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$OO�ULJKWV�UHVHUYHG�E\�ZZZ�LMVUG�FRP ���

6XLWDELOLW\�RI�'ULQNLQJ�:DWHU�LQ�6FKRROV�RI�%HQJWRO�%ORFN�RI�&KLUDQJ�
'LVWULFW�RI�$VVDP��,QGLD

'U��5DQX�5R\
'HSDUWPHQW�RI�%RWDQ\

%LUMKRUD�0DKDYLG\DOD\D��%RQJDLJDRQ��,QGLD
$EVWUDFW² 'ULQNLQJ�ZDWHU� LV�RQH�RI�WKH�EDVLF�QHHGV�RI�OLIH��
0RVW�GULQNLQJ�ZDWHU�LQ�DOO�SDUWV�LV�REWDLQHG�IURP�VXUIDFH�DQG�
JURXQG�ZDWHU�VRXUFHV��ERWK�RI�ZKLFK�DUH�EHLQJ�FRQWDPLQDWHG�
GXH� WR� VHYHUDO� UHDVRQV��0RVW� RI� WKH� GLVHDVHV� DQG� GHDWKV� LQ�
WKH�GHYHORSLQJ�FRXQWULHV�DUH� FDXVHG�GXH� WR�FRQVXPSWLRQ�RI�
FRQWDPLQDWHG� ZDWHU�� :DWHU� VDPSOHV� IURP� ��� GLIIHUHQW�
VFKRROV�RI�%HQJWRO�EORFN�RI�&KLUDQJ�GLVWULFW�ZHUH�VWXGLHG�WR�
DVVHVV� WKH� VXLWDELOLW\� RI� GULQNLQJ� ZDWHU�� $� WRWDO� RI� ���
GLIIHUHQW� SK\VLFR�FKHPLFDO� SDUDPHWHUV� LQFOXGLQJ� KHDY\�
PHWDOV�DQG�PLFURELDO�RUJDQLVPV�ZHUH�VWXGLHG��6L[W\�SHUFHQW�
ZDWHU� VDPSOHV� ZHUH� IRXQG� WR� EH� DFLGLF� KDYLQJ� S+� YDOXH�
EHORZ� ����� 7KLUW\� ILYH� SHUFHQW� RI� WKH� ZDWHU� VDPSOHV� ZHUH�
IRXQG�WR�EH�PRUH�WXUELG�H[FHHGLQJ�WKH�SHUPLVVLEOH�OLPLW��,Q�
FDVH�RI�LURQ������ZDWHU�VDPSOHV�KDG�LW�LQ�LWV�GHVLUDEOH�OLPLW�
EXW�LQ�����ZDWHU�VDPSOHV�LW�ZDV�ZHOO�DERYH�WKH�SHUPLVVLEOH�
OLPLW�� 7KRXJK� LQ� DOO� ZDWHU� VDPSOHV� WKH� KHDY\� PHWDOV� L�H���
$UVHQLF� DQG�&KURPLXP��ZHUH� IRXQG� WR� EH� EHORZ� GHWHFWLRQ�
OLPLW� EXW� /HDG� ZDV� GHWHFWHG� LQ� DOPRVW� ����ZDWHU� VDPSOHV�
DQG� LQ� ���� LW� ZDV� DERYH� WKH� SHUPLVVLEOH� OLPLW�� 7KRXJK� LQ�
���� ZDWHU� VDPSOHV� &DGPLXP� ZDV� IRXQG� WR� EH� EHORZ�
GHWHFWLRQ� OLPLW� EXW� LQ� ���� ZDWHU� VDPSOHV� LW� ZDV� GHWHFWHG��
2WKHU�SDUDPHWHUV�OLNH�7'6��766��7RWDO�$ONDOLQLW\��&DOFLXP�
+DUGQHVV�� (OHFWULFDO� &RQGXFWLYLW\�� &KORULGH�� 6XOSKDWH��
)ORXULGH�ZHUH�ZLWKLQ�WKH�SHUPLVVLEOH�OLPLW�
.H\ ZRUGV� %HQJWRO��&KLUDQJ��'ULQNLQJ�ZDWHU
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'ULQNLQJ�ZDWHU�LV�RQH�RI�WKH�EDVLF�QHHGV�RI�OLIH�DQG�HVVHQWLDO�
IRU� VXUYLYDO��6WLOO�PRUH� WKDQ�RQH�ELOOLRQ�SHRSOH�DOO�RYHU� WKH�
ZRUOG� GR� QRW� KDYH� UHDG\� DFFHVV� WR� DQ� DGHTXDWH� DQG� VDIH�
ZDWHU� VXSSO\� DQG� PRUH� WKDQ� ����PLOOLRQ� RI� WKRVH� XQVDYHG�
OLYH� LQ� UXUDO� DUHDV� �.XPDU� DQG� 3XUL�� �������0RVW� GULQNLQJ�
ZDWHU� LQ�DOO�SDUWV� LV�REWDLQHG� IURP�VXUIDFH�RU�JURXQG�ZDWHU�
VRXUFHV��EXW�VDGO\��ERWK�RI�ZKLFK�FDQ�EH�FRQWDPLQDWHG��7KLV�
FRQWDPLQDWLRQ� PD\� FRPH� IURP� LQGXVWULDO� RU� ZDVWH� ZDWHU�
WUHDWPHQW� SODQW� GLVFKDUJHV�� DJULFXOWXUDO� UXQRII� DQG�
DQWLTXDWHG� LQIUDVWUXFWXUH��VHYHUH�FRQWDPLQDWLRQ�RI� VRLO� IURP�
KD]DUGRXV�ZDVWH�GXPSV�DQG�OHDNDJH�RI�XQGHUJURXQG�VWRUDJH�
WDQNV��%HFDXVH�RI�WKLV�SRWHQWLDO�OHYHO�RI�FRQWDPLQDWLRQ��ERWK�
VXUIDFH� ZDWHU� DQG� XQGHUJURXQG� ZDWHU� XVXDOO\� UHTXLUHV�
DJJUHVVLYH�DQG�VRSKLVWLFDWHG�WUHDWPHQW�SULRU�WR�FRQVXPSWLRQ�
DV� WKH� TXDOLW\� RI� GULQNLQJ�ZDWHU� SOD\V� DQ� LPSRUWDQW� UROH� LQ�
PDLQWDLQLQJ�VRXQG�KHDOWK��6DIH�ZDWHU�LV�RQH�ZKLFK�VKRXOG�EH�
IUHH�IURP�IDHFDO�FRQWDPLQDWLRQ�DQG�FRQIRUP�WR�WKH�OLPLWV�RI�
FKHPLFDO� FRQWDPLQDWLRQ� �0XUXJHVDQ� HW� DO�� ������� 0DQ\�
ZDWHUERUQH�GLVHDVHV�OLNH�W\SKRLG��G\VHQWHU\��FKROHUD�HWF��DUH�
FDXVHG�GXH�WR�FRQVXPSWLRQ�RI�FRQWDPLQDWHG�ZDWHU�

&KLUDQJ ZLWK� D� SRSXODWLRQ� RI� �������� ������
FHQVXV� LV� D� UHODWLYHO\� QHZ� GLVWULFW� LQ� WKH�%7&� DUHD� RI� WKH�
VWDWH�$VVDP��,W�LV�VLWXDWHG�LQ���R���1�	���R���1�ORQJLWXGHV�
DQG� ��R��� (� 	� ��R��� (� ODWLWXGHV�� 2XW� RI� �� EORFNV� LQ�
&KLUDQJ��%HQJWRO LV�RQH�RI�D�UXUDO�EORFN�KDYLQJ����YLOODJHV��
)URP�WKH�HGXFDWLRQDO�SRLQW�RI�YLHZ�WKLV�EORFN�LV�VWLOO�LQ�SRRU�
FRQGLWLRQ�� ,W� KDV� RQO\� ��� VFKRROV� LQFOXGLQJ� /36��0(��09�
DQG� +6� VFKRRO� LQ� LWV� FOXVWHU�� 6DIH� GULQNLQJ� ZDWHU� LV� PRVW�
LPSRUWDQW�DQG�D�YHU\�EDVLF�SURYLVLRQ�IRU�VFKRRO�FKLOGUHQ�DQG�
HYHQ�DIWHU�*RYHUQPHQW��WU\LQJ�LWV�EHVW�WR�SURYLGH�VDIH�ZDWHU��
LQ� PRVW� VFKRROV� LW� LV� \HW� WR� EH� SURYLGHG� E\� WKH� FLYLF�
DXWKRULW\��,Q�PRVW�RI�WKH�VFKRROV��PDLQO\�/3�DQG�-%�VFKRRO���
VWXGHQWV� DUH� XVLQJ� ZDWHU� IURP� KDQG�SXPS� RU� WDUD�SXPS
GLUHFWO\� ZLWKRXW� DQ\� WUHDWPHQW�� 7KHVH� KDQG�SXPS� RU� WDUD�
SXPSV�DUH�WKH�RQO\�ZDWHU�VRXUFH�LQ�WKHVH�UHJLRQV��7KHUHIRUH��
JLYLQJ�HPSKDVLV�RQ�WKH�VWXGHQWV¶�KHDOWK��D�VWXG\�ZDV�FDUULHG�
RXW�RQ�WKH�FRQGLWLRQ�RI�GULQNLQJ�ZDWHU�LQ�/3�6FKRROV�RI�WKH�
%HQJWRO� EORFN� RI� &KLUDQJ� GLVWULFW� IRU� D� SHULRG� RI� RQH� \HDU�
IURP�'HFHPEHU������WR�'HFHPEHU������

,,� 0$7(5,$/6�	 0(7+2'6

$� WRWDO� RI� ��� /3� VFKRROV� IURP� %HQJWRO� EORFN� KDG� EHHQ�
VHOHFWHG� UDQGRPO\� IRU� WKH� VWXG\�� 7ZR� GULQNLQJ� ZDWHU�
VDPSOHV�IURP�HDFK�RI�WKH����VFKRROV��GHQRWHG�E\�6��WR�6����
7DEOH� ��� ZHUH� FROOHFWHG� LQ� �� GLIIHUHQW� VHDVRQV�� 7KXV�� DOO�
WRJHWKHU���VDPSOHV�SHU�VFKRRO�ZHUH�FROOHFWHG�IRU�D�SHULRG�RI�
RQH� \HDU� IURP� 'HFHPEHU� ����� WR� 'HFHPEHU� ������:DWHU�
VDPSOHV�ZHUH�FROOHFWHG�LQ�FOHDQ�SODVWLF�ERWWOHV�DQG�VWRUHG�DW�
�R&� IRU� IXUWKHU� DQDO\VLV�� 9DULRXV� SK\VLFR�FKHPLFDO�
FKDUDFWHULVWLFV�VXFK�DV�S+��7XUELGLW\��7RWDO�'LVVROYHG�6ROLGV�
�7'6���7RWDO�6XVSHQGHG�6ROLGV��766���7RWDO�$ONDOLQLW\��&D�
KDUGQHVV�� 7RWDO� +DUGQHVV�� (OHFWULFDO� &RQGXFWLYLW\� �(&���
&KORULGH�� )OXRULGH�� 6XOSKDWH� �62��� DQG� KHDY\� PHWDOV� YL]�
$UVHQLF� �$V��� /HDG� �3E��� &KURPLXP� �&U��� &DGPLXP� �&G���
DQG�6RGLXP��1D���,URQ��)H��ZHUH�VWXGLHG�IROORZLQJ��VWDQGDUG�
DQDO\WLFDO�PHWKRGV��$3+$�������1((5,�������������

)RU� PLFURELDO� DQDO\VLV� 0RVW� 3UREDEOH� 1XPEHU�
�031�� RI� ERWK� &ROLIRUPV DQG� (�FROL� ZHUH� GHWHUPLQHG� E\�
XVLQJ�0DF&RQNH\¶V�EURWK�XVLQJ�PXOWLSOH� WXEH� IHUPHQWDWLRQ�
WHFKQLTXH� DW� ��R&� IRU� ��� KRXUV�� 031� ZDV� H[SUHVVHG� LQ�
WHUPV� RI� LQGH[����PO� E\� XVLQJ� VWDQGDUG� WDEOHV� �$3+$�
������

,,,� 5(68/76�	 ',6&866,21

7DEOH��� DQG� WDEOH� �� VKRZV� WKH� GLIIHUHQW� SK\VLFR�FKHPLFDO�
SDUDPHWHUV� DQG� KHDY\� PHWDO� FRQWDPLQDWLRQ� UHVSHFWLYHO\��
7DEOH� �� UHSUHVHQWV� WKH� EDFWHULDO� FRQWDPLQDWLRQ� RI� ZDWHU�
VDPSOHV�FROOHFWHG�VHDVRQDOO\�

6DPSOLQJ�
VWDWLRQ

S+
7XUELGLW\�
�178�

7'6 766
7RWDO�

DONDOLQLW\
&D�

KDUGQHVV
7RWDO�

KDUGQHVV
(&�

ȝPKR�
&KORULGH 62�

�� )

6� ��� ��� �� � � �� �� �� �� ��� %'/
6� ��� ��� ���� � �� �� �� ��� �� ��� %'/
6� ��� ��� ��� � �� �� �� ��� �� ��� %'/
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,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQWLILF�5HVHDUFK�LQ�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 5HVHDUFK�3DSHU��
3K\VLFV�DQG�$SSOLHG�6FLHQFHV
9RO����,VVXH����SS��������$SULO�������������������������������������������������������������������������������������������(�,661�����������
'2,��KWWSV���GRL�RUJ����������LMVUSDV�Y�L������

+LJK (OHFWULFDO &RQGXFWLYLW\��7KHUPDO�6WDELOLW\ DQG�*DV 6HQVLQJ�6WXGLHV�
RQ 6LOYHU�3RO\DQLOLQH�1DQRFRPSRVLWH

6DQMLE�%DJODUL��DQG�'��6DUNDU�

���'HSDUWPHQW�RI�3K\VLFV��*DXKDWL�8QLYHUVLW\��*XZDKDWL��,QGLD

&RUUHVSRQGLQJ�DXWKRU�(PDLO��VDQMLEEDJODUL#JPDLO�FRP

$YDLODEOH�RQOLQH�DW��ZZZ�LVURVHW�RUJ

5HFHLYHG�����0DU�������$FFHSWHG�����$SU�������2QOLQH�����$SU�����
$EVWUDFW� 7KLV� SDSHU� UHSRUWV� WKH� V\QWKHVLV� RI� 3RO\DQLOLQH�6LOYHU� �3DQL�$J�� QDQRFRPSRVLWHV� E\� DQ� LQ�VLWX� FKHPLFDO�
SRO\PHUL]DWLRQ�PHWKRG�XVLQJ�DPPRQLXP�SHUVXOSKDWH �$36��DV�DQ�R[LGL]LQJ�DJHQW��7KH�SUHSDUHG 3DQL�$J�QDQRFRPSRVLWH�ZHUH�
FKDUDFWHUL]HG�E\�;5'��('$;��)(6(0� 7(0� 7*$��89�YLV� VSHFWURVFRS\� 7KH�;5'�SDWWHUQV� LQGLFDWHG� WKDW� WKH�FU\VWDOOLQH�
SKDVH�RI�$J�LV�FXELF�ZLWK�DYHUDJH�FU\VWDOOLWH�VL]H�RI��� QP� 89±YLV�VSHFWURVFRS\�DQDO\VLV�LQGLFDWHG�WKDW�WKH�$J�QDQRSDUWLFOHV�
KDYH�VRPH�HIIHFW�RQ�WKH�3DQL�PDWUL[��7KH�7*$�UHVXOW�VKRZHG�WKDW�WKHUPDO�VWDELOLW\�RI�WKH�QDQRFRPSRVLWH�ZDV�LQFUHDVHG DIWHU�
LQFRUSRUDWLRQ�RI�$J�QDQRSDUWLFOHV��3DQL�$J�QDQRFRPSRVLWH VKRZHG�VXSHULRU�'&�FRQGXFWLYLW\�ZKHQ�FRPSDUHG�WR�SXUH�3DQL� 7KH�
3DQL�$J�QDQRFRPSRVLWH�DOVR�VKRZHG�H[FHOOHQW�FKORURIRUP�VHQVLQJ�EHKDYLRXU WKDQ�SXUH�3DQL��ZKLFK�PLJKW EH�GXH WR LQFUHDVH�LQ�
WKH�VXUIDFH�DUHD�RI�3DQL�LQ�WKH�SUHVHQFH RI�$J�QDQRSDUWLFOHV�

.H\ZRUGV��3RO\DQLOLQH��1DQRFRPSRVLWH��'&�&RQGXFWLYLW\��*DV�6HQVLQJ��7KHUPDO�6WDELOLW\��89�9LV�
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&RQGXFWLQJ� SRO\PHU� H[KLELW� ERWK� FRQGXFWLQJ� DQG� VHPL�
FRQGXFWLQJ� SURSHUWLHV�� 5HFHQWO\�� FRQGXFWLQJ� SRO\PHUV� KDV�
UHFHLYHG� PXFK� DWWHQWLRQV� LQ� UHVHDUFK� EHFDXVH� RI� WKHLU�
SURPLVLQJ� RSWLFDO� SURSHUWLHV�� FRQWUROODEOH� FKHPLFDO� DQG�
HOHFWURFKHPLFDO� SURSHUWLHV�� HDV\� SURFHVVDELOLW\�� HDVH RI�
V\QWKHVLV��LQH[SHQVLYH�PRQRPHU DQG�HQYLURQPHQWDO�VWDELOLW\�
>���@���$PRQJ�WKH�FRQGXFWLQJ�SRO\PHUV��SRO\DQLOLQH��3$1,��
KDV� EHHQ� VWXGLHG� H[WHQVLYHO\� ZRUOGZLGH� IRU� LWV� YDULRXV�
DSSOLFDWLRQV� LQ� WKH� GHVLJQ� RI� VHQVRU� >���@�� RSWRHOHFWURQLFV�
GHYLFH�>�@��VHFRQGDU\�EDWWHULHV��IXHO�FHOO�>�@��VXSHU�FDSDFLWRU�
>�@�DQG�FDWDO\WLF�SURSHUWLHV�>��@�

,Q� UHFHQW� \HDUV�� FRPSRVLWHV� RI� SRO\DQLOLQH� ZLWK� GLIIHUHQW�
PHWDO� R[LGH� IRU� JDV� VHQVLQJ� DSSOLFDWLRQV� KDV� UHFHLYHG�JUHDW�
DWWHQWLRQ� ZRUOGZLGH� EHFDXVH� RI� LWV� KLJKHU� VHQVLWLYLW\��
UHYHUVLEOH� UHVSRQVH�� TXLFN� UHVSRQVH� WLPH� DQG� LQH[SHQVLYH�
PRQRPHU� >��@�� ,W� KDV� EHHQ� UHSRUWHG� WKDW� LQFRUSRUDWLRQ� RI�
PHWDO� QDQRSDUWLFOH� WR�SRO\DQLOLQH� H[KLELWV� H[FHOOHQW� VHQVLQJ�
SURSHUWLHV ZLWK� ODUJH� HIIHFWLYH� VXUIDFH� DUHD� IRU� FKHPLFDO�
LQWHUDFWLRQ�DQG�KHQFH�LPSURYH�FDWDO\WLF�HIILFLHQF\�>�����@��,W�
ZDV� DOVR� UHSRUWHG� WKDW� LQFRUSRUDWLRQ� RI� PHWDO� QDQRSDUWLFOH�
HIIHFWLYHO\� LQFUHDVHG� HOHFWULFDO�� RSWLFDO� DQG� GLHOHFWULF�
SURSHUWLHV� RI� WKH� SRO\DQLOLQH� FRPSRVLWH� >�����@�� 6DWLVK�
6KDUPD� HW� DO� >��@� UHSRUWHG� WKDW� WKH� FKHPLFDOO\ V\QWKHVL]HG�
&RSSHU�3RO\DQLOLQH� QDQRFRPSRVLWH� JDV� VHQVRU� H[KLELWHG�
KLJKHU�VHQVLWLYLW\��IDVWHU�UHVSRQVH�WLPH�DQG�UHFRYHU\�UDWHV�WR�
FKORURIRUP� YDSRXU� WKDQ� WKRVH� RI� D� SXUH� 3$1,� VHQVRU�

0XGDVVLU� +DVDQ� HW� DO� >��@� VKRZHG� WKDW� 3$1,�$X�
QDQRFRPSRVLWH� H[KLELWHG� D� EHWWHU� DPPRQLD� VHQVLQJ� DQG�
UHFRYHU\� UHVSRQVH� WKDQ� SXUH� 3$1,�� $WKDZDOH� HW� DO� >��@�
GHPRQVWUDWHG� WKH� SRWHQWLDO� DSSOLFDWLRQ� RI� WKH� 3$1,�3G�
QDQRFRPSRVLWH� DV� D� VHOHFWLYH�PHWKDQRO� VHQVRU�� 7KH\� IRXQG�
WKDW� VHQVRU� FKDUDFWHULVWLFV� VXFK� DV� WKH� UHVSRQVH� WLPH� DQG�
ORQJ�WHUP� VWDELOLW\� RI� WKH� 3$1,�3G� QDQRFRPSRVLWH� VHQVRU�
ZHUH�VXSHULRU� WR�SXUH�3$1,�VHQVRU��7KHUHIRUH�� LW� LV�KRSHIXO�
WR� REWDLQ� 3$1,�$J� QDQRFRPSRVLWHV� ZRXOG� EH� D� QRYHO�
PDWHULDO�LQ�WKH�DUHD�RI�JDV�VHQVRU�ZLWK�H[FHOOHQW�JDV�VHQVLQJ�
EHKDYLRXU�� 7R� WKH� EHVW� RI� RXU� NQRZOHGJH�� WKH� 3$1,�$J�
QDQRFRPSRVLWH� DV� FKORURIRUP� VHQVLQJ� PDWHULDOV� KDYH� QRW�
EHHQ� UHSRUWHG� HOVHZKHUH�� &KORURIRUP� LV� UHOHDVHG� LQWR� WKH�
HQYLURQPHQW� WKURXJK� VHYHUDO� DQWKURSRJHQLF� VRXUFHV� ZKHUH�
LQGXVWULDO�VLWHV�XVLQJ�LW�LQ�WKH�SURGXFWLRQ�OLQH��([SRVXUH�WR����
SSP� RI FKORURIRUP� FDQ� GDPDJH� KXPDQ� KHDOWK� >��@��
7KHUHIRUH��WKH�UHOLDEOH�DQG�TXLFN�GHWHFWLRQ�RI�FKORURIRUP�JDV�
LV�QHHGHG��

7KH� DLP� RI� WKLV� VWXG\� ZDV� WR� SUHSDUH� D� 3RO\DQLOLQH�$J�
QDQRFRPSRVLWH�IRU�FKORURIRUP�JDV�VHQVLQJ��7KH�FRPELQDWLRQ�
RI� 3$1,� ZLWK� VLOYHU� QDQRSDUWLFOH� FRPSRVLWH� LV� H[SHFWHG� WR�
SURGXFH� V\QHUJLVP� EHWZHHQ� WKH� FRQVWLWXHQWV�� ZKLFK� FRXOG�
HIIHFWLYHO\� LPSURYH� VHQVLWLYLW\� DQG� UHFRYHU\� EHKDYLRXU IRU�
FKORURIRUP�VHQVLQJ�DSSOLFDWLRQ�

,Q� WKLV� SUHVHQW� ZRUN�� 3$1,�$J� QDQRFRPSRVLWHV� ZHUH�
SUHSDUHG� E\� DQ� LQ�VLWX� FKHPLFDO� SRO\PHUL]DWLRQ� PHWKRG�
XVLQJ� $36� DV� DQ� R[LGL]LQJ� DJHQW DQG� KHQFH H[SORUH� WKH�



,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH�6FLHQFHV
,661�����������	(�,661�������������9ROXPH�����,VVXH���������

__%LRLQIR3XEOLFDWLRQV__ ����

5HYLHZ�$UWLFOH

,03$&7�2)�3/$17�*52:7+�5(*8/$7256�21�5(9(56$/�2)�5(352'8&7,9(�&+$5$&7(5�,1�620(�&5236���
$�5(9,(:

1((/$1-$1$�%$58$+� $1'�&+$1'5$�02+$1�6$50$�

�'HSDUWPHQW�RI�%RWDQ\��%LUMKRUD�0DKDYLG\DOD\D��%RQJDLJDRQ����������*DXKDWL�8QLYHUVLW\��*XZDKDWL����������,QGLD
�'HSDUWPHQW RI�%RWDQ\��*DXKDWL�8QLYHUVLW\��*XZDKDWL����������,QGLD
&RUUHVSRQGLQJ�$XWKRU���(PDLO � QHHODQMDQDEDUXDK#JPDLO�FRP

5HFHLYHG��-XO\ ����������5HYLVHG��-XO\�����������$FFHSWHG��-XO\�����������3XEOLVKHG��-XO\���������

&LWDWLRQ��1HHODQMDQD�%DUXDK�DQG�&KDQGUD�0RKDQ�6DUPD �������,PSDFW�RI�3ODQW�*URZWK�5HJXODWRUV�RQ�5HYHUVDO�RI�5HSURGXFWLYH�&KDUDFWHU�LQ�6RPH�&URSV��$�5HYLHZ�
,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH�6FLHQFHV��,661������������	�(�,661�������������9ROXPH�����,VVXH�����SS�� ����������
&RS\ULJKW��&RS\ULJKW����� 1HHODQMDQD� %DUXDK� DQG� &KDQGUD� 0RKDQ� 6DUPD� 7KLV� LV� DQ� RSHQ�DFFHVV� DUWLFOH� GLVWULEXWHG� XQGHU� WKH� WHUPV� RI� WKH� &UHDWLYH� &RPPRQV�
$WWULEXWLRQ�/LFHQVH��ZKLFK�SHUPLWV�XQUHVWULFWHG�XVH��GLVWULEXWLRQ�DQG�UHSURGXFWLRQ�LQ�DQ\�PHGLXP��SURYLGHG�WKH�RULJLQDO�DXWKRU�DQG�VRXUFH�DUH�FUHGLWHG�

,QWURGXFWLRQ�
3ODQW� *URZWK� 5HJXODWRUV� DUH� VXEVWDQFHV� ZKLFK� FDQ� PDQLSXODWH� JURZWK� DQG�
GHYHORSPHQW� LQ�SODQWV��0DQ\�ZRUNHUV�IURP�GLIIHUHQW�FRUQHUV�RI� WKH�ZRUOG�DUH�QRZ�
FRQFHQWUDWLQJ� WKHLU� ILHOG� RI� ZRUNV� RQ� KLJKHU� SURGXFWLYLW\� RI� DJULFXOWXUDO� DQG�
KRUWLFXOWXUDO�FURSV�E\�XVLQJ�3ODQW�*URZWK�5HJXODWRUV��3*5V���3*5V�FDQ�LQIOXHQFH�
SODQW� KHLJKW�� OHDI� QXPEHU�� OHDI� DUHD� LQGH[�� GU\� PDVV�� FKORURSK\OO� FRQWHQW��
SKRWRV\QWKHWLF�SDUDPHWHUV�� VHHG� \LHOG��RLO� \LHOG��QXWULWLRQDO� VWDWXV� HWF� 'XULQJ� WKH�
ODVW� IRXU� GHFDGHV� RU� PRUH� QXPHURXV� H[SHULPHQWV� KDYH� EHHQ� GRQH� ZLWK� WKH�
DSSOLFDWLRQ�RI�JURZWK�UHWDUGLQJ�FKHPLFDOV��7KHUH�DUH�D� ORW�RI�UHSRUWV�RQ�H[WHQVLYH�
ZRUNV�GRQH�ZLWK�FRQYHQWLRQDO�UHWDUGDQWV�OLNH�&&&��6$'+��$02������������'1&��
3KRVSKRQ�'�HWF��EXW�ZRUN�ZLWK�GLNHJXODF�LV�UDWKHU�VFDQW\�LQ�WKH�OLWHUDWXUH��%RFLRQ��
6DFKV��3XURKLW��%KDWWDFKDUMHH�DQG�VRPH�RWKHUV�FRQWULEXWHG�YDULRXVO\�ZRUNLQJ�RQ�
WKLV� OHVV�H[SORUHG�UHWDUGDQW��7KH�VSHFWDFXODU�DFKLHYHPHQWV� LQ�VH[�PRGLILFDWLRQ�RI�
SODQWV�KDYH�EHHQ� UHSRUWHG� IURP�VHYHUDO�TXDUWHUV�E\� WKH�DSSOLFDWLRQ�RI�DX[LQV�� � , W�
ZDV� GHPRQVWUDWHG� WKDW� >�@� WKH� HDUO\� DSSOLFDWLRQ� RI� ,$$� DQG� 1$$� LQFUHDVHG� WKH�
QXPEHU� RI� IHPDOH� IORZHUV� RI� FXFXPEHU� �&XFXPLV� VDWLYXV� /��� DQG� SXPSNLQ�
�&XFXUELWD�SHSR��DW�WKH�H[SHQVH�RI�PDOH�IORZHUV��,Q�WKH�VTXDVK�SODQW�PDOH�IORZHUV�
DUH�SURGXFHG�QHDU�WKH�EDVH�DQG�IHPDOH�IORZHUV�DW�DERXW���WK�QRGH��EXW�WUHDWPHQW�
ZLWK�1$$�LQGXFHG�IHPDOH�IORZHUV�WR�EH�IRUPHG�QHDU�WKH��WK�QRGH��)XUWKHU�VWULNLQJ�
H[DPSOHV�ZHUH�SUHVHQWHG�E\�>�@�LQ�PDL]H�DQG�KHPS��,Q�PDL]H�WUHDWPHQW�ZLWK�1$$�
GXULQJ� WKH� SHULRG� RI� LQIORUHVFHQFH� GLIIHUHQWLDWLRQ� LQGXFHG� WKH� IRUPDWLRQ� RI�
KHUPDSKURGLWH� RU� IHPDOH� IORZHUV� LQ� WKH� QRUPDOO\� ZKROO\� PDOH� WHUPLQDO�
LQIORUHVFHQFHV� >�@�� ,Q� WKH� GLRHFLRXV� SODQW� KHPS� �&DQQDELV� VDWLYD�� VXUSULVLQJO\�
HQRXJK� WKH� H[SHULPHQW� UHVXOWHG� LQ� FRQYHUWLQJ� WKH�PDOH� SODQW� WR� IHPDOH� SODQW� E\�
WUHDWPHQW�ZLWK�1$$� LQ� ODQROLQH� >�@�� 7KH�ZRUN�RI� >�@� FRQILUPHG� WKH�HIIHFW�RI�HWKUHO�
DQG�&&&�LQ�UHYHUVDO�RI�UHSURGXFWLYH�FKDUDFWHU�LQ�6HFKLXP�HGXOH /��ZKLFK�OHDG�WR�
JUHDWHU�\LHOG��7KH\�UHSRUWHG�WKDW�HWKUHO�DW������J�PO�DQG�&&&�DW������J�PO�ZHUH�
WKH� EHVW WUHDWPHQWV� IRU� SURGXFWLRQ� RI� PD[LPXP� IHPDOH� IORZHU� LQ� 6�HGXOH /�� 7KH�
LQWHUDFWLRQ� RI� HWKUHO� DQG� &&&�ZLWK� JURZWK� SURPRWHU� *$� H[KLELWHG� IXUWKHU� EHWWHU�
UHVXOW�>�@� 7KH�DLP�RI�WKH�FXUUHQW�LQYHVWLJDWLRQ�LV�WR�ILQG�RXW�WKH�HIIHFW�RI�3*5V�RQ�
SODQWV�ZLWK�UHIHUHQFH�WR�UHYHUVDO�RI�UHSURGXFWLYH�FKDUDFWHU�

(IIHFW�RI�3*5V�RQ�5HSURGXFWLYH�&KDUDFWHU
(IIHFW� RI� (WKUHO� ���&KORURHWK\O� 3KRVSKRQLF� $FLG�� RQ� 5HSURGXFWLYH� &KDUDFWHU�
*HQHUDO� UHFRJQLWLRQ� RI� HWK\OHQH�� D� VLPSOH� K\GURFDUERQ� JDV� �&�+���� DV� D� SODQW�
KRUPRQH�KDV�FRPH�DERXW�RQO\�UHODWLYHO\�UHFHQWO\��DOWKRXJK�LW�KDV�EHHQ�NQRZQ�IRU�
PRUH�WKDQ�WKUHH�IRXUWKV�RI�D�FHQWXU\�WKDW�WKH�JDV�KDV�QXPHURXV�LQWHUHVWLQJ�HIIHFWV�
RQ� SODQW� JURZWK� DQG� GHYHORSPHQW�� ,W� ZDV� VXJJHVWHG� WKDW� µZLWK� YHU\� VHQVLWLYH�
LQVWUXPHQWV� DQG� YHU\� FDUHIXO� WHFKQLTXH�� LW� KDV� EHFRPH� SRVVLEOH� WR� VKRZ� WKDW�
HWK\OHQH� LV�DQ�HQGRJHQRXV�JURZWK� UHJXODWRU� LQ�SODQWV� >�@�� �(WK\OHQH�FDQ�UHJXODWH�
ULSHQLQJ��VHQHVFHQFH��DEVFLVVLRQ��HSLQDVW\��VZHOOLQJ�DQG�HORQJDWLRQ��K\SHUWURSK\��
GRUPDQF\�� KRRN� FORVXUH�� OHDI� H[SDQVLRQ�� IORZHU� LQGXFWLRQ�� VH[� H[SUHVVLRQ� DQG�
H[XGDWLRQ� >�@�� (WK\OHQH� LV� D� JDVHRXV� HIIHFWRU� ZLWK� D� YHU\� VLPSOH� VWUXFWXUH� LV�
SDWHQWHG� DV� ³(WKUHO´� DQG� JLYHQ� WKH� WULYLDO� QDPH� ³(WKHSKRQ´� WKH� FRPSRXQG� LV� � �
FKORURHWK\O� SKRVSKRQLF� DFLG� �&(3$��� (WKHSKRQ� GHFRPSRVHV� VSRQWDQHRXVO\� LQ�
DTXHRXV� VROXWLRQ�DQG� LQ� WLVVXHV� WR� \LHOG�HWK\OHQH��7KH�ZRUN� RI� >�@� REVHUYHG� WKDW�
HWKHSKRQ�LV�D�SRWHQWLDOO\�HIIHFWLYH�ULSHQLQJ�DJHQW�IRU�6DVNDWRRQ�IUXLWV��7KH�VWXG\�RI�
>��@�UHYHDOHG�WKH�SRWHQWLDOLW\�RI�XVLQJ�HWKHSKRQ�DV�D�WLOOHULQJ�DJHQW�IRU�&DUGDPRP�
7KH� LQIOXHQFH� RI� (WKUHO� RQ� VH[� H[SUHVVLRQ� KDV� EHHQ� VWXGLHG� E\� VHYHUDO�
LQYHVWLJDWRUV��7KH�ZRUN�RQ�/XIID�F\OLQGULFD�/��WR�ILQG�RXW�WKH�HIIHFW�RI�(WKUHO�RQ�VH[�
H[SUHVVLRQ�DV�ZHOO�DV�RQ�HQGRJHQRXV�DX[LQ�FRQWHQW�>��@��+H�IRXQG�WKDW�DSSOLFDWLRQ�
RI�(WKUHO�FDXVHG�D�VKLIW� WRZDUGV�IHPDOHQHVV��(WKUHO� LQFUHDVHG�IHPDOH�IORZHUV�EXW�
KDVWHQHG�WKH�DSSHDUDQFH�RI�WKH�ILUVW�IHPDOH�IORZHUV�FRPSDUHG�WR�WKH�FRQWURO��7KH�
HIIHFW�RI�(WKUHO�GHOD\HG�WKH�DSSHDUDQFH�RI�WKH�ILUVW�PDOH�IORZHU�DORQJ�ZLWK�LQFUHDVH�
RI� WRWDO� QXPEHU� RI� PDOH� IORZHU� DQG DV� D� UHVXOW� WKH� VH[� UDWLR� LV� GHFUHDVHG� IURP�
������� WR� �������$SSOLFDWLRQ� RI� HWKUHO� FDXVHG�D� VKLIW� WRZDUGV� IHPDOHQHVV� LQ� RWKHU�
FXFXUELWV�DOVR�>��@��>��@��,QFUHDVH�LQ�IHPDOH�IORZHUV�LQ�VPRRWK�JRXUG��VQDNH�JRXUG�
DQG� ERWWOH� JRXUG� GXH� WR� WKH� DSSOLFDWLRQ� RI� ��FKORURHWK\O� SKRVSKRQLF� DFLG� ZHUH�
REWDLQHG� E\� >��@�� 7KH� ZRUN� RI� >��@� UHYHDOHG� WKDW� HWKUHO� ���� SSP� GHOD\HG� WKH�
DSSHDUDQFH�RI�ILUVW�PDOH�DQG�IHPDOH�IORZHUV�LQ�ELWWHU�JRXUG��0RPRUGLFD�FKDUDQWLD
/�����(WKUHO�DW�����SSP�LQGXFHG�WKH�ILUVW�VWDPLQDWH DQG�SLVWLOODWH�IORZHU�DW�WKH�ORZHVW�
QRGH� DW� ���� DQG� ���� UHVSHFWLYHO\�� $FFRUGLQJ� WR� >��@� HWKUHO� GHFUHDVHG� WKH�
HQGRJHQRXV� OHYHO� RI� DX[LQV� ZKLFK� PD\� EH� UHVSRQVLEOH� IRU� WKH� ODWH� LQGXFWLRQ� RI�
IHPDOH� IORZHUV�EXW�SURGXFHG� WKHP�DW� WKH� ORZHVW�QRGHV��7KH� UHVXOWV�REVHUYHG�E\�
>��@�WKDW�HWKUHO�ZDV�HIIHFWLYH�LQ�GHOD\LQJ�WKH�PDOH�SKDVH�LQ�PXVNPHORQ���
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$EVWUDFW��7KH�3ODQW�*URZWK�5HJXODWRUV�DUH�FKHPLFDO�FRPSRXQGV�ZKLFK�FDQ�UHJXODWH�VRPH�LPSRUWDQW�PHWDEROLF�DFWLYLWLHV�LQ�SODQWV��7KH\�LQIOXHQFH�JURZWK�DQG�GHYHORSPHQW�RI�
SODQWV�ZKLFK�LV�DOVR�DFFRPSDQLHG�E\�LQFUHDVH�LQ�\LHOG��TXDOLW\�RI�SURGXFW��IORZHULQJ�DQG�VRPH�RWKHU�SDUDPHWHU��$SSOLFDWLRQ�RI�3*5�LQ�GLIIHUHQW�FRQFHQWUDWLRQV�RQ�VRPH�HFRQRPLFDOO\�
LPSRUWDQW�FURSV�SURYHG�DV�EHQHILFLDO��$SSOLFDWLRQ�RI�(WKUHO��&&&�DQG�*$� FRQILUP�DQ�HIIHFW�RQ�UHSURGXFWLYH�FKDUDFWHU��PRUH�VSHFLILFDOO\�LQ�WKHLU�UHYHUVDO�IURP�PDOH�WR�IHPDOH��7KH�
JURZWK�UHWDUGDQW�DQG�SURPRWHU�DUH�HTXDOO\�VLJQLILFDQW�LQ�WKHLU�SHUIRUPDQFH�LQ�VRPH�IUXLW�\LHOGLQJ�FURSV�
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5HVHDUFK�$UWLFOH
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%$58$+�1� $1'�6+$50$�%�-�
�%LUMKRUD�0DKDYLG\DOD\D��%RQJDLJDRQ����������*DXKDWL 8QLYHUVLW\��*XZDKDWL����������$VVDP��,QGLD�
�1RUWK�(DVW�5HVHDUFK�,QVWLWXWH�LQ�6FLHQFH�DQG�7HFKQRORJ\��1LUMXOL����������$UXQDFKDO�3UDGHVK��,QGLD
&RUUHVSRQGLQJ�$XWKRU���(PDLO � QHHODQMDQDEDUXDK#JPDLO�FRP

5HFHLYHG��$XJXVW ����������5HYLVHG��6HSWHPEHU ����������$FFHSWHG��6HSWHPEHU ����������3XEOLVKHG��6HSWHPEHU ��������

&LWDWLRQ��%DUXDK�1��DQG�6KDUPD�%�-���������6SHFWURSKRWRPHWULF�(VWLPDWLRQ�RI�3LJPHQW�&RQWHQW�LQ�3*5V�$SSOLHG�3ODQWV�RI�&XFXPLV�VDWLYXV /� ,QWHUQDWLRQDO�-RXUQDO�RI�
$JULFXOWXUH�6FLHQFHV��,661������������	�(�,661�������������9ROXPH�����,VVXH�����SS�� ����������
&RS\ULJKW��&RS\ULJKW����� %DUXDK�1��DQG�6KDUPD�%�-��7KLV�LV�DQ�RSHQ�DFFHVV�DUWLFOH�GLVWULEXWHG�XQGHU�WKH�WHUPV�RI�WKH�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQVH��ZKLFK�
SHUPLWV�XQUHVWULFWHG�XVH��GLVWULEXWLRQ�DQG�UHSURGXFWLRQ�LQ�DQ\�PHGLXP��SURYLGHG�WKH�RULJLQDO�DXWKRU�DQG�VRXUFH�DUH�FUHGLWHG�

,QWURGXFWLRQ�
,Q� WKH� PDJQLILFHQW� SURFHVV� SKRWRV\QWKHVLV�� WKH� FKORURSK\OO� RI� JUHHQ� SODQWV� FDQ�
KDUYHVW� VRODU� UDGLDWLRQ�DQG�FRQYHUWHG� LW� LQWR� FKHPLFDO�HQHUJ\��7KH�SURFHVV�� WKXV��
GHSHQGV� XSRQ� KDUYHVWLQJ� RI� WKH� VRODU� HQHUJ\� E\� WKHVH� JUHHQ� SLJPHQWV��
&KORURSK\OO�µD¶�SOD\V�DQ�LPSRUWDQW�SULPDU\�UROH�LQ�WKH�SKRWRV\QWKHWLF�SURFHVV��7KH�
VWDWXV� RI� FKORURSK\OO� SLJPHQWV� LQ� WKH� OHDI� WLVVXH� LV� WKXV� GHWHUPLQLQJ� WKH� RYHUDOO�
SKRWRV\QWKHWLF� HIILFLHQF\� RI� WKH� SODQWV�� 7KH� SKRWRV\QWKHWLF� HIILFLHQF\� GLUHFWO\�
LQIOXHQFHV� RQ� JURZWK�� GHYHORSPHQW� DQG� \LHOG� RI� FURSV�� 7KH� FDURWHQRLGV�� DUH�
RUJDQLF�SLJPHQWV�DQG�DFW�DV�SDVVLYH�OLJKW�ILOWHUV�WKDW�ZRXOG�UHGXFH�OLJKW�LQWHUFHSWHG�
E\� FKORURSK\OO� >�@� DQG� WKH� SURWHFWLRQ� IURP� UHDFWLYH� R[\JHQ� VSHFLHV� >�@�� 6RPH�
FDURWHQRLGV� VHUYH� DV� SUHFXUVRU� IRU� YLWDPLQ� $�� ZKLFK� SOD\V� DQ� HVVHQWLDO� UROH� LQ�
KXPDQ� DQG� DQLPDO� GLHWV� DQG� DV� DQWLR[LGDQWV� DQG� DOVR� LQ� UHGXFLQJ� WKH� ULVN� RI�
FHUWDLQ� IRUPV� RI� FDQFHU� ,QFUHDVH� LQ� SURGXFWLYLW\� RI� DJULFXOWXUDO� DV� ZHOO� DV�
KRUWLFXOWXUDO� FURSV� LV� WKH� PDLQ� REMHFWLYH� RI� SODQW� EUHHGHUV�� 'XULQJ� WKH� ODVW� IRXU�
GHFDGHV� PDQ\� VFLHQWLVWV� KDYH� EHHQ� FRQFHQWUDWLQJ� WKHLU� ZRUNV� LQ� WKLV� ILHOG� E\�
DSSO\LQJ�3ODQW�*URZWK�5HJXODWRUV�RQ�GLIIHUHQW SODQWV��7KHUH�DUH�D�ORW�RI�UHSRUWV�RQ�
H[WHQVLYH�ZRUNV�GRQH�ZLWK�FRQYHQWLRQDO� UHWDUGDQWV� OLNH�&&&�� 6$'+��$02 ������
��� ��'1&�� 3KRVSKRQH�'� HWF�� *URZWK� UHWDUGDQWV� KDYH� EHHQ� VKRZQ� WR� LQFUHDVH�
IHPDOHQHVV�LQ�PDQ\�FDVHV�>�@��(DUO\�IORZHULQJ�GXH�WR�JURZWK�UHWDUGDQWV�ZDV�DOVR�
UHSRUWHG� E\� 6WXDUW� >�@� DQG� >�@��6HYHUDO�ZRUNHUV� KDYH� UHSRUWHG� WKDW� 3ODQW�*URZWK�
5HJXODWRUV� LPSDUWV�D� IDYRXUDEOH�HIIHFW�RQ�FKORURSK\OO�FRQWHQW�� ,W�ZDV�UHSRUWHG� >�@�
WKDW�� *$�� &&&�� PHWKLRQLQH� DQG� F\VWHLQH� DSSOLFDWLRQV� FDQ� VLJQLILFDQWO\� LQFUHDVH�
FKORURSK\OO�FRQWHQW� LQ�RQLRQ�YDULHWLHV��3ODQW�*URZWK�5HJXODWRUV�KDYH�DQ�LPPHQVH�
LQIOXHQFH� LQ� WKH� HQKDQFHPHQW� RI� SLJPHQW� FRQWHQWV� LQ� 6TXDVK� >�@�� 7KH� FKLHI�
REMHFWLYH� RI� WKH� SUHVHQW� ZRUN� ZDV� WR� VWXG\� WKH� HIIHFWV� RI� GLIIHUHQW� SODQW� JURZWK�
UHJXODWRUV�*$���(WKUHO�DQG�&&&�RQ�WKH�SLJPHQW�FRQWHQWV�RI�&XFXPLV�VDWLYXV /�

0DWHULDOV�DQG�0HWKRG
7KH�ILHOG�H[SHULPHQW�ZDV�FRQGXFWHG�DW�%RQJDLJDRQ��$VVDP��WR�ILQG�RXW�WKH�HIIHFW�
RI�3*5V�RQ SLJPHQW�FRQWHQWV�RI�&XFXPEHU��&XFXPLV�VDWLYXV /����7KH�FURS�LV�YHU\�
SRSXODU�QRW�RQO\�LQ�QRUWKHDVW�EXW�DOVR�LQ�DOO�SDUWV�RI�WKH�FRXQWU\��

([SHULPHQWDO�SORWV�ZHUH�ZHOO�SUHSDUHG�E\�PL[LQJ�RUJDQLF�PDQXUH�EHIRUH�VRZLQJ�RI�
VHHGV�� 7KH� H[SHULPHQWDO� VLWHV� UHFHLYHG� IUHH� VXQVKLQH�� 7KH� VRLO� RI� WKH� ILHOG� LV�
VDQG\�ORDP�ZLWK�S+�YDOXH������
7KH�KHDOWK\�VHHGV�RI�FXFXPEHU�ZHUH�FROOHFWHG�IURP�WKH�$VVDP�6HHG�&RUSRUDWLRQ��
*XZDKDWL�� 7ZR� H[SHULPHQWDO� SORWV� ZHUH� JRW UHDG\� ZLWK� VL[� WUHDWPHQWV� RI� 3*5V�
LQFOXGLQJ� DQ� XQWUHDWHG� FRQWURO�� 7KH� 3*5V� VHOHFWHG� IRU� H[SHULPHQWDWLRQ� ZHUH�
JURZWK�SURPRWHU�*$���DQG�JURZWK�UHWDUGDQW�(WKUHO�DQG�&&&��*$� SUHSDUHG�LQ�IRXU�
FRQFHQWUDWLRQV�QDPHO\�����J�PO�������J�PO�������J�PO�DQG�������J�PO�DQG�RQH�
FRQWURO��GLVWO�ZDWHU�WUHDWPHQW���7KH�VDPH�UDQJH�RI�FRQFHQWUDWLRQ�ZDV�SUHSDUHG�IRU�
(WKUHO� DQG� &&&�� 7KH� GLIIHUHQW� FRQFHQWUDWLRQV� RI� 3*5V� ZHUH� DSSOLHG� WR� WKH�
VHHGOLQJV� JURZQ� LQ� VHSDUDWH� ILHOG� E\� IROLDU� VSUD\LQJ� RI� WKH� VROXWLRQV�� 7KH� IROLDU�
DSSOLFDWLRQ�ZDV�FDUULHG�RXW�ZLWK�D�KDQG�VSUD\HU� ILWWHG�ZLWK�D� ILQH�QR]]OH�VR�DV� WR�
IDFLOLWDWH� XQLIRUP� ZHWWLQJ� RI� OHDYHV� ZLWK� DERXW� ��� PO�SODQW�� (DFK� WUHDWPHQW� ZDV�
UHSOLFDWHG� WKUHH� WLPHV�� 7KH� OHDYHV� IURP� HDFK� UHSOLFDWLRQ� ZHUH� FROOHFWHG� DQG�
VXEMHFWHG�WR�HVWLPDWLRQ�RI�SLJPHQWV�E\�89�6SHFWURSKRWRPHWULF�PHWKRG�
&KORURSK\OO� LV�H[WUDFWHG�LQ�����DFHWRQH�DQG� WKH�DEVRUEDQFH�LV�PHDVXUHG�DW�����
DQG� ���� QP� DJDLQVW� WKH� VROYHQW� EODQN� LQ� D� VSHFWURSKRWRPHWHU�� 7KH� DPRXQW� RI�
FKORURSK\OO� �PJ�J�� LV� FDOFXODWHG� RXW� E\� XVLQJ� DEVRUSWLRQ� FRHIILFLHQWV�� 7KH�
FRQFHQWUDWLRQV�RI�WKH�GLIIHUHQW�FKORURSK\OOV�ZHUH�FDOFXODWHG�DV�SHU�3DUNLQ¶V�PHWKRG�
DV�HOXFLGDWHG�E\�1D\HN�HW�DO���������
7R�GHWHUPLQH�WKH�FDURWHQRLGV�����PJ�OHDI�WLVVXH�LV�H[WUDFWHG�LQ�����DFHWRQH�DQG�
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Abstract

The problem of an oscillatory MHD mass transfer flow through a channel filled in a porous medium in presence of heat source, 
chemical reaction and thermal diffusion has been discussed. Fluid slip is imposed at the lower wall and the uniform magnetic field is 
assumed to be imposed transversely to the direction of the flow. The resultant governing equations are solved in closed form. The 
expressions for the velocity field, temperature field, concentration field, the coefficient of Skin-friction at the walls in the direction of 
the flow and the coefficient of the heat and mass transfer in term of Nusselt Number and Sherwood Number at the walls are obtained 
in non-dimensional form. The effects of Velocity slip, Solutal Grashof Number, Schmidt Number, Hartmann Number, Soret Number, 
Heat source Parameter, Chemical reaction parameter, and Radiation parameter on the flow and transport characteristics are studied 
through graphs and the results are physically interpreted for conclusions.
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DQWKHUV�DQG�SDSLOOXODWH�SLVWLO�ZLWK�DQ�DSLFDOO\�VOLJKWO\�FRQFDYH�RYDU\�DQG�D�FROXPQDU�VW\OH��:KLOH�3� WREXHQVLV�LV�FORVH�WR�3��
DUXQDFKDOHQVLV�DQG�3��VLQLFD��EXW�GLIIHUV�PDLQO\�E\�WKH�VWURQJO\�LQFXUYHG��HQWLUH�FRURQD�DQG�RYRLG�SLVWLO�ZLWK�REWXVHO\�FRQLFDO�
LQGLVWLQFW�VW\OH��

.H\ZRUGV��IORUD��VRXWK�$VLD��VRXWKHDVW�$VLD��WD[RQRP\��PRQRFRWV

,QWURGXFWLRQ

3HOLRVDQWKHV�$QGUHZV�������������EHORQJV�WR�WKH�VXEIDPLO\�1ROLQRLGHDH��&KDVH�HW�DO��������RI�$VSDUDJDFHDH��$3*�
�������7KH�JHQXV�LQFOXGHV�DSSUR[LPDWHO\����VSHFLHV��GLVWULEXWHG�ZLGHO\�RYHU�VXEWURSLFDO�DQG�WURSLFDO�$VLD�FRYHULQJ�
1HSDO�� %KXWDQ�� ,QGLD�� %DQJODGHVK��0\DQPDU�� &KLQD�� &DPERGLD�� /DRV��9LHWQDP��7DLZDQ��7KDLODQG�� ,QGRQHVLD� DQG�
0DOD\VLD��-HVVRS�������1JX\HQ�HW�DO��������7DQDND�������1JX\HQ��������6SHFLHV�GLYHUVLW\�LQ�WKH�JHQXV�3HOLRVDQWKHV
LV�DPELJXRXV�LQ�,QGLD��,Q�1RUWKHDVWHUQ�,QGLD��3HOLRVDQWKHV�LQFOXGHV ��VSHFLHV��5R\�HW�DO������D��E��7DQDND�������������
7DUDP�HW�DO���������3� DUXQDFKDOHQVLV�5R\�HW�DO�������D�������3��JULIILWKLL�%DNHU��������������3��NKDVLDQD�7DQDND��������
�����3��OLJQLUDGLFLV�7DQDND�HW�DO��������������3��PDFURSK\OOD�:DOO��H[�%DNHU��������������3��PDFURVWHJLD�+DQFH��������
������3��SXPLOD�7DQDND��������������3��VXEVSLFDWD�7DQDND������������DQG�3��WHWD�$QGUHZV��������W��������RI�ZKLFK�3�
DUXQDFKDOHQVLV� �$UXQDFKDO� 3UDGHVK���3�� NKDVLDQD� �$UXQDFKDO� 3UDGHVK� DQG�0HJKDOD\D���3�� OLJQLUDGLFLV� �$UXQDFKDO�
3UDGHVK��DQG�3��SXPLOD��0HJKDOD\D��DUH�,QGLDQ�HQGHPLFV�

'XULQJ�ILHOG�H[SORUDWLRQ�LQ�2FWREHU������DQG�$SULO������WR�7REX�7RZQ�VXEGLYLVLRQ�RI�0RQ�'LVWULFW��1DJDODQG��
1RUWKHDVWHUQ�,QGLD�XQGHU�$SSURYHG�5HVHDUFK�3URJUDPPH�³6WDWH�IORUD�RI�1DJDODQG´�E\�WKH�%RWDQLFDO�6XUYH\�RI�,QGLD��
WKH�DXWKRUV��12�	�'.5��HQFRXQWHUHG�VHYHUDO�XQXVXDO�3HOLRVDQWKHV�SODQWV�JURZLQJ�LQ�D�PL[HG�HYHUJUHHQ�KLOO\�WHUUDLQ�
IRUHVW��/LYLQJ�SODQWV�ZHUH�FROOHFWHG�DORQJ�ZLWK�ILHOG�QRWHV�DQG�SODQWHG�LQ� WKH�JDUGHQ�RI�%RWDQLFDO�6XUYH\�RI�,QGLD��
(DVWHUQ�5HJLRQDO�&HQWUH��6KLOORQJ��0HJKDOD\D��,QGLD���:KLOH�WKH�SODQWV�ZHUH�LQ�IORZHULQJ��WKH�IORZHUV�ZHUH�GLVVHFWHG��
DQG�GHWDLOHG�PRUSKRORJLFDO�VWXG\�ZDV�FDUULHG�RXW�EDVHG�RQ�WKHVH�OLYLQJ�VSHFLPHQV��$IWHU�FRQVXOWDWLRQ�RI�WKH�DYDLODEOH�
OLWHUDWXUH��$QGUHZV�������%DNHU�������+DQFH�������+RRNHU�������-HVVRS�������:DQJ�	�7DQJ�������7DQDND�������
����D��E��������������&KHQ�	�7DPXUD�������&KHQ�	�6KXL�������$YHU\DQRY�������$YHU\DQRY�	�7DQDND�������������



7DLZDQLD��������������������
'2,����������WDL������������

����

3HOLRVDQWKHV� DVKLKRDQD� DQG� 3HOLRVDQWKHV� ELSLQLDQD� �$VSDUDJDFHDH��
1ROLQRLGHDH����WZR�QHZ�VSHFLHV�IURP�1RUWKHDVWHUQ�,QGLD�

'LOLS�.XPDU�52<����1ULSHPR�2'<82���1RUL\XNL�7$1$.$�

�� 'HSDUWPHQW�RI�%RWDQ\��%LUMKRUD�0DKDYLG\DOD\D��'HJUHH�6FLHQFH�&ROOHJH���%RQJDLJDRQ������������$VVDP��,QGLD��
���%RWDQLFDO�6XUYH\�RI�,QGLD��(DVWHUQ�5HJLRQDO�&HQWUH��/RZHU�1HZ�&RORQ\��/DLWXPNKUDK��6KLOORQJ������������0HJKDOD\D��,QGLD��
���������2WVXND��+DFKLRML��7RN\R������������-DSDQ��
&RUUHVSRQGLQJ�DXWKRU¶V�HPDLO� GLOLSEVLHUF#JPDLO�FRP�

�0DQXVFULSW�UHFHLYHG����$XJXVW�������$FFHSWHG����6HSWHPEHU�������2QOLQH�SXEOLVKHG���2FWREHU�������

$%675$&7� 7ZR�QHZ�VSHFLHV�RI�3HOLRVDQWKHV��$VSDUDJDFHDH��VXEIDPLO\�1ROLQRLGHDH��IURP�QRUWKHDVWHUQ�,QGLD�DUH�GHVFULEHG�DQG�
LOOXVWUDWHG�KHUH�DV�3��DVKLKRDQD�DQG�3��ELSLQLDQD��

.(<�:25'6� IORUD��6RXWK�DQG�6RXWKHDVW�$VLD��SODQW�WD[RQRP\��PRQRFRWV��

,1752'8&7,21�

3HOLRVDQWKHV� $QGUHZV� ������� EHORQJV� WR� WKH�
VXEIDPLO\� 1ROLQRLGHDH� �&KDVH� HW� DO��� ������ RI�
$VSDUDJDFHDH� �$3*�� ������� 7KH� JHQXV� LQFOXGHV�
DSSUR[LPDWHO\� ��� VSHFLHV�� GLVWULEXWHG� ZLGHO\� RYHU�
VXEWURSLFDO� DQG� WURSLFDO� $VLD� FRYHULQJ�1HSDO�� %KXWDQ��
,QGLD��%DQJODGHVK��0\DQPDU��&KLQD��&DPERGLD�� /DRV��
9LHWQDP�� 7DLZDQ�� 7KDLODQG�� ,QGRQHVLD� DQG� 0DOD\VLD�
�-HVVRS��������1JX\HQ�HW�DO���������������7DQDND��������
2G\XR� HW� DO��� ������� ,Q� WKH� FRXUVH� RI� WKH� VWXG\� RI�
3HOLRVDQWKHV� VSHFLPHQV� JURZLQJ� LQ� WKH� *DUGHQ� RI�
%RWDQLFDO� 6XUYH\� RI� ,QGLD�� (DVWHUQ� 5HJLRQDO� &HQWUH��
6KLOORQJ��0HJKDOD\D��,QGLD�� VRPH�XQXVXDO�SODQWV�ZHUH�
IRXQG��7KHVH�ZHUH�RYHUORRNHG�GXULQJ�ODVW�IHZ�GHFDGHV��
KRZHYHU��ZKHQ�WKHVH�ZHUH�EORRPHG�UHFHQWO\�WKH�IORZHUV�
ZHUH� GLVVHFWHG�� DQG� GHWDLOHG�PRUSKRORJLFDO� VWXG\� ZDV�
FDUULHG�RXW�EDVHG�RQ�WKH�OLYLQJ�VSHFLPHQV��&RQVXOWDWLRQ�
RI�OLWHUDWXUH��$QGUHZV��������%DNHU��������+RRNHU��������
-HVVRS�� ������ :DQJ� DQG� 7DQJ�� ������ 7DQDND�� ������
����D�E��������������&KHQ�DQG�7DPXUD��������&KHQ�DQG�
6KXL��������$YHU\DQRY��������$YHU\DQRY�DQG�7DQDND��
������������7DQDND�HW�DO���������$YHU\DQRY�HW�DO���������
������ ������ 9LVORERNRY�� ������ 1JX\HQ� HW� DO��� ������
������5R\�HW�DO�������D�E��9LVORERNRY�HW�DO���������1RQJ�
HW� DO��� ������ 7DUDP� HW� DO��� ������ 2G\XR� HW� DO��� ������
UHYHDOHG�WKDW�WKHVH�SODQWV�UHSUHVHQW�WZR�QHZ�PHPEHUV�RI�
3HOLRVDQWKHV�� 7KH\�DUH�KHQFH�GHVFULEHG�DQG� LOOXVWUDWHG�
KHUH��ZLWK�GHWDLOHG�QRWH�RQ�WKHLU�WD[RQRPLF�UHODWLRQVKLSV��

7$;2120,&�75($70(17�

3HOLRVDQWKHV� DVKLKRDQD '�.�� 5R\�� 1�� 2G\XR� 	� 1��
7DQDND��VS��QRY�

)LJV����	���
&ORVH�WR�3��NKDVLDQD�1��7DQDND���������EXW�GLIIHUV�

PDLQO\�E\�WKH�PLGGOH���ORQJLWXGLQDO�YHLQV�QRW�GLVWLQFWO\�
FRQYHUJHG� LQ� DGYDQFH� WKDQ� WKH� UHVW�� VKRUWHU� IORULIHURXV�

VWHP�ZLWK�IHZHU�IORZHUV��EDVLSHWDOO\�EORRPLQJ�IORZHUV��
EDVDOO\� KH[DJRQDO� FRURQD� QRW� IODW� SUR[LPDOO\� DQG� D�
VKRUWHU��PRUH�EURDGO\�GLODWHG�S\UDPLGDO�VW\OH�ZLWK�WKUHH�
QDUURZHU� ZLQJ�OLNH� FDUSHOODU\� ULGJHV� DQG� WKUHH� PRUH�
VWURQJO\�SURWUXGHG�LQWHUFDUSHOODU\�ZLQJV��

7\SH��,QGLD��7\SH�KHUEDULXP�VSHFLPHQV�SUHSDUHG�LQ����
'HFHPEHU� ����� IURP� SODQWV� FXOWLYDWHG� LQ� *DUGHQ� RI�
%RWDQLFDO� 6XUYH\� RI� ,QGLD� �(DVWHUQ� 5HJLRQDO� &HQWUH��
0HJKDOD\D��(DVW�.KDVL�+LOOV��6KLOORQJ��:RRGODQG�&DPSXV���
'�.��5R\���������KRORW\SH��$66$0���,VRW\SH��$66$0����

6PDOO� DFDXOHVFHQW� UKL]RPDWRXV� SHUHQQLDO� KHUE��
5KL]RPH�DVFHQGLQJ��VXEWHUHWH�RU�QRGRVH���±����FP�ORQJ��
���±����PP�LQ�GLDP���DSLFDO�SDUW�FRYHUHG�ZLWK�UHPQDQWV�
RI�VFDO\�OHDYHV��5RRWV�ILEURXV��VWRXW�ILOLIRUP���±��PP�LQ�
GLDP��6KHDWK�OHDYHV��FDWDSK\OOV��D�IHZ�DW�EDVH�RI�IROLDU�
SHWLROH��XQHTXDO�LQ�OHQJWK��LPEULFDWH��ZLWKHULQJ�LQWR�GU\�
ILEURXV�UHPQDQWV��/HDYHV��±��SHU�SODQW����RU���SURGXFHG�
SHU� \HDU��� EDVDO�� HUHFW� WR� REOLTXHO\� VSUHDGLQJ�� SHWLROH�
VXEWHUHWH���±��FP�ORQJ��EODGH�HOOLSWLF���±���FP�ORQJ���±
��FP�ZLGH��EDVH�DWWHQXDWH��DSH[�DFXWH��ORQJLWXGLQDO�YHLQV�
�±���PLGGOH���QRQ�FRQYHUJHG�LQ�DGYDQFH� WKDQ� WKH�UHVW��
FURVV� YHLQOHWV� QXPHURXV��PRUH� RU� OHVV� SDUDOOHO�� FORVHO\�
VSDFHG�� )ORULIHURXV� VWHP�V�� �±��� D[LOODU\�� LQFOXGLQJ�
SHGXQFOH� DQG� LQIORUHVFHQFH� UDFKLV� �±�� FP� ORQJ�� HUHFW��
PXFK�VKRUWHU�WKDQ�SHWLROHV��3HGXQFOH�VOHQGHU�����±��FP�
ORQJ���±��PP�LQ�GLDP���VWRXW��ZLWK�VWHULOH�EUDFWV�GLVWDOO\��
6WHULOH� EUDFWV� �±��� ODQFHRODWH�� �±���� FP� ORQJ��
PHPEUDQRXV�DORQJ�PDUJLQV��5DFHPH��±��FP�ORQJ���±��
IORZHUHG�� %UDFWV� �� SHU� IORZHU�� ODQFHRODWH�� PDUJLQDOO\�
PHPEUDQRXV�� RXWHU� ODUJHU�� �±�� PP� ORQJ�� HTXDO� WR�
IORZHUV��LQQHU��EUDFWHROH��VPDOOHU���±��PP�ORQJ��)ORZHUV�
EDVLSHWDOO\� EORRPLQJ�� VROLWDU\� LQ� EUDFWHDO� D[LO��
SHGLFHOODWH��EURDGO\�RSHQ�����±����FP�DFURVV��DVFHQGLQJ�
WR�WKH�UDFKLV��3HGLFHO��±��PP�ORQJ��DVFHQGLQJ�WR�UDFKLV��
3HULDQWKV� ��FOHIW� GLVWDOO\�� SUR[LPDO� FRQQDWH� SDUW�
REFRQLFDO�� ���±�� PP� ORQJ�� VHJPHQWV� EURDGO\� RYDWH��
RUELFXODU��ZLWK�URXQGHG�DSH[�����±����î��±��PP��HQWLUH��
QRQ�FUHQXODWHG�HURVH�DQG�RU�QRQ�HURVH�GHQWLFXODWH�DORQJ�
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,661� ����±����� �SULQW� HGLWLRQ�

785&=$1,12:,$
,661�����±������RQOLQH�HGLWLRQ�

7XUF]DQLQRZLD����������±���������
'2,�����������WXUF]DQLQRZLD�������
KWWS���WXUF]DQLQRZLD�DVX�UX

6WDGLRFKLOXV�5��0��6P���=LQJLEHUDFHDH��=LQJLEHUHDH���
D�QHZ�JHQHULF�UHFRUG�IRU�,QGLD
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ª������+PVSOBM�DPNQJMBUJPO��
IUUQT���CJPUBYB�PSH��NKCT�
%0*����������NKCT�����������
7PMVNF���	�
�����

0RQJROLDQ�-RXUQDO�RI�%LRORJLFDO�
6FLHQFHV

*44/�������������	QSJOU��FEJUJPO


0-%6

KƌŝŐŝŶĂů��ƌƟ�ĐůĞ

*44/�����������	POMJOF�FEJUJPO


.H\�ZRUGV��3WHULGR�
SK\WHV��%DOSDNUDP�
%DJKPDUD�/DQGVFDSH��
6RXJK�*DUR�+LOOV��
0HJKDOD\D�

$UWLFOH�LQIRUPDWLRQ��
5HFHLYHG�����-XO\�����
$FFHSWHG�����$SULO�����
3XEOLVKHG�RQOLQH��
���$SULO�����

&RUUHVSRQGHQFH��
GLOLSEVLHUF#JPDLO�FRP

&LWH�WKLV�SDSHU�DV�

$Q�,QYHQWRU\�RI�WKH�3WHULGRSK\WLF�)ORUD�RI�%DOSDNUDP�
%DJKPDUD�/DQGVFDSH��6RXWK�*DUR�+LOOV��0HJKDOD\D��,QGLD�

'LOLS�.XPDU�5R\��DQG�-LQWX�6DUPD�

�'HSDUWPHQW�RI�%RWDQ\��%LUMKRUD�0DKDYLG\DOD\D��'HJUHH�6FLHQFH�&ROOHJH���%RQJDLJDRQ���������$VVDP��,QGLD
(PDLO��GLOLSEVLHUF#JPDLO�FRP

�'HSDUWPHQW�RI�%RWDQ\��*XZDKDWL�&ROOHJH��*XZDKDWL���������$VVDP��,QGLD�(PDLO��MVDUPD��#JPDLO�FRP

$EVWUDFWV�

,Q� WKH� SUHVHQW� VWXG\� WKH� 3WHULGRSK\WLF� À�RUD� RI� %DOSDNUDP�%DJKPDUD� /DQGVFDSH�
�%%/� RI� 6RXWK� *DUR� +LOOV� GLVWULFW�� 0HJKDOD\D� �,QGLD�� LV� V\VWHPDWLFDOO\�
LQYHQWRULHG� FRQWDLQLQJ� ��� WD[D� EHORQJ� WR� ��� JHQHUD� DQG� ��� IDPLOLHV�� 2XW� RI�
WKHVH�� VHYHQ� VSHFLHV�� QDPHO\� � $VSOHQLXP� ¿�OLSHV� &RSHO��� %ROELWLV� DVSOHQLLIROLD
�%RU\�� .�� ,ZDWV��� 'LFUDQRSWHULV� WDLZDQHQVLV� &KLQJ� 	� 3�6�� &KLX�� 3OHRFQHPLD�
VXEPHPEUDQDFHD� �+\DWD�� 7DJDZD� 	� .�� ,ZDWV��� 3RO\VWLFKXP� SVHXGRWVXV�VLPHQVH
&KLQJ��3WHULV�FDPHURRQLDQD�.XKQ��7KHO\SWHULV�FDXGLSLQQD�&KLQJ��DQG�7ULFKRPDQHV�
FDPSDQXODWXP� 5R[E�� DUH� UHFRUGHG� DV� QHZ� DGGLWLRQV� WR� WKH� À�RUD� RI� 0HJKDOD\D��
0RUHRYHU�� QLQH� VSHFLHV�� QDPHO\� %ROELWLV� QRGLÀ�RUD� )UDVHU�-HQN��� &HSKDORPDQHV�
MDYDQLFXP� �%OXPH�� %RVFK�� &\DWKHD� DQGHUVRQL� �6FRRW� H[� %HGG��� &RSHO���
'LSWHULV� ZDOOLFKLL� �5�� %U��� *�� 0RRUH�� +HOPLQWKRVWDFK\V� ]H\ODQLFD� �/��� +RRN���
+\PHQRSK\OOXP� GHQWLFXODWXP� 6Z��� /LQGVDHD� KLPDODLFD� .�8�� .UDPHU��3OHRFQHPLD�
VXEPHPEUDQDFHD� �+\DWD�� 7DJDZD� 	�.�� ,ZDWV�� DQG�3WHULV� TXDGULDXULWD� 5HW]�� IDOO�
XQGHU� GL൵�HUHQW� FRQVHUYDWLRQ� VWDWXV�� 7KH� FXUUHQW� DFFHSWHG� QDPH� RI� HDFK� VSHFLHV� LV�
SURYLGHG�KHUH�DORQJ�ZLWK�DXWKRU�FLWDWLRQ��SXEOLFDWLRQ�UHIHUHQFHV��EDVLRQ\P��LI�DQ\���
GLVWULEXWLRQ�GHWDLOV�LQ�QRUWK�HDVWHUQ�,QGLD�DQG�FRQVHUYDWLRQ�VWDWXV��LI�UHOHYDQW��

5R\��'��.��	�6DUPD��-��������$Q�,QYHQWRU\�RI�WKH�SWHULGRSK\WLF�À�RUD�RI�%DOSDNUDP�
%DJKPDUD� ODQGVFDSH�� 6RXWK� *DUR� +LOOV�� 0HJKDOD\D�� ,QGLD��0RQJ�� -�� %LRO�� 6FL���
���������±���

,QWURGXFWLRQ

,QGLD� LV� RQH� RI� WKH� ��� PHJD� ELRGLYHUVLW\�
FRXQWULHV� RI� WKH� ZRUOG� FRQFHQWUDWHG� E\� WKUHH�
JOREDOO\� UHFRJQL]HG� KRWVSRWV� QDPHO\� (DVWHUQ�
+LPDOD\DV�� :HVWHUQ� *KDWV� DQG� ,QGR�%XUPD�
5HJLRQ�� 7KH� VWDWH� RI� 0HJKDOD\D� FRPHV� XQGHU�
WKH� ,QGR�0\DQPDU� ELRGLYHUVLW\� KRWVSRW�� LV� KRVW�
WR�D�UHPDUNDEOH�ELRGLYHUVLW\�WKDW�LQFOXGHV�D�KLJK�
SURSRUWLRQ� RI� HQGHPLF�� UDUH� DQG� HQGDQJHUHG�
VSHFLHV� �6LQJK� HW� DO��� ������ 0LU� HW� DO��� ������
������� ,W� FRQVLVWV� RI� WKH� WKUHH� KLOO� UHJLRQV��
HDVW� WR� ZHVW� RI� -DLQWLD�� .KDVL� DQG� *DUR� +LOOV��
%DOSDNUDP�%DJKPDUD� /DQGVFDSH� �%%/��
VSUHDGLQJ�RYHU�����NP���LV�VLWXDWHG�LQ�WKH�KHDUW�RI�
6RXWK�*DUR�+LOOV�GLVWULFW�RI�WKH�VWDWH�DQG�HQULFKHG�
ZLWK� ¿�YH� SURWHFWHG�UHVHUYH� DUHDV� PDQDJHG� E\�

WKH�0HJKDOD\D�6WDWH�)RUHVW�'HSDUWPHQW��QDPHO\�
%DOSDNUDP�1DWLRQDO� 3DUN� �%13�� ���� NP���� 6LMX�
:LOGOLIH� 6DQFWXDU\� �6:6�� ���� NP���� %DJKPDUD�
3LWFKHU�3ODQW�:LOGOLIH�6DQFWXDU\��%336����NP����
%DJKPDUD�5HVHUYH�)RUHVW��%5)��������NP���DQG�
5HZDN�5HVHUYH�)RUHVW��55)�������NP����DQG�UHVW�
IDOOV�XQGHU����WULEDO�FRPPXQLW\�ODQGV��a����NP���
�.XPDU�	�0DUFRW��������5R\���������

3WHULGRSK\WLF� À�RUD� LV� RI� OLWWOH� HFRQRPLF�
VLJQL¿�FDQFH� WR�KXPDQNLQG�DV�FRPSDUHG� WR�RWKHU�
JURXSV� RI� SODQWV��PRUH� SDUWLFXODUO\� DQJLRVSHUPV�
DQG� KHQFH� WKLV� JURXS� RI� SODQW� LV� LJQRUHG� PDQ\�
WLPHV�E\�WKH�ZRUNHUV��1HYHUWKHOHVV��WKHLU� UROH� LQ�
WKH� HFRV\VWHP� FDQQRW� EH� QHJOHFWHG� DV� LW� SOD\V� D�
VLJQL¿�FDQW�UROH�LQ�ELRGLYHUVLW\��.KDUH�	�3XQHWKD��









-RXUQDO�RI�([SHULPHQWDO�%LRORJ\�DQG�$JULFXOWXUDO�6FLHQFHV

KWWS���ZZZ�MHEDV�RUJ

,661�1R�������± ����

-RXUQDO�RI�([SHULPHQWDO�%LRORJ\�DQG�$JULFXOWXUDO�6FLHQFHV��$XJXVW � ������9ROXPH�± ������SDJH���� ± ���
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.QRZOHGJH� RI� WKH� IHHGLQJ� KDELW� DQG� WKH� GLJHVWLYH� SK\VLRORJ\� RI� D� ILVK� LV� LPSRUWDQW� LQ� PDNLQJ�

DSSURSULDWH�VWUDWHJLHV�IRU�IHHG�GHYHORSPHQW�DQG�VXFFHVVIXO�FXOWXUH��1XWULHQW�ULFK�VPDOO� LQGLJHQRXV�ILVK�

VSHFLHV� �6,)V�� DUH� DEXQGDQW� LQ� $VVDP�� ,QGLD�� 3XQWLXV� VRSKRUH�� 0\VWXV� WHQJDUD�� DQG� 7ULFKRJDVWHU�

IDVFLDWD� RI� *RVVDLJDRQ�� $VVDP� DUH� LPSRUWDQW� 6,)V� IRU� WKH� ORFDO� UXUDO� SRSXODWLRQ�� DQG� DOVR� SRWHQWLDO�

FDQGLGDWHV� IRU� RUQDPHQWDO� ILVK� FXOWXUH�� 7KH� SUHVHQW� VWXG\� DLPV� WR� HYDOXDWH� WKH� IHHGLQJ� KDELW� DQG�

GLJHVWLYH�HQ]\PH�DFWLYLWLHV�RI�WKHVH�VSHFLHV��'DWD�REWDLQHG�IURP�WKH�UHODWLYH�JXW�OHQJWK�DQG�JXW�FRQWHQW�

DQDO\VLV�VXJJHVWHG�WKDW�0��WHQJDUD LV�D�FDUQLYRURXV�ILVK�DQG�WKH�UHVW�WZR�ILVKHV�DUH�RPQLYRURXV�LQ�KDELW��

)XUWKHU�� WKH� UHODWLYH� JXW� OHQJWK� ZDV� KLJKHVW� LQ� 7�� � IDVFLDWD ������������ DQG� ORZHVW� LQ� 0�� WHQJDUD�

�������������'LJHVWLYH�HQ]\PH�DFWLYLW\�LQGLFDWHV�D�FRUUHODWLRQ�ZLWK�WKH�GLHWDU\�KDELW�RI�WKH�ILVK��)XUWKHU��

WRWDO�SURWHDVH�� WU\SVLQ�� DQG�DP\ODVH�DFWLYLW\�ZDV� UHSRUWHG�KLJKHVW� LQ�3� VRSKRUH��$FLG�SURWHDVH�SHSVLQ�

ZDV� IRXQG� WR� EH VLJQLILFDQWO\� KLJKHU� LQ� 0�� WHQJDUD FRPSOHPHQWLQJ� LWV� FDUQLYRURXV� KDELW� DQG� JXW�

DQDWRP\�� 7KH� SUHVHQW� VWXG\� KDV� HVWDEOLVKHG� VRPH� LPSRUWDQW� LQIRUPDWLRQ� RQ� WKH� GLJHVWLYH� HQ]\PH�

FKDUDFWHULVWLFV� DQG� IHHGLQJ� KDELWV� RI� WKH� WKUHH� ILVK� VSHFLHV�� 7KLV� LQIRUPDWLRQ� PLJKW� EH� XVHIXO� LQ� WKH�

GHYHORSPHQW�RI�VXLWDEOH�IHHG�IRU�WKH�ILVK�VSHFLHV�IRU�WKHLU�FXOWXUH�

�&RUUHVSRQGLQJ�DXWKRU

.(<:25'6

6PDOO�LQGLJHQRXV�ILVK

5HODWLYH�JXW�OHQJWK

*DVWUR�VRPDWLF�LQGH[

'LJHVWLYH�HQ]\PH

(�PDLO��NEURQVRQ���#JPDLO�FRP��%URQVRQ�.XPDU�.KDQJHPEDP�

3HHU�UHYLHZ�XQGHU�UHVSRQVLELOLW\�RI�-RXUQDO�RI�([SHULPHQWDO�%LRORJ\�DQG�
$JULFXOWXUDO�6FLHQFHV�

$OO� WKH� DUWLFOHV SXEOLVKHG� E\� -RXUQDO� RI� ([SHULPHQWDO�
%LRORJ\� DQG� $JULFXOWXUDO� 6FLHQFHV DUH OLFHQVHG� XQGHU� D�
&UHDWLYH� &RPPRQV� $WWULEXWLRQ�1RQ&RPPHUFLDO� ���
,QWHUQDWLRQDO�/LFHQVH�%DVHG�RQ�D�ZRUN�DW�ZZZ�MHEDV�RUJ�

3URGXFWLRQ�DQG�+RVWLQJ�E\�+RUL]RQ�3XEOLVKHU�,QGLD�>+3,@
�KWWS���ZZZ�KRUL]RQSXEOLVKHULQGLD�LQ���
$OO�ULJKWV�UHVHUYHG�
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5HVHDUFK�$UWLFOH�

,Q�9LWUR 'LJHVWLELOLW\�6WXG\��(YDOXDWLQJ�3ODQW�3URWHLQV�'LJHVWLELOLW\�LQ�$QDEDV�
WHVWXGLQHXV DQG�&KDQQD�SXQFWDWD

5LWD�'HYL ���0RQLND�%DVXPDWDU\ ���%LFKLWUD�1DU]DU\ ���+HLNKDP�'D\DPL����6DQUDMD�0XFKDKDU\����%URQ�
VRQ�.XPDU�.KDQJHPEDP��

� 'HSDUWPHQW�RI�=RRORJ\��%RGRODQG�8QLYHUVLW\��.RNUDMKDU��$VVDP���������,QGLD
� 'HSDUWPHQW�RI�/LIH�6FLHQFHV��0DQLSXU�8QLYHUVLW\��,PSKDO���������0DQLSXU��,QGLD

$UWLFOH�KLVWRU\�
6XEPLVVLRQ�0DUFK ����
5HYLVHG�$SULO ����
$FFHSWHG�-XO\ ����
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3URWHLQ�LV�WKH�PRVW�LPSRUWDQW�FRPSRQHQW�RI�DQ\�ILVK�IHHG�IRU�LWV�UROH�LQ�JURZWK��HVSH�
FLDOO\�GXULQJ�WKH�ODUYDO�VWDJHV��DQG�LWV�KLJK�FRVW��)LVK�PHDO�FRQWLQXHV�WR�EH�D�PDMRU�
VRXUFH�RI�SURWHLQ�LQ�ILVK�IHHG�SURGXFWLRQ��%XW�LWV�VXSSO\�FDQQRW NHHS�SDFH�ZLWK�HYHU�
H[SDQGLQJ�DTXDFXOWXUH�SURGXFWLRQ��OHDGLQJ�WR�LWV�KLJK�FRVW��3ODQWV�DUH�EHLQJ�FRQVLGHUHG�
DV�SRWHQWLDO�UHSODFHPHQWV�LQ�WKH�VHDUFK�IRU�QHZ�DOWHUQDWLYHV�WR�ILVK�PHDOV��%XW�WKHLU�
DSSOLFDWLRQ�GHSHQGV�VLJQLILFDQWO\�RQ�WKHLU�GLJHVWLELOLW\�LQ�WDUJHW�VSHFLHV��7KH�SUHVHQW�
VWXG\�DLPV�WR�GHWHUPLQH�WKH�SURWHLQ�FRQWHQW�RI�IRXU�ORFDOO\�DYDLODEOH�SODQWV�0RULQJD�
ROHLIHUD��,SRPRHD�DTXDWLFD��/HPQD�PLQRU DQG�6DOYLQLD�QDWDQV� DQG�WHVW�WKHLU�GLJHVWL�
ELOLW\�LQ�YLWUR�E\�XVLQJ�WKH�S+�GURS�PHWKRG�LQ�WZR�LPSRUWDQW�IRRG�ILVK�$QDEDV�WHVWX�
GLQHXV DQG�&KDQQD�SXQFWDWD��RI�$VVDP��,QGLD��7KH�FUXGH�SURWHLQ�LQ�DOO�SODQWV�UDQJHG�
IURP���������DQG� WKH�KLJKHVW�FUXGH�SURWHLQ�ZDV�REVHUYHG�LQ�/HPQD�PLQRU���������
��������7KH�LQ�YLWUR�GLJHVWLELOLW\�ZDV�HVWLPDWHG�E\�FDOFXODWLQJ� WKH�53'���UHODWLYH�
SURWHLQ�GLJHVWLELOLW\��XVLQJ�FDVHLQ�DV�D�VWDQGDUG�UHIHUHQFH��'LJHVWLELOLW\�RI� WKH�SODQW�
SURWHLQV� H[KLELWHG� VSHFLHV�VSHFLILF� YDULDWLRQV�� 7KH� 53'�� UDQJHG� IURP� ������� WR�
�������LQ�$��WHVWXGLQHXV��DQG��������WR��������LQ�&��SXQFWDWD�FRPSDUHG�WR�WKDW�RI�
FDVHLQ���������7KH�KLJKHVW�53'��ZDV�REVHUYHG�LQ�,��DTXDWLFD����������IRU�$��WHVWX�
GLQHXV� DQG� WKH� ORZHVW� ��������� LQ�/��PLQRU ZKHUHDV�� LQ�&�� SXQFWDWD�� WKH� KLJKHVW�
53'��ZDV�REVHUYHG�LQ�/��PLQRU ���������DQG�WKH�ORZHVW�LQ�,��DTXDWLFD ����������
7KH�GLJHVWLELOLW\�RI�DOO�SODQW�SURWHLQV�ZDV�FRPSDUDWLYHO\�KLJKHU�LQ�$��WHVWXGLQHXV WKDQ�
LQ�&��SXQFWDWD��2XU�UHVXOWV�LQGLFDWH�WKDW�,��DTXDWLFD DQG�/��PLQRU PD\�EH�D�VXLWDEOH�
UHSODFHPHQW�IRU�DQLPDO�SURWHLQ�LQ�WKH�GLHW�RI�$��WHVWXGLQHXV DQG�&��SXQFWDWD��UHVSHF�
WLYHO\��EHFDXVH�RI�WKHLU�JRRG�SURWHLQ�FRQWHQW�DQG�KLJK�GLJHVWLELOLW\��0RULQJD�PD\�EH�
FRQVLGHUHG�IRU�XWLOL]DWLRQ�LQ�WKH�ILVK�IHHG DV�LW�UHFRUGHG�JRRG�SURWHLQ�DQG�GLJHVWLELOLW\��
7KLV�LQIRUPDWLRQ�PD\�EH�XVHIXO�LQ�GHYHORSLQJ D�FRVW�HIIHFWLYH��SODQW�EDVHG�SURWHLQ�GLHW�
IRU�WKH�WZR�ILVK�VSHFLHV�IRU�WKHLU�PDVV�SURGXFWLRQ�

.H\ZRUGV� $QDEDV� WHVWXGLQHXV�� &KDQQD� SXQFWDWD� ,Q� YLWUR� GLJHVWLELOLW\�� ,SRPRHD�
DTXDWLFD� 3ODQW�SURWHLQV�

&RUUHVSRQGLQJ�DXWKRU�
(�PDLO� NEURQVRQ���#JPDLO�FRP�

,QWURGXFWLRQ
$TXDFXOWXUH�LV�D�IDVW�JURZLQJ�VHFWRU�SURMHFWHG�

WR�JURZ�E\�DERXW�RQH�WKLUG�E\�WKH�\HDU������>�@��
3URGXFWLYH�DTXDFXOWXUH�GHSHQGV�XSRQ� WKH�DYDLOD�
ELOLW\� RI� KLJK� QXWULWLRQDO� TXDOLW\� ORZ�FRVW� IHHGV��
FRQWULEXWLQJ QHDUO\�����RI� WRWDO�SURGXFWLRQ�FRVW�
>�@��$PRQJ�PDQ\�IDFWRUV��D�QXWULHQW�ULFK�GLHW�LV�HV�
VHQWLDO�IRU�WKH�KLJK�JURZWK�UDWH�RI�WKH�ILVK�UHTXLUHG�
IRU�LWV�VXFFHVVIXO�FXOWXUH��3URWHLQ�LV�WKH�PRVW�LP�
SRUWDQW�FRPSRQHQW�RI�DQ\�ILVK�IHHG�IRU�LWV�UROH�LQ�
JURZWK�� HVSHFLDOO\� GXULQJ� WKH� ODUYDO� VWDJHV�� DQG�

DOVR�GXH�WR�LWV�KLJK�FRVW��7KH�DTXDFXOWXUH�LQGXVWU\�
LV�IDFLQJ�DQ�LQFUHDVLQJ�GHPDQG�IRU�D�SURWHLQ�ULFK�
GLHW��DQG�WKH�PDMRU�FKDOOHQJH�LV�WR�ILQG�HFRQRPL�
FDOO\� DQG� QXWULWLRQDOO\� VXLWDEOH� SURWHLQ� VRXUFHV��
)LVK�PHDO�UHPDLQV�D�PDMRU�VRXUFH�RI�SURWHLQ�LQ�ILVK�
IHHG��HVSHFLDOO\�IRU�FDUQLYRURXV�VSHFLHV�>�@��&XU�
UHQWO\��LW�SURYLGHV�WKH�ODUJHVW�VXSSO\�RI�GLHWDU\�SUR�
WHLQ�LQ�WKH�ILVK�IHHG�LQGXVWU\�ZKLFK�LV�FRQVLGHUHG�
XQVXVWDLQDEOH�DTXDFXOWXUH�DV�PXFK�RI�WKH�ILVK�PHDO�
LV�REWDLQHG�IURP�ZLOG�FDWFK�ILVKHU\�>�@��7KH�KLJK�
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$EVWUDFW
/HQJWK�ZHLJKW�UHODWLRQVKLS��/:5��DQG�UHODWLYH�FRQGLWLRQ�IDFWRU�DUH�VLJQLILFDQW�LQ�ILVKHU\�VFLHQFH�
DV�LW�SURYLGHV�LQIRUPDWLRQ�RQ�ILVK�ZHOOEHLQJ�DQG�ELRORJLFDO�GDWD��7KH�SUHVHQW�VWXG\�GHVFULEHV�WKH�
/:5�DQG�FRQGLWLRQ�IDFWRU�RI� ILYH�VPDOO� LQGLJHQRXV�ILVK�VSHFLHV�RI�6DUHVZDU�%HHO��.RNUDMKDU��
$VVDP�RI�1RUWKHDVW�,QGLD�IRU�WKH�ILUVW�WLPH��$�WRWDO�RI�����VSHFLPHQV RI�ILYH�VSHFLHV�YL]��1DQGXV�
QDQGXV� *ORVVRJRELXV�JLXULV��3XQWLXV�VRSKRUH� 3HWKLD�FRQFKRQLXV DQG�7ULFKRJDVWHU�IDVFLDWD ZHUH�
VDPSOHG�IURP�0D\������WR�$SULO�������$OO�VDPSOHV�ZHUH�FROOHFWHG�XVLQJ�JLOO�QHWV��EDPERR�WUDSV��
QHW�WUDSV�DQG�OLIW�QHW��7KH�WRWDO�OHQJWK�DQG�ERG\�ZHLJKW�ZHUH�PHDVXUHG�WR�GHWHUPLQH�WKH�/:5�DQG�
)XOWRQൿV�FRQGLWLRQ�IDFWRU��.���7KH�VWDWLVWLFDO�SDUDPHWHUV�D��E��DQG�.Q �5HODWLYH�&RQGLWLRQ�IDFWRU��
ZHUH�DOVR�DQDO\VHG��$OO�VSHFLHV�UHFRUGHG�.!��H[FHSW�*ORVVRJRELXV�JLXULV�������s��������DQG�WKH�
KLJKHVW�YDOXH�ZDV�UHFRUGHG� LQ�7�� IDVFLDWD ������s��������7KH�YDOXHV�RI� ൾEൿ� IRU�DOO� ILYH�VSHFLHV�
UDQJHG�IURP�������WR��������LQGLFDWLQJ�QHJDWLYH�DOORPHWULF�JURZWK�SDWWHUQ��7KLV�VWXG\�LV�D�ILUVW�
UHSRUW� RQ� WKH�/:5�DQG� FRQGLWLRQ� IDFWRU� RI� WKHVH� VSHFLHV� IURP�6DUHVZDU�%HHO��$VVDP��7KHVH�
UHVXOWV PD\�EH�XVHIXO�IRU�VXVWDLQDEOH�PDQDJHPHQW�DQG FRPSDULVRQ�ZLWK�IXWXUH�VWXGLHV�

.H\ZRUGV� *ORVVRJRELXV�JLXULV��)XOWRQV¶V�FRQGLWLRQ�IDFWRU��1DQGXV�QDQGXV��6XVWDLQDEOH�ILVKHU\�

'HSDUWPHQW�RI�=RRORJ\��%RGRODQG�
8QLYHUVLW\� 3��2� 5DQJDOLNKDWD��
'HEDUJDRQ��.RNUDMKDU��$VVDP��,QGLD�

&RUUHVSRQGHQFH
NEURQVRQ���#JPDLO�FRP

$UWLFOH�KLVWRU\�
$FFHSWHG �� 'HFHPEHU ����

7KH�SK\VLFDO�JURZWK�LV�DQ�LPSRUWDQW�IHDWXUH�RI�DOO�WKH�
OLYLQJ� IRUPV� GXULQJ� GHYHORSPHQW�� :KHQ� ILVK� JHW�
VXLWDEOH� HQYLURQPHQW� WKHLU� OHQJWK� DQG� ZHLJKW�
LQFUHDVH�DV�D�SDUW�RI�RYHUDOO�SK\VLFDO�GHYHORSPHQW��
/HQJWK�ZHLJKW� UHODWLRQVKLS� LV� RQH� RI� WKH� PRVW�
LPSRUWDQW� WRROV� XVHG� IRU� DQDO\]LQJ� WKH� KHDOWK�
FRQGLWLRQV� RI� ILVKHU\� PDQDJHPHQW� �7¾UNHU� HW� DO��
������DQG�LWV�DVVHVVPHQW�KHOSV�LQ�XQGHUVWDQGLQJ�WKH�
IXQGDPHQWDO�ELRORJLFDO�GHWDLOV�WKDW�VHUYH�DV�YLWDO�WRRO�
IRU�ILVKHU\�VFLHQFH��6KHLNK�	�$KPHG�������5RXO�HW�
DO�� ������� 7KH� VWXG\� RI� OHQJWK� DQG� ZHLJKW�
UHODWLRQVKLS� �/:5�� LV� IXQFWLRQDO� LQ� VXVWDLQDEOH�
UHVRXUFH� PDQDJHPHQW� DQG� ILVKHU\� UHVHDUFKHV�
�6RQRZDO�HW�DO��������(UJ¾GHQ�������� ,W� LV�XVHG� WR�
XQGHUVWDQG�WKH�ELRPDVV��FRQGLWLRQ�IDFWRU��JURZWK�RI�
ILVK�VSHFLHV��ILVK�VWRFNV�HYDOXDWLRQ� WKH�OLIH�F\FOH�LQ�
ILVKHULHV�DQG�RQWRJHQHWLF�FKDQJHV��-DIDUL�HW�DO��������
6DOYDGRU� HW� DO�� ������ -DIDUL�3DWFDQ� HW� DO�� ������
0RXOXGL�6DOHK�	�(DJGHUL������ $EEDVL�HW�DO��������
(DJGHUL�HW�DO���������,Q�DGGLWLRQ�WR�WKH�HVWLPDWLRQ�RI�
ZHLJKW� IURP� OHQJWK�� LW� DOVR� KDV� RWKHU� XVHV� VXFK� DV�

FRPSDULVRQ� RI� PRUSKRORJLFDO� DQG� ELRPHWULF�
SDUDPHWHUV� EHWZHHQ� YDULHG� VSHFLHV� RU� SRSXODWLRQ�
IURP� GLIIHUHQW� JHRJUDSKLFDO� UHJLRQV� �5RXO� HW� DO��
������ 5RXO� HW� DO� ������ DQG� VHDVRQDO� FKDQJHV� LQ�
JURZWK�SDWWHUQ�DQG�FRQGLWLRQV�LQGLFHV��6DIUDQ�������
5LFKWHU�HW�DO��������=XHY�HW�DO���������

7KH� FRQGLWLRQ� IDFWRU� �. )XOWRQൿV� FRQGLWLRQ�
IDFWRU�� DQG� UHODWLYH� FRQGLWLRQ� IDFWRU� �.Q�� DUH� YLWDO�
DVSHFWV� ZKLFK� LQGLFDWHV� ZHOIDUH�� UREXVWQHVV� RI�
LFKWK\RIDXQD�LQ�WKHLU�HFRV\VWHP��3DVZDQ�HW�DO��������
'DWWD�HW�DO��������6LQJK�	�6HUDMXGGLQ�������.XUEDK�
	�%KX\DQ��������7KH�FRQGLWLRQ�IDFWRU�RI�D�ILVK�KHOSV�
WR� XQGHUVWDQG� LWV� KHDOWK� VWDWXV� LQ� LWV� HQYLURQPHQW�
�)URHVH� ������� ,W� LV� DQ� LQGH[� FRQVLGHULQJ�
LQWHUFRQQHFWLRQ�EHWZHHQ�DELRWLF�DQG�ELRWLF�IDFWRUV�LQ�
ILVKൿV�SK\VLRORJLFDO� VWDWH��)XOWRQൿV�FRQGLWLRQ� IDFWRU�
�.�� RI� D� ILVK� YDULHV� GXH� WR� YDULRXV� IDFWRUV� OLNH�
SK\VLFDO�PDWXULW\��DFFHVVLEOH�IRRG�VRXUFHV��VH[�DQG�
DJH� RI� LQGLYLGXDO� ILVKHV� LQ� WKHLU� HQYLURQPHQW�
�$QLEH]H��������&RQVHTXHQWO\��FRQGLWLRQ�IDFWRU�LV�D�
YLWDO� SDUDPHWHU� IRU� WKH� DVVHVVPHQW� RI� ILVK� KHDOWK�
FRQGLWLRQ� DQG� LV�� WKHUHIRUH�� ZLGHO\� XVHG� LQ� ILVK�



186$17$5$ �%,26&,(1&( ,661� ���������
9RO������1R�����SS� ����� (�,661� ���������
0D\����� '2,� ���������QXVELRVFL�Q������

'LYHUVLW\�DQG�WUDGLWLRQDO�HWKQR]RRORJLFDO�XVHV�RI�LFKWK\RIDXQD�E\ WKH�
%RGR�7ULEHV�RI�.RNUDMKDU��$VVDP� 1RUWKHDVW�,QGLD

*$1'2/,�%$680$7$5<��%,&+,75$�1$5=$5<� %521621�.80$5�.+$1*(0%$0j

'HSDUWPHQW�RI�=RRORJ\� %RGRODQG�8QLYHUVLW\� 3�2��5DQJDOLNKDWD��'HEDUJDRQ� .RNUDMKDU��$VVDP���������,QGLD�
7HO��)D[�� ���������������jHPDLO� NEURQVRQ���#JPDLO�FRP

0DQXVFULSW�UHFHLYHG� ���-DQXDU\ ������5HYLVLRQ�DFFHSWHG� ��0DUFK �����

$EVWUDFW��%DVXPDWDU\�*��1DU]DU\�%��.KDQJHPEDP�%.� ������'LYHUVLW\�DQG�WUDGLWLRQDO�HWKQR]RRORJLFDO�XVHV�RI�LFKWK\RIDXQD�E\�WKH�%RGR�
7ULEHV�RI�.RNUDMKDU��$VVDP��1RUWKHDVW�,QGLD� 1XVDQWDUD�%LRVFLHQFH� ��� ������ )LVK� LV� DQ�LPSRUWDQW� FRPSRQHQW� RI� HWKQRPHGLFLQH� IRU�
WUHDWLQJ�PDQ\� GLVHDVHV LQ�PDQ\� WULEDO� FXOWXUHV ZRUOGZLGH� 7UDGLWLRQDO�PHGLFLQH� UHPDLQV� WKH SULPDU\� KHDOWKFDUH� V\VWHP� LQ�PRVW UXUDO�
SRSXODWLRQV ZRUOGZLGH��DQG�HWKQRPHGLFLQH�LV�WKH�IRXQGDWLRQ�RI�PDQ\�PRGHUQ�GD\�GLVHDVH�PDQDJHPHQW��7KH�XVH�RI�ILVK�LQ�WUDGLWLRQDO�
KHDOWKFDUH�FRXOG�EH�D�SRWHQW�VRXUFH IRU�ILQGLQJ�QHZ�FRPSRXQGV�ZLWK�WKHUDSHXWLF�SURVSHFWV� 6WXGLHV�RQ�HWKQRLFKWK\RORJ\ KDYH LQGLFDWHG
ILVK�DV�DQ�LPSRUWDQW�FRPSRQHQW�IRU� WUHDWLQJ�PDQ\�GLVHDVHV��+RZHYHU��VXFK�VWXGLHV�DUH�\HW� WR�EH�IXOO\�GRFXPHQWHG�LQ� WKH� QRUWKHDVWHUQ
VWDWHV�RI�,QGLD� HVSHFLDOO\�LQ�.RNUDMKDU��$VVDP� 7KH�%RGRV�DUH�RQH�RI�WKH�ODUJHVW�WULEDO�JURXSV�RI�$VVDP LQ�1RUWKHDVW�,QGLD� ZLWK�D ULFK�
WUDGLWLRQDO�NQRZOHGJH�V\VWHP��7KH�VWXG\�H[SORUHV�WKH�WUDGLWLRQDO�XVHV RI�ILVK�IRU�YDULRXV�HWKQRPHGLFLQDO�SURSHUWLHV�DQG�KHDOWK�EHQHILWV�
E\�WKH�%RGRV�RI�.RNUDMKDU��$VVDP��7KH�VWXG\�ZDV�FRQGXFWHG�LQ HLJKW YLOODJHV�RI�.RNUDMKDU�'LVWULFW IURP�0DUFK������WR�)HEUXDU\������
WKURXJK�SHUVRQDO�LQWHUYLHZV�DQG�VHPL�VWUXFWXUHG�TXHVWLRQQDLUHV ZLWK ����LQIRUPDQWV��7KLUW\�IRXU GLIIHUHQW�ILVK�VSHFLHV IURP ���GLIIHUHQW�
IDPLOLHV ZHUH�LGHQWLILHG WR�EH�XVHG IRU�WKHLU�KHDOWK�EHQHILWV DQG�WKHUDSHXWLF SURSHUWLHV��7KH�KLJKHVW�QXPEHU�RI�ILVK�VSHFLHV�EHORQJHG�WR�
WKH�IDPLO\�&\SULQLGDH���������� IROORZHG�E\�&KDQQLGDH����������DQG�$PEDVVLGDH��������� 7KH�KLJKHVW�XVH�YDOXH��������DQG�UHODWLYH�
IUHTXHQF\�RI�FLWDWLRQ��������ZDV�UHFRUGHG�IRU�+HWHURSQHXVWHV�IRVVLOLV��$QDHPLD��JDVWURLQWHVWLQDO DQG LQWHJXPHQWDU\�GLVRUGHUV� DQG�ERG\�
ZHDNQHVV�ZHUH�WKH�PRVW�FRPPRQO\ PHQWLRQHG�DLOPHQWV�WUHDWHG��7KH�SUHVHQW�VWXG\�DOVR�UHSRUWHG�VRPH�VPDOO�LQGLJHQRXV�ILVK�VSHFLHV�IRU�
WKHLU� KHDOWK� EHQHILWV�� 7KH� VWXG\� DOVR� IRXQG� VRPH� XQLTXH� WUDGLWLRQDO� PHWKRGV� IRU� SUHSDULQJ� DQG� DSSO\LQJ ILVK� VSHFLHV� �;HQHQWRGRQ�
FDQFLOD�� &KLWDOD� FKLWDOD�� *ORVVRJRELXV� JLXULV�� /HLRGRQ� FXWFXWLD� HWF�� QRW� UHSRUWHG� HDUOLHU� ,GHQWLILFDWLRQ� DQG� GHWDLOHG� VWXG\� RI� WKH�
ELRFKHPLFDO�SURILOH�RI WKHVH�GLIIHUHQW�VSHFLHV�PD\�EH�UHFRPPHQGHG�WR�GHYHORS VXLWDEOH DOWHUQDWLYHV WR V\QWKHWLF�PHGLFLQHV� 7KLV�VWXG\�
PD\�EH�D�YDOXDEOH�DGGLWLRQ�WR�WKH�ULFK�WUDGLWLRQDO�NQRZOHGJH�RI�1RUWKHDVW�,QGLD�

.H\ZRUGV��%RGR 7ULEHV��HWKQR]RRORJ\��LFKWK\RIDXQD��.RNUDMKDU

,1752'8&7,21

7UDGLWLRQDO� PHGLFLQH� UHIHUV� WR� KHDOWK� SUDFWLFHV��
DSSURDFKHV�� NQRZOHGJH�� DQG� EHOLHIV� LQFRUSRUDWLQJ� SODQW��
DQLPDO�� DQG� PLQHUDO�EDVHG PHGLFLQHV�� VSLULWXDO� WKHUDSLHV��
PDQXDO� WHFKQLTXHV�� DQG� H[HUFLVHV�� DSSOLHG� VLQJXODUO\� RU�
FRPELQHG� WR� WUHDW�� GLDJQRVH�� DQG� SUHYHQW� LOOQHVVHV� RU
PDLQWDLQ� ZHOO�EHLQJ �$GQDQ HW� DO�� ����� :+2� ������
3ODQWV� DQG� DQLPDOV� KDYLQJ�PHGLFLQDO� SURSHUWLHV� DUH� EHLQJ�
XVHG� WKURXJKRXW� WKH� ZRUOG�� 7UDGLWLRQDO� PHGLFLQH� UHPDLQV�
WKH�PRVW� FRPPRQ DQG�DIIRUGDEOH� IRUP�RI� WKHUDS\� LQ� ORZ�
LQFRPH FRXQWULHV�� $ERXW� ������� RI� WKH� ZRUOG
V� UXUDO�
SRSXODWLRQ� GHSHQGV� RQ� LW IRU� SULPDU\� KHDOWKFDUH� PRVW� RI�
ZKLFK UHVLGH�LQ�GHYHORSLQJ�FRXQWULHV��&KKHWUL�HW�DO� �������
$QLPDOV�DQG�DQLPDO�GHULYHG� SURGXFWV�KDYH DOZD\V� EHHQ� D�
VRXUFH� RI� WUDGLWLRQDO� PHGLFDWLRQV DQG� KDYH YLWDO�
VLJQLILFDQFH LQ� VRPH� UHOLJLRQV DQG� FXOWXUHV �3UDNDVK� DQG�
3UDNDVK ������ ,Q� PRGHUQ� PHGLFDO� VFLHQFH� DERXW� KDOI� RI�
PRGHUQ� PHGLFLQHV� DUH� UHSRUWHG� WR� EH� GHULYHG� IURP�
ELRORJLFDO�VRXUFHV��7KH�WUDGLWLRQDO�NQRZOHGJH�RI�WKH�HWKQLF�
FRPPXQLW\� ZRUOGZLGH KDV� FRQWULEXWHG� WR� UHFRJQL]LQJ�
OLYLQJ�RUJDQLVPV�XVHG�IRU�WUHDWLQJ�GLVHDVHV�LQ�OLYHVWRFN�DQG�
KXPDQ� EHLQJV�� &RQVHTXHQWO\� LW� LV� LPSRUWDQW� WR� GRFXPHQW�
WKH� WUDGLWLRQDO� NQRZOHGJH� RI� GLIIHUHQW� WULEDO� FRPPXQLWLHV�
RQ� WKH� YHUJH� RI� VRFLRHFRQRPLF� DQG� FXOWXUDO� GHSULYDWLRQ�

�/DLVKUDP� DQG� 'H\� ������� 7KRXJK� SRSXODU� ZRUOGZLGH��
PDQ\ RI�WKH UHSRUWHG�FDVHV�RI�HWKQRPHGLFLQH�DUH�UHVWULFWHG�
WR�HWKQRERWDQ\��:KLOH FRPSDUHG�WR�PHGLFLQDO�SODQWV��WKHUH�
LV� LQVXIILFLHQW� UHVHDUFK�DQG� GDWD RQ� WKH� XVH� RI� DQLPDOV� IRU�
PHGLFLQDO� SXUSRVHV� �$OYHV� DQG 5RVD ������� +RZHYHU��
UHFHQW� VWXGLHV� KDYH� UHYHDOHG� WKH� XVH� RI� DQLPDOV� DQG� WKHLU�
SURGXFWV� DV� QDWXUDO� UHPHGLHV� LQ� IRON� PHGLFLQDO� SUDFWLFHV�
ZRUOGZLGH �=DQYR�HW�DO���������

)LVK�DV�D�FKHDS�SURWHLQ�VRXUFH�DOVR�SOD\V�D�PDMRU�UROH�LQ�
SUHYHQWLQJ� DQG� FXULQJ� PDQ\� GLVHDVHV� LQFOXGLQJ� FRURQDU\�
GLVHDVH�� DVWKPD�� PHQWDO� LOOQHVV�� ORZ� ELUWK� ZHLJKW�� DQG�
QXWULHQW� GHILFLHQFLHV� ZKLFK� XQGHUOLQHV� WKH� LPSRUWDQFH� RI�
ILVK� LQ� RXU� GLHW� �1DUDQMH� DQG� 0LVKUD� �������
(WKQRLFKWK\RORJ\ IRFXVHV� RQ� ORFDO� NQRZOHGJH�� OLQJXLVWLF�
H[SUHVVLRQV��QXWULWLRXV� LPSRUWDQFH�� IRON�SUDFWLFHV��PDWHULDO�
HYLGHQFH� DQG� FRJQLWLYH� SHUFHSWLRQV� RI� ILVK� DQG� WKH�
HQYLURQPHQWDO� FRQVHTXHQFHV� RI� WKHVH� LQWHUDFWLRQV�
�6YDQEHUJ� DQG� /RFNHU� ������� 6RPH VWXGLHV� KDYH�
GRFXPHQWHG� WKH� UROH� RI� LFKWK\RIDXQD� LQ� WUDGLWLRQDO�
PHGLFLQHV�� PDLQO\� LQ� WKH� LQGLJHQRXV� UXUDO� DQG ILVKLQJ�
FRPPXQLW\ �9DOOHMR�DQG�*RQ]iOH]�������$OWDI�HW�DO���������

7KH� QRUWKHDVWHUQ� UHJLRQ� RI� ,QGLD� LV� D� ELRGLYHUVLW\�
KRWVSRW� DQG� ���� VSHFLHV� RI� ILVK� KDYH� EHHQ� UHFRUGHG� LQ�
$VVDP DORQH �$6%%������� %LRGLYHUVLW\� KDV�DOZD\V� EHHQ�
SDUDPRXQW IRU� SURYLGLQJ� DQG� GLVFRYHULQJ PHGLFDO�
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'LJHVWLYH� HQ]\PH� DFWLYLWLHV� LQ� IRXU� GLYHUVH� VPDOO� LQGLJHQRXV�

ILVK� VSHFLHV� IURP� 6DUHVZDU� EHHO� RI� .RNUDMKDU�� $VVDP� LQ

1RUWKHDVW�,QGLD�

%LFKLWUD�1DU]DU\��6DQUDMD�0XFKDKDU\��%URQVRQ�.XPDU�.KDQJHPEDP

'HSDUWPHQW�RI�=RRORJ\��%RGRODQG�8QLYHUVLW\��5DQJDOLNKDWD��'HEDUJDRQ��.RNUDMKDU�

$VVDP��,QGLD

$UWLFOH�SXEOLVKHG�RQ��-DQXDU\���������

.H\� ZRUGV�� 'LJHVWLYH� HQ]\PHV�� 6PDOO� LQGLJHQRXV� ILVK� VSHFLHV�� 5HODWLYH� JXW� OHQJWK�� *DVWUR�VRPDWLF� LQGH[��

6DUHVZDU�EHHO��.RNUDMKDU

$EVWUDFW�

6PDOO�LQGLJHQRXV�ILVK�VSHFLHV��6,)V��DUH�LPSRUWDQW�VRXUFH�RI�SURWHLQ�DQG�PLFURQXWULHQWV�IRU�WKH�ORFDO�SRSXODWLRQ�

DQG�KHQFH�FRQVLGHUHG�DV�SRWHQWLDO�IRU�DTXDFXOWXUH�H[SDQVLRQ��3HWKLD�FRQFKRQLXV��*ORVVRJRELXV�JLXULV��1DQGXV�

QDQGXV�DQG�7ULFKRJDVWHU�IDVFLDWD�DUH�VXFK�6,)V�IRXQG�LQ�6DUHVZDU�EHHO�RI�.RNUDMKDU��$VVDP��,QGLD��7KLV�LV�DQ�

LPSRUWDQW� EHHO� ZLWK� SRWHQWLDO� IRU� GHYHORSPHQW� RI� ILVKHULHV� LQ� WKH� UHJLRQ�� ,QIRUPDWLRQ� RQ� WKH� IRRG� KDELW� DQG�

GLJHVWLYH� SK\VLRORJ\� DUH� LPSRUWDQW� LQ� XQGHUVWDQGLQJ� WKH� QXWULWLRQDO� ELRORJ\� RI� D� ILVK� VSHFLHV� HVVHQWLDO� IRU�

GHVLJQLQJ�DSSURSULDWH�GLHW�DQG�IHHGLQJ�VWUDWHJ\�IRU�LWV�VXFFHVVIXO�FXOWXUH��7KH�SUHVHQW�LQYHVWLJDWLRQ�DLPV�WR�VWXG\�

DQG�FRPSDUH�WKH�IHHGLQJ�KDELW�DQG�GLJHVWLYH�HQ]\PH�SURILOH�RI�WKHVH�VSHFLHV��5HODWLYH�JXW�OHQJWK�GDWD�VXJJHVWHG�

WKDW�3��FRQFKRQLXV�DQG�7��IDVFLDWD�ZHUH�KHUELYRUHV��ZKLOH�1��QDQGXV�DQG�*��JLXULV�ZHUH�RPQLYRUH�DQG�FDUQLYRUH��

UHVSHFWLYHO\��*D�6,� YDULHG� LQ� DOO� WKH� VSHFLHV� �������� ����� WR� ������������� DQG� WKH� UHVXOW� LQGLFDWHG�JRRG�RU�KLJK�

IHHGLQJ� LQWHQVLW\� LQ� DOO� WKH� VSHFLHV�� 7KH� KLJKHVW� DP\ODVH� DQG� OLSDVH� DFWLYLW\� ZDV� REVHUYHG� LQ�7�� IDVFLDWD�� DQG�

VLJQLILFDQWO\�ORZHU�DFWLYLW\�ZDV�UHFRUGHG�LQ�*��JLXULV�DQG�1��QDQGXV��UHVSHFWLYHO\��3HSVLQ�ZDV�IRXQG�WR�EH�KLJKHVW�

LQ�1�� QDQGXV�ZKLOH WRWDO� SURWHDVH� ZDV� JUHDWHVW� LQ� 3�� FRQFKRQLXV�� 3ODVWLFLW\� LQ WKH� IRRG� LQWDNH� LQ� WKH� QDWXUDO�

HQYLURQPHQW�VHHPV�WR�LQIOXHQFH�WKH�HQ]\PH�DFWLYLWLHV��7KH�SUHVHQW�VWXG\�KDV�HVWDEOLVKHG�YLWDO�LQIRUPDWLRQ�RQ�WKH�

GLJHVWLYH� HQ]\PH� SURSHUWLHV� DQG� IHHGLQJ� QDWXUH� RI� WKH� IRXU� 6,)V� ZKLFK�PD\� EH� XVHIXO� LQ� WKH� GHYHORSPHQW� RI�

VXLWDEOH�IHHG�IRU�WKHLU�PDVV�SURGXFWLRQ�IRU�WKHLU�VXFFHVVIXO�FXOWXUH��

&RUUHVSRQGLQJ�$XWKRU��%URQVRQ�.XPDU�.KDQJHPEDP��NEURQVRQ���#JPDLO�FRP

-RXUQDO�RI�%LRGLYHUVLW\�DQG�(QYLURQPHQWDO�6FLHQFHV��-%(6�
,661�������������3ULQW�������������2QOLQH��

9RO������1R�����S��������������
KWWS���ZZZ�LQQVSXE�QHW�
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(IIHFW�RI�SDUWLDO�UHSODFHPHQW�RI�)LVK�PHDO�E\�/HPQD�PLQRU�RQ�

WKH�JURZWK�DQG�LPPXQH�UHVSRQVH�RI�+HWHURSQHXVWHV�IRVVLOLV

6DQUDMD�0XFKDKDU\��%LFKLWUD�1DU]DU\��%URQVRQ�.XPDU�.KDQJHPEDP

'HSDUWPHQW�RI�=RRORJ\��%RGRODQG�8QLYHUVLW\��.RNUDMKDU��$VVDP��,QGLD

.H\�ZRUGV� +HWHURSQHXVWHV�IRVVLOLV��/HPQD�PLQRU��*URZWK��,PPXQH�UHVSRQVH

KWWS���G[�GRL�RUJ����������LME����������� $UWLFOH�SXEOLVKHG�RQ�)HEUXDU\���������

$EVWUDFW

$TXDFXOWXUH�UHVHDUFK�LQ�UHFHQW�WLPHV�KDV�EHHQ�IRFXVHG�RQ�ILQGLQJ�PRUH�DIIRUGDEOH�VRXUFHV�RI�SODQW�SURWHLQ�IRU�

LQFOXVLRQ� LQ� WKH� ILVK� GLHW��/HPQD�PLQRU� LV� D�ZLGHO\� UHSRUWHG� DOWHUQDWLYH� SURWHLQ� VRXUFH� LQ� ILVK� IHHG� EXW� LWV�

HIIHFW� RQ� WKH� LPPXQH� V\VWHP� RI� ILVK� HVSHFLDOO\� FDWILVK� LV� QRW� \HW� IXOO\� XQGHUVWRRG�� 7KLV� VWXG\�� WKHUHIRUH��

HYDOXDWHG�WKH�HIIHFW�RI�GLHWDU\�LQFOXVLRQ�RI�/��PLQRU�RQ�WKH�JURZWK��LPPXQH�UHVSRQVH�DQG�FDWDODVH�DFWLYLW\�RI�

+HWHURSQHXVWHV�IRVVLOLV��7KH�IU\�RI�+��IRVVLOLV�ZDV�IHG�ILYH�LVR�QLWURJHQRXV�GLHWV�FRQWDLQLQJ�JUDGHG�SHUFHQWDJH�

LQFOXVLRQ�OHYHOV�RI�/��PLQRU�DV�����&RQWURO�������7���������7���������7���DQG������7���IRU����GD\V��7KH�ILQDO�

ZHLJKW��ERG\�PDVV�JDLQ�DQG�VSHFLILF�JURZWK�UDWH�ZHUH�VLJQLILFDQWO\�KLJKHU� LQ�7��GLHW�IHG� ILVK�WKDQ� LQ�RWKHUV��

7KH� IHHG� FRQYHUVLRQ� UDWLR� ZDV� ORZHVW� LQ� WKH� 7�� JURXS�� 7RWDO� PXVFOH� SURWHLQ�� PXFXV� SURWHLQ� DQG� WRWDO�

LPPXQRJOREXOLQ� FRQWHQW� GLG� QRW� GLIIHU� VLJQLILFDQWO\� EHWZHHQ� WKH� FRQWURO� JURXS� DQG� SODQW�IHG� ILVK�� 7KH�

O\VR]\PH� DQG� DONDOLQH� SKRVSKDWDVH� DFWLYLW\� ZDV� VLJQLILFDQWO\� KLJKHU� LQ� 7��� $QWLR[LGDQW� HQ]\PH� FDWDODVH

DFWLYLW\�GLG�QRW�GLIIHU�VLJQLILFDQWO\�LQ�DOO�WKH�WUHDWPHQWV��7KLV�VWXG\�VKRZV�WKDW�/��PLQRU�FDQ�EH�LQFRUSRUDWHG�

XS�WR�����LQ�WKH�IHHG�RI�+��IRVVLOLV�ZLWKRXW�D�QHJDWLYH�HIIHFW�RQ�LWV�JURZWK�DQG�LPPXQH�UHVSRQVH�RI�+��IRVVLOLV��

/��PLQRU�PD\�EH�D�SRWHQWLDO�SURWHLQ�VRXUFH�LQ�ILVK�IHHG�IRU�VXVWDLQDEOH�DTXDFXOWXUH��

�&RUUHVSRQGLQJ�$XWKRU��%URQVRQ�.XPDU�.KDQJHPEDP� NEURQVRQ���#JPDLO�FRP

,QWHUQDWLRQDO�-RXUQDO�RI�%LRVFLHQFHV�_�,-%�_
,661�������������3ULQW�������������2QOLQH��
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