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'2,�����������MDHIV��

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

(GLWRU�LQ�&KLHI

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

&R�(GLWRU�LQ�&KLHI

3URI�'U��+DNDQ�$.7$6
6XOH\PDQ�'HPLUHO�8QLYHUVLW\��,VSDUWD��7XUNH\��DNWDVKDNDQ#VGX�HGX�WU�
3URI�'U��2QHU�&(7,1�
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\��RQHUBFHWLQ#\DKRR�FRP��
3URI�'U��+��<LOGL]�'$6*$1�
dXNXURYD�8QLYHUVLW\��$GDQD��7XUNH\��GDVJDQ#FX�HGX�WU�
3URI�'U��7HW\DQD�.$/1$�'8%,1<8.�
1DWLRQDO�8QLYHUVLW\�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV�RI�8NUDLQH�.\LY��8NUDLQH��WDWLDQNG#\DKRR�FRP��
3URI�'U��6H]DL���(5&,6/,�
$WDWXUN�8QLYHUVLW\��(U]XUXP��7XUNH\��VHUFLVOL#DWDXQL�HGX�WU�
3URI�'U��,VPDLO�.$5$&$�
6XOH\PDQ�'HPLUHO�8QLYHUVLW\��,VSDUWD��7XUNH\��LVPDLONDUDFD#VGX�HGX�WU�
3URI�'U��$\]Q�%��.8'(1�
dXNXURYD�8QLYHUVLW\���$GDQD��7XUNH\��DENXGHQ#FX�HGX�WU�
3URI�'U��0DUN�0$77+(:6�
&DOLIRUQLD�8QLYHUVLW\��'DYLV��8�6�$���PDPDWWKHZV#XFGDYLV�HGX�
3URI�'U��1��<HVLP�<DOFLQ�0(1',�
dXNXURYD�8QLYHUVLW\��$GDQD��7XUNH\��\HVLPFDQ#FX�HGX�WU��
3URI�'U��6HPLK�1(0/,2*/8�
,VWDQEXO�8QLYHUVLW\��,VWDQEXO��7XUNH\��VQHPOL#LVWDQEXO�HGX�WU��������
3URI�'U��,EUDKLP�257$6�
dXNXURYD�8QLYHUVLW\���$GDQD��7XUNH\��LRUWDV#FX�HGX�WU��
3URI�'U��2UKDQ�2=&$7$/%$6�
$NGHQL]�8QLYHUVLW\���$QWDO\D��7XUNH\��R]FDWDOEDV#DNGHQL]�HGX�WU�
3URI�'U��1HEDKDW�6$5,�
dXNXURYD�8QLYHUVLW\���$GDQD��7XUNH\��QHVDUL#FX�HGX�WU��
3URI�'U��1D]ÕP�6(.(52*/8�
.LOLV���$UDOLN��8QLYHUVLW\��.LOLV��7XUNH\��QVHNHURJOX#JPDLO�FRP���
3URI�'U��$EGXOODK�6(66,=�
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\��DVHVVL]#GLFOH�HGX�WU�
3URI�'U��6HPLK�7$1*2/$5�
dXNXURYD�8QLYHUVLW\��$GDQD��7XUNH\��WDQJRODU#FX�HGX�WU��
3URI�'U��6HUSLO�7$1*2/$5�
dXNXURYD�8QLYHUVLW\��$GDQD��7XUNH\��VWDQJRODU#FX�HGX�WU�
$VVRF�3URI�'U��(URO�$7$<�
0XVWDID�.HPDO�8QLYHUVLW\��$QWDN\D��7XUNH\��HDWD\#PNX�HGX�WU���
$VVRF�3URI�'U��.KXGD�%$.+6+
&206$76�,QVWLWXWH�RI�,QIRUPDWLRQ�7HFKQRORJ\��9HKDUL��3DNLVWDQ��NEDNKVK#FLLWYHKDUL�HGX�SN��
$VVRF�3URI�'U��6HPD�.DOH�&(/,.�
6�OH\PDQ�'HPLUHO�8QLYHUVLW\��,VSDUWD��7XUNH\��VHPDNDOH#VGX�HGX�WU��
$VVRF�3URI�'U��<XUL\�.5$9&+(1.2�
1DWLRQDO�8QLYHUVLW\�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV�RI�8NUDLQH��8NUDLQH��NUDYFK#L�XD�
$VVRF�3URI�'U��5yEHUW��6=,/$*<,�
'HEUHFHQ�8QLYHUVLW\��'HEUHFHQ��+XQJDU\��V]LODJ\L�UREHUW#HFRQ�XQLGHE�KX�
$VVRF�3URI�'U��6HOPD�72=$1/,�
,QVWLWXW�$JURQRPLTXH�0pGLWHUUDQpHQ�GH���0RQWSHOOLHU��)UDQFH��WR]DQOL#LDPP�IU���
$VVW�3URI�'U��6LPRQH�&$67(//$5,1�
%ULWLVK�&ROXPELD�8QLYHUVLW\��&DQDGD���VLPRQH�FDVWHOODULQ#XEF�FD��
'U��-DYLHU�/23(=�
7HFQRORJLFR�GHO�9DOOH�GH�2D[DFD��0H[LFR��MDYLHUBORSH]E#KRWPDLO�FRP�
'U��;LQJ�-XQ�:$1*
6KDQGRQJ�$FDGHP\�RI�$JULFXOWXUDO�6FLHQFHV��-LQDQ��&KLQD��[LQJMXQZ#KRWPDLO�FRP�

(GLWRULDO�%RDUG

-LEDQ�6+5(67+$�
1HSDO�$JULFXOWXUDO�5HVHDUFK�&RXQFLO��1HSDO��MLEVKUHVWKD#QPUS�JRY�QS��

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

$GYLVRU\�%RDUG 3URI�'U��,UIDQ�$KPDG�%$,*
0XKDPPDG�1DZD]�6KDUHHI�8QLYHUVLW\�RI�$JULFXOWXUH��0XOWDQ��3DNLVWDQ��LUIDQ�EDLJ#PQVXDP�HGX�SN��
3URI�'U��<ÕOPD]�%$<+$1
1DPÕN�.HPDO�8QLYHUVLW\��7HNLUGD÷��7XUNH\��\ED\KDQ#QNX�HGX�WU��
3URI�'U��$KPHW�%$<5$0
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\��DED\UDP#GLFOH�HGX�WU��
3URI�'U��0RKDPHG�%28$=,=
8QLYHUVLW\�RI�6ID[��7XQLVLD��PRKDPHG�ERXD]L]#LVEV�XVI�WQ��
3URI�'U��6DOLK�d(/,.
1DPLN�.HPDO�8QLYHUVLW\��7HNLUGDJ��7XUNH\��VDOLKFHOLN#QNX�HGX�WU��
3URI�'U��*LXOLDQR�),1(772
8QLYHUVLW\�RI�9HURQD��9HURQD��,WDO\��JLXOLDQR¿QHWWR#JPDLO�FRP��
3URI�'U��%�OHQW�*h/d8%8.
$QNDUD�8QLYHUVLW\��$QNDUD��7XUNH\��JXOFXEXN#DJUL�DQNDUD�HGX�WU��
3URI�'U��*HRUJH�-$326+9,/,
$JUDULFXOWXUDO�8QLYHUVLW\�RI�*HRUJLD��7ELOLVL��J�MDSRVKYLOL#DJUXQL�HGX�JH��
3URI�'U��+DúLP�.(/(%(.
$GDQD�6FLHQFH�DQG�7HFKQRORJ\�8QLYHUVLW\��$GDQD��7XUNH\��KNHOHEHN#DGDQDEWX�HGX�WU��
3URI�'U��.�UúDW�.25.0$=
2UGX�8QLYHUVLW\��2UGX��7XUNH\��NRUNPD]��#KRWPDLO�FRP��
3URI�'U��%LUKDQ�.817(5
$QNDUD�8QLYHUVLW\��$QNDUD��7XUNH\��PDUDVDOL#DJUL�DQNDUD�HGX�WU��
3URI�'U��9HDFHVODY�0$=Ă5(
%DQDW�8QLYHUVLW\�RI�$JULFXOWXUDO�6FLHQFHV�DQG�9HWHULQDU\�0HGLFLQH��5RPDQLD��YDOHQWLQ�PD]DUH#JPDLO�FRP���
3URI�'U��3DKODM�022/,2
3DxxƗVƗVWUD�8QLYHUVLW\�RI�&DPERGLD��38&���3KQRP�3HQK��&DPERGLD��SDKODM#SXF�HGX�NK��
3URI�'U��3HWHU�21'5,âË.
6ORYDN�8QLYHUVLW\�RI�$JULFXOWXUH��1LWUD��6ORYDN�5HSXEOLF��SHWHU�RQGULVLN#XQLDJ�VN�
3URI�'U��+DNDQ�g=.$1
&XNXURYD�8QLYHUVLW\��$GDQD��7XUNH\��KR]NDQ#FX�HGX�WU���
3URI�'U��$OL�6$%,5
6HOFXN�8QLYHUVLW\��.RQ\D��7XUNH\��DVDELU#VHOFXN�HGX�WU��
3URI�'U��6HNDQ�6(//,
&XNXURYD�8QLYHUVLW\��$GDQD��7XUNH\��VVHOOL#FX�HGX�WU��
3URI�'U��9HOLERU�63$/(9,&
8QLYHUVLW\�RI�0RQWHQHJUR��3RGJRULFD��0RQWHQHJUR��YHOLERU�VSDOHYLF#JPDLO�FRP��
3URI�'U��*HRUJH�-��67$7+$6
7HFKQRORJLFDO�(GXFDWLRQDO�,QVWLWXWH�RI�3HORSRQQHVH��.DODPDWD��*UHHFH��JVWDWKDV#WHLNDO�JU�
3URI�'U��0HWLQ�785$1
<HGLWHSH�8QLYHUVLW\��,VWDQEXO��7XUNH\��PHWLQ�WXUDQ#\HGLWHSH�HGX�WU��
3URI�'U��+DOLO�øEUDKLP�8=81
$NGHQL]�8QLYHUVLW\��$QWDO\D��7XUNH\��X]XQ#DNGHQL]�HGX�WU��
3URI�'U��+�VQ��h1h
6XOH\PDQ�'HPLUHO�8QLYHUVLW\��,VSDUWD��7XUNH\��KXVQXXQOX#VGX�HGX�WU��
3URI�'U��+DOLW�<(7,ù,5
(UFL\HV�8QLYHUVLW\��.D\VHUL��7XUNH\��\HWLVLU�#\DKRR�FRP��
$VVRF�3URI�'U��+DOLO�(5'(0
*D]LRVPDQSDVD�8QLYHUVLW\��7RNDW��7XUNH\��HUGHPK#KRWPDLO�FRP��
$VVRF�3URI�'U��gQGHU�.$0,/2ö/8
0XVWDID�.HPDO�8QLYHUVLW\��+DWD\��7XUNH\��RNDPLORJOX#PNX�HGX�WU��
$VRFF�3URI�'U��0LOHQD�027(9$
8QLYHUVLW\�RI�$UFKLWHFWXUH��&LYLO�(QJLQHHULQJ�DQG�*HRGHV\��8$&(*���6R¿D�������%XOJDULD�
�PLOHQD�PRWHYD#\DKRR�FRP��
$VVRF�3URI�'U��0HFLW�g=723
0LGGOH�(DVW�7HFKQLFDO�8QLYHUVLW\��$QNDUD��7XUNH\��PHFLW#PHWX�HGX�WU��
$VVRF�3URI�'U��1DWDOLLD�6,/2129$
1DWLRQDO�8QLYHUVLW\�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV�RI�8NUDLQH��.\LY��VLORQRYD#XNU�QHW��
$VVRF��3URI��9MHNRVODY�7$1$6.29,.-
6V��&\ULO�DQG�0HWKRGLXV�8QLYHUVLW\��6NRSMH��0DFHGRQLD��YMHNRVODYWDQDVNRYLF#\DKRR�FRP���
$VVRF�3URI�'U��=HOMND�=*25(/(&
8QLYHUVLW\�RI�=DJUHE�)DFXOW\�RI�$JULFXOWXUH��&URDWLD��]]JRUHOHF#DJU�KU��
$VVW�3URI�'U��$EGXUUDKPDQ�.$5$
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\��DEGXUUDKPDQ�NDUD#GLFOH�HGX�WU��
$VVW�3URI�'U��1XUJ�O�.,7,5
.RQ\D�)RRG�DQG�$JULFXOWXUH�8QLYHUVLW\��.RQ\D��7XUNH\��QXUJXOBNLWLU#KRWPDLO�FRP��
'U��:LOVRQ�+8$1&$�0$0$1,
8QLYHUVLGDG�GH�7DUDSDFi��$ULFD��&KLOH��ZKXDQFD#XWD�FO�
'U��5D¿T�,6/$0�
7KH�2KLR�6WDWH�8QLYHUVLW\��3LNHWRQ��86$��LVODP���#RVX�HGX��
'U��9LQD\DN�6��6+('(.$5
7KH�2KLR�6WDWH�8QLYHUVLW\��3LNHWRQ��86$��VKHGHNDU��#RVX�HGX�
'U��(GPXQGR�0HUFDGR�6,/9$
8QLYHUVLGDG�$XWyQRPD�GH�4XHUpWDUR��4XHUHWDUR��0H[LFR��PHUFDGR������#JPDLO�FRP�
�

,QW�-�$JULF�(QYLURQ�)RRG�6FL�������0DUFK������
�H�,661������������� '2,�����������MDHIV��



,,,

ZZZ�MDHIV�FRP-$()6

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

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

5HYLHZHU�%RDUG 3URI�'U��5XVWHP�&$1*,
*D]LRVPDQSDVD�8QLYHUVLW\��7RNDW��7XUNH\��UXVWHP�FDQJL#JRS�HGX�WU���
3URI�'U��$OL�,6/$0
2UGX�8QLYHUVLW\��2UGX��7XUNH\��LVODPDOL#KRWPDLO�FRP���
3URI�'U��6HGDW�.$5$<8&(/
6LQRS�8QLYHUVLW\��6LQRS��7XUNH\��NDUD\XFHOV#KRWPDLO�FRP���
3URI�'U��0XKDUUHP�2=&$1
2QGRNX]�0D\LV�8QLYHUVLW\��6DPVXQ��7XUNH\��PXR]FDQ#RPX�HGX�WU���
3URI�'U��2UKDQ�2=&$7$/%$6
$NGHQL]�8QLYHUVLW\��$QWDO\D��7XUNH\��RR]FDWDOEDV#JPDLO�FRP���
3URI�'U��$OL�6$%,5
6HOFXN�8QLYHUVLW\��.RQ\D��7XUNH\��DVDELU#VHOFXN�HGX�WU���
$VVRF�3URI�'U��2QGHU�.$0,/2*/8
0XVWDID�.HPDO�8QLYHUVLW\��$QWDN\D��7XUNH\��RNDPLORJOX#PNX�HGX�WU���
$VVRF�3URI�'U��1XUHWWLQ�3,5,1&&,2*/8
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\��QSLULQF#GLFOH�HGX�WU���
$VVRF�3URI�'U��0HOLNH�<$/,/,�.,/,&
8OXGDJ�8QLYHUVLW\��%XUVD��7XUNH\��P\DOLOL#XOXGDJ�HGX�WU���
$VVW�3URI�'U��$VOLKDQ�.$7,3
8OXGDJ�8QLYHUVLW\��%XUVD��7XUNH\��DEDOOL#XOXGDJ�HGX�WU���
$VVW�3URI�'U��$EGXUUDKPDQ�.$5$
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\��DEGXUUDKPDQBNDUD#KRWPDLO�FRP���

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

3HHU�5HYLHZ�3URFHVV 7KH�SULPDU\�DLPV�RI�SHHU�UHYLHZ�DUH�WR�GHFLGH�ZKHWKHU�RU�QRW�DQ�DUWLFOH�VKRXOG�EH�SXEOLVKHG��EDVHG�RQ�
TXDOLW\�DQG�UHOHYDQFH�WR�WKH�MRXUQDO���DQG�WR�LPSURYH�WKH�DUWLFOH�EHIRUH�SXEOLFDWLRQ��$OO�VXEPLVVLRQV�¿UVW�
JR�WKURXJK�DQ�LQWHUQDO�SHHU�UHYLHZ�SURFHVV��DQ�DVVLJQHG�HGLWRU�PDNHV�DQ�LQLWLDO�GHFLVLRQ�WR�DFFHSW�RU�WR�
UHMHFW�WKH�PDQXVFULSW��H�J��WRSLF�LV�RXWVLGH�WKH�VFRSH�RI�WKH�-RXUQDO��LPSRUWDQW�ÀDZV�LQ�VFLHQWL¿F�YDOLGLW\��
HWF���,I�WKH�HGLWRU�EHOLHYHV�WKH�DUWLFOH�PD\�EH�RI�LQWHUHVW��LW�LV�VHQW�RXW�IRU�H[WHUQDO�SHHU�UHYLHZ��7KH�
UHYLHZHUV� DUH� VHOHFWHG� E\� DUHD� RI� H[SHUWLVH� �UHYLHZHUV�ZKR�JUDQW� KLJK� TXDOLW\� UHYLHZV�ZLWKLQ� WKH�
UHTXHVWHG�WLPH�DUH�SUHIHUUHG���7KH�HGLWRULDO�ERDUG�LV�IUHTXHQWO\�FRQVXOWHG��2QFH�UHYLHZV�DUH�REWDLQHG��
WKH�HGLWRU�PDNHV�D�MXGJPHQW�FRQVLGHULQJ�WKH�FULWLTXHV�DQG�UHFRPPHQGDWLRQV�IURP�UHYLHZHUV��DQG�RWKHU�
IDFWRUV�VXFK�DV�UHOHYDQFH�WR�WKH�-RXUQDO¶V�DLPV�DQG�XVHIXOQHVV�WR�FOLQLFLDQV�RU�UHVHDUFKHUV�

3RWHQWLDO� UHYLHZHUV� DUH� FRQWDFWHG� E\� H�PDLO�� ZKLFK� FRQWDLQV� WKH� PDQXVFULSW� WLWOH�� DEVWUDFW�� DQG�
DVVLJQPHQW�GHDGOLQH��7KH�VHOHFWHG�UHYLHZHU�DFFHSWV�RU�GHFOLQHV�WKH�DVVLJQPHQW�ZLWKLQ����GD\V��)DLOXUH�
WR�UHSO\�ZLWKLQ�WKH�SUHVFULEHG�WLPH�ZLOO�EH�WUHDWHG�DV�DQ�LPSOLFLW�UHMHFWLRQ��,W�LV�DFFHSWDEOH�WR�SURSRVH�DQ�
H[WHQGHG�GHDGOLQH�ZKHQ�WKH�JLYHQ�GHDGOLQH��XVXDOO\���ZHHNV�IURP�WKH�WDVN�DFFHSWDQFH�GDWH��FDQQRW�EH�
PHW��7KH�VHOHFWHG�UHYLHZHUV�XVXDOO\�KDYH�H[WHQVLYH�H[SHULHQFH�DV�IDFXOW\�PHPEHUV��UHVHDUFKHUV��DQG�
SXEOLVKHG�DXWKRUV��6RPHWLPHV�UHYLHZHUV�IURP�RWKHU�VSHFL¿F�DUHDV�DUH�VHOHFWHG��7KLV�VHOHFWLRQ�LV�DOZD\V�
ZHOO�WKRXJKW�RXW��DQG�ZH�HQFRXUDJH�VXFK�SRWHQWLDO�UHYLHZHUV�WR�FRQVLGHU�WKH�DVVLJQPHQW�LI�WKH\�FDQ�
PDNH� D� FRQWULEXWLRQ� WR� VRPH� DVSHFW� RI� WKH�ZRUN��7KH� IROORZLQJ� SRLQWV�PXVW� EH� SURYLGHG� E\� WKH�
UHYLHZHUV�LQ�WKH�ZULWWHQ�UHVSRQVH�

*HQHUDO�2YHUYLHZ
2UJDQL]HG�&ULWLTXH
$VVHVVPHQW�RI�6WUHQJWKV�DQG�:HDNQHVVHV��WKH�IROORZLQJ�VKRXOG�EH�HYDOXDWHG��/LWHUDWXUH�UHYLHZ�LV�XS�
WR�GDWH��0HWKRGV�DOLJQ�ZLWK�VWXG\�SXUSRVH�RU�UHVHDUFK�TXHVWLRQV��0HWKRGV�GHVFULEHG�LQ�VXI¿FLHQW�DQG�
DSSURSULDWH� GHWDLO�� 5HVHDUFK� GHVLJQ� RU� VWXG\� DSSURDFK� LV� DGHTXDWH��$SSURDFK� WR� GDWD� DQDO\VLV� LV�
DSSURSULDWH�� 7KRXJKWIXO� FRQVLGHUDWLRQ� JLYHQ� WR� WKH� VWXG\� OLPLWDWLRQV�� 0DQXVFULSW� SURYLGHV� QHZ�
LQIRUPDWLRQ�WKDW�LV�OLNHO\�WR�EH�RI�LQWHUHVW�WR�RXU�UHDGHUV�
3RVVLEOH�LPSURYHPHQWV
&RPPRQO\�2YHUORRNHG�$UHDV��5HYLHZHUV� VKRXOG� FDUHIXOO\�QRWH�� WLWOH�� DEVWUDFW�� WDEOHV� DQG�¿JXUHV��
UHIHUHQFHV�

$IWHU�WKH�SHHU�UHYLHZ�SURFHVV�KDV�HQGHG�DQG�DQ�DGHTXDWH�QXPEHU�RI�UHYLHZV�KDV�EHHQ�UHFHLYHG��WKH�
DVVLJQHG�HGLWRU�PDNHV�WKH�¿QDO�GHFLVLRQ�DERXW�WKH�PDQXVFULSW��DFFHSW��LQYLWH�D�UHYLVLRQ��RU�UHMHFW��EDVHG�
RQ�D�FRQVLGHUDWLRQ�RI�DOO�WKH�UHYLHZHU�FRPPHQWV��JHQHUDO�FULWLTXH��DQG�RWKHU�H[WHUQDO�IDFWRUV��H�J��WKH�
DUWLFOH�LV�FRQVLVWHQW�ZLWK�WKH�-RXUQDO�SXUSRVH��VLPLODU�DUWLFOHV�UHFHQWO\�SXEOLVKHG��QXPEHU�RI�DFFHSWHG�
DUWLFOHV�DZDLWLQJ�SXEOLFDWLRQ��SRWHQWLDO�LPSDFW�RI�WKH�DUWLFOH��HWF����(GLWRUV�PD\�FRQVXOW�ZLWK�HDFK�RWKHU�
ZKHQ�PDNLQJ�WKH�GHFLVLRQ��$�GHFLVLRQ�VXPPDUL]LQJ�WKH�RSLQLRQV�RI�HGLWRUV�DQG�UHYLHZHUV�ZLOO�EH�VHQW�WR�
WKH�FRUUHVSRQGLQJ�DXWKRU�

5HYLHZHU�*XLGHOLQHV

(GLWRU¶V�)LQDO�'HFLVLRQ
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,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

3URGXFWLRQ�,QIRUPDWLRQ

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

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

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

,661� �����������2QOLQH�

3XEOLVKHU *XOWHNLQ�2]GHPLU��'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'L\DUEDNLU��
7XUNH\�

2ZQHU *XOWHNLQ�2]GHPLU��'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXWXUH��'L\DUEDNLU��
7XUNH\�

/DQJXDJH (QJOLVK

'DWH�RI�3XEOLFDWLRQ ����������

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

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

3XEOLVKLQJ�6\VWHP -$()6�XVHV�WKH�VXEPLVVLRQ�V\VWHP�RI�78%,7$.�8/$.%,0�-RXUQDO3DUN�
2SHQ�-RXUQDO�6\VWHPV���KWWS���GHUJLSDUN�JRY�WU�MDHIV

3ULQWLQJ�+RXVH 'LFOH�8QLYHUVLW\�3ULQWLQJ�+RXVH��'L\DUEDNLU��7XUNH\

/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-,

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

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

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

ZZZ�MDHIV�FRP-$()6

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

$LP�DQG�6FRSH �,QWHUQDWLRQDO�-RXUQDO�RI�$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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,QW�-�$JULF�(QYLURQ�)RRG�6FL�������0DUFK������

5HVHDUFK�$UWLFOHV

$XWKRUV 7LWOH 3DJHV

6HUSLO�7DQJRODU��$\IHU�$ONDQ�
7RUXQ��6HPLK�7DQJRODU��0��
%�OHQW�7RUXQ

(YDOXDWLRQ�RI�WKH�0LQHUDO�(OHPHQW�3UR¿OH�RI�:DVWHV�RI�6RPH�:LQH�*UDSH�
�9LWLV�YLQLIHUD�/���9DULHWLHV�

����

$ULI�$WDN��<HúLP�'R\JDFÕ��
.HPDO�$��.DKUDPDQ��*XOKDQ�
*��.DQGLOOL��$EGXOEDNL�ùHQ

'HWHUPLQDWLRQ� RI� )ORZHU� &KDUDFWHULVWLFV� RI� VRPH� .LZLIUXLW� *HQRW\SHV�
�$FWLQLGLD�6SS���2EWDLQHG�ZLWK�%UHHGLQJ�3URJUDP�

����

0HKPHW�7DKLU�.DYDN &KORURSK\OO�3LJPHQW�&RQFHQWUDWLRQ�DQG�6HD�6XUIDFH�7HPSHUDWXUH�RI�WKH�
%ODFN�6HD�

�����

6DDGHW�+DFÕVDOLKR÷OX��)H]D�
.DUDHU

(YDOXDWLRQ�RI�:DWHU�4XDOLW\�LQ�(XWURSKLF�6KDOORZ�/DNHV��&DVH�6WXG\�RQ�
/DNH�8OXDEDW��7XUNH\�

�����

0XKDPPDG�$OL��1RUVLGD�0DQ��
,VPDLO�$EG�/DWLI��)DUUDK�
0HOLVVD�0XKDUDP��6LWL�=RELGDK�
2PDU

7KH�8VH�RI�,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQ�7HFKQRORJLHV�LQ�$JULFXOWXUDO�
5LVN�0DQDJHPHQW�E\�7KH�$JULFXOWXUDO�([WHQVLRQ�6HUYLFHV�LQ�0DOD\VLD�

������

&RQWHQWV
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�
� �� ������ �6HUSLO��7DQJRODU ����$\IHU�$ONDQ�7RUXQ ������6HPLK�7DQJRODU �����0��%�OHQW�7RUXQ ��
�'HSDUWPHQW�RI�+RUWLFXOWXUH��)DFXOW\�RI�$JULFXOWXUH��8QLYHUVLW\�RI�dXNXURYD��$GDQD��7XUNH\

��'HSDUWPHQW�RI�6RLO�6FLHQFH�DQG�1XWULWLRQ��)DFXOW\�RI�$JULFXOWXUH��dXNXURYD�8QLYHUVLW\��$GDQD��7XUNH\

&RUUHVSRQGLQJ�$XWKRU��VWDQJRODU#FX�HGX�WU

:LQH� JUDSH� SURGXFWLRQ� KDV� DQ� LPSRUWDQW�
DPRXQW� LQ� WRWDO� JUDSH� SURGXFWLRQ� RI� WKH� ZRUOG��
$QQXDO� ZRUOG� JUDSH� SURGXFWLRQ� LV� ����� PLOOLRQ�
PHWULF� WRQV�� $SSUR[LPDWHO\�� ���� RI� WKLV� WRWDO�
EHORQJV� WR� ZLQH� JUDSH� SURGXFWLRQ� >�@�� <HDUO\�
ZRUOG�ZLQH�SURGXFWLRQ�LV�DERXW����ELOOLRQ�OLWHUV�

,Q� 7XUNH\�� DERXW� ���� RI� WKH� WRWDO� JUDSH�
SURGXFWLRQ�ZKLFK�LV�IRXU�PLOOLRQ�WRQV�LV�XVHG�IRU�
UDLVLQV�� ���� XVHG� DV� WDEOH�� DQG� ���� XVHG� IRU�
ZLQHPDNLQJ� DQG� WKH� SURGXFWLRQ� RI� JUDSH� MXLFH��
MDP�� MHOO\� DQG� RWKHU� WUDGLWLRQDO� JUDSH� SURGXFWV�
�VXFK�DV�PRODVVHV��YLQHJDU��HWF���>����������@��

%HVLGHV�7XUNH\�� LQ� WKH�HQWLUH�ZLQH�SURGXFLQJ�
FRXQWULHV�� ZLQH� DQG� JUDSH� MXLFH� LQGXVWULHV� KDYH�
EHHQ� SURGXFLQJ� DQ� LPSRUWDQW� DPRXQW� RI� JUDSH�
ZDVWH�DQG�E\�SURGXFWV�>���������@��6RPH�RI�WKHVH�DUH�
JUDSH�VHHGV��VWDONV��VNLQ�DQG�SXOS��7RWDOO\��PRUH�
WKDQ� ��� SHUFHQW� RI� FOXVWHUV� RI� ZLQH� JUDSHV� DUH�
REWDLQHG�DV�ZDVWH��0DQDJHPHQW�RI�JUDSH�ZDVWHV�LV�
RQH�RI� WKH� LPSRUWDQW�SUREOHPV� IRU�ZLQH�DQG� WKH�
RWKHU�JUDSH�MXLFH�LQGXVWULHV��5HVHDUFKHV�KDYH�EHHQ�

JRLQJ�RQ�IRU�REWDLQLQJ�KLJK�TXDOLW\�SURGXFWV�VXFK�
DV� FRPSRVW�� IHUWLOL]HU�� JUDSHVHHG� RLO� HWF�� IURP�
JUDSH�ZDVWHV�>���������@�

5HFHQW�VWXGLHV�KDYH�VKRZQ�WKDW�JUDSHV�DQG�WKHLU�
ZDVWHV�KDYH�PDQ\�EHQH¿WV�RQ�KXPDQ�KHDOWK��VXFK�
DV� WKRVH� FRPLQJ� IURP� FDUERK\GUDWHV�� VXJDU��
RUJDQLF�DFLGV��VROXEOH�DQG�LQVROXEOH�¿EHU��YLWDPLQV�
�$�� %�� &�� DQG� (��� IDWW\� DFLGV�� DPLQR� DFLGV��
SRO\SKHQROV� �ÀDYRQRLGV�� SKHQROLF� DFLGV�� DQG�
UHVYHUDWURO�� DQG� PRVW� RI� WKH� PDFUR� DQG� PLFUR�
PLQHUDOV��FDOFLXP��SRWDVVLXP��PDJQHVLXP��ERURQ��
PDQJDQHVH�DQG�LURQ�HWF��>�����������������������������
��������������@��'DLO\�FRQVXPSWLRQ�RI�JUDSHV�DQG�
JUDSH�SURGXFWV�KDV�EHHQ�UHFRPPHQGHG�LQ�DUWLFOHV�
>������@�

+RZHYHU��WKHUH�LV�D�ODFN�RI�NQRZOHGJH�RQ�WKH�
XWLOL]DWLRQ�RI�ZLQH�DQG�JUDSH�MXLFH�LQGXVWU\�ZDVWHV�
IRU�IRRG�LQGXVWU\��WKH�XWLOL]DWLRQ�RI�WKHVH�ZDVWHV�LQ�
WKH�IRRG�LQGXVWU\�FDQ�FUHDWH�QHZ�IRRG�VRXUFHV�IRU�
KXPDQ� FRQVXPSWLRQ�� DQG� FUHDWH� DGGLWLRQDO�
PDUNHWV�IRU�JUDSH�SURGXFHUV�>������������@�

�

$%675$&7

.H\ZRUGV��*UDSHYLQH��:LQH�*UDSH��0LQHUDO�(OHPHQWV��*UDSH�:DVWHV��%DJDVVH��3RPDFH

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

,1752'8&7,21���

,Q�WKLV�VWXG\��WKH�OHYHO�RI�PDFUR�DQG�PLFUR�HOHPHQWV�RI�VL[�ZLQH�JUDSH�FXOWLYDUV�ZHUH�GHWHUPLQHG�LQ�VHHGV��EDJDVVH��VNLQ�
DQG�SXOS��DQG�SRPDFH��VHHG��VNLQ�DQG�SXOS��E\�LQGXFWLYHO\�FRXSOHG�SODVPD�PDVV�VSHFWURPHWU\�DQG�DWRPLF�DEVRUSWLRQ�
VSHFWURVFRS\�DIWHU�PLFURZDYH�GLJHVWLRQ��,&3�$(6���7KH�OHYHOV�RI�PDFUR�DQG�PLFUR�HOHPHQWV�H[KLELWHG�D�JHQRW\SH�
GHSHQGHQW�DOWHUDWLRQ�DQG�DIIHFWHG�E\�WKH�SDUW�RI�WKH�EHUU\�VDPSOHG��3RWDVVLXP�ZDV�WKH�SUHGRPLQDQW�PDFUR�HOHPHQW�LQ�
EDJDVVH�DQG�SRPDFH��YDU\LQJ�IURP������J�NJ�GU\�ZHLJKW�LQ�SRPDFH��&DULJQDQH��WR�������J�NJ�GU\�ZHLJKW�LQ�EDJDVVH�
�&DEHUQHW�6DXYLJQRQ���+RZHYHU��WKH�OHYHO�RI�FDOFLXP�ZDV�KLJKHU�WKDQ�SRWDVVLXP�LQ�VHHGV�DQG�YDULHG�EHWZHHQ������J�NJ�
�.DOHFLN�NDUDVÕ��DQG������J�NJ��&DULJQDQH���6HHGV�ZHUH�DOVR�ULFKHU�WKDQ�WKH�EDJDVVH�DQG�SRPDFH�UHODWHG�ZLWK�SKRVSKRUXV��
PDJQHVLXP��DQG�VXOIXU��$PRQJ�WKH�PLFUR�HOHPHQWV��)H�KDG�WKH�KLJKHVW�DPRXQW�LQ�DOO�SDUWV�RI�WKH�EHUULHV��,WV�FRQWHQW�
UDQJHG�IURP������PJ�NJ�GU\�ZHLJKWV�LQ�EDJDVVH�RI�6HPLOORQ�WR������PJ�NJ�GU\�ZHLJKW�LQ�VHHGV�RI�6\UDK��,URQ��PDQJDQHVH��
]LQF�DQG�PRO\EGHQXP�LQ�VHHGV��FRSSHU�DQG�ERURQ�LQ�EDJDVVH�ZHUH�KLJKHU�DPRXQW�WKDQ�WKH�RWKHU�JURXSV�DQDO\]HG��7KH�
UHVXOWV�RI�WKLV�VWXG\�VKRZ�WKDW�DOO�SDUWV�RI�WKH�JUDSH�EHUULHV�DUH�SRWHQWLDOO\�ULFK�VRXUFHV�RI�PLQHUDO�HOHPHQWV��6R��WKH\�FRXOG�
EH�XVHG�DV�D�IRRG�VXSSOHPHQW�WR�LPSURYH�WKH�QXWULWLYH�YDOXH�RI�WKH�KXPDQ�GLHW�DQG�IRU�VRPH�HQJLQHHULQJ�SURFHVVHV�LQ�IRRG�
LQGXVWU\��

5HVHDUFK�$UWLFOH ,QW�-�$JULF�(QYLURQ�)RRG�6FL�����������������
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7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�
WKH�PDFUR�DQG�PLFUR�HOHPHQW�FRQVWLWXHQWV�RI�JUDSH�
EH U U L HV � R I � H LJK W � ZLQH � J UDSH � FX O W LYD U V �

0$7(5,$/6�$1'�0(7+2'6

0DWHULDOV
7KLV�H[SHULPHQW�ZDV�FDUULHG�DW�DQ�H[SHULPHQWDO�

YLQH\DUG�� HVWDEOLVKHG� LQ� DSSUR[LPDWHO\� ����� P�
HOHYDWLRQ� IURP� VHD� OHYHO� LQ� 3R]DQWÕ�$GDQD�
5HVHDUFK� 6WDWLRQ� RI� &XNXURYD� 8QLYHUVLW\� RQ� D�
FOD\H\�ORDP�VRLO��:LQH�JUDSH�YDULHWLHV�XVHG�ZHUH�
.DOHFLN� NDUDVÕ�� 6\UDK�� &DULJQDQH�� 6HPLOORQ��
&KD UGRQQD\ � DQG � &DEH UQH W � 6DXY LJQRQ �

7KH�RZQ�URRWHG�JUDSHYLQHV�ZHUH����\HDUV�ROG�
DQG�WUDLQHG�RQ�EL�ODWHUDO�FRUGRQ�WUHOOLV�V\VWHP�ZLWK�
WKUHH�ZLUHV��RQH�ZLUH�IRU�WKH�DUPV�DQG�WZR�ZLUHV�
IRU�WKH�IROLDJH��DW�����P�FDQRS\�KHLJKW�DQG�VSXU�
SUXQHG��3ODQWLQJ�GLVWDQFHV�ZHUH���P�î���P��YLQH�î�
URZ��LQ�ZHVW�HDVW�URZ�RULHQWDWLRQ��9LQH\DUG�ZDV�
XQGHU� QRQ�LUULJDWHG� DQG� ZLWKRXW� PDQXUH�
FRQGLWLRQV��6XFNHULQJ�ZDV�GRQH�EHIRUH�ÀRZHULQJ�
DQG�VKRRW� WULPPLQJ�ZDV�DFKLHYHG�DIWHU�IUXLW�VHW��
$OO�RWKHU�SUDFWLFHV�ZHUH�DSSOLHG�DFFRUGLQJ�WR�WKH�
V W D Q G D U G � Y L W L F X O W X U D O � S U D F W L F H V �

7KLUW\�YLQHV�RI�HDFK�YDULHW\�ZHUH�DUUDQJHG�LQ�
WKUHH� UHSOLFDWLRQV� RI� ��� YLQHV� HDFK�� 7RWDO� WKLUW\�
FOXVWHUV�����FOXVWHUV�IURP�HDFK�UHSOLFDWLRQ��ZHUH�
UDQGRPO\�VDPSOHG�IURP�YLQHV�DW�KDUYHVW�WLPH�RI�
HDFK�FXOWLYDU��%UL[�OHYHO�ZDV����IRU�&DULJQDQH�����
IRU� &DEHUQHW� 6DXYLJQRQ�� ����� IRU� 6KLUD]� DQG�
6HPLOORQ�� ����� IRU� .DOHFLN� NDUDVÕ� DQG� ����� IRU�
&KDUGRQQD\��%HUULHV�ZHUH�VHSDUDWHG�IURP�FOXVWHUV�
ZLWKRXW�SHGLFHOV�DQG�WKHVH�ZHUH�VTXHH]HG�E\�KDQG�
WKURXJK�FKHHVHFORWK��$IWHU�UHPRYLQJ�WKH�MXLFH��WKH�
UHVW� ZHUH� VHSDUDWHG� LQWR� JURXSV� IRU� DQDO\VLV�� DV�
VHHGV�DQG�EDJDVVH��VNLQ�DQG�SXOS���6DPSOHV�ZHUH�

�KHOG�DW���� &�WR�FRQVWDQW�ZHLJKW�LQ�D�GU\LQJ�RYHQ�
DQG�GULHG�VDPSOHV�ZHUH�JURXQG�LQ�D�SODQW�JULQGHU��

�7KH\� ZHUH� VWRUHG� DW� ���� &� XQWLO� DQDO\]HG��

0HWKRGV
(OHPHQWDO�FRQFHQWUDWLRQ�IRU�PDFUR��3��.��&D��

0J��6��1D��DQG�PLFURQXWULHQWV��)H��&X��=Q��0Q��
0R��%��ZHUH�DQDO\]HG�DV�IROORZV��*URXQG�EHUU\�
VDPSOHV� ZHUH� VXEMHFWHG� WR� DFLG� GLJHVWLRQ� LQ� D�
FORVHG�PLFURZDYH�V\VWHP��0LOHVWRQH������0HJD��
E\�XVLQJ���PO�RI�����+ 2 �DQG���PO�RI�����+12 ��� � �

(OHPHQWDO�FRQFHQWUDWLRQV�RI�WKH�GLJHVWHG�VDPSOHV�
ZHUH� PHDVXUHG� E\� ,&3±$(6� �,QGXFWLYHO\�
&RXSOHG�3ODVPD�$WRPLF�(PLVVLRQ�6SHFWURPHWU\��
-RELQ� <YRQ�3DULV��� (OHPHQWV� FRQFHQWUDWLRQ� ZDV�
FKHFNHG� E\� XVLQJ� FHUWL¿HG� VWDQGDUG� UHIHUHQFH�

PDWHULDOV�IURP�WKH�1DWLRQDO�,QVWLWXWH�RI�6WDQGDUGV�
DQG�7HFKQRORJ\��1,67��*DLWKHUVEXUJ��0'��

6WDWLVWLFDO�DQDO\VHV
2QH�ZD\� DQDO\VLV� RI� YDULDQFH� XVLQJ� D�

FRPSOHWHO\�UDQGRPL]HG�GHVLJQ�ZDV�SHUIRUPHG�RQ�
WKH� GDWD� XVLQJ� WKH�067$7�&� VWDWLVWLFV� SURJUDP��
7KH�PHDQV�SUHVHQWHG�LQ�WKH�WDEOHV�ZLWK�D�VWDQGDUG�
HUURU� RI� WKH� PHDQ� FRQVLVW� RI� WKUHH� UHSOLFDWLRQV��
'LIIHUHQFHV�EHWZHHQ�WKH�PHDQV�ZHUH�REWDLQHG�E\�
WKH�/6'��/HDVW�6LJQL¿FDQW�'LIIHUHQFH��WHVW�DW����
OHYHO�>������@�

5(68/76�

%DJDVVH��VNLQ�DQG�SXOS��� �0DFUR�DQG�PLFUR�
HOHPHQW�FRQWHQWV�RI�EDJDVVH�DUH�SUHVHQWHG�LQ�7DEOH�
��� $PRQJ� WKH� PDFUR� HOHPHQWV�� WKH� OHYHO� RI�
SRWDVVLXP�ZDV�IRXQG�WR�EH�KLJKHU�WKDQ�WKH�RWKHU�
HOHPHQWV�� � 3RWDVVLXP� FRQWHQW� RI� EDJDVVH� ZDV�
EHWZHHQ������J�NJ�IRU�&DULJQDQH�DQG�������J�NJ�
IRU�&DEHUQHW�6DXYLJQRQ��,Q�WKLV�SDUW�RI�EHUU\��DIWHU�
SRWDVVLXP�� FDOFLXP� OHYHOV� UDQJHG� IURP� ����� WR�
����� J�NJ�� SKRVSKRUXV� IURP� ����� WR� ����� J�NJ��
VXOIXU� IURP������ WR������J�NJ��PDJQHVLXP� IURP�
�����WR������J�NJ��DQG�VRGLXP�IURP������WR������
J�NJ���

$PRQJ� WKH� PLFUR� HOHPHQWV� LURQ� ZDV� WKH�
SUHGRPLQDQW�HOHPHQW� LQ�EDJDVVH�RI�JUDSHV��7KLV�
HOHPHQW�ZDV�IROORZHG�E\�FRSSHU��PDQJDQHVH��]LQF��
DQG�WKH�RWKHUV��UHVSHFWLYHO\��7KH�PLFUR�HOHPHQWV�
OHYHO�RI�EDJDVVH�UDQJHG�IURP�������6HPLOORQ��WR�
����� PJ�NJ� �&KDUGRQQD\�� IRU� LURQ�� IURP� ����
�6HPLOORQ�� WR������PJ�NJ� �&DEHUQHW�6DXYLJQRQ��
IRU�FRSSHU�DQG�IURP������6HPLOORQ��WR������PJ�NJ�
�&DEHUQHW� 6DXYLJQRQ�� IRU� PDQJDQHVH�� IURP� ����
�6HPLOORQ��WR�����PJ�NJ��&DEHUQHW�6DXYLJQRQ��IRU�
]LQF��

�6HHGV��0DFUR�DQG�PLFUR�HOHPHQW�FRQWHQWV�RI�
VHHGV�DUH�SUHVHQWHG�LQ�7DEOH����$PRQJ�WKH�PDFUR�
HOHPHQWV�� WKH� FDOFLXP� FRQWHQWV� RI� VHHGV� ZHUH�
IRXQG�WR�EH�KLJKHU�WKDQ�WKH�RWKHU�HOHPHQWV�� �7KH�
FDOFLXP�OHYHO�RI�VHHGV�YDULHG�EHWZHHQ������J�NJ�
�.DOHFLN�NDUDVÕ��DQG������J�NJ��&DULJQDQH���7KLV�
HOHPHQW�ZDV�IROORZHG�E\�SRWDVVLXP��SKRVSKRUXV��
PDJQHVLXP�� VXOIXU� DQG� VRGLXP� HOHPHQWV� OHYHO��
UHVSHFWLYHO\��7KH�KLJKHVW�OHYHOV�RI�PDFUR�HOHPHQWV�
RI� VHHGV� ZHUH� IRXQG� LQ� .DOHFLN� NDUDVÕ� DQG�
&DEHUQHW� 6DXYLJQRQ� IRU� SRWDVVLXP�� LQ�&DEHUQHW�
6DXYLJQRQ� IRU� PDJQHVLXP�� LQ� 6\UDK� IRU�
SKRVSKRUXV�� LQ� &DULJQDQH� DQG� &KDUGRQQD\� IRU�
VXOIXU��DQG�ERWK�RI�WKH�6HPLOORQ�DQG�&KDUGRQQD\�
IRU�VRGLXP�

�
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$PRQJ�WKH�PLFUR�HOHPHQWV�LURQ�KDG�WKH�KLJKHVW�
DPRXQW�LQ�VHHGV�RI�WKH�EHUULHV��VLPLODU�WR�EDJDVVH�
OHYHOV�� 7KHUH� ZHUH� QR� VLJQL¿FDQFH� GLIIHUHQFHV�
DPRQJ� FXOWLYDUV� IRU� OHDG� OHYHOV� RI� VHHGV�� ,URQ��
PDQJDQHVH�� FRSSHU� DQG� ]LQF� FRQWHQWV� RI� VHHGV�
ZHUH�KLJKHU�WKDQ�WKDW�RI�WKH�RWKHU�PLFURV��

7KH� PLFUR� HOHPHQW� FRQWHQW� RI� VHHGV� UDQJHG�
IURP� ����� �6HPLOORQ�� WR� ����� �6\UDK� DQG�
&KDUGRQQD\��PJ�NJ�IRU�LURQ��IURP������6HPLOORQ��
WR�������&KDUGRQQD\��PJ�NJ�IRU�FRSSHU��IURP������
�.DOHFLN� NDUDVÕ�� WR� ����� �&DEHUQHW� 6DXYLJQRQ��
PJ�NJ�IRU�PDQJDQHVH��IURP������.DOHFLN�NDUDVÕ��WR�
����� �&KDUGRQQD\�� PJ�NJ� IRU� ]LQF�� IURP� �����
�6HPLOORQ�� WR������ �&DEHUQHW�6DXYLJQRQ��PJ�NJ�
IRU� ERURQ�� IURP� ����� �.DOHFLN� NDUDVÕ�� WR� �����
�6\UDK��PJ�NJ�IRU�0RO\EGHQXP�

3RPDFH� �VHHG�� VNLQ� DQG� SXOS���0DFUR� DQG�
PLFUR�HOHPHQW�FRQWHQWV�RI�SRPDFH�DUH�SUHVHQWHG�LQ�
7DEOH����$PRQJ�WKH�PDFUR�HOHPHQWV��WKH�OHYHO�RI�
SRWDVVLXP�ZDV�IRXQG�WR�EH�KLJKHU�WKDQ�WKH�RWKHU�
HOHPHQWV��7KH�KLJKHVW�OHYHOV�ZHUH�REWDLQHG�IURP�
&DEHUQHW� 6DXYLJQRQ� IRU� SRWDVVLXP� ������ J�NJ���
IURP�6\UDK�������J�NJ��DQG�&DULJQDQH�IRU�FDOFLXP�
������ J�NJ��� IURP� 6\UDK� IRU� SKRVSKRUXV� ������
J�NJ���IURP�&DEHUQHW�6DXYLJQRQ�IRU�VXOIXU�������
J�NJ��� IURP�&DULJQDQH� DQG�&DEHUQHW� 6DXYLJQRQ�
IRU�PDJQHVLXP�������J�NJ��DQG�IURP�6HPLOORQ�IRU�
VRGLXP�������J�NJ���

$PRQJ� WKH�PLFUR�HOHPHQWV� LURQ�KDG�DOVR� WKH�
KLJKHVW� DPRXQW� LQ� SRPDFH� RI� WKH� EHUULHV�� 7KLV�
HOHPHQW�ZDV�IROORZHG�E\�FRSSHU��PDQJDQHVH��]LQF��
DQG�WKH�RWKHUV��UHVSHFWLYHO\��([FHSW�IRU�LURQ��WKHUH�
ZHUH� VLJQL¿FDQW�GLIIHUHQFHV�DPRQJ� WKH�FXOWLYDUV�
IRU�DOO�WKH�PLFUR�HOHPHQWV�OHYHO�RI�SRPDFH��,URQ�
OHYHOV�KDYH�YDULHG�EHWZHHQ������ �6HPLOORQ�� DQG�
�����PJ�NJ��&DULJQDQH��� �7KH�KLJKHVW�DQG�ORZHVW�
YDOXHV�ZHUH� REWDLQHG� IURP�&DEHUQHW� 6DXYLJQRQ�
DQG�6HPLOORQ�������DQG�����PJ�NJ��UHVSHFWLYHO\��
IRU� FRSSHU�� IURP� &DEHUQHW� 6DXYLJQRQ� DQG�
6HPLOORQ� ������ DQG�����PJ�NJ�� UHVSHFWLYHO\�� IRU�
PDQJDQHVH�� IURP�6\UDK�DQG�6HPLOORQ� ������DQG�
���� PJ�NJ�� UHVSHFWLYHO\�� IRU� ]LQF� UHODWHG� ZLWK�
DQDO\VLV�RI�SRPDFH���

',6&866,21

0DFUR�DQG�PLFUR�HOHPHQWV�YDOXHV�IRXQG�LQ�RXU�
UHVHDUFK�IRU�JUDSH�SRPDFH�DQG�VHHGV�DQG�EDJDVVH�
IUDFWLRQV�ZHUH�HYDOXDWHG�DV�FRQVLGHUDEOH�DPRXQWV�
IRU�DOO�YDULHWLHV��$OWKRXJK�WKHUH�DUH�PDQ\�OLWHUDWXUH�
RQ�WKH�PLQHUDO�FRQWHQWV�RI�ZKROH�JUDSHV�>��������

�����������������@��NQRZOHGJH�RQ�FRPSDULQJ�WKH�
PLQHUDO� OHYHOV� LQ�GLIIHUHQW�SDUWV�RI� WKH�EHUULHV� LV�
ODFNLQJ��6R��WKLV�DUWLFOH�KDV�EHHQ�GLVFXVVHG�XVLQJ�
OLPLWHG�UHSRUWV�

7DQJRODU� HW� DO�� >��@� UHSRUWHG� WKDW� PDFUR� DQG�
PLFUR�HOHPHQW�YDOXHV�RI�JUDSH�VHHGV�ZHUH�FKDQJHG�
EHWZHHQ�����DQG�����J�NJ�IRU�SKRVSKRUXV������DQG�
���� J�NJ� IRU� SRWDVVLXP�� ���� DQG� ���� J�NJ� IRU�
PDJQHVLXP�� ���� DQG� ���� J�NJ� IRU� FDOFLXP� DQG�
������DQG�������PJ�NJ�IRU�]LQF��������DQG������
PJ�NJ�IRU�LURQ��������DQG�������PJ�NJ�DQG������
DQG� ������ PJ�NJ� IRU� FRSSHU� LQ� WKHLU� UHVHDUFK��
7KHVH�UHVXOWV�ZHUH�LQ�DJUHHPHQW�ZLWK�WKH�UHVXOWV�
IURP� LQ� RXU� VWXG\�� 0DFUR� DQG� PLFUR� HOHPHQWV�
YDOXHV�LQ�EHUULHV�IURP�KHDOWK\��V\PSWRPDWLF�DQG�
DV\PSWRPDWLF� YLQHV� REWDLQHG� E\� >��@�ZHUH� DOVR�
YHU\�FORVH�WR�WKH�EDJDVVH�DQG�SRPDFH�YDOXHV��

6LPLODUO\�� WKH� SRWDVVLXP� YDOXHV� LQ� WKLV� VWXG\�
ZHUH�FORVH�WR�WKH�YDOXHV�RI�>�����������������@�JLYHQ�
IRU� DERXW� �� NJ� RI� JUDSHV�� %HVLGHV� WKHVH� JUDSH�
YDOXHV�� DFFRUGLQJ� WR� WKH� >��@�� SRWDVVLXP� YDOXHV�
ZHUH�DOVR�DERXW������J�NJ�IRU�GU\�EHDQV��������J�NJ�
IRU� QXWV�� ������� J�NJ� IRU� SRWDWR�� ������ J�NJ� IRU�
RUDQJH�DQG���������J�NJ�IRU�DSSOH��7KHVH�UHVXOWV�
VKRZHG�WKDW��SRWDVVLXP�OHYHO�RI�EHUU\�SDUWV�DSDUW�
IURP� JUDSH� MXLFH� ZHUH� IRXQG� WR� EH� UHPDUNDEO\�
VLPLODU� DPRXQWV�� 6LPLODUO\�� WKH� VRGLXP� YDOXHV�
ZHUH�IRXQG�FORVH�WR�WKH�YDOXHV�UHSRUWHG�LQ�WKH�VDPH�
OLWHUDWXUH��EXW�FDOFLXP��PDJQHVLXP��FRSSHU�� LURQ�
DQG� ]LQF� YDOXHV� JLYHQ� LQ� WKLV� UHSRUW�ZHUH� ORZHU�
WKDQ�WKRVH�LQ�RXU�VWXG\� 7KLV�LV�EHFDXVH��EHUU\�SDUWV��
RWKHU�WKDQ�IUXLW� MXLFH�LV�WKRXJKW�WR�EH�D�UHVXOW�RI�
EHLQJ�PRUH�LQWHQVH��,URQ�DPRXQWV�ZHUH�D�OLWWOH�OHVV�
WKDQ�WKH�DPRXQWV�JLYHQ�E\�>��@�IRU�WKH�OHJXPHV��
EXW� KLJKHU� WKDQ� WKDW� RI� SRWDWRHV�� RUDQJHV� DQG�
DSSOHV�

0DFUR� DQG� PLFUR� HOHPHQW� OHYHO� LQ� GLIIHUHQW�
IUXLWV�DQG�YHJHWDEOHV�JLYHQ�>��@�KDYH�DOVR�FOHDUO\�
VKRZQ� WKH� LPSRUWDQFH� RI� QXWULHQW� FDSDFLW\� LQ�
GLIIHUHQW�SDUWV�RI�WKH�JUDSHV��7KHVH��GHPRQVWUDWHG�
WKDW�WKH�VHHG��VNLQ�DQG�SXOS�RI�WKH�EHUULHV��LQ�RWKHU�
ZRUGV�³ZDVWHV�DQG�E\�SURGXFWV�RI�JUDSH�MXLFH�RU�
ZLQH�PDNLQJ� LQGXVWU\�� FRXOG� EH� XVHG� DV� D� ULFK�
PLQHUDO�HOHPHQWV�VRXUFH�

)LQDOO\��LW�FDQ�EH�H[SODLQHG�WKDW�ZDVWHV�REWDLQHG�
IURP�ZLQH�PDNLQJ� DQG� JUDSH� MXLFH� LQGXVWU\� DUH�
JRRG� QDWXUDO� VRXUFHV� RI� PDFUR� DQG� PLFUR�
HOHPHQWV��,I�WKH\�FDQ�EH�XVHG�DV�D�IRRG�VXSSOHPHQW�
WR�LPSURYH�WKH�QXWULWLYH�YDOXH�RI�WKH�KXPDQ�GLHW�
DQG� LQGXVWULDO� SXUSRVHV�� WKH\� ZLOO� EH� YHU\�
EHQH¿FLDO� WR� KXPDQ� QXWULWLRQ� DQG� WKH� IRRG�
LQGXVWU\�
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7DEOH����0DFUR�DQG�PLFUR�HOHPHQW�FRQWHQWV�RI�EDJDVVH��VNLQ�DQG�SXOS�

7DEOH����0DFUR�DQG�PLFUR�HOHPHQW�FRQWHQWV�RI�JUDSH�VHHGV�
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7DEOH����0DFUR�DQG�PLFUR�HOHPHQW�FRQWHQWV�RI�SRPDFH��VHHG��VNLQ�DQG�SXOS��

�
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:LQHULHV� DQG� RWKHU� JUDSH� MXLFH� SURFHVVLQJ�
LQGXVWU\�KDYH�EHHQ�SURGXFLQJ�LPSRUWDQW�DPRXQW�RI�
JUDSH�ZDVWHV�HYHU\�\HDU�DQG�DIWHU�WKH�SURFHVVLQJ�WR�
GLIIHUHQW�ZD\V�� LW
V�E\�±SURGXFWV�KDYH�HVSHFLDOO\�
EHHQ�XVLQJ�DV�FRPSRVW�LQ�JUDSH�JURZLQJ�DQG�WKH�
RWKHU� DUHDV�� 6HHGV� DUH� LPSRUWDQW� SDUW� RI� JUDSH�
SRPDFH�DQG�IURP�WKLV�YHU\�YDOXDEOH�JUDSHVHHG�RLO�
LV�SURGXFHG��6R�LQ�WKLV�H[SHULPHQW�VHHGV�ZHUH�DOVR�
HYDOXDWHG�VHSDUDWHO\��7KLV�ZRUN�LV�DLPHG�WR�VKRZ�
WKH� DPRXQW� RI�PDFUR� DQG�PLFUR� QXWULHQWV� WR� EH�
JDLQHG� XVLQJ� ZLWK�� RU� ZLWKRXW� VHHG� RI� JUDSH�
SRPDFH��,W�ZDV�VKRZQ�WKDW�VHHGV�IRU�SKRVSKRUXV��
PDJQHVLXP�� FDOFLXP�� VXOIXU�� LURQ�� PDQJDQHVH��
]LQF�DQG�IRU�PRO\EGHQXP��EDJDVVH�IRU�SRWDVVLXP��
FRSSHU�� DQG� IRU� ERURQ� ZDV� FRQVLGHUDEOH� ULFK�
VRXUFHV�� 7KLV� VRXUFH� FDQ� DOVR� EH� HYDOXDWHG� WR�
LQFUHDVH�WKH�IRRG�YDOXH�

$&.12:/('*(0(17�

7KH�DXWKRUV�WKDQN�$FDGHPLF�5HVHDUFK�8QLW�RI�
dXNXURYD� 8QLYHUVLW\� IRU� WKH� ¿QDQFLDO� VXSSRUW�
SURYLGHG� IRU� WKLV� VWXG\� �3URMHFW� QXPEHU��
$0<2����%$3���

5()(5(1&(6

>�@��2,9��������� ��2I¿FH�,QWHUQDW൴RQDOH�GH�OD�9൴JQH�HW�GX�9൴Q
$FFHVVHG�RQ�'HFHPEHU���������

>�@�2UDPDQ��0��1����������%D÷FÕOÕN�7HNQL÷L�,,��$QNDUD�hQLY��
=LUDDW�)DN��<D\��������'HUV�NLWDEÕ�������$QNDUD�����S�

>�@�dHOLN��+���dHOLN��6���0DUDVDOÕ�.XQWHU��%���6R\OHPH]RJOX��
*��� �%R]��<���2]HU��&��DQG�$WDN��$����������%DJFÕOÕNWD�
JHOLúPH� YH� �UHWLP� KHGHÀHUL�� 9,�� 7XUNL\H� =LUDDW�
0XKHQGLVOLJL�7HNQLN�.RQJUHVL��$QNDUD�

>�@�dHOLN��+���.XQWHU��%���6|\OHPH]R÷OX��*���(UJ�O��$���dHOLN��
+��� .DUDWDú�� +��� g]GHPLU�� *��� $WDN�� $�� � ��������
%D÷FÕOÕ÷ÕQ�JHOLúWLULOPHVL�\|QWHPOHUL�YH��UHWLP�KHGHÀHUL��
=LUDDW�0�KHQGLVOL÷L�9,,��7HNQLN�.RQJUHVL��$QNDUD�

>�@�dHOLN�� 6�� �������� %D÷FÕOÕN� �$PSHORORML��� &LOW� ,��
*HQLúOHWLOPLú����%DVNÕ��1DPÕN�.HPDO�hQLY��=LUDDW�)DN��
%DKoH�%LWNLOHUL�%|O�P���7HNLUGD÷������V�

>�@�*|NW�UN�%D\GDU��1��DQG�$NNXUW��0���������2LO�FRQWHQW�
DQG�RLO� TXDOLW\� SURSHUWLHV� RI� VRPH�JUDSH� VHHGV�7XUN� -�
$JULF�)RUHVW������������

>�@�*|NW�UN�%D\GDU��1�� �DQG�g]NDQ��*����������7RFRSKHURO�
FRQWHQWV�RI�VRPH�7XUNLVK�ZLQH�E\�SURGXFWV��(XU��)RRG�
5HV��7HFKQRO���������������

>�@�1HUDQW]LV�� (�7�� DQG� 7DWDULGLV�� 3�� �������� ,QWHJUDWHG�
HQRORJ\�XWLOL]DWLRQ� RI� ZLQHU\� E\SURGXFWV� LQWR� KLJK�
DGGHG� YDOXH� SURGXFWV�� -RXUQDO� RI� 6FLHQFH� DQG�
7HFKQRORJ\��H�-67���������������

>�@�/D]]q��0�&�� 3L]]DOD��5���*XWLpUUH]� 3HFKDUURPiQ�� )�-���
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DQG�%LDQFKL��/����������*UDSH�ZDVWH�H[WUDFW�REWDLQHG�E\�
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FHOOV�� �������������-�0HG�)RRG�
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>��@�&KDQG�� 5��� 1DULPXUD�� .��� .DZDNLWD�� +��� 2KWR�� .���
:DWDUL�� 7�� DQG� ,QRXH�� .�� �������� *UDSH� ZDVWH� DV� D�
ELRVRUEHQW�IRU�UHPRYLQJ�&U�9,��IURP�DTXHRXV�VROXWLRQ��
-��RI�+D]DUGRXV�0DWHU൴DOV�����������������

>��@� 7DQJRODU��6��*���g]R÷XO��<���7DQJRODU��6���DQG�7RUXQ��$��
��������(YDOXDWLRQ�RI� IDWW\�DFLG�SUR¿OHV�DQG�PLQHUDO�
FRQWHQW�RI�JUDSH�VHHG�RLO�RI�VRPH�JUDSH�JHQRW\SHV��,QW��
-��RI�)RRG�6FL��$QG�1XWULWLRQ���������������

>��@�:LQNOHU��$�-���&RRN�� -�$���.OLHZHU��:�0�� DQG�/LGHU��
/�$����������*HQHUDO�9LWLFXOWXUH��8QLY��RI�&DOLI��3UHVV��
%HUNHOH\��/RV�$QJHOHV������S��

>��@�dHOLN�� �+���$÷DR÷OX��<�6���)LGDQ��<���0DUDVDOÕ��%��DQG�
6|\OHPH]R÷OX�� *�� �������� *HQHO� ED÷FÕOÕN�� 6XQ¿GDQ�
$�ù���0HVOHNL�.LWDSODU�6HULVL��������V�

>��@�$UDV��g�� ��������h]�P� YH� �]�P� �U�QOHULQLQ� WRSODP�
NDUERQKLGUDW��SURWHLQ��PLQHUDO�PDGGH�YH�IHQROLN�ELOHúLN�
LoHULNOHULQLQ� EHOLUOHQPHVL� �<�NVHN� /LVDQV� 7H]L��
6�OH\PDQ�'HPLUHO�hQLY��)HQ�%LOLPOHUL�(QVW���%DKoH�
%LWNLOHUL�$QDELOLP�GDOÕ��,VSDUWD�����V��

>��@�&RQGH��&���6LOYD�� �3��� �)RQWHV�� � �1��� �'LDV�� �$��&��3���
7DYDUHV��5��0���6RXVD���0��-��� �$JDVVH��$��� �'HOURW��6��
DQG�*HUyV��+����������%LRFKHPLFDO�FKDQJHV�WKURXJKRXW�
JUDSH�EHUU\�GHYHORSPHQW�DQG�IUXLW�DQG� �ZLQH�TXDOLW\��
)RRG�����������

>��@�%HUWROGL�� '��� /DUFKHU�� 5��� %HUWDPLQL�� 0��� 2WWR�� 6���
&RQFKHUL��*���DQG�1LFROLQL��*����������$FFXPXODWLRQ�
DQG�GLVWULEXWLRQ�SDWWHUQ�RI�PDFUR��DQG�PLFURHOHPHQWV�
DQG�WUDFH�HOHPHQWV�LQ�9LWLV�YLQLIHUD�/��&Y��&KDUGRQQD\�
EHUULHV��-��$JULF��)RRG�&KHP��������±�����

>��@�'KDUPDGKLNDUL�� 0�� �������� �&RPSRV൴W൴RQ� RI� JUDSHV�
$FFHVVHG�RQ�'HFHPEHU����������

>��@� 6PLWK��6�(����������:KDW�DUH�VRPH�KHDOWK�EHQH¿WV�RI�
JUDSHV"��$FFHVVHG�RQ�'HFHPEHU����������

>��@� 7DQJRODU��6��*���g]R÷XO��)���7DQJRODU��6�� �DQG�<D÷PXU��
&����������7RFRSKHURO�FRQWHQW�LQ�¿IWHHQ�JUDSH�YDULHWLHV�
REWDLQHG� XVLQJ� D� UDSLG� +3/&� PHWKRG�� -� RI� )RRG�
&RPSRVLWLRQ�DQG�$QDO\VLV��������������

>��@� 3HWHUVRQ��5�� �������� ��*URZ൴QJ� JUDSHV� DQG� WKH൴U� XVHV
$FFHVVHG�RQ�'HFHPEHU����������

>��@� 6RNDO�� 5�� 5�� DQG� 5RKOI� )�-�� �������� %LRPHWU\�� 7KH�
3ULQFLSOHV� DQG� 3UDFWLFH� RI� 6WDWLVWLFV� LQ� %LRORJLFDO��
5HVHDUFK���QG�HG��:�+��)UHHPDQ�DQG�&RPSDQ\��6DQ�
)UDQFLVFR��&DOLIRUQLD������S�

>��@�2WW��/����������$Q�LQWURGXFWLRQ�WR�6WDWLVWLFDO�0HWKRGV�
DQG�'DWD�$QDO\VLV��3:6�.(17�3XEOLVKLQJ�&RPSDQ\��
%RVWRQ�0DVVDFKXVHWWV������S�

>��@�$QRQ\PRXV� ��������'U��'HFX\SHUH
V� QXWULHQW� FKDUWV��
)UX൴W�&KDUW��$FFHVVHG�RQ�'HFHPEHU����������

>��@�$QRQ\PRXV� �������� 7KH� ZRUOGV� KHDOWK൴HVW� IRRGV��
JUDSHV��$FFHVVHG�RQ�'HFHPEHU����������

>��@�&DO]DUDQR��)����$PDO¿WDQR��&���6HJKHWWL��/��DQG�
&R]]ROLQR��9����������1XWULWLRQDO�VWDWXV�RI�YLQHV�
DIIHFWHG�ZLWK�HVFD�SURSHU��3K\WRSDWKRO��0HGLWHUU��
�����±���

>��@�%D\VDO��$�� �������%HVOHQPH��+DFHWWHSH�8QLY��6D÷OÕN�
7HNQRORMLVL�<�NVHNRNXOX�%HVOHQPH�YH�'L\HWHWLN�%|O��
+DWLSR÷OX�<D\ÕQODUÕ������'HUV�.LWDEÕ�'L]LVL������øDKLQ�
0DWEDDVÕ������V��$QNDUD�

�
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 � ��$U൴I�$WDN �����<Hú൴P�'R\÷DFÕ �����.HPDO�$��.DKUDPDQ
�� �*�OKDQ�*�OEDVDU�.DQG൴OO൴ �����$EG�OEDN൴�ùHQ

�'HSDUWPHQW�RI�9LWLFXOWXUH��$WDWXUN�+RUWLFXOWXUH�&HQWUDO�5HVHDUFK�,QVWLWXWH��������<DORYD��785.(<


&RUUHVSRQG൴QJ�$XWKRU��DU൴I�DWDN#WDU൴P�JRY�WU�

7XUNH\�LV�WKH�JHQH�FHQWUH�RI�PDQ\�SODQW�VSHFLHV�
DQG�DW�WKH�VDPH�WLPH�KDYH�LPSRUWDQW�SODQW�VSHFLHV�
DQG�GLYHUVLW\��7XUNH\�LV�RQH�RI�WKH�FRXQWULHV�ZLWK�
GLIIHUHQW�HFRORJLF�GXH�WR�LWV�JHRJUDSKLFDO�SRVLWLRQ�
DQG� GLIIHUHQW� FOLPDWH� VWUXFWXUHV�� ,W� LV� DOVR�
VXFFHVVIXOO\� FXOWLYDWHG� LQ�PDQ\� IRUHLJQ� VSHFLHV��
��� RI� WKH� ���� VSHFLHV� NQRZQ� LQ� WKH� ZRUOG� DUH�
JURZQ�LQ�7XUNH\��.LZLIUXLW�LV�RQH�RI�WKHVH�SODQWV�
>�@��'HVSLWH�WKH�IDFW�WKDW�WKH�NLZLIUXLW�KRPHODQG�LV�
&KLQD��WKH�¿UVW�EUHHGLQJ�ZRUN�VWDUWHG�LQ������ZLWK�
WKH�LQWURGXFWLRQ�RI�NLZLIUXLW�VHHGV�WR�1HZ�=HDODQG�
DQG�VSUHDG�RYHU�WKH�ZRUOG�IURP�1HZ�=HDODQG����$�
YHU\�ODUJH�SDUW�RI�WKH�NLZLIUXLW�JURZQ�LQ�7XUNH\�LV�
$FWLQLGLD� GHOLFLRVD� FY�� +D\ZDUG�� +RZHYHU�� LQ�
UHFHQW�\HDUV�QHZ�FXOWLYDUV�KDYH�EHHQ�GHYHORSHG�LQ�
FRXQWULHV�VXFK�DV�,WDO\��1HZ�=HDODQG�DQG�&KLQD��

7KHVH�DUH�FXOWLYDUV�RI�$�FKLQHQVLV�DQG�$�GHOLFLRVD�
ZKLFK�KDYH�GLIIHUHQW�IUXLW�ÀHVK��DURPD�DQG�KDUYHVW�
WLPH�

.LZLIUXLW�ZDV�¿UVW�LQWURGXFHG�WR�7XUNH\�LQ������
DQG� IURP� WKLV� GDWH� WR� GDLO\� �DERXW� ��� \HDUV��
SURGXFWLRQ� KDV� LQFUHDVHG� HYHU\� \HDU�� :LWK� WKH�
LQFUHDVLQJ� SURGXFWLRQ�� DOO� RYHU� WKH� ZRUOG�� WKH�
GHPDQGV� RI� WKH� FRQVXPHUV� EHJDQ� WR� FKDQJH��
&RQVXPHUV�VWDUWHG�WR�GHPDQG�GLIIHUHQW�FXOWLYDUV��
DQG�VWDUWHG�WR�ZRUN�RQ�EUHHGLQJ�WR�GHYHORS�QHZ�
NLZLIUXLW� FXOWLYDUV� WR� SURYLGH� DQ� DOWHUQDWLYH� WR�
VLQJOH�FXOWLYDU�>�@�

,Q�WKLV�EUHHGLQJ�SURJUDP��LW�LV�D�SULRULW\�DLP�WR�
GHYHORS�FXOWLYDUV�RI�NLZLIUXLW�ZLWK�D�\HOORZ�DQG�RU�
UHG�ÀHVKHG�WR�WKH�JURZHU�RI�RXU�FRXQWU\��

�
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\HDUV��*HQRW\SHV�REWDLQHG�IURP�FXOWLYDUV�EHORQJLQJ�WR�$FWLQLGLD�GHOLFLRVD�DQG�$FWLQLGLD�FKLQHQVLV�ZHUH�XVHG�LQ�WKH�
UHVHDUFK��$W�WKH�WLPH�RI�ÀRZHULQJ��SKHQRORJLFDO�REVHUYDWLRQV�RI�PDOH�DQG�IHPDOH�JHQRW\SHV��ZKLFK�DUH�SURPLQHQW�LQ�WKH�
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ÀRZHULQJ�SHULRG��WKH�QXPEHU�RI�VW\OXV��WKH�¿ODPHQW�VL]H��WKH�QXPEHU�RI�IHPDOH�RUJDQV�DQG�WKH�QXPEHU�RI�PDOH�RUJDQV��
)HPDOH�FXOWLYDUV�JHQRW\SHV�WHQG�WR�ÀRZHULQJ�ODWHU�WKDQ�PDOH�FXOWLYDUV�JHQRW\SHV��DQG�IHPDOH�FXOWLYDUV�JHQRW\SHV�KDYH�
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PDOH�W\SHV�
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,Q�DGGLWLRQ��WKH�H[SDQVLRQ�RI�NLZL�SURGXFWLRQ�DUHDV�
LQ� WHUPV� RI� WKH� VXLWDELOLW\� RI� QHZ� FXOWLYDUV� WR�
GLIIHUHQW�HFRORJLFDO�DUHDV��VROYLQJ�WKH�SUREOHP�RI�
HDUO\�KDUYHVW��LW�LV�DOVR�DLPHG�WR�RIIHU�FXOWLYDUV�ZLWK�
GLIIHUHQW� ÀDYRXU� DQG� DURPD� WR� FRQVXPHUV�� ,Q�
DGGLWLRQ� WR� WKHVH�� EHVLGHV� IUHVK� FRQVXPSWLRQ� RI�
NLZLIUXLW�� H[SDQVLRQ� RI� GLIIHUHQW� FRQVXPSWLRQ�
DUHDV� VXFK� DV� FDNH�� IUXLW� MXLFH� DQG� GU\LQJ��
UHGXFWLRQ� RI� NLZLIUXLW� DQG� QXUVHU\� LPSRUWV�� DQG�
UHDFKLQJ� WKH� SRWHQWLDO� RI� RXU� FRXQWU\� WR� H[SRUW�
NLZLIUXLW�DUH�DPRQJ�WKH�DLPV�RI�EUHHGLQJ�SURJUDP�

$OO� $FWLQLGLD� WD[D� DUH� SUREDEO\� IXQFWLRQDOO\�
GLRHFLRXV�� DOWKRXJK� WKLV�KDV�EHHQ�XQHTXLYRFDOO\�
HVWDEOLVKHG�LQ�D�IHZ�WD[D�VXFK�DV�LQ�$�FKLQHQVLV�DQG�
$�SRO\JDPD�� ,Q� DOO� $FWLQLGLD� WD[D� LQ� ZKLFK�
SLVWLOODWH� DQG� VWDPLQDWH�ÀRZHUV� DUH�NQRZQ�KDYH�
EHHQ� GHVFULEHG�� IHPDOH� SODQWV� FDUU\� SLVWLOODWH�
À R Z H U V � Z K L F K � F D Q � E H � G H V F U L E H G � D V�
PRUSKRORJLFDOO\� ³SHUIHFW´� VLQFH� WKH\� KDYH� ERWK�
ZHOO�GHYHORSHG� SLVWLOV� DQG�ZKDW� DSSHDUV� DW� ¿UVW�
VLJKW� WR� EH� QRQ�IXQFWLRQDO� VWDPHQV�ZKHUHDV� WKH�
VWDPLQDWH� ÀRZHUV� RI� PDOH� SODQWV� DUH� FOHDUO\�
XQLVH[XDO�� WKH\� KDYH� VWDPHQV� EXW� RQO\� VPDOO��
UXGLPHQWDU\� RYDULHV� ZKLFK� GRQ
W� FRQWDLQ� YLDEOH�
RYXOHV��0DOH�SODQWV�WKHUHIRUH�GRQ
W�QRUPDOO\�FDUU\�
IUXLW�>�@�

0DOH� DQG� IHPDOH� ÀRZHUV� JURZ� RQ� VHSDUDWH�
NLZLIUXLW�SODQWV�>����@��.LZL�LV�D�GLRHFLRXV�VSHFLHV��
ZLWK�SDOH��VWUDZ�FRORXUHG�ÀRZHUV��DUUDQJHG�VLQJO\�
RU�LQ�JURXSV��DFFRUGLQJ�WR�WKH�FXOWLYDU��7KH�ÀRZHUV�
KDYH�¿YH�VHSDOV�DQG�VL[�SHWDOV�DQG�D�GLDPHWHU�RI�
DERXW�������FP�ZKHQ�RSHQ��7KH�IHPDOH�ÀRZHUV�KDYH�
VHYHUDO�IXQFWLRQDO�VWLJPDWD�LQ�WKH�FHQWUDO�UHJLRQ��
VXUURXQGHG�E\�DQWKHUV�WKDW�SURGXFH�VWHULOH�SROOHQ��
7KH�PDOH� ÀRZHUV� FRQVLVW� RI� D� UXGLPHQWDU\� DQG�
QRQ�IXQFWLRQDO� SLVWLO� DQG� D� ODUJH� QXPEHU� RI�
VWDPHQV�ZLWK�DQWKHUV� WKDW�SURGXFH�YLDEOH�SROOHQ�
JUDLQV�>�@�

'XH�WR�WKH�GLIIHUHQW�ÀRZHU�VWUXFWXUH�RI�NLZLIUXLW�
FRPSDUHG�WR�RWKHU�VSHFLHV��ÀRZHU�SKHQRORJ\�DQG�
PRUSKRORJ\� PXVW� EH� ZHOO� HYDOXDWHG� GXULQJ� WKH�
EUHHGLQJ� SURJUDP�� ,Q� WKLV� VWXG\�� WKH� ÀRZHU�
PRUSKRORJ\� DQG� SKHQRORJ\� RI� WKH� +RUW��$��
-LQWDR�� +D\ZDUG�� 7RSVWDU� DQG� ������ VHHGOLQJV�
ZHUH�HYDOXDWHG�IRU�WZR�\HDUV�

0$7(5,$/6�$1'�0(7+2'6

3ODQW�0DWHULDOV
7KH� UHVHDUFK� ZDV� FDUULHG� RXW� LQ� $WDW�UN�

+RUWLFXOWXUDO� &HQWUDO� 5HVHDUFK� ,QVWLWXWH� LQ�
NLZLIUXLW� EUHHGLQJ� SORW�� 7KH� $�GHOLFLRVD� FY��

+D\ZDUG� ZKLFK� LV� ��� \HDUV� ROG� ZDV� XVHG� DV� D�
URRWVWRFN��+\EULG�JHQRW\SHV�ZHUH�JUDIWHG�RQ�WKLV�
FXOWLYDU��$OO�K\EULG�JHQRW\SHV�ZHUH�REWDLQHG�ZLWK�
RSHQ� SROOLQDWLRQ�� )ORZHU� FKDUDFWHULVWLFV� ZHUH�
HYDOXDWHG�LQ�WKH��WK�DQG��WK�\HDUV�DIWHU�JUDIWLQJ��
*HQRW\SHV�XVHG�LQ�WKH�UHVHDUFK��

6HHGOLQJV� RI� +RUW� ���$��+2�$����� +2������
+2�,����� +2������ +2���� +2�'����� +2�+�����
+2�����+2������+2�����
6HHGOLQJV�RI��������%�����%�����%�����%�����%�
����%�����%�����%���
6HHGOLQJV�RI�-LQWDR��-������-������-������-����
&URVV� RI� +D\ZDUG� DQG�7RSVWDU�� 7+����� 7+�����
7+�����7+���
$OVR�0DWXD��7RPXUL�DQG�+D\ZDUG�XVHG�DV�FRQWURO�
FXOWLYDUV�

0HWKRGV
)ORZHULQJ� GDWHV� ZHUH� IROORZHG� GXULQJ�$SULO�

DQG� 0D\� WR� LGHQWLI\� SKHQRORJ\� RI� NLZLIUXLW�
JHQRW\SHV� GXULQJ� WKH� WZR� JURZLQJ� VHDVRQ�� 7KH�
ÀRZHU� VDPSOHV� XVHG� LQ� WKH� UHVHDUFK�ZHUH� WDNHQ�
ZKHQ� ���� ÀRZHULQJ� LQ� HDFK� JHQRW\SH�� ,W� ZDV�
EURXJKW�WRJHWKHU�ZLWK�WKH�ÀRZHU�VWDON�DQG�EURXJKW�
WR�WKH�ODERUDWRU\�WR�EH�H[DPLQHG��0HDVXUHPHQWV�
ZHUH�PDGH�ZLWK�GLJLWDO�FDOOLSHUV�

1XPEHU�RI�VHSDO��QXPEHU�RI�SHWDO��QXPEHU�RI�
VWDPHQ��¿ODPHQW�OHQJWK��PP��DQG�ZLGWK�RI�RYDU\�
�PP�� ZHUH� GHWHUPLQHG� LQ� PDOH� JHQRW\SHV�� ,Q�
DGGLWLRQ� WR� WKHVH� ÀRZHU� FKDUDFWHULVWLFV�� WKH�
QXPEHU� RI� VW\OXV� DQG� VW\OXV� OHQJWK� �PP�� LQ� WKH�
IHPDOH�JHQRW\SHV�ZHUH�DOVR�GHWHUPLQHG��$W�OHDVW�
���ÀRZHUV�IURP�HDFK�JHQRW\SH�ZHUH�DQDO\VHG�

5(68/76�$1'�',6&866,21

$V�WKH�JHQRW\SHV�RI�WKH�GLIIHUHQW�VSHFLHV�ZHUH�
H[DPLQHG��QDWXUDOO\�ÀRZHULQJ�YDULHG�LQ�WKH�GDWHV��
$OVR�WKH�FOLPDWH�GDWD�IRU�WKH�\HDUV�RI�WKH�VWXG\�DUH�
JLYHQ�LQ�)LJXUH����7KH�EHJLQQLQJ�RI�ÀRZHULQJ�ZDV�
GHWHUPLQHG� UHVSHFWLYHO\� DV� +RUW��$� �+2��
VHHGOLQJV�� ������ �%�� � VHHGOLQJV�� -LQWDR� �-���
VHHGOLQJV�� DQG� ¿QDOO\� 7RSVWDU�+D\ZDUG� �7+���
VHHGOLQJV��7KH�ÀRZHULQJ�VWDUW�GDWHV�DUH�JLYHQ�LQ�
7DEOH���IRU������DQG�������

7KH�GDWHV�RI�WKH�VWDUW�RI�ÀRZHULQJ�RI�+RUW��$�
VHHGOLQJV� ZHUH� GHWHUPLQHG� DV� WKH� ¿UVW� ZHHN� RI�
0D\�DQG�WKH�ODVW�ZHHN�RI�$SULO��

�
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7KH� ÀRZHULQJ� GDWHV� RI� WKH� -LQWDR� VHHGOLQJV�
ZHUH�GHWHUPLQHG�DV�WKH�VHFRQG�DQG�WKLUG�ZHHN�RI�
0D\��7KH�ÀRZHULQJ�GDWHV�RI�������VHHGOLQJV�ZHUH�
GHWHUPLQHG�DV�WKH�¿UVW�DQG�VHFRQG�ZHHN�RI�0D\��
6HHGOLQJV� RI� +D\ZDUG�� 7RPXUL�� 0DWXD� DQG�
7RSVWDU�+D\ZDUG� �7+�� ZHUH� GHWHUPLQHG� DV� WKH�
WKLUG�DQG�IRXUWK�ZHHN�RI�0D\�WR�EHJLQQLQJ�RI�WKH�
ÀRZHULQJ�

)HPDOH� DQG� PDOH� ÀRZHUV� ZHUH� GHWHUPLQHG�
GXULQJ� WZR� YHJHWDWLRQ� SHULRGV�� 7KH� ÀRZHU�
FKDUDFWHULVWLFV�RI�IHPDOH�DQG�PDOH�JHQRW\SHV�DUH�
JLYHQ�LQ�7DEOH���DQG���DV�DYHUDJH�RI�WZR�\HDUV��7KH�
QXPEHU� RI� PDOH� RUJDQV� �QXPEHU� RI� VWDPHQ�� LQ�
7R P X U L � � 0 D W X D � � 7 + � � � � D Q G � 7 + � � ��
FXOWLYDUV�JHQRW\SHV� ZHUH� KLJKHU� WKDQ� WKH� RWKHU�
JHQRW\SHV��7KH�QXPEHU�RI�PDOH�RUJDQV�ZDV�������
LQ�7RPXUL�������LQ�0DWXD�������LQ�7+����DQG������
LQ�7+����� ,Q�RWKHU�PDOH�JHQRW\SHV�� WKH� DYHUDJH�
QXPEHU�RI�PDOH�RUJDQV�ZDV�������

7KH�QXPEHU�RI�VHSDO�ZDV�IRXQG�WR�EH�FORVH�WR�
HDFK�RWKHU� LQ�DOO�FXOWLYDUV�JHQRW\SHV��DQG� LW�ZDV�
�����RQ�DYHUDJH��7KH�SHWDOV�DUH�WKH�PRVW�EHDXWLIXO�
DQG�JODPRURXV�SDUW�RI�WKH�NLZL�ÀRZHU��7KH�QXPEHU�
R I � S H W D O V � Z D V � F O R V H � W R � � � � � � L Q � D O O�
FXOWLYDUV�JHQRW\SHV��7KH�JHQRW\SHV�LQ�WKH�¿ODPHQW�
VL]H��PP��DQG�WKH�IHPDOH�RUJDQ�VL]H��PP��ZHUH�
IRXQG�FORVH�WR�HDFK�RWKHU��)LJXUH����

7KH�QXPEHU�RI�PDOH�RUJDQV�ZDV� IRXQG� WR�EH�
KLJKHU�WKDQ�RWKHU�JHQRW\SHV�LQ�+D\ZDUG����������
7+������������DQG�7+������������EXW�WKH\�DUH�QRW�
IXQFWLRQDO�� �+D\ZDUG�����PP�DQG�7+��������PP�
ZHUH�IRXQG�WR�EH�ORQJHU�WKDQ�RWKHU�W\SHV�LQ�WHUPV�
RI�OHQJWK�RI�VW\OXV�OHQJWK��PP���)HPDOH�ÀRZHUV�
KDYH� DQ� DYHUDJH�RI� ������ WKH� QXPEHU� RI� VW\OXV��
ZKLOH�PDOH�ÀRZHUV�DUH�QRW�IXQFWLRQDO��7KH�QXPEHU�
RI�VW\OXV�ZDV�IRXQG�WR�EH������LQ�%����DQG������LQ�
%����DQG�LW�ZDV�IRXQG�WKDW�WKH\�KDG�PRUH�VW\OXV�
FRPSDUHG� WR� RWKHU� JHQRW\SHV�� %HFDXVH� RI� WKH�
ÀRZHU� VWUXFWXUH� RI� NLZLIUXLW�� PDOH� DQG� IHPDOH�
SODQWV� PXVW� EORRP� DW� WKH� VDPH� WLPH� ZLWK� HDFK�
RWKHU��7KLV�LV�YHU\�LPSRUWDQW�IRU�EHWWHU�IUXLW�VHW�DOVR�
TXDOLW\��7KH�LPSRUWDQFH�RI�FRUUHFW�LGHQWL¿FDWLRQ�RI�
ÀRZHU�FKDUDFWHULVWLFV�KDV�DOVR�EHHQ�HPSKDVL]HG�LQ�
EUHHGLQJ�VWXGLHV�>�@��7KLV�LV�HVSHFLDOO\�LPSRUWDQW�
IRU� FXOWLYDUV�JHQRW\SHV� EHORQJLQJ� WR� WKH�
$�FKLQHQVLV��ZKLFK�KDYH�PRUH�ÀRZHUV��*HQHUDOO\��
DUWL¿FLDO� SROOLQDWLRQ� DSSOLFDWLRQV� WR� $�FKLQHQVLV�
JHQRW\SHV�LQFUHDVH�\LHOG�DQG�TXDOLW\�>����@��0DOH�
FXOWLYDUV�JHQRW\SHV� KDYH� VLQJOH�� WULSOH�� DQG� ¿YH�
ÀRZHUV�� ZKHUHDV� IHPDOH� ÀRZHUV� XVXDOO\� KDYH�

VLQJOH� DQG� GRXEOH� ÀRZHUV�� ,Q� DGGLWLRQ�� PDOH�
ÀRZHUV� PDNH� LW� HDVLHU� WR� GLVWLQJXLVK� EHWZHHQ�
IHPDOH� DQG�PDOH�ÀRZHUV� GXH� WR� VPDOO� DQG�QRQ�
IXQFWLRQDO� VWUXFWXUHV� RI� WKH� RYDULHV�� ,W� ZDV�
REVHUYHG�WKDW�PDOH�ÀRZHUV�EORRPHG�HDUOLHU�WKDQ�
IHPDOH� ÀRZHUV� DQG� UHPDLQHG� ÀRZHULQJ� IRU� D�
ORQJHU�WLPH�

0DOH� ÀRZHUV� DOVR� VHFUHWH� DQ� DURPDWLF� RGRXU�
WKDW� DWWUDFW� LQVHFWV� >�@�� 7KLV� LQFUHDVHV� WKH�
SROOLQDWLRQ�UDWH��$�VLPLODU�VLWXDWLRQ�ZDV�REVHUYHG�
LQ� WKH� FXOWLYDUV�JHQRW\SHV� XVHG� LQ� WKH� VWXG\��
GLIHUHQW�UHVHDUFKHUV�DUH�PDGH�VLPLODU�FRPPHQWV�LQ�
WKHLU�VWXG\�>������@��,Q�WKH�+D\ZDUG�YDULHW\�� WKH�
IHPDOH�RUJDQ�ZDV�IRXQG�WR�EH�����PP�ZLGH��WKH�
VW\OXV� VL]H�����PP�DQG� WKH� VW\OXV�QXPEHU�������
6LPLODU�WR�WKLV�VWXG\��DOVR�LW�ZDV�UHSRUWHG�WKDW����
���QXPEHU�RI�VW\OXV�ZHUH�FDUULHG�E\�WKH�+D\ZDUG�
FXOWLYDU�>��@�

$V�D�UHVXOW��IHPDOH�FXOWLYDUV�JHQRW\SHV�WHQG�WR�
ÀRZHULQJ�ODWHU�WKDQ�PDOH�FXOWLYDUV�JHQRW\SHV��DQG�
IHPDOH�FXOWLYDUV�JHQRW\SHV�KDYH�VKRUWHU�¿ODPHQW�
OHQJWK�WKDQ�PDOH�FXOWLYDUV�JHQRW\SHV��,W�KDV�DOVR�
EHHQ� FOHDUO\� REVHUYHG� WKDW� RYDULHV� DUH� QRW�
IXQFWLRQDO�LQ�PDOH�W\SHV�

&21&/86,216

.LZLIUXLW� EUHHGLQJ� KDV� JDLQHG�PRPHQWXP� LQ�
UHFHQW�\HDUV�GXH�WR�FKDQJLQJ�FRQVXPHU�GHPDQGV���
'XH�WR�WKH�ÀRZHU�VWUXFWXUH��WKH�PDOH�DQG�IHPDOH�
JHQRW\SHV�RI�WKH�NLZLIUXLW�PXVW�EH�ZHOO�HYDOXDWHG��
6RPH�LPSRUWDQW�JHQRW\SHV�KDYH�EHHQ�H[DPLQHG�LQ�
WKLV�VWXG\�FRQGXFWHG�IRU�WKLV�SXUSRVH��,W�LV�WKRXJKW�
WKDW� WKLV� VWXG\� ZLOO� FRQWULEXWH� WR� VSHHG� XS� WKH�
EUHHGLQJ�VWXGLHV�DQG�FRQWULEXWH�WR�WKH�TXDOLW\�RI�
IUXLW�� � � ,W� VKRXOG� DOVR� EH� UHPHPEHUHG� WKDW� WKH�
TXDOLW\�RI�WKH�IUXLW�LV�DEVROXWHO\�LPSRUWDQW�LQ�WKH�
KDUPRQ\�RI�D�JRRG�PDOH�DQG�IHPDOH�SODQW�

�
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7DEOH����)൴UVW�ÀRZHU൴QJ�GDWH�RI�JHQRW\SHV

7DEOH����6RPH�ÀRZHU�FKDUDFWHU൴VW൴FV�RI�IHPDOH�JHQRW\SHV
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7DEOH����6RPH�ÀRZHU�FKDUDFWHU൴VW൴FV�RI�PDOH�JHQRW\SHV

)൴JXUH���������DQG������FO൴PDWH�GDWD�RI�H[SHU൴PHQWDO�DUHD
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>�@� .RUNXWDO��,��.|N��'��%DKDU��(��DQG�6DUÕND\D��&��
���������'HWHUP൴QDW൴RQ�RI�ÀRZHU�PRUSKRORJ൴HV�DQG�
SKHQRORJ൴HV�൴Q�+D\ZDUG�DQG�0DWXD�N൴Z൴IUX൴W�
�$FW൴Q൴G൴D�GHO൴F൴RVD��FXOW൴YDUV��$NGHQ൴]�8Q൴YHUV൴W\�
-RXUQDO����������������

>�@� $WDN��$��.DKUDPDQ��.�$��'R\JDFÕ��<��DQG�ù൴UH��*�*��
�������� .൴Z൴IUX൴W� %UHHG൴QJ� DQG� � 2EWD൴Q൴QJ� 1HZ�
&XOW൴YDUV�൴Q�7XUNH\��$FWD�+RUW൴FXOWXUDH�����������������

>�@� +XDQJ�� +�� �������� 7KH� *HQXV� $FW൴Q൴G൴D�� $� :RUOG�
0RQRJUDSK��6F൴HQFH�3UHVV�%H൴M൴QJ��&K൴QD���3������

>�@� +DUYH\��&�)��*൴OO��*�3�� )UDVHU�� /�*�� DQG�0F1H൴ODJH��
0�$����������6H[�GHWHUP൴QDW൴RQ�൴Q�$FW൴Q൴G൴D�����6H[�
O൴QNHG� PDUNHUV� DQG� SURJHQ\� VH[� UDW൴R� ൴Q� G൴SOR൴G� $��
FK৻QHQV৻V��6H[XDO�3ODQW�5HSURGXFW൴RQ��9ROXPH��������
��������

>�@� $XVW൴Q��3�7��+DOO��$�-��6QHOJDU��:�3��DQG�&XUU൴H��0�-��
��������0RGHOO൴QJ�.൴Z൴IUX൴W�%XGEUHDN�DV�D�)XQFW൴RQ�RI�
7HPSHUDWXUH�DQG�%XG�,QWHUDFW൴RQV��$QQDOV�RI�%RWDQ\��
������������

>�@� %RUJKH]DQ�� 0�� &ODXPDQ�� $�'�� 6WH൴QPDFKHU�� '�$��
*XHUUD��0�3��2UWK��$�,�� �������� ,Q�Y൴WUR�Y൴DE൴O൴W\�DQG�
SUHVHUYDW൴RQ� RI� SROOHQ� N൴Z൴� �$FW৻Q৻G৻D� FK৻QHQV৻V� YDU��
GHO৻F৻RVD� �� $�� &KHY�� $�&KHY��� &URS� %UHHG൴QJ� DQG�
$SSO൴HG�%൴RWHFKQRORJ\�������������

>�@� /HVFRXUUHW�� )�� %OHFKHU�� 1�� +DE൴E�� 5�� &KDGRHXI�� -��
$JRVW൴Q൴�� '�� 3D൴OO\�� 2�� 9D൴VV൴qUH�� %�� DQG� 3RJJ൴�� ,��
�������� 'HYHORSPHQW� RI� D� 6൴PXODW൴RQ� 0RGHO� IRU�
6WXG\൴QJ�.൴Z൴IUX൴W�2UFKDUG�0DQDJHPHQW��$JU൴FXOWXUDO�
6\VWHPV��9ROXPH�����S����������,VVXH���

>�@� 7HVWRO൴Q�� 5�� DQG� )HUJXVRQ�� $�5�� �������� .൴Z൴IUX൴W�
�$FW৻Q৻G৻D�VSS���SURGXFW൴RQ�DQG�PDUNHW൴QJ�൴Q�,WDO\��1HZ�
=HDODQG�-RXUQDO�RI�&URS�DQG�+RUW൴FXOWXUDO��6F൴HQFH�����
�����

>�@� 0DODERHI��)�� ��������3ROOHQ�)ORZ�DQG�3ROO൴QDW൴RQ� ൴Q�
.൴Z൴IUX൴W� D� )XQFW൴RQDOO\� '൴RHF൴RXV� 6SHF൴HV�� 7KHVH�
'RFWRUDW�8Q൴YHUV൴W\��0RQWSHOO൴HU�,,��)UDQFH�

>��@� .൴QJ�� 0�-�� DQG� )HUJXVRQ�� $�0�� �������� 9൴EUDWRU\�
&ROOHFW൴RQ� RI�$FW൴Q൴G൴D� GHO൴F൴RVD� �.൴Z൴IUX൴W�� 3ROOHQ��
$QQDOV�RI�%RWDQ\�������������

>��@� *RRGZ൴Q��5�0����������$IWHUQRRQ�'HFO൴QH�൴Q�.൴Z൴IUX൴W�
3ROOHQ�&ROOHFW൴RQ��1HZ�=HDODQG�-RXUQDO�RI�&URS�DQG�
+RUW൴FXOWXUDO�6F൴HQFH���������������

>��@� +RZSDJH�� '�� 9൴WKDQDJH�� 9�� DQG� 6SRRQHU�+DUW�� 5��
�������� 3ROOHQ� 7XEH� '൴VWU൴EXW൴RQ� ൴Q� WKH� .൴Z൴IUX൴W�
�$FW൴Q൴G൴D� GHO൴F൴RVD�$�� &KHY�� &�� )�� /൴DQJ�� 3൴VW൴O� ൴Q�
5HODW൴RQ�WR�൴WV�5HSURGXFW൴YH�3URFHVV��$QQDOV�RI�%RWDQ\��
9ROXPH����������������

��

)൴JXUH����)XOO�RSHQHG�ÀRZHUV�RI�7RPXU൴��7+�����7+�����DQG�+2��
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��
0HKPHW�7DKLU�.DYDN
�'LFOH�8QLYHUVLW\��)DFXOW\�RI�(GXFDWLRQ��'HSDUWPHQW�RI�3K\VLFV��'L\DUEDNÕU��7XUNH\


&RUUHVSRQG൴QJ�$XWKRU��PWNDYDN#JPD൴O�FRP

0DQ\� VWXGLHV� KDYH� EHHQ� PDGH� RQ� WKH�
UHODW LRQVKLS� EHWZHHQ� 667� �VHD� VXUIDFH�
WHPSHUDWXUH�� DQG� FKORURSK\OO�� IRU� LQVWDQFH� E\�
>�������@�

7KH� XSZHOOLQJ� HYHQW�� GXH� WR� WKH� LQWHUIDFH�
EHWZHHQ� FROG� DQG� ZDUP� ZDWHU� PDVVHV� EULQJV�
QXWULHQWV�XS�IURP�GHHS�ZDWHUV�ZKLFK�LV�DWWUDFWLYH�
WR�SODQNWRQ�DQG�WKHUHIRUH�LW�LV�SRVVLEOH�WR�GHWHFW�
OLNHO\� DUHDV� IRU� SODQNWRQ� FRQFHQWUDWLRQ� E\�
PRQLWRULQJ�WKH�VHD�WHPSHUDWXUH�>�@�
1RUPDOO\�WKH�FDUERQ�GLR[LGH�LQ�WKH�DWPRVSKHUH�LV�
LQ�EDODQFH�ZLWK�WKH�FDUERQ�GLR[LGH�LQ�WKH�RFHDQ��
'XULQJ� SKRWRV\QWKHVLV� SK\WRSODQNWRQ� UHPRYH�
FDUERQ�GLR[LGH�IURP�VHDZDWHU�DQG�UHOHDVH�R[\JHQ�
DV�D�E\�SURGXFW��7KLV�DOORZV�WKH�RFHDQV�WR�DEVRUE�
DGGLWLRQDO�FDUERQ�GLR[LGH�IURP�WKH�DWPRVSKHUH��,I�
IHZHU�SK\WRSODQNWRQ�H[LVWHG��DWPRVSKHULF�FDUERQ�
GLR[LGH�ZRXOG�LQFUHDVH��3K\WRSODQNWRQ�DOVR�DIIHFW�
F D UERQ � G LR[ LGH � O HYH O V � ZKHQ � WKH\ � G L H ��
3K\WRSODQNWRQ��OLNH�SODQWV�RQ�ODQG��DUH�FRPSRVHG�
RI� VXEVWDQFHV� WKDW� FRQWDLQ� FDUERQ�� 'HDG�

SK\WRSODQNWRQ�FDQ�VLQN�WR�WKH�RFHDQ�ÀRRU��2WKHU�
PDWHULDO�VLQNLQJ�WR�RFHDQ�ERWWRP�VRRQ�FRYHUV�WKH�
SK\WRSODQNWRQ���,Q�WKLV�ZD\��WKH�RFHDQ�DFW�DV�D�VLQN��
D� SODFH� WR� GLVSRVH� RI� JOREDO� FDUERQ�� ZKLFK�
RWKHUZLVH�ZRXOG�DFFXPXODWH�LQ�WKH�DWPRVSKHUH�DV�
FDUERQ�GLR[LGH��2WKHU� JOREDO� VLQNV� LQFOXGH� ODQG�
YHJHWDWLRQ�DQG�VRLO��+RZHYHU�WKH�FDUERQ�VLQNV�DUH�
IUHTXHQWO\� UHWXUQHG� WR� WKH�DWPRVSKHUH�DV�FDUERQ�
G LR[ LGH � E\ � EXUQ LQJ � R U � GHFRPSRV L W LRQ ��
'HIRUHVWDWLRQ�FRQWULEXWHV�WR�WKH�DFFXPXODWLRQ�RI�
FDUERQ�GLR[LGH�LQ�WKH�DWPRVSKHUH�E\�UHGXFLQJ�WKH�
UHPRYDO�RI�FDUERQ�GLR[LGH��&DUERQ�GLR[LGH�DFWV�DV�
D�
JUHHQKRXVH
�JDV�LQ�WKH�DWPRVSKHUH��DQG�WKHUHIRUH�
DQ�LQFUHDVH�LQ�LWV�FRQFHQWUDWLRQ�PD\�FRQWULEXWH�WR�
JOREDO�ZDUPLQJ��7KH�LQFUHDVH�RI�FDUERQ�GLR[LGH�
PHDQV�OHVV�ORQJ�ZDYHOHQJWK�HQHUJ\�HPLWWHG�IURP�
WKH�(DUWK�FDQ�HVFDSH�WR�VSDFH���7KLV�ZRXOG�OHDG�WR�D�
JUDGXDO�ZDUPLQJ�RI�WKH�(DUWK��EXW�WKHUH�DUH�RWKHU�
IDFWRUV�WKDW�FRXOG�FRXQWHUDFW�WKLV�ZDUPLQJ�HIIHFW��
7KLV�ZRXOG�OHDG�WR�D�JUDGXDO�ZDUPLQJ�RI�WKH�(DUWK��
EXW� WKHUH� DUH�RWKHU� IDFWRUV� WKDW� FRXOG� FRXQWHUDFW�

��

$%675$&7

.H\ZRUGV��3K\WRSODQNWRQ��&=&6��$9+55��7HPSHUDWXUH��%ODFN�6HD

5HFHLYHG��������������������������$FFHSWHG��������������������������3XEOLVKHG�������������
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$V�DQ�HQFORVHG�VHD��WKH�%ODFN�6HD�KDV�FRXQWOHVV�HFRQRPLF�DFWLYLWLHV��PDLQO\�WDQNHU�WUDI¿F�DQG�¿VKHULHV��DQG�UHFUHDWLRQDO�
DFWLYLWLHV��ZLWK�WKH�FRQVHTXHQFH�RI�EHLQJ�WKUHDWHQHG�E\�GUDPDWLF�GDQJHUV�DQG�SROOXWLRQ��2SWLFDO�UHPRWH�VHQVLQJ�FDQ�
SURYLGH�D�QRYHO�ORRN�DW�SK\VLFDO�SURFHVVHV�DQG�WKHQ�GULYLQJ�PHFKDQLVPV��,W�LV�ZRUWKZKLOH�WR�NQRZ�KRZ�WKH�WHPSHUDWXUH�
DQG�RWKHU�PDULQH�SDUDPHWHUV�FKDQJH�RQ�VHDVRQDO�DQG�ORQJ�WHUP�VFDOHV��
,Q�WKH�SDSHU�&=&6��&RDVWDO�=RQH�&RORU�6FDQQHU��DQG�$9+55��$GYDQFHG�9HU\�+LJK�5HVROXWLRQ�5DGLRPHWHU��VDWHOOLWH�
ZHUH�XVHG�WR�VWXG\�WKH�UHODWLRQVKLS�EHWZHHQ�SKRWRV\QWKHVLV�DQG�667�VLQFH�SK\WRSODQNWRQ�IRUPV�WKH�YHU\�ORZHVW�FOHPHQW�
LQ�WKH�PDULQH�HFRV\VWHP���6DWHOOLWH�GHULYHG�GDWD�FRXOG�SURYLGH�LQIRUPDWLRQ�RQ�WKH�DPRXQW�RI�VHD�OLIH�SUHVHQW�LQ�DQ\�JLYHQ�
DUHD� WKURXJKRXW� WKH�ZRUOG��7KH� LQIRUPDWLRQ� FRXOG� DOVR� EH� XVHIXO� LQ� FRQQHFWLRQ�ZLWK� VWXGLHV� RI� JOREDO� FKDQJHV�P�
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)RU�H[DPSOH��FORXG�FRYHU�UHÀHFWV�VXQOLJKW�EHIRUH�
LW� UHDFKHV� WKH�(DUWK�� DQ� LQFUHDVH� LQ� FORXG� FRYHU�
ZRXOG�UHGXFH�WKH�DPRXQW�RI�VXQOLJKW�WKDW�UHDFKHV�
WKH�(DUWK
V�VXUIDFH�

,I� ZH� FDQ� VHW� XS� D� UHODWLRQVKLS� EHWZHHQ�
SKRWRV\QWKHVLV�DQG�WHPSHUDWXUHV��VDWHOOLWHV�FRXOG�
DLG�LQ�GHWHUPLQLQJ�WKH�DPRXQW�RI�VHD�OLIH�SUHVHQW�LQ�
DQ\� JLYHQ� DUHD� WKURXJKRXW� WKH� ZRUOG�� � 7KH�
LQIRUPDWLRQ�FRXOG�DOVR�EH�XVHG�WR�H[SODLQ�JOREDO�
FKDQJHV�LQ�WHPSHUDWXUH�DQG�ZKDW�HIIHFW�WKH\�FRXOG�
KDYH�RQ�WKH�WRWDO�DEXQGDQFH�RI�PDULQH�OLIH�

+RRG�HW�DO��>�@�OHG�D�WZR�GD\�FUXLVH�LQ�ZKLFK�KH�
FROOHFWHG� ERWK� VDWHOOLWH� WKHUPDO� GDWD� DV�ZHOO� DV�
ELRORJLFDO� GDWD� RII� WKH� FRDVW� RI� QRUWKHUQ�
&DOLIRUQLD��+LV� WHDP� IRXQG� WZR� GLVWLQFW�ZDWHUV�
PDVVHV��RQH�KRW�DQG�RQH�FROG��ZKLFK�ZHUH�GLYLGHG�
E\�D�IURQW���2Q�WKH�ODQGZDUG�VLGH�RI�WKH�IURQW��WKH\�
IRXQG�WKDW�WKHUH�ZDV�D�VKDUS�GHFOLQH�LQ�667��VHD�
VXUIDFH�WHPSHUDWXUH��DV�ZHOO�DV�DQ�DEXQGDQFH�RI�
SK\WRSODQNWRQ�ELRPDVV��2Q�WKH�VHDZDUG�VLGH�RI�
WKH�IURQW��WKH\�REVHUYHG�DQ�LQFUHDVH�LQ�667�DV�ZHOO�
DV� D� GHFUHDVH� LQ� WKH� DPRXQW� RI� SK\WRSODQNWRQ�
ELRPDVV��+RZHYHU�5RELQVRQ�DQG�/H%��:LOOLDPV�
>�@� ZKR� SHUIRUPHG� DQRWKHU� VWXG\� LQ� WKH� PLG�
����V�LQ�WKH�%ULWLVK�$QWDUFWLF�GLG�QRW�VXSSRUW�WKH�
K\SRWKHVLV� WKDW�667��6HD�6XUIDFH�7HPSHUDWXUH��
GLUHFWO\� DIIHFWV� WKH� DPRXQW� RI� FKORURSK\OO�
FRQFHQWUDWLRQ�� &RUUHODWLRQ� EHWZHHQ� 667� DQG�
FKORURSK\OO�SLJPHQW�FRQFHQWUDWLRQ�KDV�DOVR�EHHQ�
LQYHVWLJDWHG�E\�1\NMDHU�DQG�9DQ�&DPS�>�@�RQ�D�
1RUWKZHVW�$IULFDQ�XSZHOOLQJ�DUHD��1\NMDHU�DQG�
9DQ� &DPS� >�@� XVHG� WHQ� VLPXOWDQHRXV� SDLU� RI�
&=&6�DQG�12$$�*$&�LPDJHV�DQG�WKH�LPDJHV�
ZHUH�DQDO\]HG�ZLWK�UHVSHFW�WR�

D��'HVFULELQJ�WKH�UHODWLRQVKLS�EHWZHHQ�667�
DQG�&+/��WRWDO�SLJPHQW�FRQFHQWUDWLRQ��LQ�WHUPV�
RI� VLPLODULWLHV�� GLVFUHSDQFLHV� DQG� VSDWLDO�
YDULDELOLW\

E��,GHQWLI\LQJ�GLIIHUHQW�ZDWHU�PDVVHV�WKURXJK�
WKH�UHODWLRQVKLS�EHWZHHQ�667�DQG�&+/

F�� ,QIHUULQJ� FRQFHSWV� RI� XSZHOOLQJ� HYHQWV�
EDVHG�RQ�WKH�667�&+/�UHODWLRQVKLS��7KH\�GLG�QRW�
¿QG� D� OLQHDU� FRUUHODWLRQ� EHWZHHQ� SLJPHQW�
FRQFHQWUDWLRQ�DQG�WHPSHUDWXUH�LQ�WKH�VXUIDFH�

7KH�SLJPHQW�SDWWHUQ�RI�WKH�%ODFN�6HD�KDV�EHHQ�
VWXGLHG�IURP�VSDFH�XVLQJ�WKH�&=&6�E\�%DUDOH�DQG�
0XUUD\� >�@� DQG� %DUDOH� DQG� 6FKOLWWHQKDUG� >�@��
7KHLU�¿QGLQJV��LQ�DOO�RI�WKH�&=&6�LPDJHV��WKH\�
FRQVLGHUHG� FRPSRVLWHG� LPDJHV�� DYDLODEOH��
VKRZHG� WKDW� PDMRU� ULYHUV� VXFK� DV� WKH� 'DQXEH��
'QHVWU�DQG�'QHSU��WKH�'RQ�LQ�WKH�VHD�RI�$]RY��DV�
ZHOO� DV� RWKHU� PLQRU� ULYHUV�� PRVWO\� DORQJ� WKH�
ZHVWHUQ� DQG� VRXWKHUQ� FRDVW� RI� WKH� %ODFN� 6HD��

SURGXFH� GLVWLQFW� SOXPHV� LQWHUDFWLQJ� ZLWK� WKH�
PDULQH�HQYLURQPHQW��:LWKLQ�WKH�UDQJH�RI�SOXPHV��
DV� ZLWK� FRDVWDO� UXQRII� LQ� JHQHUDO�� LW� LV� RIWHQ�
LPSRVVLEOH� IRU� WKH� &=&6� WR� GLVWLQJXLVK� WKH�
VLJQDWXUH�RI�ELRJHQLF�SLJPHQWV�IURP�WKDW�RI�WKH�
WRWDO� ORDG�RI�GLVVROYHG�DQG�VXVSHQGHG�PDWHULDOV�
SUHVHQW�LQ�WKH�ZDWHU

7KH�PDLQ�IHDWXUH�RI�WKH�%ODFN�6HD�DSSHDULQJ�LQ�
WKH�2&($1�WLPH�VHULHV�RI�FRPSRVLWH�LPDJHV�LV�
WKH� KLJK� SLJPHQW� FRQFHQWUDWLRQ�� 7KLV� FRXOG�
SRVVLEO\� EH� UHODWHG� WR� WKH� FRPELQHG� HIIHFW� RI�
FRDVWDO� UXQRII�� VWURQJ� VWUDWL¿FDWLRQ� DQG�
FLUFXODWLRQ� LQ� JHQHUDO�� RQ� WKH� SUHVHQFH� DQG�
DEXQGDQFH�RI�VXVSHQGHG�DQG�GLVVROYHG�PDWWHU�LQ�
VXUIDFH�ZDWHUV�� �7KH�LPSDFW�RQ�WKH�VXUIDFH�FRORU�
¿HOG�RI�ULYHU�GLVFKDUJHV�DORQJ�WKH�ZHVWHUQ�FRDVW�
FDQ�UHDGLO\�EH�HYDOXDWHG�>�@�

7+(�'$7$
���NP� UHVROXWLRQ� VFHQHV� IURP� WKH�&=&6�DQG�

WKH�$9+55�&'�520��&RPSDFW�'LVF�5HDG�2QO\�
0HPRU\��VHW�ZHUH�XVHG�>�@�FRQWDLQLQJ�FKORURSK\OO�
SLJPHQW�FRQFHQWUDWLRQ�DQG�667�UHVSHFWLYHO\��7KH�
&'�520�VHW�ZDV�REWDLQHG�IURP�1$6$��1DWLRQDO�
$HURQDXWLFV� DQG� 6SDFH� $GPLQLVWUDWLRQ��� 7ZR�
VDWHOOLWH� GHULYHG� GDWD� VHWV� SUHVHQWHG� RQ� WKH�
&'ā520�ZHUH�LQ�FR�UHJLVWHUHG�IRUPDW�>�@�

'$7$�$1$/<6,6
��� LPDJHV� RI� WKH� %ODFN� 6HD� ZHUH� H[WUDFWHG�

IURP� WKH�1$6$�&'�520�VHW�� �6WDWLVWLFV�ZHUH�
FDOFXODWHG�E\�H[FOXGLQJ�ÀDJ�YDOXHV�IRU�WKH�ZKROH�
EDVLQ�� ��� RI� WKH� LPDJHV� ZHUH� IURP� WKH� &=&6�
PRQWKO\� DYHUDJHG� SK\WRSODQNWRQ� SLJPHQW�
FRQFHQWUDWLRQ�� WKH�RWKHU����ZHUH� IURP�$9+55�
PRQWKO\� DYHUDJHG� 667� IRU� WKH� VDPH� WLPH��7KH�
FURVV�SORW�RI����LPDJHV�LV�SUHVHQWHG�LQ�)LJXUH����
%RWK� PRQWKO\� DYHUDJHG� FKORURSK\OO� SLJPHQW�
FRQFHQWUDWLRQ�DQG�667�KDYH�EHHQ�SORWWHG�DJDLQVW�
WLPH�LQ�)LJXUH���

7KH�VDWHOOLWH�GDWD�VHWV�JDYH�XV�WKH�LQIRUPDWLRQ�
IRU� WKH� 667� DQG� &+/� YDOXHV� LQ� WKH� IRUP� RI� D�
GLJLWDO� QXPEHU�� '1�� :H� WKHQ� DSSOLHG� WKH�
IROORZLQJ�HTXDWLRQV��DV�VXJJHVWHG�E\�12$$�>�@�
WR�GHWHUPLQH�WKH�667�DQG�&+/�

��
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)LJXUH� �� VKRZV� WKH� PRQWKO\� DYHUDJH�
FKORURSK\OO� SLJPHQW� FRQFHQWUDWLRQ� DQG� 667� RI�
ZKROH� EDVLQ�� 5HODWLRQVKLS� EHWZHHQ� 667� DQG�
FKORURSK\OO� SLJPHQW� FRQFHQWUDWLRQ� ZHUH� QRW�
VLJQL¿FDQWO\�GLIIHUHQW��S�������VWDWLVWLFDOO\�

)LJXUH� �� VKRZV� WKH� YDULDELOLW\� RI� DYHUDJH�
FKORURSK\OO�FRQFHQWUDWLRQ�DQG�667�LQ�D�\HDU��7KH�
¿JXUH� ZHUH� GUDZQ� E\� DYHUDJLQJ� 667� DQG�
FKORURSK\OO� SLJPHQW� FRQFHQWUDWLRQ� IURP� �����
������7KHUH�ZHUH�GHFUHDVH�LQ�ERWK�FKORURSK\OO�DQG�
667�IURP�1RYHPEHU�WR�0DUFK�DQG�LQFUHDVHG�IURP�
0DUFK�WR�-XQH�

)LJXUH���VKRZV�PRQWKO\�DYHUDJHG�&=&6�GDWD�
IRU� WKH� %ODFN� 6HD� IURP� ���������� LQ� ERWK� WKH�
PHDQ�DQG�LQGLYLGXDO�\HDU�FKORURSK\OO�YDULDELOLW\��
7KH� KLJKHVW� YDOXHV� RI� FKORURSK\OO� SLJPHQW�
FRQFHQWUDWLRQ� ZDV� RFFXUUHG� IURP� 6HSWHPEHU� WR�
-DQXDU\� DQG� WKHUH� ZDV� D� VLJQL¿FDQW� GLIIHUHQFHV�
\HDU�E\�\HDU��/D�9LROHWWH�>�@�XVHG�VLPLODU�GDWD�IRU�
WKH� 1RUWK�$GULDWLF� UHJLRQ�� KDYH� IRXQG� WKDW� WKH�
K LJKHV W � YD OXHV � RI � FK ORURSK\O O � S LJPHQW�
FRQFHQWUDWLRQ� RFFXU� LQ� ZLQWHU� PRQWKV�� +LJK�
FKORURSK\OO�SLJPHQW�FRQFHQWUDWLRQ�LQ�ZLQWHU�FRXOG�
EH�GXH� WR� OHVV�VWUDWL¿HG� �EHWWHU�PL[HG�E\�ZLQWHU�
ZLQGV�� ZDWHU� WKDW� LV� PRUH� OLNHO\� WR� EH� ULFK� LQ�
QXWULHQWV�

&21&/86,216

$V�FDQ�EH�VHHQ�IURP�WKH�GDWD�ZHUH�REWDLQHG�RQ�
WKH� &'�520� VHW�� WKHUH� ZDV� QR� HYLGHQFH� RI�
FRUUHODWLRQ� EHWZHHQ� FKORURSK\OO� SLJPHQW�
FRQFHQWUDWLRQ� DQG�667� RI�%ODFN�6HD��7KH� ]HUR�
FRUUHODWLRQ�K\SRWKHVLV�ZDV�WHVWHG�DQG�SDVVHG�ZLWK�
��������FHUWDLQW\�

$V� IDU� DV� LV� NQRZQ� WKHUH� DUH� QR� FOHDU�
LQGLFDWLRQV� DV� WR� ZKHWKHU� WHPSHUDWXUH� ZDV� WKH�
SULQFLSDO� FRPSRQHQW� LQ� GHWHUPLQLQJ� ELRPDVV�
JURZWK�� �7KHUH�DUH�WRR�PDQ\�IDFWRUV�ZKLFK�PXVW�
EH� WDNHQ� LQ� WR� DFFRXQW�� 6XUIDFH� ÀRZ� ]RQHV��
VXEVWUDWH� FRQFHQWUDWLRQ�� WHPSHUDWXUH� JUDGLHQWV��
R[\JHQ� DEXQGDQFH�� DQG� RWKHU� IDFWRUV� DUH�
LPSRUWDQW�>�@�

7KHUH�LV�QR�XQLTXH�DOJRULWKP�IRU�FDVH���ZDWHUV�
�WKRVH�ZDWHUV�IRU�ZKLFK�SK\WRSODQNWRQ�DQG�WKHLU�
E\�SURGXFWV � SOD\� WKH� GRPLQDQW � UROH� LQ�
GHWHUPLQLQJ� WKH� RSWLFDO� SURSHUWLHV� RI� WKH�ZDWHU�
ERG\�� DQG� FDVH� �� ZDWHUV� �VHGLPHQW� GRPLQDWHG�
ZDWHUV��DV�LW�VHHPV�WR�EH�GHSHQGHQW�RQ�JHRJUDSKLF�
ORFDWLRQV��7KXV�GLIIHUHQW�ZDWHUV�UHTXLUH�GLIIHUHQW�
DOJRULWKPV�>��@��$V�%RZHUV��+DUNHU�DQG�6WHSKDQ�
>��@�LQGLFDWHG��LQRUJDQLF�VHGLPHQW�FRQFHQWUDWLRQ�
KDV� WR�EH�NQRZQ� LQ�RUGHU� WR�GHULYH�FKORURSK\OO�
FRQFHQWUDWLRQ�IURP�D�EOXH�JUHHQ�UDWLR�PHDVXUHG�
E\� VDWHOOLWH� WR� REWDLQ� PRUH� DFFXUDWH� UHVXOWV��
%RZHUV��+DUNHU�DQG�6WHSKDQ�>��@�VXJJHVWHG�XVLQJ�
D� WKUHH� FKDQQHO� DOJRULWKP� RU� WKH� XVH� RI�
ÀXRUHVFHQFH� RU� FKORURSK\OO� DEVRUSWLRQ� SHDN� LQ�
WKH�UHG�

��
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)LJXUH����0RQWKO\�DYHUDJH�FKORURSK\OO�SLJPHQW�FRQFHQWUDWLRQ�DQG�667�RI�ZKROH�EDVLQ�
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)LJXUH����0RQWKO\�DYHUDJH�YDULDWLRQ�RI�667�DQG�FKORURSK\OO�SLJPHQW�FRQFHQWUDWLRQ�RQ�WKH�%ODFN�6HD��

)LJXUH����0RQWKO\�PHDQ�FKORURSK\OO�SLJPHQW�YDULDELOLW\�IURP������WR������
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>�@� +RRG��5��$EERW��0�5��+X\HU��$��.RUVR��3�0����������
6XUIDFH�SDWWHUQV�LQ�WHPSHUDWXUH��ÀRZ��SK\WRSODQNWRQ�
ELRPDVV�� DQG� VSHFLHV� FRPSRVLWLRQ� LQ� WKH� FRDVWDO�
WUDQVLWLRQ�]RQH�RII�QRUWKHUQ�&DOLIRUQLD�� �-RXUQDO�RI�
*HRSKVLFDO�5HVHDUFK���������������������������

>�@� 5RELQVRQ�&��/H%��:LOOLDPV�3-����������7HPSHUDWXUH�
DQG� $QWDUFWLF� 3ODQNWRQ� FRPPXQLW\� UHVSLUDWLRQ��
-RXUQDO�RI�3ODQNWRQ�5HVHDUFK�������������±�����

>�@� 1\NMDHU�/��9DQ�&DPS�/����������5HPRWH�6HQVLQJ�RI�
WKH�1RUWKZHVW�$IULFDQ�XSZHOOLQJ�DUHD��$QDO\VLV�DQG�
LQWHUSUHWDWLRQ�RI�VLPXOWDQHRXV�SDLUV�RI�*$&�GHULYHG�
VHD� VXUIDFH� WHPSHUDWXUH� DQG� &=&6� GHULYHG�
FKORURSK\OO�OLNH� SLJPHQW� FRQFHQWUDWLRQ� LPDJHV��
)LQDO�UHSRUW��YRO�������8QLPDU�6FLHQFHV�$S6���XQGHU�
-5&�FRQWUDFW�1"�����������HG�,63�'.��,Q�,QVWLWXWH�
IRU�5HPRWH�6HQVLQJ�$SSOLFDWLRQV�-5&�DQQXDO�UHSRUW�

>�@� $FNOHVRQ�� 6�� %DOFK��:�0��+ROOLJDQ�� 3�0�� ��������
:KLWH�:DWHUV�RI�WKH�*XOI�RI�0DLQH��2FHDQRJUDSK\��
�����������

>�@� 7KRPDV� 0�+�%�� �������� &RDVWDO� DQG� 0DULQH�
$SSOLFDWLRQV�RI�5HPRWH�6HQVLQJ��,Q��$��3��&��HGLWRU��
3XEOLVKHG�E\�WKH�5HPRWH�6HQVLQJ�6RFLHW\����S�

>�@� %DUDOH�9��6FKOLWWHQKDUGW�3����������5HPRWH�6HQVLQJ�
)URP�5HVHDUFK� WR�2SHUDWLRQDO�$SSOLFDWLRQV� LQ� WKH�
1HZ� (XURSH�� ,Q�� 9DXJKDQ� 5�� HGLWRU�� 6SULQJHU�
+XQJDULFD�� 3URFHHGLQJV� RI� WKH� ��WK� ($56H/�
6\PSRVLXP��'XQGHH��6FRWODQG��8�.������-XQH�,�-XO\��
����´�� (GLWHG� E\� 5�� $�� 9$8*+$1�� �6SULQJHU�
+XQJDULFD��%XGDSHVW�DQG�($56H/��3DULV��($56H/��
���S��

>�@� %DUDOH��9��0XUUD\��&�1���������7KH�VXUIDFH�FRORXU�
¿HOG�RI�HQFORVHG�PDULQH�EDVLQV��3LJPHQW�SDWWHUQV�RI�
WKH�%ODFN�6HD��5HPRWH�6HQVLQJ�5HYLHZV��������

>�@� 7UDQ��$�9��6LPLWK��(��+\RQ��-��(YDQV��5��%URZQ��2��
��������)HOGPDQ�*��6DWHOOLWH�'HULYHG�0XOWLFKDQQHO�
6HD� 6XUIDFH� 7HPSHUDWXUH� DQG� 3K\WRSODQNWRQ�
3LJPHQW� &RQFHQWUDWLRQ� 'DWD�� $� &'�520� 6HW�
&RQWDLQLQJ� 0RQWKO\� 0HDQ� 'LVWULEXWLRQV� IRU� WKH�
*OREDO�2FHDQV��,Q��/DERUDWRU\�-3��HGLWRU��3DVDGHQD��
&$��

>�@� /D�9LROHWWH��3�(����������0RQLWRULQJ�WKH�&RDVWDO�DQG�
0DULQH�(QYLURQPHQWDO�ZLWK�6DWHOOLWH�'DWD��6LVWHPD�
7HUUD������

>��@� 6LQJK�� 6�0�� �������� 2FHDQ� FRORXU� IURP� VSDFH��
5DGLDWLYH� WUDQVIHU�� ,Q�� &UDFNQHOO�$3�� HGLWRU�� 6SDFH�
2FHDQRJUDSK\��:RUOG�6FLHQWL¿F������

>��@� %RZHUV�� '�*�� +DUNHU�� *�(�/�� 6WHSKDQ�� %�� ��������
$EVRUSWLRQ�VSHFWUD�RI�LQRUJDQLF�SDUWLFOHV�LQ�WKH�,ULVK�
6HD� DQG� WKHLU� UHOHYDQFH� WR� UHPRWH� VHQVLQJ� RI�
FKORURSK\OO��,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQ��
��������

,QW�-�$JULF�(QYLURQ�)RRG�6FL������������������
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 �6DDGHW�+DFÕVDOLKR÷OX �����������)H]D�.DUDHU
�%XUVD�7HFKQLFDO�8QLYHUVLW\��'HSDUWPHQW�RI�(QYLURQPHQWDO�(QJLQHHULQJ��%XUVD��7XUNH\�

�8OXGDJ�8QLYHUVLW\��'HSDUWPHQW�RI�(QYLURQPHQWDO�(QJLQHHULQJ��%XUVD��7XUNH\

&RUUHVSRQG൴QJ�$XWKRU��VDDGHW�KDF൴VDO൴KRJOX#EWX�HGX�WU

3K\VLFDO� DQG� FKHPLFDO� FKDUDFWHULVWLFV� RI� ODNH�
ZDWHUV � DQG� WKHLU � YDU LD W LRQV � JRYHUQ� WKH�
HQYLURQPHQWDO��HFRORJLFDO��DQG�ELRORJLFDO�VWDWXV�RI�
WKH�ODNHV��/DNHV�DUH�DOVR�VXEMHFWHG�WR�D�KLJK�KXPDQ�
LPSDFW��0DQ\�VWXGLHV�H[DPLQHG�WKH�SK\VLFDO�DQG�
FKHPLFDO�VWDWXV�RI�WKH�ODNH�ZDWHU�DQG�GHPRQVWUDWHG�
ZKLFK� IDFWRUV� FRQWUROOHG� WKH� ZDWHU� TXDOLW\��
HFRORJLF�VWDWXV�DQG�HXWURSKLFDWLRQ�SDWWHUQV�>���@��
/DNH�8OXDEDW�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�ZHWODQG�
DUHD�LQ�7XUNH\�DQG�LV�LQFUHDVLQJO\�WKUHDWHQHG�E\�
SROOXWLRQ�>�@��2UJDQLF�DQG�LQRUJDQLF�SROOXWLRQ�KDV�
DOVR�DIIHFWHG�WKH�QXWULHQW�VWDWXV�RI�WKH�ODNH��DQG�LQ�
WKLV� UHVSHFW�� WKH� JUHDWHVW� FRQFHUQ� GHDOV� ZLWK�
HXWURSKLFDWLRQ� >���@�� ,QWHQVLYH� DJULFXOWXUDO�
DFWLYLWLHV��LQGXVWULDO�DFWLYLWLHV��DQG�PLQLQJ�LQ�WKH�
ODNH� EDVLQ� KDYH� DGYHUVHO\� LQÀXHQFHG� WKH� ZDWHU�
TXDOLW\� LQ� WKH� ODNH��:DWHU� TXDOLW\� RI� WKH� ODNH� LV�

VRPHZKHUH� OLPLWHG�� ,W� LV� WKHUHIRUH� HVVHQWLDO� WR�
SUHYHQW� DQG� FRQWURO� ZDWHU� SROOXWLRQ� DQG� WR�
LPSOHPHQW�UHJXODU�PRQLWRULQJ�SURJUDPV�IRU�ZDWHU�
TXDOLW\�PDQDJHPHQW�>�@��/DNH�8OXDEDW�LV�RQH�RI�
WKH�ULFKHVW�ODNHV�LQ�WHUPV�RI�DTXDWLF�SODQWV�EHVLGHV�
¿VK� DQG� ELUG� SRSXODWLRQV� LQ� 7XUNH\�� )RU� WKLV�
UHDVRQ��WKH�/DNH�ZDV�SODFHG�XQGHU�SURWHFWLRQ�E\�
WKH�5$06$5�DJUHHPHQW�LQ������DQG�WKH�OLYLQJ�
ODNHV�SDUWQHUVKLS�SURJUDP�RI�������7KH�DLP�RI�WKLV�
VWXG\�ZDV� WR�H[DPLQH�ZDWHU�TXDOLW\�YDULDEOHV� LQ�
/DNH�8OXDEDW�HDFK�PRQWK�EHWZHHQ�$XJXVW������
DQG�-XO\�������WR�FODVVLI\�WKH�ODNH�ZDWHU�TXDOLW\�
DFFRUGLQJ�WR�WKH�³6:405´��$OVR��HXWURSKLF�OHYHO�
RI�WKH�ODNH�KDV�DOVR�EHHQ�LGHQWL¿HG��7KLV�VWXG\�ZLOO�
SURYLGH�EDVHOLQH�GDWD�IRU�IXWXUH�ZDWHU�TXDOLW\�DQG�
PDQDJHPHQW�VWXGLHV���

��

$%675$&7

.H\ZRUGV�� �/DNH�8OXDEDW�0RQLWRULQJ��3ROOXWLRQ��7URSKLF�6WDWH��:DWHU�4XDOLW\�

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

,1752'8&7,21���

/DNH�8OXDEDW�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�VKDOORZ�ODNHV�LQ�7XUNH\��7KH�ODNH�LV�ORFDWHG����NP�VRXWK�RI�WKH�0DUPDUD�6HD�
DQG����NP�ZHVW�RI�WKH�FLW\�RI�%XUVD��7KH�ODNH�LV�YHU\�LPSRUWDQW�LQ�WHUPV�RI�ELRGLYHUVLW\��EXW�NQRZOHGJH�RI�LWV�ZDWHU�TXDOLW\�
LV�VRPHZKDW�OLPLWHG��7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�ZDWHU�TXDOLW\�LQ�/DNH�8OXDEDW�DQG�SURYLGH�LQIRUPDWLRQ�IRU�
IXWXUH�PDQDJHPHQW�GHFLVLRQV��7KH�WHPSHUDWXUH��7���S+��HOHFWULFDO�FRQGXFWLYLW\��(&���GLVVROYHG�R[\JHQ��'2���DONDOLQLW\��
FKHPLFDO�R[\JHQ�GHPDQG��&2'���QLWURJHQ�VSHFLHV��SKRVSKRUXV�VSHFLHV��DQG�FKORURSK\OO�D��&KO�D��FRQFHQWUDWLRQV�ZHUH�
PRQLWRUHG�PRQWKO\�DW�WHQ�VDPSOLQJ�SRLQWV�LQ�WKH�ODNH�EHWZHHQ�$XJXVW������DQG�-XO\�������$V�D�UHVXOW��LW�ZDV�GHWHUPLQHG�
WKDW�WKH�ODNH�ZDWHU�KDV�WKH�FKDUDFWHULVWLFV�RI�FODVV���ZDWHUV�DFFRUGLQJ�WR�WKH�7XUNLVK�6XUIDFH�:DWHU�4XDOLW\�0DQDJHPHQW�
5HJXODWLRQV��6:405���$OVR�LW�ZDV�GHWHUPLQHG�WKDW�0XVWDIDNHPDOSDúD�%URRN�FDUULHV�VLJQL¿FDQW�DPRXQW�RI�SROOXWLRQ�
ORDGV�LQWR�WKH�ODNH��$FFRUGLQJ�WR�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�REVHUYDWLRQV��WKH�HIIHFWV�RI�KXPDQ�LPSDFW�DQG�FXUUHQW�VWDWXV�
RI�WKH�ODNH�ZHUH�GHWHUPLQHG��7KH�SK\VLFDO�DQG�FKHPLFDO�FKDUDFWHULVWLFV�RI�WKH�ODNH�ZDWHU�KDYH�FKDQJHG�DFFRUGLQJ�WR�
KXPDQ� DFWLYLWLHV� DQG� QXWULHQW� ORDGLQJV��$FFRUGLQJ� WR� WKH� WURSKLF� OHYHO� YDOXHV� DQG� FRQFHQWUDWLRQ� YDOXHV�� WKH� /DNH�
H[FHHGHG�WKH�UHJXODWLRQ�OLPLWV��
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6WXG\�$UHD
/DNH�8OXDEDW�LV�ORFDWHG�EHWZHHQ������
�1�DQG�

�����
�(�LQ�QRUWKZHVWHUQ�7XUNH\��)LJXUH�����QHDU�
WKH�VRXWKHUQ�SDUW�RI�WKH�6HD�RI�0DUPDUD�����NP�
DZD\�IURP�%XUVD��7KH�ODNH�LV�WKH�PRVW�LPSRUWDQW�
SDUW�RI�WKH�6XVXUOXN�EDVLQ��,W�LV�D�ODUJH�EXW�VKDOORZ�
ODNH�ZLWK�D�PHDQ�GHSWK�RI�������P��DQG�PD[LPXP�
GHSWK�����P�LQ�ZLQWHU�VHDVRQ�>��@��7KH�VXUIDFH�DUHD�
RI� WKH� ODNH�ZDV�PHDVXUHG�EHWZHHQ�����DQG�����

��NP >�@��7KH� ODNH� LV� UHFKDUJH� SULQFLSDOO\� E\� WKH�
0XVWDIDNHPDOSDúD� �0.3�� %URRN� IURP� WKH�
VRXWKZHVW�DQG�KDV�LWV�RQO\�RXWOHW�LQ�WKH�QRUWKZHVW��
ZKHUH�LW�GUDLQV�LQWR�WKH�.RFDVX�%URRN�>��@��7KH�
ORFDWLRQ�RI�/DNH�8OXDEDW�DQG�WKH�VDPSOLQJ�SRLQWV�
DUH�VKRZQ�LQ�)LJXUH����

6DPSOLQJ�0HWKRGV�DQG�$QDO\VLV
:DWHU�VDPSOHV�ZHUH�FROOHFWHG�IURP����GLIIHUHQW�

VDPSOLQJ�SRLQWV�PDUNHG�6��6���LQ�)LJXUH����7KH�

VDPSOLQJ�SRLQWV�ZHUH�VHOHFWHG�DFFRUGLQJ�WR�WKHLU�
GLVWDQFHV�IURP�WKH�FRQWDPLQDQW�VRXUFHV�LQ�WKH�ODNH�
DQG�WKHLU�K\GURG\QDPLF�FKDUDFWHULVWLFV��6DPSOHV�
ZHUH� DOVR� WDNHQ� IURP� WKH� 0.3� %URRN�� :DWHU�
VDPSOHV�ZHUH�WDNHQ�PRQWKO\�EHWZHHQ�$XJXVW������
-XO\� ����� DQG� WKH\� ZHUH� FROOHFWHG� IURP� ���� P�
EHORZ�WKH�VXUIDFH�XVLQJ�GDUN�SRO\HWK\OHQH�ERWWOHV��
'XULQJ� VDPSOLQJ� LQ� VLWX� WHPSHUDWXUH� �7��� S+��
HOHFWULFDO� FRQGXFWLYLW\� �(&��� GLVVROYHG� R[\JHQ�
�'2��� DQG� FKORURSK\OO�D� �&KO�D��ZHUH�PHDVXUHG�
XVLQJ�+DFK�EUDQG�277�+\GURODE�'6��GHYLFH��7KH�
GHYLFH�ZDV�FDOLEUDWHG�ZLWK�DSSURSULDWH�VROXWLRQV�
S U L R U � W R � HYH U\ � ¿H OG � ZR UN � � $ OND O L Q L W \��
RUWKRSKRVSKDWH� �32 �3��� WRWDO� SKRVSKRUXV� �73����

DPPRQLXP� QLWURJHQ� �1+ �1��� QLWUDWH� QLWURJHQ��

�12 �1��� WRWDO� QLWURJHQ� �71��� WRWDO� NMHOGDKO��

QLWURJHQ� �7.1��� DQG� FKHPLFDO� R[\JHQ� GHPDQG�
�&2'�� SDUDPHWHUV� PHDVXUHG� DFFRUGLQJ� WR� WKH�
$PHULFDQ� 3XEOLF� +HDOWK� $VVRFLDWLRQ� VWDQGDUG�
PHWKRGV� >��@�� 7KH� UHVXOWV� ZHUH� HYDOXDWHG� LQ�
FRPSDULVRQ�ZLWK�³6:405´�

��

�6��+DFÕVDOLKR÷OX���)���.DUDHU�

)LJXUH����/RFDW൴RQ�RI�/DNH�8OXDEDW�DQG�6DPSOLQJ�3R൴QWV



7KH� ³6XUIDFH� :DWHU� 4XDOLW\� 0DQDJHPHQW�
5HJXODWLRQV´� �6:405�� GLYLGHV� LQODQG� ZDWHUV�
LQWR�IRXU�FODVVHV��FODVV����KLJK�TXDOLW\�ZDWHU��FODVV�
���VOLJKWO\�SROOXWHG�ZDWHU��FODVV����SROOXWHG�ZDWHU��
DQG�FODVV����KLJKO\�SROOXWHG�ZDWHU� >��@��7DEOH���
VKRZV�WKH�6:405�FODVVL¿FDWLRQV�>��@�� �7URSK൴F�
VWDWH�RI�WKH�/DNH�8OXDEDW�KDV�EHHQ�GHWHUP൴QHG�൴Q�
DFFRUGDQFH�Z൴WK�&DUOVRQ���������6WDW൴VW൴FDO� WHVWV�
ZHUH� SHUIRUPHG� XV൴QJ� WKH� 6366� ����� SURJUDP��
$129$� ZDV� SHUIRUPHG� WR� GHWHUP൴QH� WKH�
YDU൴DE൴O൴W\� RI� WKH�ZDWHU� TXDO൴W\� YDU൴DEOHV�Z൴WK൴Q�
DQG� EHWZHHQ� ERWK� ��� VDPSO൴QJ� SR൴QWV� DQG� ���
PRQWKV�൴Q�7DEOH����$V�VKRZQ�൴Q�7DEOH����VSDW൴DO�
YDU൴DW൴RQV�RI�ZDWHU�TXDO൴W\�YDU൴DEOHV�H[FHSW൴RQ�RI�
S+�� (&�� 7.1�� DQG� 73� ZHUH� QRW� V൴JQ൴¿FDQW�
�$129$��S!�������EXW�WHPSRUDO�YDU൴DW൴RQV�RI�DOO�
SDUDPHWHUV�ZHUH�V൴JQ൴¿FDQW��$129$��S�������

7KHUHIRUH��WKH�PHDQ�YDOXHV�RI�DOO�ZDWHU�TXDO൴W\�
YDU൴DEOHV�RI�DOO� VDPSO൴QJ�SR൴QWV�ZHUH�HYDOXDWHG��
$OVR�� 76,� YDOXHV� ZHUH� FDOFXODWHG� XV൴QJ� PHDQ�
YDOXHV�RI�DOO�VDPSO൴QJ�SR൴QWV���

5(68/76�$1'�',6&866,21������

:DWHU�4XDOLW\�
$IWHU� RQH� \HDU� PRQLWRULQJ� SURFHVVHV�� WKH�

DYHUDJH�YDOXHV�RI�ZDWHU�TXDOLW\�SDUDPHWHUV�ZHUH�
JLYHQ�LQ�)LJXUH����VRPH�VWDWLVWLF�YDOXHV�RI�WKH�ZDWHU�
TXDOLW\�SDUDPHWHUV�DUH�VXPPDUL]HG�LQ�7DEOH���DQG�
FRUUHODWLRQ�PDWUL[�IRU�WKHVH�SDUDPHWHUV�DUH�VKRZQ�
LQ�7DEOH���

7KH� PHDQ� WHPSHUDWXUH� LQ� /DNH� 8OXDEDW� ZDV�
R �RIRXQG�WR�EH������ &��ZLWK�D�PD[LPXP�RI����� &�LQ�

R$XJXVW� DQG�PLQLPXP�RI���� &� LQ�'HFHPEHU�� ,Q�
WHUPV� RI� WHPSHUDWXUH�� /DNH� 8OXDEDW� FDQ� EH�
FODVVL¿HG�DV�FODVV����DFFRUGLQJ�WR�6:405��7KH�
WHPSHUDWXUH� ZDV� IRXQG� WR� KDYH� VLJQL¿FDQW�
QHJDWLYH�FRUUHODWLRQV�ZLWK�(&��U����������DQG�'2�
�U� �������� DQG� VLJQL¿FDQW� SRVLWLYH� FRUUHODWLRQV�
ZLWK�&2'��U���������12 �1��U���������1+ �1��U�� �

�������� 7.1� �U� �������� 71� �U� �������� 32 �3� �U��

��������73��U���������&KO�D��U���������7KH�S+�LV�DQ�
LPSRUWDQW�YDULDEOH�LQ�ZDWHU�TXDOLW\�DVVHVVPHQW�DV�
LW� LQÀXHQFHV� PDQ\� ELRORJLFDO� DQG� FKHPLFDO�
SURFHVVHV�ZLWKLQ�D�ZDWHU�ERG\�>��@��$OVR�S+�YDOXH�
LV�RQH�LPSRUWDQW�IDFWRU�WR�FRQWURO�HXWURSKLFDWLRQ�LQ�
D�ODNH�>��@��7KH�PHDQ�S+�ZDV�������WKH�ORZHVW�S+�
ZDV�����LQ�-XQH��WKH�KLJKHVW�S+�ZDV�����LQ�-XO\��,Q�
WHUPV�RI�S+��WKH�/DNH�FDQ�EH���FODVVL¿HG�DV�FODVV����
DFFRUGLQJ�WR�WKH�6:405��S+�ZDV�VLJQL¿FDQWO\�
DQG� QHJDWLYHO\� FRUUHODWHG� ZLWK� DONDOLQLW\� �U� �

���������7KH�ORZHVW�(&�PHDVXUHG�LQ�/DNH�8OXDEDW�
ZDV�����ȝ6�FP��LQ�-XQH��WKH�KLJKHVW�(&�ZDV�����
ȝ6�FP�LQ�-DQXDU\��DQG�WKH�PHDQ�(&�ZDV��������
ȝ6�FP��,Q�WHUPV�RI�(&��/DNH�8OXDEDW�ZDV�LQ�FODVV�
���DFFRUGLQJ�WR�WKH�6:405��(&�ZDV�VLJQL¿FDQWO\�
DQG�QHJDWLYHO\�FRUUHODWHG�ZLWK�7��U����������12 �1��

�U����������7.1��U����������71��U����������32 �3��U���

��������DQG�73��U����������DQG�VLJQL¿FDQW�SRVLWLYH�
FRUUHODWLRQV�ZLWK�'2��U���������DQG�$ONDOLQLW\��U�
��������7KH�ORZHVW�'2�PHDVXUHG�LQ�/DNH�8OXDEDW�
ZDV�����PJ�O��LQ�$XJXVW��WKH�KLJKHVW�'2�ZDV������
PJ�O��LQ�0DUFK��DQG�WKH�PHDQ�'2�ZDV�������PJ�O��
'LVVROYHG�R[\JHQ�YDOXHV�GURSSHG�WR�ORZ�OHYHOV�LQ�
VXPPHU�ZLWK�WKH�LQFUHDVH�LQ�WKH�WHPSHUDWXUH��DOVR�
UHDFKHG� KLJK� OHYHOV� GXULQJ� ZLQWHU� PRQWKV�� 7KH�
UHDVRQ� IRU� WKH� PHDVXUHPHQW� RI� ORZ� GLVVROYHG�
R[\JHQ� FRQFHQWUDWLRQ� LQ� $XJXVW�� WKH� DOJDH�
SRSXODWLRQ� UHDFKHG� PD[LPXP� YDOXHV� ��LQ� WKLV�
PRQWK��,Q�WHUPV�RI�'2��/DNH�8OXDEDW�LV�LQ�FODVV����
DFFRUGLQJ� WR� WKH� 6:405�� '2� LV� VLJQL¿FDQWO\�
QHJDWLYHO\�FRUUHODWHG�ZLWK�7��U����������&2'��U��
��������12 �1��U����������1+ �1��U����������7.1�� �

�U����������71��U����������32 �3��U����������73��U���

�������� &KO�D� �U� ��������� DQG� VLJQL¿FDQWO\�
SRVLWLYHO\�FRUUHODWHG�ZLWK�(&��U���������7KH�PHDQ�
DONDOLQLW\�LQ�/DNH�8OXDEDW�ZDV�IRXQG�WR�EH��������
PJ�&D&2 �O��ZLWK�D�PD[LPXP�RI�����&D&2 �O�LQ�� �

0D\��DQG�PLQLPXP�RI�����&D&2 �O�LQ�'HFHPEHU���

+LJK� DONDOLQLW\� LV� REVHUYHG� LQ� WKH�ZDWHU� ERGLHV�
ZLWK� HXWURSKLFDWLRQ� SDUWLFXODUO\� VSULQJ� VHDVRQ�
>��@��$OVR�KLJK�DONDOLQLW\�RI�ODNH�ZDWHU�PLJKW�EH�
GXH�WR�WKH�XVH�RI�GHWHUJHQWV�DQG�ZDVK�RII�IURP�DUHD�
KDYLQJ�FDOFLWH�DQG�GRORPLWH�PLQHUDOV�FRXOG�DOVR�
SDUWO\�FRQWULEXWH�WR�DONDOLQLW\�>������@��7KHUH�LV�QR�
6:405� FODVVL¿FDWLRQ� IRU� WKLV� SDUDPHWHU��
$ONDOLQLW\� LV� VLJQL¿FDQWO\� QHJDWLYHO\� FRUUHODWHG�
ZLWK�S+��U����������32 �3��U����������DQG�73��U���

��������DQG�VLJQL¿FDQWO\�SRVLWLYHO\�FRUUHODWHG�ZLWK�
(&��U���������7KH�PHDQ�&2'�ZDV�������PJ�O��WKH�
ORZHVW�&2'�ZDV����PJ�O�LQ�-DQXDU\��WKH�KLJKHVW�
&2'�ZDV�����PJ�O�LQ�$XJXVW��,Q�WHUPV�RI�&2'��
WKH� /DNH� LV� LQ� FODVV� �� �KLJKO\� SROOXWHG� ZDWHU���
DFFRUGLQJ�WR�WKH�6:405��&2'�LV�VLJQL¿FDQWO\�
QHJDWLYHO\� FRUUHODWHG� ZLWK� '2� �U� ��������� DQG�
VLJQL¿FDQWO\�SRVLWLYHO\�FRUUHODWHG�ZLWK�7��U���������
12 �1��U���������1+ �1��U���������7.1��U���������� �

71��U���������32 �3��U���������73��U���������DQG��

&KO�D� �U� �������� ,Q� VXPPHU�� DV� WKH� PLFURELDO�
DFWLYLWLHV� LQFUHDVH�� WKH� GHJUDGDWLRQ� UDWH� RI� WKH�
RUJDQLF�PDWWHUV�LQFUHDVHV��7KHUHIRUH��WKH�'2�OHYHO�
GHFUHDVHV�ZKHUH�&2'�LQFUHDVH�>�����@��

��
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7DEOH����$129$��%HWZHHQ�*URXSV��RI�ZDWHU�TXDOLW\�YDULDEOHV�LQ�/DNH�8OXDEDW
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,Q�VSULQJ�DQG�ZLQWHU�PRQWKV��DV�WKH�YROXPH�RI�
WKH�UDLQV�DQG�ZLQGV�LQFUHDVH��FLUFXODWLRQ�RFFXUV�LQ�
WKH�ODNH�DQG�WKH�ÀRZ�UDWHV�ZKLFK�UHFKDUJH�WKH�ODNH�
LQFUHDVH��DQG�DV�D�UHVXOW�RI�WKHVH�PL[LQJV�WKH�ODNH�
ZDWHU�JDLQV�R[\JHQ�DJDLQ�>���������@��7KH�PHDQ�
12 �1�FRQFHQWUDWLRQ�ZDV���PJ�O��WKH�ORZHVW�12 �� �

1�ZDV���PJ�O��DQG�WKH�KLJKHVW�12 �1�ZDV�����PJ�O��

LQ�$XJXVW��:KHQ�WKH�UHVXOWV�HYDOXDWHG��LW�KDV�EHHQ�
IRXQG� QLWUDWH� OHYHOV� DUH� KLJKHU� LQ� VXPPHU� WKDQ�
RWKHU�VHDVRQV��,Q�WHUPV�RI�12 �1�FRQFHQWUDWLRQ���

WKH�/DNH�LV�LQ�FODVV����DFFRUGLQJ�WR�6:405��12 ��
1� FRQFHQWUDWLRQ� LV� VLJQL¿FDQWO\� QHJDWLYHO\�
FRUUHODWHG�ZLWK�(&��U����������DQG�'2��U����������
DQG� VLJQL¿FDQWO\� SRVLWLYHO\� FRUUHODWHG�ZLWK�7� �U�

��������&2'��U���������1+ �1��U���������7.1��U��

��������71��U���������32 �3��U���������73��U����������

DQG� &KO�D � � U � � ����� � � 7KH � PHDQ� 1+ �1��

FRQFHQWUDWLRQ�ZDV� �����PJ�O�� WKH� ORZHVW�1+ �1��

ZDV���PJ�O��DQG�WKH�KLJKHVW�1+ �1�ZDV�����PJ�O�LQ��

2FWREHU�� ,Q�JHQHUDO��1+ �1�FRQFHQWUDWLRQV�ZHUH��

KLJKHU�LQ�UDLQ\�PRQWKV�DQG�VXPPHU�� �,Q�WHUPV�RI�
1+ �1� FRQFHQWUDWLRQ�� WKH� /DNH� LV� LQ� FODVV� ����

DFFRUGLQJ� WR� 6:405�� 1+ �1� FRQFHQWUDWLRQ� LV��

VLJQL¿FDQWO\� QHJDWLYHO\� FRUUHODWHG�ZLWK�'2� �U� �
��������DQG�VLJQL¿FDQWO\�SRVLWLYHO\�FRUUHODWHG�ZLWK�
7��U���������&2'��U���������12 �1��U���������7.1��

�U� �������� 71� �U� �������� 32 �3� �U� �������� 73� �U��

��������DQG�&KO�D��U���������

)൴JXUH����7HPSRUDO�YDU൴DW൴RQV�൴Q�ZDWHU�TXDO൴W\�SDUDPHWHUV�RI�8OXDEDW�/DNH��0HDQ�6'�
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7KH�PHDQ�7.1�FRQFHQWUDWLRQ�ZDV�������PJ�O��
WKH� ORZHVW� 7.1�ZDV� ���� PJ�O� LQ� )HEUXDU\� DQG�
0DUFK�� DQG� WKH� KLJKHVW� 7.1�ZDV� ����� PJ�O� LQ�
$XJXVW���,Q�WHUPV�RI�7.1�FRQFHQWUDWLRQ��WKH�/DNH�
LV� LQ� FODVV� ��� DFFRUGLQJ� WR� 6:405�� 7.1�
FRQFHQWUDWLRQ� LV� VLJQL¿FDQWO\� QHJDWLYHO\�
FRUUHODWHG�ZLWK�(&��U����������'2��U����������DQG�
VLJQL¿FDQWO\�SRVLWLYHO\�FRUUHODWHG�ZLWK�7��U���������
&2'��U���������12 �1��U���������1+ �1��U���������� �

71��U���������32 �3��U���������73��U���������DQG��

&KO�D��U���������7KH�PHDQ�71�FRQFHQWUDWLRQ�ZDV�
������ PJ�O�� WKH� ORZHVW� 71� ZDV� ���� PJ�O� LQ�
)HEUXDU\�DQG�0DUFK��DQG�WKH�KLJKHVW�71�ZDV������
PJ�O � LQ � $XJXVW � � � 7KHUH� LV � QR� 6:405�
FODVVL¿FDWLRQ� IRU� 71�� 71� FRQFHQWUDWLRQ� LV�
VLJQL¿FDQWO\� QHJDWLYHO\� FRUUHODWHG� ZLWK� (&� �U� �
��������'2��U����������DQG�VLJQL¿FDQWO\�SRVLWLYHO\�
FRUUHODWHG�ZLWK�7��U���������&2'��U���������12 �1��

�U���������1+ �1��U���������7.1��U���������32 �3��U�� �

��������73��U���������DQG�&KO�D��U���������,Q�WKLV�
VWXG\� LW�KDV�EHHQ� IRXQG�DOO�QLWURJHQ� IRUPV�ZHUH�
KLJKHU� LQ� VXPPHU� DQG� DXWXPQ�� 1LWURJHQ� DQG�
SKRVSKRUXV� IRUPV� DUH� DVVHVVHG� GXH� WR� WKHLU�
OLPLWLQJ� UROH� LQ� WKH� SULPDU\� SURGXFWLRQ� RI� WKH�
SK\WRSODQNWRQ� >��@�� 3ULPDU\� SURGXFWLRQ� KLJK� LQ�
VSULQJ�DQG�VXPPHU��DQG�DJULFXOWXUDO�DFWLYLWLHV�LQ�
WKH�UHJLRQ�VWDUW�VDPH�VHDVRQV��VR�WKH�WUDQVSRUW�RI�
QLWURJHQ� IRUPV� IURP� DJULFXOWXUDO� DUHDV� LQWR� WKH�
ODNH�LQFUHDVH�DW�WKDW�WLPH�>�@��$OVR�PDLQ�VRXUFHV�RI�
QLWURJHQ� IRUPV� LQ� 8OXDEDW� /DNH� EDVLQ� ZHUH�
GRPHVWLF� ZDVWHZDWHU�� DJULFXOWXUDO� DFWLYLWLHV� DQG�
VWRFNEUHHGLQJ�>��@�

7KH�PHDQ�32 �3�FRQFHQWUDWLRQ�LQ�/DNH�8OXDEDW��

ZDV��������J�O��WKH�ORZHVW�32 �3�ZDV�������J�O�LQ��

)HEUXDU\��DQG�WKH�KLJKHVW�32 �3�ZDV�������J�O�LQ��

$XJXVW�� 32 �3� FRQFHQWUDWLRQ� LV� VLJQL¿FDQWO\��

QHJDWLYHO\�FRUUHODWHG�ZLWK�(&��U����������'2��U��
�������� $ONDOLQLW\� �U� ��������� DQG� VLJQL¿FDQWO\�
SRVLWLYHO\� FRUUHODWHG� ZLWK� 7� �U� �������� &2'� �U�
��������12 �1��U���������1+ �1��U���������7.1��U�� �

��������71��U���������73��U���������DQG�&KO�D��U�
�������� 7KH� PHDQ� 73� FRQFHQWUDWLRQ� LQ� /DNH�
8OXDEDW�ZDV��������J�O��WKH�ORZHVW�73�ZDV������
�J�O�LQ�)HEUXDU\��DQG�WKH�KLJKHVW�73�ZDV��������J�O�
LQ�$XJXVW��,Q�WHUPV�RI�73�FRQFHQWUDWLRQ��WKH�/DNH�
LV� LQ� FODVV� ��� DFFRUGLQJ� WR� 6:405�� 73�
FRQFHQWUDWLRQ� LV� VLJQL¿FDQWO\� QHJDWLYHO\�
FRUUHODWHG� ZLWK� (&� �U� ��������� '2� �U� ���������
$ONDOLQLW\��U����������DQG�VLJQL¿FDQWO\�SRVLWLYHO\�
FRUUHODWHG�ZLWK�7��U���������&2'��U���������12 �1��

�U���������1+ �1��U���������7.1��U���������71��U��

�������� 32 �3� �U� �������� DQG� &KO�D� �U� ���������

3KRVSKRUXV�LV�WKH�PRVW�VLJQL¿FDQW�IDFWRU�OLPLWLQJ�
IRU�WKH�SULPDU\�SURGXFWLRQ�>�@��7KH�KLJKHVW�32 �3��

FRQFHQWUDWLRQV� ZHUH� JHQHUDOO\� PHDVXUHG� LQ�
VXPPHU�� DQG� WKLV� FRXOG� EH� UHODWHG� WR� WKH� ORZHU�
ZDWHU�OHYHO�LQ�WKH�ODNH�GXULQJ�WKLV�SHULRG��/HYHOV�RI�
PLFURELDO�DFWLYLW\�ULVH�DW�KLJK�WHPSHUDWXUHV��VR�WKH�
UHOHDVH� RI� SKRVSKRUXV� IURP� VHGLPHQW� LV� TXLWH�
GHSHQGHQW� RQ� WHPSHUDWXUH�� 7KH� DFWLYLW\� RI� WKH�
PDFURSK\WHV�IRXQG�RYHU�PXFK�RI�WKH�ERWWRP�RI�WKH�
/DNH�LQFUHDVH�LQ�VXPPHU��ZKLFK�LQ�WXUQ�LQFUHDVHV�
WKH� DPRXQW� RI� SKRVSKRUXV� UHOHDVHG� IURP� WKH�
VHGLPHQW�� 0DFURSK\WHV� GR� QRW� DFWXDOO\� UHOHDVH�
SKRVSKRUXV�� EXW� WKH\� OHDG� WR� DQ� LQFUHDVH� LQ� WKH�
UHOHDVH� RI� SKRVSKRUXV� IURP� WKH� VHGLPHQW� E\�
GHFUHDVLQJ� WKH� '2� WKURXJK� UHVSLUDWLRQ� RU� E\�
LQFUHDVLQJ�WKH�S+�RI�WKH�ZDWHU�E\�SKRWRV\QWKHVLV�
>������@��7KH�PHDQ�&KO�D�FRQFHQWUDWLRQ� LQ�/DNH�
8OXDEDW�ZDV�������J�O��WKH�ORZHVW�&KO�D�ZDV������
�J�O�LQ�$SULO��DQG�WKH�KLJKHVW�&KO�D�ZDV��������J�O�
LQ�$XJXVW��7KHUH�LV�QR�6:405�FODVVL¿FDWLRQ�IRU�
WKLV�SDUDPHWHU��&KO�D�FRQFHQWUDWLRQ�LV�VLJQL¿FDQWO\�
QHJDWLYHO\� FRUUHODWHG� ZLWK� '2� �U� ��������� DQG�
VLJQL¿FDQWO\�SRVLWLYHO\�FRUUHODWHG�ZLWK�7��U���������
&2'��U���������12 �1��U���������1+ �1��U���������� �

7.1��U���������71��U���������32 �3��U���������DQG��

73��U���������&KO�D�FRQFHQWUDWLRQV�DUH�XVHIXO�IRU�
HYDOXDWLQJ� WKH� FRQFHQWUDWLRQV� RI� SK\WRSODQNWRQ�
ELRPDVV�>�@��,Q�VXPPHU��WHPSHUDWXUH�LQFUHDVH�DOVR�
SKRWRV\QWKHVLV� LQFUHDVH�� DOJDH� UHSURGXFH� LQ� WKH�
/DNH�DQG�WKH�FRQFHQWUDWLRQ�OHYHO�RI�&KO�D�LQFUHDVH�
>��@��,Q�WKLV�VWXG\��UHVXOWV�VKRZ�WKDW�KLJK�OHYHOV�RI�
&KO�D�FRQFHQWUDWLRQV�LQ�VSULQJ�DQG�VXPPHU��ZKHQ�
WKH�WHPSHUDWXUH�LV�KLJK��$V�VKRZQ�LQ�7DEOH����WKH�
FRHI¿FLHQWV�RI�YDULDWLRQ��&9V��IRU�WKH�S+��(&��'2��
$ONDOLQLW\��12 �1��1+ �1�ZHUH���������������DQG�� �

WKH�&9V� IRU�7��7.1��71��32 �3��73�ZHUH�������

���������ZKLOH�&2'����������DQG�&KO�D����������
YDULHG�FRQVLGHUDEO\�

:DWHU�4XDOLW\�RI�0.3�%URRN
0.3� %URRN� LV� WKH� PDMRU� ÀRZLQJ� LQWR� /DNH�

8OXDEDW��7KH�%URRN�KDV�JRW�WKH�GUDLQDJH�DUHD�RI�
�������NP � >�@��:DWHU� TXDOLW\� RI� WKLV� EURRN�ZDV�

GHWHUPLQHG� GXULQJ� VDPSOLQJ� SHULRG�� )ORZ�
PHDVXUHPHQW�RI�WKH�%URRN�ZDV�REWDLQHG�IURP�WKH�
5HJLRQDO� 'LUHFWRUDWH� RI� 6WDWH� +\GUDXOLF�:RUNV�
�'6,���$QQXDO�DYHUDJH�ÀRZ�UDWH�YDOXH�RI�WKH�%URRN�

�ZDV�GHWHUPLQHG�WR�EH������P �V�LQ�VDPSOLQJ�SHULRG��
7KH�KLJKHVW�ÀRZ�ZDV�PHDVXUHG�LQ�2FWREHU�������

� �P �V���WKH�ORZHVW�LQ�-XO\�������P �V����

��
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0.3� %URRN� FDUULHV� VLJQL¿FDQW� DPRXQW� RI�
VXVSHQGHG�VROLGV�WR�ODNH�>�@��,Q�D�VWXG\�RI�$NVR\�
DQG�g]VR\�LQ�������LW�LV�REVHUYHG�WKDW�VXUIDFH�DUHD�
DQG�YROXPH�RI�WKH�ODNH�GHFUHDVHG�WR�D�UDWLR�RI�����
EHWZHHQ�WKH�\HDUV�RI�������������DQG�������7KLV�
ZDV�FDXVHG�E\�WKH�OLJQLWH�SODQWV�DQG�WKH�VDQG�SLWV�
DURXQG�WKH�ODNH�>��@��,Q�DGGLWLRQ�WKHUH�DUH�PDQ\�
UHVLGHQWLDO�DUHDV�DURXQG�WKH�%URRN��6RPH�RI�WKHVH�
DUHDV� DUH� GLVFKDUJH� ZDVWHZDWHU� WR�0.3� %URRN��
DQG�¿QDOO\�WR�/DNH�8OXDEDW�>����@��)LJXUH���KDV�

VKRZQ�WKH�GDLO\�DYHUDJH�ÀRZ�RI�0.3�%URRN��DQG�
7DEOH���KDV�VKRZQ�ZDWHU�TXDOLW\�DQG�ORDGV�RI�VRPH�
ZDWHU�TXDOLW\�SDUDPHWHUV�RI�WKH�%URRN��7KH�ORDGV�
ZHUH�FDOFXODWHG�XVLQJ�GDWD�IURP�DQDO\VHV�DQG�ÀRZ�
GDWD�IURP�'6,�

$V� VKRZQ� LQ�7DEOH� ��� WKH�%URRN�ZDV� FDUULHG�
H[FHVVLYH� DPRXQW� RI� &2'�� 7.1�� DQG� 71�
�WRQH�PRQWK�� LQWR� WKH�/DNH��$OVR�� LW�ZDV�FDUULHG�
SKRVSKRUXV� IRUPV�� DQG� QLWURJHQ� IRUPV� LQWR� WKH�
/DNH�

7DEOH����6RPH�VWDWLVWLF�YDOXHV�RI�WKH�ZDWHU�TXDOLW\�SDUDPHWHUV�LQ�/DNH�8OXDEDW

7DEOH����&RUUHODWLRQ�PDWUL[�EHWZHHQ�ZDWHU�TXDOLW\�SDUDPHWHUV

,QW�-�$JULF�(QYLURQ�)RRG�6FL������������������
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7URSKLF�6WDWH�RI�/DNH�8OXDEDW
7KH� UHODWLRQVKLS� EHWZHHQ� ELRWLF� DQG� DELRWLF�

IDFWRUV�� WKH�GHWHUPLQDWLRQ�RI� WKH� WURSKLF� OHYHO� LV�
LPSRUWDQW� LQ� ODNHV� >��@�� 3RLQW� DQG� QRQ�SRLQW�
VRXUFHV� ZLWKLQ� WKH� ZDWHUVKHG� DUHD� RI� ODNHV�
FRQWULEXWH� WR�KLJK�QXWULHQW�FRQFHQWUDWLRQV��$OJDO�
JURZWK�LQ�QHDUO\�DOO�HXWURSKLF�ODNHV�LV�OLPLWHG�E\�
WKH� FRQFHQWUDWLRQ� RI� SKRVSKRUXV� UDWKHU� WKDQ�
QLWURJHQ� >���� ��@�� 7URSKLF� VWDWH� LQGLFHV� DUH�
HIIHFWLYH�PHWKRGV�LQ�GHWHUPLQLQJ�WKH�WURSKLF�VWDWHV�
RI� WKH� ODNHV��9DULRXV� FODVVL¿FDWLRQ� FULWHULD� KDYH�
EHHQ� FRQVLGHUHG� LQ� RUGHU� WR� DVVHVV� WKH� WURSKLF�
FRQGLWLRQ�DQG�ZDWHU�TXDOLW\�RI�FRDVWDO�HFRV\VWHPV�
DQG�IUHVKZDWHU� ODNHV� WKURXJK� WKH�XVH�RI�VSHFL¿F�
LQGLFHV� EDVHG� RQ� HQYLURQPHQWDO� IDFWRUV� >��@��
7URSKLF� VWDWH� RI� WKH� /DNH� 8OXDEDW� KDV� EHHQ�

GHWHUPLQHG� LQ� DFFRUGDQFH� ZLWK� &DUOVRQ�
������>��@��76,�YDOXH�LV�FDOFXODWHG�E\�XVLQJ�WKH�
FKORURSK\OO�D���J�O��� WRWDO�SKRVSKRUXV���J�O��DQG�
WRWDO� QLWURJHQ� �PJ�O�� FRQFHQWUDWLRQV�� � ,Q� WKH�
QXPHULF�VFDOH�ZKLFK�LV�FUHDWHG�LQ�DFFRUGDQFH�ZLWK�
WKH�76,�IRUPXODV�EDVHG�RQ�&DUOVRQ��������������LV�
ROLJRWURSKLF��������LV�PHVRWURSKLF�����DQG�DERYH�
LV� HXWURSKLF�� 7KH� ROLJRPHVRWURSKLF� OHYHO�
����76,������SDVVDJH�IURP�WKH�PHVRWURSKLF�OHYHO�
WR�WKH�HXWURSKLF�OHYHO�����76,������SDVVDJH�IURP�
WKH� HXWURSKLF� WR� WKH� K\SHUHXWURSKLF� OHYHO�
����76,����� DQG� WKH� K\SHUHXWURSKLF� OHYHOV�
�76,!���� KDYH� EHHQ� GHWHUPLQHG� LQ� RUGHU� WR�
GHWHUPLQH� WKH� LQWHULP� SDVVDJHV� >��@�� � 0RQWKO\�
WURSKLF� VWDWH� LQGLFHV� IRU� 71�� 73�� &KO�D� ZHUH�
SUHVHQWHG�LQ�)LJXUH���

7DEOH����:DWHU�TXDOLW\�DQG�ORDGV�RI�VRPH�ZDWHU�TXDOLW\�SDUDPHWHUV�LQ�0.3�%URRN

)LJXUH����'DLO\�DYHUDJH�ÀRZ�RI�0.3�%URRN
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$V�VKRZQ�LQ�)LJXUH����WKH�76, �YDOXHV�VKRZ�71

K\SHUHXWURSKLF� OHYHOV��76, � YDOXHV� OD\� EHWZHHQ�73

HXWURSKLF� WR�K\SHUHXWURSKLF��DQG�K\SHUHXWURSKLF�
OHYHOV��76, �YDOXHV� OD\�EHWZHHQ�HXWURSKLF� DQG�&KO�D

HXWURSKLF� WR� K\SHUHXWURSKLF� OHYHOV�� 7KH� WURSKLF�
OHYHOV�RI�ODNHV�GHWHUPLQH�WKHLU�LQWHQGHG�XVH��7KH�
H[FHVVLYH�QXWULHQW�LQFUHDVHV��ZKLFK�VWHP�IURP�WKH�
FDQDOL]DWLRQ� RI� ZDVWH� ZDWHUV� ZKHUH� DQLPDO� DQG�
KXPDQ�H[FUHPHQWV�DUH�GLVFKDUJHG��QRW�RQO\�FDXVHV�
WKH�LQFUHDVH�LQ�DOJDH��EXW�DOVR�WKH�EDFWHULD�WKDW�DUH�
KD]DUGRXV� IRU� KHDOWK�� :KHQ� WKLV� LV� WDNHQ� LQWR�
FRQVLGHUDWLRQ�� /DNH� 8OXDEDW� KDV� H[FHHGHG� WKH�
OLPLW� YDOXHV� IRU� GULQNLQJ� ZDWHU� DQG� UHFUHDWLRQ�
RULHQWHG�XVH�>�@��1LWURJHQ�FRXOG�EH�YHU\�HIIHFWLYH�
WR�DOJDH�JURZWK�DV�WKH�FRQVHTXHQFH�RI�GLVFKDUJLQJ�
WKH� GRPHVWLF� ZDVWH� ZDWHU� WR� IUHVK� ZDWHU���
8QWUHDWHG� GRPHVWLF� ZDVWH� ZDWHUV� DQG� FKHPLFDO�
IHUWLOL]HUV� IURP� DJULFXOWXUDO� ODQGV� LQ� WKH� /DNH�
8OXDEDW�EDVLQ�SUHFLSLWDWH�LQWR�WKH�/DNH��7KHUHIRUH��
WKHUH�LV�D�ODUJH�DPRXQW�RI�QLWURJHQ�LQSXW�WR�WKH�ODNH�
>��@�� ,W� ZDV� GHWHUPLQHG� WKDW� /DNH� 8OXDEDW� KDV�
EHFRPH� XVHOHVV� IRU� GULQNLQJ� ZDWHU� DQG� RWKHU�
UHFUHDWLRQDO� XVHV� VLQFH� DOO� RI� /DNH� 8OXDEDW� KDV�
UHDFKHG� WKH� K\SHUHXWURSKLF� OHYHO� DQG� WKDW� WKH�
LQFUHDVH� LQ� SKRVSKRUXV� DQG� QLWURJHQ� FDXVHG� WKH�
HXWURSKLFDWLRQ�LQ�WKH�ODNH�

&21&/86,216�
/DNH�8OXDEDW�ZDV�GHVLJQDWHG�E\�WKH�0LQLVWU\�RI�
(QYLURQPHQW�DV�D�5$06$5�VLWH�LQ������DQG�DOVR�
LW�ZDV�FKRVHQ�DV�D�SDUWQHU�RI�,QWHUQDWLRQDO�/LYLQJ�
/DNHV� 1HWZRUN� LQ� ������ 7KH� /DNH�� ZKLFK� LV� D�

PHPEHU� RI� WKLV� QHWZRUN�� KDV� ZRUOGZLGH�
VLJQL¿FDQFH� ,W� SURYLGHV� D� KDELWDW� IRU� D� ZLGH��
YDULHW\� RI� IDXQD� DQG� ÀRUD�� PDNLQJ� LW� D� YHU\�
LPSRUWDQW�SDUW�RI�WKH�HFRV\VWHP��7KH�UHVXOWV�RI�WKH�
VWXG\�FOHDUO\�GHPRQVWUDWH�WKDW�WKH�FRQFHQWUDWLRQV�
RI� ZDWHU� TXDOLW\� SDUDPHWHUV� XQGHUJR� WHPSRUDO�
FKDQJHV��7KLV�VLWXDWLRQ�ZDV�DOVR�WHVWHG�E\�$129$�
WHVW��$FFRUGLQJ�WR�WKH�6:405��WKH�ODNH�VKRXOG�EH�
FODVVL¿HG�DV�KLJKO\�SROOXWHG�ZDWHU��DQG�LQ�JHQHUDO��
DW�WKH�HXWURSKLF�WR�K\SHUHXWURSKLF�OHYHO�DFFRUGLQJ�
WR�LWV�76,�YDOXHV��7KHUH�VKRXOG�EH�PRUH�HIIRUW�WR�
SURWHFW�WKH�ODNH�IURP�SROOXWLRQ��,Q�RUGHU�WR�SUHYHQW�
SROOXWLRQ�SUREOHP�LQ�WKH�ODNH��ZH�PXVW�NHHS�ZDVWH�
ZDWHU�ORDGV�XQGHU�FRQWURO��7KH�WHPSRUDO�YDULDWLRQ�
LQ� WKH�FRQFHQWUDWLRQ�RI�QLWURJHQ�DQG�SKRVSKRUXV�
ZDV� ODUJHO\� GXH� WR� FKDQJHV� LQ� ODQG� DQG� ZDWHU�
PDQDJHPHQW� SUDFWLFHV� ZLWKLQ� WKH� ODNH� EDVLQ� DV�
ZHOO� DV� FKDQJHV� LQ� WKH� WUHDWPHQW� RI� ZDVWHZDWHU�
GLVFKDUJHV�� $FFRUGLQJ� WR� DOO� ¿QGLQJV� ZH�
HPSKDVL]H�WKDW�WKH�WURSKLF�VWDWXV�RI�/DNH�8OXDEDW�
LV�HQGDQJHULQJ�WKH�ODNH�EDODQFH��ZKLFK�LV�JRLQJ�WR�
EH�GLVWXUEHG��DQG�VRPH�PHDVXUHV�PXVW�EH�WDNHQ�WR�
SUHYHQW�WKHVH�FLUFXPVWDQFHV��$V�D�UHVXOW��WKH�ORQJ�
WHUP� PRQLWRULQJ� DQG� FRQWURO� RI� GRPHVWLF� DQG�
LQGXVWULDO� ZDVWHZDWHUV�� UHVWULFWHG� XVHV� RI�
DJULFXOWXUDO� SHVWLFLGHV� DQG� IHUWLOL]HUV� DUH� WKH�
LPSRUWDQW� IDFWRUV� KDYH� WR� EH� WDNHQ� LQWR�
FRQVLGHUDWLRQ�LQ�ODNH�PDQDJHPHQW��

$&.12:/('*0(176
7KLV�UHVHDUFK�ZDV�IXQGHG�6FLHQWL¿F�5HVHDUFK�

)RXQGDWLRQ� RI� 8OXGDJ� 8QLYHUVLW\� �3URMHFW� 1R��
28$3�0����������

)LJXUH����0RQWKO\�WURSKLF�VWDWH�LQGLFHV��76,V��IRU�/DNH�8OXDEDW��WKH�WKUHVKROG�YDOXHV�IRU�WKH�
ROLJRPHVRWURSKLF�������PHVRWURSKLF�������HXWURSKLF�������HXWURSKLF�WR�K\SHUHXWURSKLF�������DQG�

K\SHUHXWURSKLF������VWDWHV�

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



>�@� .DUDHU��)��.DWLS��$��øOHUL��6��6DUPDúLN��6��$\GR÷DQ��
1���������'LVVROYHG�DQG�SDUWLFXODWH�WUDFH�HOHPHQWV
�
FRQ¿JXUDWLRQ��&DVH�VWXG\�IURP�D�VKDOORZ�ODNH��
,QWHUQDWLRQDO�-RXUQDO�RI�3K\VLFDO�6FLHQFHV���������
����������

>�@� ;X�� /�� /L��+�� /LDQJ��;��<DR��<�� =KRX�� /�� &XL��;��
������� :DWHU� TXDOLW\� SDUDPHWHUV� UHVSRQVH� WR�
WHPSHUDWXUH�FKDQJH�LQ�VPDOO�VKDOORZ�ODNHV��3K\VLFV�
DQG�&KHPLVWU\�RI�WKH�(DUWK������������������

>�@� %XOXW��&��$WD\��5��8\VDO��.��.|VH��(��dÕQDU��ù���������
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&OLPDWH� FKDQJH� LV� RQH� RI� WKH� VHULRXV�
FKDOOHQJHV�WR�DJULFXOWXUDO�H[WHQVLRQ�VHUYLFHV�WKDW�
DIIHFW�IDUPV�DQG�IDUPHUV�LQ�YDULRXV�GLPHQVLRQV��
$FFRUGLQJ� WR� 0XOGHU� >�@�� LPSDFWV� RI� FOLPDWH�
FKDQJHV� VKRXOG� QRW� EH� LJQRUHG� IRU� VXVWDLQDEOH�
GHYHORSPHQW�� +RZHYHU�� WKH� H[WHQVLRQ� VHUYLFH�
SURYLGHUV� DUH� QRW� \HW� IXOO\� VHQVLWL]HG� DQG�
HTXLSSHG� ZLWK� WHFKQLTXHV� WR� KHOS� IDUPHUV� LQ�
PDQDJLQJ� DJULFXOWXUDO� ULVNV� WKURXJK� LPPHGLDWH�
DQG� ORZ� FRVW� VROXWLRQV�� ,Q�0DOD\VLD�� H[WHQVLRQ�
VHUYLFHV� DUH� RIIHUHG� E\� SXEOLF� �'HSDUWPHQW� RI�
$JULFXOWXUH�� DQG� SULYDWH� VHFWRU�� 7KH� H[WHQVLRQ�
ZLQJ�RI�SXEOLF�DQG�SULYDWH�VHFWRUV�LV�UHVSRQVLEOH�
WR � GLVVHPLQDWH � XVHIXO � LQIRUPDWLRQ� DQG�
DJULFXOWXUDO�WHFKQRORJLHV�DPRQJ�IDUPHUV�WKURXJK�
¿HOG�OHYHO�VWDII��+RZHYHU��H[WHQVLRQ�VHUYLFHV�DUH�
PRVWO\� IRFXVHG� RQ� MXVW� WUDGLWLRQDO� VW\OH� RI�
DJULFXOWXUDO�WHFKQRORJ\�WUDQVIHU�EXW�OHVV�DWWHQWLRQ�
KDV�EHHQ�SDLG�RQ�XVLQJ�,&7V�IRU�DJULFXOWXUDO�ULVN�
PDQDJHPHQW��$V�GD\�E\�GD\�IDUPHUV�KDYH�WR�IDFH�

GLIIHUHQW�SUREOHPV�GLVVLPLODU�WR�WKH�SDVW�VR��WKHUH�
LV�D�QHHG�WR�RSW�GLJLWDO�RSWLRQV�IRU�TXLFN�VROXWLRQV�
DQG� PDNLQJ� WKLV� VHFWRU� VXVWDLQDEOH�� ([WHQVLRQ�
VHUYLFH� SURYLGHUV� FDQ� PRWLYDWH� WKH� IDUPLQJ�
FRPPXQLW\� WR� XVH� DYDLODEOH� GLJLWDO� RSWLRQV� IRU�
PLQLPL]LQJ�WKH�ULVNV�DVVRFLDWHG�ZLWK�DJULFXOWXUDO�
VHFWRU��7KHVH�ULVNV�FDQ�EH�UHODWHG�ZLWK�SURGXFWLRQ��
SULFH�� PDUNHW�� WHFKQRORJ\�� OHJDO�� KHDOWK�� DQG�
SHUVRQDO�>�@��5LVN�LQ�DJULFXOWXUDO�VHFWRU�LV�UHODWHG�
WR�YDULRXV�IDFWRUV�ZKLFK�OHDYH�QHJDWLYH�LPSDFWV�
RULJLQDWHG� IURP�GLIIHUHQW� YDULDEOHV� OLNH� QDWXUDO��
ELRORJLFDO��FOLPDWLF�DQG� LQSXW�DQG�RXWSXW�SULFHV�
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DQG�SURGXFWLYLW\�RI�IDUPHUV��7KDW�LV�ZK\��DGRSWLRQ�
RI� WHFKQRORJLHV� ZRXOG� XOWLPDWHO\� WULJJHU�
HFRQRPLF� JURZWK� DORQJ� ZLWK� ZLGH� PDUNHWLQJ�
RSSRUWXQLWLHV��UHGXFLQJ�SRYHUW\�DW�ODUJH�>�@
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DQG�PDNLQJ�DJULFXOWXUH�PRUH�VXVWDLQDEOH�>�@�
$FFRUGLQJ� WR� %DKDUXGGLQ� >�@�� DSDUW� IURP�

EOHVVHG� QDWXUDO� ODQGVFDSH� ZLWK� QXPHURXV�
UHVRXUFHV� LQ�0DOD\VLD�� QDWXUDO� GLVDVWHUV� VXFK� DV�
ÀRRGV�� GURXJKWV� DQG� ODQG� VOLGLQJ� DUH� FDXVLQJ�
DGYHUVH� HIIHFWV� RQ� WKH� DJULFXOWXUDO� VHFWRU�� ,Q�
0DOD\VLD��WKH�ÀRRG�SURQH�DUHD�LV�QHDUO\����RI�WKH�
WRWDO� ODQG� DUHD� ������ PLOOLRQ� KD��� ,Q� IDFW��
DJULFXOWXUDO�VHFWRU�QHHGV�PRUH�DWWHQWLRQ�RI�SXEOLF��
SULYDWH��1*2V� DQG�GHYHORSPHQW� VHFWRU� DV�PRUH�
SUREOHPV�DUH�HPHUJLQJ�ZLWK�WKH�SDVVDJH�RI�WLPH��,Q�
WKLV� UHJDUG�� H[WHQVLRQ� DV� D� FHQWUDO� SOD\HU� KDV� WR�
DFFHOHUDWH� WKH�SDFH�IRU�DGGUHVVLQJ� LVVXHV� IRU� WKH�
IDUPHUV�DQG�ZLWK�WKH�IDUPHUV��%DLJ�DQG�$OGRVDUL�
>�@�DOVR�PHQWLRQHG�WKDW�LQ�$VLDQ�FRXQWULHV��WKHUH�LV�
D� QHHG� WR� UHFRQVLGHU� H[WHQVLRQ� V\VWHP� LQ� WKH�
SUHVHQW� VFHQDULR� DV� WKHUH� DUH� PDQ\� FKDOOHQJHV�
HPHUJLQJ�

,Q� WKLV� HUD� RI� GLJLWDO� WHFKQRORJLHV�� QRW� RQO\�
H[WHQVLRQ�SHUVRQQHO�EXW�DOVR�IDUPHUV�DUH�QDWXUDOO\�
JHWWLQJ� LQWHUHVW� DQG� DWWHQWLRQ� WR� XVH� ,&7V� LQ� WKH�
DJULFXOWXUDO�VHFWRU��,W�LV�GXH�WR�WKH�IDFW�WKDW�WKH\�DUH�
DOUHDG\�XVLQJ�,&7V�IRU�VRFLDO�LQWHUDFWLRQ�LQ�YDULRXV�
IRUPV��+RZHYHU�� IDUPHUV� DUH� QRW�ZHOO� LQIRUPHG�
DQG�HTXLSSHG�ZLWK�WKH�EHQH¿WV�KLGGHQ�LQ�WKH�,&7V�
ZKLFK� FDQ� EH� KDUQHVVHG� IRU� NHHSLQJ� WKHP�
LQIRUPHG� DERXW� ZHDWKHU� IRUHFDVWV�� DJULFXOWXUDO�
EHVW� SUDFWLFHV�� LQQRYDWLRQV� LQ� DJULFXOWXUDO� VHFWRU�
DQG�PDQ\�PRUH��,QGHHG��YDULRXV�,&7V�DUH�JHWWLQJ�
DWWHQWLRQ� RI� YDULRXV� GHYHORSPHQW� VHFWRUV� LQ�
YDULRXV�VWDWHV�RI�0DOD\VLD�DV�WKHVH�DUH�FRQYHQLHQW��
VSHHG\� DQG� UHVRXUFHIXO�� +RZHYHU�� GLJLWDO� EDVHG�
DJULFXOWXUDO�VHFWRU� LV� OHVV�IRFXVHG�GXH�WR� ODFN�RI�
DZDUHQHVV�DQG�NQRZOHGJH�DERXW�LWV�SRWHQWLDO�UROH�
LQ�WKH�PDQDJHPHQW�RI�DJULFXOWXUDO�ULVNV��%DLJ� �DQG
$OGRVDUL�>�@�DORQJ�ZLWK�RWKHU�DXWKRUV�>����������@�
KDYH�SRLQWHG�RXW�WKDW�H[LVWLQJ�H[WHQVLRQ�PHWKRGV�
�WUDGLWLRQDO�� OLNH� LQGLYLGXDO�� JURXS� DQG� PDVV�
FRQWDFW�PHWKRGV�QHHG�WR�EH�JUDIWHG�ZLWK�,&7V�IRU�
PDNLQJ�WKH�LQIRUPDWLRQ�DYDLODEOH�WR�DOO�SOD\HUV�LQ�
DQ� HI¿FLHQW�� TXLFN� DQG� HIIHFWLYH� PDQQHU� >��@��
8OWLPDWHO\��LW�ZRXOG�JLYH�ERRVW�WR�WKH�WUDGLWLRQDO�
H[WHQVLRQ� V\VWHP�� 7DWD� DQG� 0F1DPDUD� >��@�
FRQGXFWHG� VWXG\� LQ�.HQ\D� DQG� HPSKDVL]HG� WKDW�
WKHUH�LV�D�QHHG�WR�LQFRUSRUDWH�,&7V�LQ�DJULFXOWXUDO�
H[WHQVLRQ� V\VWHP� WKURXJK� JRYHUQPHQW� OHYHO�
LQYHVWPHQWV��,PSRUWDQWO\��IDLOXUH�WR�JUDIW�,&7V�LQ�
D J U L F X O W X U D O � H [ W H Q V L R Q � F R X O G � O H D G � W R�
XQGHUSHUIRUPDQFH� RI� GLJLWDO� WHFKQRORJLHV� IRU�
EHWWHU� H[WHQVLRQ� VHUYLFH� GHOLYHU\� SDUWLFXODUO\� LQ�
DJULFXOWXUDO� ULVN� PDQDJHPHQW� DQG� JHQHUDOO\� LQ�
DJULFXOWXUH�

0RUH� LPSRUWDQWO\�� LW� LV� QRW� MXVW� DWWLWXGH��

PRWLYDWLRQ��EHKDYLRXUDO� LQWHQWLRQ�DQG�EHKDYLRXU�
RI� IDUPHUV� DQG� H[WHQVLRQ� VWDII� EXW� DOVR� WKHLU�
FDSDFLW\�DQG�FRPSHWHQF\�LQ�ERWK�DJULFXOWXUDO�ULVN�
PDQDJHPHQW� DQG� ,&7� XVDJH� DQG� ZHOO� HTXLSSHG�
LQVWLWXWLRQV� WR� VXSSRUW� ,&7V� IRU� WLPHO\� ULVN�
PDQDJHPHQW�IURP�WKH�SHUVSHFWLYH�RI�SUHVHQW�DQG�
IXWXUH�� ,QGHHG�� DJULFXOWXUDO� VHFWRU� KDV� EHFRPH�
PRUH�ULVN\�GXH�WR�FOLPDWH�FKDQJHV�DQG�H[WHQVLRQ�
DJHQWV�DUH�VXSSRVHG�WR�KHOS�IDUPLQJ�FRPPXQLW\�WR�
XVH�,&7V�IRU�DJULFXOWXUDO�ULVN�PDQDJHPHQW��7KDW�LV�
ZK\�WKLV�VWXG\�ZDV�SODQQHG�WR�DVVHVV�WKH�H[LVWLQJ�
VLWXDWLRQ�RI�H[WHQVLRQ�VHUYLFHV�DW�GLIIHUHQW�VWDWHV�RI�
0DOD\VLD�� 7KH� VWXG\� ZRXOG� EH� KHOSIXO� LQ�
XQGHUVWDQGLQJ�WKH�UROH�EHLQJ�SOD\HG�E\�H[WHQVLRQ�
VHUYLFH� SURYLGHUV� LQ� WKH� VWXG\� DUHD�� 7KH� UHVXOW�
ZRXOG�DOVR�EH�XVHIXO�IRU�SROLF\�PDNHUV��H[WHQVLRQ�
SURIHVVLRQDOV� DQG� IDUPHUV� WR� UHDOL]H� WKH�
LPSRUWDQFH� RI� H[WHQVLRQ� VHUYLFHV� DQG� ,&7V� LQ�
DJULFXOWXUDO�ULVN�PDQDJHPHQW��

0(7+2'2/2*<

7KH� UHVHDUFK�ZDV� FRQGXFWHG� LQ� IRXU� DUHDV� RI�
0DOD\VLD�DIIHFWHG�E\�GLVDVWHUV�RU�SHUFHLYHG�WR�EH�
SURQH�WR�QDWXUDO�FDWDVWURSKHV��0XOWL�VWDJH�FOXVWHU�
VDPSOLQJ�PHWKRG�ZDV�XVHG��,Q�WKLV�UHJDUG��WKUHH�
FOXVWHUV�QDPHO\�(DVW��6RXWK�DQG�1RUWK�]RQHV�ZHUH�
FKRVHQ� RQ� DFFRXQW� RI� JHRJUDSKLFDO� ORFDWLRQV�
ZKLFK�ZHUH�UHÀHFWLQJ�WKH�WKUHH�VWDWHV��7KHQ��DUHDV�
VXFK�DV�3DKDQJ��7HUHQJJDQX��(DVW���-RKRU��6RXWK���
.HGDK��1RUWK��ZHUH�UDQGRPO\�VHOHFWHG�IURP�WKH�
WKUHH� VWDWHV�� /DVWO\�� WKH� OLVWV� RI� IDUPHUV� ZHUH�
REWDLQHG�WR�UDQGRPO\�VHOHFW�VDPSOH�VL]H�IURP�HDFK�
DUHD�� 7KXV�� ��� IDUPHUV� ZHUH� FKRVHQ� E\� XVLQJ�
VLPSOH� UDQGRP� WHFKQLTXH� WKDW� ZDV� UHSUHVHQWLQJ�
DUHDV� RI� IRXU� VWDWH� GLVWULFWV� DV�PHQWLRQHG� LQ� WKH�
0DS�RI�0DOD\VLD��)LJXUH�����7KH�VHOHFWLRQ�FULWHULD�
RI� UHVSRQGHQWV
� VHOHFWLRQ� ZHUH� QDWXUDO� GLVDVWHU�
H[SHULHQFH�� � 6R�� WKH� WRWDO� VDPSOH� VL]H� ZDV� ����
IDUPHUV�� 6WXG\� GDWD� ZHUH� FROOHFWHG� XVLQJ�
VWUXFWXUHG�TXHVWLRQQDLUH�IRUPV�FRPSOHWHG�E\�ORFDO�
HQXPHUDWRUV�GXULQJ�IDFH�WR�IDFH�IDUPHU�LQWHUYLHZV��
'HVFULSWLYH� PHWKRG� RI� 6WDWLVWLFV� ZDV� XVHG� WR�
DQDO\]H� WKH�GDWD��7KH� UHVXOWV�ZHUH�JHQHUDWHG�E\�
XVLQJ� 6WDWLVWLFDO� 3DFNDJH� IRU� 6RFLDO� 6FLHQFHV�
�6366�YHUVLRQ�����

5(68/76�$1'�',6&866,21

6RXUFHV�RI�,QIRUPDWLRQ�RQ�:HDWKHU�)RUHFDVW
,QIRUPDWLRQ�DFWV�OLNH�SRZHU�DQG�DOVR�HPSRZHUV�

WKH� IDUPHUV�ZKLFK� FDQ�XOWLPDWHO\�KHOS� LQ� DFWLRQ�
DQG�UHDFWLRQ��GHFLVLRQ���

��

�0��$OL��1��0DQ��,�$��/DWLI��)�0��0XKDUDP��6�=��2PDU�



$FFRUGLQJ� WR� 'HPLU\XUHN� >��@�� RQH� RI� WKH�
LPSRUWDQW� IDFWRUV� LQ� DJULFXOWXUH� LV� LQIRUPDWLRQ�
ZKLFK�KHOSV�WKH�IDUPHU�LQ�EHWWHU�PDQDJHPHQW�RI�
DJULFXOWXUH�DQG�IDFLOLWDWH�LQ�EHWWHU�GHFLVLRQ�PDNLQJ�
ZKHQ� SURYLGHG� E\� H[WHQVLRQ� VHUYLFH�� UHVHDUFK��
DFDGHPLD�DQG�RWKHU�DJULFXOWXUDO�RUJDQL]DWLRQV��,W�
PDNHV� WKH� IDUPHU� PRUH� NQRZOHGJHDEOH� WKDW�
LQKLELWV� PDNLQJ� ZURQJ� GHFLVLRQV�� 0LWWDO� DQG�
0HKDU�>��@�FRQGXFWHG�D�VXUYH\�LQ�,QGR�*DQJHWLF�
SODLQV� RI� ,QGLD� WR� DVVHVV� WKH� DJULFXOWXUDO�
LQIRUPDWLRQ�QHWZRUNV�DQG�QHHGV�RI�IDUPHUV�DORQJ�
ZLWK� ULVN�PDQDJHPHQW� VWUDWHJLHV� DQG� IRXQG� WKDW�
IDUPHUV�KDG�PXOWLSOH�VRXUFHV�RI�LQIRUPDWLRQ�DQG�
GLG� QRW� UHO\� RQ� VLQJOH� VRXUFH�� RQ� WKH� EDVLV� RI�
LQIRUPDWLRQ� DFFHVVLELOL W\� � SUHFLVLRQ� DQG�
WUXVWZRUWKLQHVV�

)DUPHUV�XVH�VLQJOH�RU�YDULRXV�VRXUFHV�UHJDUGLQJ�
ZHDWKHU�IRUHFDVWV�IRU�DSSURSULDWH�PDQDJHPHQW�RI�
DJULFXOWXUDO� ULVNV�� ,Q� WKLV� UHJDUG�� IDUPHUV� ZHUH�
DVNHG� DERXW� GLIIHUHQW� VRXUFHV� RI� LQIRUPDWLRQ�
�PRUH� WKDQ� RQH�� DQG� WKH� UHVXOWV� RI� HPSLULFDO�
UHVHDUFK� LQ� 7DEOH� �� GHSLFW� WKDW� WHOHYLVLRQ� DQG�
IHOORZ� IDUPHUV� ZHUH� WKH� PDLQ� VRXUFHV� RI�
LQIRUPDWLRQ�DV�UHYHDOHG�E\�������DQG�����RI�WKH�
IDUPHUV��7KH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�1JDWKRX�HW�
DO��>��@�ZKR�FRQGXFWHG�UHVHDUFK�LQ�1RUWK�$ODEDPD�
WR� H[SORUH� VRXUFHV� RI� LQIRUPDWLRQ� E\� OLPLWHG�
UHVRXUFH� IDUPHUV� DQG� IRXQG� WKDW� LQIRUPDWLRQ�
UHFHLYHG� E\� IDFH� WR� IDFH� FRQWDFW� DQG� WKURXJK�
WHOHYLVLRQ� SURJUDPV� DUH� PRVW� XVHIXO� PHWKRGV��
$OPRVW�����RI�IDUPHUV�VDLG�RSLQLRQ�OHDGHUV�DUH�
WKHLU�PDLQ�VRXUFH�RI�LQIRUPDWLRQ��6LPLODUO\��UDGLR�
DQG�QHZVSDSHUV�ZHUH�DOVR�VRXUFHV�RI�LQIRUPDWLRQ�
DV�UHSRUWHG�E\�������DQG�������RI�WKH�IDUPHUV��
$OPRVW�VLPLODU�SHUFHQWDJH�RI�IDUPHUV�KLJKOLJKWHG�
'HSDUWPHQW� RI�0HWHRURORJ\� DQG�'HSDUWPHQW� RI�
$JULFXOWXUH�DV�WKHLU�LQIRUPDWLRQ�SRRO�SHUWDLQLQJ�WR�
ZHDWKHU�XSGDWHV��5HJDUGOHVV�WR�WKHVH�VRXUFHV��VHOI�

MXGJPHQW�ZDV�SHUFHLYHG� HIIHFWLYH�E\�PRUH� WKDQ�
VOLJKWO\�KDOI�RI�WKH�UHVHDUFK�SRSXODWLRQ��0RUHRYHU��
VWDWH�DXWKRULW\�ZDV�OHDVW�VLJQL¿FDQW�DV�D�VRXUFH�RI�
ZHDWKHU� LQIRUPDWLRQ�DV�RQO\������IDUPHUV�ZHUH�
DEOH� WR� REWDLQ� UHOHYDQW� LQIRUPDWLRQ��7KHUH�ZHUH�
RQO\�¿YH�IDUPHUV�ZKR�VDLG�WKDW�WKH\�GLG�QRW�KDYH�
DQ\�LQIRUPDWLRQ�DW�DOO��:KHUHDV��RQO\������RI�WKH�
IDUPHUV�GLVFORVHG�WKDW� WKH\�KDG�RWKHU�VRXUFHV�RI�
LQIRUPDWLRQ�OLNH�WUDGH�GHDOHUV�DQG�UHODWLYHV�HWF�

,W�LV�FOHDU�IURP�7DEOH���WKDW�WHOHYLVLRQ��IHOORZ�
IDUPHUV�DQG�VHOI�MXGJPHQW�ZHUH�EHWWHU�VRXUFHV�RI�
ZHDWKHU� LQIRUPDWLRQ� IRU� WKH� PDQDJHPHQW� RI�
DJULFXOWXUDO� ULVNV� LQ� WKH� H\HV� RI� IDUPLQJ�
FRPPXQLW\� LQ� WKH� UHVHDUFK� DUHD��7KH� OLQNV�ZLWK�
IHOORZ� IDUPHUV� LQ� WHUPV� RI� DJULFXOWXUDO� VHFWRU�
GHYHORSPHQW�FDQ�QHYHU�EH�LJQRUHG�DV�WKHVH�OLQNV�
IDFLOLWDWH�IDUPHU�WR�IDUPHU�LQWHUDFWLRQ�DQG�PLUURU�
WKH�VQRZEDOO�HIIHFW��7KLV�HIIHFW�HQVXUHV�WKDW�PRVW�
RI�WKH�IDUPHUV�DFFHVV�HDFK�RWKHU�DQG�JHW�LQIRUPHG�
DERXW�DQ\�XSGDWH�EHFDXVH�LQWHU�FRPPXQLFDWLRQ�LV�
VXSSRVHG� WR� EH� JRRG� DQG� FKHDS� VROXWLRQ� IRU�
PDMRULW\�RI�WKH�IDUPHUV�

,W� ZDV� REVHUYHG� IURP� WKH� UHVHDUFK� DUHD� WKDW�
PRVW�RI�WKH�IDUPHUV�ZDVWH�WKHLU�SUHFLRXV�WLPH�WR�
JDWKHU� WKH� LQIRUPDWLRQ�� MXGJLQJ� WKH� FUHGLELOLW\��
UHOLDELOLW\� DQG�PDWFKLQJ�ZLWK� RZQ� QHHGV� ZKLFK�
VRPH�WLPH�OHDG�WR�GHOD\�LQ�WKH�GHFLVLRQ�DQG�¿QDO�
DFWLRQ��0RUHRYHU�� W\SH� DQG�QDWXUH�RI� ULVN�� WLPH��
WHFKQRORJ\�� LQIRUPDWLRQ� VRXUFH� �V�� DQG� GHFLVLRQ�
PDNLQJ�DELOLW\�FRXOG�EH�LPSRUWDQW�IDFWRUV�IRU�WKH�
IDUPHUV��6R��UDSLG�GLJLWDO�WHFKQRORJLHV��,&7V��DQG�
H[WHQVLRQ�VHUYLFH�SURYLGHUV�HLWKHU�SXEOLF�RU�SULYDWH�
PLJKW� KHOS� WKH� IDUPHUV� LQ� WDNLQJ� WKH� GHFLVLRQ���
6LPLODUO\� � IDUPHUV� FDQ� DOVR� FRQ¿UP� WKH�
FRQVHTXHQFHV�RI�WKHLU�GHFLVLRQ�WKURXJK�GLVFXVVLRQ�
ZLWK� H[WHQVLRQ� H[SHUWV� DQG� DOVR� UHVXOWV� RI� RWKHU�
IDUPHUV�WKURXJK�,&7V��

��

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

)LJXUH����6WXG\�DUHD�ORFDWLRQ�



��

)UHTXHQF\� RI � 9LVLWV � E\� $JULFXOWXUH�
([WHQVLRQ�6WDII�
([WHQVLRQ�ZRUNHUV�LQ�WKHLU�PDQGDWH�DUHDV�SOD\�D�

YLWDO� UROH� LQ� WKH� DJULFXOWXUDO� GHYHORSPHQW��7KH\�
FRQWDFW�IDUPHUV�IDFH�WR�IDFH�RU�LQGLUHFWO\�KHOS�WKHP�
VHOHFW� WKH� EHVW� ¿W� DFWLRQV� WR� DGGUHVV� WKHLU�
FKDOOHQJHV�� ,Q� WKLV� UHJDUG�� WKHLU� IUHTXHQF\� RI�
FRQWDFW�PD\�GLIIHU� IURP�FRXQWU\� WR� FRXQWU\� DQG�
HYHQ�DUHD�WR�DUHD�ZLWKLQ�WKH�VDPH�FRXQWU\��)$2�
>��@� KLJKOLJKWHG� WKDW� H[WHQVLRQ� RI¿FHUV� DUH�
LPSRUWDQW� IURQWOLQH� ZRUNHUV� DV� WKH\� YLVLW� WKH�
IDUPHUV�IRU�WKH�HVWDEOLVKPHQW�RI�H[WHQVLRQ�IDUPHU�
WLH�XSV��PRWLYDWLRQ�� DQG�GHWHFWLRQV�RI� SUREOHPV��
([WHQVLRQ�SURJUDPV�RUJDQL]HG�E\�H[WHQVLRQ�¿HOG�
VWDII� DOVR� WUDQVIRUP� UXUDO� DUHDV� IRU� XOWLPDWH�
GHYHORSPHQW��$RQQJHUQWKD\DNRUQ�DQG�3RQJTXDQ�
>��@�SRLQWHG�RXW�WKDW�H[WHQVLRQ�SURJUDPV�ZHUH�RQH�
RI� WKH� DJULFXOWXUDO� LQIRUPDWLRQ� VRXUFHV� RI� WKH�
SDGG\�IDUPHUV�LQ�FHQWUDO�7KDLODQG��

7DEOH���GLVSOD\V��WKH�IUHTXHQFLHV�RI�H[WHQVLRQ�
VWDII
V� IDUPHU�YLVLWV�� ,W� LV�REYLRXV� IURP�WKH� WDEOH�
WKDW�PRVW�RI�WKH�IDUPHUV�ZHUH�YLVLWHG�RQ�DQQXDO�DQG�
ELDQQXDO� EDVLV��$JDLQ�� RQH� RI� WKH�PRVW� VWULNLQJ�
UHVXOWV� LV� WKDW� DQ� LPSRUWDQW� SURSRUWLRQ� RI� WKH�
IDUPHUV� KDYH� QHYHU� EHHQ� YLVLWHG� ��������� 7KLV�
¿QGLQJ�LV�LQ�KDUPRQ\�ZLWK�3KHWVDPRQH�>��@ ZKR��
UHSRUWHG�WKDW�����RI�WKH�VXUYH\HG�IDUPHUV�GLG�QRW�
KDYH�DFFHVV�WR�H[WHQVLRQ�VHUYLFHV�LQ�/DRV�

&RQWULEXWLRQV�E\�([WHQVLRQ�:RUNHUV
)DUPLQJ� FRPPXQLW\� QHHGV� KHOS� E\� WKH�

H[WHQVLRQ�H[SHUWV�PRVW�RI�WKH�WLPH�LQ�DJULFXOWXUDO�
VHFWRU��7KH\�QRW�RQO\�LQIRUP�IDUPHUV�WR�DGRSW�QHZ�
WHFKQRORJLHV� EXW� DOVR� FRQWULEXWH� WR� FRQYH\� QHZ�
LGHDV� LQWR� WKHLU� H[LVWLQJ� DJULFXOWXUDO� SUDFWLFHV��
'DYLV�HW�DO��>��@�SRLQWHG�WKDW�WKHUH�ZDV�D�QHHG�WR�
FKDQJH� WKH�H[LVWLQJ� WUDGLWLRQDO� UROH�RI� H[WHQVLRQ�
LQWR� QHZ� GLPHQVLRQV� RI� VXSSRUW� VHUYLFHV� ZKLFK�
PXVW�KHOS�LQ�YDULHW\�RI�HPHUJLQJ�FKDOOHQJHV�OLNH�
PDOQXWULWLRQ�� ULVN� DQG� GLVDVWHU� SUHSDUDWLRQ��
DGDSWDWLRQ�WR�FOLPDWH�YDULDWLRQV�DQG�UHVLOLHQFH�RI�
IDUPHUV�� ,Q� WKLV� UHJDUG�� IDUPHUV�ZHUH� DVNHG� WKH�
VXSSRUWV�RU�FRQWULEXWLRQV�JLYHQ�E\�H[WHQVLRQ�VWDII�
LQ� LQWHJUDWLQJ� ,&7V� LQWR� WKH� DJULFXOWXUDO� ULVN�
PDQDJHPHQW��7KH�UHVXOWV�ZHUH�SUHVHQWHG�LQ�7DEOH�
��

7KH� UHVXOWV�GLVFORVHG� WKDW� IDUPHUV�KDG�PL[HG�
IHHOLQJV�RQ�WKH�VXSSRUWV�E\�H[WHQVLRQ�ZRUNHUV��,W�
PD\�EH�GXH�WR�WKH�IDFW�WKDW�H[WHQVLRQ�VWDII�LV�QRW�
ZHOO�HTXLSSHG�DQG�WUDLQHG�LQ�GUDZLQJ�WKH�DWWHQWLRQ�
RI�IDUPHUV��6R��LI�H[WHQVLRQ�VWDII�LV�DOUHDG\�WUDLQHG�
WKHQ� WKHVH�GLJLWDO� LQQRYDWLRQV� LQ� WKH�DJULFXOWXUDO�
ULVN�PDQDJHPHQW�ZRXOG�EH�HDV\��/DVWO\��([WHQVLRQ�

RI¿FHUV�KDYH�WR�EH�IXOO\�VXSSRUWLYH�SDUWLFXODUO\�LQ�
WKH�DUHDV�ZKHUH�IDUPHUV�DUH�PRUH�SURQH�WR�QDWXUDO�
FDWDVWURSKHV�

,QIRUPDWLRQ�DERXW�8VH�RI�,&7V�IURP�2I¿FHUV
)DUPHUV�WU\�WR�UHFHLYH�DV�PXFK�DV�LQIRUPDWLRQ�

HVSHFLDOO\�LQ�WKH�ULVN�PDQDJHPHQW�¿HOG�DQG�WKHLU�
DUHDV�� ,QGHHG�� LW� LV� D� FRPPRQ� SHUFHSWLRQ� WKDW�
H[WHQVLRQ�VWDII�LV�ZHOO�WUDLQHG�DQG�EHWWHU�LQIRUPHG�
LQ� WKH� YDULHW\� RI� LVVXHV� LQ� DJULFXOWXUDO� VHFWRU��
)DUPHUV�ZHUH�DVNHG�DERXW�LQIRUPDWLRQ�WKH\�KDYH�
UHFHLYHG��PRUH�WKDQ�RQH�DQVZHU��IURP�DJULFXOWXUH�
H[WHQVLRQ�VWDII�DERXW�YDULRXV�XVHV�RI�,&7V�LQ�WKH�
PDQDJHPHQW�RI�DJULFXOWXUDO� ULVNV��7KH�HPSLULFDO�
UHVXOWV�JLYHQ�LQ�7DEOH����GHPRQVWUDWH�WKDW�������RI�
WKH� IDUPHUV� UHVSRQGHG� WKDW� WKH\� UHFHLYHG�
LQIRUPDWLRQ� DERXW� XVH� RI� ,&7V� IRU� GLVDVWHU�
SUHYHQWLRQ��:KLOH��������RI�WKH�IDUPHUV�VDLG�WKDW�
H[WHQVLRQ� RI¿FHUV� LQIRUPHG� WKHP� DERXW� XVH� RI�
,&7V�IRU�ZHOO�SUHSDUDWLRQ�LQ�FDVH�RI�DQ\�GLVDVWHU�
RFFXUUHQFH�� 0RUHRYHU�� ������ RI� IDUPHUV�
DFNQRZOHGJHG� WKDW� H[WHQVLRQ� VSHFLDOLVWV�
IDFLOLWDWHG�WKH�IDUPHUV�LQ�WKH�,&7�XVDJH�IRU�SUH�DQG�
SRVW� UHFRYHU\�� ,Q� DGGLWLRQ�� WKHUH� ZHUH� ������
IDUPHUV� ZKR� UHSOLHG� WKDW� H[WHQVLRQ� ZRUNHUV�
EURXJKW�LQWR�WKHLU�QRWLFH�DERXW�XVH�RI�GLJLWDO�PHDQV�
IRU�NQRZLQJ�DERXW�PDUNHW�SULFH�FRQGLWLRQ�GXULQJ�
GLVDVWHUV��7KHUH�ZHUH�������RI�WKH�IDUPHUV�ZKR�
KLJKOLJKWHG� DQ\� RWKHU� DV� LQIRUPDWLRQ� JLYHQ� E\�
H[WHQVLRQ�SHUVRQQHO�OLNH�SHVW�DQG�GLVHDVHV��KHDOWK�
UH OD WHG � L VVXHV � � GHV W UXF W LRQ � RI � SK\V LFD O�
LQIUDVWUXFWXUH�� IRRG� VKRUWDJH�� VKLIWLQJ� WR� VHFXUH�
SODFHV�� SXEOLF� DQG� SULYDWH� VHUYLFHV� IRU� GLVDVWHU�
YLFWLPV�� UHORFDWLRQ� RI� OLYHVWRFN�� YROXQWHHUV��
HPHUJHQF\� PHGLFDO� VHUYLFHV� DQG� JRYHUQPHQW�
SROLFHV�HWF�

7KHUHIRUH�� LW� FDQ� EH� JDWKHUHG� WKDW� IDUPHUV�
UHFHLYH�YDULHW\�RI�LQIRUPDWLRQ�IURP�H[WHQVLRQ�¿HOG�
VWDII� EHIRUH�� GXULQJ� DQG� SRVW� GLVDVWHUV� IRU�
DJULFXOWXUDO�ULVN�PDQDJHPHQW�E\�WKH�XVH�RI�,&7V��
+RZHYHU�� VWLOO� WKHUH� DUH� PDQ\� IDUPHUV� ZKR�
UHPDLQHG� XQLQIRUPHG� DERXW� VXGGHQ� QDWXUDO�
GLVDVWHUV�ZKLFK�PLJKW� OHDG� WKHP� WRZDUGV� ORVLQJ�
LQWHUHVW�LQ�WKH�DJULFXOWXUDO�VHFWRU��7KXV��LI�DOO�WKH�
IDUPHUV�DUH�ZHOO�LQIRUPHG�DQG�SUHSDUHG�LQ�DGYDQFH�
WR�WDFNOH�DQ\�QDWXUDO�GLVDVWHU�E\�WKH�KHOS�RI�,&7V�
WKHQ�ULVN�PDQDJHPHQW�LQ�DJULFXOWXUH�FDQ�DOVR�EH�
HQVXUHG�WR�VRPH�H[WHQW��(IIRUWV�RI�H[WHQVLRQ�¿HOG�
VWDII�DUH�EHLQJ�GHVSHUDWHO\�QHHGHG�LQ�WKLV�UHJDUG�

([WHQVLRQ�6WDII�.QRZOHGJH
7KH� LQWHQVLW\� RI� ULVN�PD\� EH� HYHQ� KLJKHU�ZKHQ�
VHUYLFH�SURYLGHUV�HLWKHU�GR�QRW�KHOS�IDUPHUV�DW
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,Q� WKLV� UHJDUG�� IDUPHUV�ZHUH�DVNHG� WR�DVVHVV�H[WHQVLRQ�
VWDIIV
�NQRZOHGJH�FDSDFLW\�RQ�DJULFXOWXUDO�ULVN�PDQDJHPHQW�
E\�XVLQJ�,&7V��6R��WKH�UHVXOWV�GHPRQVWUDWH�WKDW��DV�GLVSOD\HG�
LQ�7DEOH����PRUH�WKDQ�����RI�IDUPHUV�EHOLHYHG�WKDW�H[WHQVLRQ�
VWDII
V� NQRZOHGJH�FDSDFLW\�RQ� WKH�XVH�RI� ,&7V� LV� ORZ�DQG�
QHHGV�LPSURYHPHQW��$V�D�PDWWHU�RI�IDFW��ZKHQ�H[WHQVLRQ�VWDII�

LV�H[SHULHQFHG��ZHOO�HTXLSSHG�ZLWK�XS�WR�GDWH�NQRZOHGJH��
WKH\�FDQ�EH�EHQH¿FLDO�WR�IDUPHUV�DQG�VDWLVI\LQJ�WKHLU�QHHGV��
$QRWKHU�SRLQW�WR�UHPHPEHU�LV�WKH�SRVVLELOLW\�WKDW�H[WHQVLRQ�
VWDII�ZLWK�D�FRQWLQXRXV�RU�IUHTXHQW�FRQWDFW�PLJKW�EH�UDQNHG�
DV�JRRG�RU�YHU\�JRRG�E\�WKH�UHVSRQGHQWV�

7DEOH����6RXUFHV�RI�LQIRUPDWLRQ�RQ�ZHDWKHU�IRUHFDVW�

7DEOH����)UHTXHQF\�RI�DJULFXOWXUH�H[WHQVLRQ�VWDII�YLVLWV�

7DEOH����&RQWULEXWLRQV�E\�H[WHQVLRQ�ZRUNHUV�

7DEOH����,QIRUPDWLRQ�DERXW�XVH�RI�,&7V�IURP�RI¿FHUV�
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5()(5(1&(6

7DEOH����([WHQVLRQ�VWDII�NQRZOHGJH�

&21&/86,21�$1'�
5(&200(1'$7,216

,W�FDQ�EH�FRQFOXGHG�WKDW�WKH�SULPDU\�VRXUFHV�RI�
ZHDWKHU�IRUHFDVW�ZHUH�7�9�DQG�IHOORZ�IDUPHUV�DV�
DJULFXOWXUDO�H[WHQVLRQ�VHUYLFHV�LQ�WKH�UHVHDUFK�DUHD�
ZHUH� QRW� VDWLVI\LQJ�� ,W�ZDV� GXH� WR� OHVV� IUHTXHQW�
IDUPHU�DQG�WKH�LQDGHTXDWH�VXSSRUWV�E\�H[WHQVLRQ�
¿HOG�� $OWKRXJK�� IDUPHUV� KDYH� EHHQ� UHFHLYLQJ�
LQIRUPDWLRQ� RQ� WKH� XVH� RI� ,&7V� IURP� H[WHQVLRQ�
DJHQWV� H[FOXVLYHO\� IRU� GLVDVWHUV� WKURXJK� ,&7V��
H[WHQVLRQ� DJHQWV� QHHG� EXLOGLQJ� WKHLU� NQRZOHGJH�
FDSDFLWLHV� RQ� DJULFXOWXUDO� ULVN� PDQDJHPHQW���
)UHTXHQW�YLVLWV��VNLOOV�DQG�NQRZOHGJH�XS�JUDGDWLRQ�
WKURXJK�WUDLQLQJ�SURJUDPV�RQ�UHJXODU�EDVLV��IDUPHU�

IULHQGO\� VXSSRUW� DQG� SROLF\� PHDVXUHV� DQG�
GHFLVLRQV�SDUWLFXODUO\�DW�WKH�WLPH�RI�GLVDVWHUV�DQG�
KHOS�IRU�UHVRXUFH�SRRU�VPDOO�IDUPHUV�DUH�UHTXLUHG�
LQ�JHQHUDO�EXW�HVSHFLDOO\�LQ�GLVDVWHU�SURQH�DUHDV�LQ�
0DOD\VLD����

,Q� RUGHU� WR� UHDFK� PDMRULW\� RI� GLVDVWHU� SURQH�
IDUPHUV�� H[WHQVLRQ� VHUYLFH� SURYLGHUV� QHHG� WR� EH�
IXOO\�DZDUH��HTXLSSHG�DQG�HPSRZHUHG�WKHPVHOYHV�
LQ� DOO� DVSHFWV� VR� WKDW� WKH\� FDQ� HDVLO\� KHOS� WKH�
IDUPHUV�UHTXLUHG��$GGLWLRQDOO\��WKHUH�LV�D�QHHG�WR�
DOORFDWH�PRUH�IXQGV��GHYHORS�PHWKRGV�WR�LQWHJUDWH�
,&7V� DQG� LQYROYH� DOO� VWDNHKROGHUV� IRU� SURSHU�
DJULFXOWXUDO� ULVN� PDQDJHPHQW�� /DVWO\�� H[WHQVLRQ�
VHUYLFH� SURYLGHUV
� UROH� DQG� GXWLHV� VKRXOG� EH�
UHGH¿QHG�

>�@�0XOGHU��0���������$�¿YH�FRPSRQHQW�IXWXUH�FRPSHWHQFH�
��&)&��PRGHO��7KH� -RXUQDO�RI�$JULFXOWXUDO�(GXFDWLRQ�
D Q G � ( [ W H Q V L R Q � � � � � � � � � � � � � � � ��
'2,����������������;�������������

>�@�%DKDUXGGLQ��$�+���������5LVN�DQG�SRYHUW\�LQ�DJULFXOWXUH��
([SDQGLQJ� UROHV� IRU� DJULFXOWXUDO� FRRSHUDWLYHV� LQ�
0DOD\VLD��*HRJUD¿D��0DOD\VLDQ�-RXUQDO�RI�6RFLHW\�DQG�
6SDFH�������������

>�@�-DLQ��5�&�$��DQG�3DUVKDG��0���������5LVN�PDQDJHPHQW�LQ�
DJULFXOWXUH�� 5HSRUW� RI� WKH� ZRUNLQJ� JURXS� RQ� ULVN�
PDQDJHPHQW�LQ�DJULFXOWXUH�IRU�WKH�HOHYHQWK�¿YH�\HDU�SODQ�
������������� 1HZ�'HOKL�� ,QGLD�� *RYHUQPHQW� RI� ,QGLD�
3ODQQLQJ�&RPPLVVLRQ�

>�@�$JZH��-��DQG�$]HE��)���������0DQDJLQJ�ULVN�LQ�¿QDQFLQJ�
DJULFXOWXUH�� 3URFHHGLQJV� RI�([SHUW�0HHWLQJ�&RQYHQHG�
DQG�&R�VSRQVRUHG�E\�$5$&$��)$2��WKH�/DQG�%DQN�RI�
6RXWK�$IULFD�DQG�WKH�:RUOG�%DQN��-RKDQQHVEHUJ�6RXWK�
$IULFD��$SULO�������

>�@�$,7�81(3�� ������� $VVHVVPHQW� RI� FDSDFLW\� JDSV� DQG�
QHHGV� RI� 6RXWK� (DVW� $VLD� &RXQWULHV� LQ� DGGUHVVLQJ�
LPSDFWV��YXOQHUDELOLW\�DQG�DGDSWDWLRQ�WR�FOLPDWH�FKDQJH��
%DQJNRN��7KDLODQG�

>�@�:RVVHQ��7��$EGRXOD\H��7��$OHQH��$��+DLOH��0�*��)HOHNH��
6��2ODQUHZDMX��$��DQG�0DQ\RQJ��9���������,PSDFWV�RI�
H[WHQVLRQ� DFFHVV� DQG� FRRSHUDWLYH� PHPEHUVKLS� RQ�
WHFKQRORJ\�DGRSWLRQ�DQG�KRXVHKROG�ZHOIDUH��-RXUQDO�RI�
5XUDO�6WXGLHV��������������

>�@�=KDQJ��<��:DQJ��/�� �DQG�'XDQ��<���������$JULFXOWXUDO�
LQIRUPDWLRQ� GLVVHPLQDWLRQ� XVLQJ� ,&7V�� $� UHYLHZ� DQG�
DQDO\VLV�RI�LQIRUPDWLRQ�GLVVHPLQDWLRQ�PRGHOV�LQ�&KLQD��
,QIRUPDWLRQ�3URFHVVLQJ�LQ�$JULFXOWXUH��������������

>�@�%DKDUXGGLQ��0��.���������&OLPDWH�&KDQJH±,WV�HIIHFWV�RQ�

WKH�DJULFXOWXUDO�VHFWRU�LQ�0DOD\VLD��,Q�1DWLRQDO�VHPLQDU�
RQ� VRFLR�HFRQRPLF� LPSDFWV� RI� H[WUHPH� ZHDWKHU� DQG�
FOLPDWH�FKDQJH�

>�@�%DLJ�� 0�%�� DQG� $OGRVDUL�� )�� ������� $JULFXOWXUDO�
H[WHQVLRQ� LQ� $VLD�� FRQVWUDLQWV� DQG� RSWLRQV� IRU�
LPSURYHPHQW��7KH�-RXUQDO�RI�$QLPDO�DQG�3ODQW�6FLHQFHV��
���������������

>��@� $32��������,QWHJUDWLRQ�RI�$JULFXOWXUDO�5HVHDUFK�DQG�
([WHQVLRQ�� -DSDQ�� $VLDQ� 3URGXFWLYLW\� 2UJDQL]DWLRQ��
K W W S � � �ZZZ�DSR� WRN\R �R UJ ���H �ERRNV �$*�
��B$JUL5HVHDUFK([W�KWP

>��@� )$2� ������� ,QVWLWXWLRQ� EXLOGLQJ� WR� VWUHQJWKHQ�
DJULFXOWXUH� H[WHQVLRQ�� ,Q�3URFHHGLQJV�RI� WKH�7ZHQW\�
VHYHQWK�)$2�5HJLRQDO�&RQIHUHQFH� IRU�$VLD� DQG� WKH�
3DFL¿F��%HLMLQJ��&KLQD��������0D\��������)RRG�DQG�
$JULFXOWXUH� 2UJDQL]DWLRQ� RI� WKH� 8QLWHG� 1DWLRQV�
5HJLRQDO�2I¿FH��%DQJNRN��7KDLODQG�

>��@� $QDQGDMD\DVHNHUDP�� 3�� 3XVNXU�� 5�� � 6LQGX�� :�� DQG�
+RHNVWUD�� '�� ������� &RQFHSWV� DQG� 3UDFWLFHV� LQ�
$JULFXOWXUDO� ([WHQVLRQ� LQ� 'HYHORSLQJ� &RXQWULHV�� $�
VRXUFH� ERRN��:DVKLQJWRQ�� '&�� ,)35,� �,QWHUQDWLRQDO�
)RRG�3ROLF\�5HVHDUFK�,QVWLWXWH���DQG�1DLUREL��.HQ\D��
,/5,��,QWHUQDWLRQDO�/LYHVWRFN�5HVHDUFK�,QVWLWXWH��

>��@� 7DWD��-�6��DQG�0F1DPDUD��3�(�� ��������,PSDFW�RI�,&7�
RQ�DJULFXOWXUDO�H[WHQVLRQ�VHUYLFHV�GHOLYHU\��HYLGHQFH�
IURP�WKH�&DWKROLF�5HOLHI�6HUYLFHV�60$57�VNLOOV�DQG�
)DUPERRN� SURMHFW� LQ� .HQ\D�� 7KH� -RXUQDO� RI�
$JULFXOWXUDO�(GXFDWLRQ�DQG�([WHQVLRQ�������

>��@� 'HPLU\XUHN��.���������7KH�XVH�RI�VRFLDO�QHWZRUN�
DQDO\VLV��61$��WR�LGHQWLI\�RSLQLRQ�OHDGHUV��WKH�FDVH�
RI�RUJDQLF�KD]HOQXW�SURGXFHUV�LQ�7XUNH\��-RXUQDO�RI�
([WHQVLRQ�6\VWHPV��������±���
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>��@� 0LWWDO�� 6�� DQG� 0HKDU�� 0�� ������� $JULFXOWXUDO�
LQIRUPDWLRQ� QHWZRUNV�� LQIRUPDWLRQ� QHHGV� DQG� ULVN�
PDQDJHPHQW�VWUDWHJLHV��D�VXUYH\�RI�IDUPHUV�LQ�,QGR�
*DQJHWLF� SODLQV� RI� ,QGLD�� 6RFLRHFRQRPLFV�:RUNLQJ�
3DSHU�����0H[LFR��'�)���&,00<7�

>��@� 1JDWKRX�� ,�1�� %XNHQ\D�� -�2�� DQG� &KHPEH]L�� '�0��
������� 0DQDJLQJ� DJULFXOWXUDO� ULVN�� H[DPLQLQJ�
LQIRUPDWLRQ� VRXUFHV� SUHIHUUHG� E\� OLPLWHG� UHVRXUFH�
IDUPHUV��-RXUQDO�RI�([WHQVLRQ��������

>��@� )$2��������$JULFXOWXUDO�H[WHQVLRQ�DQG�WUDLQLQJ�QHHGV�
RI�IDUPHUV�LQ�WKH�VPDOO�LVODQG�FRXQWULHV��D�FDVH�VWXG\�
IURP� 6DPRD�� 5RPH�� ,WDO\�� )RRG� DQG� $JULFXOWXUH�
2UJDQL]DWLRQ�

>��@� $RQQJHUQWKD\DNRUQ�� .�� DQG� 3RQJTXDQ�� 6�� �������
'HWHUPLQDQWV�RI�ULFH�IDUPHUV
�XWLOL]DWLRQ�RI�DJULFXOWXUDO�
LQIRUPDWLRQ� LQ� &HQWUDO� 7KDLODQG�� -RXUQDO� RI�
$JULFXOWXUDO� DQG� )RRG� ,QIRUPDWLRQ�� ������� �������
G[�GRL�RUJ������������������������������

>��@� 3KHWVDPRQH�� 7�� ������� 7KH� UROH� RI� DJULFXOWXUDO�
H[WHQVLRQ� VHUYLFHV� RQ� ULFH� SURGXFWLRQ� HI¿FLHQF\� LQ�
/DRV�D�FDVH�VWXG\�RQ�%ROLNKDQK�GLVWULFW��%ROLNKDP[DL�
SURYLQFH�� ��.\XVKX�8QLYHUVLW\��-DSDQ��0DVWHU�GLVV�

>��@� 'DYLV��.��%DEX��6�&��DQG�%ORP��6���������7KH�5ROH�RI�
([WHQVLRQ� DQG� $GYLVRU\� 6HUYLFHV� LQ� %XLOGLQJ�
5HVLOLHQFH�RI�6PDOOKROGHU�)DUPHUV�������&RQIHUHQFH�
%ULHI����:DVKLQJWRQ��'&��,)35,��,QWHUQDWLRQDO�)RRG�
3ROLF\�5HVHDUFK�,QVWLWXWH���

��
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