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LPSRUWDQW� WR� WKH� HVWDEOLVKPHQW� RI� FURS
VHHGOLQJV�� � 5HVHDUFK� ZLOO� KHOS� DFTXLUH�
FRPPXQLFDWH��DQG�DSSO\�LQIRUPDWLRQ�FHQWUDO
WR� WKH� VXFFHVV� RI� SODQWDWLRQ� HVWDEOLVKPHQW
WKURXJK�WKH�XVH�RI�YHJHWDWLRQ�PDQDJHPHQW�
7KLV�UHVHDUFK�UHSRUW�SURYLGHV�D�VXPPDU\�RI
DFWLYH� UHVHDUFK� SURMHFWV� EHLQJ� FRQGXFWHG� LQ
WKH� SURYLQFH� ZLWK� WKH� VXSSRUW� RI� WKH
&DQDGD�%ULWLVK� &ROXPELD� 3DUWQHUVKLS
$JUHHPHQW� RQ� )RUHVW� 5HVRXUFH
'HYHORSPHQW�� � 7KH� SURMHFWV� DGGUHVV� RQH� RU
PRUH�RI�WKH�IROORZLQJ�JHQHUDO�WRSLF�DUHDV�

�� 3UHGLFWLRQ� DQG� GLDJQRVLV�� � VWXGLHV
GHDOLQJ� ZLWK� SODQW� FRPPXQLW\
GHYHORSPHQW� IROORZLQJ� GLVWXUEDQFHV�
DQG� ZLWK� WKH� HIIHFWV� RI� QHLJKERXULQJ
YHJHWDWLRQ� RQ� VHHGOLQJ� SHUIRUPDQFH� RU
PLFURHQYLURQPHQWDO�FRQGLWLRQV�

�� 0DQDJHPHQW�RSWLRQV��VWXGLHV�H[DPLQLQJ
WKH� HIIHFWLYHQHVV� RI� WUHDWPHQW� RSWLRQV�
DQG

�� (QYLURQPHQWDO� LPSDFWV�� VWXGLHV� GHDO�
LQJ� ZLWK� WKH� LPSDFWV� RI� YHJHWDWLRQ
PDQDJHPHQW� WUHDWPHQWV� RQ� QRQWLPEHU

UHVRXUFHV�DQG�WKH�SURWHFWLRQ�RI�KDELWDW
,QFUHDVLQJO\�� YHJHWDWLRQ� PDQDJHPHQW
WUHDWPHQWV� DUH� FRQVLGHUHG� ZLWKLQ� WKH
FRQWH[W� RI� HQWLUH� WUHDWPHQW� UHJLPHV
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VHHGOLQJ
V�DELOLW\�WR�FRPSHWH�ZLWK�RWKHU
YHJHWDWLRQ�� DQG� PD\� WKXV� EH� ODEHOHG
YHJHWDWLRQ� PDQDJHPHQW� WHFKQLTXHV�
0DQ\�DFWLYLWLHV�VXFK�DV�KDUYHVWLQJ��VLWH
SUHSDUDWLRQ�� IHUWLOL]DWLRQ�� DQG
PDQLSXODWLRQ� RI� SODQWLQJ� VWRFN
FKDUDFWHULVWLFV� DUH� DLPHG� DW� WKH
HVWDEOLVKPHQW�DQG�JURZWK�RI�D�YLJRURXV
FURS�� ZHOO� VXLWHG� WR� FRPSHWH� ZLWK
QRQFURS�YHJHWDWLRQ�

%ULHI� SURMHFW� VXPPDULHV�� DUUDQJHG
DFFRUGLQJ� WR� WRSLF� DUHD�� DUH� SUHVHQWHG� LQ
WKLV� PHPR�� � )XUWKHU� SURMHFW� GHWDLOV� DUH
DYDLODEOH� IURP� SURMHFW� OHDGHUV� �ZKRVH
DGGUHVVHV� DUH� LQFOXGHG� DW� WKH� HQG� RI� WKLV
PHPR��RU�IURP�'U��3KLO�&RPHDX��0LQLVWU\�RI
)RUHVWV�� 5HVHDUFK� %UDQFK�� ��� %DVWLRQ
6TXDUH��9LFWRULD��%�&���9�:��(��

0HQWLRQ� RI� WUDGH� QDPHV� RU� SURGXFWV� GRHV� QRW

FRQVWLWXWH� HQGRUVHPHQW� E\� WKH� DXWKRUV�� WKH� %�&�

0LQLVWU\�RI�)RUHVWV��RU�&DQDGLDQ�)RUHVW�6HUYLFH�



7$%/(�2)�&217(176

723,&6 3$*(

35(',&7,21�$1'�',$*126,6���������������������������������������������������������������������������������������������

%&�)5�� ())(&76�2)�&203(7,1*�9(*(7$7,21�21�*52:7+
$1'�6859,9$/�2)�(1*(/0$11�6358&(�6(('/,1*6� ������������������������

%&�)5�� $66(66,1*�7+(�())(&76�2)�),5(:(('�$1'
$662&,$7('�9(*(7$7,21�21�3/$17('�&21,)(5
6859,9$/�$1'�*52:7+�,1�7+(�6287+(51�,17(5,25����������������������

%&�%�� ())(&76�2)�5('�$/'(5�'(16,7<�21�&21,)(5�*52:7+
$1'�1,752*(1�$9$,/$%,/,7<��������������������������������������������������������������������

%&�%�� ,19(67,*$7,216�2)�3/$17,1*�:+,7(�6358&(�81'(5
$�75(0%/,1*�$63(1�&$123<���������������������������������������������������������������������

%&�%�� 385(�$1'�0,;('�3$3(5�%,5&+�67$1'�0$1$*(0(17
678',(6�,1�7+(�,&+�=21(�,1�7+(�6287+(51�,17(5,25
2)�%5,7,6+�&2/80%,$���5(*(1(5$7,21�678'< ����������������������������������

%&�%�� ())(&76�2)�$63(1�'(16,7<�$1'�672&.,1*�21�7+(
3(5)250$1&(�2)�&21,)(5286�3/$17$7,216�,1�7+(
&$5,%22�)25(67�5(*,21 ����������������������������������������������������������������������������

%&�&�� 7+(�())(&76�2)�',))86(�$1'�63277('�.1$3:(('
&203(7,7,21�21�7+(�6859,9$/�$1'�*52:7+�2)
/2'*(32/(�3,1(�$1'�'28*/$6�),5�6(('/,1*6 ��������������������������������

0$1$*(0(17�237,216 ������������������������������������������������������������������������������������������������������

%&�)5�� 75($70(17�'(9(/230(17�)25�5(+$%,/,7$7,21�2)
(66)�%$&./2*�%586+),(/'6��������������������������������������������������������������������

%&�)5�� 7+(�&219(56,21�2)�08/7,6725,('�%586+),(/'6�72
&21,)(5286�3/$17$7,216���$�%(1&+0$5.
(9$/8$7,21�2)�$/7(51$7,9(�6,/9,&8/785$/
75($70(176���������������������������������������������������������������������������������������������������

%&�)5�� '(9(/230(17�2)�9(*(7$7,21�0$1$*(0(17
7(&+1,48(6�)25�6,7(6�3521(�72�6$/$/�'20,1$7,21������������������

%&�)5�� 6,7(�35(3$5$7,21�$1'�3/$17,1*�352&('85(6�72
0,1,0,=(�6(('/,1*�:$7(5�$1'�7(03(5$785(�675(66
,1�%$&./2*�$5($6�,1�7+(�6287+(51�,17(5,25 ������������������������������



723,&6 3$*(

%&�)5�� '(9(/230(17�2)�$�'$7$%$6(�6<67(0�)25�(175<
$1'�5(75,(9$/�2)�9(*(7$7,21�0$1$*(0(17�75,$/
,1)250$7,21 �������������������������������������������������������������������������������������������������

%&�)5�� 3$57,&,3$7,21�,1�7+(�&5$)76�9(*(7$7,21
0$1$*(0(17�&223(5$7,9( ��������������������������������������������������������������������

%&�)5�� ())(&7,9(1(66�2)�5(3($7('�0$18$/�&877,1*�)25
5(/($6(�2)�(1*(/0$11�6358&(�)520�0,;('�6+58%
&20081,7,(6�,1�5(9(/672.(�',675,&7����������������������������������������������

%&�)5�� $335$,6$/�$1'�'(9(/230(17�2)�%$&./2*
5()25(67$7,21�0(&+$1,&$/�6,7(�35(3$5$7,21 ���������������������������

%&�)5�� $�&203$5,621�2)�6((',1*�0,;(6�$33/,('�72�6,7(
35(3$5('�$5($6�)25�9(*(7$7,21�&21752/�,1�7+(
:(7�&/,0$7,&�=21( �������������������������������������������������������������������������������������

%&�)5�� &21752//,1*�$63(1�5(*(1(5$7,21�,1�&8729(56�%<
7+(�86(�2)�*,5'/,1*�$1'�&+(0,&$/�75($70(176
%()25(�+$59(67,1* �����������������������������������������������������������������������������������

%&�)5�� 23(5$7,21$/�6,7(�35(3$5$7,21�75,$/6��68,7$%,/,7<
$1'�())(&76�2)�6(('/,1*�(67$%/,6+0(17�$1'
)2/,$5�1875,(17�&21&(175$7,21�,1�7+(�,')��06
$1'�(66)�=21(6 ��������������������������������������������������������������������������������������������

%&�)5�� $�&203$5,621�2)�08/&+�0$7�$1'�+(5%,&,'(
75($70(176�)25�5('8&,1*�*5$66�&203(7,7,21
,1�7+(�,')ZZ ��������������������������������������������������������������������������������������������������

%&�)5�� 08/7,)$&725�0$18$/�%586+,1*�678',(6�,1�7+(
1(/621�)25(67�5(*,21�����������������������������������������������������������������������������

)&�)5��� '(9(/230(17�2)�$�0<&2+(5%,&,'(�)25�+$5':22'
$1'�%586+�&21752/�����������������������������������������������������������������������������������

)&�)5��� ,1+,%,7,21�2)�&$/$0$*5267,6�&$1$'(16,6�%<
5+,=2%$&7(5,$�72�352027(�&21,)(5�6(('/,1*�
(67$%/,6+0(17 ��������������������������������������������������������������������������������������������

%&�$�� 7+(�())(&76�2)�&$77/(�*5$=,1*��)25$*(�6((',1*
5$7(6��%$6$/�6&$55,1*�$1'�6+227�'$0$*(�21
)25(67�5(*(1(5$7,21������������������������������������������������������������������������������

%&�$�� ),(/'�*8,'(�72�%,2/2*,&$/�&21752/�2)�5$1*(�:(('6
,1�%5,7,6+�&2/80%,$����������������������������������������������������������������������������������



723,&6 3$*(

%&�&�� $�5(9,(:�$1'�$1$/<6,6�2)�/,7(5$785(�$1'�(;3(5,(1&(
21�6+((3�*5$=,1*�$6�$�9(*(7$7,21�0$1$*(0(17�722/
,1�7(03(5$7(�)25(676������������������������������������������������������������������������������

%&�,5�� 9(*(7$7,21�'(9(/230(17�$1'�&21,)(5�*52:7+
$)7(5&/($5&877,1*�$1'�6/$6+�%851,1*�,1�7+(�6%6
$1'�(66)�=21(6 ��������������������������������������������������������������������������������������������

%&�%/��� 23(5$7,21$/�6,7(�35(3$5$7,21�$1'�3/$17,1*�672&.
75,$/6�21�&22/��'5<�,')GN��$1'�6%6GZ��%$&./2*�6,7(6
,1�7+(�&$5,%22�)25(67�5(*,21�������������������������������������������������������������

%&�%/��� +(5%,&,'(�5$7(�$1'�7,0,1*�75,$/�21�$�),5(:(('
'20,1$7('�%$&./2*�6,7(�,1�7+(�,&+H �����������������������������������������������

%&�%/��� ())(&7�2)�0$18$/�75($70(17�7,0,1*�$1'�*/<3+26$7(
21�121�&523�9(*(7$7,21�$1'�&21,)(5�'(9(/230(17 �������������

%&�%/���E 5(+$%,/,7$7,21�2)�6,7.$�$/'(5�),5(:(('�'20,1$7('
%$&./2*�6,7(6 ����������������������������������������������������������������������������������������������

%&�%/��� /(*80(�$1'�*5$66�6((',1*�)25�%586+�&21752/�21
0(&+$1,&$//<�35(3$5('�%$&./2*�%586+�),(/'�6,7(6
,1�7+(�&(175$/�,17(5,25�,&+�$1'�(66)���������������������������������������������

%&�)5'$����� ())(&7�2)�0$18$/�75($70(17�7,0,1*�21�5('�$/'(5
5(*52:7+�$1'�&21,)(5�5(63216(���2.(29(5�,1/(7�������������������

(19,5210(17$/�,03$&76������������������������������������������������������������������������������������������������

%&�)5�� ())(&76�2)�',))(5(17�5$7(6�7,0,1*�2)
*/<3+26$7(�$33/,&$7,21�21�:,//2:�,1�0226(
:,17(5�5$1*(�,1�7+(�6%6 ������������������������������������������������������������������������

%&�&�� 3529,1&,$/�675$7(*<�)25�021,725,1*�,03$&76�2)
9(*(7$7,21�0$1$*(0(17��:,/'/,)(�+$%,7$7�$1'
%,2',9(56,7<���$�352%/(0�$1$/<6,6����������������������������������������������������

%&�,5�� ,1)/8(1&(�2)�9(*(7$7,21�0$1$*(0(17�21
',9(56,7<�2)�3/$176��60$//�0$00$/6��$1'
:,/'/,)(�+$%,7$7����������������������������������������������������������������������������������������

$''5(66(6�2)�352-(&7�/($'(56�$1'�&217$&76 �����������������������������������������������



�

35(',&7,21�$1'�',$*126,6

%&�)5������())(&76�2)
&203(7,1*�9(*(7$7,21�21
*52:7+�$1'�6859,9$/�2)

(1*(/0$11�6358&(
6(('/,1*6

352-(&7�/($'(5�
3�*��&RPHDX��5HVHDUFK�%UDQFK��9LFWRULD

2%-(&7,9(6�

,QIRUPDWLRQ� RQ� WKH� HIIHFWV� RI
QHLJKERXULQJ�YHJHWDWLRQ�RQ�WKH�JURZWK�DQG
VXUYLYDO� RI� FURS� VHHGOLQJV� ZLOO� VXSSRUW
RSHUDWLRQDO� YHJHWDWLRQ� PDQDJHPHQW
GHFLVLRQV�� � &RPSHWLWLRQ� LQGLFHV� DUH� QHHGHG
WR� HYDOXDWH� WKH� QHHG� IRU� YHJHWDWLRQ
PDQDJHPHQW� WUHDWPHQWV� DQG� WR� UDQN� VLWHV
UHTXLULQJ� WUHDWPHQW� LQ� WKH� ,QWHULRU� &HGDU�
+HPORFN�=RQH���7KLV�VWXG\�ZLOO�GHYHORS�DQG
WHVW� PHWKRGV� IRU� DVVHVVLQJ� YHJHWDWLRQ
FRPSHWLWLRQ� LQ� \RXQJ� (QJHOPDQQ� VSUXFH
SODQWDWLRQV�
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(QJHOPDQQ� VSUXFH� ZHUH� WDJJHG� DQG
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352-(&7�/($'(5�
�6X]DQQH�6LPDUG��.DPORRSV�)RUHVW�5HJLRQ

2%-(&7,9(6�

7KLV� SURMHFW� ZLOO�� � �D�� GHWHUPLQH� WKH
HFRV\VWHPV� PRVW� VXVFHSWLEOH� WR� ILUHZHHG
GRPLQDWLRQ� LQ� WKH� VRXWK�FHQWUDO� ,&+�� �E�
GHWHUPLQH� WKH� W\SH� RI� GLVWXUEDQFH� WKDW
HQKDQFHV� ILUHZHHG� GRPLQDWLRQ�� �F�
GHPRQVWUDWH� WKH� HIIHFWV� RI� ILUHZHHG
FRPSHWLWLRQ�� �G�� H[DPLQH� WKH� HIIHFWV� RI
ILUHZHHG� RQ� WKH� HQYLURQPHQW� RI� VHHGOLQJV�
DQG� �H�� GHWHUPLQH� WKH� FRQWURO� OHYHO� DQG
WLPLQJ� QHFHVVDU\� WR� DFKLHYH� DFFHSWDEOH
FRQLIHU�VXUYLYDO�

352*5(66�

7KLV� VWXG\� LV� GLYLGHG� LQWR� WKUHH
FRPSRQHQWV�� ���� D� GHVFULSWLYH� VXUYH\�� ���� D
IDFWRULDO� H[SHULPHQW�� DQG� ���� D
QHLJKERXUKRRG� H[SHULPHQW�� � 5HVXOWV� IURP
WKH� ILUVW� FRPSRQHQW� LQGLFDWHG� WKDW� RI� WKH
HFRV\VWHPV� VXUYH\HG� LQ� WKH� ,&+ZN���PZ��
PN��� 6%6ZN�� DQG� (66)ZF��� WKRVH
VXVFHSWLEOH� WR� ILUHZHHG� GRPLQDWLRQ� WHQG� WR
KDYH�K\JULF� WR�VXEK\JULF�PRLVWXUH� UHJLPHV�
PRGHUDWH�VLWH�GLVWXUEDQFH��DQG�'HYLO
V�FOXE�
ODG\� IHUQ�� KRUVHWDLO�� RU� RDN� LQ� WKH
XQGHUVWRU\�� �7KH�IDFWRULDO�H[SHULPHQW��ZLWK
WZR� WUHDWPHQWV� �JO\SKRVDWH�� FRQWURO�� ZDV

HVWDEOLVKHG� LQ� ������ � $W� WKH� HQG� RI� WKH
VHFRQG� JURZLQJ� VHDVRQ�� 'RXJODV�ILU� DQG
VSUXFH� VHHGOLQJ� VXUYLYDO� ZDV� ��� DQG� ����
UHVSHFWLYHO\�� LQ� WKH� KHUELFLGH�WUHDWHG� DUHDV
FRPSDUHG� WR� ����HDFK� LQ� WKH� FRQWURO�� � 7KH
YLJRXU�DQG�GLDPHWHU�RI�WKH�VHHGOLQJV� LQ�WKH
FRQWURO�ZDV�UHGXFHG�� �)LUHZHHG�JURZWK�ZDV
UDSLG� LQ� HDUO\� VSULQJ�� JURZWK� UDWHV� SHDNHG
LQ� PLG�-XQH� DQG� RYHUWRSSHG� FRQLIHU
VHHGOLQJV�

,Q� ����� WKH� QHLJKERXUKRRG� VWXG\� ZDV
HVWDEOLVKHG�� � ,Q������DQG������� WUHDWPHQWV
LQ� WKH� IDFWRULDO� DQG� QHLJKERXUKRRG� VWXGLHV
ZHUH� LQLWLDWHG�DQG�PDLQWDLQHG��DQG�JURZWK
DQG� OLJKW� DYDLODELOLW\� DVVHVVPHQWV� ZHUH
PDGH�� � ,Q� �������� VHHGOLQJ� YLJRXU� ZDV
HYDOXDWHG� DW� WKH� EHJLQQLQJ� DQG� HQG� RI� WKH
JURZLQJ� VHDVRQ� DQG� PHDVXUHPHQWV� ZHUH
WDNHQ�� LQFOXGLQJ� SKRWRV\QWKHWLFDOO\� DFWLYH
UDGLDWLRQ� �3$5��� �&RPSHWLWLRQ� LQGLFHV�ZHUH
FDOFXODWHG� IURP� HVWLPDWHV� RI� SHUFHQW� FRYHU
RI� ILUHZHHG�� VKUXEV� DQG� RWKHU� W\SHV� RI
YHJHWDWLRQ� DW� YDU\LQJ� GLVWDQFHV� IURP� WKH
VHHGOLQJV�� � 6HHGOLQJ� DQG� FRPSHWLWLRQ� GDWD
ZHUH� DQDO\]HG� DQG� D� UHSRUW� LV� EHLQJ
SUHSDUHG�� � &OLPDWH� GDWD� IRU� ����� ZHUH
UHWULHYHG� IURP� WKH� PLFURPHW� VWDWLRQ� DQG
ZLOO�EH�VXPPDUL]HG�

%(1(),76�

7KH� LQIRUPDWLRQ� IURP� WKLV� VWXG\� ZLOO
KHOS� GHWHUPLQH� WKH� OHYHOV� RI� FRQWURO� DQG
WLPLQJ� RI� WUHDWPHQW� QHFHVVDU\� WR� DFKLHYH
JRRG�FRQLIHU�SHUIRUPDQFH���(FRV\VWHPV�PRVW
VXVFHSWLEOH� WR� ILUHZHHG�GRPLQDWLRQ�DQG� WKH
W\SHV� RI� VLWH� SUHSDUDWLRQ� WUHDWPHQWV� WKDW
HQKDQFH� ILUHZHHG� GRPLQDWLRQ� ZLOO� DOVR� EH
LGHQWLILHG�� � $Q� LQFUHDVHG� XQGHUVWDQGLQJ� RI
WKH� FRPSHWLWLYH� LQWHUDFWLRQV� EHWZHHQ
ILUHZHHG�DQG�FRQLIHUV�ZLOO�SURYLGH�D�WRRO�IRU
WKH� PDQDJHPHQW� RI� ILUHZHHG�GRPLQDWHG
VLWHV��DQG�IRU�SUHGLFWLQJ�ZKLFK�VLWHV�DQG�VLWH
SUHSDUDWLRQ� WUHDWPHQWV� DUH� VXVFHSWLEOH�
7KH� IDFWRULDO� DQG� QHLJKERXUKRRG� H[SHUL�
PHQWV� DUH� YHU\� JRRG� GHPRQVWUDWLRQ� VLWHV
DQG� WKH� UHVXOWV� RI� WKH� HFRV\VWHP
V
VXVFHSWLELOLW\� ZLOO� EH� LQFRUSRUDWHG� LQWR
LQWHUSUHWDWLRQ�JXLGHV���)LQGLQJV�ZLOO�DOVR�EH
UHOHDVHG�DV�UHSRUWV�DQG�MRXUQDO�DUWLFOHV�
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%&�%������())(&76�2)�5('
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352-(&7�/($'(56�
3��*��&RPHDX��5HVHDUFK�%UDQFK
%ULDQ�'
$QMRX��9DQFRXYHU�)RUHVW�5HJLRQ
*HRUJH�+DUSHU��5HVHDUFK�%UDQFK

2%-(&7,9(6�

/RQJ�WHUP� VWXGLHV� DUH� UHTXLUHG� WR
GRFXPHQW�WKH�HIIHFWV�RI�GLIIHULQJ�DPRXQWV�RI
UHG� DOGHU� RQ� WKH� JURZWK� RI� FRQLIHUV�� XQGHU
GLIIHUHQW� VLWH� FRQGLWLRQV�� � ,QVWDOODWLRQV� ZLOO
EH� HVWDEOLVKHG� IRU� UHVHDUFK� DQG
GHPRQVWUDWLRQ�RI�WKH�HIIHFWV�RI�UHG�DOGHU�RQ
FRQLIHU�JURZWK�DQG�QLWURJHQ�DYDLODELOLW\�

352*5(66�

$Q� DGGLWLYH� GHVLJQ� LV� EHLQJ� XVHG� WR
VWXG\� WKH� HIIHFWV� RI� ILYH� GHQVLWLHV� RI� UHG
DOGHU������������������DQG�����WUHHV�KD���RQH
GHQVLW\� RI� 6LWND� DOGHU� ����� WSK��� DQG� RQH
GHQVLW\�RI�ELJOHDI�PDSOH�����WSK��RQ�JURZWK
DQG� VXUYLYDO� RI� FRQLIHUV� �'RXJODV�ILU� DQG
ZHVWHUQ� UHGFHGDU�� DQG� RQ� VLWH� QLWURJHQ
FDSLWDO�� � (DFK� WUHDWPHQW� ZLOO� EH� UHSOLFDWHG
WKUHH�WLPHV��DW�GLIIHUHQW�ORFDWLRQV���IRU�HDFK
RI� WZR� VRLO� PRLVWXUH� UHJLPHV� �VOLJKWO\� GU\
DQG� PRLVW��� � ,Q� DGGLWLRQ�� WZR� LQVWDOODWLRQV
ZLOO�EH�HVWDEOLVKHG�WR�H[DPLQH�WKH�G\QDPLFV
RI�PL[HG�VWDQGV�RI�'RXJODV�ILU�DQG�UHG�DOGHU
XVLQJ�D�UHSODFHPHQW�VHULHV�GHVLJQ�ZLWK�WRWDO
WUHH�GHQVLW\�RI�����WUHHV�KD�

'XULQJ� ��������� ZRUN� LQFOXGHG� WKH
ORFDWLRQ� RI� FDQGLGDWH� VLWHV� IRU� ILHOG
LQVWDOODWLRQV�� WKH� OD\RXW� RI� WKUHH
LQVWDOODWLRQV�� DQG� WKH� LQVWDOODWLRQ� RI
PLFURFOLPDWH� VWDWLRQV�� � 6RLO� VDPSOLQJ� DQG
VHHGOLQJ� PHDVXUHPHQW� ZHUH� FRPSOHWHG� DW
WKH� WKUHH� LQVWDOODWLRQV� SODQWHG� ZLWK� UHG
DOGHU��ZHVWHUQ�UHGFHGDU�DQG�'RXJODV�ILU� � LQ
0DUFK� ������ � 7ZR� LQVWDOODWLRQV� ORFDWHG� DW
6XUUH\�1XUVHU\�DQG�6KDZQLJDQ�/DNH�ZHUH
SODQWHG� LQ� 0DUFK� ����� DQG� PLFURFOLPDWH
VWDWLRQV�ZHUH�LQVWDOOHG�

%(1(),76�

5HVXOWV�ZLOO�SURYLGH� LQIRUPDWLRQ�RQ� WKH
LPSDFWV� RI� GLIIHUHQW� GHQVLWLHV� DQG
SURSRUWLRQV�RI�UHG�DOGHU�RQ�ERWK�FRQLIHU�DQG
ZKROH�VWDQG� \LHOG�� � ,QVWDOODWLRQV� ZLOO� DOVR
SURYLGH� ORQJ�WHUP� UHVHDUFK� RQ� WKH� LPSDFWV
DQG�EHQHILWV�RI�PDQDJLQJ�IRU�D�FRPSRQHQW�RI
DOGHU� LQ�FRQLIHU�VWDQGV�� �6WXG\�VLWHV�ZLOO�EH
XVHIXO�DV�GHPRQVWUDWLRQ�DUHDV�LQ�WKH�IXWXUH�
DQG� ZLOO� SURYLGH� RSSRUWXQLWLHV� IRU
FRRSHUDWLYH�UHVHDUFK�

%&�%������,19(67,*$7,216�2)
3/$17,1*�:+,7(�6358&(

81'(5�$�75(0%/,1*�$63(1
&$123<

352-(&7�/($'(5�
&UDLJ�'H/RQJ��3ULQFH�*HRUJH�)RUHVW�5HJLRQ

2%-(&7,9(6�

0DQDJHPHQW� RI� KDUGZRRGV� DQG
VRIWZRRGV� RQ� WKH� VDPH� ODQG� EDVH� KDV
EHFRPH� DQ� LPSRUWDQW� FRPSRQHQW� RI� IRUHVW
PDQDJHPHQW�LQ�QRUWKHUQ�%�&�� �7KLV�SURMHFW
ZLOO� H[DPLQH� WKH� JURZWK� RI� ZKLWH� SLQH
SODQWHG� XQGHU� DQ� DVSHQ� FDQRS\� DQG
FRPSDUH� LW� WR� JURZWK� LQ� D� FOHDUFXW
HQYLURQPHQW�� � 6LWH� VHOHFWLRQ�� DQG� DSSURSUL�
DWH� QXUVHU\� DQG� VLWH� SUHSDUDWLRQ� FULWHULD
ZLOO� EH� GHYHORSHG� WR� HQVXUH� RSWLPXP
VXUYLYDO� DQG� JURZWK� RI� VSUXFH� SODQWHG
XQGHU�DVSHQ�

352*5(66�

7KH� ILUVW� SKDVH� RI� WKLV� SURMHFW�
FRPSOHWHG� LQ� 0DUFK� ������ VXPPDUL]HG
H[LVWLQJ�XQGHUSODQWLQJ� WULDOV� DQG� ORRNHG�DW
UHDVRQV� IRU� VXFFHVV� RU� IDLOXUH�� � 3KDVH� �
H[DPLQHG� WKH� PLFURHQYLURQPHQW� XQGHU
DVSHQ� FDQRSLHV� RI� GLIIHUHQW� VWUXFWXUHV� WR
GHWHUPLQH� WKH� FRQGLWLRQV� XQGHU� WKH
FDQRSLHV�� � 3KDVH� �� ZDV� LQLWLDWHG� LQ� �����
7KLV� SKDVH� LQYROYHV� WKH� GHYHORSPHQW� RI
QXUVHU\� UHJLPHV� WR� DGDSW� WUHH� VHHGOLQJV� WR
WKH� HQYLURQPHQW� XQGHU� DQ� DVSHQ� FDQRS\



�

DQG�WKH�PRQLWRULQJ�RI�RXWSODQWLQJV�RI�WKHVH
VHHGOLQJV� XQGHU� FDQRSLHV� RIIHULQJ� WKH�PRVW
IDYRXUDEOH�PLFURFOLPDWH���7KH�VHHGOLQJV�ZLOO
DOVR� EH� FRPSDUHG� WR� RQHV� SODQWHG� LQ
FOHDUFXWV�

%(1(),76�

7KLV� VWXG\� ZLOO� SURYLGH� DQ
XQGHUVWDQGLQJ� RI� WKH� PLFURHQYLURQPHQW
XQGHU� DVSHQ� FDQRSLHV� DQG� LWV� HIIHFW� RQ
VSUXFH� VHHGOLQJ� SHUIRUPDQFH�� WKHUHE\
HQVXULQJ� RSWLPXP� VXUYLYDO� DQG� JURZWK� RI
SODQWHG� ZKLWH� VSUXFH� LQ� WKLV� HQYLURQPHQW�
,W� ZLOO� DOVR� VXPPDUL]H� H[LVWLQJ� XQGHU�
SODQWLQJ� WULDOV� DQG� GHWHUPLQH� WKH� UHDVRQV
IRU�WKHLU�VXFFHVV�RU�IDLOXUH�
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3$3(5�%,5&+�67$1'

0$1$*(0(17�678',(6�,1
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352-(&7�/($'(5�
6X]DQQH�6LPDUG��.DPORRSV�)RUHVW�5HJLRQ

2%-(&7,9(6�

7KLV� ORQJ�WHUP� VWXG\� ZLOO� KHOS� WR
GHWHUPLQH�WKH�HIIHFWV�RI�VSHFLHV�LQWHUDFWLRQV
EHWZHHQ� SDSHU� ELUFK� DQG� FRQLIHU� VHHGOLQJV
RQ�WKH�SHUIRUPDQFH�RI�HDFK�VSHFLHV��DQG�WKH
HIIHFWV� RI� VSHFLHV� LQWHUDFWLRQV� RQ� OHYHOV� RI
HQYLURQPHQWDO� UHVRXUFHV� DQG� FRQGLWLRQV�
0RGHOV� ZLOO� EH� GHYHORSHG� WR� GHVFULEH� WKH
UHODWLRQVKLSV� EHWZHHQ� WKH� SHUIRUPDQFH� RI
HDFK�VSHFLHV�DQG�WKH�OHYHOV�RI�HQYLURQPHQWDO
UHVRXUFHV�DQG�FRQGLWLRQV�

352*5(66�

7KUHH� VLWHV� ZHUH� GH�VWXPSHG� DQG
FOHDUHG� RI� VODVK�� DQG� WUHDWPHQWV� ZHUH
HVWDEOLVKHG�DQG�SHUPDQHQWO\�PDUNHG���6RLOV
ZHUH� FROOHFWHG� DQG� ELRDVVD\V� LQLWLDWHG� IRU
WKH� P\FRUUKL]DH� VWXG\�� � 0LFURFOLPDWH

VWDWLRQV� DQG� GHFRPSRVLWLRQ� VWDWLRQV� KDYH
EHHQ� LQVWDOOHG� DW� DOO� VLWHV�� � 7KH� WKUHH� VLWHV
ZHUH�SODQWHG�LQ�0D\�DQG�-XQH������� �'HDG
VHHGOLQJV� ZHUH� VXEVHTXHQWO\� UHSODFHG� DQG
H[WUD� VHHGOLQJV� ZHUH� SODQWHG� IRU� WKH
P\FRUUKL]DH� VWXGLHV�� � $OO� VHHGOLQJV� ZHUH
PHDVXUHG� LPPHGLDWHO\� DIWHU� SODQWLQJ�
DVVHVVHG� IRU� FRQGLWLRQ� LQ� WKH� IDOO�� DQG�GHDG
WUHHV�PDUNHG�WR�IDFLOLWDWH�ILOO�LQ�SODQWLQJ�

6DPSOH� SUHSDUDWLRQ� ZDV� GRQH� IRU� WKH
OHDI�OLWWHU�GHFRPSRVLWLRQ�VWXG\��DQG�PLQHUDO
VRLO� DQG� RUJDQLF� PDWWHU� ZHUH� VDPSOHG� DQG
VHQW� WR� 9LFWRULD� IRU� DQDO\VLV�� � $� GXII
GLVWXUEDQFH� VXUYH\� ZDV� FRQGXFWHG�� WKH
HFRSK\VLRORJ\� RI� ELUFK� DQG� 'RXJODV�ILU
VHHGOLQJV�ZDV�LQLWLDWHG��DQG�WKH�ELRDVVD\V�RI
ELUFK� DQG� 'RXJODV�ILU� VHHGOLQJV� ZHUH
FRPSOHWHG�

%(1(),76�

0L[HG� SODQWDWLRQV� RI� SDSHU� ELUFK� DQG
FRQLIHUV�PD\�UHGXFH�WKH�VSUHDG��RI�URRW�URW�
LQFUHDVH� HFRV\VWHP� SURGXFWLYLW\�� DQG
LQFUHDVH� ELRGLYHUVLW\�� � 7KLV� SURMHFW� ZLOO
VWXG\�DQG�TXDQWLI\�WKH�LQWHUDFWLRQ�EHWZHHQ
LQGLYLGXDO� VSHFLHV� DQG� WKH� PHFKDQLVPV
XQGHUO\LQJ�WKRVH�LQWHUDFWLRQV�LQ�D�YDULHW\�RI
PL[HG� VWDQGV� LQ� WKH� ,&+� ]RQH�� � 7KLV
LQIRUPDWLRQ� ZLOO� EH� YDOXDEOH� LQ� SUHGLFWLQJ
VWDQG� \LHOG� DQG� HIIHFWV� RQ� HFRV\VWHP
SURGXFWLYLW\�DQG�ELRGLYHUVLW\�FRPSDUHG�ZLWK
PRQRVSHFLILF�FRQLIHU�SODQWDWLRQV�
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7+(�3(5)250$1&(�2)
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352-(&7�/($'(5�
7HUHVD�1HZVRPH��&DULERR�)RUHVW�5HJLRQ

2%-(&7,9(6�

7KH�HIIHFW�RI�DVSHQ�GHQVLW\�DQG�VWRFNLQJ
RQ� SODQWDWLRQ� SHUIRUPDQFH� PXVW� EH



�

GRFXPHQWHG� RYHU� WLPH� WR� GHWHUPLQH� LI� DQG
ZKHQ�VWDQG�WHQGLQJ�DFWLYLWLHV�DUH�QHFHVVDU\�
7KLV�VWXG\�ZLOO�LQYHVWLJDWH�DQG�TXDQWLI\�WKH
HIIHFWV� RI� WUHPEOLQJ� DVSHQ� FRPSHWLWLRQ� RQ
ORGJHSROH� SLQH�� LGHQWLI\� PHDVXUHV� RI
FRPSHWLWLRQ� WR� GHWHUPLQH� KRZ� WUHPEOLQJ
DVSHQ� FRPSHWLWLRQ� LV� DIIHFWLQJ� ORGJHSROH
SLQH� VXUYLYDO� DQG� JURZWK�� DQG� PRQLWRU
ORGJHSROH� SLQH� VXUYLYDO� DQG� JURZWK� ZKHUH
SDUWLDO�UHPRYDO�LV�XVHG�

352*5(66�

3KDVH� �� LV� D� UHWURVSHFWLYH� VWXG\� WKDW
ZLOO� SURYLGH� LQIRUPDWLRQ� IURP� ILHOG� VWXGLHV
RQ� VWDQGV� ZLWK� KLJK� DVSHQ� GHQVLWLHV� WKDW
PD\� UHTXLUH� VWDQG� WHQGLQJ� WR� UHOHDVH
FRQLIHUV�� � 6WDQGV� ZHUH� VXUYH\HG� WR
GHWHUPLQH� WKH� YDULDWLRQ� LQ� JURZWK� DQG
FRQGLWLRQ� RI� FRQLIHUV� JURZLQJ� XQGHU
GLIIHUHQW� DVSHQ� GHQVLWLHV� DQG� JURZLQJ
ZLWKRXW� H[FHVVLYH� FRPSHWLWLRQ�� � 'DWD
FROOHFWLRQ�IRU�WKLV�SKDVH�LV�FRPSOHWH�� �7KUHH
VLWHV� LQ� WKH� ,')GN� DQG� WKUHH� VLWHV� LQ� WKH
6%6GZ�ZHUH�VDPSOHG���9HJHWDWLRQ��VHHGOLQJ�
DQG� OLJKW� PHDVXUHPHQWV� ZHUH� WDNHQ� DW
DSSUR[LPDWHO\� ��� SORWV� DW� HDFK� VLWH�� � 'DWD
DQDO\VLV� IRU� SKDVH� �� LV� LQ� SURJUHVV�� � $Q
HFRORJLFDO�GHVFULSWLRQ�ZDV�GRQH�RQ�HDFK�VLWH�
$Q� DQQRWDWHG� ELEOLRJUDSK\� ZDV� FRPSOHWHG
RQ�KDUGZRRG�FRQLIHU�LQWHUDFWLRQV�

3KDVH� �� LQYROYHV� PRQLWRULQJ� DQG
DVVHVVLQJ�SLQH�VHHGOLQJV�JURZLQJ�ZLWK�DVSHQ
IURP� DQ� LQLWLDO� HVWDEOLVKPHQW� SKDVH� RQ� D
VLWH� IRU� DW� OHDVW� ��� \HDUV�� � 6LWHV� IRU� WKLV
SKDVH� KDYH� EHHQ� VHOHFWHG� LQ� DUHDV� ZKHUH
UHODWLYHO\�GHQVH�DVSHQ� LV�H[SHFWHG� WR�RFFXU�
,QIRUPDWLRQ� WR�EH� FROOHFWHG� LQFOXGHV� FRQLIHU
KHLJKW� JURZWK�� GLDPHWHU� DQG� FRQGLWLRQ�
VWRFNLQJ� DQG� GHQVLW\� RI� KDUGZRRGV� DQG
FRQLIHUV�� DQG� DYHUDJH� KHLJKW� DQG� SHUFHQW
FRYHU�RI�DVSHQ�

%(1(),76�

7KLV� VWXG\� ZLOO� SURYLGH� VWDQG� WHQGLQJ
JXLGHOLQHV� IRU� FRQLIHU� SODQWDWLRQV� ZLWK
KDUGZRRG� FRPSHWLWLRQ�� � 7KH� LQWHUDFWLRQ
EHWZHHQ�DVSHQ�DQG�SLQH�ZLOO�EH�GRFXPHQWHG
WR� GHWHUPLQH� ZKHQ� FRPSHWLWLRQ� RFFXUV� DQG

DW� ZKDW� FRPSHWLWLRQ� OHYHO� SLQH� JURZWK� LV
LPSHGHG�
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352-(&7�/($'(56�
%��:LNHHP��5HVHDUFK�%UDQFK��.DPORRSV
$��6WXUNR��5DQJH�%UDQFK��.DPORRSV
-��%RDWHQJ��6LOYLFXOWXUH�%UDQFK

2%-(&7,9(6�

'LIIXVH� DQG� VSRWWHG� NQDSZHHG� DUH
VSUHDGLQJ�� �7KHVH� VSHFLHV� DUH�ZHOO� DGDSWHG
WR�IRUHVWHG�DUHDV��HVSHFLDOO\�DIWHU�ORJJLQJ�RU
RWKHU�GLVWXUEDQFHV���7KH�SRWHQWLDO�WKUHDW�WR
FRQLIHU�VXUYLYDO�DQG�JURZWK�PXVW�EH�VWXGLHG
DQG�� LI� DSSURSULDWH�� D� SUHYHQWLRQ� VWUDWHJ\
PXVW� EH� GHYHORSHG�� � 7KLV� VWXG\� ZLOO
GHWHUPLQH�WKH�HIIHFWV�RI�GLIIXVH�DQG�VSRWWHG
NQDSZHHG� GHQVLW\� RQ� WKH� VXUYLYDO� DQG
JURZWK� RI� ORGJHSROH� SLQH� DQG� 'RXJODV�ILU
VHHGOLQJV�� DQG� GHWHUPLQH� WKH� WKUHVKROG
GHQVLW\� WKDW� UHVXOWV� LQ� D� GHFOLQH� LQ� WKH
JURZWK�DQG�VXUYLYDO�RI�WKHVH�VHHGOLQJV�

352*5(66�

7KLV�H[SHULPHQW�ZDV�LQLWLDWHG�LQ�WKH�06
]RQH� LQ� WKH� .DPORRSV� )RUHVW� 5HJLRQ� VLQFH
WKLV� DUHD� LV� VXVFHSWLEOH� WR� NQDSZHHG
LQYDVLRQ�DQG�LV�DOVR�HFRQRPLFDOO\�LPSRUWDQW
WR� WKH� IRUHVW� LQGXVWU\�� �&RQLIHU� UHVSRQVH� WR
WKH� WUHDWPHQWV� ZLOO� EH� HYDOXDWHG� E\
PHDVXULQJ� VXUYLYDO�� KHLJKW�� DQG� GLDPHWHU
RYHU� D� SHULRG� RI� WLPH�� � $W� WKH� HQG� RI� WKH
H[SHULPHQW�� FRQLIHUV�ZLOO� EH� H[FDYDWHG� DQG
URRWV� ZHLJKHG� WR� GHWHUPLQH� WKH� HIIHFWV� RI
NQDSZHHG�RQ�URRW�ELRPDVV�

%(1(),76�

7KH� UHVXOWV� RI� WKLV� H[SHULPHQW� ZLOO
SURYLGH� D� SUHOLPLQDU\� DVVHVVPHQW� RI� WKH



��

ULVN�DQG�SRWHQWLDO�FRPSHWLWLRQ�RI�GLIIXVH�DQG
VSRWWHG� NQDSZHHG� RQ� FRQLIHU� VHHGOLQJV�
7KLV� LQIRUPDWLRQ� ZLOO� DVVLVW� LQ� HYDOXDWLQJ
WKH� SRWHQWLDO� LPSDFWV� RI� NQDSZHHG� VSHFLHV

