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7DEOH�����'LVWULEXWLRQ�RI�WKH�IDUPHUV�DFFRUGLQJ�WR�WKHLU�VRFLR�
HFRQRPLF�DVSHFW

7DEOH�����&RPSXWHG�FR�HI¿FLHQW�RI�FRUUHODWLRQ��U��EHWZHHQ�
IDUPHUV� VHOHFWHG� FKDUDFWHULVWLFV� DQG� ,PSDFW� RI�
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PXOWLSXUSRVH�WUHH�VSHFLHV�RQ�WKH�OLYHOLKRRG�RI�WKH�IDUPHUV� �
7KH�UHODWLRQ�EZWZHHQ�DQQXDO�LQFRPH�RI�WKH�IDUPHUV�DQG�WKH�
LPSDFW�RI�PXOWLSXUSRVH�WUHH�VSHFLHV�RQ�WKH�OLYHOLKRRG�RI�WKH�
IDUPHUV�ZDV�H[DPLQHG�E\�WHVWLQJ�WKH�QXOO�K\SRWKHVLV��³WKHUH�
LV�QR�UHODWLRQVKLS�EHWZHHQ�DQQXDO�LQFRPH�RI�WKH�IDUPHUV�DQG�
WKHLU� DWWLWXGH� WRZDUGV� KRPHVWHDG� DJURIRUHVWU\´�� 7KH�
FRPSXWHG�YDOXH�RI�
U
�ZDV�IRXQG�������ZKLFK�ZDV�VLJQL¿FDQW�
DW������OHYHO�RI�SUREDELOLW\��
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7RWDO����WUHH�VSHFLHV�ZHUH�UHFRUGHG�IURP�WKH�VWXG\�DUHD�RI�
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'KRSDNDQGL� XQLRQ� �+ �������� 7KH� DYHUDJH� VL]H� RI� WKH�
KRPHVWHDG�ZDV�������KD�DQG�DOPRVW�DOO�WKH�IDUPHUV�RI�WKH�
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%XUOH\�� -�� DQG� &DUORZLW]�� 9�� 3�� �������0XOWLSXUSRVH� WUHH� JHUPSODVP��
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'DVJXSWD��6���$]PD��$��.���5DKPDQ��0��DQG�,VODP��.��'��.��0����������
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DJULFXOWXUDO� SURGXFWLRQ�� 0�� 6F�� 7KHVLV�� 'HSW�� RI� $JURIRUHVWU\��
%$8��0\PHQVLQJK�

0LDK��*���$EHGLQ��0��=���.KDLU��$��%��0��$���6KDKLGXOODK��0��DQG�%DNL��$��-��
0��$����������+RPHVWHDG�SODQWDWLRQ�DQG�KRXVHKROG�IXHO�VLWXDWLRQ�
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WKH� FRQWH[W� RI� ³,PSURYHPHQW� RI� RUJDQ൴F� IDUP൴QJ� ൴Q� /൴FH�
G൴VWU൴FW�RI�'൴\DUEDNÕU´�3URMHFW�Z൴WK�D�EXGJHW�RI���������༲�
�*$3���������,Q�WK൴V�VWXG\�൴W�ZDV�D൴PHG�WR�XQYH൴O�WKH�RS൴Q൴RQV�
DQG�DWW൴WXGHV�RI�WKH�YHJHWDEOH�JURZHUV�RQ�RUJDQ൴F�IDUP൴QJ�

0DWHU൴DO�DQG�0HWKRGV
7KH�SU൴PDU\�GDWD�ZDV�REWD൴QHG�IURP�WKH�TXHVW൴RQQD൴UHV�

WKURXJK�IDFH�WR�IDFH�IDUPHU�൴QWHUY൴HZV�ZK൴OH�RI¿F൴DO�UHFRUGV�
RI�WKH�'൴\DUEDNÕU�SURY൴QF൴DO�G൴UHFWRUDWH�RI�$JU൴FXOWXUH�ZHUH�
WKH�VHFRQGDU\�GDWD�RI�WKH�VWXG\��6WXG\�DUHD�FRYHUV�WKH�(UJDQ൴��
dÕQDU� DQG� FHQWUDO� G൴VWU൴FWV� RI� '൴\DUEDNÕU� SURY൴QFH� ZKHUH�
RUJDQ൴F� SURGXFW൴RQ� KDV� EHHQ� SUDFW൴FHG�� 6൴QFH� ൴W� ZDV� QRW�
SRVV൴EOH�WR�Y൴V൴W�DOO�SURGXFHUV�G൴VSHUVHG�൴Q�WKHVH�G൴VWU൴FWV�DQG�
Y൴OODJHV�UHJDUG൴QJ�WKH�W൴PH�DQG�EXGJHW�O൴P൴WDW൴RQV��XV൴QJ�WKH�
RUJDQ൴F� SURGXFHUV
� UHFRUGV� RI� '൴\DUEDNÕU� SURY൴QF൴DO�
G൴UHFWRUDWH� RI� $JU൴FXOWXUH� WKH� SRSXODW൴RQ� RI� WKH� RUJDQ൴F�
SURGXFHUV� ZDV� VDPSOHG�� 6DPSOH� V൴]H� ZDV� GHWHUP൴QHG�
DFFRUG൴QJ� WR� V൴PSOH� UDQGRP൴]HG� VDPSO൴QJ�PHWKRG��ZK൴FK�
DOORZV� DOO� ൴QG൴Y൴GXDOV� ൴Q� WKH� SRSXODW൴RQ� WR� EH� VDPSOHG�
HTXDOO\� �1HZEROG�� ������ 0൴UDQ�� ������� DQG� FDOFXODWHG�
DFFRUG൴QJ�WR�WKH�IRUPXOD�J൴YHQ�DQG�H[SOD൴QHG�EHORZ�

ZKHUH�
Q� �6DPSOH�VL]H
1� �7RWDO�QXPEHU�RI�RUJDQLF�YHJHWDEOH�JURZHUV�
�ı � �9DULDQFHS

U� �0DUJLQ�RI�HUURU������
= � �7KH�]�VFRUH�IRU�����FRQ¿GHQFH��������ı��

S�  � /LNHOLKRRG� RI� VHOHFWLQJ� DQ� LQGLYLGXDO� RUJDQLF�
YHJHWDEOH�JURZHU�IURP�WKH�SRSXODWLRQ��DVVXPHG�WR�EH������WR�
REWD൴Q�D�E൴J�HQRXJK�VDPSOH�V൴]H�IRU�SUHF൴V൴RQ�

7KH�VDPSOH�V൴]H�ZDV�FDOFXODWHG�WR�EH�����JURZHUV�EXW�൴W�
ZDV� URXQGHG� XS� WR� ���� DJD൴QVW� WKH� SRVV൴E൴O൴W\� RI� VRPH�
൴QFRPSOHWH��QRQ�HO൴J൴EOH�TXHVW൴RQQD൴UHV��,Q�DQDO\V൴V�RI�WKH�
GDWD�GHVFU൴SW൴YH�VWDW൴VW൴FDO�PHWKRGV�DQG�&K൴�6TXDUH�WHVW�ZHUH�
HPSOR\HG� IRU� WKH� TXDO൴WDW൴YH� YDU൴DEOHV�� RU� WKH� RU൴J൴QDOO\�
TXDQW൴WDW൴YH�EXW�FRQYHUWHG�WR�TXDO൴WDW൴YH�YDU൴DEOHV��3�VN�OF��
DQG�øN൴]��������

7KH�VDPSOH�V൴]H�ZDV�FDOFXODWHG�WR�EH�����JURZHUV�EXW�൴W�
ZDV� URXQGHG� XS� WR� ���� DJD൴QVW� WKH� SRVV൴E൴O൴W\� RI� VRPH�
൴QFRPSOHWH��QRQ�HO൴J൴EOH�TXHVW൴RQQD൴UHV��,Q�DQDO\V൴V�RI�WKH�
GDWD�GHVFU൴SW൴YH�VWDW൴VW൴FDO�PHWKRGV�DQG�&K൴�6TXDUH�WHVW�ZHUH�
HPSOR\HG� IRU� WKH� TXDO൴WDW൴YH� YDU൴DEOHV�� RU� WKH� RU൴J൴QDOO\�
TXDQW൴WDW൴YH�EXW�FRQYHUWHG�WR�TXDO൴WDW൴YH�YDU൴DEOHV��3�VN�OF��
DQG�øN൴]��������

5HVXOWV�DQG�'LVFXVVLRQ
2I�DOO�DJH�JURXSV���������������DQG���������������ZHUH�

WKH�PRVW�FRQJORPHUDWHG�PDN൴QJ�������RI�DOO�UHVSRQGHQWV�
�d൴]HOJH����,W�ZDV�GHWHUP൴QHG�WKDW��������������DQG������

KDG�SU൴PDU\�VFKRRO��VHFRQGDU\�VFKRRO�DQG�EDFKHORU�GHJUHHV�
UHVSHFW൴YHO\�ZK൴OH������KDG�QR�DQ\�GHJUHH��$OVR��������RI�
WKH�UHVSRQGHQWV�VWDWHG�WKDW�WKHUH�ZDV�QR�FRRSHUDW൴YH�൴Q�WKH൴U�
Y൴OODJHV��2QO\�������RI�WKHP�KDG�D�PHPEHUVK൴S�WR�SURGXFHU�
RUJDQ൴]DW൴RQV�� :KHUHDV�� IDUPHU� RUJDQ൴]DW൴RQV� KDV� DQ�
൴PSRUWDQW� UROH� ൴Q� DFK൴HY൴QJ� DQ� HFRRP൴F� DQG� VRF൴DOO\�
VXVWD൴QDEOH�$JU൴FXOWXUDO�SURGXFW൴RQ��ùDK൴Q�HW�DO����������

,Q�D�VLPLODU�VWXG\�ZDV�LW�UHSRUWHG�WKDW��������������DQG�
������RI�WKH�UHVSRQGHQWV�ZHUH�WKH�PHPEHUV�RI�$JULFXOWXUDO�
&UHGL W � FRRSHUDW LYHV � � $JULFXO WXUDO � 'HYHORSPHQW�
&RRSHUDWLYHV� DQG� $JULFXOWXUDO� 6DOHV� &RRSHUDWLYHV�
UHVSHFWLYHO\��'R÷DQ��������

,Q� RXU� VWXG\�� ����RI� WKH� UHVSRQGHQWV� VWDWHG� WKDW� WKH\�
HQJDJHG�YHJHWDEOH�SURGXFW൴RQ�ERWK�IRU�IDP൴O\�FRQVXPSW൴RQV�
DQG� FRPPHUF൴DO� SXUSRVHV� DV� ����ZHUH� VROHO\� IRU� IDP൴O\�
FRQVXPSW൴RQ�DQG�FRPPHUF൴DO�UHVSHFW൴YHO\��7DEOH�����

,Q� D� VWXG\� FRQGXFWHG� ൴Q� (U]XUXP� ൴W� ZDV� QRWHG� WKDW�
FRPPHUF൴DO� JURZHUV� DGRSWHG� WKH� RUJDQ൴F� IDUP൴QJ� PRUH�
HDV൴O\��.D\D�YH�$WVDQ��������

7KH�SU൴PDU\�REMHFW൴YH�RI� WKH�RUJDQ൴F�$JU൴FXOWXUH� ൴V� WR�
SUHYHQW� WKH�XVH�RI�KDUPIXO� FKHP൴FDOV��7KHUH� ൴V� D�SRV൴W൴YH�
UHODW൴RQVK൴S�EHWZHHQ�WKH�OHYHO�RI�DZDUHQHVV�RQ�WKH�KDUPIXO�
HIIHFWV� RI� WKHVH� FKHP൴FDOV� DQG� WKH� DGRSW൴RQ� RI� RJDQ൴F�
$JU൴FXOWXUH�E\�WKH�IDUPHUV�� �$OPRVW�KDOI�RI�WKH�UHVSRQGHQWV�
������൴Q�WKH�VWXG\�DUHD�DFFHSWHG�WKH�SRVV൴E൴O൴W\�RI�KDUPIXO�
HIIHFWV�RI�WKH�FKHP൴FDOV�WKH\�XVHG�൴Q�$JU൴FXOWXUH�DV�DERXW�
����G൴G�QRW�DJUHH�Z൴WK�WKHVH�FKHP൴FDOV
�GHWU൴PHQWDO�HIIHFWV��
$JD൴Q������VWDWHG�WKDW�WKHVH�FKHP൴FDOV�P൴JKW�EH�SDUW൴DOO\�
KDUPIXO�IRU�WKH�HQY൴URQPHQW��7DEOH����

,Q�D�VWXG\�FRQGXFWHG�൴Q�$UWRYD�G൴VWU൴FW�RI�7RNDW�SURY൴QFH��
൴W�ZDV� UHSRUWHG� WKDW�������DQG�������RI� WKH� UHVSRQGHQWV�
DGP൴WWHG� WKH� KDUPIXO� HIIHFWV� RI� SHVW൴F൴GHV� DQG� FKHP൴FDO�
IHUW൴O൴]HUV�UHVSHFW൴YHO\��.Õ]ÕODVODQ�DQG�.Õ]ÕODVODQ���������

,W�൴V�D�ZHOO�NQRZQ�IDFW�WKDW�XQFRQVF൴RXV��H[FHVV൴YH�DQG�
ORQJ�\HDUV�RI�FKHP൴FDO�IHUW൴O൴]HU�XVH�EU൴QJV�DERXW�VDO൴QDW൴RQ�
DQG� KHDY\� PHWDO� DFFXPXODW൴RQ�� XQEDODQFHG� DQG�
KHWHURJHQRXV�SODQW�QXWU൴HQW�FRQWHQW�DQG�SRRU�P൴FURRUJDQV൴P�
DFW൴Y൴W\�൴Q�VR൴OV��DORQJ�Z൴WK�QHJDW൴YH�HQY൴URQPHQWDO�൴PSDFWV�
VXFK�DV�Q൴WURJHQ�DQG�VXOSKXUH�HP൴VV൴RQ��WK൴Q�R]RQH�OD\HU�DQG�
JUHHQKRXVH�HIIHFWV� �6|QPH]�HW�DO���������� � ,Q�FKDOOHQJ൴QJ�
WKHVH� SUREOHPV� ൴W� ൴V� RI� Y൴WDO� ൴PSRUWDQFH� WR� XVH� IHUW൴O൴]HUV�
DFFRUG൴QJ�WR�VR൴O�WHVW�UHVXOWV��,Q�IDFW�WK൴V�FDQ�EH�DFFHSWHG�DV�DQ�
൴QG൴FDW൴RQ� VKRZ൴QJ� WKH� K൴JKHU� OHYHO� RI� FRQVF൴RXVQHVV� QRW�
RQO\� ൴Q� RUJDQ൴F� SURGXFW൴RQ� EXW� DOVR� ൴Q� FRQYHQW൴RQDO�
DJU൴FXOWXUH� DV� ZHOO�� ,Q� SUHVHQW� VWXG\�� DERXW� ���� RI� WKH�
UHVSRQGHQWV�VWDWHG�WKDW�WKH\�G൴G�QRW�KDYH�WKH൴U�VR൴OV�WHVWHG�DV�
DERXW�RQH�WK൴UG�������RI�WKHP�HPSOR\HG�UHJXODU�VR൴O�WHVWV�
�7DEOH� ���� ,Q� D� VWXG\� H[HFXWHG� ൴Q� 0DQ൴VD� SURY൴QFH� D�
PHDQ൴QJIXO� UHODW൴RQVK൴S� ZDV� UHSRUWHG� EHWZHHQ� SUHY൴RXV�
HQJDJHPHQW� ൴Q� RJDQ൴F� IDUP൴QJ� DQG� UHJXODU� VR൴O� WHVW�
HPSOR\PHQW��%DúDN�HW�DO����������0RUHRYHU��൴Q�DQRWKHU�VWXG\�
FRQGXFWHG� ൴Q� .D]RYD� G൴VWU൴FW� RI� 7RNDW� SURY൴QFH� ൴W� ZDV�
GWHUP൴QHG�WKDW�PRVW�RI� WKH�DJ൴FXOWXUDO�SURGXFHUV�DGP൴WWHG�
WKH�QHFHVV൴W\�RI�VR൴O� WHVW൴QJ�HYHQWKRXJK�WKH\�G൴G�QRW�KDYH�
WKH൴U�VR൴OV�WHVWHG�UHJXODUO\��2OJXQ��������

:KHQ� DVNHG� KRZ� WKH\� GHWHUP൴QH� WKH� QXWU൴HQW�
UHTX൴UHPHQWV�RI�WKH൴U�VR൴OV��DURXQG������RI�WKH�UHVSRQGHQWV�
UHSO൴HG� WKDW� WKH\� G൴G� DFFRUG൴QJ� WR� WKH൴U� RZQ� H[SHU൴HQFHV��
DGY൴FHV� RI� QH൴JKERXU� RU� IU൴HQGV� DQG� VXJJHVW൴RQV� RI� WKH�
$JU൴FXOWXUDO�H[SHUWV�൴Q�UHVSHFW൴YH�RUGHU��2QO\�DERXW������RI�
WKHP�VWDWHG�WKDW�WKH\�GHWHUP൴QHG�DFFRUG൴QJ�WR�VR൴O�WHVW�UHVXOWV�
�7DEOH� ���� 7K൴V� UHVXOW� VXJJHVWV� WKDW� WKH� SURGXFHUV� KDYH� D�
FRQYHQW൴RQDO�ZD\�RI�WK൴QN൴QJ�RQ�$JU൴FXOWXUDO�SURGXFW൴RQ�൴Q�
WKH�VWXG\�DUHD��

9HGDW�3൴U൴Qo��$EGXUUDKPDQ�.DUD��=DIHU�$NW�UN��6RQJ�O�$NÕQ '2,�����������MDHIV������
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7KH�SU൴RU൴W\� WRRO� ൴Q�DGRSW൴RQ�DQG�G൴VVHP൴QDW൴RQ�RI� WKH�
RUJDQ൴F� IDUP൴QJ� DPRQJ� WKH� IDUPHUV�� ZK൴FK� ൴V� D� QHZ�
SURGXFW൴RQ�WHFKQ൴TXH�IRU�WKHP��൴V�WKH�NQRZOHGJH��$OWKRXJK�
RUJDQ൴F�$JU൴FXOWXUH�൴V�QRW�QHZ�IRU�7XUNH\��NQRZOHGJH�RI�WKH�
IDUPHUV�RQ�WK൴V�SURGXFW൴RQ�WHFKQ൴TXH�൴V�O൴P൴WHG�DQG�GHSHQGV�
RQ�VRPH�VSHF൴¿F�VRXUFHV�RI� ൴QIRUPDW൴RQ��$NÕQ���������$V�
WHFKQRORJ\� DQG� VF൴HQFH� SURJUHVV� UDS൴GO\� ൴Q� DOO� ¿HOGV�� ൴Q�
SDUDOOHO� WR� WK൴V� SURJUHVV� IDUPHU� QHHGV� IRU� NQRZOHGJH� DQG�
VN൴OOV� ൴QFUHDVH� GD\� E\� GD\�� )RU� WKDW� UHDVRQ�� ൴W� ൴V� RI� JUHDW�
൴PSRUWDQFH�WR�UHVHDUFK�RQ�WKH�൴QIRUPDW൴RQ�VRXUFHV�HIIHFW൴YH�
RQ�WKH�DGRSW൴RQ�DQG�G൴VVHP൴QDW൴RQ�RI�WKH�RUJDQ൴F�IDUP൴QJ�DV�
DQ�൴QQRYDW൴RQ��.D\D�DQG�$WVDQ���������

$ERXW�����RI�WKH�UHVSRQGHQWV�VWDWHG�WKDW�WKH\�G൴G�QRW�
KDYH�DGHTXDWH�൴QIRUPDW൴RQ�RQ�RUJDQ൴F�IDUP൴QJ��2QO\�DURXQG�
����SR൴QWHG�RXW�WKDW�WKH\�KDG�VXI¿F൴HQW�൴QIRUPDW൴RQ��,W�൴V�
REY൴RXV� IURP� 7DEOH� �� WKDW� UHVSRQGHQWV� IURP� (UJDQ൴� DQG�
dÕQDU� G൴VWU൴FWV�ZHUH� FRQV൴GHUDEO\�PRUH� FRQ¿GHQW� RQ� WKH൴U�
FDSDE൴O൴W\� RQ� RUJDQ൴F� IDUP൴QJ� FRPSDUHG� WR� WKRVH� IURP�
FHQWUDO�G൴VWU൴FW��7DEOH������

2UJDQ൴N�IDUP൴QJ�SURGXFHUV�QHHGV�PRUH�൴QIRUPDW൴RQ�RQ�
WKH� VXEMHFWV�RI� WHFKQ൴FDO��PDUNHW൴QJ� DQG� UHJXODW൴RQ� ൴VVXHV�
FRPSDUHG� WR� FRQYHQW൴RQDO� SURGXFHUV� �$NÕQ�� �������
,QIRUPDW൴RQ� VRXUFHV� RI� WKH� IDUPHUV� YDU൴HV� IURP� UHJ൴RQ� WR�
UHJ൴RQ� DQG� VXEMHFW� WR� VXEMHFW�� ,GHQW൴I\൴QJ� WKH� VRXUFHV� RI�
൴QIRUPDW൴RQ� ൴V� ൴PSRUWDQW� UHJDUG൴QJ� WKH� UHO൴DE൴O൴W\� DQG�
G൴IIXV൴RQ�RI�WKH�൴QIRUPDW൴RQ��$FFRUG൴QJ�WR�UHVSRQGHQWV�WKH൴U�
൴QIRUPDW൴RQ� VRXUFHV� ZHUH� WHOHY൴V൴RQ� ����� ,Q� SUHY൴RXV�
VWXG൴HV�൴W�ZDV�UHSRUWHG�WKDW�SURGXFHUV�EHQH¿WHG�IURP�79�DW�
WKH� VWDJH� RI� DZDUHQHVV� RI� ൴QQRYDW൴RQV� �2OJXQ�� ������� ,Q�
DQRWKHU�VWXG\�FRQGXFWHG�൴Q�.23�UHJ൴RQ�൴W�ZDV�GHWHUP൴QHG�
WKDW� SURGXFHUV� ODFNHG� RI� ൴QIRUPDW൴RQ� DQG� FRQVF൴RXVQHVV�
DERXW�RUJDQ൴F�IDUP൴QJ��hVW�QWDú�HW�DO���������

$PRQJ�WKH�IDFWRUV�RI�SU൴PDU\� ൴PSRUWDQFH� ൴V� WKH�SUR¿W�
H[SHFWDW൴RQ�UDQN൴QJ�¿UVW�൴Q�PDN൴QJ�SURGXFW൴RQ�GHF൴V൴RQV��,W�
൴V�G൴UHFWO\�UHODWHG�WR�FURS�\൴HOGV�DQG�SU൴FH��2I�WKH�UHVSRQGHQWV�
DURXQG������DQG�����VWDWHG�WKDW�WKH\�ZHUH�DZDUH��SDUW൴DOO\�
DZDUH�DQG�QRW�DZDUH�RI�WKH�ORZHU�\൴HOG�EXW�K൴JKHU�SURGXFW�
SU൴FHV�൴Q�RUJDQ൴F�IDUP൴QJ�൴Q�UHVSHFW൴YH�RUGHU��7DEOH�����,Q�D�
SUHY൴RXV�VWXG\�FRQGXFWHG�൴Q�0DQ൴VD�SURY൴QFH������RI�WKH�
UHVSRQGHQWV�SR൴QWHG�RXW�WKDW� ORZ�\൴HOG�൴Q�RUJDQ൴F�IDUP൴QJ�
ZDV�XQDYR൴GDEOH��%DúDN�HW�DO���������

&RQFOXV൴RQ
7KH�UHVHDUFK�UHVXOWV�VKRZ�WKDW�D�V൴JQ൴¿FDQW�QXPEHU�RI�

SURGXFHUV� HQJDJHG� Z൴WK� YHJHWDEOH� SURGXFW൴RQ� ERWK� IRU�
GRPHVW൴F�FRQVXPSW൴RQ�DQG�FRPPHUF൴DO�SXUSRVHV��7K൴V�UHVXOW�
KDV� EHHQ� ൴QWHUSUHWHG� DV� DQ� DGYDQWDJH� ൴Q� DGRSW൴QJ� RUJDQ൴F�
DJU൴FXOWXUH� E\� WKH� SURGXFHUV�� 7K൴V� ൴V� EHFDXVH� WKH�
FRQVXPSW൴RQ�RI� WKH�SURGXFW�SURGXFHG�E\� WKH�SURGXFHUV� ൴V�
൴QWHUSUHWHG�DV�DQ�DX[൴O൴DU\�IDFWRU�൴Q�WKH�DGRSW൴RQ�RI�RUJDQ൴F�
IDUP൴QJ�DQG�DW�WKH�VDPH�W൴PH�൴QFUHDV൴QJ�WKH�൴QFRPH�IURP�XQ൴W�
SURGXFW൴RQ��7K൴V�൴V�EHFDXVH�SURGXFHUV
�FRQVXPSW൴RQ�RI�WKH൴U�
RZQ� SURGXFWV� Z൴WK� D� SHDFH� RI� P൴QG� DQG� JHWW൴QJ� K൴JKHU�
UHYHQXH� SHU� XQ൴W� SURGXFW� PD\� IDF൴O൴WDWH� WKH� DGRSW൴RQ� RI�
RUJDQ൴F�IDUP൴QJ�

5HVXOWV�UHYHDOHG�WKDW�D�V൴JQ൴¿FDQW�QXPEHU�RI�SURGXFHUV�
KDYH�ODFNHG�RI�VXI¿F൴HQW�NQRZOHGJH�RQ�RUJDQ൴F�$JU൴FXOWXUH��
7KH�PRVW� ൴PSRUWDQW� WK൴QJ� ൴Q�$JU൴FXOWXUDO� H[WHQV൴RQ� ൴V� WR�
HQKDQFH�WKH�VXFFHVV�RI�H[WHQV൴RQ�ZRUN�WKURXJK�WUD൴Q൴QJ�WKH�
SURGXFHUV� RQ� WKH� VXEMHFWV� RQ� ZK൴FK� WKH\� DGP൴W� WKH൴U�
൴QFRPSHWHQFH�� 1HYHUWKHOHVV�� IDUPHUV
� ORZ� OHYHO� RI�
RUJDQ൴]DW൴RQ�൴V�VHHQ�DV�DQ�REVWDFOH�IRU�WKH�DGRSW൴RQ�RI�RUJDQ൴F�
IDUP൴QJ��)RU�WKDW�UHDVRQ��൴W�QHFHVVDU\�WR�UD൴VH�DZDUHQHVV�DQG�
HQFRXUDJH� WKH� SURGXFHUV� RQ� VWDUW൴QJ� SURGXFHU� XQ൴RQV� DQG�
FRRSHUDW൴YHV��

,W�ZDV�UHYHDOHG�WKDW�UHVSRQGHQWV�PRVWO\�UHO\�RQ�WKH൴U�RZQ�
H[SHU൴HQFHV�൴Q�GHWHUP൴QDW൴RQ�RI�QXWU൴HQW�UHTX൴UHPHQWV�RI�WKH�
SODQWV��7K൴V�PD\�EH�൴QWHUSUHWHG�WKDW�WKH\�KDYH�D�FRQYHQW൴RQDO�
ZD\�RI� WK൴QN൴QJ�DQG� ൴Q�HO൴P൴QDW൴RQ�RI� ൴W� H[WHQV൴RQ�DJHQWV�
ZRUN൴QJ� ൴Q� WKH� UHJ൴RQ� VKRXOG� QHFHVVDU൴O\� IRFXV� RQ� WKH�
H[WHQV൴RQ�ZRUN�RQ�WKH�UHODYDQW�VXEMHFWV�ZKHQ�QHHGHG�

$FFRUG൴QJ�WR�WKH�UHVXOWV�� ൴W�ZDV�IRXQG�WKDW� WKH�OHDG൴QJ�
VRXUFH� RI� ൴QIRUPDW൴RQ� RQ� RUJDQ൴F� IDUP൴QJ� ൴V� 79�� ZK൴FK�
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7K൴V� UHVHDUFK� ZDV� SURGXFHG� IURP� WKH� SURMHFW� HQW൴WOHG�

�,QYHVW൴JDW൴RQ� RI� 9HJHWDEOH� 3RWHQW൴DO� ൴Q� '൴\DUEDNÕU�
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DQG�([SHFWDW൴RQV�RI�)DUPHUV�$WWHQGHG�$ERXW�2UJDQ൴F�$JU൴FXOWXUH�
൴Q� 'HP൴UF൴� '൴VWU൴FW� RI� 0DQ൴VD� 3URY൴QFH�� 7XUNÕVK� -RXUQDO� RI�
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'HP൴U\�UHN��.����������7KH�&RQFHSW�RI�2UJDQ൴F�$JU൴FXOWXUH�DQG�&XUUHQW�
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$JU൴FXOWXUH�-RXUQDO�����������������
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൴Q�7XUNH\��-RXUQDO�RI�$FDGHP൴F�$JU൴FXOWXUH������������
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3K\VLFDO�SURSHUWLHV�DQG�RUJDQLF�PDWWHU�FRQWHQW�RI�WKH�VRLOV�RI�%DGH�LQ�<REH�6WDWH��1LJHULD
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 � � �,EUDKHHP�$OKDVVDQ ���������$XZDOX�*DUED�*DVKXD ���������6XQGD\�'RJR ����������0DKPXG�6DQL

�'HSDUWPHQW�RI�$JURQRP\��)HGHUDO�8QLYHUVLW\�*DVKXD��<REH�6WDWH��1LJHULD

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

7KH�PRVW�YLWDO�DQG�HVVHQWLDO�FRPPRQ�DVVHW�LV�VRLO��,W�LV�
DSSDUHQW� WKDW� WKH� SURGXFWLRQ� RI� VXVWHQDQFH� WR� PHHW� WKH�
UHTXLUHPHQW�RI�SHRSOH�DQG�DQLPDOV�LV�EDVLFDOO\�UHOLDQW�XSRQ�
DJULFXOWXUH� ZKLFK� LV� GHSHQGHQW� RQ� VRLO� �/DO�� ������� 6RLO�
SURSHUWLHV� YDU\� VSDWLDOO\� IURP� D� ¿HOG� WR� D� ODUJHU� VFDOH�
LQÀXHQFHG� E\� ERWK� LQKHUHQW� DQG� H[WULQVLF� IDFWRUV�
�&DPEDUGHOOD�DQG�.DUOHQ���������7KH�YDULDWLRQ�LV�D�VWHDG\�
FKDQJH� LQ� VRLO� SURSHUWLHV� DV� D� FRPSRQHQW� RI� ODQGIRUPV��
JHRPRUSKLF� FRPSRQHQWV�� VRLO� IRUPLQJ� YDULDEOHV� DQG�
PDQDJHPHQW��%RXO�HW�DO�������������3K\VLFDO�SURSHUWLHV�RI�VRLO�
SOD\� LPSRUWDQW� UROH� LQ� GHWHUPLQLQJ� VRLOV
� VXLWDELOLW\� IRU�
DJULFXOWXUDO��HQYLURQPHQWDO�DQG�HQJLQHHULQJ�XVHV��

7KH� SODQW� EROVWHU�� URRW� SHQHWUDWLRQ�� VHHSDJH�� DLU�
FLUFXODWLRQ��PDLQWHQDQFH�RI�PRLVWXUH��DQG�SODQW�QXWULHQWV�DUH�
FRQQHFWHG�ZLWK�WKH�SK\VLFDO�VWDWH�RI�WKH�VRLO��WKH\�OLNHZLVH�
LPSDFW� WKH� FKHPLFDO� DQG� ELRORJLFDO� SURSHUWLHV� RI� VRLO��
�3KRJDW�HW�DO���������7KH�SK\VLFDO�SURSHUWLHV�RI�D�VRLO�DV�D�
IHDWXUH� RI� WKH� QXPHURXV� SURSHUWLHV� RI� VRLO� DUH� YLWDO� LQ�
GHFLGLQJ�WKH�ZD\�LQ�ZKLFK�WKH�VRLO�FDQ�EH�XWLOL]HG�HLWKHU�IRU�
DJULFXOWXUDO�DQG�QRQ�DJULFXOWXUDO�SXUSRVHV��0DQGDO���������
,QIRUPDWLRQ�RI�WKH�SK\VLFDO�SURSHUWLHV�RI�VRLO�LV�IXQGDPHQWDO�
IRU� FKDUDFWHUL]LQJ� DV�ZHOO� DV� HQKDQFLQJ� VRLO�ZHOOEHLQJ� WR�
DFKLHYH� RSWLPDO� SURGXFWLYLW\� IRU� HDFK� VRLO�FOLPDWLF�
FRQGLWLRQ��

6RLO� VWUXFWXUH� LV� RQH� RI� WKH�PRVW� LPSRUWDQW� SURSHUWLHV�
DIIHFWLQJ�FURS�SURGXFWLRQ�EHFDXVH� LW�GHWHUPLQHV� WKH�GHSWK�
WKDW� URRWV� FDQ�SHQHWUDWH�� WKH� DPRXQW� RI�ZDWHU� WKDW� FDQ�EH�
VWRUHG�LQ�WKH�VRLO�DQG�WKH�PRYHPHQW�RI�DLU��ZDWHU�DQG�VRLO�
IDXQD� DQG� RYHUDOO� VRLO� IHUWLOLW\� �+HUPDYDQ� DQG� &DPHURQ��
������ &RRSHU�� ������� 6RLO� VWUXFWXUH� �DJJUHJDWLRQ�� UHVXOWV�
IURP� WKH� UHDUUDQJHPHQW�� ÀRFFXODWLRQ� DQG� FHPHQWDWLRQ� RI�
SDUWLFOHV� DQG� LV� PHGLDWHG� E\� VRLO� RUJDQLF� FDUERQ� �62&���
ELRWD��LRQLF�EULGJLQJ��FOD\�DQG�FDUERQDWHV��%URQLFN�DQG�/DO��

�������0:'�DV�D�PHDVXUH�RI�DJJUHJDWH�VWDELOLW\�LV�DQ�LQGH[�
RI� HURVLRQ� ULVN�� VXUIDFH� FUXVW�� DQDHURELF� FRQGLWLRQ� DQG�
FRPSDFWLRQ� �&RRSHU�� ������� )XUWKHUPRUH� *DUFLD� HW� DO��
������� DGGHG� WKDW� PDLQWDLQLQJ� KLJK� VWDELOLW\� RI� VRLO�
DJJUHJDWH� LV� HVVHQWLDO� IRU� SUHVHUYLQJ� VRLO� SURGXFWLYLW\��
PLQLPL]LQJ� VRLO� HURVLRQ� DQG� GHJUDGDWLRQ�� DQG� WKXV�
PLQLPL]LQJ�HQYLURQPHQWDO�SROOXWLRQ�DV�ZHOO�

7KH� WUDQVIRUPDWLRQ�DQG�PRYHPHQW�RI�PDWHULDOV�ZLWKLQ�
VRLO�RUJDQLF�PDWWHU�SRROV�LV�D�G\QDPLF�SURFHVV�LQÀXHQFHG�E\�
FOLPDWH�� VRLO� W\SH�� YHJHWDWLRQ� DQG� VRLO� RUJDQLVPV�� 6RLO�
RUJDQLF�PDWWHU� OHYHOV� FRPPRQO\� LQFUHDVH� DV�PHDQ�DQQXDO�
SUHFLSLWDWLRQ� LQFUHDVHV� DQG� ¿HOG� VWXGLHV� KDYH� VKRZQ� WKDW�
WHPSHUDWXUH� LV� D� NH\� IDFWRU� FRQWUROOLQJ� WKH� UDWH� RI�
GHFRPSRVLWLRQ�RI�SODQW�UHVLGXHV�DQG�DFFXPXODWLRQ��%RW�DQG�
%DQLWHV�������

7KHUH� LV� D� VWURQJ� JURZLQJ� UHDOL]DWLRQ� WKDW� \LHOGV� DUH�
OLPLWHG�E\�WKH�SK\VLFDO�FRQGLWLRQV�UDWKHU�WKDQ�SODQW�QXWULHQW�
VWDWXV�LQ�WKH�VRLO�DQG�WKDW�DPRQJ�PDQ\�FOLPDWLF�DQG�HGDSKLF�
FURS� SURGXFWLRQ� FRQVWUDLQWV�� VXEVWDQWLDO� UHGXFWLRQ� LQ� WKH�
SURGXFWLRQ�FDSDFLW\�RI�UDLQIHG�DUHDV�FRXOG�EH�DWWULEXWHG�WR�
VRLO�SK\VLFDO�FRQVWUDLQWV��,QGRULD�HW�DO����������.QRZOHGJH�RI�
WKH�QDWXUH�RI�VRLO�SURSHUWLHV�H[LVWLQJ�LQ�DQ\�DUHD�LV�YHU\�YLWDO�
LQ�GHYHORSLQJ�PDQDJHPHQW�V\VWHPV�IRU�WKHVH�VRLOV��,Q�YLHZ�
RI�WKDW��WKLV�UHVHDUFK�ZDV�FDUULHG�RXW�WR�GHWHUPLQH�WKH�VWDWXV�
RI�VRPH�VRLO�SK\VLFDO�SURSHUWLHV�DQG�RUJDQLF�PDWWHU�RI�WKH�
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WUHHV�DQG�JUDVVHV��7KH�WUHHV�DUH�DERXW���WR����P�KLJK��7KH�
/*$� FRPSULVHV� WHQ� ����� DJULFXOWXUDO� DQG� SROLWLFDO� DUHDV�
QDPHO\�� 'DJRQD�� *ZLR�.XUD�� .DWX]X�� /DZDQ�)DQQDPL��
/DZDQ�0XVD�� 6DERQ�*DUL�� 6DUNLQ�+DXVD�� 6XJXP�7DJDOL��
8VXU�'DZD\R��DQG�=DQJR��7KH\�DUH�SUHGRPLQDQWO\�IDUPHUV�
DQG�PRVWO\�GHSHQG�RQ� WUDGLQJ�RI� DJULFXOWXUDO�SURGXFH� IRU�
OLYHOLKRRGV�

7KH�VWXG\�ZDV�FRQGXFWHG�EHWZHHQ�2FWREHU�WR�1RYHPEHU�
�����LQ�WKH�WHQ�DJULFXOWXUDO�DUHDV�RI�%DGH�/*$��<REH�6WDWH��
1LJHULD��7KH�DUHDV�DUH�'DJRQD��*ZLR�.XUD��.DWX]X��/DZDQ�
)DQQDPL��/DZDQ�0XVD��6DERQ�*DUL��6DUNLQ�+DXVD��6XJXP�
7DJDOL�� 8VXU�'DZD\R� DQG� =DQJR��� 7KH� /*$� LV� ORFDWHG�
EHWZHHQ�ORQJLWXGHV�������
�DQG�������
(�DQG�ODWLWXGHV�������
�
DQG�������
�1��,W�LV�VLWXDWHG�LQ�WKH�6XGDQ�VDYDQQD�HFRORJLFDO�
]RQH� RI� 1LJHULD�� 7KH� FOLPDWH� LV� FKDUDFWHUL]HG� E\� KLJK�
WHPSHUDWXUH� DQG� VHDVRQDO� UDLQIDOO�� 7KH� PHDQ� PLQLPXP�
WHPSHUDWXUH�UDQJHV�EHWZHHQ��������&�LQ�'HFHPEHU�-DQXDU\��
ZKLOH�WKH�PHDQ�PD[LPXP�LV�DERXW�������&�LQ�0DUFK�0D\��
7KH�PHDQ�UDLQIDOO�LV�EHWZHHQ���������PP�SHU�DQQXP�DQG�LV�
XQLPRGDO�DQG�ODVWV�PRVWO\�IURP�-XQH�WR�6HSWHPEHU�ZKLOH�WKH�
GU\�VHDVRQ�VWDUWV� IURP�2FWREHU� WR�0D\��1($='3���������
-DOORK� HW� DO�� ������� KDG� FODVVL¿HG� WKH� VRLOV� RI� WKH� DUHD� DV�
/L[LVROV�

6RLO�6DPSOLQJ�DQG�+DQGOLQJ
$W�HDFK�ORFDWLRQ��VRLO�VDPSOHV��1� �����ZHUH�FROOHFWHG�

IURP�WKH�WRS�OD\HU�������FP��RI�WKH�VRLO�DQG�WZR�VXEVXUIDFH�
OD\HUV� ������FP�DQG������� FP�GHSWKV���7KH� VRLO� VDPSOHV�
ZHUH� FROOHFWHG� IURP� UDQGRPO\� VHOHFWHG� FXOWLYDWHG� IDUPV�
XVLQJ� EXFNHW� DXJHU�� SDFNDJHG� DQG� VHSDUDWHO\� VWRUHG� LQ�
SRO\WKHQH�EDJV�DFFRUGLQJ�WR�GHSWK�DQG�ORFDWLRQ��

/DERUDWRU\�$QDO\VHV
7KH�VDPSOHV�ZHUH�DLU�GULHG�VHSDUDWHO\��JURXQG�XVLQJ�D�

SRUFHODLQ�SHVWOH�DQG�PRUWDU��DQG�VLHYHG�WKURXJK�D���PP�VLHYH�
IRU�SDUWLFOH�VL]H�DQDO\VHV�

3DUWLFOH� VL]H� GLVWULEXWLRQ� ZDV� GHWHUPLQHG� E\� WKH�
K\GURPHWHU�PHWKRG��*HH�DQG�2U���������7RWDO�VRLO�SRURVLW\�

��ZDV�FDOFXODWHG�DVVXPLQJ�SDUWLFOH�GHQVLW\������J�FP �XVLQJ�
WKH� IROORZLQJ� HTXDWLRQ� �%KRJDO� HW� DO��� ������� 7RWDO� VRLO�
SRURVLW\�ZDV�GHWHUPLQHG�XVLQJ� WKH�H[SUHVVLRQ� � >��� �EXON�
GHQVLW\������@� ������ 2[LGL]DEOH� RUJDQLF� FDUERQ� ZDV�
GHWHUPLQHG� E\� WKH� 3RWDVVLXP� 'LFKURPDWH� PHWKRG� DQG�
FRQYHUWHG�WR�VRLO�RUJDQLF�PDWWHU�XVLQJ�WKH�FRQYHUVLRQ�IDFWRU�
RI������DV�GHVFULEHG�E\�5\DQ�HW�DO��������

0HDQ� ZHLJKW� GLDPHWHU� ZDV� GHWHUPLQHG� E\� WKH� ZHW�
VLHYLQJ�PHWKRG�RI�/H�%LVVRQQDLV���������7KH�PHDQ�ZHLJKW�
GLDPHWHU��0:'��ZDV�FDOFXODWHG�DV�IROORZV�

:KHUH��[ �LV�WKH�PHDQ�GLDPHWHU�RI�WKH�VL]H�IUDFWLRQ�L�WKDW�L

FRUUHVSRQGV�WR�WKH�PHDQ�DSHUWXUH�RI�WKH�DGMDFHQW�VLHYHV��DQG�
Z �LV�WKH�SURSRUWLRQ�RI�WKH�WRWDO�VDPSOH�ZHLJKW�UHPDLQLQJ�RQ�L

HDFK�VLHYH�DIWHU�VLHYLQJ�
'DWD�$QDO\VHV
6KDSLUR�:LON�WHVW�IRU�QRUPDOLW\�ZDV�DSSOLHG�WR�WKH�GDWD�

GLVWULEXWLRQ� DPRQJ� WKH� VLWHV��ZKLFK� LQGLFDWHG� QRQ�QRUPDO�
GLVWULEXWLRQ�� 7KH� YDULDELOLW\� RI� WKH� SURSHUWLHV� E\� ORFDWLRQ�
ZHUH� HYDOXDWHG� E\� QRQ�SDUDPHWULF� WHVW� RI� ,QGHSHQGHQW�
VDPSOHV�� ZKHUH� WKH� HIIHFW� ZDV� VLJQL¿FDQW�� SDLUZLVH�
FRPSDULVRQ�ZHUH�FDUULHG�RXW�ZLWK�1HPHQ\L�GXQQ�WHVW�XVLQJ�

30&05
�SDFNDJH�RI�5�YHUVLRQ��������5��������

5HVXOWV�DQG�'LVFXVVLRQ
3DUWLFOH�VL]H�GLVWULEXWLRQ
7DEOH���SUHVHQWV�WKH�UHVXOWV�RI�VRPH�SK\VLFDO�SURSHUWLHV�

RI�WKH�VRLOV�RI�%DGH�DFFRUGLQJ�WR�WKH�VDPSOLQJ�ORFDWLRQV��7KH�
VRLOV�RI�DOO�WKH�DUHDV�VKRZHG�GRPLQDQFH�RI�VDQG�SDUWLFOHV�DQG�
WKH\�DOO�EHORQJ�WR�WKH�WH[WXUDO�FODVV�RI�VDQG\�ORDP��7KH�VDQG�
FRQWHQW�UDQJHG�IURP��������WR��������J�NJ��ZLWK�D�PHGLDQ�
�LQWHUTXDUWLOH�UDQJH��RI����������������±��������J�NJ���WKH�
YDOXHV�DW�/DZDQ�)DQQDPL�DQG�6DERQ�*DUL�DUHDV�ZHUH�DERYH�

UGWKH�� �TXDUWLOH�DQG�RQO\�DW�6XJXP�7DJDOL�WKH�YDOXH�ZDV�EHORZ�
VWWKH�� �TXDUWLOH��7KH�VLOW�FRQWHQW�ZDV�KLJKHU�DW�������J�NJ�DW�

6XJXP�7DJDOL�DQG�ORZHU�DW�6DERQ�*DUL��������J�NJ��ZLWK�D�
PHGLDQ� RI� ������� �,45�  � ������� ±� ������� J�NJ��� &OD\�
FRQWHQW� DOVR� VKRZHG� PDUNHG� GLIIHUHQFH� EHWZHHQ� WKH� ���
ORFDWLRQV�UDQJLQJ�IURP�������WR������J�NJ��ZLWK�D�PHGLDQ�RI�
�������,45� �������±�������J�NJ���DERXW�����RI�WKH�ORFDWLRQV�

UGKDG�YDOXHV�DERYH�� �TXDUWLOH��7KH�SUHVHQFH�RI�KLJK�OHYHO�RI�
VDQG�SDUWLFOH�DFURVV�WKH�VDPSOLQJ�VLWHV�UHFRUGHG�LQ�WKH�VWXG\�
ZDV�FRUURERUDWHG�E\�¿QGLQJV�RI�2KX�HW�DO���������IRU�VRLOV�RI�
<REH�DQG�%RUQR�6WDWHV�DQG��9RQFLUHW�DO���������UHSRUWHG�WKDW�
WKH�GRPLQDQFH�RI�VDQG�FRQWHQWV�LQ�1RUWKHUQ�1LJHULDQ�VRLOV�LV�
DV� D� UHVXOW� RI� VRUWLQJ� RI�PDWHULDOV� E\� FOD\� HOXYLDWLRQ� DQG�
VXUIDFH�ZLQG�HURVLRQ�

%XON�GHQVLW\�DQG�3RURVLW\
7KH� EXON� GHQVLW\� YDOXH� ZHUH� UHODWLYHO\� KLJK� ZLWK� D�

� �PHGLDQ�YDOXH�RI�����0J�P ��,45� ������±������0J�P ��DV�
VKRZQ�LQ�7DEOH���WKLV�FRXOG�EH�DWWULEXWHG�WR�WKH�VRLO�WH[WXUH�
DQG�YHU\�ORZ�RUJDQLF�PDWWHU�FRQWHQW�RI�WKH�VRLOV��,W�LV�UHSRUWHG�
WKDW�VDQG\�VRLOV�XVXDOO\�KDYH�KLJKHU�EXON�GHQVLWLHV�����±����

� �J�FP ���DQG�WKDW�EXON�GHQVLWLHV�JUHDWHU�WKDQ�����J�FP �WHQG�WR�
UHVWULFW� URRW� JURZWK� �0F.HQ]LH� HW� DO��� ������� 7KHUHIRUH�
SUDFWLFHV�OLNH�UHGXFHG�WLOODJH��RUJDQLF�PDQXUH�DSSOLFDWLRQ��
FURS�URWDWLRQ�DQG�PL[HG�FURSSLQJ�VKRXOG�EH�LPELEHG�E\�WKH�
IDUPHUV�WR�GHFUHDVH�WKH�KLJK�EXON�GHQVLW\�ZKLFK�PD\�DIIHFW�
WKH� GLVWULEXWLRQ� DQG� PRYHPHQW� RI� ZDWHU�� SODQW� QXWULHQWV�
DYDLODELOLW\�DQG�HYHQ�XSWDNH�E\�SODQWV�ZKLFK�PD\�XOWLPDWHO\�
DIIHFW� RYHUDOO� SODQW� JURZWK� �0DUVKDOO� DQG�+ROPHV�� ������
,VKDT�HW�DO���������

7KH�SRURVLW\�UDQJHG�EHWZHHQ�������DQG��������ZLWK�D�
PHGLDQ�YDOXH�RI���������,45� �������±���������7KH�WRWDO�
SRURVLW\�LV�W\SLFDO�RI�VDQG\�VRLOV�DV�UHSRUWHG�WKDW�WKH�WRWDO�
SRURVLW\�RI�VDQG\�VRLO�UDQJHG�EHWZHHQ����±������3KRJDW�HW�
DO����������7KH�ORZ�YDOXHV�RI�SRURVLW\�LV�D�UHÀHFWLRQ�RI�KLJK�
EXON�GHQVLW\�UHFRUGHG�LQ�DOO�ORFDWLRQV��WKLV�FRXOG�EH�DWWULEXWHG�
WR� FRQWLQXHV� FXOWLYDWLRQ� DV� UHSRUWHG� E\�0DOJZL� DQG�$EX�
�������LQGLFDWLQJ�WKDW�FRQWLQXRXV�FXOWLYDWLRQ�OHG�WR�LQFUHDVHG�
EXON� GHQVLW\�� UHGXFHG� SRURVLW\�� RUJDQLF� FDUERQ�� DJJUHJDWH�
VWDELOLW\�DQG�ZDWHU�UHWHQWLRQ�FDSDFLW\�

0HDQ�ZHLJKW�GLDPHWHU��0:'��DV�RQH�RI�WKH�PHDVXUHV�RI�
VRLO�DJJUHJDWH�VWDELOLW\�LV�RQH�RI�WKH�NH\�VRLO�SK\VLFDO�TXDOLW\�
LQGLFDWRUV�WKDW�LQWHJUDWHV�SK\VLFDO��FKHPLFDO��DQG�ELRORJLFDO�
LQIRUPDWLRQ�LQWR�D�VLQJOH�PHDVXUHPHQW��7LVGDOO���������7KH�
0:'�PHGLDQ� �LQWHUTXDUWLOH� UDQJH�� RI� WKH� VRLOV� DFURVV� DOO�
VLWHV�ZLWKLQ�WKH�/*$�LV������������±������PP���7KLV�UHVXOW�IDOO�
ZLWKLQ� XQVWDEOH� ��������PP�� WR� PHGLXP� ��������PP��
FDWHJRU\�RI�WKH�VWDELOLW\�JURXSLQJ�RI�/H�%LVVRQQDLV���������
6LPLODUO\� 0DGXDNRU� ������� UHSRUWHG� WKDW� WKH� XQVWDEOH�
VWUXFWXUH�RI�WKHVH�VRLOV�PD\�EH�GXH�WR�ZHDN�ELQGLQJ�RI�WKH�
DJJUHJDWHV�FDXVHG�E\�ORZ�RUJDQLF�PDWWHU�FRQWHQW�HVSHFLDOO\�
LQ�WKH�VRLOV�IRUPHG�IURP�DHROLDQ�GHSRVLWV�IRXQG�DFURVV�WKH�
6DKHO�UHJLRQ�� �7KH�VRLO�RUJDQLF�PDWWHU�DFURVV�WKH�/*$�ZDV�

��ORZ��PHGLDQ�����JNJ �DQG�,45��������������*HQHUDOO\��WKH�
VRLOV� ZHUH� ORZ� LQ� 20�� WKLV� FRXOG� EH� DWWULEXWHG� WR� ORZ�
YHJHWDWLYH� FRYHU� ZKLFK� LV� D� UHVXOW� RI� ORZ� UDLQIDOO� WKDW�
FKDUDFWHUL]H� VXFK� VDYDQQDV� �1\DOHPHJEH� HW� DO��� ��������
6LPLODUO\�WKH�ORZ�RUJDQLF�PDWWHU�FRQWHQW�RI�WKH�VRLOV�LQ�DOO�
DUHDV�FRXOG�EH�DWWULEXWHG�WR�IDFWRUV�VXFK�DV�FRQWLQXRXV�

,EUDKHHP�$OKDVVDQ��$XZDOX�*DUED�*DVKXD��6XQGD\�'RJR��0DKPXG�6DQL '2,�����������MDHIV������



���

FXOWLYDWLRQ�� IUHTXHQW� EXUQLQJ� RI� IDUP� UHVLGXHV� FRPPRQO\�
FDUULHG�RXW�E\� IDUPHUV� LQ� WKH�DUHD�ZKLFK� WHQGV� WR�GHVWUR\�
PXFK�RI�WKH�RUJDQLF�PDWHULDOV�WKDW�FRXOG�KDYH�EHHQ�DGGHG�WR�
WKH�VRLO��6KDUX�HW�DO����������7KH�VWXG\�DUHD�LV�FKDUDFWHUL]HG�
E\� ORZ� SUHFLSLWDWLRQ� DQG� KLJK� WHPSHUDWXUH�� WKLV�PD\� DOVR�
FRQWULEXWH�WR�ORZ�OHYHO�RI�20�DV�UHSRUWHG�WR�KDYH�HIIHFW�RQ�
ORZ�RI�RUJDQLF�PDWWHU�DFFXPXODWLRQ��+DP]D�DQG�$QGHUVRQ��
��������

6RLO�SURSHUWLHV�DV�DIIHFWHG�E\�GHSWK��FP�
3K\VLFDO�SURSHUWLHV�RI�VXUIDFH�DQG�VXE�VXUIDFH�VRLOV�DUH�

SUHVHQWHG�LQ�7DEOH����7KH�VDQG�DQG�FOD\�FRQWHQWV�VKRZHG�D�
VOLJKW�GHFUHDVH�ZLWK�GHSWK��7KH�GHFUHDVH�LQ�FOD\�ZLWK�GHSWK�LV�
DQ�LQGLFDWLRQ�WKDW�VXEVRLO�LV�PRUH�ZHDWKHUHG�WKDQ�WKH�VXUIDFH��
6LPLODU�UHVXOWV�ZDV�UHSRUWHG�RQ�WKH�VRLOV�RI�6RNRWR�6WDWH�E\�
6KDUX�HW�DO�������� /RZ�VLOW�FRQWHQW�LQ�DOO�WKH�VXUIDFH�VRLOV�LV���
LQ� OLQH� ZLWK� WKH� UHSRUW� RI�$GHJEHQUR� HW� DO�� �������� %XON�
GHQVLW\� DQG� SRURVLW\� VKRZHG� VLJQL¿FDQW� GLIIHUHQFHV� E\�
GHSWK��$V�WKH�EXON�GHQVLW\�LQFUHDVHV�GRZQZDUG�WKH�SRURVLW\�
GHFUHDVHV��7KLV�FRXOG�EH�DWWULEXWHG�WR�OHVV�RUJDQLF�PDWWHU�DQG�
GHFUHDVHG� DJJUHJDWLRQ� DQG� FRUURERUDWHV� WKH� ZRUN� RI�

$EGXOODK� HW� DO�� ������� ZKRVH� ¿QGLQJV� VKRZHG� WKDW� EXON�
GHQVLW\�LQFUHDVHG�ZLWK�VRLO�GHSWK�WKXV��JLYLQJ�JRRG�SRURVLW\�
IRU� VRLO�ZDWHU�PRYHPHQW�DQG�FDWLRQ�H[FKDQJH�FDSDFLW\� WR�
KROG�WKH�QXWULHQWV�QHFHVVDU\�IRU�PLFURELDO�DFWLYLW\�

&RQFOXVLRQ
7KLV�VWXG\�VKRZHG�WKDW�WKH�VRLOV�RI�%DGH�/*$�DUH�6DQG\�

ORDP��KLJK�LQ�EXON�GHQVLW\��ORZ�SRURVLW\��ZHDN�VWUXFWXUH�DQG�
YHU\�ORZ�LQ�RUJDQLF�PDWWHU�FRQWHQW��,Q�RUGHU�WR�LPSURYH�RQ�
WKHVH� SURSHUWLHV�� SUDFWLFHV� VXFK� DV� PLQLPXP� WLOODJH��
LQFRUSRUDWLRQ�RI�FURS�UHVLGXHV�DQG�RUJDQLF�PDWWHU�LQWR�VRLO�
VKRXOG�EH�HQFRXUDJHG�

$FNQRZOHGJHPHQWV�
7KLV�ZRUN�ZDV�SDUW�RI�D�SURMHFW�IXQGHG�E\�WKH�,QVWLWXWH�

%DVHG�5HVHDUFK�*UDQW��,%5���RI�WKH�7HUWLDU\�(GXFDWLRQ�)XQG�
�WHWIXQG��RI� WKH�)HGHUDO�*RYHUQPHQW�RI�1LJHULD�XQGHU� WKH�
DSSURYDO� RI� WKH� )HGHUDO� 8QLYHUVLW\� *DVKXD�� 1LJHULD��:H�
GHHSO\�DFNQRZOHGJHG�WHWIXQG�IRU�SURYLGLQJ�¿QDQFLDO�VXSSRUW�
IRU�WKH�VWXG\��

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

7DEOH����6RLO�VDPSOLQJ�ORFDWLRQV��ZDUGV��LQ�%DGH�/*$�RI�<REH�6WDWH

7DEOH�����6RPH�SK\VLFDO�SURSHUWLHV�DQG�RUJDQLF�PDWWHU�FRQWHQW�RI�WKH�VRLOV�RI�WKH�WHQ�ZDUGV�LQ�%DGH�/*$

7DEOH����6RPH�VRLO�SK\VLFDO�SURSHUWLHV�DQG�RUJDQLF�PDWWHU�FRQWHQW�E\�GHSWK��FP�

,EUDKHHP�$OKDVVDQ��$XZDOX�*DUED�*DVKXD��6XQGD\�'RJR��0DKPXG�6DQL
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5HIHUHQFHV�

$EGXOODK��$��0���%RVH��0��0��DQG�1XUXGGLQ��$��$�� ������� ,QÀXHQFH�RI�
0RQVRRQ� 5HJLPH� DQG� 0LFURFOLPDWH� 2Q� 6RLO� 5HVSLUDWLRQ� ,Q� 7KH�
7URSLFDO� )RUHVWV�� ,265� -RXUQDO� RI� (QYLURQPHQWDO� 6FLHQFH��
7R[LFRORJ\�DQG�)RRG�7HFKQRORJ\��,265�-(67)7���������,,��������

$GHJEHQUR��5�2���2MHWDGH��-�2���$PXVDQ��$�$����������(IIHFW�RI�WRSRJUDSK\�
RQ�SKRVSKRUXV�IRUPV�DQG�GLVWULEXWLRQ�LQ�VRLOV�IRUPHG�LQ�VFKLVW�LQ�,IH�
DUHD��-RXUQDO�RI�$JULFXOWXUH�DQG�9HWHULQDU\�6FLHQFHV��������������

%KRJDO� $��� 1LFKROVRQ� )�$��� &KDPEHUV� %�-�� �������� 2UJDQLF� FDUERQ�
DGGLWLRQV��HIIHFWV�RQ�VRLO�ELR�SK\VLFDO�DQG�

%RW��$��DQG�%DQLWHV��-����������,PSRUWDQFH�RI�6RLO�2UJDQLF�0DWWHU��.H\�WR�
GURXJKW�UHVLVWDQW� VRLOV� DQG� VXVWDLQHG� IRRG� SURGXFWLRQ�� )$2� 6RLOV�
%XOOHWLQ� 1R�� ���� 3XEOLVKLQJ� 0DQDJHPHQW� 6HUYLFH� ,QIRUPDWLRQ�
'LYLVLRQ�)$2�9LDOH�GHOOH�7HUPH�GL�&DUDFDOOD��������5RPH��,WDO\

%RXO�� 6�:��� +ROH�� )�'��� 0F&UDFNHQ�� 5�-��� 6RXWKDUG�� 5�-�� � �������� 6RLO�
*HQHVLV� DQG� &ODVVL¿FDWLRQ�� ,RZD� 6WDWH� 8QLYHUVLW\� 3UHVV�� $PHV��
)RXUWK�(GLWLRQ�����SS�

%URQLFN��&��-��DQG�/DO��5���������6RLO�VWUXFWXUH�DQG�PDQDJHPHQW��D�UHYLHZ��
* H R G H U P D � � � � � � � � � � � � � � � � ��
KWWSV���GRL�RUJ���������M�JHRGHUPD������������

&DPEDUGHOOD��&�$��� �.DUOHQ��'�/����������6SDWLDO�DQDO\VLV�RI�VRLO�IHUWLOLW\�
SDUDPHWHUV��3UHFLVLRQ�$JULFXOWXUH������±���

&RRSHU�� -�� �������� 6RLO� VWUXFWXUH�� PDQDJHPHQW� DQG� HIIHFW� RQ� QXWULHQW�
DYDLODELOLW\� DQG� FURS� SURGXFWLRQ�� 2UJDQLF� 3URGXFHUV� &RQIHUHQFH��
)DFLQJ� &XUUHQW� DQG� )XWXUH� &KDOOHQJHV�� 1HZFDVWOH� 8QLYHUVLW\�� ���
-DQXDU\������

*DUFLD��&���1DQQLSLHUL��3��DQG�+HUQDQGH]��7����������&KDSWHU�����7KH�)XWXUH�
RI�6RLO�&DUERQ��LQ�7KH�)XWXUH�RI�6RLO�&DUERQ��,WV�&RQVHUYDWLRQ�DQG�
)RUPDWLRQ�(GLWRU�V��� &DUORV� *DUFLD�� 3DROR� 1DQQLSLHUL�� 7HUHVD�
+HUQDQGH]��$FDGHPLF�3UHVV��3DJHV����������,6%1����������������
KWWSV���GRL�RUJ���������%��������������������������

*HH��*�:���2U��'����������3DUWLFOH�VL]H�DQDO\VLV��S�����������,Q��'DQH��-�+���
7RSS��*�&���HGV��0HWKRGV�RI�VRLO�DQDO\VLV��3DUW����3K\VLFDO�PHWKRGV��
6RLO�6FLHQFH�6RFLHW\�RI�$PHULFD��0DGLVRQ��:,��86$�

+DP]D��0��$��DQG�$QGHUVRQ��:��.����������3RWHQWLDO�DQG�OLPLWDWLRQV�RI�VRLO�
RUJDQLF�PDWWHU�EXLOG�XS�LQ�GU\�DUHDV��$IULFDQ�-RXUQDO�RI�$JULFXOWXUDO�
5HVHDUFK������������������

+HUPDYDQ��%��DQG�&DPHURQ��.�&����������6WUXFWXUDO�FKDQJHV�LQ�D�VLOW�ORDP�
XQGHU� ORQJ�WHUP� FRQYHQWLRQDO� RU� PLQLPXP� WLOODJH�� 6RLO� 7LOODJH�
5HVHDUFK��������±����

,QGRULD�� $�.��� 6KDUPD�� .�/��� 6DPPL� 5HGG\�� .��� 6ULQLYDVD� 5DR�� &K��
�������5ROH�RI�VRLO�SK\VLFDO�SURSHUWLHV�LQ�VRLO�KHDOWK� �PDQDJHPHQW�
DQG� FURS� SURGXFWLYLW\� LQ� UDLQIHG� � V\VWHPV� ±� ,,� PDQDJHPHQW�
WHFKQRORJLHV�DQG�FURS�SURGXFWLYLW\���&XUUHQW� V F L H Q F H ��
����������������GRL�����������FV�Y����L���������

-DOORK��$���5KRGHV��(�5���.ROOR�� ,��5R\�0DFDXOH\��+���6HUHPH�3�� ��������
1DWXUH�DQG�PDQDJHPHQW�RI�WKH�VRLOV�LQ�:HVW�DQG�&HQWUDO�$IULFD��$�
UHYLHZ�WR�LQIRUP�IDUPLQJ�V\VWHPV�UHVHDUFK�DQG�GHYHORSPHQW�LQ�WKH�
UHJLRQ�� �&RQVHLO�2XHVW�HW�&HQWUH�$IULFDLQ�SRXU� OD�5HFKHUFKH�HW� OH�
'HYHORSPHQW� $JULFROHV�:HVW� DQG� &HQWUDO� $IULFDQ� &RXQFLO� IRU�
$JULFXOWXUDO� 5HVHDUFK� DQG� 'HYHORSPHQW� �&25$)�:(&$5'���
&25$)�:(&$5'�'DNDU��6HQHJDO�

/DO�� 5��� �������� 'HIRUHVWDWLRQ�� WLOODJH� DQG� FURSSLQJ� V\VWHPV� HIIHFWV� RQ�
VHHSDJH�DQG�UXQRII�ZDWHU�TXDOLW\�IURP�D�1LJHULDQ�$O¿VRO��6RLO�7LOODJH�
5HV���������������

/H� %LVVRQQDLV�� <�� �������� $JJUHJDWH� VWDELOLW\� DQG� DVVHVVPHQW� RI� VRLO�
FUXVWDELOLW\� DQG� HURGLELOLW\�� ,��7KHRU\� DQG�PHWKRGRORJ\��(XURSHDQ�
-RXUQDO�RI�6RLO�6FLHQFH�������������

0DOJZL��:�%���$EX��6�7����������9DULDWLRQ�LQ�6RPH�3K\VLFDO�3URSHUWLHV�RI�
6RLOV�)RUPHG�RQ�D�+LOO\�7HUUDLQ�XQGHU�'LIIHUHQW�/DQG�XVH�7\SHV�LQ�
1LJHULDQ�6DYDQQD��,QWHUQDWLRQDO�-RXUQDO�RI�6RLO�6FLHQFH�������������

0DQGDO��8�.����������6RLO�3K\VLFDO�DQG�&KHPLFDO�3URSHUWLHV�LQ�5HODWLRQ�WR�
&RQVHUYDWLRQ� RI� 1DWXUDO� 5HVRXUFHV�� KWWS���ZZZ�FULGD�LQ�727�
:LQWHU���6FKRRO�8.0�SGI

0DGXDNRU��+�2����������3K\VLFDO�DQG�K\GUDXOLF�SURSHUWLHV�RI�VRLOV�RI�WKH�
6XGDQR�6DKHOLDQ� UHJLRQV� RI� 1LJHULD�� 6RLO� :DWHU� %DODQFH� LQ� WKH�
6XGDQR6DKHOLDQ� =RQH� �3URFHHGLQJV� RI� WKH� 1LDPH\� :RUNVKRS��
)HEUXDU\��������,$+6�3XEO��QR��������������������

0F.HQ]LH��1�-���-DFTXLHU��'�-���,VEHOO��5�)���%URZQ��.�/��������$XVWUDOLDQ�
6RLOV� DQG� /DQGVFDSHV� $Q� ,OOXVWUDWHG� &RPSHQGLXP�� &6,52�
3XEOLVKLQJ��&ROOLQJZRRG��9LFWRULD�

0XVWDSKD��6����������3K\VLFR�&KHPLFDO�3URSHUWLHV�DQG�)HUWLOLW\�6WDWXV�RI�
6RPH�+DSOLF� 3OLQWKDTXXOWV� LQ� %DXFKL� /RFDO� *RYHUQPHQW�$UHD� RI�
%DXFKL�6WDWH��1LJHULD��,QWHUQDWLRQDO�-RXUQDO�RI�6RLO�6FLHQFH���������
�����'2,����������LMVV�������������

1DWLRQDO� 3RSXODWLRQ� &RPPLVVLRQ� RI� 1LJHULD� >13&@� �������� 3RSXODWLRQ�
'LVWULEXWLRQ�E\�6H[��6WDWH��/*$�DQG�6HQDWRULDO�'LVWULFWV��3S������13&�

WKZHEVLWH��ZZZ�SRSXODWLRQ�JRY�QJ��$FFHVVHG�RQ��� �0D\�������

1RUWK� (DVW� $ULG� =RQH� 'HYHORSPHQW� 3URJUDPPH� >1($='3@�� ��������
0HWHRURORJLFDO�'DWD�RI�1LQH�/RFDO�*RYHUQPHQW�$UHDV�LQ�1RUWKHUQ�
<REH�6WDWH�������±�������1($='3�+\GURPHW�VWDWLRQ��*DULQ�$ONDOL�

1\DOHPHJEH�� .�.�� $VLHGX�� (�.��� $PSRQWXDK�� (�2��� 1\DPHN\H�� $�/���
'DQVR��6�.�$����������,PSURYLQJ�WKH�SURGXFWLYLW\�RI�9HUWLVROV�LQ�WKH�
$FFUD�SODLQV�RI�*KDQD�XVLQJ�OHJXPLQRXV�FRYHU�FURSV��,QW��-��$JULF��
6XVWDLQDELOLW\��9RO��������SS�����

2KX�� -�2���$\RWDPXQR��0�6��� )RORUXQVR��2�$�� �������&KDUDFWHULVWLFV� RI�
SURPLQHQW�DJULFXOWXUDO�VRLOV�LQ�%RUQX�6WDWH�RI�1LJHULD��$JULF��,QW�����
�������������

3KRJDW��.���7RPDUDQG��9�6���'DKL\D��5����������6RLO�3K\VLFDO�3URSHUWLHV��
DYDLODEOH� DW� KWWSV���ZZZ�UHVHDUFKJDWH�QHW�SXEOLFDWLRQ�����������
�DFFHVVHG�RQ���WK�-XQH�������

5� &RUH� 7HDP� �������� 5�� $� ODQJXDJH� DQG� HQYLURQPHQW� IRU� VWDWLVWLFDO�
FRPSXWLQJ��5�)RXQGDWLRQ�IRU�6WDWLVWLFDO�&RPSXWLQJ��9LHQQD��$XVWULD��
85/�KWWSV���ZZZ�5�SURMHFW�RUJ��

5\DQ��-���*HRUJH��(���$EGXO��5���������6RLO�DQG�3ODQW�$QDO\VLV�/DERUDWRU\�
QG0DQXDO�� �HG���,QWHUQDWLRQDO�&HQWUH�IRU�$JULFXOWXUDO�5HVHDUFK�LQ�WKH�

'U\�$UHDV� �,&$5'$�� DQG�1DWLRQDO�$JULFXOWXUDO�5HVHDUFK�&HQWUH�
�1$5&���$OHSSR��6\ULD�3S����

6KDUX��0�%����<DNXEX��0����1RPD��6�6����7VDIH��$�,���������&KDUDFWHUL]DWLRQ�
DQG�&ODVVL¿FDWLRQ�RI�6RLOV�RQ�DQ�$JULFXOWXUDO�ODQGVFDSH�LQ�'LQJ\DGL�
'LVWULFW��6RNRWR�6WDWH��1LJHULDQ�-RXUQDO�RI�%DVLF�DQG�$SSOLHG�6FLHQFH�
� - X Q H � � � � � � � � � � � � � � � � � � � � � � � � � ' 2 , ��
KWWS���G[�GRL�RUJ���������QMEDV�Y��L���

7LVGDOO��-�0���������)RUPDWLRQ�RI�VRLO�DJJUHJDWHV�DQG�DFFXPXODWLRQ�RI�VRLO�
RUJDQLF�PDWWHU��,Q��&DUWHU��0�5��DQG�6WHZDUW��%�$���(GV���6WUXFWXUH�DQG�
2UJDQLF�0DWWHU�6WRUDJH�LQ�$JULFXOWXUDO�6RLOV��%RFD�5DWRQ��)/�/HZLV�

9RQFLU��1���0XVWDSKD��6���7HQHEH��9�$���.XPR��$�/���.XVKZDKD��6����������
&RQWHQW�DQG�SUR¿OH�GLVWULEXWLRQ�RI�H[WUDFWDEOH�]LQF��=Q��DQG�VRPH�
SK\VLFRFKHPLFDO�SURSHUWLHV�RI�VRLO�DORQJ�D�WRSRVHTXHQFH�DW�%DXFKL��
1RUWKHUQ�*XLQHD�6DYDQQD�RI�1LJHULD��,QW��-��6RLO�6FL������������

'2,�����������MDHIV������,EUDKHHP�$OKDVVDQ��$XZDOX�*DUED�*DVKXD��6XQGD\�'RJR��0DKPXG�6DQL



,PSDFWV�RI�FKDQJLQJ�FOLPDWH�RQ�PDL]H�SURGXFWLRQ�LQ�WKH�WUDQVLWLRQDO�]RQH�RI�*KDQD��
$�FDVH�VWXG\�RI�1NRUDQ]D�VRXWK�PXQLFLSDOLW\

��
 �9LFWRU�$GMHL ������������5RVLQD�.\HUHPDWHQ

�&OLPDWH�&KDQJH�DQG�6XVWDLQDEOH�'HYHORSPHQW�3URJUDPPH��8QLYHUVLW\�RI�*KDQD��/HJRQ
�'HSDUWPHQW�RI�$QLPDO�%LRORJ\�DQG�&RQVHUYDWLRQ�6FLHQFH��8QLYHUVLW\�RI�*KDQD��/HJRQ�


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

7KHUH�LV�QRZ�XQHTXLYRFDO�HYLGHQFH�WKDW�WKH�FOLPDWH�RI�WKH�
(DUWK�KDV�GHPRQVWUDEO\�ZDUPHG�XS�VLQFH�WKH�SUH�LQGXVWULDO�
HUD�DQG�WKDW�PRVW�RI�WKH�ZDUPLQJ�RYHU�WKH�ODVW���\HDUV�LV�YHU\�
OLNHO\� WR�KDYH�EHHQ�DV� D� UHVXOW� RI� LQFUHDVH� LQ�*UHHQKRXVH�
*DVHV� �*+*V�� FRQFHQWUDWLRQV� LQ� WKH� DWPRVSKHUH�
�,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH� �,3&&���
������

7KUHH� PDMRU� SK\VLFDO� LPSDFWV� RI� FOLPDWH� FKDQJH�
DFFRUGLQJ� WR� ,3&&��$5��� LQ�*KDQD�DUH�� WHPSHUDWXUH� ULVH��
FKDQJLQJ�UDLQIDOO�UHJLPH�WRZDUGV�D�ORQJHU�GU\�VHDVRQ�DQG�D�
YDUQLVKLQJ�ZHW�VHDVRQ��2ZXVX�HW�DO����������DOVR�XQGHUVFRUH�
WKH�IDFW�WKDW�WKHUH�KDV�EHHQ�D�QRWLFHDEOH�VKLIW�LQ�WKH�UDLQIDOO�
SDWWHUQ� LQ� *KDQD� WRZDUGV� D� ORQJHU� GU\� VHDVRQ� DQG� WKH�
GLVDSSHDUDQFH�RI�VKRUW�GU\�VSHOOV�EHWZHHQ�PDMRU�DQG�PLQRU�
VHDVRQV��7KH�*KDQDLDQ�DJULFXOWXUDO�GHSHQGHQW�HFRQRP\�KDV�
WKXV� VXIIHUHG� VHYHUH� HFRQRPLF� FRQVHTXHQFHV� �.\HN\HNX�
1WL���������

$JULFXOWXUH�LV�WKH�SLOODU�RI�*KDQD
V�HFRQRP\�SURYLGLQJ�
HPSOR\PHQW�WR�WKH�PDVVHV�LQ�WKH�UXUDO�DUHDV�DQG�VXVWDLQLQJ�
WKH�YDVW�PDMRULW\�RI�WKH�SRSXODWLRQ��2QO\�DERXW�������RI�WKH�
FRXQWU\
V� DUDEOH� ODQG�� HTXLYDOHQW� WR� ������� KHFWDUHV� LV�
FXOWLYDWHG�XQGHU�LUULJDWLRQ��EHQH¿WWLQJ�RQO\�ULFH�SURGXFWLRQ�
>(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��������0LQLVWU\�RI�
)RRG�DQG�$JULFXOWXUH��0R)$�������@��

$FFRUGLQJ� WR� (QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\� RI�
*KDQD� �(3$�� ������� PDL]H� \LHOGV� LQ� *KDQD� DUH� ORZ�
FRPSDUHG� WR� WKDW� RI� GHYHORSHG� FRXQWULHV�� 7KH� QDWLRQDO�
DYHUDJH�\LHOG�LV�DERXW�����PW�SHU�KHFWDUH��7KLV�LV�SULPDULO\�
GXH� WR� WKH� LQDGHTXDWH� LQSXW�RI� IHUWLOLVHUV�DQG�QRQ�H[LVWLQJ�

LUULJDWLRQ� IDFLOLWLHV� LQ� WKH�PDL]H�SURGXFWLRQ� DUHDV� �:$%6�
FRQVXOWLQJ����������

$PRQJ�WKH�VWDSOHV�FXOWLYDWHG�LQ�WKH�FRXQWU\��PDL]H�KDV�
EHHQ�LGHQWL¿HG�DV�RQH�RI�WKH�PRVW�HVVHQWLDO�ZLWKLQ�WKH�JUDLQV�
DQG� FHUHDOV� IDPLO\� >6WDWLVWLFDO�� 5HVHDUFK� DQG� ,QIRUPDWLRQ�
'LUHFWRUDWH� �65,'��� ����@�� � ,W� LV� JURZQ� RQ� PRUH� WKDQ��
�������� KHFWDUHV� DFURVV� DOO� WKH� YDULRXV� DJUR�HFRORJLFDO�
UHJLRQV�LQ�*KDQD��65,'�������

*HQHUDOO\�� KLJK� WHPSHUDWXUHV� KDYH� EHHQ� UHSRUWHG� DV�
GHWULPHQWDO�WR�JUDLQ�\LHOGV��%DGX�$SUDNX�HW�DO���������/REHOO�
HW�DO��� �������$FFRUGLQJ� WR� WKH�(3$� �������� WKH�SURMHFWHG�
SHUFHQWDJH�GURS�LQ�PDL]H�\LHOG�LQ�WKH�WUDQVLWLRQ�]RQH�UDQJHG�
IURP�����SHUFHQW�LQ�WKH�\HDU������WR�����SHUFHQW�E\�WKH�\HDU�
�����DV�FRPSDUHG�WR�WKHLU�OHYHO�LQ��������7KH�VWXG\�RI�/REHOO�
HW� DO�� ������� LQGLFDWHV� WKDW� HDFK� GD\
V� WHPSHUDWXUH� DERYH�

��� &�ZRXOG�UHGXFH�WKH�¿QDO�\LHOG�E\����XQGHU�RSWLPDO�UDLQ�
IHG�FRQGLWLRQV��DQG�E\������XQGHU�GURXJKW�FRQGLWLRQV��,Q�WKH�
WUDQVLWLRQ� �ZKHUH� 1NRUDQ]D� LV� ORFDWHG�� DQG� IRUHVW� EHOWV��
WKRXJK�GURXJKWV�DUH�QRW� WKH�PDLQ�GUDZEDFN��YDULDWLRQV� LQ�
UDLQIDOO�SDUWLFXODUO\�GH¿FLWV�LQ�WKH�QXPEHU�RI�UDLQ\�GD\V�SRVH�
QHZ�FKDOOHQJHV�WR�UXUDO�OLYHOLKRRGV��<DUR���������7KHUH�LV�D�
VKRUWHQLQJ�RI�WKH�IDUPLQJ�VHDVRQ�LQ�VHYHUDO�SODFHV�DV�ZHOO�DV�
D�JUDGXDO�ZDQLQJ�RI� WKH�VHFRQGDU\�JURZLQJ�VHDVRQ� LQ� WKH�
WUDQVLWLRQ�]RQH��2ZXVX�DQG�:D\OHQ��������<DUR�HW�DO���������

�
0DWHULDOV�DQG�0HWKRGV
7KH� VWXG\� ZDV� FRQGXFWHG� LQ� WKH� 1NRUDQ]D� 6RXWK�

0XQLFLSDOLW\�LQ�WKH�%URQJ�$KDIR�5HJLRQ�RI�*KDQD��

�

���

$EVWUDFW

.H\ZRUGV��6RLO��3K\VLFDO�SURSHUWLHV��%DGH��<REH
5HFHLYHG����������������������������$FFHSWHG����������������������������3XEOLVKHG��RQO൴QH��������������

,QWURGXFWLRQ���

5HVHDUFK�$UWLFOH
ZZZ�MDHIV�FRP-$()6

�&LWH�WKLV�DUWLFOH�DV���$GMHL��9��DQG�.\HUHPDWHQ��5����������,PSDFWV�RI�FKDQJLQJ�FOLPDWH�RQ�PDL]H�SURGXFWLRQ�LQ�WKH�WUDQVLWLRQDO�]RQH�RI�*KDQD��$�
FDVH�VWXG\�RI�1NRUDQ]D�VRXWK�PXQLFLSDOLW\��,QW��-��$JULF��(QYLURQ��)RRG�6FL������������������'2,�����������MDHIV������

$YD൴ODEOH�RQO൴QH�DW��� ���� �ZZZ�MDHIV�FRP KWWS���GHUJLSDUN�JRY�WU�MDHIV

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

�H�,661������������ '2,�����������MDHIV��������

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

7KLV�VWXG\�VRXJKW�WR�DVVHVV�WKH�FKDOOHQJHV�DQG�RSSRUWXQLWLHV�WKDW�FRPH�ZLWK�FOLPDWH�FKDQJH�DQG�YDULDELOLW\�LPSDFWV�RQ�
PDL]H�IDUPLQJ�LQ�WKH�1NRUDQ]D�6RXWK�0XQLFLSDOLW\�LQ�WKH�7UDQVLWLRQDO�=RQH�RI�*KDQD��7KH�PL[HG�PHWKRG�DSSURDFK�ZDV�
XVHG�LQ�FROOHFWLQJ�WKH�GDWD��7KH�UHVXOWV�RI�WKH�VWXG\�VKRZHG�WKDW�IDUPHUV�KDG�REVHUYHG�FKDQJHV�LQ�FOLPDWH�LQ�WKH�IRUP�RI�
GHFUHDVLQJ�UDLQIDOO��ULVLQJ�DLU�WHPSHUDWXUHV�DQG�VHDVRQDO�FKDQJHV�LQ�UDLQIDOO�SDWWHUQ�ZKLFK�ZHUH�DIIHFWLQJ�WKHLU�PDL]H�
IDUPLQJ�RSHUDWLRQV��7KH�PDMRU� VHWEDFNV�ZLWKLQ� WKH� DUHD�ZHUH� GH¿FLW� LQ� UDLQ\� GD\V� DQG� LQWHUPLWWHQW� HUUDWLF� UDLQIDOO�
DIIHFWLQJ�PDL]H�SURGXFWLRQ��7KH�UHGXFWLRQ�LQ�UDLQIDOO�ZDV�FRUURERUDWHG�E\�GDWD�REWDLQHG�IURP�*KDQD�0HWHRURORJLFDO�
$JHQF\��*0HW��ZKLFK�LQGLFDWHG�WKDW�WKH�GU\�FHOO�EHWZHHQ�WKH�PDMRU�DQG�PLQRU�UDLQ\�VHDVRQV�ZDV�JHWWLQJ�ZHWWHU�DQG�WKH�
WZR�VHDVRQV�ZHUH�JUDGXDOO\�PHUJLQJ�ZKHUHDV�WKH�¿UVW�DQG�ODVW�TXDUWHUV�RI�WKH�\HDU�ZHUH�JHWWLQJ�GULHU�IRU�D�FRXSOH�RI�
GHFDGHV��7KH�VLWXDWLRQ�RYHU�WKH�ODVW�¿YH�\HDUV�KDG�ZRUVHQHG�DV�WKH�DPRXQW�RI�WRWDO�UDLQIDOO�KDG�UHGXFHG�E\�����FRPSDUHG�
WR�WKH���\HDU�SHULRG�EHWZHHQ������DQG�������7KH�PDMRU�RSSRUWXQLW\�DYDLODEOH�WR�IDUPHUV�LQ�WKH�IDFH�RI�FKDQJLQJ�FOLPDWH�
LQ�WKLV�DJURHFRORJLFDO�]RQH�ZDV�FDVKHZ�SURGXFWLRQ��$ERXW�������RI�WKH�UHVSRQGHQWV�KDG�GLYHUVL¿HG�LQWR�FDVKHZ�IDUPLQJ�
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7KH� 0XQLFLSDOLW\� OLHV� ZLWKLQ� WKH� ZHW� VHPL�HTXDWRULDO�
UHJLRQ�RI�*KDQD��,W�LV�ORFDWHG�LQ�WKH�WUDQVLWLRQDO�]RQH�EHWZHHQ�
WKH�VDYDQQDK�ZRRGODQG�RI�QRUWKHUQ�*KDQD�DQG�WKH�IRUHVW�RI�

�WKH� VRXWK��7KH�0XQLFLSDOLW\� OLHV�ZLWKLQ� ORQJLWXGHV�� ��:�
� � �DQG�� ��:�DQG�ODWLWXGHV�� ��´1�DQG�� ��´1��*KDQD�'LVWULFW��

�������,W�VKDUHV�FRPPRQ�ERXQGDULHV�ZLWK�1NRUDQ]D�1RUWK�
'LVWULFW� WR� WKH� QRUWK��7HFKLPDQ�0XQLFLSDOLW\� WR� WKH�ZHVW��
2I¿QVR�1RUWK�WR�WKH�VRXWK�DQG�(MXUD�6HN\HUH�'XPDVH�WR�WKH�
VRXWK�HDVW��*KDQD�'LVWULFW����������

7KH� HDVWHUQ� SDUW� RI� WKH� 0XQLFLSDOLW\� LV� PDLQO\�
FKDUDFWHULVHG�E\�VDYDQQDK�ZRRGODQG�DQG�WKH�VRXWKHUQ�SDUW�LV�
SULQFLSDOO\�PDUNHG�E\�IRUHVW�UHJURZWK��PDGH�XS�RI�VKUXEV�
DQG� JUDVVHV�� � ,W� KDV� D�PHDQ� DQQXDO� UDLQIDOO� OHYHO� UDQJLQJ�
EHWZHHQ����������PP��UHODWLYH�KXPLGLW\�UDQJLQJ�IURP����

����� DQG� DYHUDJH� DQQXDO� WHPSHUDWXUH� RI� �� &� �*KDQD�
'LVWULFW���������

'DWD�&ROOHFWLRQ
%RWK�SULPDU\�DQG�VHFRQGDU\�GDWD�ZHUH�XVHG�LQ�REWDLQLQJ�

WKH� GDWD��:LWK� UHJDUGV� WR� SULPDU\� GDWD�� WZR� IRFXV� JURXS�
GLVFXVVLRQV�ZHUH� RUJDQL]HG� LQ� WZR� FRPPXQLWLHV� �'RQNUR�
1NZDQWD� DQG�$ERDVX���7ZHOYH� NH\� LQIRUPDQWV�ZHUH� DOVR�
LQWHUYLHZHG�� ZLWK� DW� OHDVW�� RQH� FRPLQJ� IURP� HDFK�
FRPPXQLW\��7KH�PDL]H�IDUPHUV�ZHUH�VHYHQ��WZR�VXE�FKLHIV��
D�PHWHRURORJLVW�IURP�*0HW��:HQFKL�EUDQFK��DQ�DJULFXOWXUDO�
H[WHQVLRQ�RI¿FHU�IURP�1NRUDQ]D�6RXWK�0XQLFLSDO�$VVHPEO\�
DQG�WKH������EHVW�IDUPHU�RI�WKH�0XQLFLSDOLW\�

6HFRQGDU\�GDWD�FRQVLVWHG�RI�PHWHRURORJLFDO�GDWD��UDLQIDOO�
DQG�WHPSHUDWXUH��IURP�*0HW�ZKLFK�FRYHUHG������WR�������
7KLV�GDWD��UDLQIDOO��ZDV�GLYLGHG�LQWR�WZR�WUHQFKHV�������WR�
�����DQG������WR������� �6RPH�GDWD�EHWZHHQ������WR������
ZHUH� XQDYDLODEOH� DQG� VR� ZHUH� QRW� XVHG� IRU� WKH� DQDO\VHV��
5DLQIDOO�GDWD�RYHU�WKH�ODVW�¿YH�\HDUV�������WR�������DV�ZHOO�DV�
WHPSHUDWXUH� GDWD� IURP� ����� WR� ����� ZHUH� DQDO\VHG� LQ�
GHWHUPLQLQJ�FXUUHQW�UDLQIDOO�WUHQGV�LQ�WKH�VWXG\�DUHD���0DL]H�
SURGXFWLRQ� GDWD� ������������ ZDV� DOVR� VHFXUHG� IURP� WKH�
DVVHPEO\�RI�WKH�0XQLFLSDOLW\�IRU�DQDO\VLV�

6WXG\�'HVLJQ�
7KH�VWXG\�UHOLHG�RQ�D�TXHVWLRQQDLUH�VXUYH\�IURP�VHOHFWHG�

IDUPLQJ�FRPPXQLWLHV��TXDOLWDWLYH�LQWHUYLHZ�DQG�IRFXV�JURXS�
GLVFXVVLRQ� �)*'�� WR� DFTXLUH� HVVHQWLDO� ¿HOG� GDWD�� 7KH�
TXHVWLRQQDLUH� VXUYH\� ZDV� DGPLQLVWHUHG� DPRQJ� VRPH�
VHOHFWHG�PDL]H�IDUPLQJ�FRPPXQLWLHV�LQ�WKH�0XQLFLSDOLW\�RI�
ZKLFK�SXUSRVLYH�DQG�DFFLGHQWDO�VDPSOLQJ�WHFKQLTXHV�ZHUH�
XVHG�WR�HQKDQFH�GLYHUVLW\�RI�WKH�UHVSRQGHQWV��7KH�SXUSRVLYH�
WHFKQLTXH� ZDV� XVHG� WR� REWDLQ� WKH� IDUPLQJ� FRPPXQLWLHV��
SHUFHQWDJH�RI�PDOH�DQG�IHPDOH�IDUPHUV�DV�UHVSRQGHQWV��DQG�
VHOHFWLRQ�RI�NH\�LQIRUPDQWV��7KH�NH\�LQIRUPDQWV�ZHUH�PDGH�
XS�RI�WKH�DJHG��FKLHIV��D�PHWHRURORJLVW�DQG�DQ�DJULFXOWXUDO�
RI¿FHU�� $Q\� IDUPHU� FKDQFHG� XSRQ� ZDV� DOVR� JLYHQ� WKH�
RSSRUWXQLW\� WR� DQVZHU� WKH� TXHVWLRQQDLUH� �$FFLGHQWDO�
VDPSOLQJ�WHFKQLTXH���

7KH� TXHVWLRQV� LQFOXGHG� FORVH�HQGHG� DV� ZHOO� DV� D� IHZ�
RSHQ�HQGHG�TXHVWLRQV��PRVW�RI�ZKLFK�VRXJKW�LQIRUPDWLRQ�RQ�
UHVSRQGHQW
V�SHUFHSWLRQ�RQ�FOLPDWH�FKDQJH�DQG�YDULDELOLW\��
IDUP� VL]H�� YDULHW\� RI� PDL]H� FXOWLYDWHG�� IDUPLQJ� V\VWHP��
DSSOLFDWLRQ�RI�IHUWLOL]HU�DQG�RWKHU�FRSLQJ�VWUDWHJLHV�PHDQW�WR�
UHGXFH�WKH�HIIHFWV�RI�ORZ�\LHOGV��7KH�VXUYH\�ZDV�FRQGXFWHG�
IDFH�WR�IDFH�ZLWK�WKH�UHVSRQGHQWV�LQ�GLIIHUHQW�ORFDWLRQV�DQG�
LQ�GLIIHUHQW�FRPPXQLWLHV��7KH�TXHVWLRQQDLUHV�ZHUH�UHDG�DQG�
WUDQVODWHG� LQWR� $NDQ� �WKH� PDLQ� ORFDO� ODQJXDJH�� IRU� WKH�
UHVSRQGHQWV�WR�DQVZHU�

,Q� DOO�� ��� NH\� LQIRUPDQWV� ZHUH� LQWHUYLHZHG� WR� JDLQ�
LQIRUPDWLRQ� DERXW� WKHLU� YLHZV� RQ� FOLPDWH� FKDQJH� DQG�
YDULDELOLW\� LPSDFWV�RQ�PDL]H� IDUPLQJ� LQ� WKH�0XQLFLSDOLW\��

6HYHQ�RI� WKH� UHVSRQGHQWV�ZHUH�PDL]H� IDUPHUV�� WKUHH�ZHUH�
HOGHUV�IURP�WKH�FKLHI
V�SDODFH�ZKRVH�DJHV�ZHUH�EHWZHHQ����
DQG����\HDUV��WKH�DJHG��DQG�WKH�UHVW�ZHUH�IDUPHUV�� �$W�OHDVW��
RQH� UHVSRQGHQW� FDPH� IURP� HDFK� RI� WKH� ¿YH� IDUPLQJ�
FRPPXQLWLHV� LQ� WKH� VWXG\� DUHD�� $SDUW� IURP� WKHVH� NH\�
LQIRUPDQWV��RQH�RI�WKH�0XQLFLSDO�$JULFXOWXUDO�2I¿FHUV�ZDV�
LQWHUYLHZHG��/DVWO\��D�VWDII�RI�*KDQD�0HWHRURORJLFDO�$JHQF\�
�*0HW��:HQFKL�EUDQFK��ZDV�DOVR�LQWHUYLHZHG��7KH�TXHVWLRQV�
LQ�WKHVH�TXDOLWDWLYH�LQWHUYLHZV�ZHUH�XQVWUXFWXUHG��EXW�ZHUH�
DGPLQLVWHUHG�ZLWK�WKH�KHOS�RI�DQ�LQWHUYLHZ�JXLGH��7KH�WKHPHV�
FRYHUHG�ZHUH�VLPLODU�WR�WKRVH�LQ�WKH�TXHVWLRQQDLUH�VXUYH\��EXW�
ZHUH�PRUH�LQWHUDFWLYH�DQG�SURELQJ��VHHNLQJ�LQIRUPDWLRQ�RQ�
FOLPDWH�FKDQJH�DQG�YDULDELOLW\�RI�WKH�VWXG\�DUHD��DGDSWDWLRQ�
RI�WKH�IDUPHUV�HWF��ZLWK�DPSOH�RSSRUWXQLW\�IRU�WKH�LQIRUPDQWV�
WR� SURYLGH� H[WHQVLYH� SHUVRQDO� QDUUDWLYHV�� 7KH� LQWHUYLHZV�
ZHUH�GRQH�LQ�WKH�SDUWLFLSDQWV
�KRPHV�RU�UHVLGHQFHV�DQG�ZHUH�
WDSH�UHFRUGHG�ZLWK�WKHLU�SHUPLVVLRQ�DQG�ODWHU�WUDQVFULEHG�

7ZR� )*'V� ZHUH� RUJDQL]HG� DW� WKH� HQG� RI� WKH� GDWD�
FROOHFWLRQ� LQ� WZR� FRPPXQLWLHV��$YHUDJHO\� WKH� WZR� )*'V�
ZHUH�PDGH�XS�RI�WKUHH�IHPDOHV�DQG�VHYHQ�PDOH�IDUPHUV��7KH�
IRFXV�JURXSV�GHDOW�ZLWK�WKH�FKDQJLQJ�FOLPDWH�DQG�YDULDELOLW\�
LQ�WKH�DUHD��LWV�LPSDFWV�ERWK�SRVLWLYH�DQG�QHJDWLYH�RQ�WKHLU�
OLYHOLKRRGV�� WKHLU� DGDSWLYH� FDSDELOLWLHV� WR� DOOHYLDWH� WKH�
FKDO OHQJHV� SRVHG� E\� WKH� FKDQJLQJ� FO LPDWH � DQG�
HFRQRPLF�¿QDQFLDO� DVVLVWDQFH� WKH\� UHFHLYHG� HOVHZKHUH� �LI�
DQ\�� WR� VXSSRUW� WKHPVHOYHV�� $OO� WKH� GHOLEHUDWLRQV� ZHUH�
YLGHRHG� ZLWK� WKH� SHUPLVVLRQ� RI� WKH� GLVFXVVDQWV� DQG� ODWHU�
WUDQVFULEHG��7KH�VHOHFWLRQ�ZDV�PDGH�EDVHG�RQ�KRZ�ZHOO�WKH\�
DQVZHUHG�TXHVWLRQV�GXULQJ�WKH�TXHVWLRQQDLUH�DGPLQLVWUDWLRQ�

5HVXOWV�DQG�'LVFXVVLRQ
'HPRJUDSKLF�,QIRUPDWLRQ�RQ�0DL]H�)DUPHUV
7DEOH� �� SURYLGHV� EDVLF� LQIRUPDWLRQ� DERXW� WKH� PDL]H�

IDUPHUV� VHOHFWHG� IRU� WKH� TXHVWLRQQDLUH� VXUYH\�� 7KH�
UHVSRQGHQWV� ZHUH� PDGH� XS� RI� ERWK� PDOH� ���� ������ DQG�
IHPDOH�PDL]H�IDUPHUV�����������7KH�QXPEHU�RI�UHVSRQGHQWV�
ZDV�SURSRUWLRQDO�WR�WKH�SRSXODWLRQ�RI�HDFK�FRPPXQLW\��6L[W\�
SHUFHQW�RI�WKH�UHVSRQGHQWV�ZHUH�%RQRV��������ZHUH�VHWWOHUV�
IURP�WKH�QRUWKHUQ�SDUW�RI�*KDQD�������$VDQWHV�DQG������
UHSUHVHQWLQJ�)XODQLV�DQG�(ZHV��0DMRULW\�RI�PDL]H�IDUPHUV�
UHQWHG� ODQGV� IRU� IDUPLQJ� DFFRXQWLQJ� IRU� ������� 0DL]H�
IDUPHUV� ZKR� ZRUNHG� RQ� WKHLU� RZQ� ODQGV� ZHUH� IHZ�
UHSUHVHQWLQJ��������6HYHUDO�RI�WKH�IDUPHUV�KDG�IDUPODQGV�RI�
VL]H�JUHDWHU�WKDQ���KHFWDUHV��KD���$ERXW�������RI�WKH�IDUPHUV�
KDG� IDUPODQGV�JUHDWHU� WKDQ���KD��1LQHW\�VHYHQ�SHUFHQW�RI�
UHVSRQGHQWV�SUDFWLVHG�PRQRFXOWXUH�ZKLFK�ZDV�WKH�GRPLQDQW�
IDUPLQJ� V\VWHP� DPRQJ� WKH� PDL]H� IDUPHUV� ZLWKLQ� WKH�
0XQLFLSDOLW\� ZLWK� ����� RI� UHVSRQGHQWV� SUDFWLVLQJ�
LQWHUFURSSLQJ�RU�PL[HG�FURSSLQJ��(LJKW\�VHYHQ�SHUFHQW�RI�
WKH� UHVSRQGHQWV� VRZHG� DEXURKRPD�� D� YDULHW\� RI� PDL]H�
SUHYDOHQW�LQ�WKH�1NRUDQ]D�6RXWK�0XQLFLSDOLW\��(YHQ�WKRXJK�
DSSURYHG� VHHGV� OLNH� REDDWDPSD� DQG� RPDQNZD� ZHUH�
DYDLODEOH� RQ� WKH� PDUNHW�� PRVW� IDUPHUV� SUHIHUUHG� WKH�
WUDGLWLRQDO� YDULHW\� WR� WKHVH� QHZ� FXOWLYDUV� ZKLFK� ZHUH�
DSSURYHG�WR�EH�GURXJKW�UHVLVWDQW�DQG�HDUO\�PDWXULQJ�K\EULGV�

7KH� SHUFHQWDJH� RI� IDUPHUV� ZKR� DSSOLHG� IHUWLOL]HUV� RQ�
WKHLU�FURSV�ZDV��������$ERXW�������RI�WKH�UHVSRQGHQWV�GLG�
QRW�DSSO\�IHUWLOL]HUV�DQG�WKH�IDPHUV�ZKR�RFFDVLRQDOO\�DSSOLHG�
IHUWLOL]HUV� ZHUH� �����0RVW� RI� WKH� IDUPHUV� HQULFKHG� WKHLU�
FURSV�ZLWK�RUJDQLF�IHUWLOL]HUV���

7ZHQW\�QLQH�SHUFHQW�RI�WKH�UHVSRQGHQWV�KDG�QRW�UHFHLYHG�
DQ\� IRUPDO� HGXFDWLRQ�ZLWK� RQO\� ����� RI� WKH� UHVSRQGHQWV�
KDYLQJ� DWWDLQHG� WHUWLDU\� OHYHO� HGXFDWLRQ�� 0DMRULW\� RI� WKH�
UHVSRQGHQWV�ZHUH�-XQLRU�+LJK�6FKRRO��-+6��0LGGOH�VFKRRO�

���
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OHDYHUV� UHSUHVHQWLQJ� ������� 'DWD� IURP� WKH� VXUYH\�
LQGLFDWHG� WKDW� PDOHV� �������� ZHUH� EHWWHU� HGXFDWHG� WKDQ�
IHPDOHV��$ERXW�������RI�WKH�IHPDOH�IDUPHUV�KDG�QRW�UHFHLYHG�
IRUPDO� HGXFDWLRQ� ZKLOHV� ������� RI� PDOHV� KDG� QR� IRUPDO�
HGXFDWLRQ��$�VWXG\�E\�.KDQ�DQG�$OL��������UHYHDOHG�WKDW�LI�
SURGXFHUV�DUH�HGXFDWHG��LW�HQKDQFHV�WKH�DSSOLFDWLRQ�RI�EHVW�
IDUPLQJ�SUDFWLFHV�LQ�WRPDWR�SURGXFWLRQ��

3HUFHSWLRQ�RI�&OLPDWH�&KDQJH�DQG�9DULDELOLW\�DPRQJ�
)DUPHUV
$OO� IDUPHUV� LQWHUYLHZHG� LQGLFDWHG� WKDW� WKH� SDWWHUQ� RI�

UDLQIDOO�LQ�WKH�DUHD�KDG�FKDQJHG��2I�WKHVH������LQGLFDWHG�WKDW�
WKH�QDWXUH�RI�WKH�FKDQJH�ZDV�HUUDWLF��7KH�PDMRULW\���������
LQGLFDWHG�WKH�VHYHULW\�RI�WKLV�HSLVRGH�ZDV�HPEDUUDVVLQJ�RYHU�
WKH� SDVW� �� \HDUV� �7DEOH� ����7KLV� KDG� WKHUHIRUH�PDGH� WKHLU�
IDUPLQJ�RSHUDWLRQV�PRUH�SUHFDULRXV�GXH�WR�WKH�IDFW�WKDW�WKHUH�
LV�QR�LUULJDWLRQ�V\VWHP�LQ�WKH�0XQLFLSDOLW\��EULQJLQJ�IDUPLQJ�
DFWLYLWLHV�WR�D�QHDU�KDOW�ZKHQHYHU�WKH�UDLQ�IDLOHG�

$ERXW� ������ RI� WKH� IDUPHUV� DGPLWWHG� WKDW� XQJXLGHG�
DFWLYLWLHV�RI�XQVFUXSXORXV�FKDLQVDZ�RSHUDWRUV�KDG�OHG�WR�WKH�
FXWWLQJ�GRZQ�RI�WUHHV�ZKLFK�PLJKW�KDYH�UHVXOWHG�LQ�UHGXFWLRQ�
LQ�UDLQV��2Q�WKH�RWKHU�KDQG��������DWWULEXWHG�WKH�FKDQJHV�LQ�
SUHFLSLWDWLRQ�WUHQG�WR�QDWXUH�LWVHOI�DQG������RI�UHVSRQGHQWV�
EHOLHYHG� WKDW� WKH� FKDQJHV� KDG� FRPH� GXH� WR� H[FHVVLYH�
HPLVVLRQ� RI� *+*V� LQWR� WKH� DWPRVSKHUH�� $QRWKHU� ��� RI�
IDUPHUV�DOVR�SODFHG� WKH�EODPH�RQ�EXVK�¿UH�ZKHUHDV������
LQGLFDWHG� WKDW� WKH\� GLG� QRW� NQRZ� ZKDW� KDG� FDXVHG� WKLV�
FKDQJH�

:KHQ�WKH\�ZHUH�IXUWKHU�SUREHG�DERXW�ZKDW�FRXOG�EH�GRQH�
WR� UHYHUVH� WKH� VLWXDWLRQ� RI� WKH� HUUDWLF� UDLQIDOO�� ������
UHVSRQGHG�WKDW�WKHUH�VKRXOG�EH�DIIRUHVWDWLRQ�WR�UHSODFH�WKH�
IHOOHG�WUHHV��2WKHUV���������KDG�WKH�YLHZ�WKDW�RQO\�*RG�FRXOG�
LQWHUYHQH�WR�UHVWRUH�WKH�VLWXDWLRQ�ZKLOH�VRPH�IDUPHUV��������
FDOOHG�IRU�EXVK�¿UH�FRQWURO��)DUPHUV�LQ�WKH�)*'V�GLVFORVHG�
WKDW� FRQWURO� RI� EXVK� EXUQLQJ�ZRXOG� DOORZ� VPDOO� SODQWV� WR�
UHSODFH� ORJJHG� WUHHV�DOWKRXJK�WKLV�ZRXOG� WDNH�D�FRXSOH�RI�
\HDUV�WR�HVWDEOLVK��$ERXW������RI�UHVSRQGHQWV�GLG�QRW�NQRZ�
ZKDW�FRXOG�EH�GRQH� WR�EULQJ� WKH� UDLQIDOO� VLWXDWLRQ�EDFN� WR�
QRUPDO�ZKHUHDV������DOVR�KDG�WKH�DVVXUDQFH�WKDW�D�EDQ�RQ�
EXUQLQJ�RI�IRVVLO�IXHO�ZRXOG�EH�KHOSIXO��7KLV�LQGLFDWHV�WKDW�
IDUPHUV�GR�KDYH�VRPH�NQRZOHGJH�DERXW�FDXVHV�RI�FKDQJLQJ�
FOLPDWH�EXW�WKH�UHPHGLHV�ZHUH�QRW�ZLWKLQ�WKHLU�UHDFK�GXH�WR�
SRSXODWLRQ�JURZWK�DQG�SRYHUW\��)*'V��

:LWK� UHJDUG� WR� WHPSHUDWXUH��ZKHQ� IDUPHUV�ZHUH�DVNHG�
ZKHWKHU� DLU� WHPSHUDWXUHV� KDG� LQFUHDVHG�� VWDELOL]HG� RU�
GHFUHDVHG��������VWURQJO\�DJUHHG�WKDW�DLU�WHPSHUDWXUHV�KDG�
FXUUHQWO\� ULVHQ�� ,W� HPHUJHG� IURP� WKH� )*'V� WKDW� DLU�
WHPSHUDWXUHV�KDG�EHHQ�ZDUPHU�RYHU�WKH�SDVW����\HDUV�DQG�
HYHQ� WKH� WZR� FROG� SHULRGV� �-XQH�-XO\� DQG� 'HFHPEHU��
-DQXDU\��ZHUH�QRZ�VKRUW�OLYHG��$ERXW������DJUHHG�WKDW�DLU�
WHPSHUDWXUHV�KDG�FKDQJHG�EXW�QRW�DSSUHFLDEO\�ZKLOH������
GLG�QRW�NQRZ�ZKHWKHU�WHPSHUDWXUHV�KDG�FKDQJHG�RU�QRW��)LJ��
����$QRWKHU� ������ RI� UHVSRQGHQWV� KDG� REVHUYHG� WKDW� WKH�
FXUUHQW�WHPSHUDWXUHV�ZHUH�KLJKHU�WKDQ�WKH�WHPSHUDWXUHV�IRU�
WKH�VDPH�DUHD�RYHU�WKH�SDVW���\UV��

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

7DEOH����'HPRJUDSKLF�LQIRUPDWLRQ�RI�IDUPHUV

7DEOH����&KDQJLQJ�UDLQIDOO�SDWWHUQ�UHVSRQVH�RQ�WKH�WLPH�RI�WKH�FKDQJHV

)LJXUH����)DUPHUV
�SHUFHSWLRQ�RQ�FKDQJLQJ�DLU�WHPSHUDWXUHV
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$QDO\VLV� RI� 5DLQIDOO� 'DWD� RI� 1NRUDQ]D� 6RXWK�
0XQLFLSDOLW\� ������������ 'HSLFWLQJ� WKH� 5HJLPH� RI�
&OLPDWH�&KDQJH�DQG�9DULDELOLW\�LQ�WKH�6WXG\�$UHD
)LJXUHV��D�DQG��E�FRYHU�WKH�SUHFLSLWDWLRQ�WUHQG�IRU�WKH�

VWXG\�DUHD��1NRUDQ]D�6RXWK�0XQLFLSDOLW\��IURP������������
����� WR������GLG�QRW�DSSHDU� LQ� WKH� WDEOHV�¿JXUHV�EHFDXVH�
WKHUH�ZHUH�D�ORW�RI�EODQN�FHOOV�ZLWKLQ�WKLV�SHULRG��

3UHFLSLWDWLRQ�ZDV�ORZ�LQ�WKH�HDUO\�����V�EXW�URVH�VWHDGLO\�
LQ� WKH�PLG�����V�� IDOOLQJ� VXGGHQO\� LQ� WKH� ����V��5DLQIDOO�
KRZHYHU�SURJUHVVLYHO\�URVH�DQG�VRPHZKDW�VWDELOL]HG�LQ�WKH�
PLG�����V�DQG�GHFOLQHG�DJDLQ�LQ�WKH�HDUO\�����V��7KHUH�ZDV�
QR�FOHDU�SDWWHUQ�IURP������WR�������,W�ZDV�DOVR�REYLRXV�WKDW�
IURP� ����� WR� ������ WKH� UDLQIDOO� DPRXQW� KDUGO\� FURVVHG�
����PP� XQOLNH� WKH� SHULRG� EHWZHHQ� ����������� 7KLV�
FRQ¿UPV� ZKDW� WKH� IDUPHUV� VDLG� WKDW� WKH� FXUUHQW� UDLQIDOO�
SDWWHUQ�LV�UDWKHU�LUUHJXODU�DQG�XQSUHGLFWDEOH�

7KH�DYHUDJHV�RI�����������ZHUH�KLJKHU�WKDQ�WKDW�RI�WKH�
SUHVHQW�������������7DEOH��E���)URP�WKH�PRQWKV�RI�-DQXDU\�
WR�0DUFK��WKH�PHDQ�RI���������ZDV�JUHDWHU�WKDQ�WKDW�RI������
������ 7KH� IDUPHUV� ZHUH� ULJKW� WKDW� ODWHO\�� WKH� DPRXQW� RI�
UDLQIDOO� LQ� 0DUFK� KDG� GUDVWLFDOO\� UHGXFHG� DV� WKH� DPRXQW�
IURP���������7DEOH��D��ZDV�ZHOO�RYHU����PP�������PP��
ZKHUHDV�WKH�DYHUDJH�DPRXQW�IRU�WKH�SHULRG�EHWZHHQ������DQG�
�����KDG�UHGXFHG�WR������PP��WKH�UHDVRQ��PRVW�SUREDEO\��
ZK\� PDMRULW\� RI� WKH� IDUPHUV� VRZHG� LQ� $SULO� ���������
%HWZHHQ������DQG������UDLQIDOO�DYHUDJHV�KDG�DSSUHFLDWHG�
IURP�$SULO� WR� -XQH��ZLWK� D� GH¿FLW� LQ� -XO\�� ULVLQJ� DJDLQ� LQ�
$XJXVW��&XUUHQWO\��WKH�DPRXQW�RI�UDLQIDOO�LQ�1RYHPEHU�KDV�
GHFUHDVHG� WR� WKH� GHWULPHQW� RI� IDUPHUV�� 7KLV� PHDQV� WKDW�
SUHVHQWO\��FURSV�GR�QRW�UHFHLYH�DV�PXFK�UDLQIDOO�DV�FRPSDUHG�
WR���\HDUV�DJR��,W�FDQ�DOVR�EH�GHGXFHG�IURP�7DEOHV��E�DQG��F�
WKDW�SUHVHQWO\��$XJXVW� LV�JHWWLQJ�ZHWWHU�DQG�WKH�PDMRU�DQG�
PLQRU�VHDVRQV�DUH�SURJUHVVLYHO\�PHUJLQJ��,W�LV�DOVR�FOHDU�WKDW�
WKH�¿UVW�DQG�ODVW�TXDUWHUV�RI�WKH�\HDU��-DQXDU\�0DUFK�DV�ZHOO�
DV�2FWREHU��'HFHPEHU��DUH�JHWWLQJ�GULHU�RYHU�WKH�ODVW�FRXSOH�
RI�GHFDGHV�ZLWK�WKH�ODVW�¿YH�\HDUV�WKH�ZRUVW��

7KH�IXWXUH�VHHPV�WR�EH�UDWKHU�EOHDN�ORRNLQJ�DW�WKH�WUHQG�LQ�
����������ZLWK�DOPRVW�QR�UDLQV�LQ�1RYHPEHU�DQG�'HFHPEHU�
�������������7KH�DYHUDJH�WRWDO�DPRXQW�RI�WKH�SHULRG������
�����VKRZHG�D�UHGXFWLRQ�RI�����RYHU�WKH�SDVW�¿YH�\HDUV�ZLWK�
D�GHFOLQH�EHWZHHQ�����������������DQG������������������RI�
����7KH�PRQWK�RI�0DUFK�ZKLFK�ZDV�PHDQW�IRU�SODQWLQJ�RI�
FURSV�QRZ�REWDLQHG������PP���F��RI�UDLQIDOO�DJDLQVW�������
PP���D��LQ�WKH�SDVW�EXWWHULQJ�IDUPHUV�DVVHUWLRQ�WKDW�FOLPDWH�
KDG�FKDQJHG�

,UUHJXODULW\�RI�5DLQIDOO�
2Q�UDLQIDOO�UHJXODULW\��WKH�SDWWHUQ�RI�SUHFLSLWDWLRQ�LQ�WKH�

0XQLFLSDOLW\�LV�FKDUDUFWHULVHG�E\�XQFHUWDLQW\��%DVHG�RQ�WKH�
DERYH�WDEOHV��7DEOHV��D�F�VKRZ�WKDW�WKH�DPRXQW�RI�UDLQIDOO�LQ�
WKH� PRQWK� RI� $XJXVW� LQFUHDVHG� EXW� ¿JXUHV� IURP� �����
GHYLDWHG� IURP� WKH� WUHQG� �7DEOH� �G��� 7KH� SUHFLSLWDWLRQ�
UHFHLYHG�LQ�WKH�$XJXVW�������IDUPLQJ�VHDVRQ�ZDV�����PP��
7DEOH� �G� DOVR� VKRZHG� D� UHGXFWLRQ� LQ� UDLQIDOO� DPRXQWV�
EHWZHHQ�-XQH�DQG�$XJXVW��7KLV�SKHQRPHQRQ��LUUHJXODULW\��
PLJKW� KDYH� KDG� D� QHJDWLYH� HIIHFW� RQ�PDL]H� SURGXFWLRQ� LQ�
����� UHVXOWLQJ� LQ� WKH� ORZHVW� \LHOGV� ����PW�KD�� RI� PDL]H�
UHFRUGHG�IRU�WKH�0XQLFLSDOLW\�LQ�WKH�ODVW�VL[�\HDUV��$�UHSRUW�E\�
(3$� ������� LQGLFDWHV� WKDW� HYHQ� WKRXJK�RWKHU� FRQWULEXWLQJ�
IDFWRUV� H[LVW�� ULVLQJ� WHPSHUDWXUH� DQG� LUUHJXODULW\� LQ�
SUHFLSLWDWLRQ� DUH� WKH� PDMRU� FDXVHV� RI� WKH� FRQWLQXRXV�
UHGXFWLRQ� LQ� PDL]H� \LHOGV�� $QQXDO� UDLQIDOO� IRU� 1NRUDQ]D�
6RXWK�0XQLFLSDOLW\�VLQFH�WKH��������IDUPLQJ�VHDVRQ�IRU�WKH�
PRQWK�RI�0DUFK�KDG�QHYHU�ULVHQ�DERYH����PP�EXW�URVH�WR�
���PP�LQ������ZKLFK�FRQ¿UPV�WKDW�WKH�QDWXUH�RI�UDLQV�LQ�WKH�

WUDQVLWLRQDO�]RQH� LV� LUUHJXODU��$FFRUGLQJ�WR�6WDQWXUI�HW�DO���
�������GHFOLQHV�LQ�WRWDO�SUHFLSLWDWLRQ�DQG�LQFUHDVLQJ�LUUHJXODU�
UDLQIDOO�SDWWHUQV�PDNH�IDUPLQJ�PRUH�KD]DUGRXV��LQFUHDVLQJ�
WKH� OLNHOLKRRG� RI� FURS� IDLOXUHV� DQG� UHGXFLQJ� DJULFXOWXUDO�
SURGXFWLRQ�

,PSDFWV�RI�&OLPDWH�9DULDELOLW\�DQG�&KDQJH�RQ�0DL]H�
3URGXFWLRQ�LQ�WKH�0XQLFLSDOLW\
7KH� PDMRU� WKUHDWV� RI� FKDQJLQJ� FOLPDWH� ZHUH� UDLQIDOO�

�HUUDWLF��DQG�ULVLQJ�DLU�WHPSHUDWXUHV��)*'���7KH�LQWHQVLW\�RI�
SUHFLSLWDWLRQ�KDG�UHGXFHG�EXW�UDLQ\�GD\V�ZKLFK�KDG�GHFOLQHG�
KDG� KDG� D� JUHDWHU� HIIHFW� RQ� FURS� \LHOGV� WKDQ� DPRXQW� RI�
UDLQIDOO��2YHU�WKH�SDVW�VL[�\HDUV��WKH�LQWHQVLW\�DV�ZHOO�DV�UDLQ\�
GD\V�LQ�WKH�0XQLFLSDOLW\�KDG�YDULHG�IURP�RQH�\HDU�WR�DQRWKHU�
DV�VKRZQ�LQ�7DEOH����7KH�ORZHVW�DPRXQW�RI�UDLQIDOO�RYHU�WKH�
SDVW�VL[�\HDUV�������������ZDV�LQ������������PP��ZLWK�WKH�
KLJKHVW�LQ����������������6RPH�RI�WKH�UDLQ\�GD\V�ZLWKLQ�WKH�
\HDU�ZHUH�VSUHDG�RXW��LW�UDLQHG�RQ�VHYHUDO�GD\V��ZKLOH�RWKHUV�
ZHUH� QRW�� )RU� LQVWDQFH�� LQ� ������ WKH� UDLQ\� GD\V� ZHUH� ���
ZKHUHDV�LQ�������WKH�UDLQ\�GD\V�ZHUH�RQO\�����:KDW�FDQ�EH�
LQIHUUHG�IURP�WKH�UDLQIDOO�UHJLPH�RYHU�WKH�SDVW�VL[�\HDUV�LV�
WKDW�WKH�UDLQ\�GD\V�KDG�EHFRPH�PRUH�LQFRQVLVWHQW�WKDQ�WKH�
DPRXQW� RU� LQWHQVLW\� RI� UDLQIDOO��7KLV� FRQ¿UPV� D� VWXG\� E\�
2ZXVX�DQG�:D\OHQ��������WKDW�PRUH�UDLQ\�GD\V�ZLWK�OHVV�
DPRXQW�RI�UDLQIDOO�GRHV�QRW�KDYH�PXFK�LPSDFW�RQ�\LHOGV��7KH�
UHGXFWLRQ�LQ�UDLQIDOO�LQWHQVLW\�LQ�WKH�VWXG\�DUHD�ZDV�LQ�OLQH�
ZLWK�D�VLPLODU�VWXG\�E\�7UDYDVVR�HW�DO����������LQ�$UJHQWLQD�
ZKLFK�VKRZHG�WKDW�WKHUH�KDG�EHHQ�DQ�REVHUYHG�UHGXFWLRQ�LQ�
WKH�JURZLQJ�VHDVRQ�RI�PDL]H�FURSV�E\����GD\V��FRQVHTXHQWO\�
FDXVLQJ�D�UHGXFWLRQ�LQ�\LHOGV�ZKHQ�FURS�\LHOG��PDL]H��ZDV�
VLPXODWHG�XVLQJ�YHUVLRQ���RI�+DGOH\�&HQWHU�&RXSOHG�0RGHO�
�+DG&0����

7KHUH�ZDV�D�UHODWLRQVKLS�EHWZHHQ�UDLQ\�GD\V�DQG�PDL]H�
SURGXFWLRQ�LQ�WKH�0XQLFLSDOLW\��:KHQ�UDLQIDOO�VSUHDG�RYHU�
PRUH�GD\V��FURS�\LHOGV�LQFUHDVHG�EXW�ZKHQ�UDLQ\�GD\V�ZHUH�
IHZ�ZLWK� ODUJH�DPRXQWV�RI� UDLQ�� FURS�\LHOGV�GURSSHG��)RU�
LQVWDQFH��LQ�������WKH�DPRXQW�RI�UDLQIDOO�������PP��ZDV�WKH�
OHDVW�DPRQJ�WKH�VL[�\HDUV�XQGHU�UHYLHZ��KRZHYHU��DYHUDJH�
PDL]H�\LHOGV�LQ�WKH�0XQLFLSDOLW\�ZDV�����PW�KD�FRPSDUHG�WR�
������ZKLFK�KDG�������PP�RI�UDLQIDOO�RYHU����UDLQ\�GD\V�
�7DEOH�����,Q�������WKH�DYHUDJH�\LHOG�ZDV�����PW�KD�\HW�WRWDO�
FXOWLYDWHG� DUHD�ZDV� ELJJHU� �������� KD�� WKDQ� WKDW� RI� �����
��������KD���7KH�IDUPHUV�ZKR�ZHUH�LQWHUYLHZHG�KDPPHUHG�
RQ�WKH�IDFW�WKDW�HUUDWLF�UDLQIDOO�KDG�EHHQ�RQH�RI�WKHLU�PDMRU�
VHWEDFNV�DQG�������IRU�LQVWDQFH��ZDV�D�WHUULEOH�\HDU��5DLQ\�
GD\V�KDG�QHYHU�JRQH�EHORZ����GD\V�RYHU�WKH�SDVW�VL[�\HDUV�
EXW� ����� UHFRUGHG� ��� UDLQ\� GD\V� ZKLFK� ZDV� H[FHSWLRQDO�
�7DEOH�����7KH�IDUPHUV�FRPSODLQHG�WKDW�LQ�ERWK�WKH�PDMRU�DQG�
WKH�PLQRU� VHDVRQV� RI� ������ WKH� UDLQV� VWDUWHG� ODWH� DQG� WKH�
FHVVDWLRQ� WRR� ZDV� HDUO\�� 7KH� PLQRU� VHDVRQ
V� RQVHW� ZDV�
VRPHZKHUH�ODWH�LQ�6HSWHPEHU�HQGLQJ��LQ�PLG�2FWREHU�ZKLFK�
PLJKW� KDYH� SUHYHQWHG� VRPH� RI� WKH� IDUPHUV� IURP�SODQWLQJ�
WKHLU�VHHGV�PRVW�OLNHO\�UHVXOWLQJ�LQ�D�VPDOOHU�FXOWLYDWHG�DUHD�
�������� KD�� \LHOGLQJ� ���� PW�KD� LQ� ����� �7DEOH� ���� )RVX�
0HQVD� ������� UHSRUWHG� WKDW� LQFUHDVHG� YDULDELOLW\� RI�
SUHFLSLWDWLRQ��ZKLFK� LV� UHÀHFWHG� LQ� WKH� KLJK� YDULDELOLW\� LQ�
JUDLQ�\LHOG��ZDV�DQRWKHU�IDFWRU�OHDGLQJ�WR�WKH�UHGXFWLRQ�RI�
FURS�\LHOGV�

2SSRUWXQLWLHV�$VVRFLDWHG�ZLWK�&OLPDWH�&KDQJH�DQG�
9DULDELOLW\�LQ�1NRUDQ]D�6RXWK���0XQLFLSDOLW\
,W�ZDV�REVHUYHG�WKDW�RYHU�WKH�SDVW���\HDUV��WKH�OLYHOLKRRG�

RI�WKH�SHRSOH�LQ�WKH�0XQLFLSDOLW\�KDG�VRPHZKDW�FKDQJHG��
$FFRUGLQJ�WR� WKH�IDUPHUV��)*'V���VRPH�YDULHWLHV�RI�FRUQ��
\DP��JURXQGQXW�DQG�FDVVDYD�ZHUH�IDVW�GLVDSSHDULQJ��7DEOH���
VXPPDULVHV�WKH�EHQH¿WV�IDUPHUV�KDG�GHULYHG�IURP�FOLPDWH�
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YDULDELOLW\� DQG� FKDQJH�� 0DMRULW\� RI� UHVSRQGHQWV� ��������
�7DEOH����VDLG�WKDW�FDVKHZ�SURGXFWLRQ�KDG�JLYHQ�WKHP�VRPH�
IRUP� RI� UHOLHI� ZLWK��$ERXW� ������ RI� WKH� FDVKHZ� IDUPHUV�
EHLQJ�%RQRV�ZKLOH��������%XVDQJD��'DJDUWL��:DOH��.DVHQD��
.XVDVH�� *UXPD�� )UDIUD�� ZHUH� IURP� WKH� WKUHH� QRUWKHUQ�
UHJLRQV��7KUHH�PDMRU�UHDVRQV�UHVSRQGHQWV�DWWULEXWHG�WR�KLJK�
UDWH�RI�FDVKHZ�IDUPLQJ�ZHUH�WKDW�LW�GLG�QRW�GHPDQG�PXFK�
WLPH�� HQHUJ\� DQG� PRQH\�� 7KH� RWKHU� DOWHUQDWH� IRUP� RI�
OLYHOLKRRG�WKDW�KHOSHG�IDUPHUV�DGDSW�WR�WKH�FKDQJLQJ�FOLPDWH�
ZDV�OLYHVWRFN�UHDULQJ�DV�FOLPDWH�YDULDELOLW\�GLG�QRW�KDYH�DQ\�
JUHDW�LPSDFW�RQ�LW��OLYHVWRFN���KRZHYHU��LWV�PDMRU�SUREOHP�
ZDV�SHVWV�DQG�GLVHDVHV����������IROORZHG�E\�WKHIW����������
0RVW�RI�WKH�DQLPDOV�ZHUH�UHDUHG�E\�IDUPHUV�IURP�WKH�1RUWK�
*KDQD� DQG� WKLV� UHSUHVHQWHG� ������ ZLWK� WKH� %RQRV�
DFFRXQWLQJ�IRU��������

&RQFOXVLRQ�
7KH� VWXG\� UHYHDOHG� WKDW� FKDQJHV� LQ� WKH� RQVHW� DQG�

FHVVDWLRQ�RI� UDLQ� FRXSOHG�ZLWK� LQWHUPLWWHQW�GU\� VSHOOV�KDG�
QHJDWLYH� HIIHFWV� RQ� PDL]H� IDUPLQJ� SURGXFWLRQ� LQ� WKH�
1NRUDQ]D�6RXWK�0XQLFLSDOLW\��DQG�WKLV�SRVHG�D�JUHDW�WKUHDW�WR�
KRXVHKROG�LQFRPHV�DV�PRVW�IDUPHUV�HDUQHG�WKHLU�OLYLQJ�IURP�
IDUPLQJ�� 9XOQHUDELOLW\� RI� PDL]H� SURGXFWLRQ� WR� FOLPDWH�
FKDQJH�DQG�YDULDELOLW\�LQ�WKLV�0XQLFLSDOLW\�GHSHQGHG�RQ�WKH�
RQVHW�RI�UDLQIDOO�ZLWK�UHVSHFW�WR�WKHLU�JURZWK�VWDJH�RI�WKH�FURS��
0DL]H�SURGXFWLRQ� LQ� WKH�0XQLFLSDOLW\�VROHO\�GHSHQGHG�RQ�

UDLQIDOO�KHQFH�LWV�YDULDELOLW\�DIIHFWHG�SURGXFWLRQ
&XOWLYDWLRQ�RI�FDVKHZ�KDV�EHFRPH� WKH�VROH�DOWHUQDWLYH�

IRUP� RI� OLYHOLKRRG� SURYLGLQJ� LQFRPH� IRU� KRXVHKROGV� DV�
PDL]H� SURGXFWLRQ� KDG� EHFRPH� PRUH� SUHFDULRXV� DQG�
XQUHOLDEOH��

7KH�DPRXQW�RI�UDLQIDOO�KDG�UHGXFHG�GUDVWLFDOO\�RYHU�WKH�
ODVW�¿YH�\HDUV�WR�WKH�GHWULPHQW�RI�PDL]H�IDUPLQJ��7KH�PDMRU�
DQG�PLQRU�VHDVRQV�ZHUH�JUDGXDOO\�PHUJLQJ�DV�$XJXVW�KDG�
EHFRPH� ZHWWHU� RYHU� WKH� ODVW� WZR�WKUHH� GHFDGHV� ZLWK� WKH�
H[FHSWLRQ� RI� ������ -DQXDU\�� )HEUXDU\�� 0DUFK�� 2FWREHU��
1RYHPEHU� DQG� 'HFHPEHU� ZHUH� EHFRPLQJ� SURJUHVVLYHO\�
GULHU�LQ�WKH�ODVW������\HDUV�DV�FRPSDUHG�WR�WKUHH�GHFDGHV�DJR��
7KLV� GHPRQVWUDWHV� FOHDUO\� WKDW� PHWHRURORJLFDO� FRQGLWLRQV�
RYHU�WKH�WUDQVLWLRQDO�]RQH�ZRXOG�FRQWLQXH�WR�DOWHU�QHJDWLYHO\�
DW� WKH� H[SHQVH� RI� SRRU�UHVRXUFHG� PDL]H� IDUPHUV� ZKRVH�
IDUPLQJ�RSHUDWLRQV�DUH�GHSHQGHQW�RQ�UDLQ�IHG�

$FNQRZOHGJHPHQW
:H�DUH�JUDWHIXO�WR�WKH�&OLPDWH�&KDQJH�DQG�6XVWDLQDEOH�

'HYHORSPHQW� 3URJUDPPH� DW� WKH�8QLYHUVLW\� RI� *KDQD� IRU�
PDNLQJ� LW�SRVVLEOH� IRU� WKLV� UHVHDUFK� WR�EH�FDUULHG�RXW��:H�
ZRXOG� DOVR� OLNH� WR� WKDQN� *0HW�:HQFKL�� 1NRUDQ]D� 6RXWK�
0XQLFLSDO�$VVHPEO\��$JULFXOWXUDO�'HSDUWPHQW���DV�ZHOO�DV�
WKH� FKLHIV�� HOGHUV� DQG� SHRSOH� RI� 1NRUDQ]D� 6RXWK�
0XQLFLSDOLW\�IRU�WKHLU�ZLOOLQJQHVV�WR�WDNH�SDUW�LQ�WKH�VXUYH\�
DQG�IRU�WKH�YDOXDEOH�LQIRUPDWLRQ�WKH\�JDYH�XV�

)LJXUH��D��5DLQIDOO�GDWD�IRU�1NRUDQ]D�6RXWK�0XQLFLSDOLW\��������������&RPSXWHG�IURP�*0HW�GDWD�

)LJXUH��E��5DLQIDOO�GDWD�RI�1NRUDQ]D�6RXWK�0XQLFLSDOLW\��������������&RPSXWHG�IURP�*0HW�GDWD��
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7DEOH��D��$YHUDJH�PRQWKO\�UDLQIDOO�����������IRU�1NRUDQ]D

7DEOH��E��$YHUDJH�PRQWKO\�UDLQIDOO�����������IRU�1NRUDQ]D

7DEOH��F��$YHUDJH�PRQWKO\�UDLQIDOO�IRU�WKH�SDVW��\UV�������������IRU�1NRUDQ]D�����

7DEOH��G��$QQXDO�5DLQIDOO�)LJXUHV�IRU�����

7DEOH����5DLQIDOO�DQG�0DL]H�SURGXFWLRQ�GDWD�IRU�1NRUDQ]D�6RXWK�0XQLFLSDOLW\������������

7DEOH����5HVSRQVH�RQ�WKH�7LPH�RI�WKH�&KDQJHV�%HQH¿WV�IURP�&OLPDWH�&KDQJH�9DULDELOLW\

5HIHUHQFHV�

%DGX�$SUDNX�� %���+XQWHU�� 5�%��� DQG�7ROOHQDDU��0�� ��������7HPSHUDWXUH�
HIIHFWV�RQ�PDL]H�JUDLQ�¿OOLQJ��&DQDGLDQ�-RXUQDO�RI�3ODQW�6FLHQFH������
��������

(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��*KDQD��(3$����������&OLPDWH�FKDQJH�
YXOQHUDELOLW\� DQG� DGDSWDWLRQ� DVVHVVPHQW� RI� FRDVWDO� =RQH� RI� *KDQD��
)LQDO�UHSRUW��$FFUD��0LQLVWU\�RI�(QYLURQPHQW�6FLHQFH�DQG�7HFKQRORJ\�

,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH� �,3&&��� �������� &OLPDWH�
&KDQJH�������,PSDFWV��$GDSWDWLRQ��DQG�9XOQHUDELOLW\��&RQWULEXWLRQ�RI�
:RUNLQJ� *URXS� ,,� WR� WKH� 7KLUG� $VVHVVPHQW� 5HSRUW� RI� WKH�
,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH� >3DUU\�� 0DUWLQ� /���
&DQ]LDQL��2VYDOGR�)���3DOXWLNRI��-HDQ�3���YDQ�GHU�/LQGHQ��3DXO�-���DQG�
+DQVRQ�� &ODLU� (�� �HGV��@�� &DPEULGJH� 8QLYHUVLW\� 3UHVV�� &DPEULGJH��
8QLWHG�.LQJGRP�������SS

(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��*KDQD��(3$�����������*KDQD
V�QDWLRQDO�
FOLPDWH� FKDQJH� DGDSWDWLRQ� VWUDWHJ\�� =HUR� GUDIW��$FFUD�� 0LQLVWU\� RI�
(QYLURQPHQW�6FLHQFH�DQG�7HFKQRORJ\�

)RVX�0HQVDK��<�%����������0RGHOOLQJ�PDL]H��=HD�PD\V�/���SURGXFWLYLW\�

DQG�LPSDFW�RI�FOLPDWH�FKDQJH�RQ�\LHOG�DQG�QXWULHQW�XWLOL]DWLRQ�LQ�VXE�
KXPLG�*KDQD��,Q��9OHN��3�/�*���'HQLFK��0���0DUWLXV��&���0DQVFKDGL��
$���%RJDUGL��-���(GV���(FRORJ\�DQG�'HYHORSPHQW�6HULHV�! 1 R ��
����&XYLOOLHU�9HUODJ��*RWWLQJHQ��3S��������

*KDQD�'LVWULFWV����������'LVWULFW�3UR¿OHV��KWWS���ZZZ�JKDQDGLVWULFWV�FRP
.KDQ��+��� DQG�$OL�� )�� ��������0HDVXUHPHQW� RI� 3URGXFWLYH�(I¿FLHQF\� RI�

7RPDWR�*URZHUV�LQ�3HVKDZDU��! 3DNLV WDQ � � $JU LF � � (FRQ ��
&=(&+������������1R�����S�����±�����,661����������;�

.\HN\HNX� 1WL�� )�� �������� &OLPDWH� &KDQJH� 9XOQHUDELOLW\� DQG� &RSLQJ�
0HFKDQLVPV�DPRQJ�! )DUPLQJ� &RPPXQLWLHV�� 06F� 7KHVLV��
'HSDUWPHQW� RI� $JULFXOWXUDO� (FRQRPLFV� &ROOHJH� RI� $JULFXOWXUH��
8QLYHUVLW\�RI�*KDQD��/HJRQ���

/REHOO��'�%���%XUNH��0�%���7HEDOGL��&���0DVWUDQGUHD��0�'���)DOFRQ��:�3���
DQG�1D\ORU��5�/����������3ULRULWL]LQJ�FOLPDWH�FKDQJH�DGDSWDWLRQ�DQG�
QHHGV�IRU�IRRG�VHFXULW\�LQ�������6FLHQFH����������±����

0LQLVWU\�RI�)RRG�DQG�$JULFXOWXUH��0R)$�����������$JULFXOWXUH�LQ�*KDQD��
IDFWV�DQG�¿JXUHV��3URGXFHG�E\�WKH�6WDWLVWLFV��5HVHDUFK�DQG�,QIRUPDWLRQ�
' L U H F W R U D W H � $ F F U D ��
KWWS���ZZZ�IDR�RUJ�GRFUHS�����D����H�D����H���KWP� FLWHG� RQ� ��WK�
0DUFK������
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2ZXVX��.���DQG�3��:D\OHQ����������³7UHQGV�LQ�VSDWLRWHPSRUDO�YDULDELOLW\�LQ�
DQQXDO�UDLQIDOO�LQ�*KDQD������±�������´�:HDWKHU�����������±����

2ZXVX��.���:D\OHQ��3���DQG�4LX��<����������&KDQJLQJ�UDLQIDOO�LQSXWV�LQ�WKH�
9ROWD�EDVLQ��LPSOLFDWLRQV�IRU�ZDWHU�VKDULQJ�LQ�*KDQD��*HR-RXUQDO������
���±����

6WDQWXUI��-��$���:DUUHQ��0�/���&KDUQOH\��6���3RODVN\��6�&���*RRGULFN��6�/���
$UPD��)���DQG�1\DUNR�<�$�����������*KDQD�FOLPDWH�YXOQHUDELOLW\�DQG�
DGDSWDWLRQ� DVVHVVPHQW�� 86�$JHQF\� IRU� ,QWHUQDWLRQDO� 'HYHORSPHQW��
:DVKLQJWRQ�'�&���86$

6WDWLVWLFV�� 5HVHDUFK� DQG� ,QIRUPDWLRQ� 'LUHFWRUDWH� �65,'��� ��������
$JULFXOWXUH�LQ�*KDQD���������)DFWV�DQG�¿JXUHV��0LQLVWU\�RI�)RRG�DQG�
$ J U L F X O W X U H � � $ F F U D � � * K D Q D � � $ Y D L O D E O H � I U R P�
KWWS���ZZZ�PRID�JRY�JK�$*5,&8/785(���,1���*+$1$���
��������SGI���DFFHVVHG���WK�$SULO��������

7UDYDVVR��0�,���*UDFLHOD��2�0���DQG�*DEULHO��5�5�����������&OLPDWH�FKDQJH�
LPSDFWV�RQ�UHJLRQDO�PDL]H�\LHOGV�DQG�SRVVLEOH�DGDSWDWLRQ�PHDVXUHV�LQ�
$UJHQWLQD��,QW��-��*OREDO�:DUPLQJ��9RO�����1RV������

:$%6� &RQVXOWLQJ�� �������� 'UDIW� 5HSRUW�� 0DL]H� YDOXH� FKDLQ� VWXG\� LQ�
*KDQD��(QKDQFLQJ�HI¿FLHQF\�DQG�FRPSHWLYHQHVV��:$%6�&RQVXOWLQJ�
/WG��$FFUD�

<DUR��-��$����������7KH�6RFLDO�'LPHQVLRQV�RI�$GDSWDWLRQ�WR�&OLPDWH�&KDQJH�
LQ�*KDQD��7KH�:RUOG�%DQN�'LVFXVVLRQ�SDSHU�QR�����:DVKLQJWRQ��7KH�
:RUOG�%DQN��

<DUR��-��$���'RJEH��7��'���%L]LNRYD��/���%DLOH\��3���$KLDEOH��*���<DKD\D��7���
DQG� 6DODP�� .��$�� �������� 'HYHORSPHQW� DQG� &OLPDWH� &KDQJH�� 7KH�
6RFLDO� 'LPHQVLRQV� RI� $GDSWDWLRQ� WR� &OLPDWH� &KDQJH� LQ� *KDQD��
'LVFXVVLRQ�3DSHU�1XPEHU������WK�'HFHPEHU�������!:DVKLQJWRQ�� '&��
:RUOG�%DQN�

9LFWRU�$GMHL�DQG�5RVLQD�.\HUHPDWHQ ,QW�-�$JULF�(QYLURQ�)RRG�6FL�����������������������



&DQ�PHGLFDO�DQG�DURPDWLF�SODQWV�EH�DQ�DOWHUQDWLYH�WR�KD]HOQXW�
LQ�WKH�:HVWHUQ�%ODFN�6HD�5HJLRQ"

��
 � � �)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��F൴JGHPVDN൴QRJOX#GX]FH�HGX�WU�

7XUNH\� LV� WKH� ZRUOG
V� WRS� KD]HOQXW� SURGXFHU� FRXQWU\��
DURXQG�����RI�ZRUOG�KD]HOQXW�SURGXFWLRQ�LV�FDUULHG�RXW�E\�
RXU�FRXQWU\��2XU�FRXQWU\�KDV�IDYRUDEOH�HFRORJLFDO�FRQGLWLRQV�
IRU� KD]HOQXW� SURGXFWLRQ� LQ� %ODFN� 6HD� UHJLRQ�� � /LFHQVHG�
SURGXFWLRQ�DUHDV�WKDW�KDYH�EHHQ�FKDQJHG�PDQ\�WLPHV�ZLWKLQ�
WKH� IUDPHZRUN� RI� KD]HOQXW� SURGXFWLRQ� LQ� RXU� FRXQWU\� LQ�
DFFRUGDQFH�ZLWK� WKH� /DZ� QXPEHUHG� ����� RQ� WKH� 3ODQ� RI�
+D]HOQXW�3URGXFWLRQ�DQG�'HWHUPLQDWLRQ�RI�3ODQWLQJ�$UHDV�
DQG�KDYH�EHHQ�UHVWULFWHG�WR����SURYLQFHV�ZLWK�WKH�ODVW�'HFUHH�
RI�WKH�&RXQFLO�RI�0LQLVWHUV�QXPEHUHG������������)RXU�RI�
WKHVH�SURYLQFHV�DUH�ORFDWHG�LQ�WKH�ZHVWHUQ�%ODFN�6HD�UHJLRQ��
$FFRUGLQJ� WR� WKH� GDWD� RI� WKH� 7XUNLVK� 6WDWLVWLFDO� ,QVWLWXWH�
������DSSUR[LPDWHO\�����RI�KD]HOQXW�SURGXFWLRQ�LV�SURYLGHG�
IURP�WKH�:HVWHUQ�%ODFN�6HD�UHJLRQ�� �+D]HOQXW�LV�RQH�RI�WKH�
UDUH�SURGXFWV�WKDW�DUH�LGHQWL¿HG�ZLWK�WKH�OLIHVW\OH�RI�FHUWDLQ�
UHJLRQV�DQG�JHRJUDSKLFDO�DUHDV�LQ�WKH�ZRUOG�DQG�WKDW�PDNH�
GHHS�WUDFHV�RQ�WKH�FXOWXUH��VRFLDO�DQG�HFRQRPLF�VWUXFWXUH�RI�
WKH� SHRSOH� OLYLQJ� LQ� WKRVH� UHJLRQV�� >$QRQ\PRXV�� ����@�
+D]HOQXW�LV�WKH�PRVW�SURPLQHQW�DJULFXOWXUDO�SURGXFW�ZLWKLQ�
WKH�SURYLQFHV�RI�'�]FH�DQG�QHLJKERULQJ�SURYLQFHV�6DNDU\D��
.RFDHOL��%ROX��=RQJXOGDN��%DUWÕQ�DQG�.DVWDPRQX��

,Q�WKLV�UHJLRQ��KD]HOQXW�IDUPLQJ�LV�FDUULHG�RXW�LQ�WKH�ODQG�
RI� DSSUR[LPDWHO\� �������� GHFDUHV� DQG� QHDUO\� �� PLOOLRQ�
IDUPHUV� 
� IDPLOLHV� DUH� OLYLQJ� WKURXJK� KD]HOQXW� IDUPLQJ�
�$QRQ\PRXV��������

,W� LV� QRW� SRVVLEOH� WR� IXOO\� GH¿QH� WKH�PHGLFLQDO� SODQWV��
7RGD\��WKH�WHUP��PHGLFLQDO��DQG��DURPDWLF��SODQWV�DUH�RIWHQ�
XVHG�WRJHWKHU��0HGLFLQDO�DQG�DURPDWLF�SODQWV�DUH�SODQWV�XVHG�
DV�PHGLFLQHV� WR� SUHYHQW� GLVHDVHV��PDLQWDLQ� KHDOWK� RU� KHDO�
GLVHDVHV��:KLOH�PHGLFLQDO�SODQWV�DUH�IRXQG�LQ�DUHDV�VXFK�DV�
QXWULWLRQ�� FRVPHWLFV�� ERG\� FDUH�� LQFHQVH� RU� UHOLJLRXV�
FHUHPRQLHV��DURPDWLF�SODQWV�DUH�XVHG�WR�JLYH�JRRG�IUDJUDQFH�
DQG� WDVWH� �$QRQ\PRXV�� ������� $URPDWLF� SODQWV� DUH� DOVR�
ZLGHO\�XVHG�LQ�WKH�IRRG��FRVPHWLFV�DQG�SHUIXPHU\�LQGXVWU\��
7XUNH\� LV� RQH� RI� WKH� OHDGLQJ� FRXQWULHV� LQ� WKH� WUDGH� RI�
PHGLFLQDO� DQG� DURPDWLF� SODQWV� WKDQNV� WR� LWV� JHRJUDSKLFDO�
ORFDWLRQ��FOLPDWH�DQG�SODQW�GLYHUVLW\��DJULFXOWXUDO�SRWHQWLDO��
ZLGH�DUHD��7KLV�LPSRUWDQFH�RI�7XUNH\�LV�GXH�WR�WKH�IDFW�WKDW�
PDQ\�SODQWV�SURGXFLQJ�KHUEDO�SURGXFWV� WKDW�FRQVWLWXWH� WKH�
LQSXW�RI�SODQW�GUXJV��SODQW� FKHPLFDOV�� IRRG�DQG�DGGLWLYHV��
FRVPHWLFV� DQG� SHUIXPHU\� LQGXVWULHV� VHWWOHG� LQ� GHYHORSHG�
FRXQWULHV�DUH�ORFDWHG�LQ�WKH�ÀRUD�RI�RXU�FRXQWU\��7KHUHIRUH��
WKHVH�SODQWV�DUH�PRVWO\�FROOHFWHG�IURP�QDWXUH�DQG�PDUNHWHG��
0HGLFLQDO� DQG� DURPDWLF� SODQWV� DUH�PDLQO\� FROOHFWHG� IURP�
$HJHDQ��0DUPDUD��0HGLWHUUDQHDQ��(DVWHUQ�%ODFN�6HD�DQG�
VRXWKHDVWHUQ�$QDWROLD�UHJLRQV��%D\UDP�HW�DO���������

7KH�DJULFXOWXUDO�LQGXVWU\�KDV�DQ�LPSRUWDQW�SODFH�LQ�WKH�
HFRQRPLF�DQG�VRFLDO�VWUXFWXUH�RI�DOO�FRXQWULHV��UHJDUGOHVV�RI�
OHYHO�RI�GHYHORSPHQW�

�

���

$EVWUDFW

.H\ZRUGV��6RLO��3K\VLFDO�SURSHUWLHV��%DGH��<REH
5HFHLYHG����������������������������$FFHSWHG����������������������������3XEOLVKHG��RQO൴QH��������������

,QWURGXFWLRQ���

5HVHDUFK�$UWLFOH
ZZZ�MDHIV�FRP-$()6
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6HD�5HJLRQ"��,QW��-��$JULF��(QYLURQ��)RRG�6FL������������������'2,�����������MDHIV������

$YD൴ODEOH�RQO൴QH�DW��� ���� �ZZZ�MDHIV�FRP KWWS���GHUJLSDUN�JRY�WU�MDHIV

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

�H�,661������������ '2,�����������MDHIV��������

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

,Q�WKLV�VWXG\��LW�ZDV�LQYHVWLJDWHG�ZKHWKHU�PHGLFLQDO�DQG�DURPDWLF�SODQWV�FDQ�EH�DQ�DOWHUQDWLYH�WR�KD]HOQXW�FXOWLYDWLRQ��E\�
GLUHFW�LQWHUYLHZ�PHWKRG�RQ�����SHRSOH�OLYLQJ�LQ�WKH�:HVWHUQ�%ODFN�6HD�5HJLRQ��'�]FH��6DNDU\D��=RQJXOGDN�DQG�%DUWÕQ���
ZKLFK�SURGXFHV�KD]HOQXW�E\�����RI�7XUNH\������VWXGHQWV�ZHUH�VXUYH\HG�E\�XVLQJ�1H\PDQ�PHWKRG��/LNHUW�VFDOH�ZDV�XVHG�
WR�PHDVXUH�ZKHWKHU�WKH�PHGLFLQDO�DQG�DURPDWLF�SODQWV�FRXOG�EH�DOWHUQDWLYH�WR�KD]HOQXWV�DQG�WKH�UHVXOWV�ZHUH�HYDOXDWHG�E\�
6366�PHWKRG��,Q�RXU�VWXG\������SHRSOH�ZLWK�GLIIHUHQW�SURIHVVLRQV��IDUPHUV��FLYLO�VHUYDQWV��ZRUNHUV��UHWLUHG��VWXGHQWV�DQG�
XQHPSOR\HG���GLIIHUHQW�HGXFDWLRQDO�OHYHOV��OLWHUDF\��SULPDU\�HGXFDWLRQ��VHFRQGDU\�HGXFDWLRQ��KLJK�VFKRRO�DQG�XQLYHUVLW\��
DQG�GLIIHUHQW�LQFRPH�OHYHOV�ZHUH�LQFOXGHG�LQ�WKH�VXUYH\��$V�D�UHVXOW�RI�WKH�VWXG\���������LQFOXGLQJ�������RI�WKRVH�ZKR�
JURZ�KD]HOQXWV��ZDQW�WR�JURZ�PHGLFLQDO�DQG�DURPDWLF�SODQWV�DV�DQ�DOWHUQDWLYH�WR�KD]HOQXWV��������RI�PHGLFLQDO�DQG�
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PHGLFLQDO�DQG�DURPDWLF�SODQWV�DUH�RUJDQLF�DQG�������RI�WKHP�DOVR�WKLQN�WKDW�RUJDQLF�FHUWL¿FDWLRQ�VKRXOG�EH�REWDLQHG�IRU�
FXOWLYDWLRQ��������RI�WKHP�XVH�PHGLFLQDO�DQG�DURPDWLF�SODQWV�DV�DQ�DOWHUQDWLYH�WR�PHGLFLQHV�ZKHQ�WKH\�DUH�VLFN��$V�D�
UHVXOW�� PHGLFLQDO� DQG� DURPDWLF� SODQWV� DUH� LPSRUWDQW� LQ� RXU� OLYHV� DV� DQ� DOWHUQDWLYH� WR� PHGLFLQHV�� &RQVLGHULQJ� WKH�
LPSRUWDQFH�RI�DOWHUQDWLYH�SODQWV�LQ�WKH�IXWXUH��LW�LV�VHHQ�WKDW�LQ�WKH�:HVWHUQ�%ODFN�6HD�5HJLRQ��HYHQ�LI�DW�OLPLWHG�QXPEHU��
WKHUH�LV�D�WHQGHQF\�WRZDUGV�PHGLFDO�DQG�DURPDWLF�SODQW�IDUPLQJ�EHVLGHV�KD]HOQXW�IDUPLQJ�
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7KH�DJULFXOWXUDO�VHFWRU��ZKLFK�LV�RI�VWUDWHJLF�LPSRUWDQFH��
VXFK� DV� SURGXFLQJ� WKH� UDZ�PDWHULDO� QHFHVVDU\� IRU� KXPDQ�
QXWULWLRQ��DOVR�SURYLGHV�DGGHG�YDOXH� IRU� WKH�HFRQRP\�DQG�
FUHDWH�MREV�IRU�D�ODUJH�PDVV�RI�WKH�SRSXODWLRQ�LQ�7XUNH\��7KH�
DSSURSULDWH� HFRORJLFDO� FRQGLWLRQV� LQ� 7XUNH\� DQG� WKH� ULFK�
ÀRUD� DOORZ� WKH� FXOWLYDWLRQ� RI� PDQ\� GLIIHUHQW� DJULFXOWXUDO�
SURGXFWV��$ONDQ��������

:KLOH�ORRNLQJ�DW�WKH�:HVW�%ODFN�6HD�UHJLRQ��LW�VKRZV�XV�
WKDW� DOWKRXJK� LW� SURYLGHV� D� JUHDW� VRXUFH� RI� LQFRPH� ZLWK�
KD]HOQXWV��LW�FDQ�DOVR�OHDG�WR�GLIIHUHQW�SODQW�EUHHGLQJ�LQ�WHUPV�
RI� UHJLRQDO� FKDUDFWHULVWLFV�� &RQVLGHULQJ� WKH� LQWHUHVW� RI�
SHRSOH�LQ�GHYHORSLQJ�7XUNH\�DJDLQVW�PHGLFLQDO�DQG�DURPDWLF�
SODQWV��H[DPLQLQJ�WKH�SRWHQWLDO�LQ�WKH�UHJLRQ�DQG�PHDVXULQJ�
WKH�LQWHUHVW�RI�WKH�SHRSOH�RI�WKH�UHJLRQ�ZLOO�VKHG�OLJKW�RQ�XV�

0DWHULDOV�DQG�0HWKRGV�
,Q�WKLV�VWXG\��LW�ZDV�LQYHVWLJDWHG�ZKHWKHU�PHGLFLQDO�DQG�

DURPDWLF�SODQWV�FDQ�EH�DQ�DOWHUQDWLYH�WR�KD]HOQXW�FXOWLYDWLRQ��
E\� GLUHFW� LQWHUYLHZ� PHWKRG� RQ� ���� SHRSOH� OLYLQJ� LQ� WKH�
:HVWHUQ�%ODFN�6HD�5HJLRQ��'�]FH��6DNDU\D��=RQJXOGDN�DQG�
%DUWÕQ���ZKLFK�SURGXFHV�KD]HOQXW�E\�����RI�7XUNH\�� ����
SHRSOH�ZHUH�VXUYH\HG�E\�XVLQJ�1H\PDQ�PHWKRG��/LNHUW�VFDOH�
ZDV�XVHG� WR�PHDVXUH�ZKHWKHU� WKH�PHGLFLQDO�DQG�DURPDWLF�
SODQWV�FRXOG�EH�DOWHUQDWLYH�WR�KD]HOQXWV�DQG�WKH�UHVXOWV�ZHUH�
HYDOXDWHG�E\�6366�PHWKRG��,Q�RXU�VWXG\������SHRSOH�ZLWK�
GLIIHUHQW� SURIHVVLRQV� �IDUPHUV�� FLYLO� VHUYDQWV�� ZRUNHUV��
UHWLUHG�� VWXGHQWV� DQG� XQHPSOR\HG��� GLIIHUHQW� HGXFDWLRQDO�
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�

6XUZH\�4XHVWLRQV�DQG�$QVZHUV
,Q�RXU�VWXG\��ZH�WULHG�WR�¿QG�DQ�DQVZHU�WR�WKH�TXHVWLRQ�RI�

ZKHWKHU�PHGLFLQDO�DQG�DURPDWLF�SODQWV�FDQ�EH�DQ�DOWHUQDWLYH�
WR� KD]HOQXW� ZLWK� WKH� VXUYH\� FRQGXFWHG� LQ� ���� SHRSOH� RQ�
SHRSOH�RI�GLIIHUHQW�DJHV��SURIHVVLRQV��HGXFDWLRQ�DQG�LQFRPH�
OHYHOV�OLYLQJ�LQ�WKH�ZHVWHUQ�%ODFN�6HD�UHJLRQ��7DEOH������

:KLOH�������RI�WKH�UHVSRQGHQWV�ZHUH�������\HDUV������
ZHUH�������\HDUV��������ZHUH�������\HDUV��DQG�������ZHUH�
���\HDUV��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����

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

:KLOH�������RI�UHVSRQGHQWV�SURYLGH�D�PLQLPXP�ZDJH�
OHYHO� RI� LQFRPH�� WKRVH� ZKR� HDUQ� PRUH� WKDQ� ����� 7/�
FRQVWLWXWH������RI�WKH�WRWDO��0RVW�RI�WKH�UHVSRQGHQWV�OLYH�RQ�
WKH�VWDUYDWLRQ�OLQH��7DEOH����

$OWKRXJK�����RI�WKH�SHRSOH�LQ�WKH�:HVWHUQ�%ODFN�6HD�

UHJLRQ� ZKHUH� ZH� FDUU\� RXW� RXU� VXUYH\� DUH� SULPDU\� DQG�
VHFRQGDU\�VFKRRO�JUDGXDWHV��WKH\�VWLOO�JR�WR�WKH�PHGLFLQHV�
UHFRPPHQGHG� E\� WKH� GRFWRU� ZKHQ� WKH\� DUH� VLFN�� :KLOH�
������RI�WKH�UHVSRQGHQWV�SUHIHU�WR�XVH�RQO\�PHGLFLQHV�ZKHQ�
WKH\�DUH�VLFN�������RI�WKH�UHVSRQGHQWV�SUHIHU�RQO\�PHGLFLQDO�
SODQWV������RI�WKHP�XVH�ERWK�PHGLFLQH�DQG�PHGLFLQDO�SODQWV��
,Q�DGGLWLRQ�WR�PHGLFLQH�XVH��WKH\�XVH�PHGLFLQDO�SODQWV�DV�D�
VXEVWLWXWH�ZKLFK�DUH�WKH�SURGXFWV�WKH\�FRQVXPH�DV�WHD��7DEOH�
���

:KHQ�SHRSOH�ZKR�SDUWLFLSDWHG�LQ�WKH�VXUYH\�RI�KD]HOQXW�
JURZLQJ� UHJLRQ�ZHUH� DVNHG�ZKHWKHU� WKH\�JURZ�PHGLFLQDO�
SODQWV��RQO\�������RI�WKHP�JURZ�PHGLFLQDO�SODQWV�DQG�WKLV�
SODQW�LV�RQO\�/LQGHQ�DV�WKH�DQVZHU�UHFHLYHG��7DEOH����

$�ODUJH�SURSRUWLRQ�RI� UHVSRQGHQWV�ZDQWV� WR�FXOWLYDWH�D�
PHGLFLQDO�SODQW��DQG�WKLV�UDWH�LV�D�IDLUO\�KLJK�UDWH�RI��������
$OO�WKRVH�ZKR�ZDQW�WR�FXOWLYDWH�D�PHGLFLQDO�SODQW�H[FHSW�IRU�
WKH�OLQGHQ�JURZHUV��ZRXOG�OLNH�WR�JURZ�D�EODFN�VHVDPH��7DEOH�
���

,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�WKH�FHUWL¿FDWH�LV�FRQFHUQHG��7DEOH�
���

&RQFOXVLRQ
$V�D�UHVXOW�RI�RXU�VWXG\�LQ�WKH�ZHVWHUQ�%ODFN�6HD�UHJLRQ��D�

ODUJH�PDMRULW\�RI�WKH�����SHRSOH��DW�WKH�DYHUDJH�RI�DJH����DQG�
PRVWO\�RI�SULPDU\�DQG�VHFRQGDU\�JUDGXDWHV��LQFOXGLQJ�WKRVH�
RI�������ZKR�DUH�JURZLQJ�KD]HOQXWV�ZDQW�WR�JURZ�PHGLFLQDO�
DQG�DURPDWLF�SODQWV�DV�DQ�DOWHUQDWLYH�WR�KD]HOQXWV�DW�WKH�UDWH�
RI��������$OWKRXJK�WKH�:HVWHUQ�%ODFN�6HD�UHJLRQ�KDV�D�ZLGH�
UDQJH� RI� SODQW� FXOWLYDWLRQ� LQ� WHUPV� RI� FOLPDWLF� SURSHUWLHV��
WKH\�FRQVLGHU�JURZLQJ�OLQGHQ�DQG�EODFN�VHVDPH�DW�������RI�
PHGLFLQDO� DQG� DURPDWLF� SODQWV�� 6LQFH�/LQGHQ� LV� DOUHDG\� D�
SODQW�JURZQ�LQ�WKH�UHJLRQ��WKH\�WKLQN�WKDW�JURZLQJ�LV�VXLWDEOH�
IRU�WKHP��,W�LV�DOVR�WKHLU�SUHIHUHQFH�WR�JURZ�WKH�EODFN�VHVDPH�
QRW� RQO\� IRU� UHDVRQ�RI�KDYLQJ�PRUH�EHQH¿WV� DV�PHGLFLQDO�
SODQW� EXW� DOVR� WKH� IDFW� WKDW� WKHUH� LV� QR�PDUNHWLQJ� UHODWHG�
SUREOHPV�RI�LW��3HRSOH�ZKR�WKLQN�WKDW�PHGLFLQDO�DQG�DURPDWLF�
SODQWV�DUH�RUJDQLF�LQ�������DUH�DOVR�WKLQNLQJ�WKDW�WKH�RUJDQLF�
FHUWL¿FDWH�LQ�IDUPLQJ�VKRXOG�EH�REWDLQHG�DW��������������
XVH� PHGLFLQDO� DQG� DURPDWLF� SODQWV� DV� DOWHUQDWLYHV� WR�
PHGLFLQHV� ZKHQ� WKH\� DUH� VLFN�� 2QH� LQ� WKUHH� SHRSOH� ZKR�
SDUWLFLSDWHG� LQ� RXU� VXUYH\� XVHV� LW� FRQVLGHULQJ� WKDW� LW� FDQ�
EHQH¿W�IURP�PHGLFLQDO�DQG�DURPDWLF�SODQWV�LQ�WKHLU�OLYHV��%XW�
HYHQ�LI�WKH\�GRQ
W�XVH�LW�ZLWK�D�EHQH¿W�PDWFK��WKH\�VWLOO�KDYH�WR�
SXW� WKHVH� SODQWV� LQ� WKHLU� OLYHV� LQ� WKH� IRUP� RI� WHD� RU� RLO��
$OWKRXJK�WKH�KD]HOQXW�SODQW�FRPHV�IURP�WKH�DQFHVWRUV�DQG�LW�
LV�WKH�VRXUFH�RI�LQFRPH�IRU�WKH�PDMRULW\�RI�WKH�SHRSOH�OLYLQJ�
LQ�WKH�UHJLRQ��SHRSOH�ZKR�OLYH�LQ�WKH�UHJLRQ�DOVR�ZDQWV�WR�WU\�
DQG�JURZ�QHZ�SODQWV��$V�D�UHVXOW��PHGLFLQDO�DQG�DURPDWLF�
SODQWV�DUH�LPSRUWDQW�DV�DOWHUQDWLYHV�WR�PHGLFLQHV�LQ�RXU�OLYHV��
&RQVLGHULQJ� WKH� LPSRUWDQFH� RI� DOWHUQDWLYH� SODQWV� LQ� WKH�
IXWXUH�� WKHUH� LV� D� WHQGHQF\� WRZDUGV�PHGLFDO� DQG� DURPDWLF�
SODQW�JURZLQJ�LQ�:HVWHUQ�%ODFN�6HD�5HJLRQ��HYHQ�LI�LW�LV�DW�
OLPLWHG�QXPEHU�FRPSDULQJ�KD]HOQXW�IDUPLQJ�
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7DEOH����'LVWULEXWLRQ�RI�WKH�SHRSOH�E\�DJH� 7DEOH����'LVWULEXWLRQ�RI�WKH�SHRSOH�E\�MRE�SURIHVVLRQ



���

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

7DEOH����'LVWULEXWLRQ�RI�WKH�SHRSOH�E\�HGXFDWLRQ

7DEOH����'LVWULEXWLRQ�RI�WKH�SHRSOH�E\�LQFRPH

7DEOH����'LVWULEXWLRQ�RI�WKH�SHRSOH�E\�XVH�ZKHQ�WKH\�JHW�VLFN

7DEOH����'LVWULEXWLRQ�RI�WKH�SHRSOH�E\�JURZ�PHGLFLQDO�DQG�DURPDWLF�SODQWV

7DEOH����'LVWULEXWLRQ�RI�WKH�SHRSOH�E\�XVH�ZKHQ�WKH\�JHW�VLFN�OLNH�WR�JURZ�PHGLFLQDO�DQG�DURPDWLF�SODQWV

7DEOH����'LVWULEXWLRQ�RI�WKH�SHRSOH�E\�PHGLFLQDO�DQG�DURPDWLF�SODQWV�RUJDQLF

)��d��6��2UXo��ø��(��(UWXUDQ��'��2UXo��6��+��2UXo

5HIHUHQFHV

$ONDQ��+��,����������&RPSDUDWLYH�(FRQRPLF�$QDO\VLV�RI�+D]HOQXW�*URZLQJ�
LQ�WKH�3ODLQ�DQG�+LJK�6HFWLRQV�RI�6DPVXQ�SURYLQFH�RI�7HUPH�GLVWULFW��
20h�,QVWLWXWH�RI�6FLHQFHV��0�6F��7KHVLV��6DPVXQ�

$QRQ\PRXV�� �������� 0HGLFLQDO� DQG� $URPDWLF� 3ODQWV� :RUNLQJ� *URXS�
(&3�*5�

$QRQ\PRXV����������76,��7XUNH\�6WDWLVWLFDO�,QVWLWXWH�'DWD�EDVH���
6ÕUD\�� (��� 'X\DU�� g��� g]GHPLU�� )��� (UWHNLQ�� )�� �������� 'HWHUPLQDWLRQ� RI�

(GXFDWLRQ�DQG�3XEOLFDWLRQ�,QIUDVWUXFWXUH�1HHGV�LQ�+D]HOQXW�*URZLQJ�
LQ�:HVWHUQ�%ODFN�6HD�5HJLRQ��-RXUQDO�RI�$JULFXOWXUDO�)DFXOW\�����������
�����������*LUHVXQ�

%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�

6ÕUD\��(���$NoD\��<����������$�5HVHDUFK�RQ�WKH�'HWHUPLQDWLRQ�RI�(FRQRPLF�
$QDO\VLV��3URGXFWLRQ�DQG�0DUNHWLQJ�3UREOHPV�RI�+D]HOQXW�*URZLQJ�
(QWHUSULVHV�LQ�*LUHVXQ�&HQWUDO�'LVWULFW��*28�)DFXOW\�RI�$JULFXOWXUH�
0DJD]LQH��������



([WHQVLRQ
V�UROH�DQG�VWDNHKROGHUV
�LQWHUYHQWLRQ�LQ�FOLPDWH�FKDQJH�DGYRFDF\
��
7DLZR�*UDFH�2GHOH\H �

�'HSDUWPHQW�RI�$JULFXOWXUDO�([WHQVLRQ�DQG�5XUDO�'HYHORSPHQW�8QLYHUVLW\�RI�,EDGDQ��1LJHULD

&RUUHVSRQGLQJ�$XWKRU��WDLZRJUDFHX#\DKRR�FRP�

5HFHQW� HPSLULFDO� HYLGHQFHV� KDYH� VKRZQ� VLJQL¿FDQW�
FKDQJHV�LQ�DJULFXOWXUDO�V\VWHPV��7KHVH�FKDQJHV�LQYDULDEO\�
DUH�DV�D�UHVXOW�RI�FOLPDWH�FKDQJH�DQG�RWKHU�HQYLURQPHQWDO�
IDFWRUV��$OWKRXJK�VHYHUDO�UHVHDUFK�VWXGLHV�KDYH�EHHQ�FDUULHG�
RXW��IRU�H[DPSOH�E\��$JZX���������$MHWRPREL���������$SDWD�
�������DQG�RWKHUV�EXW�PRVW�RI�WKHLU�ZRUN�FHQWHUHG�RQ�DFWXDO�
DQG�SURMHFWHG�LPSDFW�RI�FOLPDWH�FKDQJH��QRW�VR�PXFK�ZRUN�
KDYH� EHHQ� GRQH� RQ� FRSLQJ� PHFKDQLVP�� DGDSWDWLRQ� DQG�
PLWLJDWLRQV� VWUDWHJLHV�� %H\RQG� EURDG� JHQHUDOL]DWLRQV�� WKH�
LPSDFW� RI� FOLPDWH� FKDQJH� LV� PRUH� ZLGHO\� IHOW� LQ� WKH�
GHYHORSLQJ�FRXQWULHV�GXH�WR�WKHLU�JUHDWHU�YXOQHUDELOLWLHV�DQG�
OHVVHU�DELOLW\�WR�PLWLJDWH�HIIHFWV�RQ�FOLPDWH�FKDQJH��6DMMDG��
<XQJ��,VKDT��HW�DO����������&RUURERUDWLQJ�WKLV��,3&&��������
UHPDUNHG�WKDW�FOLPDWH�FKDQJH�LQ�$IULFD�LV�H[DFHUEDWHG�E\�ORZ�
OHYHOV�RI�DGDSWDWLRQ�DQG�PLWLJDWLRQV�

&OLPDWH� FKDQJH� RIWHQ� UHVXOW� LQWR� KLJK� IUHTXHQF\� DQG�
LQWHQVLW\� RI� H[WUHPH� ZHDWKHU� HYHQWV� VXFK� DV� KLJK�
WHPSHUDWXUHV�� IURVW�� GURXJKWV�� ÀRRG� DQG� VWRUPV�� GHFOLQLQJ�
ZDWHU� UHVRXUFHV� DQG� ORVV� RI� ELRGLYHUVLW\� $V� JOREDO��
WHPSHUDWXUH� ULVHV�� WKHUH� DUH� FKDQJHV� LQ� DUHDV� VXLWDEOH� IRU�
DJULFXOWXUH�DQG�KRZ�PXFK�RI� WKH�ZRUOG
V� ODQG�WKDW�FDQ�EH�

��XVHG��)RU�H[DPSOH��D�ULVH�LQ�WHPSHUDWXUH�LQ�WKH�UDQJH�RI���� &�
LQ� WKH� ODVW� ���� \HDUV KDV� GUDVWLFDOO\� DOWHUHG� WKH� QDWXUDO��
YHJHWDWLRQ� RI� WKH� HQYLURQPHQW� �,3&&�� ������� 2WKHU�
LQGLFDWRUV� RI� FOLPDWH� FKDQJH� DUH� UDLQIDOO�� HYDSRUDWLRQ��
GURXJKW�DQG�ZLQG��0RUH�WKDQ����SHUFHQW�RI�WKH�DJULFXOWXUDO�
SURGXFWLRQ�LQ�VXE�6DKDUDQ�$IULFD�LV�UDLQ�IHG��6LPHOWRQ�HW�DO�
�������<HW��DFFRUGLQJ�WR�,3&&��������DQG�,3&&��������WKHUH�
DUH� XQFHUWDLQW\� DERXW� IXWXUH� UDLQIDOO� SDWWHUQV� LQ� VRXWKHUQ�
6DKDUD��*XLQHD�FRDVW�DQG�6DKHO��6DXO��������DOVR�QRWHG�WKDW�
FOLPDWH�FKDQJH�LV�DOUHDG\�KDYLQJ�LPSDFW�LQ�1LJHULD�

([WHQVLRQ� 5ROH� DQG� ,WV� ,QWHUYHQWLRQ� LQ� &OLPDWH�
&KDQJH�$GYRFDF\�
,Q�$IULFD�� LQFUHDVHG� GHPRJUDSKLF� SUHVVXUH� LV� FUHDWLQJ�

VFDUFLW\�RI�ODQG�DQG�UHGXFHG�SHULRGV�RI�IDOORZ��$FFRUGLQJ�WR�
1DUDLQ� �������� LW� ZDV� EHOLHYHG� WKDW� WKHUH� LV� QR� DYDLODEOH�
WHFKQRORJ\�E\�ZKLFK�WKH�WUDGLWLRQDO�IDUPHU�FDQ�DGMXVW�WR�WKH�
UHGXFHG�IDOORZ�SHULRGV�DQG�H[SHULHQFHG�D�PRUH�LQWHQVL¿HG�
DJULFXOWXUH��8S� WLOO� QRZ�� WKH� HUUDWLF� QDWXUH�RI� WKH�ZHDWKHU�
PDNHV� FXOWLYDWLRQ� DQG�PDQDJHPHQW� RI� FURSV� RQ� WKH� ¿HOG�
GLI¿FXOW��,Q�WKHLU�VWXG\��(QHWH�DQG�$PXVD��������KLJKOLJKWHG�
WKH�FULWLFDO�FKDOOHQJHV�IDFHG�E\�WKH�1LJHULDQ�DJULFXOWXUH�DV�LV�
WULHV�WR�DGDSW�WR�FOLPDWH�FKDQJH��7KH�FKDOOHQJHV�DUH�ODFN�RI�
UHTXLVLWH�HGXFDWLRQ�� LQIRUPDWLRQ�DQG� WUDLQLQJ�QHFHVVDU\� WR�
DGDSW�WR�FOLPDWH�FKDQJH��$�UHSRUW�IURP�81'3�FRQ¿UPV�WKDW�
WKH� OHYHO� RI� DZDUHQHVV� DERXW� FOLPDWH� FKDQJH� LV� ORZ� LQ�
1LJHULD��DQG�LW�ZDV�QRWHG�WKDW�LI�FDUH�LV�QRW�WDNHQ��LW�ZLOO�ZUHDN�
KDYRF�RQ�WKH�GDLO\�OLYHV�RI�LWV�FLWL]HQ��

3URNRS\��%DUUWHOV��%XUQLVNH�DQG�3RZHU��������KRZHYHU�
IRXQG�WKDW�IDUPHUV�DUH�EHJLQQLQJ�WR�XQGHUVWDQG�WKDW�SUDFWLFHV�
WKDW�ZRUNHG�LQ�WKH�SDVW�DUH�QR�ORQJHU�YLDEOH�LQ�WKH�OLJKW�RI�
FKDQJLQJ� ZHDWKHU� SDWWHUQV�� 7KHUHIRUH�� DWWDLQLQJ� VHOI�
VXI¿FLHQF\�LQ�IRRG�SURGXFWLRQ�LV�D�PDMRU�SUREOHP�ZLWK�WKH�
SUHVHQW� FOLPDWLF� DQG� HQYLURQPHQWDO� FRQGLWLRQ�� 7KH\� DOVR�
IRXQG�WKDW�IDUPHUV�DFNQRZOHGJHG�WKH�LPSDFW�RI�ORFDO�FOLPDWH�
�LQFUHDVLQJ� IUHTXHQF\�ZHDWKHU�HYHQWV�GULYHQ� IURP�RXWVLGH�
WKHLU�UHJLRQ��RQ�DJULFXOWXUDO�SUDFWLFHV��7KLV�UHFRJQLWLRQ�WKH\�
EHOLHYH�ZLOO�SURYLGH�IHUWLOH�JURXQG�IRU�DJULFXOWXUDO�H[WHQVLRQ�
WR� DVVLVW� ZLWK� FOLPDWH� FKDQJH� DGDSWDWLRQ� QRZ� DQG� LQ� WKH�
IXWXUH�� +HQFH�� H[WHQVLRQ� ZRUNHUV� KDYH� DQ� LQFUHDVLQJO\�
LPSRUWDQW�UROH�WR�SOD\�LI�IDUPHUV�DUH�WR�OHDUQ�WR�DGDSW�DQG�
EXLOG�UHVLOLHQFH��

7KHUHIRUH�� H[WHQVLRQ� VHUYLFH� SURYLGHUV� KDYH� DQ�
HQRUPRXV��VLJQL¿FDQW�DQG�XUJHQW�UROH�WR�SOD\�HVSHFLDOO\�DV�
WKH� XQSUHGLFWDELOLW\� RI� FOLPDWH� FKDQJH� KDV� EURXJKW� QHZ�
GLPHQVLRQ� WR� DJULFXOWXUDO� UHVHDUFK� DQG� GHYHORSPHQW�
�$*5$���������([WHQVLRQ�DGYLVRU\�VHUYLFH� LV�YHVWHG�ZLWK�
WKH�WDVN�RI�SURPRWLQJ�WKH�XVH�RI�EHVW�SUDFWLFHV�WKDW�ZLOO�DVVLVW�

�
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,QWURGXFWLRQ���

5HYLHZ�$UWLFOH
ZZZ�MDHIV�FRP-$()6

�&LWH�WKLV�DUWLFOH�DV���2GHOH\H��7�*����������([WHQVLRQ
V�UROH�DQG�VWDNHKROGHUV
�LQWHUYHQWLRQ�LQ�FOLPDWH�FKDQJH�DGYRFDF\��,QW��-��$JULF��(QYLURQ��
)RRG�6FL������������������'2,�����������MDHIV������

$YD൴ODEOH�RQO൴QH�DW��� ���� �ZZZ�MDHIV�FRP KWWS���GHUJLSDUN�JRY�WU�MDHIV

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

�H�,661������������ '2,�����������MDHIV��������

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

7KH�ZRUOG
V�DJULFXOWXUDO�V\VWHP�KDV�EHHQ�WHUULEO\�DIIHFWHG�E\�FOLPDWH�FKDQJH�DQG�FRQVHTXHQWO\�WKH�IXWXUH�RI�DJULFXOWXUH��
LWV�SUDFWLFHV�DQG�SURGXFWLYLW\� LV�KDPSHUHG��+HQFH�� WKLV�SDSHU�SUHVHQWV� WKH�DJULFXOWXUDO�DQG�HQYLURQPHQWDO�SUREOHPV�
DVVRFLDWHG�ZLWK�FOLPDWH�FKDQJH�DQG�VHHNV�WR�SURIIHU�SRVVLEOH�VROXWLRQV�WKURXJK�WKH�LQWHUYHQWLRQ�RI�H[WHQVLRQ�VHUYLFHV�DQG�
VWDNHKROGHUV��,W�IRFXVHV�RQ�WKH�UROH�RI�DJULFXOWXUDO�H[WHQVLRQ�DQG�LWV�LPPHQVH�LPSRUW�LQ�LQÀXHQFLQJ�FURS�SURGXFWLRQ�
SUDFWLFHV�WKDW�ZLOO�HQVXUH�VXVWDLQDELOLW\�DQG�LPSURYH�VRLO�PDQDJHPHQW��7R�HIIHFW�D�FKDQJH�LQ�D�GLYHUJLQJ�HFRQRP\�ZLWK�
FULWLFDO�FOLPDWLF�FRQGLWLRQV��LW�EHFRPHV�LPSHUDWLYH�WKDW�VFLHQWL¿F��WHFKQRORJLFDO�DQG�FRQFHSWXDO�SROLF\�SUDFWLFHV�WKDW�ZLOO�
UHGXFH�QHJDWLYH�HQYLURQPHQWDO�LPSDFWV�PXVW�EH�LQWHJUDWHG�DQG�LPSOHPHQWHG�
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VPDOOKROGHU� IDUPHUV� DQG� FRPPXQLWLHV� LQ� GHYHORSLQJ�
FRXQWULHV�WR�EH�UHVLOLHQW�DQG�FRSH�ZLWK�WKH�ULVN�RI�ZHDWKHU�
H[WUHPLWLHV�FDXVHG�E\�FOLPDWH�FKDQJH��([WHQVLRQ�KDV�DV�RQH�
RI�LWV�PDMRU�PDQGDWH�WR�HGXFDWH�DQG�GLVVHPLQDWH�LQIRUPDWLRQ�
RQ�ODQG�XVH�V\VWHPV�OLNH�WHUUDFLQJ��FRQWRXULQJ��FURS�URWDWLRQ��
VRLO� FRPSDFWLQJ�� EXLOGLQJ� VRLO� RUJDQLF� PDWWHU�� DQG�
FRQVHUYDWLRQ�WLOODJH��([WHQVLRQ�UROH�DOVR�LQFOXGH�WHDFKLQJ�RQ�
DYRLGDQFH� RI� SUDFWLFHV� WKDW� PD\� UHVXOW� LQWR� ÀRRGLQJ� RI�
IDUPODQGV��GLVFRXUDJLQJ�PRQR�FURSSLQJ�ZKLFK�DJJUDYDWHV�
SHVWV�DQG�GLVHDVHV�WKDW�WKULYH�RQ�WKH�QHZ�LQWHQVLYH�FURSV��%XW�
DOO� WKHVH� ZLOO� KDYH� WKHLU� URRWV� LQ� SDUWLFLSDWRU\� H[WHQVLRQ�
DSSURDFKHV��

+HQFH��WKHUH�LV�DQ�H[WUHPHO\�LPSRUWDQW�UROH�IRU�H[WHQVLRQ�
VHUYLFH�SURYLGHUV�WR�SOD\�QRZ�DQG�LQ�WKH�IXWXUH�RI�FOLPDWH�
FKDQJH�FRPPXQLFDWLRQ��7KH�DSSURDFK�WR�EH�HPSOR\HG�PXVW�
SXW�IDUPHUV�DW�WKH�FHQWUH��WKRXJK�LW�UHTXLUHV�IDFLOLWDWLQJ�VNLOOV��
OLVWHQLQJ�DQG�WHDFKLQJ�VNLOOV��DQG�DELOLW\�WR�EH�ÀH[LEOH�DQG�
UHVSRQVLYH�� 8QIRUWXQDWHO\��$*5$� ������� GLVFRYHUHG� WKDW�
JRYHUQPHQW�KDV�WHQGHG�WR�LJQRUH�H[WHQVLRQ
V�ZRUN�DQG�WKLV�LV�
D� ELJ� SUREOHP� WKDW� ZLOO� GHWHU� LWV� SURPSW� LQWHUYHQWLRQ� LQ�
FOLPDWH�FKDQJH�UHODWHG�LQIRUPDWLRQ�WUDQVIHU��7KH�IXQGLQJ�RI�
DJULFXOWXUDO� UHVHDUFK� IURP� IHGHUDO� JRYHUQPHQW� EXGJHW��
ZKLFK�LV�DOZD\V�WKH�PDLQ�DQG�QRZ�YLUWXDOO\�WKH�VROH�VRXUFH�RI�
IXQGV�KDV�DOVR�EHHQ�LQ�UHJUHVVLRQ�VLQFH�WKH�FROODSVH�RI�RLO�
SULFHV�LQ�WKH�HDUO\�����V��(QHWH�DQG�$PXVD���������

6WDNHKROGHUV
UROH� LQ� *OREDO� (QYLURQPHQWDOO\�
6XVWDLQDEOH�$JULFXOWXUH�

7KH�UHVSRQVH�WR�FOLPDWH�FKDQJH�LV�DERXW�PRUH�WKDQ�ZKDW�
JRYHUQPHQW� FDQ� GR�� ,QGXVWULHV�� UHVHDUFK� LQVWLWXWLRQV��
XQLYHUVLWLHV�� QRQ�JRYHUQPHQWDO� RUJDQL]DWLRQ� �1*26���
SULYDWH� VHFWRUV�� JRYHUQPHQW� RUJDQL]DWLRQV�� PHGLD��
FRPPXQLWLHV�DQG�LQGLYLGXDOV�DOO�KDYH�D�UROH�WR�SOD\��6\QHUJ\�
RI�WKHVH�JURXSV�LV�QHHGHG�WR�SURYLGH�VXSSRUW�IRU�DGDSWDWLRQ�
DQG� PLWLJDWLRQ� LQQRYDWLRQ�� 6WDNHKROGHUV
� SDUWLFLSDWLRQ�
LQYROYHV� SURFHVV� ZKHUHE\� DOO� WKRVH� ZLWK� D� VWDNH� LQ� WKH�
RXWFRPH�RI�D�SURMHFW�FDQ�DFWLYHO\�SDUWLFLSDWH�LQ�GHFLVLRQ�RQ�
SODQQLQJ�DQG�PDQDJHPHQW��&ULVSLQR��������DGYDQFHG�WKDW�DQ�
DFWLYH�SDUWLFLSDWLRQ�RI�HQOLJKWHQHG�DQG�HPSRZHUHG�FLWL]HQ��
FRPPXQLWLHV�DQG�RWKHU�VWDNHKROGHUV�ZRXOG�EH�UHTXLUHG�IRU�
VXFFHVVIXO� LPSOHPHQWDWLRQ� RI� WKH� SODQV�� 6LPLODUO\� $ORQL���
'DPLQDER��$OH[DQGHU��DQG�%DNSR��������DI¿UPHG�D�JURZLQJ�
FRQVHQVXV� WKDW� WLPHO\� DQG� EURDG� EDVHG� VWDNHKROGHU�
LQYROYHPHQW�LV�D�YLWDO�LQJUHGLHQW�IRU�HIIHFWLYH�HQYLURQPHQWDO�
DVVHVVPHQW��SURMHFW�SODQQLQJ��DSSUDLVDO�DQG�GHYHORSPHQW��

+RZHYHU��,)$'��������VXJJHVWHG�DQ�LQVWLWXWLRQDO�SROLF\�
UHIRUPV� WKDW� QHHGV� WR� DUWLFXODWH� D� IUDPHZRUN� IRU� SULYDWH�
VHFWRU� HQJDJHPHQW� DQG� PDUNHW� DFFHVV� GHYHORSPHQW� DQG�
LQFRUSRUDWH� VXVWDLQDEOH� H[WHQVLRQ� VHUYLFH� GHOLYHU\�� ,Q�
DGGLWLRQ�� WKHUH� LV� QHHG� IRU� SROLF\� IUDPH� ZRUN� WKDW� ZLOO�
SURYLGH� D� VXLWDEOH� HQYLURQPHQW� IRU� FRQWLQXLW\� DQG�
HIIHFWLYHQHVV�LQ�DJULFXOWXUDO�SURJUDPPHV�RQ�FOLPDWH�FKDQJH��
0RUH�LPSRUWDQWO\��SROLFLHV�LQ�WKH�VSKHUHV�RI�DJULFXOWXUDO�ULVN�
PDQDJHPHQW��DGDSWDWLRQ�DQG�PLWLJDWLRQ�PXVW�EH�DGRSWHG�DQG�
LPSOHPHQWHG��5HVHDUFK�VKRXOG�EH�EDVHG�RQ�DFWXDO�IDUPHUV
�
DFWLYLWLHV� VR� WKDW� LWV� ¿QGLQJV� FDQ� EH� UHOHYDQW� DQG� HDVLO\�
DGRSWDEOH��,W�ZLOO�DOVR�EH�H[SHFWHG�WKDW�WKHUH�LV�D�IRFXV�RQ�
GHYHORSPHQW�RI�WHFKQRORJLHV�DSSURSULDWH�IRU�IDUPHUV��,)$'�
�������KDG�UHFRPPHQGHG�WKH�QHHG�IRU�FRUH�VWUDWHJ\�FKRLFHV�
WKDW�ZRXOG�HQVXUH�WKDW�WKH�SRRU�DQG�PDUJLQDOL]HG�DUH�GUDZQ�
LQWR�WKH�SROLFLHV��

$QG�WR�HIIHFWLYHO\�PDQDJH�WKH�LPSDFW�RI�FOLPDWH�FKDQJH��
LW�PD\�UHTXLUH�UHVHDUFKHUV�WR�ZRUN�ZLWK�RWKHU�VWDNHKROGHUV�WR�
FUHDWH�D�VKDUHG�XQGHUVWDQGLQJ�RI�WKH�LVVXHV��DQG�GHYHORS�D�
UDQJH�RI�SRWHQWLDO�RSWLRQV��5HVHDUFKHUV�PD\�DOVR�DLP�WR�EH�

VWDNHKROGHUV� LQ� RQ�JRLQJ� DQG� ORQJ�VWDQGLQJ� SURFHVVHV��
&RUURERUDWLQJ�WKLV��3URNRS\��%DUUWHOV��%XUQLVNH�DQG�3RZHU�
�������UHYHDOV�D�QHZ�UHVHDUFK�DSSURDFK�LQ�ZKLFK�DJULFXOWXUDO�
VWDNHKROGHUV�EHFRPH�DFWLYH�SDUWLFLSDQWV�LQ�WKH�JHQHUDWLRQ�RI�
VFLHQWL¿F� NQRZOHGJH�� %HVLGHV�� WKH� QDWLRQDO� JRYHUQPHQW�
VKRXOG� SURYLGH� DQ� HQDEOLQJ� HQYLURQPHQW� E\� LQWHJUDWLQJ�
FOLPDWH� FKDQJH� LQ� VHFWRUDO� SROLFLHV� WR� IDFLOLWDWH� DFFHVV� WR�
FOLPDWH�FKDQJH�LQIRUPDWLRQ�IRU�GHFLVLRQ�PDNLQJ��,Q�HVVHQFH��
IRU� HIIHFWLYHQHVV�� FOLPDWH� FKDQJH� DGDSWDWLRQ� LQ� SDUWLFXODU�
ZLOO�QHHG�WR�WDNH�SODFH�DW�WKH�ORFDO�DQG�UHJLRQDO�OHYHO��)RU�
H[DPSOH�� %15&&� ������� UHYHDOV� LWV� DLPV� WR� KHOS� EXLOG�
LQIRUPHG� UHVSRQVHV� WR� FOLPDWH� FKDQJH� LQ� 1LJHULD� E\�
HQKDQFLQJ� FDSDFLW\� DW� WKH� FRPPXQLW\�� VWDWH� DQG� QDWLRQDO�
OHYHO��

7RUZDUGV� 5HVLOHLQFH� LQ� 3URGXFWLRQ� 6\VWHPV� DQG�
/LYHOLKRRG�

2I�UHFHQW��WKHUH�LV�D�JURZLQJ�HPSKDVLV�RQ�WKH�FRQVWUDLQWV�
FOLPDWH� FKDQJH� LPSRVHG� RQ� DJULFXOWXUDO� SURGXFWLRQ��)$2�
������� IRXQG� HYLGHQFHV� WKDW� FOLPDWH� FKDQJH� KDV� DOUHDG\�
QHJDWLYHO\�DIIHFWHG�ZKHDW��ULFH��VR\�EHDQV�DQG�PDL]H�\LHOGV��
&OLPDWH�UHODWHG� FURS� IDLOXUH� LV� DOUHDG\� FDXVLQJ� HFRQRPLF�
ORVHV�DQG�XQGHUPLQLQJ�IRRG�VHFXULW\�DQG�WKHVH�DUH�OLNHO\�WR�
EHFRPH�PRUH� VHYHUH� DV� JOREDO�ZDUPLQJ� FRQWLQXHV��0RUH�
IRRG�LV�QHHGHG�LQ�WKH�IXWXUH�EXW�FOLPDWH�FKDQJH�PD\�PHDQ�
OHVV�IRRG�SURGXFWLRQ�SRWHQWLDO�DQG�WKH�SRRU�SHRSOH�ZLOO�EH�KLW�
WKH�KDUGHVW��7KHUH�KDYH�EHHQ�SUHGLFWHG�IXWXUH�HFRQRPLF�ORVHV�
DQG�LQFUHDVH�LQ�ULVN�RI�KXQJHU�GXH�WR�FOLPDWH�FKDQJH��(QHWH�
DQG� $PXVD� ������� DVVHUWHG� WKDW� WKH� GHYHORSLQJ� ZRUOG�
DOUHDG\�FRQWHQGV�ZLWK�FKURQLF�SRYHUW\�DQG�IRRG�FULVLV �&%1��
������� UHSRUWHG� D� GHFOLQH� LQ� DJULFXOWXUDO� SURGXFWLRQ� LQ�
1LJHULD�IURP������LQ������WR�������LQ�������$PDQFKXNZX�
�������PDLQWDLQHG� WKDW�PDQ\�1LJHULDQV� HYHQ� IDUPHUV� DUH�
DZDUH� WKDW�FOLPDWH�FKDQJH� LV�VHYHUHO\�DIIHFWLQJ� OLYHOLKRRG�
GXH�WR�FKDQJHV�LQ�UDLQIDOO�SDWWHUQV��$QG�VLQFH�FOLPDWH�FKDQJH�
DIIHFWV� FURSV� DQG� UHJLRQV� GLIIHUHQWO\�� LW� LV� H[SHFWHG� WKDW�
DJULFXOWXUDO� SURGXFWLYLW\� ZLOO� GHFOLQH� EHFDXVH� RI� WKH�
ÀXFWXDWLQJ� ZHDWKHU� SDWWHUQV�� 6LPLODUO\�� $NLQEREROD��
$GHGRNXQ�DQG�1ZRVD��������UHYHDOHG�WKH�LPSDLULQJ�HIIHFW�
RI� FOLPDWH� FKDQJH� RQ� DJULFXOWXUDO� SURGXFWLRQ��$SDUW� IURP�
UHGXFWLRQ�LQ�SURGXFWLRQ��$SDWD��������QRWHG�WKDW�PLJUDWLRQ�
DQG�UHORFDWLRQ�RI�VRPH�DUDEOH�FURS�IDUPHU�LV�DQRWKHU�QHJDWLYH�
HIIHFW�RI�FOLPDWH�FKDQJH��+HQFH��DFKLHYLQJ�VXVWDLQDEOH�IRRG�
VHFXULW\� LQ� D�ZRUOG�ZLWK� D� JURZLQJ� SRSXODWLRQ�� FKDQJLQJ�
GLHWV�DQG� �FRQWLQXRXVO\�FKDQJLQJ�FOLPDWH�EHFRPHV�D�PDMRU�
FKDOOHQJH��&*,$5��������

&RXSOHG� ZLWK� WKLV� LV� DQRWKHU� QRWDEOH� SUREOHP� RI�
PLVPDQDJHPHQW�RI�WKH�HQYLURQPHQW�ZKLFK�LQYDULDEO\�OHDGV�
WR� IDOO� LQ� SURGXFWLRQ� DQG� SURGXFWLYLW\�� 'HFUHDVHG�
SURGXFWLYLW\�LV�DOVR�DV�D�UHVXOW�RI�WKH�UDSLG�SRSXODWLRQ�JURZWK�
DQG�GHFUHDVHG�SHU�FDSLWD�IRRG�SURGXFWLRQ��

7DFNOLQJ� DJULFXOWXUDO� SURGXFWLRQ� SUREOHPV�� LQFOXGLQJ�
FOLPDWH�DQG�HQYLURQPHQW�LQGXFHG�SUREOHPV�� LV� WKHUHIRUH�D�
QHFHVVDU\� SUHUHTXLVLWH� IRU� LQFUHDVLQJ� SHU� FDSLWD� IRRG�
SURGXFWLRQ��+RZHYHU��6LPPRQV��������KDG�VXFFLQFWO\�VWDWHG�
WKDW� LW� LV� QRW� SRVVLEOH� WR� GHDO�ZLWK� IRRG� LQVHFXULW\� XQOHVV�
LQYHVWPHQW� LQ� DJULFXOWXUH� DQG� SURGXFWLYLW\� LQFUHDVH�
GUDVWLFDOO\�� +HQFH�� PRUH� DWWHQWLRQ� VKRXOG� EH� SDLG� WR� WKH�
FOLPDWH�UHODWHG�SURGXFWLRQ�SUREOHPV�RI�IDUPHUV�DQG�HIIRUWV�
PXVW�EH�PDGH�WR�DOOHYLDWH�WKHP�

7R� SURPRWH� SURGXFWLYH� DJULFXOWXUH� WKDW� FRQVHUYHV� DQG�
HQKDQFHV�QDWXUDO�UHVRXUFHV��SDUWQHUVKLS�WKDW�OLQNV�UHVHDUFK�
DQG� DFWLRQ� IRU� ORZ�LQFRPH� DJULFXOWXUDO� SURGXFHUV� DQG�
FRQVXPHUV�PXVW�EH�SUDFWLFHG��

���
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)RU� H[DPSOH�� UXUDO� ZRPHQ� UHSUHVHQW� RQH�TXDUWHU� RI� WKH�
ZRUOG
V�SRSXODWLRQ�DQG�WKH\�PDNH�XS�DURXQG����SHUFHQW�RI�
DJULFXOWXUDO� ODERXU� IRUFH� LQ� GHYHORSLQJ� FRXQWULHV�� 7KHVH�
ZRPHQ� DUH� PRVWO\� VPDOOKROGHU� IDUPHUV� ZKR� DUH� PRUH�
H[SRVHG� WR�FOLPDWH�FKDQJH�ULVN� WKDQ�PHQ��7KH�QDWXUH�DQG�
LQWHQVLW\�RI�SRYHUW\�DQG�YXOQHUDELOLW\�WR�ULVN�LV�DOVR�JHQGHU�
VSHFL¿F�� +HQFH�� FUHDWLQJ� DQ� HQDEOLQJ� HQYLURQPHQW� IRU�
DJULFXOWXUDO� SURGXFWLRQ� LV� QRZ� QHFHVVDU\� DQG� PDQGDWRU\��
7KHUH�LV�D�GLUH�QHHG�DOVR�WR�PLWLJDWH�WKH�SRWHQWLDO�QHJDWLYH�
HIIHFWV�RI�HQYLURQPHQW�RQ�DJULFXOWXUDO�SURGXFWLRQ��(PSKDVLV�
VKRXOG�EH�ODLG�RQ�ZK\�ZH�QHHG�WR�VXVWDLQ�WKH�HQYLURQPHQW��
LPSURYH� DQG� LQWHJUDWH� PDQDJHPHQW� RI� ODQG�� ZDWHU� DQG�
UHODWHG�ELRORJLFDO�UHVRXUFHV��

0LWLJDWLQJ�WKH�LPSDFWV�RI�FOLPDWH�FKDQJH�IRU�LQFUHDVHG�
UXUDO� DQG� DJULFXOWXUDO� SURGXFWLRQ� UHTXLUHV� FRQFHUWHG� DQG�
FRRUGLQDWHG� HIIRUWV� RI� WKH� H[WHQVLRQ� DJHQWV�� VWDNHKROGHUV��
JRYHUQPHQW�DQG�WKH�IDUPHUV��7KH�PLWLJDWLRQ�PHDVXUHV�KDYH�
WR�GR�ZLWK� OLPLWLQJ� DQG� FRQWUROOLQJ� FOLPDWH� FKDQJH� �6DXO��
������ 'UDVWLF�FKDQJHV�LQ�IDUPLQJ�SUDFWLFHV�ZLOO�UHPDUNDEO\��
UHGXFH�WKH�QHJDWLYH�HIIHFWV�RI�FOLPDWH�FKDQJH�RQ�DJULFXOWXUDO�
V\VWHP�� 7KHUHIRUH�� WKH� XUJHQF\� RI� GHDOLQJ� ZLWK� FOLPDWH�
FKDQJH� LQGXFHG� SUREOHPV� SURYLGHV� D� QHZ� LPSHWXV� IRU�
SDUDGLJPV RI�LQWHJUDWHG�UHVHDUFK��SROLF\�DQG�DFWLRQ��7KHUH�LV��
QHHG� IRU� ERWK� ORFDO� DQG� JOREDO� SROLF\�OLQNHG� UHVHDUFK� WR�
DFFHOHUDWH�VKDULQJ�RI�LQIRUPDWLRQ�RQ�DJULFXOWXUDO�SUDFWLFHV�
DQG�WHFKQRORJLHV�IRU�DGDSWDWLRQ�DQG�PLWLJDWLRQ��,Q�DGGLWLRQ��
JRYHUQPHQW� PXVW� WDNH� QHFHVVDU\� PHDVXUHV� WKURXJK�
H[WHQVLYH�PHWKRGV� WKDW�ZLOO� HQVXUH� VDIH� HQYLURQPHQW� DQG�
LQFUHDVHG�DJULFXOWXUDO�SURGXFWLYLW\��

&RQFOXVLRQV�
7KHUHIRUH� LQ� RUGHU� WR� LQFUHDVH� UXUDO� DJULFXOWXUDO�

SURGXFWLRQ�� LW� LV� LPSRUWDQW� WR� FRQVLGHU� FKDOOHQJHV� VXFK�DV�
ODFN� RI� LQIRUPDWLRQ� WR� VPDOO�VFDOH� IDUPHUV� RQ� PLWLJDWLQJ�
PHDVXUHV�WR�OLPLW�DQG�FRQWURO�FOLPDWH�FKDQJH��7KHUHIRUH��LW�
ZDV�VXJJHVWHG�WKDW�JRYHUQPHQWV�VKRXOG�JLYH�DJULFXOWXUDO�DQG�
UXUDO� GHYHORSPHQW� SUDFWLFDO� DQG� LGHDOLVWLF� JRDOV� ZLWK�
IRUPXODWLRQ� DQG� LPSOHPHQWDWLRQ� RI� FRQVLVWHQW� SROLFLHV� RQ�
IRRG� V\VWHP� WKDW� ZLOO UHGXFH� WKH� QHJDWLYH� HQYLURQPHQWDO��
LPSDFW�RQ�DJULFXOWXUDO�SURGXFWLRQ� +RZHYHU��WKH�FKRLFH�RI��
WKHVH�SROLFLHV�ZLOO�VWLOO�GHSHQG�RQ�VRFLDO�DQG�SROLWLFDO�UHDOLWLHV�
IRU�UXUDO�GHYHORSPHQW��

$OVR��WKHUH�LV�WKH�QHHG�IRU�LGHQWL¿FDWLRQ�RI�ZHOO�WDUJHWHG�
FRPPXQLW\� EDVHG� LQWHUYHQWLRQV� QHFHVVDU\� WR� PHHW� WKH�
HPHUJLQJ�FKDOOHQJHV��PLWLJDWH�WKH�HIIHFWV�RI�FOLPDWH�FKDQJH�
DQG�LQFUHDVH�FURS�SURGXFWLYLW\�LQ�RUGHU�WR�PHHW�WKH�IRRG�DQG�
¿EUH�QHHG�RI�WKH�JURZLQJ�SRSXODWLRQ��/DVWO\��VWUHQJWKHQLQJ�
QDWLRQDO�DQG�ORFDO�LQVWLWXWLRQV�WKDW�SURYLGHV�LQIRUPDWLRQ�DQG�
VXSSRUW� VKRXOG�EH� DQ� LQWHJUDO� FRPSRQHQW� RI� GHYHORSPHQW�
VWUDWHJLHV�IRU�FOLPDWH�FKDQJH��

5HIHUHQFHV�

$JZX�� -�� DQG� 2NKLPDPKH��$�� �������� &OLPDWH� FKDQJH�� LWV� LPSDFW� DQG�
DGDSWDWLRQ��*HQGHU�SHUVSHFWLYH�IURP�WKH�1RUWKHUQ�DQG�(DVWHUQ�1LJHULD��
+HLQULFK�%ROO�6WLI¿QJ�3XEOLVKHU��$YDLODEOH�DW�ZZZ�%RHXQLJHULD�RUJ���
��

$MHWXQPREL��-��DQG�$ELRGXQ��$����������&OLPDWH�FKDQJH�,PSDFWV�RQ�FRZSHD�
SURGXFWLYLW\�LQ�1LJHULD��-RXUQDO�RI�)RRG��$JULFXOWXUH��1XWULWLRQ�DQG�
'HYHORSPHQW�������������������

$SDWD�� *�� 7�� ������� (IIHFWV� RI� JOREDO� FOLPDWH� FKDQJH� RQ� 1LJHULDQ�
DJULFXOWXUH�� $Q� HPSLULFDO� DQDO\VLV�� &HQWUDO� %DQN� RI� 1LJHULD� &%1�
-RXUQDO�RI�$SSOLHG�6WDWLVWLFV�����

6DMMDG��$���<XQJ��/���,VKDT��0��6KDK��7���$EGXODL��+\DV��$��DQG�,]KDU�8G�'LQ�
��������&OLPDWH�FKDQJH�DQG�LWV�LPSDFW�RQ�WKH�\LHOG�RI�PDMRU�IRRG�FURSV��
(YLGHQFH�IURP�3DNLVWDQ�0'33��)RRGV�����

,3&&����������&OLPDWH�&KDQJH�������6\QWKHVLV�UHSRUW��&RUH�:ULWLQJ�7HDP��

5��3DFKXQL��/�$��0H\HUV��(GV���&RQWULEXWLRQ�RI�ZRUNLQJ�JURXSV��������
	����WR�WKH�¿IWK�DVVHVVPHQW��UHSRUW�RI�WKH�LQWHUJRYHUQPHQWDO�SDQHO�RQ�
FOLPDWH�FKDQJH�,3&&��*HQHYD�6ZLW]HUODQG�

,3&&�� �������� ,PSDFWV�� $GDSWDWLRQ� DQG� 9XOQHUDELOLW\�� &RQWULEXWLRQ� RI�
ZRUNLQJ� JURXS� ��� WR� WKH� IRXUWK� DVVHVVPHQW�� 5HSRUW� RI� WKH�
,QWHUJRYHUQPHQWDO� SDQHO� RQ� FOLPDWH� FKDQJH�� &DPEULGJH� 8QLYHUVLW\�
SUHVV��&DPEULGJH�8�.��0��/��3DUU\��2�)��&DUL]LDQL��-��3��3DOXWLNRI��3�-��
9DQ�GHU�/LQGHQ�DQG�&�(��+DQVRQ��(GV�

6LPHOWRQ��&�+��4XLQQ��1��%DWLVDQL��$�-��'RXJLO��-�&��'\HU��(�'��)UDVHU��'��
0NZDPELVL�� 6�� 6DOOX�� 6WULQJHU�� /�&�� �������� ,V� UDLQIDOO� FKDQJLQJ"�
)DUPHUV
�SHUFHSWLRQV��PHWURORJLFDO�GDWD��SROLF\� LPSOLFDWLRQ��&OLPDWH�
'HYHORSPHQW������������

,3&&����������7KH�SK\VLFDO�VFLHQFH�EDVLV��:RUNLQJ�JURXS���FRQWULEXWLRQ�WR�
WKH�¿IWK�DVVHVVPHQW�UHSRUW�RI�WKH�LQWHUJRYHUQPHQWDO�SDQHO�RQ�FOLPDWH�
FKDQJH��&DPEULGJH�8QLYHUVLW\�3UHVV�

,3&&�� �������� &OLPDWH� &KDQJH� �����,PSDFWV�� DGDSWDWLRQV� DQG�
YXOQHUDELOLW\��5HJLRQDO�$VSHFWV��&DPEULGJH�8QLYHUVLW\�3UHVV�

6DXO��(����������,PSDFW�RI�FOLPDWH�FKDQJH�RQ�DJULFXOWXUH�DQG�IRRG�VHFXULW\�LQ�
1LJHULD�� &KDOOHQJHV� DQG� DGDSWDWLRQ�� *OREDO� $GYDQFHG� 5HVHDUFK�
-RXUQDO�RI�0HGLFLQDO�3ODQW��*$5-03���������

1DUDLQ�'�� ��������$JULFXOWXUDO�FKDQJH�DQG� UXUDO�SRYHUW\�YDULDWLRQV�RQ�D�
WKHPH� �(GV��0HOORU� �� -��:�� DQG�'HVDL��*��0������ ,)35,��7KH� -RKQ�
+RSNLQV�8QLYHUVLW\�3UHVV�%DOWLPRUH��0DU\ODQG�

(QHWH��$�$��DQG�$PXVD��7��$����������&KDOOHQJHV�RI�DJULFXOWXUDO�DGDSWDWLRQ�
WR�FOLPDWH�FKDQJH�LQ�1LJHULD��$�V\QWKHVLV�IURP�WKH�/LWHUDWXUH�����7KH�
-RXUQDO� RI� )LHOG� $FWLRQV� DQG� )LHOG� $FWLRQV�� 6FLHQFH� 5HSRUWV� IDFWV�
UHSRUW�

3URNRS\��/��1���%DUUWHOV��:HQG\�/LQ��%XUQLVNH�*��DQG�3RZHU�5����������
$JULFXOWXUDO� H[WHQVLRQ� DQG� FOLPDWH� FKDQJH� FRPPXQLFDWLRQ�� 2[IRUG�
5HVHDUFK�(QF\FORSHGLD��2[IRUG�8QLYHUVLW\�3UHVV�

$*5$�� �������� 7KH� VPDUW� ZD\� WR� KHOS�$IULFDQ� IDUPHUV� WDFNOH� FOLPDWH�
FKDQJH�� $JUUD�RUJ�QHZV�WKH�VPDUW�ZD\�WR�KHOS�� DIULFDQ�IDUPHUV�
WDFNOH�FOLPDWH�FKDQJH��

&ULVSLQR��/����������0DLQVWUHDPLQJ�FOLPDWH�FKDQJH�DGDSWDWLRQ��7KH�QHHG�
DQG� WKH� UROH� RI� FLYLO� VRFLHW\� RUJDQL]DWLRQV�� :RUOG� 5HVRUW� 5HSRUW��
:DWHUVKHG�2UJDQL]DWLRQ�7UXVW��:275��

$ORQL�� &��� 'DPLQDER� ,�� $OH[DQGHU�� %�&��� %DNSR� 0�7�� �������� 7KH�
,PSRUWDQFH� RI� VWDNHKROGHUV� LQYROYHPHQW� LQ� HQYLURQPHQWDO� LPSDFW�
DVVHVVPHQW�5HVRXUFHV�DQG�(QYLURQPHQW����������������6FLHQWL¿F�DQG�
$FDGHPLF�3XEOLVKLQJ�

,)$'�� �������� ,QWHUQDWLRQDO� )XQG� IRU�$JULFXOWXUDO� 'HYHORSPHQW�� 5XUDO�
GHYHORSPHQW� UHSRUW� ������ )RVWHULQJ� LQFOXVLYH� UXUDO� WUDQVIRUPDWLRQ��
5RPH��,WDO\��

%15&&����������%XLOGLQJ�1LJHULD�5HVSRQVHV�WR�&OLPDWH�&KDQJH�DLPV�WR�
KHOS� EXLOG� LQIRUPHG� UHVSRQVHV� WR� FOLPDWH� FKDQJH� LQ� 1LJHULD� E\�
HQKDQFLQJ� FDSDFLW\� DW� WKH� FRPPXQLW\�� VWDWH� DQG� QDWLRQDO� OHYHO��
GHYHORSPHQWDLG�RUJ���RUJDQL]DWLRQV�YLHZ�������EQUFF�EXLOGLQJ�
QLJHULDV��UHVSRQVH�WR�FOLPDWH�FKDQJH�

)$2����������7KH�VWDWH�RI�IRRG�DQG�DJULFXOWXUH��&OLPDWH�FKDQJH��DJULFXOWXUH�
DQG�IRRG�6HFXULW\��81�

&%1� �������&HQWUDO�%DQN�RI�1LJHULD��¿UVW�TXDUWHU�*'3�5HSRUW������DW���
FEQ�JRY�QJ�RXW������SXELFDWLRQV�UHSRUWV�JRY�JGS���UHSRUW�SGI�

$PDQFKXNZX�5�1����������&OLPDWH�FKDQJH�HGXFDWLRQ�LQ�1LJHULD��7KH�UROH�
RI�FXUULFXOXP�UHYLHZ��6FLHQWL¿F�DQG�$FDGHPLF�3XEOLVKLQJ�������������

$NLQEREROD��2���$GHGRNXQ��6�6�� DQG�1ZRVD��3�,�� ��������7KH� ,PSDFW�RI�
FOLPDWH� FKDQJH� RQ� FRPSRVLWLRQ� RI� DJULFXOWXUDO� RXWSXW� LQ 1LJHULD���
$PHULFDQ�-RXUQDO�RI�(QYLURQPHQWDO�3URWHFWLRQ���������������

$SDWD��2�0����������$GDSWDWLRQ�VWUDWHJLHV�WR�HIIHFW�FOLPDWH�FKDQJH�RQ�DUDEOH�
FURS�SURGXFWLRQ�LQ�6:�1LJHULD��%ULWLVK�-RXUQDO�RI�$SSOLHG�VFLHQFH�DQG�
WHFKQRORJ\��������������

&*,$5����������&RQVXOWDQW�*URXS�IRU�,QWHUQDWLRQDO�$JULFXOWXUDO�5HVHDUFK��
UHVHDUFK� SURJUDP� RQ� FOLPDWH� FKDQJH�� DJULFXOWXUH� DQG� IRRG� VHFXULW\�
�&&$)6��� $YDLODEOH� DW�� FLJDU�RUJ�DERXW�XV�FLJDU�SRUWIROLR������
�����FLJDU�UHVHDUFK�SURJUDP�RQ�FOLPDWH�FKDQJH�DJULFXOWXUH�DQG�
IRRG�VHFXULW\�FFDIV��

6LPPRQV��6�(����������$VVXPLQJ�IRRG�DQG�QXWULWLRQ�VHFXULW\�LQ�$IULFD�E\�
� � � � � � + L J K O L J K W � S H U V S H F W L Y H � I U R P � 8 6$ , ' � � ZZZ��
���G�FD�VG�LISUL�VGYRO� ��� QXP�H�KWPO���N�� $FFHVVHG� 'HFHPEHU� ���
������

���
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7KH� SULPDU\� PHWDEROLWHV� DUH� RI� PDMRU� LPSRUWDQFH� WR�
SODQWV�� ZKLOH� WKH� VHFRQGDU\� PHWDEROLWHV� DUH� RI� PHGLFLQDO�
YDOXH�WR�PDQ��7UHDVH�DQG�(YDQV��������DQG�WKHVH�FDQ�HTXDOO\�
EH� REWDLQHG� IURP� YDULRXV� DQDWRPLFDO� VWUXFWXUHV� RI� SODQWV�
�)DKQ���������0DQ�KDV�EHQH¿WHG�IURP�WKH�SUHVHQFH�RI�WKHVH�
FKHPLFDOV� E\� H[SORLWLQJ� WKH� SODQW� SURGXFWV� DV� VRXUFHV� RI�
VXVWHQDQFH�LQ�D�YDULHW\�RI�ZD\V��)RU�H[DPSOH��PDQ\�GUXJV�
WRGD\� DUH� RI� SODQW� RULJLQ�� 3KDUPDFRORJLFDO� KLVWRU\� LV�
DERXQGLQJ� ZLWK� H[DPSOHV� VXFK� DV� TXLQLQH�� DVSLULQ��
SLFURWR[LQ��UHVHUSLQH�HWF���ZKLOH�PDQ\�RI�WKH�V\QWKHWLF�GUXJV�
DUH�IDVKLRQHG�DIWHU�QDWXUDO�SODQW�SURGXFWV��6RIRZRUD��������

7KH�$QQRQDFHDH�LV�D�ODUJH�IDPLO\�RI�VKUXEE\�DURPDWLF�
SODQWV� FRPSRVHG� RI� ���� JHQHUD�ZLWK� DERXW� ������ VSHFLHV�
�0DEEHUO\��������DQG�JURZV�WR�DERXW�����P�WR�����P�WDOO��
8YDULD�FKDPDH�3��%HDXY���FRPPRQO\�NQRZQ�DV�³¿QJHU�URRW´�
LV�D�FOLPELQJ�VKUXE�DQG�LV�IRXQG�LQ�WKH�WURSLFDO�ZHW�DQG�GU\�
IRUHVWV�RI�ZHVW�DQG�FHQWUDO�$IULFD�DORQJ�FRDVWDO�VFUXEODQG��,W�
LV� IRXQG� DORQJVLGH�ZDWHU� LQ�PDUVK� IRUHVW�ZLWK�$OFKRUQHD�
FRUGLIROLD�� 7KDOLD� �0DUDQWKDFHDH��� 'UDFDHQD� DUERUHD��
&\UWRVSHUPD�� $QWKRFOHLVWD� YRJHOLDQD�� IHUQV�� 0XVVD�
HQGDLVHUWHDQD�� 0LWUDJ\QD� VWLSXORVD�� &\FORVDXUXV�
�$UERQQLHU��������%RQJHUV�HW�DO����������7KH�IUXLW�FDUSHO
V�DUH�
LQ� ¿QJHU�OLNH� FOXVWHUV�� WKH� VKDSH� JLYLQJ� ULVH� WR� PDQ\�
YHUQDFXODU� QDPHV� WUDQVODWHG� DV� ³EXVK� EDQDQD´� RU� WKH� OLNH�
LPSO\LQJ�ZLOGQHVV�ZKHUH�LQ�,JDOD�LV�FDOOHG�$\LORNR��+DXVD��
.DVNDL¿��<RUXED��2NRRMD�DQG�*KDQD��$NRWRPSR��7KH�IUXLWV�
DUH�\HOORZ�ZKHQ�ULSH�DQG�KDYH�D�VZHHW�SXOS�ZKLFK�DUH�HGLEOH�
DQG� ZLGHO\� HDWHQ� �,ZX�� ������� 8YDULD� FKDPDH� LV� DQ�
LPSRUWDQW� PHGLFLQDO� SODQW�� 7KH� VHFRQGDU\� PHWDEROLWHV�
LVRODWHG� IURP� WKH� SODQW� DQG� WKHLU� ELRORJLFDO� DFWLYLWLHV� DUH�
UHYLHZHG�

&KHPLFDO�&RQVWLWXHQWV
7KH�VHDUFK�IRU�WKH�FRQFHUQHG�DFWLYH�FRPSRXQGV�KDV�OHG�

WR�LVRODWLRQ�RI�WKH�VHYHUDO�ÀDYRQRLGV��DONDORLGV��DQQRQDFHRXV�
DFHWRJHQLQV�DQG�HVVHQWLDO�RLOV�IURP�GLIIHUHQW�SODQW�SDUWV�RI��
8��FKDPDH��7KH�SUHOLPLQDU\�SK\WRFKHPLFDOV�GHWHFWHG�IURP�

GLIIHUHQW�SDUWV�RI�WKH�SODQW�DUH�OLVWHG�LQ�7DEOH���ZKLFK�VKRZV�
WKH�SK\WRFKHPLFDO�JURXSV�SUHVHQW�RU�DEVHQW�LQ�GLIIHUHQW�SODQW�
SDUWV��7KH�ELRDFWLYH�FRPSRXQGV�SUHVHQW�LQ�WKH�HVVHQWLDO�RLOV�
DQG�ÀDYRQRLGV�LVRODWHG�IURP�WKH�SODQW�DUH�OLVWHG�LQ�7DEOH���
DQG���

(VVHQWLDO�RLOV�
7KH� HVVHQWLDO� RLO� IURP� WKH� URRW� EDUN� DQG� OHDYHV� RI�8��

FKDPDH�VKRZHG�WKH�SUHVHQFH�RI�GLIIHUHQW�FRQVWLWXHQWV��7DEOH�
����7KH�RLO�IURP�WKH�URRW�FRQWDLQHG�D�QXPEHU�RI�R[\JHQDWHG�
EHQ]\OEHQ]RDWH�GHULYDWLYHV�DQG�HWKHUV��7KH�RLO�IURP�WKH�OHDI�
FRQWDLQV� SUHGRPLQDQWO\� VHVTXLWHUSHQH� K\GURFDUERQV��
R[\JHQDWHG� VHVTXLWHUSHQHV��PRQRWHUSHQH�K\GURFDUERQV� DV�
ZHOO� DV� R[\JHQDWHG� RQHV� �$\HGRXQ� HW� DO��� ��������
7K\PRTXLQROGLPHWK\O�HWKHU��EHQ]\O�EHQ]RDWH��FKDPDQHQ��R�
PHWKR[\EHQ]\OEHQ]RDWH�� R�PHWKR[\EHQ]\O� EHQ]\O� HWKHU��
DQG�GL�R�PHWKR[\EHQ[\O�HWKHU�DUH�WKH�PDMRU�FRPSRQHQWV�RI�
WKH� URRW� RLO� �3DUN� DQG� 6XWKHUODQG�� ������ /DVVZHOO� DQG�
+XIIRUG������D��ZKLOH�WKH�RLO�IURP�WKH�OHDI�ZDV�GRPLQDWHG�E\�
��QLWUR���SKHQ\OHWKDQH� ��������� OLQDORRO� �������� DQG�
JHUPDFUHQH�'���������0RVHV�HW�DO���������DV�VKRZQ�LQ�7DEOH�
���7KH�ELRDFWLYLWLHV�RI�WKH�PDMRU�FRQVWLWXHQWV�DFFRXQW�IRU�WKH�
WUDGLWLRQDO�XVHV�RI�8��FKDPDH�OHDYHV�DQG�URRWV�WR�WUHDW�IHYHUV��
ZRXQGV��VZHOOLQJV��LQMXULHV��HWF�

)ODYRQRLGV
6LQFH� ������ ÀDYRQRLGV� RI� D� VSHFLDO� W\SH� KDYH� EHHQ�

REWDLQHG�IURP�VHYHUDO�8YDULD�FKDPDH��7KHVH�DUH�WKH�QRYHO�

$�UHYLHZ��VHFRQGDU\�PHWDEROLWHV�RI�8YDULD�FKDPDH�S��%HDXY���$QQRQDFHDH��
DQG�WKHLU�ELRORJLFDO�DFWLYLWLHV

��
 � �7KRPDV�$EX ���������������(GLD�0ROO\�5H[�2JEXNX ����������������.RNL�,GLEL\H
�%LRUHVRXUFHV�'HYHORSPHQW�&HQWUH��2GL��1DWLRQDO�%LRWHFKQRORJ\�'HYHORSPHQW�$JHQF\��$EXMD��1LJHULD


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

�

���

$EVWUDFW

.H\ZRUGV��6HFRQGDU\�PHWDEROLWHV��(VVHQWLDO�RLOV��)ODYRQRLGV��DONDORLGV��$QQRQDFHRXV�DFHWRJHQLQV
5HFHLYHG����������������������������$FFHSWHG����������������������������3XEOLVKHG��RQO൴QH��������������

,QWURGXFWLRQ���

5HYLHZ�$UWLFOH
ZZZ�MDHIV�FRP-$()6

�&LWH� WKLV� DUWLFOH� DV� ��$EX�� 7��� 5H[�2JEXNX�� (�0��� ,GLEL\H�� .�� ��������$� UHYLHZ�� VHFRQGDU\� PHWDEROLWHV� RI� 8YDULD� FKDPDH� S�� %HDXY��
�$QQRQDFHDH�� DQG� WKHLU� ELRORJLFDO� DFWLYLWLHV�� ,QW�� -�� $JULF�� (QYLURQ�� )RRG� 6FL��� ������ ��������� '2,��
���������MDHIV������

$YD൴ODEOH�RQO൴QH�DW���� ���� �ZZZ�MDHIV�FRP KWWS���GHUJLSDUN�JRY�WU�MDHIV

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

�H�,661������������ '2,�����������MDHIV��������

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

8YDULD�FKDPDH�S��%HDXY���V\QWKHVL]HV�DQG�DFFXPXODWHV�D�YDULHW\�RI�VHFRQGDU\�PHWDEROLWHV�IURP�LWV�URRW��VWHP��OHDI�DQG�
IUXLW�� 7KHVH� FRQVLVW� PDLQO\� RI� HVVHQWLDO� RLOV�� ÀDYRQRLGV�� DONDORLGV� DQG� DQQRQDFHRXV� DFHWRJHQLQV�� 6RPH� RI� WKHVH�
ELRORJLFDOO\�DFWLYH�VHFRQGDU\�PHWDEROLWHV�YDOLGDWH�WKH�FODLP�PDGH�LQ�WUDGLWLRQDO�V\VWHP�RI�PHGLFLQH��7KH�SUHVHQW�UHYLHZ�
VXPPDUL]HV� WKH� LQIRUPDWLRQ� DYDLODEOH� RQ� WKH� VHFRQGDU\�PHWDEROLWHV� LVRODWHG� IURP�8�� FKDPDH� DQG� WKHLU� ELRORJLFDO�
DFWLYLWLHV�
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GLK\GURFKDOFRQHV�DV�VKRZQ�LQ�7DEOH����6RPH�RI�WKHP�KDYH�
GHPRQVWUDWHG� F\WRWR[LF�� DQWLWXPRU� DQG� DQWLPLFURELDO�
SURSHUWLHV��$OWKRXJK� ÀDYDQRQHV� DQG� FKDOFRQHV� DUH� ZLGH�
VSUHDG�LQ�KLJKHU�SODQWV��WKH�LQWURGXFWLRQ�RI�EHQ]\O�JURXSV�LV�
TXLWH�UDUH�DQG�VHHPV�WR�EH�OLPLWHG�WR�8YDULD�FKDPDH��%LQGX��
������

$QQRQDFHRXV�$FHWRJHQLQV
$QQRQDFHRXV�$FHWRJHQLQV�DUH�D�XQLTXH�FODVV�RI�&����RU�

&���VHFRQGDU\�PHWDEROLWHV�GHULYHG�IURP�ORQJ�FKDLQ��&����RU�
&����IDWW\�DFLGV�LQ�WKH�SRO\NHWLGH�SDWKZD\��7KH\�DUH�XVXDOO\�
FKDUDFWHUL]HG� E\� D� FRPELQDWLRQ� RI� IDWW\� DFLGV� ZLWK� D� ��
SURSDQRO� XQLW� DW�&��� WKDW� IRUPV� D�PHWK\O�VXEVWLWXWHG�Į�ȕ�
XQVDWXUDWHG�Ȗ�ODFWRQH��$ODOL�HW�DO����������6LQFH�WKH�GLVFRYHU\�
RI�XYDULFLQ�IURP�8YDULD�DFFXPLQDWD�LQ�������PRUH�WKDQ�����
DFHWRJHQLQV�KDYH�EHHQ�LGHQWL¿HG�IURP�GLIIHUHQW�SDUWV�RI�WKH�
SODQWV� LQ� WKH�$QQRQDFHDH� IDPLO\� �7HPSHVWD� HW� DO��� ������
0F/DXJKOLQ��������DQG�RYHU�����PHPEHUV�RI�WKLV�IDPLO\�RI�
FRPSRXQGV�KDYH�EHHQ�LVRODWHG�IURP����GLIIHUHQW�VSHFLHV�RI�
SODQWV��%HUPHMR�HW�DO����������'XH�WR�WKH�VSHFLDO�VWUXFWXUHV�
DQG� H[WHQVLYH� ELRORJLFDO� DFWLYLWLHV�� $FHWRJHQLQV� KDYH�
DWWUDFWHG�VLJQL¿FDQW�VFLHQWL¿F�LQWHUHVW�LQ�UHFHQW�\HDUV�

9DULRXV� ELRORJLFDO� DFWLYLWLHV� KDYH� EHHQ� UHSRUWHG� IRU�
$FHWRJHQLQV�� LQFOXGLQJ� DQWLPDODULDO�� DQWLSDUDVLWLF� DQG�
SHVWLFLGDO� DFWLYLWLHV� �=DIUD�3ROR� HW� DO��� ������$ODOL� HW� DO���
������� +RZHYHU�� WKH� ELRORJLFDO� DFWLYLWLHV� RI� $*(V� DUH�
SULPDULO\�FKDUDFWHUL]HG�ZLWK�WR[LFLW\�DJDLQVW�FDQFHU�FHOOV�DQG�
LQKLELWRU\� HIIHFWV� DJDLQVW� WKH� PLWRFKRQGULDO� FRPSOH[� ,�
�PLWRFKRQGULDO� 1$'+�� XELTXLQRQH� R[LGR�UHGXFWDVH��
�=DIUD�3ROR�HW�DO���������&KLK�HW�DO����������+RZHYHU��QHZ�
DGMDFHQW� ELV� ±WHWUDK\GURIXUDQ� DQQRQDFHRXV� DFHWRJHQLQ��
MRRODQLQ��DORQJ�ZLWK�HLJKW�NQRZQ�DFHWRJHQLQV��VTXDPRFLQ��
GHVDFHW\OXYDULFLQ� � FKDPXYDULQLQ� � W U LSR[\URO O LQ ��
GLHSRUHWLFDQLQ����GLHSRUHWLFDQLQ���DQG�GLHSRUHWLFHQLQ�ZHUH�
LVRODWHG�IURP�WKH�VHHGV�RI�8YDULD�FKDPDH��-RRODQLQ�KDV�EHHQ�
VKRZQ�WR�H[KLELW�F\WRWR[LFLW\�HIIHFW�WRZDUGV�WKH�.%�����FHOO�
OLQH��,& �� ����Q0��)DOO�HW�DO����������$OVR��FLV�EXOODWHQFLQ����

EXOODWHQFLQ�� DQQRWHPR\LQ���� VRODPLQ�� XYDULDPLFLQ�,�� �,,�� �
,,,��FLV�UHWLFXODWDFLQ�DQG�FLV�XYDULDPLFLQ�,��)DOO��������DQG�
FKDPXYDULQLQ��)DOO�HW�DO���������ZDV�DOVR�LVRODWHG�IURP�WKH�
URRW�RI�8��FKDPDH�

$ONDORLGV

3KLOLSRY�DQG�FR�ZRUNHUV�LQ������FDUULHG�RXW�D�VWXG\�RQ�
WKH�SK\WRFKHPLFDO�HYDOXDWLRQ�RI�OHDYHV�RI�8YDULD�FKDPDH�
ZKLFK�UHVXOWHG�LQ�WKH�LVRODWLRQ�IRU�WKH�¿UVW�WLPH�IRU�WKH�JHQXV�
RI�8YDULD�RI�EHQ]\OLVRTXLQROLQH�DONDORLGV�����DUPHSDYLQH�
DQG� UDFHP� 2�� 2�GLPHWK\O� FRFODXULQH�� 7KH� DSRUSKLQHV�
QRUQDQWHQLQH�� QDQWHQLQH� DQG� FRU\GLQH� DUH� QHZ� IRU� WKH�
VSHFLHV�

(WKQRSKDUPDFRORJ\
$OO�SDUWV�RI�8YDULD�FKDPDH�DUH�IUDJUDQW��7KH�URRW�EDUN�

\LHOGV� DQ� ROHR�UHVLQ� DQG� LV� WDNHQ� LQWHUQDOO\� IRU� FDWDUUKDO�
LQÀDPPDWLRQ� RI� PXFRXV� PHPEUDQHV�� EURQFKLWLV� DQG�
JRQRUUKRHD�LQ�1LJHULD��$Np$VVL�HW�DO����������ZKLOH�DW�RQH�
WLPH�D�ÀXLG�H[WUDFW�HQWHUHG�LQWR�WKH�FRPSRVLWLRQ�RI�D�VWRFN�
KRVSLWDO�SUHVFULSWLRQ�LQ�*KDQD�IRU�G\VHQWHU\��0DUVKDOO�HW�DO���
�������7KH�SURSHUWLHV�DUH�PDLQO\�DVWULQJHQW�DQG�VW\SWLF��DQG�
LW�LV�XVHG�LQ�QDWLYH�PHGLFLQH�DV�D�VSHFL¿F�IRU�SLOHV��XVHIXO�DOVR�
IRU�PHQRUUKDJLD��IRU�ZKLFK�LW�LV�WDNHQ�PL[HG�ZLWK�*XLQHD�
JUDLQV� DQG� DGGHG� WR� IRRG��� HSLVWD[LV�� KDHPDWXULD��
KHPDWHPHVLV�DQG�KDHPRSW\VLV��,Q�6LHUUD�/HRQH��WKH�URRW�LV�
FUHGLWHG� ZLWK� KDYLQJ� SXUJDWLYH� DQG� IHEULIXJDO� SURSHUWLHV�
�$\HGRXQ�HW�DO���������%XUNLOO��������,JROL�HW�DO����������,Q�
6LHUUD�/HRQH�WKH�URRW�RU�WKH�URRW�EDUN�LV�ERLOHG�ZLWK�VSLFHV�
DQG�WKH�GHFRFWLRQ�GUXQN�IRU�IHYHUV�FODVVHG�ORFDOO\�DV�
\HOORZ�
IHYHU
��LQFOXGLQJ�DOPRVW�DQ\�LQGLVSRVLWLRQ�DFFRPSDQLHG�E\�
MDXQGLFH��$\HGRXQ�HW�DO���������%XUNLOO���������DQG�LQ�WKH�
,YRU\�&RDVW�LW�HQWHUV�LQWR�D�WUHDWPHQW�IRU�D�IRUP�RI�MDXQGLFH�
�$UERQQLHU���������,Q�WKH�&DVDPDQFH�RI�6HQHJDO��OHDYHV�DQG�
URRWV� DUH� PDFHUDWHG� IRU� LQWHUQDO� XVH� DV� D� FRXJK� PL[WXUH�
�%XUNLOO�� ������� DQG� PL[HG� ZLWK� WKRVH� RI� $QQRQD�
VHQHJDOHQVLV�� GULHG� DQG� SXOYHUL]HG� DUH� FRQVLGHUHG� VWURQJ�
PHGLFLQH�IRU�UHQDO�DQG�FRVWDO�SDLQ��0DGXEXQ\L�HW�DO����������
7KH�URRWV�DUH�XVHG�LQ�WKH�&DVDPDQFH�IRU�KHDOLQJ�VRUHV��DQG�D�
FRQFRFWLRQ�FDOOHG�Q
WDED�LQ�WKH�%D\RW�GLDOHFW� LV�UHSXWHG�WR�
FXUH�LQIDQWLOH�ULFNHWV��,Q�1LJHULD�D�URRW�GHFRFWLRQ�LV�DOVR�KHOG�
WR�EH�VWRPDFKLF�DQG�YHUPLIXJDO��DQG�LV�XVHG�DV�D�ORWLRQ��VDS�
IURP�WKH�URRW�DQG�VWHP�LV�DSSOLHG�WR�ZRXQGV��XVHG�IRU�WKH�
WUHDWPHQW�RI�QRVH�EOHHGLQJ��KHDUW�GLVHDVHV� �EURQFKL�� OXQJV�
HWF����DQG�EORRG�LQ�XULQH��SLOH�DQG�IHYHU��$GDPV�DQG�0RVV��
������(WXNXGR���������7KH�URRW�LV�PDGH�LQWR�D�GULQN�DQG�D�
ERG\�ZDVK� IRU� RHGHPDWRXV� FRQGLWLRQV� �$\HGRXQ� HW� DO���
�������,WV�URRW�GHFRFWLRQ�LV�JLYHQ�IRU�WKH�SDLQV�RI�FKLOGELUWK�
LQ�7RJR��2JXQWLPHLQ�HW�DO���������1ZRVX��������
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7DEOH����7KH�SUHOLPLQDU\�SK\WRFKHPLFDOV�SUHVHQW�LQ�GLIIHUHQW�SDUWV�RI�8YDULD�FKDPDH



���

7DEOH����&KHPLFDO�&RPSRVLWLRQ�RI�8YDULD�FKDPDH�/HDI�DQG�5RRW�(VVHQWLDO�2LO

7DEOH����&KHPLFDO�&RPSRVLWLRQ�RI�8YDULD�FKDPDH�6WHP�DQG�5RRW�EDUN�&�EHQ]\ODWHG�)ODYRQRLGV

,QW�-�$JULF�(QYLURQ�)RRG�6FL���������������������7KRPDV�$EX��(GLD�0ROO\�5H[�2JEXNX��.RNL�,GLEL\H
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7DEOH����%LRORJLFDO�DFWLYLWLHV�IRU�H[WUDFWV�RI�8YDULD�FKDPDH

'2,�����������MDHIV������7KRPDV�$EX��(GLD�0ROO\�5H[�2JEXNX��.RNL�,GLEL\H
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%LRORJLFDO�$FWLYLWLHV
$QWLGLDEHWLF�DFWLYLW\
(PRUGL�HW�DO�������HYDOXDWHG�WKH�DQWLGLDEHWLF�HIIHFW�RI�

8YDULD�FKDPDH�H[WUDFW�LQ�UDW��7KH�HIIHFWV�RI�WKH�H[WUDFW�RQ�
ZHLJKW��SODVPD�JOXFRVH�DQG�RWKHU�ELRFKHPLFDO�SDUDPHWHUV�
ZHUH�HYDOXDWHG�XVLQJ�VWDQGDUG�SURFHGXUHV��7KH�GLDEHWLF�UDWV�
WUHDWHG�ZLWK�WKH�H[WUDFW�VKRZHG�VLJQL¿FDQW�UHGXFWLRQV��S���
������ LQ� ZHLJKW�� SODVPD� JOXFRVH� OHYHOV�� ORZ� GHQVLW\�
OLSRSURWHLQ�DQG�FKROHVWHURO�FRPSDUHG�ZLWK�WKH�FRQWURO��7KH�
H[WUDFW�VKRZHG�PD[LPXP�JOXFRVH�UHGXFWLRQ�RI��������������
DQG��������UHVSHFWLYHO\��+LVWRORJLFDOO\�WKH�SDQFUHDV�RI�WKH�
GLDEHWLF� UDWV� WUHDWHG� ZLWK� WKH� H[WUDFW�� VKRZHG� FOXVWHUV� RI�
YDULDEO\�VL]HG�UHJHQHUDWHG�LVOHW�RI�/DQJHUKDQV�ZLWKLQ�VKHHWV�
RI�QRUPDO�H[RFULQH�SDQFUHDV��ZKLOH�WKH�SDQFUHDV�RI�GLDEHWLF�
UDWV� WUHDWHG� ZLWK� LQVXOLQ� VKRZHG� QR� LVOHW� RI� /DQJHUKDQV��
7KHVH�DFWLYLWLHV�RI�WKH�H[WUDFW�PD\�EH�DFFRXQWHG�IRU�E\�WKH�
SUHVHQFH� RI� VHYHUDO� ELRDFWLYH� FRPSRXQGV� OLNH� ÀDYRQRLGV��
WDQQLQV�DQG�DONDORLGV��6XED�HW�DO��������UHSRUWHG�WKDW�WDQQLQ�
KDV� DQWLGLDEHWLF� DFWLYLW\�� 5HVHDUFK� KDV� VKRZQ� WKDW� PDQ\�
SODQWV� FRQWDLQLQJ� ÀDYRQRLGV� KDYH� EHHQ� XVHG� IRU� WKH�
WUHDWPHQW�RI�GLDEHWHV��0HLVHOPDQ�HW�DO���������&KRL�HW�DO���
������+DVVLJ�HW�DO����������7DQQLQV�LQGXFH�SKRVSKRU\ODWLRQ�
RI�WKH�LQVXOLQ�UHFHSWRUV�DV�ZHOO�DV�WUDQVORFDWLRQ�RI�JOXFRVH�
WUDQVSRUWHUV����*/87������WKH�SURWHLQ�IDFWRU�LQYROYHG�LQ�WKH�
VLJQDOLQJ�SDWKZD\�RI�LQVXOLQ�PHGLDWHG�JOXFRVH�WUDQVSRUW�DQG�
WKH�LQKLELWLRQ�RI�WKH�H[SUHVVLRQ�RI�NH\�JHQH�IRU�DGLSRJHQHVLV�
WKHUHE\� KHOSLQJ� WR� UHGXFH� EORRG� JOXFRVH� OHYHO� ZLWKRXW�
LQFUHDVLQJ�DGLSRVLW\��/LX�HW�DO����������

$QWLPLFURELDO�DFWLYLW\
6WXGLHV�KDYH�VKRZQ�WKDW�3LQRFHPEULQ�FDQ�VLJQL¿FDQWO\�

LQKLELW�WKH�DFWLYLW\�RI�3HQLFLOOLXP�LWDOLFXP��6DOD�HW�DO����������
&DQGLGD� DOELFDQV� �0HW]QHU� DQG� 6FKQHLGHZLQG�� ������
.DWHUHUH�HW�DO����������6WDSK\ORFRFFXV�DXUHXV��6RURPRX�HW�
DO����������(��FROL��.DWHUHUH�HW�DO����������%DFLOOXV�VXEWLOLV��
7ULFKRSK\WRQ�PHQWDJURSK\WHV��6WUHSWRFRFFXV�PXWDQV��8]HO�
HW� DO��� ������ DQG�1HLVVHULD� JRQRUUKRHDH� �5XGGRFN� HW� DO���
�������0RUH�VR��WKH�DQWLPLFURELDO�DFWLYLWLHV�RI�D�QXPEHU�RI�
F\WRWR[LF� &�EHQ]\ODWHGÀDYDQRQHV� �)ODYRQRLGV�� QDPHO\�
FKDPDQHWLQ��LVRFKDPDQHWLQ�DQG�GLFKDPDQHWLQ�IURP�8YDULD�
FKDPDH�URRW�EDUN�HWKDQRO�H[WUDFWV�ZHUH�DOVR�GHWHUPLQHG��7KH�
PLQLPXP� LQKLELWRU\� FRQFHQWUDWLRQ� YDOXHV� RI� WKHVH�
FRPSRXQGV� DQG� FHUWDLQ� RI� WKHLU� GHULYDWLYHV� DJDLQVW�
6WUHSWRFRFFXV�DXUHXV��%DFLOOXV�VXEWLOLV�DQG�0\FREDFWHULXP�
VPHJPDWLV�FRPSDUH� IDYRUDEO\�ZLWK� WKRVH�RI� VWUHSWRP\FLQ�
VXOSKDWH� �$QDP� HW� DO��� ������ $FKHQEDFK� HW� DO��� ��������
$ONDORLGV� DUH� DOVR� VLJQL¿FDQWO\� UHFRJQL]HG� IRU� WKHLU�

DQWLPLFURELDO�SURSHUWLHV��0DQLNDQGDQ�HW�DO���������0DULLWD�HW�
DO����������DQG�WKH\�PLJKW�SOD\�D�UROH�LQ�GLVHDVH�UHVLVWDQFH�
�6DOLVEXU\�DQG�5RVV���������,Q�DGGLWLRQ��OLQDORRO�KDV�VKRZQ�
DQWLPLFURELDO�DFWLYLWLHV��3HDQD�HW�DO����������ZKLFK�LV�SUHVHQW�
LQ�WKH�OHDI�H[WUDFW�RI�8��FKDPDH��

$QWL�LQÀDPPDWRU\�DQG�R[\WRFLF�DFWLYLW\
7KH� DQWL�LQÀDPPDWRU\� DQG� R[\WRFLF� SURSHUWLHV� RI�8��

FKDPDH�URRW�HWKDQRO�H[WUDFW�ZHUH�DVVHVVHG��7KH�H[WUDFWV�DQG�
DVSLULQ� ZHUH� IRXQG� WR� LQKLELW� FDUUDJHHQDQ�LQGXFHG� SDZ�
RHGHPD�RQ� DOELQR� UDWV� DQG�PLFH�ZLWK� D� VWURQJ� DFWLYLW\� LQ�
DVSLULQ�KDYLQJ� ���������� LQKLELWLRQ�ZKLOH�8��FKDPDH�KDG�
������� LQKLELWLRQ� UHVSHFWLYHO\�� ,Q� WKH� R[\WR[LF� SURSHUW\�
DVVHVVPHQW��XWHUXV�IURP�\RXQJ�YLUJLQ�JXLQHD�SLJ�ZDV�XVHG��
7KH�SODQW�H[WUDFW�H[KLELWHG�PRUH�XWHULQH�FRQWUDFWLRQ�LQ�WKH�
JXLQHD�SLJ�ZKLFK�ZDV�FRPSDUDEOH�WR�WKDW�RI�R[\WRFLQ��2NZX�
HW�DO������������1LWUR���SKHQ\OHWKDQH�DQG�OLQDORRO�KDG�VKRZQ�
DQWL�LQÀDPPDWRU\� HIIHFW� �3HDQD� HW� DO��� ������ 'H� /LPD��
������� )ODYRQRLGV� SRVVHVVHG� WKH� KLJKHVW� SK\WRFKHPLFDO�
FRQWHQW�LQ�WKLV�VWXG\�ZKLFK�PD\�EH�UHVSRQVLEOH�IRU�WKH�DERYH�
DFWLYLWLHV��+RZHYHU��3LQRFHPEULQ�KDV�EHHQ�VKRZQ�LQ�LQ�YLWUR�
VWXGLHV�WR�LQKLELW�SURLQÀDPPDWRU\�F\WRNLQHV�LQ�WKH�PXULQH�
PDFURSKDJH� DQG� HQGRWR[LQ�LQGXFHG� DFXWH� OXQJ� LQMXU\�
PRGHO��SDUWO\�E\�GHFUHDVLQJ�WKH�OHYHOV�RI�0$3.�DQG�1)�N%�
DFWLYDWLRQ�� 0RUH� VR�� LQ� YLYR� VWXGLHV� DOVR� VKRZHG� WKDW�
SUHWUHDWPHQW�ZLWK�SLQRFHPEULQ��LQWUDSHULWRQHDO�����PJ�NJ��
DWWHQXDWHG�LQÀDPPDWLRQ�DQG�UHGXFHG�OXQJ�LQMXU\�LQ�D�PXULQH�
PRGHO� RI� OLSRSRO\VDFFKDULGH� �/36��LQGXFHG� LQÀDPPDWLRQ�
�6RURPRX�HW�DO���������

)XUWKHUPRUH�� WKH� DQWL�LQÀDPPDWRU\� HIIHFW� RI� 8YDULD�
FKDPDH� PHWKDQRO� H[WUDFW� RQ� DFHWLF� DFLG�� LQGXFHG� DFXWH�
FROLWLV�LQ�UDWV�LGHQWL¿HG�IURP�D�SUHYLRXV�HWKQRERWDQLFDO�VWXG\�
ZDV�HYDOXDWHG��$FHWLF�DFLG�ZDV�GLOXWHG�LQ�QRUPDO�VDOLQH�WR�EH�
��� DQG� LQIXVHG� LQWR� WKH� FRORQ� RI� UDWV� WKURXJK� D� UXEEHU�
FDQQXOD�DW�WKH�GRVH�RI���P/�NJ�����±�����PJ�NJ�DQG���PJ�NJ�
RI�SUHGQLVRORQH��VWDQGDUG�GUXJ��ZDV�RUDOO\�DGPLQLVWHUHG�����
���DQG���KRXU�SULRU�WR�WKH�LQGXFWLRQ�RI�FROLWLV�DQG�FRQWLQXHG�
IRU���ZHHN��7KH�H[WUDFW�GRVHV��������PJ�NJ��VLJQL¿FDQWO\�
UHGXFHG� WKH� PDFURVFRSLF� LQÀDPPDWLRQ� VFRUHV� DQG�
PRUSKRORJLFDO�DOWHUDWLRQV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVH�LQ�WKH�
PXFXV� VHFUHWLRQ� �S������� ZLWK� QR� VLJQL¿FDQW� GLIIHUHQFH�
DPRQJ� WKH� WUHDWPHQW� JURXSV� ZKLFK� LQGLFDWHG� LWV�
HIIHFWLYHQHVV� DW� DOO� OHYHOV� RI� GRVHV� LQ� WKH� WUHDWPHQW� RI�
XOFHUDWLYH�FROLWLV��$EX�HW�DO����������

&\WRWR[LFLW\�$FWLYLW\
7KH�077����������GLPHWK\O�WKLD]ROH���\O�������GLSKHQ\O�

WHWUD]ROLXP�EURPLGH��FRORULPHWULF�DVVD\�ZDV�XVHG�WR�

,QW�-�$JULF�(QYLURQ�)RRG�6FL���������������������7KRPDV�$EX��(GLD�0ROO\�5H[�2JEXNX��.RNL�,GLEL\H



GHWHUPLQH�WKH�F\WRWR[LF�FRQFHQWUDWLRQ�RI�H[WUDFWV��IUDFWLRQV�
DW� ���� �&& ��ZLWK� WHQ�IROG� VHULDO� GLOXWLRQ� ����� WR� ��������

ȝJ�P/�� RI� HDFK� H[WUDFW� WUHDWPHQW�� 7KH� PHWKDQRO� FUXGH�
H[WUDFW� RI�8YDULD� FKDPDH� URRW� EDUN�ZDV�PRVW� WR[LF�ZLWK�
&&���RI�������ȝJ�P/��ZKLOH�8YDULD�FKDPDH�VWHP�EDUN�ZDV�
OHDVW� WR[LF� ZLWK� &&��� RI� ������ ȝJ�P/�� 7KH� PHWKDQRO�
IUDFWLRQ�IURP�8YDULD�FKDPDH�VWHP�EDUN�ZDV�PRUH�WR[LF�WKDQ�
LWV�RWKHU�IUDFWLRQV�ZLWK�&&��YDOXH�RI�������ȝJ�P/��ZKLOH�
KH[DQH��GLFKORURPHWKDQH��DQG�HWK\ODFHWDWH�IUDFWLRQV�DQG�WKH�
FUXGH� H[WUDFW� KDYH� VLPLODU� F\WRWR[LF� DFWLYLW\� SDWWHUQ�ZLWK�
&&���YDOXHV� RI� ������ȝJ�P/�� �����ȝJ�P/�� ������ȝJ�P/�
DQG�������ȝJ�P/�UHVSHFWLYHO\��2OXUHPL�DQG�$GHQLML���������
5HFHQWO\��$ZRGLUDQ�HW�DO���������DVVHVVHG� WKH�F\WRWR[LFLW\�
SURSHUWLHV�RI�PHWKDQRO�8��FKDPDH�OHDYHV�H[WUDFW� �E\�XVLQJ�
PLWRWLF� LQGH[� GHWHUPLQDQW� DQG� IRXQG� WR� H[KLELW� � GRVH�
GHSHQGHQW� F\WRWR[LFLW\� DW� GRVHV� RI� ����� ����� DQG� ����
PJ�NJ�GD\�FRPSDUDEOH�WR�WKH�VWDQGDUG��&\FORSKRVSKDPLGH�
����PJ�NJ��VLQJOH�GRVH��0RUH�VR��HWKDQRO�H[WUDFW�RI�WKH�VWHP�
EDUN�RI�8��FKDPDH�ZDV�IRXQG�WR�VKRZ�DFWLYLW\�LQ�YLYR�DJDLQVW�
3����� OHXNHPLD� LQ� WKH� PRXVH� DQG� LQ� YLWUR� DJDLQVW� FHOOV�
GHULYHG�IURP�KXPDQ�FDUFLQRPD�RI� WKH�QDVRSKDU\Q[��.%���
)UDFWLRQDWLRQ� RI� WKH� HWKDQRO� H[WUDFW�ZDV� JXLGHG� E\� DVVD\�
DJDLQVW� FDUFLQRPD�RI� WKH� QDVRSKDU\Q[� �.%���7KH� DFWLYLW\�
ZDV�FRQFHQWUDWHG�LQ�WKH�HWK\O�DFHWDWH�VROXEOH�IUDFWLRQ�RI�DQ�
HWK\ODFHWDWH�ZDWHU� SDUWLWLRQ��&KURPDWRJUDSK\�RI� WKH� HWK\O�
DFHWDWH� IUDFWLRQ� RYHU� VDOLF\OLF� DFLG� JDYH� XYDUHWLQ� DQG�
LVRXYDUHWLQ��+XIIRUG�DQG�/DVVZHOO���������,Q�DGGLWLRQ��WKH�
LVRODWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�WKUHH�QRYHO�&�EHQ]\ODWHG�
ÀDYDQRQHV��FKDPDQHWLQ�� LVRFKDPDQHWLQ��DQG�GLFKDPDQHWLQ�
DQG� WKUHH� &�EHQ]\ODWHG� GLK\GUR�FKDOFRQHV�� XYDUHWLQ��
LVRXYDUHWLQ�DQG�GLXYDUHWLQ�IURP�HWKDQRO�H[WUDFWV�RI�WKH�URRW�
EDUN� RI�8�� FKDPDH� DOVR� VKRZHG� WR� EH� UHVSRQVLEOH� IRU� LWV�
F\WRWR[LF�HIIHFW��+XIIRUG�DQG�/DVVZHOO��������/DVVZHOO�DQG�
+XIIRUG���������&KDPXYDULQLQ�KDV�DOVR�VKRZHG�VLJQL¿FDQW�
F\WRWR[LFLW\�WRZDUG�.%�����FHUYL[�FDQFHU�FHOO�OLQHV��,& ��������

Q0���'HUEUH��HW�DO���������)DOO�HW�DO���������
7KH� DIRUHPHQWLRQHG� DONDORLGV� ZHUH� IRXQG� WR� H[SUHVV�

F\WRWR[LF� DFWLYLW\� DJDLQVW� /���� WUDQVIRUPHG� FHOOV�� 7KH�
KLJKHVW� DFWLYLW\� ZDV� VKRZQ� E\� ����DUPHSDYLQH� DQG�
QRUQDQWHQLQH��3KLOLSRY�HW�DO���������

$QWLR[LGDQW�DFWLYLW\
7KH� DQWLR[LGDQW� DFWLYLW\� RI� VHHG� H[WUDFWV� RI� 8YDULD�

FKDPDH�ZDV� LQYHVWLJDWHG� E\� PHDVXULQJ� LWV� '33+� ���� ��
GLSKHQ\O���SLFU\OK\GUD]\O��� $%76� ���� ��D]LQR�ELV� ���
HWK\OEHQ]RWKLD]ROLQH���VXOSKRQLF� DFLG�� VFDYHQJLQJ�
DFWLYLWLHV� DQG� LWV� PHWDO� FKHODWLQJ� DQG� IHUULF� UHGXFLQJ�
SRWHQWLDOV��,Q�DGGLWLRQ��WRWDO�SKHQROLF�DQG�ÀDYRQRLG�FRQWHQW�
RI� WKH� VHHG� H[WUDFWV� ZDV� HYDOXDWHG�� 7KH� VHHG� H[WUDFWV�
H[KLELWHG�SRWHQW�DQWLR[LGDQW�DFWLYLW\�LQ�WKH�'33+�DQG�$%76�
DVVD\��ZLWK�WKH�HWKDQRO�VHHG�H[WUDFW�RI�8YDULD�FKDPDH�EHLQJ�
PRUH�HIIHFWLYH��,& � ������DQG������ȝJ�P/�UHVSHFWLYHO\�����

+RZHYHU�� WKH� DTXHRXV� VHHG� H[WUDFW� RI� 8YDULD� FKDPDH�
H[KLELWHG� WKH� KLJKHVW�PHWDO� FKHODWLQJ� DFWLYLW\� �,&  � �������

ȝJ�P/���ZKLOH� LWV�HWKDQRO�H[WUDFW�VKRZHG�KLJKHU� UHGXFLQJ�
SRZHU� WKDQ� WKH� VWDQGDUG�� ,Q� DGGLWLRQ�� KLJK� FRQWHQW� RI�
SKHQROLFV� DQG� ÀDYRQRLGV� ZDV� IRXQG� LQ� WKH� RUJDQLF� VHHG�
H[WUDFWV� �%DVLO�� ������� )ODYRQRLGV� DUH� D� JURXS� RI�
SK\WRFKHPLFDOV�WKDW�KDYH�EHHQ�VKRZQ�WR�H[HUW�SRWHQW�DQWL�
R[LGDQW�DFWLYLW\�DJDLQVW�WKH�VXSHUR[LGH�UDGLFDO��+HUWRJ�HW�DO���
�������+HQFH��3LQRFHPEULQ��D�QDWXUDO�ÀDYRQRLG�FRPSRXQG�
ZKLFK�KDV�DOVR�EHHQ�H[WUDFWHG�IURP�RWKHU�VRXUFH��H�J��KRQH\��
SURSROLV�HWF���KDV�VKRZQ�WKH�DELOLW\�WR�UHGXFH�UHDFWLYH�R[\JHQ�
VSHFLHV��/LX�HW�DO���������

+HSDWRSURWHFWLYH�DFWLYLW\

7KH� KHSDWRSURWHFWLYH� DFWLYLW\� RI�8�� FKDPDH�PHWKDQRO�
URRW� EDUN� H[WUDFW�ZDV� WHVWHG� LQ� YLYR� DQG� LQ� YLWUR��$Q� RUDO�
DGPLQLVWUDWLRQ� RI� WKH� PHWKDQRO� H[WUDFW� ���� PJ�NJ��
VLJQL¿FDQWO\� UHGXFHG� �Sௗ �ௗ ������ SHQWREDUELWRQH�LQGXFHG�
VOHHS�LQ�UDWV�SRLVRQHG�ZLWK�DFHWDPLQRSKHQ��,Q�WKLV�PRGHO��D�
SURWHFWLRQ�RI�����DJDLQVW�F\WRWR[LFLW\�RI�DFHWDPLQRSKHQ�LV�
REWDLQHG� E\� SUHWUHDWPHQW� ZLWK� WKH� PHWKDQRO� H[WUDFW� DV�
FRPSDUHG�WR�D�SURWHFWLRQ�RI�������ZKHQ�WKH�DQLPDOV�ZHUH�
SUHWUHDWHG� ZLWK� VLOLELQLQ�� ,QWUDSHULWRQHDO� LQMHFWLRQ� RI� WKH�
PHWKDQRO�H[WUDFW� LQWR�UDWV�VKRZHG�QR�VLJQL¿FDQW�HIIHFW�RQ�
SHQWREDUELWRQH�LQGXFHG�K\SQRVLV��7KH� HOHYDWLRQ� RI� VHUXP�
JOXWDPDWH� R[DORDFHWDWH� WUDQVDPLQDVH�� JOXWDPDWH� S\UXYDWH�
WUDQVDPLQDVH�� DONDOLQH� SKRVSKDWDVH�� DQG� XUHD� LQGXFHG� E\�
SDUDFHWDPRO� LQWR[LFDWLRQ� LQ� UDWV� ZDV� DOVR� VLJQL¿FDQWO\�
DWWHQXDWHG��Sௗ�ௗ������E\�WKH�PHWKDQRO�H[WUDFW��7KH�PHWKDQRO�
H[WUDFW�GLG�QRW� LQÀXHQFH� WKH�FRQFHQWUDWLRQ�RI�PLFURVRPDO�
SURWHLQV�LQ�WKH�VHUXP��7KLV�LQ�YLYR�HI¿FDF\�ZDV�VXEVWDQWLDWHG�
E\� VLJQL¿FDQW� KHSDWRSURWHFWLRQ� RQ� DFHWDPLQRSKHQ� �$$��
LQGXFHG� KHSDWRWR[LFLW\� LQ� LVRODWHG� UDW� KHSDWRF\WHV�� 7KH�
PHWKDQRO�H[WUDFW��DW�D�GRVH�RI���PJ�PO��UHPDUNDEO\��Sௗ�ௗ������
UHGXFHG� WKH� OHDNDJH� RI� ODFWDWH� GHK\GURJHQDVH� LQ� SULPDU\�
FXOWXUHG�UDW�KHSDWRF\WHV�DQG�VKRZHG�D�VLJQL¿FDQW�HIIHFW�RQ�
OLSLG�SHUR[LGDWLRQ��7KH�$$�LQGXFHG�HOHYDWLRQ�RI� WKH� OLSLG�
SHUR[LGDWLRQ�LQ�UDWV�ZDV�VLJQL¿FDQWO\��Sௗ�ௗ������GHFUHDVHG�LQ�
WKH�SUHVHQFH�RI�8�� FKDPDH� URRW� EDUN�PHWKDQRO� H[WUDFW��$�
SURWHFWLRQ� RI� ���� DJDLQVW� WKH� WHUW�EXW\O� K\GURSHUR[LGH�
LQGXFHG� OLSLG� SHUR[LGDWLRQ� LQ� UDWV� ZDV� REWDLQHG� E\�
SUHWUHDWPHQW�ZLWK�WKH�PHWKDQRO�H[WUDFW��0DGXEXQ\L���������
/LYHU�SURWHFWLYH� PHGLFLQDO� SODQWV� FRQWDLQ� D� YDULHW\� RI�
FKHPLFDO�FRPSRXQGV��VXFK�DV�SKHQROV��FRXPDULQV��OLJQDQV��
HVVHQWLDO� RLOV�� PRQRWHUSHQHV�� JO\FRVLGHV�� DONDORLGV��
FDURWHQRLGV�� ÀDYRQRLGV�� RUJDQLF� DFLGV� DQG� [DQWKLQHV�
�%KDXQD�DQG�.XPDU��������ZKLFK� LV� HYLGHQW� LQ� WKH� VWXG\�
DERYH�

$QWLYHQRP�DFWLYLW\
7KH� YHQRP� QHXWUDOL]LQJ� SURSHUWLHV� DJDLQVW� 1DMD�

QLJULFROOLV�YHQRP�LQ�UDWV�XVLQJ�PHWKDQRO�OHDI�H[WUDFW�RI�8��
FKDPDH�ZDV�HYDOXDWHG��7R�VWXG\�WKH�DQWLYHQRP�SURSHUWLHV��
DOELQR� UDWV� ZHUH� RUDOO\� DGPLQLVWHUHG� ZLWK� D� GRVH� RI� ����
PJ�NJ� ERG\� ZHLJKW� DQG� �� K� ODWHU�� WKH� YHQRP� ZDV�
DGPLQLVWHUHG�LQWUDSHULWRQHDOO\�DW�D�GRVH�RI������PJ�NJ�ERG\�
ZHLJKW� RI� UDWV�� %ORRG� FORWKLQJ� WLPH�� EOHHGLQJ� WLPH��
DQWLS\UHWLF� DFWLYLW\�� KDHPRJORELQ�� 5%&�� :%&�� FUHDWLQH�
NLQDVH�� $67�� $/3� DQG� $/7� DFWLYLWLHV� WRWDO� SURWHLQ�
DQWLR[LGDQW� DFWLYLW\� DQG� VRPH� EORRG� HOHFWURO\WHV�� SODVPD�
XUHD� DQG� XULF� DFLG� ZHUH� PHDVXUHG�� 5HVXOWV� VKRZHG� WKDW�
8YDULD� FKDPDH� PHWKDQRO� H[WUDFW� QHXWUDOL]HG� VRPH�
ELRORJLFDO� HIIHFWV� RI�1DMD� QLJULFROOLV� YHQRP�� 7KH� YHQRP�
LQFUHDVHG�WKH�UHFWDO�WHPSHUDWXUH��HQ]\PH�DFWLYLWLHV��EOHHGLQJ�
WLPH�DQG�RWKHU�EORRG�SDUDPHWHUV��7KH�SODQW�H[WUDFW�ZDV�DEOH�
WR� UHGXFH� WKHVH� SDUDPHWHUV� LQ� WKH� H[WUDFW� WUHDWHG� JURXSV�
�2PDOH�HW�DO����������+RZHYHU��VHYHUDO�FKHPLFDO�FRQVWLWXHQWV�
OLNH�DONDORLGV��ÀDYRQRLGV��JOXFRVLGH��DQG�WDQQLQV�KDYH�DOVR�
EHHQ� SUHYLRXVO\� UHSRUWHG� IRU� DQWL�VQDNH� YHQRP� DFWLYLW\�
�0RUHQR�HW�DO���������*UDX�DQG�2UWL]���������$OO�WKHVH�FODVVHV�
RI� FKHPLFDO� FRPSRXQGV� DUH� FDSDEOH� RI� LQWHUDFWLQJ� ZLWK�
PDFURPROHFXODU�WDUJHWV�ZLWK�HQ]\PHV�RU�UHFHSWRUV�DQG�LW�FDQ�
HIIHFWLYHO\�LQKLELW�WKH�WR[LF�HIIHFW�RI�VQDNH�YHQRPV�LQ�YLWUR�
WKDQ�LQ�YLYR��%RUJHV�HW�DO���������

,QVHFWLFLGDO�DFWLYLW\
7KH� LQVHFWLFLGDO� HIIHFWV� RI� WKH� SRZGHUHG� VWHP� EDUN�

H[WUDFW� RI� 8YDULD� � FKDPDH� DQG� LWV� HWKDQRO� H[WUDFW� ZDV�
HYDOXDWHG�RQ� WKUHH�PRVW�GHYDVWDWLQJ�VWRUHG�SURGXFWV�SHVWV��
�&ROHRSWHURXV�� � LQ� 1LJHULD�� QDPHO\�� � &DOORVREUXFKXV��

���

'2,�����������MDHIV������7KRPDV�$EX��(GLD�0ROO\�5H[�2JEXNX��.RNL�,GLEL\H



PDFXODWXV� � )�� � �%UXFKLGDH��� 5KL]RSHUWKD� GRPLQLFD� )��
�%RVWULFKLGDH�� DQG� 6LWRSKLOXV� ]HDPDLV� 0RWVFKXOVN\�
�&XUFXOLRQLGDH���,W�ZDV�VKRZQ�WKDW�8��FKDPDH�SRZGHUHG�DQG�
HWKDQRO� VWHP�EDUN� H[WUDFWV� KDYH� SRWHQWLDOV� IRU� XVH� GXULQJ�
VWRUDJH� RI� JUDLQV�� HQVXULQJ� IRRG� VHFXULW\�� SUR¿W�
PD[LPL]DWLRQ�DQG�DYDLODELOLW\�RI�VHHGV�IRU�WKH�QH[W�SODQWLQJ�
VHDVRQ�ZLWKRXW�EHLQJ�GDPDJHG�E\�WKHVH�WHVW�LQVHFW�VSHFLHV�
ZKLFK�PD\� EH� WKH� UHVSRQVLELOLW\� RI� WKH� SUHVHQFH� RI� KLJK�
FRQFHQWUDWLRQ�RI�VWHURLGV�DQG�WHUSHQHV��1HJEHQHERU�HW�DO���
������

$QWLPDODULDO�DFWLYLW\
0HWKDQRO� H[WUDFWV� RI� WKH� GULHG� OHDYHV� DQG� IUHVK� IUXLWV�

DGPLQLVWHUHG�DW�����±�����PJ�NJ�RQ�3ODVPRGLXP�EHUJKHL�
LQIHFWHG� PLFH� ZHUH� HYDOXDWHG� XVLQJ� WKH� IRXU�GD\�
�FKHPRVXSSUHVVLYH��DQG�FXUDWLYH��5DQH
V��DQWLPDODULDO�WHVW�
PRGHOV��GLVWLOOHG�ZDWHU�DQG�DPRGLDTXLQH�����PJ�NJ��ZHUH�
QHJDWLYH�DQG�SRVLWLYH�FRQWUROV��UHVSHFWLYHO\��$W�����PJ�NJ��
OHDI�DQG�IUXLW�H[WUDFWV�JDYH�FKHPRVXSSUHVVLRQ�RI����DQG�����
�IRXU�GD\�WHVW��DQG�SDUDVLWH�FOHDUDQFH�RI������DQG�������RQ�
GD\����FXUDWLYH�WHVW���UHVSHFWLYHO\�ZKLOH�WKH�SRVLWLYH�FRQWURO�
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