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6DPSOHV�ZHUH� WDNHQ�VHDVRQDOO\�DW� IRXU�GLIIHUHQW�VSULQJV�LQ�6ORYHQLD�� WKH� VSULQJ�DW�0HGYHGMH�%UGR�� WKH� VSULQJ� LQ
3RKRUMH��WKH�PLQHUDO�5LPVNL�YUHOHF�VSULQJ��DQG�WKH�WKHUPDO�7HUPH�ÞDWHÊ�VSULQJ�LQ�WKH�\HDUV������������DQG������
7KH�SDSHU�SUHVHQWV�WKH�LQLWLDO�UHVHDUFK�FDUULHG�RXW�LQWR�WKH�DOJDH�DW�WKH�DERYH�IRXU�VSULQJV��7KH�SXUSRVH�RI�WKH�LQYHVWL�
JDWLRQ�ZDV� WR� HVWDEOLVK� VSHFLHV� FRPSRVLWLRQ� DQG� SHULSK\WRQ� DEXQGDQFH�� 6RPH� SK\VLFDO� DQG� FKHPLFDO� SDUDPHWHUV
ZHUH�DOVR�PHDVXUHG��$OWRJHWKHU�����DOJDO�WD[D�ZHUH�UHJLVWHUHG��ZLWK�SUHYDLOLQJ�%DFLOODULRSK\FHDH�������ZKLOH����WD[D
EHORQJHG�WR�&\DQRSK\FHDH�����WR�&KORURSK\FHDH��IRXU�WR�;DQWKRSK\FHDH�DQG�WKUHH�WR�=\JQHPDWRSK\FHDH�����WD[D
ZHUH�QHZ�WR�6ORYHQLD��PRVW�RI�WKHP�EHORQJLQJ�WR�%DFLOODULRSK\FHDH�

.H\�ZRUGV��DOJDH��SHULSK\WRQ��VSULQJV��WKHUPDO�VSULQJV
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/D�ULFHUFD�SUHQGH�LQ�HVDPH�OH�DOJKH�DSSDUWHQHQWL�DO�SHULILWRQ�GL�TXDWWUR�GLYHUVH�VRUJHQWL� LQ�6ORYHQLD���TXHOOD�GL
0HGYHGMH�%UGR��TXHOOD�VXO�3RKRUMH��OD�VRUJHQWH�PLQHUDOH��5LPVNL�YUHOHF��H�OD�VRUJHQWH�WHUPDOH�GHOOH�7HUPH�ÞDWHÊ��
FRQ�OR�VFRSR�GL�UHJLVWUDUH�O¢DEERQGDQ]D�H�OD�FRPSRVL]LRQH�VSHFLILFD�GHOOH�FRPXQLWi�DOJDOL�QHJOL�DQQL������������H
������4XHVWD�o�OD�SULPD�ULFHUFD�VXOOH�DOJKH�SUHVHQWL�QHOOH�TXDWWUR�VRUJHQWL��6RQR�VWDWL�PLVXUDWL�DQFKH�DOFXQL� IDWWRUL
ILVLFL� H� FKLPLFL�� 1HOOH� TXDWWUR� VRUJHQWL� VRQR� VWDWL� LQGLYLGXDWL� FRPSOHVVLYDPHQWH� ��� GLYHUVL� WD[RQ� DSSDUWHQHQWL� D
FLQTXH�FODVVL�GL�DOJKH��%DFLOODULRSK\FHDH� ������&\DQRSK\FHDH� ������&KORURSK\FHDH� ������;DQWKRSK\FHDH� ����H�=\J�
QHPDWRSK\FHDH� �������� VSHFLH�VRQR�VWDWH� LQGLYLGXDWH� LQ�6ORYHQLD�SHU� OD�SULPD�YROWD�� OD�PDJJLRU�SDUWH�DSSDUWHQHYD
DOOH�GLDWRPHH�

3DUROH�FKLDYH��DOJKH��SHULILWRQ��VRUJHQWL��VRUJHQWL�WHUPDOL
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$OJDH�DUH� D� KLJKO\� GLYHUVH� JURXS� RI� RUJDQLVPV�ZLWK
LPSRUWDQW� IXQFWLRQV� LQ� DTXDWLF� KDELWDWV�� 7KH\� LQKDELW
GLIIHUHQW�ELRWRSHV��DHULDO�ELRWRSHV�� IUHVKZDWHU�� VDOW\�ZD�
WHU�DQG�EUDFNLVK�ZDWHU��6RPH�RI� WKHP�RFFXU� LQ�H[WUHPH
ELRWRSHV� OLNH� VQRZ�� WKHUPDO� VSULQJV�� PLQHUDO� ZDWHUV�
FDYHV��SHDW�ERJV�� ,Q�6ORYHQLD�� WKH�QXPEHU�RI� H[WUHPH
ELRWRSHV�LV�YHU\�KLJK�GXH�WR�LWV�JHRJUDSKLF�GLYHUVLW\�DQG
UHODWLYHO\� ORZ� GHJUHH� RI� SROOXWLRQ�� $OJDH� LQ� VXFK� EL�
RWRSHV� KDYH� EHHQ� RQO\� SDUWO\� LQYHVWLJDWHG� �.RVL� 	
9UKRYÊHN��������

7KHUPDO�ZDWHUV� DUH�ZDWHUV�ZLWK� WHPSHUDWXUHV� DERYH
���°&��&YLMDQ�	�%ODÌHQáLß���������7\SLFDO�DOJDO� IORUD�RI
VXFK�ZDWHUV� LV� &\DQRSK\FHDH�� %HVLGH� WKHP�� %DFLOODULR�
SK\FHDH��&KORURSK\FHDH��&KU\VRSK\FHDH�� HWF��RFFXU� LQ
WKHUPDO�ZDWHUV� �&YLMDQ� 	� %ODÌHQáLß�� ������� &\DQRSK\�
FHDH� DUH� FRPPRQ� LQ�PRVW� WKHUPDO� VSULQJV� WKURXJK� WKH
ZRUOG�ZLWK� S+� DERYH� �� DQG� WHPSHUDWXUH� EHORZ� ��� °&
�'RHPHO� 	� %URFN�� ������� ,Q� WKHUPDO� VSULQJV� ZLWK� S+
EHORZ���DQG�ZDWHU�WHPSHUDWXUH�EHWZHHQ����DQG����°&�
&\DQRSK\FHDH�GR�QRW�RFFXU�DQ\�PRUH�� LQ� VXFK�ZDWHUV�
RQO\� WKH� VSHFLHV�&\DQLGLXP�FDOGDULXP� LV� SUHVHQW� �'RH�
PHO� 	� %URFN�� ������� 0RVW� FRPPRQ� JHQHUD� LQ� WKHUPDO
VSULQJV� RI� 6ORYHQLD� DUH� 3KRUPLGLXP�� 3OHXURFDSVD� DQG
&DORWKUL[��9UKRYÊHN��������

7KH�REMHFWLYH�RI�WKH�LQYHVWLJDWLRQ�ZDV�WR�HVWDEOLVK�WKH
VSHFLHV� FRPSRVLWLRQ� DQG� SHULSK\WRQ� DEXQGDQFH� LQ� WKH
0HGYHGMH�%UGR�VSULQJ��WKH�VSULQJ�LQ�3RKRUMH��WKH�PLQHUDO
5LPVNL�YUHOHF�VSULQJ�DQG�WKH�7HUPH�àDWHÌ�WKHUPDO�VSULQJ
LQ� WKH�\HDUV������������DQG������� 6RPH�SK\VLFDO� DQG
FKHPLFDO� SDUDPHWHUV� ZHUH� DOVR� PHDVXUHG�� 7KH� SDSHU
SUHVHQWV�WKH�ILUVW�DOJRORJLFDO�UHVHDUFK�FDUULHG�RXW�DW�WKHVH
IRXU�VSULQJV�

0$7(5,$/�$1'�0(7+2'6

6WXG\�VLWHV

)RU� WKH�SXUSRVH�RI� RXU� LQYHVWLJDWLRQ��ZH�FKRVH� IRXU
GLIIHUHQW� VSULQJV� LQ� 6ORYHQLD�� WKH� VSULQJ� DW� 0HGYHGMH
%UGR�� WKH� VSULQJ� LQ� 3RKRUMH�� WKH�PLQHUDO� 5LPVNL� YUHOHF
VSULQJ� DQG� WKH� WKHUPDO� 7HUPH� àDWHÌ� VSULQJ�� 7KH� VDP�
SOLQJ�VLWHV�DUH�SUHVHQWHG�LQ�ILJXUH����7KH�0HGYHGMH�%UGR
VSULQJ� LV�D�NDUVW�VSULQJ�RQ� OLPHVWRQH�JURXQG��7KH�ZDWHU
DSSHDUV� RQ� WKH� VXUIDFH� RQO\� ���� PHWHUV�� WKHQ� LW� VLQNV�
7KH� VSULQJ� LV� VKDGHG� �FR�RUGLQDWHV� DIWHU� *DXV�.U�JHU�
; ��������� < ���������� 7KH� VSULQJ� LQ� 3RKRUMH� LV� OR�
FDWHG�RQ�DFLG�VLOLFDWH�JURXQG�LQ�/RYUHQÊND�MH]HUD�)RUHVW
5HVHUYH�� 7KH� VSULQJ� LV� QRW� VKDGHG� �FR�RUGLQDWHV� DIWHU
*DXV�.U�JHU�� ; ��������� < ���������� 7KH� PLQHUDO
5LPVNL� YUHOHF� VSULQJ� LV� VLWXDWHG� EHKLQG� 5LPVNL� YUHOHF
+RWHO� DW� .RWOMH� QHDU� WKH� WRZQ� RI� 5DYQH� QD� .RURÊNHP�
7KH� VSULQJ� ZDWHU� EHORQJHG� WR� �&D�0J�1D�K\GURJHQ�
FDUERQDWH� DFLG� ZDWHUV�� ZLWK� YHU\� KLJK� YDOXHV� RI� LURQ
�5RJHOM�HW�DO����������7KH�VSULQJ�LV�VKDGHG�DQG�UHJXODWHG

�IRXQWDLQ��� 7KH� WKHUPDO� 7HUPH� àDWHÌ� VSULQJ� LV� VLWXDWHG
EHWZHHQ� � 7RSOLFH� +RWHOV� DQG� =LPVND� WHUPDOQD� ULYLHUD�
7KH� VSULQJ� LV� UHJXODWHG� �IRXQWDLQ�� DQG� QRW� VKDGHG�� 7KH
WKHUPDO�ZDWHU� LV�SXPSHG�RXW�RI� WKH�ZHOO� LQWR� WKH� IRXQ�
WDLQ��7KH�WHPSHUDWXUH�RI�WKH�WKHUPDO�ZDWHU�LV����°&��1R�
VDQ��������

6DPSOLQJ

7KH� VDPSOHV� ZHUH� FROOHFWHG� VHDVRQDOO\� GXULQJ� WKH
\HDUV� ������ ����� DQG� ������ )RXU� SHULSK\WRQ� VDPSOHV
ZHUH� WDNHQ� LQ� WKH� 0HGYHGMH� %UGR� VSULQJ� ����������
���������� ������������ ������������ WKH� WKHUPDO� 7HUPH
àDWHÌ� VSULQJ� ������������ ����������� �����������
����������� DQG� WKH� PLQHUDO� 5LPVNL� YUHOHF� VSULQJ
������������ ������������ ����������� ������������ DQG
WKUHH� LQ� WKH� 3RKRUMH� VSULQJ� ����������� �����������
�����������3HULSK\WRQ�VDPSOHV�ZHUH�WDNHQ�LQ�WKH�VSULQJV
RI�0HGYHGMH�%UGR�DQG�3RKRUMH�E\�VFUDWFKLQJ�WKH�VXUIDFH
RI� JUDYHO� DQG� URFNV� LQ� WKH� ZDWHU� DQG� RYHUJURZWK� ZLWK
PRVVHV� DQG� LQ� WKH� PLQHUDO� 5LPVNL� YUHOHF� DQG� 7HUPH
àDWHÌ�VSULQJV�E\�VFUDWFKLQJ�WKH�ERWWRP�DQG�WKH�ZDOOV�RI
WKH� IRXQWDLQ�� 7KH� IL[DWLRQ� RI� WKH� VDPSOHV� ZDV� GRQH� LQ
VLWX�ZLWK�����IRUPDOLQ�FRQFHQWUDWLRQ��)RU�GLDWRP�GHWHU�
PLQDWLRQ�� VDPSOHV� ZHUH� SUH�WUHDWHG� ZLWK� VDWXUDWHG
+12���$3+$��������

7D[D�RI�WKH�DOJDH�XVLQJ�OLJKW�PLFURVFRSH��PDJQLILFD�
WLRQ� ����Õ�� DQG� IROORZLQJ� LGHQWLILFDWLRQ� PRQRJUDSKV
ZHUH� GHWHUPLQHG�� /D]DU� �������� 6WDUPDFK� ������� �����
�������%RXUUHOO\���������.UDPHU�	�/DQJH�%HUWDORW�������
������ ����D�� ����E��� +LQGDN� HW� DO�� �������� +LQGDN
�������� &YLMDQ� 	� %ODÌHQáLß� �������� 7KH� DEXQGDQFH� RI

)LJ�� ��� 0DS� RI� 6ORYHQLD� ZLWK� PDUNHG� VDPSOLQJ� VLWHV�
/HJHQG��$���0HGYHGMH�%UGR�VSULQJ��%���3RKRUMH�VSULQJ�
&� �� 5LPVNL� YUHOHF� PLQHUDO� VSULQJ�� '� �� 7HUPH� ßDWHË
WKHUPDO�VSULQJ�
6O�� ��� =HPOMHYLG� 6ORYHQLMH� ]� R]QDàHQLPL� Y]RUàQLPL
PHVWL��/HJHQGD��$���L]YLU�QD�0HGYHGMHP�%UGX��%���L]YLU
QD�3RKRUMX��&���PLQHUDOQL� L]YLU�5LPVNL�YUHOHF��'���WHU�
PDOQL�L]YLU�Y�7HUPDK�ßDWHË�
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PRVW�FRPPRQ�VSHFLHV�ZDV�HYDOXDWHG�XVLQJ�WKH�IROORZLQJ
VFDOH��3DQWOH�	�%XFN��������

$EXQGDQFH VSHFLHV�SUHVHQW�LQ���RI�YLVLEOH�ILHOGV
����VLQJOH ����
����FXVWRPDU\ >�����
����GRPLQDWH >������

,Q� ����� DQG� ������ YDULRXV� SK\VLFDO� DQG� FKHPLFDO
SDUDPHWHUV�ZHUH�PHDVXUHG��WKHVH�LQFOXGHG�WHPSHUDWXUH�
FRQGXFWLYLW\��S+��GLVVROYHG�R[\JHQ�DQG�SHUFHQWDJH�VDWX�
UDWLRQ��$3+$��������

5(68/76�$1'�',6&866,21

3K\VLFDO�DQG�FKHPLFDO�SDUDPHWHUV

5DQJH�RI�VRPH�SK\VLFDO�DQG�FKHPLFDO�SDUDPHWHUV�DW
DOO� IRXU� VSULQJV� LQ� WKH� \HDUV� ������ ����� DQG� ����� DUH
SUHVHQWHG�LQ�7DEOH���

:DWHU� WHPSHUDWXUH� RI� VSULQJV�� ZKLFK� UHFHLYH� ZDWHU
IURP� GHHSHU� OD\HUV��ZDV�PRUH� RU� OHVV� FRQVWDQW� DQG� RV�
FLOODWHG�DURXQG� WKH�DYHUDJH�DQQXDO�DLU� WHPSHUDWXUH� �5H�
MLF�� ������� 6XFK� VSULQJV� DUH� DOVR� WKH� 0HGYHGMH� %UGR
VSULQJ�� WKH�PLQHUDO�5LPVNL�YUHOHF�VSULQJ��DQG� WKH�VSULQJ
LQ� 3RKRUMH� ZLWK� PLQRU� WHPSHUDWXUH� FKDQJHV� RI� ZDWHU
WKURXJK� WKH� \HDU�� 7HPSHUDWXUHV� RI� WKHUPDO� ZDWHUV� H[�
FHHG����°&��&YLMDQ�	�%ODÌHQáLß���������VXFK�LV�DOVR�WKH
WKHUPDO�7HUPH�àDWHÌ�VSULQJ��ZLWK�LWV� WHPSHUDWXUHV�UDQJ�
LQJ�� DW� WKH� WLPH� RI� RXU�PHDVXUHPHQWV�� IURP� ����� °&� WR
�����°&�

&RQGXFWLYLW\� LQ� IUHVKZDWHUV� LQFUHDVHV� ZLWK� LQFUHDVH
RI�VDOLQLW\��ZKLFK�LV�LQIOXHQFHG�E\�WKH�JURXQG�DQG�LWV�JH�
RORJ\�� FOLPDWH�� WHPSHUDWXUH�� GXVW�� SUHFLSLWDWLRQ�� HYDSR�
UDWLRQ�� ZLQGV�� GLVWDQFH� IURP� WKH� VHD�� IORUD� DQG� IDXQD
�5HMLF��������� ,Q� WKH�3RKRUMH� VSULQJ�� WKH�FRQGXFWLYLW\�DW
WKH� WLPH� RI� RXU� PHDVXUHPHQWV� ZDV� ORZ� ����������
µ6�FP��� ZKLFK� FDQ� EH� H[SODLQHG� E\� WKH� DFLG�VLOLFDWH
JURXQG��,Q�WKH�5LPVNL�YUHOHF�PLQHUDO�VSULQJ��RQ�WKH�RWKHU
KDQG��WKH�FRQGXFWLYLW\�DW�WKH�WLPH�RI�PHDVXUHPHQWV�ZDV
YHU\� KLJK� �����������µ6�FP���ZKLFK� FDQ�EH� H[SODLQHG

E\�WKH�KLJK�YDOXHV�RI�LURQ�LQ�VSULQJ�ZDWHU��5RJHOM�HW�DO��
������� 3K\VLFDO� DQG� FKHPLFDO� UHVXOWV� UHYHDOHG� WKDW� WKH
WHPSHUDWXUH�DQG�FRQGXFWLYLW\�DUH�FORVHO\�FRQQHFWHG��WKH
KLJKHU�WKH�ZDWHU�WHPSHUDWXUH�� WKH�KLJKHU�WKH�FRQGXFWLY�
LW\��:HW]HO�	�/LNHQV��������DVFHUWDLQHG�WKDW�WKH�FRQGXF�
WLYLW\�LQFUHDVHV�E\�DERXW���WR����SHU���°&��$W�WKH�0HG�
YHGMH�%UGR�VSULQJ�DQG�7HUPH�àDWHÌ� WKHUPDO� VSULQJ��S+
ZDV� DERXW� �� WR� ��� ZKLOH� DW� WKH� PLQHUDO� 5LPVNL� YUHOHF
VSULQJ�DQG� WKH� VSULQJ� LQ�3RKRUMH� LW� UDQJHG�EHWZHHQ����
DQG�����

7KH� DPRXQW� RI� GLVVROYHG� R[\JHQ� LQ� ZDWHU� DQG� WKH
SHUFHQWDJH�VDWXUDWLRQ�LQ�WKH�PLQHUDO�5LPVNL�YUHOHF�VSULQJ
DQG�WKH�WKHUPDO�VSULQJ�ZDV�H[WUHPHO\�ORZ�DW�WKH�WLPH�RI
PHDVXUHPHQWV��ZKLFK�FDQ�EH�H[SODLQHG�E\� WKH�DEVHQFH
RI� ELRJHQ� LQSXW� RI� R[\JHQ� LQWR� VSULQJ� ZDWHU� DQG� KLJK
ZDWHU� WHPSHUDWXUH� LQ�WKH� WKHUPDO� VSULQJ�� ,Q� WKH�3RKRUMH
VSULQJ��WKH�DPRXQW�RI�GLVVROYHG�R[\JHQ�LQ�ZDWHU�DQG�WKH
SHUFHQWDJH� VDWXUDWLRQ� ZDV� PXFK� KLJKHU�� DOWKRXJK� WKH
SHUFHQWDJH� VDWXUDWLRQ�ZDV�DW� WKH� WLPH�RI�PHDVXUHPHQWV
EHORZ� ������ 2QO\� LQ� WKH� 0HGYHGMH� %UGR� VSULQJ� WKH
DPRXQW�RI�GLVVROYHG�R[\JHQ�LQ�ZDWHU�ZDV�DERYH����PJ�O
DW�WKH�WLPH�RI�PHDVXUHPHQWV��ZKLOH�WKH�SHUFHQWDJH�VDWX�
UDWLRQ�ZDV�DERYH������

6SHFLHV�FRPSRVLWLRQ�DQG�DEXQGDQFH

$OWRJHWKHU�� ��� DOJDO� WD[D�ZHUH� GHWHUPLQHG� �7DE�� ���
0RVW�RI�WKHP������EHORQJHG�WR�%DFLOODULRSK\FHDH�����WR
&\DQRSK\FHDH�� ��� WR� &KORURSK\FHDH�� IRXU� WR� ;DQWKR�
SK\FHDH��DQG�WKUHH�WR�=\JQHPDWRSK\FHDH�

���DOJDO�WD[D�ZHUH�GHWHUPLQHG�LQ�WKH�0HGYHGMH�%UGR
VSULQJ�����LQ�WKH�PLQHUDO�5LPVNL�YUHOHF�VSULQJ�����LQ�WKH
3RKRUMH�VSULQJ��DQG���LQ�WKH�WKHUPDO�7HUPH�àDWHÌ�VSULQJ
�7DE������ 7KH� DOJDO� VWUXFWXUH� E\�FODVVHV� LQ� DOO� WKUHH�ZD�
WHUIDOOV�LV�VKRZQ�LQ�ILJXUH����7KH�PRVW�IUHTXHQW�FODVVHV�RI
DOJDH� LQ� WKH�0HGYHGMH� %UGR� VSULQJ� DQG� LQ� WKH�PLQHUDO
5LPVNL� YUHOHF� VSULQJ� ZHUH� %DFLOODULRSK\FHDH�� IROORZHG
E\�&\DQRSK\FHDH�DQG�&KORURSK\FHDH��0RVW�FRPPRQ�LQ
WKH� 3RKRUMH� VSULQJ� ZDV� WKH� FODVV� &KORURSK\FHDH�� DQG
&\DQRSK\FHDH�LQ�WKH�WKHUPDO�7HUPH�àDWHÌ�VSULQJ�

7DE�����5DQJHV�RI� VRPH�SK\VLFDO� DQG�FKHPLFDO�SDUDPHWHUV� LQ� WKH�0HGYHGMH�%UGR� VSULQJ�� WKH�3RKRUMH� VSULQJ�� WKH
PLQHUDO�5LPVNL�YUHOHF�VSULQJ��DQG�WKH�WKHUPDO�7HUPH�ßDWHË�VSULQJ�LQ�WKH������������DQG�������/HJHQG��$���0HG�
YHGMH�%UGR�VSULQJ��%���3RKRUMH�VSULQJ��&���5LPVNL�YUHOHF�PLQHUDO�VSULQJ��'���7HUPH�ßDWHË�WKHUPDO�VSULQJ�
7DE�����2EVHJ�QHNDWHULK�IL]LNDOQLK�LQ�NHPLMVNLK�SDUDPHWURY�Y�L]YLUX�QD�0HGYHGMHP�EUGX��L]YLUX�QD�3RKRUMX��PLQH�
UDOQHP�L]YLUX�5LPVNL�YUHOHF�LQ�WHUPDOQHP�L]YLUX�Y�7HUPDK�ßDWHË�Y�OHWLK������������LQ�������/HJHQGD��$���L]YLU�QD
0HGYHGMHP�%UGX��%���L]YLU�QD�3RKRUMX��&���PLQHUDOQL�L]YLU�5LPVNL�YUHOHF��'���WHUPDOQL�L]YLU�Y�7HUPDK�ßDWHË�

VDPSOLQJ�SRLQW WHPSHUDWXUH��°°&� FRQGXFWLYLW\
�µµ6�FP�

S+ R[\JHQ
�PJ�O�

VDWXUDWLRQ
���

$ �������� ������� ��������� ��������� �������
% ������� ����� ��������� �������� �����
& �������� ��������� ��������� ������� �����
' ��������� ������� ��������� ������� �����



$11$/(6�©�6HU��KLVW��QDW��©����©������©��

$OHNVDQGUD�.5,92*5$'�./(0(1à,à��$/*$/�)/25$�2)�)285�',))(5(17�635,1*6�,1�6/29(1,$�������

��

7DE�����$OJDO�VSHFLHV�OLVW�ZLWK�HVWLPDWLRQ�RI�DEXQGDQFH������VLQJOH������FXVWRPDU\������GRPLQDWH��IURP�WKH�0HGYHGMH
%UGR�VSULQJ��3RKRUMH�VSULQJ��5LPVNL�YUHOHF�PLQHUDO�VSULQJ��DQG�7HUPH�ßDWHË�WKHUPDO�VSULQJ�LQ�WKH�\HDUV�����������
DQG������ZLWK�PDUNHG�WD[D�QHZ�WR�6ORYHQLD�
7DE�����9UVWQD�VHVWDYD�DOJ�]�RFHQR�DEXQGDQFH������SRVDPLàQD������RELàDMQD������SUHYODGXMRàD��Y�L]YLUX�QD�0HGYHG�
MHP�EUGX�� L]YLUX�QD�3RKRUMX��PLQHUDOQHP� L]YLUX�5LPVNL�YUHOHF� LQ� WHUPDOQHP� L]YLUX�Y�7HUPDK�ßDWHË�Y� OHWLK������
�����LQ������]�R]QDàHQLPL�WDNVRQL��NL�VR�QRYL�]D�6ORYHQLMR�

0HGYHGMH�%UGR�VSULQJ 3RKRUMH�VSULQJ 5LPVNL�YUHOHF�PLQHUDO
VSULQJ

7HUPH�ÝDWHÉ�WKHUPDO
VSULQJ
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352.$5<27$
&<$123+<7$
&<$123+<&($(
¦&DORWKUL[�WKHUPDOLV��6FKZDEH��+DQVJ� � � � �
*ORHRFDSVD�DOSLQD�1DHJHOL � � � �
¦*ORHRFDSVD�ELWXPLQRVD��%RU\��.XHW]� �
*ORHRFDSVD�FRPSDFWD�.XHW]� �
*ORHRFDSVD�PRQWDQD�.XHW]� �
*ORHRFDSVD�WXUJLGD��.XHW]���+ROOHU� � � �
0LFURF\VWLV�VS� � �
2VFLOODWRULD�VS� � �
2VFLOODWRULD�VSOHQGLGD�*UHYLOOH � �
¦3KRUPLGLXP�DQJXVWLVVLPXP �:��	�*�
6��:HVW � � � � � �

3KRUPLGLXP�UHW]LL��$JDUGK��*RPRQW � �
3KRUPLGLXP�VS� � � � � � �
¦3KRUPLGLXP�YDOGHULDH��'HOS���*HLWOHU � � � � �
3VHXGDQDEDHQD�FRQVWULFWD��6]DIHU�
/DXWHUE� � �

(8.$5<27$
+(7(52.21723+<7$
;$17+23+<&($(
%RWU\RFKORULV�PLQLPD�3DVFK� �
*ORHRERWU\V�PRQRFKORURQ�(WWO� � � �
7ULERQHPD�PLQXV�+D]HQ � �
7ULERQHPD�YXOJDUH�3DVFKHU � � �
%$&,//$5,23+<&($(
$FKQDQWKHV�GHOLFDWXOD�VVS��KDXFNLDQD
�*UXQ���/DQ��%HUW� � � � �

$FKQDQWKHV�ODQFHRODWD��%UHE���*UXQ� �
$FKQDQWKHV�ODQFHRODWD�VVS��ODQFHRODWD
YDU��ODQFHRODWD��%UHE���*UXQ� � � � � � � �

$FKQDQWKHV�PLQXWLVVLPD�.XHW]� � � � � � � � � �
$FKQDQWKHV�VS� � � �
$PSKRUD�RYDOLV��.XHW]���.XHW]� � � � �
$PSKRUD�SHGLFXOXV��.XHW]���*UXQ� � � �
$XODFRVHLUD�JUDQXODWD��(KUHQ���6LPRQ� �
&DORQHLV�EDFLOOXP��*UXQ���&OHYH � � �
¦&DORQHLV�PRODULV��*UXQ���.UDPP� � � � �
&RFFRQHLV�SODFHQWXOD�(KUHQ� � � � �
&\PEHOOD�DIILQLV�.XHW]� � � � �
&\PEHOOD�DVSHUD��(KUHQ���3HUDJDOOR �
&\PEHOOD�F\PELIRUPLV�$JDUGK �
&\PEHOOD�KHOYHWLFD�.XHW]� � �
&\PEHOOD�VLOHVLDFD�%OHLVFK �
&\PEHOOD�VS� �
'HQWLFXOD�WHQXLV�.XHW]� � � � � � � �
'LDWRPD�YXOJDULV�%RU\ �
'LSORQHLV�REORQJHOOD��1DHJHOL��&OHYH�
(XOHU � � � �

(OOHUEHFNLD�DUHQDULD��0RRUH��&UDZ� � � �
(SLWKHPLD�DGQDWD��.XHW]���%UHE� �
(XQRWLD�ELOXQDULV�(KUHQ� �
(XQRWLD�H[LJXD��%UHE���5DEHQ� � �
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0HGYHGMH�%UGR�VSULQJ 3RKRUMH�VSULQJ 5LPVNL�YUHOHF�PLQHUDO
VSULQJ

7HUPH�ÝDWHÉ�WKHUPDO
VSULQJ
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)UDJLODULD�FDSXFLQD�'HVP� � � � �
)UDJLODULD�IDVFLFXODWD��$JDUGK��/DQ��%HUW� �
)UXVWXOLD�UKRPERLGHV��(KUHQ���'H�7RQL �
)UXVWXOLD�YXOJDULV��7KZDLW���'H�7RQL � � � �
*RPSKRQHPD�DQJXVWDWXP ��.XHW]��
5DEHQ� � � � �

*RPSKRQHPD�DQJXVWXP�$JDUGK � � � �
*RPSKRQHPD�FODYDWXP�(KUHQ� � � � � �
*RPSKRQHPD�JUDFLOH�(KUHQ� � �
*RPSKRQHPD�SDUYXOXP�.XHW]� � �
1DYLFXOD�DQJXVWD�*UXQ� �
¦1DYLFXOD�FLQFWD��(KUHQ���5DOIV�LQ
3ULWFKDUG � �

1DYLFXOD�FRQWHQWD�*UXQ� �
¦1DYLFXOD�JUHJDULD�'RQNLQ � � � �
1DYLFXOD�PXWLFD�YDU��PXWLFD�.XHW]� �
1DYLFXOD�VS� �
1DYLFXOD�WULSXQFWDWD��0XHOO���%RU\ � � � �
1DYLFXOD�YHQHWD�.XHW]� � � �
1LW]VFKLD�GLVVLSDWD��.XHW]���*UXQ� �
1LW]VFKLD�IRQWLFROD�*UXQ� � �
1LW]VFKLD�OLQHDULV��$JDUGK��:�6PLWK � �
1LW]VFKLD�OLQHDULV�YDU��OLQHDULV��$JDUGK�
:��6PLWK � � �

1LW]VFKLD�SDOHD��.XHW]���:�6PLWK � � � �
¦1LW]VFKLD�VLQXDWD�YDU��GHORJQHL��*UXQ��
/DQ��%HUW� � � �

¦3LQQXODULD�VXGHWLFD��+LOVH��3HUDJDOOR � � � �
6XULUHOOD�OLQHDULV�:��6PLWK � �
6XULUHOOD�VS� �
6XULUHOOD�VSLUDOLV�.XHW]� �
&+/2523+<7$
&+/2523+<&($(
&ODGRSKRUD�VS� � � �
*ORHRF\VWLV�YHVLFXORVD�1DHJ� �
.OHEVRUPLGLXP�IODFFLGXP��.XHW]��6LOYD�
0DWWR[�	�%ODFN� � � � � �

¦.ROLHOOD�FUDVVD�+LQGDN �
¦.ROLHOOD�YDULDELOLV��1\J���+LQGDN � �
0LFURVSRUD�DPRHQD��.XHW]���5DEHQ� � �
0LFURWKDPQLRQ�NXHW]LQJLDQXP �1DHJHOL � � � �
2HGRJRQLXP�VS� �
6WLJHRFORQLXP�IDUFWXP�%HUWKROG �
6WLJHRFORQLXP�WHQXH��$JDUGK��.XHW]� � � � �
7UHQWHSRKOLD�DXUHD��/���0DUWLXV � � � � � � � � � �
=<*1(0$723+<&($(
%DPEXVLQD�EUHELVVRQLL�.XHW]� �
0RXJHRWLD�VS� � � � �
1HWULXP�GLJLWXV��(KUHQ���,W]LJV��	�5RWKH �

¨�$OJDH�ILUVW�UHFRUGHG�LQ�6ORYHQLD

(FRORJLFDO�FRQGLWLRQV�LQ�WKHUPDO�VSULQJV�DUH�PRUH�RU
OHVV� FRQVWDQW� ZLWK� YHU\� KLJK� ZDWHU� WHPSHUDWXUH�� PRVW
FRPPRQ� LQ� VSULQJV� RI� WKLV� W\SH� LV� WKH� FODVV� &\DQRSK\�
FHDH� �9UKRYÊHN�� ������� &\DQRSK\FHDH� DUH� PRVW� FRP�
PRQ� LQ� YDULRXV� WKHUPDO� VSULQJV� ZRUOGZLGH� �'RHPHO� 	
%URFN�� ������ &DUU� 	� :KLWWRQ�� ������ 5RXQG�� �����
1RJXHURO�� ������� $V� IDU� DV� RWKHU� FODVVHV� RI� DOJDH� DUH
FRQFHUQHG��RQO\�%DFLOODULRSK\FHDH�DUH�DOVR�FRPPRQ� LQ

WKHUPDO� VSULQJV� �WKH\� DSSHDUHG� RQO\� ZKHQ� ZDWHU� WHP�
SHUDWXUH�ZDV�EHORZ����°&�� �&YLMDQ�	�%ODÌHQáLß��������
6SHFLHV� IURP� WKH�FODVVHV�;DQWKRSK\FHDH�DQG�=\JQHPD�
WRSK\FHDH� RFFXUUHG� RQO\� LQ� WKH� PLQHUDO� 5LPVNL� YUHOHF
VSULQJ�

,Q� WKH�PLQHUDO�5LPVNL� YUHOHF� VSULQJ�DQG� LQ� WKH� WKHU�
PDO� 7HUPH� àDWHÌ� VSULQJ�� QR� VHDVRQDO� FKDQJHV� ZHUH
IRXQG� LQ� WKH�DOJDO� FRPPXQLWLHV�� ,Q� WKH� VSULQJV�RI�0HG�
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YHGMH� %UGR� DQG� 3RKRUMH�� KLJK� VSHFLHV� ULFKQHVV�ZDV� HV�
WDEOLVKHG� LQ� VXPPHU� VDPSOHV� DQG� ORZ� LQ� DXWXPQ� DQG
ZLQWHU�VDPSOHV�

,Q�DOO� VDPSOHV�RI� WKH�0HGYHGMH�%UGR�VSULQJ�� WKH� IRO�
ORZLQJ� WD[D�ZHUH� UHFRUGHG��$FKQDQWKHV� GHOLFDWXOD� VVS�
KDXFNLDQD��$��PLQXWLVVLPD��&RFFRQHLV�SODFHQWXOD��*RP�
SKRQHPD� DQJXVWXP�� 1DYLFXOD� WULSXQFWDWD� DQG� 7UHQWH�
SRKOLD�DXUHD��PRVW�FRPPRQ�DPRQJVW�ZKLFK�ZHUH�$��GH�
OLFDWXOD�VVS��KDXFNLDQD� DQG�&��SODFHQWXOD�� ,Q�DOO�5LPVNL
YUHOHF� VDPSOHV�� WKH� IROORZLQJ� WD[D� ZHUH� GHWHUPLQHG�
$FKQDQWKHV� ODQFHRODWD� VVS�� ODQFHRODWD� YDU�� ODQFHRODWD�
$�� PLQXWLVVLPD�� &DORQHLV� PRODULV�� &\PEHOOD� DIILQLV�
'HQWLFXOD� WHQXLV��'LSORQHLV�REORQJHOOD��)UDJLODULD� FDSX�
FLQD��)UXVWXOLD�YXOJDULV��*RPSKRQHPD�FODYDWXP��1DYLF�
XOD� JUHJDULD��1LW]VFKLD� SDOHD�� 3LQQXODULD� VXGHWLFD��0L�
FURWKDPQLRQ�NXHW]LQJLDQXP��0RXJHRWLD�VS��DQG�6WLJHR�
FORQLXP� WHQXH�� 7KH� SUHGRPLQDQW� VSHFLHV� ZHUH� 7UL�
ERQHPD� PLQXV� DQG� $�� ODQFHRODWD� VVS�� ODQFHRODWD� YDU�
ODQFHRODWD�� ,Q� WKH� PLQHUDO� 5LPVNL� YUHOHF� VSULQJ�� PDQ\
VSHFLHV�ZHUH� W\SLFDO� RI� ZDWHUV� ZLWK� KLJK� OHYHO� RI� HOHF�
WURO\WHV�� VRPH� RI� WKHP� ZHUH� W\SLFDO� HYHQ� RI� EUDFNLVK
ZDWHUV� �*RPSKRQHPD� JUDFLOH��1DYLFXOD� FLQFWD��1�� YH�
QHWD��1LW]VFKLD�OLQHDULV��1��VLQXDWD�YDU��GHORJQHL���ZKLFK
FDQ�EH�H[SODLQHG�E\�WKH�KLJK�FRQGXFWLYLW\�YDOXHV�������
�����µ6�FP��LQ�VSULQJ�ZDWHU��0DQ\�VSHFLHV�ZHUH�W\SLFDO
RI�HXWURSKLF�ZDWHUV��2VFLOODWRULD�VSOHQGLGD��1��FLQFWD��1�
YHQHWD��*��DQJXVWDWXP��*��SDUYXOXP��1��SDOHD�HWF�

$OJDO� FRPPXQLW\� LQ� WKH� 3RKRUMH� VSULQJ� JUHDWO\� GLI�
IHUHG�IURP�DOJDO�FRPPXQLWLHV�LQ�WKH�VSULQJV�RI�0HGYHGMH
%UGR�DQG�5LPVNL�YUHOHF��,Q�DOO�VDPSOHV�IURP�WKH�3RKRUMH
VSULQJ��WKH�VSHFLHV�*ORHRERWU\V�PRQRFKORURQ�DQG�.OHE�
VRUPLGLXP� IODFFLGXP� ZHUH� UHFRUGHG�� 7KH� PRVW� IUH�
TXHQWO\�IRXQG�VSHFLHV�ZHUH�*��PRQRFKORURQ�DQG�(XQR�
WLD�ELOXQDULV��0DQ\�VSHFLHV�ZHUH� W\SLFDO�RI�DFLG�ZDWHUV�
1HWULXP� GLJLWXV�� %DPEXVLQD� EUHELVVRQLL� DQG� %RWU\R�
FKORULV�PLQLPD�

7KH� PRVW� FRPPRQ� VSHFLHV� LQ� 7HUPH� àDWHÌ� VSULQJ
ZDV�*ORHRFDSVD�DOSLQD��6SHFLHV�$��PLQXWLVVLPD��)UXVWX�
OLD� UKRPERLGHV� DQG�7UHQWHSRKOLD� DXUHD�ZHUH�DOVR� IDLUO\
FRPPRQ��6WRFNQHU� ������� IRXQG�RXW� WKDW�VRPH�GLDWRPV
FDQ�OLYH�DW�YHU\�KLJK�ZDWHU�WHPSHUDWXUHV��DOWKRXJK�WKHLU
RSWLPXP�LV�EHORZ����°&��&YLMDQ���������ZKR�VWXGLHG�DO�
JDH� LQ�YDULRXV� 6HUELDQ� WKHUPDO� VSULQJV��HVWDEOLVKHG� WKDW
DOJDH�RFFXU�LQ�ZDWHU�ZLWK�WHPSHUDWXUHV�XS� WR����°&��$W
���°&��KH�IRXQG�RQO\�RQH�VSHFLHV�RI�DOJDH�LQ�WKH�ZDWHU��
3KRUPLGLXP� DQJXVWLVVLPXP�� ,Q� DOO� IRXU� 7HUPH� àDWHÌ
SHULSK\WRQ�VDPSOHV��3��DQJXVWLVVLPXP�ZDV�UHFRUGHG�� ,Q
ZDWHUV� ZLWK� WHPSHUDWXUH� XS� WR� ��� °&�� 6\QHFKRFRFFXV
ZDV� RIWHQ� WKH� SUHYDLOLQJ� JHQXV�� ZKLOH� LQ� ZDWHUV� ZLWK
WHPSHUDWXUHV� XS� WR� ��� °&�� VSHFLHV� RI� WKH� JHQXV� 3KRU�
PLGLXP� SUHYDLOHG��$W�ZDWHU� WHPSHUDWXUHV�EHORZ���� °&�
VSHFLHV�RI� WKH�JHQXV�&DORWKUL[�ZHUH� SUHYDOHQW� �6WHZDUW�

�������1RJXHURO��������VWXGLHG�DOJDO�IORUD�LQ�KRW�VSULQJV
RI�QRUWKZHVW�6SDLQ��+H�IRXQG����DOJDO�VSHFLHV��ZLWK�SUH�
YDLOLQJ�&\DQRSK\FHDH��&\DQRSK\FHDH�DUH�H[WUHPHO\�UH�
VLVWDQW� WR�KLJK� WHPSHUDWXUHV�� 6RPH�RI� WKHP�ZHUH� IRXQG
HYHQ� LQ�ZDWHUV�ZLWK� WHPSHUDWXUHV� XS� WR� ��� °&� �5RXQG�
������

,Q� WKH� IRXU� VSULQJV�� ��� WD[D� ZHUH� UHFRUGHG� IRU� WKH
YHU\�ILUVW� WLPH�LQ�6ORYHQLD��7DE������HLJKW�RI� WKHVH� LQ� WKH
PLQHUDO�5LPVNL�YUHOHF�VSULQJ��IRXU�LQ�WKH�3RKRUMH�VSULQJ�
WKUHH�LQ�WKH�WKHUPDO�7HUPH�àDWHÌ�VSULQJ��DQG�WZR�LQ�WKH
0HGYHGMH� %UGR� VSULQJ�� )LYH� RI� WKH� ILUVW� UHFRUGHG� WD[D
EHORQJHG� WR� %DFLOODULRSK\FHDH�� IRXU� WR� &\DQRSK\FHDH
DQG�WZR�WR�&KORURSK\FHDH�

�
�

��
��
��
��
��
��
��

$ % & '
sampling sites

=\JQHPDWRSK\FHDH
&KORURSK\FHDH
%DFLOODULRSK\FHDH
;DQWKRSK\FHDH
&\DQRSK\FHDH

QXPEHU�RI�WD[D

)LJ�����$OJDO�VWUXFWXUH�E\�FODVVHV�LQ�WKH�0HGYHGMH�%UGR
VSULQJ�� 3RKRUMH� VSULQJ�� 5LPVNL� YUHOHF� PLQHUDO� VSULQJ�
DQG� 7HUPH� ßDWHË� WKHUPDO� VSULQJ� LQ� WKH� \HDUV� �����
�����DQG������/HJHQG��$���0HGYHGMH�%UGR�VSULQJ��%��
3RKRUMH� VSULQJ�� &� �� 5LPVNL� YUHOHF�PLQHUDO� VSULQJ��'� �
7HUPH�ßDWHË�WKHUPDO�VSULQJ�
6O�� ��� 6HVWDYD� DOJ� SR� UD]UHGLK� Y� L]YLUX� QD�0HGYHGMHP
EUGX��L]YLUX�QD�3RKRUMX��PLQHUDOQHP�L]YLUX�5LPVNL�YUH�
OHF� LQ� WHUPDOQHP� L]YLUX� Y� 7HUPDK�ßDWHË� Y� OHWLK� �����
�����LQ�������/HJHQGD��$���L]YLU�QD�0HGYHGMHP�%UGX�
%���L]YLU�QD�3RKRUMX��&���PLQHUDOQL�L]YLU�5LPVNL�YUHOHF�
'���WHUPDOQL�L]YLU�Y�7HUPDK�ßDWHË�
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(�PDLO��JRUD]G#VLORQ�VL

329=(7(.

9�QDORJL�VR�ELOH�UD]LVNDQH�SHULILWRQVNH�DOJH�Y�ÈWLULK�UD]OLßQLK�L]YLULK�Y�6ORYHQLML��L]YLUX�QD�0HGYHGMHP�%UGX��L]YLUX
QD�3RKRUMX��PLQHUDOQHP�L]YLUX�5LPVNL�YUHOHF�LQ�WHUPDOQHP�L]YLUX�Y�7HUPDK�ÞDWHÊ�]�QDPHQRP�XJRWRYLWL�DEXQGDQFR
LQ�YUVWQR�VHVWDYR�DOJQLK�]GUXÊE�Y�OHWLK������������LQ�������7R�MH�SUYD�UD]LVNDYD�DOJ�Y�QDÈWHWLK�L]YLULK��9�L]YLUX�QD
0HGYHGMHP�%UGX��WHUPDOQHP�L]YLUX�Y�7HUPDK�ÞDWHÊ� LQ�PLQHUDOQHP�L]YLUX�5LPVNL�YUHOHF�VR�ELOD�RSUDYOMHQD�SR�ÈWLUL
Y]RUßHQMD��Y� L]YLUX�QD�3RKRUMX�SD� WUL��9� ODERUDWRULMX� VR�ELOL�Y]RUFL�SHULILWRQD�SUHJOHGDQL�SRG� VYHWOREQLP�PLNURVNR�
SRP��3UL�SUHJOHGRYDQMX�Y]RUFHY�VR�ELOH�RFHQMHQH�SRJRVWRVWL�SRVDPH]QLK�YUVW�LQ�SRGYUVW�V�ÈWHYLOL�RG���GR��������SR�
VDPLßQD������RELßDMQD������SUHYODGXMRßD���,]PHUMHQL�VR�ELOL�WXGL�QHNDWHUL�IL]LNDOQL�LQ�NHPLMVNL�GHMDYQLNL��NL�YSOLYDMR�QD
VHVWDYR�LQ�ÈWHYLOßQRVW�DOJQLK�]GUXÊE�

6NXSQR�MH�ELOR�Y�YVHK�ÈWLULK�L]YLULK�GRORßHQLK����UD]OLßQLK�WDNVRQRY�L]�SHWLK�UD]UHGRY�DOJ��2G�WHJD�MH�ELOR�Y�L]YLUX
QD�0HGYHGMHP�%UGX�GRORßHQLK�����Y�L]YLUX�QD�3RKRUMX�����Y�PLQHUDOQHP�L]YLUX�5LPVNL�YUHOHF����LQ�Y�WHUPDOQHP�L]�
YLUX�Y�7HUPDK�ÞDWHÊ���UD]OLßQLK�WDNVRQRY�DOJ��3R�ÈWHYLOX�WDNVRQRY�VR�Y�L]YLUX�QD�0HGYHGMHP�%UGX�LQ�Y�L]YLUX�5LPVNL
YUHOHF�SUHYODGRYDOH�NUHPHQDVWH�DOJH��Y�L]YLUX�QD�3RKRUMX�&KORURSK\FHDH�LQ�Y�WHUPDOQHP�L]YLUX�&\DQRSK\FHDH�

9� YVHK� ÈWLULK� L]YLULK� MH� ELOR� VNXSQR� GRORßHQLK� ��� WDNVRQRY�� NL� VR� Y� 6ORYHQLML� ]DEHOHÊHQL� SUYLß�� 3HW� WDNVRQRY
SULSDGD� UD]UHGX� %DFLOODULRSK\FHDH�� ÈWLUL� UD]UHGX� &\DQRSK\FHDH� LQ� GYD� UD]UHGX� &KORURSK\FHDH�� 9� L]YLUX� 5LPVNL
YUHOHF�MH�ELOR�GRORßHQLK���YUVW��Y�L]YLUX�QD�3RKRUMX����Y�WHUPDOQHP�L]YLUX�Y�7HUPDK�ÞDWHÊ���LQ�Y�L]YLUX�QD�0HGYHGMHP
%UGX���QRYL�YUVWL�

.OMXÞQH�EHVHGH��DOJH��SHULILWRQ��L]YLUL��WHUPDOQL�L]YLUL

5()(5(1&(6

$3+$���������6WDQGDUG�PHWKRGV�IRU�WKH�H[DPLQDWLRQ�RI
ZDWHU� DQG� ZDVWHZDWHU�� ��WK� (GLWLRQ�� $PHULFDQ� 3XEOLF
+HDOWK�$VVRFLDWLRQ��1HZ�<RUN�������SS�
%RXUUHOO\��3����������/HV�DOJXHV�G'HDX�GRXFH��,QLWLDWLRQ�D
OD� V\VWHPDWLTXH�� 7RPH� ,,�� /HV� DOJXHV� MDXQHV� HW� EUXQHV�
&KU\VRSK\FHHV�� 3KHRSK\FHHV�� ;DQWKRSK\FHHV� HW� GLD�
WRPHHV�� &HQWUH� QDWLRQDO� GH� OD� UHFKHUFKH� VFLHQWLILTXH�
3DULV������SS�
&DUU�� 1�� *�� 	� %�� $�� :KLWWRQ� �������� 7KH� ELRORJ\� RI
EOXH�JUHHQ� DOJDH�� %RWDQLFDO� PRQRJUDSKV�� YROXPH� ��
%ODFNZHOO�6FL��3XEO������SS�
&YLMDQ��0����������7DNVRQRPVND�L�IORULVWLáND�VWXGLMD�DOJL
WHUPRPLQHUDOQLK�YRGD�X�65�6UELML��'RNWRUVND�GLVHUWDFLMD�
%HRJUDG�
&YLMDQ��0��	�-��%ODÉHQÞLÜ���������)ORUD�DOJL�6UELMH��&\D�
QRSK\WD��1DXáQD�NQMLJD��%HRJUDG������SS�
'RHPHO�� :�� 1�� 	� 7�� '�� %URFN� �������� 3K\VLRORJLFDO
HFRORJ\�RI�&\DQLGLXP�FDOGDULXP��-��*HQ��0LFURELRO������
������
+LQGDN��)�� ��������.OXá�QD�XUáRYDQLH�QHUR]NRQDUHQ\FK
YODNQLW\FK� ]HOHQ\FK� ULDV� �8ORWULFKLQHDH�� 8ORWULFKDOHV�
&KORURSK\FHDH��� 6ORYHQVND� ERWDQLFND� VSRORáQRVW� SUL
6$9��%UDWLVODYD�����SS�

+LQGDN��)���3��0DUYDQ��-��.RPDUHN��.��5RVD��-��3RSRYVN\
	� 2�� /KRWVN\� �������� 6ODGNRYRGQH� ULDV\�� 6ORYHQVNH
SHGDJRJLFNH�QDNODGDWHOVWYR��%UDWLVODYD������SS�
.RVL�� *�� 	� '�� 9UKRYÇHN� �������� 6ODGNRYRGQH� DOJH�
1DUDYD� 6ORYHQLMH�� VWDQMH� LQ� SHUVSHNWLYH�� =ERUQLN� SULV�
SHYNRY�R�QDUDYQL�GHGLÊáLQL�6ORYHQLMH��'UXÊWYR�HNRORJRY
6ORYHQLMH��/MXEOMDQD��VWU����������
.UDPHU��.��	�+��/DQJH�%HUWDORW� �������� 6üßZDVVHUIORUD
YRQ� 0LWWHOHXURSD�� %DFLOODULRSK\FHDH�� �� 7HLO�� 1DYLFX�
ODFHDH��%DQG������)LVFKHU��6WXWWJDUW������SS�
.UDPHU��.��	�+��/DQJH�%HUWDORW� �������� 6üßZDVVHUIORUD
YRQ�0LWWHOHXURSD�� %DFLOODULRSK\FHDH�� �� 7HLO�� %DFLOODULD�
FHDH�� (SLWKHPLDFHDH�� 6XULUHOODFHDH�� %DQG� ����� )LVFKHU�
6WXWWJDUW������SS�
.UDPHU��.��	�+��/DQJH�%HUWDORW������D���6üßZDVVHUIORUD
YRQ�0LWWHOHXURSD�� %DFLOODULRSK\FHDH�� �� 7HLO�� &HQWUDOHV�
)UDJLODULDFHDH��(XQRWLDFHDH��%DQG������)LVFKHU��6WXWWJDUW�
����SS�
.UDPHU��.��	�+��/DQJH�%HUWDORW������E���6üßZDVVHUIORUD
YRQ� 0LWWHOHXURSD�� %DFLOODULRSK\FHDH�� �� 7HLO�� $FKQDQ�
WKDFHDH�� .ULWLVFKH� (UJäQ]XQJHQ� ]X�1DYLFXOD� �/LQHRODWH�
XQG�*RPSKRQHPD��%DQG������)LVFKHU��6WXWWJDUW������SS�
.ULYRJUDG�.OHPHQÞLÞ��$����������$OJH�SRVHEQLK�RNROLM�Y
6ORYHQLML��0DJLVWUVND�QDORJD��8QLYHU]D�Y� /MXEOMDQL�� %LR�
WHKQLÊND�IDNXOWHWD��/MXEOMDQD������VWU�
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/D]DU�� -�� �������� $OJH� 6ORYHQLMH�� 6H]QDP� VODGNRYRGQLK
YUVW�LQ�NOMXá�]D�GRORáDQMH��6$=8��/MXEOMDQD������VWU�
1RJXHURO�� 6�� $�� �������� $OJDH� RI� KRW� VSULQJV� LQ� QRUWK�
ZHVWHUQ�6SDLQ��%DQRV�GH�0ROJDV�DQG�&DOGDV�GH�3DUWRYLD
�6SDLQ���$FWD�%RWDQLFD�0DODFLWDQD���������������
1RVDQ�� $�� �������� 7HUPDOQL� LQ� PLQHUDOQL� YUHOFL� Y� 6OR�
YHQLML��*HRORJLMD��UD]SUDYH�LQ�SRURáLOD�����������
3DQWOH��5��	�+��%XFN���������'LH�ELRORJLVFKH�GHU�hEHU�
ZDFKXQJ� GHU� *HZlVVHU� XQG� GLH� 'DUVWHOOXQJ� GHU� (U�
JHEQLVH��*DV�XQG�:DVVHUIDFK����������
5HMLF�� 0�� �������� 6ODGNRYRGQL� HNRVLVWHPL� LQ� YDUVWYR
YRGD�� %LRWHKQLÊND� IDNXOWHWD�� 972='� ]D� JR]GDUVWYR�
/MXEOMDQD������VWU�
5RJHOM�� -��� =�� 0HQFHOM� 	� )�� 'UREQH� �������� +LGUR�
JHRORÊNH�UD]LVNDYH�]D�PLQHUDOQR�YRGR�QD�REPRáMX�5LP�
VNHJD�YUHOFD�Y�.RWOMDK��,��ID]D��*HRORÊNL�]DYRG�/MXEOMDQD�
2GGHOHN� ]D� LQÌHQLUVNR� JHRORJLMR� LQ� KLGURJHRORJLMR�
/MXEOMDQD�����VWU�
5RXQG�� )�� (�� �������� 7KH� ELRORJ\� RI� WKH� DOJDH�� 6HFRQG
HGLWLRQ��(GZDUG�$UQROG��/RQGRQ������SS�

6WDUPDFK��.�� �������� )ORUD� VORGNRYRGQD�SROVNL��&\DQR�
SK\WD�6LQLFH�� *ODXFLSK\WD�*ODXNRILW\�� 7RP� ��� 3DQVW�
ZRZH�:\GDZQLFWZR�1DXNRZH��:DUV]DZD������SS�
6WDUPDFK��.����������)ORUD�VORGNRYRGQD�SROVNL��;DQWKR�
SK\FHDH�5R]QRZLFLRZH�� 3DQVWZRZH� :\GDZQLFWZR
1DXNRZH��:DUV]DZD������SS�
6WDUPDFK��.����������)ORUD�VORGNRYRGQD�SROVNL��&KORUR�
SK\WD�,,,��=LHOHQLFH�1LWNRYDWH��8ORWULFKDOHV��8OYDOHV��3UD�
VLRODOHV�� 6SKDHURSOHDOHV�� &ODGRSKRUDOHV�� &KDHWRSKRUD�
OHV�� 7UHQWHSRKOLDOHV�� 6LSKRQDOHV�� 'LFKRWRPRVLSKRQDOHV�
7RP� ��� 3DQVWZRZH� :\GDZQLFWZR� 1DXNRZH�� :DU�
V]DZD������SS�
6WHZDUW�� :�� '�� 3�� �������� 1LWURJHQ� IL[DWLRQ� E\� EOXH�
JUHHQ�DOJDH�LQ�<HOORZVWRQH�WKHUPDO�DUHDV��3K\FRORJLD����
��������
6WRFNQHU��-��*����������2EVHUYDWLRQV�RI�WKHUPRSKLOLF�DO�
JDO�FRPPXQLWLHV�LQ�0RXQW�5DLQLHU�DQG�<HOORZVWRQH�1D�
WLRQDO�3DUNV��/LPQRO��2FHDQRJU����������������
9UKRYÇHN�� '�� �������� 6ODGNRYRGQH� DOJH�� DOL� MLK� SR�
]QDPR"�0ODGLQVND�NQMLJD��/MXEOMDQD������VWU�
:HW]HO�� 5�� *�� 	� *�� (�� /LNHQV� �������� /LPQRORJLFDO
$QDO\VHV�� 6HFRQG� HGLWLRQ�� 6SULQJHU� 9HUODJ�� 1HZ� <RUN�
����SS�


