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ZZZ�MDHIV�FRP-$()6

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

$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

,QW�-�$JULF�(QYLURQ�)RRG�6FL�������-XQH������
�H�,661������������� '2,�����������MDHIV��
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ZZZ�MDHIV�FRP-$()6

,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�������-XQH������
�H�,661������������� '2,�����������MDHIV��



,,,

ZZZ�MDHIV�FRP-$()6

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

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

5HYLHZHU�%RDUG 3URI�'U��085$'�d$1$.&,
$NGHQL]�8QLYHUVLW\��$QWDO\D��7XUNH\��PFDQDNFL#DNGHQL]�HGX�WU��
3URI�'U��øVPDLO�.$5$&$
6�OH\PDQ�'HPLUHO�hQLYHUVLWHVL��,VSDUWD��7XUNH\��LNDUDFD#VGX�HGX�WU��
3URI��'U��$KPHW�.h5./h
$NGHQL]�8QLYHUVLW\��$QWDO\D��7XUNH\��NXUNOXDKPHW#\DKRR�FRP��
3URI�'U��$EGXOODK�6(66ø=
'LFOH�8QLYHUVLW\��'L\DUEDNÕU��7XUNH\��DVHVVL]#GLFOH�HGX�WU��
3URI�'U��+$6$1�+h6(<ø1�g=7h5.
dXNXURYD�8QLYHUVLW\��$GDQD��7XUNH\��KKR]WXUN#FX�HGX�WU��
3URI�'U��(URO�%$<+$1
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\��HUROED\KDQ#JPDLO�FRP��
$VVRF�3URI�'U��+DWLFH�ù$1/,'(5(�$/2ö/8
.ÕUNODUHOL�8QLYHUVLW\��.ÕUNODUHOL��7XUNH\��KDWLFHDORJOX#NOX�HGX�WU��
$VVRF�3URI�'U��%DUDQ�$6/$1
0HKPHW�$NLI�(UVR\�8QLYHUVLW\��%XUGXU��7XUNH\��DVODQE#PHKPHWDNLI�HGX�WU��
$VVW�3URI�'U��$OLPH�%$<,1',5�(52/
3DPXNNDOH�8QLYHUVLW\��'HQL]OL��7XUNH\��DED\LQGLU#SDX�HGX�WU���
$VVRF�3URI�'U��*XOWHNLQ�2='(0,5�
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\��JR]GHPLU#GLFOH�HGX�WU��

�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�������-XQH������

,9

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



9

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

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\

�H�,661������������� '2,�����������MDHIV��
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ZZZ�MDHIV�FRP-$()6

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

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

5HVHDUFK�$UWLFOHV

$XWKRUV 7LWOH 3DJHV

<DNXS�dHOLNSHQoH��$OL�.HPDO�
%LUJ�F���øVPDLO�.DUDFD

7KH�OLIH�WDEOHV�RI�&KU\VRPSKDOXV�DRQLGXP�DQG�&RFFXV�KHVSHULGXP�XQGHU�
ODERUDWRU\�FRQGLWLRQV�

�����

=�EH\GH�gQHU��$\úH�0LQH�
6DUÕGD÷

,GHQWL¿FDWLRQ� RI� ELRDFWLYH� SHSWLGHV� LQ� NDVKDU� FKHHVH� DQG� LWV� DQWLR[LGDQW�
DFWLYLWLHV�

�����

)UD]�$KPDG�.KDQ��$QMXP�
0XQLU��$EGXO�*KDIRRU��*KXODP�
0XUWD]D

7KH�'HVLJQ��)DEULFDWLRQ�DQG�3HUIRUPDQFH�(YDOXDWLRQ�RI�6RODU�6XVWDLQHG�
%DWFK�7\SH�0DL]H�'U\HU�IRU�9DOXH�$GGLWLRQ�

�����

øQDQo�g]JHQ��$EX]HU�<�FHO��
<XVXI�.DUVDYXUDQ

7KH�¿UVW�¿QGLQJV�RQ�UXVW\�JUDLQ�EHHWOH��&U\SWROHVWHV�IHUUXJLQHXV��6WHSKHQV��
�������&ROHRSWHUD��&XFXMRLGHD��/DHPRSKORHLGDH��LQ�SLVWDFKLR�RUFKDUG�LQ�
6LLUW�SURYLQFH��7XUNH\�

������

5HYLHZ�$UWLFOH

$XWKRUV 7LWOH 3DJHV

)UD]�$KPDG�.KDQ��$KPHW�
.XUNOX��$EGXO�*KDIRRU��4DVLG�
$OL��0XKDPPDG�8PDLU��
6KDK]DLE

�$�UHYLHZ�RQ�K\GURSRQLF�JUHHQKRXVH�FXOWLYDWLRQ�IRU�VXVWDLQDEOH�DJULFXOWXUH� ������

&RQWHQWV

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



7KH�OLIH�WDEOHV�RI�&KU\VRPSKDOXV�DRQLGXP�DQG�&RFFXV�KHVSHULGXP�XQGHU�ODERUDWRU\�FRQGLWLRQV

<DNXS�dHOLNSHQoH $OL�.HPDO�%LUJ�F� øVPDLO�.DUDFD� �� �������� ��������

� �6�OH\PDQ�'HPLUHO�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�3ODQW�3URWHFWLRQ��,VSDUWD 7XUNH\

&RUUHVSRQGLQJ�$XWKRU��DOLELUJXFX#VGX�HGX�WU

&LWUXV� LV� RQH�RI� WKH�PRVW� LPSRUWDQW� IUXLWV�ZLWK� D� WRWDO�
SURGXFWLRQ�RI�����PLOOLRQ�WRQV��ZKLFK�LV�JURZQ�RQ�DQ�DUHD�RI�
DERXW���PLOOLRQ�KD�WKURXJKRXW�WKH�ZRUOG��&KLQD��%UD]LO�DQG�
8�6�$�� DUH� WKH�PDMRU� FLWUXV� SURGXFLQJ� FRXQWULHV��ZKHUHDV�

WK�7XUNH\�UDQNV�� ZLWK�D�WRWDO�FLWUXV�SURGXFWLRQ�RI�����PLOOLRQ�
WRQV��JURZQ�RQ�DUHD�RI�����WKRXVDQGV�KD�UHVSHFWLYHO\��)$2��
������� ,Q� 7XUNH\�� FLWUXV� LV� PDLQO\� JURZQ� LQ� WKH�
0HGLWHUUDQHDQ��$HJHDQ��6RXWK�0DUPDUD�DQG�(DVWHUQ�%ODFN�
6HD�5HJLRQV��UHVSHFWLYHO\��'XUPXú�DQG�<L÷LW���������$ERXW�
����PLOOLRQ�WRQV�RUDQJHV�LQ�DERXW����WKRXVDQG�KD�DUHD��DERXW�
����WKRXVDQG�WRQV�PDQGDULQV�LQ�DERXW����WKRXVDQG�KD�DUHD��
����WKRXVDQG�WRQV�OHPRQV�LQ�DERXW����WKRXVDQG�KD�DUHD������
WKRXVDQG�WRQV�JUDSHIUXLWV�LQ�DERXW��WKRXVDQG�KD�DUHD��DQG���
WKRXVDQG�WRQV�RWKHU�FLWUXV�LQ�DERXW����KD�DUHD�DUH�SURGXFHG�LQ�
7XUNH\��78,.���������$ERXW����SDWKRJHQV�����SHVW�LQVHFWV��
���QHPDWRGHV��DQG�����ZHHG�VSHFLHV�WKDW�FDXVHV�HFRQRPLF�
ORVVHV�RU�QRW�ZHUH�GHWHUPLQHG�LQ�FLWUXV�RUFKDUGV�RI�7XUNH\�
�8\JXQ�DQG�6DWDU��������.DUDFDR÷OX�DQG�6DWDU���������6FDOH�
LQVHFWV��ZKLWHÀLHV� DQG� DSKLGV� DUH� WKH�PRVW� LPSRUWDQW� DQG�
SRWHQWLDO� LQVHFW� SHVWV� DPRQJ� DOO� WKHVH� VSHFLHV�� FDXVLQJ�
HFRQRPLF�ORVVHV�WR�FLWUXV�JURZHUV��6FDOH�LQVHFWV�PD\�FDXVH�
VHYHUH� HFRQRPLF� GDPDJH� E\� VXFNLQJ� OHDYHV� DQG� IUXLWV� RI�
FLWUXV��7KH�IHHGLQJ�GDPDJH�FDXVHG�E\�VFDOH�LQVHFWV�LQ�FLWUXV�
UHVXOWV� LQ� SRRU� TXDOLW\� IUXLW� IRUPDWLRQ�� GHFUHDVLQJ� RI� WKH�
PDUNHWLQJ� YDOXH� DQG� PD\� HYHQ� FDXVH� GHDWK� RI� WKH� WUHH�
�8\JXQ�HW�DO���������

&KU\VRPSKDOXV�DRQLGXP��/����'LDVSLGLGDH��DQG�&RFFXV�
KHVSHULGXP�/���&RFFLGDH��EHORQJ�WR�VXSHUIDPLO\�&RFFRLGHD��
6HYHUH�HFRQRPLF�GDPDJH�WR�FLWUXV�SODQWV�KDV�EHHQ�UHSRUWHG�
E\�ERWK�VSHFLHV��7KHVH�VFDOHV�DUH�RYLSDURXV�SHVWV�DQG�WKHLU�

HJJV�DUH� ODLG�XQGHU� WKHLU� IHPDOH
V� VKHOO��&UDZOHUV�KDWFKHG�
IURP� HJJV� HPHUJH� IURP� XQGHU� WKH� IHPDOH� VFDOH
V� VKHOO��
$IWHUZDUGV��WKH�FUDZOHUV�PRYH�RYHU�WR�¿QG�D�VXLWDEOH�VLWH�IRU�
IHHGLQJ�DQG�WKHQ��WKH\�VHWWOH�RQ�IHHGLQJ�VLWH��8\JXQ�HW�DO���
������� 7KHVH� SHVWV� IHHG� RQ� OHDYHV�� WZLJV� DQG� IUXLWV� DQG�
XOWLPDWHO\�FXW�GRZQ�WKH�IUXLW�TXDOLW\��)HHGLQJ�RI�&��DRQLGXP�
RQ� FLWUXV� OHDGV� WR� D� GLUW\� DSSHDUDQFH� RQ� FLWUXV� IUXLWV� DQG�
UHVXOWDQWO\� ORZHUV� WKH� PDUNHW� YDOXH� RI� WKH� SURGXFH�� &��
KHVSHULGXP�GDPDJHV�FLWUXV�WUHH�E\�VHFUHWLQJ�KRQH\GHZ�RQ�
OHDYHVWZLJV�� EUDQFKHV� DQG� IUXLWV�� ZKLFK� OHDGV� WR� WKH�
IRUPDWLRQ�RI�D�GDUN�FRORUHG�VRRW\�PROG��NQRZQ�DV�IXPDJLQH��
7KXV��SODQW�SDUWV�WXUQ�RQ�EODFN��DQG�IUXLWV�IDOO�GRZQ�DQG�DOVR��
IUXLW�GXPS�LV�RFFXUUHG��.HVVLQJ�DQG�0DX��������8\JXQ�HW�
DO���������

'HHYH\� ������� VWDWHG� WKDW� OLIH� WDEOH� LV� D� V\VWHPDWLF�
DQDO\VLV�RI�PRUWDOLW\�IDFWRUV�RFFXUULQJ�LQ�D�SRSXODWLRQ�,Q�WKH�
FXUUHQW�VWXG\��VRPH�ELRHFRORJLFDO�SDUDPHWHUV�RI�ERWK�VFDOH�
LQVHFWV� �&�� DRQLGXP� DQG�&�� KHVSHULGXP���ZKLFK� LQFOXGHG�
LQFXEDWLRQ� WLPHV��KDWFKLQJ� UDWHV�� VHWWOHG� UDWHV�RI�FUDZOHUV��
VH[XDO� LQGH[HV�� WLPHV� RI� SUHRYLSRVLWLRQ�� RYLSRVLWLRQ� DQG�
SRVWRYLSRVLWLRQ�� GDLO\�QXPEHUV�RI� HJJV�ZHUH�REVHUYHG�RQ�
SXPSNLQV� �&XFXUELWD� PD[LPD� -DUUDKGDOH� DQG� &XFXUELWD�
PRVFKDWD� 3RLU�� �&XFXUELWDOHV�� &XFXUELWDFHDH����$OVR�� OLIH�
WDEOH� SDUDPHWHUV� ZHUH� FDOFXODWHG� WR� GHWHUPLQH� VRPH�
ELRHFRORJLFDO�SDUDPHWHUV�ZKLFK�PD\�QHHG�ZKHQ�WKHVH�SHVWV�
DUH�XVHG�DV�SUH\�IRU�PDVV�SURGXFWLRQ�RI�WKHLU�QDWXUDO�HQHPLHV�

.HHSLQJ�LQ�PLQG�WKH�HFRQRPLF�VWDWXV�RI�FLWUXV�LQ�7XUNH\��
WKH�FXUUHQW�LQYHVWLJDWLRQ�ZDV�WKHUHIRUH��GHVLJQHG�WR�VWXG\�WKH�
OLIH�WDEOHV�RI�&�DRQLGXP�DQG�&�KHVSHULGXP�XQGHU�ODERUDWRU\�
FRQGLWLRQV�

�

��

$EVWUDFW

.H\ZRUGV��%URZQ�VRIW�VFDOH��FLUFXODU�VFDOH��OLIH�WDEOH��SXPSNLQ
5HFHLYHG����������������������������$FFHSWHG����������������������������3XEOLVKHG��RQO൴QH��������������

,QWURGXFWLRQ���

5HVHDUFK�$UWLFOH ,QW�-�$JULF�(QYLURQ�)RRG�6FL�������������������

ZZZ�MDHIV�FRP-$()6

�&൴WH�WK൴V�DUW൴FOH�DV���&HO൴NSHQFH��<���%൴UJXFX��$�.���.DUDFD��,����������7KH�O൴IH�WDEOHV�RI�&KU\VRPSKDOXV�DRQLGXP�DQG�&RFFXV�KHVSHULGXP�XQGHU�
ODERUDWRU\�FRQG൴W൴RQV�� ���������������'2,�����������MDHIV������,QW��-��$JULF��(QYLURQ��)RRG�6FL�

$YD൴ODEOH�RQO൴QH�DW��� ��� ��KWWSV���MDHIV�FRP KWWS���GHUJ൴SDUN�JRY�WU�MDHIV
��&RS\U൴JKW����������,QWHUQDW൴RQDO�-RXUQDO�RI�$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV
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0DWHULDOV�DQG�0HWKRGV

%UHHGLQJ�RI�WKH�6FDOH�3HVWV
7ZLJ� SDU WV � � OHDYHV � DQG� I UX L W V � LQIHV WHG � ZL WK�

&KU\VRPSKDOXV� DRQLGXP &RFFXV� KHVSHULGXP� DQG� � ZHUH�
LQLWLDOO\�FROOHFWHG�IURP�FLWUXV�IDUPV�DW�$QWDO\D�LQ�������7KHQ��
WKHVH�LQIHFWHG�SODQW�SDUWV�ZHUH�SODFHG�RQ�FOHDQ�SXPSNLQV�LQ�D�
FOLPDWLF� URRP� ZLWK� �����&� WHPSHUDWXUH�� ������ UHODWLYH�
KXPLGLW\� DQG� ����� K�� �OLJKW�GDUN�� SKRWRSHULRG� FRQGLWLRQV��
3 XPSN L Q V � D Q G �&XFX U E L W D � PD [ LPD � &X FX U E L W D�
PRVFKDWD &�� DRQLGXP &���ZHUH� XVHG� DV� KRVWV� IRU� � DQG�
KHVSHULGXP��UHVSHFWLYHO\��,Q�WKLV�PDQQHU��FRQWDPLQDWLRQ�RI�
QHZO\� KDWFKHG� FUDZOHUV� WR� WKH� FOHDQ� SXPSNLQV� LQ�
����[����[����FP�VL]H�SODVWLF�WUD\V�ZDV�SURYLGHG��/DWHU�RQ��
LQFUHDVLQJ� DQG� FRQWLQXLW\� RI� VFDOH� SHVW� SURGXFWLRQ� ZHUH�
HQVXUHG�E\�DGGLQJ�QHZ�FOHDQ�SXPSNLQV�LQ�WKH�WUD\V�

7KH�LGHQWL¿FDWLRQ�RI� �ZDV�NLQGO\�SHUIRUPHG�&��DRQLGXP
E\� 3URI�'U�� 0�� %RUD� .$<'$1� �dXNXURYD� 8QLYHUVLW\��
,PDPRJOX�9RFDWLRQDO�6FKRRO��$GDQD��7XUNH\��

(VWDEOLVKPHQW�RI�([SHULPHQWV
(JJV�ODLG�E\�IHPDOH�DGXOWV�RQ�SXPSNLQV�LQIHFWHG�ZLWK�WKH�

VFDOH�SHVWV�ZHUH�WUDQVIHUUHG�WR�WKH�VDPH�NLQG�RI�SXPSNLQV�E\�
JHQWO\�WRXFKLQJ�ZLWK�WKH�WLS�RI�WKH�¿QH�SDLQWEUXVK��7KH�OLJKWV�
RI�FOLPDWLF�FKDPEHU�ZHUH�NHSW�RII�IRU����KRXUV�LQ�RUGHU�WR�
DFFHOHUDWH�WKH�HJJ�KDWFKLQJ�SURFHVV�DQG�VHWWOHPHQW�RI�QHZO\�
KDWFKHG�FUDZOHUV��.DUDFD�HW�DO����������6HWWOHPHQW�RI�QHZO\�
ERUQ�FUDZOHUV�RQ�SXPSNLQV�ZDV�PRQLWRUHG��DQG�DIWHUZDUGV��
VTXDUH� FHOOV� DERXW� �[�� FP� ZHUH� GUDZQ� ZLWK� 7DQJOHIRRW ��
WUDGHPDUN�D�VSHFLDO�VWLFNHP�DURXQG�WKH�VHWWOHG�FUDZOHUV�RQ�
SXPSNLQV��&UDZOHUV�LQ�WKH�FHOOV�ZHUH�REVHUYHG�HYHU\�GD\��
XQWLO�WKH\�EHFDPH�DGXOW�DQG�WLOO�WKHLU�GHDWK��(DFK�FHOO�ZDV�
FRQVLGHUHG�DV�D�UHSOLFDWH��0RUWDOLW\��GLVFULPLQDWLRQ�RI�PDOH�
DQG� IHPDOH� LQGLYLGXDOV�� GXUDWLRQ� RI� SUHRYLSRVLWLRQ��
RYLSRVLWLRQ�DQG�SRVWRYLSRVLWLRQ�RI�FUDZOHUV�LQ�WKH�FHOOV�ZHUH�
UHFRUGHG�E\�UHIHUHQFLQJ�WKH�DJH�PDWH�LQGLYLGXDOV�IURP�RXW�RI�
FHOOV� RQ� WKH� VDPH�SXPSNLQ��$IWHU�PDWLQJ�RI� DGXOW� IHPDOH�
VFDOHV��WZR�IHPDOH�VFDOHV�ZHUH�OHIW�LQ�HDFK�FHOO�LQ�H[SHULPHQW�
UHODWHG�WR� ��+RZHYHU��RQH�IHPDOH�VFDOH�ZDV�OHIW�LQ�&��DRQLGXP
HDFK� FHOO� LQ� H[SHULPHQW� UHODWHG� WR� DQG� WKH�&��KHVSHULGXP�
UHPDLQLQJ�IHPDOH�VFDOHV�ZHUH�UHPRYHG�IURP�WKH�FHOOV�LQ�ERWK�
H[SHULPHQWV�/DWHU� RQ�� QHZO\� KDWFKHG� SURJHQLHV� RI�PDWHG�
IHPDOH� VFDOHV� OHIW� LQ� WKH� FHOOV� ZHUH� FRXQWHG� GDLO\�� 7KH�
H[SHULPHQWV� UHODWHG� WR� ERWK� RI� � DQG�&�� DRQLGXP &��
KHVSHULGXP� ZHUH� FRQGXFWHG� LQ� D� FOLPDWLF� FKDPEHU� VHW� WR�
���&� WHPSHUDWXUH�� ���� UHODWLYH� KXPLGLW\� DQG� ����� K��
SKRWRSHULRG�

/LIH�7DEOH�$QDO\VHV
/LIH�WDEOH�SDUDPHWHUV�ZHUH�FDOFXODWHG�E\�XVLQJ�5P6WDW���

SURJUDPPHU��g]J|NoH�DQG�.DUDFD���������,QWULQVLF�UDWH�RI�
LQFUHDVH��U ��IHPDOH�IHPDOH�GD\��E\�WDNLQJ�DGYDQWDJH�IURP�P

(XOHU�/RWND�HTXDWLRQ� DQG�QHW�UHSURGXFWLYH�����������������������
UDWH IHPDOH�IHPDOH�RIIVSULQJ���L�H��WKH�PHDQ�� � � � � � � � � � � � � � � �
QXPEHU� RI� RIIVSULQJV�� ZKLFK� DUH� ODLG� E\� D� IHPDOH� LQ� KHU�
OLIHWLPH�ZHUH�FDOFXODWHG�DFFRUGLQJ�WR�%LUFK���������:KHUH�
³O ´�LV�WKH�DJH�VSHFL¿F�VXUYLYDO�UDWH�DQG�³P �´�LV�IHFXQGLW\�[ [

UDWH��IHPDOH�IHPDOH��ZKLFK�LV�FRPSXWHG�E\�PXOWLSO\LQJ�WKH�
PHDQ�QXPEHU�RI�RIIVSULQJ�E\�WKH�VH[XDO�UDWLR��%LUFK���������

$OVR�IROORZLQJ�SDUDPHWHUV�ZHUH�FDOFXODWHG�
0HDQ�JHQHUDWLRQ�WLPH��GD\������������������%LUFK��������
*URVV�UHSURGXFWLRQ�UDWH��HJJ�IHPDOH��� � � � � � � � � � � � � � ��%LUFK��
������
)LQLWH�UDWH�RI�LQFUHDVH��HJJ�IHPDOH�GD\��� � � � � � � � � � � ��%LUFK��
������
7KHRUHWLFDO�SRSXODWLRQ�GRXEOLQJ�WLPH��GD\��� � � � � � � � � ��.DLUR�

DQG�0XUSK\��������
5HSURGXFWLYH�YDOXH��IHPDOH�IHPDOH��� � � � � � � � � � � � � � � ��,PXUD��
������
/LIH� H[SHFWDQF\� �GD\��� � � � � � � � � � � � � � � � � � � �&DUH\�� ������
6RXWKZRRG��������
6WDEOH�DJH�GLVWULEXWLRQ�����������������������������������%LUFK��������

:KHUH� ³[´� LV� WKH� IHPDOH
V� DJH� LQ� GD\V�� ³H´� LV� (XOHU
V�
QXPEHU�ZKLFK� LV� D�PDWKHPDWLFDO� FRQVWDQW� �DSSUR[LPDWHO\�
HTXDO�WR����������

7ZR�SDUDPHWHU�:HLEXOO�GLVWULEXWLRQ�PRGHO�ZDV�XVHG�WR�
GHVFULEH�DJH�VSHFL¿F�VXUYLYDO�UDWH��O ��RI�WKH�SHVWV��'HHYH\��[

������3LQGHU�HW�DO���������7LQJOH�DQG�&RSODQG��������:DQJ�HW�
DO����������7KH�SDUDPHWHUV�RI�WKLV�GLVWULEXWLRQ�PRGHO�ZHUH�
FDOFXODWHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�IRUPXOD�

:KHUH�³6 �[�´�LV�WKH�SUREDELOLW\�RI�VXUYLYDO�DW�[�DJH��³[´�S

LV�WKH�IHPDOH
V�DJH�LQ�GD\V��³E´�LV�D�VFDOH�SDUDPHWHU�DQG�³F´�LV�
D� VKDSH� SDUDPHWHU�� 7KH� VKDSH� SDUDPHWHU� RI� WKH� FXUYH�
EHORQJHG�WR�WKH�DJH�VSHFL¿F�VXUYLYDO�UDWH�F!���F ��RU�F���
FRUUHVSRQG�WR�'HHYH\
V��������W\SH�,��,,�RU�,,,�VXUYLYRUVKLS�
FXUYHV�� UHVSHFWLYHO\� �3LQGHU� HW� DO��� ������ 7LQJOH� DQG�
&RSODQG��������:DQJ�HW�DO����������$OVR��GHVFULSWLRQ�RI�WKH�
DJH�VSHFL¿F�IHFXQGLW\�UDWHV��P ��RI�WKH�SHVWV�ZDV�SHUIRUPHG�[

E\�(QNHJDDUG�UHJUHVVLRQ�PRGHO��(QNHJDDUG��������+DQVHQ�
HW�DO���������

�:KHUH� ³) ´� LV� WKH� SUREDELOLW\� RI� IHFXQGLW\� DW� [� DJH��[�
�IHPDOH�IHPDOH�GD\���³[´�LV�WKH�IHPDOH
V�DJH�LQ�GD\V��³D´�DQG�
³E´� DUH� FRQVWDQW� SDUDPHWHUV�� H�� (XOHU
V� QXPEHU� ZKLFK� LV�
PDWKHPDWLFDO�FRQVWDQW��DSSUR[LPDWHO\�HTXDO�WR����������

7KH� SDUDPHWHUV� DQG� WKH� FRHI¿FLHQWV� RI� GHWHUPLQDWLRQ�
�5ð�� LQ� ERWK� PRGHOV� ZHUH� REWDLQHG� E\� XVLQJ� 6LJPD3ORW ��
�9HUVLRQ� ������ 6\VWDW� 6RIWZDUH�� ,QF��� 6DQ� -RVH�&DOLIRUQLD��
86$��SDFNDJH�SURJUDP�

5HVXOWV�DQG�'LVFXVVLRQ

3UHYLRXV�VWXG\�FRQGXFWHG�E\�6HUDJ��������RQ�ELRORJLFDO�
F\FOH�RI� �UHSRUWHG�WKDW�PHDQ�WLPHV�&KU\VRPSKDOXV�DRQLGXP
RI� SUHRYLSRVLWLRQ�� RYLSRVLWLRQ� DQG� SRVWRYLSRVLWLRQ� RI� WKH�
SHVW�ZHUH������������DQG������GD\V��UHVSHFWLYHO\��6LPLODUO\��
6HUDJ� ������� IXUWKHU� VWDWHG� WKDW� WKH� QXPEHU� RI� GDLO\�
IHFXQGLW\�ZDV�������HJJV�IHPDOH�GD\�DQG�WKH�QXPEHU�RI�WRWDO�
IHFXQGLW\�ZDV� ������ HJJV�IHPDOH��7KH� SHVW�PD\� JLYH� � ��Ȭ
JHQHUDWLRQV�HDFK�\HDU��$ONDQ��������8\JXQ�HW�DO���������DQG�
RYHUZLQWHUV�DV�WKH�¿UVW�DQG�VHFRQGVWDJH�Q\PSKV�LQ�7XUNH\�
�7XQo\�UHN� DQG� gQF�HU�� ������� 7KH� PRUWDOLW\� UDWH� RI�&��
GLFW\RVSHUPL�LQ�WKH�¿UVW�DQG�VHFRQG�Q\PSKDO�VWDJHV�GXH�WR�
DELRWLF�IDFWRUV�ZDV�����LQ�*HRUJLD��&KNKDLG]H�DQG�<DVQRVK��
������DQG�����LQ�7XUNH\��7XQo\�UHN�6R\GDQED\�DQG�(UNLQ��
�������6DODPD��������VXJJHVWHG�WKDW�RSWLPXP�GHYHORSPHQW�
WHPSHUDWXUH�DQG�UHODWLYH�KXPLGLW\�IRU�WKLV�SHVW�ZDV��� ���&�Ȭ
DQG� �� ����� 7KH� SUHVHQW� VWXG\� GHPRQVWUDWHG� WKDW� DGXOW�Ȭ
OLIHVSDQ�RI� �ZDV�����GD\V��7DEOH�����+RZHYHU��&��DRQLGXP
+ODYMHQNRYi� DQG� âHIURYi� ������ � UHSRU WHG� WKDW�
&KU\VRPSKDOXV� GLFW\RVSHUPL� ZDV� D� GHYDVWDWLQJ� SHVW� RI�
RUQDPHQWDO� SODQWV� LQ� &]HFK� 5HSXEOLF�� $OVR�� WKH� IXUWKHU�
DXWKRUV� VWDWHG� WKDW� VH[XDO� LQGH[� RI� WKLV� SHVW� ZDV� �������
�PDOH�IHPDOH���KDWFKLQJ�WLPH�RI�LWV�HJJV�ZDV����GD\V��DQG�
DGXOW�OLIHVSDQ�ZDV����GD\V��UHVSHFWLYHO\�

��

<��dHO൴NSHQoH��$��.��%൴UJ�F���ø��.DUDFD 7KH�OLIH�WDEOHV�RI�&KU\VRPSKDOXV�DRQLGXP�DQG�&RFFXV����



&RFFXV� KHVSHULGXP� GHSRVLWV� LWV� HJJV� XQGHU� IHPDOH�
VFDOH
V� VKHOO�� DQG�DIWHU�KDWFKLQJ��FUDZOHUV�PD\� IHHG�XQGHU�
IHPDOH
V�VKHOO�IRU�����GD\V��/DWHU�RQ��WKH�FUDZOHUV�PRYHG�RXW�
IURP�PRWKHU
V� VKHOO�� ����RI�ZKLFK� VHWWOH� RQ� WKH� IRRG� IRU�
DFWLYH�IHHGLQJ�LQ�����GD\V��6HUDJ���������$OVR�LQ�WKH�SUHVHQW�
VWXG\��WKH�FUDZOHUV�PRYHG�RXW�IURP�PRWKHU
V�VKHOO�LQ�����GD\V�
DQG�WKHQ��VHWWOHG�RQ�WKH�SXPSNLQ�LQ���GD\��,Q�DGGLWLRQDOO\��
6HUDJ��������SRLQWHG�RXW�WKDW�WKH�PHDQ�GHYHORSPHQW�WLPHV�RI�
WKH�¿UVW�DQG�VHFRQG�VWDJH�Q\PSKV�RI�WKLV�SHVW�ZHUH������DQG�
������GD\V��UHVSHFWLYHO\�DQG�WRWDO�GHYHORSPHQW�WLPH�RI�WKH�
SHVW� ZDV� ����� GD\V�� 6LPLODUO\�� LQ� WKH� FXUUHQW� VWXG\�� WRWDO�
GHYHORSPHQW� WLPH�RI� WKH�SHVW�ZDV�UHFRUGHG�DV�������GD\V�
�7DEOH� ���� 5HHG� HW� DO�� >��@� GHFODUHG� WKDW� WKH� PHDQ�
GHYHORSPHQW�WLPH�ZDV����GD\V��$QQHFNH��������VWXGLHG�WKDW�
DGXOW�OLIHVSDQ�RI�&��KHVSHULGXP�ZDV�DSSUR[LPDWHO\��������
GD\V�XQGHU�KRW�ZHDWKHU�FRQGLWLRQV��DQG�DOVR�LW�ZDV�UHSRUWHG�
WKDW�WKH�GHYHORSPHQW�WLPH�RI�WKLV�SHVW�ZDV�������GD\V��*LOO��
������.RV]WDUDE��������0DODLV�DQG�5DYHQVEHUJ��������

6HUDJ� ������� UHSRUWHG� WKDW� GXUDWLRQ� RI� SUHRYLSRVLWLRQ��
RYLSRVLWLRQ� DQG� SRVWRYLSRVLWLRQ�ZHUH� ������ ����� DQG� �����
GD\V��UHVSHFWLYHO\��+RZHYHU��LQ�WKH�SUHVHQW�VWXG\��GXUDWLRQV�

RI� WKHVH�ELRORJLFDO�VWDJHV�ZHUH�FDOFXODWHG�DV��������������
DQG� ������ GD\V�� UHVSHFWLYHO\�� .HVVLQJ� DQG� 0DX� �������
UHSRUWHG�WKDW�GDLO\�IHFXQGLW\�RI�&��KHVSHULGXP�ZDV������HJJV�
SHU�IHPDOH��DQG�WRWDO�HJJV�ODLG�E\�D�IHPDOH�IRU�������GD\V�ZDV�
������� HJJV�� 7KH� SUHVHQW� VWXG\� IRXQG� WKDW� WKH� GDLO\�
IHFXQGLW\�DQG�WRWDO�IHFXQGLW\�ZHUH������HJJV�IHPDOH�GD\�DQG�
�������HJJV�IHPDOH��UHVSHFWLYHO\��7DEOH����

7KH� QHW� SURGXFWLRQ� UDWHV� �5 �� RI� &�� DRQLGXP� DQG��������������

& � � K H V S H U L G X P � Z H U H � � � � � � � � D Q G � � � � � � � ��
IHPDOHV�IHPDOH�RIIVSULQJ��UHVSHFWLYHO\��7KH�LQWULQVLF�UDWHV�RI�
LQFUHDVHV� �U �� IRU� WKH� SHVWV� ZHUH� FDOFXODWHG� DV� ������ DQG�P

������ IHPDOHV�IHPDOH�GD\�� UHVSHFWLYHO\�� 7KH� PHDQ�
JHQHUDWLRQ�WLPH��7 ��ZDV�FDOFXODWHG�DV��������GD\V�IRU�&���

DRQLGXP�� DQG� ZDV� GHWHUPLQHG� DV� �������� GD\V� IRU� &��
KHVSHULGXP��7KH�GRXEOLQJ� WLPH� �7 ��� WRWDO�SURGXFWLRQ� UDWH��

�*55�� DQG� ¿QLWH� UDWH� RI� LQFUHPHQW� �Ȝ�� ZHUH� UHFRUGHGDV�
�� ���� � GD\V � � ��� ���� � HJJV � I HPD OH � DQG � � �����
HJJV�IHPDOH�GD\��UHVSHFWLYHO\IRU�&��DRQLGXP��,Q�FDVH�RI�&��
KHVSHULGXP��WKH�DIRUHPHQWLRQHG�YDOXHV�ZHUH�FDOFXODWHG�DV�
�� ���� � GD\V � � ��� ���� � HJJV � I HPD OH � DQG � � �����
HJJ�IHPDOH�GD\��UHVSHFWLYHO\��7DEOH����

��

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

7DEOH����0HDQ�GHYHORSPHQW� WLPHV�� IHFXQGLWLHV�DQG� OLIHVSDQV�RI�&KU\VRPSKDOXV�DRQLGXP� DQG�&RFFXV�
KHVSHULGXP�XQGHU�ODERUDWRU\�FRQGLWLRQV

7DEOH����/LIH�WDEOH�SDUDPHWHUV�RI�&KU\VRPSKDOXV�DRQLGXP�DQG�&RFFXV�KHVSHULGXP

7KH�OLIH�WDEOHV�RI�&KU\VRPSKDOXV�DRQLGXP�DQG�&RFFXV����



&XUYHV�RI� WKH� VXUYLYDO� UDWH� �O ��� VWDEOH�DJH�GLVWULEXWLRQ�[

�& ��DQG�OLIH�H[SHFWDQF\��( ��RI�&��DRQLGXP�JLYHQ�LQ�)LJXUH����[ [

%DVHG�RQ�WKH�UHVXOWV��WKH�ZKROH�DGXOW�IHPDOHV�RI�WKH�SHVW�ZHUH�
WKGLHG�RQ�WKH��� �GD\�RI�WKH�H[SHULPHQW��7KH�VXUYLYDO�UDWH�RI�

WKWKH�SHVW�EHJDQ�WR�GHFUHDVH�DIWHU�WKH��� �GD\��DQG�ZDV�FRXQWHG�
WKDV������RQ�WKH���� �GD\��7KH�VWDEOH�DJH�GLVWULEXWLRQ�VKRZV�WKH�

UHODWLRQVKLS�EHWZHHQ�WKH�QXPEHU�RI�LQGLYLGXDOV�LQ�WKH�FXUUHQW�
DJH�DQG�WKH�LQLWLDO�QXPEHU�RI�LQGLYLGXDOV�RI�DQ�RUJDQLVP��'XH�
WR� WKH� LQFUHDVH� LQ� WKH�QXPEHU�RI�QHRQDWH� LQGLYLGXDOV�ZKR�
SDUWLFLSDWHG� LQ� WKH� SRSXODWLRQ� ZLWK� WKH� LQFUHPHQW� RI�
UHSURGXFWLYH�UDWH�RI�WKH�SRSXODWLRQ��DQ�LQFUHDVH�ZDV�VHHQ�LQ�
WKH�VWDEOH�DJH�GLVWULEXWLRQ��ZKLFK�ZDV�LQLWLDOO\�������7KXV��
WKH�VWDELOH�DJH�GLVWULEXWLRQ�ZDV�UHDFKHG�WKH�WRS�OHYHO�ZLWK�

WK�����YDOXHV�RQ�WKH���� �GD\��E\�DGGLQJ�DJH�GLVWULEXWLRQ�YDOXH�
DW� HDFK� DJH��7KH� OLIH� H[SHFWDQF\�RI� LQLWLDOO\�������YDOXHV�

WKVKRZHG�D�GHFUHDVH�XQWLO�WKH��� �GD\�DQG�WKHQ��UHDFKHG�WKH�
WKLQLWLDO� YDOXH� RQ� WKH� �� � GD\�� GXH� WR� HQFRXQWHUHG� GHDWKV��

$IWHUZDUGV�� LW�VKRZHG�DJDLQ�D�GHFUHDVH�LQ�D�¿[HG�PDQQHU�
QGXQWLO�WKH���� �GD\��EXW�LW�FRXOG�QRW�JR�EDFN�XSZDUG�DV�LQ�WKH�

WK�� �GD\��GXH�WR�TXLWH�ORZ�VXUYLYDO�DV������SURSRUWLRQV��)LJXUH�
���

7KH� JHQHUDWLRQ� WLPH� RI� &�� DRQLGXP� ZDV� FDOFXODWHG�
DSSUR[LPDWHO\� ��� GD\V� �7DEOH� �� DQG� )LJXUH� ���� 7KH�

UHSURGXFWLYH�YDOXH�RI�IHPDOHV��9 ��ZDV�UHDFKHG�WKH�WRS�OHYHO�[
WKRQ�WKH��� �GD\��$FFRUGLQJ�WR�IHFXQGLW\�UDWH�FXUYH��WKH�¿UVW�

WKHJJ�SURGXFWLRQ�ZDV�UHDOL]HG�RQ�WKH��� �GD\��DQG�DIWHU�WKLV�
GD\��IHFXQGLW\�UDWH�ZDV�EHJDQ�WR�GHFOLQH�LQ�SURSRUWLRQ�WR�WKH�
UHSURGXFWLYH�YDOXH�RI�IHPDOHV��9 ���7KH�PD[LPXP�GDLO\�HJJ�[

WKSURGXFWLRQ�RI�WKH�SHVW�ZDV�RQ�WKH��� �GD\�ZLWK������HJJV�GD\��
QGDQG�ODVW�HJJ�SURGXFWLRQ�ZDV�QRWLFHG�RQ�WKH���� �GD\�RI�WKH�

H[SHULPHQW��)LJXUH����
7KH�DJH�VSHFL¿F�VXUYLYDO�UDWH��O ��RI�&��DRQLGXP�ZDV�[

GHVFULEHG�E\�WZR�SDUDPHWHU�:HLEXOO�GLVWULEXWLRQ�PRGHO��7KH�
SDUDPHWHUV� ³E´� DQG� ³F´� RI� WKH� PRGHO� ZDV� IRXQG� DV�
�����������DQG������������5ð ��������UHVSHFWLYHO\��%DVHG�
RQ�WKHVH�UHVXOWV��LW�LV�SRVVLEOH�WR�VD\�WKDW�WKH�SRSXODWLRQ�RI�&��
DRQLGXP�KDG�WKH�7\SH���VXUYLYRUVKLS�FXUYH��ZKLFK�PHDQV�WKH�
LQFUHDVLQJ�SRSXODWLRQ�W\SH��)LJXUH����

7KH�(QNHJDDUG�UHJUHVVLRQ�PRGHO�ZDV�DSSOLHG�RQ�WKH�
DJH�VSHFL¿F� IHFXQGLW\� UDWH� �P �� RI� &�� DRQLGXP�� DQG� WKH�[

FRHI¿FLHQW� RI� GHWHUPLQDWLRQ� �5ð�� ZDV� XVHG� DV� VXLWDELOLW\�
FULWHULD�RI�WKH�PRGHO�RQ�WKH�GDWD��.RQWRGLPDV�HW�DO����������
+RZHYHU��WKLV�PRGHO�FRXOG�QRW�EH�REWDLQHG�VDWLVIDFWRU\�¿W��
7KH�SDUDPHWHUV�³D´�DQG�³E´�RI�WKH�PRGHO�ZHUH�����������DQG�
�����������5ð ��������UHVSHFWLYHO\��)LJXUH����
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7KH�VXUYLYDO�UDWH��O ���VWDEOH�DJH�GLVWULEXWLRQ��& ��DQG�OLIH�[ [

H[SHFWDQF\��( ��RI�&��KHVSHULGXP�ZHUH�VKRZQ�LQ�)LJXUH����[
WK7KH�VXUYLYDO�UDWH�RI�WKH�SHVW�EHJDQ�WR�GHFUHDVH�DIWHU�WKH�� �

GD\�RI�WKH�H[SHULPHQW�DQG�UHDFKHG�WKH������SURSRUWLRQ�RQ�WKH�
WK��� �GD\��7KH�VWDEOH�DJH�GLVWULEXWLRQ�RI�LQLWLDOO\������VKRZHG�

WKDQ�LQFUHDVH�DIWHU�WKH���� �GD\�RI�WKH�H[SHULPHQW�GXH�WR�WKH�
LQFUHDVH� LQ� WKH� QXPEHU� RI� QHRQDWH� LQGLYLGXDOV� ZKR�
SDUWLFLSDWHG� LQ� WKH� SRSXODWLRQ� ZLWK� WKH� LQFUHPHQW� RI�
UHSURGXFWLYH�UDWH�RI�WKH�SRSXODWLRQ��7KH�OLIH�H[SHFWDQF\�RI�

WKLQLWLDOO\�������YDOXHV�VKRZHG�DQ�LQFUHPHQW�DIWHU�WKH��� �GD\�
EHFDXVH�RI�HQFRXQWHUHG�GHDWKV�DQG�WKHQ��UHDFKHG�WKH�KLJKHVW�

WKOHYHO�RQ�WKH��� �GD\�ZLWK��������YDOXHV��)LJXUH����
7KH�HODSVHG�WLPH�IURP�KDWFKLQJ�RI�WKH�SHVW�XQWLO�WKH�WLPH�

RI�HJJ�OD\LQJ�DJDLQ�DIWHU�HPHUJHQFH�DV�DGXOW��ZKLFK�PHDQV�
WKH�JHQHUDWLRQ�WLPH�ZDV�DSSUR[LPDWHO\����GD\V��7DEOH���DQG�
)LJXUH� ���� 7KH� UHSURGXFWLYH� YDOXH� RI� IHPDOHV� �9 �� ZDV�[

WKUHDFKHG�WKH�WRS�OHYHO�RQ�WKH��� �GD\��%DVHG�RQ�WKH�IHFXQGLW\�
UDWH�FXUYH�WRR��WKH�¿UVW�HJJ�SURGXFWLRQ�ZDV�UHDOL]HG�RQ�WKH�

WK�� �GD\��$OVR��WKH�IHFXQGLW\�UDWH�VWDUWHG�WR�GHFOLQH�LQ�SDUDOOHO�

ZLWK�WKH�UHSURGXFWLYH�YDOXH�RI�IHPDOHV��9 ��DIWHU�WKLV�GD\��[

7KH�SHVW�UHDFKHG�WKH�PD[LPXP�OHYHO�RI�GDLO\�IHFXQGLW\�UDWH�
WKRQ�WKH��� �GD\�ZLWK�������HJJV�SHU�GD\��)LJXUH����

7KH�DJH�VSHFL¿F�VXUYLYDO�UDWH��O ��RI�&��KHVSHULGXP�ZDV�[

GHVFULEHG�E\�WZR�SDUDPHWHU�:HLEXOO�GLVWULEXWLRQ�PRGHO��7KH�
SDUDPHWHUV� ³E´� DQG� ³F´� RI� WKH� PRGHO� ZDV� IRXQG� DV�
�����������DQG������������5ð ��������UHVSHFWLYHO\��%DVHG�

�RQ�WKH�FRHI¿FLHQW�RI�GHWHUPLQDWLRQ��5 ���WKH�:HLEXOO�PRGHO�
FRXOG�QRW�EH�REWDLQHG�VDWLVIDFWRU\�¿W��+RZHYHU��DOWKRXJK�WKH�
ORZ�FRHI¿FLHQW�RI�GHWHUPLQDWLRQ��LW�LV�SRVVLEOH�WR�VD\�WKDW�WKH�
SRSXODWLRQ�RI�&��KHVSHULGXP�IROORZHG�D�GHFOLQH�WUHQG�GXH�WR�
WKH�KLJK�UHVLGXDO�VXP�RI�VTXDUHV��566 ��������RI�WKLV�PRGHO�
�)LJXUH����

7KH�SDUDPHWHUV�³D´�DQG�³E´�RI�WKH�(QNHJDDUG�UHJUHVVLRQ�
PRGHO�DSSOLHG�RQ�WKH�DJH�VSHFL¿F�IHFXQGLW\�UDWH��P ��RI�&��[

KHVSHULGXP� ZHUH� ���������� DQG� ���������� �5ð � �������
UHVSHFWLYHO\��%DVHG�RQ�WKH�FRHI¿FLHQW�RI�GHWHUPLQDWLRQ��5ð���
WKH� (QNHJDDUG� UHJUHVVLRQ� PRGHO� FRXOG� EH� REWDLQHG�
VDWLVIDFWRU\�¿W��)LJXUH����

)LJXUH����7KH�)HFXQGLW\�UDWH��P ���QHW�UHSURGXFWLYH�UDWH��5 ��DQG�UHSURGXFWLYH�YDOXH��9 ��RI�&RFFXV�[ � [
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7KH� SUHVHQW� VWXG\� IRXQG� VRPH� ELRHFRORJLFDO�
FKDUDFWHULVWLFV�RI�ERWK� �DQG� ��%DVHG�&��DRQLGXP &��KHVSHULGXP
RQ�WKH�:HLEXOO�IXQFWLRQ�RI�WKH�DJH�VSHFL¿F�VXUYLYDO�UDWH��O ��[

RI� ��WKH�SRSXODWLRQ�OHYHO�RI�WKLV�SHVW�IROORZHG�DQ�&��DRQLGXP
LQFUHDVH�WUHQG��$FFRUGLQJ�WR�RXU�UHVXOWV��LW�LV�XQGHUVWRRG�WKDW�
WKH�SHVW�KDV�D�SRWHQWLDO�WR�EH�D�IHDVLEOH�SUH\�LQ�WKH�SURGXFWLRQ�
RI�EHQH¿FLDO�LQVHFWV�LQ�WHUPV�RI�WLPH�DQG�HFRQRPLF��$OVR��
SRSXODWLRQ�OHYHO�WUHQG�GXULQJ�PDVV�SURGXFWLRQ�RI�WKLV�SHVW�
XQGHU� ODERUDWRU\�FRQGLWLRQV�FDQ�EH�DVVXPHG�E\�XVLQJ�WKLV�
REWDLQHG� :HLEXOO� GLVWULEXWLRQ� PRGHO�� ,Q� DGGLWLRQDOO\��
IHFXQGLW\� OHYHO� RI� WKH� SHVW� LQ� RYLSRVLWLRQ� SHULRG� ZDV�
VLPXODWHG�E\�WKH�(QNHJDDUG�UHJUHVVLRQ�PRGHO�

$FNQRZOHGJPHQWV
7KLV�VWXG\�LV�D�SDUW�RI�0�6F��WKHVLV�SHUIRUPHG�E\�WKH�¿UVW�

DXWKRU� LQ� WKH� *UDGXDWH� 6FKRRO� RI� 1DWXUDO� DQG� $SSOLHG�
6FLHQFHV�LQ�6�OH\PDQ�'HPLUHO�8QLYHUVLW\��:H�DUH�JUDWHIXO�WR�
3URI�� 'U�� 0�� %RUD� .$<'$1� �dXNXURYD� 8QLYHUVLW\��
øPDPR÷OX� 9RFDWLRQDO� 6FKRRO�� $GDQD�� 7XUNH\�� IRU� WKH�
GHWHUPLQDWLRQ� RI� �� :H� ZRXOG� OLNH� WR� WKDQN�&�� DRQLGXP
6FLHQWL¿F� 5HVHDUFK� 3URMHFWV� 0DQDJHPHQW� 'HSDUWPHQW� RI�
6�OH\PDQ�'HPLUHO�8QLYHUVLW\�IRU�WKHLU�¿QDQFLDO�VXSSRUW�WR�
RXU�VWXG\�ZLWK�WKH�SURMHFW�QXPEHU������</������$OVR��WKH�
VWXG\� ZDV� SUHVHQWHG� DV� D� SRVWHU� DW� WKH� �� � ,QWHUQDWLRQDO�WK

6\PSRVLXP�RQ�&URS�3URWHFWLRQ�ZKLFK�ZDV�KHOG� LQ�*KHQW�
�%HOJLXP��RQ�0D\�����������$OVR��ZH�DUH�PRVW�JUDWHIXO�WR�WKH�
WZR�DQRQ\PRXV�UHYLHZHUV�IRU�WKHLU�GHWDLOHG�DQG�YHU\�KHOSIXO�
IHHGEDFN��0HDQZKLOH��ZH�GHFODUH�WKDW�WKH�DXWKRUV�KDYH�QR�
FRQÀLFW�RI�LQWHUHVW�

5HIHUHQFHV

$ONDQ��%����������&LWUXV�3HVWV�DQG�'LVHDVHV�LQ�7XUNH\��$QNDUD�8QLYHUVLW\��
)DFXOW\� RI� $JULFXOWXUH�� *HQHUDO� 3XEOLFDWLRQ� 1R�� ���� &RXUVH� %RRN�
3XEOLFDWLRQ�1R������$QNDUD����S���,Q�7XUNLVK�

$QQHFNH��'�3���������7KH�HIIHFW�RI�SDUDWKLRQ�DQG�DQWV�RQ� �&RFFXVKHVSHULGXP
/�� �&RFFLGDH�� +RPRSWHUD�� DQG� LWV� QDWXUDO� HQHPLHV�� -RXUQDO� RI� WKH�
(QWRPRORJLFDO�6RFLHW\�RI�6RXWK�$IULFD��������������

%LUFK�� /�&�� �������� 7KH� LQWULQVLF� UDWH� RI� QDWXUDO� LQFUHDVH� RI� DQ� LQVHFW�
SRSXODWLRQ��-RXUQDO�RI�$QLPDO�(FRORJ\������������

&DUH\�� -�5�� �������� $SSOLHG� 'HPRJUDSK\� IRU� %LRORJLVW� ZLWK� 6SHFLDO�
(PSKDVLV�RQ�,QVHFWV��2[IRUG�8QLYHUVLW\�3UHVV��2[IRUG�����S�

&KNKDLG]H�� /�� DQG� <DVQRVK�� 9�� �������� 7KH� 'LFW\RVSHUPXP� 6FDOH�
&KU\VRPSKDOXV�GLFW\RVSHUPL��0RUJDQ���+HPLSWHUD��'LDVSLGLGDH���SHVW�

RI� IUXLW� DQG�RUQDPHQWDO�SODQWV� LQ� WKH�%ODFN�6HD�FRDVW�RI�*HRUJLD�� D�
UHYLHZ��%ROOHWWLQR�GL�=RRORJLD$JUDULD�H�GL�%DFKLFROWXUD�������������
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'HHYH\��(�6����������/LIH� WDEOHV�IRU�QDWXUDO�SRSXODWLRQV�RI�DQLPDOV��7KH�
4XDUWHUO\�5HYLHZ�RI�%LRORJ\�����������������

'XUPXú��(��DQG�<L÷LW��$����������7KH�IUXLW�SURGXFLQJ�UHJLRQV�RI�7XUNH\��
)ÕUDW�8QLYHUVLW\�-RXUQDO�RI�6RFLDO�6FLHQFH���������������

(QNHJDDUG��$����������7KH�SRLQVHWWLD�VWUDLQ�RI�WKH�FRWWRQ�ZKLWHÀ\��%HPLVLD�
WDEDFL��+RP���$OH\URGLGDH���ELRORJLFDO�DQG�GHPRJUDSKLF�SDUDPHWHUV�
RQ� SRLQVHWWLD� � �� LQ� UHODWLRQ� WR� WHPSHUDWXUH��(XSKRUELD� SXOFKHUULPD
%XOOHWLQ�RI�(QWRPRORJLFDO�5HVHDUFK��������������

)$2� ��������)RRG� DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI� WKH�8QLWHG�1DWLRQV��
KWWS���ZZZ�IDR�RUJ�GRFUHS�����L����H�L����H�3')� �'DWH� DFFHVVHG��
6HSWHPEHU�������

*LOO��5�-����������7KH�6FDOH�,QVHFWV�RI�&DOLIRUQLD��3DUW����WKH�6RIW�6FDOHV�
�+RPRSWHUD��&RFFRLGHD��&RFFLGDH���&DOLIRUQLD�'HSDUWPHQW� RI�)RRG�
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3ODQW�3DWKRORJ\�1R����6DFUDPHQWR��&DOLIRUQLD��86$������SS�

+DQVHQ�� '�/��� %URGVJDDUG�+�)�� DQG� (QNHJDDUG�� $�� �������� /LIH� WDEOH�
FKDUDFWHULVWLFV�RI� �SUH\LQJ�XSRQ�0DFURORSKXV�FDOLJLQRVXV 7HWUDQ\FKXV�
XUWLFDH��(QWRPRORJLD�([SHULPHQWDOLVHW�$SSOLFDWD��������������

+ODYMHQNRYi�� ,�� DQG� âHIURYi�� +�� �������� �&KU\VRPSKDOXV� DRQLGXP
�/LQQDHXV���������D�QHZ�DOLHQ�SHVW�RI�RUQDPHQWDO�SODQWV�LQ�WKH�&]HFK�
5HSXEOLF� �+HPLSWHUD�� &RFFRLGHD�� 'LDVSLGLGDH��� $FWD� 8QLYHUVLWDWLV�
$JULFXOWXUDH�(W6LOYLFXOWXUDH�0HQGHOLDQDH�%UXQHQVLV���������������

,PXUD��2�� ��������'HPRJUDSKLF�DWWULEXWHV�RI� �+LQWRQ�7ULEROLXP� IUHHPDQL
�&ROHRSWHUD��7HQHEULRQLGDH���$SSOLHG�(QWRPRORJ\�DQG�=RRORJ\���������
��������

.DLUR�� 0�7�.�� DQG� 0XUSK\�� 6�7�� �������� 7KH� OLIH� KLVWRU\� RI� 5RGROLD�
LFHU\DH-DQVRQ��&ROHRSWHUD��&RFFLQHOOLGDH��DQG�WKH�SRWHQWLDO�IRU�XVH�LQ�
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.HVVLQJ�� -�/�0�� DQG� 0DX�� 5�)�/�� �������� � /�� &URS�&RFFXV� KHVSHULGXP
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��������&RPSDUDWLYH�WHPSHUDWXUH�GHSHQGHQW�GHYHORSPHQW�RI�1HSKXV�
LQFOXGHQV 1HSKXV� ELVLJQDWXV� �.LUVFK�� DQG� � �%RKHPDQ�� �&ROHRSWHUD��
&RFFLQHOOLGDH��� SUH\LQJ� RQ� � �5LVVR�� �+RPRSWHUD��3ODQRFRFFXV� FLWUL
3VHXGRFRFFLGDH���(YDOXDWLRQ�RI�D�OLQHDU�DQG�YDULRXV�QRQ�OLQHDU�PRGHOV�
XVLQJ�VSHFL¿F�FULWHULD��(QYLURQPHQWDO�(QWRPRORJ\�����������

.RV]WDUDE�� 0�� �������� 6FDOH� ,QVHFWV� RI� 1RUWKHDVWHUQ� 1RUWK� $PHULFD��
,GHQWL¿FDWLRQ��ELRORJ\��DQG�GLVWULEXWLRQ��9LUJLQLD�0XVHXP�RI�1DWXUDO�
+LVWRU\��6SHFLDO�SXEOLFDWLRQ�QXPEHU�����0DUWLQVYLOOH������S�
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7KH�ELRORJ\�RI�JODVVKRXVH�SHVWV�DQG�WKHLU�QDWXUDO�HQHPLHV��.RSSHUW�
%LRORJLFDO�6\VWHPV�DQG�5HHG�%XVLQHVV�,QIRUPDWLRQ��WKH�
1HWKHUODQGV������S�

g]J|NoH��0�6�� DQG� .DUDFD�� ø�� �������� /LIH� WDEOH�� %DVLF� 3ULQFLSOHV� DQG�
VW$SSOLFDWLRQV�� 7KH� � � ZRUNVKRS� RI� 7XUNLVK� (QWRPRORJLFDO� 6RFLHW\��

(FRORJ\�:RUNLQJ�*URXS��������-XQH�������,VSDUWD�7XUNH\�
3LQGHU��-�(���:LHQHU��-�*��DQG�6PLWK��0�+����������7KH�:HLEXOO�GLVWULEXWLRQ��

$�QHZ�PHWKRG�RI�VXPPDUL]LQJ�VXUYLYRUVKLS�GDWD��(FRORJ\����������
����

5HHG��'�.���+DUW��:�*��DQG�,QJOH��6�-����������/DERUDWRU\�UHDULQJ�RI�%URZQ�
6RIW� 6FDOH� DQG� ÕWV� +\PHQRSWHURXV� SDUDVLWHV�� $QQDOV� RI� WKH�
(QWRPRORJLFDO�6RFLHW\�RI�$PHULFD�������������������

6DODPD��+�6����������(FRORJLFDO�VWXGLHV�RI�WKH�VFDOH�LQVHFW��&KU\VRPSKDOXV�
GLFW\RVSHUPL� �0RUJDQ�� LQ� (J\SW�� =HLWVFKLIW� I�U� $QJHZDQGWH�
(QWRPRORJLH��������������

6HUDJ��$�0����������%LRORJLFDO�6WXGLHV�RQ�&HUWDLQ�6FDOH�,QVHFWV�LQ�(J\SW��
%HQKD�%UDQFK�8QLYHUVLW\� )DFXOW\� RI� 6FLHQFH�� �8QSXEOLVKHG��0�6F��
7KHVLV��%HQKD������SS�

6RXWKZRRG��7�5�(����������(FRORJLFDO�0HWKRGV�ZLWK�3DUWLFXODU�5HIHUHQFH�
WR�WKH�6WXG\�RI�,QVHFW�3RSXODWLRQV��&KDSPDQ�DQG�+DOO��/RQGRQ������SS�

7LQJOH��&�&�'��DQG�&RSODQG��0�-�:����������3URJHQ\�SURGXFWLRQ�DQG�DGXOW�
ORQJHYLW\� RI� WKH� PHDO\EXJ� SDUDVLWRLGV� $QDJ\UXVSVHXGRFRFFL��
/HSWRPDVWL[GDFW\ORSLL� DQG� /HSWRPDVWLGHDDEQRUPLV� �+\PHQRSWHUD��
(QF\UWLGDH��LQ�UHODWLRQ�WR�WHPSHUDWXUH��(QWRPRSKDJD��������������

78,.� �������� 7XUNLVK� 6WDWLVWLFDO� ,QVWLWXWH�� 3ODQW� 3URGXFWLRQ� 6WDWLVWLFV��
KWWS���ZZZ�WXLN�JRY�WU�3UH7DEOR�GR"DOWBLG ������$FFHVV�GDWH��$XJXVW�
������

7XQo\�UHN��0��DQG�gQF�HU��&����������6WXGLHV�RQ�$SKHOLQLG�SDUDVLWHV�DQG�
WKHLU� KRVWV�� &LWUXV� 'LDVSLQH� 6FDOH� LQVHFWV�� LQ� FLWUXV� RUFKDUGV� LQ� WKH�
$HJHDQ�5HJLRQ��%XOOHWLQ�6HFWLRQ�5HJLRQDOH2XHVW3DOHDUFWLTXH��������
����

7XQo\�UHN�6R\GDQED\��0�� DQG�(UNLQ��(�� �������� 6SHFLHV�GLVWULEXWLRQ� RI�
FLWUXV�DUPRXUHG�VFDOHV�GDPDJLQJ�FLWUXV� WUHHV� LQ� WKH�$HJHDQ�5HJLRQ��
ZLWK�WKH�LQÀXHQFH�RI�SDUDVLWH�DFWLYLW\�RQ�SRSXODWLRQ�ÀXFWXDWLRQV��3ODQW�
3URWHFWLRQ�%XOOHWLQ�����������������

8\JXQ��1��DQG�6DWDU��6����������7KH�FXUUHQW�VLWXDWLRQ�RI�FLWUXV�SHVW�DQG�WKHLU�
FRQWURO�PHWKRGV�LQ�7XUNH\��,QWHJUDWHG�&RQWURO�LQ�&LWUXV�)UXLW�&URSV��
,2%&�:356�%XOOHWLQ����������

8\JXQ��1���8OXVR\��0�5��DQG�.DUDFD��ø����������)UXLW�DQG�9LQH\DUG�3HVWV��
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��*HQHUDO�3XEOLFDWLRQ�1R��
�����&RXUVH�%RRN�3XEOLFDWLRQ�1R��$�����$GDQD������S���,Q�7XUNLVK�

:DQJ��-�-���7VDL��-�+���=KDR��=�0��DQG�/L��/�6����������'HYHORSPHQW�DQG�
UHSURGXFWLRQ� RI� WKH� SVRFLG� /LSRVFHOLV� ERVWU\FKRSKLOD� �3VRFRSWHUD��
/LSRVFHOLGLGDH�� DV� D� IXQFWLRQ� RI� WHPSHUDWXUH�� $QQDOV� RI� WKH�
(QWRPRORJLFDO�6RFLHW\�RI�$PHULFD��������������

��

7KH�OLIH�WDEOHV�RI�&KU\VRPSKDOXV�DRQLGXP�DQG�&RFFXV����<��dHO൴NSHQoH��$��.��%൴UJ�F���ø��.DUDFD



,GHQWL¿FDWLRQ�RI�ELRDFWLYH�SHSWLGHV�LQ�NDVKDU�FKHHVH�DQG�LWV�DQWLR[LGDQW�DFWLYLWLHV
��� �=�EH\GH�gQHU ��������������$\úH�0LQH�6DUÕGD÷

�6�OH\PDQ�'HPLUHO�8QLYHUVLW\�(QJLQHHULQJ�)DFXOW\�)RRG�(QJLQHHULQJ�'HSDUWPHQW�,VSDUWD��7XUNH\

&RUUHVSRQGLQJ�$XWKRU��]XEH\GHRQHU#VGX�HGX�WU

.DVKDU�FKHHVH�LV�D�W\SH�RI�FKHHVH�WKDW� LV�ERLOHG�LQ�KRW�
ZDWHU�DQG�NQHDGHG�DIWHU�LWV�FXUG�KDV�EHFRPH�DFLGL]HG�WR�D�
VSHFL¿F�OHYHO��,W�LV�LQFOXGHG�LQ�WKH�VHPL�KDUG�³SDVWD�¿ODWD´�
JURXS� �8FXQFX�� �������.DVKDU� FKHHVH� LV� WKH�PRVW�ZLGHO\�
SURGXFHG� DQG� FRQVXPHG� W\SH� RI� FKHHVH� LQ� 7XUNH\� DIWHU�
%H\D]� FKHHVH� �&HWLQND\D� DQG� 6R\XWHPL]�� ������ 8UNHN��
������:LWK�LWV��������WRQV�RI�SURGXFWLRQ�SHU�\HDU��LW�LV�WKH�
PRVW� ZLGHO\� FRQVXPHG� W\SH� RI� FKHHVH� ZLWK� D� VHPL�KDUG�
FKDUDFWHULVWLF� LQ� 7XUNH\�� ,Q� WHUPV� RI� LWV� SURGXFWLRQ� DQG�
FRPSRQHQWV�� LW� UHVHPEOHV� &DFLRFDYDOOR�� 3URYRORQH��
0R]]DUHOOD�DQG�.DVKNDYDO�FKHHVHV��7XUKDQ�DQG�2QHU����������

*HQHUDOO\��.DVKDU�FKHHVH�LV�SURGXFHG�IURP�UDZ�PLON��DQG�
WKH�ULSHQLQJ�SURFHVV�LV�LPSRUWDQW�LQ�GHWHUPLQLQJ�LWV�IHDWXUHV��
0DQ\�ELRFKHPLFDO�HYHQWV�RFFXU�GXULQJ�ULSHQLQJ��DQG�WKHVH�
ELRFKHPLFDO� HYHQWV� QHHG� WR� RFFXU� SURSHUO\� GXULQJ� WKH�
ULSHQLQJ� SHULRG� WR� GHOLYHU� D� FKHHVH� RXWSXW� ZLWK� XQLTXH�
TXDOLW\�FKDUDFWHULVWLFV��2]WXUN��������

3URWHRO\VLV�LV�WKH�EUHDNGRZQ�RI�WKH�SURWHLQV��DQG�WKLV�LV�
WKH�PRVW�FRPSOH[�ELRFKHPLFDO�HYHQW�WKDW�RFFXUV�LQ�FKHHVH�
GXULQJ�WKH�ULSHQLQJ�SHULRG��0F�6ZHHQH\���������3URWHRO\VLV�
SOD\V�D�YLWDO�UROH�LQ�WKH�GHYHORSPHQW�RI�WH[WXUDO�FKDQJHV�LQ�
FKHHVH�FXUG��LW�FRQWULEXWHV�WR�WKH�ÀDYRXU�DQG�LW�PD\�DOVR�KDYH�
DQ�HIIHFW�RQ�WKH�RII�ÀDYRXU��ELWWHUQHVV��RI�FKHHVH�WKURXJK�WKH�
IRUPDWLRQ�RI�SHSWLGHV�DQG�IUHH�DPLQR�DFLGV��)$$���/DZ�DQG�
*RRGHQRXJK�� ������� )$$� DUH� WKH� ¿QDO� SURGXFWV� RI�
SURWHRO\VLV�� WKHLU� FRQFHQWUDWLRQV� GHSHQG� RQ� WKH� FKHHVH�
YDULHW\� DQG� WKH\� KDYH� EHHQ� XVHG� DV� ULSHQLQJ� LQGLFHV� �0F�
6ZHHQH\�DQG�)R[������D������E��

%LRDFWLYH� SHSWLGHV� KDYH� EHHQ� LVRODWHG� IURP� FKHHVH��
\RJKXUW�DQG�IHUPHQWHG�IRRGV��7KH\�DUH�UHOHDVHG�IURP�SURWHLQ�
PROHFXOHV�E\�HQ]\PDWLF�K\GURO\VLV��.RUKRQHQ��������

7KHUH�DUH�QR�VWXGLHV�RQ�WKH�FKDUDFWHUL]DWLRQ�RI�SHSWLGHV�LQ�

.DVKDU�FKHHVH��ZKHUHDV�WKHUH�DUH�PDQ\�LQYHVWLJDWLRQV�RQ�WKH�
VSHFL¿F�DFWLYLWLHV�RI�ELRDFWLYH�SHSWLGHV�LQ�GLIIHUHQW�FKHHVHV��
VXFK� DV� DQWLPLFURELDO� DQWLR[LGDQW�� DQWLFDQFHU� DQG�
DQWLK\SHUWHQVLYH�DFWLYLWLHV��6DLWR�HW�DO���������*RPH]�5XL]�HW�
DO���������6LOYD�DQG�0DOFDWD��������2QJ�HW�DO����������0DVV�
VSHFWURPHWU\� KDV� EHHQ� HPSOR\HG� IRU� FKDUDFWHUL]LQJ� WKH�
SURWHLQV�RI�GLIIHUHQW�PLON�VSHFLHV��%HUQDUGL�HW�DO����������DQG�
WR�LGHQWLI\�SHSWLGHV�LQ�DUWLVDQ�RU�LQGXVWULDO�0DQFKHJR�FKHHVH�
DQG�&KHGGDU�FKHHVH��.DUDPHWVL�HW�DO���������*RPH]�5XL]�HW�
DO��� �������0DVV� VSHFWURPHWU\�KDV� DOVR�EHHQ� HPSOR\HG� WR�
LGHQWLI\�SHSWLGHV�LQ�FKHHVH�

,Q�WKLV�VWXG\��WKUHH�FRPPHUFLDOO\�VRXUFHG�.DVKDU�FKHHVHV�
ZHUH� LQYHVWLJDWHG� WR� GHWHUPLQH� WKHLU� SHSWLGHV� DQG� WKH�
DQWLR[LGDQW� SURSHUWLHV� RI� WKRVH� SHSWLGHV�� 3HSWLGHV� ZHUH�
VHSDUDWHG�XVLQJ� �+LJK�3HUIRUPDQFH�/LTXLG�&KURPDWRJUDSK\
�+3/&��DQG�LGHQWL¿HG�E\�SHSWLGH�VHTXHQFLQJ�DIWHU�0$/',�
72)�06�06�IUDJPHQWDWLRQ�

0DWHULDOV�DQG�0HWKRGV

&KHHVH�VDPSOHV
7KH� VDPSOHV� RI� FKHHVH� ZHUH� SURYLGHG� E\� D� SURGXFHU�

XVLQJ�WUDGLWLRQDO�WHFKQLTXHV�WR�SURGXFH�.DVKDU�FKHHVH�LQ�WKH�
.DUV� UHJLRQ�� 7KH� FKHHVH� VDPSOHV� ZHUH�PDLQWDLQHG� XQGHU�
UHIULJHUDWLRQ� DW� ��&� IRU� ��� GD\V�� 3HSWLGH� DQDO\]HV� ZHUH�
FDUULHG�RQ�GD\���DQG�RQ�GD\�����7KH�FKHHVHV�ZHUH�VDPSOHG�
WKUHH�WLPHV��DQG�DQDO\VHV�ZHUH�GXSOLFDWHG�

7KH�.MHOGDKO�PHWKRG�ZDV� XVHG� WR� SURGXFH� ���� �Y�Y��
WULFKORURDFHWLF� DFLG�VROXEOH� QLWURJHQ� �7&$�61�� DQG� ���
�Y�Y��SKRVSKRWXQJVWLF�DFLG�VROXEOH�QLWURJHQ��37$�61���,')�
�������

�

�

��

$EVWUDFW

.H\ZRUGV��%൴RDFW൴YH�SHSW൴GHV��NDVKDU�FKHHVH��DQW൴R[൴GDQW�DFW൴Y൴W\

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

5HVHDUFK�$UWLFOH ,QW�-�$JULF�(QYLURQ�)RRG�6FL�������������������

ZZZ�MDHIV�FRP-$()6

�&LWH�WKLV�DUWLFOH�DV���2QHU��=���6DU൴GDJ��$�0����������,GHQWL¿FDWLRQ�RI�ELRDFWLYH�SHSWLGHV�LQ�NDVKDU�FKHHVH�DQG�LWV�DQWLR[LGDQW�DFWLYLWLHV��,QW��-��
$JULF��(QYLURQ��)RRG�6FL���������������'2,�����������MDHIV������

$YD൴ODEOH�RQO൴QH�DW��� ��� ��KWWSV���MDHIV�FRP KWWS���GHUJ൴SDUN�JRY�WU�MDHIV
��&RS\U൴JKW����������,QWHUQDW൴RQDO�-RXUQDO�RI�$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

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

7KLV�VWXG\�DQDO\]HG�WKH�SHSWLGH�SUR¿OH�DQG�DQWLR[LGDQW�DFWLYLW\�LQ�FRPPHUFLDOO\�VRXUFHG�.DVKDU�FKHHVH��7KH�DQWLR[LGDQW�
DFWLYLW\�RI�.DVKDU�FKHHVH�ZDV�IRXQG�WR�EH������ௗP0ௗ7UROR[ௗJí���+RZHYHU��WKH�DQWLR[LGDQW�DFWLYLW\�RI�LWV�)���)���)��DQG�
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DQGௗ������ௗP0ௗ7UROR[ௗJí���UHVSHFWLYHO\��,Q�.DVKDU�FKHHVH��WKH�7DQGHP�0DVV�6SHFWURPHWU\��06�06��VSHFWUXP�IRU�WKH�
���ௗJௗPROí�ௗP�]�VLJQDO�ZDV�PDWFKHG�WR�ĮV��FDVHLQ��DQG�LW�VKRZHG�WKDW�����ௗJௗPROí������������KLVWLGLQH�FDQ�EH�D�SDUW�RI�
����� ����������� JOXWDPLQH� DPLQR� DFLG�� 3HSWLGH� VHTXHQFHV� ZHUH� PDWFKHG� WR� ����53.+3,.�+�4� SHSWLGH�
�����53.+3,.�+�SHSWLGH�DQG������53.+3,.+�4�SHSWLGH��,W�FDQ�EH�FRQFOXGHG�WKDW�WKH�SHSWLGH�IUDFWLRQV�RI�.DVKDU�
FKHHVH�GHPRQVWUDWHG�DQWLR[LGDQW�DFWLYLW\�
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=��gQHU��$��0��6DUÕGD÷� ,GHQWL¿FDWLRQ�RI�ELRDFWLYH�SHSWLGHV�LQ�NDVKDU�FKHHVH�DQG����

7KH�WRWDO�IUHH�DPLQR�DFLG�OHYHOV�ZHUH�GHWHUPLQHG�E\�WKH�
SUHYLRXVO\�SXEOLVKHG�PHWKRG�RI�)RONHUWVPD�DQG�)R[��������

([WUDFWLRQ�RI�.DVKDU�SHSWLGHV
7R� REWDLQ� ELRDFWLYH� SHSWLGHV�� FKHHVH� VDPSOHV� ZHUH�

SUHSDUHG�DFFRUGLQJ�WR�'RQNRU�HW�DO����������6L[W\�JUDPV�RI�
JUDWHG��FRPPHUFLDO�.DVKDU�FKHHVHV�$��%�DQG�&��FKHHVH�ZHUH�
KRPRJHQL]HG� LQ� ���ௗ P/� RI� GLVWLOOHG� ZDWHU� DQG� WKHQ�

ȠFHQWULIXJHG� DW� ���ௗ USP� DW� D� WHPSHUDWXUH� RI� �� &�� $IWHU�
ȠFHQWULIXJLQJ� DW� ����ௗ USP� DQG� � &� IRU� ��� PLQXWHV�� WKH�

VXSHUQDWDQW� ZDV� DJDLQ� FHQWULIXJHG� XVLQJ� WKH� VDPH�
FRQGLWLRQV�� )ROORZLQJ� WKLV� VWHS�� WKH� FHQWULIXJHG� VDPSOHV�
ZHUH� ¿OWHUHG� WKURXJK� D� URXJKLQJ� ¿OWHU� DQG� WKH� FKHHVH�
VDPSOHV�ZHUH�O\RSKLOL]HG��IUHH]H�GULHG���7KHVH�O\RSKLOL]HG�
VDPSOHV�ZHUH�GLVVROYHG�LQ������WULÀXRURDFHWLF�DFLG��7)$��DW�

í�D� UDWH� RI� ���ௗ Jௗ �P/ �� FHQWULIXJHG� DW� ������ USP� DW� D�
ȠWHPSHUDWXUH�RI�� &�IRU����PLQXWHV�DQG�WKHQ�¿OWHUHG�WKURXJK�D�

����ௗ�P�GLDPHWHU�¿OWHU�WR�SUHSDUH�WKHP�IRU�FKURPDWRJUDSKLF�
DQDO\VHV�

6HSDUDWLRQ� RI� ZDWHU� VROXEOH� SHSWLGHV� E\� UHYHUVHG�
SKDVH�FKURPDWRJUDSK\��53�+3/&�
7KH� DQDO\VLV� RI� ZDWHU�VROXEOH� SHSWLGHV� LQ� FKHHVH� ZDV�

FDUULHG�RXW�ZLWK�UHYHUVHG�SKDVH��6KLPDG]X�/&����$7�VHULHV��
+3/&� DQG� D� =RUED[� ���� 6%�&�� PRQRPHULF� FROXPQ�

�����ௗ îௗ ���ௗ PP�L�G������ௗ ȝP�SDUWLFOH�VL]H�DQG�����$ �SRUH�
GLDPHWHU��$JLOHQW��:DOGEURQQ��*HUPDQ\���7KH�VDPSOHV�ZHUH�

í�GLVVROYHG�LQ������7)$�DW�WKH�UDWH�RI����ௗJௗ�P/ ��DQG����ௗ�/�
ZHUH�LQMHFWHG�LQWR�WKH�+3/&�FROXPQ�E\�¿OWHULQJ�LW�WKURXJK�D�
����ௗ ȝP� GLDPHWHU� ¿OWHU��7KH� SHSWLGHV�ZHUH� HOXWHG� RYHU� D�
OLQHDU� JUDGLHQW� IURP� ���� WR� ��� VROYHQW� $� ������
WULÀXRURDFHWLF�DFLG�LQ�GHLRQL]HG�ZDWHU��LQ�VROYHQW�%�������
WULÀXRURDFHWLF� DFLG� LQ� ���� �Y�Y�� DFHWRQLWULOH� LQ� GHLRQL]HG�
ZDWHU��RYHU����PLQXWHV��

$QDO\VLV�RI�SHSWLGH�VHTXHQFH
7KH�6'6�3$*(� WHFKQLTXH� DQG�PROHFXODU� VL]HV� RI� WKH�

SHSWLGHV�REWDLQHG�ZHUH�GHWHUPLQHG�DFFRUGLQJ�WR�6DPEURRN�
DQG � 5XVVH O O � ������ � � 6'6�3R O\DF U\ ODPLGH � *H O�
(OHFWURSKRUHVLV�ZDV�SHUIRUPHG�E\�XVLQJ�D�0LQL�3URWHDQ��
7HWUD�&HOO�IURP�WKH�%LR�5DG�&RPSDQ\�DQG�WKH�SURFHGXUH�ZDV�
FDUULHG�RXW�¿UVW�DW����YROWV�IRU����PLQXWHV�DQG�WKHQ�D�����YROWV�
IRU���KRXUV��,W�ZDV�G\HG�ZLWK�-HOOHU�&RRPDVVLH�%ULOOLDQW�%OXH�
*������0LWUD�HW�DO����������7KH�SHSWLGH�PL[WXUH�SXUL¿HG�IURP�
VDOWV�ZLWK�=LS7LS�ZDV�REVHUYHG�E\�PL[LQJ�LW�ZLWK�D�PDWUL[�
VROXWLRQ��'DL�HW�DO���������

7KH�06�06�VSHFWUXPV��FUHDWHG�E\�WKH�IUDJPHQWV�RI�WKH�
VLJQDOV�ZLWK�VXI¿FLHQW�06�06�LQWHQVLW\��ZHUH�REWDLQHG�E\�
WKH�FROOLVLRQ�LQGXFHG�GLVVRFLDWLRQ��&,'��PHWKRG�XVLQJ�DUJRQ�
JDV�LQ�WKH�/,)7�PRGH��6XFNDX�HW�DO���������

'HWHUPLQDWLRQ�RI�DQWLR[LGDQW�DFWLYLW\�
7KH�DQWLR[LGDQW�DFWLYLW\�RI�HLWKHU�:6(��RU�WKH�LVRODWHG�

SHSWLGHV�IURP�WKHP��ZDV�DVVD\HG�DFFRUGLQJ�WR�WKH�PHWKRG�
GHVFULEHG� E\� 5H� HW� DO��� �������� ���ƍ�$]LQR�ELV� ���
HWK\OEHQ]RWKLD]ROLQH���VXOIRQLF� DFLG�� �$%76�� UDGLFDO�
FDWLRQ��$%76���ZDV�SURGXFHG�E\�WKH�UHDFWLRQ�RI��ௗP0�RI�
$%76�VWRFN�VROXWLRQ�ZLWK�����ௗP0�RI�SRWDVVLXP�SHUVXOIDWH�
�¿QDO� FRQFHQWUDWLRQ� LQ� ��� P/� RI� ZDWHU�� DQG� NHHSLQJ� WKH�
PL[WXUH�LQ�WKH�GDUN�DW�URRP�WHPSHUDWXUH�IRU����WR����KRXUV�
EHIRUH�XVH�

6FDYHQJLQJ� RI� WKH� $%76�� UDGLFDO� ZDV� REVHUYHG�
VSHFWURSKRWRPHWULFDOO\� �89������� 6KLPDG]X�� .\RWR��
-DSDQ��E\�PRQLWRULQJ�WKH�GHFUHDVH�LQ�DEVRUEDQFH�DW����ௗQP��
$�UHDGLQJ�ZDV�WDNHQ���PLQXWH�DIWHU�LQLWLDO�PL[LQJ�DQG�WKHQ�
SHULRGLFDOO\�XS�WR���PLQXWHV��$�VROYHQW�EODQN�ZDV�UXQ�LQ�HDFK�
DVVD\��QHJDWLYH�FRQWURO���$OO�SURFHGXUHV�ZHUH�FDUULHG�RXW�LQ�
WULSOLFDWH��DQG�WKHLU�DYHUDJH�ZDV�XVHG�DV�D�GDWXP�SRLQW��7KH�
SHUFHQWDJH� LQKLELWLRQ� RI� DEVRUEDQFH� DW� ���ௗ QP� ZDV�
FDOFXODWHG�DQG�SORWWHG�DV�D�IXQFWLRQ�RI�WKH�FRQFHQWUDWLRQ�RI�
DQWLR[LGDQWV�� DQG�RI� WKH�7UROR[� VWDQGDUG��7R�FDOFXODWH� WKH�
7UROR[�HTXLYDOHQW�DQWLR[LGDQW�FDSDFLW\��7($&���WKH�JUDGLHQW�
RI�WKH�SORW�RI�WKH�SHUFHQWDJH�LQKLELWLRQ�RI�DEVRUEDQFH�YHUVXV�
WKH�VDPSOH�FRQFHQWUDWLRQ�ZDV�GLYLGHG�E\�WKH�JUDGLHQW�RI�WKH�
SORW�IRU�7UROR[�WR�JLYH�7($&�DW�D�VSHFL¿F�WLPH�

6WDWLVWLFDO�DQDO\VLV
6366� VRIWZDUH� IRU�:LQGRZV� �6366� ,QF��� &KLFDJR� ,/��

86$�� YHUVLRQ� ��� ZDV� XVHG� IRU� VWDWLVWLFDO� DQDO\VLV� RI� WKH�
.DVKDU�FKHHVHV�DQG�WKH�FRUUHVSRQGLQJ�VDPSOH�UHSOLFDWLRQV��
7KH�'XQFDQ�WHVW�ZDV�XVHG�IRU�FRPSDULVRQ�RI�WKH�PHDQV��

5HVXOWV�$QG�'LVFXVVLRQV

3URWHRO\VLV�RI�.DVKDU�FKHHVH
7KH�QLWURJHQ�IUDFWLRQV�DUH�LPSRUWDQW�SDUDPHWHUV�LQ�WKH�

GHWHUPLQDWLRQ� RI� WKH� H[WHQW� RI� SURWHRO\VLV�� 7KH� DYHUDJH�
IUDFWLRQV�RI�QLWURJHQRXV�FRPSRXQGV� LQ�.DVKDU�FKHHVH�DUH�
SUHVHQWHG� LQ� 7DEOH� ��� 1LWURJHQRXV� FRPSRXQGV� LQFUHDVHG�
VLJQL¿FDQWO\��3���������GXULQJ�VWRUDJH��7KH������Y�Y��7&$�
61�IUDFWLRQV�FRQWDLQ�VPDOO�SHSWLGHV�ZKLFK�ZHUH�IUHH�DPLQR�
DFLGV��EHWZHHQ�WZR�WR�WZHQW\�DPLQR�DFLG�UHVLGXHV��DPPRQLD�
DQG� RWKHU� PLQRU� FRPSRXQGV�� 7KH� ��� �Y�Y�� 37$�61�
LQGLFDWHG� WKH� OHYHOV� RI� VPDOO� SHSWLGHV� WR� EH� ����� WR�

í����ௗ Jௗ PRO � �GL��� WUL�� DQG� WHWUD�� SHSWLGHV�� DQG� IUHH� DPLQR�
DFLGV�� )RU� WKH� FKHHVHV�� WKH� VROXEOH� QLWURJHQ� FRQWHQW� ZDV�
H[SHFWHG�WR�LQFUHDVH�ZLWK�WKH�WLPH�RI�FKHHVH�ULSHQLQJ�

7RWDO� IUHH� DPLQR� DFLGV� ZHUH� GHWHUPLQHG� E\� WKH�
VSHFWURSKRWRPHWULF� PHWKRG�� 7KH� IUHH� DPLQR� DFLG� FRQWHQW�

í��)$$�� FKDQJHG� IURP� ����� WR� ���ௗ PJௗ /\Vௗ ���ௗ J � GXULQJ�
ULSHQLQJ��3����������7KH�WUHQGV�LQ�WKH�OHYHOV�RI�WRWDO�)$$�LQ�
WKH�FKHHVHV�ZHUH�LQ�DJUHHPHQW�ZLWK�WKH�37$�61�YDOXHV��

7DEOH����)UDFW൴RQ�RI�Q൴WURJHQRXV�FRPSRXQGV�൴Q�.DVKDU�FKHHVH�



5HVXOWV�IRU�53�+3/&�RI�FKHHVH�VDPSOHV�
7R�PRQLWRU� WKH� FKDQJHV� LQ� SHSWLGH� SUR¿OHV� GXULQJ� WKH�

VWRUDJH�RI�WKH�ZDWHU�VROXEOH�H[WUDFW��:6(��RI�FKHHVH��:6(�
IURP�GD\��� DQG�GD\����RI� VWRUDJH�ZHUH� DQDO\]HG�E\�53�
+3/&��)LJXUH���DQG�)LJXUH���VKRZ�WKH�53�+3/&�SUR¿OHV�
REWDLQHG�IURP�GD\���DQG�GD\����RI�WKH�FKHHVH�:6(��7KH�SHDN�
QXPEHU�DQG�SHDN�KHLJKW�SURYLGH�LPSRUWDQW�NQRZOHGJH�DERXW�
WKH�ULSHQLQJ�RI�FKHHVH�DQG�SURWHRO\VLV��7KH�FKURPDWRJUDPV�
RI� WKH�FKHHVH�VDPSOHV�KDG�GLIIHUHQW�SHDNV��)LJ���̜����7KH�
SHDNV� IRU�PRQWK���RI� WKH�.DVKDU� FKHHVH� VDPSOHV�KDG� WKH�
KLJKHVW� DPRXQW� RI� SHSWLGH� SHDNV��7KH� SHDNV� LQFUHDVHG� LQ�
KHLJKW�VLJQL¿FDQWO\��FKDQJLQJ�WKH�FKURPDWRJUDSKLF�SUR¿OH�

$QWLR[LGDQW�DFWLYLW\�LQ�.DVKDU�FKHHVH�
$QWLR[LGDQW� DFWLYLW\� ZDV� GHWHUPLQHG� XVLQJ� WKH�$%76�

PHWKRG��,Q�WKH�$%76�PHWKRG��WKH�DELOLW\�RI�WKH�VDPSOH�WR�
TXHQFK�D�UDGLFDO�LV�PHDVXUHG��&DVHLQV�SRWHQWLDOO\�KDYH�D�KLJK�
FRQWHQW� RI� DQWLR[LGDWLYH� DPLQR� DFLGV� VXFK� DV� W\URVLQH��
WU\SWRSKDQ�DQG�O\VLQH��7KH�$%76�PHWKRG�LV�D�VHQVLWLYH�DQG�
DSSURSULDWH� PHWKRG� IRU� WKH� PHDVXUHPHQW� RI� DQWLR[LGDQW�
DFWLYLW\�LQ�FKHHVH��$SRVWRO൴G൴V��.ZRQ�DQG�6KHWW\��������

$%76� UDGLFDO� VFDYHQJLQJ� YDOXHV�� WKH� UHSRUWHG� ��
LQKLELWLRQ� YDOXH� DQG� 7($&� �IUHH� UDGLFDO� DQG� VXSHUR[LGH�
DQLRQ�VFDYHQJLQJ�DFWLYLW\��ZHUH�QRWHG��$QWLR[LGDQW�DFWLYLW\�

í�ZDV�IRXQG�WR�EH������ௗP0ௗJ �7UROR[�LQ�WKH�.DVKDU�FKHHVH��
,Q�WHUPV�RI�DQWLR[LGDQW�DFWLYLW\��D�VLJQL¿FDQW�GLIIHUHQFH�ZDV�
REVHUYHG�EHWZHHQ�GD\���DQG�GD\����RI�VWRUDJH��3���������

)UDFWLRQV�ZHUH�FROOHFWHG�DW����PLQXWH�LQWHUYDOV��DQG�WKHLU�
7($&� YDOXHV� ZHUH� REWDLQHG� IURP� WKH� FDSDFLW\� RI� HDFK�

VDPSOH�WR�VFDYHQJH�$%76�WR�7UROR[��DQG�WKH�UHVXOWV�ZHUH�
í� UG WK WK WKJLYHQ�LQ�P0ௗJ �RI�7UROR[�RI�SURWHLQ��7KH�� ��� ��� �DQG��� �

IUDFWLRQV�ZLWK�KLJK�YDOXHV��)LJ����ZHUH�O\RSKLOL]HG��DQG�WKH�
7($&� YDOXHV� RI� WKH� IUDFWLRQV� ZHUH� H[DPLQHG�� 7KH�
IUDFWLRQDWHG�SHSWLGH�H[WUDFWV�ZHUH�DQDO\]HG�IRU�DQWLR[LGDQW�
DFWLYLW\��7KUHH�GLIIHUHQW�UDWLRV�RI�SHSWLGH�H[WUDFW���������DQG�
��ௗ ȝ/�� WR� $%76� ZHUH� H[DPLQHG� WR� GHWHUPLQH� LI� WKH�
SHUFHQWDJH� RI � LQKLEL W LRQ� LQFUHDVHG� ZLWK� KLJKHU�
FRQFHQWUDWLRQV�RI�SHSWLGH��7KH�LQKLELWLRQ�YDOXH�SHUFHQWDJHV�
RI� WKH� IUDFWLRQV� FROOHFWHG� EHIRUH� O\RSKLOL]DWLRQ� ZHUH�

UGH[DPLQHG�� DQG� WKH� UHVXOWV� DUH� JLYHQ� LQ� )LJXUH� ��� 7KH� � �
í�IUDFWLRQ� VKRZHG� �������ௗ P0� 7UROR[� ௗ J �� WKH� KLJKHVW�

DFWLYLW\��7KH�DQWLR[LGDQW�DFWLYLW\�RI�WKH�SHSWLGH�IUDFWLRQV�DUH�
VKRZQ�LQ�)LJXUH����7KH�FKDQJHV�LQ�WKH�DQWLR[LGDQW�DFWLYLW\�RI�
IUDFWLRQV�ZHUH� UHODWHG� WR� WKH� UDWH� RI� SURWHRO\VLV� LQ� DOO� WKH�
VDPSOHV�RI�FKHHVHV�XS�WR�WKH�WKLUG�PRQWK�RI�ULSHQLQJ��,Q�WKLV�
VWXG\��ZKHQ�WKH�SURWHRO\VLV�ZDV�FRPSDUHG�ZLWK�DQWLR[LGDQW�
DFWLYLW\�� LW� ZDV� REVHUYHG� WKDW� FKDQJHV� LQ� WKH� DQWLR[LGDQW�
DFWLYLW\�FRUUHVSRQG�WR�WKH�UDWH�RI�FUHDWLRQ�RI�SURWHRO\VLV�LQ�
WKH�.DVKDU�FKHHVHV�

2WKHU� UHVHDUFKHUV� KDYH� VKRZHG� WKDW� VLPLODU� .DVKDU�
FKHHVH��FKHGGDU�FKHHVH��KDV�DQWLR[LGDQW�DFWLYLW\�DQG�WKHLU�
DFWLYLW\�ZDV�GHSHQGHQW�RQ�WKH�ULSHQLQJ�VWDJH�RI�WKH�FKHHVH�
�$SRVWRO൴G൴V�HW�DO���������*XSWD�HW�DO���������3U൴WFKDUG�HW�DO���
������ 0H൴UD� HW� DO��� ������� %LRFKHPLFDO� SURFHVVHV� ZHUH�
RFFXULQJ�LQ�SURWHLQV�GXULQJ�FKHHVH�ULSHQLQJ�E\�K\GURO\VLV�RI�
FDVHLQ��E\�UHQQHW�DFWLYLW\��E\�SODVPLQ��ODFWLF�DFLG�EDFWHULD�DQG�
QRQVWDUWHU�EDFWHULDO�SURWHLQDVHV��0F�6ZHHQH\��������6RXVD�
HW�DO���������

��

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

)LJXUH����6KRZV�WKH�FKURPDWRJUDP�RI�SHSW൴GH�൴Q�.DVKDU�FKHHVH�����UG�PRQWKV��%OXH�SHDN����PRQWK���VW�GD\����
%ODFN�SHDN���UG�PRQWK�RI�.DVKDU�FKHHVH�

)LJXUH����53�+3/&�FKURPRWRJUDP�SHDNV�RI�NDVKDU�FKHHVH�

,GHQWL¿FDWLRQ�RI�ELRDFWLYH�SHSWLGHV�LQ�NDVKDU�FKHHVH�DQG����



3HSWLGH� H[WUDFWLRQ� RI� .DVKDU� FKHHVH� DQG� VHTXHQFH�
DQDO\VLV�
$IWHU�WKH�FKURPDWRJUDPV�RI�WKH�.DVKDU�FKHHVH�KDG�EHHQ�

WDNHQ�� 0$/',�72)� 06�06� ZDV� DSSOLHG� IRU� SHSWLGH�
VHTXHQFH�DQDO\VLV�RI�WKH�)��DQG�)��IUDFWLRQV�GHSHQGLQJ�RQ�
WKH� DQWLR[LGDQW� DFWLYLW\� UHVXOWV�� :KHWKHU� WKH� VDPSOHV�
FRQWDLQHG�SHSWLGHV�ZDV�GHWHUPLQHG�E\�WKH�RQH�GLPHQVLRQDO�
6'6�SRO\DFU\ODPLGH�JHO�HOHFWURSKRUHVLV���'�6'6�3$*(���
DQG�06�VSHFWUXPV�ZHUH�REWDLQHG�E\�ZDVKLQJ�ZLWK�=LS7LS��
0DVFRW�GDWDEDVH�VFDQQLQJ�ZDV�XVHG��7KH�06�06�VSHFWUXP�

í�RI����ௗ Jௗ PRO ௗ P�]�VLJQDO�PDWFKHG�XS�WR�Į �FDVHLQ��DQG�LW�V�
í�VKRZHG�WKDW�����ௗJௗPRO �����������KLVWLGLQH�FDQ�EH�D�SDUW�

RI� ����� ����������� JOXWDPLQH� DPLQR� DFLG�� 3HSWLGH�
VHTXHQFHV� ZHUH� PDWFKHG� WR� ����53.+3,.�+�4� SHSWLGH�
�����53.+3,.�+� SHSWLGH� DQG� �����53.+3,.+�4�
SHSWLGH�

$�VLPLODU�FDVH�ZDV�REVHUYHG�LQ�WKH�� �.DVKDU�IUDFWLRQ�IRU�WK

WKH������������DQG������VLJQDOV��7KH�GLIIHUHQFH�EHWZHHQ�WKH�
�����DQG������VLJQDOV�FRUUHVSRQGV�WR������ZKLFK�LV�WKH�PDVV�
RI�O\VLQH�RU�JOXWDPLQH�DPLQR�DFLG��WKH�GLIIHUHQFH�EHWZHHQ�WKH�
�����DQG������VLJQDOV�FRUUHVSRQGV�WR������ZKLFK�LV�WKH�PDVV�
RI�JOXWDPLF�DFLG�DPLQR�DFLG��DQG�WKH����GDOWRQ�GLIIHUHQFH�
EHWZHHQ�WKH������DQG������VLJQDOV�FRUUHVSRQGV�WR�WKH�PDVV�
RI�YDOLQH�DPLQR�DFLG��:KHQ�WKH�06�06�VSHFWUXPV�RI�WKHVH�
VLJQDOV�ZHUH� FRPSDUHG�� WKH� SUHVHQFH� RI� VRPH� VLPLODULWLHV�
VWUHQJWKHQHG� WKH� SUREDELOLW\� WKDW� RQH�PLVVLQJ� DPLQR� DFLG�
�H[WUD�SHSWLGH�VLJQDO�RI�WKH�VDPH�SHSWLGH�VHTXHQFH�ZDV�VHHQ�
LQ�WKH�06�VSHFWUXP��

�'�6'6�3$*(�PHWKRG�ZDV�XVHG�7HVWLQJ�ZKHWKHU�WKH�

VDPSOHV� FRQWDLQHG� SURWHLQ�ZDV� EDVHG� RQ� LQ�JHO� VFUHHQLQJ�
XVLQJ�WKH��)RU�WKH�SHSWLGH�DQDO\VLV�� WKH�KLJKHVW�QXPEHU�RI�
SHSWLGH�VLJQDOV�ZDV�REVHUYHG�ZLWK�=LS7LS��DQG�WKH�06�06�
VSHFWUXPV� ZHUH� REWDLQHG� E\� GLJHVWLQJ� WKRVH� LQ� VXI¿FLHQW�
DPRXQWV�� 5HVXOWV� ZLWKLQ� D� FRQ¿GHQFH� LQWHUYDO� ZHUH� QRW�
REWDLQHG�IURP�WKH�0DVFRW�GDWDEDVH�VFDQQLQJ��DQG�VLQFH�WKH�
VRXUFHV�VKRZHG�VLPLODULW\�ZLWK�WKDW�RI�WKH�VSHFLPHQV��PLON��
Į �FDVHLQ���WKH�SUREDELOLW\�RI�PDWFKLQJ�ZLWKLQ�D�FRQ¿GHQFH�V�

LQWHUYDO� EHLQJ� WUXH� LV� LQ� TXHVWLRQ�� 7KLV� VLPLODULW\� LV� WKH�
í�06�06�VSHFWUXP�RI����ௗJௗPRO ௗP�]�VLJQDO�HQFRXQWHUHG�LQ�

í�WKH�.DVKDU���IUDFWLRQ�VDPSOHV��7KH�����ௗJௗPRO �����������
í�DQG�����ௗ ����������ௗ Jௗ PRO ௗ P�]�VLJQDOV�REVHUYHG�LQ�WKH�

VDPH�VSHFWUXP�FDQ�EH�DQ�DGGLWLRQ�WR�WKH�SHSWLGH�1�WHUPLQDO�
RI�KLVWLGLQH�������DPLQR�DFLG�DQG�WKH�FRQWLQXLQJ�WHUPLQDO�RI�
JOXWDPLQH� DPLQR� DFLG� >��@�� :KHQ� LW� LV� FRPSDUHG� E\�
RYHUODSSLQJ�WKH�GLJHVWLRQ�VSHFWUXPV�� WKH�VLPLODULW\�VKRZQ�
VWUHQJWKHQV�WKLV�SRVVLELOLW\��)LJXUH�����
����53.+3,.!JL_������_JE_$$%�������_� Į �FDVHLQ� $�V�

ORQJ�IRUP�>RYLQH��VNLPPHG�PLON��3HSWLGH������DD@
53.+3,.�+
4*/66(9/1(1//5)99$3)3(9)5.(1,1(/6.',*
6(6,('4$0('$.40.$*66666((,9316$(4.<,
4.('93
6(5</*</(4//5/..<1934/(,93.6$((4/+60
.(*13$+4.430,$914(/$<)<34/)54)<4/'$
<36*$:<</3/*74<7'$36)6',313,*6(16*.,7
03/:
�����53.+3,.�+
�����53.+3,.+�4�

��

,GHQWL¿FDWLRQ�RI�ELRDFWLYH�SHSWLGHV�LQ�NDVKDU�FKHHVH�DQG����

)൴JXUH����,QK൴E൴W൴RQ�UDW൴R�RI�ZDWHU�VROXEOH�H[WUDFW�RI�NDVKDU�FKHHVH�IUDFW൴RQ�FROOHFWHG�E\�53�+3/&�

)൴JXUH����$QW൴R[൴GDQW�DFW൴Y൴W\��7($&��H[SUHVVHG�DV�P0�J���RI�7UROR[�RI�.DVKDU�IUDFW൴RQV�ZK൴FK�KDYH�K൴JKHU�
൴QK൴E൴W൴RQ�DFW൴Y൴W\�

=��gQHU��$��0��6DUÕGD÷�



��

$�VLPLODU�FDVH�LV�REVHUYHG�LQ�WKH������������DQG������
VLJQDOV� LQ� WKH� .DVKDU� �� IUDFWLRQ� VDPSOH� �)LJXUH� ���� 7KH�
GLIIHUHQFH�EHWZHHQ�WKH������DQG������VLJQDOV�FRUUHVSRQGV�WR�
�����ZKLFK�LV�WKH�PDVV�RI�HLWKHU�O\VLQH�RU�JOXWDPLQH�DPLQR�
DFLG�� WKH� GLIIHUHQFH� EHWZHHQ� WKH� ����� DQG� ����� VLJQDOV�
FRUUHVSRQGV� WR� ����� ZKLFK� LV� WKH� PDVV� RI� JOXWDPLF� DFLG�

í�DPLQR�DFLG��DQG�WKH���ௗJௗPRO �GLIIHUHQFH�EHWZHHQ�WKH������
DQG������VLJQDOV�FRUUHVSRQGV�WR�WKH�PDVV�RI�YDOLQH�DPLQR�
DFLG�� :KHQ� WKH� 06�06� VSHFWUXPV� RI� WKHVH� VLJQDOV� DUH�
FRPSDUHG��WKH�SUHVHQFH�RI�VRPH�VLPLODULWLHV�VWUHQJWKHQV�WKH�
SUREDELOLW\� RI� REVHUYLQJ� RQH� PLVVLQJ� DPLQR� DFLG� �H[WUD�
SHSWLGH� VLJQDO� RI� WKH� VDPH� SHSWLGH� VHTXHQFH� LQ� WKH� 06�
VSHFWUXP�� +RZHYHU�� WKHVH� UHVXOWV� DUH� HPSLULFDO� DQG� QRW�
UHOLDEOH�VLQFH�WKH\�GR�QRW�PDWFK�ZLWKLQ�D�FRQ¿GHQFH�LQWHUYDO�
IRU�WKH�GDWDEDVH�VFDQ��7KXV��WKH\�DUH�RQO\�FRQVLGHUHG�DV�D�
SUREDELOLW\�DW�WKLV�VWDJH�

3UROLQH� DQG� KLVWLGLQH� VKRZHG� OLSRSURWHLQ� SHUR[LGDWLRQ�
LQKLELWLQJ� SHSWLGH� DFWLYLW\��7KH� SURSHUWLHV� RI� WKHVH� DPLQR�
DFLGV� PD\� EH� H[SODLQHG� E\� SKHQROLF� DQG� LQGRO� JURXSV�
�+HUQDQGH]�HW�DO����������

&RQFOXVLRQV

7KH� UHVXOWV� KDYH� VKRZQ� WKDW� .DVKDU� FKHHVH� DQG� LWV�
SHSWLGH� IUDFWLRQV� GHPRQVWUDWHG� DQWLR[LGDQW� DFWLYLW\�� 7KH�
.DVKDU� FKHHVH� ZDV� PDWXUHG� IRU� WKUHH� PRQWKV�� WKHUHIRUH�
ELRDFWLYH�SHSWLGHV�PD\�KDYH�EHHQ�FUHDWHG�GXULQJ�WKLV�WLPH��,W�
ZDV�IRXQG�WKDW�.DVKDU�FKHHVH�KDV�VRPH�ELRDFWLYH�SHSWLGHV��
)XUWKHU�VWXGLHV�DUH�QRZ�LQ�SURJUHVV�WR�GHWHUPLQH�WKH�SHSWLGHV�
DQG�LGHQWLI\�WKH�H[DFW�DPLQR�DFLG�VHTXHQFHV�FRQIHUULQJ�WKH�
ELRDFWLYLWLHV�� ZKLFK� FRXOG� HQDEOH� WKH� V\QWKHVLV� DQG�
SXUL¿FDWLRQ� RI� ELRDFWLYH� SHSWLGHV� IRU� WKHLU� DSSOLFDWLRQ� LQ�
IRRG�SURGXFWLRQ�DQG�SKDUPDFHXWLFDOV�

$FNQRZOHGJHPHQWV

7KLV� ZRUN� ZDV� VXSSRUWHG� E\� 78%,7$.� SURMHFW�
1XPEHU� ���� 2� ����� 7KDQNV� JR� WR� WKH� 6FLHQWL¿F� DQG�
7HFKQRORJLFDO� 5HVHDUFK� &RXQFLO� RI� 7XUNH\� �7�UNL\H�
%LOLPVHO�YH�7HNQRORMLN�$UDúWÕUPD�.XUXPX��IRU�WKLV�SURMHFW�
VXSSRUWHG�ZLWKLQ�WKH�VFRSH�RI�������

)LJXUH����.DVKDU�������

)LJXUH����.DVKDU���=൴SW൴S�

,GHQWL¿FDWLRQ�RI�ELRDFWLYH�SHSWLGHV�LQ�NDVKDU�FKHHVH�DQG���� ,QW�-�$JULF�(QYLURQ�)RRG�6FL�������������������



��

5HIHUHQFHV

$OD൴V��&�����������6F൴HQFH�'X�/D൴W���WK�HG����6SD൴F���3DU൴V�
$SRVWRO൴G൴V��(���.ZRQ��<�,���6KHWW\��.����������,QK൴E൴WRU\�SRWHQW൴DO�RI�KHUE��

IUX൴W��DQG�IXQJDO�HQU൴FKHG�FKHHVH�DJD൴QVW�NH\�HQ]\PHV�O൴QNHG�WR�W\SH���
G൴DEHWHV� DQGK\SHUWHQV൴RQ�� ,QQRYDW൴YH� )RRG� 6F൴HQFH� 	� (PHUJ൴QJ�
7HFKQRORJ൴HV�������±���

%HUQDUG൴��1���%HQHWW൴��*���+DRXHW��1��0���6HUJ൴��0���*URWWD��/���0DUFKHWW൴��6�
DQG� 0DUW൴QR�� *�$�� �������� 5DS൴G� K൴JK�SHUIRUPDQFH� O൴TX൴G�
FKURPDWRJUDSK\�WDQGHP�PDVV� VSHFWURPHWU\� DVVD\� IRU� XQDPE൴JXRXV�
GHWHFW൴RQ�RI�G൴IIHUHQW�P൴ON�VSHF൴HV�HPSOR\HG�൴Q�FKHHVH�PDQXIDFWXU൴QJ��
-RXUQDO�RI�'D൴U\�6F൴HQFH����������±������

&HW൴QND\D�� )��� 6R\XWHP൴]�� *�� �������� 0൴FURE൴RORJ൴FDO� DQG� FKHP൴FDO�
FKDQJHV� WKURXJKRXW� WKH� PDQXIDFWXUH� DQG� U൴SHQ൴QJ� RI� .DVKDU�� D�
WUDG൴W൴RQDO�7XUN൴VK� FKHHVH��7XUN൴VK� -RXUQDO� RI�9HWHU൴QDU\�	�$Q൴PDO�
6F൴HQFHV������������������

'D൴��<���:K൴WWDO��5��0���/൴��/�� ��������7ZR�OD\HU� VDPSOH� SUHSDUDW൴RQ�� D�
PHWKRG� IRU� 0$/',�06� DQDO\V൴V� RI� FRPSOH[� SHSW൴GH� DQG� SURWH൴Q�
P൴[WXUHV��$QDO\W൴FDO�&KHP൴VWU\�������������

'RQNRU��2�1���+HQU൴NVVRQ��$���6൴QJK��7�.���9DV൴OMHY൴F��7���6KDK��1�3����������
$&(�൴QK൴E൴WRU\� DFW൴Y൴W\� RI� SURE൴RW൴F� \RJKXUW�� ,QWHUQDW൴RQDO� 'D൴U\�
-RXUQDO�����������������

)RONHUWVPD��%���)R[��3�)����������8VH�RI�WKH�&G�Q൴QK\GU൴Q�UHDJHQW�WR�DVVHVV�
SURWHRO\V൴V� ൴Q� FKHHVH� GXU൴QJ� U൴SHQ൴QJ�� -RXUQDO� 'D൴U\� 5HVHDUFK�� ����
���±����

*yPH]�5X൴]�� -��$��� 5DPRV��0� DQG� 5HF൴R�� ,�� �������� ,GHQW൴¿FDW൴RQ� DQG�
IRUPDW൴RQ� RI� DQJ൴RWHQV൴Q� FRQYHUW൴QJ� HQ]\PH�൴QK൴E൴WRU\� SHSW൴GHV� ൴Q�
0DQFKHJR� FKHHVH� E\� K൴JK�SHUIRUPDQFH� O൴TX൴G� FKURPDWRJUDSK\�
WDQGHP� PDVV� VSHFWURPHWU\�� -RXUQDO� RI� &KURPDWRJUDSK\� $�� ������
���±�����

*yPH]�5X൴]��-��$���7DERUG��*���$P൴JR��/���5HF൴R��,�DQG�5DPRV��0����������
,GHQW൴¿FDW൴RQ�RI�$&(�൴QK൴E൴WRU\�SHSW൴GHV�൴Q�G൴IIHUHQW�6SDQ൴VK�FKHHVHV�
E\�WDQGHP�PDVV�VSHFWURPHWU\��(XUSHDQ�)RRG�5HVHDUFK�	�7HFKQRORJ\��
��������±�����

*XSWD�� $��� 0DQQ�� %��� .XPDU�� 5��� 6DQJZDQ�� 5�%�� �������� $QW൴R[൴GDQW�
DFW൴Y൴W\�RI�&KHGGDU�FKHHVHV�DW�G൴IIHUHQW�VWDJHV�RI�U൴SHQ൴QJ��,QWHUQDW൴RQDO�
-RXUQDO�'D൴U\�7HFKRORJ\�������������������

+HUQDQGH]��/��%���0൴UDOOHV��%���$P൴JR��/���5DPRV��0�DQG�5HF൴R��,����������
,GHQW൴¿FDW൴RQ�RI�DQW൴R[൴GDQW�DQG�$&(�൴QK൴E൴WRU\�SHSW൴GHV�൴Q�IHUPHQWHG�
P൴ON��-RXQDO�RI�6F൴HQFH�RI�)RRG�	�$JU൴FXOWXUH�����������������

,')���������0൴ON��'HWHUP൴QDW൴RQ�RI�WKH�1൴WURJHQ��.MHOGDKO�0HWKRG��DQG�
&DOFXODW൴RQ�RI�WKH�&UXGH�3URWH൴Q�&RQWHQW��,')�6WDQGDUG���%��%UXVVHOV��
,QWHUQDW൴RQDO�'D൴U\�)HGHUDW൴RQ�

.DUDPHWV൴��.���.RNN൴Q൴GRX��6���5RQQ൴QJHQ��,��DQG�3HWHUVRQ��'�*����������
,GHQW൴¿FDW൴RQ� RI� E൴WWHU� SHSW൴GHV� ൴Q� DJHG� FKHGGDU� FKHHVH�� -RXUQDO� RI�
$JU൴FXOWXUH�	�)RRG�&KHP൴FDO����������±�����

.RUKRQHQ��+����������%൴RDFW൴YH�P൴ON�SHSW൴GV�IURP�VF൴HQFH�WR�DSSO൴FDW൴RQV��
-RXUQDO�)XQFW൴RQDO�)RRGV����������������

/DZ�� %�$��� *RRGHQRXJK�� 3�:�� �������� (Q]\PHV� ൴Q� 0൴ON� DQG� &KHHVH�
3URGXFW൴RQ��7XFNHU��*�$���	�:RRGV��/�)�-����(GV���(Q]\PHV�൴Q�)RRG�
3URFHVV൴QJ���S�����������&KDSPDQ�	�+DOO��/RQGRQ������V��

0F� 6ZHHQH\�� 3�/�+��� )R[�� 3�)������E��� &KHP൴FDO� 0HWKRGV� IRU� WKH�
&KDUDFWHU൴VDW൴RQ�RI�3URWHRO\V൴V�൴Q�&KHHVH�'XU൴QJ�5൴SHQ൴QJ��/D൴W������
��±����

0F6ZHHQH\��3�/�+��)R[��3�)�������D���,QG൴FHV�RI�&KHGGDU�FKHHVH�U൴SHQ൴QJ��
3URF��WK�&KHHVH�6\PS���0RRUHSDUN��)HUPR\��&R��&RUN��,UHODQG����±���

0F6ZHHQH\��3�/�+����������%൴RFKHP൴VWU\�RI�FKHHVH�U൴SHQ൴QJ��,QWURGXFW൴RQ�
DQGRYHUY൴HZ�� ,Q� 3�)��� )R[�� 3�/�+���0F� 6ZHHQH\��7�0���&RJDQ��7�3���
*X൴QHH��(GV����&KHHVH��&KHP൴VWU\��SK\V൴FV�DQG�P൴FURE൴RORJ\��9RO�����
SS������������/RQGRQ��8.�$FDGHP൴F�3UHVV�

0H൴UD��6�0���'DUR൴W��'�-���+HOIHU��9�(���&RUUHD��$�3�)���6HJDO൴Q��-���&DUUR��6���
%UDQGHOO൴��$����������%൴RDFW൴YH�SHSW൴GHV�൴Q�ZDWHU�VROXEOH�H[WUDFWV�RI�
RY൴QH� FKHHVHV� IURP� 6RXWKHUQ� %UD]൴O� DQG� 8UXJXD\�� )RRG� 5HVHDUFK�
,QWHUQDW൴RQDO��������������

0൴WUD��3���3DO��$�.���%DVX��'���+DW൴��5�1����������$�6WD൴Q൴QJ�3URFHGXUH�8V൴QJ�
&RRPDVV൴H�%U൴OO൴DQW�%OXH�*�����൴Q�3KRVSKRU൴F�$F൴G�IRU�'HWHFW൴RQ�RI�
3URWH൴Q� %DQGV� Z൴WK� +൴JK� 5HVROXW൴RQ� ൴Q� 3RO\DFU\ODP൴GH� *HO� DQG�
1൴WURFHOOXORVH�0HPEUDQH��$QD\W൴FDO�%൴RFKHP൴VWU\�������������������

2QJ��/���+HQU൴NVVRQ��$�DQG�6KDK��1��3�� ��������$QJ൴RWHQV൴Q� FRQYHUW൴QJ�
HQ]\PH൴QK൴E൴WRU\�DFW൴Y൴W\�൴Q�&KHGGDU�FKHHVHV�PDGH�Z൴WK�WKH�DGG൴W൴RQ�
RI�SURE൴RW൴F�/DFWREDF൴OOXV�FDVH൴�VS��/D൴W���������±�����

2]W�UN��*�)����������.DúDU�SH\Q൴U൴�ROJXQODúPDVÕQÕQ�KÕ]ODQGÕUÕOPDVÕ��]HU൴QH�
Q|WUDO� SURWH൴QD]� YH� Q|WUDO� SURWH൴QD]�O൴SD]� HQ]൴P� NRPE൴QDV\RQXQXQ�
HWN൴OHU൴��'RNWRUD�7H]൴�(JH�hQ൴YHUV൴WHV൴�)HQ�%൴O൴POHU൴�(QVW൴W�V��*ÕGD�
0�KHQG൴VO൴÷൴�E|O�P���ø]P൴U��

3U൴WFKDUG�� 6�5��� 3K൴OO൴SV�� 0��� .D൴ODVDSDWK\�� .�� �������� ,GHQW൴¿FDW൴RQ� RI�
E൴RDFW൴YH� SHSW൴GHV� ൴Q� FRPPHUF൴DO� &KHGGDU� FKHHVH�� )RRG� 5HVHDUFK�
,QWHUQDW൴RQDO����������±�����

5H��5���3HOOHJU൴Q൴��1���3URWHJJHQWH��$���3DQQDOD��$���<DQJ��0���5൴FH�(YDQV��
&�� ��������$QW൴R[൴GDQW�DFW൴Y൴W\�DSSO\൴QJ�DQ� ൴PSURYHG�$%76�UDG൴FDO�
FDW൴RQ� GHFRORU൴]DW൴RQ� DVVD\�� )UHH�5DG൴FDO� %൴RORJ\�	�0HG൴F൴QH�� ����
�����������������

6D൴WR��7���1DNDPXUD�7���.൴WD]DZD��+���.DZD൴��<���,WRK��7����������,VRODW൴RQ�
DQG�VWUXFWXUDO�DQDO\V൴V�RI�DQW൴K\SHUWHQV൴YH�SHSW൴GHV�WKDW�H[൴VW�QDWXUDOO\�
൴Q�*RXGD�FKHHVH��-RXUQDO�RI�'D൴U\�6F൴HQFH����������±������

6DPEURRN�� -��� 5XVVHOO�� '�:�� �������� 6'6�3RO\DFUO\ODP൴GH� *HO�
(OHFWURSKRUHV൴V�RI�3URWH൴QV�&6+�3URWRFROV�GR൴��������SGE�SURW�����

6൴OYD��6��9���0DOFDWD��)��;����������&DVH൴QV�DV�VRXUFH�RI�E൴RDFW൴YH�SHSW൴GHV��
,QWHUQDW൴RQDO��'D൴U\�-RXUQDO�������±����

6RXVD��0��-���$UG|��<���0F�6ZHHQH\��3�/�+����������$GYDQFHV�൴Q�WKH�VWXG\�RI�
SURWHRO\V൴V� GXU൴QJ� FKHHVH� U൴SHQ൴QJ�� ,QWHUQDW൴RQDO�'D൴U\� -RXUQDO�� ����
��������

6XFNDX��'���5HVHPDQQ��$���6FKXHUHQEHUJ��0���+XIQDJHO��3���)UDQ]HQ�� -���
+ROOH��$����������$�QRYHO�0$/',�/,)7�72)�72)�PDVV�VSHFWURPHWHU�
IRU�SURWHRP൴FV��$QDO\W൴FDO�	�%൴RDQDO\W൴FDO�&KHP൴VWU\���������������

7XUKDQ��,���2QHU��=����������'HWHUP൴QDW൴RQ�RI�ODFW൴F�DF൴G�EDFWHU൴D�൴Q�.DúDU�
FKHHVH� DQG� ൴GHQW൴¿FDW൴RQ� E\� )RXU൴HU� WUDQVIRUP� ൴QIUDUHG� �)7,5��
VSHFWURVFRS\��$IU൴FDQ�-RXUQDO�RI�%൴RWHFKQRORJ\��������������������

8oXQFX��0����������3H\Q൴U�7HNQRORM൴V൴��&KHHVH�7HFKQRORJ\��&൴OW����0HWD�
%DVÕP�0DWEDDFÕOÕN���,6%1���������������������S��ø]P൴U�

8UNHN�� %��������� +RPRMHQ൴]DV\RQ� YH� DPEDODMODPD� ൴úOHP൴Q൴Q� NDúDU�
SH\Q൴U൴Q൴Q� ED]Õ� N൴P\DVDO�� E൴\RN൴P\DVDO�� HOHNWURIRUHW൴N�� GX\XVDO� YH�
P൴NURE൴\RORM൴N�|]HOO൴NOHU൴QH�HWN൴V൴���<�NVHN�/൴VDQV�7H]൴���<�]�QF��<ÕO�
hQ൴YHUV൴WHV൴�� )HQ� %൴O൴POHU൴� (QVW൴W�V��� *ÕGD� 0�KHQG൴VO൴÷൴�$QDE൴O൴P�
'DOÕ��9DQ�

,GHQWL¿FDWLRQ�RI�ELRDFWLYH�SHSWLGHV�LQ�NDVKDU�FKHHVH�DQG����=��gQHU��$��0��6DUÕGD÷�



7KH�GHVLJQ��IDEULFDWLRQ�DQG�SHUIRUPDQFH�HYDOXDWLRQ�RI�VRODU�VXVWDLQHG�EDWFK�W\SH�
PDL]H�GU\HU�IRU�YDOXDWLRQ�DGGLWLRQ

� � � �)UD]�$KPDG�.KDQ ����������$QMXP�0XQLU �����������$EGXO�*KDIRRU �����������*KXODP�0XUWD]D

�8QLYHUVLW\�RI�$JULFXOWXUH��)DFXOW\�RI�$JULFXOWXUDO�(QJLQHHULQJ�DQG�7HFKQRORJ\��'HSDUWPHQW�RI�)DUP�0DFKLQHU\�DQG�3RZHU��)DLVDODEDG�3DNLVWDQ
�8QLYHUVLW\�RI�$JULFXOWXUH��)DFXOW\�RI�$JULFXOWXUDO�(QJLQHHULQJ�DQG�7HFKQRORJ\��'HSDUWPHQW�RI�(QHUJ\�6\VWHPV�(QJLQHHULQJ��)DLVDODEDG�3DNLVWDQ

&RUUHVSRQGLQJ�$XWKRU��IUD]���#JPDLO�FRP�

'XH�WR�UXWKOHVV�JOREDO�LQGXVWULDOL]DWLRQ�HQHUJ\�GHPDQG�LV�
FRQVWDQWO\�JURZLQJ��)RU�PRVW�RI�WKH�ZRUOG�IRVVLO�IXHO�UHPDLQV�
WKH�PDLQ�VRXUFH�RI�HQHUJ\��KRZHYHU��FRQVXPSWLRQ�LV�KDUPLQJ�
WKH� HQYLURQPHQW� DQG� UHVHUYHV� DUH� GLPLQLVKLQJ�� +HDWLQJ�
SURFHVV� UHTXLUHV�EXUQLQJ�RI� H[WHQVLYH� IRVVLO� IXHOV��'XH� WR�
LQFUHDVLQJ� HQHUJ\� GHPDQG� DQG� VHYHUH� HQHUJ\� FULVHV��
DOWHUQDWH�HQHUJ\�UHVRXUFHV�VXFK�DV�6RODU�(QHUJ\�LV�XVHG�WR�
PLQLPL]H�WKH�ORDG�IURP�WKH�IRVVLO�IXHOV�

,Q�3DNLVWDQ�PHDQ�JOREDO�VRODU�LUUDGLDWLRQ�UDQJHV�EHWZHHQ�
���������:P �SHU�GD\��,W� LV�HTXDO� WR�������������VXQVKLQH�

KRXUV�SHU�\HDU��3DNLVWDQ�LV�UHFHLYLQJ�RQ�DQ�DYHUDJH�����N:K�
��P �SHU�GD\��3DNLVWDQ�OLHV�EHWZHHQ�ORQJLWXGH������DQG������

GHJUHH� HDVW� DQG� ODWLWXGH� ����� DQG� ����� GHJUHHV� QRUWK��
3DNLVWDQ�LV�ORFDWHG�LGHDOO\�WR�JHW�PD[LPXP�DYDLODEOH�VRODU�
UDGLDWLRQ� DQG� SRVVHVV� DEXQGDQW� FDSDFLW\� WR� RYHUFRPH� LWV�
HQHUJ\�FULVHV��

6RODU�HQHUJ\�LV�XVHG�E\�WKH�VRODU�DLU�KHDWHUV�WR�KHDW�DLU�DQG�
LW�FDQ�EH�HQJDJHG�LQ�PDQ\�DSSOLFDWLRQV�GHPDQGLQJ�PRGHUDWH�
WR� ORZ� WHPSHUDWXUH� ORZHU� ���&�� IRU� H[DPSOH� KHDWLQJ� RI�
VSDFHV� DQG� GU\LQJ� RI� IUXLWV� YHJHWDEOHV� DQG� FURS�PDWHULDO�
�.XUWEDV�DQG�7XUJXW��������

'U\LQJ� LV� WKH� WDNLQJ� DZD\� RI� ZDWHU� FRQWHQWV� IURP�
DJULFXOWXUDO�SURGXFW��7KH�GU\LQJ�FDUULHV�RXW�LQ�WZR�SURFHVVHV��
,Q�¿UVW�SURFHVV��WKH�YDSRUL]DWLRQ�RI�PRLVWXUH�KRRNHG�RQ�WKH�
DWPRVSKHUH�IURP�VXUIDFH�RI�WKH�VXEVWDQFH�DW�VWDEOH�UDWH�RI�
GU\LQJ�� ,Q� VHFRQG� SURFHVV�� GU\LQJ� UDWH� GHFUHDVHG� EHFDXVH�
GU\LQJ� UDWH� GHFUHDVHV� ZLWK�PRLVWXUH� FRQWHQW� RU� GHFUHDVHV�

ZLWK�LQFUHDVHV�LQ�DLU�KXPLGLW\��6RODU�GU\HUV�DUH�WKH�PDFKLQHV�
WKDW�RUJDQL]H�WKH�GU\LQJ�SUDFWLFH�DQG�SUHYHQW�WKH�DJULFXOWXUH�
SURGXFW�IURP�GHVWUR\�E\�LQVHFW�SHVW��UDLQ�DQG�GXVW��*UDLQV�DUH�
WKH�PDLQ�IRRG�LWHPV�LQ�DJULFXOWXUH��*UDLQV�OLNH�PDL]H��ZKHDW�
DQG�ULFH�DUH�DFFRXQWHG�IRU�����RI�DOO�IRRG�FDORULHV�DQG�����
RI� DOO� JUDLQ� SURGXFWLRQ� :RUOGZLGH�� 0DL]H� LV� WKH� PRVW�
FRQVXPHG� IRRG� LQ� WKH� :RUOG�� 2YHU� ���� RI� WKH� ZRUOG
V�
SRSXODWLRQ�GHSHQGV�RQ�PDL]H�WR�IXO¿OO�LWV�IRRG�UHTXLUHPHQWV��
$ERXW�����RI�WKH�ZKROH�RXWSXW�RI�PDL]H�LV�FRQVXPHG�DQG�
SURGXFHG�LQ�GHYHORSLQJ�FRXQWULHV��)$2��������

+DQLI� HW� DO�� ������� GHVLJQHG� DQG� GHYHORSHG� WKH� VRODU�
FROOHFWRU� IRU� DLU� KHDWLQJ� DQG� HYDOXDWHG� WKH� HQHUJ\�
UHTXLUHPHQWV�IRU�WKH�GU\LQJ�RI�JUDLQV��%ORZHU�ZDV�XVHG�WR�
WKURZQ� WKH�DLU� WKDW� VWULNH�ZLWK� WKH�JUDLQV��:LWK� WKH�ELQ� LQ�
ZKLFK� JUDLQV� ZHUH� NHSW� VRODU� FROOHFWRU� ZDV� MRLQHG�� 6RODU�
FROOHFWRU��P�LQ�OHQJWK����P�LQ�ZLGWK�DQG�����P�LQ�GHSWK��7KH�
PDWHULDO�XVHG�IRU�DEVRUEHU�SODWH�ZDV�VWHHO�PHWDO�VKHHW��)RU�
JOD]LQJ�D�VLQJOH�JODVV�ZLWK���PP�WKLFNQHVV�ZDV�XVHG��7KH\�
XVHG�SO\ZRRG�DV�DQ�LQVXODWLQJ�PDWHULDO�IRU�WKH�ERG\�RI�WKH�
VRODU�FROOHFWRU��7KH\�ZHUH�WHVWHG�WKH�SHUIRUPDQFH�DW�VHYHQ�
GLIIHUHQW�FRQYHFWLYH�DLU�ÀRZ�UDWHV��7KH\�IRXQG�WKDW�GU\LQJ�
HI¿FLHQF\�RI�VRODU�FROOHFWRU�ZDV�����KLJKHU�WKDQ�DOO�SUHYLRXV�
FRQYHQWLRQDO�PHWKRGV��6WDWLVWLFDO�DQDO\VLV�ZDV�DOVR�GRQH�WR�
FKHFN�WKH�SHUIRUPDQFH�RI�VRODU�FROOHFWRU�DQG�VKRZHG�WKDW�WKH�
ÀRZ� UDWH� RI� KRW� DLU� LQFUHDVHG� WKH� SHUIRUPDQFH� RI� VRODU�
FROOHFWRU��+DQLI�HW�DO���������
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$EVWUDFW

.H\ZRUGV��0RLVWQHVV��DHUDWLRQ�UDWH��HYHQ�GU\LQJ��FHQWUDO�DLU�SHUIRUDWHG�GXFW�PRGHO

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

,QWURGXFWLRQ���

5HVHDUFK�$UWLFOH ,QW�-�$JULF�(QYLURQ�)RRG�6FL�������������������

ZZZ�MDHIV�FRP-$()6
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���������MDHIV������
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,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV
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)��$��.KDQ��$��0XQLU��$��*KDIRRU��*��0XUWD]D� 7KH�GHVLJQ��IDEULFDWLRQ�DQG�SHUIRUPDQFH�HYDOXDWLRQ�RI����

3DNGDPDQ�HW�DO���������GHVLJQHG�DQG�GHYHORS�WKH�QDWXUDO�
FRQYHFWLRQ�DLU�VRODU�KHDWHU�DQG�HYDOXDWHG�WKH�SHUIRUPDQFH�RI�
WKLV� V\VWHP�� 2Q� DEVRUEHU� SODWH�� UHFWDQJXODU� ¿QV� ZHUH�
PRXQWHG�� 7KH� REMHFWLYH� RI� WKLV� VWXG\� ZDV� WR� DFKLHYH� DQ�
HPSLULFDO� PRGHO� IRU� QDWXUDO� FRQYHFWLRQ� VRODU� DLU� KHDWHUV�
ZKLFK� IRUHFDVWV� VHYHUDO� LPSRUWDQW� IHDWXUHV�� ,Q� WKLV� VWXG\�
1XVVHOW� QXPEHU� FRUUHODWLRQV� IRU� VXFK� GHYLFHV� ZHUH� DOVR�
REWDLQHG�� 0D[LPXP� HI¿FLHQF\� IRU� WKH� V\VWHP� ZHUH� DOVR�
GHWHUPLQHG�WKURXJK�H[HUJ\�DQDO\VLV��6RODU�FROOHFWRU�IUDPH�
�����PP�LQ�OHQJWK�������PP�LQ�ZLGWK�DQG����PP�LQ�GHSWK��
7KH� PDWHULDO� XVHG� IRU� DEVRUEHU� SODWH� ZDV� EODFN� WLQWHG�
JDOYDQL]HG�LURQ�ZLWK� D� WKLFNQHVV� RI� ��PP��$� WRWDO� RI� ���
UHFWDQJXODU�¿QV�ZDV����PP�DSDUW� IURP�HDFK�RWKHU�ZKLFK�
ZHUH� DWWDFKHG� WR� WKH� DEVRUEHU� SODWH�� 7KH� GLPHQVLRQV� RI�
DWWDFKHG�¿QV�ZHUH�����[��PP�ZLWK�D�WKLFNQHVV�RI���PP��
)RU�JOD]LQJ�D�VLQJOH�JODVV�FRYHU�ZLWK�D�WKLFNQHVV�RI���PP�ZDV�
XVHG��,W�ZDV�FRQFOXGHG�WKDW�KHDW�WUDQVIHU�UDWH�HQKDQFHG�E\�
ORQJLWXGLQDO�UHFWDQJXODU�¿Q�DUUDQJHPHQW�RI�DLU�VRODU�KHDWHUV��
,Q� WKLV� VWXG\�� WKH� KHDW� WUDQVIHU� ZDV� LQFUHDVHG� E\� ����
DSSUR[LPDWHO\�ZKHUHDV�KHDW�WUDQVIHU�DUHD�ZDV�LQFUHDVHG�E\�
����

6R\VDO� HW� DO�� ������� FRPSDUHG� WKH� GU\LQJ�PHWKRGV� RI�
PLFURZDYH�E\�DLU�DQG�FRPPHUFLDO�GU\LQJ��7KH�PDLQ�SXUSRVH�
ZDV�WR�HVWDEOLVK�IDYRUDEOH�GU\LQJ�FRQGLWLRQV�IRU�JRRG�TXDOLW\�
SURGXFWV�� 7KH� PDLQ� TXDOLW\� SDUDPHWHUV� ZHUH� FRORU� DQG�
VWLIIQHVV�DV�ZHOO�DV�VHQVRU\�DQDO\VLV�IRU�RYHUDOO�DFFHSWDQFH��
7KH\� XVHG� WR� PLFURZDYH� GU\HUV� IRU� GU\LQJ� DFWLRQV�� 7KH�
RXWSXW�SRZHU�IRU�ERWK�PLFURZDYH�GU\HUV�ZDV�������:�DQG�
������:�� 7ZR� GLIIHUHQW� PRGHV� OLNH� FRQWLQXRXV� DQG�
LQWHUPLWWHQW�ZHUH�XVHG�IRU�DFWLRQV�LQ�PLFURZDYH�GU\HUV��7KH�
FRQWLQXRXV�PRGH� VKRZHG� SRZHU� UHVXOW� RI� GU\LQJ� WLPH� DV�
FRPSDUHG�WR�FRPPHUFLDO�GU\LQJ��:KHUHDV�WKH�LQWHUPLWWHQW�
W\SH� VKRZHG� JRRG� UHVXOW� RI� GU\LQJ� DV� FRPSDUHG� WR�
FRPPHUFLDO� GU\HU�� 6R�� WKH\� FRQFOXGHG� WKDW� FRQYHFWLYH�

� �PLFURZDYH�XVHV��� �&����� �&�WHPSHUDWXUH�DQG�XVH�������:�
RI� HQHUJ\� RI� GU\LQJ� PHWKRG� ZDV� JHQWOH� DOVR�� 7KH\� DOVR�
UHVXOWHG�WKDW�SURGXFWV�ZHUH�JRRG�LQ�TXDOLW\�OLNH�LQ�FRORU�DQG�
WHVWH�

=RPRURGLDQ� HW� DO�� ������� GHVLJQHG�� IDEULFDWHG� DQG�
HYDOXDWHG� VRODU� GULHU� RI� VHPL�FRQWLQXRXV� W\SH� IRU� FHUHDOV�
�0DL]H��HWF����$FWLYH�PRGH�W\SH�PDL]H�GU\HU�ZDV�HI¿FLHQW�
WLPHU� DVVLVWHG� VHPL�FRQWLQXRXV� GLVFKDUJLQJ� V\VWHP�� 7KH�
GU\HU�FRQVLVWHG�RI��DQ�LQOHW�ELQ��DQ�RXWOHW�ELQ�DQG�D�SOHQXP�
FKDPEHU� DQG� D� GU\LQJ� FKDPEHU� HQGHG�ZLWK� D� GLVFKDUJLQJ�
YDOYH��0DVV�ÀRZ�UDWH�DQG�GLVFKDUJH�LQWHUYDO�WLPH�ZDV�WKH�WZR�
SDUDPHWHUV�RQ�ZKLFK�WKH\�FRQGXFWHG�DQ�H[SHULPHQW��7KH\�
HYDOXDWHG� WKH� GULHU� FDSDFLW\�� HI¿FLHQF\� RI� FROOHFWRU� DQG�
RYHUDOO�HI¿FLHQF\�RI�WKH�GU\LQJ�� �7KH\�IRXQG�WKDW��������

�PD[LPXP� RYHUDOO� HI¿FLHQF\� RI� GU\LQJ� ZLWK� �� � &� RI�
WHPSHUDWXUH��7KH�GU\HU���GU\LQJ�FDSDFLW\�ZDV�DERXW��PDL]H�RI�
����NJ�ZLWK�0&������G�E��GULHG�WR������G�E��¿QDO�0&�LQ���K�
RI�GU\LQJ�WLPH��.HHSLQJ�LQ�YLHZ�WKH�DERYH�VWDWHG�SUREOHPV�RI�
HQHUJ\�FULVLV�DQG�WKH�RSSRUWXQLW\�RI�XWLOL]LQJ�VRODU�HQHUJ\�
SRWHQWLDO� LQ�3DNLVWDQ�� WKLV�UHVHDUFK�ZDV�IRFXVHG�RQ�GHVLJQ�
DQG�IDEULFDWLRQ�RI�WKH�VRODU�VXVWDLQHG�EDWFK�W\SH�PDL]H�GU\HU�

0HWKRGRORJ\
7R� GHYHORS� D� VRODU� VXVWDLQHG� PDL]H� GU\HU� IRU� IDUP�

SUDFWLFHV�RQ�IDUP��WKH�VXEVHTXHQW�SRVVHVVLRQV�DQG�SDUDPHWHU�
ZHUH�FDOFXODWHG�

'HVLJQ�3URFHVV�DQG�6FKHPLQJ�
)RU�WKH�GHYHORSPHQW�RI�VRODU�VXVWDLQHG�EDWFK�W\SH�PDL]H�

GU\HU��WKH�GLPHQVLRQV�RI�WKH�GU\HU�ZHUH�FDOFXODWHG�ZLWK�WKH�
EXON�GHQVLW\�RI�WKH�PDL]H�JUDLQ��7KH�GU\LQJ�WHPSHUDWXUH�ZDV�

HVWDEOLVKHG� E\� XVLQJ� DPELHQW� WHPSHUDWXUH�� )RU� WKH� EHWWHU�
DHUDWLRQ�ZLWKRXW�HYROYLQJ�WKH�VWUHVVHV�LQVLGH�WKH�PDL]H�WKH�
PD[LPXP� WHPSHUDWXUH� FDOFXODWHG�� 5HODWLYH� KXPLGLW\� DQG�

�PHDQ�DYHUDJH�WHPSHUDWXUH� LV�����DQG���� &�UHVSHFWLYHO\��
7KH�PD[LPXP�GU\LQJ�WHPSHUDWXUH�ZDV�PDLQWDLQHG�XS�WR����
�&� IRU� WKH� GU\LQJ� RI� PDL]H��:LWK� WKH� DVVLVWDQFH� RI� JUDLQ�
PRLVWXUH� PHWHU� LQLWLDO� DQG� ¿QDO� PRLVWXUH� FRQWHQW� IRU� WKH�
KDUPOHVV�VWRULQJ�RI�PDL]H�ZDV�PHDVXUHG�WKDW�ZDV������Z�E��
DQG������Z�E�� UHVSHFWLYHO\��)URP� WKH�SV\FKRPHWULF�FKDUW�
RWKHUV� LQWHQGHG� YDOXHV� OLNH� PRLVWQHVV�� HQWKDOS\� DQG� DLU�
PRYHPHQW� UDWH�ZDV� UHVROXWH��7KH� VXEVHTXHQW� SRVVHVVLRQV�
DQG�SDUDPHWHUV�ZHUH�UHVROXWH�IRU�WKH�GHVLJQLQJ�SXUSRVH�

,QLWLDO�0RLVWXUH�&RQWHQW�RI�0DL]H
,QLWLDO�PRLVWXUH�FRQWHQW�RI�WKH�PDL]H�ZDV�UHVROXWH�WR�¿QG�

WKH�WRWDO�RI�ZDWHU�UHTXLUHG�WR�WDNH�DZD\�IURP�PDL]H��6DPSOH�
�JUDLQV�ZDV�GULHG�LQ�DQ�HOHFWULF�RYHQ�IRU����KRXUV�DW����� &�

�5DWWL���������:KHQ�VDPSOH�DFKLHYHG� WKH�FRQVWDQW�ZHLJKW�
WKHQ�WKH�VDPSOH�ZDV�WDNHQ�RXW�IURP�RYHQ�DQG�SHUPLWWHG�WR�DLU�
TXLHW��%\�XVLQJ�WKH�HOHFWULF�EDODQFH��WKH�ZHLJKW�RI�VDPSOH�
ZDV� PHDVXUHG�� %\� XVLQJ� (T��� PRLVWXUH� FRQWHQW� ZDV�
GHWHUPLQHG�

%XON�'HQVLW\
%XON�GHQVLW\�RI�D�PDWHULDO�LV�WKH�PDVV�SHU�WRWDO�YROXPH�

RI�WKH�PDWHULDO��7KH�EXON�GHQVLW\�RI�PDL]H�ZDV�DERXW�����
�NJ�P �

'HVLJQ�RI�$HUDWLRQ�&RPSDUWPHQW
%ROD� HW� DO�� ������� GHVLJQHG� WKH� DHUDWLRQ� FRPSDUWPHQW�

ZLWK�WKH�H[SHFWDWLRQV�WKDW��IRUPDWLRQ�LV�F\OLQGHU�VKDSHG�DQG�
PDVV�RI�PDL]H�LV�����NJ��0DL]H�EXON�GHQVLW\�ZDV�DERXW�����

�NLORJUDPV�SHU�P ��6R����NLORJUDP
V�PDL]H�LQKDELWV���������
� � �������P �DQG�����NLORJUDPV�ZLOO�LQKDELW������P �

�7KH�YROXPH�RI�GU\LQJ�FKDPEHU�ZDV������P ��6LQFH�WKH�
H[WHQWV� RI� F\OLQGHU�VKDSHG� DHUDWLRQ� FRPSDUWPHQW� ZDV�
FDOFXODWHG�XVLQJ�HTXDWLRQ�JLYHQ�DV�DERYH�DQG�ZHUH�IRXQG�WR�
EH�������P�LQ�KHLJKW�DQG������P�LQ�GLDPHWHU��$W�WKH�ERWWRP�RI�
WKH�F\OLQGHU�FRQH�ZDV�DOVR�PRXQWHG�ZKLFK�LV������P�LQ�KHLJKW�
DQG������P�LQ�GLDPHWHU�

0DVV�RI�PRLVWXUH�WR�EH�UHPRYHG��
%\� XVLQJ� WKH� (T��� ZH� FDQ� ¿QG� TXDQWLW\� RI� PRLVWXUH�

UHTXLUHG�WR�WDNH�DZD\�IURP�WKH�PDL]H�ZKLFK�LV�LQWHQGHG�DV�
�+HQGHUVRQ�DQG�3HUU\��������

:KHUH��
0 � �4XDQWLW\�RI�ZDWHU�UHTXLUHG�WR�UHPRYH�LQ�NLORJUDPVZ

:� �0DVV�RI�WKH�PDL]H�LQ�NLORJUDPV
0 � �,QLWLDO�PRLVWXUH�FRQWHQW�RI�WKH�PDL]H�LQ���Z�ER

0 � �'HVLUHG�PRLVWXUH�FRQWHQW�RI�WKH�PDL]H�LQ���Z�EI

: ����NLORJUDPV��0  �����Z�E���0  �����Z�E��DQG�R I�

0 � �������NLORJUDPV�Z

$PRXQW�RI�$LU�5HTXLUHG�IRU�'U\LQJ�RI�0DL]H
%\� XVLQJ� (T�� �� DLU� TXDQWLW\� UHTXLUHG� IRU� DHUDWLRQ� WKH�

PDL]H�ZDV�LQWHQGHG��,FKVDQL�DQG�'\DK��������

:KHUH�
P � �$LU�TXDQWLW\��NLORJUDPV�Z

/ � �)UHH�ZDWHU�ODWHQW�KHDW�RI�HYDSRUDWLRQ�Z

�-RXOH�NLORJUDP�
& � �$LU�VSHFL¿F�KHDW�DW�FRQVWDQW�SUHVVXUH�S

�-RXOH�NLORJUDP��&�
7 � �$PELHQW�WHPSHUDWXUH���&��D

7 �8OWLPDWH�WHPSHUDWXUH���&�E� 



)URP� SV\FKRPHWULF� FKDUW� UHTXLUHG� DLU� TXDQWLW\� ZDV�
LQWHQGHG��,I�WKH�UHODWLYH�KXPLGLW\�LV�WKH�����DQG�DPELHQW�DLU�
DW�WHPSHUDWXUH�7D�LV�WKH����Û&�LV�KHDWHG�XS�WR�WKH�WHPSHUDWXUH�
RI�7 �LV�WKH����Û&��IRU�PDL]H�LV�WKH�VDIH�GU\LQJ�WHPSHUDWXUH�E

�+DOO��������� WKHQ�IURP�LQLWLDO� UHODWLYH�KXPLGLW\�����ZLOO�
UHGXFH�WR�������������NLORJUDPV�RI�ZDWHU�SHU�NLORJUDPV�RI�
GU\� DLU� ZDV� PHDVXUHG� DV� DEVROXWH� KXPLGLW\�� 8QWLO� DQ�
HTXLOLEULXP�UHODWLYH�KXPLGLW\�LV�UHDFKHG��WKH�ZDUPHG�DLU�LV�
XVHG�WR�WDNH�DZD\�ZDWHU��������NLORJUDPV�IURP�PDL]H�RI�����
NJ��$EVROXWH�KXPLGLW\�ZDV�LQFUHDVHG�IURP�������WR��������
NLORJUDPV� RI� ZDWHU� SHU� NLORJUDPV� RI� GU\� DLU� ZKHQ� WKH�
WHPSHUDWXUH�RI�WKH�DHUDWLRQ�DLU�ZDV�UHGXFHG��7UDQVIRUPDWLRQ�
LQ�KXPLGLW\�UDWLR�ZDV�GHWHUPLQHG��ZKLFK�ZDV�HTXDO�WR�ǻ:�
 �������NLORJUDPV�RI�ZDWHU�SHU�NLORJUDPV�RI�GU\�DLU�� �%\�
XVLQJ�(T���UHTXLUHG�TXDQWLW\�RI�DLU�ZDV�GHWHUPLQHG��,FKVDQL�
DQG�'\DK��������

:KHUH��
0D� �5HTXLUHG�TXDQWLW\�RI�GU\�DLU�LQ�NLORJUDPV
0Z� �4XDQWLW\�RI�ZDWHU�UHTXLUHG�WR�UHPRYH�LQ�NLORJUDPV
ǻ:� �'LIIHUHQFH�LQ�DEVROXWH�KXPLGLW\��

Q� �3LFN�XS�IDFWRU�SHU��$[WHOO��������
+HQFH�� IURP� WKH� SV\FKRPHWULF� FKDUW�� ǻ:�  � �������

NLORJUDPV�RI�ZDWHU�SHU�NLORJUDPV�RI�GU\�DLU��XVLQJ�Q� �������
WKDQ�WDSSLQJ�DOO�YDOXHV�LQ�WKH�(T����WKH�UHTXLUHG�TXDQWLW\�RI�DLU�
LV� LQWHQGHG� WKDW�ZDV�VWDUWHG� WR�EH����������NLORJUDPV�����
KRXUV�SHU�EDWFK�GU\LQJ�WLPH�ZDV�FRQVLGHUHG��+HQFH��0 � �D

����� NLORJUDPV�KRXU� ZKLFK� LV� HTXLYDOHQW� WR� ������
NLORJUDPV�VHFRQG�

9ROXPHWULF�)ORZ�5DWH
%\� XVLQJ� (T��� YROXPHWULF� ÀRZ� UDWH� ZDV� PHDVXUHG�

�$[WHOO��������

:KHUH�
�4 � �'U\LQJ�DLU�YROXPHWULF�ÀRZ�UDWH�LQ�P �VHFRQGY

�9 � �'U\LQJ�DLU�VSHFL¿F�YROXPH�LQ�P �NLORJUDPVD

)URP�WKH�SV\FKRPHWULF�FKDUW�� WKH�YDOXH�RI�9 � LV�������D
�P �.J�DQG�IURP�WKH�HTXDWLRQ�����WKH�YDOXH�RI�WKH�UHTXLUHG�

�TXDQWLW\�RI�DLU�LV�������.J�V��KHQFH��4 � �������P �PLQ�RU�Y

�����FIP�
)DQ�6HOHFWLRQ

)DQ�VHOHFWLRQ�ZDV�EDVHG�RQ�WKH�GHSWK�RI�WKH�SURGXFW�EHG�DQG�
WKH�SUHVVXUH�GURS�IRU�DLU�ÀRZ��%URRNHU�HW�DO����������)URP�IDQ�
FKDUDFWHULVWLFV�FXUYH��6WUHDP�UDWH��FIP��YV�5HVLVWDQFH�RI�DLU�
PRYHPHQW���WKH�VWDWLF�SUHVVXUH�YDOXH�ZDV�PHDVXUHG����PP�
RI�ZDWHU��7KHQ�SUHVVXUH�GURS�PXOWLSO\�ZLWK�D�SDFN�IDFWRU��7KH�
YDOXH�RI�SDFN�IDFWRU�LV�����IRU�PDL]H�DQG�RWKHU�FURSV������LV�
DOVR� DGGHG� WR� WKH� PHDVXUH� WRWDO� VWDWLF� SUHVVXUH� LI� DLU� LV�
GHOLYHUHG�IURP�GXFW��7KHQ�WKH�IXOO�VWDWLF�SUHVVXUH�YDOXH�ZDV�
���PP�RI�ZDWHU��.HQQHWK�DQG�+HOOHYDQJ��������

7KXV�� E\� XVLQJ� (T�� �� WKH� QHHGHG� +3� LV� ���� KS��
&RQVHTXHQWO\��D�RQH�KRUVH�SRZHU�FHQWULIXJDO�IDQ�LV�FDUHIXOO\�
FKRVHQ�

7RWDO�RI�+HDW�5HTXLUHG
%\�XVLQJ�(T����IRU�UHPRYLQJ�PRLVWXUH�IURP�PDL]H��WKH�

WRWDO�RI�KHDW�HQHUJ\�UHTXLUHG�ZDV�FRQVLGHUHG�DV��+DOO��������

:KHUH�
4� �7RWDO�KHDW�HQHUJ\�LQ�:DWW
0� � ������ NLORJUDPV� LV� WKH� DPRXQW� RI�ZDWHU� QHHG� WR�

UHPRYH
/�  � )URP� WKH� VWHDP� WDEOHV� ODWHQW� KHDW� HYDSRUDWLRQ�  �

������[�� �-RXOH�NLORJUDPV
K � �)URP�VWHDP�WDEOHV�KHDW�FRHI¿FLHQW� �������NLOR�IJ

-RXOH�.DOYLQ�PROHV�RI�ZDWHU
7KHQ�IRU�GU\LQJ�WKH�WRWDO�RI�KHDW�UHTXLUHG�LV��������NLOR�
-RXOH�VHFRQG�

$UHD�RI�6RODU�&ROOHFWRU
)RU�WKH�HVVHQWLDO�KHDW��FROOHFWRU�DUHD�$F�ZDV�LQWHQGHG�E\�

XVLQJ�(T����+DOO��������

:KHUH�
$ � �&ROOHFWRU�DUHDF

��, � �6RODU�LQWHQVLW\��3DNLVWDQ�� �����:�P RQ�QRUPDO�EDVLV�W
� �8 � �2YHUDOO�KHDW�FRHI¿FLHQW� ������:�P �&/

ࢹ � �7UDQVPLVVLYLW\� �����D

) � �+HDW�UHPRYDO�IDFWRU� �����5
�7 � �$YHUDJH�DPELHQW�WHPSHUDWXUH� ����&D

�7 � �$YHUDJH�QHHGHG�WHPSHUDWXUH� ����&E

,Q� FRQFOXVLRQ��ZLWK� HTXDWLRQ� ����� WKH� FROOHFWRU� DUHD� LV�
�FRQVLGHUHG�DV���P �

(QOLJKWHQPHQW�RI�6RODU�6XVWDLQHG�0DL]H�'U\HU
7KH�FRQFHSW�RI�GU\HU�SODQ�LV�JURXQGHG�RQ�EDWFK�QDWXUH�

GU\HUV��7KH�ZRUNLQJ�SULQFLSDO�RI�WKH�VRODU�GU\HU�LV�WKDW�ZKHQ�
DPELHQW� DLU� SDVVLQJ� WKURXJK� WKH� VRODU� FROOHFWRU� LWV�
WHPSHUDWXUH�LQFUHDVH�E\�DEVRUELQJ�WKH�VRODU�HQHUJ\�DQG�WKHQ�
PRLVWXUH�IURP�WKH�PRLVW�JUDLQV�LV�UHPRYHG�ZLWK�WKH�XVH�RI�
WKLV�KHDWHG�DLU��,Q�WKH�ZRUNVKRS�RI�$JULFXOWXUDO�(QJLQHHULQJ��
8QLYHUVLW\�RI�$JULFXOWXUH��)DLVDODEDG�VRODU�VXVWDLQHG�EDWFK�
W\SH� PDL]H� GU\HU� ZDV� GHYHORSHG� DQG� FRQVWUXFWHG�� 3ODQH�
SODWWHU�FROOHFWRU��EORZHU��DHUDWLRQ�FRPSDUWPHQW�DQG�FHQWUDO�
DLU�SHUIRUDWHG�GXFW�PRGHO�DUH�VRPH�LPSRUWDQW�SDUWV�RI�VRODU�
VXVWDLQHG� EDWFK� W\SH� PDL]H� GU\HU�� 3ODQ� GLDJUDP� RI� WKH�
GLVVLPLODU�SDUWV�RI�WKH�PDFKLQH�DUH�VKRZQ�LQ�WKH�)LJXUHV��DQG�
��UHVSHFWLYHO\�

)LJXUH� �� VKRZV� WKH� FURVV�VHFWLRQDO� XQGHUVWDQGLQJ� RI�
DHUDWLRQ�FRPSDUWPHQW��'U\LQJ�ELQV�ZHUH�XVHG�WR�FROOHFW�WKH�
JUDLQV��7R�PDLQWDLQ�VWDWLF��SUHVVXUH�WKH�GHSWKV�RI�JUDLQ�LQ�WKH�
GU\LQJ�ELQ�ZDV�VHOHFWHG��)RU�QDWXUDO�DLU��GU\LQJ�V\VWHP�WR�
NHHS�WKH�VWDWLF�SUHVVXUH�DV�ORZ�DV�SRVVLEOH��ODUJHU�GLDPHWHU��
DQG�VKDOORZ�ELQV�ZHUH�IDEULFDWHG��6ROLG�FKDPEHU��SHUIRUDWHG�
GU\LQJ�FKDPEHU��FHQWUDO�YHUWLFDO�GXFW�DQG�SOHQXP�FKDPEHU�
ZHUH�WKH�PDLQ�SDUWV�RI�DHUDWLRQ�FRPSDUWPHQW�
)LJXUH� �� VKRZV� WKH� LVRPHWULF� YLHZ� RI� VRODU� ÀDW� SODWH�
FROOHFWRU��$� FROOHFWRU�ZLWK�ÀDW� UHFWDQJXODU� SODWH�ZDV�XVHG�
ZKLFK�ZDV�KHOSHG�ZLWK�KHDW�DEVRUELQJ�EODFN�VKHHW�RI�PLOG�
VWHHO��JOD]LQJ�JODVV��DQG�VSHFL¿F�DPRXQW�RI�VSDFH�ZDV�PDGH�
IRU� WKH� ZLQG� WR� FROOHFW� KHDW� IURP� VXQ�� 6RODU� FROOHFWRU�
LQWHQVL¿HG�WKH�VRODU�UDGLDWLRQV� WRZDUGV� WKH�KHDW�DEVRUELQJ�
SODWH�DV�WKH�VRODU�UDGLDWLRQ�UHDFKHG�WKH�JOD]LQJ�JODVV��6RODU�
UDGLDWLRQ� KHDWHG� WKH� DEVRUELQJ� SODWH� XS� WR� D� VSHFL¿F�
WHPSHUDWXUH�� %\� WKH� KHOS� RI� EORZHU�� WKH� ZLQG� WRXFKLQJ�
DEVRUELQJ�SODWH�ZDV�KHDWHG�XS�DQG�ZDV�IRUFHG�WRZDUGV�WKH�
PDL]H� GU\LQJ� FKDPEHU�� )LJXUH� �� DOVR� VKRZV� WKH� FURVV�
VHFWLRQDO� YLHZ� RI� DLU� GXFW�� 7R� UHPRYH�PRLVWXUH� WKDW� ZDV�
H[WUDFWHG� IURP� WKH�PDL]H�� WKH� DLU� GLVWULEXWLRQ� V\VWHP�ZDV�
XVHG��,W�UHPRYHV�PRLVWXUH�WR�GHOLYHU�DLU�WR�WKH�GU\LQJ�]RQH�LQ�
WKH�GU\HU�WKURXJK�SHUIRUDWHG�GXFW��7R�PDLQWDLQ�WKH�XQLIRUP�
DLU�ÀRZ�UDWH�RYHU�WKH�PDWHULDO�DLU�GLVWULEXWRUV�ZHUH�GHVLJQHG�
DQG� VHOHFWHG�� )LJXUH� �� VKRZV� WKH� DFWXDO� YLHZ� RI� VRODU�
VXVWDLQHG�EDWFK�W\SH�PDL]H�GU\HU�
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,QW�-�$JULF�(QYLURQ�)RRG�6FL���������������������7KH�GHVLJQ��IDEULFDWLRQ�DQG�SHUIRUPDQFH�HYDOXDWLRQ�RI����
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7DEOH����'HVLJQ�6SHFL¿FDWLRQ�

7DEOH����&RPSRQHQW�DQG�PDWHULDO�XVHG�LQ�WKH�IDEULFDWLRQ��

)LJXUH����&URVV�VHFWLRQDO�YLHZ�RI�DHUDWLRQ�FRPSDUWPHQW�

)LJXUH����,VRPHWULF�YLHZ�RI�DLU�GXFW�DQG�FROOHFWRU�DUHD�

)��$��.KDQ��$��0XQLU��$��*KDIRRU��*��0XUWD]D� 7KH�GHVLJQ��IDEULFDWLRQ�DQG�SHUIRUPDQFH�HYDOXDWLRQ�RI����
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)DEULFDWLRQ�RI�6RODU�'U\HU
$OO�SDUWV�RI�VRODU�VXVWDLQHG�EDWFK�W\SH�PDL]H�GU\HU�ZHUH�

IDEULFDWHG� LQ� WKH� ZRUNVKRS� RI� $JULFXOWXUDO� (QJLQHHULQJ�
'HSDUWPHQW� 8QLYHUVLW\� RI� $JULFXOWXUH� )DLVDODEDG��
)DLVDODEDG�3DNLVWDQ�� 7KH� RXWHU� FKDPEHU�ZDV�PDGH� XS� RI�
1RQ�PDJQHW� VWDLQOHVV� VWHHO� PDWHULDO� DQG� QR� SHUIRUDWLRQV�
ZHUH�PDGH�RQ�WKLV�FKDPEHU��6LQJOH�KROH�ZDV�PDGH�RQ�WKLV�
FKDPEHU�ZKLFK�ZDV�XVHG�WR�VXSSRUW�WKH�RXWOHW�RI�WKH�PDL]H��
'U\LQJ� ELQ� FRYHU� ZDV� GHVLJQHG� WR� NHHS� LW� VDIH� IURP�
ZHDWKHUHG�FRQGLWLRQV��/DUJH�SHUIRUDWHG�FKDPEHU�ZDV�XVHG��
ZKHUH�WKH�PDL]H�ZDV�QHHGHG�WR�EH�SODFHG��7KH�DPRXQW�RI�
PDL]H�EHLQJ�GULHG�ZDV�EDVHG�RQ�WKLV�FKDPEHU��7KH�FDSDFLW\�
RI�WKH�PDL]H�GU\HU�ZDV�VDPH�DV�WKH�VL]H�RI�WKLV�FKDPEHU��,W�
ZDV� DOVR� PDGH� ZLWK� SHUIRUDWLRQV� RQ� WKH� VXUIDFH�� :KROH�

VXUIDFH�RI� WKLV�FKDPEHU�ZDV�FRQWDLQHG�VPDOO�SHUIRUDWLRQV��
7KH�VL]H�RI�SHUIRUDWLRQV�LQ�WKLV�FKDPEHU�ZDV�VXFK�WKDW�QR�
PDL]H� VKRXOG�JHW�RXW�RI� WKH�FKDPEHU��7KH�DLU�GLVWULEXWRUV�
ZHUH�GHVLJQHG�DQG�VHOHFWHG�WR�PDLQWDLQ�WKH�XQLIRUP�DLU�ÀRZ�
UDWH� RYHU� WKH� PDWHULDO�� ,W� ZDV� DOVR� IDEULFDWHG� IURP� 1RQ�
PDJQHW�VWDLQOHVV�VWHHO�PDWHULDO���7KH�VRODU�ÀDW�SODWH�FROOHFWRU�
IUDPH�ZDV�PDGH�IURP�$OXPLQXP�DQG�DEVRUEHU�ZDV�PDGH�
IURP� EODFN� SDLQWHG� VWHHO� PDWHULDO�� 7KH� FKRLFH� RI� EODFN�
SDLQWHG�VWHHO�PDWHULDO�IRU�DEVRUEHU�ZLOO�KHOS�LQ�DEVRUELQJ�DOO�
KHDW� WKDW� FRPH� IURP� VXQ� LQ� WKH� IRUP� RI� UDGLDWLRQ�� 7KH�
PDWHULDO�XVHG� IRU� FRQYH\RU�FRQVWUXFWLRQ�ZDV�1RQ�PDJQHW�
VWDLQOHVV�� )RU� PDL]H� XQORDGLQJ�� WKH� FRQYH\RU� �� LQFK� LQ�
GLDPHWHU�DQG����LQFKHV�LQ�OHQJWK�ZDV�FRQVWUXFWHG��'&�PRWRU�
ZDV�XVHG�WR�UXQ�WKH�FRQYH\RU�ZLWK���9���:�SRZHU�

)LJXUH����$FWXDO�YLHZ�RI�VRODU�VXVWDLQHG�EDWFK�W\SH�PDL]H�GU\HU�

5HVXOWV�DQG�'LVFXVVLRQV
)LJXUH� �� VKRZV� WKDW� DV� LQWHQVLW\� RI� VRODU� UDGLDWLRQ�

LQFUHDVHV�� KHDW� DGGHG� WR� WKH� FROOHFWRU�ZDV� DOVR� LQFUHDVHV��
5HVXOWV�VKRZV�WKDW�WKH�DYHUDJH�DPELHQW�WHPSHUDWXUH�UDQJHG�

�IURP����WR��� &��FROOHFWRU�RXWOHW�WHPSHUDWXUH�UDQJHG�IURP�
� ��� &�WR��� &��DPELHQW�UHODWLYH�KXPLGLW\�UDQJHG�IURP�����WR�

����DQG�LQWHQVLW\�RI�WKH�VRODU�UDGLDWLRQ�UDQJHG�IURP�����WR�
����:�P ��

)LJXUH� �� VKRZV� WKDW� FROOHFWRU� HI¿FLHQF\� RI� WKH� VRODU�
DVVLVWHG�PDL]H�GU\HU�GXULQJ�WKH�WHVW�GD\�ZDV�YDULHV�IURP����WR�
����� ZKLFK� LQGLFDWLQJ� WKH� JRRG� SHUIRUPDQFH� RI� WKH�
FROOHFWRU�� 7KH� HI¿FLHQF\� YDOXHV� REWDLQHG� E\� �7LQJ� DQG�
6KRYH��������IRU�D�ÀDW�SODWH�FROOHFWRU�DUH�OLNH�WKRVH�REWDLQHG�
LQ�WKLV�ZRUN��ZLWK�D�VLPLODU�LQÀXHQFH�RI�WKH�VRODU�UDGLDWLRQ�
DQG�WKH�DLU�PDVV�ÀRZ��

)LJXUH��� VKRZV� WKH�YDULDWLRQ� LQ�PRLVWXUH�FRQWHQW�ZLWK�
UHVSHFW� WR� GU\LQJ� WLPH� RI� PDL]H�� 5HVXOWV� VKRZV� WKDW� IRU�
DFKLHYLQJ�WKH�¿QDO�GHVLUHG�PRLVWXUH�FRQWHQW�XS�WR�����GU\HU�
WRRN����KU�

&RVW�$QDO\VLV
&RVW� DQDO\VLV� LV� WKH� PRVW� LPSRUWDQW� WR� FKHFN� WKH�

IHDVLELOLW\�RI�PDFKLQH�IRU�IDUPHU�SRLQW�RI�YLHZ�WR�¿QG�RXW�WKH�
GU\LQJ�FRVW��+RZHYHU� ����5V� ������86���� WKH�QHZ�VRODU�
VXVWDLQHG�PDL]H�GU\HU�SXUFKDVH�SULFH�RI�ZDV�HVWLPDWHG�WR�EH�
86�������������DQG�VRODU�VXVWDLQHG�PDL]H�GU\HU�XVHIXO�OLIH�LV�
VXSSRVHG�WR�EH����\HDUV�

7KH�\HDUO\�VWDWLF�FRVW�ZDV�FRQVLGHUHG� �86�����������
$QQXDO�GU\LQJ�FDSDFLW\�RI�PDL]H�GU\HU� LV� DVVXPHG� �����
WRQV��\HDU
7KH�WRWDO�¿[HG�FRVW�RI�WKH�GU\HU� �86��������WRQ
)RU�PDL]H�ODERU�FKDUJHV� �86��������WRQ�RI�PDL]H�DHUDWLRQ
(QHUJ\�FKDUJHV� �86��������NJ
7KH�VXP�RI�YDULDEOH�FKDUJHV� �86��������WRQ
7KH�WRWDO�FRVW�LV�DERXW� �86��������WRQ�
7KHUHIRUH��WKH�GU\LQJ�FRVW� �86�����������.J�

7KH�GU\LQJ�FRVW�E\�XVLQJ�RSHQ�VXQ�GU\LQJ�PHWKRG�ZDV�
�����WR������86����NJ�LQ�3DNLVWDQ�SHU�OLWHUDWXUH�DQG�VXUYH\�
UHSRUW�� ,W� LV� HFRQRPLFDO� DQG� HQYLURQPHQW� IULHQGO\� GU\LQJ�
PHWKRG�

&RQFOXVLRQV
)URP�����WR�����PRLVWXUH�FRQWHQW�IRU�GU\LQJ�WKH�����NJ�
PDL]H��VRODU�VXVWDLQHG�PDL]H�GU\HU�WRRN����KRXUV�DQG�PHDQ�
GU\LQJ�UDWH�ZDV������NLORJUDPV�KRXU��$JDLQVW�WKH�RXWPRGHG�
RSHQ�VXQ�DHUDWLRQ�PHWKRG������VDYLQJ�LQ�WLPH�ZDV�DFKLHYHG�
E\� XVLQJ� VRODU� VXVWDLQHG� PDL]H� GU\HU�� )XUWKHUPRUH�� &RVW�
DQDO\VLV�ZDV�DOVR�GRQH�DQG�LW�ZDV�IRXQG�E\�XVLQJ�WKLV�GU\LQJ�
PHWKRG��DW�YHU\�ORZ�FRVW�ZH�FDQ�GHK\GUDWHG�EHWWHU�TXDOLW\�
PDL]H�EHFDXVH�LQ�3DNLVWDQ�WKH�GU\LQJ�FRVW�E\�XVLQJ�RSHQ�VXQ�
GU\LQJ�PHWKRG�ZDV������ WR������86��� �NJ� LQ�3DNLVWDQ�SHU�
OLWHUDWXUH�DQG�VXUYH\�UHSRUW��$W�FRPPXQLW\�OHYHO��PDUNHWDEOH�
VL]H� RI� WKH� VRODU� VXVWDLQHG�PDL]H� GU\HU� FDQ� EH� EHWWHU� DQG�
IRUPHG� IRU� UHYROXWLRQ� RI� DJULFXOWXUH� LQ� WKH� FRXQWU\�VLGH�
DUHDV��

7KH�GHVLJQ��IDEULFDWLRQ�DQG�SHUIRUPDQFH�HYDOXDWLRQ�RI���� ,QW�-�$JULF�(QYLURQ�)RRG�6FL���������������������



)LJXUH����(I¿FLHQF\�RI�WKH�FROOHFWRU�IRU�¿YH�W\SLFDO�GD\V�

)LJXUH����(I¿FLHQF\�RI�WKH�FROOHFWRU�IRU�¿YH�W\SLFDO�GD\V

)LJXUH����9DULDWLRQ�LQ�PRLVWXUH�FRQWHQW�ZLWK�WLPH�

7DEOH����'U\LQJ�FRVW�ZRUNVKHHW�
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)��$��.KDQ��$��0XQLU��$��*KDIRRU��*��0XUWD]D� 7KH�GHVLJQ��IDEULFDWLRQ�DQG�SHUIRUPDQFH�HYDOXDWLRQ�RI����
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5HIHUHQFHV

$[WHOO��%����������'U\LQJ�)RRG�IRU�SUR¿W��$�*XLGH�IRU�6PDOO�%XVLQHVV���VW�
HG�� /RQGRQ�� 8.�� ,QWHUPHGLDWH� 7HFKQRORJ\� 'HYHORSPHQW� *URXS�
3XEOLVKLQJ��/WG�

%ROD��)�$���%XNROD��$�)���2ODQUHZDMX��,�6����������'HVLJQ�SDUDPHWHU�IRU�D�
VPDOO�±VFDOH�EDWFK�LQ�ELQ�PDL]H�GU\HU��-RXUQDO�RI�$JULFXOWXUDO�6FLHQFHV�
9RO����1R���%�������

%URRNHU��%��'���%DNNHU�$UNHPD��:��)���DQG�+DOO��:��&����������'U\LQJ�DQG�
6WRUDJH�RI�*UDLQV�DQG�2LOVHHG��1HZ�<RUN��9DQ�1RVWUDQG�5HLQKROG�

)$2����������)$2�ULFH�LQIRUPDWLRQ��)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�
WKH�8QLWHG�1DWLRQV�5RPH��9RO���'HFHPEHU������

+DOO��&�:����������'U\LQJ�DQG�VWRUDJH�RI�DJULFXOWXUDO�FURSV��$9,��:HVWSRUW��
&7�LQIHVWDWLRQ�E\�5K\]RSHUWKD�GRPLQLFD�XVLQJ�;�UD\�LPDJLQJ��-RXUQDO�
RI�6WRUHG�3URGXFWV�5HVHDUFK�������������

+DQLI��.�0���5DP]DQ��0XKDPPDG�DQG�.KDQ��0�$����������'HYHORSPHQW�
DQG�HYDOXDWLRQ�RI�D�ÀDW�SODWH�VRODU�FROOHFWRU�GHVLJQHG�IRU�GU\LQJ�JUDLQ��
.K\EHU�3DNKWXQNKZD�$JULFXOWXUH�8QLYHUVLW\�3HVKDZDU��3DNLVWDQ�

+HQGHUVRQ�� 6�� 0��� DQG� 3HUU\�� 5�� /�� �������� $JULFXOWXUDO� 3URFHVV�
(QJLQHHULQJ��-RKQ�:LOH\�DQG�6RQV��,QF��/RQGRQ��SS����������

,FKVDQL��'���'\DK��:�$����������'HVLJQ�DQG�H[SHULPHQWDO�WHVWLQJ�RI�D�VRODU�
GU\HU�FRPELQHG�ZLWK�WKH�NHURVHQH�VWRYHV�WR�GU\�¿VK��$PHULFDQ�6RFLHW\�
RI�$JULFXOWXUDO�DQG�%LRORJLFDO�(QJLQHHULQJ������

.HQQHWK�� -��� +HOOHYDQJ�� 3�(�� �������� ([WHQVLRQ� $JULFXOWXUDO� (QJLQHHU��
1'68�([WHQVLRQ�6HUYLFH�1RUWK�'DNRWD�VWDWH�8QLYHUVLW\��)DUJR��1RUWK�
'DNRWD�

.XUWEDV��,���DQG�7XUJXW��(����������([SHULPHQWDO�LQYHVWLJDWLRQ�RI�VRODU�DLU�
KHDWHU�ZLWK�IUHH�DQG�¿[HG�¿QV��(I¿FLHQF\�DQG�([HUJ\�ORVV��,QW��-��6FL��
7HFKQRO����������±���

3DNGDPDQ�� 0�)��� /DVKNDUL�� $��� 7DEUL]L� +�%��� +RVVHLQL�� 5�� ��������
3HUIRUPDQFH� (YDOXDWLRQ� RI� D� 1DWXUDO�&RQYHFWLRQ� 6RODU� $LU�+HDWHU�
ZLWK�D�5HFWDQJXODU�)LQQHG�$EVRUEHU�3ODWH��(QHUJ\�&RQVHUYDWLRQ�DQG�
0DQDJHPHQW��������������������

5DWWL�� &�� �������� +RW� $LU� DQG� )UHH]H�'U\LQJ� RI� +LJK�9DOXH� )RRGV�� $�
5HYLHZ�� -RXUQDO� RI� )RRG� (QJLQHHULQJ�� 9ROXPH� ���� SS�� ��������
>GRL���������6���������������������@�

6R\VDO�� <��� $K\KDQ�� =��� (V[WX�� 2��� $ULNDQ�� 0�)�� �������� ,QWHUPLWWHQW�
PLFURZDYH�FRQYHFWLYH�GU\LQJ�RI�UHG�SHSSHU��'U\LQJ�NLQHWLFV��SK\VLFDO�
�FRORU�DQG�WH[WXUH��DQG�VFHQHU\�TXDOLW\��%LR�V\VWHP�HQJLQHHULQJ������
��������

7LQJ��.���6KRYH��*�&����������'DLO\�HI¿FLHQF\�RI�ÀDW�SODW�VRODU�DLU�FROOHFWRU�
IRU�JUDLQ�GU\LQJ��6RO�(QHUJ\���������������

=RPRURGLDQ��$��� =DUH�� '��� *KDVHPNKDQL�� +�� �������� 2SWLPL]DWLRQ� DQG�
HYDOXDWLRQ�RI�D�VHPL�FRQWLQXRXV�VRODU�GU\HU�IRU�FHUHDOV��PDL]H��HWF����
'HVDOLQDWLRQ���������������

7KH�GHVLJQ��IDEULFDWLRQ�DQG�SHUIRUPDQFH�HYDOXDWLRQ�RI���� ,QW�-�$JULF�(QYLURQ�)RRG�6FL���������������������



7KH�¿UVW�¿QGLQJV�RQ�UXVW\�JUDLQ�EHHWOH��&U\SWROHVWHV�IHUUXJLQHXV��6WHSKHQV���������&ROHRSWHUD��
&XFXMRLGHD��/DHPRSKORHLGDH��LQ�SLVWDFKLR�RUFKDUG�LQ�6LLUW�SURYLQFH��7XUNH\�

øQDQo�g]JHQ �������$EX]HU�<�FHO �������<XVXI�.DUVDYXUDQ ��� �� ��

��)ÕUDW�8QLYHUVLW\��)DFXOW\�RI�(QJLQHHULQJ��'HSDUWPHQW�RI�%LRHQJLQHHULQJ��(OD]Õ÷��7XUNH\�
��+DUUDQ�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�3ODQW�3URWHFWLRQ��ùDQOÕXUID��7XUNH\�

�$HJHDQ�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�3ODQW�3URWHFWLRQ��ø]PLU��7XUNH\
&RUUHVSRQGLQJ�$XWKRU��LQDQFR]JHQ#JPD൴O�FRP

6WRUHG� SURGXFWV� DQG� IRRG� LQGXVWU\� DUWKURSRG� SHVWV�
SUHVHQW�D�VHULRXV�HFRQRPLFDO�DQG�PHGLFDO� ULVNV� IRU�VWRUHG�
IRRG��IHHG�FRPPRGLWLHV�DQG�VHHGV�LQ�7XUNH\��DQG�UHTXLUHV�
SK\WRTXDUDQWLQH�� 7KH� UXVW\� JUDLQ� EHHWOH�� &U\SWROHVWHV�
IHUUXJLQHXV��6WHSKHQV��������LV�D�ZRUOG�ZLGH�SHVW�RI�VWRUHG�
IRRG�SURGXFWV��0HDQZKLOH��WKH\�DUH�SULPDULO\�SHVWV�RI�ZKHDW��
+RZHYHU�� WKLV� SHVW� DOVR� IHHG� RQ� EDUOH\�� FDFDR�� FDSVLFXP��
FDVVDYD�� FKLOLHV�� FORYHU�� FRSUD�� FRUQ�� FXUUDQWV�� GDWHV�� ÀD[��
LOOLSH� QXWV�� OXFHUQH�� PLOOHW�� PXVWDUG�� RDWV�� SDOP� NHUQHOV��
SHDQXWV�� UDSH�� ULFH�� VRUJKXP�� VR\EHDQ�� VXQÀRZHU�� DQG�
WULWLFDOH� �7KURQH�� �������&U\SWROHVWHV� VSS�� DUH� FDSDEOH� RI�
EHLQJ�KD]DUGRXV�IRU�ZKROH�NHUQHOV�XQGHU�VXLWDEOH�FRQGLWLRQV��
EXW� FDQ� EH� DVVRFLDWHG� ZLWK� SULPDU\� LQYDGHUV� VXFK� DV�
5K\]RSHUWKD�GRPLQLFD��

&��IHUUXJLQHXV�JHQHUDOO\�FDXVHV�PL[HG�LQIHVWDWLRQV�ZLWK�
7ULEROLXP�FDVWDQHXP��/DUYDH�DQG�SXSDH�DUH�SURWHFWHG�IURP�
SUHGDWLRQ�RU�FDQQLEDOLVP�EHFDXVH�WKH\�GHYHORS�VLQJO\�XQGHU�
WKH�VHHG�FRDW�FRYHULQJ�WKH�JHUP�RI�FHUHDO�VHHGV��6XUHVK�HW�DO���
�������&�� IHUUXJLQHXV� LV� RQH� RI� WKH� PRVW� FRPPRQ� JUDLQ�
IHHGLQJ�LQVHFWV�IRXQG�LQ�JUDLQ�VWRUHV�LQ�IDUPV�LQ�7XUNH\��,W�LV�
ZLGHO\� GLVWULEXWHG� WKURXJKRXW� WKH�:RUOG�� ,Q� WXUNH\�� ,W� LV�
GLVWULEXWHG�PDQ\�GLIIHUHQW� ORFDWLRQV��7KLV� UHSRUW�KDV�EHHQ�
ZULWWHQ�DERXW�D�QHZ� ORFDOLW\� UHFRUG�RI� WKLV� VWRUHG�SURGXFW�
SHVW��$OVR��LW�LV�LPSRUWDQW�WKDW�WKLV�VSHFLHV��ZKLFK�LV�EDVLFDOO\�
NQRZQ�DV�VWRUHG�SURGXFW�SHVWV��KDV�EHHQ�IRXQG�LQ�SLVWDFKLR�
RUFKDUGV��$OWKRXJK�QRW�DFWLYH��,W�KDV�EHHQ�UHSRUWHG�WKDW�WKLV�
VSHFLHV�KDV�SUHGDWRU�EHKDYLRU� LQ� LWV�KDELWDW��7KH\�DUH�DOVR�
IRXQG�LQ�WKH�QHVWV�RI�9HVSD�ZDVSV�DQG�XQGHU�WUHH�EDUNV��7KH\�
DUH�IDFXOWDWLYH�SUHGDWRUV�DQG�VFDYHQJHUV�DQG�DEOH�WR�IHHG�RQ�
PDQ\�VSHFLHV�RI�VWRUDJH�IXQJL��6XUHVK�HW�DO�����������$GXOWV�DV�
ZHOO� DV� ODUYDH�� DUH� FDQQLEDOLVWLF� DQG� ZLOO� FRQVXPH� HJJV��

SXSDH�DQG�SUHSXSDH�RI�RWKHU�VSHFLHV�FR�KDELWLQJ�ZLWK�WKHP�
�6XUHVK� HW� DO��� ������� )RU� WKLV� UHDVRQ� LW� LV� QHFHVVDU\� WR�
GHWHUPLQH�WKH�UHODWLRQV�ZLWK�WKH�EDUN�EHHWOH�DQG�VFDOH�LQVHFWV��
DV�WKH\�DUH�UHSRUWHG�WR�EH�UHODWHG�LQ�WKH�OLWHUDWXUH��=DNODGQRL�
DQG�5DWRQRYD��������7KRPDV��������

0DWHULDOV�DQG�0HWKRGV�
6SHFLPHQV�ZHUH�FROOHFWHG�IURP�WUDSV�LQ�6LLUW�3URYLQFH��

7KH� OLJKW� WUDS� ZDV� RSHUDWHG� IURP� PLG�-XQH� WR� PLG�
6HSWHPEHU�LQ�\HDUV������DQG�������7KLV�VWXG\�ZDV�FDUULHG�
RXW�LQ�WZR�SLVWDFKLR�RUFKDUGV�LQ�6LLUW�SURYLQFH��7KHUH�ZDV�RQH�
OLJKW� WUDS� LQ� HDFK� JDUGHQ��1XPEHU� RI� VWXG\� RUFKDUGV�ZDV�
FKDQJHG�WR���ZLWKLQ���DFUHV��)LJXUH�����(DFK�RUFKDUG�ZDV�
FRQWUROOHG�HYHU\�ZHHN��$����ZDWW�3KLOLSV�HQHUJ\�VDYHU�ZKLWH�
GD\�OLJKW�EXOE�ZDV�XVHG��7KH�VSHFLPHQV�DUH�SUHVHUYHG�LQ����
�� HWKDQRO�� 7KH� FROOHFWHG� PDWHULDO� LV� GHSRVLWHG� LQ�
%LRHQJLQHHULQJ�'HSDUWPHQW�/DERUDWRU\�RI�)ÕUDW�8QLYHUVLW\��
%LRHQJLQHHULQJ�'HSDUWPHQW��7XUNH\��

)LJXUH� ���3LVWDFKLR� RUFKDUG� LQ� 6LLUW� 3URYLQFHV�� KDELWDW� RI�
&U\SWROHVWHV�IHUUXJLQHXV��6WHSKHQV��������

�

��

$EVWUDFW

.H\ZRUGV��&U\SWROHVWHV�IHUUXJLQHXV��3LVWDFKLR��6LLUW��7XUNH\
5HFHLYHG����������������������������$FFHSWHG����������������������������3XEOLVKHG��RQO൴QH��������������
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5HVXOWV�DQG�'LVFXVVLRQ�

&U\SWROHVWHV�IHUUXJLQHXV��6WHSKHQV���������)LJXUH����
'LVWULEXWLRQ� LQ�:RUOG��:LGHO\� GLVWULEXWHG� �+DOVWHDG��

�����
'LVWULEXWLRQ�LQ�7XUNH\��$GDQD��$QNDUD��.RQ\D��0HUVLQ��

ùDQOÕXUID��%D÷FÕ�HW��DO���������(U�HW��DO����������
+RVWV�� :KHDW�� FRWWRQ� �7KRPDV� DQG� *KDUL�� ������

FRPPRQ�LPSRUWDQW�SHVW�RI�VWRUHG�JUDLQ�DQG�JUDLQ�SURGXFWV�LQ�
ZDUHKRXVH�DQG�¿HOG��5HHV��������

0DWHULDO�H[DPLQHG��6LLUW��$\GÕQODU����������������H[F��
���������������H[F�����������������H[������������������H[F���
SLVWDFKLR� RUFKDUG�� 6LLUW�� &HQWHU�� ������������ �� H[F��
������������ �� H[F�� SLVWDFKLR� RUFKDUG�� ������������ �� H[F��
��������������H[F���SLVWDFKLR�RUFKDUG��7RWDOO\�����H[F�

7KH�OHQJWK�RI�VSHFLHV�ZDV�PHDVXUHG�WR�EH�DSSUR[LPDWHO\�
������PP��)LJXUH�����7KLV�PHDVXUH�ZDV�JLYHQ�DV�����PP�LQ�
VRPH� SUHYLRXV� VWXGLHV� �=DNORGQRL� DQG� 5DWRQRYD�� �������
6LWRSKLOXV� JUDQDULXV�� 6�� RU\]DH� /��� 7ULEROLXP� VSS���
2U\]DHSKLOXV�VXULQDPHQVLV�/���7HQHEURLGHV�PDXULWDQLFXV�/���
5KL]RSHUWKD�GRPLQLFD�)��DQG�7URJRGHUPD�JUDQDULXP�(YHUW��
VSHFLHV�DUH�GLVWULEXWHG�LQ�VRPH�SURYLQFHV�LQ�WKH�6RXWK�DQG�WKH�
6RXWKHDVW�$QDWROLD�UHJLRQ��g]HU����������(UJ�O�HW�DO�����������
LQ� WKHLU� VWXG\� WKH\�KDYH�FDUULHG�RXW� LQ�6RXWKHDVW�$QDWROLD�
UHSRUWHG� WKDW�3ORGLD� LQWHUSXQFWHOOD�+E�� LQ� DGGLWLRQ� WR� WKH�
SUHVHQFH�RI�WKH�VDPH�VSHFLHV�SDUDOOHO�WR�WKH�SUHYLRXV�\HDU
V�
ZRUN��LV�DOVR�GHWULPHQWDO�WR�VWRUDJH��g]DU�DQG�<�FHO���������
IRXQG�LQ�WKH�VWXG\�FRQGXFWHG�LQ�WKH�6RXWKHDVWHUQ�$QDWROLD�
UHJLRQ�WKDW�6��JUDQDULXV��7ULEROLXP�VSS���2��VXULQDPHQVLV��5��
GRPLQLFD�DUH�KDUPIXO��1XPEHU�RI�VWXGLHV�RQ�VWRUHG�SURGXFW�
SHVWV�LV�OLPLWHG�LQ�6RXWKHDVW�$QDWROLD�UHJLRQ��,W�LV�HVWLPDWHG�
WKDW�&��IHUUXJLQHXV�ZRXOG�EH�D�SUREOHP�LQ�WKH�SURYLQFH�RI�
6LLUW� DQG� LQ� WKH�QHLJKERULQJ�SURYLQFH�%DWPDQ�� LI� LW� LV� QRW�
VWUXJJOHG�DJDLQVW�LQ�ZKHDW�DQG�VWRUHG�SURGXFWV��,Q�DGGLWLRQ��
WKLV� SHVW� ZDV� ¿UVWO\� IRXQG� LQ� SLVWDFKLR� RUFKDUGV�� 7KH�
EHKDYLRU� RI� WKH� VSHFLHV� VKRXOG� EH�PRQLWRUHG� LQ� SLVWDFKLR�
JDUGHQV��EHFDXVH�LW�LV�FDSDEOH�RI�VKRZLQJ�SUHGDWRU�EHKDYLRUV�
LQ� KDUPIXO� QDWXUDO� FRQGLWLRQV� �=DNODGQRL� DQG� 5DWRQRYD��
�������,Q�WKHVH�VWXGLHV��WKLV�VSHFLHV�KDV�EHHQ�IRXQG�LQ�WUHH�
EDUNV��,Q�WKLV�VWXG\��LW�LV�QHFHVVDU\�WR�GHWHUPLQH�WKH�UHODWLRQ�
ZLWK�EDUN�EHHWOH�ZLWK�&��IHUUXJLQHXV�ZKLFK�LV�FDXJKW�E\�OLJKW�
WUDSV��,Q�WKHVH�JDUGHQV�WKHUH�DUH�6FRO\WLGDH�IDPLO\�VSHFLHV�
EHORQJLQJ� WR� WKLV� IDPLO\�� FKDUDFWHUL]HG� E\�&KDHWRSKRUXV�
�+\OHVLQXV�� YHVWLWXV� 0XOVDQW� 	� 5H\�� ����� �&ROHRSWHUD��
6FRO\WLGDH��VLJQL¿FDQW�GDPDJH��7KLV�SHVW�LV�D�PDMRU�SHVW�RI�
SLVWDFKLR� JDUGHQV� LQ� 6RXWKHDVWHUQ� $QDWROLDQ� UHJLRQ� RI�
7XUNH\��%ROX���������,Q�DGGLWLRQ��LW�KDV�DOVR�EHHQ�UHSRUWHG�
WKDW�&U\SWROHVWHV�VS��IHHG�RQ�VFDOH�LQVHFWV�VSHFLHV��7KRPDV��
�������/HSLGRVDSKHV�SLVWDFLDH�$��KDV�VLJQL¿FDQW�GHQVLW\�LQ�
JDUGHQV�ZKHUH�WKH�VWXG\�KDV�EHHQ�FDUULHG�RXW�LQ��6XUHVK�HW�DO���
�������,W�LV�OLNHO\�WR�EH�DVVRFLDWHG�ZLWK�WKLV�VSHFLHV��+HQFH��LW�
PXVW�EH�REVHUYDWLRQ�RI�LQWHUDFW�SHVW�LQ�RUFKDUG�WR�IROORZLQJ�
WLPH��

)LJXUH� ���+DELWXV� RI�&U\SWROHVWHV� IHUUXJLQHXV� �6WHSKHQV��
������

5HIHUHQFHV

%D÷FÕ��)���<ÕOPD]��$��(UW�UN��6�� ��������$QNDUD� LOL�+XEXEDW�GHSRODUÕQGD�
EXOXQDQ�]DUDUOÕ�E|FHN�W�UOHUL��%LWNL�.RUXPD�%�OWHQL����������������

%ROX��+����������,QYHVWLJDWLRQV�RQ�WKH�IDXQD�RI�LQVHFWV�DQG�PLWHV�LQ�SLVWDFKLR�
DUHDV� LQ� 6RXWK� (DVWHUQ�$QDWROLD� 5HJLRQ� RI�7XUNH\�� 7�UN�� (QWRPRO��
GHUJ������������������

(U��� 0�� .��� 7XQD]��� +��� hF�N��� &��� %DUÕú�� &��� ,úÕNEHU��� $�$�� ���������
2FFXUUHQFH�RI�HQWRPRSDWKRJHQLF�IXQJL�RQ�LQVHFW�SHVWV�RI�VWRUHG�ZKHDW�
DQG�PDL]H� LQ�&HQWUDO�DQG�6RXWK�$QDWROLD� LQ�7XUNH\��7�UN��HQWRPRO��
'HUJ������������������

(UJ�O��&���'|UWEXGDN��1���$N�ONH��$����������'R÷X�YH�*�QH\GR÷X�$QDGROX�
%|OJHVLQGHNL�+XEXEDW�YH�0DPXOOHUL�LOH�%DNOL\DW�$PEDU�=DUDUOÕODUÕQÕQ�
<D\ÕOÕúÕ�YH�=DUDUÕ�h]HULQGH�$UDúWÕUPDODU��%LW��.RU��%�OW��������������
����V�

+DOVWHDG��'�*�+����������.H\V�IRU�WKH�LGHQWL¿FDWLRQ�RI�EHHWOHV�DVVRFLDWHG�
ZLWK�VWRUHG�SURGXFWV�,,��/DHPRSKORHGLDH��3DVVDQGULGDH�DQG�6LOYDQLGDH���
-RXUQDO�RI�6WRUHG�3URGXFW�5HVHDUFK������������

g]DU��$��ø���<�FHO��$����������*�QH\GR÷X�$QDGROX�%|OJHVLQGH�$PEDUODQDQ�
+XEXEDW�hU�Q�=DUDUOÕODUÕ�h]HULQGH�6�UYH\�dDOÕúPDODUÕ��%LW��.RU��%�OW���
�������������

g]HU��0�� ��������7�UNL\H� GH� GHSR�� DPEDU�� IDEULND� YH� VLORODUGD�PXKWHOLI�
KXEXEDW� WDQHOHUL�� XQ� YH�PDPXOOHUL� LOH� NXUX�PH\YHOHU� YH� W�W�QOHUGH�
|QHPOL
�]DUDU�\DSDQ�E|FHN�W�UOHULQLQ�PRUIRORMLOHUL��NÕVD�EL\RORMLOHUL�YH�
\D\ÕOÕúODUÕ��]HULQGH�DUDúWÕUPDODU��$��h��%DVÕPHYL�$QNDUD�

g]JHQ��ø���.DUVDYXUDQ��<����������,QYHVWLJDWLRQV�RQ�WKH�GHWHUPLQDWLRQ�RI�WKH�
QDWXUDO� HQHPLHV� RI� /HSLGRVDSKHV� SLVWDFLDH� �$UFKDQJHOVND\D��
�+RPRSWHUD��'LDVSLGLGDH�� RQ� SLVWDFKLR� WUHHV��7�UN�� (QWRPRO�� GHUJ���
���������������

5HHV��'�� 3�� �������� ,QVHFWV� RI� 6WRUHG�*UDLQ�D� 3RFNHW�5HIHUHQFH�� 6WRUHG�
*UDLQ�5HVHDUFK�/DERUDWRU\��&6,52�(QWRPRORJ\��&DQEHUUD�

6XUHVK��6���:KLWH��1�'�*���-D\DV��'�6���+XODVDUH��5�%����������0RUWDOLW\�
UHVXOWLQJ�IURP�LQWHUDFWLRQV�EHWZHHQ�WKH�UHG�ÀRXU�EHHWOH�DQG�WKH�UXVW\�
JUDLQ�EHHWOH��3URFHHGLQJV�RI�WKH�(QWRPRORJLFDO�6RFLHW\�RI�0DQLWRED��
�����������

7KRPDV�� 0�� &��� �������� $� UHYLVLRQ� RI� WKH� 1HZ� :RUOG� 6SHFLHV� RI�
&U\SWROHVWHV�*DQJOEDXHU��&ROHRSWHUD��&XFXMLGDH���/DHPRSKORHLQDH���
,QVHFWD�0XQGL��9RO�����1R�����������

7KRPDV�� 0�� &��� *KDUL�� +�� �������� &KHFNOLVWV� RI� &XFXMLGDH��
/DHPRSKORHLGDH��DQG�6LOYDQLGDH��&ROHRSWHUD��&XFXMRLGHD��IURP�,UDQ��
,QVHFWD�PXQGL��$�-RXUQDO�RI�:RUOG�,QVHFW�6\VWHPDWLFV�������������

7KURQH��-��(����������$�%LEOLRJUDSK\�RI�WKH�5XVW\�*UDLQ�%HHWOH��&U\SWROHVWHV�
IHUUXJLQHXV� �6WHSKHQV�� �&ROHRSWHUD�� &XFXMLGDH�� &XFXMLGDH�
%LEOLRJUDSK\������S�

=DNODGQRL���*��$���5DWRQRYD�9��)����������6WRUHG�JUDLQ�SHVWV�DQG�WKHLU�
FRQWURO������SS�

��

ø��g]JHQ��$��<�FHO��<��.DUVDYXUDQ �� 7KH�¿UVW�¿QGLQJV�RQ�UXVW\�JUDLQ�EHHWOH��&U\SWROHVWHV����



$�UHYLHZ�RQ�K\GURSRQLF�JUHHQKRXVH�FXOWLYDWLRQ�IRU�VXVWDLQDEOH�DJULFXOWXUH

��� � � � � �)UD]�$KPDG�.KDQ ������$KPHW�.XUNOX ������$EGXO�*KDIRRU ������4DVLG�$OL ������0XKDPPDG�8PDLU ������6KDK]DLE
��8QLYHUVLW\�RI�$JULFXOWXUH��)DFXOW\�RI�$JULFXOWXUDO�(QJLQHHULQJ�DQG�7HFKQRORJ\��'HSDUWPHQW�RI�)DUP�0DFKLQHU\�DQG�3RZHU��)DLVDODEDG��3DNLVWDQ

��$NGHQL]�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�0DFKLQHU\�DQG�7HFKQRORJ\�(QJLQHHULQJ��$QWDO\D��7XUNH\
�$NGHQL]�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�+RUWLFXOWXUH��$QWDO\D��7XUNH\

&RUUHVSRQGLQJ�$XWKRU��IUD]���#JPDLO�FRP

+XPDQV�QHHG�ZDWHU��IRRG�DQG�OLYLQJ�KDELWDW�WR�HQGXUH��
7KHVH�WKLQJV�GR�QRW�KDSSHQ�LQ�LQWHUPLQDEOH�SURIXVLRQ�DQG�DUH�
UHVXOWLQJ� ERWK� IURP� DELRWLF� DQG� ELRWLF� VRXUFHV�� PDNLQJ�
KXPDQV�IXQGDPHQWDOO\�KRRNHG�RQ�WKH�RSWLPL]DWLRQ�RI�ODQG�
DUHD� DQG� WKH� FRQVHUYDWLRQ�RI� ELRGLYHUVLW\��:LWKLQ�QH[W� ���
\HDUV�KXPDQ�SRSXODWLRQ� LV�SURMHFWHG� WR� LQFUHDVH� IURP�����
ELOOLRQ�WR�����ELOOLRQ�SHRSOH�DV�KXPDQ�SRSXODWLRQ�LQFUHDVHV��
)RRG�SURGXFWLRQ�ZLOO�QHHG�WR�EH�GRXEOHG�WR�FRPSHQVDWH�WKH�
SDUDOOHO�LQFUHDVH�LQ�GHPDQG�IRU�IRRG�VSHFLHV��7KH�ZRUU\�ZLWK�
WKLV�WXUQ�RXW�WR�EH�SODLQ�XSRQ�WKH�DWWHQWLRQ�RI�WKH�\LHOG�RI�
H[LVWLQJ�VWUXFWXUHV�RI�DJULFXOWXUH�DQG�IUHVK�ZDWHU�KDUYHVWLQJ��
HYHQ� ZLWK� RXU� HQHUJLHV�� ���� ELOOLRQ� SHRSOH� KXUW� IURP�
PDOQXWULWLRQ�PRGHUQO\�� DQG� ���� ELOOLRQ� OLYH� LQ� ]RQHV�ZLWK�
ZDWHU�VKRUWDJH��%HOORQD�)RXQGDWLRQ��������

8VXDOO\�WKH�PRVW�IDYRUDEOH�RU�DYDLODEOH�PHGLXP�IRU�FURS�
JURZWK�LV�VRLO��6RLO�SURYLGHV�WKH�DYDLODEOH�WKH�QXWULHQWV��DLU��
ZDWHU�� HWF�� IRU� HIIHFWLYH� FURS� JURZWK� �(OOLV� HW� DO��� �������
3UHVHQFH� RI� PLFUR�RUJDQLVP� DQG� QHPDWRGHV� LQVWLJDWLQJ�
GLVHDVHV�� LQDSSURSULDWH� VRLO� UHVSRQVH�� SRRU� GUDLQDJH�� VRLO�
FRPSDFWLRQ��VRLO�GHJUDGDWLRQ��HWF��DUH�WKH�VHULRXV�OLPLWDWLRQV�
RI�VRLO�IRU�HIIHFWLYH�FURS�JURZWK��%HLEHO���������7KH�QHHG�IRU�
PRUH�ODQG�FRXOG�EH�GHFUHDVHG�E\�JURZLQJ�FURSV�LQ�WRZHUV��
,QFUHDVH�LQ�\LHOG�ZLWK�HI¿FLHQW�XVH�RI�LQSXWV��ZDWHU��IHUWLOL]HU��
DQG� SHVWLFLGHV�� FDQ� EH� DFKLHYHG� WKURXJK� SURWHFWHG�
FXOWLYDWLRQ��7KH�PDMRU�DGYDQWDJH�RI�K\GURSRQLF�JUHHQKRXVH�
FXOWLYDWLRQ�LV�WKH�HI¿FLHQW�XVDJH�RI�QDWXUDO�OLJKW��/LJKW�SOD\�
DQ�LPSRUWDQW�UROH�LQ�WKH�GHYHORSPHQW�RI�IUXLW��,Q�K\GURSRQLF�
JUHHQKRXVH��OLJKW�IDOO�RQ�ERWK�XSSHU�DQG�ORZHU�SDUW�RI�WKH�
SODQW��'XH�WR�HTXDO�GLVWULEXWLRQ�RI�OLJKW��ERWK�XSSHU�DQG�ORZHU�
IUXLW�GHYHORS�DW�WKH�VDPH�WLPH��'HVSRPPLHU���������0RVW�
SUR¿WDEOH� YDULHWLHV� RI� FURSV� IURP� FHUHDO�� JUHHQ� OHDI\�

YHJHWDEOHV�� ÀRZHU� DQG� IRGGHU� DUH� JURZLQJ� ZHOO� LQ� WKH�
K\GURSRQLF� V\VWHPV� �5,5'&�� ������� 5HVK� DQG� +RZDUG�
�������VWXGLHG�WKH�DGYDQWDJHV�RI�K\GURSRQLF�V\VWHPV�OLNH�
PLQLPXP� XVH� RI� SHVWLFLGHV�� LQFUHDVH� LQ� \LHOG�� DQG� ZDWHU�
FRQVHUYDWLRQ��$FFRUGLQJ� WR� OLWHUDWXUH�� PDQ\� VWXGLHV� KDYH�
EHHQ� FRQGXFWHG� RQ� K\GURSRQLF� OHDI\� JUHHQ�� SHSSHUV�� DQG�
WRPDWR��$ULDV�HW�DO���������%XFKDQDQ�HW�DO���������.R\DPD�HW�
DO���������

2SHQ�¿HOG�DJULFXOWXUH��ZLOO�IDFH�VRPH�VHULRXV�SUREOHPV�
LQ� QHDU� IXWXUH� OLNH� DYDLODELOLW\� RI� ODQG� DQG� DJULFXOWXUDO�
SURGXFWLYLW\�� GHIRUHVWDWLRQ�� DQG� VRLO� HURVLRQ�� ,Q� DGGLWLRQ��
VRPH� DUHDV� ZKHUH�� WKHUH� LV� DQ� LVVXH� RI� VRLO� IHUWLOLW\��
XQIDYRUDEOH� WRSRJUDSKLFDO� FRQGLWLRQV�� DQG� VRLO� LV� QRW�
DYDLODEOH�IRU�FXOWLYDWLRQ�RI�FURS�OLNH�XUEDQ�DUHDV��XQGHU�VXFK�
FRQGLWLRQV� VRLO�OHVV� FXOWXUH� RU� SURWHFWHG� IDUPLQJ� FDQ� EH�
LQWURGXFHG�VXFFHVVIXOO\� �%XWOHU�DQG�2HENHU��������� ,Q� WKH�
ZRUOG�� ���� FRXQWULHV� KDYH� FRPPHUFLDO� JUHHQKRXVH�
SURGXFWLRQ��)$2���������7RWDO�HVWLPDWHG�DUHD�LQ�WKH�ZRUOG�
IRU� JUHHQKRXVH� FURS� SURGXFWLRQ� LV� ������� KHFWDUHV�
�+LFNPDQ��������

%DFNJURXQG
,Q�������WKH�PRVW�SULPLWLYH�ERRN�RQ�VRLO�OHVV�FXOWXUH�ZDV�

6\OYD� 6\OYDUXP� SXEOLVKHG� E\�)UDQFLV�%DFRQ�� ,Q� ���������
*HUPDQ�ERWDQLVWV�PDGH�GHYHORSPHQWV�LQ�WKH�WHFKQLTXHV�RI�
VRLO�OHVV�FXOWXUH��,Q�������VROXWLRQ�FXOWXUH�ZDV�SURPRWHG�E\�
:LOOLDP�)UHGHULFN�*HULFN�IRU�DJULFXOWXUDO�FURS�SURGXFWLRQ��
7KH� ZRUG� ³+\GURSRQLF´� ZDV� ¿UVWO\� LQWURGXFHG� E\� WKH�
:LOOLDP�)UHGHULFN�*HULFN�LQ�������,Q�������(QJOLVK�VFLHQWLVW�
:�-�� 6KDOWR� 'XJODV� LQWURGXFHG� WKH� +\GURSRQLFV� LQ�:HVW�
%HQJDO�,QGLD��1XWULHQW�¿OP�WHFKQLTXH�ZDV�GHYHORSHG�E\�E\�
(QJOLVK�VFLHQWLVW�$OOHQ�&RRSHU�LQ�������

�

��

$EVWUDFW

.H\ZRUGV��*UHHQKRXVH�FXOWLYDWLRQ��+\GURSRQLFV��(QYLURQPHQWDO�IDFWRUV
5HFHLYHG����������������������������$FFHSWHG����������������������������3XEOLVKHG��RQO൴QH��������������

,QWURGXFWLRQ���

5HYLHZ�$UWLFOH ,QW�-�$JULF�(QYLURQ�)RRG�6FL�������������������

ZZZ�MDHIV�FRP-$()6
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,Q� ��������� FRPPHUFLDO� K\GURSRQLFV� IDUPV� ZHUH�
GHYHORSHG� LQ� PDQ\� FRXQWULHV� RI� WKH� ZRUOG�� /DWHU�� GXULQJ�
����V� PDQ\� DXWRPDWLF� DQG� KLJK�WHFK� K\GURSRQLFV� IDUPV�
ZHUH�GHYHORSHG�DURXQG�WKH�ZRUOG��*HRUJH��������

'H¿QLWLRQ�RI�+\GURSRQLFV
7KH�WHUP�
+\GURSRQLFV
�ZDV�GHULYHG�IURP�*UHHN�ZRUG�


K\GUR
�PHDQV�ZDWHU�DQG�
SRQRV
�PHDQ�ODERU��%HLEHO���������
+\GURSRQLFV� LV� D� PRGHUQ� DJULFXOWXUH� WHFKQLTXH� WKDW� XVHV�
QXWULHQW� VROXWLRQ� UDWKHU� WKDQ� VRLO� IRU� FURS� SURGXFWLRQ�
�%ULGJHZRRG��������+RFKPXWK�DQG�+RFKPXWK������D���

+\GURSRQLF�7HFKQLTXHV
0DQ\� VWXGLHV� KDYH� EHHQ� FRQGXFWHG� RQ� K\GURSRQLF�

WHFKQLTXHV�� *HQHUDOO\�� WKHUH� DUH� WZR� WHFKQLTXHV� RI�
K\GURSRQLFV��QDPHG�DV�VROXWLRQ�FXOWXUH�PHWKRG�DQG�PHGLD�
FXOWXUH�PHWKRG��&RPSDULVRQ�EHWZHHQ�ERWK� WHFKQLTXHV�DUH�
VKRZQ� LQ� WDEOH� EHORZ� UHJDUGLQJ� SHUFHQWDJH� RI� LUULJDWLRQ�
ZDWHU� VDYLQJ�� SHUFHQWDJH� RI� HI¿FLHQW� IHUWLOL]HU� XVDJH��
LQFUHDVH�LQ�WKH�SHUFHQWDJH�RI�SURGXFWLYLW\��DQG�SHUFHQWDJH�RI�
ZDWHU� SURGXFWLYLW\� �9DQ� HW� DO��� ������9DQ�� ������ %RKPH��
������*XO�HW�DO���������'KDNDO�HW�DO���������7X]HO�HW�DO���������
9DQ���������7DEOH�����

7DEOH����&RPSDULVRQ�EHWZHHQ�+\GURSRQLF�7HFKQLTXHV�

6ROXWLRQ�&XOWXUH�0HWKRG
,W� LV�DOVR�NQRZQ�DV�OLTXLG�K\GURSRQLFV�PHWKRG��,Q�WKLV�

PHWKRG�SODQWV�DUH�JURZQ�LQ�VROXWLRQ�FXOWXUH�DQG�WKHLU�URRWV�
DUH�VXVSHQGHG�GLUHFWO\�LQ�QXWULHQW�VROXWLRQ��0DKDUDQD�DQG�
.RXO�� ������� ,W� FDQ� EH� IXUWKHU� FDWHJRUL]HG� LQWR� GLIIHUHQW�
VXEVHFWLRQV�DV�EHORZ��

&RQWLQXRXV�)ORZ�6ROXWLRQ�&XOWXUH
,Q� WKLV� V\VWHP� SXPS� LV� XVHG� WR� FLUFXODWH� WKH� QXWULHQW�

VROXWLRQ�LQ�SODQW�URRWV�DQG�H[FHVV�VROXWLRQ�LV�FROOHFWHG�DQG�
UHXVHG��9DULRXV�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�RQ�FRQWLQXRXV�
ÀRZ�VROXWLRQ�FXOWXUH�LQ�GLIIHUHQW�FRXQWULHV��7KLV�FXOWXUH�KDV�
WZR�W\SHV�RI�V\VWHP�QDPHG�DV�QXWULHQW�¿OP�WHFKQLTXH�DQG�
GHHS� ÀRZ� WHFKQLTXH� VKRZQ� LQ� )LJXUH� ��� ,Q� QXWULHQW� ¿OP�
WHFKQLTXH�� WKH� QXWULHQW� VROXWLRQ� LV� SXPSHG� WKURXJK� WKH�
JURZLQJ�WXEH�DQG�ÀRZ�RYHU�WKH�URRWV�RI�SODQWV��WKHQ�GUDLQ�
EDFN�LQWR�WKH�UHVHUYRLU��,Q�GHHS�ÀRZ�V\VWHP��39&�SLSHV�ZLWK�
���FP�GLDPHWHU�DUH�XVHG������FP�GHHS�QXWULHQW�VROXWLRQ�ÀRZV�
WKURXJK�WKH�39&�SLSHV��39&�SLSHV�KDYH�SRWV�DQG�SODQWV�DUH�
¿WWHG�LQ�SRWV��7KH�ERWWRP�RI�SRWV�LV�LQ�WRXFK�ZLWK�WKH�QXWULHQW�
VROXWLRQ� DQG� SRWV� FRQWDLQ� SODQWLQJ� PDWHULDOV�� 3ODQWV� DUH�
JURZQ�LQ�SRWV��0DKDUDQD�DQG�.RXO���������)LJXUH����

6WDWLF�6ROXWLRQ�&XOWXUH
,Q� WKLV� V\VWHP�� QXWULHQW� VROXWLRQ� LV� QRW� FLUFXODWHG� EXW�

SURYLGHG�RQO\�RQFH�ZKHQ�(&�FKDQJHV��,W�KDV�WKUHH�W\SHV�RI�
V\VWHPV�QDPHG�DV�URRW�GLSSLQJ�PHWKRG��ÀRDWLQJ�PHWKRG��DQG�
FDSLOODU\�DFWLRQ�PHWKRG��,Q�URRW�GLSSLQJ�PHWKRG��SODQWV�DUH�
JURZQ� LQ� SRWV� WKDW� KDYH� WKH� JURZLQJ�PHGLD��7KH� ���� FP�
ERWWRP�RI�SRWV�LV�VXEPHUJHG�LQWR�QXWULHQW�VROXWLRQ��5RRWV�RI�
SODQW�DUH�GLSSHG�LQ�QXWULHQW�VROXWLRQ�LQ�WKLV�V\VWHP�DQG�VRPH�
DUH�KDQJHG�LQ�DLU��,Q�ÀRDWLQJ�PHWKRG��VKDOORZ�FRQWDLQHU�����
FP�GHHS��FDQ�EH�XVHG�WR�JURZ�WKH�SODQWV��&RQWDLQHU�LV�¿OOHG�
ZLWK�QXWULHQW�VROXWLRQ��3ODQWV�DUH�JURZQ�LQ�SRWV�WKDW�¿[HG�RQ�
6W\URIRDP� VKHHW�� 7KLV� VKHHW� LV� ÀRDWHG� RQ� WKH� QXWULHQW�
VROXWLRQ�� ,Q� FDSLOODU\� DFWLRQ� WHFKQLTXH�� VHHGOLQJ�VHHG� DUH�
SODQWHG�LQ�SRWV�RI�GLIIHUHQW�VL]HV�DQG�VKDSH�ZKLFK�LV�¿OOHG�
ZLWK� LQHUW� PHGLXP�� 6KDOORZ� FRQWDLQHU� KDYLQJ� QXWULHQW�
VROXWLRQ�LV�XVHG�LQ�WKLV�WHFKQLTXH�DQG�SRWV�DUH�SODFHG�LQ�WKLV�
VKDOORZ�FRQWDLQHU��%\�WKH�FDSLOODU\�DFWLRQ�QXWULHQW�VROXWLRQ�
UHDFKHV� WKH� LQHUW�PHGLXP��2UQDPHQWDO��ÀRZHU�DQG� LQGRRU�
SODQWV�FDQ�EH�VRZQ�E\�XVLQJ�WKLV�WHFKQLTXH��0DKDUDQD�DQG�
.RXO���������)LJXUH����

)LJXUH����6WDWLF�6ROXWLRQ�&XOWXUH�

$HURSRQLF�6\VWHP
$HURSRQLFV�LV�D�PHWKRG�RI�JURZLQJ�SODQWV�ZKHUH�WKH\�DUH�

DQFKRUHG�LQ�KROHV� LQ�6W\URIRDP�SDQHOV�DQG�WKHLU�URRWV�DUH�
VXVSHQGHG�LQ�DLU�EHQHDWK�WKH�SDQHO��7KH�DHURSRQLFV�FXOWXUH�LV�
XVXDOO\�SUDFWLFHG�LQ�SURWHFWHG�VWUXFWXUHV�DQG�LV�VXLWDEOH�IRU�
ORZ� OHDI\� YHJHWDEOHV� OLNH� OHWWXFH�� VSLQDFK�� HWF�� �5HVHDUFK�
1HZV���������)LJXUH����

)LJXUH����$HURSRQLF�6\VWHP�

1XWULHQWV�IRU�+\GURSRQLF�*UHHQKRXVH�&XOWLYDWLRQ
0DQ\� VWXGLHV� KDYH� EHHQ� FRQGXFWHG� RQ� FURS� QXWULHQW�

UHTXLUHPHQW�� $SSUR[LPDWHO\�� VHYHQWHHQ� HOHPHQWV� DUH�
UHTXLUHG� IRU� SURSHU� SODQW� JURZWK�� 7KHVH� HOHPHQWV� DUH�
FDWHJRUL]HG�LQWR�PDFUR�QXWULHQWV�DQG�PLFUR�QXWULHQWV��7DEOH�
����

��

)��$��.KDQ��$��.XUNOX��$��*KDIRRU��4��$O൴��0��8PDLU��6KDK]DLE $�UHYLHZ�RQ�K\GURSRQLF�JUHHQKRXVH�FXOWLYDWLRQ�IRU�VXVWD൴QDEOH����

)LJXUH����&RQWLQXRXV�)ORZ�6ROXWLRQ�&XOWXUH��



7KHVH�HOHPHQWV�DUH�VXPPDUL]HG� LQ�7DEOH����6XSSO\�RI�
QXWULHQW�VROXWLRQ�WR�WKH�K\GURSRQLF�FURSV�PDLQO\�GHSHQGV�RQ�
WZR�SDUDPHWHUV� QDPHG� DV� S+� �5HVK�� ������ DQG� HOHFWULFDO�
FRQGXFWLYLW\� �(&���7KH� RSWLPXP� UDQJH� RI� S+� RI� QXWULHQW�
VROXWLRQ�IRU�K\GURSRQLF�FXOWLYDWLRQ�LV�����DQG�����DQG�JRRG�
(&�UDQJH�LV�EHWZHHQ�����WR�����G6�P��

&URSV�)RU�+\GURSRQLF�*UHHQKRXVH�&XOWLYDWLRQ
&URSV� QHHG� VXLWDEOH� HQYLURQPHQW� IRU� LWV� VXFFHVVIXO�

JURZWK��7KH�RQO\�FRQGLWLRQ�WR�DFKLHYH�VXLWDEOH�HQYLURQPHQW�
IRU� EHWWHU� FURS� SURGXFWLRQ� LV� WKH� SURWHFWHG� FXOWLYDWLRQ� RU�
K\GURSRQLF� JUHHQKRXVH� FXOWLYDWLRQ�� ,W� LV� SRVVLEOH� WR� JURZ�

FHUHDOV��YHJHWDEOHV��IUXLWV��IRGGHU��ÀRZHUV��FRQGLPHQWV��DQG�
PHGLFLQDO� SODQW� LQ� K\GURSRQLF� JUHHQKRXVHV� �6LQJK� DQG�
6LQJK���������7KH�VXPPDU\�RI�WKRVH�FURSV�WKDW�DUH�JURZQ�LQ�
K\GURSRQLF�JUHHQKRXVH�DUH�VKRZQ�LQ�7DEOH����$FFRUGLQJ�WR�
�6LQJK�DQG�6LQJK���������K\GURSRQLF�JUHHQKRXVH�\LHOG�SHU�
DUHD�LV�PRUH�WKDQ�RSHQ�DJULFXOWXUH�\LHOG�SHU�DUHD��7KH�\LHOG�
FRPSDULVRQ� EHWZHHQ� K\GURSRQLF� DQG� RSHQ� DJULFXOWXUH� LV�
VKRZQ�LQ�7DEOH����7KLV�FRPSDULVRQ�VKRZHG�WKDW�WKHUH�LV�ELJ�
GLIIHUHQFH�EHWZHHQ�ERWK�W\SHV�RI�PHWKRG��7KLV�GLIIHUHQFH�LV�
GXH� WR� FRQWUROOHG� HQYLURQPHQW� LQ� FDVH� RI� K\GURSRQLF�
JUHHQKRXVH�FXOWLYDWLRQ�DQG�WKH�UH�XVH�RI�QXWULHQW�VROXWLRQ�

��

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

7DEOH����6XPPDU\�RI�1XWULHQWV�IRU�+\GURSRQLF�&URS�*URZWK

7DEOH����6XPPDU\�RI�&URSV�IRU�+\GURSRQLF�*UHHQKRXVH�&XOWLYDWLRQ��6LQJK�DQG�6LQJK��������

$�UHYLHZ�RQ�K\GURSRQLF�JUHHQKRXVH�FXOWLYDWLRQ�IRU�VXVWD൴QDEOH����



��

7DEOH����<LHOG�&RPSDULVRQV�EHWZHHQ�K\GURSRQLF�DQG�RSHQ�¿HOG�FXOWLYDWLRQ��6LQJK�DQG�6LQJK��������

,PSDFW� RI� (QYLURQPHQWDO� )DFWRUV� RQ� +\GURSRQLF�
*UHHQKRXVH�&XOWLYDWLRQ
7KHUH�DUH�LPSRUWDQW�HQYLURQPHQWDO�IDFWRUV�ZKLFK�HIIHFW�

WKH� K\GURSRQLF� JUHHQKRXVH� SURGXFWLRQ� H�J��� OLJKW��
WHPSHUDWXUH��DLU�KXPLGLW\��DQG�&2 �FRQFHQWUDWLRQ��8VXDOO\���

WKH� OHYHO� RI� WKHVH� IDFWRUV� �WRR� ORZ�RU� WRR�KLJK�� DGYHUVHO\�
DIIHFWV�WKH�K\GURSRQLF�JUHHQKRXVH�SURGXFWLRQ��7KH�RSWLPXP�
OHYHO�RI�WHPSHUDWXUH��7KRPSVRQ�HW�DO���������7DEDWDEDHL�HW�
DO���������-DPHV�HW�DO���������.LP�HW�DO���������.D\D�HW�DO���
������=RUQR]D�HW�DO����������UHODWLYH�KXPLGLW\��0DWKLHX�HW�
DO���������&68(��������-D\DUDPDQ�HW�DO���������3URVVHU�HW�DO���
������ 6HJLQHU� HW� DO��� ������ +LNRVDND� HW� DO��� ������� OLJKW�
LQWHQVLW\� �2II�*ULG�:RUOG�� ������ +RZ� 6WXII�:RUNV�� ,QF���
������6LPHRQRYD�HW�DO���������&KXHFD�HW�DO���������6LGGLTL�HW�
DO���������1RZDN���������DQG�S+��%HQRLW�DQG�&HXVWHUPDQV��
������/LHWHQ��������6RQQHYHOG�DQG�9RRJW��������-DXHUW�HW�DO���
������:DLVEHUJ�HW�DO���������*LEEV�DQG�&DOR��������IRU�YLQH�

R ��FURSV� UDQJHV� IURP������ &�������������������:P ��DQG�
��������UHVSHFWLYHO\�

/LJKW�,QWHQVLW\
6HYHUDO� VWXGLHV� KDYH�EHHQ� FRQGXFWHG�RQ� HIIHFW� RI� ORZ�

OLJKW� RU� LQWHQVLW\� RQ� FURS� SURGXFWLRQ��7KHVH� VWXGLHV� KDYH�
VKRZQ� WKDW� ORZ� OLJKW� LV� D� SUREOHP� LQ� QRUWKHUQ� ODWLWXGHV�
�%HQRLW�� ������ *ULPVWDG�� ������ *DXGUHDX� HW� DO��� ������
'UHZV�HW�DO���������'UHZV�HW�DO���������&RFNVKXOO�DQG�+R�
������ 'RUDLV� HW� DO��� ������ 2WWRVHQ� HW� DO��� ������� 7KH�
JUHHQKRXVH� VWUXFWXUHV� UHGXFHG� WKH� DPRXQW� RI� GD\OLJKW�
UHFHLYHG�E\����SHUFHQW�RU�PRUH��3HHW��������:DUUHQ�HW�DO���
�������:KHQ�GD\OLJKW�LV�ORZ�RU�VXE�RSWLPDO�WKHQ�JUHHQKRXVH�
\LHOG�ZLOO� EH� ORZ� EHFDXVH� RI� WKH� SURGXFWLRQ� RI� UHODWLYHO\�
VPDOO�IUXLW��H�J���WRPDWRHV���HDUO\�LQ�VHDVRQ��*ULPVWDG��������
&RFNVKXOO�DQG�+R�������.D\V���������/RZ�OLJKW�LQWHQVLW\�
UHGXFHG�WKH�OHDI�FDUERQ�DVVLPLODWLRQ��SUHVXPHG�E\�3DUGRVVL�
HW�DO����������,Q�ÀRZHUV��DFFXPXODWLRQ�RI�VXJDU�GHFUHDVHG�
GXH�WR�ORZ�OLJKW�LQWHQVLW\��$GGLWLRQDOO\��VXJDU�FRQWHQW�DQG�GU\�
PDWWHU�ZLOO�EH�PRUH�LI�WRPDWRHV�DQG�VWUDZEHUULHV�DUH�JURZQ�
LQ�IXOO�VXQOLJKW�DQG�OHVV�LQ�WKRVH�ZKLFK�DUH�JURZQ�LQ�VKDGH�
�:LQVRU��������:HVWRQ�DQG�%DUWK��������&DUXVR�HW�DO����������
$FFRUGLQJ�WR�&DUXVR�HW�DO����������GU\�PDWWHU��VXJDU��DFLGV��
DQG� WDVWH� GHWHUPLQLQJ� FRPSRXQGV� DUH� UHGXFHG� LQ� FDVH� RI�
VKDGLQJ�HIIHFW�LQ�VWUDZEHUU\�IUXLW��&DUXVR�HW�DO����������,Q�

DXWXPQ�JURZQ� YHJHWDEOHV�� WDVWH� LV� VRPHWLPH� SRRU� GXH� WR�
VKDGLQJ� HIIHFW� RI� ZHDWKHU�� 6LJQ� HQVXHV�� ÀDYRU� TXDOLW\� RI�
VRPH� FURSV� DIIHFWHG� E\� ORZ� OLJKW� LQWHQVLW\� �:LQVRU� DQG�
$GDPV��������:DWVRQ�HW�DO���������:KLWH��������

([WHUQDO�DQG�LQWHUQDO�TXDOLW\�RI�YHJHWDEOHV�FURS�LV�DOVR�
DIIHFWHG�GXH�WR�H[FHVV�OLJKWLQJ��*DXGUHDX�HW�DO���������:KLWH��
������+DR�DQG�3DSDGRSRXORV��������'RUDLV�DQG�*RVVHOLQ��
�������,Q�PHGLFLQDO�SODQW�H[FHVV�OLJKW�LQFUHDVH�WKH�FRQWHQW�RI�
HVVHQWLDO�RLOV�DQG�RWKHU�FRPSRXQGV��+DR�DQG�3DSDGRSRXORV��
������ 'RUDLV� DQG� *RVVHOLQ�� ������� :LGH� UDQJH� RI� FURSV�
�WRPDWRHV�� EHOO� SHSSHUV�� HJJSODQWV�� DQG� SHSLQRV�� DUH�
DGYHUVHO\� DIIHFWHG� GXH� WR� H[FHVV� RI� OLJKW� �.D\V�� ������
*HLVVOHU�� ������� &HOOXODU� GHDWK�� FROODSVH� RI� WLVVXH�� DQG�
GHJUDGDWLRQ� RI� WKH� SLJPHQWDWLRQ� DUH� FDXVHG� E\� H[FHVVLYH�
VRODU�HQHUJ\��.D\V��������3URKHQV�HW�DO���������

7HPSHUDWXUH
&KHPLFDO�UHDFWLRQ�DQG�SK\VLFDO�SURSHUWLHV�RI�SODQW�DUH�

DIIHFWHG� E\� WKH� GLIIHUHQW� OHYHO� RI� WHPSHUDWXUH�� *HQHUDOO\��
JURZWK�UDWH�RI� WKH�GLIIHUHQW�YHJHWDEOH�IUXLW� LQFUHDVHG�ZLWK�
LQFUHDVLQJ� DLU� WHPSHUDWXUH� �0DUFHOLV�� ������'RUDLV� HW� DO���
�������$FFRUGLQJ�WR�0DUFHOLV���������WKH�ELRPDVV�SURYLVLRQ�

ƕRI�WKH�IUXLW�LQFUHDVHG�ZLWK�LQFUHDVLQJ�WHPSHUDWXUH�IURP��� &�
ƕWR� �� &� DW� WKH� VDPH� SODQW� �0DUFHOLV�� �������2UJDQROHSWLF�

SURSHUWLHV� RI� YHJHWDEOH� DUH� GLUHFWO\� DIIHFWHG� E\� ORZ�
WHPSHUDWXUHV��7RPDWRHV�KDYLQJ�OHVV�MXLFH�DQG�PHDO\�WDVWH�LV�
WKH� FOHDU� LQGLFDWLRQ� RI� ORZ� WHPSHUDWXUH� SURGXFWLRQ�
�$QRQ\PRXV��������%UXFNQHU�HW�DO����������4XDOLW\�RI�WKH�
PRVW�YHJHWDEOH�LV�DIIHFWHG�E\�GLIIHUHQW�WHPSHUDWXUH�SDWWHUQ��
0DUFHOLV�DQG�%DDQ�+RIPDQ�(LMHU��������VWXGLHG�WKH�HIIHFW�RI�
WHPSHUDWXUH� ÀXFWXDWLRQV� GXULQJ� FURS� SURGXFWLRQ� DQG�
FRPSDUH� WKH� UHVXOW� ZLWK� FURS� SURGXFWLRQ� DW� FRQVWDQW�
WHPSHUDWXUH�� 7KH\� IRXQG� WKDW� VWXUG\� ÀXFWXDWLRQ� LQ�
WHPSHUDWXUH� EHWZHHQ� GD\� DQG� QLJKW� QHHG� WR� EH� DYRLGHG��
EHFDXVH�WHPSHUDWXUH�ÀXFWXDWLRQ�FDQ�GHFUHDVH�WKH�TXDOLW\�RI�
FURS� �0DUFHOLV� DQG� %DDQ�� ������� 0RUHRYHU�� KLJK�
WHPSHUDWXUH� FKDQJHV� DVVRFLDWHG� ZLWK� JURZWK� IDFWRUV� FDQ�
FDXVH� RSHQLQJ� RI� FXFXPEHU� �*HLVVOHU�� ������� � ,QVSLWH� RI�
YHQWLODWLRQ��VKDGH��FRROLQJ��JUHHQKRXVH�WHPSHUDWXUHV�DULVH�LQ�
VXPPHU� GXH� WR� VRODU� UDGLDWLRQ�� +LJK� WHPSHUDWXUH� FDXVH�
FKDQJHV�LQ�WKH�VKDSH��FRORU��DQG�WH[WXUH�RI�WRPDWR��FXFXPEHU�
DQG�HJJSODQW�IUXLW��*HLVVOHU��������=LSHOHYLVK�HW�DO���������

)��$��.KDQ��$��.XUNOX��$��*KDIRRU��4��$O൴��0��8PDLU��6KDK]DLE $�UHYLHZ�RQ�K\GURSRQLF�JUHHQKRXVH�FXOWLYDWLRQ�IRU�VXVWD൴QDEOH����



��

$LU�+XPLGLW\
:DWHU� VWDWXV� DQG� WUDQVSLUDWLRQ� �ZDWHU� EDODQFH��

WUDQVSLUDWLRQ�FRROLQJ��DQG�LRQ�WUDQVORFDWLRQ��RI�K\GURSRQLF�
JUHHQKRXVH� SODQWV� LV� DIIHFWHG� E\� DLU� KXPLGLW\� �%DNNHU��
�������+XPLGLW\� LV�PRVW� GLI¿FXOW� HQYLURQPHQWDO� IDFWRU� WR�
FRQWURO�DQG�LW�LV�TXLWH�HFRQRPLFDO�HVSHFLDOO\�ZKHQ�KHDWLQJ��
7KHUH�DUH�GLIIHUHQW�PHWKRGV�WR�FRQWURO�WKH�UHODWLYH�KXPLGLW\��
,Q�FRRO�ZHDWKHU��WKH�XWPRVW�HIIHFWLYH�ZD\�WR�FRQWURO�UHODWLYH�
KXPLGLW\� LV� WR�RSHQ� WKH�H[KDXVW�ZLQGRZ�VOLJKWO\��6OLJKWO\�
RSHQ�ZLQGRZ� HVFDSH� KHDW� DOOLHG�ZLWK�PXFK� RI� WKH� ZDWHU�
YDSRU��7KHUH�DUH�PDQ\�RWKHU�PHWKRGV�ZKLFK�KDYH�EHHQ�WHVWHG�
EXW� SUDFWLFDO� VROXWLRQV� KDYH� QRW� EHHQ� SURYLGHG� �$GDPV��
��������:KHQ�WKH�YDSRU�SUHVVXUH�GH¿FLWV�UDQJH�����WR�����N3D�
WKHQ� LW� KDV� QR� HIIHFW� RQ� FURS� JURZWK� DQG� GHYHORSPHQW�
�*UDQJH�DQG�+DQG���������0DQ\�VWXGLHV�KDYH�EHHQ�GRQH�RQ�
HIIHFW�RI�YDSRU�SUHVVXUH�GH¿FLW�DQG�LW�LV�FRQFOXGHG�WKDW�ZKHQ�
YDSRU�SUHVVXUH�GH¿FLW�LV�ORZ�LQ�K\GURSRQLF�JUHHQKRXVH�WKHQ�
WKHUH� LV� UHGXFWLRQ� LQ� WKH� DYHUDJH� ZHLJKW� RI� WRPDWR� SODQW�
�%DNNHU������D��+ROGHU�DQG�&RFNVKXOO���������:KHQ�YDSRU�
SUHVVXUH�GH¿FLW�LQFUHDVHG�IURP�����WR�����N3D�LQ�K\GURSRQLF�
JUHHQKRXVH�WKHQ�WKHUH� LV�UHGXFWLRQ�LQ�QHW�DFFXPXODWLRQ�RI�
ZDWHU�LQ�IUXLW��*XLFKDUG�HW�DO����������4XDOLW\�RI�YHJHWDEOH�LV�
DIIHFWHG�E\�KLJK�KXPLGLW\�OHYHOV��WKDW�FDXVH�LQFUHDVH�LQ�WKH�
GLVHDVHV�E\�VSUHDGLQJ�SDWKRJHQV��%DNNHU������E��9RQN�DQG�
:HOOHV�������&RFNVKXOO��������

&2 �&RQFHQWUDWLRQ�

&2 � FRQFHQWUDWLRQ� LV� RQH� RI� WKH�PDMRU� HQYLURQPHQWDO��

IDFWRUV��VHYHUDO� WLPHV� WKURXJKRXW� WKH�KLVWRU\�DJURQRP\�RU�
KRUWLFXOWXUH� WKH� LQWHUHVW� LQ� &2 � HQULFKPHQW� KDV� ULVHQ� DQG��

GHFOLQHG��0RUWHQVHQ���������0DQ\�VWXGLHV�KDYH�EHHQ�GRQH�
RQ� HIIHFW� RI�&2 � HQULFKPHQW� DQG� LW� LV� FRQFOXGHG� WKDW� GU\��

ZHLJKW�RI�SODQW��SODQW�KHLJKW��QXPEHU�RI�SODQW� OHDYHV��DQG�
ODWHUDO�EUDQFKHV�RI�SODQW�LQFUHDVHV�ZLWK�WKH�LQFUHDVH�LQ�&2 ��
HQULFKPHQW� LQ� JUHHQKRXVH� �0RUWHQVHQ�� ������� 0RUHRYHU��
RWKHU� HQYLURQPHQWDO� IDFWRU� �WHPSHUDWXUH� DQG� OLJKW�� DOVR�
LQFUHDVH�ZLWK�WKH�HOHYDWHG�&2 �FRQFHQWUDWLRQV��0RUWHQVHQ���

������� �7KHUH�VKRXOG�EH�D�QHHG�RI�PRUH� UHVHDUFK�RQ�&2��

IDFWRU�� KRZ�&2 � HQULFKPHQW� DIIHFWV� WKH� RSWLPDO� OHYHOV� RI��

OLJKW�� WHPSHUDWXUH� DQG� DLU� KXPLGLW\� IRU� D� EHWWHU� SURGXFW�
TXDOLW\�

&KDOOHQJHV�RI�+\GURSRQLF�*UHHQKRXVH�&XOWLYDWLRQ
+LJK�,QLWLDO�&RVW
0DQ\� VWXGLHV� KDYH� EHHQ� GRQH� RQ� WKH� FRQVWUXFWLRQ� RI�

K\GURSRQLF�JUHHQKRXVH�VWUXFWXUHV��$FFRUGLQJ�WR�7\VRQ�HW�DO���
������� WKH�DUHD�RI�K\GURSRQLF�VWUXFWXUH�VKRXOG�EH�DEOH� WR�
VXVWDLQ�PLQLPXP����ODUJH�SODQWV��WRPDWRHV��EDQDQD�SHSSHUV��
DQG�EHOO�SHSSHUV��DQG�PLQLPXP����VPDOO�SODQWV� �VSLQDFK��
OHWWXFH�� DQG� VWUDZEHUULHV��� $FFRUGLQJ� WR� +RFKPXWK� DQG�
+RFKPXWK� �����E��� WKHUH� VKRXOG� EH� DQ� $UGXLQR� EDVHG�
FOLPDWH�FRQWURO�PRQLWRU�V\VWHP�LQ�K\GURSRQLF�JUHHQKRXVH�WR�
PRQLWRU� WKH� OLJKW� LQWHQVLW\�� WHPSHUDWXUH�� FDUERQ� GLR[LGH�
FRQFHQWUDWLRQ�� DQG� KXPLGLW\� �+RFKPXWK� DQG� +RFKPXWK��
����E���0DQ\�IDFWRUV�VXFK�DV��DYDLODELOLW\�RI�WKH�V\VWHP��WKH�
HI¿FLHQF\�RI�WKH�V\VWHP��DQG�WUDQVSRUWDWLRQ�FRVW�HWF����VKRXOG�
EH�NHSW�LQ�PLQG�GXULQJ�LQVWDOODWLRQ�RI�$UGXLQR�EDVHG�FOLPDWH�
FRQWURO�V\VWHP�DQG�LQLWLDO�FRVW�RI�WKLV�V\VWHP�DOVR�EDVHG�RQ�
WKHVH�IDFWRUV��7DLJ���������$FFRUGLQJ�WR�OLWHUDWXUH�VXUYH\��WKH�
FRVW�RI�$UGXLQR�EDVHG�FOLPDWH�FRQWURO�V\VWHP�IRU�FRPPHUFLDO�
K\GURSRQLF� JUHHQKRXVH� UDQJHV� IURP� ���������86�'ROODU�
�*UHZDO�HW�DO���������7DNDNXUD���������

+LJK�0DLQWHQDQFH�DQG�5XQQLQJ�&RVW
+LJK�PDLQWHQDQFH�DQG�UXQQLQJ�FRVW�LV�RQH�RI�WKH�PDMRU�

FKDOOHQJHV�IRU�K\GURSRQLF�JUHHQKRXVH�FXOWLYDWLRQ��1DUURZ�
DQG� SUHFLVH� WHPSHUDWXUH� UDQJH� WR� DWWDLQ� WKH� RSWLPDO� SODQW�

JURZWK� LV� RQH� RI� WKH� PDMRU� H[SHQVHV� IRU� PDLQWDLQLQJ� D�
K\GURSRQLF�JUHHQKRXVH��:HOOV��������7DYDVVROL�HW�DO����������
2WKHU� H[SHQVHV� OLNH� UHVRXUFHV� WR� PDLQWDLQ� WKH� ODUJH�
FRQFHQWUDWLRQ�RI�QXWULHQWV�LQ�WKH�ZDWHU��HQHUJ\�IRU�SXPSLQJ�
WKH�ZDWHU�PL[HG�QXWULHQWV��HQHUJ\�WR�UXQ�H[KDXVW�IDQV��DQG�
VHQVRUV�HWF���UHTXLUHV�KLJK�PDLQWHQDQFH�DQG�UXQQLQJ�FRVW�

+LJK� OHYHO� RI� PDQDJHPHQW� LV� QHHGHG� IRU� K\GURSRQLF�
JUHHQKRXVH�� $FFRUGLQJ� WR� 6KDZ� HW� DO�� �������� KLJK�
PDQDJHPHQW�VNLOOV�DUH�UHTXLUHG�IRU�FRPPHUFLDO�SURGXFWLRQ�
RI� DQ\� FURS� LQ� K\GURSRQLF� JUHHQKRXVH� V\VWHP�� 7KH�
FRPSOH[LW\�RI�WKH�V\VWHP�GHFLGHV�WKH�OHYHO�RI�PDQDJHPHQW�
�+LJDVKLGH� HW� DO��� ������� +LJK� OHYHO� RI� PDQDJHPHQW� OLNH�
SURGXFWLRQ�NQRZOHGJH�RI�GLIIHUHQW�FURS��WHFKQLFDO�VNLOOV��DQG�
DGHTXDWH�H[SHULHQFH�LQ�K\GURSRQLF�JUHHQKRXVH�¿HOG�DUH�WKH�
EDVLF�UHTXLUHPHQWV�IRU�K\GURSRQLF�JUHHQKRXVHV��+H�DQG�0D��
������ &DQWOLIIH� DQG� 9DQVLFNOH�� ������� *URZHU� PXVW� EH�
FRPPLWWHG�WR�PHHW�WKH�HQWLUH�UHTXLUHPHQW�LQ�DQ�DFWLYH�PHDQV�
WR� PDNH� VXFFHVVIXO� SURGXFWLRQ� �6LJULPLV� HW� DO��� �������
$XWRPDWLF� V\VWHP� IRU� UHJXODUO\� FKHFNLQJ� DQG� UHJXODWLQJ�
HQYLURQPHQW� FRQGLWLRQ� LQVLGH� K\GURSRQLF� JUHHQKRXVH�
VKRXOG� EH� DEOH� WR� SURYLGH� HQRXJK� KHDWLQJ� GXULQJ� ZLQWHU�
VHDVRQ�DQG�FKLOOLQJ�RU� VKDGLQJ�GXULQJ� WKH�VXPPHU�VHDVRQ�
HVSHFLDOO\�LQ�D�WURSLF�DUHD�ZKHUH�WKHUH�LV�H[WUHPH�VHDVRQDO�
FKDQJH��.XHQQHQ�HW�DO����������

,UULJDWLRQ�0DQDJHPHQW
3URSHU�PDQDJHPHQW�DERXW�LUULJDWLRQ�VKRXOG�EH�DGRSWHG�

DQG�ZDWHU�VKRXOG�EH�IUHH�IURP�FRQWDPLQDWLRQ�EHFDXVH�WKHUH�LV�
PRUH�FKDQFH�RI�GLVHDVHV�LI�ZDWHU�LV�FRQWDPLQDWHG��$,�$PUL��
������� �+LJK�OHYHO�RI�PDQDJHPHQW�DQG�VSHFLDO� WUDLQLQJ�LV�
UHTXLUHG�LQ�DUHD�RI�DJURQRP\��JHUPLQDWLRQ�DUHD�IRU�VHHGOLQJ��
FXOWLYDU��DQG�SODQW�VHOHFWLRQ���2WKPDQ�HW�DO���������6XFFRS�
DQG�1HZPDQ���������&URS�VHOHFWLRQ�SOD\V�DQ�LPSRUWDQW�UROH�
LQ� LQLWLDO� DQG� UXQQLQJ� FRVW� RI� K\GURSRQLF� JUHHQKRXVH�
�$OH[DQGHU� DQG� 3DUNHU�� ������� &URS� SURGXFWLRQ� PHWKRG�
�FRQWLQXRXV�ÀRZ�DQG�VWDWLF�ÀRZ��DOVR�UHTXLUHV�KLJK�OHYHO�RI�
PDQDJHPHQW� VNLOOV� �6WRQH�� ������� 6XSSO\� QXWULHQW� WR� WKH�
FURSV� LV� DQRWKHU� DUHD� ZKLFK� UHTXLUHV� KLJK� OHYHO� RI�
PDQDJHPHQW��3HFNHQSDXJK���������+DUYHVWLQJ�DQG�VWRUDJH�
UHTXLUHV� KLJK� OHYHO� RI� PDQDJHPHQW� ZLWK� VNLOOHG� ODERU�
�6DYYDV� HW� DO��� ������� 7KXV�� PRGHUQ� W\SH� RI� DJULFXOWXUH�
V\VWHPV� QHHGV� KLJK� OHYHO� RI� PDQDJHPHQW� IRU� VXFFHVVIXO�
S URGXF W LRQ � �9R O O HE UHJ W � � DQG � %UDQ W IR UG � � ���� ��
5DWKLQDVDEDSDWKL���������0RUHRYHU��K\GURSRQLF�JUHHQKRXVH�
QHHGV�VSHFLDO�DQG�UHJXODU�FDUH��&DUUXWKHUV���������

'LVHDVH�DQG�3HVW�0DQDJHPHQW
0DQDJHPHQW�UHODWHG�WR�SHVW�DQG�GLVHDVHV�DUH�DOVR�D�PDMRU�

SUREOHP� IRU� K\GURSRQLF� JUHHQKRXVH� V\VWHP��'HWHFWLRQ� RI�
GLVHDVHV� LQ� DGYDQFH� QHHGV� FDUHIXO� DQG� KLJK� OHYHO� RI�
PDQDJHPHQW�EHFDXVH�SODQW�VKDUH�VDPH�QXWULHQW�VROXWLRQ�DQG�
WKLV� VKDULQJ� FDQ� UHVXOW� LQ� D� TXLFN� VSUHDG� RI� GLVHDVHV�
�'H.RUQH�� ������� +LJK� GHJUHH� RI� VDQLWDWLRQ� LV� WKH� RQO\�
VROXWLRQ�IRU�V\VWHP�WR�GLVHDVH�IUHHV��3XUL�DQG�&DSORZ��������
-HQVHQ���������:KHQ�ZDWHU�PROG�LV�LQWURGXFHG�LQWR�QXWULHQW�
VROXWLRQ�WKHQ�PRVW�RI�GLVHDVHV�RFFXU�LQ�SODQW�DQG�WKHVH�ZDWHU�
PROG�VSUHDG�WR�DOO�SODQW�WKURXJK�FLUFXODWLQJ�V\VWHP��6LONRYD�
HW�DO����������

$GYDQWDJHV�RI�+\GURSRQLF�*UHHQKRXVH�&XOWLYDWLRQ
1R�GRXEW�K\GURSRQLF�JUHHQKRXVH�V\VWHP�LV�IDFLQJ�

PDQ\�FKDOOHQJHV��GHVSLWH�RI�DOO�FKDOOHQJHV�WKLV�PRGHUQ�
DJULFXOWXUDO�V\VWHP�LV�WKH�PRVW�SURGXFWLYH�PHWKRG�IRU�FURS�
SURGXFWLRQ��+\GURSRQLF�JUHHQKRXVH�V\VWHP�SURGXFHG�WKH�
KLJKHU�QXWULWLRQDO�YDOXH�FURS��-RQHV���������+\GURSRQLF�
JUHHQKRXVH�V\VWHP�KDV�PRUH�EHQH¿WV�WKDQ�GLVDGYDQWDJHV�
�%DQGD�*X]PDQ�DQG�/RSH]�6DOD]DU���������

$�UHYLHZ�RQ�K\GURSRQLF�JUHHQKRXVH�FXOWLYDWLRQ�IRU�VXVWD൴QDEOH���� ,QW�-�$JULF�(QYLURQ�)RRG�6FL���������������������



��

,Q�FDVH�RI�K\GURSRQLF�JUHHQKRXVH�V\VWHP�SHUFHQWDJH�RI�ODQG�
UHTXLUHPHQW��QXWULHQW�UHTXLUHPHQW��ZDWHU�UHTXLUHPHQW��DQG�
JURZLQJ�WLPH�LV�OHVV��%DQHUMHH�DQG�$GHQDHXHU���������7KH�
HVWLPDWHG�\LHOG�RI�YLQH�FURSV�LV�PRUH�LQ�FDVH�RI�K\GURSRQLF�
JUHHQKRXVH�V\VWHP��0DWWDV�HW�DO���������+DLID�&KHPLFDOV��

�������3ODQWV�QHYHU�FRPH�XQGHU�VWUHVV�LQ�FDVH�RI�K\GURSRQLF�
JUHHQKRXVH�V\VWHP�EHFDXVH�ZDWHU�DQG�QXWULHQW�DUH�DOZD\V�
DYDLODEOH� WR� WKH� SODQWV� �5XWK�� ������� 7KH� DGYDQWDJHV� RI�
K\GURSRQLF�JUHHQKRXVH�FXOWLYDWLRQ�DUH�VXPPDUL]HG�LQ�7DEOH�
��

7DEOH����7KH�VXPPDU\�RI�DGYDQWDJHV�RI�K\GURSRQLF�JUHHQKRXVH�FXOWLYDWLRQ�

)XWXUH�RI�+\GURSRQLF�*UHHQKRXVH�&XOWLYDWLRQ
+\GURSRQLF�JUHHQKRXVH�V\VWHP�FDQ�SOD\�D�YLWDO�UROH�IRU�

WKH�IRRG�SURGXFWLRQ�LQ�WKH�IXWXUH��%XWOHU�DQG�2HENHU���������
7KH�IXWXUH�RI�WKLV�WHFKQRORJ\�LV�YHU\�EULJKW�EHFDXVH�DV�ZRUOG�
SRSXODWLRQ�LQFUHDVHV��DJULFXOWXUDO�ODQG�FRPH�XQGHU�FRORQLHV�
VR�WR�RYHUFRPH�VXFK�VLWXDWLRQ�ZH�ZLOO�QHHG�XQLTXH�V\VWHP�
ZKLFK� SURGXFH� IRRG� ZLWK� OLPLWHG� LQSXWV�� K\GURSRQLF�
JUHHQKRXVH�V\VWHP�LV�RQO\�V\VWHP�ZKLFK�FRXOG�PHHW�WKH�IRRG�
UHTXLUHPHQW�DFFRUGLQJ�WR�RXU�QHHGV��5LFH�LV�KDUYHVWHG�IRXU�
WLPHV�DQQXDOO\� LQ�K\GURSRQLF� WHFKQLTXH�� LQVWHDG�RI� VLQJOH�
KDUYHVW� LQ� RSHQ� ¿HOG� DJULFXOWXUH� �9DQ� HW� DO��� �������
+\GURSRQLF� JUHHQKRXVH� V\VWHP� KDV� DQ� DELOLW\� WR� IHHG�
PLOOLRQV�RI�SHRSOH�LQ�IXWXUH�LQ�WKLUG�ZRUOG�FRXQWULHV�EHFDXVH�
ZDWHU�DQG�FURSV�DUH�VFDUFH�WKUHDWHQ�LQ�WKRVH�UHJLRQV�DOWKRXJK�
LQVWDOODWLRQ� FRVW� LV� KLJK� EXW� LQ� WKH� ORQJ� UXQ� DOO� FRVW� ZLOO�
GHFOLQH�� WKDW�ZLOO�PDNH� WKLV� WHFKQRORJ\�PRUH� IHDVLEOH�DQG�
FRQYHQLHQW��0DKDUDQD�DQG�.RXO��������'H�.UHLM�HW�DO���������
5DYLY�HW�DO����������7KLV�WHFKQRORJ\�DOVR�KDV�IXWXUH�LQ�VSDFH�
DQG�1$6$�KDG�VWDUWHG�ZRUNLQJ�RQ�WKLV�WHFKQRORJ\��9DQ�HW�
DO����������%HFDXVH�RI�LWV�DGDSWDWLRQ�DQ\ZKHUH�LQ�WKH�ZRUOG�LW�
FDQ� EH� DVVXPHG� WKDW� WKLV� WHFKQRORJ\� KDV� D� EULJKW� IXWXUH�
DKHDG�

&RQFOXVLRQ�
7KH� UHYLHZ�RQ�K\GURSRQLF� JUHHQKRXVH� FXOWLYDWLRQ�KDV�

EHHQ�GRQH�LQ�WKLV�SDSHU��(FRORJLFDO�VROXWLRQV�WR�DQVZHU�IRRG�
UHTXLUHPHQWV� DUH� WRGD\
V� H[WUHPHO\� DSSUHKHQVLRQ�� ,Q� WKH�
GHYHORSLQJ�FRXQWULHV��K\GURSRQLF�JUHHQKRXVH�FXOWLYDWLRQ�LV�
ULVLQJ�TXLFNO\�DPRQJ�RWKHU�DJULFXOWXUDO�DUHDV��,W�LV�FRQFOXGHG�
WKDW�K\GURSRQLF�JUHHQKRXVH�FXOWLYDWLRQ�WHFKQRORJ\�FDQ�EH�
XWLOL]HG� FRQYHQLHQWO\� DQG� LW� KDV� WKH� SRWHQWLDO� WR� UDLVH� WKH�
SURGXFWLRQ�DQG�TXDOLW\�RI�FURS�WUHPHQGRXVO\�\HDU�URXQG�DQG�
KDV�FRXQWOHVV�EHQH¿WV��,W�PD\�QRW�UHVXOW�LQ�DQ\�HQYLURQPHQWDO�
SROOXWLRQ��7KH�SUREOHP�IRU�QHHG�RI�PRUH�ODQG�FDQ�EH�VROYHG�
E\�JURZLQJ�FURSV�LQ�WRZHUV��,QFUHDVH�LQ�\LHOG�ZLWK�HI¿FLHQW�
XVH� RI� LQSXWV� �ZDWHU�� IHUWLOL]HU�� DQG� SHVWLFLGHV�� FDQ� EH�
DFKLHYHG�LQ�SURWHFWHG�FXOWLYDWLRQ��7KH�PDMRU�DGYDQWDJH�RI�
K\GURSRQLF� JUHHQKRXVH� FXOWLYDWLRQ� LV� HI¿FLHQW� XVDJH� RI�
QDWXUDO� OLJKW�� ,W� FDQ�DOVR�EH�FRQFOXGHG� WKDW�HQYLURQPHQWDO�

IDFWRUV� KDYH� D� KXJH� LPSDFW� RQ� WKH� TXDOLW\� RI� PRVW� RI�
K\GURSRQLF� JUHHQKRXVH� YHJHWDEOHV� GLVFXVVHG� DERYH��
(QYLURQPHQWDO� IDFWRUV� QRW� RQO\� DIIHFW� WKH� H[WHUQDO� DQG�
LQWHUQDO�TXDOLW\�RI�WKH�SURGXFWV��DQG�SK\VLRORJLFDO�SURFHVVHV��
EXW�DOVR�OHDG�WR�FKDQJHV�LQ�DSSHDUDQFH�RI�SURGXFWV�

5HIHUHQFHV

$GDPV��3����������1XWULWLRQDO�FRQWURO�LQ�K\GURSRQLFV�����±�����,Q��6DYYDV��
'��� 3DVVDP�� +�� &��� (GV��� +\GURSRQLF� SURGXFWLRQ� RI� YHJHWDEOHV� DQG�
RUQDPHQWDOV��(PEU\R�3XEOLFDWLRQV�$WKHQV������

$,�$PUL�� $�� �������� 6RODU� HQHUJ\� XWLOL]DWLRQ� LQ� JUHHQKRXVH� WRPDWR�
SURGXFWLRQ��-RXUQDO�RI�.LQJ�6DXG�8QLYHUVLW\���SS��������

$OH[DQGHU��7���3DUNHU��'����������7KH�EHVW�RI�WKH�JURZLQJ�HGJH��&RUYDOOLV��
2U��1HZ�0RRQ�3XE�

$QRQ\PRXV����������'HDOLQJ�ZLWK�TXDOLW\�SUREOHPV�LQ�WRPDWRHV��,Q��*URGDQ�
&XOWXUH�6HUYLFH��9HJHWDEOH�,QIR����-XO\�

$ULDV��5���/HH��7��&���6SHFFD��'���-DQHV��+����������4XDOLW\�FRPSDULVRQ�RI�
K\GURSRQLF� WRPDWRHV� �/\FRSHUVLFRQ� HVFXOHQWXP�� ULSHQHG� RQ� DQG� RII�
YLQH��-RXUQDO�RI�)RRG�6FLHQFH������������±����

%DNNHU�� -�� &�� �������� 3K\VLRORJLFDO� GLVRUGHUV� LQ� FXFXPEHU� XQGHU� KLJK�
KXPLGLW\�FRQGLWLRQV�DQG�ORZ�YHQWLODWLRQ�UDWHV�LQ�JUHHQKRXVHV��$FWD�+RUW��
��������±����

%DNNHU��-��&�������D���(IIHFWV�RI�GD\�DQG�QLJKW�KXPLGLW\�RQ�\LHOG�DQG�IUXLW�
TXDOLW\�RI�JODVVKRXVH�WRPDWR��/\FRSHUVLFRQ�HVFXOHQWXP�0LOO����-��+RUW��
6FL���������±����

%DNNHU��-��&�������E���(IIHFWV�RI�GD\�DQG�QLJKW�KXPLGLW\�RQ�\LHOG�DQG�IUXLW�
TXDOLW\�RI�JODVVKRXVH�HJJSODQW��6RODQXP�PHORQJHQD�/����-��+RUW��6FL������
���±����

%DQGD�*X]PDQ�� -��/RSH]�6DOD]DU��$�� ��������6XFFHVV�)DFWRUV� LQ�3HSSHU�
*UHHQKRXVHV�&DVH�6WXG\��4XHUHWDUR��0H[LFR��,QWHUQDWLRQDO�-RXUQDO�RI�
%XVLQHVV�$GPLQLVWUDWLRQ����S����

%DQHUMHH�&���$GHQDHXHU��/����������8S��8S�DQG�$ZD\��7KH�HFRQRPLFV�RI�
YHUWLFDO�IDUPLQJ�´�-RXUQDO�RI�$JULFXOWXUDO�6WXGLHV��YRO�����QR�����SS�����
����

%HLEHO��-�3����������+\GURSRQLFV��7KH�6FLHQFH�RI�*URZLQJ�&URSV�:LWKRXW�
6RLOۅ��)ORULGD�'HSDUWPHQW�RI�$JULF��%XOO��S�������

%HOORQD�)RXQGDWLRQ����������7KH�VDKDUD�IRUHVW�SURMHFW��5HWULHYHG�6HSWHPEHU�
����������IURP� �KWWS���ZZZ�VDKDUDIRUHVWSURMHFW�FRP

%HQRLW�)���&HXVWHUPDQV��1����������*URZLQJ�ODPE
V�OHWWXFH��9DOHULDQHOOD�
ROLWRULD�/���RQ�UHF\FOHG�SRO\XUHWKDQH��385��K\GURSRQLF�PDWV�LQ�3URF��
,QWHUQDWLRQDO�6\PSRVLXP�RQ�'LYHUVL¿FDWLRQ�RI�9HJHWDEOH�&URSV��YRO��
�����SS�����������

%HQRLW��)����������&XOWLYDWLRQ�RI�OHWWXFH��5HYLHZ�RI�$JULFXOWXUH��������
���±����

)��$��.KDQ��$��.XUNOX��$��*KDIRRU��4��$O൴��0��8PDLU��6KDK]DLE $�UHYLHZ�RQ�K\GURSRQLF�JUHHQKRXVH�FXOWLYDWLRQ�IRU�VXVWD൴QDEOH����
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%RKPH��0����������,QÀXHQFH�RI�FORVHG�V\VWHPV�RQ�WKH�GHYHORSPHQW�RI�
FXFXPEHU��,626&��3URFHHGLQJV��������

%ULGJHZRRG�� /�� �������� +\GURSRQLFV�� 6RLOOHVV� JDUGHQLQJ� H[SODLQHG��
5DPVEXU\��0DUOERURXJK��:LOWVKLUH��7KH�&URZRRG�3UHVV�/LPLWHG�

%UXFNQHU��%���.UXPEHLQ��$���6FKZDU]��'���.ODULQJ��3�����������7HPSHUDWXUH�
(IIHFWV� RQ�7RPDWR�4XDOLW\�� ,;� ,QWHUQDWLRQDO� 6\PSRVLXP�RQ�6RLOOHVV�
&XOWXUH� DQG� +\GURSRQLFV�� $OPHULD�� 6SDLQ�� ��±��� 1RYHPEHU� ������
%RRN�RI�VXPPDU\�����

%XFKDQDQ��'��1���2PD\H��6��7����������&RPSDUDWLYH�6WXG\�RI�$VFRUELF�$FLG�
DQG� 7RFRSKHURO� &RQFHQWUDWLRQV� LQ� +\GURSRQLF�� DQG� 6RLO�*URZQ�
/HWWXFHV��)RRG�DQG�1XWULWLRQ�6FLHQFHV��������������±�����

%XWOHU��-�'���2HENHU��1�)����������+\GURSRQLFV�DV�D�+REE\�*URZLQJ�3ODQWV�
:LWKRXW�6RLO��&LUFXODU������,QIRUPDWLRQ�2I¿FH��&ROOHJH�RI�$JULFXOWXUH��
8QLYHUVLW\�RI�,OOLQRLV��8UEDQD��,/�������

&DQWOLIIH��'��-��9DQVLFNOH��-��-����������&RPSHWLWLYHQHVV�RI�WKH�6SDQLVK�DQG�
'XWFK�JUHHQKRXVH�LQGXVWULHV�ZLWK�WKH�)ORULGD�IUHVK�YHJHWDEOH�LQGXVWU\�

&DUUXWKHUV��6�� ��������%UDQGLQJ�K\GURSRQLFV��3UDFWLFDO�+\GURSRQLFV�DQG�
*UHHQKRXVHV�����SS������

&DUXVR�� *��� 9LOODUL�� $��� 9LOODUL�� *�� �������� 4XDOLW\� FKDUDFWHULVWLFV� RI�
³)UDJDULD�YHVFD�/�´�IUXLWV�LQÀXHQFHG�E\�1)7�VROXWLRQ�(&�DQG�VKDGLQJ��
$FWD�+RUW���������±����

&KXHFD�� $��� /i]DUR�� -�-��� *RUJp�� -�/�� �������� /LJKW�LQGXFHG� QXFOHDU�
V\QWKHVLV� RI� VSLQDFK� FKORURSODVW� IUXFWRVH���� ��ELVSKRVSKDWDVH�� 3ODQW�
3K\VLRORJ\��YRO������QR�����SS����������

&RFNVKXOO��.��(����������3ODQW�UHVSRQVHV�DQG�DGDSWDWLRQ�WR�ZDWHU�LVVXHV�LQ�
WKH�JUHHQKRXVH�HQYLURQPHQW��$FWD�+RUW����������±����

&RFNVKXOO��.��(���+R��/��&����������5HJXODWLRQ�RI�WRPDWR�IUXLW�VL]H�E\�SODQW�
GHQVLW\�DQG�WUXVV�WKLQQLQJ��-��+RUW��6FL������������±����

&68(�� �������� 3ODQW�*URZWK� )DFWRUV�� /LJKW�� &RORUDGR� 6WDWH�8QLYHUVLW\�
([WHQVLRQ� �&68(��� &0*� *DUGHQ� 1RWHV� ������ >2QOLQH@�� $YDLODEOH��
KWWS���ZZZ�H[W�FRORVWDWH�HGX�PJ�JDUGHQQRWHV�����SGI��

'H�.UHLM�&���9RRJW�:���%DDV�5����������1XWULHQW�VROXWLRQV�DQG�ZDWHU�TXDOLW\�
IRU�VRLOOHVV�FXOWXUHV��5HVHDUFK�6WDWLRQ�IRU�)ORULFXOWXUH�DQG�*ODVVKRXVH�
9HJHWDEOHV��3%*���1DDOGZLMN��7KH�1HWKHUODQGV��%URFKXUH�����

'H.RUQH�� -�%�� ��������7KH� K\GURSRQLF� KRW� KRXVH��/RZ�FRVW�� KLJK�\LHOG�
JUHHQKRXVH�JDUGHQLQJ��3RUW�7RZQVHQG��:DVK��%UHDNRXW�3URGXFWLRQV�

'HVSRPPLHU��'����������7KH�ULVH�RI�YHUWLFDO�IDUPV��6FLHQWL¿F�$PHULFDQ��YRO��
�����QR�����SS��������

'KDNDO��8���6DORNKH��9�0���7DWDX��+�-���0D[��-����������'HYHORSPHQW�RI�D�
JUHHQ�QXWULHQW�UHF\FOLQJ�V\VWHP�IRU�WRPDWR�SURGXFWLRQ�LQ�KXPLG�WURSLFV��
$JULFXOWXUH� (QJLQHHULQJ� ,QWHUQDWLRQDO�� 9RO�� 9,,�� 2FWREHU�� KWWS���
ZZZ�FLJUHMRXUQDO�WDPX�HGX�V��

'RUDLV��0���'HPHUV��'��$���3DSDGRSRXORV��$��3���YDQ�,HSHUHQ��:����������
*UHHQKRXVH�WRPDWR�IUXLW�FXWLFOH�FUDFNLQJ��+RUW��5HYLHZV��������±����

'RUDLV��0��� *RVVHOLQ��$�� �������� 3K\VLRORJLFDO� UHVSRQVH� RI� JUHHQKRXVH�
YHJHWDEOH�FURSV�WR�VXSSOHPHQWDO�OLJKWLQJ��$FWD�+RUW���������±���

'RUDLV��0���3DSDGRSRXORV��$���*RVVHOLQ��$����������*UHHQKRXVH�WRPDWR�IUXLW�
TXDOLW\��+RUW��5HYLHZV��������±����

'UHZV��0��� 6FKRQKRI�� ,��� .UXPEHLQ��$�� �������� 1LWUDW���9LWDPLQ� &��� ��
&DURWLQ�� XQG� =XFNHUJHKDOW� YRQ� .RSIVDODW� LP� -DKUHVYHUODXI� EHLP�
$QEDXLP� *HZ�DFKVKDXV� �/DFWXFD� VDWLYD� /���� *DUWHQEDXZLVV�� �������
���±����

'UHZV��0���6FKRQKRI��,���.UXPEHLQ��$����������*HKDOW�DQ�1LWUDW���9LWDPLQ�&��
XQG�=XFNHU�LQ�.RSIVDODW��/DFWXFD�VDWLYD�/���LQ�$EK�DQJLJNHLW�YRQ�6RUWH�
XQG�6WDGLXP�GHU�.RSIHQWZLFNOXQJ��*DUWHQEDXZLVV������������±����

(OOLV��1�.���-HQVHQ��0���/DUVHQ��-���2HENHU��1����������1XWUL�FXOWXUH�6\VWHPV�
*URZLQJ� 3ODQWV� :LWKRXW� 6RLO�� 6WDWLRQ� %XOOHWLQ� 1R�� ���� 3XUGXH�
8QLYHUVLW\��/DID\HWWH��,QGLDQD��

)$2����������KWWS���IDRVWDW�IDR�RUJ��
*DXGUHDX�� /��� &KDUERQQHDX�� -�� 9�H]LQD�� /�� 3��� *RVVHOLQ�� $�� ��������

3KRWRSHULRG� DQG� SKRWRV\QWKHWLF� SKRWRQ� ÀX[� LQÀXHQFH� JURZWK� DQG�
TXDOLW\�RI�JUHHQKRXVH�JURZQ�OHWWXFH��+RUW6FLHQFH���������±�����

*HLVVOHU��7�� ��������9HJHWDEOH� SURGXFWLRQ� XQGHU� JODVV� DQG� SODVWLF��9(%�
WK*HUPDQ�$JULFXOWXUDO�3XEOLVKLQJ�%HUOLQ��S����� �

*HRUJH�3����������$�%ULHI�+LVWRU\�RI�+\GURSRQLFV�� ��KWWS���H]LQHDUWLFOHV�FRP
�/DVW�FLWHG�RQ������'HF�����

*LEEV��0��� &DOR�� 1�� �������� )DFWRUV� DIIHFWLQJ� OLJKW� LQGXFHG� ¿[DWLRQ� RI�
FDUERQ�GLR[LGH�E\�LVRODWHG�VSLQDFK�FKORURSODVWV��3ODQW�3K\VLRORJ\��YRO��
����QR�����SS������

*UDQJH��5��,���+DQG��'��:����������$�UHYLHZ�RI�WKH�HIIHFWV�RI�DWPRVSKHULF�
KXPLGLW\� RQ� WKH� JURZWK� RI� KRUWLFXOWXUDO� FURSV�� -�� +RUW�� 6FL�� �������
���±����

*UHZDO��+�6���0DKHVKZDUL��%��3DUNV��6�(����������:DWHU�DQG�QXWULHQW�XVH�
HI¿FLHQF\�RI�D�ORZ�FRVW�K\GURSRQLF�JUHHQKRXVH�IRU�D�FXFXPEHU�FURS��$Q�
$XVWUDOLDQ�FDVH�VWXG\��$JULFXOWXUDO�ZDWHU�PDQDJHPHQW�����SS���������

*ULPVWDG�� 6�� 2��� ������ 6XSSOHPHQWDU\� OLJKWLQJ� RI� HDUO\� WRPDWRHV� DIWHU�
SODQWLQJ� RXW� LQ� JODVV� DQG� DFU\OLF� JUHHQKRXVHV�� 6FL�� +RUWLF�� ����±����
���±����

*XLFKDUG��6���%HUWLQ��1���/HRQDUGL��&���*DU\��&����������7RPDWR�IUXLW�TXDOLW\�
LQ�UHODWLRQ�WR�ZDWHU�DQG�FDUERQ�ÀX[HV�5HYLHZ�DUWLFOH��$JURQRP\�����

���±����
*XO��$���7X]HO��,�+���7XQHD\��2���(OWH]�5�=���=HQFLUNLUDQ��(����������6RLOOHVV�

FXOWXUH�RI�FXFXPEHU�LQ�JODVVKRXVH��,��$�FRPSDULVRQ�RI�RSHQ�DQG�FORVHG�
V\VWHPV�RQ�JURZWK��\LHOG�DQG�TXDOLW\��$FWD�KRUW����������������

+DLID�&KHPLFDOV���������1XWULWLRQDO�UHFRPPHQGDWLRQV�IRU�&8&80%(5�LQ�
RSHQ�¿HOG
V� WXQQHOV� DQG�JUHHQKRXVHV��+DLID�&KHPLFDOV� OWG�� >2QOLQH@��
$YDLODEOH�� ���KWWS���ZZZ�KDLID�JURXS�FRP�¿OHV�*XLGHV�&XFXPEHU�SGI

+DR��;���3DSDGRSRXORV��$�� ��������(IIHFWV�RI� VXSSOHPHQWDO� OLJKWLQJ�DQG�
FRYHU�PDWHULDOV�RQ�JURZQ��SKRWRV\QWKHVLV��ELRPDVV�SDUWLWLRQLQJ��HDUO\�
\LHOG�DQG�TXDOLW\�RI�JUHHQKRXVH�FXFXPEHU��6FL��+RUWLF�������±���

+H�� )��0D�� &�� ��������0RGHOLQJ� JUHHQKRXVH� DLU� KXPLGLW\� E\�PHDQV� RI�
DUWL¿FLDO�QHXUDO�QHWZRUN�DQG�SULQFLSDO�FRPSRQHQW�DQDO\VLV��&RPSXWHUV�
DQG�(OHFWURQLFV�LQ�$JULFXOWXUH�����SS����6���

+LFNPDQ��*�:����������$�UHYLHZ�RI�FXUUHQW�GDWD�RQ�LQWHUQDWLRQDO�SURGXFWLRQ�
RI�YHJHWDEOHV�LQ�JUHHQKRXVHV�� �����S�ZZZ�FXHVWDUREOH�FRP

+LJDVKLGH��7���.DVDKDUD��<���,EXNL��7��6XPLNDZD��2����������'HYHORSPHQW�RI�
FORVHG�� HQHUJ\�VDYLQJ� K\GURSRQLFV� IRU� VORSLQJ� ODQG�� ,Q� ,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�6XVWDLQDEOH�*UHHQKRXVH�6\VWHPV�*UHHQ�V\V������������
SS���������

+LNRVDND��6���6DVDNL��.���*RWR��(���$RNL��7����������(IIHFWV�RI�LQ�YLWUR�FXOWXUH�
PHWKRGV�GXULQJ�WKH�URRWLQJ�VWDJH�DQG�OLJKW�TXDOLW\�GXULQJ�WKH�VHHGOLQJ�
VWDJH� RQ� WKH� JURZWK� RI� K\GURSRQLF� HYHU� EHDULQJ� VWUDZEHUU\� LQ�3URF��
,QWHUQDWLRQDO�6WUDZEHUU\�6\PSRVLXP��YRO�������SS�������������

+RFKPXWK��*��-���+RFKPXWK��5��&��������D���1XWULHQW�VROXWLRQ�IRUPXODWLRQ�
IRU�K\GURSRQLF��SHUOLWH��URFNZRRO��1)7��WRPDWRHV�LQ�)ORULGD��+6�����
8QLY��)OD��&RRS��([W��6HUY���*DLQHVYLOOH�

+RFKPXWK��5���+RFKPXWK��*��-�������E���$�GHFDGH�RI�FKDQJH�LQ�)ORULGD
V�
JUHHQKRXVH� YHJHWDEOH� LQGXVWU\�� ����������� ,Q� 3URF�� )OD�� 6WDWH�+RUW��
6RF��������SS����������

+ROGHU��5���&RFNVKXOO��.��(����������(IIHFWV�RI�KXPLGLW\�RQ�WKH�JURZWK�DQG�
\LHOG�RI�JODVVKRXVH�WRPDWRHV��-��+RUW��6FL�����������±���

+RZ� 6WXII�:RUNV�� ,QF�� �������� 9HUWLFDO� )DUP� 'HVLJQV� DQG� &KDOOHQJHV��
(QYLURQPHQWDO� 6FLHQFH�� &RQVHUYDWLRQ� ,VVXHV�� >2QOLQH@�� $YDLODEOH��
KWWS���VFLHQFH�KRZVWXIIZRUNV�FRP�HQYLURQPHQWDO�FRQVHUYDWLRQ�LVVXHV�YHUWLFDOIDU
PLQJ��KWP��

-DPHV�� '�%��� *DQGKL�� $�'��� 3DODQLVZDP\�� 1��� 5RGULJR�� -�;�� ��������
+DWFKHU\�WHFKQLTXHV�DQG�FXOWXUH�RI�WKH�VHD�FXFXPEHU�+RORWKXULD�VFDEUD��
&0)5,�6SHFLDO�3XEOLFDWLRQ��YRO������SS�������

-DXHUW�� 3��� 6FKXPDFKHU��7�(���%RH��$���5HHVH��5�1�� ��������5KL]RVSKHUH�
DFLGL¿FDWLRQ� DQG� FDGPLXP� XSWDNH� E\� VWUDZEHUU\� FORYHU�� -RXUQDO� RI�
(QYLURQPHQWDO�4XDOLW\��YRO������QR�����SS�����������

-D\DUDPDQ��-���1RUULH��-���3XQMD��=�.����������&RPPHUFLDO�H[WUDFW�IURP�WKH�
EURZQ� VHDZHHG� $VFRSK\OOXP� QRGRVXP� UHGXFHV� IXQJDO� GLVHDVHV� LQ�
JUHHQKRXVH�FXFXPEHU��-RXUQDO�RI�$SSOLHG�3K\FRORJ\��YRO������QR�����SS��
���������

-HQVHQ��0�+����������+\GURSRQLFV�ZRUOGZLGH��,Q�,QWHUQDWLRQDO�6\PSRVLXP�
RQ�*URZLQJ�0HGLD�DQG�+\GURSRQLFV�������SS���������

-RQHV�-U��-�%����������+\GURSRQLFV��$�SUDFWLFDO�JXLGH�IRU�WKH�VRLOOHVV�JURZHU��
1HZ�<RUN��&5&�SUHVV�

.D\D��&���+LJJV��'���%XUWRQ��$����������3ODQW�JURZWK��SKRVSKRUXV�QXWULWLRQ��
DQG�DFLG�SKRVSKDWDVH�HQ]\PH�DFWLYLW\�LQ�WKUHH�WRPDWR�FXOWLYDUV�JURZQ�
K\GURSRQLFDOO\� DW� GLIIHUHQW� ]LQF� FRQFHQWUDWLRQV�� -RXUQDO� RI� 3ODQW�
1XWULWLRQ��YRO������QR�����SS�����������

.D\V�� 6�� -�� �������� 3UHKDUYHVW� IDFWRUV� DIIHFWLQJ� DSSHDUDQFH�� 3RVWKDUYHVW�
ELRORJ\�DQG�WHFKQRORJ\��������±����

.LP�� +�+��� &KXQ�� &��� .R]DL�� 7��� )XVH�� -�� �������� 7KH� SRWHQWLDO� XVH� RI�
SKRWRSHULRG� GXULQJ� WUDQVSODQW� SURGXFWLRQ� XQGHU� DUWL¿FLDO� OLJKWLQJ�
FRQGLWLRQV�RQ�ÀRUDO�GHYHORSPHQW�DQG�EROWLQJ��XVLQJ�VSLQDFK�DV�D�PRGHO��
+RUW��6FLHQFH��YRO������QR�����SS���������

.R\DPD��0���1DNDPXUD��&���.R]R��1����������&KDQJHV�LQ�SKHQROV�FRQWHQWV�
IURP�EXFNZKHDW�VSURXWV�GXULQJ�JURZWK�VWDJH��-RXUQDO�RI�)RRG�6FLHQFH�
DQG�7HFKQRORJ\�����������±���

.XHQQHQ��'�6���)RUV\WKH�-U��5�*��%XOORFN��:����������$�6PDOO�8QLYHUVLW\�
+HOSV� 6PDOO� )DUPV�� $GGUHVVHV� %LJ� 3UREOHPV�� -RXUQDO� RI� +LJKHU�
(GXFDWLRQ�2XWUHDFK�DQG�(QJDJHPHQW������SS���������

/LHWHQ��)����������0HWKRGV�DQG�VWUDWHJLHV�RI�VWUDZEHUU\�IRUFLQJ�LQ�FHQWUDO�
(XURSH�� +LVWRULFDO� SHUVSHFWLYHV� DQG� UHFHQW� GHYHORSPHQWV�´� LQ� 3URF��
,QWHUQDWLRQDO�6WUDZEHUU\�6\PSRVLXP��YRO�������SS�����������

0DKDUDQD��/���.RXO��'�1����������7KH�HPHUJHQFH�RI�+\GURSRQLFV��<RMDQD�
�-XQH�������������

0DUFHOLV��/��)��0����������)UXLW�JURZWK�DQG�ELRPDVV�DOORFDWLRQ�WR�WKH�IUXLWV�
LQ�FXFXPEHU�����(IIHFW�RI�IUXLW� ORDG�DQG�WHPSHUDWXUH��6FL��+RUWLF������
���±����

0DUFHOLV��/��)��0���%DDQ�+RIPDQ�(LMHU��/��5����������(IIHFW�RI�WHPSHUDWXUH�
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DQG� 'HYHORSPHQW� &RUSRUDWLRQ� �5,5'&��� $XVWUDOLDQ� *RYHUQPHQW��
.LQJVWRQ��32�%R[�������$&7�������
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