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3HULSK\WRQ�FRQVLVWV�RI�EHQWKLF�DOJDH�WKDW�JURZ�DWWDFKHG�WR�VXUIDFHV�RI�URFNV�RU�ODUJHU�SODQWV��7KH�DLP�RI�WKH�VWXG\
ZDV�WR�LQYHVWLJDWH�WKH�SHULSK\WRQ�RI�WKH�6LWQLFD�5LYHU�EHWZHHQ�.X]PLQ�DQG�/XPqPDGKq��.RVRYR���$OWRJHWKHU�����DO�
JDO�WD[D�ZHUH�GHWHUPLQHG��7KH�GRPLQDWLQJ�JURXS�FRQVLVWV�RI�GLDWRPV��%DFLOODULRSK\WD���$FFRUGLQJ�WR�ELRLQGLFDWRUV�LQ
6LWQLFD�ZDWHU��WKH�H[DPLQHG�SDUWV�FRXOG�EH�FODVVLILHG�LQWR�TXDOLW\�FDWHJRULHV�,,,���,,�DQG�,,,��WKH\�EHORQJ�WR�WKH�DOSKD��
EHWD�PHVRVDSURELF�DQG�DOSKD�PHVRVDSURELF�OHYHOV�

.H\�ZRUGV��6LWQLFD�5LYHU��SHULSK\WRQ��DOJDH��%DFLOODULRSK\WD��ZDWHU�VDSURELFLW\
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,O�SHULILWRQ�o�FRPSRVWR�GD�DOJKH�EHQWRQLFKH�FKH�FUHVFRQR�DWWDFFDWH�D�VXEVWUDWL�URFFLRVL�R�SLDQWH�SL|�JUDQGL��6FRSR
GHOOR�VWXGLR�HUD�TXHOOR�GL�VWXGLDUH�LO�SHULILWRQ�GHO�ILXPH�6LWQLFD�IUD�OH�ORFDOLWi�GL�.X]PLQ�H�/XPqPDGKq��.RVRYR���6RQR
VWDWL�GHWHUPLQDWL����WD[D��IUD�L�TXDOL�GRPLQDYDQR�OH�GLDWRPHH��%DFLOODULRSK\WD���,Q�EDVH�DL�ELRLQGLFDWRUL�QHO�ILXPH�6LW�
QLFD��L�VLWL�FDPSLRQDWL�SRVVRQR�YHQLU�FODVVLILFDWL�FRPH�FDWHJRULH�GL�TXDOLWi�,,,���,,�H�,,,��LO�FKH�VLJQLILFD�FKH�DSSDUWHQ�
JRQR�DL�OLYHOOL�DOID�EHWD�PHVRVDSURELFL�HG�DOID�PHVRVDSURELFL�

3DUROH�FKLDYH��ILXPH�6LWQLFD��SHULILWRQ��DOJKH��%DFLOODULRSK\WD��VDSURELD�GHOO
DFTXD
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3HULSK\WRQ�LV�WKH�PL[WXUH�RI�DOJDH��EDFWHULD�DQG�IXQJL
WKDW�JURZV�RQ�URFNV��VQDJV��PDFURSK\WHV�DQG�PDQ�PDGH
VWUXFWXUHV�LQ�VWUHDPV��5XWKHUIRUG�	�&XGG\���������,W�LV�DQ
LPSRUWDQW� IRRG� VRXUFH�DW� WKH�EDVH�RI� WKH� IRRG�ZHE� DQG
PDNHV� D� SRVLWLYH� FRQWULEXWLRQ� WR� WKH� HFRV\VWHP� KHDOWK�
+RZHYHU�� LW� FDQ� DGYHUVHO\� DIIHFW� DHVWKHWLFV� DQG� HFRV\V�
WHP�KHDOWK� LI� LWV�ELRPDVV� LV�H[FHVVLYH�DQG�RU� LWV�PHWDER�
OLVP�FDXVHV�YHU\�ODUJH�GLXUQDO�IOXFWXDWLRQV�RI�S+�DQG�GLV�
VROYHG� R[\JHQ� FRQFHQWUDWLRQ� �5XWKHUIRUG� 	� &XGG\�
������

$TXDWLF� RUJDQLVPV� FDQ� VHUYH� DV� LQGLFDWRUV� RI� WKH
SURSHUWLHV�RI�WKH�VXUURXQGLQJ�HQYLURQPHQW��7KH\�DUH�DS�
SOLHG�PDLQO\�LQ�WKH�ILHOG�RI�ZDWHU�TXDOLW\�DQG�LQ�LWV�FHQ�
WUDO�SDUW� VDSURELW\� �6ODGHFNRYD�	�6ODGHFHN��������� 6DS�
URELW\�GHVFULEHV�WKH�HIIHFWV�RI� WKH�FRQWHQW�RI�SXWUHVFLEOH
RUJDQLF� PDWWHU� XQGHUJRLQJ� PLFURELDO� GHFRPSRVLWLRQ�
7KH� FRPPRQ� SURFHVVHV� RI� HXWURSKLFDWLRQ�� SROOXWLRQ�
GHJUDGDWLRQ�DQG�VHOISXULILFDWLRQ�FDQ�EH�GDPDJHG�RU�GH�
VWUR\HG�E\� WR[LF�� UDGLRFKHPLFDO�DQG�VRPH�SK\VLFDO� IDF�
WRUV� LQWHUIHULQJ�ZLWK� VDSURELW\�� %LRORJLFDO� LQGLFDWRUV� HQ�
DEOH�XV� WR�GLVWLQJXLVK� LQGLYLGXDO� VDSURELF� OHYHOV� E\�PL�
FURVFRSLFDO�DQDO\VLV��6ODGHFNRYD�	�6ODGHFHN��������

7KH� 6LWQLFD� 5LYHU� IORZV� WKURXJK� .DVWULRW� �2ELOLF��
ZKHUH� WKHUPR� SRZHU� SODQWV� DUH� ORFDWHG�� 6LWQLFD� LV� WKH
PDLQ�FROOHFWRU� IRU�SROOXWLRQ��GHULYHG� IURP� WKH� �.RVRYD�
SRZHU� SODQW�� WKH� WRZQ� RI� .DVWULRW�� DQG� IURP� VRPH� YLO�
ODJHV�VLWXDWHG�DORQJ�RU�QHDU�WKH�6LWQLFD�5LYHU��6XVSHQGHG
FUXPEV� OLNH� FDUERQLF� GXVW�� ZKLFK� LV� UHOHDVHG� IURP
�.RVRYD��SRZHU�SODQW��VLOW�XS�WKH�ERWWRP�RI�WKH�ULYHU�DQG
FDXVHV� WUDQVIRUPDWLRQ� QRW� RQO\� LQ� WKH� VWUXFWXUH� RI� VXE�
VWUDWH�EXW�DOVR�LQ�WKH�ELRFHQRVLV�

7KH�DLP�RI�WKLV�LQYHVWLJDWLRQ�ZDV�WR�DQDO\]H�WKH�SHUL�
SK\WRQ� �SK\WREHQWKRV�� LQ� WKH� 6LWQLFD� 5LYHU� LQ� RUGHU� WR
GHWHUPLQH�WKH�OHYHO�RI�RUJDQLF�SROOXWLRQ�LQ�LW��ZKLFK�GH�
YHORSV� XQGHU� WKH� LQIOXHQFH� RI� VSHFLILF� HQYLURQPHQWDO
IDFWRUV�

0$7(5,$/�$1'�0(7+2'6

6WXG\�VLWH

7KH�6LWQLFD�5LYHU�LV�����NP�ORQJ��ZLWK�LWV�VRXUFH�OR�
FDWHG� QHDU� WKH� YLOODJH� RI� 9UDJROLD� �)LJ�� ���� 7KH� 6LWQLFD
MRLQV�WKH�,EUL�5LYHU�LQ�WKH�QRUWKHUQ�SDUW�RI�.RVRYR��6XP�
PHUV� DUH� ZDUP� DQG� GU\�� ZKLOH� ZLQWHUV� DUH� FROG� DQG
UDLQ\��$QQXDO� DYHUDJH�DLU� WHPSHUDWXUH� UHDFKHV� ����� �&�

)LJ�����7KH�PDS�RI�WKH�6LWQLFD�5LYHU�ZLWK�VDPSOLQJ�VWDWLRQV�
6O�����=HPOMHYLG�UHNH�6LWQLFH�]�Y]RUàLÉàL�
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$YHUDJH�WHPSHUDWXUH�GXULQJ�WKH�FROGHVW�PRQWK��-DQXDU\�
LV�����g&�DQG������g&�GXULQJ� WKH�ZDUPHVW�PRQWK� �-XO\��
7KH� KLJKHVW� UDLQIDOO� LV� UHFRUGHG� EHWZHHQ� 2FWREHU� DQG
0DUFK� �GDWD� IURP� WKH�0HWHRURORJLFDO� DQG�+\GURORJLFDO
6HUYLFH�RI� WKH�5HSXEOLF�RI�.RVRYD��� WKH� ORZHVW�EHWZHHQ
-XQH� DQG� $XJXVW�� 7KH� ZDWHU� OHYHO� RI� WKH� 6LWQLFD� 5LYHU
YDULHV�IURP�������FP�

6DPSOLQJ�ORFDOLWLHV�
����5LJKW�EDQN�RI�WKH�6LWQLFD�5LYHU�DIWHU�WKH�YLOODJH�RI

.X]PLQ��DKHDG�RI�WKH�IORZ�RI�HIIOXHQWV�IURP�WKH��.RVRYD
�SRZHU�SODQW�

�� �� 5LJKW� EDQN� RI� WKH� 6LWQLFD� 5LYHU�� GRZQVWUHDP� RI
WKH�LQIORZ�RI�WKH�HIIOXHQWV�IURP�WKH��.RVRYD��SRZHU�SODQW
DW�.DVWULRWL�

�� ��5LJKW�EDQN�RI� WKH�6LWQLFD�5LYHU�XQGHU� WKH�EULGJH
OHDGLQJ�WR�'REUR�6HOR�

����5LJKW�EDQN�RI�WKH�6LWQLFD�5LYHU�GRZQVWUHDP�RI�WKH
LQIORZ�RI�IHQROLF�ZDVWH�ZDWHUV�IURP�WKH��.RVRYD��SRZHU
SODQW�

����2SSRVLWH�WR�ORFDOLW\���
�� �� 5LJKW� EDQN� RI� WKH� 6LWQLFD� 5LYHU� DW� WKH� EULGJH

OHDGLQJ�WR�&UNYHQH�9RGLFH�
����5LJKW�EDQN�RI�WKH�6LWQLFD�5LYHU�QHDU�WKH�YLOODJH�RI

3ULOOX]K�
����5LJKW�EDQN�RI�WKH�6LWQLFD�5LYHU�GRZQVWUHDP�RI�WKH

YLOODJH� RI� /XPsPDGKs�� ���� P� DIWHU� MRLQLQJ� WKH� /ODS
5LYHU�

([SHULPHQWDO�SURFHGXUH

0DWHULDO� ZDV� REWDLQHG� E\� FROOHFWLQJ� VHGLPHQWV� DQG
VWRQHV�WDNHQ�IURP�WKH�ULYHU�ERWWRP��������FP�GHHSQHVV�
DW� ILYH� VWDWLRQV� EHWZHHQ� .X]PLQ� DQG� /XPsPDGKs�� 7KH
FROOHFWHG� PDWHULDO� ZDV� IL[HG� ZLWK� ��� IRUPDOGHK\GH�
3K\WRPLFUREHQWKRV� ZDV� H[DPLQHG� ZLWK� /HLFD� PLFUR�
VFRSH��'HWHUPLQDWLRQ�RI�DOJDH�SURWRFRO�IROORZHG�*HLWOHU
�������� *ROOHUEDK� HW� DO�� �������� =DEHOLQD� HW� DO�� ������
DQG�/D]DU���������7KH�VDSURELW\�OHYHOV�ZHUH�GHWHUPLQHG
E\�6ODGHFHN���������(YDOXDWLRQ�RI�VDSURELW\�ZDV�FDUULHG
RXW�RQ� WKH�EDVLV�RI� LQGLFDWRU� VSHFLHV� DQG� VWDQGDUG� SUR�
FHGXUH� RI� 3DQWOH� 	� %XFN� �������� .QRSS� �����������
DQG�.UDPPHU�	�/DQJH�%HUWDORW�������������

7KH�UHODWLYH�DEXQGDQFH�RI�SK\WRSODQNWRQ�ZDV�GHWHU�
PLQHG� DFFRUGLQJ� WR� WKH� PRGLILHG� VL[WK� GHJUHH� VFDOH
�.DZHFND��������

&OHDQLQJ�RI�GLDWRPV

&OHDQLQJ� RI� GLDWRP� IUXVWXOHV�� SUHSDUDWLRQ� RI� SHUPD�
QHQW�VOLGHV�DQG�GHWHUPLQDWLRQV�IROORZ�.UDPPHU�	/DQJH�
%HUWDORW��������������7KH�DQDO\]HG�ZDWHU�ZDV�SXW�LQWR�D
����PO�JODVV�EHDNHU�ZLWK����PO�RI�FRQFHQWUDWHG�+12��

7KH�EHDNHU�ZDV� SODFHG� RQ� D� KRWSODWH� DQG� KHDWHG� XQWLO
WKH�YROXPH�RI�OLTXLG�ZDV�UHGXFHG�WR�DERXW����PO��)URP
WLPH� WR� WLPH�� WKH�SDUWLFOHV�RI�.�&U�2��ZHUH�DGGHG��7KH

VDPSOHV�ZHUH� ILQDOO\� ULQVHG�ZLWK� WDS�ZDWHU��XQWLO� UHDFK�
LQJ���S+�

5(68/76�$1'�',6&866,21

7KH�JUHDWHVW�QXPEHUV�RI�DOJDO�WD[D�ZHUH�UHJLVWHUHG�DW
ORFDOLWLHV���DQG�������VSHFLHV�HDFK���7DE������/RFDOLW\���
ZKLFK�ZDV���NP�GRZQVWUHDP�RI�ORFDOLW\����ZDV�UHODWLYHO\
XQSROOXWHG�� HVSHFLDOO\� LQ� FRPSDULVRQ� ZLWK� ORFDOLW\� �
�ZKHUH�WR[LF�SKHQRO�ZDWHUV�DUH�UHOHDVHG���SHUKDSV�DV�WKH
UHVXOW�RI�KLJK�OHYHO�RI�ZDWHU�WKDW�GLOXWHG�WKH�ZDWHUV�ZLWK
KLJK� FRQFHQWUDWLRQ�RI� SKHQRO� IURP� WKH� �.RVRYD�� SRZHU
SODQW��:KHQ� WKH�ZDWHU� OHYHO�ZDV� ORZ�� WKH� LQIOXHQFH� RI
VHZDJH� ZLWK� SKHQRO� RQ� GHYHORSPHQW� RI� SK\WRPLFUR�
EHQWKRV�ZDV�QRWLFHG�PXFK� IXUWKHU�GRZQ� WKH� VWUHDP��DV
VKRZQ�E\�VRPH�HDUOLHU�LQYHVWLJDWLRQ��0DORVHMD�	�*HFDM�
�����������P�DERYH� ORFDOLW\���� WKH�/ODS�5LYHU� MRLQV� WKH
6LWQLFD�� ZKLFK� KHOSV� LQ� WKH� UHJHQHUDWLRQ� RI� HFRORJLFDO
FRQGLWLRQ� LQ� WKH� 6LWQLFD� 5LYHU� DQG� LPSURYHV� LWV� DOJDO
ULFKQHVV�

$W�ORFDOLWLHV���DQG����ORZ�QXPEHUV�RI�DOJDH�DQG�WKHLU
GHDG� FHOOV�ZHUH� SHUFHLYHG� �7DE�� ���� VLQFH� WKH� �.RVRYD�
SRZHU� SODQW� VSLOOV� WKH� HIIOXHQW� ZDWHUV� LQWR� WKH� 6LWQLFD
5LYHU� �0DFNHQWKXQ�� ������ %XUURXV�� ������ ,YRUD� HW� DO��
������0HJKDUDM�HW�DO���������

7KH�SK\WRPLFUREHQWKRV�FRQGLWLRQV�DW�ORFDOLW\���LQGL�
FDWH�ZHDNQHVV�RI�WR[LF�HIIHFW�RI�KLJK�DONDOLQH�ZDWHU��S+
����� ORGJHV� RI� DVK� DQG� IXUQDFH� DIWHU� ����P��:H� IRXQG
VRPH� GLDWRPV� WKDW� GRPLQDWH� QHDUO\� LQ� WKH� HQWLUH� SDUW�
SDUWLFXODUO\� WKH� IROORZLQJ� VSHFLHV�� 1DYLFXOD� YLULGXOD�
1DYLFXOD� H[LJXD�� 1LW]VFKLD� DFLFXODUL�� 1LW]VFKLD� SDOHD�
1LW]VFKLD�SDOHDFHD��1LW]VFKLD� WHUPLQDOLV�YDU��PLQRU�DQG
6XLUHOOD�RYDWD��7KHLU�RFFXUUHQFH�FRXOG�EH�H[SODLQHG�E\
RSWLPDO� OLJKW� UDWH� DQG� WHPSHUDWXUHV� RI� 6LWQLFD� ZDWHU� LQ
WKH�VXPPHU��ZKLFK�DUH�EHWZHHQ�������g&�DQG�UHSUHVHQW
DQ� RSWLPXP� IRU� WKH� JURZLQJ� DQG� GHYHORSPHQW� RI� WKLV
JURXS� RI� DOJDH� �:KLWIRUG�� ������ +DEGLMD�� ������ *ULQ�
������2NVLMXN��������0DORVHMD���������$W�QHDUO\�DOO� OR�
FDOLWLHV�� WKH�SUHVHQFH�RI� JUHHQ� IODJHOODWH�DOJD�RI� WKH�JH�
QXV�(XJOHQD�ZDV�QRWLFHG��ZKLFK�LV�D�VLJQ�RI�KLJK�RUJDQLF
ORDG�WKURXJK�WKH�HQWLUH�UHVHDUFK�DUHD�

7KH�XVH�RI�ELRLQGLFDWRU�VSHFLHV�LV�FRQVLGHUHG�WR�KDYH
DGYDQWDJHV� RYHU� LQWHUPLWWHQW� FKHPLFDO� DQDO\VHV�� DV� RU�
JDQLVPV� LQWHJUDWH� HQYLURQPHQWDO� LQIOXHQFHV�� 7KH� TXDOL�
WDWLYH�DQG�TXDQWLWDWLYH�FRPSRVLWLRQ�RI�ELRFHQRVLV�YDULHG
GHSHQGLQJ�RQ�RUJDQLF�SROOXWLRQ��WR[LF�VXEVWDQFH�DQG�OR�
FDWLRQV�

7KH�IDFW�LV�WKDW�LQ�WKH�H[DPLQHG�SDUW�RI�6LWQLFD��OLIH�LV
GHYHORSLQJ� XQGHU� WKH� LQIOXHQFH� RI� VSHFLILF� HFRORJLFDO
IDFWRUV��$FFRUGLQJ�WR�WKH�VDSURELRORJLFDO�DQDO\VLV�RQ�WKH
EDVLV�RI�LQGLFDWRU�VSHFLHV�RI��ORZHU�SODQWV�� LQ�SK\WREHQ�
WKRV�� WKH� UHVHDUFKHG�SDUW�RI� WKH�6LWQLFD� ULYHU�EHORQJV� WR
TXDOLW\�FODVVHV�,,,���,,��UHVSHFWLYHO\�DOSKDPHVRVDSURE�DQG
DOSKD���EHWD���PHVRSVDSURE��7DE�����
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7DE�����/LVW�RI�WKH�DOJDO�WD[D�GHWHUPLQHG�LQ�WKH�6LWQLFD�5LYHU�GXULQJ�WKH�VXPPHU�RI����������VSHFLHV�RI�F\DQREDFWH�
ULD�DQG�DOJDH�IURP�GLYLVLRQV�&\DQRSK\WD������(XJOHQRSK\WD�����DQG�%DFLOODULRSK\WD������DUH�OLVWHG�
/HJHQG��R���ROLJRVDSURELF�OHYHO������EHWD�PHVRVDSURELF�OHYHO��.���DOSKD�PHVRVDSURELF�OHYHO��S���SROLVDSURELF�OHYHO�
�������������������UHODWLYH�DEXQGDQFH��7KH�UHODWLYH�DEXQGDQFH�RI�WKH�SK\WRSODQNWRQ�KDV�EHHQ�GHWHUPLQHG�DFFRUGLQJ
WR�PRGLILHG�VL[WK�GHJUHH�VFDOH�E\�.DZHFND��������
7DE�����6H]QDP�WDNVRQRY�DOJ��XJRWRYOMHQLK�SROHWL������Y�UHNL�6LWQLFL� �.RVRYR������YUVW�FLDQREDNWHULM� LQ�DOJ� L]�RG�
GHONRY�FLDQRILWRY������HYJOHQRILWRY�����LQ�EDFLODULRILWRY������
/HJHQGD��R���ROLJRVDSUREQD�VWRSQMD������EHWD�PH]RVDSUREQD�VWRSQMD��.���DOSKD�PH]RVDSUREQD�VWRSQMD��S���SROLVDS�
UREQD�VWRSQMD���������������������UHODWLYQD�DEXQGDQFD��5HODWLYQD�JRVWRWD�ILWRSODQNWRQD�MH�ELOD�XJRWRYOMHQD�Y�VNODGX�]
PRGLILFLUDQR�OHVWYLFR�ÉHVWH�VWRSQMH��.DZHFND��������

/RFDOLW\
7D[D

6DSURELF
OHYHO � � � � � � � �

1R��VSHFLHV�SHU�ORFDOLW\ �� �� �� � �� �� �� ��
&\DQRSK\WD
2VFDLODWRULD�SXWULGD��6PLWK� S � � � � � � � �
%DFLOODULRSK\WD
&DORQHLV�DPSKLVEDHQD��&O�� ��. � � � � � � � �
&\PEHOD�DXVWULDFD��*UXQ� � � � � � � � � �
&��YHQWULFRVD��.�W]� � � � � � � � � �
&��DIILQLV��.�W]� R�� � � � � � � � �
&\PDWRSOXUD�VROHD��:��6PLWK� ��. � � � � � � � �
'LDWRPD�YXOJDUH��%RU\� � � � � � � � � �
'��HORQJDWXP�YDU��WHQXLV � � � � � � � � �
*\URVLJPD�DFXPLQDWXP��5DEHQ�� � � � � � � � � �
*��VFDOSURLGHV��&OHYH� � � � � � � � � �
*RPSKRQHPD�ROLYDFHXP��.XW]� � � � � � � � � �
+DQW]VFKLD�DPSKLR[LV��*UXQ� . � � � � � � � �
1DYLFXOD�JUDFLOLV��(KU� ��R � � � � � � � �
1��FU\SWRFHSKDOD��.�W]� . � � � � � � � �
1��H[LJXD��0XOOHU� � � � � � � � � �
1��UDGLRVD��.�W]� R�� � � � � � � � �
1��UK\QFKRFHSKDOD��.�W]� . � � � � � � � �
1��YLULGXOD��.�W]� . � � � � � � � �
1LW]VFKLD�DFLFXODULV��:��6PLWK� . � � � � � � �
1��JUDFLOLV��+DW]VFK� � � � � � � � � �
1��KXQJDULFD��*UXQ� . � � � � � � � �
1��SDOHD��:��6PLWK� . � � � � � � � �
1��SDOHDFHD��*UXQ� � � � � � � � � �
1��UHFWD��+DW]VFK� ��. � � � � � � � �
1��VWDJQRUXP��5DEHQ� � � � � � � � � �
1��VLJPRLGHD��:��6PLWK� � � � � � � � � �
1��WHUPDOLV�YDU�PLQRU��+DVOH� � � � � � � � � �
1��YHUPLFXODULV��*UXQ� � � � � � � � � �
3LQQXODULD�PLFURVWDXURQ�YDU�
EUHELVVRQL��.�W]�

� � � � � � � � �

5RLFKRVSKDHQLD�FXUYDWD��*U� � � � � � � � � �
6WDXURQHLV�DQFHSV��(KU�� � � � � � � � � �
6��VPLWKL��*UXQRZ� � � � � � � � �
6\QHGUD�XOQD��+HU� � � � � � � � � �
6XULUHOOD�RYDWD��.�W]� � � � � � � � � �
6��OLQHDULV��:��6PLWK� � � � � � � � �
(XJOHQRSK\WD
(XJOHQD�YLULGLV��(KU� ��S � � � � � � �
(��VDQJXLQHD��(KU� � � � � � � � � �
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7DE�����7KH�HYDOXDWLRQ�RI�WKH�VDSURELW\�RI�6LWQLFD�ZDWHUV��7KH�VDSURELF�LQGH[�DQG�VDSURELF�OHYHO�DUH�DFFRUGLQJ�WR
WKH�3DQWOH�%XFN�FULWHULD��3DQWOH�	�%XFN��������
7DE�����2FHQMHYDQMH�VDSUREQRVWL�YRGH�Y�UHNL�6LWQLFL��6DSUREQL�LQGHNV�LQ�VDSUREQD�VWRSQMD�VWD�Y�VNODGX�V�NULWHULML�3DQ�
WOH�%XFN��3DQWOH�	�%XFN��������

/RFDOLW\
3DUDPHWHU

� � � � � � � �

6DSURELF�LQGH[ ���� ���� ���� ���� ���� ����
6DSURELF�OHYHO D�E D D D�E D D�E

4XDOLW\�FODVV ,,,�,, ,,, ,,, ,,,�,, ,,, ,,,�,,

7KH� ORZ� TXDOLW\� FODVVHV� VWDWHG� RQ� WKH� EDVLV� RI� DO�
JRORJLFDO� DQDO\VHV� FRUUHVSRQG� WR� FODVV� ,9� FODVV� GHWHU�
PLQHG�E\�EDFWHULRORJLFDO�DQG�K\GURFKHPLFDO�SDUDPHWHUV
IRU�WKH�VDPH�SDUW�RI�6LWQLFD��3ODNROOL�HW�DO���������

$TXDWLF� FRPPXQLWLHV�� ERWK� SODQW� DQG� DQLPDO�� LQWH�
JUDWH� DQG� UHIOHFW� WKH� HIIHFWV� RI� FKHPLFDO� DQG� SK\VLFDO
GLVWXUEDQFHV�RFFXUULQJ�RYHU�H[WHQGHG�SHULRGV�RI�WLPH�

&21&/86,21

,Q� WKH� UHVHDUFKHG�SDUW� RI� WKH� 6LWQLFD�5LYHU�� ��� DOJDO
WD[D�ZHUH�GHWHUPLQHG��7KH�KLJKHVW�QXPEHU�RI� WD[D�ZDV
IRXQG�DW�ORFDOLWLHV���DQG�������VSHFLHV�HDFK���7KH�GRPL�
QDWLQJ�JURXS�FRQVLVWV�RI�GLDWRPV��%DFLOODULRSK\WD���%DVHG
RQ�WKH�SUHVHQFH�RI�VSHFLHV�DV�VDSURELRORJLF�ELRLQGLFDWRU
DQG� VDSURELF� OHYHO�� WKH� UHVHDUFKHG� SDUW� RI� WKH� 6LWQLFD
5LYHU� FRXOG� EH� FODVVLILHG� LQWR� TXDOLW\� FDWHJRULHV� ,,,� �� ,,
DQG�,,,�

3(5,),7216.,�%,2,1',.$725-,�9�5(.,�6,71,&,��.26292�

.HPDMO�.857(6+,��,GUL]�9(+$3,��$EGXOOD�*(&$-�	�)DGLO�0,//$.8
'HSDUWPHQW�RI�%LRORJ\��)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFH��8QLYHUVLW\�RI�3ULVKWLQD��������3ULVKWLQD��.RVRYR

(�PDLO��NHPDMOBNXUWHVKL#\DKRR�FRP

0XKDUUHP�,60$-/,
,QVWLWXWH�RI�0LFURELRORJ\��9LIRU��,QWHUQDWLRQDO��,QF��������6W��*DOHQ��6ZLW]HUODQG

6XOOWDQ�$0,7,
'HSDUWPHQW�RI�(GXFDWLRQ�DQG�6FLHQFH��0XQLFLSDOLW\�RI�*RVWLYDU�������*RVWLYDU��5HSXEOLF�RI�0DFHGRQLD

329=(7(.

3HULILWRQ�VHVWRML�L]�EHQWRÈNLK�DOJ��NL�SRUDÈßDMR�NDPQH��VNDOH�LQ�YHßMH�UDVWOLQH��*ODYQL�QDPHQ�SULßXMRßH�ÈWXGLMH�MH�ELO
SUHXßLWL� SHULILWRQ� UHNH� 6LWQLFH�PHG� NUDMHPD� .X]PLQ� LQ� /XPqPDGKq� �.RVRYR��� 6NXSDM� MH� ELOR� XJRWRYOMHQLK� ��� WDN�
VRQRY��3UHYODGXMRßR�VNXSLQR�VR�REOLNRYDOH�NUHPHQDVWH�DOJH��%DFLOODULRSK\WD���*OHGH�QD�ELRLQGLNDWRUMH�Y�UHNL�6LWQLFL
ODKNR� QMHQH� SUHJOHGDQH� GHOH� YNOMXßLPR� Y� NDNRYRVWQH� UD]UHGH� ,,,� �� ,,� LQ� ,,,�� NDU� SRPHQL�� GD� SULSDGDMR� DOID�EHWD�
PH]RVDSUREQLP�LQ�DOID�PH]RVDSUREQLP�VWRSQMDP�

.OMXÞQH�EHVHGH��UHND�6LWQLFD��SHULILWRQ��DOJH��%DFLOODULRSK\WD��VDSUREQRVW�YRGH
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5()(5(1&(

%XUURXV��(��0����������$VVHVVPHQW�RI�SROOXWLRQ�HIIHFWV�E\
WKH�XVH�RI�DOJDH��3URF��5��6RF��/RQG��%���������������
*HLWOHU�� /�� �������� &\DQRSK\FHDH�� ,Q�� 5DEHQKRUVW�� /�
�HG����.U\SWRJDPHQ���)ORUD��$NDGHPLVFKH�9HUODJVJHVHOO�
VFKDIW��/HLS]LJ�������S�
*ROOHUEDK�� 0�� 0��� (�� .�� .RVLQVNDM� 	� 9�� ,�� 3ROMDQVNL
��������6LQH]HOHQLH�YRGRURVOL��8��*ROOHUEDK��0��0��	�9�
,��3ROMDQVNLL��HGV����2SUHGHOLWHO�3UHVQRYRGQLK�9RGRURVOHL
6665�����*RVXGDUVWYHQRH�,]GDWHOVWYR��6RYHWVNDMD�QDXND��
0RVNYD������VWU�
*ULQ�� 9�� *�� �������� 'RQMD� DOJRIORUD� YRGHPRY� �RKOD�
GLWHOHL� JUHV� 8NUDLQL�� *LGURKLPLMD� JLGURELRORJLMDYRGH�
PRY�� RKODGLWHOHL� HOHNWURVWDQLFL� 6665�� ,]G�� 1XDNRYD
GXPND��.LHY����������VWU�
+DEGLMD�� ,�� ��������2GQRV� L]PHâX�VWXSQMD� VDSURELWHWD� L
HNRORÊNLK�IDNWRUD�X�JRUVNLP�SRWRFLPD�9HOLNL�0DUNRYDF�L
9HOLNL�3RWRN��(NRORJLMD����������������
,YRUD��1���6��%UHPHU��+��*XDVFK��6��+��0��.UDDN�	�:�
$GPLUDDO���������'LIIHUHQFHV�LQ�WKH�VHQVLWLYLW\�RI�EHQWKLF
PLFURDOJDH�WR�=Q�DQG�&G�UHJDUGLQJ�ELRILOP�GHYHORSPHQW
DQG� H[SRVXUH� KLVWRU\�� (QYLURQ�� 7R[LFRO�� &KHP��� ������
����������
.DZHFND�� %�� �������� 6HVVLOH� DOJDH� LQ� (XURSHDQ� PRXQ�
WDLQVWUHDPV���7KH� HFRORJLFDO� FKDUDFWHULVWLFV� RI� FRPPX�
QLWLHV��$FWD�+\GURELRO������������������
.QRSS��+���������������(LQ�QHXHU�:HJ�]XU�'DUVWHOOXQJ
ELRORJLVFKHU� *HZDVVHUXQWHU�VXFKXQJHQ�HUODXWHUW� DQ
HLQHP�*XHODQJVVFKQLWW�GHV�0DLQV��'LH�:DVVHUZLUWVFKDIW�
���������
.UDPPHU�� .��	�+�� /DQJH� %HUWDORW� ������������� %DFLO�
ODULRSK\FHDH�� ����� 6�VVZDVVHUIORUD� YRQ� 0LWWHOHXURSD�
*XVWDY�)LVFKHU�9HUODJ��6WXWWJDUW��1HZ�<RUN�
/D]DU�� -�� �������� $OJH� 6ORYHQLMH�� VH]QDP� VODGNRYRGQLK
YUVW�LQ�NOMXá�]D�GRORáDQMH��6ORYHQVND�DNDGHPLMD�]QDQRVWL
LQ�XPHWQRVWL��/MXEOMDQD������VWU�

0DFNHQWKXQ��.��0����������%LRORJLFDO�HIIHFW�RI�LQGXVWULDO
SROOXWLRQ�� 3URFHHGLQJV� $QQXDO� &RQIHUHQFH�� 2FWREHU
������-RXUQDO�RI�:LOGOLIH�'LVHDVHV�������������
0DORVHMD�� =�� �������� /DERUDWRULMVND� LVSLWLYDQMD� XWMHFDMD
WHPSHUDWXUH�6DYVNH�YRGH�QD�UD]YRM�QLÌLK�ELOMDND�X�SHUL�
ILWRQX�� ,,��NRQJUHV�HNRORJD� -XJRVODYLMH��=ERUQLN� UHIHUDWD�
=DJUHE��NQMLJD�,,���VWU����������
0DORVHMD�� =��	�$��*HFDM� �������� $OJRORJLFDO� ,QYHVWLJD�
WLRQV� RI� WKH� ULYHU� 6LWQLFD� IURP� .X]PLQ� WR� 9HOLND� 5HND�
$FWD�%LRO��0HG��([S������������
0HJKDUDM��0���/��+��%RXO�	�+��-��7KLHOH���������(IIHFW�RI
''7� DQG� LWV� PHWDEROLWHV� RQ� VRLO� DOJDH� DQG� HQ]\PDWLF
DFWLYLW\��%LRPHG��/LIH�6FL������������������
2NVLMXN��2��3�� ��������9RGRUVOL�NDQDORY�PLUD��1DXNRYD
GXPND��.LMHY�
3DQWOH�� 5�� 	� +�� %XFN� �������� 'LH� ELRORJLVFKH� 8EHU�
ZDFKXQJ� GHU� *HZDVVHU� XQG� GLH� 'DUVWHOOXQJ� GHU� (U�
JHQLVVH�*DV�XQG�:DVVVHUIDFK����������S�
3ODNROOL�� 0��� $�� *HFDM�� )�� .RND� 	� 2�� 3DSRYLF� �������
%DFWHULRORJLFDO� DQG� K\GURFKHPLFDO� VWXGLHV� RI� 6LWQLFD
5LYHU� IURP� 8URVHYDF� WR� 7LWRYD� 0LWURYLFD� WRZQ�� $FWD�
%LRO��0HG��([S����������������
5XWKHUIRUG��-��&��	�6��0��&XGG\���������0RGHOOLQJ�SHUL�
SK\WRQ�ELRPDVV�� SKRWRV\QWKHVLV� DQG� UHVSLUDWLRQ� LQ� VWUH�
DPV�� &6,52� /DQG� DQG�:DWHU� 7HFKQLFDO� 5HSRUW� ������
&DQEHUUD��'HFHPEHU����������S�
6ODGHFHN�� 9�� �������� 6\VWHP� RI� ZDWHU� TXDOLW\� IURP� WKH
ELRORJLFDO� SRLQW� RI� YLHZ�� $UFK�� +\GURELRO�� (UJHQEQLVVH
/LPQRO������������
6ODGHFNRYD�� $�� 	� 9�� 6ODGHFHN� �������� %LRLGLFDWLRQ
ZLWKLQ�WKH�DTXDWLF�HQYLURQPHQW��$FWD�8QLYHUVLWDWLV�&DUR�
OLQDH�(QYLURQPHQWDOLFD����������
:KLWIRUG��/����������1RWHV�RQ�WKH�HFRORJ\�RI�VRPH�VSH�
FLHV�RI�IUHVK�ZDWHU�DOJDH��+\GURELRO��������������������
=DEHOLQD��0��0���,��$��.LHVHOHY��$��,��3URVNLQD�/DYUHQNR
	�9��6��6KHVKXNRYD��������� ,QYHQWRU\�RI�)UHVKZDWHU�$O�
JDH�RI�WKH�8665��9RO�����'LDWRPV��6RY��1DXND��0RVFRZ�
����S���LQ�5XVVLDQ�


