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7KH� UHVXOWV�RI� D� VWXG\�RQ�%DQJLD�DWURSXUSXUHD� FRPPXQLW\�� FDUULHG�RXW� LQ������RQ�KDUG� VXEVWUDWD�RI� WKH�XSSHU
PLGOLWWRUDO�]RQH�DW�WZR�VWDWLRQV�RQ�WKH�6ORYHQLDQ�FRDVW��QRUWKHUQ�$GULDWLF�6HD���DUH�SUHVHQWHG��7KH�LQYHVWLJDWLRQ�ZDV
EDVHG�RQ�PRQWKO\�VDPSOLQJ�WKDW�SHUPLWWHG�D�EHWWHU�FKDUDFWHUL]DWLRQ�RI�WKH�IORULVWLF�FRPSRVLWLRQ��VHDVRQDO�YDULDWLRQV�
FRPPXQLW\�VWUXFWXUH�DQG�UHSURGXFWLYH�SKHQRORJ\�RI�%��DWURSXUSXUHD�DW�ERWK�VWDWLRQV�

.H\�ZRUGV��%DQJLD�DWURSXUSXUHD�FRPPXQLW\��PDULQH�YHJHWDWLRQ��QRUWKHUQ�$GULDWLF�6HD
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6,17(6,

9HQJRQR�SUHVHQWDWL�L�ULVXOWDWL�GL�XQR�VWXGLR�VX�XQ�SRSRODPHQWR�D�%DQJLD�DWURSXUSXUHD��VYROWR�QHO������H�SUHVHQWH
VX�VXEVWUDWR�GXUR�GHO�PHGLROLWRUDOH�VXSHULRUH�LQ�GXH�VWD]LRQL�GHOOD�FRVWD�GHOOD�6ORYHQLD��DOWR�$GULDWLFR���/R�VWXGLR��ED�
VDWR�VX�ULOLHYL�PHQVLOL��KD�SHUPHVVR�GL�PHJOLR�FDUDWWHUL]]DUH�WDOH�SRSRODPHQWR�ULJXDUGR�OD�FRPSRVL]LRQH�IORULVWLFD��OD
YDULD]LRQH�VWDJLRQDOH��OD�VWUXWWXUD�H�OD�IHQRORJLD�ULSURGXWWLYD�GHOOD�%��DWURSXUSXUHD�LQ�HQWUDPEL�OH�VWD]LRQL�

3DUROH�FKLDYH��SRSRODPHQWR�D�%DQJLD�DWURSXUSXUHD��YHJHWD]LRQH�PDULQD��DOWR�$GULDWLFR
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7KH� UHG� DOJDH� EHORQJLQJ� WR� WKH� JHQXV� %DQJLD� DUH
FRVPRSROLWDQ� HQWLWLHV� ZLGHO\� GLVWULEXWHG� IURP� VXEWURSL�
FDO� WR�FROGHU� UHJLRQV�RI�ERWK�KHPLVSKHUHV��7KH\�KDYH�D
JUHDW�FDSDFLW\�WR�WROHUDWH�D�ZLGH�UDQJH�RI�VDOLQLW\��VR�DUH
FRPPRQO\�IRXQG�LQ�ERWK�IUHVKZDWHU�DQG�PDULQH�KDELWDWV
�6KHDWK�	�&ROH��������������

%DQJLD� DWURSXUSXUHD� �5RWK�� &�� $JDUGK� LV� WKH� RQO\
VSHFLHV�RI�WKH�JHQXV�%DQJLD�NQRZQ�IURP�IUHVKZDWHU�DQG
PDULQH� KDELWDWV� RI� WKH� 0HGLWHUUDQHDQ� UHJLRQ�� DOWKRXJK
QXPHURXV� VSHFLHV� RI� WKH� VDPH� JHQXV� KDYH� EHHQ� GH�
VFULEHG� IURP� WKH�0HGLWHUUDQHDQ�DUHDV��EXW�XQGHU�GLIIHU�
HQW� QDPHV� �7UHYLVDQ� 'H� 6DLQW� /HRQ�� ������ $UGLVVRQH�
������'H� 7RQL�� ������ ������ 3UHGD�� �������0DULQH� SR�
SXODWLRQV� RI� %�� DWURSXUSXUHD� XVXDOO\� RFFXU� LQ� D� ZLGH
]RQH�DERYH�WKH�ZDWHU�OLQH� �XSSHU�PLGOLWWRUDO�� LQ�PRGHU�
DWHO\�H[SRVHG�KDELWDWV��*DUJLXOR�HW�DO���������

7KH�WKDOOXV�RI�WKH�DOJDH�%��DWURSXUSXUHD� LV� IRUPHG�E\
ILODPHQWV�XVXDOO\������FP�ORQJ��DJJUHJDWHG�LQWR�SDWFKHV�
7KH� ILODPHQWV� DUH� DWWDFKHG� DW� EDVH� DGKHULQJ� FORVHO\� WR
URFNV�ZLWK�UKL]RLGV��)LODPHQWV�DUH�SXUSOH�YLROHW�LQ�FRORXU�
EXW� RIWHQ� PRUH� UHGGLVK� LQ� VXPPHU�� LQLWLDOO\�� WKH\� DUH
XQLVHULDWH�� EXW� HYHQWXDOO\� EHFRPH� PXOWLVHULDWH� WKURXJK
VXFFHVVLYH� GLYLVLRQV� RI� WKH� FHOOV�� 7KH� OLIH�F\FOH� RI� WKH
0HGLWHUUDQHDQ� %�� DWURSXUSXUHD� VSHFLHV� FRQVLVWV� RI� WZR
GLVWLQFW� KHWHURPRUSKLF� SKDVHV� LQYROYLQJ� DQ� DOWHUQDWLRQ
EHWZHHQ�PDFURVFRSLF��JDPHWRSK\WLF� SKDVH�� DQG�PLFUR�
VFRSLF� VSRURSK\WLF�� �FRQFKRFHOLV�� SKDVH�� 7KH� WKDOOL� RI
WKLV�VSHFLHV�FRQVLVW�RI�GLIIHUHQW�W\SHV�RI�ILODPHQWV��YHJHWD�
WLYH�� VSRURSK\WLF��JDPHWRSK\WLF�PDOH�DQG� IHPDOH��9HJH�
WDWLYH� ILODPHQWV� DUH� XQLVHULDWH� DQG�PXOWLVHULDWH� DQG� SUR�
GXFH� PRQRVSRUHV�� *DPHWRSK\WLF� ILODPHQWV� IRUP� PDOH
DQG� IHPDOH� UHSURGXFWLYH� VWUXFWXUHV� RQ� VHSDUDWH� WKDOOL�
0DOH� ILODPHQWV� SURGXFH� VSHUPDWLD�� ZKLOH� IHPDOH� ILOD�
PHQWV�SURGXFH�FDUSRJRQLD��$IWHU� IHUWLOL]DWLRQ�� WKH� GHYH�

)LJ�����6WXG\�DUHD�ZLWK�VDPSOLQJ�VWDWLRQV�$�DQG�%�
6O�����5D]LVNRYDOQR�REPRàMH�]�Y]RUàHYDOQLPD�SRVWDMDPD
$�LQ�%�

ORSHG� ]\JRWRVSRUDQJLD� SURGXFH� ]\JRWRVSRUHV�� 6SRUHV
JHUPLQDWH� LQ�XQLVHULDWH�EUDQFKHG� VSRURSK\WLF� ILODPHQWV�
ZKLFK� UHSUHVHQWV� WKH�FRQFKRFHOLV�SKDVH��7KH�FRQFKRFH�
OLV�ILODPHQWV�UHOHDVH�FRQFKRVSRUHV�WKDW�JHUPLQDWH�IRUPLQJ
QHZ�JDPHWRSK\WLF�ILODPHQWV��*DUJLXOR�HW�DO���������

7HPSHUDWXUH�DQG�SKRWRSHULRG�DUH�WKH�PRVW�LPSRUWDQW
HFRORJLFDO� IDFWRUV�DFWLQJ� LQ� WKH� UHJXODWLRQ�RI� WKH� VSRUR�
SK\WLF� DQG� JDPHWRSK\WLF� SKDVH� DOWHUQDWLRQ� RI� %DQJLD
SRSXODWLRQV� LQ�QDWXUH��*DPHWRSK\WLF� ILODPHQWV�RFFXU� LQ
WKH� XSSHU� SDUW� RI� WKH� PLGOLWWRUDO� ]RQH� IURP� ZLQWHU� WR
VSULQJWLPH��,W� LV�QRWDEOH�WKDW� WKH�PDFURVFRSLF�SKDVH�EH�
JLQV� WR�GLVDSSHDU� LQ�QDWXUH�DW� WHPSHUDWXUHV�KLJKHU� WKDQ
���°&��*DUJLXOR�HW�DO���������������

7KH�0HGLWHUUDQHDQ�PDULQH�%�� DWURSXUSXUHD� FRPPX�
QLWLHV�KDYH�EHHQ�GHVFULEHG�E\�PDQ\�DXWKRUV��VXFK�DV�/R�
UHQ]��������ZKR�UHSRUWHG�WKHP�IURP�WKH�$GULDWLF�6HD�DV
�%DQJLHWD���)XQN��������LQFOXGHG�WKHP�LQ�WKH�DVVRFLDWLRQ
ZLWK�%DQJLD�(QWHURPRUSKD�&RUDOOLQD�IURP�1DSOHV��,WDO\��
)HOGPDQQ� ������� GHVFULEHG� WKH� �$VVRFLDWLRQ� j� %DQJLD�
8ORWKUL[�� IURP� )UDQFH�� %RXGRXUHVTXH� ������� LQFOXGHG
WKLV� FRPPXQLW\� LQ� WKH� IDFLHV� &KWKDPDOHWXP� VWHOODWL
�)HOGPDQQ�� %RXGRXUHVTXH� ������ 5HFHQWO\�� %DOOHVWHURV
�������GHVFULEHG� WKH�SUHVHQFH�RI�D� �&RPXQLWDW�GH�%DQ�
JLD�� IURP� 6SDLQ�� ,Q� WKHLU� SK\WRVRFLRORJLFDO� UHYLVLRQ� RI
ERWK� VXSUDOLWWRUDO� DQG�PLGOLWWRUDO� PDULQH� DOJDO� FRPPX�
QLWLHV� IURP� WKH� 0HGLWHUUDQHDQ� 6HD�� *LDFFRQH� HW� DO�
������� GHVFULEHG� WKH� %DQJLHWXP� DWURSXUSXUHDH� *LDF�
FRQH� ����� DVVRFLDWLRQ� ZLWK� %�� DWURSXUSXUHD� DQG�8OR�
WKUL[�IODFFD��'\OOZLQ��7KXUHW��DV�FKDUDFWHULVWLF�VSHFLHV�

$ORQJ�WKH�6ORYHQLDQ�FRDVW��%��DWURSXUSXUHD�LV�ZLGHO\
GLVWULEXWHG�RQ� URFNV�RU�� GXULQJ� KLJK� WLGHV�� HVSHFLDOO\� LQ
KDELWDWV�PRGHUDWHO\�H[SRVHG�WR�ZDYH�DFWLRQ�VXEMHFWHG�WR
IUHTXHQW� H[SRVXUH� WR� DLU� DQG� GHVLFFDWLRQ�� 7KH� %�� DWUR�
SXUSXUHD� FRPPXQLW\� LV� YLVXDOO\� UHFRJQL]HG� DV� FORVHO\
DGKHUHQW�� RIWHQ� VKLQ\� SXUSOLVK� UHG� WR� EURZQLVK�PDWV� RI
ILODPHQWRXV� JURZWK�� ,Q� ODWH�ZLQWHU� DQG� HDUO\� VSULQJ��%�
DWURSXUSXUHD� PD\� WKH� FRPPXQLW\¤V� SUHGRPLQDQW� VSH�
FLHV�� 7KH�SUHVHQFH� RI�%�� DWURSXUSXUHD� DORQJ� WKH� 6ORYH�
QLDQ�FRDVW�KDV�EHHQ�UHSRUWHG�E\�0DWMDÊLá�	�ÉWLUQ��������
9XNRYLá���������������������������0XQGD�������������
�������7XUN�	�9XNRYLá���������9ULÊHU�	�9XNRYLá�������
DQG� %DWWHOOL� ������� ������� 7KH� SUHVHQFH� RI� %�� DWURSXU�
SXUHD� LQ� 6ORYHQLDQ� FRDVWDO� ZDWHUV� ZDV� GRFXPHQWHG� LQ
WKH�ZRUN��&HQQR�VXOOH�DOJKH�GL�&DSRGLVWULD���LQ�ZKLFK�LWV
DXWKRU�$FFXUWL� ������� GHVFULEHG� WKH�PDULQH� DOJDO� YHJH�
WDWLRQ� IURP� .RSHU� %D\� �.RSUVNL� ]DOLY��� +LVWRULFDOO\� LP�
SRUWDQW�DOJDO�FROOHFWLRQV�ZLWK�PDQ\�VDPSOHV�RI� WKLV�VSH�
FLHV��FROOHFWHG�DORQJ�6ORYHQLDQ�FRDVWDO�ZDWHUV��DUH�IRXQG
LQ�PXVHXPV��VFLHQWLILF�DQG�HGXFDWLRQDO�LQVWLWXWLRQV��VXFK
DV��0XVHR�&LYLFR�GL�6WRULD�1DWXUDOH�LQ�7ULHVWH��,WDO\��$F�
FXUWL� DQG� =DUDWLQ� FROOHFWLRQV��� �*LDQ� 5LQDOGR� &DUOL�
*UDPPDU�6FKRRO�LQ�.RSHU��6ORYHQLD��=DUDWLQ�FROOHFWLRQ��
&HQWHU� IRU� 0DULQH� 5HVHDUFK� 5RYLQM�� &URDWLD� �=DUDWLQ
FROOHFWLRQ���PLQRULWH�PRQDVWHULHV�LQ�6W��)UDQFLV¤V�PRQDV�
WHU\�RI�&UHV��&URDWLD��7LWLXV�FROOHFWLRQ���PRQDVWHU\�RI�WKH
+RO\�6SLULW�LQ�=DJUHE��&URDWLD��DQG�%LEOLRWHFD�$QWRQLDQD
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LQ� 3DGRYD�� ,WDO\� �ERWK� IURP�7LWLXV� FROOHFWLRQ�� �$OEHUWL� 	
%DWWHOOL��������

7KH�SXUSRVH�RI� WKLV� VWXG\�ZDV� WR� LQYHVWLJDWH� WKH� IOR�
ULVWLF� FRPSRVLWLRQ�� VWUXFWXUH� DQG� VHDVRQDO� YDULDWLRQV� RI
%�� DWURSXUSXUHD� FRPPXQLW\� RQ� KDUG� VXEVWUDWD� RI� WKH
PLGOLWWRUDO� ]RQH� IURP� WZR� VWDWLRQV� RQ� WKH� 6ORYHQLDQ
FRDVW�� L�H�� RQ� WKH� .RSHU� �� ,]ROD� VKRUH� DQG� DORQJ� 6W�
6LPRQ� %D\� �6LPRQRY� ]DOLY��� 7KH� UHVHDUFK� ZDV� FDUULHG
RXW�PRQWKO\� GXULQJ� WKH� \HDU�� ZKLFK� SHUPLWWHG� D� EHWWHU
FKDUDFWHUL]DWLRQ� RI� WKH� UHSURGXFWLYH� SKHQRORJ\� RI� %�
DWURSXUSXUHD�DOJDH�

0$7(5,$/6�$1'�0(7+2'6

7KH� VWXG\�ZDV� FDUULHG� RXW� RQ� WKH� KDUG� VXEVWUDWD� LQ
WKH�XSSHU�PLGOLWWRUDO�]RQH�DW� WZR�VWDWLRQV�RQ� WKH�6ORYH�
QLDQ�FRDVW��QRUWKHUQ�$GULDWLF�6HD���)LJ������7KH�ILUVW�VDP�
SOLQJ�VWDWLRQ��VWDWLRQ�$��LV�VLWXDWHG�LQ�.RSHU�%D\�EHWZHHQ
WKH�WRZQV�RI�.RSHU�DQG�,]ROD��7KH�VKRUH�FRQVLVWV�RI�OLPH�
VWRQH�EUHDNZDWHU�URFNV�ZLWK�DQ�H[WHQW�RI�DSSUR[LPDWHO\
��NP�� ,W� LV� H[SRVHG� WR�ZDYH�DFWLRQ�DQG�RSHQ� WR�ZLQGV
IURP�WKH�QRUWKZHVW��1:��DQG�QRUWKHDVW��1(���7KH�VHFRQG
VDPSOLQJ� VWDWLRQ� �VWDWLRQ�%�� LV� VLWXDWHG� LQ�6W��6LPRQ�%D\
QHDU�,]ROD��LW�LV�D�VWUHWFK�RI�URFN\�VKRUH�ZLWK�D�KRUL]RQWDO
VFRSH�RI�DERXW�����P��7KH�DUHD�LV�H[SRVHG�WR�ZDYH�DF�
WLRQ�DQG�RSHQ�WR�ZLQGV�EORZLQJ�IURP�VRXWKZHVW��6:��WR
QRUWKHDVW� �1(��� 7KH� VXEVWUDWXP� FRQVLVWV� RI� OLPHVWRQH
ZLWK�DOYHROLQHV�DQG�QXPPXOLWHV� �3DYORYHF���������%RWK
VWDWLRQV� DUH� LQIOXHQFHG� PDLQO\� E\� WKH� QRUWK�QRUWK�
HDVWHUO\�ZLQG��NQRZQ�DV��EXUMD��RU��ERUD���

'XULQJ� WKLV� LQYHVWLJDWLRQ�� WKH� WLGDO� UDQJH�ZDV� DERXW
����FP�DQG�WKH�VHD�VXUIDFH�WHPSHUDWXUH�UDQJHG�IURP����
�&�LQ�-DQXDU\�WR�������&�LQ�$XJXVW��7DE�����

7DE�����6HD�VXUIDFH�WHPSHUDWXUH���&��GXULQJ�WKH�LQYHVWL�
JDWLRQ�SHULRG��-DQXDU\�'HFHPEHU�������
7DE�����7HPSHUDWXUD�SRYUÉLQH�YRGH���&��Y�àDVX�UD]LVNDYH
RG�MDQXDUMD�GR�GHFHPEUD������

0RQWK -DQ )HE 0DU $SU 0D\ -XQ -XO $XJ 6HS 2FW 1RY 'HF
7HPS� ��� ��� �������� ���� ���� ���� ���� ���� ������������

,Q� WRWDO�� ��� VDPSOHV�ZHUH�FROOHFWHG� IURP� -DQXDU\� WR
'HFHPEHU� ������ $W� HDFK� VWDWLRQ�� WKUHH� TXDQWLWDWLYH
VDPSOHV�ZHUH�FROOHFWHG�PRQWKO\�DQG�UDQGRPO\�IURP�WKH
KDUG�VXEVWUDWD�E\�GLUHFW�PHWKRG�IURP�WKH�XSSHU�PLGOLWWR�
UDO�]RQH��$OO�DOJDH�ZHUH�UHPRYHG�IURP�����FP������FP
[� ��� FP�� VTXDUHV� FKRVHQ� LQ� WKH� DUHDV�ZKHUH� WKH� FRP�
PXQLW\�ZDV�GHWHFWDEOH�E\�WKH�QDNHG�H\H��&DUH�ZDV�WDNHQ
WR� FROOHFW� VDPSOHV� DW� OHDVW� ��P� DZD\� IURP� HDFK� RWKHU�
7KH� FROOHFWHG� PDWHULDO� ZDV� VWRUHG� LQ� ��� VHDZDWHU�
IRUPDOLQ�VROXWLRQ�DQG�H[DPLQHG�LQ�WKH�ODERUDWRU\�XVLQJ�D
PLFURVFRSH� WR� GHWHUPLQH� DOJDO� VSHFLHV� DQG� WR� HVWLPDWH
WKH� FRYHU� RI� HDFK� VSHFLHV�� $EXQGDQFH� RI� VSHFLHV� ZDV
H[SUHVVHG� DV� SHUFHQWDJH� FRYHU�� $� ��� [� ��� FP� VTXDUH
ZDV� GLYLGHG� LQWR� ���� VXE�VTXDUHV� DQG� WKH� VXP� RI� WKH

VXE�VTXDUHV�FRYHUHG�E\�VLQJOH�VSHFLHV�ZDV�WUHDWHG�DV�WKH
SHUFHQWDJH� FRYHU� IRU� WKDW� SDUWLFXODU� VSHFLHV�� 9RXFKHU
VSHFLPHQV�ZHUH�PDGH�DQG�NHSW�LQ�SHUVRQDO�KHUEDULXP�

)ROORZLQJ�%RXGRXUHVTXH��������DQG�LQ�RUGHU�WR�EHW�
WHU�GHILQH�WKH�FRPPXQLW\¤V�VWUXFWXUH��WKH�VSHFLHV�QXPEHU
�1��� SHUFHQWDJH� FRYHU� �5L�� DQG� 6KDQQRQ�:HDYHU� GLYHU�
VLW\�LQGH[��+
��ZHUH�FDOFXODWHG�IRU�HDFK�PRQWK�DQG�HDFK
VHDVRQ� IRU� HDFK� VDPSOH�� 0RUHRYHU�� WKH� TXDQWLWDWLYH
GRPLQDQFH� �'5��� �5L�5W�[������ZDV�FDOFXODWHG� IRU�%�
DWURSXUSXUHD�� 7R�HYDOXDWH� WKH� VLPLODULW\�RQ� WKH�EDVLV�RI
IORULVWLF�FRPSRVLWLRQ�EHWZHHQ�WKH�WZR�VWDWLRQV��WKH�6RHU�
HQVHQ
V�LQGH[��64��ZDV�FDOFXODWHG�DV�ZHOO�

7KH� UHSURGXFWLYH�SKHQRORJ\�RI�%�� DWURSXUSXUHD�ZDV
DOVR�VWXGLHG�WKURXJKRXW�WKH�\HDU��QRWLQJ�WKH�RFFXUUHQFH
LQ�GLIIHUHQW�PRQWKV�RI�QRQ�UHSURGXFWLYH�ILODPHQWV��XQLVH�
ULDWH�DQG�SOXULVHULDWH���PDOH�JDPHWRSK\WLF�ILODPHQWV�ZLWK
VSHUPDWLD��IHPDOH�JDPHWRSK\WLF�ILODPHQWV�ZLWK�FDUSRJR�
QLD��DQG�]\JRWRVSRUHV�DQG�ILODPHQWV�ZLWK�PRQRVSRUHV�

$OJDO� QRPHQFODWXUH� RI� 'URXHW� �������� 5LEHUD� HW� DO�
��������*DOODUGR�HW�DO���������DQG�6LOYD�HW�DO���������ZDV
XVHG�

7R�GHOLQHDWH�SK\WRJHRJUDSKLF� UHJLRQV�RI�EHQWKLF� DO�
JDH��WKH�IROORZLQJ�VFKHPH�ZDV�XVHG��$WODQWLF�$��LQFOXG�
LQJ�$E� ��$WODQWLF�ERUHDO��$EW� �� $WODQWLF� ERUHR�WURSLFDO�
$3� �� $WODQWR�3DFLILF�� $3FW� �� $WODQWR�3DFLILF� FROG� WHP�
SHUDWH��$W� ��$WODQWLF� WURSLFDO�� ,$� �� ,QGR�$WODQWLF�� ,$W� �
,QGR�$WODQWLF�WURSLFDO��,$FW���,QGR�$WODQWLF�FROG�WHPSHU�
DWH� WD[D��� &RVPRSROLWH� &� �DOVR� LQFOXGLQJ� 6&� �� 6XEFRV�
PRSROLWDQ���&%� ��&LUFXPERUHDO�� ,3� �� ,QGR�3DFLILF��0� �
0HGLWHUUDQHDQ�DQG�3���3DQWURSLFDO��)XUQDUL�HW�DO���������

5(68/76�$1'�',6&866,21

)ORULVWLF�FRPSRVLWLRQ

7KH� UHVXOWV� UHYHDOHG� WKDW�DW� WKH� WZR� VWDWLRQV� WKH� IOR�
ULVWLF� FRPSRVLWLRQ� RI� WKH� %�� DWURSXUSXUHD� FRPPXQLWLHV
ZDV�EDVLFDOO\�WKH�VDPH��,W�FRQVLVWHG�RI����VSHFLHV��&\D�
QREDFWHULD� GRPLQDWHG� ZLWK� �� VSHFLHV�� &KORURSK\FHDH
ZHUH�UHSUHVHQWHG�E\���VSHFLHV��5KRGRSK\FHDH�ZHUH�SUH�
VHQW�ZLWK���VSHFLHV��ZKLOH�WKH�)XFRSK\FHDH�ZHUH�UHSUH�
VHQWHG�E\� WKH� VPDOOHVW�QXPEHU�RI� VSHFLHV�� L�H�� RQH� VSH�
FLHV�RQO\�DW�VWDWLRQ�%��7DE�����

7DE�����)ORUDO�QXPHULFDO�DQG�SHUFHQWDJH�FRPSRVLWLRQ�DW
VDPSOLQJ�VWDWLRQV�
7DE�� ��� ÈWHYLOR� LQ� RGVWRWHN� WDNVRQRY� QD� Y]RUàHYDOQLK
SRVWDMDK�

6WDWLRQ�$ 6WDWLRQ�%
&\DQREDFWHULD ��������� ���������
5KRGRSK\FHDH ��������� ���������
)XFRSK\FHDH � ��������
&KORURSK\FHDH ��������� ���������
7RWDO �� ��
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)LJ�����6HDVRQDO�YDULDWLRQ�RI�PHDQV����6'��Q ���RI�VSH�
FLHV�QXPEHU�DW�VDPSOLQJ�VWDWLRQV�
6O�����6H]RQVNH�YDULDFLMH�VUHGQMH�YUHGQRVWL�ÉWHYLOD�YUVW���
6'��Q ���QD�Y]RUàHYDOQLK�SRVWDMDK�

�
��
��
��
��

���
���

-D
Q

)H
E

0D
U

$S
U

0D
\

-X
QH -X
O\

$X
J

6H
S

2F
W

1R
Y

'H
F

3H
UFH

QWD
JH

�FR
YH

U

6LWH�$
6LWH�%

)LJ�����0RQWKO\�YDULDWLRQ�RI�PHDQV����6'��Q ����RI�SHU�
FHQW�FRYHU�RI�DOJDH�DW�VDPSOLQJ�VWDWLRQV�
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)LJ�����6HDVRQDO�YDULDWLRQ�RI�PHDQV����6'��Q ���RI�SHU�
FHQW�FRYHU�RI�DOJDH�DW�VDPSOLQJ�VWDWLRQV�
6O����� 6H]RQVNH�YDULDFLMH� VUHGQMH� YUHGQRVWL� SRNURYQRVWL
DOJ����6'��Q ���QD�Y]RUàHYDOQLK�SRVWDMDK�

6HDVRQDO�YDULDWLRQV

$W� VWDWLRQ� $�� WKH� PHDQ� VSHFLHV� QXPEHU� GHFUHDVHG
VOLJKWO\� IURP� -DQXDU\� WR� $XJXVW�� WKHQ� LQFUHDVHG� IURP
$XJXVW�WR�1RYHPEHU��DQG�HYHQWXDOO\�GHFUHDVHG�DJDLQ�LQ
'HFHPEHU��$W�VWDWLRQ�%��WKH�VLWXDWLRQ�GLG�QRW�IROORZ�WKH
VDPH� WUHQG�� ,W� LQFUHDVHG� VOLJKWO\� IURP� -DQXDU\�DQG� WKHQ
GHFUHDVHG�E\�6HSWHPEHU�� LW� LQFUHDVHG�DJDLQ� LQ�2FWREHU
DQG� WKHQ� GHFUHDVHG� E\� 'HFHPEHU� �)LJ�� ���� 6HDVRQDO
YDULDWLRQV�RI� WKH�PHDQ�VSHFLHV�QXPEHU�IRU�ERWK�VWDWLRQV
VKRZHG� WKH� VDPH� WUHQG�� LW� GHFUHDVHG� IURP� ZLQWHU� WR
VXPPHU� DQG� WKHQ� LQFUHDVHG� E\� DXWXPQ�� $OWKRXJK� WKH
PHDQ� VSHFLHV� QXPEHU� DW� VWDWLRQ� $� ZDV� VOLJKWO\� KLJKHU
WKDQ�DW�VWDWLRQ�%��WKH�DQDO\VLV�VKRZHG�EDVLFDOO\�WKH�VDPH
YDOXHV� IRU� ERWK� VWDWLRQV� LQ� WKH� VXPPHU� PRQWKV�� ���� DW
VWDWLRQ�$�DQG�����DW�VWDWLRQ�%��)LJ�����

&RPPXQLW\�VWUXFWXUH

7KH�PHDQ� SHUFHQWDJH� FRYHU� DW� VWDWLRQ�$�ZDV�PDUN�
HGO\� KLJKHU� �������� WKHQ� DW� VWDWLRQ� %� �������� �7DEV�� �
DQG� ���� 7HPSRUDO� IOXFWXDWLRQ� RI� WKH� PHDQ� SHUFHQWDJH
FRYHU� DW� VWDWLRQ�$� GHFUHDVHG�PDUNHGO\� IURP� -DQXDU\� WR
-XO\�� WKHQ�LQFUHDVHG�VOLJKWO\�E\�2FWREHU��DQG�HYHQWXDOO\
LQFUHDVHG� PDUNHGO\� E\� 'HFHPEHU�� 7KH� DOJDO� FRYHU� DW

VWDWLRQ�%�GLG�QRW�IROORZ�WKH�VDPH�WUHQG��,W�LQFUHDVHG�IURP
-DQXDU\�WR�)HEUXDU\�DQG�WKHQ�GHFUHDVHG�VOLJKWO\�E\�6HS�
WHPEHU�� $IWHU� WKDW�� D� VOLJKW� LQFUHDVH� ZDV� REVHUYHG� WLOO
1RYHPEHU�� ZKLOH� LQ� 'HFHPEHU� WKH� FRYHU� GHFUHDVHG
PDUNHGO\� �)LJ�� ���� 6HDVRQDO� YDULDWLRQ� RI� WKH� PHDQ� SHU�
FHQWDJH� FRYHU� DW� VWDWLRQ� $� VKRZHG� WKH� KLJKHVW� YDOXHV
GXULQJ�WKH�VSULQJ�DQG�DXWXPQ��L�H��������DQG�������UH�
VSHFWLYHO\�� 7KH� DOJDO� FRYHU� GHFUHDVHG� PDUNHGO\� IURP
ZLQWHU� WR� VSULQJ� DQG� WKHQ� LQFUHDVHG� IURP� VXPPHU� WR
DXWXPQ��7KH�ORZHVW�YDOXHV�ZHUH�FDOFXODWHG� LQ� WKH�VXP�
PHU��RQO\�������$W�VWDWLRQ�%�� WKH�VLWXDWLRQ�IROORZHG�WKH
VDPH� WUHQG�� DOWKRXJK� WKH� YDOXHV� ZHUH� EDVLFDOO\� ORZHU
WKDQ�DW�VWDWLRQ�$�� ,W� VKRXOG�EH�QRWHG� WKDW� WKH�FRYHU�YDO�
XHV�DW�ERWK� VWDWLRQV� LQ� WKH�VXPPHUWLPH�ZHUH�YHU\� VLPL�
ODU��L�H�������DW�VWDWLRQ�$�DQG������DW�VWDWLRQ�%��)LJ�����

7KH�PHDQ�6KDQQRQ�:HDYHU� LQGH[�YDOXH�DW� VWDWLRQ�$
ZDV�VOLJKWO\�ORZHU�������WKDQ�DW�VWDWLRQ�%��������7DEV����DQG
����7KH�DQDO\VLV�RI�WHPSRUDO�IOXFWXDWLRQ�RI�GLYHUVLW\�PHDQ
YDOXHV� LQGLFDWHG� VRPH� GLIIHUHQFHV� EHWZHHQ� WKH� WZR
IORUDH�� ,Q� JHQHUDO�� WKH� YDOXHV� DW� VWDWLRQ� $�ZHUH� VOLJKWO\
ORZHU� WKDQ�DW�VWDWLRQ�%�GXULQJ�DOO�PRQWKV��H[FHSW� LQ� -XO\
ZKHQ� WKH� YDOXH� DW� VWDWLRQ�$�ZDV�PDUNHGO\� KLJKHU� �����
WKDQ� DW� VWDWLRQ� %� ������ �)LJ�� ���� 7KH�PHDQ� GLYHUVLW\� VHD�
VRQDO�IOXFWXDWLRQ�DW�VWDWLRQ�$�VKRZHG�WKH�KLJKHVW�YDOXH�LQ
WKH�VXPPHU� ������DQG� WKH�VDPH�YDOXHV�GXULQJ� WKH�ZLQWHU
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7DE�����%��DWURSXUSXUHD�FRPPXQLW\�RI� WKH�.RSHU�,]ROD�FRDVW��7KH�UHSURGXFWLYH�SKHQRORJ\� LV� UHSRUWHG�RQO\�IRU�%�
DWURSXUSXUHD�DV��P� �PDOH�JDPHWRSK\WH��I� �IHPDOH�JDPHWRSK\WH��M� �MXYHQLOH�VWDJH���)RU�WKH�QDPHV�RI�VSHFLHV�VHH
$QQH[���FKHFN�OLVW���&RYHU�DEXQGDQFH�YDOXHV��VHH�7DEOH���
7DE�����=GUXËED�]�YUVWR�%��DWURSXUSXUHD�Y]GROË�REDOH�.RSHU��� ,]ROD��5HSURGXNWLYQD�IHQRORJLMD� MH�SULND]DQD� OH�]D
YUVWR�%��DWURSXUSXUHD�LQ�VLFHU��P� �PRÉNL�JDPHWRILW��I� �ËHQVNL�JDPHWRILW��M� �]DàHWQL�ÉWDGLM�UD]YRMD���=D�LPHQD�YUVW
JOHM�$QQH[���FKHFN�OLVW���9UHGQRVWL�SRNURYQRVWL��JOHM�7DEHOR���

6XE�DUHD � � � � �� �
0RQWK -DQXDU\ )HEUXDU\ 0DUFK $SULO 0D\ -XQH
6DPSOH � � � � � � � � � �� �� �� �� �� �� �� �� ��
6HDVRQ :LQWHU 6SULQJ
6XUIDFH�FP� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
'HSWK�FP �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
([SRVLWLRQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
&KDUDFWHULVWLF
VSHFLHV
%��DWURSXUSXUHD �PI �PI �PI �PI �PI �PI �I �I �I �I �I �I �I �I �I �I �I �I
8��IODFFD � � � � � � � � � � � � � � � � � �
2WKHUV�VSHFLHV
&��FUXVWDFHD � � � � � � � � � � � � � � � � � �
0��O\QJE\DFHXV � � � � � � � � � � � � � � � � � �
(��GHXVWD � � � � � � � � � � � � � � � � � �
%��PLQLPD � � � � � � � � � � � � � � � � � �
(��FRQIHUWD � � � � � � � � � � � � � � � � � �
3��OHXFRVWLFWD � � � � � � � � � � � � � � � � � �
8��FRPSUHVVD � � � � � � � � � � � � � � � � � �
$��GLPLGLDWD � � � � � � � � � � � � � � � � � �
6��FDOFLFROD � � � � � � � � � � � � � � � � � �
8��FODWKUDWD � � � � � � � � � � � � � � � � � �
%��TXRMLL � � � � � � � � � � � � � � � � � �
��&RYHU ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
'LYHUVLW\��+
� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
6SHFLHV�QXPEHU �� � � �� �� � � �� � �� � � � �� � � � �
(YHQQHVV��-� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

6XE�DUHD � �� � � � �
0RQWK -XO\ $XJXVW 6HSWHPEHU 2FWREHU 1RYHPEHU 'HFHPEHU
6DPSOH �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
6HDVRQ 6XPPHU $XWXPQ
6XUIDFH�FP� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
'HSWK�FP �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
([SRVLWLRQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
&KDUDFWHULVWLF
VSHFLHV

5L 3 &ODV�
VHV

%��DWURSXUSXUHD �I �I � � � � � � � �M �M �M �I �I �I �PI �PI �PI ���� �� ,9
8��IODFFD � � � � � � � � � � � � � � � � � � �� ,,,
2WKHU�VSHFLHV
&��FUXVWDFHD � � � � � � � � � � � � � � � � � � �� 9
0��O\QJE\DFHXV � � � � � � � � � � � � � � � � � � �� 9
(��GHXVWD � � � � � � � � � � � � � � � � � � �� 9
%��PLQLPD � � � � � � � � � � � � � � � � � � �� 9
(��FRQIHUWD � � � � � � � � � � � � � � � � � � �� 9
3��OHXFRVWLFWD � � � � � � � � � � � � � � � � � � �� ,,,
8��FRPSUHVVD � � � � � � � � � � � � � � � � � � �� ,,,
$��GLPLGLDWD � � � � � � � � � � � � � � � � � � �� ,,,
6��FDOFLFROD � � � � � � � � � � � � � � � � � � � ,
8��FODWKUDWD � � � � � � � � � � � � � � � � � � � ,
%��TXRMLL � � � � � � � � � � � � � � � � � � � ,
��&RYHU ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ��� ���� ���� ���� ���� ���� ���� ����
'LYHUVLW\��+
� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
6SHFLHV�QXPEHU � � � � � � � � � � �� � � �� � � �� � ���
(YHQQHVV��-� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ��� ���
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)LJ�����0RQWKO\� IOXFWXDWLRQV�RI�PHDQV� ���6'��Q ���� RI
WKH� 6KDQQRQ�:HDYHU� GLYHUVLW\� LQGH[� �+
�� RI� IORUDH� DW
VDPSOLQJ�VWDWLRQV�
6O�����0HVHàQH�YDULDFLMH�VUHGQMH�YUHGQRVWL����6'��Q ���
6KDQQRQ�:HDYHUMHYHJD� GLYHU]LWHWQHJD� LQGHNVD� �+
�� QD
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)LJ�� ��� 6HDVRQDO� IOXFWXDWLRQV� RI�PHDQV� ��� 6'�� Q ��� RI
WKH� 6KDQQRQ�:HDYHU� GLYHUVLW\� LQGH[� �+
�� RI� IORUDH� DW
VDPSOLQJ�VWDWLRQV�
6O�����6H]RQVNH�YDULDFLMH�VUHGQMH�YUHGQRVWL� ���6'��Q ��
6KDQQRQ�:HDYHUMHYHJD� GLYHU]LWHWQHJD� LQGHNVD� �+
�� QD
Y]RUàHYDOQLK�SRVWDMDK�

DQG� DXWXPQ�PRQWKV�� &RQYHUVHO\� DW� VWDWLRQ� %� WKH� YDOXH
ZDV� WKH� VDPH� ������ WKURXJKRXW� WKH� VHDVRQV�� H[FHSW� LQ
VSULQJ�ZKHQ�LW�UHDFKHG�WKH�PLQLPXP�YDOXH��������)LJ����

7KH� PHDQ� HYHQQHVV� YDOXH� DW� VWDWLRQ� $� ������ ZDV
VOLJKWO\� ORZHU� WKDQ� DW� VWDWLRQ� %� ������ �7DEV�� �� DQG� ���
7HPSRUDO�YDULDWLRQV�ZHUH�EDVLFDOO\�FRQVWDQW�DW�ERWK�VWD�
WLRQV�GXULQJ�DOO�PRQWKV��DOWKRXJK�WKH�YDOXHV�DW�VWDWLRQ�%
ZHUH� VOLJKWO\� ORZHU� WKDQ� DW� VWDWLRQ� $�� 7KH� DQDO\VLV
VKRZHG� WKDW� RQO\� LQ� -XO\� WKH� YDOXH� DW� VWDWLRQ� $� ZDV
VOLJKWO\�KLJKHU�WKDQ�DW�VWDWLRQ�%��)LJ������&RQYHUVHO\�� WKH
VHDVRQDO� PHDQ� YDOXHV� RI� HYHQQHVV� GHFUHDVHG� VOLJKWO\
IURP�ZLQWHU�WR�VSULQJ�DW�ERWK�VWDWLRQV�DQG�WKHQ�LQFUHDVHG
PDUNHGO\� E\� VXPPHU� UHDFKLQJ� WKH� VDPH� YDOXH� ������
)URP�VXPPHU�WR�DXWXPQ��WKH�YDOXHV�UHPDLQHG�WKH�VDPH
DW�VWDWLRQ�%��ZKLOH�DW�VWDWLRQ�$�WKH\�GHFUHDVHG�PDUNHGO\
E\�DXWXPQ��)LJ������7KH�ORZ�HYHQQHVV�YDOXHV�WKURXJKRXW
WKH�VWXG\�SHULRG� LQGLFDWH�D�GRPLQDQFH�RI�D�VPDOO�QXP�
EHU�RI�VSHFLHV�DW�ERWK�VWDWLRQV�SDUWLFXODUO\�LQ�WKH�ZLQWHU�
VSULQJ� DQG� DXWXPQ�PRQWKV� GXH� WR� WKH� SUHVHQFH� RI� JD�
PHWRSK\WLF�SKDVH�RI�%��DWURSXUSXUHD�

7KH�UHVXOWV�RI�WKH�VWXG\�UHYHDOHG�WKDW�DW�ERWK�VWDWLRQV
WKH� VSHFLHV�%�� DWURSXUSXUHD�ZDV�ZHOO� GHYHORSHG� LQ� WKH
XSSHU�PLGOLWWRUDO�]RQH�RI� WKH�H[DPLQHG�DUHD�� IRUPLQJ�D
EHOW�RI�GHQVH�WXUI��ZLWK�D�YHU\�SDWFK\�DQG�LUUHJXODU�GLVWUL�
EXWLRQ��7KH�PHDQ�WRWDO�FRYHU�YDOXH�RI�%��DWURSXUSXUHD�DW
VWDWLRQ�$���������ZDV�PDUNHGO\�KLJKHU�WKDQ�DW�VWDWLRQ�%
������� �7DEV����DQG�����7KH�FRPSDULVRQ�RI� WKH�SHUFHQW�
DJH�FRYHU�RI� WKLV�VSHFLHV�DW� WKH� WZR�VWDWLRQV� WKURXJKRXW
WKH�\HDU�VKRZHG�EDVLFDOO\� WKH�VDPH�WUHQG��DOWKRXJK� WKH
YDOXHV�DW�VWDWLRQ�$�ZHUH�PDUNHGO\�KLJKHU�WKDQ�DW�VWDWLRQ
%��)LJ������7KH�SHUFHQW�FRYHU�PHDQV�RI�%��DWURSXUSXUHD
VKRZHG� JUHDW� VHDVRQDO� YDULDWLRQV� DW� ERWK� VWDWLRQV�� WKH
YDOXHV� GHFUHDVHG� PDUNHGO\� IURP� ZLQWHU� WR� VSULQJ�
UHDFKLQJ�WKH�PLQLPXP�LQ�WKH�VXPPHU�PRQWKV�DQG� WKHQ
LQFUHDVHG�E\�WKH�DXWXPQ��)LJ������

7KH� VHDVRQDO� WUHQG� RI� %�� DWURSXUSXUHD� TXDQWLWDWLYH
GRPLQDQFH�ZDV�HYLGHQW�DQG�EDVLFDOO\� WKH�VDPH�DW�ERWK
VDPSOLQJ�VWDWLRQV��DOWKRXJK�WKH�YDOXHV�DW�VWDWLRQ�$�ZHUH

PDUNHGO\� KLJKHU� WKDQ�DW� VWDWLRQ�%� �)LJ�� ����� 7KH� YDOXHV
UHDFKHG� WKH�PD[LPXP� LQ�ZLQWHU� DQG� VSULQJ�� ZKLOH� WKH
PLQLPXP�ZDV�UHDFKHG�LQ�WKH�VXPPHU�PRQWKV�GXH�WR�WKH
VHDVRQDO� GHYHORSPHQW� RI� WKLV� VSHFLHV�� $V� PHQWLRQHG
DERYH��WKH�PDFURVFRSLF��JDPHWRSK\WLF��SKDVH�EHJLQV� WR
GLVDSSHDU�GXULQJ� WKH�VXPPHU��ZKHQ� WKH� WHPSHUDWXUH�RI
WKH� VHD� LV� KLJKHU� WKDQ� ��� �&� �WKH� PLFURVFRSLF� �VSRUR�
SK\WLF��SKDVH�KDV�GLIIHUHQW�HFRORJ\��

5HSURGXFWLYH�SKHQRORJ\�RI�%DQJLD�DWURSXUSXUHD

'LIIHUHQW� VHDVRQDO� SDWWHUQV� ZHUH� PDQLIHVWHG�� ZKHQ
WKH� UHSURGXFWLYH� SKHQRORJ\� RI� %�� DWURSXUSXUHD� ZDV
WDNHQ� LQWR� FRQVLGHUDWLRQ� GXH� WR� WKH� VHDVRQDOLW\� RI� WKH
JDPHWRSK\WLF� SKDVH�� *DPHWRSK\WLF� ILODPHQWV� DSSHDUHG
LQ�WKH�DXWXPQ�PRQWKV��UHDFKLQJ�WKH�FRYHU�PD[LPXP�GH�
YHORSPHQW� DQG� YDOXHV� IURP� -DQXDU\� WR� 0D\�� DQG� WKHQ
GLVDSSHDUHG�LQ�WKH�VXPPHU�PRQWKV��)RU�WKLV�VSHFLHV��WKH
QRQ�UHSURGXFWLYH�XQLVHULDWH�ILODPHQWV�DQG�WKUHH�W\SHV�RI
PXOWLVHULDWH�ILODPHQWV��L�H��QRQ�UHSURGXFWLYH��IHPDOH�DQG
PDOH��ZHUH� UHFRUGHG�GXULQJ� WKLV� VWXG\� DW� ERWK� VWDWLRQV�
:H� IRXQG� WKDW� PRQRVSRUHV� ZHUH� SURGXFHG� LQ� ERWK�
XQLVHULDWH� DQG� PXOWLVHULDWH� QRQ�UHSURGXFWLYH� ILODPHQWV�
DQG� WKDW� JDPHWRSK\WLF� WKDOOL� IRUPHG� PDOH� DQG� IHPDOH
UHSURGXFWLYH�VWUXFWXUHV�RQ�VHSDUDWH�WKDOOL�

7KH� SUHVHQFH� LQ� WKH� ILHOG� RI� ILODPHQWV� ZLWK� ]\JRWR�
VSRUHV��PRQRVSRUHV�DQG�JDPHWHV�LV�VKRZQ�LQ�7DEOH����$O�
WKRXJK� WKH� YDOXHV� RI� VSHFLHV� QXPEHU�� SHUFHQWDJH� FRYHU
DQG�TXDQWLWDWLYH�GRPLQDQFH�RI�%��DWURSXUSXUHD� LQ�GLIIHU�
HQW�PRQWKV�DQG�VHDVRQV�YDULHG�VOLJKWO\�DW�ERWK�VWDWLRQV�� LW
FDQ�EH� FRQFOXGHG� WKDW� WKH� H[DPLQHG� FRPPXQLWLHV�ZHUH
TXLWH�VLPLODU�DW�ERWK�VWDWLRQV��7KLV�LV�VXSSRUWHG�E\�WKH�IDFW
WKDW�DOO�WKH�VSHFLHV��H[FHSW�)XFXV�YLUVRLGHV��SUHVHQW�DW�VWD�
WLRQ�%��ZHUH�FRPPRQ�DW�ERWK�VWDWLRQV�DV�ZHOO�DV�H[SUHVVHG
E\�WKH�KLJK�64�YDOXH���������7KH�ORZ�GLYHUVLW\�LQGH[�YDOXH
RI�ERWK� IORUDH� �����DW� VWDWLRQ�$�DQG�����DW� VWDWLRQ�%�� LQGL�
FDWHG�D� ORZ�FRPPXQLW\�FRPSOH[LW\�DW�ERWK� VWDWLRQV��7KH
VHDVRQDO� IOXFWXDWLRQ� RI� VSHFLHV� QXPEHU� DQG� SHUFHQWDJH
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7DE�����%��DWURSXUSXUHD�FRPPXQLW\�RI�6W��6LPRQ�%D\��6LPRQRY�]DOLY���7KH�UHSURGXFWLYH�SKHQRORJ\�LV�UHSRUWHG�RQO\
IRU�%��DWURSXUSXUHD�DV��P PDOH�JDPHWRSK\WH�� I IHPDOH�JDPHWRSK\WH�� M MXYHQLOH� VWDJH�� �)RU� WKH�QDPHV�RI� VSHFLHV
VHH�$QQH[���FKHFN�OLVW��
7DE�����=GUXËED�]�YUVWR�%��DWURSXUSXUHD�SUL�6LPRQRYHP�]DOLYX��5HSURGXNWLYQD�IHQRORJLMD�MH�SULND]DQD�OH�]D�YUVWR�%�
DWURSXUSXUHD��LQ�VLFHU��P� �PRÉNL�JDPHWRILW��I� �ËHQVNL�JDPHWRILW��M� �]DàHWQL�ÉWDGLM�UD]YRMD���=D�LPHQD�YUVW�JOHM�$Q�
QH[���FKHFN�OLVW��

6XE�DUHD � � � � �� �
0RQWK -DQXDU\ )HEUXDU\ 0DUFK $SULO 0D\ -XQH
6DPSOH � � � � � � � � � �� �� �� �� �� �� �� �� ��
6HDVRQ :LQWHU 6SULQJ
6XUIDFH�FP� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
'HSWK�FP �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
([SRVLWLRQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
&KDUDFWHULVWLF
VSHFLHV
%��DWURSXUSXUHD �PI �PI �PI �PI �PI �PI �I �I �I �I �I �I �I �I �I �I �I �I
8��IODFFD � � � � � � � � � � � � � � � � � �
2WKHU�VSHFLHV
&��FUXVWDFHD � � � � � � � � � � � � � � � � � �
0��O\QJE\DFHXV � � � � � � � � � � � � � � � � � �
(��GHXVWD � � � � � � � � � � � � � � � � � �
%��PLQLPD � � � � � � � � � � � � � � � � � �
6��FDOFLFROD � � � � � � � � � � � � � � � � � �
$��GLPLGLDWD � � � � � � � � � � � � � � � � � �
(��FRQIHUWD � � � � � � � � � � � � � � � � � �
3��OHXFRVWLFWD � � � � � � � � � � � � � � � � � �
8��FRPSUHVVD � � � � � � � � � � � � � � � � � �
%��TXRMLL � � � � � � � � � � � � � � � � � �
8�FODWKUDWD � � � � � � � � � � � � � � � � � �
)��YLUVRLGHV � � � � � � � � � � � � � � � � � �
��&RYHU ��� ���� ��� ���� ���� ���� ��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
'LYHUVLW\��+� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
6SHFLHV�QXPEHU � � � � � � � � � � � � � � � � � �
(YHQQHVV��-� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

6XE�DUHD � �� � � � �
0RQWK -XO\ $XJXVW 6HSWHPEHU 2FWREHU 1RYHPEHU 'HFHPEHU
6DPSOH �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
6HDVRQ 6XPPHU $XWXPQ
6XUIDFH�FP� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
'HSWK�FP �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
([SRVLWLRQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
&KDUDFWHULVWLF�VSHFLHV 5L 3 &ODVVHV
%��DWURSXUSXUHD �I �I �I � � � � � � � �M �M �I �I �I �PI �PI �PI ��� �� 9
8��IODFFD � � � � � � � � � � � � � � � � � � �� ,,
2WKHU�VSHFLHV
&��FUXVWDFHD � � � � � � � � � � � � � � � � � � �� 9
0��O\QJE\DFHXV � � � � � � � � � � � � � � � � � � �� 9
(��GHXVWD � � � � � � � � � � � � � � � � � � �� 9
%��PLQLPD � � � � � � � � � � � � � � � � � � �� 9
6��FDOFLFROD � � � � � � � � � � � � � � � � � � �� ,,,
$��GLPLGLDWD � � � � � � � � � � � � � � � � � � �� ,,,
(��FRQIHUWD � � � � � � � � � � � � � � � � � � �� ,,
3��OHXFRVWLFWD � � � � � � � � � � � � � � � � � � � ,,
8��FRPSUHVVD � � � � � � � � � � � � � � � � � � � ,,
%��TXRMLL � � � � � � � � � � � � � � � � � � � ,
8�FODWKUDWD � � � � � � � � � � � � � � � � � � � ,
)��YLUVRLGHV � � � � � � � � � � � � � � � � � � � ,
��&RYHU ��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� ��� ���� ���� ��� ���� ���� ����
'LYHUVLW\��+� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
6SHFLHV�QXPEHU � � � � � � � � � � � � � � � � � � ���
(YHQQHVV��-� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

&RYHU�DEXQGDQFH�YDOXHV���9UHGQRVWL�SRNURYQRVWL

�&ODVV ��&RYHU $YHUDJH�YDOXHV
�� �� ���
�� ��������� ���
�� ���������� ����
�� ����������� ����
�� ����������� ����
�� ���������� ����
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)LJ�����0RQWKO\� IOXFWXDWLRQV�RI�PHDQV� ���6'��Q ���� RI
HYHQQHVV��-��RI�IORUDH�DW�VDPSOLQJ�VWDWLRQV�
6O�����0HVHàQH�YDULDFLMH�VUHGQMLK�YUHGQRVWL����6'��Q ���
LQGHNVD� HQDNRPHUQRVWL� SRUD]GHOLWYH� �-�� IORUH� QD� Y]RU�
àHYDOQLK�SRVWDMDK�
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:LQWHU 6SULQJ 6XPPHU $XWXPQ
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VV
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6LWH�$
6LWH�%

)LJ�� ��� 6HDVRQDO� IOXFWXDWLRQV� RI�PHDQV� ��� 6'�� Q ��� RI
HYHQQHVV��-��RI�IORUDH�DW�VDPSOLQJ�VWDWLRQV�
6O�����6H]RQVNH�YDULDFLMH�VUHGQMLK�YUHGQRVWL����6'��Q ��
LQGHNVD� HQDNRPHUQRVWL� SRUD]GHOLWYH� �-�� IORUH� QD� Y]RU�
àHYDOQLK�SRVWDMDK�

FRYHU�DW�ERWK� VWDWLRQV�ZDV�EDVLFDOO\� WKH� VDPH�� DOWKRXJK
WKH�YDOXHV�DW� VWDWLRQ�$�ZHUH�KLJKHU��7KH�PHDQ�HYHQQHVV
YDOXHV�ZHUH�ORZ�DW�ERWK�VWDWLRQV�DQG�WHPSRUDO�YDULDWLRQV
RI� WKHVH� YDOXHV� IROORZHG� EDVLFDOO\� WKH� VDPH� WUHQG�� DO�
WKRXJK�D�VOLJKW� LQFUHDVH�RI� WKH�YDOXHV�ZDV�REVHUYHG�GXU�
LQJ� WKH� VXPPHU�PRQWKV��7KH� ORZ� HYHQQHVV� YDOXHV� LQGL�
FDWH�D�GRPLQDQFH�RI�D� VPDOO�QXPEHU�RI� VSHFLHV�DW�ERWK
VWDWLRQV� HVSHFLDOO\� LQ� WKH� ZLQWHU�� VSULQJ� DQG� DXWXPQ
PRQWKV�GXH�WR�GHYHORSPHQW�RI�VRPH�VHDVRQDO�DOJDH��VXFK
DV�%��DWURSXUSXUHD�DQG�3RUSK\UD�OHXFRVWLFWD��2Q�WKH�EDVLV
RI�WKLV�VWXG\��WKH�%��DWURSXUSXUHD�FRPPXQLW\�RI�ERWK�VWD�
WLRQV�PD\�EH�FRQVLGHUHG�IURP�WKH�V\QWD[RQRPLF�SRLQW�RI
YLHZ� DV� WKH� DVVRFLDWLRQ�%DQJLHWXP� DWURSXUSXUHDH�*LDF�
FRQH�������7KH�DXWKRU�SXW� DV� FKDUDFWHULVWLFV� VSHFLHV�%�
DWURSXUSXUHD�DQG�8ORWKUL[�IODFFD�LQ�WKH�SK\WRFHQRORJLFDO
WDEOH�RI�VDPSOH�PDGH�GXULQJ�0D\�ZLWK� WKH�PHDQ�RI�VSH�
FLHV�QXPEHU�YDOXH�RI����*LDFFRQH�HW�DO���������

,Q� ERWK� IORUDH�� FRVPRSROLWDQ� ����� DQG� VXEFRVPR�
SROLWDQ� ���� HOHPHQWV� GRPLQDWH�� ZKHUHDV� WKH� 0HGLWHUUD�
QHDQ� HOHPHQWV� DUH� UHSUHVHQWHG� E\� D� VLQJOH� VSHFLHV� �)�
YLUVRLGHV��RQO\�DW�VWDWLRQ�%���$QQH[���FKHFN�OLVW��

7DE�����3UHVHQFH�LQ�WKH�ILHOG�RI�ILODPHQWV�ZLWK�GLIIHUHQW
VSRUH�W\SHV�DQG�JDPHWHV�RI�%��DWURSXUSXUHD�GXULQJ� WKH
SHULRG�-DQXDU\�'HFHPEHU������
7DE�����5HSURGXNWLYQD�IHQRORJLMD�YUVWH�%��DWURSXUSXUHD�Y
àDVX�Y]RUàHYDQMD�RG�MDQXDUMD�GR�GHFHPEUD������

0RQWK 6SHUPDWDQJLD &DUSRJRQLD =\JRWRVSRUHV 0RQRVSRUHV
-DQXDU\ � � � �
)HEUXDU\ � � � �
0DUFK � � � �
$SULO � � � �
0D\ � � � �
-XQH � � � �
-XO\ � � � �
$XJXVW � � � �
6HSWHPEHU � � � �
2FWREHU � � � �
1RYHPEHU � �" � �
'HFHPEHU � �" � �
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)LJ������0RQWKO\�YDULDWLRQ�RI�PHDQV����6'��Q ����RI�SHU�
FHQWDJH�FRYHU�RI�%��DWURSXUSXUHD�DW�VDPSOLQJ�VWDWLRQV�
6O�� ���� 0HVHàQH� YDULDFLMH� VUHGQMH� YUHGQRVWL� ��� 6'�
Q ���� SRNURYQRVWL� YUVWH�%�� DWURSXUSXUHD� QD� Y]RUàHYDO�
QLK�SRVWDMDK�
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:LQWHU 6SULQJ 6XPPHU $XWXPQ
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UFH

QWD
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�FR
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)LJ������6HDVRQDO�YDULDWLRQ�RI�PHDQV����6'��Q ���RI�SHU�
FHQWDJH�FRYHU�RI�%��DWURSXUSXUHD�DW�VDPSOLQJ�VWDWLRQV�
6O������6H]RQVNH�YDULDFLMH�VUHGQMH�YUHGQRVWL����6'��Q ��
SRNURYQRVWL� YUVWH�%�� DWURSXUSXUHD� QD� Y]RUàHYDOQLK� SR�
VWDMDK�
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$QQH[���FKHFN�OLVW

&\DQREDFWHULD
$QDF\VWLV�GLPLGLDWD��.�W]LQJ��'URXHW�	�'DLO\�&
%UDFK\WULFKLD�TXRMLL��&��$JDUGK��%RUQHW�	�)ODKDXOW�&
&DORWKUL[�FUXVWDFHD�7KXUHW�&
(QWRSK\VDOLV�FRQIHUWD��.�W]LQJ��'URXHW�	�'DLO\�&
(QWRSK\VDOLV�GHXVWD��0HQHJKLQL��'URXHW�	�'DLO\�&
0LFURFROHXV�O\QJE\DFHXV��.�W]LQJ��'URXHW�&
6FKL]RWKUL[�FDOFLFROD��&��$JDUGK��*RPRQW�&

5KRGRSK\FHDH
%DQJLD�DWURSXUSXUHD��5RWK��&��$JDUGK�&
3RUSK\UD�OHXFRVWLFWD�7KXUHW�LQ�/H�-ROLV�6&

)XFRSK\FHDH
)XFXV�YLUVRLGHV�&�$JDUGK�0

&KORURSK\FHDH
%OLGLQJLD�PLQLPD��1lJHOL�H[�.�W]LQJ��.\OLQ�6&
8OYD�FODWKUDWD��5RWK��&��$JDUGK�&
8OYD�FRPSUHVVD�/LQQDHXV�&
8ORWKUL[�IODFFD��'LOOZ\Q��7KXUHW�6&

$&.12:/('*(0(176

,�DP�JUDWHIXO�WR�SURIHVVRU�*DHWDQR�0DXUL]LR�*DUJLXOR
IURP�WKH�8QLYHUVLW\�RI�0HVVLQD��,WDO\��IRU�KLV�DGYLFH�DQG
KHOS�ZLWK� WKH� UHYLVLRQ� RI� WKH� WH[W�� ,� ZRXOG� DOVR� OLNH� WR
WKDQN�SURIHVVRU�/LD�$QJHOD�*KLUDUGHOOL�IRU�KHU�KHOS�LQ�WKH
GHWHUPLQDWLRQ�RI�&\DQREDFWHULD�VSHFLHV�
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)LJ������6HDVRQDO�YDULDWLRQ�RI�TXDQWLWDWLYH�GRPLQDQFH�RI
%��DWURSXUSXUHD�DW�H[DPLQHG�VLWHV�
6O������6H]RQVNH�YDULDFLMH�NROLàLQVNH�GRPLQDQFH�YUVWH�%�
DWURSXUSXUHD�QD�Y]RUàHYDOQLK�SRVWDMDK�

6(67$9$�,1�6(=216.$�635(0(1/-,9267�='58Ë%(�=�95672� %$1*,$
$752385385($ ��527+��&��$*$5'+��%$1*,$/(6��5+2'23+<&($(�

6/29(16.(*$�0256.(*$�2%5(Ë-$��6(9(51,�-$ '5$1�

&ODXGLR�%$77(//,
8QLYHU]D�QD�3ULPRUVNHP��3HGDJRÊND�IDNXOWHWD�.RSHU��6,������.RSHU��&DQNDUMHYD��

(�PDLO��FODXGLR�EDWWHOOL#JXHVW�DUQHV�VL

329=(7(.

3ULVSHYHN�REUDYQDYD� IORULVWLßQR� LQ� ILWRJHRJUDIVNR�VHVWDYR� WHU�VH]RQVNH�YDULDFLMH�]GUXÊEH�]�YUVWR�%DQJLD�DWURSXU�
SXUHD�QD�GYHK�SRVWDMDK�VORYHQVNHJD�PRUVNHJD�REUHÊMD��VHYHUQL�-DGUDQ���1DPHQ�UD]LVNDYH�MH�ELO�RSUHGHOLWL�]GUXÊER�]
YUVWR�%��DWURSXUSXUHD�V�IORULVWLßQHJD�YLGLND�LQ�VH]RQVNH�VSUHPHQOMLYRVWL�

5D]LVNDYD� MH� SRWHNDOD� QD� GYHK� VWDOQLK� Y]RUßHYDOQLK� SRVWDMDK�� HQD� QD� YDORORPQLK� NDPQLK� Y]GROÊ� REDOQH� FHVWH
PHG�.RSURP�LQ�,]ROR��SRVWDMD�$���GUXJD�SD�QD�QDUDYQL�DSQHQßDVWL�SRGODJL�Y�,]ROL�SUL�6LPRQRYHP�]DOLYX��SRVWDMD�%��
'RORßHQLK� MH� ELOR� ��� YUVW�� LQ� VLFHU� �� FLDQREDNWHULM� ��������� �� YUVWL� UGHßLK� DOJ� ��������� �� UMDYD� ������� LQ� �� YUVWH
]HOHQLK�DOJ���������

5D]LVNDYD�MH�SRND]DOD��GD� MH�]GUXÊED�]�YUVWR�%��DWURSXUSXUHD�GREUR� UD]YLWD�QD�REHK�SRVWDMDK�Y�]JRUQMHP�GHOX
PHGLROLWRUDOD� Y� REOLNL� JRVWHJD� SDVX� ]� ]HOR� QHSUDYLOQR� �PR]DLßQR�� UD]SRUHGLWYLMR�� 3RYSUHßQD� YUHGQRVW� SRNURYQRVWL
YUVWH�%��DWURSXUSXUHD�QD�SRVWDML�$���������MH�ELVWYHQR�YHßMD�RG�YUHGQRVWL�QD�SRVWDML�%���������)OXNWXDFLMD�YUHGQRVWL�Y
OHWX�MH�QD�REHK�SRVWDMDK�]HOR�SRGREQD��QDMYHßMH�YUHGQRVWL�VR�]DEHOHÊHQH�Y�MHVHQVNHP��]LPVNHP�LQ�VSRPODGDQVNHP
ßDVX��NDU�VH�XMHPD�]�UD]YRMQLP�NURJRP�YUVWH�%��DWURSXUSXUHD��1L]NH�YUHGQRVWL�GLYHU]LWHWQHJD�LQGH[D��+
�� LQ�YLVRNH
YUHGQRVWL� LQGHNVD� SRGREQRVWL� �64 ������ NDÊHMR� QD�PDMKQR� NRPSOHNVQRVW� WH� VNXSQRVWL�� 9� REHK� ]GUXÊEDK� SUHYOD�
GXMHMR�NR]PRSROLWVNL������LQ�VXENR]PRSROLVWVNL�����HOHPHQWL��PHGWHP�NR�MH�ELOD�RG�PHGLWHUDQVNLK�YUVW�]DEHOHÊHQD�OH
HQD��LQ�VLFHU�)XFXV�YLUVRLGHV�QD�SRVWDML�%�

6� ILWRFHQRORÈNHJD�YLGLND�]GUXÊED�]�YUVWR�%��DWURSXUSXUHD�SUHGVWDYOMD�DVRFLDFLMR�%DQJLHWXP�DWURSXUSXUHDH�*LDF�
FRQH������

.OMXÞQH�EHVHGH��]GUXÌED�]�YUVWR�%DQJLD�DWURSXUSXUHD��PRUVND�YHJHWDFLMD��VHYHUQL�-DGUDQ
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$FFXUWL�� *�� �������� &HQQR� VXOOH� DOJKH� GL� &DSRGLVWULD�
3ULPR� SURJUDPPD� GHOO
,PSHULDO� 5HJLR� *LQQDVLR� GL� &D�
SRGLVWULD��7LSRJUDILD�GHO�/OR\G�$XVWULDFR��7ULHVWH��S������
$OEHUWL��*��	�&��%DWWHOOL���������8Q�QDWXUDOLVWD�WUD�L�IUDWL
PLQRUL�FRQYHQWXDOL�GHO�FRQYHQWR�GL�6DQ�)UDQFHVFR�D�3L�
UDQR��3DGUH�3LR�7LWLXV� �������������$WWL�0XV��&LY��6WRU�
1DW��7ULHVWH��������������
$UGLVVRQH�� )�� �������� 3K\FRORJLD� 0HGLWHUUDQHD�� 3DUWH
SULPD��)ORULGDH��0�(��0DOQDWL��9DUHVH��,WDO\������SS�
%DOOHVWHURV�� (�� �������� (OV� YHJHWDOV� L� OD� ]RQDFLx� OLWRUDO�
HVSHFLHV� FRPXQLWDWV� L� IDFWRUV� TXH� LQIOXHL[HQ� HQ� OD� VHYD
GLVWULEXWLx��,VWLWXW�G¤(VWXGLV�&DWDODQV��%DUFHOORQD��S������
%DWWHOOL��&����������0DNUREHQWRÊNH�DOJH�SUÊQHJD�LQ�ELED�
YLáQHJD�QDGVWURSMD��3URWHXV��������������������
%DWWHOOL��&����������7KH�PDFURSK\WREHQWKRV�RQ�WKH�KDUG
XSSHU�PHGLROLWWRUDO�IURP�WZR�VWDWLRQV�RI�6ORYHQLDQ�FRDVW
�1RUWKHUQ�$GULDWLF�6HD���+DFTXHWLD����������������
%RXGRXUHVTXH��&K�� )�� ��������0pWKRGHV� G¤HWXGH� TXDOL�
WDWLYH� GX� EHQWKRV� �HQ� SDUWLFXOLHU� GX� SK\WREHQWKRV��� 7p�
WK\V���������������
'H� 7RQL��*�� %�� �������� 6\OORJH� $OJDUXP�2PQLXP�+X�
FXVTXH� &RJQLWDUXP�� YRO�� ,9�� )ORULGDH�� 6HFWLR� ,�� 3DWDYLL�
7\SLV�6HPLQDULL���[L�������SS�
'H�7RQL��*��%����������,QWRUQR�DG�DOFXHQ�%DQJLD�GL�%RU\
H�GL�=DQDUGLQL��1XRYD�1RWDULVLD����������
'URXHW��)����������5HYLVLRQ�RI�WKH�6WLJRQHPDWDFHDH�ZLWK
D�VXPPDU\�RI� WKH�FODVVLILFDWLRQ�RI� WKH�%OXH�JUHHQ�DOJDH�
1RYD�+HGZLJLD��&UDPHU������SS�
)HOGPDQQ�� -�� �������� 5HFKHUFKHV� VXU� OD� YpJpWDWLRQ�PD�
ULQH� GH� OD�0pGLWHUUDQpH�� /D�&zWH� GHV� $OEHUHV�� 5HY�� $O�
JRO�������������
)XQN��*����������%HLWUlJH�]XU�.HQQWQLV�GHU�0HHUHVDOJHQ
YRQ�1HDSHO��3XEEO��6WD]��=RRO��1DSROL��9RO�����VXSSO�
)XUQDUL��*���0��&RUPDFL�	�'�� 6HULR� �������� &DWDORJXH
RI�WKH�EHQWKLF�PDULQH�PDFURDOJDH�RI�WKH�,WDOLDQ�FRDVW�RI
WKH�$GULDWLF�6HD��%RFFRQHD������������
*DOODUGR�� 7��� $�� *uPH]� *DUUHWD�� 0�� 5LEHUD�� 0�� &RU�
PDFL��*��)XUQDUL��*��*LDFFRQH�	�&K��)��%RXGRXUHVTXH
��������&KHFN�OLVW�RI�0HGLWHUUDQHDQ�VHDZHHGV�� ,,��&KOR�
URSK\FHDH�:LOOH�V�O��%RW��0DU������������������
*DUJLXOR�� *�� 0��� )�� 'H� 0DVL� 	� *�� 7ULSRGL� �������
.DULRORJ\�RI�%DQJLD�DWURSXUSXUHD� �5KRGRSK\WD��%DQJLD�
OHV�� IURP�0HGLWHUUDQHDQ� DQG� 1RUWKHDVWHUQ� $WODQWLF� SR�
SXODWLRQV��-��3K\FRO���������������
*DUJLXOR��*��0���)��&XORVR��*��*HQRYHVH�	�)��'H�0DVL
��������.DULRORJ\�DQG�HIIHFWV�RI�WHPSHUDWXUH�DQG�SKRWR�
SHULRG�RQ� WKH� OLIH�KLVWRU\�RI�%DQJLD�DWURSXUSXUHD� �5RWK�
&��$J�� �%DQJLDOHV��5KRGRSK\WD�� IURP�WKH�0HGLWHUUDQHDQ
6HD��&U\SWRJDP��$OJRO����������������
*DUJLXOR��*��0���)��&XORVR��*��*HQRYHVH�	�)��'H�0DVL
��������.DU\RW\SH�RI�PDULQH�DQG� IUHVKZDWHU�SRSXODWLRQ
RI�%DQJLD� �%DQJLDOHV�� 5KRGRSK\WD�� LQ� ,WDO\�� 3K\FRORJLD�
���������������
*LDFFRQH��*���*��$ORQJL��$��&RVVX��5��'L�*HURQLPR�	

'�� 6HULR� �������� /D� YHJHWD]LRQH� PDULQD� EHQWRQLFD� GHO
0HGLWHUUDQHR�� 6RSUDOLWRUDOH� H�0HVROLWRUDOH�� 3URSRVWH� GL
DJJLRUQDPHQWR��%ROO��$FF��*LRHQLD�6FL��1DW��&DWDQLD�����
��������
/RUHQ]�� -�� 5�� �������� 3K\VLFDOLVFKH� 9HUKlOWQLVVH� XQG
9HUWKHLOXQJ� GHU� 2UJDQLVPHQ� LP� 4XDUQHULVFKHQ� *ROIH�
:LHQ��6WDDWVGUXFNHUHL������SS�
0DWMDÇLÞ�� -��	� -�� ÆWLUQ� �������� )ORUD� LQ� IDYQD� VHYHUQHJD
-DGUDQD��3ULVSHYHN����6$=8��/MXEOMDQD�����VWU�
0XQGD��0��,����������6HDVRQDO�YDULDWLRQV�LQ�ELRPDVV�DQG
IORULVWLF� GLYHUVLW\� RI� EHQWKLF� DOJDO� DVVRFLDWLRQV� IURP� WKH
1RUWKHUQ�$GULDWLF��3LUDQ���5DSS��&RPP��,QW��0HU�0HGLW��
�������S�����
0XQGD��0��,����������$OJDO�UHVRXUFHV�LQ�SROOXWHG�VLWHV�RI
WKH� 1RUWKHUQ� $GULDWLF� �YLFLQLW\� RI� 3LUDQ��� $FWD� $GULDW��
���������������
0XQGD��0�� ,�� ��������&KDQJHV� DQG�GHJUDGDWLRQ�RI� VHD�
ZHHGV� VWDQGV� LQ� WKH� 1RUWKHUQ� $GULDWLF�� +\GURELRORJLD�
�����������������
3DYORYHF�� 5�� �������� 1XPXOLWLQH� L]� DSQHQFHY� SUL� ,]ROL
�6:�6ORYHQLMD���5D]SUDYH�6$=8��������������
3UHGD��$�� ��������)ORUD� ,WDOLFD�&U\SWRJDPD��3DUV� ,,��)OR�
ULGDH��6RFLHWj�%RWDQLFD�,WDOLDQD������SS�
5LEHUD��0��$���$��*RPH]�*DUUHWD��7��*DOODUGR��0��&RU�
PDFL�� *�� )XUQDUL� 	�*�� *LDFFRQH� �������� &KHFN�OLVW� RI
0HGLWHUUDQHDQ� 6HDZHHGV�� ,�� )XFRSK\FHDH� �:DUPLQJ�
�������%RW��0DU���������������
6KHDWK��5��*��	�.��0��&ROH���������'LVWULEXWLRQ�VDOLQLW\
DGDSWDWLRQV�RI�%DQJLD�DWURSXUSXUHD� �5KRGRSK\WD���D�SX�
WDWLYH�PLJUDQW�LQWR�/DXUHQWLDQ�*UHD\WK�/DNHV��-��3K\FRO��
������������
6KHDWK��5��*��	�.��0��&ROH���������6\VWHPDWLFV�RI�%DQ�
JLD� �5KRGRSK\WD�� LQ� 1RUWK� $PHULFD�� ,�� %LRJHRJUDSKLF
WUHQGV�LQ�PRUSKRORJ\��3K\FRORJLD��������������
6LOYD��3��&���3��:��%DVVRQ�	�5��/��0RH���������&DWDORJXH
RI�WKH�EHQWKLF�PDULQH�DOJDH�RI� WKH� ,QGLDQ�2FHDQ��8QLY�
&DO��3XEO��%RW������������SS�
7UHYLVDQ�'H�6DLQW�/HRQ��9����������0HPRULH�VXO�JHQHUH
%DQJLD�� $WWL� &RQJUHVVR� 6FLHQWLILFR� LWDOLDQR�� )LUHQ]H�
������S����������
7XUN��5��	�$��9XNRYLÞ� ��������3UHOLPLQDUQD� LQYHQWDUL]D�
FLMD�LQ�WRSRJUDILMD�IORUH�LQ�IDYQH�PRUVNHJD�GHOD�QDUDYQHJD
UH]HUYDWD�6WUXQMDQ��$QQDOHV�6HU��KLVW��QDW��������������
9ULÇHU��%��	�$��9XNRYLÞ� ��������7DNVRQRPVND� LQYHQWDUL�
]DFLMD�� RSUHGHOLWHY� ELRFHQR]� LQ� NDUWLUDQMH� QD� REPRáMX
QDUDYQHJD�VSRPHQLND�5WD�0DGRQD��HNRORÊND�ÊWXGLMD��,QÊWL�
WXW�]D�ELRORJLMR��0RUVND�ELRORÊND�SRVWDMD��3LUDQ��������VWU�
9XNRYLÞ��$�� ��������$VRFLDFLMH�PRUVNLK�EHQWRÊNLK�DOJ�Y
3LUDQVNHP�]DOLYX��%LRO��YHVWQ������������������
9XNRYLÞ��$����������=QDáLOQRVWL�EHQWRÊNLK�]GUXÌE�Y�L]RO�
VNHP�]DOLYX��6ORYHQVNR�PRUMH�LQ�]DOHGMH���������������
9XNRYLÞ�� $�� �������� %HQWRÊND� YHJHWDFLMD� .RSUVNHJD
]DOLYD��$FWD�$GULDW��������������������
9XNRYLÞ� $�� �������� 3ULVSHYHN� N� SR]QDYDQMX� IORUH� PRU�
VNLK� DOJ� 6ORYHQLMH�� 6ORYHQVNR�PRUMH� LQ� ]DOHGMH�� �������
��������


