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3DUWLDO�URRW�]RQH�GU\LQJ�LUULJDWLRQ�LQ�SDSD\D��&DULFD�SDSD\D�/���IRU�HQKDQFHG
ZDWHU�XVH�HIILFLHQF\�XQGHU� OLPLWHG�ZDWHU� VLWXDWLRQV

%�/��0DQMXQDWK��5�+��/D[PDQ��.�.�8SUHWL�DQG�+�%��5DJKXSDWKL
,&$5�,QGLDQ� ,QVWLWXWH�RI� +RUWLFXOWXUDO�5HVHDUFK��+HVDUDJKDWWD�

%HQJDOXUX������������,QGLD
(�PDLO��EOPDQMXQDWKDJUL#JPDLO�FRP

$%675$&7

)LHOG� H[SHULPHQWV� ZHUH� FRQGXFWHG� GXULQJ� �������� DW� ,&$5�,QGLDQ� ,QVWLWXWH� RI
+RUWLFXOWXUDO�5HVHDUFK��+HVVDUDJKDWWD��%HQJDOXUX�� WR� VWDQGDUGL]H� WKH� SDUWLDO� URRW� ]RQH
GU\LQJ� LUULJDWLRQ� LQ� SDSD\D�ZLWK� ��� WUHDWPHQWV� LQ�5%'�GHVLJQ��7KH� UHVXOWV� LQGLFDWHG� WKDW
EHWWHU� VRLO�PRLVWXUH� LQ� WKH�URRW� ]RQH�FRXOG�EH�PDLQWDLQHG�XQGHU�GULS� LUULJDWLRQ�E\� VKLIWLQJ
ODWHUDOV� RQ� HLWKHU� VLGH� DW� IRUWQLJKWO\� LQWHUYDOV� DV� FRPSDUHG� WR� IL[HG� ODWHUDOV�ZLWK� WKHVDPH
DPRXQW� RI� ZDWHU�� 6LJQLILFDQWO\�PRUH� SULPDU\� URRWV� ������SODQW�� ZHUH� REVHUYHG� ZKHQ
LUULJDWLRQ�ZDV� VFKHGXOHG� RQ� RQH� VLGH�ZLWK� VLQJOH� HPLWWHU�PHHWLQJ� ����RI� WKH� HYDSRUDWLYH
GHPDQG�� 35'� LUULJDWLRQ� WKURXJK� VKLIWLQJ� RI� ODWHUDOV� UHFRUGHG� VLJQLILFDQWO\� KLJKHU
WUDQVSLUDWLRQ�UDWH�HVSHFLDOO\�DW�����RI�(5�������P�PRO�P���V����DV�FRPSDUHG�WR�WKH�FRQWURO
�����P�PRO�P��� V����� )XUWKHU�� WKH� VDPH� WUHDWPHQW� UHFRUGHG� VLJQLILFDQWO\� ORZHU� IUXLW� FDYLW\
LQGH[� �������ZLWK�UHODWLYHO\�KLJKHU� IUXLW�YROXPH� ������FP���� ,UULJDWLQJ�SDSD\D�RQO\�RQ�RQH
VLGH� ZLWK� VLQJOH� HPLWWHU� UHVXOWHG� LQ� VLJQLILFDQWO\� KLJKHU�7�6�6� ��������� +LJKHU� ZDWHU
SURGXFWLYLW\�������NJ�P���FRXOG�EH�REWDLQHG�E\�VFKHGXOLQJ�WKH�LUULJDWLRQ�DW�����HYDSRUDWLRQ
UHSOHQLVKPHQW� WKURXJK� VKLIWLQJ� RI� ODWHUDOV� ZLWK� VDYLQJ� RI� VXEVWDQWLDO� ZDWHU� �����P��KD�
UHVXOWLQJ� LQ� KLJKHU�ZDWHU� XVH� HIILFLHQF\� ������� NJ�KD�PP��

.H\�ZRUGV��(YDSRUDWLRQ�UHSOHQLVKPHQW�� SDUWLDO� URRW� ]RQH�GU\LQJ� LUULJDWLRQ��VKLIWLQJ� RI� ODWHUDOV��ZDWHU� XVH� HIILFLHQF\
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3DSD\D��&DULFD�SDSD\D�/����LV�D�FRPPRQ�IUXLW
FURS�JURZQ�LQ�WKH�6RXWKHUQ�UHJLRQ�RI�,QGLD��7KH�FURS
LV�QRUPDOO\�JURZQ�XQGHU�LUULJDWHG�FRQGLWLRQV��$YDLODELOLW\
RI�WLPHO\�DQG�DVVXUHG�LUULJDWLRQ�LV�FULWLFDO�IRU�REWDLQLQJ
RSWLPXP�JURZWK��\LHOG�DQG�TXDOLW\�IUXLWV�RI�SDSD\D�
6LQFH� WKH� VRLO� PRLVWXUH� FRQWHQW� DIIHFWV� WKH� QXWULHQW
XSWDNH�DQG�RWKHU�PHWDEROLF�SURFHVVHV��ZDWHU�GHILFLHQF\
DW� DQ\� RI� WKH� JURZWK� DQG� GHYHORSPHQWDO� VWDJHV� RI
SDSD\D�ZLOO�DGYHUVHO\�DIIHFW�WKH�RYHUDOO�SURGXFWLRQ�DQG
TXDOLW\��+RZHYHU��LQ�WKH�UHFHQW�SDVW�RZLQJ�WR�VFDUFLW\
RI�LUULJDWLRQ�ZDWHU��H[SORULQJ�DOWHUQDWH�DSSURDFKHV�IRU
MXGLFLRXV�XVH�RI�DYDLODEOH�ZDWHU�DQG�WR�EULQJ�PRUH�DUHD
XQGHU�FXOWLYDWLRQ�DVVXPHV�VLJQLILFDQFH�

,Q� SDUWLDO� URRW]RQH� GU\LQJ� �35'�� LUULJDWLRQ
PHWKRG��RQO\�SDUW�RI�WKH�URRW]RQH�LV�ZHWWHG�ZKLOH�WKH
UHPDLQGHU�LV�DOORZHG�WR�GU\��,UULJDWLQJ�SDUW�RI�WKH�URRW
V\VWHP�NHHSV�WKH�OHDYHV�K\GUDWHG�ZKLOH�GU\LQJ�RQ�WKH

RWKHU�SDUW� RI� WKH� URRW� V\VWHP�SURPRWH� V\QWKHVLV� DQG
WUDQVSRUW�RI�VR�FDOOHG�FKHPLFDO�VLJQDOV� IURP�URRWV� WR
WKH� VKRRW� YLD� WKH� [\OHP� WR� LQGXFH� D� SK\VLRORJLFDO
UHVSRQVH��'RGG�HW�DO����������$OWHUQDWLQJ�WKH�ZHW�DQG
GU\� ]RQHV� �WKXV� UH�ZHWWLQJ� GU\� VRLO�� VXEVWDQWLDOO\
LPSURYHV� FURS�\LHOGV�FRPSDUHG� WR�PDLQWDLQLQJ� IL[HG
ZHW�DQG�GU\�]RQHV�RU�FRQYHQWLRQDO�GHILFLW�LUULJDWLRQ�DQG
PRGLILHV� SK\WR�KRUPRQDO� �HVSHFLDOO\� DEVFLVLF� DFLG�
VLJQDOLQJ�� )XUWKHU�� 35'� LUULJDWLRQ� PHWKRG� OLPLWV
YHJHWDWLYH�YLJRXU� DQG� LPSURYHV�ZDWHU�XVH� HIILFLHQF\
�.ULHGPDQQ�DQG�*RRGZLQ��������

+RZHYHU��ZHWWLQJ�DQG�GU\LQJ�HDFK�VLGH�RI�URRWV
DUH� GHSHQGHQW� RQ� FURSV�� JURZLQJ� VWDJH�� HYDSRUDWLYH
GHPDQGV�� VRLO� WH[WXUH� DQG� VRLO�ZDWHU�EDODQFH� �6DHHG
HW�DO��� ������� )XUWKHU�� WKH� OHYHO� RI�PHHWLQJ� WKH� FURS
HYDSR� WUDQVSLUDWLRQ� GHPDQG� EDVHG� RQ� WKH� 35'
LUULJDWLRQ�LQ�D�JLYHQ�DJUR�FOLPDWLF�VLWXDWLRQ�QHHGV�WR�EH
VWDQGDUGL]HG�IRU�WKH�FURS�

-��+RUWO��6FL�
9RO�����������������������

2ULJLQDO�5HVHDUFK�3DSHU
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.HHSLQJ�WKLV�DV�D�EDFNGURS��UHVHDUFK�WULDO�ZDV
LQLWLDWHG� DW� ,&$5�,QGLDQ� ,QVWLWXWH� RI�+RUWLFXOWXUDO
5HVHDUFK��WR�VWDQGDUGL]H�WKH�SDUWLDO�URRW�]RQH�GU\LQJ
LUULJDWLRQ� LQ� SDSD\D� �&DULFD� SDSD\D� /��� ZLWK� WKH
REMHFWLYH� RI� VWDQGDUGLVLQJ� WKH� 35'�EDVHG� LUULJDWLRQ
VFKHGXOLQJ�IRU�SDSD\D�

0$7(5,$/ $1'�0(7+2'6

)LHOG� H[SHULPHQWV�ZHUH� FRQGXFWHG� IURP� ����
WR� ����� DW� ,&$5�� ,QGLDQ� ,QVWLWXWH� RI�+RUWLFXOWXUDO
5HVHDUFK�� +HVVDUDJKDWWD�� %HQJDOXUX� ORFDWHG� DW
ODWLWXGH����¶���1�DQG�ORQJLWXGH�RI������¶���(��7KH
H[SHULPHQWDO�VRLOV�ZDV�VDQG\� ORDP� LQ� WH[WXUH�ZLWK�D
S+�RI������DQG�DQ�(&�RI������G6P�����7KH�PD[LPXP
WHPSHUDWXUH� GXULQJ� WKH� H[SHULPHQWDO� SHULRG� UDQJHG
IURP� ���&� WR� ���&� DQG� WKH�PLQLPXP� WHPSHUDWXUH
UDQJHG� EHWZHHQ� ���&� WR� ���&�� 7KH� SHULRG� EHWZHHQ
0DUFK� WR�0D\� DUH� WKH� ZDUP�PRQWKV� ZLWK� KLJKHU
WHPSHUDWXUHV�DQG�HYDSRUDWLRQ�ZKLOH�WKH�SHULRG�EHWZHHQ
1RYHPEHU� WR� -DQXDU\�ZHUH� WKH� FRROHU�PRQWKV�ZLWK
ORZ�WHPSHUDWXUH�DQG�HYDSRUDWLRQ��7KH�DYHUDJH�UHODWLYH
KXPLGLW\�ZDV� KLJKHU�GXULQJ� 6HSWHPEHU� DQG�2FWREHU
PRQWKV��7KH�DYHUDJH�UDLQIDOO�RI� WKH�UHJLRQ�LV�DURXQG
����PP�ZLWK�WZR�SHDN�SHULRGV�RI�UDLQIDOO�GXULQJ�-XQH�
-XO\�DQG�6HSWHPEHU��2FWREHU�PRQWKV�

)LHOG�H[SHULPHQW�ZDV�FRQGXFWHG�LQ�5%'�GHVLJQ
ZLWKIRXU�UHSOLFDWLRQV��3DSD\D��&Y��5HG�/DG\��JURZQ
ZLWK�D�VSDFLQJ�RI�����P�[�����P�ZDV�SODQWHG�GXULQJ
-XQH������DQG�WKH�WUHDWPHQWV�ZHUH�LPSRVHG�ZLWK�WKH
FURS�HVWDEOLVKPHQW�DIWHU����GD\V�DIWHU�SODQWLQJ��7KHUH
ZHUH����WUHDWPHQWV�ZLWK�RQH�RU�WZR�HPLWWHUV�SHU�SODQW
ZLWK� GLIIHUHQW� OHYHOV� RI� HYDSRWUDQVSLUDWLRQ
UHSOHQLVKPHQW��(5��HLWKHU�IL[HG�RU�DOWHUQDWLQJ�WKH�VLGHV
RI�WKH�LUULJDWLRQ�DW����GD\V�LQWHUYDO��1RUPDO�LUULJDWLRQ
ZLWK� WZR�HPLWWHUV�SHU�SODQW�ZLWK�����(5�VHUYHG�DV
IXOO\�LUULJDWHG�FRQWURO�

7KH� FURS� ZDV� PDQDJHG� ZLWK� UHFRPPHQGHG
SDFNDJH� RI� SUDFWLFHV� H[FHSW� IRU� LUULJDWLRQ�� 7KH
LUULJDWLRQV�ZHUH�VFKHGXOHG�DV�SHU� WKH� WUHDWPHQWV� DQG
DOWHUQDWH�SDUWLDO�LUULJDWLRQ�ZDV�SURYLGHG�E\�VKLIWLQJ�WKH
ODWHUDOV� DW� IRUWQLJKWO\� LQWHUYDOV�� 7KH� ELR�IHUWLOL]HU
FRQVRUWLXP� �%)&�� DSSOLHG� DW� SODQWLQJ� LQFOXGHG
$]RWREDFWHU���36%���9$0��7KH�REVHUYDWLRQV�RQ�DOO
WKH� JURZWK�� \LHOG� DQG� TXDOLW\� SDUDPHWHUV� DV�ZHOO� DV
VRLO� PRLVWXUH� DQG� SK\VLRORJLFDO� SDUDPHWHUV� ZHUH
UHFRUGHG�DW�SHULRGLF�LQWHUYDOV��7KH�DEVFLVLF�DFLG��$%$�
SURGXFWLRQ� ZDV� DQDO\VHG� IROORZLQJ� WKH� +3/&
SURFHGXUH� DV� GHWDLOHG� E\�.HOHQ� HW� DO��� ������� ZLWK

PRGLILFDWLRQV��7KH� UHODWLYH�ZDWHU� FRQWHQW� LQ� WKH� OHDI
VDPSOHV�ZDV� DQOD\VHG�XVLQJ� VWDQGDUG� SURFHGXUHV� DV
SHU�%DUU�DQG�:HDWKHUO\���������$OO� WKH�H[SHULPHQWDO
GDWD� ZHUH� VWDWLVWLFDOO\� DQDO\VHGDV� SHU� 3DQVH� DQG
6XNKDWPH� �������DQG� WKH�GLIIHUHQFHV� LQ�PHDQV�ZHUH
FRPSDUHG�DW�����OHYHO�RI�VLJQLILFDQFH�

5(68/76��$1'�',6&866,21

6RLO�PRLVWXUH�DW�URRWLQJ�GHSWK�DQG�UHODWLYH�ZDWHU
FRQWHQW� LQ� SDSD\D

6KLIWLQJ�RI�WKH�ODWHUDOV�WKURXJK�35'�WHFKQLTXH
HQDEOHG�PDLQWHQDQFH� RI� VLJQLILFDQWO\� KLJKHU� VRLO
PRLVWXUH�FRQWHQW�LQ�JHQHUDO�DV�FRPSDUHG�WR�PDLQWDLQLQJ
IL[HG�ODWHUDOV��7DEOH�����+LJKHU�VRLO�PRLVWXUH�FRQWHQW
���������LQ�WKH�GU\�]RQH�ZDV�UHFRUGHG�HYHQ�ZLWK����
RI�HYDSRUDWLRQ�UHSOHQLVKPHQW��(5��ZLWK�WKH�VKLIWLQJ�RI
WKH�ODWHUDOV�DV�FRPSDUHG�WR�IL[HG�ODWHUDOV��+RZHYHU��LW
ZDV� DW� SDU� ZLWK� RWKHU� OHYHOV� RI� (5� XQGHU� VKLIWLQJ
LUULJDWLRQ�

7KH� UHODWLYH�ZDWHU� FRQWHQW� RI� WKH� OHDI�ZDV� LQ
JHQHUDO� KLJKHU�ZLWK� WKH� VKLIWLQJ� RI� WKH� ODWHUDOV�ZLWK
KLJKHU�OHYHOV�RI�(5DV�FRPSDUHG�WR�QRUPDO�LUULJDWLRQ�LQ
IL[HG�VLWHV�7KH�KLJKHU�UHODWLYH�OHDI�ZDWHU�FRQWHQW�XQGHU
35'�WUHDWPHQWV�PD\�EH�GXH� WR�QRFWXUQDO�QHW� IOX[�RI
ZDWHU�IURP�ZHWWHU�URRWV�WR�WKH�URRWV�LQ�GU\�VRLO�ZKLFK
PD\� DVVLVW� LQ� WKH� GLVWULEXWLRQ� RI� FKHPLFDO� VLJQDOV
QHFHVVDU\�WR�VXVWDLQ�WKH�35'�HIIHFW��6WROO��������

3ODQW�DQG�URRW�JURZWK

9HJHWDWLYH�JURZWK�LQ�JHQHUDO�ZDV�FXUWDLOHG�ZLWK
WKH� SODQW� XQGHUJURZLQJ� VWUHVV� LQ� GLIIHUHQW� 35'
WUHDWPHQWV��7DEOH�����7KH�SODQW�KHLJKW�SURJUHVVLYHO\
GHFOLQHG� ZLWK� WKH� UHGXFWLRQ� LQ� OHYHOV� RI� (5� DQG
VLJQLILFDQWO\�ORZHVW�KHLJKW�������P��ZDV�UHFRUGHG�ZLWK
����(5� HYHQ�ZLWK� VKLIWLQJ� RI� ODWHUDOV� ZLWK� GRXEOH
HPLWWHUV�SHU�SODQW��6LPLODUO\������DQG�����RI�(5�ZLWK
RQH�RU� WZR�HPLWWHUV�SHU�SODQW� HLWKHU�ZLWK�RU�ZLWKRXW
VKLIWLQJ� WKH�ODWHUDOV�DOVR�UHFRUGHG�VLJQLILFDQWO\� ORZHU
SODQW�JURZWK�DV�FRPSDUHG�WR�QRUPDO�LUULJDWLRQ�ZLWK����
RI�(5� ������P��� 6WROO� ������� DWWULEXWHG� WKLV� WR� WKH
UHGXFWLRQ� LQ�]HDWLQ� DQG�]HDWLQULERVLGH�FRQFHQWUDWLRQV
LQ�URRWV��VKRRW�WLSV�DQG�EXGV�FRQWULEXWLQJ�WR�WKH�UHGXFWLRQ
LQ�VKRRW�JURZWK�DQG�LQWHQVLILHG�DSLFDO�GRPLQDQFH�XQGHU
35'� LUULJDWLRQ�� )XUWKHU�� /LPDV� HW� DO��������� DOVR
REVHUYHG�WKDW�WKH�DSSOLFDWLRQ�RI�����ZDWHU�XVH�LQ�35'
LQ�WKH�JUHHQKRXVH�VWXG\�GHFUHDVHG�VKRRW�DQG�URRW�GU\
ZHLJKW�SURGXFWLRQ��ZLWK�D�PRUH�SURQRXQFHG�HIIHFW�RQ

0DQMXQDWK�HW�DO
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URRW� GU\� ZHLJKW� FRPSDUHG� WR� IXOO� LUULJDWLRQ�� 7KLV
GHFUHDVH� LQ� ELRPDVV�ZDV� DVVRFLDWHG�ZLWK� D�GHFUHDVH
LQ�WKH�QHW�SKRWRV\QWKHWLF�UDWH�LQ�WKH�GD\�RI�PRVW�LQWHQVH
ZDWHU�VWUHVV�IRU�WKH�SODQWV�

7KH�SODQW�FDQRS\�VSUHDG�ZDV�VLJQLILFDQWO\�KLJKHU
������P���ZLWK�VKLIWLQJ�LUULJDWLRQ�PHHWLQJ�����(5�HYHQ
ZLWK�RQH�HPLWWHU�SODQW�ZKLFK�ZDV�VLPLODU�������P���WR
WKDW�RI�QRUPDO�LUULJDWLRQ�PHHWLQJ�����(5�WKURXJK�WZR
HPLWWHUV�SODQW�GHSLFWLQJ�WKH�HIILFDF\�RI�VKLIWLQJ�RI�GULS
ODWHUDOV�

,Q�JHQHUDO��PRUH�URRWV�ZHUH�SURGXFHG�LQ�SDSD\D
ZKHQ�WKH�ZDWHU�ZDV�VXSSOLHG�WKURXJK�D�VLQJOH�HPLWWHU
DV� FRPSDUHG� WR� GRXEOH� HPLWWHUV�SODQW�� 6LJQLILFDQWO\
KLJKHU� QXPEHU� RI� SULPDU\� URRWV� ������ �� SODQW��ZHUH
REVHUYHG�ZKHQ� WKH� LUULJDWLRQ�ZDV� VFKHGXOHG� RQ� RQH
VLGH�ZLWK�VLQJOH� HPLWWHU�PHHWLQJ�����RI� HYDSRUDWLYH
GHPDQG� �7DEOH� ��� � 7KH� PHDQ� URRW� OHQJWK� ZDV
VLJQLILFDQWO\�ORZHU�������FP�DQG�����FP��UHVSHFWLYHO\�
ZKHQ� DGHTXDWH� LUULJDWLRQ� ZDV� JLYHQ� WKURXJK� WZR
HPLWWHUV�PHHWLQJ�����RI�WKH�HYDSRUDWLYH�GHPDQG��7

�

DQG� 7
�
� WUHDWPHQWV��� 7KH� GU\� ZHLJKW� RI� URRWV� ZDV

VLJQLILFDQWO\�KLJKHU�������J��SODQW��ZKHQ�WKH�LUULJDWLRQ
ZDV� JLYHQ� RQ� RQH� VLGH�RI� WKH� SODQW�PHHWLQJ� ����RI

HYDSRUDWLYH�GHPDQG��7
��
WUHDWPHQW���7KH�URRW�YROXPH

IROORZHG� D� VLPLODU� WUHQG� ZLWK� WKH� VDPH� WUHDWPHQW
UHFRUGLQJ�KLJKHU�YDOXHV��/LDQJ�HW�DO���������DWWULEXWHG
WKLV�HQKDQFHG�URRW�ELRPDVV�LQFUHDVH�LV�GXH�WR�WKH�SODQW¶V
DELOLW\� WR� H[SORUH� D� JUHDWHU� VRLO� YROXPH� SRWHQWLDOO\
LQFUHDVLQJ�VRLO�ZDWHU�DQG�QXWULHQW�DFTXLVLWLRQ��$OWHUQDWH
ZDWHULQJ� RU� UH�ZDWHULQJ�� DIWHU� D� ORQJ� SHULRG� RI� VRLO
GU\LQJ��PD\� LPSURYH� WKLV� VLWXDWLRQ�E\� LQGXFLQJ�QHZ
VHFRQGDU\� URRWV��$SSDUHQWO\�� VXFK� QHZ� URRWV� DUH
VXFFXOHQW�HQRXJK�WR�VHQVH�IXUWKHU�VRLO�GU\LQJ�DQG�WKH
DELOLW\�RI�URRWV�WR�DEVRUE�QXWULHQWV�DOVR�LPSURYHV�ZKLFK
PD\� DOVR� HQKDQFH� WKH� QXWULHQW� XSWDNH� IURP� WKH� VRLO
]RQH�ZKHQ�WKH�URRW�]RQH�ZDV�SDUWLDOO\�ZDWHUHG��+DQ
DQG�.DQJ���������6LPLODU�UHVXOWV�ZHUH�DOVR�IRXQG�E\
6NLQQHU� HW� DO�� �������ZKHUHLQ� DV� WKH� QRQ�LUULJDWHG
IXUURZ� EHJDQ� WR� GU\�� WKH� URRW� ELRPDVV� LQFUHDVHG� DV
PXFK� DV� ����� FRPSDUHG�ZLWK� WKH� LUULJDWHG� IXUURZ
DQG�WKH�JUHDWHVW� LQFUHDVH�ZDV� DW� ORZHU�GHSWKV�ZKHUH
PRLVWXUH�ZDV�VWLOO�SOHQWLIXO�

3K\VLRORJLFDO� SDUDPHWHUV

7KH�SKRWRV\QWKHWLF�UDWHLQ�SDSD\D�LPSRVHG�ZLWK
35'� LUULJDWLRQ� DOWKRXJK� GLG� QRW� GLIIHU� VLJQLILFDQWO\�
VKLIWLQJ�RI�WKH�ODWHUDOV�ZLWK�WZR�GULSSHUV�HYHQ�DW����

-��+RUWO��6FL�
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3DUWLDO�URRW�]RQH�GU\LQJ�LQ�SDSD\D

7DEOH� ��� 6RLO�PRLVWXUH� �LQ� ����� FP�GHSWK� DIWHU� ��� KRXUV� RI� LUULJDWLRQ�� DQG� UHODWLYH�ZDWHU� FRQWHQW
�5:&�� RI� OHDI� DV� LQIOXHQFHG� E\� SDUWLDO� URRW]RQHGU\LQJ� LUULJDWLRQ� WUHDWPHQWV� LQSDSD\D

DW� VL[PRQWKV� DIWHU� SODQWLQJ

7UHDWPHQWV
�����������������������������6RLO�PRLVWXUH����

5:&����
0RLVW�]RQH 'U\�]RQH

1RUPDO�LUULJDWLRQ�����(5����HPLWWHUV�SODQW ����� ����� ����

1RUPDO�LUULJDWLRQ�����(5����HPLWWHU�SODQW ����� ���� ����

6KLIWLQJ�LUULJDWLRQ�����(5����HPLWWHU�SODQW ����� ����� ����

6KLIWLQJ�LUULJDWLRQ�����(5����HPLWWHU�SODQW ����� ���� ����

6KLIWLQJ�LUULJDWLRQ�����(5����HPLWWHU�SODQW ����� ����� ����

6KLIWLQJ�LUULJDWLRQ�����(5����HPLWWHU�SODQW ����� ���� ����

��6LGH�LUULJDWLRQ�����(5����HPLWWHU�SODQW ����� ���� ����

��6LGH�LUULJDWLRQ�����(5����HPLWWHU�SODQW ����� ���� ����

��6LGH�LUULJDWLRQ�����(5����HPLWWHU�SODQW ����� ���� ����

6KLIWLQJ�LUULJDWLRQ�����(5����HPLWWHUV�SODQW ����� ����� ����

6KLIWLQJ�LUULJDWLRQ�����(5����HPLWWHUV�SODQW ���� ����� ����

6KLIWLQJ�LUULJDWLRQ�����(5����HPLWWHUV�SODQW ����� ����� ����

6�(P� ���� ���� ����
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7DEOH� ��� 6KRRW� DQG� URRW� JURZWK� FKDUDFWHULVWLFV� RI� SDSD\D� DV� LQIOXHQFHG
E\� SDUWLDO� URRW]RQH� GU\LQJ� LUULJDWLRQ� WUHDWPHQWV

3ODQW &DQRS\ 1R��RI 0HDQ�URRW 'U\�URRW 5RRW
7UHDWPHQWV KHLJKW VSUHDG SULPDU\ OHQJWK ZHLJKW YROXPH

�P� �P�� URRWV�SODQW �FP� �J�SODQW� �FP��

1RUPDO�LUULJDWLRQ�����(5���
HPLWWHUV�SODQW

���� ���� ���� ���� ����� �����

1RUPDO�LUULJDWLRQ�����(5���
HPLWWHU�SODQW

���� ���� ���� ���� ����� ������

6KLIWLQJ�LUULJDWLRQ�����(5���
HPLWWHU�SODQW

���� ���� ��� ���� ����� �����

6KLIWLQJ�LUULJDWLRQ�����(5���
HPLWWHU�SODQW

���� ���� ���� ����� ����� ������

6KLIWLQJ�LUULJDWLRQ�����(5���
HPLWWHU�SODQW

���� ���� ���� ���� ����� �����

6KLIWLQJ�LUULJDWLRQ�����(5���
HPLWWHU�SODQW

���� ���� ���� ���� ����� ������

��6LGH�LUULJDWLRQ�����(5���
HPLWWHU�SODQW

���� ���� ���� ����� ����� ������

��6LGH�LUULJDWLRQ�����(5���
HPLWWHU�SODQW

���� ���� ��� ����� ����� ������

��6LGH�LUULJDWLRQ�����(5���
HPLWWHU�SODQW

���� ���� ���� ���� ����� ������

6KLIWLQJ�LUULJDWLRQ�����(5���
HPLWWHUV�SODQW

���� ���� ���� ����� ����� ������

6KLIWLQJ�LUULJDWLRQ�����(5���
HPLWWHUV�SODQW

���� ���� �� ����� ����� ������

6KLIWLQJ�LUULJDWLRQ�����(5���
HPLWWHUV�SODQW

���� ���� �� ���� ����� ������

6�(P� ���� ���� ���� ���� ����� �����

&�'��3 ����� ���� ���� ���� ����� ����� ������

RI�HYDSRUDWLRQ�UHSOHQLVKPHQW�UHFRUGHG�UHODWLYHO\�EHWWHU
SKRWRV\QWKHVLV� ������� ��PRO�P��� V����� )XUWKHU�� 35'
LUULJDWLRQ� WKURXJK� VKLIWLQJ� RI� ODWHUDOV� UHFRUGHG
VLJQLILFDQWO\�KLJKHU�WUDQVSLUDWLRQ�UDWH�HVSHFLDOO\�DW����
RI�(5�������P�PRO�P���V����DV�FRPSDUHG�WR�WKH�FRQWURO
�����P�PRO�P���V����DOWKRXJK�LW�ZDV�DW�SDU�ZLWK�7

�
��7

��

7
��
DQG�7

���
WUHDWPHQWV�

7KH� VWRPDWDO� FRQGXFWDQFH� FRXOG� QRW� GLIIHU
VLJQLILFDQWO\� DPRQJ� WKH� WUHDWPHQWV� LQ� WKH� SUHVHQW
LQYHVWLJDWLRQ��7DEOH����DOWKRXJK�6WROO��������REVHUYHG
LQ� JUDSHV� WKDW� VWRPDWDO� FRQGXFWDQFH� RI� YLQHV� XQGHU
35'� LUULJDWLRQ� ZDV� VLJQLILFDQWO\� UHGXFHG� ZKHQ
FRPSDUHG�ZLWK�YLQHV�UHFHLYLQJ�ZDWHU�WR�WKH�HQWLUH�URRW
V\VWHP�� 35'� UHVXOWV� LQ� LQFUHDVHG� [\OHP� VDS�$%$
FRQFHQWUDWLRQ�DQG� LQFUHDVHG�[\OHP� VDS��S+�� ERWK�RI

ZKLFK� DUH� OLNHO\� WR� UHVXOW� LQ� D� UHGXFWLRQ� LQ� VWRPDWDO
FRQGXFWDQFH��,W�ZDV�FRQFOXGHG�WKDW�D�PDMRU�HIIHFW�RI
35'�LV� WKH�SURGXFWLRQ�RI�FKHPLFDO�VLJQDOV� LQ�GU\LQJ
URRWV� WKDW� DUH� WUDQVSRUWHG� WR� WKH� OHDYHV�ZKHUH� WKH\
EULQJ�DERXW�D�UHGXFWLRQ�LQ�VWRPDWDO�FRQGXFWDQFH�

7KH�SHUXVDO�RI�WKH�GDWD�RQ�$%$�SURGXFWLRQ�LQ
GLIIHUHQW� 35'� WUHDWPHQWV� LQGLFDWHG� KLJKHU�$%$
SURGXFWLRQ�ZLWK�RQH�HPLWWHU�SHU�SODQW�HLWKHU�ZLWK�IL[HG
RU� VKLIWLQJ� RI� ODWHUDOV� ����� DQG� �����QJ�J� WLVVXH�
UHVSHFWLYHO\��DV�FRPSDUHG�WR�WZR�HPLWWHUV�DW�WKH�VDPH
OHYHO�RI�(5�������QJ�J�WLVVXH��LQGLFDWLQJ�WKDW�WKH�SODQW
XQGHUZHQW�PRLVWXUH�VWUHVV�ZLWK�ZDWHU�VXSSO\�WKURXJK
D�VLQJOH�SRLQW�VRXUFH�OHDGLQJ�WR�KLJKHU�$%$�SURGXFWLRQ�
6WROO�HW� DO��� ������� LQIHUUHG� WKDW� 35'� UHGXFHV� SODQW
ZDWHU�FRQVXPSWLRQ�E\�HQKDQFLQJ�$%$�SURGXFWLRQ� LQ

-��+RUWO��6FL�
9RO�����������������������

0DQMXQDWK� HW� DO



���

WKH�GU\�KDOI�RI�WKH�URRWV��D�KRUPRQDO�VLJQDO�WKDW�UHGXFHV
VWRPDWDO�DSHUWXUH�DQG�WKXV��WUDQVSLUDWLRQ�RI�WKH�OHDYHV
�'DYLHV�HW�DO����������)XUWKHU��WKLV�VPDOO�QDUURZLQJ�RI
WKH� VWRPDWDO� RSHQLQJ� PD\� UHGXFH� ZDWHU� ORVV
VXEVWDQWLDOO\�ZLWK�OLWWOH�HIIHFW�RQ�SKRWRV\QWKHVLV��-RQHV�
�������$�VLPLODU�VWXG\�E\�6WROO�HW�DO����������VKRZHG
WHQ�IROG� LQFUHDVH� LQ�$%$�FRQFHQWUDWLRQ� LQ� WKH�GU\LQJ
URRWV��EXW�$%$�FRQFHQWUDWLRQ�LQ�OHDYHV�RI�JUDSHYLQHV
XQGHU�35'�LQFUHDVHG�RQO\�E\�����FRPSDUHG�ZLWK�D
IXOO\�LUULJDWHG�FRQWURO��)XUWKHU��LW�ZDV�LQIHUUHG�WKDW�WKHUH
ZDV�D�QRFWXUQDO�QHW�IOX[�RI�ZDWHU�IURP�ZHWWHU�URRWV�WR
WKH�URRWV�LQ�GU\�VRLO�DQG�WKLV�PD\�DVVLVW�LQ�WKH�GLVWULEXWLRQ
RI� FKHPLFDO� VLJQDOV� QHFHVVDU\� WR� VXVWDLQ� WKH� 35'
HIIHFW�

4XDOLW\�� IUXLW� \LHOG�DQG�ZDWHU�XVH� HIILFLHQF\

$VVHVVPHQW� RI� LPSDFW� RI� WKH� 35'� WUHDWPHQWV
RQ�WKH�TXDOLW\�DWWULEXWHV�RI�SDSD\D�LQGLFDWHG�WKDW�IUXLW
FDYLW\� LQGH[� DQG� 7�6�6� RI� SDSD\D� IUXLWV� ZHUH

VLJQLILFDQWO\�LQIOXHQFHG��7DEOH�����6KLIWLQJ� LUULJDWLRQ
HYHQ�DW�����RI�(5�UHFRUGHG�VLJQLILFDQWO\�ORZHU�FDYLW\
LQGH[��������ZLWK�UHODWLYHO\�KLJKHU�IUXLW�YROXPH������
FP����)XUWKHU�� IL[HG�LUULJDWLRQ�XVLQJ�VLQJOH�HPLWWHU�DW
���� RI� (5� UHVXOWHG� LQ� VLJQLILFDQWO\� KLJKHU� 7�6�6
����������7KH�LQFUHDVHG�7�6�6�XQGHU�IL[HG�HPLWWHUV�DW
ORZHU� OHYHO� RI� (5� LQGLFDWHV� WKDW� WKH� SODQW� XQGHU
VWUHVVHG� VLWXDWLRQV� DFFXPXODWHG�PRUH� VXJDUV� LQ� WKH
IUXLWV�� � 6WROO� HW� DO��� �������� DOVR� REVHUYHG� LQFUHDVHG
VXJDU� FRQWHQW� LQ� JUDSHV� ZLWK� 35'� DQG� WKLV� ZDV
DWWULEXWHG�WR�EHWWHU�FRQWURO�RI�YHJHWDWLYH�JURZWK��)XUWKHU
LQ�ZLQH�JUDSH��WKH�TXDOLW\�SDUDPHWHUV�RI�IUXFWRVH�DQG
WDQQLQV�ZHUH�LPSURYHG�VLJQLILFDQWO\�ZLWK�35'��)DQJ
HW�DO���������

$OWKRXJK� LUULJDWLRQ� LQ� SDSD\D�PHHWLQJ� ���
UHSOHQLVKPHQW� RI� HYDSRUDWLRQ� HYHQ�ZLWK� RQH� HPLWWHU
SHU�SODQW�UHVXOWHG�LQ�VLJQLILFDQWO\�KLJKHU�QXPEHU�RI�IUXLWV
����SODQW���KLJKHU�ZDWHU�SURGXFWLYLW\�������NJ�P���FRXOG

EH�REWDLQHG�E\� VFKHGXOLQJ� WKH� LUULJDWLRQ�DW�����(5
WKURXJK�VKLIWLQJ�RI�ODWHUDOV�DW�IRUWQLJKWO\�LQWHUYDOV��7KLV
DOVR�OHG�WR�D�VDYLQJ�RI�VXEVWDQWLDO�ZDWHU������P��KD�
UHVXOWLQJ� LQ���������KLJKHU�ZDWHU�SURGXFWLYLW\�� ,W� LV
ZRUWK�WR�PHQWLRQ�WKDW�WKH�SDSD\D�SODQWV�ZLWKVWRRG�WKH
ZDWHU� VWUHVV� DQG� IXQFWLRQHG� QRUPDOO\� HYHQ� ZKHQ

LUULJDWLRQ� ZDV� VFKHGXOHG� DW� ����RI� (5��:DWHU� XVH
HIILFLHQF\�IROORZHG�D�VLPLODU�WUHQG�ZLWK�VFKHGXOLQJ�WKH
LUULJDWLRQ�DW�����HYDSRUDWLRQ�UHSOHQLVKPHQW� WKURXJK
VKLIWLQJ�RI�ODWHUDOV�DW�IRUWQLJKWO\�LQWHUYDO�OHDGLQJ�WR������
��KLJKHU�ZDWHU�XVH�HIILFLHQF\��������NJ�KD�PP���'U\
HW�DO����������VWDWHG�WKDW�WKLV�LQFUHDVHG�:8(�ZLWK�35'

-��+RUWO��6FL�
9RO�����������������������

3DUWLDO�URRW�]RQH�GU\LQJ�LQ�SDSD\D

7UHDWPHQWV 3KRWRV\QWKHWLF 7UDQVSLUDWLRQ 6WRPDWDO $%$
UDWH UDWH FRQGXFWDQFH �QJ�J�WLVVXH�

���PRO�P���V��� �P�PRO�P���V��� �PRO�P���V���

1RUPDO�LUULJDWLRQ�����(5����HPLWWHUV�SODQW ����� ���� ���� �����

1RUPDO�LUULJDWLRQ�����(5����HPLWWHU�SODQW ���� ���� ���� �����

6KLIWLQJ�LUULJDWLRQ�����(5����HPLWWHU�SODQW ����� ���� ���� �����

6KLIWLQJ�LUULJDWLRQ�����(5����HPLWWHU�SODQW ����� ���� ���� �����

6KLIWLQJ�LUULJDWLRQ�����(5����HPLWWHU�SODQW ����� ���� ���� �����

6KLIWLQJ�LUULJDWLRQ�����(5����HPLWWHU�SODQW ���� ���� ���� �����

��6LGH�LUULJDWLRQ�����(5����HPLWWHU�SODQW ����� ���� ���� �����

��6LGH�LUULJDWLRQ�����(5����HPLWWHU�SODQW ����� ���� ���� �����

��6LGH�LUULJDWLRQ�����(5����HPLWWHU�SODQW ����� ���� ���� �����

6KLIWLQJ�LUULJDWLRQ�����(5����HPLWWHUV�SODQW ����� ���� ���� �����

6KLIWLQJ�LUULJDWLRQ�����(5����HPLWWHUV�SODQW ���� ���� ���� ����

6KLIWLQJ�LUULJDWLRQ�����(5����HPLWWHUV�SODQW ���� ���� ���� �����

6�(P� ���� ���� ���� �����

&�'��3 ����� 16 ���� 16 �����

7DEOH� ��� 3K\VLRORJLFDO� SDUDPHWHUV� LQ� SDSD\D� DV� LQIOXHQFHG� E\�35'� LUULJDWLRQ� WUHDWPHQWV



���

LV� EHFDXVH� WKH�ZHOO�ZDWHUHG�KDOI� RI� WKH� URRW� HQVXUHV
WKH�PDLQWHQDQFH� RI� IUXLW� JURZWK�� ZKLOH� YHJHWDWLYH
JURZWK� LV� UHGXFHG�� 7KH� DELOLW\� RI� URRWV� WR� DEVRUE
QXWULHQWV�ZDV�DOVR�LPSURYHG�ZKHQ�WKH�URRW�]RQH�ZDV

SDUWLDOO\�ZDWHUHG�DQG�WKH�SDUWLDO�ZDWHULQJ�ZDV�VKLIWHG
DOWHUQDWHO\�LQ�D�KRUL]RQWDO�GLUHFWLRQ�RU�DORQJ�WKH�YHUWLFDO
VRLO�SURILOH��+DQ�DQG�.DQJ��������

-��+RUWO��6FL�
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0DQMXQDWK� HW� DO

7UHDWPHQWV )UXLW 7�6�6� )UXLWV� � )UXLW )UXLW )UXLW :DWHU :DWHU
FDYLW\ ��� SODQW YROXPH \LHOG� \LHOG XVH SURGX�
LQGH[ �FP�� ��SODQW �W�KD� HIILFLHQF\ �FWLYLW\

�NJ� �NJ�KD�PP� �NJ�P
��
�

1RUPDO�LUULJDWLRQ�����(5� ���� ���� �� ���� ����� ������ ���� ����
�� HPLWWHUV�SODQW

1RUPDO�LUULJDWLRQ�����(5� ���� ��� �� ��� ����� ������ ���� ����
�� HPLWWHU�SODQW

6KLIWLQJ�LUULJDWLRQ�����(5� ���� ��� �� ��� ����� ����� ���� ����
�� HPLWWHU�SODQW

6KLIWLQJ�LUULJDWLRQ�����(5� ���� ��� �� ���� ����� ������ ����� �����
�� HPLWWHU�SODQW

6KLIWLQJ�LUULJDWLRQ�����(5� ���� ���� �� ���� ����� ������ ����� �����
�� HPLWWHU�SODQW

6KLIWLQJ�LUULJDWLRQ�����(5� ���� ��� �� ��� ����� ������ ����� �����
�� HPLWWHU�SODQW

��6LGH�LUULJDWLRQ�����(5� ���� ��� �� ��� ����� ������ ����� �����
�� HPLWWHU�SODQW

��6LGH�LUULJDWLRQ�����(5� ���� ���� �� ��� ����� ������ ����� �����
�� HPLWWHU�SODQW

��6LGH�LUULJDWLRQ�����(5� ���� ���� �� ��� ����� ������ ����� �����
�� HPLWWHU�SODQW

6KLIWLQJ�LUULJDWLRQ�����(5� ���� ��� �� ��� ����� ����� ����� �����
�� HPLWWHUV�SODQW

6KLIWLQJ�LUULJDWLRQ�����(5� ���� ��� �� ���� ����� ����� ���� ����
�� HPLWWHUV�SODQW

6KLIWLQJ�LUULJDWLRQ�����(5� ���� ��� �� ��� ����� ����� ����� �����
�� HPLWWHUV�SODQW

6�(P� ���� ���� ���� ����� ���� ����� ����� ����

&�'��3 ����� ���� ���� ����� 16 ����� ����� ����� ����

7DEOH� ���4XDOLW\�DWWULEXWHV�� \LHOG� DQG�ZDWHU� XVH� HIILFLHQF\� RI� SDSD\D
DV� LQIOXHQFHG� E\� GLIIHUHQW�35'� LUULJDWLRQ� WUHDWPHQWV

6LPLODU� UHVXOWV�RI�KLJKHU�:8(�ZHUH� UHFRUGHG
E\�'H� OD�+HUD� HW� DO��� ������� LQ� JUDSHV� XQGHU� 35'
WUHDWPHQWV��)XUWKHU��'X�HW�DO����������FRQFOXGHG�WKDW
LPSURYHG�:8(��HDUOLHU�IUXLW�PDWXULW\�DQG�EHWWHU�TXDOLW\
RI�WDEOH�JUDSH�ZLWKRXW�GHWULPHQWDO�HIIHFWV�RQ�WKH�IUXLW
\LHOG�LQ�DULG�DUHDV�DUH�WKH�DGYDQWDJHV�RI�35'�LUULJDWLRQ�

$&.12:/('*(0(17

7KH�DXWKRUV�DUH�WKDQNIXO�WR�WKH�'LUHFWRU��,&$5�
,,+5�DQG� WKH�+HDG��'LYLVLRQ�RI�)UXLW�&URSV��,&$5�
,,+5�IRU�SURYLGLQJ�QHFHVVDU\�JXLGDQFH�DQG�IDFLOLWLHV
IRU�WKH�VPRRWK�FRQGXFW�RI�WKH�H[SHULPHQW�



���
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3DUWLDO�URRW�]RQH�GU\LQJ�LQ�SDSD\D

�06� 5HFHLYHG� ��� 6HSWHPEHU� ������ 5HYLVHG� ��� 2FWREHU� ������ $FFHSWHG� ��� 1RYHPEHU� �����

%DUU�� +�'�� DQG� :HDWKHUOH\�� 3�(�� ������ $� UH�
H[DPLQDWLRQ�RI� WKH�UHODWLYH� WXUJLGLW\�WHFKQLTXH
IRU�HVWLPDWLQJ�ZDWHU�GHILFLW�LQ�OHDYHV��$XVWUDOLDQ
-RXUQDORI� %LRORJLFDO� 6FLHQFHV�� �����������

'DYLHV��:�-���:LONLQVRQ��6��DQG�/RYH\V��%�5�������
6WRPDWDO�FRQWURO�E\�FKHPLFDO�VLJQDOLQJ�DQG�WKH
H[SORLWDWLRQ�RI�WKLV�PHFKDQLVP�WR�LQFUHDVH�ZDWHU
XVH� HIILFLHQF\� LQ� DJULFXOWXUH�� 1HZ
3K\WRORJLVW������ ��������

'H� OD� +HUD��0�/��� 5RPHUR�� 3��� *RPH]�3OD]D�� (��
0DUWLQH]��$��������,V�SDUWLDO�URRW�]RQH�GU\LQJ
DQ� HIIHFWLYH� LUULJDWLRQ� WHFKQLTXH� WR� LPSURYH
ZDWHU�XVH� HIILFLHQF\�DQG� IUXLW�TXDOLW\� LQ�ILHOG�
JURZQ�ZLQH�JUDSHV�XQGHU�VHPLDULG�FRQGLWLRQV"
$JULFXOWXUDO�:DWHU�0DQDJHPHQW��������������

'RGG� ,DQ� &��� -DLPH� 3XpUWRODV�� .DWULQ� +XEHU�� -XDQ
*DEULHO� 3pUH]�3pUH]�+DQQDK� 5��:ULJKW� DQG
0DUWLQ�6��$��%ODFN���������7KH�LPSRUWDQFH�RI
VRLO�GU\LQJ�DQG�UH�ZHWWLQJ�LQ�FURS�SK\WR�KRUPRQDO
DQG� QXWULWLRQDO� UHVSRQVHV� WR� GHILFLW� LUULJDWLRQ�
-RXUQDO� RI� ([SHULPHQWDO� %RWDQ\���� ���� �
����±�����

'U\��3��5���/RYH\V��%��5���6WROO��0���6WHZDUW��'��DQG
0F&DUWK\��0��*��������3DUWLDO�URRW�]RQH�GU\LQJ�
DQ� XSGDWH�$XVWUDOLD� *UDSH� JURZHU� DQG
:LQHPDNHU���������±���

'X��7���.DQJ��6���=KDQJ��-���/L��)��������:DWHU�XVH�DQG
\LHOG�UHVSRQVHV�RI�FRWWRQ�WR�DOWHUQDWH�SDUWLDO�URRW�
]RQH�GULS�LUULJDWLRQ�LQ�WKH�DULG�DUHD�RI�QRUWK�ZHVW
&KLQD��,UULJDWLRQ�6FLHQFH��������������

)DQJ��<�/��6XQ��:���:DQ��/���;L��=�0���/LX�;�� DQG
=KDQJ��=�:��������(IIHFWV�RI�UHJXODWHG�GHILFLW
LUULJDWLRQ��5',��RQ�ZLQH�JUDSH�JURZWK�DQG�IUXLW
TXDOLW\��6FLHQWLD�$JULFXOWXUD6LQLFD����������±
�����

+DQ��<�/�� DQG� .DQJ�� 6�=�� ������ (IIHFWV� RI� WKH
FRQWUROOHG� SDUWLDO� URRW]RQH� LUULJDWLRQ� RQ� URRW
QXWULWLRQ� XSWDNH� RI� PDL]H� �=HD� PD\V��
7UDQVDFWLRQV� RI� &KLQHVH� 6RFLHW\� RI
$JULFXOWXUDO� (QJLQHHUV�������� ��±���

-RQHV�� +�*�� ������ 3ODQWV� DQG� PLFURFOLPDWH�� D
TXDQWLWDWLYH� DSSURDFK� WR� HQYLURQPHQWDO� SODQW
SK\VLRORJ\���QG�HGLWLRQ��&DPEULGJH��&DPEULGJH
8QLYHUVLW\� 3UHVV�

.HOHQ��0���'HPLUDOD\�� (�&��� 6HQ�� 6�� DQG�2]NDQ�*��
������6HSDUDWLRQ�RI�DEVFLVLF�DFLG��LQGROH���DFHWLF
DFLG�DQG�JLEEHUHOOLF�DFLG�LQ���5�DQG�URVH�RLO�E\
UHYHUVH� SKDVH� OLTXLG� FKURPDWRJUDSK\��7XUNLVK
-RXUQDO�RI�&KHPLVWU\��������������

.ULHGPDQQ�� 3�(�� DQG� ,��*RRGZLQ�� ������ 5HJXODWHG
GHILFLW� LUULJDWLRQ� DQG� SDUWLDO� URRW]RQH� GU\LQJ�
,UULJDWLRQ� LQVLJKWV� 1R���� /DQG� DQG�:DWHU
$XVWUDOLD��&DQEHUUD�����S�

/LPDV5REHUWD�6DPDUD�1XQHV�GH��)iELR�$IRQVR�0D]]HL
0RXUD� GH�$VVLV� )LJXHLUHGR��$PDQGD�2OLYHLUD
0DUWLQV��%UXQD�&RUUrD�GD�6LOYD�GH�'HXV��7LDJR
0DVVL� )HUUD]�� 0DUD� GH�0HQH]HV� GH�$VVLV
*RPHV�� (OLDV� )HUQDQGHV� GH� 6RXVD�� 'DYLG
0LFKDHO� *OHQQ�� (OLHPDU� &DPSRVWULQL�
�����3DUWLDO� URRW]RQH� GU\LQJ� �35'�� DQG
UHJXODWHG� GHILFLW� LUULJDWLRQ� �5',�HIIHFWV� RQ
VWRPDWDO� FRQGXFWDQFH�� JURZWK�� SKRWRV\QWKHWLF
FDSDFLW\� DQG�ZDWHU�XVH� HIILFLHQF\� RI� SDSD\D�
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