RQ� IRUHVW� UHJHQHUDWLRQ�� � )LQGLQJV� ZLOO� EH
SUHVHQWHG� WKURXJK� UHSRUWV�� ILHOG� WULSV�� DQG
SUHVHQWDWLRQV�

0$1$*(0(17�237,216

%&�)5������75($70(17
'(9(/230(17�)25

5(+$%,/,7$7,21�2)�(66)
%$&./2*�%586+),(/'6

352-(&7�/($'(5�
&UDLJ�6XWKHUODQG��&DULERR�)RUHVW�5HJLRQ

2%-(&7,9(6�

7KH�REMHFWLYHV�RI�WKLV�SURMHFW�DUH�������WR
GRFXPHQW� YHJHWDWLRQ� FRPSOH[HV� DQG� WKHLU
UHVSRQVH� WR� VLWH� SUHSDUDWLRQ� DQG� EUXVKLQJ
DQG�ZHHGLQJ�WUHDWPHQWV������WR�HYDOXDWH�VLWH
SUHSDUDWLRQ�� SODQWLQJ� VWRFN� DQG� EUXVKLQJ
DQG�ZHHGLQJ�RSWLRQV�IRU�UHIRUHVWLQJ�EDFNORJ
EUXVKILHOGV�LQ�WKH�(66)K��DQG�����WR�GHYHORS
WUHDWPHQW�JXLGHOLQHV�IRU�UHIRUHVWLQJ�EDFNORJ
EUXVKILHOGV�LQ�WKH�(66)K�

352*5(66�

,Q� ����� D� SUREOHP� DQDO\VLV� ZDV
FRPSOHWHG�� � 7KLV� SKDVH� RI� WKH� SURMHFW
DVVHVVHG� WKH� H[WHQW� RI� EDFNORJ� EUXVKILHOGV�
ORRNHG� DW� WKH� HIIHFWLYHQHVV� RI� SUHYLRXV
UHKDELOLWDWLRQ� SUDFWLFHV�� DQG� LGHQWLILHG
UHVHDUFK� QHHGV�� � 6WXG\� VLWHV� ZHUH� VHOHFWHG
DQG� D� UHVHDUFK� DQG� GHPRQVWUDWLRQ
LQVWDOODWLRQ� ZDV� HVWDEOLVKHG� WR� HYDOXDWH
VLOYLFXOWXUH� RSWLRQV� IRU� DFKLHYLQJ� IUHH�
JURZLQJ� SODQWDWLRQV� RI� LQWHULRU� VSUXFH� DQG
ORGJHSROH�SLQH�RQ�EDFNORJ�EUXVKILHOGV�LQ�WKH
QRUWKHUQ�(66)�]RQH�

6HHGOLQJ� VXUYLYDO� DQG� JURZWK� DQG
QRQFURS� YHJHWDWLRQ� IUHTXHQF\�� SHUFHQW
FRYHU��DQG�KHLJKW�ZLOO�EH�PRQLWRUHG�IRU�WKH

ILUVW���\HDUV�RI�WKH�SURMHFW���'XULQJ���������
YHJHWDWLRQ� DQG� VHHGOLQJ� DVVHVVPHQWV� ZHUH
FRPSOHWHG�DQG�WKH�GDWD�DQDO\]HG���7KH�IRXU
PLFURFOLPDWH� VWDWLRQ� DVVHVVPHQWV� IRU� VLWH
SUHSDUDWLRQ�WUHDWPHQWV�ZHUH�DOVR�FRPSOHWHG
DQG� WKH� HQYLURQPHQWDO� GDWD� DQDO\]HG�� � $
�WK�\HDU� UHSRUW� WR� UHIOHFW� WKH� LQIRUPDWLRQ
IURP� WKH� YDULRXV� DVVHVVPHQWV� ZLOO� EH
SXEOLVKHG� LQ� ��������� � 7KH� GHPRQVWUDWLRQ
WUDLO� GHYHORSHG� DQG� VLJQHG� LQ� �������� KDV
UHFHQWO\�EHHQ�XSJUDGHG�IRU�IXWXUH�WRXUV�

%(1(),76�

*XLGHOLQHV� RI� VLOYLFXOWXUDO� WUHDWPHQW
RSWLRQV� IRU� UHIRUHVWLQJ� EDFNORJ� EUXVKILHOGV
ZLOO� EH� GHYHORSHG� EDVHG� RQ� WKH� ILQGLQJV� RI
WKLV� SURMHFW�� � 7KH� SURMHFW� VLWH� LV� XVHIXO� IRU
GHPRQVWUDWLQJ�WKH�HIILFDF\�RI�WKH�WUHDWPHQW
RSWLRQV� XVHG�� � 6HYHUDO� ILHOG� WRXUV� ZHUH
FRQGXFWHG�IRU�UHVHDUFK�DQG�RSHUDWLRQDO�ILHOG
VWDII�LQ���������

%&�)5������7+(�&219(56,21
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&21,)(5286�3/$17$7,216��
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352-(&7�/($'(5�
'DYH�&RDWHV��3ULQFH�5XSHUW�)RUHVW�5HJLRQ

2%-(&7,9(6�

6XFFHVVIXO� FRQYHUVLRQ� RI� ROGHU� HVWDE�
OLVKHG� EUXVKILHOGV� ZLOO� UHTXLUH� WKDW
YHJHWDWLRQ� EH� UHPRYHG� SULRU� WR� SODQWDWLRQ
HVWDEOLVKPHQW�� DQG� WKDW� D� WUHDWPHQW� EH
GHYHORSHG�WR�UHGXFH�YHJHWDWLRQ�FRPSHWLWLRQ�
7KH�UHVXOWLQJ�FRQYHUVLRQ�PXVW�EH�PRGHUDWH
LQ� FRVW�� VLOYLFXOWXUDOO\� HIIHFWLYH�� DQG
FRQVHUYH� RU� HQKDQFH� WKH� LQKHUHQW
SURGXFWLYLW\� RI� WKH� VLWHV�� � 7KH� REMHFWLYHV� RI
WKLV�SURMHFW�DUH�� � ���� WR� HYDOXDWH� WKH� HIIHFWV
DQG� FRVW� RI� QLQH� VWDQG� FRQYHUVLRQ
WUHDWPHQWV��DQG�RQH�FRQWURO�������WR�LGHQWLI\
WKH� WUHDWPHQWV� WKDW� IDYRXU� WKH
HVWDEOLVKPHQW�� VXUYLYDO� DQG� JURZWK� RI
FRPPHUFLDO� WUHH� VSHFLHV� LQ� HVWDEOLVKHG
EUXVKILHOGV� RQ� FRDVWDO� DOOXYLDO� VLWHV�� ���� WR
GHWHUPLQH� WKH� LPSDFW� RI� WKHVH� WUHDWPHQWV
RQ� WKH�HVWDEOLVKPHQW�� VXUYLYDO��DQG�JURZWK
RI� FRPPHUFLDO� WUHH� VSHFLHV�� DQG� ���� WR
GHWHUPLQH� LPSRUWDQW� FKDQJHV� LQ� WKH� VRLO
SURSHUWLHV� UHODWHG� WR� VKRUW�� DQG� ORQJ�WHUP
FRQLIHU�SURGXFWLYLW\�

352*5(66�

7KH�SURMHFW�ZDV�FRQGXFWHG�LQ�D����\HDU�
ROG�PXOWLVWRULHG�HDUO\� VHUDO�EUXVKILHOG�RQ�D
FRDVWDO�DOOXYLDO�VLWH�LQ�WKH�&:+ZV��YDULDQW
QHDU� 6DOYXV�� � )LYH� RI� WKH� WUHDWPHQWV� EHLQJ
DVVHVVHG� DUH� QRQFKHPLFDO� �EODGLQJ�� JUDVV
VHHGLQJ�� IDOOLQJ� DQG� EXUQLQJ�� DQG� JLUGOLQJ
ZLWK� WZR� W\SHV� RI� JLUGOHUV��� WKH� RWKHU� IRXU
XVH� JO\SKRVDWH� �LQ� YDULRXV� FRPELQDWLRQV� RI
KDFN�DQG�VTXLUW�DQG�EURDGFDVW�VSUD\LQJ����$
FRPSOHWHO\� UDQGRPL]HG� GHVLJQ� ZLWK� WKUHH
UHSOLFDWLRQV�RI� WKH� WUHDWPHQWV�ZLOO�EH�XVHG�
)LIWK�\HDU�SRVW�WUHDWPHQW�VRLO�VDPSOLQJ�ZDV
FRPSOHWHG�LQ���������

127(� )RU�D�YDULHW\�RI� UHDVRQV��ZKLFK�ZLOO
EH�RXWOLQHG� LQ�DQ�XSFRPLQJ� UHSRUW��QRQH� RI
WKH� WUHDWPHQWV� DSSOLHG� ZHUH� VXFFHVVIXO� LQ
FRQYHUWLQJ� WKH� DUHD� IURP� D� PXOWLVWRULHG
EUXVKILHOG� EDFN� WR� D� YLDEOH� FRQLIHURXV
SODQWDWLRQ�

%(1(),76�

'XH� WR� WKH� DEXQGDQFH� RI� FRDVWDO� VLWHV
UHTXLULQJ� WKLV� W\SH� RI� WUHDWPHQW�� UHVHDUFK
RQ� IHDVLEOH� PHWKRGV� RI� VWDQG� FRQYHUVLRQ� LV



��

LPSRUWDQW�� � $V� D� UHVXOW� RI� WKLV� VWXG\�
GHWDLOHG� HYDOXDWLRQ� RI� DOWHUQDWLYH� VWDQG
FRQYHUVLRQ� PHWKRGV� ZLOO� EH� DYDLODEOH� ZLWK
UHFRPPHQGDWLRQV� SURYLGHG� RQ� WKH� PRVW
FRVW�HIIHFWLYH�WUHDWPHQW�RSWLRQV�

38%/,&$7,216�

5HVHDUFK�0HPR��������5HODWLYH�FRVWV�RI�UHG
DOGHU�WR�FRQLIHU�VLWH�FRQYHUVLRQ���3URMHFW
1R������

,QWHUQDO�5HSRUWV
�� (VWDEOLVKPHQW�5HSRUW
�� �VW�<HDU�3URJUHVV�5HSRUW
�� 7UHDWPHQW�(IIHFWV�RQ�&RPSHWLQJ���

9HJHWDWLRQ�DQG�&RQLIHU�*URZWK��
��������S�

%&�)5������'(9(/230(17�2)
9(*(7$7,21�0$1$*(0(17

7(&+1,48(6�)25�6,7(6
3521(�72�6$/$/

'20,1$7,21

352-(&7�/($'(56�
5�1��*UHHQ��9DQFRXYHU�)RUHVW�5HJLRQ
%�1��'
$QMRX��9DQFRXYHU�)RUHVW�5HJLRQ

2%-(&7,9(6�

9LJRURXV� DIWHU�KDUYHVWLQJ� JURZWK� RI
VDODO� �*DXOWKHULD� VKDOORQ�� FDQ� EH� DQ
LPSHGLPHQW� WR� 'RXJODV�ILU� UHJHQHUDWLRQ� RI
VRPH�FRDVWDO�VLWHV���7KLV�UHJHQHUDWLRQ�PLJKW
EH� LPSURYHG� LI� VDODO� JURZWK�ZDV� FRQWUROOHG
E\� VLWH� SUHSDUDWLRQ� WUHDWPHQWV� LQFOXGLQJ
KHUELFLGHV� DQG� VFDULILFDWLRQ�� � 7KLV� VWXG\
WHVWV� D� YDULHW\� RI� VLOYLFXOWXUDO� WUHDWPHQWV
DLPHG� DW� PD[LPL]LQJ� 'RXJODV�ILU
UHJHQHUDWLRQ� RQ� VDODO�GRPLQDWHG� VLWHV� WR
EHWWHU� XQGHUVWDQG� WKH� UROH� RI� VDODO� LQ
'RXJODV�ILU�UHJHQHUDWLRQ�SHUIRUPDQFH�

352*5(66�

6LWH� SUHSDUDWLRQ� WUHDWPHQWV� ZHUH
FRPSDUHG�DW� WZR� ORFDWLRQV� LQ� WKH�&:+[P�
RQ� 9DQFRXYHU� ,VODQG� �VSRW� VFDOSLQJ�� VSRW
PL[LQJ� DQG� KHUELFLGH� DSSOLFDWLRQV� RQ� ERWK
VLWHV�� DQG� EODGH� VFDOSLQJ� DQG�PL[HG� EHUPV

RQ� RQH� VLWH��� 7KH� VLWHV� ZHUH� VOLJKWO\� WR
PRGHUDWHO\� GU\�� DQG� QXWULHQW�SRRU� WR
PHGLXP�� � � $OO� VLWHV� ZHUH� SODQWHG� ZLWK
'RXJODV�ILU�� � 7UHDWPHQWV� WR� UHGXFH� VDODO
FRYHU� ZKLOH� OHDYLQJ� WKH� IRUHVW� IORRU� LQWDFW
VKRZHG� WKH� PRVW� SURPLVH� IRU� LPSURYLQJ
'RXJODV�ILU� SHUIRUPDQFH� RQ� WKHVH� VLWHV�
7UHDWPHQW� UHVSRQVH� YDULHG� FRQVLGHUDEO\
ZLWK�VLWH�SURSHUWLHV�

7KH� VLWHV� ZHUH� XVHG� DV� GHPRQVWUDWLRQ
DUHDV�� DFWLYLWLHV� LQFOXGHG� D� 3+63� FRXUVH
DQG�D� IRUPDO� WRXU� IRU� GLVWULFW� DQG� LQGXVWU\
SDUWLFLSDQWV�� � 7KLV� \HDU� ������� LV� WKH� �WK
\HDU� RI� WKH� UHVHDUFK� WULDO�� � )LHOG�ZRUN�ZLOO
LQFOXGH� PHDVXUHPHQW� DQG� DVVHVVPHQW� RI
VDODO� DQG� 'RXJODV�ILU� JURZWK� DQG
GHYHORSPHQW�� �$�)5'$�PHPR�GHVFULELQJ���
\HDU�UHVXOWV�LV�SODQQHG�IRU������

%(1(),76�

5HFRPPHQGDWLRQV� FRQFHUQLQJ� VLWH
SUHSDUDWLRQ� WHFKQLTXHV� PD\� LPSURYH
'RXJODV�ILU� UHJHQHUDWLRQ� RQ� GU\�� QXWULHQW�
SRRU� WR� PHGLXP� 'RXJODV�ILU�VDODO� HFRV\V�
WHPV�

38%/,&$7,216�

7KUHH�)5'$�0HPRV� �1R�� ����� ���� DQG
�����KDYH�EHHQ�SURGXFHG�

%&�)5������6,7(�35(3$5$7,21
$1'�3/$17,1*�352&('85(6

72�0,1,0,=(�6(('/,1*
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,1�7+(�6287+(51�,17(5,25

352-(&7�/($'(5�
7�$��%ODFN���'HSDUWPHQW�RI�6RLO�6FLHQFH��
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2%-(&7,9(6�

7KLV� SURMHFW� H[DPLQHV� KRZ� YDULRXV� VLWH
SUHSDUDWLRQ� WUHDWPHQWV� PRGLI\� PLFURHQYL�
URQPHQWV� RI� SODQWHG� 'RXJODV�ILU�� LQWHULRU
VSUXFH�� DQG� ORGJHSROH� SLQH�� DQG� REVHUYHV
VHHGOLQJ� IURVW� GDPDJH�� ZLQWHU� GHVLFFDWLRQ�
KHDW� VWUHVV�� JURZWK�� DQG� VXUYLYDO� LQ� WKH
YDULRXV�WUHDWPHQWV�

352*5(66�

7R� VWXG\� WKH� HIIHFWV� RI� VLWH� SUHSDUDWLRQ
WUHDWPHQWV� VXFK� DV� KHUELFLGHV�� VFDOSLQJ�
ULSSLQJ�� DQG� WUHQFKLQJ�� UDQGRPL]HG
FRPSOHWH�EORFN� H[SHULPHQWV� ZHUH� HVWDE�
OLVKHG�DORQJ�DQ�HOHYDWLRQDO�WUDQVHFW�DW�WKUHH
ZHDWKHU� VWDWLRQ� VLWHV� DW� )HKU� 0RXQWDLQ
�,')��� 3DVND� /DNH� �06��� DQG� 7VLQWVXQNR
/DNH� �(66)�� LQ� WKH� .DPORRSV� )RUHVW
'LVWULFW�� � 7UHQFKLQJ� ZDV� SDUWLFXODUO\
HIIHFWLYH� GXULQJ� WKH� ILUVW� �� \HDUV�� ZLWK� D
WRWDO� PRUWDOLW\� RI� ���� � $W� WKH� VLWHV� LQ� WKH
,')� IURVW� GDPDJH� DQG� PRUWDOLW\� ZHUH
UHGXFHG� E\� WUHDWPHQWV� WKDW� UHPRYHG� VRLO
RUJDQLF� OD\HUV� �VFDOSLQJ�� ULSSLQJ� DQG
WUHQFKLQJ��� � 0RUWDOLW\� RI� 'RXJODV�ILU
VHHGOLQJV� ZDV� PXFK� KLJKHU� WKDQ� IRU
ORGJHSROH� SLQH�� � %HWWHU� JURZWK� RI� ERWK
VSHFLHV� ZDV� DWWULEXWHG� WR� KLJKHU� OHYHOV� RI
VRLO� PRLVWXUH�� ZKLOH� VXVFHSWLELOLW\� WR� IURVW
DQG� VQRZ� GDPDJH� LQFUHDVHG�PRUWDOLW\�� � $W
WKH� VLWHV� LQ� WKH� 06� PRUWDOLW\� RI� ERWK� WKH
(QJHOPDQQ� VSUXFH� DQG� ORGJHSROH� SLQH� ZDV
ORZ���7KH�ULSSLQJ�WUHDWPHQW�UHVXOWHG�LQ�WKH
JUHDWHVW� KHLJKW� DQG� GLDPHWHU� JURZWK� IRU
ERWK� ZKLOH� WUHQFKLQJ� GLG� QRW� LPSURYH
JURZWK�� � ,QFUHDVHG� VRLO� PRLVWXUH� IROORZLQJ
WUHDWPHQW� ZDV� FUHGLWHG� ZLWK� LQFUHDVHG
FRQLIHU� JURZWK� LQ� WKLV� ]RQH�� � ,Q� WKH� (66)�
PRUWDOLW\� RI� ERWK� LQWHULRU� VSUXFH� DQG
ORGJHSROH� SLQH� ZDV� JUHDWO\� UHGXFHG� E\
WUHDWPHQWV�WKDW�UHPRYHG�WKH�RUJDQLF�OD\HU�

:HDWKHU� VWDWLRQV� ZHUH� HVWDEOLVKHG� DW
WKH� WKUHH� VLWHV� LQ� ����� DQG� SODQWLQJV�ZHUH
GRQH� VKRUWO\� WKHUHDIWHU�� � 7KH� \HDU�URXQG
ZHDWKHU� VWDWLRQV� PHDVXUH� UHODWLYH
KXPLGLW\�� VRODU� UDGLDWLRQ� DQG� ZLQG� VSHHG�
$LU� WHPSHUDWXUH� DW� VHHGOLQJ� KHLJKW�� VRLO
WHPSHUDWXUH� DQG� VRLO� PRLVWXUH� FRQWHQW� DUH
DOVR�PHDVXUHG�� �7KH�ZHDWKHU� VWDWLRQV�KDYH
EHHQ� YLVLWHG� PRQWKO\� GXULQJ� WKH� JURZLQJ

VHDVRQ�� � $OO� FOLPDWH� GDWD� IURP� WKH� GDWD
ORJJHUV� KDYH� EHHQ� YHULILHG�� DQDO\]HG�
VXPPDUL]HG�� DQG�DUFKLYHG�� �0HDVXUHPHQWV
RI� UDLQIDOO� DQG� IURVW� ZHUH� FRPSDUHG� ZLWK
WKRVH�IURP�SUHYLRXV�\HDUV�� �2EVHUYDWLRQV�RI
ZLQWHU�GHVLFFDWLRQ�DQG�IURVW�GDPDJH�ZLOO�EH
GRQH�LQ�VSULQJ������

%(1(),76�

7KLV�SURMHFW�ZLOO�SURYLGH�DQ�DUFKLYH�RI�KLJK�
TXDOLW\�ZHDWKHU� GDWD� �VXPPHU� DQG�ZLQWHU�
IRU� KLJK�HOHYDWLRQ� IRUHVW� �,')�� 06� DQG
(66)��VLWHV�LQ�WKH�.DPORRSV�)RUHVW�5HJLRQ�
7KHVH� GDWD� DUH� EHLQJ� XVHG� LQ� WKH
LQWHUSUHWDWLRQ�RI�VHHGOLQJ�SHUIRUPDQFH�GDWD�
7KLV� UHVHDUFK� ZLOO� DOVR� DVVHVV� WKH
WUHDWPHQWV� XVHG�� EDVHG� RQ� VHHGOLQJ
SHUIRUPDQFH�

38%/,&$7,216�

)OHPLQJ��5�/����������(IIHFWV�RI�VLWH
SUHSDUDWLRQ�LQ�,QWHULRU�3ODWHDX
FOHDUFXWV�RQ�WKH�VRLO�ZDWHU�UHJLPH�DQG
ZDWHU�UHODWLRQV�RI�FRQLIHU�VHHGOLQJV�
3K�'��WKHVLV��$SULO��������8QLYHUVLW\�RI
%�&���6RLO�6FLHQFH��

)OHPLQJ��5�/���7�$��%ODFN�DQG�1�5�
(OGULGJH����������:DWHU�FRQWHQW��EXON
GHQVLW\�DQG�FRDUVH�IUDJPHQW�FRQWHQW
PHDVXUHPHQW�LQ�IRUHVW�VRLOV���6RLO�6FL�
6RF��$P��-�������������

%ODFN��7�$���5�/��)OHPLQJ�DQG�5�6��$GDPV
�������(IIHFWV�RI�VLWH�SUHSDUDWLRQ
WUHDWPHQWV�RQ�FRQLIHU�VHHGOLQJ
PLFURFOLPDWH��PRUWDOLW\�DQG�JURZWK�LQ
D�SLQHJUDVV�GRPLQDWHG�FOHDUFXW����7R�EH
VXEPLWWHG�WR�&DQ��-��)RU�5HV��LQ
2FWREHU�������

)LQGLQJV� IURP� WKLV� SURMHFW� KDYH� DOVR
EHHQ�SUHVHQWHG� LQ� VHYHUDO�5HVHDUFK�0HPRV
�)5'$�0HPRV��������������������DQG������
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352-(&7�/($'(5�
3�*��&RPHDX�� 5HVHDUFK�%UDQFK��9LFWRULD

2%-(&7,9(6�

7KH�SXUSRVH�RI�WKLV�SURMHFW�LV�WR�GHYHORS
DQG� PDLQWDLQ� D� GDWDEDVH� FRQWDLQLQJ
LQIRUPDWLRQ�RQ� WUHDWPHQW� HIIHFWLYHQHVV� DQG
FURS� WROHUDQFH� IURP� UHVHDUFK� WULDOV� ZLWK
YHJHWDWLRQ� FRQWURO� WHFKQLTXHV� FRQGXFWHG� LQ
%�&�� 7KH� GDWDEDVH� ZLOO� EH� GHYHORSHG� LQ
FROODERUDWLRQ� ZLWK� WKH� (&:� 6LOYLFXOWXUH
6XEJURXS�DQG�$JULFXOWXUH�&DQDGD�

352*5(66�

7KH�GDWDEDVH�V\VWHP�IROORZV�WKH�V\VWHP
GHYHORSHG� IRU� WKH� ([SHUW� &RPPLWWHH� RQ
:HHGV�� � 'HYHORSPHQW� RI� WKH� UHYLVHG� GDWD
HQWU\� V\VWHP� ZDV� LQLWLDWHG� LQ� �����
0RGLILFDWLRQV�ZHUH�PDGH�WR�WKH�GDWDEDVH�WR
DFFRPPRGDWH� IRUHVWU\� DEVWUDFWV�� � ,Q
��������� ZRUN� ZLOO� IRFXV� RQ� PRGLI\LQJ�
WHVWLQJ�� DQG� GHPRQVWUDWLQJ� SURJUDPV� IRU
GDWD� HQWU\� DQG� UHWULHYDO�� DQG� HQWHULQJ
LQIRUPDWLRQ� IURP� SDVW� (&:� DEVWUDFWV� LQWR
WKH�V\VWHP�

%(1(),76�

(QG�SURGXFWV�ZLOO� FRQVLVW� RI�D�GDWDEDVH
V\VWHP� LQFOXGLQJ� GDWD� HQWU\� DQG� UHWULHYDO
SURJUDPV� DQG� D� XVHU
V� PDQXDO� IRU� WKH
V\VWHP�� � 3URWRW\SH� VRIWZDUH� IRU� UHWULHYLQJ
DQG� VXPPDUL]LQJ� GDWDEDVH� LQIRUPDWLRQ� LV
ILQLVKHG� DQG� LV� XQGHU� UHYLHZ�� � 7KH� GDWD
KDYH�EHHQ�VXPPDUL]HG�LQ�WKH�IRUP�RI�GUDIW
HIILFDF\�WDEOHV�DQG�ZDV�FLUFXODWHG�IRU�UHYLHZ
LQ� 0DUFK� ������ � 7KHVH� WDEOHV� ZLOO� EH
SXEOLVKHG�LQ���������

%&�)5������3$57,&,3$7,21�,1
7+(�&5$)76�9(*(7$7,21

0$1$*(0(17�&223(5$7,9(

352-(&7�/($'(5�
3�*��&RPHDX��5HVHDUFK�%UDQFK��9LFWRULD

2%-(&7,9(6�

3DUWLFLSDWLRQ� E\� WKH� %�&�� 0LQLVWU\� RI
)RUHVWV� LQ� WKH� 2UHJRQ� 6WDWH� 8QLYHUVLW\
&5$)76� 9HJHWDWLRQ� 0DQDJHPHQW
&RRSHUDWLYH� IDFLOLWDWHV� WKH� H[FKDQJH� RI
LQIRUPDWLRQ�EHWZHHQ�WKH�SURYLQFH�RI�%ULWLVK
&ROXPELD�DQG�WKH�3DFLILF�1RUWKZHVW�VWDWHV�

352*5(66�

7HFKQLFDO� FRPPLWWHH� PHHWLQJV� DQG
ZRUNVKRSV� SURYLGH� RSSRUWXQLWLHV� WR
H[FKDQJH� LQIRUPDWLRQ� RQ� UHVHDUFK� DQG
RSHUDWLRQDO�WULDOV��DQG�WR�GLVFXVV�SURPLVLQJ
QHZ�ILHOGV�RI�VWXG\�

%(1(),76�

&5$)76� SXEOLFDWLRQV� DUH� GLVWULEXWHG
WKURXJKRXW� %�&�� DQG� SURYLGH� LQIRUPDWLRQ
XVHIXO� WR� YHJHWDWLRQ� PDQDJHPHQW� UHVHDUFK
DQG� H[WHQVLRQ�� � 5HSRUWV� DUH� SURYLGHG
IROORZLQJ�DWWHQGDQFH�DW�&5$)76�PHHWLQJV�

%&�)5������())(&7,9(1(66�2)
5(3($7('�0$18$/�&877,1*

)25�5(/($6(�2)
(1*(/0$11�6358&(�)520
0,;('�6+58%�&20081,7,(6
,1�5(9(/672.(�',675,&7

352-(&7�/($'(56�
3��&RPHDX��5HVHDUFK�%UDQFK��9LFWRULD
*��+DUSHU��5HVHDUFK�%UDQFK��9LFWRULD
&��7KRPSVRQ��1HOVRQ�)RUHVW�5HJLRQ

2%-(&7,9(6�

0L[HG�VKUXE� FRPPXQLWLHV� FDQ� VHYHUHO\
UHGXFH� SODQWDWLRQ� VXUYLYDO� DQG� JURZWK� LQ



��

�WKH� ,QWHULRU� &HGDU�+HPORFN� ]RQH� RI
VRXWKHUQ�%�&�� �7KH�VHOHFWLRQ�RI�DSSURSULDWH
WUHDWPHQW� RSWLRQV� UHTXLUHV� LQIRUPDWLRQ� RQ�
�D�� WKH� HIIHFWLYHQHVV� RI� DOWHUQDWLYH
WUHDWPHQWV�� �E�� WKH� HIIHFWV� RI� GLIIHULQJ
DPRXQWV� RI� YHJHWDWLRQ� RQ� VHHGOLQJ� VXUYLYDO
DQG�JURZWK��DQG��F��WKH�HIIHFWV�RI�YHJHWDWLRQ
FRQWURO� RQ� VHHGOLQJ� VXUYLYDO� DQG� JURZWK�
7KLV�VWXG\�ZLOO�FRPSDUH�WKH�HIIHFWLYHQHVV�RI
VLQJOH� DQG� UHSHDWHG� PDQXDO� FXWWLQJ
WUHDWPHQWV�DQG�D� VLQJOH�KHUELFLGH� �9,6,21
�� DSSOLFDWLRQ� IRU� UHOHDVLQJ� (QJHOPDQQ
VSUXFH� VHHGOLQJV� LQ� WKH� ,QWHULRU� &HGDU�
+HPORFN�]RQH�

352*5(66�

7KLV� SURMHFW� LV� EHLQJ� FRQGXFWHG� DW
6RDUGV� &UHHN� QHDU� 0LFD�� %�&�� �1HOVRQ
5HJLRQ��5HYHOVWRNH�'LVWULFW����7KH�VWXG\�VLWH
ZDV� PHFKDQLFDOO\� SUHSDUHG� LQ� ����� DQG
SODQWHG� ZLWK� (QJHOPDQQ� VSUXFH� LQ� �����
3ORW�OD\RXW�DQG�SUHWUHDWPHQW�PHDVXUHPHQW
RI� VHHGOLQJV� ZHUH� FRPSOHWHG� GXULQJ� �����
DQG� WUHDWPHQWV� LQFOXGLQJ� PDQXDO� FXWWLQJ
DQG�9,6,21�KHUELFLGH�DSSOLFDWLRQ�VWDUWHG
LQ� ������ � 9HJHWDWLRQ� DVVHVVPHQWV� EHJDQ� LQ
-XO\������DQG�ZLOO�EH� FRPSOHWHG� LQ� -XO\� RI
HDFK�\HDU���6HHGOLQJV�KDYH�EHHQ�UHPHDVXUHG
LQ� 6HSWHPEHU� ����� DQG� ������ DQG� ZLOO� EH
UHPHDVXUHG� LQ� WKH� IDOO� RI� HDFK� \HDU�� � 7KH
VWXG\�XVHV�D�FRPSOHWHO\�UDQGRPL]HG�GHVLJQ
ZLWK�WKUHH�UHSOLFDWH����[���P�SORWV�IRU�HDFK
RI�WKH�IROORZLQJ�HLJKW�WUHDWPHQWV�

�� FXWWLQJ�LQ�VSULQJ������RQO\�
�� FXWWLQJ�LQ�VXPPHU������RQO\�
�� FXWWLQJ�LQ�VSULQJ������DQG�DQQXDOO\�
�� FXWWLQJ�LQ�VXPPHU������DQG�DQQXDOO\�
�� FXWWLQJ�LQ�VSULQJ�DQG�VXPPHU������DQG

DQQXDOO\�
�� FXWWLQJ�LQ�VSULQJ�DQG�VXPPHU������DQG

DQQXDOO\�
�� JO\SKRVDWH��9,6,21��KHUELFLGH

DSSOLFDWLRQ�DW�����XV�DL�KD�LQ�$XJXVW
������DQG

�� XQWUHDWHG�FRQWURO�

7KH� HIIHFWV� RI� WUHDWPHQWV� RQ� VSHFLHV
FRYHU��KHLJKW�� FRPSHWLWLRQ� LQGH[�� LUUDGLDQFH
OHYHO��DQG�VHHGOLQJ�JURZWK�ZLOO�EH�DQDO\]HG�
7KH� HIIHFWV� RI� GLIIHUHQW� DPRXQWV� RI
FRPSHWLQJ� YHJHWDWLRQ� RQ� VHHGOLQJ� JURZWK
ZLOO� DOVR� EH� H[DPLQHG�� � $� SLORW� VWXG\� ZDV
DOVR� LQLWLDWHG� DW� 6RDUGV� &UHHN� WR� SURYLGH

VRPH� LQIRUPDWLRQ� RQ� WKH� HIIHFWLYHQHVV� RI
SODVWLF� PXOFK� PDWV� DQG� WKH� HIIHFWV� RI
PDQXDO�WUHDWPHQW�UDGLXV�

%(1(),76�

5HVXOWV�ZLOO�SURYLGH� LQIRUPDWLRQ�RQ� WKH
UHODWLYH�HIIHFWLYHQHVV�RI�VLQJOH�DQG�UHSHDWHG
PDQXDO� EUXVKLQJ� WUHDWPHQWV�� � 7KH� VWXG\
ZLOO�DOVR�SURYLGH� LQIRUPDWLRQ� RQ� WKH� HIIHFWV
RI� GLIIHUHQW� DPRXQWV� RI� YHJHWDWLRQ� DQG
YHJHWDWLRQ� FRQWURO� RQ� VHHGOLQJ� VXUYLYDO�DQG
JURZWK�� � 6LWHV� ZLOO� EH� XVHIXO� IRU
GHPRQVWUDWLRQ�SXUSRVHV�� �$Q�HVWDEOLVKPHQW
UHSRUW� ZLOO� EH� FRPSOHWHG� LQ� ������ � 5HVXOWV
ZLOO� DOVR� EH� SUHVHQWHG� LQ� PHPRV�� UHSRUWV�
DQG�(&:�DEVWUDFWV�

%&�)5������$335$,6$/�$1'
'(9(/230(17�2)�%$&./2*

5()25(67$7,21
0(&+$1,&$/�6,7(

35(3$5$7,21

352-(&7�/($'(5�
/RUQH�%HGIRUG��6LOYLFXOWXUH�%UDQFK

2%-(&7,9(6�

6LQFH� PHFKDQLFDO� VLWH� SUHSDUDWLRQ� LV
XVHG� H[WHQVLYHO\� LQ� WKH� 3ULQFH� *HRUJH
5HJLRQ� WKH� UHODWLYH� HIIHFWLYHQHVV� RI� HDFK
PHWKRG� QHHGV� WR� EH� XQGHUVWRRG�� � 7KH
VSHFLILF� JRDOV� RI� WKLV� SURMHFW� DUH�� � ���� WR
HYDOXDWH� WKH� UHODWLYH� RSHUDWLRQDO� DQG
ELRORJLFDO� HIIHFWLYHQHVV� RI� VLWH� SUHSDUDWLRQ
PDFKLQHV� IRU� EDFNORJ� UHIRUHVWDWLRQ�� ���� WR
DVVLVW� LQ� WKH� PRGLILFDWLRQ� RI� H[LVWLQJ� VLWH
SUHSDUDWLRQ� HTXLSPHQW� DQG� V\VWHPV�� LI
DSSURSULDWH������WR�DVVLVW�LQ�WKH�GHYHORSPHQW
RI�SURPLVLQJ�QHZ�VLWH�SUHSDUDWLRQ�PDFKLQHV
DQG�V\VWHPV��DQG�����WR�GHPRQVWUDWH�WKH�XVH
RI� VLWH� SUHSDUDWLRQ� HTXLSPHQW� WKURXJK
DXGLR�YLVXDO� PDWHULDOV�� UHSRUWV�� DQG
ZRUNVKRSV�
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352*5(66�

6L[� LQVWDOODWLRQV� ZHUH� HVWDEOLVKHG�
WUHDWHG� ZLWK� D� UDQJH� RI� VLWH� SUHSDUDWLRQ
WHFKQLTXHV��SUHGRPLQDWHO\�PHFKDQLFDO���DQG
SODQWHG���6LWH�SUHSDUDWLRQ�WUHDWPHQWV�PDGH
D� FRQVLGHUDEOH� GLIIHUHQFH� LQ� WKH� DPRXQW� RI
FRPSHWLQJ� YHJHWDWLRQ� RQ�SODQWLQJ� VSRWV�� � $
FRPSHWLWLYH� LQGH[� ZDV� XVHG� WR� DVVHVV� WKH
HIIHFWLYHQHVV� RI� WKH� GLIIHUHQW� WUHDWPHQWV�
2Q�EUXVK�SURQH�VLWHV�YHJHWDWLRQ�FRQWURO�ZDV
PRVW� HIIHFWLYH� XVLQJ� WKH� 0DGJH�� ILUH�� DQG
EUHDNLQJ�SORZ���7KH�776�'HOWD��7XWWOH�SORZ�
DQG� EHGGLQJ� SORZ� ZHUH� OHVV� HIIHFWLYH�
'LIIHUHQFHV� LQ� WUHDWPHQW� W\SHV� ZHUH� OHVV
LPSRUWDQW� ZKHUH� YHJHWDWLRQ� ZDV� OHVV
DJJUHVVLYH�DOWKRXJK�DOO� WUHDWPHQWV� UHGXFHG
FRPSHWLWLRQ�� � )RU� ORQJHU�WHUP� YHJHWDWLRQ
FRQWURO��VLWH�SUHSDUDWLRQ�HTXLSPHQW�FDSDEOH
RI� PDNLQJ� PLQHUDO�VRLO� FDSSHG� LQYHUWHG
KXPXV�PRXQGV�PD\�EH�DQ�H[FHOOHQW�RSWLRQ�

,Q���������� VHHGOLQJV�DQG�YHJHWDWLRQ�DW
WZR� LQVWDOODWLRQV� ZHUH� PHDVXUHG� DQG� GDWD
ZHUH� HQWHUHG� DQG� DQDO\]HG�� � 7ZR� IRUPDO
ZRUNVKRS�ZHUH�JLYHQ�WR�SUHVHQW�WKH�ILQGLQJV
WR� GDWH�� � 7KLV� \HDU�� PHDVXUHPHQWV� ZLOO� EH
PDGH� IRU� UHFRPSDFWLRQ�� DQG� WRWDO� DQG
DYDLODEOH�QXWULHQWV�IRU�WKH�9�%ODGH��0DGJH�
EHGGLQJ� SORZ� DQG� WKH� FRQWURO� SORWV�
:HDWKHU�PRQLWRULQJ� VWDWLRQV�ZLOO�EH� VHW�XS
IRU� WKH� �WK�� DQG� ILQDO�\HDU� PHDVXUHPHQWV�
$��WK�\HDU� UHSRUW� RQ� IRXU� LQVWDOODWLRQV�ZLOO
EH�FRPSOHWHG�LQ������

%(1(),76�

7KLV�UHVHDUFK�ZLOO� LPSURYH�XQGHUVWDQG�
LQJ� RI� WKH� YDULRXV� PHFKDQLFDO� VLWH
SUHSDUDWLRQ� V\VWHPV� DQG� KHOS� LQ� PDNLQJ
DSSURSULDWH�GHFLVLRQV�RQ�VLWH�SUHSDUDWLRQ�IRU
VSHFLILF�VLWHV���7KLV�SURMHFW�DOVR�KDV�H[FHOOHQW
YDOXH� DV� D� GHPRQVWUDWLRQ� VLWH�� � 6HYHUDO
UHSRUWV�DQG�PHPRV�KDYH�EHHQ�SURGXFHG�DQG
YLGHRV� GHPRQVWUDWLQJ� PHFKDQLFDO� VLWH
SUHSDUDWLRQ� SULQFLSOHV� DQG� PDFKLQHU\� DUH
DYDLODEOH�

%&�)5������$�&203$5,621�2)
6((',1*�0,;(6�$33/,('�72
6,7(�35(3$5('�$5($6�)25
9(*(7$7,21�&21752/�,1
7+(�:(7�&/,0$7,&�=21(

352-(&7�/($'(5�
&�)��7KRPSVRQ��1HOVRQ�)RUHVW�5HJLRQ

2%-(&7,9(6�

7KUHH� FRPPRQ� PHWKRGV� RI� FRQWUROOLQJ
YHJHWDWLRQ� �EXUQLQJ�� PHFKDQLFDO� VLWH
SUHSDUDWLRQ��DQG�KHUELFLGHV��DUH�DOO� OLPLWHG
LQ� WKHLU� DSSOLFDWLRQ� E\� SK\VLFDO�� ELRORJLFDO�
DQG� VRFLRORJLFDO� FRQVWUDLQWV�� �2QH� RSWLRQ� LV
WKH� XVH� RI� DQ� DOWHUQDWH� VSHFLHV� WR� UHSODFH
QDWLYH� VSHFLHV�� DQG� WKHUHE\� SURGXFH� DQ
HQYLURQPHQW� IDYRXUDEOH� WR� SODQWHG
VHHGOLQJV�� � 7KLV� SURMHFW�� FRQGXFWHG� LQ� WKH
ZHW�UHJLRQ�RI�WKH�1HOVRQ�)RUHVW�5HJLRQ��ZLOO
GHWHUPLQH� WKH� HIIHFWV� RI� VHHGLQJ� JUDVV�
OHJXPH� PL[HV� RQ� WKH� FRYHU�� KHLJKW� DQG
FRPSRVLWLRQ� RI� UH�LQYDGLQJ� YHJHWDWLRQ�� DQG
RQ�WKH�JURZWK�RI�SODQWHG�VHHGOLQJV�

352*5(66�

7ZR�WHVW�VLWHV�ZHUH�HVWDEOLVKHG�LQ������
RQH�RQ�D�PHFKDQLFDOO\�SUHSDUHG� VLWH� LQ� WKH
(66)YF�� WKH� RWKHU� RQ� D� PHGLXP�� WR� ORZ�
LPSDFW� EXUQ� LQ� WKH� ,&+ZNO�� 6SUXFH
VHHGOLQJV�ZHUH�SODQWHG�DW�WKH�VDPH�WLPH�DV
WKH� VHHGLQJ�ZDV� FRQGXFWHG�� �$VVHVVPHQW� RI
VHHGOLQJV�� YHJHWDWLRQ� DQG� VRLO� DQG
DWPRVSKHULF�PLFURFOLPDWH�ZDV�GRQH�LQ�����
DQG�������DQG�ZLOO�FRQWLQXH�LQ��������7KUHH
JUDVV�OHJXPH� PL[HV� DQG� DQ� XQWUHDWHG
FRQWURO�DUH�EHLQJ�FRPSDUHG�DW�HDFK�ORFDWLRQ�

%(1(),76�

7KLV� SURMHFW� ZLOO� SURYLGH� UHOLDEOH
LQIRUPDWLRQ� DQG� JXLGDQFH� RQ� WKH� DSSUR�
SULDWHQHVV� RI� JUDVV� DQG� OHJXPH� VHHGLQJ�� ,W
ZLOO�DOVR� LQGLFDWH�WKH�FRPSURPLVHV� LQYROYHG
LQ�WKH�XVH�RI�WKH�WHFKQLTXH���5HVXOWV�ZLOO�EH
WUDQVIHUUHG�E\�PHDQV�RI�ILHOG�YLVLWV��UHSRUWV�
ZRUNVKRSV�� SRVWHUV�� DQG� WUDLQLQJ� VHVVLRQV�
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,QWHULP� UHVXOWV� KDYH� EHHQ� SUHVHQWHG� DW
�6LOY�RSV�
�����IDOO�������LQ�&UHVWRQ�DQG�DW�D
YHJHWDWLRQ� PDQDJHPHQW� FRXUVH� LQ
5HYHOVWRNH��VXPPHU�������

%&�)5������&21752//,1*
$63(1�5(*(1(5$7,21�,1
&8729(56�%<�7+(�86(�2)
*,5'/,1*�$1'�&+(0,&$/

75($70(176�%()25(
+$59(67,1*

352-(&7�/($'(5�
%U\FH�%DQFURIW��0DGURQH�&RQVXOWDQWV�/WG���

9LFWRULD

2%-(&7,9(6�

7KLV�SURMHFW�ZLOO�SURYLGH�LQIRUPDWLRQ�RQ
WKH� RSWLPDO� WLPLQJ� RI� SUHKDUYHVW� FKHPLFDO
DQG� JLUGOLQJ� WUHDWPHQWV� WR� PLQLPL]H
SRVWKDUYHVW� DVSHQ� VXFNHULQJ�� � ,W� FRPSDUHV
WKH� HIIHFWLYHQHVV� RI� VWHP� LQMHFWLRQ� ZLWK
JO\SKRVDWH�DQG�PDQXDO�JLUGOLQJ�DW���DQG��
\HDUV� EHIRUH� KDUYHVW�� � 3DUHQW� WUHH� VWHP
GHQVLW\� DQG� GLVWULEXWLRQ� SDWWHUQ�� DQG� WKHLU
HIIHFW� RQ� VXFNHU� SDWWHUQ� DQG� GLVWULEXWLRQ
ZLOO�EH�H[DPLQHG��DV�ZLOO� WKH� HIIHFW� RI� HDFK
WUHDWPHQW� RQ� FDYLW\� QHVWHU� H[FDYDWLRQ� DQG
DVSHQ�XVH�

352*5(66�

3UHOLPLQDU\�UHVXOWV�VKRZHG�WKDW�DOO� WKH
PHWKRGV� WHVWHG� KDYH� WKH� SRWHQWLDO� IRU
HIIHFWLYH� SUHKDUYHVW� FRQWURO� RI� DVSHQ�� � 7KH
VWXG\�VLWH��LQ�WKH�,')�ZLWKLQ�WKH�.DPORRSV
5HJLRQ��KDV� EHHQ� ODLG� RXW� DV� D� UDQGRPL]HG
EORFN� GHVLJQ� ZLWK� WKH� ILYH� WUHDWPHQWV
�FRQWURO�� JLUGOLQJ� DW� �� DQG� �� \HDUV�� VWHP
LQMHFWLRQ�DW���DQG���\HDUV�� UHSOLFDWHG� WKUHH
WLPHV�� � $VVHVVPHQWV� DUH� EHLQJ� PDGH� RI
WDUJHW� VWHP� PRUWDOLW\�� VXFNHU� GHQVLW\� DQG
ELUG��FDYLW\�QHVWHU���XVH���3DUHQW�WUHHV�ZHUH
VWHP�PDSSHG� VR� WKH� HIIHFW� RI� WKHLU� GHQVLW\
DQG�GLVWULEXWLRQ�SDWWHUQ�FDQ�EH�VWXGLHG���,Q

�������WK�\HDU�UHPHDVXUHPHQWV�ZHUH�PDGH
RQ�WDUJHW�VWHPV��VXFNHUV� LQ�VXESORWV��FDYLW\
QHVWHUV��DQG�SHUFHQWDJH�RI�URW�E\�WUHDWPHQW�
7KH� HQWLUH� EORFN� ZDV� ORJJHG� LQ� 'HFHPEHU
�����DV�VFKHGXOHG�

%(1(),76�

7KH� UHVXOWV� ZLOO� SURYLGH� UHVRXUFH
PDQDJHUV� ZLWK� LQIRUPDWLRQ� RQ� WKH
HIIHFWLYHQHVV�RI�WKH�WZR�PHWKRGV�DQG�RQ�WKH
HIIHFWV� RI� WLPLQJ� RI� SUHKDUYHVW� DVSHQ
FRQWURO�� �7KLV�VWXG\�ZLOO�DOVR�SURYLGH�XVHIXO
LQIRUPDWLRQ�IRU�ERWDQLVWV�RQ�WKH�PRUWDOLW\�RI
DVSHQ�VXFNHUV�DQG�IRU�ZLOGOLIH�HFRORJLVWV�RQ
WKH�LPSDFWV�RI�FRQWURO�RQ�FDYLW\�QHVWHU�XVH�
$Q� LQ�KRXVH� UHSRUW� VKRZLQJ� SUHOLPLQDU\
ILQGLQJV� ZLOO� EH� SURGXFHG� �� \HDUV� DIWHU
KDUYHVW�� � $� /DQG� 0DQDJHPHQW� UHSRUW
VXPPDUL]LQJ� \HDU���� UHVXOWV� PD\� DOVR� EH
SURGXFHG�

%&�)5������23(5$7,21$/�6,7(
35(3$5$7,21�75,$/6�

68,7$%,/,7<�$1'�())(&76
2)�6(('/,1*

(67$%/,6+0(17�$1'�)2/,$5
1875,(17�&21&(175$7,21
,1�7+(�,')��06�$1'�(66)

=21(6

352-(&7�/($'(56�
:��5��0LWFKHOO��.DPORRSV�)RUHVW�5HJLRQ
6X]DQQH�6LPDUG��.DPORRSV�)RUHVW�5HJLRQ

7KLV� UHVHDUFK� SURMHFW� LV� RQH� FRPSRQHQW
RI�D�ODUJHU�VWXG\�RI�RSHUDWLRQDO�WULDOV�RQ�VLWH
SUHSDUDWLRQ�� SODQWLQJ� VWRFN�� DQG� SRVW�
SODQWLQJ� VLWH� PDLQWHQDQFH� WUHDWPHQWV� RQ
KLJK�HOHYDWLRQ� VLWHV� LQ� WKH� VRXWKHUQ
,QWHULRU�

2%-(&7,9(6�

7KLV� FRPSRQHQW� VWXG\� ZLOO� LQYHVWLJDWH
WKH� HIIHFWV� RI� SLQHJUDVV� DQG� IRUHVW� IORRU
UHPRYDO� RQ� ORQJ�WHUP� SURGXFWLYLW\�� XVLQJ
PHFKDQLFDO� DQG� FKHPLFDO� VLWH� SUHSDUDWLRQ�



��

7KH� VSHFLILF� REMHFWLYHV� RI� WKLV� UHVHDUFK�DUH�
���� WR� GHWHUPLQH� WKH� HIIHFWV� RI� SLQHJUDVV
UHPRYDO� �ZLWK� DQG� ZLWKRXW� IRUHVW� IORRU
UHPRYDO�� RQ� SHUIRUPDQFH� RI� SODQWHG
ORGJHSROH� SLQH� VHHGOLQJV�� OHYHOV� RI
HQYLURQPHQWDO� UHVRXUFHV� DQG� FRQGLWLRQV�
DQG�GLYHUVLW\� RI� HFWRP\FRUUKL]DO� IXQJL�� DQG
���� WR� GHPRQVWUDWH� WKH� XVH� RI� PHFKDQLFDO
DQG�FKHPLFDO�VLWH�SUHSDUDWLRQ�WHFKQLTXHV�RQ
VWHHS��GU\��JUDVV\�VLWHV�

352*5(66�

3LQHJUDVV� FDQ� FRPSHWH� ZLWK� FRQLIHU
VHHGOLQJV� IRU� OLPLWHG� VRLO� ZDWHU� DQG� FDQ
LQFUHDVH�WKH�ULVN�RI�IURVW�GDPDJH���5HPRYDO
RI� SLQHJUDVV� E\� PHFKDQLFDO� RU� FKHPLFDO
PHDQV�KDV�OHG�WR�VXFFHVVIXO�FRQLIHU�VHHGOLQJ
VXUYLYDO�DQG�JURZWK�� �6LQFH�VLWHV�DUH�VWHHS�
RSWLRQV� IRU� VLWH� SUHSDUDWLRQ� DUH� OLPLWHG�
6FDOSLQJ� DQG� ULSSLQJ� WUHDWPHQWV� ZHUH
HIIHFWLYH�� KRZHYHU�� WKHVH� WUHDWPHQWV
UHGXFHG� VRLO� QXWULHQW� DYDLODELOLW\�� � )RUHVW
IORRU� UHPRYDO� PD\� KDYH� ORQJ�WHUP
LPSOLFDWLRQV� RQ� VLWH� SURGXFWLYLW\�� SDUWLFX�
ODUO\�RQ�HQYLURQPHQWDOO\�OLPLWHG�VLWHV�

7KLV� SURMHFW� ZLOO� WHVW� WKH� XVH� RI
H[FDYDWRU� DQG� JURXQG� IROLDU� FKHPLFDO
DSSOLFDWLRQV�� � 7KH� VWXG\� VLWH� LV� LQ� WKH
0XUUD\� &UHHN� GUDLQDJH� LQ� WKH� /LOORRHW
'LVWULFW� LQ� WKH� ,')� ]RQH�� � 6RLO� QXWULHQWV
IURP� VDPSOHV�ZHUH� DQDO\]HG�� FKHPLFDO� VLWH
SUHSDUDWLRQ� ZDV� GRQH�� VHHGOLQJV� ZHUH
SODQWHG�DQG�LQLWLDO�WUHH�PHDVXUHPHQWV�ZHUH
WDNHQ�� � 6XUYLYDO�� FRQGLWLRQ�� DQG� GDPDJH
DVVHVVPHQWV� ZHUH� SHUIRUPHG�� 7KH
PLFURFOLPDWH� VWDWLRQ� ZDV� LQVWDOOHG� DQG
DQDO\VLV� RI� GDWD� ZDV� FRPSOHWHG� LQ� HDUO\
������ � 0\FRUUKL]DH� URRW� VDPSOLQJ� DQG
ELRDVVD\�VRLO�VDPSOLQJ�EHJDQ�LQ�6HSWHPEHU�
ZLWK� ODERUDWRU\� LGHQWLILFDWLRQ� RQJRLQJ
WKURXJKRXW� WKH� ZLQWHU�� � 6HHGOLQJ
SHUIRUPDQFH� LV� EHLQJ� DVVHVVHG� LQ� WHUPV� RI
VXUYLYDO�� JURZWK�� [\OHP� ZDWHU� SRWHQWLDO�
VWRPDWDO� FRQGXFWDQFH�� DQG� IROLDU� QXWULHQWV�
0LFURFOLPDWH� PHDVXUHPHQWV� ZLOO� LQFOXGH
VRLO�DQG�DLU�WHPSHUDWXUH��VRLO�PRLVWXUH��DQG
VRODU� LUUDGLDQFH�� � 6RLO� QXWULHQWV�� S+�
VWUXFWXUH��VDWXUDWHG�K\GUDXOLF�FRQGXFWLYLW\�
DQG� PRLVWXUH� UHWHQWLRQ� DUH� DOVR� EHLQJ
PHDVXUHG�� � 0\FRUUKL]DO� IXQJL� DUH� EHLQJ

DVVHVVHG� LQ� WHUPV� RI� GLYHUVLW\� DQG� UDWHV� RI
VHHGOLQJ�LQIHFWLRQ�

%(1(),76�

7KH� UHVXOWV� RI� WKLV� VWXG\� ZLOO� SURYLGH
VLOYLFXOWXULVWV�ZLWK�DSSURSULDWH�PHWKRGV�IRU
SUHSDULQJ� VWHHS�� GU\�� JUDVV\� VLWHV�� � ,Q
DGGLWLRQ�� UHVHDUFKHUV�ZLOO� EH� EHWWHU� DEOH� WR
SUHGLFW� WKH� LPSDFWV� RI� WKHVH� PHWKRGV� RQ
ORQJ�WHUP� SURGXFWLYLW\�� EDVHG� RQ� WKH
XQGHUO\LQJ� VHHGOLQJ� UHVSRQVHV� DQG
HQYLURQPHQWDO� HIIHFWV�� � )LQGLQJV� ZLOO� EH
SUHVHQWHG� LQ� ZRUNVKRSV� DQG� UHSRUWV�� WKHVH
VLWHV� ZLOO� DOVR� EH� XVHG� IRU� GHPRQVWUDWLRQ
DQG�ZRUNVKRSV�

38%/,&$7,216�

7KLUG�\HDU� UHVXOWV� IURP� WKLV� SURMHFW
ZHUH� UHSRUWHG� LQ� )5'$� 0HPR� 1R�� ����
)LIWK�\HDU�UHVXOWV�ZLOO�VRRQ�EH�DYDLODEOH�

%&�)5������$�&203$5,621�2)
08/&+�0$7�$1'�+(5%,&,'(
75($70(176�)25�5('8&,1*
*5$66�&203(7,7,21�,1�7+(

,')ZZ

352-(&7�/($'(56�
3�*��&RPHDX��5HVHDUFK�%UDQFK
*��+DUSHU��5HVHDUFK�%UDQFK
-��%RDWHQJ��6LOYLFXOWXUH�%UDQFK
%��'
$QMRX��9DQFRXYHU�)RUHVW�5HJLRQ

2%-(&7,9(6�

,Q� WKH� ,')ZZ�� H[WHQVLYH� JUDVV� FRYHU
GHYHORSV� IROORZLQJ� KDUYHVWLQJ�� PHFKDQLFDO
VLWH�SUHSDUDWLRQ��DQG�UHPRYDO�RI�VKUXE�FRYHU
XVLQJ� KHUELFLGHV�� � 7KH� SUHVHQFH� RI� JUDVV
DSSHDUV� WR� UHGXFH� WKH� VXUYLYDO� DQG� JURZWK
RI� SODQWHG� 'RXJODV�ILU� VHHGOLQJV� RQ� WKHVH
VLWHV�� � 7KH� VHOHFWLRQ� RI� DQ� DSSURSULDWH
WUHDWPHQW� RSWLRQ� UHTXLUHV� LQIRUPDWLRQ� RQ
WKH�HIIHFWLYHQHVV�RI�DOWHUQDWLYH�WUHDWPHQWV�



��

352*5(66�

7KLV� VWXG\� ZLOO� FRPSDUH� WKH
HIIHFWLYHQHVV� RI� DSSOLFDWLRQ� DQG� WLPLQJ� RI
KH[D]LQRQH�� JO\SKRVDWH�� DQG� SODVWLF� PXOFK
PDWV� IRU� UHGXFLQJ� JUDVV� FRPSHWLWLRQ� DQG
LPSURYLQJ� VXUYLYDO� DQG�JURZWK� RI�'RXJODV�
ILU� VHHGOLQJV�� � 7ZR� EUDQGV� �$UERWHF� �%UXVK
%ODQNHW��DQG�7UHGHJDU��7UHH�0DW���DQG�WZR
VL]HV� ���� DQG� ���� FP�� RI� PDWV� DUH� EHLQJ
HYDOXDWHG� LQ� WKLV� WULDO�� � 3ODQWLQJ�� VHHGOLQJ
PHDVXUHPHQW� DQG� WUHDWPHQW� DSSOLFDWLRQ
ZHUH� FRPSOHWHG� LQ� 0D\� ������ � 9HJHWDWLRQ
DVVHVVPHQWV� ZHUH� FRPSOHWHG� LQ� -XQH� ����
DQG� ZLOO� EH� UHSHDWHG� LQ� ����� DQG� �����
6HHGOLQJV�ZHUH�UHPHDVXUHG�LQ�2FWREHU�����
DQG�ZLOO�EH�UHPHDVXUHG�DQQXDOO\�

%(1(),76�

5HVXOWV�ZLOO�SURYLGH� LQIRUPDWLRQ�RQ� WKH
UHODWLYH� HIIHFWLYHQHVV� RI� PXOFK� PDWV� DQG
HDUO\�VHDVRQ�DSSOLFDWLRQV�RI�KH[D]LQRQH�DQG
JO\SKRVDWH�� DQG� RQ� WKH� HIIHFWV� RI� GLIIHUHQW
PXOFK�PDWHULDOV�DQG�PXOFK�VL]HV���)LQGLQJV
ZLOO� EH� SUHVHQWHG� LQ� UHVHDUFK� PHPRV�
UHVHDUFK�UHSRUWV�DQG�(&:�DEVWUDFWV�

%&�)5������08/7,)$&725
0$18$/�%586+,1*�678',(6

,1�7+(�1(/621�)25(67
5(*,21

352-(&7�/($'(56�
-��3ROODFN��1HOVRQ�)RUHVW�5HJLRQ
&��7KRPSVRQ��1HOVRQ�)RUHVW�5HJLRQ
*��+DUSHU��5HVHDUFK�%UDQFK��9LFWRULD
3��&RPHDX��5HVHDUFK�%UDQFK

2%-(&7,9(6�

7KLV� WKUHH�IDFWRU�� PDQXDO� EUXVKLQJ
VWXG\�ZLOO� H[DPLQH� WKH� HIIHFWV� RI� VHDVRQ� RI
FXWWLQJ��GXUDWLRQ��L�H���\HDUV��RI�FXWWLQJ��DQG
WUHDWPHQW� UDGLXV� RI� PDQXDO� UHOHDVH
WUHDWPHQWV�RQ�JURZWK�RI�VSUXFH�VHHGOLQJV�

352*5(66�

$�GUDIW�ZRUNLQJ�SODQ�IRU�WKLV�SURMHFW�KDV
EHHQ�SUHSDUHG�DQG�RQH�VWXG\�VLWH�KDV�EHHQ
LQVWDOOHG�QHDU�7URXW�/DNH�� � 7ZR� DGGLWLRQDO
VLWHV�ZLOO�EH�LQVWDOOHG�LQ������

%(1(),76�

7KH�UHVXOWV�ZLOO�SURYLGH� LQIRUPDWLRQ�RQ
VSUXFH� UHVSRQVH� WR� WLPH� RI� EUXVKLQJ
WUHDWPHQWV�DQG�ZLOO�DGG�WR�EDVLF�NQRZOHGJH
RQ� VHHGOLQJ� GHYHORSPHQW� IROORZLQJ� PDQXDO
UHOHDVH�WUHDWPHQWV���7KH�LQIRUPDWLRQ�ZLOO�EH
SUHVHQWHG� LQ� UHVHDUFK� PHPRV�� UHVHDUFK
UHSRUWV��DQG�(&:�DEVWUDFWV�

)&�)5��� '(9(/230(17�2)
$�0<&2+(5%,&,'(�)25
+$5':22'�$1'�%586+

&21752/

352-(&7�/($'(5�
5RQDOG�:DOO��3DFLILF�)RUHVWU\�&HQWUH��

9LFWRULD

2%-(&7,9(6�

7KH�IXQJXV�&KRQGURVWHUHXP�SXUSXUHXP
LQYDGHV� WUHH� VWHPV� DQG� SUHYHQWV� ZRXQG�
KHDOLQJ� DQG� DGYHQWLWLRXV� VKRRW� JURZWK�
WKHUHE\� UHGXFLQJ� UHJURZWK� LQ� VWXPSV� DQG
LQFUHDVLQJ� PRUWDOLW\� ZKHQ� DSSOLHG� WR
JLUGOHG�ZHHG�WUHHV���7KLV�SURMHFW�LV�GHGLFDWHG
WR�LPSURYLQJ�WKH�HIIHFWLYHQHVV�DQG�HQDEOLQJ
WKH� UHJLVWUDWLRQ� RI� WKH� IXQJXV
&KRQGURVWHUHXP� SXUSXUHXP� DV� D� ELRORJLFDO
FRQWURO�RI�FRPSHWLQJ�KDUGZRRGV�DQG�VKUXEV�
7KHUHIRUH��D�SURGXFW�RI�TXDQWLILDEOH�HIILFDF\
QHHGV�WR�EH�GHYHORSHG�

352*5(66�

7KLV�UHVHDUFK�SURMHFW�FRQVLVWV�RI��

�� 6HOHFWLRQ� RI� YLUXOHQW� LVRODWHV� �� 7KHVH
ZLOO� EH� WHVWHG� LQ� SDUDOOHO� ODERUDWRU\�
JUHHQKRXVH� DQG� ILHOG� WHVWV� WR�PHDVXUH
WKH�SUHGLFWLYH�YDOXH�RI�WKHVH�WHVWV���7KH



��

DELOLW\�RI�LVRODWHV�WR�SURGXFH�VSRUHV�ZLOO
DOVR�EH�PHDVXUHG�XQGHU�ODERUDWRU\�DQG
ILHOG�FRQGLWLRQV�

�� 'HYHORSPHQW� RI� VXLWDEOH� PDVV� FXOWXUH
DQG�IRUPXODWLRQ�WHFKQLTXHV���3UHVHQWO\
GHYHORSHG�SURGXFWV�ZLOO�EH�FRPSDUHG�LQ
ODERUDWRU\� DQG� VPDOO� VFDOH� ILHOG� WHVWV
DIWHU� LQFUHDVLQJ� SHULRGV� RI� VWRUDJH� DW
GLIIHUHQW� WHPSHUDWXUHV� DQG� PRLVWXUH
OHYHOV�

�� )LHOG� WHVWV� �� 6PDOO�VFDOH� ILHOG� WHVWV
FRPSDULQJ� LVRODWHV� DQG� IRUPXODWLRQV
ZLOO� EH� HVWDEOLVKHG�� � 5HVXOWV� IURP
SUHYLRXV� WHVWV� ZLOO� EH� HYDOXDWHG� ZLWK
UHVSHFW� WR� KHUELFLGDO� HIILFDF\� DQG
IUXFWLILFDWLRQ�RI�WKH�IXQJXV�

%(1(),76�

7KH� HQG� UHVXOW� RI� WKLV� UHVHDUFK�ZLOO� EH
WKH� IRUPXODWLRQ� RI� D� YLUXOHQW� VWUDLQ� RI� &�
SXUSXUHXP� ZLWK� NQRZQ� YLDELOLW\� DIWHU
VWRUDJH�� DQG� SUHGLFWDEOH� HIIHFWLYHQHVV� DV� D
P\FRKHUELFLGH�

)&�)5�������,1+,%,7,21�2)
&$/$0$*5267,6
&$1$'(16,6�%<

5+,=2%$&7(5,$�72
352027(�&21,)(5
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352-(&7�/($'(5�
&KDUOHV�'RUZRUWK��3DFLILF�)RUHVWU\�&HQWUH

2%-(&7,9(6�

&DQDGD� UHHGJUDVV�� RU� EOXHMRLQW
�&DODPDJURVWLV� FDQDGHQVLV��� LV� D� SULPDU\
LPSHGLPHQW� WR� UHIRUHVWDWLRQ�� � $PRQJ� WKH
DYDLODEOH� ELRORJLFDO� FRQWUROV�� GHOHWHULRXV
UKL]REDFWHULD� �'5%�� DUH� EHLQJ� LQYHVWLJDWHG
E\� WKH� 3DFLILF� )RUHVWU\� &HQWUH�� � 3ODQW�
JURZWK�SURPRWLQJ�EDFWHULD� �3*35��DUH�DOVR
EHLQJ�H[DPLQHG�

352*5(66�

3UHOLPLQDU\�ZRUN� LQ� �������� JHQHUDWHG
OLPLWHG� FROOHFWLRQV� RI� EDFWHULD� DQG� VHHGV� RI
YDULRXV� UHHGJUDVV� FORQHV�� � 6HYHUDO� EDFWHULD
WKDW�LQKLELWHG�UHHGJUDVV�WR�D� OLPLWHG�H[WHQW
ZHUH� IRXQG� DQG� LGHQWLILHG�� � 7KH� �������
UHHGJUDVV� ILHOG� VXUYH\� UHVXOWHG� LQ� WKH
FROOHFWLRQ�RI�D�FURVV�VHFWLRQ�RI�URRWHG�SODQWV�
7KLV� FROOHFWLRQ� ZDV� UHSUHVHQWDWLYH� RI� WKH
SODQW
V� UDQJH� LQ� %�&�� DQG� WKH� YDULRXV
VLOYLFXOWXUDO� DQG� YHJHWDWLRQ� PDQDJHPHQW
V\VWHPV� LQ� SODFH�� � &ROOHFWLRQ� DQG� EDFWHULDO
LVRODWLRQ� WHFKQLTXHV� LPSURYHG� XVLQJ
SURFHGXUHV� DGDSWHG� IURP� FRRSHUDWLQJ
ODERUDWRULHV�

%DFWHULDO� LVRODWLRQV� ZHUH� LQLWLDWHG� LQ
VXPPHU� ����� DQG� KDYH� JHQHUDWHG� PRUH
WKDQ�����LVRODWHV�IURP�RQH�KDOI�RI�WKH�JUDVV
FROOHFWLRQV�� � ,VRODWLRQV�ZLOO�EH� FRPSOHWHG�E\
'HFHPEHU�������� �%LRDVVD\V� WR� LGHQWLI\�DQG
TXDQWLI\�DFWLYLW\�RI�WKH�EDFWHULDO� LVRODWHV�DV
LQKLELWRUV� RI� UHHGJUDVV�DQG�RU�SODQW�JURZWK
SURPRWHUV�RI�3LQXV�VSS��DQG�3LFHD�VSS��ZLOO
EH� FRPSOHWHG� E\� -XQH�� ������ � $XWRPDWHG
LGHQWLILFDWLRQ� RI� WKH� LVRODWHV� LV� SURFHHGLQJ
FRLQFLGHQWDOO\�ZLWK�LVRODWLRQ�

'XULQJ�WKH������ILHOG�VHDVRQ��VDPSOHV�RI
JUDVV� IURP� ZKLFK� UKL]REDFWHULD� PLJKW� EH
LVRODWHG� DQG� VDPSOHV� RI� PDWXUH� UHHGJUDVV
VHHGV� IRU� ELRDVVD\� ZHUH� FROOHFWHG� IURP� WKH
3ULQFH�*HRUJH�5HJLRQ���6SHFLILF�GDWD�ZLOO�QRW
EH� DYDLODEOH� XQWLO� WKLV� \HDU
V� VHW� RI� ILHOG
VDPSOHV� LV� IXOO\� DQDO\]HG� IRU� EDFWHULD
FRQWHQW� DQG� WKH� LVRODWHV� DUH� LGHQWLILHG�
)XUWKHU� GDWD� ZLOO� EHFRPH� DYDLODEOH� DV� WKH
LVRODWHV� DUH� VXEMHFWHG� WR� ELRDVVD\� LQ
FKDOOHQJH�WHVWV�DJDLQVW�JHUPLQDWLQJ�VHHGV�RI
&��FDQDGHQVLV�DQG�FRQLIHUV�� �8VHIXO� LVRODWHV
ZLOO�EH�PRGLILHG�LQWR�IRUPV�WKDW�FDQ�EH�XVHG
DV�HLWKHU�ELRORJLFDO�KHUELFLGHV�RU�WR�SURPRWH
JURZWK�LQ�VHHGOLQJV�

%(1(),76�

7KH� UHVXOW� RI� WKLV� UHVHDUFK� ZLOO� EH
SUHSDUDWLRQ�RI�EDFWHULD�XVHIXO�DV�HLWKHU�'5%
RU� 3*35�� DORQJ�ZLWK� WKH� SURWRFRO� IRU� WKHLU
DSSOLFDWLRQ�WR�WKH�WDUJHW�SODQW�SRSXODWLRQV�
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38%/,&$7,216�

'RUZRUWK��&�(����������%LRORJLFDO�FRQWURO�RI
ZHHGV�XVLQJ�LQGLJHQRXV�SDWKRJHQV���SS�
��������,Q���&DQ��)RUHVW�1XUVHU\�:HHG
0QJW��$VVRF��$QQ��0WQJ����(G���*�
6KULPSWRQ��%�&��0LQ��)RUHVWV��9LFWRULD�
%�&�������S�

BBBBBB����������$XJPHQWDWLRQ�ELRORJLFDO
FRQWURO�LQ�&DQDGD
V�IRUHVWV��SS������
������,Q���3URF��)RUHVW�%LRORJLFDO
&RQWURO�LQ�WKH�*UHDW�3ODLQV��(G���(OOHQ
'L[�������-XO\����������%LVPDUN�
1�'DN�������S�

BBBBBB����������7KH�FDVH�IRU�ELRORJLFDO
FRQWURO���'HOHWHULRXV�UKL]REDFWHULD�DV
ELRFRQWURO�DJHQWV�IRU�&DODPDJURVWLV
FDQDGHQVLV���,Q���7KH�1RUWKHUQ�)RUHVW
9HJHWDWLRQ�0DQDJHU��6HSW��������3XE�
WUDQVFULSW�RI�SUHVHQWDWLRQ�DW�WKH�1��,QW�
0QJW��$VVRF��$QQ��0WQJ���4XHVQHO��%�&�

BBBBBB����������%LRORJLFDO�FRQWURO�RI�IRUHVW
ZHHGV���RQ�WUDFN�DQG�RQ�WLPH�
3HVWLFXODUV�����������$EVW��RI
SUHVHQWDWLRQ�DW�$�*�0��������6LPRQ
)UDVHU�8QLY���%XUQDE\��%�&��

:LQGHU��5�(���6��6KDPRXQ��DQG�&�(�
'RUZRUWK����������)RUPXODWLRQ�RI�D
SRWHQWLDO�ELRFRQWURO�DJHQW�IRU
&DODPDJURVWLV�FDQDGHQVLV���$EVW�����
,Q�����������$36�06$�$�*�0�������
$XJ��������3RUWODQG��2UHJ�

%&�$������7+(�())(&76�2)
&$77/(�*5$=,1*��)25$*(
6((',1*�5$7(6��%$6$/
6&$55,1*�$1'�6+227
'$0$*(�21�)25(67

5(*(1(5$7,21

352-(&7�/($'(5�
%ULDQ�:LNHHP��5HVHDUFK�%UDQFK��.DPORRSV

7KLV�SURMHFW�FRQVLVWV�RI�WZR�H[SHULPHQWV�

�� (IIHFWV� RI� FDWWOH� JUD]LQJ� DQG� IRUDJH
VHHGLQJ� UDWHV� RQ� FRQLIHU� VXUYLYDO� DQG
JURZWK�

7KH�REMHFWLYHV�DUH� WR�GHWHUPLQH� WKH
HIIHFW�RI�� � �D��WKUHH�IRUDJH�VHHGLQJ�UDWHV
RQ� QDWLYH� YHJHWDWLRQ� DQG� FRQLIHU
VXUYLYDO� DQG�JURZWK�� �E�� WKUHH� OHYHOV� RI
JUD]LQJ� LQWHQVLW\� RQ� QDWLYH� YHJHWDWLRQ�
DQG�WKH�VXUYLYDO�DQG�JURZWK�RI��FRQLIHUV�
�F�� YDU\LQJ� VHHGLQJ� UDWHV� RQ� SODQW
GHQVLW\� DQG� IRUDJH� SURGXFWLRQ�� DQG� �G�
FKDQJLQJ�OHYHOV�RI�JUD]LQJ�LQWHQVLW\�DQG
IRUDJH� SURGXFWLRQ� WKURXJK� VHHGLQJ� RQ
FDWWOH�ZHLJKW�JDLQV�

�� (IIHFWV� RI� EDVDO� VFDUULQJ� RQ� FRQLIHU
VXUYLYDO�DQG�JURZWK�

7KH�REMHFWLYHV�DUH� WR�GHWHUPLQH� WKH
HIIHFW�RI����D��GLIIHUHQW�OHYHOV�RI�VHHGOLQJ
VFDUULQJ�RQ�WUHH�VXUYLYDO�DQG�JURZWK���E�
GLIIHUHQW�OHYHOV�RI�VKRRW�UHPRYDO�RQ�WUHH
VXUYLYDO� DQG� JURZWK�� �F�� VHDVRQ� RI
GDPDJH� RQ� WUHH� VXUYLYDO� DQG� JURZWK�
DQG� �G�� VFDUULQJ� DQG� VKRRW� UHPRYDO� RQ
VHHGOLQJV�RI�WZR�GLIIHUHQW�DJH�FODVVHV�

352*5(66�

7ZR� \HDUV� DIWHU� SODQWLQJ�� ���� RI� WKH
VHHGOLQJV� ZHUH� GDPDJHG� E\� FDWWOH�
+RZHYHU�� UHVXOWV� LQGLFDWH� WKDW� FDWWOH
JUD]LQJ� GLG� QRW� DIIHFW� FRQLIHU� KHLJKW� RU
GLDPHWHU�� 1HLWKHU� IRUDJH� VHHGLQJ� QRU
JUD]LQJ�DSSHDUHG� WR� DIIHFW� FRQLIHU� VXUYLYDO�
7UDPSOLQJ� GDPDJH� FRUUHODWHG� SRRUO\� ZLWK
SDVWXUH�XWLOL]DWLRQ�EXW�ZDV�PRUH�UHODWHG� WR
WKH�QXPEHU�RI�GD\V�RI�JUD]LQJ�

7\SLFDO�JUD]LQJ�LQMXULHV��EDVDO�VFDUULQJ�
OHDGHU�GDPDJH��ZHUH�VLPXODWHG�RQ�ORGJHSROH
SLQH� VHHGOLQJV�� %RWK� GLDPHWHU� DQG� KHLJKW
JURZWK� ZHUH�PRVW� DIIHFWHG� ZKHQ� VHHGOLQJV
ZHUH�GDPDJHG�DIWHU�EXGVHW���%DVDO�VFDUULQJ
XS�WR�����RI�WKH�VWHP�FLUFXPIHUHQFH�GLG�QRW
DIIHFW� GLDPHWHU� JURZWK�� DW� ����� VHHGOLQJ
GLDPHWHU� DQG� KHLJKW� JURZWK� ZHUH� UHGXFHG
FRPSDUHG� WR� WKH� FRQWURO�� �'LDPHWHU� JURZWK
ZDV� RQO\� VOLJKWO\� UHGXFHG� E\� ���� WHUPLQDO
VKRRW� UHPRYDO� DQG� E\� EXG� UHPRYDO�
DOWKRXJK�KHLJKW�JURZWK�ZDV�DIIHFWHG�



��

7KLV� \HDU� UHVHDUFK� ZLOO� FRQFHQWUDWH� RQ
FRPSOHWLQJ�WKH�FRQLIHU�DQG�IRUDJH�VDPSOLQJ
DQG� GHWHUPLQLQJ� FDWWOH� ZHLJKW�� � $OO� ILHOG
VDPSOHV�ZLOO� EH� SURFHVVHG�� WKH�GDWD�ZLOO� EH
VXPPDUL]HG� DQG� WKH� SUHOLPLQDU\� DQDO\VLV
ILQLVKHG�� � 6LWH� PDLQWHQDQFH� ZLOO� DOVR� EH
GRQH�

%(1(),76�

7KH� UHVXOWV� RI� WKLV� H[SHULPHQW� ZLOO
SURYLGH� UHVRXUFH�PDQDJHUV�ZLWK� JXLGHOLQHV
DERXW�KRZ�IRUDJH�VHHGLQJ�DQG�FDWWOH�JUD]LQJ
DIIHFW� FRPSHWLQJ� QDWLYH� YHJHWDWLRQ� DQG
FRQLIHU�VXUYLYDO�DQG�JURZWK��DQG�KRZ�EDVDO
VFDUULQJ� DQG� OHDGHU� GDPDJH� DIIHFW� WKH
VXUYLYDO� DQG� JURZWK� RI� ORGJHSROH� SLQH�
&DWWOH� SHUIRUPDQFH� ZLOO� EH� PRQLWRUHG� WR
HVWDEOLVK� WKH� FRPELQDWLRQ� RI� VHHGLQJ� DQG
JUD]LQJ� WKDW� ZLOO� EHVW� SURYLGH� EHQHILWV� WR
ERWK�WUHHV�DQG�WKH�OLYHVWRFN�LQGXVWU\�

38%/,&$7,216�

)5'$� 0HPRV� ����� ����� ����� ���� DQG
����DUH�DYDLODEOH�

%&�$������),(/'�*8,'(�72
%,2/2*,&$/�&21752/�2)
5$1*(�:(('6�,1�%5,7,6+

&2/80%,$

352-(&7�/($'(56�
$OOHQ�6WXUNR��5DQJH�%UDQFK��.DPORRSV
%ULDQ�:LNHHP��5HVHDUFK�%UDQFK��.DPORRSV

2%-(&7,9(6�

0RUH� WKDQ� ��� QR[LRXV� ZHHG� VSHFLHV
RFFXU� RYHU� ���� ���� KD� RI� IRUHVW� DQG� JUDVV�
ODQG� UDQJH� LQ� %ULWLVK� &ROXPELD�� � 2QFH
HVWDEOLVKHG�� WKHVH� ZHHGV� FDQ� VLJQLILFDQWO\
UHGXFH� WKH� IRUDJH� SURGXFWLRQ� FDSDELOLW\� IRU
FDWWOH� DQG� ZLOGOLIH�� UHGXFH� WKH� DHVWKHWLF
YDOXH� RI� JUDVVODQGV� DQG� IRUHVWV�� DQG
PDLQWDLQ�VLWHV�DW�ORZHU�WKDQ�RSWLPXP�OHYHOV
RI� VSHFLHV� GLYHUVLW\�� � %LRORJLFDO� FRQWURO
DJHQWV� DUH� SUHVHQWO\� DYDLODEOH� IRU� PDQ\� RI

WKHVH�VSHFLHV�EXW�OLWWOH�LQIRUPDWLRQ�H[LVWV�WR
DVVLVW�ILHOG�VWDII�LQ�LGHQWLI\LQJ�ZHHGV�VSHFLHV�
VHOHFWLQJ� DSSURSULDWH� ELRORJLFDO� FRQWUROV�� RU
XVLQJ�WKHVH�FRQWURO�DJHQWV�

7KH�VSHFLILF�REMHFWLYHV�RI�WKLV�SURMHFW�DUH
WR� SUHSDUH� DQ� LOOXVWUDWHG� PDQXDO� WR�� � �D�
DVVLVW� ILHOG� VWDII� LQ� WKH� LGHQWLILFDWLRQ� RI
QR[LRXV�UDQJH�ZHHGV�LQ�%�&��DQG�RXWOLQH�WKH
JHRJUDSKLFDO� DQG� HFRORJLFDO� GLVWULEXWLRQ� RI
HDFK� ZHHG� VSHFLHV�� �E�� VXPPDUL]H
LQIRUPDWLRQ� RQ� WKH� ELRORJ\� RI� HDFK� ZHHG
VSHFLHV�� �F�� GHVFULEH� H[LVWLQJ� ELRORJLFDO
FRQWURO� DJHQWV� IRU� HDFK� ZHHG� VSHFLHV� DW
GLIIHUHQW� VWDJHV� RI� JURZWK�� DQG� �G�� SURYLGH
UHFRPPHQGDWLRQV� RQ� WKH� FROOHFWLRQ�
KDQGOLQJ��DQG�GLVWULEXWLRQ�RI�HDFK�ELRORJLFDO
FRQWURO�DJHQW�

352*5(66�

7KLV� SURMHFW� ZLOO� FRQVROLGDWH� H[LVWLQJ
LQIRUPDWLRQ� IURP� SXEOLVKHG� VRXUFHV� IRU
SODQW� DQG� ELRORJLFDO� FRQWURO� DJHQW
GHVFULSWLRQV���([LVWLQJ�SKRWRJUDSKV�RI�ZHHG
VSHFLHV�DQG�ELRORJLFDO�FRQWURO�DJHQWV�ZLOO�EH
XVHG� ZKHQ� DYDLODEOH�� EXW� LOOXVWUDWLRQV� DUH
UHTXLUHG�IRU�VRPH�SODQWV�DQG�LQVHFWV�

7KH� UHVHDUFK� IRU� WKLV� SURMHFW� KDV
SURJUHVVHG�LQ�SKDVHV���7KH�OLWHUDWXUH�UHYLHZ
ZDV�FRPSOHWHG�DQG�SKRWRJUDSKV�ZHUH�VRUWHG
DQG�FDWDORJXHG� IRU� WKH�SUHOLPLQDU\�GUDIW� RI
WKH�PDQXDO�FRPSOHWHG�LQ������������$��GUDIW
PDQXVFULSW� RQ� WKH� ELRORJLFDO� FRQWURO� RI
GLIIXVH�DQG�VSRWWHG�NQDSZHHG�ZLOO� VHUYH�DV
D� SLORW� IRU� WKH� HQWLUH� PDQXDO��� � 7KH� QH[W
SKDVH�RI� WKH�SURMHFW�ZLOO�EH� WR�SURGXFH� WH[W
IRU� WKH� UHPDLQLQJ� SODQW� VSHFLHV� DQG
FRPSOHWH�WKH�SKRWRJUDSKLF�ZRUN�

%(1(),76�

7KH� LOOXVWUDWHG� PDQXDO� UHVXOWLQJ� IURP
WKLV�VWXG\�ZLOO�DLG�ILHOG�VWDII�LQ�WKH�HIIHFWLYH
LGHQWLILFDWLRQ� RI� QR[LRXV� ZHHGV� DQG� WKH
UHOHDVH� RI� ELRORJLFDO� FRQWURO� DJHQWV�� DQG� LQ
RWKHU� PHWKRGV� WR� SURWHFW� SURYLQFLDO� UDQJH
DQG�IRUHVWODQGV��ZKHUH�WKHVH�ZHHGV�H[LVW�

%&�&������$�5(9,(:�$1'
$1$/<6,6�2)�/,7(5$785(
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352-(&7�/($'(56�
%���:LNHHP��.DPORRSV
&��6XWKHUODQG��&DULERR�)RUHVW�5HJLRQ
7��1HZVRPH��&DULERR�)RUHVW�5HJLRQ

2%-(&7,9(6�

3UHVFULSWLRQ�JUD]LQJ�E\� VKHHS�KDV�EHHQ
XVHG� IRU� EUXVKLQJ� DQG� ZHHGLQJ� RQ� DQ
H[SHULPHQWDO� EDVLV� LQ� %ULWLVK� &ROXPELD
VLQFH� ������ � 3UHOLPLQDU\� UHVXOWV� VXJJHVWHG
WKDW�VKHHS�FDQ�KDYH�D�VLJQLILFDQW�LPSDFW�RQ
KHUEDFHRXV�DQG�VKUXEE\�YHJHWDWLRQ�EXW�IHZ
TXDQWLWDWLYH� GDWD� H[LVWHG�� � /RQJ�WHUP� GDWD
PHDVXULQJ� UHVSRQVH� IRU� ��� \HDUV� RU� PRUH
PD\� DOVR� EH� UHTXLUHG� EHIRUH� GHILQLWLYH
FRQFOXVLRQV� FDQ� EH� GUDZQ�� � 7KH� VSHFLILF
REMHFWLYHV�RI�WKLV�VWXG\�ZHUH�

�� WR� UHYLHZ� OLWHUDWXUH� RQ� VKHHS� JUD]LQJ
DQG� LWV� DSSOLFDWLRQV� WR� IRUHVW
PDQDJHPHQW�LQ�%�&��

�� WR� VXPPDUL]H� ORFDO� H[SHULHQFH� LQ� %�&�
DQG� DEURDG� UHJDUGLQJ� OLYHVWRFN
PDQDJHPHQW� DQG� LPSDFWV� RI� VKHHS
JUD]LQJ� RQ� WDUJHW� VSHFLHV� DQG� FURS
WUHHV�

�� WR� UHGUDIW� H[LVWLQJ� LQWHULP� JXLGHOLQHV
IRU� VKHHS� JUD]LQJ� DV� D� YHJHWDWLRQ
PDQDJHPHQW� WRRO� LQ� %�&��� XVLQJ� WKH
LQIRUPDWLRQ� FROOHFWHG� GXULQJ� WKLV
SURMHFW�

�� WR� GHYHORS� SURWRFROV� IRU� HVWDEOLVKLQJ
IXWXUH� VKHHS� JUD]LQJ� WULDOV�� LQFOXGLQJ
PLQLPXP� PRQLWRULQJ� UHTXLUHPHQWV�
DQG

�� WR� LGHQWLI\� LQIRUPDWLRQ� JDSV� DQG
UHFRPPHQG�SULRULWLHV�IRU�VKHHS�JUD]LQJ
UHVHDUFK�RQ�IRUHVW�ODQG�

352*5(66�

,QIRUPDWLRQ�RQ�VKHHS�JUD]LQJ�DQG�IRUHVW
PDQDJHPHQW�LQ�%�&��KDV�EHHQ�FROOHFWHG�IURP
D� YDULHW\� RI� VRXUFHV� DQG� DQDO\]HG� WR
GHWHUPLQH� UHOHYDQFH�� � $� GUDIW� UHSRUW
VXPPDUL]LQJ� WKH� OLWHUDWXUH� DQG� SURYLGLQJ
JXLGHOLQHV� IRU� RSHUDWLRQDO� VKHHS� JUD]LQJ� LQ
SODQWDWLRQV�LV�FXUUHQWO\�XQGHU�UHYLHZ�

%(1(),76�

5HVXOWV� RI� WKLV� SURMHFW� ZLOO� KHOS
PDQDJHUV� VHOHFW� DSSURSULDWH� VLWHV� IRU
WUHDWPHQW�� DVVLVW� LQ� WHFKQLFDO� PDQDJHPHQW
RI� VKHHS�� DQG� SURYLGH� JXLGHOLQHV� IRU
PRQLWRULQJ� VXFFHVV�� � 7KH� OLWHUDWXUH� ZLOO
SURYLGH� D� V\QWKHVLV� RI� NQRZQ� HIIHFWV� RI
VKHHS� JUD]LQJ� DQG� DVVLVW� LQ� GHYHORSLQJ� D
UHVHDUFK� SURJUDP� WR� LPSURYH� WKLV
YHJHWDWLRQ�PDQDJHPHQW�WUHDWPHQW�

%&�,5������9(*(7$7,21
'(9(/230(17�$1'�&21,)(5

*52:7+�$)7(5
&/($5&877,1*�$1'�6/$6+�
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(66)�=21(6

352-(&7�/($'(56�
(YHO\Q�+DPLOWRQ��5HVHDUFK�%UDQFK
.DUHQ�<HDUVOH\��5HVHDUFK�%UDQFK

2%-(&7,9(6�

/LWWOH� LV� NQRZQ� DERXW� WKH� HIIHFWV� RI
VODVK�EXUQLQJ� RQ� HDUO\� IRUHVW� JURZWK� DQG
VXFFHVVLRQDO� SDWWHUQV�� � %HFDXVH� RI� JURZLQJ
SXEOLF�FRQFHUQV�DERXW�IRUHVWU\�SUDFWLFHV��WKLV
W\SH� RI� LQIRUPDWLRQ� LV� LPSHUDWLYH�� � 7KH
3UHVFULEHG�%XUQLQJ�$OWHUQDWLYHV�7DVN�)RUFH
UHSRUW�KLJKOLJKWV�WKLV�QHHG�� �7KLV�VWXG\�ZLOO
FROOHFW� ORQJ�WHUP� GDWD� IURP� SHUPDQHQW
UHVHDUFK� VLWHV� LQ� WKH� 6%6� DQG�(66)� ]RQHV�
DQDO\]H� DQG� FRQVROLGDWH� DOO� YHJHWDWLRQ
GHYHORSPHQW� DQG� FRQLIHU� VHHGOLQJ� UHVSRQVH
GDWD�� DQG� FRPSOHWH� WKH� �WK�\HDU� UHSRUW� IRU
WKH� 6%6� DQG� �UG�\HDU� VXPPDU\� IRU� WKH
(66)�GDWD�



��

$� FRPSRQHQW� RI� WKLV� SURMHFW� LV� DQ
LQWHQVLYH� VWXG\� RI� WKH� HIIHFWV� RI� EXUQ
VHYHULW\�� LQLWLDO� VHHGOLQJ� VL]H� DQG� FRQGLWLRQ�
DQG�FRPSHWLQJ�YHJHWDWLRQ�RQ�SODQWHG�VSUXFH
VHHGOLQJV� LQ� WKH�6%6�]RQH��XVLQJ�GDWD� IURP
WKH�:DONHU�&UHHN�VLWH�

352*5(66�

7KLV� SURMHFW� ZLOO� FRQFHQWUDWH� RQ
FRPSLOLQJ� H[LVWLQJ� YHJHWDWLRQ� DQG� FRQLIHU
VHHGOLQJ� GDWD� IURP� VHYHUDO� SHUPDQHQW
UHVHDUFK�VLWHV� LQ� WKH�6%6�DQG�(66)�]RQHV�
$OO� YHJHWDWLRQ� GHYHORSPHQW� DQG� VHHGOLQJ
UHVSRQVH� GDWD� ZLOO� EH� FROOHFWHG� DQG
DQDO\]HG�� � 7KH� IRFXV� RI� WKLV� UHVHDUFK� LV� WR
GHWHUPLQH�WKH�SDWWHUQV�RI�YHJHWDWLRQ�FKDQJH
RYHU� WLPH� LQ� WHUPV� RI� VSHFLHV� FRPSRVLWLRQ�
FRYHU��KHLJKW�DQG�YROXPH��DQG� WKH� HIIHFW� RI
LQLWLDO� EXUQ� VHYHULW\� RQ� WKHVH� SDWWHUQV�
(IIHFWV�RI�YHJHWDWLRQ�GHYHORSPHQW�DQG�EXUQ
VHYHULW\� RQ� SODQWHG� FRQLIHU� JURZWK� DQG
VXUYLYDO�ZLOO�DOVR�EH�HYDOXDWHG�

7KH� FRPSRQHQW� VWXG\� LV� DQ� LQWHQVLYH
LQYHVWLJDWLRQ�RI�WKH�HIIHFWV�RI�EXUQ�VHYHULW\�
LQLWLDO� VHHGOLQJ� VL]H� DQG� FRQGLWLRQ�� DQG
FRPSHWLQJ� YHJHWDWLRQ� RQ� SODQWHG� VSUXFH
VHHGOLQJV� LQ�WKH�6%6�]RQH�� �)LIWK�\HDU�GDWD
IURP�WKH�:DONHU�&UHHN�VLWH�ZLOO�EH�DQDO\]HG
DQG� WKUHH� UHSRUWV� ZLOO� EH� SUHSDUHG� IRU
SXEOLFDWLRQ���:RUN�ZLOO�SURFHHG�RQ�ILQDOL]LQJ
WKH� H[LVWLQJ� UHSRUW�� ,QWHULRU� VSUXFH
SHUIRUPDQFH� DQG� YHJHWDWLRQ� JURZWK� LQ� WKH
6XE�%RUHDO� 6SUXFH� ]RQH�� � UHVSRQVH� WR
EXUQLQJ�� � 7ZR� DGGLWLRQDO� UHSRUWV� ZLOO� EH
SUHSDUHG�� � ,QWHULRU� VSUXFH� SHUIRUPDQFH� LQ
WKH�6XE�%RUHDO�6SUXFH�]RQH���HIIHFWV�RI�LQLWLDO
VHHGOLQJ� VL]H� DQG� FRQGLWLRQ� DQG� ,QWHULRU
VSUXFH� SHUIRUPDQFH� LQ� WKH� 6XE�%RUHDO
6SUXFH�]RQH���UHVSRQVH�WR�OHYHOV�RI�FRPSHWLQJ
YHJHWDWLRQ�

%(1(),76�

)LQGLQJV� ZLOO� RXWOLQH� WKH� VXFFHVVLRQDO
G\QDPLFV�DQG�HDUO\�FRQLIHU�VHHGOLQJ�JURZWK
DIWHU�EXUQLQJ�LQ�6%6�DQG�(66)�HFRV\VWHPV�
7KH� UHVXOWV� ZLOO� EH� FRPPXQLFDWHG� WKURXJK
UHSRUWV� DQG� MRXUQDO� DUWLFOHV�� ILHOG� WRXUV�
ZRUNVKRSV��DQG�SUHVHQWDWLRQV�

)LIWK�\HDU� GDWD� IURP� WKH�:DONHU� &UHHN
VLWH� ZLOO� SURYLGH� LQIRUPDWLRQ� DERXW� WKH
UHODWLRQVKLSV� EHWZHHQ� FRQLIHU� VHHGOLQJ
JURZWK�DQG�EXUQ�VHYHULW\��YHJHWDWLRQ�OHYHOV�
DQG�LQLWLDO�VL]H�DQG�FRQGLWLRQ�RI�VHHGOLQJV�LQ
WKH�ILUVW���\HDUV�DIWHU�SODQWLQJ�

%&�%/��� 23(5$7,21$/
6,7(�35(3$5$7,21�$1'

3/$17,1*�672&.�75,$/6�21
&22/��'5<�,')GN��$1'
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352-(&7�/($'(5�
7��1HZVRPH��&DULERR�)RUHVW�5HJLRQ

2%-(&7,9(6�

7KLV� VLWH� SUHSDUDWLRQ� DQG� FDWWOH�
VHHGOLQJ�LQWHUDFWLRQ�WULDO�ZDV�HVWDEOLVKHG�LQ
�������7KH�REMHFWLYH�RI�WKLV�SURMHFW�LV�WR�WHVW
RSWLRQV� IRU� LPSURYLQJ� SODQWDWLRQ� VXUYLYDO
DQG� JURZWK� RQ� GU\�� FRRO� ,')GN�� DQG
6%6GZ��EDFNORJ�VLWHV�LQ�WKH�&DULERR��DQG�WR
HVWDEOLVK� D� GHPRQVWUDWLRQ� DUHD� ZKHUH
RSHUDWLRQDO�IRUHVWHUV�FDQ�YLHZ�DQG�FRPSDUH
DOWHUQDWLYH� SODQWDWLRQ� HVWDEOLVKPHQW
UHJLPHV�

352*5(66�

)LIWK�\HDU� VHHGOLQJ� GDWD� ZHUH� FROOHFWHG
LQ� ����� DQG� D� ILOH� UHSRUW� VXPPDUL]LQJ� WKH
UHVXOWV�LV�DYDLODEOH���$�YHJHWDWLRQ�VWXG\�ZDV
FRQGXFWHG� WR� GHWHUPLQH� WKH� HIIHFWV� RI
JUD]LQJ� RQ� WKH� SLQHJUDVV� FRPPXQLW\�� � 7KH
UHVXOWV� IURP� WKH� VHHGOLQJ� DQG� YHJHWDWLRQ
GDWD� ZLOO� EH� SXEOLVKHG� LQ� ������ � 7KH� QH[W
VHHGOLQJ�DVVHVVPHQW�LV�SODQQHG�IRU������

%(1(),76�

7KH� WULDO� ZLOO� SURYLGH� ORQJ�WHUP
HYDOXDWLRQ�RI�WKH�VLOYLFXOWXUH�EHQHILWV�RI�WKH
VLWH�SUHSDUDWLRQ�WUHDWPHQWV�WHVWHG�DQG�KHOS
HYDOXDWH� WKH� LQWHUDFWLRQV� EHWZHHQ� FRQLIHU
SODQWDWLRQV� DQG� FDWWOH� JUD]LQJ�� 5HIRU�



��

HVWDWLRQ�JXLGHOLQHV�IRU�GU\��FRRO�,')GN��DQG
6%6GZ��EDFNORJ�VLWHV�ZLOO�EH�SURGXFHG�
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352-(&7�/($'(5�
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2%-(&7,9(6�

7KLV� WULDO� ZLOO� WHVW� WKH� HIILFDF\� RI
9,6,21� DW� WKUHH� UDWHV� RQ� ILYH� DSSOLFDWLRQ
GDWHV� RQ� D� ILUHZHHG� FRPSOH[� LQ� WKH� ,&+H�
7KH� REMHFWLYH� LV� WR� GHWHUPLQH� WKH� RSWLPXP
UDWH� DQG� WLPLQJ� RI� 9,6,21� WR� PLQLPL]H
GDPDJH�WR�DQ�H[LVWLQJ�SODQWDWLRQ��EUXVKLQJ
WRRO��� DQG� WR� LPSURYH� SODQWDWLRQ� SHUIRUP�
DQFH� WKURXJK� WKH� FRQWURO� RI� FRPSHWLQJ
YHJHWDWLRQ��VLWH�SUHSDUDWLRQ�WRRO��

352*5(66�

$�VLWH�ZDV�FKRVHQ�LQ�WKH�����0LOH�)RUHVW
'LVWULFW�DQG�SODQWHG�ZLWK�LQWHULRU�VSUXFH�LQ
������ � 7KH� VLWH� ZDV� ILOO�SODQWHG� ZLWK
'RXJODV�ILU�LQ������GXH�WR�KLJK�PRUWDOLW\�RI
WKH�LQWHULRU�VSUXFH�VHHGOLQJV���+HUELFLGH�ZDV
DSSOLHG�DW�WKUHH�UDWHV�����������DQG�����/�KD�
DQG�DW� ILYH�GLIIHUHQW� WLPHV� �ODWH�-XO\�� HDUO\
$XJXVW�� ODWH� $XJXVW�� ODWH� 6HSWHPEHU� DQG
HDUO\� 2FWREHU��� � 0HDVXUHPHQWV� RI� VHHGOLQJ
JURZWK� UHVSRQVH� DQG� FRQGLWLRQ�� DQG
DVVHVVPHQWV� RI� QRQFURS� YHJHWDWLRQ� ZLOO
GHWHUPLQH�WKH�HIILFDF\�RI�WUHDWPHQWV�

7KH� �WK�\HDU� ILHOG� GDWD� IRU� ERWK
YHJHWDWLRQ� DQG� VHHGOLQJ� SHUIRUPDQFH� KDYH
EHHQ� FROOHFWHG�� � $� ILQDO� UHSRUW� ZLOO� EH
DYDLODEOH�LQ������

%(1(),76�

7KLV� WULDO� ZLOO� SURYLGH� D� ORQJ�WHUP
HYDOXDWLRQ� RI� WKH� VLOYLFXOWXUH� EHQHILWV� RI
9,6,21���*XLGHOLQHV�IRU�WKH�XVH�RI�9,6,21

IRU� VLWH� SUHSDUDWLRQ�� DQG� EUXVKLQJ� DQG
ZHHGLQJ�LQ�ILUHZHHG�FRPSOH[HV�LQ�WKH�,&+H
ZLOO�EH�GHYHORSHG���7KH�WULDO�VLWH�ZLOO�DOVR�EH
XVHG�DV�D�GHPRQVWUDWLRQ�DUHD�

%&�%/�������())(&7�2)
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7KLV�WULDO�ZLOO�PRQLWRU�DQG�FRPSDUH�WKH
GHYHORSPHQW� RI� VHYHUDO� VSHFLHV� RI� FRQLIHUV
DQG� QRQFURS� YHJHWDWLRQ�� � ���� ZLWK� PDQXDO
FXWWLQJ� WUHDWPHQWV� WKURXJKRXW� WKH� JURZLQJ
VHDVRQ�� ���� ZLWK� D� EURDGFDVW� JO\SKRVDWH
DSSOLFDWLRQ��DQG�����ZLWK�QR�WUHDWPHQW�

352*5(66�

5HVXOWV� WR� GDWH� VKRZHG� WKDW� PRVW
QRQFURS� VSHFLHV� UHVSURXWHG� YLJRURXVO\
IROORZLQJ� D� VLQJOH� FXWWLQJ� RI� WKH� DERYH�
JURXQG� SRUWLRQV� RI� WKH� SODQW�� � &XWWLQJ
SURYLGHG� RQO\� D� VKRUW�WHUP� UHGXFWLRQ� LQ
FRPSHWLWLRQ���+RZHYHU��DFFHSWDEOH�FRQWURO�RI
UHG� DOGHU�ZDV� DFKLHYHG� E\�PDQXDO� FXWWLQJ�
HVSHFLDOO\�GXULQJ�WKH�JURZLQJ�VHDVRQ���/DWH
VXPPHU�EURDGFDVW�DSSOLFDWLRQ�RI�JO\SKRVDWH
ZDV�PRUH�HIIHFWLYH�WKDQ�PDQXDO�FXWWLQJ�IRU
FRQWUROOLQJ� WKLPEOHEHUU\�� VDOPRQEHUU\�
ELUFK��ELJOHDI�PDSOH�DQG�RWKHU�VSHFLHV�

,Q� ������ �WK�\HDU� UHPHDVXUHPHQWV� ZLOO
EH�PDGH�RI�YHJHWDWLRQ�DQG�FRQLIHUV�DW�WKUHH
ORFDWLRQV�� � 0F*XLUH� &UHHN�� 'HZGQH\�� DQG
/LOORRHW�/DNH�

%(1(),76�

7KHVH� WULDOV� ZLOO� SURYLGH� DQ� LQFUHDVHG
XQGHUVWDQGLQJ�RI�WKH�UHVSRQVH�RI�YHJHWDWLRQ
WR� PDQXDO� FXWWLQJ� DQG� WKH� VXEVHTXHQW
JURZWK� UHVSRQVH� RI� FRQLIHUV�� � 7KHVH� UHVXOWV



��

ZLOO� EH� FRPSDUHG� WR� KHUELFLGH� WUHDWPHQWV�
)LQGLQJV� ZLOO� EH� SUHVHQWHG� LQ� D� PHPR�
UHSRUW��DQG�SUHVHQWDWLRQ�

38%/,&$7,216�

'
$QMRX�� %�� ������ (IIHFW� RI� PDQXDO
WUHDWPHQW� WLPLQJ� DQG� JO\SKRVDWH� RQ
QRQ�FURS� YHJHWDWLRQ� GHYHORSPHQW�
)5'$�0HPR�1R������

BBBBBB�� ������ *URZWK� UHVSRQVH� RI� VHYHUDO
YHJHWDWLRQ� VSHFLHV� WR� KHUELFLGHV� DQG
PDQXDO� FXWWLQJ� WUHDWPHQWV� LQ� WKH
9DQFRXYHU� )RUHVW� 5HJLRQ�� � )5'$
5HSRUW�����

%&�%/���E����5(+$%,/,7$7,21
2)�6,7.$�$/'(5�),5(:(('
'20,1$7('�%$&./2*�6,7(6

352-(&7�/($'(5�
'��/OR\G��.DPORRSV�)RUHVW�UHJLRQ

2%-(&7,9(6�

7KH� REMHFWLYHV� RI� WKLV� VWXG\� DUH� WR
HVWDEOLVK�D�GHPRQVWUDWLRQ�DUHD�WR� LOOXVWUDWH
SRWHQWLDO� WUHDWPHQW� DOWHUQDWLYHV� DQG� WR
FRQWULEXWH�WR�DQ�LPSURYHG�XQGHUVWDQGLQJ�RI
WKH� HFRV\VWHP
V� FKDUDFWHULVWLFV� DQG� WUHDW�
PHQW�UHVSRQVH���6SHFLILF�REMHFWLYHV�LQFOXGH�

�� HYDOXDWLQJ� WKH� HIIHFWV� RI� PHFKDQLFDO�
FKHPLFDO�� PDQXDO� FXWWLQJ�� EXUQLQJ�
VHHGLQJ� DQG� JUD]LQJ� WUHDWPHQWV�� DORQH
RU�LQ�YDULRXV�FRPELQDWLRQV�

�� FRPSDULQJ� WKH� SHUIRUPDQFH� RI� 6[
SODQWLQJ�VWRFN�

�� GHWHUPLQLQJ� WKH� HIIHFW� RI� PDQXDO
FXWWLQJ� 6LWND� DOGHU� DW� GLIIHUHQW
SKHQRORJLFDO�SHULRGV��DQG

�� HYDOXDWLQJ� VHHGOLQJ� UHVSRQVH� DQG� WKH
HIIHFWLYHQHVV�RI��� OHJXPH�DQG����JUDVV
VSHFLHV�� LQGLYLGXDOO\� DQG� LQ� YDULRXV
FRPELQDWLRQV�� LQ� UHSODFLQJ� FRPSHWLQJ
YHJHWDWLRQ�IROORZLQJ�VLWH�SUHSDUDWLRQ�

352*5(66�

$OO� VLWH� WUHDWPHQWV� ZHUH� FRPSOHWHG� LQ
������ ,Q� ��������� WKH� IRFXV� ZLOO� EH� RQ
PRQLWRULQJ�WKH�WUHDWPHQW�UHVSRQVHV�

%(1(),76�

7KH� UHVXOWV� RI� WKLV� VWXG\� ZLOO� DGGUHVV
TXHVWLRQV� DERXW� UHKDELOLWDWLQJ� WKLV
SURGXFWLYH� HFRV\VWHP� ZKLOH� SURYLGLQJ
ELRORJLFDO� DQG� HQYLURQPHQWDO� GDWD� WR
XQGHUVWDQG� WKH� WUHDWPHQW� UHVSRQVH�
)LQGLQJV� ZLOO� EH� SUHVHQWHG� DV� UHVHDUFK
QRWHV��DQG�DV�(&:�UHSRUWV�DQG�SXEOLFDWLRQV�
)LHOG� WRXUV� ZLOO� DOVR� EH� FRQGXFWHG�� � 7KLV
VWXG\� ZLOO� DOVR� DVVLVW� LQ� JURZWK� DQG� \LHOG
SUHGLFWLRQV�� KHOS� LPSURYH� VSHFLHV� VHOHFWLRQ
JXLGHOLQHV�� DQG� SURYLGH� D� JUHDWHU
XQGHUVWDQGLQJ�RI�WUHDWPHQW�LPSDFWV�RQ�VLWH
TXDOLW\�

%&�%/�������/(*80(�$1'
*5$66�6((',1*�)25�%586+
&21752/�21�0(&+$1,&$//<
35(3$5('�%$&./2*�%586+
),(/'�6,7(6�,1�7+(�&(175$/

,17(5,25�,&+�$1'�(66)

352-(&7�/($'(5�
2��6WHHQ��&DULERR�)RUHVW�5HJLRQ

2%-(&7,9(6�

7KHUH� DUH� FRQVWUDLQWV� RQ� WKH� XVH� RI
WUHDWPHQWV� VXFK� DV� KHUELFLGHV� DQG
SUHVFULEHG� EXUQLQJ�� � 0HFKDQLFDO� VLWH
SUHSDUDWLRQ� �VFDULILFDWLRQ�� WR� FOHDU
FRPSHWLQJ� EUXVK�� IROORZHG� E\� VHHGLQJ� RI
ORZ�JURZLQJ� JUDVVHV� DQG� OHJXPHV� LV� RQH
SURPLVLQJ� WHFKQLTXH� IRU� FRQWUROOLQJ� WKH
UHLQYDVLRQ� RI� QDWLYH� EUXVK� VSHFLHV�� � 7KLV
SURMHFW� ZLOO� GHPRQVWUDWH� DQG� HYDOXDWH� WKH
HIIHFWLYHQHVV� RI� JUDVV�FORYHU� VHHGLQJ� IRU
FRQWUROOLQJ� FRPSHWLQJ� YHJHWDWLRQ� DQG
HVWDEOLVKLQJ� D� IUHH�JURZLQJ� FURS� WUHH
SODQWDWLRQ�RQ�PHFKDQLFDOO\�VFDULILHG�VLWHV�LQ
WKH�(66)�DQG�,&+�

352*5(66�



��

7KH� HIIHFWLYHQHVV� RI� JUDVV� DQG� OHJXPH
VHHGLQJ� ZLOO� EH� HYDOXDWHG� E\� PRQLWRULQJ
YHJHWDWLRQ�� VRLO�� DQG� FURS� WUHH� SHUIRUPDQFH
RQ� VLWHV� VHHGHG� LQ� ������ � 7KH� WKUHH� WULDO
VLWHV� ZHUH� VFDULILHG� DQG� VHHGHG� LQ� �����
9HJHWDWLRQ��VRLO��DQG� FURS� WUHH�SHUIRUPDQFH
KDYH� EHHQ� PRQLWRUHG� DQQXDOO\� VLQFH� �����
7HVW�VLWHV�DUH� LQ�WKH�,&+�DQG�LQ�WKH�(66)�
7KH� HIIHFWLYHQHVV� RI� WKH� IROORZLQJ
WUHDWPHQWV� LV� EHLQJ� WHVWHG�� � �D�� VHHGLQJ� DW
RQH� GHQVLW\� RI� RQH� ORZ�JURZLQJ� JUDVV� DQG
FORYHU� VHHG� PL[�� �E�� EURDGFDVW� IHUWLOL]HU
DSSOLFDWLRQ�DW�RQH�UDWH�DQG�WLPH�WR�LPSURYH
HDUO\� JURZWK� RI� FORYHU� DQG� JUDVVHV�� DQG� �F�
QR�WUHDWPHQW��QR�VHHGLQJ�DQG�QR�IHUWLOL]HU��

%(1(),76�

7KH� UHSRUWV�� SUHVHQWDWLRQV�� DQG
GHPRQVWUDWLRQ� VLWHV� IURP� WKLV� SURMHFW� ZLOO
DVVLVW� LQ� RSHUDWLRQDO� GHFLVLRQV� DERXW� WKH
VXLWDELOLW\� DQG� DSSOLFDWLRQ� RI� JUDVV�FORYHU
VHHGLQJ� RI� VFDULILHG� VLWHV� IRU� EUXVKILHOG
UHIRUHVWDWLRQ�

%&�)5'$���������())(&7�2)
0$18$/�75($70(17�7,0,1*
21�5('�$/'(5�5(*52:7+
$1'�&21,)(5�5(63216(�

2.(29(5�,1/(7

352-(&7�/($'(56�
)��3HQGO��9DQFRXYHU�)RUHVW�5HJLRQ
%��'
$QMRX��9DQFRXYHU�)RUHVW�5HJLRQ

2%-(&7,9(6�

0DQXDO�FXWWLQJ�PD\�VXFFHVVIXOO\�UHGXFH
DOGHU�JURZWK��EXW�WKH�WLPLQJ�RI�FXW�FDQ�KDYH
D� VLJQLILFDQW� HIIHFW� RQ� WUHDWPHQW
HIIHFWLYHQHVV���7KH�REMHFWLYH�RI�WKLV�SURMHFW�LV
WR� DVVHVV� WKH� HIIHFW� RI� WLPLQJ� RI� PDQXDO
FXWWLQJ� WUHDWPHQWV� RQ� UHG� DOGHU� DQG
DVVRFLDWHG�VSHFLHV�

352*5(66�

%UXVK� VDZV� ZHUH� XVHG� WR� UHPRYH� D
VWDQG� RI� UHG� DOGHU� IURP� D� 'RXJODV�ILU� DQG
JUDQG� ILU� SODQWDWLRQ�� � 7KH� WLPLQJ� RI� WKH
WUHDWPHQW� YDULHG� RYHU� WKH� JURZLQJ� VHDVRQ
�-XQH�WR�6HSWHPEHU���������5HVXOWV�DIWHU�WKH
ILUVW� WZR� JURZLQJ� VHDVRQV� VXJJHVWHG� WKDW
DOGHU� PRUWDOLW\� ZDV� KLJKHVW� ZKHQ� FXWWLQJ
RFFXUUHG� ODWH� LQ� WKH� JURZLQJ� VHDVRQ�
5HVXOWV� LQ� ODWHU�\HDUV�VKRZHG�QR�GLIIHUHQFH
LQ�DOGHU�PRUWDOLW\� EHWZHHQ� FXWWLQJ� SHULRGV�
+RZHYHU�� WKLV� ZDV� DWWULEXWHG� WR� QDWXUDO
PRUWDOLW\� IURP� PRLVWXUH� VWUHVV� DQG� WKH
SUHVHQFH� RI� D� IXQJDO� GLVHDVH� WKDW� GDPDJHG
ERWK�WUHDWHG�DQG�XQWUHDWHG�DOGHU���'RXJODV�
ILU��KHLJKW�DQG�VWHP�GLDPHWHU��DQG�JUDQG�ILU
�VWHP� GLDPHWHU�� JURZWK� ZDV� HQKDQFHG
IROORZLQJ� UHGXFWLRQ� LQ� DOGHU� GHQVLW\� E\
FXWWLQJ�� ,Q� ��������� ��WK�\HDU� UHPHDVXUH�
PHQWV� RI� FRQLIHUV� DQG� UHG� DOGHU� ZLOO� EH
FRPSOHWHG�

%(1(),76�

5HG� DOGHU� FDQ� FRPSHWH� ZLWK� FRQLIHUV�
6LQFH� KHUELFLGH� XVH� LV� QRW� DOZD\V� SRVVLEOH�
RWKHU� WUHDWPHQWV� VXFK� DV� PDQXDO� FXWWLQJ
PXVW�EH�H[SORUHG�DV�RSWLRQV�WR�UHGXFH�DOGHU
JURZWK�� � 7KLV� VWXG\� ZLOO� KHOS� LPSURYH� RXU
XQGHUVWDQGLQJ� RI� WKH� HIIHFW� RI� PDQXDO
FXWWLQJ� WLPLQJ� RQ� UHG� DOGHU� JURZWK�� DQG
GHVFULEH�WKH�JURZWK�LQWHUDFWLRQ�EHWZHHQ�UHG
DOGHU�DQG�'RXJODV�ILU�JUDQG� ILU�SODQWDWLRQV�
5HVXOWV�IURP�WKLV�WULDO�ZLOO�EH�LQFOXGHG�LQ�D
)5'$�PHPR�VXPPDUL]LQJ�WKH�UHVXOWV� IURP
DOO� PDQXDO� FXWWLQJ� WULDOV� FRPSOHWHG� LQ� WKH
)5'$�SURJUDP�

38%/,&$7,216�

'
$QMRX��%���������*URZWK�UHVSRQVH�RI
VHYHUDO�YHJHWDWLRQ�VSHFLHV�WR�KHUELFLGHV
DQG�PDQXDO�FXWWLQJ�WUHDWPHQWV�LQ�WKH
9DQFRXYHU�)RUHVW�5HJLRQ���)5'$
5HSRUW�����

3HQGO��)��DQG��%��'
$QMRX��������(IIHFW�RI
PDQXDO�WUHDWPHQW�WLPLQJ�RQ�UHG�DOGHU
UHJURZWK�DQG�FRQLIHU�UHVSRQVH���)5'$
5HSRUW�����



��

(19,5210(17$/�,03$&76

%&�)5������())(&76�2)
',))(5(17�5$7(6�7,0,1*�2)
*/<3+26$7(�$33/,&$7,21

21�:,//2:�,1�0226(
:,17(5�5$1*(�,1�7+(�6%6

352-(&7�/($'(5�
%U\FH�%DQFURIW��0DGURQH�&RQVXOWDQWV�/WG���

9LFWRULD

2%-(&7,9(6�

,QIRUPDWLRQ�LV�UHTXLUHG�RQ�KRZ�GLIIHUHQW
UDWHV� DQG� WLPLQJ� RI� JO\SKRVDWH

DSSOLFDWLRQV�DIIHFW�ZLOORZ�VSHFLHV�LQ�RUGHU�WR
HYDOXDWH� WKH� SRWHQWLDO� LPSDFWV� RQ� EURZVH
DYDLODELOLW\�IRU�PRRVH�

352*5(66�

7ZR� WULDO� VLWHV� KDYH� EHHQ� HVWDEOLVKHG�
2Q�WKH�ILUVW�VLWH��ORFDWHG�QHDU�WKH�5XV�ILUH�LQ
WKH� 3ULQFH� *HRUJH� DUHD�� D� WULDO� ZDV
HVWDEOLVKHG� WR� H[DPLQH� WKH� HIIHFWV� RI� WKUHH
UDWHV� RI� JO\SKRVDWH� DSSOLFDWLRQ� DQG� IRXU
WLPHV� RI� DSSOLFDWLRQ�� � $W� WKH� VHFRQG� VLWH�
QHDU� *LVFRPH�� WKH� HIIHFWV� RI� WLPLQJ� ZHUH
H[DPLQHG� XVLQJ� RQH� UDWH� RI� DSSOLFDWLRQ� RQ
IRXU� ZLOORZ� VSHFLHV�� � 7KH� WULDOV� IROORZ� WKH
VWDQGDUG� �OHYHO� %�� SURWRFRO�� ZLWK
LQIRUPDWLRQ� RQ� EURZVH�� VPDOO� PDPPDO



��

GDPDJH�� DQG� QHZ� VKRRW� JURZWK�
$VVHVVPHQWV� ZHUH� FRPSOHWHG� SULRU� WR
WUHDWPHQW� LQ� ������ DQG� DJDLQ� LQ� ����� DQG
������ � ,Q� ������ �WK�\HDU� DVVHVVPHQWV�ZHUH
PDGH�� �'DWD�ZLOO� EH� DQDO\]HG� DQG� D� UHSRUW
SUHSDUHG�

%(1(),76�

$�UHSRUW�DQG�(&:�DEVWUDFW�ZLOO�GHVFULEH
KRZ� WKH� GLIIHUHQW� UDWHV� DQG� WLPLQJ� RI
JO\SKRVDWH� DSSOLFDWLRQ� DIIHFW�PRUWDOLW\� DQG
JURZWK� RI� ZLOORZ� VSHFLHV�� DQG� ZKHWKHU� RU
QRW� GLIIHUHQW� ZLOORZ� VSHFLHV� KDYH� YDU\LQJ
VXVFHSWLELOLWLHV�WR�JO\SKRVDWH��7KLV�LQIRUPD�
WLRQ� ZLOO� EH� XVHG� WR� HYDOXDWH� WKH� SRWHQWLDO
LPSDFWV� RI� WUHDWPHQWV� RQ� EURZVH
DYDLODELOLW\�IRU�PRRVH�

38%/,&$7,216�

)5'$� 0HPRV� ���� DQG� ���� DUH� DYDLO�
DEOH�

%&�&������3529,1&,$/
675$7(*<�)25�021,725,1*
,03$&76�2)�9(*(7$7,21
0$1$*(0(17��:,/'/,)(

+$%,7$7�$1'�%,2',9(56,7<�
$�352%/(0�$1$/<6,6

352-(&7�/($'(56�
6\OYLD�YRQ�6FKXFNPDQQ��0R(/3��

,QWHJUDWHG�0DQDJHPHQW�%UDQFK
7RQ\�+DPLOWRQ��0R(/3��:LOGOLIH�%UDQFK

2%-(&7,9(6�

7KLV� VWXG\� ZLOO� LGHQWLI\� LQIRUPDWLRQ
JDSV� DERXW� WKH� LPSDFWV� RI� YHJHWDWLRQ
PDQDJHPHQW� WUHDWPHQWV� RQ� ZLOGOLIH�
ZLOGOLIH� KDELWDW� DQG� ELRGLYHUVLW\�� DQG� XVH
WKLV� LQIRUPDWLRQ� WR� UDQN� UHVHDUFK� DQG
PRQLWRULQJ� UHTXLUHPHQWV�� � ,Q� RUGHU� WR
LPSURYH�RSHUDWLRQDO�JXLGHOLQHV��D�SURYLQFLDO
VWUDWHJ\�LV�UHTXLUHG�WR�HQVXUH�WKDW�UHVHDUFK
DQG�PRQLWRULQJ� LV� UDQNHG�DFFRUGLQJ� WR�QHZ
PDQDJHPHQW� SULRULWLHV�� � 5DQNLQJ� ZLOO
LQFOXGH� LGHQWLILFDWLRQ� RI� VSHFLHV�� KDELWDWV�

DQG� ORFDWLRQV� RI� JUHDWHVW� LPSRUWDQFH� WR
ZLOGOLIH�DQG�YHJHWDWLRQ�PDQDJHUV�

352*5(66�

7KH� SUREOHP� DQDO\VLV� DQG� UDQNHG� OLVW
ZDV�GUDIWHG�IROORZLQJ�D�WKRURXJK� OLWHUDWXUH
UHYLHZ� DQG� LQWHUYLHZV� ZLWK� VLOYLFXOWXUH�
UHVHDUFK�� ZLOGOLIH� DQG� KDELWDW� PDQDJHUV�
DQG�KHUELFLGH�PDQXIDFWXUHUV�� �7KH�SUREOHP
DQDO\VLV� DQG� WKH� UDQNHG� OLVW� RI� HFRV\VWHPV
VHOHFWHG�IRU�PRQLWRULQJ�LV�LQ�SUHVV�

%(1(),76�

7KH� UDQNHG� OLVW� ZLOO� EH� XVHG� WR� KHOS
FRRUGLQDWH� IXWXUH� LQWHJUDWHG� YHJHWDWLRQ
PDQDJHPHQW� UHVHDUFK� DQG� PRQLWRULQJ
WKURXJKRXW� WKH� SURYLQFH�� � 'DWD� FROOHFWHG
XVLQJ� WKH� +DELWDW� 0RQLWRULQJ� 3URFHGXUHV
ZLOO� EH� LQFRUSRUDWHG� LQWR� WKH� QHZ� %�&�
(QYLURQPHQW�:LOGOLIH�+DELWDW�GDWDEDVH�

%&�,5������,1)/8(1&(�2)
9(*(7$7,21�0$1$*(0(17
21�',9(56,7<�2)�3/$176�
60$//�0$00$/6��$1'

:,/'/,)(�+$%,7$7

352-(&7�/($'(56�
7�3��6XOOLYDQ�DQG�)�/��%XQQHOO��8�%�&���

)RUHVW�6FLHQFHV��9DQFRXYHU

2%-(&7,9(6�

/LWWOH�LQIRUPDWLRQ�H[LVWV�RQ�KRZ�KDELWDW
DOWHUDWLRQ� WKURXJK� YHJHWDWLRQ�PDQDJHPHQW
DIIHFWV� ELRORJLFDO� GLYHUVLW\� LQ� %ULWLVK
&ROXPELD�� � 7KLV� VWXG\� ZLOO� PHDVXUH� WKH
LPSDFW� RI� PDQXDO� DQG� KHUELFLGH�LQGXFHG
KDELWDW� DOWHUDWLRQ� RQ� VSHFLHV� GLYHUVLW\� RI
SODQWV�� VPDOO� PDPPDOV�� DQG� ZLOGOLIH
KDELWDW���5HVHDUFK�ZLOO�DOVR�KHOS�GHWHUPLQH�
IURP� REVHUYHG� LPSDFWV�� ZKHUH� DQG� KRZ
WKHVH� WUHDWPHQWV� FRXOG� EH� DSSOLHG� WR
PDLQWDLQ�H[LVWLQJ�GLYHUVLW\�RYHU�WLPH�



��

352*5(66�

7KLV� LV� D� ��\HDU� SURMHFW� ORFDWHG� LQ
UHSOLFDWHG� EORFNV�� � 1LQH� SODQWDWLRQV� �WKUHH
FRQWURO�� WKUHH� KHUELFLGH�WUHDWHG�� DQG� WKUHH
ZLWK� PDQXDO� UHPRYDO� RI� FRPSHWLQJ
YHJHWDWLRQ�� KDYH� EHHQ� VHOHFWHG�� � 3UH�
WUHDWPHQW� VDPSOLQJ� EHJDQ� LQ� ����� DQG
FRQWLQXHG� GXULQJ� VQRZ�IUHH� SHULRGV� XQWLO
WUHDWPHQW�EHJDQ�LQ�IDOO��������3ODQW�VSHFLHV
ZHUH� VDPSOHG� ZLWKLQ� SORWV� DQG� QHVWHG
VXESORWV�� � %RWK� SUHVHQFH� DQG� DEVROXWH
YROXPH�IRU�HDFK�SODQW�VSHFLHV�ZDV�UHFRUGHG�
3RVW�WUHDWPHQW�YHJHWDWLRQ� VDPSOLQJ�ZLOO� EH
FRQGXFWHG�HDFK�\HDU�LQ�-XO\�DQG�$XJXVW�IRU
WKH� GXUDWLRQ�� � 3UH�WUHDWPHQW� YROXPHV� RI
FRDUVH�ZRRG\�GHEULV�ZHUH�VDPSOHG� LQ������
0HDVXUHPHQWV� ZHUH� PDGH� RI� GLDPHWHU�
KHLJKW��DQG�GHFD\�FODVV��DQG�ZLOO�EH�XVHG�WR
GHVFULEH� KDELWDW� VWUXFWXUH�� � 3RVW�WUHDWPHQW
VDPSOLQJ�ZLOO�EH�FRQGXFWHG�HDFK�\HDU�

6PDOO� PDPPDO� SRSXODWLRQV� DUH� EHLQJ
LQWHQVLYHO\� VDPSOHG� DW� ��ZHHN� LQWHUYDOV

IURP� 0D\� WKURXJK� 2FWREHU�� � &RQWLQXHG
VDPSOLQJ� RI� WKHVH� DUHDV� LQWR� WKH� SRVW�
WUHDWPHQW�SHULRG�DQG� IXUWKHU�GDWD�DQDO\VLV
VKRXOG� DVVLVW� LQ� FODULI\LQJ� TXHVWLRQV� DERXW
SUH�WUHDWPHQW� KRPRJHQHLW\� RI� SODQWDWLRQV
DQG� WKH� LQIOXHQFH� RI� PDQXDO� DQG� FKHPLFDO
YHJHWDWLRQ� PDQDJHPHQW� RQ� KDELWDW
VWUXFWXUH�DQG�VPDOO�PDPPDOV�

%(1(),76�

'XH� WR� WKH� SUHVHQW� FRQFHUQ� IRU� WKH
PDLQWHQDQFH� RI� VXVWDLQDEOH� OHYHOV� RI
GLYHUVLW\�� IRUHVW� PDQDJHPHQW� PXVW� GHDO
ZLWK� WKHVH� TXHVWLRQV� DQG� GHYHORS
PDQDJHPHQW� SODQV�� � 5HVXOWV� RI� WKLV� VWXG\
ZLOO�KHOS�PLQLPL]H�WKH�LPSDFW�RI�YHJHWDWLRQ
PDQDJHPHQW� SUDFWLFHV� RQ� ELRORJLFDO
GLYHUVLW\� LQ� SODQWDWLRQV�� � 5HVXOWV� ZLOO� EH
LQFRUSRUDWHG� LQWR� RSHUDWLRQDO� SXEOLFDWLRQV
DQG�MRXUQDO�DUWLFOHV�

$''5(66(6�2)�352-(&7�/($'(56�$1'�&217$&76

%U\FH�%DQFURIW
0DGURQH�&RQVXOWDQWV�/WG�
�����5RGROSK�5RDG
9LFWRULD��%�&�
��������
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