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0��6XU\D�1DUD\DQ�1DLFN���
$MLWK�-DFRE�*HRUJH���1��9LMD\DQ���
.RVK\�-RKQ��DQG�6��6RRU\DGDV�
'HSW��RI�9HWHULQDU\�3DWKRORJ\�
&ROOHJH�RI�9HWHULQDU\�	�$QLPDO�6FLHQFHV�8QLYHUVLW\�
3RRNRGH��:D\DQDG

5HFHLYHG������������
$FFHSWHG������������

���0�9�6F�6FKRODU�
���$VVRFLDWH�3URIHVVRU�&9$6�0DQQXWK\
���3URIHVVRU�	�+HDG���&9$6�0DQQXWK\
���$VVRFLDWH�3URIHVVRU�	�+HDG��'HSDUWPHQW�RI�9HWHULQDU\�0LFURELRORJ\
���$VVLVWDQW�3URIHVVRU��'HSDUWPHQW�RI�9HWHULQDU\�6XUJHU\�DQG�5DGLRORJ\

�&RUUHVSRQGLQJ�DXWKRU��DMJHRUJHB��#\DKRR�FRP�

$EVWUDFW
7XPRXU�FDVHV�UHSRUWHG�LQ�GRJV�LQ�DQG�

DURXQG�:D\DQDG�GLVWULFW��.HUDOD�ZHUH�VWXGLHG��
7LVVXH� VSHFLPHQV�ZHUH� FROOHFWHG� IURP�GRJV�
IURP� YDULRXV� VRXUFHV� YL]�� WKRVH� EURXJKW�
WR� WKH� 8QLYHUVLW\� 9HWHULQDU\� KRVSLWDOV� DQG�
QHDUE\� YHWHULQDU\� KRVSLWDOV� DQG� IURP� FDQLQH�
FDUFDVVHV�EURXJKW�IRU�SRVW�PRUWHP�H[DPLQDWLRQ�
WR� WKH� GHSDUWPHQW� RI� 9HWHULQDU\� 3DWKRORJ\��
&ROOHJH� RI� 9HWHULQDU\� DQG�$QLPDO� 6FLHQFHV��
3RRNRGH��:D\DQDG��7KHVH�ZHUH�VXEMHFWHG�WR�
KLVWRSDWKRORJLFDO�H[DPLQDWLRQ��2XW�RI�WKH�VL[W\�
VSHFLPHQV�� ���SHU� FHQW� RI� WKH� WXPRXUV�ZHUH�
PDOLJQDQW�DQG�WKH�UHVW�ZHUH�EHQLJQ��7XPRXUV�
RI�WKH�VNLQ�DQG�VRIW�WLVVXHV�ZHUH�SUHGRPLQDQW�
RYHU�RWKHU�WXPRXUV��$GHQRFDUFLQRPD�ZDV�WKH�
SUHGRPLQDQW�W\SH�REVHUYHG�
.H\ZRUGV��,QFLGHQFH��1HRSODVPV��&DQLQH

1HRSODVPV� FRQVWLWXWH� D� JURXS� RI�
GLVHDVHV�� IUHTXHQWO\� GLDJQRVHG� LQ�9HWHULQDU\�
SUDFWLVH��,Q�WKH�UHFHQW�\HDUV��WKHUH�LV�DQ�LQFUHDVH�
LQ� WKH� RFFXUUHQFH� RI� WKHVH� GLVHDVHV� GXH� WR�
H[WHUQDO� DQG� LQWHUQDO� IDFWRUV� OLNH� XOWUDYLROHW�
UDGLDWLRQV�� RQFRJHQLF� YLUXVHV�� FKHPLFDO�
,W�LV�RQH�RI�WKH�IUHTXHQWO\�HQFRXQWHUHG�FDQLQH�
KHDOWK� SUREOHPV�� HVSHFLDOO\� LQ� ROGHU� GRJV��
1HDUO\� ��� WR� ���SHU� FHQW� GHDWKV� LQ� GRJV�DUH�
DWWULEXWHG� WR� QHRSODVLD� �6RRG�HW� DO����������

7KHUHIRUH�� WKH�SUHVHQW�VWXG\�ZDV�XQGHUWDNHQ�
WR�LQYHVWLJDWH�WKH�SDWKRHSLGHPLRORJ\�RI�YDULRXV�
QHRSODVPV�RFFXUULQJ�DPRQJ�GRJV�LQ�DQG�DURXQG�
:D\DQDG�GLVWULFW�RI�.HUDOD�
0DWHULDOV�DQG�0HWKRGV

7XPRXU�WLVVXH�VSHFLPHQV�ZHUH�FROOHFWHG�
WRWDO� RI� ��� WXPRXU� VSHFLPHQV�ZHUH� FROOHFWHG�
IURP�GRJV�SUHVHQWHG�DW�WKH�8QLYHUVLW\�9HWHULQDU\�
KRVSLWDO�DQG�RWKHU�QHDUE\�9HWHULQDU\�KRVSLWDOV��
7LVVXH� VDPSOHV� ZHUH� IL[HG� LQ� ���� QHXWUDO�
EXIIHUHG� IRUPDOLQ� IRU� KLVWRSDWKRORJ\� VWXGLHV��
7KH�+�	�(�VWDLQHG�VOLGHV�ZHUH�REVHUYHG�XQGHU�
PLFURVFRSH�DQG�OHVLRQV�ZHUH�QRWHG�
5HVXOWV�DQG�'LVFXVVLRQ

,QFLGHQFH� RI� GLIIHUHQW� W\SHV� RI� FDQLQH�
WXPRXUV�LV�VKRZQ�LQ�WDEOH���$PRQJ�WKH�YDULRXV�
PDOLJQDQW�WXPRXUV�ZHUH�UHFRUGHG�LQ����FDVHV�
��������� DQG� EHQLJQ� WXPRXUV� LQ� ��� FDVHV�
����������7KLV�ZDV� LQ� FRQWUDU\� WR� WKH� VWXG\�
E\� %DEX� HW� DO�� �������� ZKR� UHFRUGHG� ���
SHU� FHQW� EHQLJQ� WXPRXUV� DQG� ��� SHU� FHQW�
PDOLJQDQW�WXPRXUV��$PRQJ�DOO�WKH�QHRSODVPV��
DGHQRFDUFLQRPD� ZDV� REVHUYHG� LQ� VHYHQ�
FDVHV� ���������� ,W� ZDV� FORVHO\� IROORZHG� E\�
VL[� FDVHV� HDFK� RI� VTXDPRXV� FHOO� FDUFLQRPD�
WXPRXUV��DGHQRFDUFLQRPD��������ZDV�VHHQ�LQ�
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WKH� KLJKHVW� IUHTXHQF\� IROORZHG�E\� VTXDPRXV�
0DOLJQDQW�WXPRXUV�ZHUH�PDLQO\�HQFRXQWHUHG�LQ�
WKH�VNLQ�DQG�PDPPDU\�JODQG��7KH�PDOLJQDQW�
WXPRXUV� GLDJQRVHG� ZHUH� VTXDPRXV� FHOO�
FDUFLQRPD�� DGHQRFDUFLQRPD�� ILEURVDUFRPD��
OLSRVDUFRPD�� O\PSKRVDUFRPD�� RVWHRVDUFRPD��
PHODQRPD�� DGDPDQWLQRPD� DQG� SODVPD� FHOO�
WXPRXU�� 7KH� EHQLJQ� WXPRXUV� HQFRXQWHUHG�
ZHUH� ILEURPD�� ILEURDGHQRPD�� KLVWLRF\WRPD��
WUDQVPLVVLEOH� YHQHUHDO� WXPRXU�� DQDO� VDF�
DGHQRPD�� KDHPDQJLRPD�� OLSRPD�� KHSDWRLG�
JODQG�DGHQRPD��VHPLQRPD��VHUWROL�FHOO�WXPRXU�
DQG�SDSLOORPD��)LEURPD� �������ZDV� WKH�PRVW�
IUHTXHQWO\� REVHUYHG� EHQLJQ� WXPRXU�� 6LPLODU�
UHVXOWV� ZHUH� REWDLQHG� E\�*XSWD� DQG�7LZDUL�
�������

RI� WKH� WXPRXUV� �7DEOH� ��� VKRZHG� WKDW� WKH�
VNLQ� DQG� VRIW� WLVVXH� WXPRXUV�ZHUH�PD[LPXP�
LQ� QXPEHU� �� ��� FDVHV� ���������� IROORZHG�E\�
PDPPDU\� WXPRXUV� LQ� ��� FDVHV� �����������
ZKLFK� ZDV� FRQVLVWHQW� ZLWK� WKH� ILQGLQJV� RI�
6DQMD�HW� DO���������(LJKW� FDVHV� ���������� RI�
WXPRXUV� SHUWDLQHG� WR� WKH� XURJHQLWDO� V\VWHP��
IRXU� FDVHV� ��������� IURP� WKH�KHPRO\PSKDWLF�
V\VWHP�� WZR� FDVHV� HDFK� IURP� ��������� IURP�
WKH� DOLPHQWDU\� WUDFW� DQG� ERQH� DQG� D� VLQJOH�
FDVH� ��������� IURP�H\H� DQG� HDU� RULJLQ��7KH�
WXPRXUV�RI� RWKHU� V\VWHPV�ZHUH�GLDJQRVHG�DW�
D� ORZHU� IUHTXHQF\��%DEX�HW�DO�� ������� LQ� WKHLU�
VWXG\� UHFRUGHG� ����� SHU� FHQW� VNLQ� DQG� VRIW�
WLVVXHV�FRQVWLWXWHG��������SHU�FHQW�PDPPDU\�
WXPRXUV� DQG� ������ SHU� FHQW� WXPRXUV� RI� WKH�

6O��
1R 7XPRXU�7\SH 1R�RI�&DVHV 3HUFHQWDJH����
� $GHQRFDUFLQRPD � �����
� 6TXDPRXV�FHOO�FDUFLQRPD � �����
� )LEURPD � �����
� )LEURVDUFRPD � ����
� )LEURDGHQRPD � ����
� +LVWLRF\WRPD � ����
� 7UDQVPLVVLEOH�YHQHUHDO�WXPRXU � ����
� $QDO�VDF�JODQG�DGHQRPD � ����
� +DHPDQJLRPD � ����
�� /LSRPD � ����
�� /LSRVDUFRPD � ����
�� /\PSKRVDUFRPD � ����
�� 0HODQRPD � ����
�� 2VWHRVDUFRPD � ����
�� 3ODVPD�FHOO�WXPRXU � ����
�� 6HPLQRPD � ����
�� $GDPDQWLQRPD � ����
�� %DVDO�FHOO�FDUFLQRPD � ����
�� +HSDWRLG�JODQG�DGHQRPD � ����
�� 3DSLOORPD � ����
�� 6HUWROL�FHOO�WXPRXU � ����

7RWDO �� ���

7DEOH����,QFLGHQFH�RI�GLIIHUHQW�W\SHV�RI�FDQLQH�WXPRXUV
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1R� 7XPRUV ,QFLGHQFH
� 7XPRXUV�RI�WKH�VNLQ�DQG�VRIW�WLVVXHV ��
� 0DPPDU\�WXPRXUV�RI�GRJ ��
� 7XPRXUV�RI�WKH�XURJHQLWDO�V\VWHP �
� 7XPRXUV�RI�KHPRO\PSKDWLF�V\VWHP �
� 7XPRXUV�RI�DOLPHQWDU\�WUDFW �
� 7XPRXUV�RI�ERQH �
� 7XPRXUV�RI�H\H�DQG�HDU �

727$/ ��

7DEOH����/RFDWLRQ�ZLVH�GLVWULEXWLRQ�RI�WXPRXUV

)LJ�����6TXDPRXV�FHOO�FDUFLQRPD�RQ�WKH�KHDG�
RI�D�GRJ�DV�VLQJOH�QRGXODU�JURZWK

)LJ�����0DPPDU\�JODQG�WXPRXU�8OFHUDWHG�KDUG�
PDVV�RQ�YHQWUDO�DEGRPHQ

)LJ���

)LJ�� ���$QDO� VDF� JODQG� DGHQRPD� ±� 5RXQG�
VKHSKHUG
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JHQLWDO� V\VWHP�� 7XPRXUV� RI� WKH� DOLPHQWDU\�
WUDFW�FRQWULEXWHG������SHU�FHQW�������SHU�FHQW�RI�
WXPRXUV�ZHUH�IURP�WKH�KDHPRO\PSKDWLF�V\VWHP��
����SHU�FHQW�WXPRXUV�ZHUH�RI�H\H�DQG�HDU�RULJLQ�
DQG�RQH�WXPRXU�FDVH�������SHU�FHQW��IURP�ERQH��
7KH�KLJK�LQFLGHQFH�RI�FXWDQHRXV�WXPRXUV�FRXOG�
EH�DWWULEXWHG�WR�WKH�SURORQJHG�H[SRVXUH�RI�VNLQ�
HQYLURQPHQWDO�IDFWRUV�DQG�WKHHDV\�DFFHVVLEOH�
IRU�FOLQLFDO�H[DPLQDWLRQV��6DQMD�HW�DO����������7KH�
RFFXUUHQFH�RI�PDPPDU\� WXPRXUV�DW� D�KLJKHU�
UDWH�FRXOG�EH�GXH�WR�KRUPRQDO�LQYROYHPHQW�DV�
UHSRUWHG�E\�5XQJVLSLSDW�HW�DO���������
5HIHUHQFHV
%DEX��3���$EUDKDP��0�� -��� /DOLWKDNXQMDPPD��

&�� 5��� 9LMD\DQ�� 1�� DQG� 1DUD\DQDQ��
0�.�� ������$Q�HSLGHPLRORJLFDO� VWXG\�
RI�FDQLQH�QHRSODVPV��,QGLDQ�-��$QLP��
5HV��������������

*XSWD�� 1�� DQG� 7LZDUL�� 6�.�� ������ 6WXG\�
RQ� LQFLGHQFH�� KLVWRSDWKRORJLFDO�
IHDWXUHV� DQG� VXUJLFDO�PDQDJHPHQW�
RI� QHRSODVPV� LQ� FDQLQH��9HW��:RUOG��
�����������

5XQJVLSLSDW�� $��� 6XQ\DVRRWFKDUHH�� %���
2XVDZDSKODQJFKDL�� /���6DLODVXWD��$���
7KDQDZRQJQXZHFK��5��DQG�7HDQNXP��
.�� ������ 1HRSODVPV� RI� GRJV� LQ�
%DQJNRN��7KDL��-��9HW��0HG������������

6DQMD��$�.��� .XNROM�� 9��� -HOHVLMHYF�� 7�� DQG�
-RQDQRYLF��0�� ������ 5HWURVSHFWLYH�
DQDO\VLV� RI� FDQLQH� PHVHQFK\PDO�
WXPRXUV�RI�VNLQ�DQG�VRIW�WLVVXHV��$FWD�
9HW���%HRJUDG���������������

6RRG��1�.���6LQJK��$���0HNLELE��%��DQG�*XSWD��
.��������&\WRSDWKRORJLFDO�GLDJQRVLV�RI�

,QGLDQ�-��
9HW��3DWKRO��������������


