
$Q�DVVHVVPHQW�RI�EUHHGLQJ�VXFFHVV�LQ�WKH�
'DUN�EHOOLHG�%UHQW�*RRVH�%UDQWD�E�EHPLFOD�LQ������

&DUO�0LWFKHOO�DQG�5R\�.LQJ��7KH�:LOGIRZO�	�:HWODQGV�7UXVW��6OLPEULGJH��*ORXFHVWHU��*/���%7���6800$5<�
7KH� SURSRUWLRQ� RI� MXYHQLOH� 'DUN�EHOOLHG� %UHQW� *HHVH� SUHVHQW� LQ� %ULWDLQ� LQ� DXWXPQ�
����� ZDV� ������ WKXV� UHYHDOLQJ� D� ORZ� OHYHO� RI� EUHHGLQJ� VXFFHVV�� %HWZHHQ�
6HSWHPEHU�DQG�'HFHPEHU�������VRPH��������JHHVH�ZHUH�DJHG�DW����HVWXDULHV�LQ�
%ULWDLQ��$YHUDJH�EURRG�VL]H�ZDV�MXVW�RYHU���MXYHQLOHV�SHU�SDLU�RYHUDOO���

,1752'8&7,21�$1'�0(7+2'6��
%ULWDLQ�KDV�ORQJ�EHHQ�D�PDMRU�ZLQWHULQJ�DUHD�IRU� WKH�'DUN�EHOOLHG�UDFH�RI� WKH�%UHQW�
*RRVH�%UDQWD�E��EHPLFLD�DQG� WKHUHIRUH�KDV�D�VSHFLDO� UHVSRQVLELOLW\� IRU� WKHVH�JHHVH�
XQGHU�LQWHUQDWLRQDO�OHJLVODWLRQ��6WURXG�HW�DO��������DQG�DV�D�5HG�'DWD�%RRN�6SHFLHV�
�%DWWHQ� HW� D/� ������� ,QIRUPDWLRQ� LV� JDWKHUHG� QRW� RQO\� DERXW� WKH� DEXQGDQFH� DQG�
GLVWULEXWLRQ�RI�%UHQW�ZLQWHULQJ�LQ�%ULWDLQ��H�J��0LWFKHOO�	�&UDQVZLFN�������EXW�DOVR�RQ�
DJH�UDWLRV� �H�J�� 0LWFKHOO� 	� .LQJ� ������ WKURXJK� ZKLFK� HVWLPDWLRQV� RI� WKH� DQQXDO�
UHFUXLWPHQW�DQG�VXUYLYDO�FDQ�EH�PDGH���
)RU� WKH� HOHYHQWK� FRQVHFXWLYH� DXWXPQ�� WKH� EUHHGLQJ� SHUIRUPDQFH� RI� %UHQWV� ZDV�
DVVHVVHG�E\�H[SHULHQFHG�YROXQWDU\�REVHUYHUV��)LUVW�\HDU��\RXQJ��%UHQW�*HHVH�KDYH�
ZKLWH�HGJHV�RQ� WKH�ZLQJ� FRYHUWV�ZKLFK� LV� ODFNLQJ� LQ�ROGHU� ELUGV��:LWK�D� WHOHVFRSH�
DQG� XQGHU� JRRG� OLJKW� FRQGLWLRQV� DJHLQJ� LV� IHDVLEOH� IURP� ���P�� 6DPSOH� VL]HV� DUH�
YDULDEOH� EHLQJ� GHWHUPLQHG� E\� IORFN� VL]H� DQG� ILHOG� VLWXDWLRQV�� 7R� GHWHUPLQH� EURRG�
VL]H�� GLVWLQFW� JURXSV�� FRPSRVHG� RI� WZR� RU� VRPHWLPHV� RQH� DGXOW� SOXV� RQH� RU�PRUH�
MXYHQLOHV�� UHFRJQLVHG�� IRU� H[DPSOH�� E\� VSDWLDO� VHSDUDWLRQ� IURP� RWKHU� ELUGV� RU� D�
FRPPRQ�DFWLYLW\� VXFK�DV�ZDONLQJ�RU� VZLPPLQJ� WRJHWKHU�KDYH�EHHQ� UHJDUGHG�DV�D�
IDPLO\�� &RXQWV� ZHUH� PDGH� EHWZHHQ� ��� 6HSWHPEHU� DQG� �� 'HFHPEHU�� 2EVHUYHUV�
ZHUH�DVNHG�WR�QRWH�WKH�ORFDWLRQ��GDWH��WLPH��DQG�KDELWDW�IRU�DOO�REVHUYDWLRQV�DQG�WKH�
VL]HV�RI�IORFNV��QXPEHU�DJHG��WRWDO�QXPEHU�RI�MXYHQLOHV�DQG�EURRG�VL]HV���
5(68/76��
7KH�DJHG�VDPSOHV�DUH�VXPPDULVHG�RYHUOHDI�RQ�D�VLWH�E\�VLWH�EDVLV��7DEOH�����2I�����
FRXQWV� PDGH�� QLQH� ZHUH� PDGH� LQ� 6HSWHPEHU�� ���� PDGH� LQ� 2FWREHU�� ZLWK� WKH�
PDMRULW\� ������ EHLQJ� UHFRUGHG� LQ� 1RYHPEHU� DQG� RQH� FRXQW� PDGH� LQ� 'HFHPEHU��
,QFOXGLQJ�PXOWLSOH�REVHUYDWLRQV��H�J��GRXEOH�FRXQWV��D� WRWDO�RI���������JHHVH�ZHUH�
FRXQWHG�DQG��RI�WKHVH���������ZHUH�DJHG��DQ�LQFUHDVH�RI�RYHU�����FRPSDUHG�ZLWK�
�������7KHVH� FRQWDLQHG������� \RXQJ��D�SURSRUWLRQ�RI�������*HHVH�ZHUH�DJHG�RQ�
����RFFDVLRQV�DW����FRDVWDO�ORFDOLWLHV�ZLWKLQ����HVWXDULQH�VLWHV�IURP�+XPEHUVLGH�WR�
'HYRQ��)LJXUH������
$V� LQ� WKH� ODVW�VXFFHVVIXO�VHDVRQ�������� WKHUH�ZDV� UHJLRQDO�YDULDWLRQ�� ,Q������� WKLV�
UDQJHG� IURP������\RXQJ� UHFRUGHG�RQ� WKH�%HDXOLHX�DQG� WKH�6WRXU� WR�RYHU� ����DW�
+DPIRUG�:DWHU�DQG�RQ� WKH�0HGZD\�DOWKRXJK� LW� LV�ZRUWK�QRWLQJ� WKH� UHODWLYHO\�VPDOO�
VDPSOH�VL]HV�RI�JHHVH�DJHG�DW�DOO�RI�WKHVH�VLWHV��$�MXYHQLOH�SURSRUWLRQ�RI�QHDUO\�����
ZDV�UHFRUGHG�DW�3RUWVPRXWK�DOWKRXJK�WKLV�ZDV�EDVHG�RQ�D�VDPSOH�RI�RQO\����ELUGV���
�
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)LJXUH����7KH�GLVWULEXWLRQ�RI��6�FRDVWDO�ORFDOLWLHV�ZKHUH�%UHQW�*HHVH�ZHUH�DJHG�LQ�������
7KH����HVWXDULQH�VLWHV�UHIHUUHG�WR�LQ�WKH�WH[W�DUH�DOVR�VKRZQ���
�

�
7KH�RYHUDOO�SURSRUWLRQ�RI�\RXQJ�SUHVHQW�LQ�IORFNV�LQFUHDVHG�EHWZHHQ�ODWH�2FWREHU�������\RXQJ��
DQG�HDUO\�1RYHPEHU��������DV�ZRXOG�EH�H[SHFWHG���QRQ�EUHHGLQJ�JHHVH�WHQG�WR�DUULYH�LQ�%ULWDLQ�
D� OLWWOH�DKHDG�RI� WKH� VXFFHVVIXO� EUHHGHUV�DQG� WKHLU� \RXQJ� �)LJXUH�����1RWH�� KRZHYHU�� WKDW� WKH�
SURSRUWLRQ�RI�\RXQJ�FRXQWHG�GHFUHDVHG�LQWR�ODWH�1RYHPEHU���

�
7KH� DYHUDJH� EURRG� VL]HV� UHFRUGHG� LQ�
2FWREHU�DQG�1RYHPEHU�ZHUH�VLPLODU�DW�
DERXW� �� \RXQJ� SHU� VXFFHVVIXO� IDPLO\�
�)LJXUH� ��� DQG� GLG� QRW� GLIIHU�
VLJQLILFDQWO\� EHWZHHQ� WKH� WZR� PRQWKV�
�8 ������ QV�� 0DQQ�:KLWQH\� 8�WHVW���
0RVW�RI� WKH�SDLUV�UHFRUGHG�ZLWK�\RXQJ�
KDG� HLWKHU� RQH� ������� WZR� ������ RU�
WKUHH�������\RXQJ�ZLWK�WKHP��9HU\�IHZ�
ODUJH� EURRGV� ZHUH� QRWHG� �� ��� SDLUV�
ZLWK� ILYH� \RXQJ�� ILYH� SDLUV� ZLWK� VL[�
\RXQJ�DQG�RQH�SDLU�ZLWK�VHYHQ�\RXQJ�
ZHUH�WKH�RQO\�UHFRUGV���

)LJXUH����7KH�SURSRUWLRQ�RI�\RXQJ�DQG�PHDQ�
EURRG�VL]H�UHFRUGHG�GXULQJ�KDOI�PRQWKV�
�DXWXPQ������



7KHUH� ZDV� YDULDWLRQ� LQ� WKH� IUHTXHQF\� RI� WKH�
SURSRUWLRQ� RI� \RXQJ� UHFRUGHG� �)LJXUH� ��� �� WKXV�
���� RI� WKH� DJH� FRXQWV� FRQWDLQHG� QR� \RXQJ��
����FRQWDLQHG�OHVV�WKDQ�����\RXQJ��H[FOXGLQJ�
QR�\RXQJ��DQG�RQO\�����WKH�DJH�FRXQWV�VKRZHG�
JUHDWHU� WKDQ� ���� \RXQJ�� 1RWH�� KRZHYHU�� WKDW�
WKHVH�YDOXHV� LJQRUH� WKH�QXPEHU�RI�JHHVH�DJHG�
ZLWKLQ�HDFK�VDPSOH���
� �� �
)LJXUH����7KH�IUHTXHQF\�RI�WKH�SURSRUWLRQ�RI�\RXQJ�UHFRUGHG�LQ�%UHQW�*RRVH�DJH�FRXQWV���

*HHVH�ZHUH�UHFRUGHG�LQ�RQH�RI�ILYH�KDELWDW�W\SHV���HLWKHU�ZDWHU�VHD��LQWHU�WLGDO�PXG��PDUVK��JUDVV�
ILHOGV� RU� FHUHDO� ILHOGV�� 6DPSOH� VL]HV� DQG� ORFDWLRQV� YDULHG� DQG� WKHUH� ZDV� UHJLRQDO� YDULDWLRQ��
+RZHYHU��QHDUO\�����ZHUH� IRXQG�RQ� WKH� ILUVW� WKUHH�FDWHJRULHV� �UHSUHVHQWLQJ� WLGDO�HVWXDU\�DUHDV��
QRWH�WKDW�ZDWHU�DQG�PXG�RIWHQ��
�UHSUHVHQW� WKH�VDPH�ORFDWLRQ�EXW�DUH�WLGH�GHSHQGDQW���7KH�RQO\�DUHDV�ZKHUH�JHHVH�ZHUH�IRXQG�LQ�
DQ\�QXPEHU�RQ�FHUHDOV�ZHUH�WKH�&URXFK��+DPIRUG�:DWHU��1RUWK�1RUIRON��WKH�2UZHOO�DQG�WKH�6ZDOH�
DOWKRXJK�VDPSOH�VL]HV�ZHUH�VPDOO�FRPSDUHG�WR�RWKHU�FRXQW�DUHDV���
�
7KH� GLVWULEXWLRQ� DFURVV� KDELWDW� W\SHV� IRU� �����ZDV� VLPLODU� WR� WKDW� UHFRUGHG� LQ� �����ZKHQ� WKHUH�
ZHUH� ���� \RXQJ� SUHVHQW�� $�
FRPSDULVRQ��
EHWZHHQ� WKH� SURSRUWLRQ� RI� %UHQW�
*HHVH�RQ�GLIIHUHQW�KDELWDWV�EHWZHHQ�
�����DQG������LV�VKRZQ�LQ�)LJXUH����
*UDVV� ILHOGV� DSSHDU� WR� EH�
LQFUHDVLQJO\� IDYRXUHG� DOWKRXJK� IHZ�
ELUGV� DUH� UHFRUGHG� LQ� FHUHDOV�� %UHQW�
UHFRUGHG� RQ� PXG� DQG� ZDWHU� UHPDLQ�
VWDEOH� DW� EHWZHHQ� ������� DQG� WKH�
RFFXUUHQFH� RI� %UHQW� RQ� VDOWPDUVK�
KDV� YDULHG� EHWZHHQ� ���� DQG� �����
&DUH�PXVW�EH�XVHG�ZKHQ�LQWHUSUHWLQJ�
WKHVH�GDWD��KRZHYHU��VLQFH�WKH�VDPH�
DUHDV� PD\� QRW� EH� FKHFNHG� HDFK�
\HDU���
)LJXUH����7KH�SURSRUWLRQ�RI�%UHQW�
*HHVH�RQ�GLIIHUHQW�KDELWDWV�����������
� �
7KH� SURSRUWLRQ� RI� \RXQJ� DQG� PHDQ�
EURRG�VL]H�DOVR�YDULHG�ZLWK�KDELWDW�W\SH�
�)LJXUH� ���� 3URSRUWLRQDOO\� PRUH� \RXQJ�
DQG� ODUJHU� EURRGV� ZHUH� UHFRUGHG� RQ�
FHUHDOV� DQG� JUDVVODQG� FRPSDUHG� ZLWK�
PRUH�HVWXDULQH�KDELWDWV���

� �
)LJXUH����3URSRUWLRQ�RI�\RXQJ�DQG�
PHDQ�EURRG�VL]H�RQ�GLIIHUHQW�
KDELWDWV�LQ��������



0(7+2'�/,0,7$7,216��
&RXQWHUV� ZHUH� HQFRXUDJHG� WR� FKHFN� IORFNV� ZKHQHYHU� SRVVLEOH� DQG�� IRU� VLWHV� ZLWK� PXOWLSOH�
UHFRUGV��QR�DOORZDQFH�KDV�EHHQ�PDGH�IRU�SRVVLEOH�UHSHDW�FRXQWLQJ�RI�LQGLYLGXDOV��7KH�JUHDWHVW�
QXPEHU�RI� FRXQWV� IURP�RQH�VLWH�ZDV���� IURP�/DQJVWRQH�+DUERXU�DQG� IURP�RQH�HVWXDULQH�VLWH�
EHLQJ� ���� DOVR� DW� /DQJVWRQH� +DUERXU�� 7KXV�� VRPH� UHSHDW� FRXQWLQJ� RI� WKH� VDPH� JHHVH� LV�
SUREDEO\�LQHYLWDEOH��$�TXLFN�FKHFN�ZDV�PDGH�RQ�WKH�XVHIXOQHVV�RI�LQFOXGLQJ�DOO�FRXQWV��LQFOXGLQJ�
GXSOLFDWHV��� 7KH� ODUJHVW� VDPSOH� RI� DJHG� JHHVH� ZDV� FKRVHQ� IURP� WKH� ��� FRDVWDO� ORFDOLWLHV�
LUUHVSHFWLYH� RI� GDWH�� 7KLV� VKRZHG� DQ� RYHUDOO� SURSRUWLRQ� RI� \RXQJ� RI� ����� �Q � ���������
UHDVRQDEO\�VLPLODU� WR� WKH�YDOXH�REWDLQHG�E\� LQFOXGLQJ�DOO� ORFDO�FRXQWV��7KXV��ZH�DUJXH� WKDW� WKH�
VDPSOLQJ�SURFHGXUH�XVHG�DW� WKH�PRPHQW� LV�DGHTXDWH� LQ�HVWLPDWLQJ�DJH� UDWLRV�ZLWK� UHDVRQDEOH�
FRQILGHQFH���
',6&866,21��
7KH� SURSRUWLRQ� RI� \RXQJ� SUHVHQW� LQ� %ULWDLQ� LQ� ����� LV� VKRZQ� LQ� FRPSDULVRQ� WR� WKH� SURSRUWLRQ�
UHFRUGHG� LQ�HDFK� \HDU� VLQFH������ LQ�)LJXUH����7KH�EUHHGLQJ� 
IDLOXUH
� \HDUV�RFFXUULQJ� LQ�������
�����������������DQG��������
�
7KH� SRRU� EUHHGLQJ� VXFFHVV� LQ� ����� ZDV�
UHFRUGHG� IRU� PRVW� RWKHU� KLJK� ODWLWXGH� DQG�
$UFWLF� EUHHGLQJ� JHHVH� WKDW� ZLQWHUHG� LQ�
%ULWDLQ� LQ� ��������� (DUO\� LQGLFDWLRQV� IURP�
DXWXPQ�DJH�FRXQWV�RI� RWKHU�JRRVH�VSHFLHV�
LQGLFDWH�WKDW������ZDV�D�SURGXFWLYH�\HDU�IRU�
VRPH�VSHFLHV���

)LJXUH����7KH�SURSRUWLRQ�RI�\RXQJ�
%UHQW�*HHVH�UHFRUGHG�LQ�%ULWDLQ�LQ�
������������

+RZHYHU�� LQ� VRPH� \HDUV� %UHQW�*HHVH� GR� QRW� VKRZ� D� VLPLODU� EUHHGLQJ� VXFFHVV� WR� RWKHU� KLJK�
ODWLWXGH� DQG� $UFWLF�EUHHGLQJ� JHHVH�� %UHHGLQJ� LQ� ����� LV� ORZ� FRPSDUHG� WR� RWKHU� VSHFLHV� �H�J��
,FHODQGLF�*UHHQODQGLF� 3LQN�IRRWHG� *HHVH� $QVHU� EUDFK\UK\QFKXV�  � ���� \RXQJ��� 2WKHU�
SRSXODWLRQV�RI�%UHQW�*HHVH�ZLQWHULQJ�LQ�(XURSH�KDYH�DOVR�VKRZQ�ORZ�SURGXFWLYLW\��7KH�6YDOEDUG�
/LJKW�EHOOLHG�%UHQW�*RRVH�%UDQWD�EHPLFOD�KURWD�UHYHDOHG����\RXQJ��6�3HUFLYDO�SHUV�FRPP���DQG�
WKH�&DQDGLDQ�/LJKW�EHOOLHG�%UHQW�*RRVH�YLUWXDOO\�FRPSOHWHO\� IDLOHG�WR�EUHHG�ZLWK�RQO\����\RXQJ�
UHFRUGHG�LQ��������ELUGV�DJHG�������\RXQJ��'�$QGUHZV�	�.�0DFNLH�SHUV��FRPP����
,QIRUPDWLRQ� IURP� WKH� FRQWLQHQW� FRQILUPV� RXU� ILQGLQJV�� $Q� HVWLPDWH� RI� EUHHGLQJ� VXFFHVV� IURP�
'DUN�EHOOLHG�%UHQW�*HHVH� FKHFNHG� LQ� 7KH�1HWKHUODQGV� LQGLFDWHG� ������\RXQJ� LQ�2FWREHU� �%��
(EELQJH� LQ�OLWW����8QIRUWXQDWHO\�FRPSDUDWLYH�GDWD�IURP�'HQPDUN�LV�QR�ORQJHU�FROOHFWHG��$�'��)R[�
LQ�OLWW���ODUJHO\�GXH�WR�VDPSOLQJ�ELDVHV�DVVRFLDWHG�ZLWK�WKH�WLPLQJ�RI�WKH�SDVVDJH���
7KH� ZRUOG� SRSXODWLRQ� RI� 'DUN�EHOOLHG� %UHQW� *HHVH� ZDV� HVWLPDWHG� WR� EH� �������� LQ� ��������
�,�0DGVHQ�� ,:5%�*RRVH�5HVHDUFK�*URXS��� DQG� WKH�PD[LPXP�%ULWLVK� FRXQW� IURP� WKH�:HWODQG�
%LUG�6XUYH\�ZDV��������������RI�ZRUOG�SRSXODWLRQ��IURP�0LWFKHOO�	�&UDQVZLFN��������$VVXPLQJ�
DQ�DYHUDJH�RI�����DQQXDO�PRUWDOLW\��6XPPHUV�	�8QGHUKLOO�������DQG������SURGXFWLYLW\�LQ������
UHYHDOHG�E\�WKLV�VWXG\��WKH���������ZRUOG�ILJXUH�VKRXOG�IDOO�VOLJKWO\�WR�F����������6DOPRQ�	�)R[�
�������HVWLPDWHG� WKDW� �������RI� WKH�ZRUOG� SRSXODWLRQ� FDQ�ZLQWHU� RQ�%ULWLVK�HVWXDULHV� DW� SHDN�
GHSHQGLQJ� RQ� WKH� VHYHULW\� RI� WKH�ZLQWHU�� HVSHFLDOO\� RQ� WKH�&RQWLQHQW��+RZHYHU��0LWFKHOO�HW� DO��
������� KDYH� LQGLFDWHG� WKDW� GHVSLWH� WKH� ZRUOG� SRSXODWLRQ� LQFUHDVLQJ� WHQIROG� EHWZHHQ� WKH� PLG�
���2V�DQG�WKH�PLG�����V�WKH�SURSRUWLRQ�FRXQWHG�LQ��
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