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�3DQWKHUD�3DUGXV�

&��9��5DMDQL���$��5��6UHHUDQMLQL���
9��5��,QGX��DQG�1��$VKRN�
'HSDUWPHQW�RI�9HWHULQDU\�$QDWRP\�	�+LVWRORJ\�
&ROOHJH�RI�9HWHULQDU\�	�$QLPDO�6FLHQFHV�
3RRNRGH��:D\DQDG����������.HUDOD5HFHLYHG������������

$FFHSWHG������������

$EVWUDFW
7KH�VWXG\�ZDV�FRQGXFWHG�RQ�WKH�IHPXU�

DQG� SDWHOOD� RI� WZR� OHRSDUGV� EURXJKW� IRU�
SRVWPRUWHP��7KH� IHPXU�FRPSULVHG�RI�D�VKDIW�
DQG� WZR�H[WUHPLWLHV�� � 7KH�SUR[LPDO� H[WUHPLW\�
ZDV�PDGH�RI�D�PHGLDOO\�SODFHG�KHDG�DQG�WZR�
WURFKDQWHUV�� � 7KH� VXPPLW� RI� ODWHUDOO\� SODFHG�
WURFKDQWHU�PDMRU�ZDV�SODFHG� LQ� OHYHO�ZLWK� WKH�
KHDG���7KH�WURFKDQWHU�PLQRU�ZDV�SODFHG�DW�WKH�
FDXGRPHGLDO�DVSHFW�RI� WKH�VKDIW� FORVH� WR� WKH�
QHFN���7KH�VKDIW�ZDV�VWUDLJKW�DQG�F\OLQGULFDO���,WV�
FUDQLDO��PHGLDO�DQG�ODWHUDO�VXUIDFHV�ZHUH�VPRRWK�
DQG�FRQWLQXRXV��ZKLOH�WKH�FDXGDO�VXUIDFH�ZDV�
ÀDW�DQG�IRUPHG�WKH�IDFLHV�DVSHUD���7KH�GLVWDO�
H[WUHPLW\� FRQVLVWHG� RI� � PHGLDO� DQG� ODWHUDO�
FRQG\OHV� FDXGDOO\� DQG� D� WURFKOHD� FUDQLDOO\���
%HWZHHQ�WKH�WZR�FRQG\OHV��DQ�LQWHU�FRQG\ORLG�
IRVVD�ZDV�SUHVHQW�DQG�WKH�DED[LDO�DVSHFWV�RI�
FRQG\OHV�SUHVHQWHG�SURWXEHUDQFHV�FDOOHG�ODWHUDO�
DQG�PHGLDO�HSLFRQG\OHV��7KH�WURFKOHDU�JURRYH�
ZDV�VPRRWK�DQG�ZDV�ERXQGHG�E\�PHGLDO�DQG�
ODWHUDO�ULGJHV��7KH�SDWHOOD�ZDV�RYRLG�LQ�VKDSH�
DQG�ZDV�WZLFH�ORQJHU�WKDQ�LWV�ZLGWK�
.H\�ZRUGV��0RUSKRORJ\��0RUSKRPHWU\��)HPXU��
3DWHOOD��/HRSDUG

/HRSDUGV� IDOO� XQGHU� WKH� ILIWK� ODUJHVW�
VSHFLHV�RI�DOO� FDWV�� �7KHLU�ERG\� LV�KHDY\�DQG�
VWXUG\�ZLWK� VKRUW�PXVFXODU� OHJV��.LUEHUJHU�HW�
DO���������DQG�5D\�HW�DO���������UHSRUWHG�VRPH�
PRUSKRORJLFDO� IHDWXUHV� RI� IHPXU� LQ� OLRQ� DQG�
OHRSDUG�UHVSHFWLYHO\���%XW�YHU\�OLWWOH�LQIRUPDWLRQ�
LV�NQRZQ�RQ�DQDWRPLFDO�IHDWXUHV�RI�IHPXU�DQG�

SDWHOOD� LQ� OHRSDUG��6R� WKH� SUHVHQW� VWXG\�ZDV�
FRQGXFWHG�WR�HOXFLGDWH�WKH�SHFXOLDULWLHV�RI�IHPXU�
DQG�SDWHOOD�LQ�OHRSDUGV�
0DWHULDOV�DQG�0HWKRGV

)HPXU�DQG�SDWHOOD�ZHUH�FROOHFWHG�IURP�
WZR� OHRSDUGV� WKDW�GLHG�RI�QDWXUDO� FDXVHV�DQG�
ZHUH�EURXJKW�WR�WKH�'HSDUWPHQW�RI�3DWKRORJ\��
IRU� SRVWPRUWHP� H[DPLQDWLRQ�� %RQHV� ZHUH�
SURFHVVHG� �<RXQJ�� ������ IRU� VWXG\LQJ� WKH�
PRUSKRORJLFDO�DQG�PRUSKRPHWULFDO�IHDWXUHV�
5HVXOWV�DQG�'LVFXVVLRQ

7KH� IHPXU� ZDV� D� ORQJ� ERQH� DQG�
FRPSULVHG�RI�D�VKDIW�DQG�WZR�H[WUHPLWLHV��)LJV���
	����� �7KH�SUR[LPDO� H[WUHPLW\� FRQVLVWHG� RI� D�
KHDG��QHFN�DQG�WZR�WURFKDQWHUV���7KH�KHDG�ZDV�
KHPLVSKHULFDO�DQG�SURMHFWHG�PHGLDOO\���%HFDXVH�
RI�WKH�SHFXOLDU�VKDSH�RI�IHPRUDO�KHDG��WKH�KLS�
MRLQW� KDV�PRUH� YHUVDWLOLW\� RI�PRYHPHQW� DV� LQ�
GRJV�DQG� FDWV�� � �'\FH�HW� DO��� ������� �2Q� WKH�
PHGLDO�DVSHFW�RI�WKH�KHDG��D�VKDOORZ��FLUFXODU��
URXJK�GHSUHVVLRQ��WKH�IRYHD�FDSLWLV�IHPRULV�ZDV�
SUHVHQW���7KH�KHDG�DQG�VKDIW�ZHUH�FRQQHFWHG�
E\� D� QHFN� DQG�ZDV� GLVWLQFW�PHGLDOO\��7KHVH�
¿QGLQJV�DUH�LQ�DFFRUGDQFH�ZLWK�WKRVH�VHHQ�LQ�
GRJV��1LFNHO�HW�DO�����������

/DWHUDO� WR� WKH� KHDG�� WKH� SUR[LPDO�
H[WUHPLW\�SUHVHQWHG�WKH�WURFKDQWHU�PDMRU�ZKLFK�
ZDV�XQGLYLGHG�DQG�LWV�DSH[�ZDV�SODFHG�LQ�OHYHO�
ZLWK�WKDW�RI�WKH�KHDG�DV�LQ�GRJV���+RZHYHU�LQ�
FDWV��WKH�DSH[�LV�VLWXDWHG�DW�D�ORZHU�OHYHO�WKDQ�
WKH�KHDG��1LFNHO�HW�DO����������&RQWUDU\�WR�WKLV��

�	��$VVLVWDQW�3URIHVVRUV
��$VVLVWDQW�3URIHVVRU��&9$6��0DQQXWK\��7KULVVXU
��3URIHVVRU��&9$6��0DQQXWK\��7KULVVXU



-��9
HW��

$Q
LP�

6F
L���

���
����

����
���

�

5(6($5&+�$57,&/(

��&��9��5DMDQL�HW�DO�

5D\�HW� DO�� ������� UHSRUWHG� WKDW� LQ� OHRSDUGV�
WKH� WURFKDQWHU�PDMRU�ZDV� ORFDWHG�DW� D� KLJKHU�
OHYHO�WKDQ�WKH�KHDG��7KH�PHGLDO�VXUIDFH�RI�WKH�
WURFKDQWHU�PDMRU�ZDV�H[FDYDWHG�WR�IRUP�D�ZHOO�
GHYHORSHG�WURFKDQWHULF�IRVVD�DV�VHHQ�LQ�RWKHU�
FDUQLYRUHV� �1LFNHO�HW� DO��� ������� � 7KH� VKDIW�
SUHVHQWHG�D�GLVWLQFW�S\UDPLG�VKDSHG�HPLQHQFH��
WKH�WURFKDQWHU�PLQRU�DW�WKH�SUR[LPDO�WKLUG�RI�LWV�
FDXGRPHGLDO� DVSHFW� FORVH� WR� WKH� QHFN�� �7KLV�
LV� LQ� SDUWLDO� DJUHHPHQW�ZLWK� WKDW� RI� WKH� GRJ�
ZKHUHLQ� WKH� WURFKDQWHU�PLQRU� LV� SODFHG� DW� D�
ORZHU�OHYHO��0LOOHU����������7KH�LQWHUWURFKDQWHULF�
FUHVW�ZDV�ZHOO� GHYHORSHG�� �+RZHYHU�� LW� ZDV�
QRW� DV� SURPLQHQW� DV� LQ� GRJV�� 1LFNHO� HW� DO�
�������UHSRUWHG�WKDW�WKH�LQWHUWURFKDQWHULF�FUHVW�
ZDV� EHWWHU� GHYHORSHG� LQ� GRJV� WKDQ� LQ� FDWV���
+HQFH� WKH� SUHVHQW� ¿QGLQJ� VXJJHVWV� WKDW� WKH�
LQWHUWURFKDQWHULF� FUHVW� LQ� OHRSDUG� KDV�PRUH�
UHVHPEODQFH� WR� IHOLQHV� WKDQ� WKDW� RI� FDQLQHV��
&DXGRODWHUDO� ERUGHU� RI� WKH�ERQH�GLVWDO� WR� WKH�
JUHDWHU� WURFKDQWHU�ZDV� URXJK� DQG� WKLV� DUHD�

UHSUHVHQWHG� WKH� WURFKDQWHU� WHUWLXV� DV� LQ� GRJV�
�%XGUDV�HW�DO��������

,Q� WKH� SUHVHQW� VWXG\�� WKH� VKDIW� ZDV�
DOPRVW�VWUDLJKW�DQG�F\OLQGULFDO��ZKHUHDV�LQ�GRJV�
LW�ZDV�VOLJKWO\�FXUYHG�LQ�LWV�OHQJWK��*HWW\����������
7KH�FUDQLDO��PHGLDO�DQG� ODWHUDO�VXUIDFHV�ZHUH�
FRQWLQXRXV� DQG� VPRRWK�ZKHUHDV� WKH� FDXGDO�
VXUIDFH�ZDV�QHDUO\�ÀDW�DQG�VOLJKWO\�URXJKHQHG�
LQ� WKH�PLGGOH� WKLUG� IRUPLQJ� WKH� IDFLHV� DVSHUD�
DQG� SUHVHQWHG� WZR� QXWULHQW� IRUDPLQD�� � 7KH�
IDFLHV�DVSHUD�ZDV�ERXQGHG�E\�WKH�ODWHUDO�DQG�
PHGLDO�IHPRUDO�OLSV�WKDW�GLYHUJHG�SUR[LPDOO\�WR�
MRLQ�WKH�WURFKDQWHU�PDMRU�DQG�WURFKDQWHU�PLQRU�
UHVSHFWLYHO\���7KH�ODWHUDO�IHPRUDO�OLS�ZDV�PRUH�
SURPLQHQW� DQG� WKH� WZR� OLSV� HQFORVHG� WKH� ÀDW�
WURFKDQWHULF�VXUIDFH�DW�WKH�SUR[LPDO�WKLUG�DV�LQ�
GRJV��0LOOHU����������,Q�WKH�GLVWDO�WKLUG�WKH�IHPRUDO�
OLSV�ZHUH�LOO�GHYHORSHG�DQG�RQO\�D�IDLQW�ODWHUDO�
IHPRUDO�OLS�MRLQHG�WKH�ODWHUDO�HSLFRQG\OH���7KLV�
OLS�IRUPHG�WKH�ODWHUDO�ERXQGDU\�RI�WKH�QHDUO\�ÀDW�
SRSOLWHDO�VXUIDFH���7KHVH�¿QGLQJV�SDUWLDOO\�FRQFXU�

)LJXUH����)HPXU�RI�OHRSDUG�FUDQLDO�YLHZ��+�+HDG��
1�QHFN��0-��7URFKDQWHU�PDMRU��6�6KDIW��7��7URFKOHDU�
JURRYH���/(�/DWHUDO�HSLFRQG\OH���3�3DWHOOD

)LJXUH����)HPXU�RI�OHRSDUG�FDXGDO�YLHZ��+��+HDG��
0-��7URFKDQWHU�PDMRU��1��1HFN��6�6KDIW��0&�
0HGLDO� FRQG\OH��/&�/DWHUDO� FRQG\OH�� ,&� �� ,QWHU�
FRQG\ORLG�IRVVD�
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ZLWK�WKDW�RI�WKH�GRJV�ZKHUH�LQ�WKH�GLVWDO�WKLUG��
ERWK�WKH�IHPRUDO�OLSV�ZHUH�SUHVHQW�DQG�MRLQHG�WKH�
ODWHUDO�DQG�PHGLDO�HSLFRQG\OHV�UHVSHFWLYHO\�DQG�
WKHVH�OLSV�GLYHUJHG�DQG�HQFORVHG�WKH�VDJLWWDOO\�
FRQFDYH�SRSOLWHDO�VXUIDFH��1LFNHO�HW�DO�����������

7KH� GLVWDO� H[WUHPLW\� FRQVLVWHG� RI� WZR�
FRQG\OHV�DQG�DQ�DUWLFXODU�JURRYH��WKH�WURFKOHD�
�)LJV����	������7KH�FRQG\OHV��PHGLDO�DQG�ODWHUDO�
SURMHFWHG�FDXGRGLVWDOO\�DQG�ZHUH�FRQYH[�ERWK�
VDJLWWDOO\�DQG�WUDQVYHUVHO\�DQG�WKH�ODWHUDO�RQH�
ZDV� VOLJKWO\� ODUJHU� DV� LQ� GRJV� �0LOOHU�� ��������
%HWZHHQ�WKH�WZR�FRQG\OHV��D�EURDG��REOLTXH�DQG�
URXJK�LQWHU�FRQG\ORLG�IRVVD�ZDV�SUHVHQW�DQG�ZDV�
VHSDUDWHG�IURP�WKH�SRSOLWHDO�VXUIDFH�E\�WKH�LQWHU�
FRQG\ODU�OLQH�DV�LQ�RWKHU�FDUQLYRUHV��1LFNHO�HW�DO���
��������%RWK�VLGHV�RI�WKH�FRQG\OHV�ZHUH�URXJK���
$ED[LDO� DVSHFWV� RI� WKH� FRQG\OHV� SUHVHQWHG�
SURWXEHUDQFHV� FDOOHG� WKH� ODWHUDO� DQG�PHGLDO�
HSLFRQG\OHV� DQG� GHSUHVVLRQV�� 7KH� DUWLFXODU�
VXUIDFHV�RI�WKH�FRQG\OHV�H[WHQGHG�FDXGDOO\�RQWR�
WKH�VPDOO�IDFHWV�RQ�DGMDFHQW�HSLFRQG\OHV�IRU�WKH�
IDEHOOD� �1LFNHO�HW�DO���������� �7KH�PHGLDO�DQG�
ODWHUDO�VXSUDFRQG\ODU�WXEHURVLWLHV�VHHQ�SUR[LPDO�
WR�WKH�IDFHWV�IRU�IDEHOOD�DV�UHSRUWHG�LQ�GRJV�E\�
0LOOHU��������ZHUH�UXGLPHQWDU\�LQ�OHRSDUG���7KH�
WURFKOHD�ZDV� VPRRWK��ZLGH� DQG�ZDV� ORFDWHG�
RQ�WKH�FUDQLDO�DVSHFW�DW�WKH�GLVWDO�H[WUHPLW\���,W�
ZDV�ERXQGHG�E\�WZR�VDJLWWDO�ULGJHV��WKH�PHGLDO�
DQG�ODWHUDO�RI�ZKLFK�WKH�ODWHUDO�RQH�ZDV�VOLJKWO\�
ORQJHU��+RZHYHU��5D\�HW�DO���������UHSRUWHG�WKDW�
ERWK� ULGJHV�ZHUH�RI�HTXDO� OHQJWK� LQ� OHRSDUGV��
$V�LQ�GRJV��WKH�DUWLFXODU�VXUIDFH�RI�WKH�WURFKOHD�
ZDV�FRQWLQXRXV�ZLWK�WKDW�RI� WKH�FRQG\OHV�DQG�
DUWLFXODWHG�ZLWK�WKH�SDWHOOD���7KH�H[WHQVRU�IRVVD�
QRWLFHG�EHWZHHQ�WKH�ODWHUDO�ULGJH�RI�WKH�WURFKOHD�
DQG�WKH�ODWHUDO�HSLFRQG\OH�ZDV�VKDOORZHU�WKDQ�
WKDW�RI�WKH�GRJV��0LOOHU����������&DXGDO�WR�WKH�
H[WHQVRU� IRVVD� D� ODUJH� GHSUHVVLRQ�� SRSOLWHDO�
IRVVD�ZDV�QRWLFHG�RQ�WKH�ODWHUDO�VXUIDFH�RI�WKH�
ODWHUDO�FRQG\OH��

7KH� SDWHOOD� ZDV� RYRLG� LQ� VKDSH� DQG�
ZDV� WZLFH� ORQJHU� WKDQ� LWV�ZLGWK�� � ,W�SUHVHQWHG�
WZR�VXUIDFHV��WZR�ERUGHUV��D�EDVH�DQG�DQ�DSH[�
�)LJ�������7KH�EDVH�GLUHFWHG�XSZDUGV�DQG�ZDV�
EURDG�DQG�URXQGHG���+RZHYHU��LQ�OLRQ��WKH�SDWHOOD�
KDG�D�ORQJ��QDUURZ�DSH[�DQG�D�ÀDW��EURDG�EDVH�
�.LUEHUJHU�HW�DO���������� �7KH�DSH[�ZDV�EOXQW�
DQG�PRUH�SRLQWHG�WKDQ�WKH�EDVH���7KH�FUDQLDO�
VXUIDFH�ZDV�FRQYH[�DQG�URXJK�ZKLOH�WKH�FDXGDO�
DUWLFXODU� VXUIDFH�ZDV� VPRRWK� DQG� DUWLFXODWHG�
ZLWK� WKH� WURFKOHD�RI� IHPXU�� �7KLV�VXUIDFH�ZDV�
GLYLGHG�LQWR�WZR�DOPRVW�HTXDO�SUR[LPR�GLVWDOO\�

FRQFDYH�DUHDV�E\�DQ� LQGLVWLQFW� YHUWLFDO� ULGJH���
7KH�PHGLDO�ERUGHU�ZDV�JURRYHG�DQG�ERWK�WKH�
ERUGHUV�ZHUH� SHUIRUDWHG�E\� VHYHUDO� IRUDPLQD�
RI� YDU\LQJ� VL]HV��7KHVH� SDUWLDOO\� DJUHH�ZLWK�
WKH� ¿QGLQJV� LQ� GRJV�ZKHUH�� WKH� SDWHOOD�ZDV�
QDUURZHU�DQG�WKH�IRUDPLQD�ZHUH�SUHVHQW�RQO\�
DW�WKH�PHGLDO�ERUGHU��0LOOHU�������
5HIHUHQFHV�
%XGUDV�� .�'���:ROIJDQJ�� )�� DQG�0F&DUWK\��

3�+�� ������ �$QDWRP\�RI� WKH�'RJ� ��$Q���
,OOXVWUDWHG�7H[W����UG�HGQ���0RVE\�:ROIH��
/RQGRQ�������$�

'\FH��.�0����6DFN��:�2��DQG�:HQVLQJ��&�-�*���
������7H[WERRN�RI�9HWHULQDU\�$QDWRP\��
�QG� HG�� � � :� %� 6DXQGHUV� &RPSDQ\����
3KLODGHOSKLD���SS��������

*HWW\��5�� �������6LVVRQ�DQG�*URVVPDQ¶V�7KH�
$QDWRP\� RI� 7KH� 'RPHVWLF�$QLPDOV��
9RO�,,���WK�HG��:�%�6DXQGHUV�&RPSDQ\��
3KLODGHOSKLD���SS�����������
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.LUEHUJHU��5�0���GX�3OHVVLV��:�0��DQG�7XUQHU��
7�+�� � ������ �5DGLRORJLFDO� DQDWRP\� RI�
WKH�QRUPDO�DSHQGLFXODU�VNHOHWRQ�RI�OLRQ�
�3DQWKHUD�OHR���3DUW������3HOYLF�OLPE� -��
=RR��:LOGOLIH�0HG��������������

0LOOHU��0�(�� � ������$QDWRP\� RI� WKH�'RJ��:���
%� 6DXQGHUV� &RPSDQ\�� 3KLODGHOSKLD��
SS�������

1LFNHO��5���6FKXPPHU��$��DQG�6HLIHUOH��(���������
7KH� /RFRPRWRU� 6\VWHP� RI� 'RPHVWLF�
0DPPDOV�� 9HUODJ�3DXO� 3DUH\�� %HUOLQ��
+DPEXUJ����SS���������

5D\�� 6���5D\��0���0DQGDO�� 6�&���'XWWD��*�.���
DQG� 'DV�� .�������$QDWRPLFDO� VWXG\�
RI� WKH� IHPXU� �RV� IHPRULV�� RI� OHRSDUG�
�3DQWKHUD�SDUGXV���,QGLDQ�-���$QLP��6FL��
��������������

<RXQJ�� 7�� +�� ������ 3UHSDUDWLRQ� RI� VNHOHWDO�
VSHFLPHQ��(TXLQH�3UDFWLFH���������

�


