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6XOOWDQ�$0,7,
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0XKDUUHP�,60$-/,
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$UEHQ�+$=,5,
'HSDUWPHQW�RI�&KHPLVWU\��)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFH��8QLYHUVLW\�RI�3ULVKWLQD��������3ULVKWLQD��.RVRYR

'LODYHU�6$/,+8
'HSDUWPHQW�RI�)RRG�(QJLQHHULQJ��8QLYHUVLW\�RI�3ULVKWLQD��������3ULVKWLQD��.RVRYR
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,Q�VSULQJ�������ZH�LQYHVWLJDWHG�GLDWRP�WD[D��%DFLOODULRSK\WD��DW���VDPSOLQJ�VWDWLRQV�RQ�WKH�/ODS�5LYHU�LQ�.RVRYD�
7KH�VDSURELF� LQGH[�ZDV�FDOFXODWHG�RQ� WKH�EDVLV�RI�PLFURVFRSLF�DQDO\VLV�RI�GLDWRP�FRPPXQLWLHV� WR�HYDOXDWH�ZDWHU
TXDOLW\�LQ�WKH�/ODS�����VSHFLHV�RI�GLDWRP�DOJDH�ZHUH�GHWHUPLQHG��$FFRUGLQJ�WR�WKH�SUHVHQFH�RI�LQGLFDWRU�VSHFLHV��/ODS
ZDWHU�FRXOG�EH�FODVVLILHG�LQWR�FDWHJRU\�,,�FODVV��EHWD�PHVRVDSURELF�OHYHO��

.H\�ZRUGV��/ODS�5LYHU��GLDWRPV��VDSURELW\
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6,17(6,

1HOOD�SULPDYHUD�GHO������JOL�DXWRUL�KDQQR�VWXGLDWR� L� WD[D�GL�GLDWRPHH� �%DFLOODULRSK\WD�� LQ��� VWD]LRQL�GL�FDPSL�
RQDPHQWR�VXO� ILXPH�/ODS� LQ�.RVRYR��/¢LQGLFH�VDSURELFR�o�VWDWR�FDOFRODWR� LQ�EDVH�DOO¢DQDOLVL�PLFURVFRSLFD�GHOOH�FR�
PXQLWi�GL�GLDWRPHH�DO�ILQH�GL�YDOXWDUH�OD�TXDOLWi�GHOO¢DFTXD�GHO�ILXPH�/ODS��6RQR�VWDWH�GHWHUPLQDWH����VSHFLH�GL�GLD�
WRPHH��,Q�EDVH�DOOD�SUHVHQ]D�GL�VSHFLH�LQGLFDWULFL�� O¢DFTXD�GHO� ILXPH�/ODS�SXw�YHQLUH�FODVVLILFDWD�FRPH�FDWHJRULD�GL
TXDOLWi�,,��OLYHOOR�EHWD�PHVRVDSURELFR��

3DUROH�FKLDYH��ILXPH�/ODS��GLDWRPHH��VDSURELD
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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\�� ������
$TXDWLF�RUJDQLVPV�FDQ�VHUYH�DV�LQGLFDWRUV�RI�WKH�SURSHU�
WLHV� RI� WKH� VXUURXQGLQJ� HQYLURQPHQW�� 7KH\� DUH� DSSOLHG
PDLQO\�LQ�WKH�ILHOG�RI�ZDWHU�TXDOLW\�DQG�LQ�LWV�FHQWUDO�SDUW
VDSURELW\� �6ODGHFNRYD�	�6ODGHFHN���������6DSURELW\�GH�
VFULEHV� WKH�HIIHFWV�RI� WKH� FRQWHQW� RI� SXWUHVFLEOH� RUJDQLF
PDWWHU� XQGHUJRLQJ�PLFURELDO� GHFRPSRVLWLRQ�� 7KH� FRP�
PRQ�SURFHVVHV�RI�HXWURSKLFDWLRQ��SROOXWLRQ��GHJUDGDWLRQ
DQG� VHOISXULILFDWLRQ� FDQ� EH� GDPDJHG� RU� GHVWUR\HG� E\
WR[LF��UDGLRFKHPLFDO�DQG�VRPH�SK\VLFDO� IDFWRUV� LQWHUIHU�
LQJ� ZLWK� VDSURELW\�� %LRORJLFDO� LQGLFDWRUV� HQDEOH� XV� WR
GLVWLQJXLVK� LQGLYLGXDO� VDSURELF� OHYHOV� E\� PLFURVFRSLFDO
DQDO\VLV��6ODGHFNRYD�	�6ODGHFHN���������'LDWRPV��D�SUH�
GRPLQDQW�FRPSRQHQW�RI�WKH�SHULSK\WRQ��KDYH�ORQJ�EHHQ
XVHG�DV�ELRORJLFDO�LQGLFDWRUV�IRU�PRQLWRULQJ�VXUIDFH�ZD�
WHU�TXDOLW\��:KLWWRQ�	�5RWW��������

7KH� DLP� RI� WKH� VWXG\�ZDV� WR� LQYHVWLJDWH� WKH� GLDWRP
FRPPXQLW\� FRPSRVLWLRQ� LQ� WKH� XSVWUHDP� RI� WKH� ULYHU
/ODS�WR�WKH�WRZQ�RI�%HVLDQD��H[�3RGXMHYD���DV�ZHOO�DV�WR
GHPRQVWUDWH� WKH� LQIOXHQFH�RI� SROOXWLRQ�RQ� WKH�YDULDWLRQ

RI� GLDWRP�FRPPXQLW\��&RPSRVLWLRQ� RI� GLDWRP� FRPPX�
QLWLHV�ZDV� DVVHVVHG� E\� VWXG\LQJ� WKHLU� GHQVLW\� DQG� WD[R�
QRPLF�FRPSRVLWLRQ�

3HULSK\WRQ� GLDWRP� FRPPXQLWLHV� DUH� LPSRUWDQW� SUL�
PDU\�SURGXFHUV�LQ�ULYHUV��VWUHDPV�DQG�ODNHV��ZKHUH�WKHLU
FKDUDFWHULVWLFV� DUH� LQIOXHQFHG� E\� VHYHUDO� HQYLURQPHQWDO
IDFWRUV�

0$7(5,$/�$1'�0(7+2'6

6WXG\�VLWH

7KH� /ODS� 5LYHU� LV� ����� NP� ORQJ�� ZLWK� LWV� VRXUFH� OR�
FDWHG�QHDU�WKH�YLOODJH�RI�%HOODVLF��7KH�/ODS�MRLQV�WKH�6LW�
QLFD�5LYHU�LQ�WKH�FHQWUDO�SDUW�RI�.RVRYR��7HPSHUDWXUH�UH�
JLPH�RI�WKH�LQYHVWLJDWHG�ULYHU�ZDWHU�GHSHQGV�XSRQ�PHWH�
RURORJLFDO� FRQGLWLRQV� DQG� VHDVRQ�� ,WV� PD[LPXP� WHP�
SHUDWXUH� RI� ����� g&� ZDV� UHDFKHG� GXULQJ� WKH� VXPPHU�
ZKLOH� LWV� ORZHVW� WHPSHUDWXUH� ����� g&�� ZDV� UHJLVWHUHG� LQ
-DQXDU\��7KH�KLJKHVW�UDLQIDOO�ZDV�UHFRUGHG�EHWZHHQ�2F�
WREHU� DQG�0DUFK� �GDWD� VXSSOLHG� E\� WKH�0HWHRURORJLFDO
DQG� +\GURORJLFDO� 6HUYLFH� RI� .RVRYD��� WKH� ORZHVW� EH�
WZHHQ�-XQH�DQG�$XJXVW��7KH�ZDWHU�OHYHO�RI�WKH�/ODS�YDU�
LHV�IURP�������FP�

)LJ����7KH�PDS�RI�WKH�/ODS�5LYHU�ZLWK�VDPSOLQJ�VWDWLRQV�
6O�����=HPOMHYLG�UHNH�/ODS�]�Y]RUàLÉàL�
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6DPSOLQJ�ORFDOLWLHV�
����5LJKW�EDQN�RI�WKH�/ODS�5LYHU�GRZQVWUHDP�RI�5HSD

YLOODJH�
����/HIW�EDQN�RI� WKH�/ODS�5LYHU� LQ� WKH�FHQWUH�RI�.HU�

SLPHK�YLOODJH��DIWHU�WKH�LQIORZ�RI�WKH�HIIOXHQW�ZDWHUV�IURP
WKH�VHZDJH�V\VWHP�

����5LJKW�OHIW�EDQN�RI� WKH�/ODS�5LYHU�QHDU� WKH�EULGJH
OHDGLQJ�WR�%DMTLQs�YLOODJH�

�� ��5LJKW� EDQN�RI� WKH� /ODS�5LYHU� DIWHU� WKH� LQIORZ�RI
ZDVWH�ZDWHUV�IURP�WKH�%HVLDQD�WRZQ�VHZDJH�V\VWHP�

0DWHULDO�RI�SK\WREHQWKRV�ZDV�REWDLQHG�E\�FROOHFWLQJ
VHGLPHQWV�DQG�VWRQHV�WDNHQ�IURP�WKH�ULYHU�ERWWRP�������
FP�GHHSQHVV��DW�IRXU�����VWDWLRQV�EHWZHHQ�5HSD�DQG�%H�
VLDQD��)LJ�����

7KH�FROOHFWHG�PDWHULDO�ZDV� IL[HG�ZLWK���� IRUPDOGH�
K\GH�DQG�DQDO\VHG�LQ�WKH�ODERUDWRU\�RI�WKH�'HSDUWPHQW�RI
%LRORJ\��)DFXOW\�RI�1DWXUDO�6FLHQFH��3K\WRPLFUREHQWKRV
ZDV�H[DPLQHG�XQGHU��/HLFD��PLFURVFRSH��'HWHUPLQDWLRQ
RI�DOJDH�ZDV�GHVFULEHG�DFFRUGLQJ�WR�*HLWOHU���������*RO�
OHUEDK� HW� DO�� �������� =DEHOLQD� HW� DO�� ������� DQG� /D]DU
��������7KH� OHYHOV�RI�VDSURELW\�ZHUH�HVWLPDWHG�E\�6ODGH�
FHN���������ZKLOH�WKH�HYDOXDWLRQ�RI�VDSURELW\�ZDV�FDUULHG
RXW�RQ�WKH�EDVLV�RI�LQGLFDWRU�VSHFLHV�DQG�VWDQGDUG�SURFH�
GXUH�RI�3DQWOH�	�%XFN� ��������.QRSS� ������������ DQG
.UDPPHU�	�/DQJH�%HUWDORW�������������

7KH� UHODWLYH� DEXQGDQFH� RI� WKH� SK\WRSODQNWRQ� KDV
EHHQ�GHWHUPLQHG�DFFRUGLQJ�WR�WKH�PRGLILHG�VL[WK�GHJUHH
VFDOH��.DZHFND�������

&OHDQLQJ�RI�GLDWRPV�DQG�VOLGH�SUHSDUDWLRQ

&OHDQLQJ� RI� GLDWRP� IUXVWXOHV�� SUHSDUDWLRQ� RI� SHUPD�
QHQW� VOLGHV� DQG� GHWHUPLQDWLRQV� IROORZ� .UDPPHU� 	
/DQJH�%HUWDORW� ������������� 7KH� DQDO\VHG� ZDWHU� ZDV
SXW� LQWR� D� ����PO� JODVV� EHDNHU�ZLWK� ���PO� RI� FRQFHQ�
WUDWHG�+12���7KH�EHDNHU�ZDV�SODFHG�RQ�D�KRWSODWH�DQG

KHDWHG�XQWLO� WKH�YROXPH�RI� OLTXLG�ZDV�UHGXFHG�WR�DERXW
��� PO�� )URP� WLPH� WR� WLPH�� SDUWLFOHV� RI� .�&U�2�� ZHUH
DGGHG�� (YHQWXDOO\�� WKH� VDPSOHV� ZHUH� ULQVHG� ZLWK� WDS
ZDWHU�XQWLO�UHDFKLQJ���S+�

)RU�VOLGH�SUHSDUDWLRQ��D�GURS�RI�ZDWHU�VROXWLRQ�ZDV�SXW
LQ�WKH�FHQWUH�RI�D�VOLGH�DQG�OHIW�WR�GU\��7KDQ�D�GURS�RI�+\�
UD[�PRXQWLQJ�PHGLXP�ZDV�DGGHG�LQ�WKH�FHQWUH�RI�FRYHU�
VOLS�DQG�SUHVVHG�JHQWO\�ZLWK�ILQJHU�WR�VSUHDG�WKH�K\UD[�

5(68/76�$1'�',6&866,21

7KH�KLJKHVW�VSHFLHV�QXPEHU�RI�GLDWRPV�ZDV�UHFRUGHG
DW� ORFDOLW\��� �5HSD���ZKHUH����DOJDO�VSHFLHV�ZHUH�GHWHU�
PLQHG� �7DE������/RFDOLWLHV���DQG���DOVR�KDG�D� UHODWLYHO\
KLJK� QXPEHU� RI� VSHFLHV� ���� WD[D��� ,Q� FRPSDULVRQ� ZLWK
ORFDOLW\����WKH�ORZHU�DOJDO�ULFKQHVV�DW�ORFDOLWLHV���DQG���LV
SUREDEO\�GXH�WR�WKH�SROOXWLRQ�FDXVHG�E\�VHZDJH�ZDWHUV
IDOOLQJ� LQWR� WKH� /ODS�5LYHU� DW� ORFDOLWLHV� �� �.sUSLPHK� YLO�
ODJH�� DQG� �� �%DMTLQs��� $W� VWDWLRQ� ��� ��� GLDWRP� VSHFLHV
ZHUH� GHWHUPLQHG�� 7KH� ORZHU� GLDWRP� ULFKQHVV� FRXOG� EH
DVFULEHG�WR�WKH�SROOXWLRQ�FDXVHG�E\�VHZDJH�ZDWHUV�IURP
WKH� WRZQ� RI� %HVLDQD� �IRUPHU� 3RGXMHYD��� DV� ZHOO� DV� WR
KLJKHU�YHORFLW\�RI�WKH�ULYHU�FXUUHQW�DW�WKH�RWKHU�WKUHH�VWD�
WLRQV� �0HGOH\�	�&OHPHQWV��������)XHUWHW� ��0D]HO�HW� DO�
������0HJKDUDM�HW�DO���������=DPDUR���������7KH�GHYHO�
RSPHQW� DQG� VHDVRQDO� YDULDWLRQ� RI� GLDWRPV� GHSHQG� RQ
YDULRXV�IDFWRUV��YHORFLW\�RI�WKH�FXUUHQW��ZKLFK�LQIOXHQFHV
WKHLU�PHWDEROLVP�LQ�WHUPV�RI�EUHDWKLQJ��WKH�S+�RI�ZDWHU�
WHPSHUDWXUH� �GLDWRPV� SUHIHU� IUHVK� VSULQJ� DQG� DXWXPQ
ZDWHUV�� DQG� WKH� R[\JHQ� SUHVHQW� LQ� WKH� ZDWHU� �=DPDUR�
�������'HQVLW\�RI�DOJDH�GHSHQGV�RQ�WKH�VXEVWUDWH�QDWXUH
WR�ZKLFK�WKH�GLDWRPV�DGKHUH��=DPDUR���������2XU�VWXG\
LQYHVWLJDWHG� ZKHWKHU� DOJDH�EDVHG� ZDWHU� TXDOLW\� DVVHVV�
PHQW� LV� DIIHFWHG� E\� GLIIHUHQFHV� EHWZHHQ� DOJDO� DVVHP�
EODJHV� RQ� KDUG� VXEVWUDWHV� �URFN�� ZRRG�� DQG� VRIW� VXE�
VWUDWHV��ILQH�JUDLQHG�VHGLPHQWV��

7DE�����5HVXOWV�RI�DOJRORJLFDO�DQDO\VHV�RI�SK\WRPLFUREHQWKRV�LQ�WKH�XSVWUHDP�RI�WKH�/ODS�5LYHU�EHWZHHQ�5HSD�YLO�
ODJH�DQG�%HVLDQD�WRZQ�LQ�VSULQJ������
/HJHQG��R���ROLJRVDSURELF�OHYHO������EHWDPHVRVDSURELF�OHYHO��.���DOSKDPHVRVDSURELF�OHYHO�
7DE�����5H]XOWDWL�DOJRORÉNLK�DQDOL]�ILWRPLNUREHQWRVD�Y�WRNX�UHNH�/ODS�PHG�YDVMR�5HSD�LQ�PHVWRP�%HVLDQD�VSRPODGL
OHWD������
/HJHQGD��R���ROLJRVDSUREQD�VWRSQMD������EHWDPH]RVDSUREQD�VWRSQMD��.���DOIDPH]RVDSUREQD�VWRSQMD�

/RFDOLW\
7D[D 6DSURELF�OHYHO

� � � �

1R��VSHFLHV�SHU�ORFDOLW\ �� �� �� ��
%DFLOODULRSK\WD
$FKQDQWHV�KXQJDULFD��*UXQRZ� o � � � �
$PSKRUD�O\ELFD��(KU� � � � � �
$��QRUPDQL��5DE� o � � � �
&RFFRQHLV�SODFHQWXOD��(KU� � � � � �
&��SHGLFLOXV��(KU� R�� � � � �
&DORQHLV�DPSKLVEDHQD��&O�� ��. � � � �
&\PEHOD�DXVWULDFD��*UXQ� b � � � �
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/RFDOLW\
7D[D 6DSURELF�OHYHO

� � � �

&��DIILQLV��.�W]� R�� � � � �
&��YHQWULFRVD��.�W]� � � � � �
&��PLQXWD��+LOVH�HW�5DE� � � � �
&UDWLFXOD�FXVSLGDWH��.�W]�0DQ � � � �
&\PDWRSOXUD�VROHD��:�6PLWK� ��. � � � �
'LDWRPD�YXOJDUH��%RU\� � � � � �
'��HORQJDWXP�YDU��WHQXLV . � � � �
'��PRQROLIRUPH��.�W]� � � � �
(SWKHPLD�DGGQDWD��.�W]��%UHE � � � �
)UDJLODULD�XOQD��1LW]VFK��/DQJH�%HUWDORW � � � �
*\URVLJPD�DFXPLQDWXP��5DEHQ�� � � � � �
*��VFDOSURLGHV��&OHYH� � � � �
*RPSKRQHPD�ROLYDFHXP��.XW]� � � � � �
+DQW]VFKLD�DPSKLR[LV��*UXQ� . � � � �
/XWLFROD�JHRSSHUWLDQD��%OHLVK��0DQQ � � � �
/XWLFROD�PXWLFD��.�W]� � � � �
0HORVLUD�YDULDQV��$J� � � � � �
1DYLFXOD�JUDFLOLV��(KU� ��. � � � �
1��FU\SWRFHSKDOD��.�W]� . � � � �
1��H[LJXD��0XOOHU� � � � �
1��ODQFHRODWD��$JDUGK��(KU� � � � �
1��UDGLRVD��.�W]� R�� � � � �
1��UK\QFKRFHSKDOD��.�W]� . � � � �
1��YLULGXOD��.�W]� . � � � �
1LW]VFKLD�DFLFXODULV��:�6P� . � � � �
1��DFXOD��+DQW]FK� . � � � �
1��FRQVWULFWD��.�W]� � � � �
1��FDSLWHOODWD��+XVW� � � � �
1��IRQWLFROD��*UXQ� R�� � � � �
1��JUDFLOLV��+DW]VFK� � � � �
1��KXQJDULFD��*UXQ� . � � � �
1��SDOHD��:�6P� . � � � �
1��SDOHDFHD��*UXQ� - � � � �
1��UHFWD��+DW]VFK� ��. � � � �
1��VWDJQRUXP��5DEHQ� � � � � �
1��VLJPRLGHD��:�6P� � � � � �
1��WHUPDOLV�YDU��PLQRU��+LVOH� - � � � �
1��YHUPLFXODULV��*UXQ� � � � � �
3LQQXODULD�PLFURVWDXURQ�YDU��EUHELVVRQL��.�W]� � � � � �
3��YLULGLIRUPLV��1LW]VFK��(KUHQ � � � �
5RLFKRVSKDHQLD�FXUYDWD��*U� � � � � �
6WDXURQHLV�DQFHSV��(KU�� � � � � �
6\QHGUD�XOQD��+HU� � � � � �
6XULUHOOD�RYDWD��.�W]� R�� � � � �
6��OLQHDULV��:�6PLWK� � � � � �
6��UREXVWD��(KU�� � � � �
6��DQJXVWD��(KU�� � � � � �

2XU�UHVXOWV�VKRZ�WKDW�QHDUO\�LQ�WKH�HQWLUH�SDUW�RI�WKH
UHVHDUFK�DUHD� WKH�DOJDH�RI� WKH� JHQXV�1LW]VFKLD�ZLWK� ��
VSHFLHV�DUH�SUHYDOHQW��2WKHU�HVWDEOLVKHG�WD[D�DUH�WKH�JH�
QXV� 1DYLFXOD� ZLWK� �� VSHFLHV�� 6XULUHOOD� DQG� &\PEHOOD
ZLWK���VSHFLHV��'LDWRPD�ZLWK���VSHFLHV��/XWLFROD��*\UR�
VLJPD�� 3LQXODULD�� &RFFRQHLV� DQG�$PSKRUD� ZLWK� �� VSH�
FLHV��DQG�RWKHU�JHQXV�ZLWK���VSHFLHV��7KLV�VSHFLHV�FRP�

SRVLWLRQ�FRXOG�EH�H[SODLQHG�E\� WKH� WHPSHUDWXUH�RI�/ODS
ZDWHU��ZKLFK�UDQJHV�LQ�VSULQJ�EHWZHHQ�������g&��ZKLFK
LV�DQ�RSWLPXP�IRU� WKH�JURZLQJ�DQG�GHYHORSPHQW�RI� WKH
HVWDEOLVKHG�JURXSV�RI�DOJDH��+DEGLMD��������*ULQ�������
2NVLMXN�������0DORVHMD��������+XQWHU�HW�DO����������7KH
DEXQGDQFH�RI�GLDWRPV�DOVR�GHSHQGV�RQ�OLJKW�SHQHWUDWLRQ
�+XQWHU�HW�DO���������=DPDUR��������
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7DE�����7KH�VDSURELF�LQGH[�DQG�VDSURELF�OHYHO�FDOFXODWHG�IRU�WKH�/ODS�5LYHU�DFFRUGLQJ�WR�WKH�3DQWOH�%XFN�FULWHULD
�3DQWOH�	�%XFN��������
7DE�����6DSUREQL�LQGHNV�LQ�VDSUREQD�VWRSQMD��L]UDàXQDQD�]D�UHNR�/ODS�JOHGH�QD�NULWHULMH�3DQWOH�%XFN��3DQWOH�	�%XFN�
������

/RFDOLWLHV
3DUDPHWHU

� � � �

6DSURELF�LQGH[ ���� ���� ���� ����
6DSURELF�OHYHO � � � �
4XDOLW\�FODVV II II II II

'LDWRPV�DUH�LGHDO�IRU�ELRPRQLWRULQJ�SXUSRVHV�DV�WKH\
RFFXU�LQ�YHU\�KLJK�QXPEHUV�DQG�DUH�VHQVLWLYH�WR�FKDQJHV
LQ�ZDWHU�FKHPLVWU\��)LVKHU�	�'XQEDU���������7KH\�RIWHQ
KDYH�QDUURZ�WROHUDQFH�UDQJH�IRU�S+��QXWULHQWV�RU�VDOLQLW\
FRQGLWLRQV� �KWWS���ZZZ�DGHODLGH�HGX�DX�GLDWRPD�VWP�
KWPO��

7DEOH���VKRZV�WKH�OLVW�RI����GHWHUPLQHG�GLDWRP�VSH�
FLHV��)RU�HDFK�RI�WKH����LQGLFDWRU�VSHFLHV��VDSURELF�OHYHO
LV�GHQRWHG��:H�IRXQG���VSHFLHV�FKDUDFWHULVWLF�RI�WKH�ROL�
JRVDSURELF� OHYHO�� �� ROLJR�EHWD�PHVRVDSURE� VSHFLHV�� ��
EHWD�PHVRVDSURELF� VSHFLHV�� �� EHWD�DOSKD�PHVRVDSURELF
VSHFLHV� DQG��� VSHFLHV� FKDUDFWHULVWLF�RI� WKH� DOSKD�PHVR�
VDSURELF�OHYHO�

$FFRUGLQJ� WR� WKH� ELRLQGLFDWRU� DOJDO� VSHFLHV� GHWHU�
PLQHG� LQ�SK\WREHQWKRV�� WKH� UHVHDUFKHG�SDUW�RI� WKH�/ODS
5LYHU� EHORQJV� WR� TXDOLW\� FODVV� ,,� �EHWD�PHVRSVDSURELF
OHYHO���7DE�����

&21&/86,21

,Q�WKH�UHVHDUFKHG�SDUW�RI�WKH�/ODS�5LYHU�����VSHFLHV�RI
GLDWRPV�ZHUH�UHFRUGHG��7KH�KLJKHVW�QXPEHU�RI�WD[D�ZDV
IRXQG� DW� ORFDOLW\� �� �5HSD��ZLWK� ��� VSHFLHV�� ��� RI� WKHP
ZHUH�ELRLQGLFDWRU�VSHFLHV��$FFRUGLQJ�WR�WKH�SUHVHQFH�RI
VSHFLHV� DV� VDSURELRORJLF� ELRLQGLFDWRUV� DQG� VDSURELF
OHYHO��WKH�UHVHDUFKHG�SDUW�RI�WKH�/ODS�5LYHU�ZDV�FODVVLILHG
LQWR�FDWHJRU\�,,�RI�WKH�ZDWHU�TXDOLW\�
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'HSDUWPHQW�RI�%LRORJ\��)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFH��8QLYHUVLW\�RI�3ULVKWLQD��������3ULVKWLQD��.RVRYR

(�PDLO��NHPDMOBNXUWHVKL#\DKRR�FRP

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

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

$UEHQ�+$=,5,
'HSDUWPHQW�RI�&KHPLVWU\��)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFH��8QLYHUVLW\�RI�3ULVKWLQD��������3ULVKWLQD��.RVRYR

'LODYHU�6$/,+8
'HSDUWPHQW�RI�)RRG�(QJLQHHULQJ��8QLYHUVLW\�RI�3ULVKWLQD��������3ULVKWLQD��.RVRYR

329=(7(.

6SRPODGL�OHWD������VR�DYWRUML�ßODQND�SUHXßHYDOL�WDNVRQH�NUHPHQDVWLK�DOJ��%DFLOODULRSK\WD��QD���Y]RUßLÈßLK�Y]GROÊ
UHNH�/ODS��.RVRYR���6DSUREQL�LQGHNV�MH�ELO�]�QDPHQRP��GD�VH�RFHQL�NDNRYRVW�YRGH�Y�UHNL��L]UDßXQDQ�QD�RVQRYL�PLNUR�
VNRSVNH�DQDOL]H�]GUXÊE�NUHPHQDVWLK�DOJ��8JRWRYOMHQLK�MH�ELOR����YUVW�NUHPHQDVWLK�DOJ��*OHGH�QD�SRMDYOMDQMH�ELRLQGL�
NDWRUVNLK�YUVW�Y�UHNL�/ODS��ODKNR�WR�UHNR�YNOMXßLPR�Y�NDNRYRVWQL�UD]UHG�,,��NDU�SRPHQL��GD�SULSDGD�EHWD�PH]RVDSUREQL
VWRSQML�

.OMXÞQH�EHVHGH��UHND�/ODS��NUHPHQDVWH�DOJH��VDSUREQRVW
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)LVKHU��-��	�-��0��'XQEDU���������7RZDUGV�D�UHSUHVHQWD�
WLYH� SHULSK\WLF� GLDWRP� VDPSOH��+\GURO�� (DUWK� 6\VW�� 6FL��
������� ��������� �ZZZ�K\GURO�HDUWK�V\VW�VFL�QHW��������
�����
)XHUWHW�0D]HO�� $��� &�� *ROG�� 0�� &RVWH� 	� $�� %RXGXD
�������� 6WXG\� RI� SHULSK\WLF� GLDWRPV� FRPPXQLWLHV� H[�
SRVHG� WR� PHWDOOLF� FRQWDPLQDWLRQ� WKURXJK� FRPSOHPHQ�
WDU\� ILHOG�DQG� ODERUDWRU\�H[SHULPHQWV����WK� ,QWHUQDWLRQDO
&RQIHUHQFH�RQ�+HDY\�0HWDOV� LQ� WKH� (QYLURQPHQW��*UH�
QREOH�� )UDQFH��0D\�������� ������ -RXUQDO� GH� 3K\VLTXH�
����������������
*HLWOHU�� /�� �������� &\DQRSK\FHDH�� ,Q�� 5DEHQKRUVW�� /�
�HG����.U\SWRJDPHQ���)ORUD��$NDGHPLVFKH�9HUODJVJHVHOO�
VFKDIW��/HLS]LJ�������S�
*ROOHUEDK�� 0�� 0��� (�� .�� .RVLQVNDM� 	� 9�� ,�� 3ROMDQVNL
��������6LQH]HOHQLH�YRGRURVOL��,Q��*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�GXP�
ND��.LHY��SS����������
+DEGLMD�� ,�� ��������2GQRV� L]PHâX�VWXSQMD� VDSURELWHWD� L
HNRORÊNLK�IDNWRUD�X�JRUVNLP�SRWRFLPD�9HOLNL�0DUNRYDF�L
9HOLNL�3RWRN��(NRORJLMD����������������
KWWS���ZZZ�DGHODLGH�HGX�DX�GLDWRPD�VWP�KWPO�� 7KH
8QLYHUVLW\�RI�$GHODLGH�������
.DZHFND�� %�� �������� 6HVVLOH� DOJDH� LQ� (XURSHDQ� PRXQ�
WDLQVWUHDPV�����7KH�HFRORJLFDO�FKDUDFWHULVWLFV�RI�FRPPX�
QLWLHV��$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�

0DORVHMD�� =�� �������� /DERUDWRULMVND� LVSLWLYDQMD� XWMHFDMD
WHPSHUDWXUH�6DYVNH�YRGH�QD�UD]YRM�QLÌLK�ELOMDND�X�SHUL�
ILWRQX�� ,,��NRQJUHV�HNRORJD� -XJRVODYLMH��=ERUQLN� UHIHUDWD�
=DJUHE��NQMLJD�,,���VWU����������
0DWRQLFNLQ�� ,��� %�� 6WLOLQRYLF�� ,�� +DEGLMD�� 2�� %LVFDQ�� 5�
(UEHQ��=��0DORVHMD�	�%��3ULPF���������/LPQRORJLMVND�LV�
WUDÌLYDQMD� ULMHNH� 5LMHFLQH�� 3ROMRSULYUHGD� L� VXPDUVWYR�
�������������
0HGOH\��&��1��	�:��+��&OHPHQWV���������5HVSRQVHV�RI
GLDWRP�FRPPXQLWLHV�WR�WKH�KHDY\�PHWDOV�LQ�VWUHDPV��WKH
LQIOXHQFH�RI� ORQJLWXGLQDO�YDULDWLRQ��(FRO��$SSO����������
����
0HJKDUDM��0���/��+��%RXO�	�+��-��7KLHOH���������(IIHFW�RI
''7� DQG� LWV� PHWDEROLWHV� RQ� VRLO� DOJDH� DQG� HQ]\PDWLF
DFWLYLW\��%LRPHG��/LIH�6FL������������������
2NVLMXN��2��3�� ��������9RGRUVOL�NDQDORY�PLUD��1DXNRYD
GXPND��.LMHY�
3DQWOH�� 5�� 	� +�� %XFN� �������� 'LH� ELRORJLVFKH� 8EHU�
ZDFKXQJ� GHU� *HZDVVHU� XQG� GLH� 'DUVWHOOXQJ� GHU� (U�
JHQLVVH�*DV�XQG�:DVVVHUIDFK����������S�
3RWDSRYD��0��*��	�'��)��'RQDOG���������&KRLFH�RI�VXE�
VWUDWH�LQ�DOJDH�EDVHG�ZDWHU�TXDOLW\�DVVHVVPHQW��-��1��$P�
%HQWKRO��6RF���������������
5XWKHUIRUG��-��&��	�6��0��&XGG\���������0RGHOOLQJ�SHUL�
SK\WRQ� ELRPDVV�� SKRWRV\QWKHVLV� DQG� UHVSLUDWLRQ� LQ
VWUHDPV�� &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����������
:KLWWRQ�� %�� $�� 	� (�� 5RWW� �������� 8VH� RI� $OJDH� IRU
0RQLWRULQJ�5LYHUV��,,��,QVWLWXW�IXU�%RWDQLN��,QQVEUXFN�����
S�
=DEHOLQD��0��0���,��$��.LHVHOHY��$��,��3URVNLQD�/DYUHQNR
	�9��6��6KHVKXNRYD��������� ,QYHQWRU\�RI�)UHVKZDWHU�$O�
JDH�RI�WKH�8665��9RO�����'LDWRPV��6RY��1DXND��0RVFRZ�
����S���LQ�5XVVLDQ�
=DPDUR��0�� ��������:DWHU¤V�'LDWRP�&6,�� D� QHZ�PHWK�
RGRORJLFDO� DSSURDFK� IRU� WKH� FDOFXODWLRQ�� VWXG\� DQG� LQ�
YHVWLJDWLRQ�RI�VXSHUILFLDO�ZDWHUV�TXDOLW\�� ,QGXVWULDO�7HFK�
QLFDO�,QVWLWXWH��$UWXUR�0DOLJQDQL���8GLQH��,WDO\�


