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*UHHQSHDFH�JUHDWO\�DSSUHFLDWHV�WKH�QRWHG�VXEPLVVLRQV�RI�WKH�IROORZLQJ�FRQWULEXWLQJ�DXWKRUV�RI�
WKLV�UHSRUW�DQG�WKH�FRQWULEXWLRQV�RI�WKRVH�LQGLYLGXDOV�WKDW�PDGH�WKLV�SXEOLFDWLRQ�SRVVLEOH��
�
*HQHUDO�(GLWRUVKLS��$��<DEORNRY��,��/DEXQVND��,��%ORNRY�
�
7KLV� UHSRUW�ZDV� HGLWHG�E\�'U��'DYLG�6DQWLOOR� �8.���'U��3DXO� -RKQVWRQ� �8.���5XWK�6WULQJHU�
�8.��DQG�7RQ\�6DGRZQLFKLN��WKH�1HWKHUODQGV�&DQDGD���
�
/LVW�RI�DXWKRUV�LQ�DOSKDEHWLFDO�RUGHU��
�
$QWLSNLQ�<X�*��� ,QVWLWXWH� RI�3DHGLDWULFV��2EVWHWULFV� DQG�*\QDHFRORJ\��$FDGHP\�RI�0HGLFDO�

6FLHQFHV��.LHY��8NUDLQH�±�&KDSWHU���
$UDEVND\D�/�3��� ,QVWLWXWH� RI� 3DHGLDWULFV��2EVWHWULFV� DQG�*\QDHFRORJ\��$FDGHP\�RI�0HGLFDO�

6FLHQFHV��.LHY��8NUDLQH�±�&KDSWHU���
%D]\ND�'�$���5HVHDUFK�&HQWUH�IRU�5DGLDWLRQ�0HGLFLQH��$FDGHP\�RI�0HGLFDO�6FLHQFHV��.LHY��

8NUDLQH��±�&KDSWHU���
%ORNRY�,�3���*UHHQSHDFH�,QWHUQDWLRQDO���&KDSWHU���DQG���
%XUODN�*�)���0LQLVWU\�RI�+HDOWK�RI�8NUDLQH��.LHY��8NUDLQH�±�&KDSWHU���
%XUODNRYD�(�%���,QVWLWXWH�RI�%LRFKHPLFDO�3K\VLFV��0RVFRZ��5XVVLD�±�&KDSWHU���
%X]XQRY�9�$����,Q�W�RI�UDGLRORJLFDO�K\JLHQH�DQG�HSLGHPLRORJ\��5HVHDUFK�&HQWHU�IRU�5DGLDWLRQ�

0HGLFLQH��.LHY��±�&KDSWHU���
&KHEDQ�$�.����3K\VLFLDQV�RI�&KHUQRE\O��$VVRFLDWLRQ��.LHY��8NUDLQH�±�&KDSWHU���DQG���
'DVKNHYLFK�9�(���,Q�W�RI�SDHGLDWULFV��REVWHWULFV�DQG�J\QDHFRORJ\�$FDGHP\�RI�0HGLFDO�

6FLHQFHV��.LHY��8NUDLQH���±�&KDSWHU���
'LRPLQD�� (�$��� ,QVWLWXWH� RI� ([SHULPHQWDO� 3DWKRORJ\�� 2QFRORJ\� DQG� 5DGLRELRORJ\�� .LHY��

8NUDLQH�±�&KDSWHU���
'UX]KLQD� 0�$��� ,QVWLWXWH� RI� ([SHULPHQWDO� 3DWKRORJ\�� 2QFRORJ\� 	� 5DGLRELRORJ\�� .LHY��

8NUDLQH��±�&KDSWHU���
)HGLUNR�3�$���5HVHDUFK�&HQWUH�IRU�5DGLDWLRQ�0HGLFLQH��$FDGHP\�RI�0HGLFDO�6FLHQFHV��.LHY��

8NUDLQH��±�&KDSWHU���
)HGRUHQNR� =��� ,QVWLWXWH� RI� 2QFRORJ\�� $FDGHP\� RI� 0HGLFDO� 6FLHQFHV�� .LHY�� 8NUDLQH� � ±��

&KDSWHU���
)X]LN� 0��� 5HVHDUFK� &HQWUH� IRU� 5DGLDWLRQ�0HGLFLQH�� $FDGHP\� RI� 0HGLFDO� 6FLHQFHV�� .LHY��

8NUDLQH��±�&KDSWHU���
*HUDQLRV�$���'HSDUWPHQW�RI�1XFOHDU�3K\VLFV�DQG�(OHPHQWDU\�3DUWLFOHV��8QLYHUVLW\�RI�$WKHQV��

*UHHFH��±�&KDSWHU���
*U\VKFKHQNR� 9��� 5HVHDUFK� &HQWUH� IRU� 5DGLDWLRQ�0HGLFLQH�� $FDGHP\� RI�0HGLFDO� 6FLHQFHV��

.LHY��8NUDLQH��±�&KDSWHU���
*XODN�*�/���,QVWLWXWH�RI�2QFRORJ\��$FDGHP\�RI�0HGLFDO�6FLHQFHV��.LHY��8NUDLQH��±�&KDSWHU���
.RPLVVDUHQNR� ,�9��� ,QVWLWXWH� RI� (QGRFULQRORJ\� DQG� 0HWDEROLVP�� $FDGHP\� RI� 0HGLFDO�

6FLHQFHV��.LHY��8NUDLQH�±�&KDSWHU���
.RYDOHQNR�$�<H���,QVWLWXWH�RI�(QGRFULQRORJ\�DQG�0HWDEROLVP��$FDGHP\�RI�0HGLFDO�6FLHQFHV��

.LHY��8NUDLQH�±�&KDSWHU���
.KXGROH\�9�9���1�1�3HWURY�5HVHDUFK�,QVWLWXWH�RI�2QFRORJ\��6DLQW�3HWHUVEXUJ��&HQWHU�RI�

,QGHSHQGHQW�(QYLURQPHQWDO�([SHUWLVH��5XVVLDQ�$FDGHP\�RI�6FLHQFHV�6W�3HWHUVEXUJ��
5XVVLD���&KDSWHUV���DQG���
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/LSVND\D� $�,��� ,QVWLWXWH� RI� ([SHULPHQWDO� 3DWKRORJ\�� 2QFRORJ\� 	� 5DGLRELRORJ\�� 1DWLRQDO�
$FDGHP\�RI�6FLHQFHV��.LHY��8NUDLQH��±�&KDSWHU���

/RJDQRYVN\�.�1���5HVHDUFK�&HQWUH� IRU�5DGLDWLRQ�0HGLFLQH��$FDGHP\�RI�0HGLFDO�6FLHQFHV��
.LHY��8NUDLQH��±�&KDSWHU���

0DONR�0�9���-RLQW�,QVWLWXWH�RI�3RZHU�DQG�1XFOHDU�5HVHDUFK��1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�
%HODUXV��%HODUXV���&KDSWHUV���DQG���

0LVKDULQD� =K�$��� 5HVHDUFK� &HQWUH� IRU� 5DGLDWLRQ�0HGLFLQH��$FDGHP\� RI�0HGLFDO� 6FLHQFHV��
.LHY��8NUDLQH��±�&KDSWHU���

1DERND�0�9���'HSDUWPHQW� RI�(FR�K\JLHQLF� LQYHVWLJDWLRQV� RI� WKH�5DGLRHFRORJLFDO�&HQWUH� RI�
WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�WKH�8NUDLQH��.LHY��8NUDLQH�±�&KDSWHU���

1\DJX�$�,��� ³3K\VLFLDQV� RI�&KHUQRE\O´�� ,QWHUQDWLRQDO� -RXUQDO� RI�5DGLDWLRQ�0HGLFLQH��.LHY��
8NUDLQH��±�&KDSWHU���

2NHDQRY�(�$���$�'��6DNKDURY�,QWHUQDWLRQDO�6WDWH�(QYLURQPHQW�8QLYHUVLW\��0LQVN��%HODUXV���
&KDSWHU���DQG���

2PHO\DQHWV� 1�,��� /DERUDWRU\� RI� 0HGLFDO� 'HPRJUDSK\�� 5HVHDUFK� &HQWUH� IRU� 5DGLDWLRQ�
0HGLFLQH��$FDGHP\�RI�0HGLFDO�6FLHQFHV��.LHY��8NUDLQH��±�&KDSWHU���

2UDGRYVND\D�,�9���,PPXQRORJ\�,QVWLWXWH�RI�WKH�5XVVLD�0LQLVWU\�RI�3XEOLF�+HDOWK��0RVFRZ��
5XVVLD�±�&KDSWHU���

3LOLQVND\D�0�$��� 5HVHDUFK� &HQWUH� IRU� 5DGLDWLRQ�0HGLFLQH�� $FDGHP\� RI�0HGLFDO� 6FLHQFHV��
.LHY��8NUDLQH��±�&KDSWHU���

3LQWFKRXN� /�%��� ,QVWLWXWH� RI� ([SHULPHQWDO� 3DWKRORJ\�� 2QFRORJ\� 	� 5DGLRELRORJ\�� 1DWLRQDO�
$FDGHP\�RI�6FLHQFHV��.LHY��8NUDLQH��±�&KDSWHU���

3U\V\D]KQ\XN�$���5HVHDUFK�&HQWUH� IRU�5DGLDWLRQ�0HGLFLQH��$FDGHP\�RI�0HGLFDO�6FLHQFHV��
.LHY��8NUDLQH�±�&KDSWHU���

5MD]VND\�(�6���5HVHDUFK�&HQWUH�IRU�5DGLDWLRQ�0HGLFLQH��$FDGHP\�RI�0HGLFDO�6FLHQFHV��.LHY��
8NUDLQH��±�&KDSWHU���

5RGLRQRYD�1�.��� ,QVWLWXWH� RI� ([SHULPHQWDO� 3DWKRORJ\��2QFRORJ\�	�5DGLRELRORJ\��1DWLRQDO�
$FDGHP\�RI�6FLHQFHV��.LHY��8NUDLQH��±�&KDSWHU���

5\P\DQWVHYD�*�0���9�3��6HUEVNL\�9�3���6FLHQWLILF�5HVHDUFK�,QVWLWXWH�RI�6RFLDO�DQG�/HJDO�
3V\FKLDWU\��0RVFRZ��5XVVLD���&KDSWHU���

5\EDNRY�6�,���6XUJLFDO�'HSDUWPHQW��,QVWLWXWH�RI�(QGRFULQRORJ\�DQG�0HWDEROLVP�$FDGHP\�RI�
0HGLFDO�6FLHQFHV��.LHY��8NUDLQH�±�&KDSWHU���

6FKPLW]�)HXHUKDNH� ,��� 'HSDUWPHQW� RI� 3K\VLFV�� 8QLYHUVLW\� RI� %UHPHQ�� *HUPDQ\� �UHWLUHG�� ±�
&KDSWHU���

6HUNL]� <D�,��� ,QVWLWXWH� RI� ([SHULPHQWDO� 3DWKRORJ\�� 2QFRORJ\� 	� 5DGLRELRORJ\�� 1DWLRQDO�
$FDGHP\�RI�6FLHQFHV��.LHY��8NUDLQH��±�&KDSWHU���

6KHVWRSDORY�9�0��� 5DGLRHFRORJLFDO� &HQWUH��1DWLRQDO�$FDGHP\� RI� 6FLHQFHV� RI� WKH�8NUDLQH��
.LHY��8NUDLQH��±�&KDSWHU���

6NYDUVND\D� (�$��� 5HVHDUFK�&HQWUH� IRU�5DGLDWLRQ�0HGLFLQH��$FDGHP\� RI�0HGLFDO� 6FLHQFHV��
.LHY��8NUDLQH��±�&KDSWHU���

6OLSHQ\XN�.���5HVHDUFK�&HQWUH�IRU�5DGLDWLRQ�0HGLFLQH��$FDGHP\�RI�0HGLFDO�6FLHQFHV��.LHY��
8NUDLQH��±�&KDSWHU���

6WHSDQRYD� (�,��� 5HVHDUFK� &HQWUH� IRU� 5DGLDWLRQ� 0HGLFLQH�� $FDGHP\� RI� 0HGLFDO� 6FLHQFHV��
.LHY��8NUDLQH��±�&KDSWHU���

6XVKNR�9�$���5HVHDUFK�&HQWUH�IRU�5DGLDWLRQ�0HGLFLQH��$FDGHP\�RI�0HGLFDO�6FLHQFHV��.LHY��
8NUDLQH��±�&KDSWHU���

7DUDUXNKLQD�2�%���5XVVLDQ�6FLHQWLILF�5DGLRORJ\�&HQWUH��0RVFRZ��5XVVLD��±�&KDSWHU���
7HUHVKFKHQNR�9�3���5HVHDUFK�&HQWUH�IRU�5DGLDWLRQ�0HGLFLQH��$FDGHP\�RI�0HGLFDO�6FLHQFHV��

.LHY��8NUDLQH��±�&KDSWHU���
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8VDWHQNR� 9�,��� 1DWLRQDO� &RPPLVVLRQ� RI� 5DGLDWLRQ� 3URWHFWLRQ� RI� 8NUDLQH�� .LHY�� 8NUDLQH� ±�
&KDSWHU���

9GRYHQNR�9�<X���5HVHDUFK�&HQWUH� IRU�5DGLDWLRQ�0HGLFLQH��$FDGHP\�RI�0HGLFDO� 6FLHQFHV��
.LHY��8NUDLQH��±�&KDSWHU���

:HQLVFK�$���$XVWULDQ�,QVWLWXWH�RI�$SSOLHG�(FRORJ\��9LHQQD��$XVWULD��±�&KDSWHU���
<DEORNRY�$�9���5XVVLDQ�$FDGHP\�RI�6FLHQFHV��5XVVLD�±�&KDSWHUV���������
=XERYVN\� *�$�� 5XVVLDQ� 6FLHQWLILF� &HQWHU� RI� 5RHQWJHQRUDGLRORJ\�� 0RVFRZ�� 5XVVLD� � ±��

&KDSWHU���
�
7KH� SUHSDUDWLRQ� DQG� RUJDQL]DWLRQ� RI� WKLV� UHSRUW� ZDV� E\� ,U\QD� /DEXQVND� �*UHHQSHDFH�
,QWHUQDWLRQDO�6FLHQFH�8QLW��DQG�,YDQ�%ORNRY��*UHHQSHDFH�,QWHUQDWLRQDO��
�
0DWHULDOV�IRU�WKLV�UHSRUW�ZHUH�FROOHFWHG�DQG�WUDQVODWHG�E\�(XJHQL\�/REDQRY��%HODUXV���0DU\QD�
.DUDYDL� �%HODUXV��� 9ODGLPLU� 7FKRXSURY� �5XVVLD��� ,ULQD� 0LNLWXN� �8NUDLQH��� 2OJD� 6RORJXE�
�8NUDLQH���DQG�9LFWRU�6RORJXE��8NUDLQH���
�
:H�DOVR�ZRXOG�OLNH�WR�H[WHQG�VSHFLDO�WKDQNV�WR��
�
3URI��$QWLSNLQ�<X�*���'LUHFWRU� RI� WKH� ,QVWLWXWH� RI� 3DHGLDWULFV��2EVWHWULFV� DQG�*\QDHFRORJ\��
$FDGHP\�RI�0HGLFDO�6FLHQFHV��.LHY��8NUDLQH��
�
3URI��%HEHVKNR�9�*���'LUHFWRU�RI� WKH�5HVHDUFK�&HQWUH� IRU�5DGLDWLRQ�0HGLFLQH��$FDGHP\�RI�
0HGLFDO�6FLHQFHV��.LHY��8NUDLQH�
�
3URI��7URQNR�1��'���'LUHFWRU�RI�WKH�,QVWLWXWH�RI�(QGRFULQRORJ\�DQG�0HWDEROLVP��$FDGHP\�RI�
0HGLFDO�6FLHQFHV��.LHY��8NUDLQH�
�
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1RWH��,Q�WKH�UHSRUW�XQLWV�RI�PHDVXUHPHQW�ZHUH�XVHG�DV�SUHVHQWHG�LQ�VXEPLWWHG�GRFXPHQWV��
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�
7KH�'LIILFXOW�7UXWK�DERXW�WKH�&KHUQRE\O�&DWDVWURSKH���WKH�:RUVW�(IIHFWV�DUH�6WLOO�WR�&RPH ������
([HFXWLYH�6XPPDU\���������������������������������������������������������������������������������������������������������������������
&DQFHU��������������������������������������������������������������������������������������������������������������������������������������
7K\URLG�&DQFHU ��������������������������������������������������������������������������������������������������������������������
/HXNDHPLD ���������������������������������������������������������������������������������������������������������������������������
2WKHU�&DQFHUV ����������������������������������������������������������������������������������������������������������������������

1RQ�&DQFHU�,OOQHVVHV���������������������������������������������������������������������������������������������������������������
5HVSLUDWRU\�6\VWHP��������������������������������������������������������������������������������������������������������������
'LJHVWLYH�6\VWHP �����������������������������������������������������������������������������������������������������������������
%ORRG�9DVFXODU�6\VWHP �������������������������������������������������������������������������������������������������������
0XVFXOR±6NHOHWDO�DQG�&XWDQHRXV�6\VWHPV �������������������������������������������������������������������������
+RUPRQH�(QGRFULQH�6WDWXV��������������������������������������������������������������������������������������������������
$EQRUPDOLWLHV�RI�,PPXQH�)XQFWLRQ ������������������������������������������������������������������������������������
*HQHWLF�$EQRUPDOLWLHV�	�&KURPRVRPDO�$EHUUDWLRQV ���������������������������������������������������������
8URJHQLWDO�DQG�5HSURGXFWLYH�6\VWHP����������������������������������������������������������������������������������
3UHPDWXUH�$JHLQJ ����������������������������������������������������������������������������������������������������������������
6HQVH�2UJDQV �����������������������������������������������������������������������������������������������������������������������
1HXURORJLFDO�DQG�3V\FKRORJLFDO�'LVRUGHUV��������������������������������������������������������������������������

&RQFOXVLRQV �����������������������������������������������������������������������������������������������������������������������������
7KH�&KHUQRE\O�&DWDVWURSKH�&RQVHTXHQFHV�RQ�+XPDQ�+HDOWK����������������������������������������������������
�����*HQHUDO�+D]DUGV�$VVRFLDWHG�ZLWK�WKH�1XFOHDU�3RZHU�,QGXVWU\����������������������������������������
�����*HQHUDO�2YHUYLHZ�±�0RUELGLW\��0RUWDOLW\��WKH�0DLQ�+HDOWK�3UREOHPV ���������������������������
5HIHUHQFHV �������������������������������������������������������������������������������������������������������������������������������

���&DQFHU�LQ�8NUDLQH��%HODUXV�	�5XVVLD��������������������������������������������������������������������������������������
�����7K\URLG�FDQFHU������������������������������������������������������������������������������������������������������������������
�����/HXNDHPLD ������������������������������������������������������������������������������������������������������������������������
�����2WKHU�FDQFHUV ��������������������������������������������������������������������������������������������������������������������
&DQFHU�FRQFOXVLRQV ��������������������������������������������������������������������������������������������������������������

5HIHUHQFHV �������������������������������������������������������������������������������������������������������������������������������
���1RQ�FDQFHU�LOOQHVVHV ����������������������������������������������������������������������������������������������������������������
����*HQHUDOLVHG�1RQ�&DQFHU�,OOQHVVHV�������������������������������������������������������������������������������������
�L��/LTXLGDWRUV ����������������������������������������������������������������������������������������������������������������������
�LL��&KLOGUHQ �������������������������������������������������������������������������������������������������������������������������

����'LVHDVHV�RI�WKH�5HVSLUDWRU\�6\VWHP�����������������������������������������������������������������������������������
�����'LVHDVHV�RI�WKH�'LJHVWLYH�6\VWHP�DQG�RWKHU�2UJDQV ��������������������������������������������������������
�����,OOQHVVHV�RI�WKH�%ORRG�&LUFXODWLRQ�DQG�/\PSKDWLF�6\VWHPV ���������������������������������������������
�����,OOQHVVHV�RI�WKH�0XVFXOR�±�6NHOHWDO�DQG�&XWDQHRXV�6\VWHPV �������������������������������������������
�����,PEDODQFHV�RI�+RUPRQH�(QGRFULQH�6WDWXV �����������������������������������������������������������������������
�������7K\URLG�*ODQG�,OOQHVVHV���������������������������������������������������������������������������������������������

�������2WKHU�(QGRFULQH�3UREOHPV���������������������������������������������������������������������������������������������
�����'LVWXUEDQFHV�$EQRUPDOLWLHV�RI�,PPXQLW\ ������������������������������������������������������������������������
�����,QIHFWLRQ�DQG�,QYDVLRQV�����������������������������������������������������������������������������������������������������
�����&KURPRVRPDO�$EHUUDWLRQV�DQG�RWKHU�*HQHWLF�&KDUDFWHUV ������������������������������������������������
������,OOQHVVHV�RI�WKH�8URJHQLWDO�DQG�5HSURGXFWLYH�6\VWHP����������������������������������������������������
������&RQJHQLWDO�0DOIRUPDWLRQV�DQG�'LVHDVHV�LQ�,QIDQWV�DQG�&KLOGUHQ ����������������������������������
������3UHPDWXUH�$JHLQJ �����������������������������������������������������������������������������������������������������������
������'LVHDVHV�RI�WKH�6HQVH�2UJDQV �����������������������������������������������������������������������������������������
������1HXURORJLFDO�'LVRUGHUV���������������������������������������������������������������������������������������������������
������0HQWDO��3V\FKRORJLFDO�DQG�&16�'LVRUGHUV ��������������������������������������������������������������������
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([SRVXUH�RI�&KLOGUHQ�LQ�8WHUR��5DGLDWLRQ�'RVHV��0HWKRGV�RI�WKHLU�&DOFXODWLRQ��DQG�
&RUUHODWLRQ�ZLWK�&KDQJHV�LQ�WKH�3RVWQDWDO�'HYHORSPHQW����������������������������������������������������
0HQWDO�+HDOWK�RI�3UHQDWDOO\�([SRVHG�&KLOGUHQ�������������������������������������������������������������������
,UUDGLDWLRQ�LQ�,QIDQF\�DQG�&KLOGKRRG ���������������������������������������������������������������������������������
0HQWDO�DQG�&16�'LVRUGHUV�RI�$GXOWV���������������������������������������������������������������������������������
'LVRUGHUV�DPRQJ�/LTXLGDWRUV ���������������������������������������������������������������������������������������������
7KUHVKROG�'RVHV�RI�5DGLDWLRQ�([SRVXUH�IRU�9DULRXV�0HQWDO�&RQGLWLRQV ��������������������������
,RQL]LQJ�5DGLDWLRQ�DQG�6FKL]RSKUHQLD��������������������������������������������������������������������������������
6XLFLGHV�������������������������������������������������������������������������������������������������������������������������������

5HIHUHQFHV ������������������������������������������������������������������������������������������������������������������������������
���+HDOWK�3UREOHPV�LQ�2WKHU�&RXQWULHV�WKDQ�8NUDLQH��5XVVLD�DQG�%HODUXV ��������������������������������

&RQFOXVLRQV ������������������������������������������������������������������������������������������������������������������������
5HIHUHQFHV ������������������������������������������������������������������������������������������������������������������������������
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6*'� &+((+%7.6� 6476*� #$176� 6*'� %*'401$;.�
&$7$67523+(���6*'�91456�'(('%65�#4'�56+..�61�%1/'�
�
)RU�PLOOLRQV�RI� LQKDELWDQWV�RI� WKH�SODQHW� WKH�H[SORVLRQ�RI� WKH� IRXUWK�EORFN�RI� WKH�&KHUQRE\O�
1XFOHDU�3RZHU�3ODQW�RQ�WKH���WK�RI�$SULO������GLYLGHG�WKHLU�OLIH�LQWR�WZR�SDUWV��SUH�DQG�SRVW�
&KHUQRE\O�� $OO� PL[HG� LQWR� WKH� ZRUG� ³&KHUQRE\O´� DUH� WHFKQRFUDWLF� DGYHQWXULVP� DQG� WKH�
KHURLVP� RI� OLTXLGDWRUV�� KXPDQ� VROLGDULW\� DQG� WKH� FRZDUGLFH� RI� OHDGHUV� �IULJKWHQHG� WR� ZDUQ�
WKHLU� FLWL]HQV� DERXW� WKH� WHUULEOH� RXWFRPHV� DQG�� E\� WKDW�� VWURQJO\� LQFUHDVLQJ� WKH� QXPEHU� RI�
LQQRFHQW�YLFWLPV��� WKH�VXIIHULQJV�RI�PDQ\�DQG� WKH�VHOI�LQWHUHVW�RI�RWKHUV��&KHUQRE\O�EURXJKW�
LQWR� RXU� OLYHV� QHZ� WHUPLQRORJ\�� VXFK� DV� ³OLTXLGDWRUV´�� WKH� ³FKLOGUHQ� RI� &KHUQRE\O´� DQG�
³&KHUQRE\O�$,'6´��
�
,Q� WKH�SDVW� WZHQW\�\HDUV� LW�KDV�EHFRPH�FOHDU�� WKDW�QXFOHDU�HQHUJ\�FRQFHDOV�GDQJHUV�� LQ�VRPH�
DVSHFWV�� HYHQ� JUHDWHU� WKDQ� DWRPLF� ZHDSRQV�� WKH� HMHFWD� IURP� WKLV� RQH� UHDFWRU� H[FHHGHG� WKH�
UDGLRDFWLYH�FRQWDPLQDWLRQ�FDXVHG�E\�WKH�QXFOHDU�ZHDSRQV�XVHG�DW�+LURVKLPD�DQG�1DJDVDNL�E\�
RQH�KXQGUHG�WLPHV��,W�KDV�EHFRPH�FOHDU� WKDW�RQH�QXFOHDU�UHDFWRU�FDQ�FRQWDPLQDWH�KDOI�RI�WKH�
(DUWK�DQG�WKDW�QR�ORQJHU��QRW�LQ�RQH�VLQJOH�FRXQWU\��FRXOG�FLWL]HQV�EH�DVVXUHG�WKDW�WKH�VWDWH�ZLOO�
KDYH� WKH� IRUHWKRXJKW� DQG� ZLVGRP� WR� SURWHFW� WKHP� IURP� QXFOHDU� PLVIRUWXQHV�� 7KH� IDWH� RI�
WKRXVDQGV� RI� VROGLHU�OLTXLGDWRUV� ZDV� VHDOHG� E\� WKH� SKUDVH� LQ� RQH� RI� WKH� GRFXPHQWV� RI� WKH�
IRUPHU�8665�0LQLVWU\�RI�'HIHQFH�GDWHG��WK�-XO\�������³����WKH�IDFW�RI�WKH�SUR[LPLW\�RI�ZRUN�
SHUIRUPHG�RQ�WKH�FRUH�>RQ�OLTXLGDWLRQ@�VKRXOG�QRW�EH�UHIOHFWHG��QRU�WKH�WRWDO�UDGLDWLRQ�GRVH��LI�
WKH\�>OLTXLGDWRUV@�GLG�QRW�UHDFK�WKH�GHJUHH�RI�UDGLDWLRQ�VLFNQHVV«´��
�
7KH��&KHUQRE\O
�)RUXP����D�JURXS�RI�VSHFLDOLVWV��LQFOXGLQJ�WKH�UHSUHVHQWDWLYHV�RI�WKH�,$($��
WKH� 81� 6FLHQWLILF� FRPPLWWHH� RQ� WKH� LQIOXHQFH� RI� DWRPLF� UDGLDWLRQ�� WKH� :+2�� RWKHU� 81�
SURJUDPV�� DV� ZHOO� DV� WKH�:RUOG� %DQN� DQG� WKH� VWDII� RI� VRPH� RI� WKH� VWDWH� RUJDQL]DWLRQV� RI�
%HODUXV��5XVVLD� DQG�8NUDLQH�SUHVHQWHG� D� UHSRUW�� �+HDOWK�(IIHFWV�RI� WKH�&KHUQRE\O�$FFLGHQW�
DQG� 6SHFLDO� +HDOWK� &DUH� 3URJUDPV´� RQ� WKH� WKUHVKROG� RI� WKH� &KHUQRE\O� DQQLYHUVDU\�� LQ�
6HSWHPEHU�������7KH�EDVLF�FRQFOXVLRQV�RI�WKH�PHGLFDO�SRUWLRQ�RI�WKH�UHSRUW�RI�WKH��&KHUQRE\O�
)RUXP��DUH�WKDW������±������SHRSOH�GLHG��RU�ZLOO�GLH��IURP�UDGLRJHQLF�FDQFHU��ZKLFK�DJDLQVW�
WKH�EDFNJURXQG�RI�VSRQWDQHRXV�FDQFHUV��ZLOO�EH�GLIILFXOW� WR� LGHQWLI\����7KDW� UHSRUW� LQGLFDWHV�
WKDW� ������ FDVHV� RI� FKLOGKRRG� UDGLRJHQLF� FDQFHUV� RI� WKH� WK\URLG� JODQG� ZHUH� UHVROYHG� YLD�
PHGLFDO� RSHUDWLRQV�� 7KDW� UHSRUW� DFNQRZOHGJHV� WKDW� FHUWDLQ� LQFUHDVHV� LQ� WKH� FDWDUDFWV� RI�
OLTXLGDWRUV� DQG� FKLOGUHQ� IURP� WKH� FRQWDPLQDWHG� UHJLRQV� KDYH� EHHQ� GLVFRYHUHG�� 7KH� UHSRUW�
FRQFOXGHV��JHQHUDOO\��WKDW�WKH�FRQVHTXHQFHV�RI�WKH�FDWDVWURSKH��IRU�WKH�SHRSOH¶V�KHDOWK�SURYHG�
WR�EH�QRW�VR�VLJQLILFDQW��DV�WKH\�ZHUH�ILUVW�FRQVLGHUHG�WR�EH���
�
$� PRUH� REMHFWLYH� SRLQW� RI� YLHZ� ZDV� ZHOO�H[SUHVVHG� E\� WKH� 81� *HQHUDO� 6HFUHWDU\�� .RIL�
$QQDQ���«WKH�H[DFW�QXPEHU�RI�YLFWLPV�PD\�QHYHU�EH�NQRZQ��EXW���PLOOLRQ�FKLOGUHQ�UHTXLUH�
WUHDWPHQW�DQG«PDQ\�ZLOO�GLH�SUHPDWXUHO\«1RW�XQWLO�������DW�WKH�HDUOLHVW��ZLOO�EH�NQRZQ�WKH�
IXOO� QXPEHU� RI� WKRVH� OLNHO\� WR� GHYHORS� VHULRXV� PHGLFDO� FRQGLWLRQV«EHFDXVH� RI� GHOD\HG�
UHDFWLRQV�WR�UDGLDWLRQ�H[SRVXUH«PDQ\�ZLOO�GLH�SUHPDWXUHO\�������
�
5DGLRDFWLYH�IDOO�RXWV�IURP�&KHUQRE\O�FORXGV�WRXFKHG�PDQ\�WHUULWRULHV��ZKHUH�PRUH�WKDQ�WKUHH�
ELOOLRQ� SHRSOH� OLYH��0RUH� WKDQ� ���� RI� WKHVH� WHUULWRULHV� DFURVV� ��� (XURSHDQ� FRXQWULHV�ZHUH�
GDQJHURXVO\�FRQWDPLQDWHG�E\�UDGLRQXFOLGHV�IURP�&KHUQRE\O��DQG�LQ���IXUWKHU�FRXQWULHV���PRUH�
WKDQ� ����� RI� WKHLU� WHUULWRULHV��� ,W� ZLOO� EH� WKH� IDWH� RI�PDQ\� IXWXUH� JHQHUDWLRQV� WR� VXIIHU� WKH�
HFKRHV�RI�&KHUQRE\O�LQ�WKHVH�FRXQWULHV�DFFRUGLQJ�WR�LQH[RUDEOH�VWDWLVWLFDO�DQG�ELRORJLFDO�ODZV��
�
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,Q�UHDOLW\��WKH�QXPEHU�RI�FKLOGKRRG�WK\URLG�FDQFHUV�FDXVHG�E\�&KHUQRE\O�LQ�%HODUXV��8NUDLQH�
DQG� 5XVVLD� LV� PXFK� JUHDWHU� WKDQ� LV� LQGLFDWHG� E\� WKH� ,$($� DQG�RU� WKH� :+2�� ,W� LV� DOVR�
LPSRVVLEOH�WR�FRQVLGHU� WKRVH�KDYLQJ�XQGHUJRQH�PHGLFDO�RSHUDWLRQV�DV�KDYLQJ�EHHQ��FXUHG����
IRU� LQ� UHDOLW\� WKH\�ZLOO�KDYH�KDG� WKHLU�KHDOWK�FRPSURPLVHG�E\�GLVUXSWLRQV�RI� WKHLU�KRUPRQDO�
DQG� LPPXQH� V\VWHPV� DQG� E\� OLYLQJ� RQ� PHGLFDWLRQ�� 7K\URLG� FDQFHU� LV� RQO\� RQH� RI� PDQ\�
SDWKRORJLF� FKDQJHV� LQ� WKLV� RUJDQ� XQGHU� WKH� HIIHFW� RI� WKH� UDGLDWLRQ�� )RU� HDFK� FDVH� RI� FDQFHU�
WKHUH�DUH�PDQ\�WHQV�RI�FDVHV�RI�RWKHU�GLVHDVHV��RI�WKLV�LPSRUWDQW�HQGRFULQH�JODQG��'LVWXUEDQFHV�
RI� KHDOWK�� FRQQHFWHG� ZLWK� UDGLRJHQLF� FKDQJHV� LQ� WKH� WK\URLG� JODQG�� DOUHDG\� WRXFKHG� QRW�
VHYHUDO�� EXW�PDQ\� WHQV� RI� WKRXVDQGV� RI� LQGLYLGXDOV�� ,Q� WKH� IROORZLQJ� ������ \HDUV� WKH\�ZLOO�
WRXFK�PDQ\�WKRXVDQGV�PRUH��
�
7KH�ZRUVHQLQJ�RI�KHDOWK�UHODWHG�WR�UDGLDWLRQ�H[SRVXUH�IURP�WKH�&KHUQRE\O�DFFLGHQW��HVSHFLDOO\�
±� LQ� FKLOGUHQ¶V� KHDOWK��� LQ� WKH� ³&KHUQRE\O´� WHUULWRULHV� RI� %HODUXV�� 8NUDLQH� DQG� 5XVVLD� LV�
ZLWKRXW� VFLHQWLILF� GRXEW�� 'R]HQV� RI� GLVHDVHV� DUH� H[SOLFDEOH� QHLWKHU� E\� WKH� HIIHFW� RI� WKH�
VFUHHQLQJ�PHWKRGRORJLHV��QRU�E\�VRFLDO�DQG�HFRQRPLF�IDFWRUV��
�
,� ZLOO� QRW� UHSHDW� KHUH� WKH� FRQWHQW� RI� WKH� IROORZLQJ� UHSRUW�� EXW� ,�ZLOO� KLJKOLJKW� VRPH� RI� WKH�
UHDVRQV�IRU�VXFK�VHULRXV�GLIIHUHQFHV� LQ� WKH�HVWLPDWLRQ�RI� WKH�FRQVHTXHQFHV�RI� WKH�&KHUQRE\O�
FDWDVWURSKH� EHWZHHQ� WKH� VLGH� RI� WKH� DWRPLF� HQHUJ\� LQGXVWU\� DQG� IURP� WKH� VLGH� RI� PDQ\�
LQGHSHQGHQW�H[SHUWV��6RPH�IRUPHU�6RYLHW�RIILFLDOV�KDYH�QRW�RQO\�IRUELGGHQ�GRFWRUV�WR�FRQQHFW�
FXUUHQW� GLVHDVHV� ZLWK� WKH� &KHUQRE\O� LUUDGLDWLRQ�� EXW� KDYH� DOVR� FODVVLILHG� VRPH� &KHUQRE\O�
UHODWHG�PDWHULDOV��PDNLQJ�WKHVH�PDWHULDOV�GLIILFXOW��DQG�DW�WLPHV�LPSRVVLEOH��WR�REWDLQ��,Q�RUGHU�
WR�RYHUFRPH�WKHVH�SROLWLFDO�PDQLSXODWLRQV��D�ULJRURXV�VFLHQWLILF�DSSURDFK�KDV�EHHQ�DSSOLHG�LQ�
WKH� DVVHVVPHQW� DQG� VHOHFWLRQ� RI� PDWHULDO� SURYLGHG� LQ� WKLV� UHSRUW�� 6WDWLVWLFDOO\� VLJQLILFDQW�
YDULDQFHV� RI� WKH� KHDOWK� RI� WKH� SRSXODWLRQ� LQ� WKH� DIIHFWHG� WHUULWRULHV�� ZLWK� LGHQWLFDO� HWKQLF��
SV\FKRORJLFDO�� JHRJUDSKLFDO�� VRFLDO� DQG� HFRQRPLF� FKDUDFWHULVWLFV� �ZKLFK� DUH� GLIIHUHQWLDWHG�
RQO\�E\�WKH�H[SRVXUH�WR�WKH�&KHUQRE\O�LUUDGLDWLRQ��DUH�H[SODLQHG�YLD�WKH�FRQVHTXHQFHV�RI�WKH�
&KHUQRE\O�FDWDVWURSKH��
�
7KH� IROORZLQJ� UHSRUW�� LQ� LWV� FRQFHQWUDWHG� IRUP�� SUHVHQWV� WR� WKH� (QJOLVK� VSHDNLQJ� UHDGHU�
PDWHULDO�WKDW�ZDV�SUHYLRXVO\�GLIILFXOW�WR�DFFHVV��SXEOLVKHG�LQ�%HODUXV��5XVVLDQ�DQG�8NUDLQLDQ�
OLWHUDWXUH��� 7KHUH� DUH� PDQ\� VFLHQWLILF� VWXGLHV� RQ� WKH� FRQVHTXHQFHV� RI� WKH� &KHUQRE\O�
FDWDVWURSKH�RQ�KHDOWK��SXEOLVKHG�LQ�WKHVH�WKUHH�FRXQWULHV�EXW�WR�GDWH��OLWWOH�RI�WKLV�LQIRUPDWLRQ�
KDV�EHHQ�DYDLODEOH�YLD�:HVWHUQ�MRXUQDOV��,W�VKRXOG�EH�QRWHG�WKDW�VLQFH������WKHUH�KDV�EHHQ�DQ�
XQGHUVWDQGLQJ�EHWZHHQ�WKH�,$($�DQG�WKH�:+2��WKDW�WKH�:+2�ZLOO�³FRRUGLQDWH��LWV�SRVLWLRQ�
ZLWK� WKH� ,$($� RQ� DWRPLF�UHODWHG� KHDOWK� LVVXHV�� :LWK� WKH� YDOXDEOH� DVVLVWDQFH� RI� PDQ\�
LQGHSHQGHQW�VSHFLDOLVWV�IURP�5XVVLD��8NUDLQH��%HODUXV�DQG�PDQ\�RWKHU�FRXQWULHV��,�KRSH�WKDW�
WKLV� UHSRUW� ZLOO� EH� DPRQJ� PDQ\� IXUWKHU� REMHFWLYH� H[DPLQDWLRQV� RI� WKH� WUXH� VFDOH� RI� WKH�
&KHUQRE\O�FDWDVWURSKH�WR�EH�SXEOLVKHG�LQ�WKH�QHDU�IXWXUH��
�
0HPEHU�RI�WKH�(XURSHDQ�&RPPLWWHH�RQ�5DGLDWLRQ�5LVN��
)RUPHU� &RXQFLOORUV� )RU� (FRORJ\� $QG� 3XEOLF� +HDOWK� 7R� 7KH� 3UHVLGHQW� 2I� 7KH� 5XVVLDQ�
)HGHUDWLRQ�&RXQFLOORUV�IRU�5XVVLDQ�$FDGHP\�RI�6FLHQFH��
3URI��'U��ELRO���$��<DEORNRY�
�
�
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�
7ZHQW\� \HDUV� DIWHU� WKH�&KHUQRE\O� GLVDVWHU�� WKH� QHHG� IRU� FRQWLQXHG� VWXG\� RI� LWV� IDU�UHDFKLQJ�
FRQVHTXHQFHV� UHPDLQV� DV� JUHDW� DV� HYHU�� 2Q� ��WK� $SULO� ������ WKH� WHUP� µSHDFHIXO� DWRP¶�
GLVDSSHDUHG�LQ�WKH�GDUN�FORXG�DERYH�WKH�EXUQLQJ�QXFOHDU�UHDFWRU�QXPEHU�IRXU�RI�WKH�&KHUQRE\O�
QXFOHDU� SRZHU� SODQW� LQ� WKH� IRUPHU� 6RYLHW� 8QLRQ�� 7KH� PRVW� VLJQLILFDQW� DQG� ZLGH� UDQJLQJ�
WHFKQRORJLFDO�FDWDVWURSKH�LQ�WKH�KLVWRU\�RI�PDQNLQG�RFFXUUHG�LQ�D�VPDOO�8NUDLQLDQ�WRZQ�RQ�WKH�
3ULS\DW�ULYHU��2YHUQLJKW��WKH�QDPH�RI�&KHUQRE\O�EHFDPH�NQRZQ�WR�WKH�ZKROH�ZRUOG��
�
7ZHQW\� \HDUV� ODWHU�� VHYHUDO�PLOOLRQ� SHRSOH� �E\� YDULRXV� HVWLPDWHV�� IURP� �� WR� ��PLOOLRQ�� VWLOO�
UHVLGH�LQ�DUHDV�WKDW�ZLOO�UHPDLQ�KLJKO\�FRQWDPLQDWHG�E\�&KHUQRE\O¶V�UDGLRDFWLYH�SROOXWLRQ�IRU�
PDQ\�\HDUV� WR�FRPH��6LQFH� WKH�KDOI�OLIH�RI� WKH�PDMRU� �WKRXJK�IDU� IURP�WKH�RQO\�� UDGLRDFWLYH�
HOHPHQW� UHOHDVHG�� FDHVLXP����� ����&V��� LV� D� OLWWOH�RYHU����\HDUV�� WKH� UDGLRORJLFDO� �DQG�KHQFH�
KHDOWK��FRQVHTXHQFHV�RI�WKLV�QXFOHDU�DFFLGHQW�ZLOO�FRQWLQXH�WR�EH�H[SHULHQFHG�IRU�FHQWXULHV�WR�
FRPH��
�
7KLV�WUXO\�JOREDO�HYHQW�KDG�LWV�JUHDWHVW�LPSDFWV�RQ�WKUHH�QHLJKERXULQJ�IRUPHU�6RYLHW�UHSXEOLFV��
QDPHO\� WKH� QRZ� LQGHSHQGHQW� FRXQWULHV� RI� 8NUDLQH�� %HODUXV�� DQG� 5XVVLD�� 7KH� LPSDFWV��
KRZHYHU��H[WHQGHG�IDU�PRUH�ZLGHO\��0RUH�WKDQ�KDOI�RI�WKH�FDHVLXP�����HPLWWHG�DV�D�UHVXOW�RI�
WKH� H[SORVLRQ�ZDV� FDUULHG� LQ� WKH� DWPRVSKHUH� WR� RWKHU�(XURSHDQ� FRXQWULHV��$W� OHDVW� IRXUWHHQ�
RWKHU� FRXQWULHV� LQ� (XURSH� �$XVWULD�� 6ZHGHQ�� )LQODQG��1RUZD\�� 6ORYHQLD�� 3RODQG�� 5RPDQLD��
+XQJDU\�� 6ZLW]HUODQG�� &]HFK� 5HSXEOLF�� ,WDO\�� %XOJDULD�� 5HSXEOLF� RI�0ROGRYD� DQG� *UHHFH��
ZHUH� FRQWDPLQDWHG� E\� UDGLDWLRQ� OHYHOV� DERYH� WKH� �� &L�NP�� �RU� ��� N%T�P���� OLPLW� XVHG� WR�
GHILQH�DUHDV�DV�µFRQWDPLQDWHG¶��/RZHU��EXW�QRQHWKHOHVV�VXEVWDQWLDO�TXDQWLWLHV�RI�UDGLRDFWLYLW\�
OLQNHG� WR� WKH� &KHUQRE\O� DFFLGHQW� ZHUH� GHWHFWHG� DOO� RYHU� WKH� (XURSHDQ� FRQWLQHQW�� IURP�
6FDQGLQDYLD�WR�WKH�0HGLWHUUDQHDQ��DQG�LQ�$VLD��
�
'HVSLWH�WKH�GRFXPHQWHG�JHRJUDSKLFDO�H[WHQW�DQG�VHULRXVQHVV�RI�WKH�FRQWDPLQDWLRQ�FDXVHG�E\�
WKH�DFFLGHQW��WKH�WRWDOLW\�RI�LPSDFWV�RQ�HFRV\VWHPV��KXPDQ�KHDOWK��HFRQRPLF�SHUIRUPDQFH�DQG�
VRFLDO� VWUXFWXUHV� UHPDLQV� XQNQRZQ�� ,Q� DOO� FDVHV�� KRZHYHU�� VXFK� LPSDFWV� DUH� OLNHO\� WR� EH�
H[WHQVLYH�DQG�ORQJ�ODVWLQJ��'UDZLQJ�WRJHWKHU�FRQWULEXWLRQV�IURP�QXPHURXV�UHVHDUFK�VFLHQWLVWV�
DQG� KHDOWK� SURIHVVLRQDOV�� LQFOXGLQJ� PDQ\� IURP� WKH� 8NUDLQH�� %HODUXV� DQG� WKH� 5XVVLDQ�
)HGHUDWLRQ�� WKLV� UHSRUW� DGGUHVVHV� RQH� RI� WKHVH� DVSHFWV�� QDPHO\� WKH� QDWXUH� DQG� VFRSH� RI� WKH�
ORQJ�WHUP�FRQVHTXHQFHV�IRU�KXPDQ�KHDOWK��
�
7KH� UDQJH� RI� HVWLPDWHV� RI� H[FHVV�PRUWDOLW\� UHVXOWLQJ� IURP� WKH�&KHUQRE\O� DFFLGHQW� VSDQV� DQ�
H[WUHPHO\�ZLGH�UDQJH�GHSHQGLQJ�XSRQ�SUHFLVHO\�ZKDW�LV�WDNHQ�LQWR�DFFRXQW��7KH�PRVW�UHFHQW�
HSLGHPLRORJLFDO�HYLGHQFH��SXEOLVKHG�XQGHU�WKH�DXVSLFHV�RI�WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��
VXJJHVWV�WKDW�WKH�VFDOH�RI�WKH�SUREOHPV�FRXOG�EH�YHU\�PXFK�JUHDWHU�WKDQ�SUHGLFWHG�E\�VWXGLHV�
SXEOLVKHG�WR�GDWH��)RU�H[DPSOH��WKH������,$($�UHSRUW�SUHGLFWHG�WKDW������DGGLWLRQDO�GHDWKV�
ZRXOG�UHVXOW�IURP�WKH�&KHUQRE\O�DFFLGHQW��7KH�PRVW�UHFHQWO\�SXEOLVKHG�ILJXUHV�LQGLFDWH�WKDW�LQ�
%HODUXV��5XVVLD�DQG�WKH�8NUDLQH�DORQH�WKH�DFFLGHQW�UHVXOWHG�LQ�DQ�HVWLPDWHG���������DGGLWLRQDO�
GHDWKV�EHWZHHQ������DQG�������
�
2YHUDOO�� WKH� DYDLODEOH� GDWD� UHYHDO� D� FRQVLGHUDEOH� UDQJH� LQ� HVWLPDWHG� H[FHVV� PRUWDOLWLHV�
UHVXOWLQJ�IURP�WKH�&KHUQRE\O�DFFLGHQW��VHUYLQJ�WR�XQGHUOLQH�WKH�KXJH�XQFHUWDLQWLHV�DWWDFKHG�WR�
NQRZOHGJH�RI�WKH�IXOO�LPSDFWV�RI�WKH�&KHUQRE\O�DFFLGHQW��
�
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7KLV� UHSRUW� LQFOXGHV� VRPH� GDWD�� ZKLFK� KDYH� QRW� EHHQ� SXEOLVKHG� EHIRUH� LQ� WKH� LQWHUQDWLRQDO�
DUHQD��,Q�FRPELQDWLRQ�ZLWK�WKH�H[WHQVLYH�ERG\�RI�OLWHUDWXUH�ZKLFK�KDV�EHHQ�SXEOLVKHG�WR�GDWH��
WKHVH� GDWD� LQGLFDWH� WKDW� ³RIILFLDO´� ILJXUHV� �H�J�� WKH� ,$($� ����� HYDOXDWLRQ�� IRU� PRUELGLW\�
�LQFLGHQFH� RI� GLVHDVH�� DQG� GHDWK� DULVLQJ� DV� D� GLUHFW� UHVXOW� RI� WKH� UDGLRDFWLYH� FRQWDPLQDWLRQ�
UHOHDVHG�IURP�&KHUQRE\O�PD\�JURVVO\�XQGHUHVWLPDWH�ERWK�WKH�ORFDO�DQG�LQWHUQDWLRQDO�LPSDFW�RI�
WKH�LQFLGHQW��
�
)RXU�SRSXODWLRQ�JURXSV�DSSHDU�WR�KDYH�H[SHULHQFHG�WKH�PRVW�VHYHUH�KHDOWK�HIIHFWV��
�

��� DFFLGHQW� FOHDQ�XS� ZRUNHUV�� RU� µOLTXLGDWRUV¶�� LQFOXGLQJ� FLYLOLDQ� DQG� WKH� PLOLWDU\�
SHUVRQQHO�GUDIWHG�WR�FDUU\�RXW�FOHDQ�XS�DFWLYLWLHV�DQG�FRQVWUXFW�WKH�SURWHFWLYH�FRYHU�IRU�
WKH�UHDFWRU��

��� HYDFXHHV�IURP�GDQJHURXVO\�FRQWDPLQDWHG�WHUULWRULHV�LQVLGH�WKH����NP�]RQH�DURXQG�WKH�
SRZHU�SODQW��

��� UHVLGHQWV�RI�WKH�OHVV��EXW�VWLOO�GDQJHURXVO\��FRQWDPLQDWHG�WHUULWRULHV��DQG�
��� FKLOGUHQ�ERUQ�LQWR�WKH�IDPLOLHV�IURP�DOO�RI�WKH�DERYH�WKUHH�JURXSV��

�
6RPH�RI�WKH�NH\�ILQGLQJV�UHODWLQJ�WR�FDQFHU�DQG�QRQ�FDQFHU�LOOQHVVHV�DUH�VXPPDULVHG�EHORZ��
�
&DQFHU�
7RGD\�LW�LV�FOHDU�WKDW�WKH�SROOXWLRQ�IURP�&KHUQRE\O�KDV�LQGHHG�FDXVHG�D�ODUJH�VFDOH�LQFUHDVH�LQ�
FDQFHUV�� ,Q� SDUWLFXODU�� FDQFHUV� DUH� QRWDEO\� PRUH� FRPPRQ� LQ� SRSXODWLRQV� IURP� WKH� KLJKO\�
FRQWDPLQDWHG�UHJLRQV�DQG�DPRQJ�WKH�µOLTXLGDWRUV¶��KLJKHVW�UDGLDWLRQ�H[SRVXUH��LQ�FRPSDULVRQ�
ZLWK� UHIHUHQFH� �UHODWLYHO\� XQH[SRVHG�� JURXSV�� ,Q� µOLTXLGDWRUV¶� IURP� %HODUXV�� IRU� H[DPSOH��
LQFLGHQFHV�RI�NLGQH\��XULQDU\�EODGGHU�DQG�WK\URLG�FDQFHU�ZHUH�DOO�VLJQLILFDQWO\�KLJKHU�IRU�WKH�
SHULRG�IURP������WR������WKDQ�LQ�D�FRPSDUDEOH�UHIHUHQFH�JURXS��/HXNDHPLD�ZDV�VLJQLILFDQWO\�
KLJKHU� LQ� µOLTXLGDWRUV¶� IURP� WKH� 8NUDLQH�� LQ� DGXOWV� LQ� %HODUXV� DQG� LQ� FKLOGUHQ� LQ� WKH� PRVW�
FRQWDPLQDWHG�DUHDV�RI�5XVVLD�DQG�8NUDLQH��
�
2WKHU�H[DPSOHV��WKRXJK�WKLV�OLVW�LV�IDU�IURP�H[KDXVWLYH��LQFOXGH��

x� %HWZHHQ������DQG������� D����� LQFUHDVH� LQ�DOO� FDQFHUV� LQ�%HODUXV�ZDV�GRFXPHQWHG��
ZLWK�KLJKHU�LQFUHDVHV�������LQ�WKH�KLJKO\�FRQWDPLQDWHG�*RPHO�UHJLRQ�WKDQ�LQ�WKH�OHVV�
FRQWDPLQDWHG�UHJLRQV�RI�%UHVW�������DQG�0RJLOHY��������

x� ,Q�5XVVLD��FDQFHU�PRUELGLW\� LQ� WKH�KLJKO\�FRQWDPLQDWHG�.DOXJD�DQG�%U\DQVN� UHJLRQV�
ZDV�KLJKHU�WKDQ�DFURVV�WKH�FRXQWU\�DV�D�ZKROH��)RU�H[DPSOH��LQ�KHDYLO\�FRQWDPLQDWHG�
DUHDV� RI� %U\DQVN� UHJLRQ��PRUELGLW\� ZDV� ���� WLPHV� KLJKHU� WKDQ� LQ� OHVV� FRQWDPLQDWHG�
WHUULWRULHV�RI�WKH�UHJLRQ��

x� ,Q�FRQWDPLQDWHG�DUHDV�RI� WKH�=K\WRPLU� UHJLRQ�RI�8NUDLQH�� WKH�QXPEHU�RI�DGXOWV�ZLWK�
FDQFHU�LQFUHDVHG�DOPRVW�WKUHHIROG�EHWZHHQ������DQG�������IURP�������WR��������

�
7K\URLG�&DQFHU�
7K\URLG� FDQFHU� LQFUHDVHG� GUDPDWLFDOO\� LQ� DOO� WKUHH� FRXQWULHV�� DV� H[SHFWHG� EHFDXVH� RI� WKH�
UHOHDVH�RI�ODUJH�TXDQWLWLHV�RI�UDGLRDFWLYH�LRGLQH�IURP�WKH�&KHUQRE\O�FDWDVWURSKH��)RU�H[DPSOH��
LQFLGHQFH�LQ�WKH�KLJKO\�FRQWDPLQDWHG�%U\DQVN�UHJLRQ�LQ�WKH�SHULRG�����������ZDV�GRXEOH�WKDW�
IRU�5XVVLD�DV�D�ZKROH��DQG�WULSOH�WKDW�ILJXUH�E\�������(VWLPDWHV�LQ�H[FHVV�SRVVLEO\�RI��������
DGGLWLRQDO�FDVHV�KDYH�EHHQ�SUHGLFWHG�IRU�8NUDLQH��%HODUXV�DQG�WKH�5XVVLDQ�)HGHUDWLRQ�DORQH��
��
&KLOGUHQ�ZKR�ZHUH�����\HDUV�ROG�DW�WKH�WLPH�RI�H[SRVXUH�ZHUH�SDUWLFXODUO\�YXOQHUDEOH�WR�WKLV�
FDQFHU�� %HIRUH� WKH� DFFLGHQW�� RFFXUUHQFH� RI� WK\URLG� FDQFHU� DPRQJ� FKLOGUHQ� DQG� DGROHVFHQWV�
DYHUDJHG������FDVHV�SHU����������$IWHU������� WKH�IUHTXHQF\�RI�RFFXUUHQFH�URVH�WR�����������
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SHU� ��������� 7KH� SHDN� RI� WK\URLG� FDQFHU� PRUELGLW\� DPRQJ� WKRVH� ZKR� ZHUH� FKLOGUHQ� DQG�
WHHQDJHUV�DW�WKH�PRPHQW�RI�WKH�FDWDVWURSKH�ZDV�SUHGLFWHG�WR�RFFXU�LQ�WKH�SHULRG������������
�
7KH� FDQFHU�RI� WKH� WK\URLG�JODQG�FDXVHG�E\�&KHUQRE\O� DSSHDUHG� WR�EH�XQXVXDOO\�DJJUHVVLYH��
ZLWK�HDUO\�DQG�UDSLG�SURJUHVVLRQ�WR�IRUP�VHFRQGDU\�WXPRXUV�LQ�WKH�O\PSK�JODQGV�DQG�OXQJV��
ZKLFK� ZRUVHQHG� WKH� SURJQRVLV� DQG� IUHTXHQWO\� GHPDQGHG�PXOWLSOH� VXUJLFDO� LQWHUYHQWLRQV� WR�
DGGUHVV��
�
*LYHQ�WKH�SDUWLFXODUO\�ORQJ�ODWHQF\�SHULRGV��ZKLFK�FDQ�EH�DVVRFLDWHG�ZLWK�WK\URLG�FDQFHU��QHZ�
&KHUQRE\O�LQGXFHG� FDVHV� PD\� EH� H[SHFWHG� WR� HPHUJH� IRU� GHFDGHV� WR� FRPH�� /RQJ�WHUP�
PRQLWRULQJ�RI�µDW�ULVN¶�SRSXODWLRQV��LQFOXGLQJ�WKRVH�ZKLFK�UHFHLYHG�UHODWLYHO\�ORZ�GRVHV��ZLOO�
EH�HVVHQWLDO�WR�DOORZ�WLPHO\�DQG�HIIHFWLYH�PHGLFDO�LQWHUYHQWLRQ��
�
/HXNDHPLD�
+LJKHU�UDWHV�RI�DFXWH�OHXNDHPLD�DPRQJ�%HODUXVLDQ�µOLTXLGDWRUV¶�ZHUH�ILUVW�REVHUYHG�LQ������
���� )URP� ������ VLJQLILFDQW� LQFUHDVHV� LQ� WKH� LQFLGHQFH� RI� DOO� IRUPV� RI� OHXNDHPLD� ZHUH�
GHWHFWDEOH� LQ� WKH� DGXOW� SRSXODWLRQ� RI� %HODUXV� DV� D�ZKROH�� ,Q� WKH�8NUDLQH�� WKH� IUHTXHQF\� RI�
PDOLJQDQW� EORRG� FDQFHUV�ZDV� VLJQLILFDQWO\� KLJKHU� WKDQ� IRU� WKH�SUH�FDWDVWURSKH�SHULRG� LQ� WKH�
IRXU�PRVW�KLJKO\�FRQWDPLQDWHG�SDUWV�RI�=K\WRP\U�DQG�.LHY�UHJLRQV��ERWK�GXULQJ�WKH�ILUVW�IRXU�
\HDUV�DQG�GXULQJ�WKH�VL[WK�\HDU�DIWHU�WKH�FDWDVWURSKH���
�
&KLOGKRRG�OHXNDHPLD�LQ�7XOD�UHJLRQ�LQ�WKH�SRVW�&KHUQRE\O�SHULRG�VLJQLILFDQWO\�H[FHHGHG�WKH�
DYHUDJH� UDWHV� IRU�5XVVLD�� HVSHFLDOO\� LQ� FKLOGUHQ� DJHG� ������� ,Q�/LSHWVN�� FDVHV� RI� OHXNDHPLD�
LQFUHDVHG�����WLPHV�IURP������WR�������6RPH�GDWD�VXJJHVW�LQFUHDVHG�ULVN�RI�OHXNDHPLD�HYHQ�
IRU�FKLOGUHQ�H[SRVHG�LQ�WKH�ZRPE��
�
2WKHU�&DQFHUV�
$Q� LQFUHDVH� LQ� FDQFHU�RI� WKH� UHVSLUDWRU\�SDVVDJHV� LQ�ZRPHQ�KDV�EHHQ�REVHUYHG� LQ� WKH�PRVW�
FRQWDPLQDWHG� DUHDV� RI� .DOXJD� UHJLRQ�� )URP� ����� RQZDUGV�� H[FHVVHV� RI� FDQFHUV� RI� WKH�
VWRPDFK�� OXQJV�� EUHDVW�� UHFWXP�� FRORQ�� WK\URLG� JODQG�� ERQH�PDUURZ� DQG� O\PSK� V\VWHP�KDYH�
DOVR�EHHQ�GHWHFWHG�LQ�WKH�VRXWKZHVWHUQ�DUHDV�RI�WKDW�UHJLRQ��,Q�WKH�7XOD�UHJLRQ��XQXVXDOO\�KLJK�
UDWHV� RI� ERQH� FDQFHU� DQG� FDQFHUV� RI� WKH� FHQWUDO� QHUYRXV� V\VWHP�ZHUH�GHWHFWDEOH� LQ� FKLOGUHQ�
GXULQJ�WKH�SHULRG�IURP������������
�
,Q�WKH�PRVW�FRQWDPLQDWHG�WHUULWRULHV��RI�WKH�8NUDLQH�WKH�LQFLGHQFH�RI�EUHDVW�FDQFHU�UHPDLQHG�
IDLUO\� VWDEOH�� DQG� UDWKHU� ORZHU� WKDQ� LQ� VXUURXQGLQJ� DUHDV�� WKURXJKRXW� WKH�SHULRG� IURP������
������ +RZHYHU�� IURP� ����� RQZDUGV�� LQFLGHQFHV� RI� EUHDVW� FDQFHU� LQ� WKH� FRQWDPLQDWHG�
WHUULWRULHV�EHJDQ�WR�ULVH��6LJQLILFDQW�LQFUHDVHV�LQ�WKH�LQFLGHQFH�RI�XULQDU\�EODGGHU�FDQFHUV�KDV�
DOVR�EHHQ�GHWHFWHG�LQ�WKH�FRQWDPLQDWHG�WHUULWRULHV�RI�8NUDLQH�LQ�UHFHQW�\HDUV��
�
1RQ�&DQFHU�,OOQHVVHV�
7KH� LGHQWLILHG� FKDQJHV� LQ� WKH� LQFLGHQFH� RI� FDQFHURXV� GLVHDVHV� UHSRUWHG� IURP� VWXGLHV� RI�
SRSXODWLRQV�H[SRVHG�WR�UDGLDWLRQ�DULVLQJ�IURP�WKH�&KHUQRE\O�DFFLGHQW�DUH�RQO\�RQH�DVSHFW�RI�
WKH�UDQJH�RI�KHDOWK�LPSDFWV�UHSRUWHG��,Q�DGGLWLRQ��VLJQLILFDQW�LQFUHDVHV�LQ�QRQ�FDQFHU�LOOQHVVHV�
DPRQJVW� WKH�H[SRVHG�SRSXODWLRQV�KDYH�DOVR�EHHQ� UHSRUWHG�DOWKRXJK��GHVSLWH� WKH�VFDOH�RI� WKH�
H[SRVXUH��UHODWLYHO\�YHU\�IHZ�VWXGLHV�DUH�DYDLODEOH���
�
'HVSLWH�GLIILFXOWLHV�LQ�GHULYLQJ�DEVROXWH�FDXVH�HIIHFW�UHODWLRQVKLSV�DQG�WKH�UHODWLYH�SDXFLW\�RI�
GDWD�JLYHQ� WKH� VXEVWDQWLDO� LQWHUQDWLRQDO� LPSDFW�RI� WKH�&KHUQRE\O� UHOHDVH�� WKH�YDULRXV� UHSRUWV�
DUH�HQRXJK� WR�PDNH� LW�TXLWH�FOHDU� WKDW�PRUELGLW\�DQG�PRUWDOLW\�EDVHG�RQO\�RQ�SURMHFWHG�DQG�
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REVHUYHG� FKDQJHV� LQ� FDQFHURXV� GLVHDVH� UDWHV� DPRQJVW� WKHVH� SRSXODWLRQV� FRXOG� FRQVLGHUDEO\�
XQGHUHVWLPDWH�WKH�IXOO�VFRSH�DQG�VFDOH�RI�WKH�LPSDFWV�XSRQ�KXPDQ�KHDOWK��
�
5HVSLUDWRU\�6\VWHP�
([SRVXUH� RI� WKH� UHVSLUDWRU\� V\VWHPV� RI� KXPDQV� WR� UDGLRDFWLYH� PDWHULDOV� UHOHDVHG� E\� WKH�
&KHUQRE\O�DFFLGHQW�WRRN�SODFH�WKURXJK�WZR�PDMRU�SDWKZD\V��,Q�WKH�HDUO\�SKDVHV�RI�UDGLRDFWLYH�
UHOHDVH�WKH�IRUPDWLRQ�RI�YDULRXVO\�VL]HG�DHURVRO�VROLG�DQG�OLTXLG�³KRW�SDUWLFOHV´�WRJHWKHU�ZLWK�
UDGLRQXFOLGHV� LQ� JDVHRXV� IRUP�PHDQW� WKDW� WKH� LQKDODWLRQ� SDWKZD\�ZDV� WKH�PRVW� VLJQLILFDQW��
6XEVHTXHQWO\�� H[WHUQDO� LUUDGLDWLRQ� IURP� GHSRVLWHG� PDWHULDO� ZDV� FRQVLGHUHG� WKH� PRVW�
VLJQLILFDQW�URXWH�RI�UHVSLUDWRU\�V\VWHP�H[SRVXUH��
�
$PRQJVW� WKH� HYDFXHHV� IURP� WKH� ���NP� ]RQH� H[DPLQHG� LQ� %HODUXV�� FDVHV� RI� UHVSLUDWRU\�
PRUELGLW\� DOPRVW� GRXEOHG�� 6XFK� PRUELGLW\� DFFRXQWHG� IRU� DURXQG� D� WKLUG� RI� WKH� SUREOHPV�
REVHUYHG� LQ� HYDFXHHV� DQG� LQ� WKRVH� DGXOWV� DQG� DGROHVFHQWV� ZKR� FRQWLQXHG� WR� GZHOO� LQ� WKH�
FRQWDPLQDWHG�WHUULWRULHV��,Q�FKLOGUHQ��UHVSLUDWRU\�SUREOHPV�DFFRXQWHG�IRU�QHDUO\�WZR�WKLUGV�RI�
GRFXPHQWHG� PRUELGLW\�� ,Q� 5XVVLD� D� SRVLWLYH� FRUUHODWLRQ� ZDV� REVHUYHG� EHWZHHQ� UHVSLUDWRU\�
SUREOHPV� LQ� QHZERUQ� FKLOGUHQ� DQG� WKH� OHYHOV� RI� UDGLRDFWLYH� SROOXWLRQ� LQ� WKH� ORFDOLWLHV� LQ�
TXHVWLRQ��
�
8NUDLQLDQ� 0LQLVWU\� RI� +HDOWK� VWDWLVWLFV� GRFXPHQW� D� ULVH� LQ� FDVHV� RI� XQVSHFLILHG� FKURQLF�
EURQFKLWLV�DQG�HPSK\VHPD�IURP�DURXQG�����SHU��������SRSXODWLRQ� LQ������ WR�RYHU�����SHU�
������� LQ� WKH� DGXOW� DQG� DGROHVFHQW� SRSXODWLRQ�� LQ� ������ 2YHU� WKH� VDPH� SHULRG� EURQFKLDO�
DVWKPD�PRUELGLW\�DOPRVW�GRXEOHG�WR�UHDFK������FDVHV�SHU��������SRSXODWLRQ��
�
7KH� PRVW� FRPSUHKHQVLYH� VWXGLHV� UHSRUWHG� DSSHDU� WR� EH� WKRVH� RI� OLTXLGDWRUV� LQYROYHG� LQ�
VHFXULQJ�DQG�FOHDQLQJ� WKH� VLWH� VXEVHTXHQW� WR� WKH� LQFLGHQW�� ,Q� WKLV�JURXS��FKURQLF�REVWUXFWLYH�
SXOPRQDU\� GLVHDVH� LQ� WKH� IRUP� RI� FKURQLF� REVWUXFWLYH� EURQFKLWLV� DQG� EURQFKLDO� DVWKPD� KDV�
EHHQ� UHSRUWHG� DV� OHDGLQJ� UHDVRQV� IRU�PRUWDOLW\��PRUELGLW\� DQG� LQYDOLGLW\�� ,Q� WKHVH� FDVHV� WKH�
IROORZ� XS� VWXGLHV� KDYH� DOORZHG� D� FRPSUHKHQVLYH� KHDOWK� REVHUYDWLRQV� WR� EH� OLQNHG� ZLWK�
UHFRQVWUXFWHG�UDGLDWLRQ�GRVH�SURILOHV��7KLV�KDV�DOORZHG�WKH�SURJUHVVLRQ�RI�UHSRUWHG�SUREOHPV�
WR� EH� GRFXPHQWHG� LQ� VRPH� GHWDLO�� 7KLV� JURXS� SURYLGHV� D� UHODWLYHO\� UDUH� H[DPSOH� RI� D�
SRSXODWLRQ�JURXS�LPSDFWHG�E\�WKH�UDGLDWLRQ�UHOHDVH��ZKLFK�ZDV�IROORZHG�XS�LQ�VRPH�GHWDLO��
�
'LJHVWLYH�6\VWHP�
7KHUH� LV� VRPH� HYLGHQFH� RI� GLJHVWLYH� V\VWHP� GLVRUGHUV� EHLQJ� PRUH� IUHTXHQW� DPRQJVW�
LQGLYLGXDOV� H[SRVHG� WR� &KHUQRE\O� UDGLDWLRQ�� $� VXUYH\� FDUULHG� RXW� LQ� ����� VXJJHVWHG� WKDW�
PRUELGLW\� IURP� VXFK� GLVRUGHUV� ZDV� ���� WLPHV� KLJKHU� DPRQJVW� %HODUXV� HYDFXHHV� DQG�
LQKDELWDQWV� RI� WKH� FRQWDPLQDWHG� WHUULWRULHV� WKDQ� IRU� WKH� %HODUXV� SRSXODWLRQ� DV� D� ZKROH��
%HWZHHQ� ����� DQG� ����� WKH� UHSRUWHG� LQFLGHQFH� RI� SHSWLF� XOFHU� LQFUHDVHG� LQ� WKH� %HODUXV�
SRSXODWLRQ�LQFUHDVHG�E\�DOPRVW������
�
,Q�WKH�8NUDLQH��PRUH�FRPSUHKHQVLYH�UHSRUWV�H[LVW��'XULQJ�����������D�GRXEOLQJ�RI�GLJHVWLYH�
V\VWHP�PRUELGLW\�ZDV�REVHUYHG�LQ�WKH�SRSXODWLRQ�VWLOO�OLYLQJ�LQ�FRQWDPLQDWHG�DUHDV��'LJHVWLYH�
V\VWHP� SUREOHPV� UHSRUWHG� DPRQJ� DGXOW� HYDFXHHV� IURP� 3ULS\DW¶FLW\� DQG� LQ� WKH� ���NP� ]RQH�
ZHUH�PRUH�FRPPRQ�WKDQ�LQ�WKH�UHVW�RI�WKH�SRSXODWLRQ��,QGLFHV�RI�GLJHVWLYH�V\VWHP�PRUELGLW\�
DPRQJ� WKRVH� OLYLQJ� LQ� WKH� VWULFW� UDGLDWLRQ� FRQWURO� ]RQHV�ZHUH� KLJKHU� WKDQ� IRU� WKH�8NUDLQLDQ�
SRSXODWLRQ�DW�ODUJH��7KLV�ZDV�DOVR�WKH�FDVH�IRU�FKLOGUHQ�LQ�ZKRP�GLJHVWLYH�V\VWHP�GLVHDVH�URVH�
RYHU�WZR�IROG�EHWZHHQ������DQG������WR������SHU���������$PRQJVW�FKLOGUHQ�WKHUH�ZDV�D�FOHDU�
WHQGHQF\�WRZDUGV�LQFUHDVHG�UHSRUWLQJ�RI�GLJHVWLYH�RUJDQ�SDWKRORJ\�DQG�VLPLODU�ILQGLQJV�ZHUH�
PDGH� IRU� FKLOGUHQ� H[SRVHG� LQ� XWHUR�� $JDLQ�� LQFLGHQFH� GRXEOHG�� 'LJHVWLYH� V\VWHP� GLVRUGHUV�
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ZHUH�UHSRUWHG�DV�WKH�PRVW�FRPPRQ�FDXVH�RI�LOO�KHDOWK�LQ�FKLOGUHQ�OLYLQJ�LQ�WKH�FRQWDPLQDWHG�
WHUULWRULHV��
�
%ORRG�9DVFXODU�6\VWHP�
([SRVXUH� WR� UDGLRDFWLYH�SROOXWLRQ� IURP�&KHUQRE\O�KDV�EHHQ� OLQNHG�QRW�RQO\�ZLWK�PDOLJQDQW�
EORRG�DQG� O\PSKDWLF�GLVHDVHV��EXW�DOVR�ZLWK�QRQ�PDOLJQDQW�FRQGLWLRQV�RI� WKH�EORRG�YDVFXODU�
V\VWHP� ZKLFK� DUH� OLNHO\� WR� KDYH� EHHQ� PRUH� UHDGLO\� GLDJQRVHG� DV� D� UHVXOW� RI� WKH� DWWHQWLRQ�
GLUHFWHG� DW� WKHVH� ERG\� RUJDQ� V\VWHPV� LQ� FRQQHFWLRQ� ZLWK� WKHLU� VHQVLWLYLW\� WR� PDOLJQDQW�
GLVHDVHV��
�
,Q�%HODUXV��WHQ�\HDUV�DIWHU�WKH�&KHUQRE\O�DFFLGHQW��EORRG�GLVHDVHV�JHQHUDOO\�LQFUHDVHG��ZLWK�D�
JUHDWHU� LQFUHDVH� UHSRUWHG� LQ� WKH� FRQWDPLQDWHG� DUHDV��'LVWXUEDQFH�RI�ZKLWH�EORRG�FHOO� FRXQWV�
KDV� DOVR� EHHQ� UHSRUWHG� IURP� WKH� SRSXODWLRQ� VXE�JURXSV� OLYLQJ� LQ� WKH� 5XVVLDQ� WHUULWRULHV�
DIIHFWHG�E\�&KHUQRE\O�IDOORXW��
�
7KH� PRVW� H[WHQVLYH� DQG� KROLVWLF� VWXGLHV� DSSHDU� WR� KDYH� EHHQ� FDUULHG� RXW� LQ� WKH� 8NUDLQH��
*HQHUDOLVHG� HDUO\� DWKHURVFOHURVLV� DQG� FRURQDU\� KHDUW� GLVHDVH� GHYHORSHG�PRUH� FRPPRQO\� LQ�
HYDFXHHV�IURP����NP�]RQH�DQG�WKRVH�OLYLQJ�LQ�DUHDV�SROOXWHG�ZLWK�UDGLRQXFOLGHV�DV�FRPSDUHG�
WR�WKH�JHQHUDO�SRSXODWLRQ��,Q�WKH�FRQWDPLQDWHG�WHUULWRULHV�EORRG�V\VWHP�PRUELGLW\�URVH�E\�DQ�
HVWLPDWHG�IDFWRU�RI�EHWZHHQ����DQG����WLPHV�EHWZHHQ������DQG�������
�
,Q� D� UHODWLYHO\� XQFRPPRQ� FURVV� ERUGHU� VWXG\�� KDHPRUUKDJLF� FRQGLWLRQV� DQG� FRQJHQLWDO�
MDXQGLFH�LQ�QHZERUQ�EDELHV�ZHUH�PRQLWRUHG�LQ�YDULRXV�DUHDV�H[SRVHG�WR�&KHUQRE\O�UDGLDWLRQ�
LQ�%HODUXV��8NUDLQH� DQG� WKH�5XVVLDQ�)HGHUDWLRQ��7KHVH�ZHUH� IRXQG� WR� EH����� DQG����� WLPHV�
PRUH�FRPPRQ��UHVSHFWLYHO\��WKDQ�LQ�WKH�XQFRQWDPLQDWHG�DUHDV�VXUYH\HG��
�
0XVFXOR±6NHOHWDO�DQG�&XWDQHRXV�6\VWHPV�
6SHFLILF� GDWD� RQ� PXVFXOR�VNHOHWDO� DQG� FRQQHFWLYH� WLVVXH� V\VWHP� UHVSRQVHV� WR� UDGLDWLRQ�
H[SRVXUH�UHVXOWLQJ�IURP�WKH�&KHUQRE\O�DFFLGHQW�DUH�UHODWLYHO\�UDUH��7KLV�LV�XQGRXEWHGO\�GXH�LQ�
SDUW�WR�WKH�IDFW�WKDW�WKHVH�ERG\�RUJDQ�V\VWHPV�DUH�QRW�SHU�VH�UHJDUGHG�DV�FULWLFDOO\�YXOQHUDEOH�
V\VWHPV�� 1RQHWKHOHVV�� GDWD� UHSRUWHG� IURP� FRQWDPLQDWHG� DUHDV� LQ� %HODUXV� DQG� WKH� 8NUDLQH�
VXJJHVWV� WKDW� UHSRUWHG� PXVFXOR�VNHOHWDO� FRPSODLQWV� LQFUHDVHG� PDUNHGO\�� )RHWDO� VNHOHWDO�
H[DPLQDWLRQV� DOVR� UHYHDOHG� LQFRUSRUDWLRQ� RI� ���&V� LQ� ERQHV� DQG� D� JUHDWHU� WKDQ� H[SHFWHG�
RFFXUUHQFH� RI� DEQRUPDOLWLHV�� $� FURVV�ERUGHU� VWXG\� RI� QHRQDWDO� KHDOWK� FRQGXFWHG� LQ� YDULRXV�
FRQWDPLQDWHG� WHUULWRULHV� VXJJHVWHG� DQ� LQFUHDVLQJ� WUHQG� RI� PXVFXOR�VNHOHWDO� GHYHORSPHQW�
GHILFLHQFLHV��
�
+RUPRQH�(QGRFULQH�6WDWXV�
,Q�������PRUH� WKDQ�����RI�FKLOGUHQ�VXUYH\HG� LQ� WKH�*RPHO� UHJLRQ�RI�%HODUXV�KDG�HQODUJHG�
WK\URLG�JODQGV�ZKLOH� LQ� WKH�8NUDLQH�GDPDJH� WR� WKH� WK\URLG�JODQG�ZDV�REVHUYHG�LQ�������RI�
������DGROHVFHQWV�IURP�WKH�9LQQLWVN�DQG�=K\WRP\U�UHJLRQV�ZKR�ZHUH�����\HDUV�ROG�DW�WKH�WLPH�
RI�WKH�DFFLGHQW��,Q�WKLV�VWXG\��SULPDU\�IXQFWLRQDO�UHDFWLRQ�RI�WKH�WK\URLG�JODQG�ZDV�REVHUYHG�LQ�
���������� VXEVHTXHQW� WR� WKH� DFFLGHQW� IROORZHG� E\� FKURQLF� DXWRLPPXQH� WK\URLGLWLV� ������
������ DQG� FOLQLFDO� UHDOL]DWLRQ� RI� GLVHDVH� LQ� ����������� $PRQJ� WKHVH� FKLOGUHQ�� ������
GHYHORSHG� DQ� REYLRXV� SDWKRORJ\� RI� WKH� WK\URLG� JODQG� FRPSDUHG�ZLWK� ������ LQ� WKH� FRQWURO�
JURXS��
�
5HSRUWHG�PRUELGLW\� GXH� WR� HQGRFULQH� V\VWHP� GLVHDVH�� QXWULWLRQDO� GLVRUGHUV� DQG�PHWDEROLVP�
DQG�LPPXQH�GLVRUGHUV�WRJHWKHU�LQ�HYDFXHHV�IURP�WKH�H[FOXVLRQ�]RQH��DV�ZHOO�DV�WKH�SRSXODWLRQ�
RI� WKH� FRQWDPLQDWHG� WHUULWRULHV�� ZDV� PRUH� WKDQ� WZLFH� DV� KLJK� DV� DPRQJ� WKH� HQWLUH� %HODUXV�
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SRSXODWLRQ�� ,Q� ������ FDVHV� SHU� �������� ZHUH� ������ �HYDFXHHV�� DQG� ������ �SRSXODWLRQ� RI�
FRQWDPLQDWHG�]RQH��FRPSDUHG�WR�WKH�QDWLRQDO�DYHUDJH�RI������
�
2FFXUUHQFH�RI�HQGRFULQH�V\VWHP�GLVHDVHV�LQ�FKLOGUHQ�OLYLQJ�LQ�&KHUQRE\O�FRQWDPLQDWHG�SDUWV�
RI� WKH� 7XOD� UHJLRQ� LQ� 5XVVLD� LQFUHDVHG� ILYH�IROG� E\� ����� DV� FRPSDUHG� WR� WKH� SUH�DFFLGHQW�
SHULRG�� 0RUELGLW\� LQ� WKH� DGXOW� SRSXODWLRQ� OLYLQJ� LQ� WKH� KLJKO\� FRQWDPLQDWHG� VRXWKZHVW�
WHUULWRULHV�RI�%U\DQVN�UHJLRQ�H[FHHGV�WKH�UHJLRQDO�DYHUDJH�E\�VRPH�����WLPHV��
�
,W� VHHPV� WKDW� D� JHQHUDOLVHG� UHVSRQVH� LQ� WKH� LQGLYLGXDOV� OLYLQJ� LQ� FRQWDPLQDWHG� DUHDV� ZDV�
LQFUHDVHG�HQGRFULQH�V\VWHP�DFWLYLW\��ZKLFK�RQO\�VWDELOLVHG�����\HDUV�DIWHU�OHDYLQJ�WKHVH�DUHDV��
,Q�5XVVLDQ�DUHDV�DIIHFWHG�E\�WKH�UDGLRDFWLYLW\�IURP�&KHUQRE\O�JHQHUDOLVHG�GLVWXUEDQFHV�LQ�WKH�
SURGXFWLRQ�DQG�EDODQFH�RI�VH[�KRUPRQHV�ZDV�GHVFULEHG�ZKLOH�D�SHUVLVWHQWO\�LQFUHDVHG�OHYHO�RI�
DXWRLPPXQH�HQGRFULQH�LOOQHVV���DXWRLPPXQH�K\URDGHQLWLV��WK\URWR[LFRVLV�DQG�GLDEHWHV�±�ZDV�
REVHUYHG�IURP������RQZDUGV�LQ�WKH�8NUDLQLDQ�FRQWDPLQDWHG�WHUULWRULHV��
�
2YHUDOO��HQGRFULQH�V\VWHP�SDWKRORJ\�LV�D�KLJKO\�LPSRUWDQW�DQG�VLJQLILFDQW�LPSDFW�REVHUYHG�LQ�
WKRVH� SRSXODWLRQV� H[SRVHG� WR� &KHUQRE\O� UDGLDWLRQ�� *LYHQ� WKH� LPSRUWDQFH� RI� WKH� HQGRFULQH�
V\VWHP�LQ�WKH�PRGXODWLRQ�RI�ZKROH�ERG\�IXQFWLRQ��LW�LV�QRW�VXUSULVLQJ�WKDW�RWKHU�G\VIXQFWLRQV�
KDYH�DOVR�EHHQ�REVHUYHG��
�
$EQRUPDOLWLHV�RI�,PPXQH�)XQFWLRQ�
7KH� LPPXQH� V\VWHP� LV� RQH� V\VWHP� PRGXODWHG� E\� HQGRFULQH� IXQFWLRQ�� $FFRUGLQJO\��
DEQRUPDOLWLHV�RI�WKH�LPPXQH�V\VWHP�FDQ�EH�H[SHFWHG�ZKHUH�WKH�HQGRFULQH�V\VWHP�LV�GLVWXUEHG��
,Q�DGGLWLRQ��LRQL]LQJ�UDGLDWLRQ�FDQ�GLUHFWO\�DIIHFW�FRPSRQHQWV�RI�WKH�LPPXQH�V\VWHP��
�
,Q� %HODUXV�� D� VWXG\� RI� WKH� LPPXQH� V\VWHP� VWDWXV� RI� ������PHQ� H[SRVHG� WR� VPDOO�� EXW� ORQJ�
WHUP��GRVHV�RI�UDGLDWLRQ��VKRZHG�WKDW�FKURQLF�UDGLDWLRQ�H[SRVXUH�OHDGV�WR�ORVV�RI�WKH�LPPXQH�
V\VWHP¶V�DELOLW\�WR�UHVLVW�GHYHORSPHQW�ERWK�RI�LQIHFWLRXV�DQG�QRQ�LQIHFWLRXV�GLVHDVHV��6XUYH\V�
RI�FHOOXODU�DQG�KXPRUDO�LPPXQLW\�LQ�*RPHO�UHJLRQ�RI�%HODUXV�VKRZHG�WKDW�LPPXQH�FKDQJHV�
GHYHORSLQJ�LQ�FKLOGUHQ�FKURQLFDOO\�H[SRVHG�WR�UDGLDWLRQ�GHSHQG�RQ�WKH�UDGLRQXFOLGHV�LQYROYHG��
GLIIHUHQW� HIIHFWV�ZHUH� IRXQG�ZLWK� H[SRVXUH� WR� UDGLRORJLFDOO\� HTXLYDOHQW� OHYHOV� RI� VWURQWLXP��
FDHVLXP�DQG�RWKHU�UDGLRQXFOLGHV�
�
'HFUHDVHG�LPPXQLW\�ZDV�PDQLIHVW�LQ�UHGXFWLRQV�LQ�WKH�QXPEHUV�RI�OHXNRF\WHV��WKH�DFWLYLW\�RI�
7�O\PSKRF\WHV�DQG�NLOOHU�FHOOV�DV�ZHOO�DV�LQ�WKURPERF\WRSHQLD�DQG�YDULRXV�IRUPV�RI�DQHPLD��
ZKLFK�ZHUH�REVHUYHG�LQ�WKH�&KHUQRE\O�DIIHFWHG�WHUULWRULHV�RI�5XVVLD��%\�������WKH�IUHTXHQF\�
RI� LPPXQH� DQG�PHWDEROLF� HIIHFWV� LQ� FKLOGUHQ� IURP� SDUWV� RI� 7XOD� UHJLRQ� FRQWDPLQDWHG�ZLWK�
&KHUQRE\O�IDOORXW�LQFUHDVHG���IROG�FRPSDUHG�WR�WKH�SUH�&KHUQRE\O�OHYHO���
�
,Q� WKH�8NUDLQH� WKH�PRVW� XQIDYRUDEOH� FKDQJHV�ZHUH�REVHUYHG� LQ� FKLOGUHQ�ZLWK�KLJK� LQ� XWHUR�
GRVHV�RI�WK\URLG�LUUDGLDWLRQ��RYHU�����F*\���$PRQJ�VXFK�FKLOGUHQ��������GHYHORSHG�LPPXQH�
GHILFLHQF\�FRPSDUHG�ZLWK�������LQ�WKH�FRQWURO�JURXS���
�
,QIHFWLRXV�'LVHDVHV�
,QWHUIHUHQFH� ZLWK� WKH� LPPXQH� V\VWHP� FDQ� LPSDFW� XSRQ� WKH� RFFXUUHQFH� DQG� VHYHULW\� RI�
LQIHFWLRXV� GLVHDVHV� LQ� WKH�ZLGHU� SRSXODWLRQ�� 6RPH� RI� WKH� VWDWLVWLFV� JDWKHUHG� SRVW�&KHUQRE\O�
VXJJHVW�WKDW�UDGLDWLRQ�H[SRVHG�SRSXODWLRQV�PD\�EH�PRUH�YXOQHUDEOH�WR�GLVHDVH��
�
,W�ZDV�IRXQG�WKDW�FRQJHQLWDO�LQIHFWLRQV�RFFXUUHG�����WLPHV�PRUH�RIWHQ�WKDQ�EHIRUH�WKH�DFFLGHQW�
LQ�QHZERUQV�ZKRVH�PRWKHUV�FDPH�IURP�UDGLDWLRQ�FRQWDPLQDWHG�SDUWV�RI�WKH�3ROHVVN\�GLVWULFW�
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RI�.LHY�UHJLRQ��XS�WR�������&L�NP����WKH�&KHFKHUVN\�GLVWULFW�RI�*RPHO�UHJLRQ�������&L�NP����
0WVHQVN\� DQG� 9RONKRYVN\� GLVWULFWV� RI� 2UHO� UHJLRQ� ����� &L�NP�� DQG� ������ &L�NP��
UHVSHFWLYHO\��
�
%HWZHHQ������DQG�������JUHDWHU�IUHTXHQF\�RI�YLUXVHV�RI�KHSDWLWLV�%�DQG�&�DV�ZHOO�DV�JUHDWHU�
VSUHDG�RI�YLUXVHV�'�DQG�*�ZHUH�GLVFRYHUHG�DPRQJ�������DGXOWV�DQG�DGROHVFHQWV�ZKR�VXIIHUHG�
IURP� WKH� &KHUQRE\O� UDGLDWLRQ� LQ� 9LWHEVN� UHJLRQ� RI� 5XVVLD�� 7KLV� FRXOG� XOWLPDWHO\� OHDG� WR�
LQFUHDVHG�PRUWDOLW\� IURP� FLUUKRVLV� DQG� SULPDU\� OLYHU� FDQFHU�� ,QFLGHQFH� RI� YLUDO� KHSDWLWLV� LQ�
KLJKO\�FRQWDPLQDWHG�SDUWV�RI� WKH�*RPHO�DQG�0RJLOHY� UHJLRQV�PRUH� WKDQ�����\HDUV�DIWHU� WKH�
DFFLGHQW�ZDV�GRXEOH�WKH�DYHUDJH�OHYHO�LQ�%HODUXV�
�
(OVHZKHUH� LQ� 5XVVLD�� DQ� LQFUHDVH� LQ� FU\SWRVSRULGLD� LQIHFWLRQV� ZDV� IRXQG� LQ� WKH� %U\DQVN�
UHJLRQ��&KLOGUHQ� LQ� FRQWDPLQDWHG� DUHDV�ZHUH�PRUH� IUHTXHQWO\� DIIHFWHG�ZLWK�SQHXPRF\VWRVLV�
�������DJDLQVW�����LQ�WKH�UHIHUHQFH�JURXS���
�
*HQHWLF�$EQRUPDOLWLHV�	�&KURPRVRPDO�$EHUUDWLRQV�
7KH�IUHTXHQFLHV�RI�FKURPRVRPDO�DEHUUDWLRQV�LQ�DUHDV�RI�WKH�8NUDLQH��%HODUXV�DQG�5XVVLD�WKDW�
ZHUH� FRQWDPLQDWHG� E\� &KHUQRE\O� IDOORXW� DUH� QRWLFHDEO\� KLJKHU� WKDQ� WKH� JOREDO� DYHUDJH��
)UHTXHQF\� RI� DEHUUDQW� FHOOV� DQG� FKURPRVRPDO� DEHUUDWLRQV� SHU� ���� O\PSKRF\WHV� LQ�
FRQWDPLQDWHG�DUHDV�RI�8NUDLQH�DQG�%HODUXV�UHDFKHG�XS�WR�WKUHH�WLPHV�WKH�JOREDO�DYHUDJH��,Q�
5XVVLD�� IUHTXHQF\� RI� FKURPRVRPDO� DEHUUDWLRQV� LQFUHDVHG� �� WR� ��IROG� LQ� LQKDELWDQWV� RI�
WHUULWRULHV�ZLWK�FRQWDPLQDWLRQ�OHYHOV�RYHU���&L�NP���ZKLOH�D�VWXG\�RI�D�QXPEHU�RI�8NUDLQLDQ�
UHVLGHQWV�EHIRUH�DQG�DIWHU� WKH�&KHUQRE\O�DFFLGHQW�UHYHDOHG�D���IROG�LQFUHDVH�LQ�IUHTXHQF\�RI�
UDGLDWLRQ�LQGXFHG�FKURPRVRPH�FKDQJHV��D�SKHQRPHQRQ�ZKLFK�DOVR�VHHPV�WR�EH�FDUULHG�RYHU�
WR�WKHLU�FKLOGUHQ��&KURPRVRPDO�DEHUUDWLRQV�WKRXJKW�WR�EH�DWWULEXWDEOH�WR�&KHUQRE\O�KDYH�EHHQ�
UHFRUGHG�DV�IDU�DZD\�DV�$XVWULD��*HUPDQ\�DQG�1RUZD\��
�
,QFUHDVHV� LQ� FKURPRVRPH�PXWDWLRQ� IUHTXHQF\� RIWHQ� FRUUHODWH�ZLWK� LQFUHDVHG� LQFLGHQFH� RI� D�
YDULHW\� RI� LOOQHVVHV�� )RU� H[DPSOH�� LQFUHDVHG� FKURPRVRPDO� DEHUUDWLRQV� LQ� O\PSKRF\WHV� KDYH�
EHHQ�IRXQG�WR�FRLQFLGH�ZLWK�GLDJQRVHG�OHYHOV�RI�SV\FKR�SDWKRORJLF�FKDOOHQJH�DQG�VHFRQGDU\�
LPPXQRVXSSUHVVLRQ�LQ�����RI�µOLTXLGDWRUV¶�VXUYH\HG��
�
8URJHQLWDO�DQG�5HSURGXFWLYH�6\VWHP�
'XULQJ������������GLVHDVHV�RI�WKH�XURJHQLWDO�V\VWHP�PRUH�WKDQ�GRXEOHG�LQ�SRSXODWLRQV��VWLOO�
OLYLQJ� LQ� WKH� PRVW� FRQWDPLQDWHG� WHUULWRULHV� RI� WKH� 8NUDLQH�� $� ��IROG� JURZWK� LQ� LQWHUQDO�
LQIODPPDWRU\�GLVHDVHV��GLVWXUEDQFHV�RI�WKH�PHQVWUXDO�F\FOH�DQG�EHQLJQ�RYDULDQ�WXPRXUV�ZDV�
UHSRUWHG� LQ� H[SRVHG� ZRPHQ�� ,Q� RWKHU� FRQWDPLQDWHG� UHJLRQV�� ERWK� LQIHUWLOLW\� DQG� PDOH�
LPSRWHQFH�KDYH�UHSRUWHGO\�EHFRPH�PRUH�IUHTXHQW�VLQFH�WKH�DFFLGHQW��6WUXFWXUDO�FKDQJHV�LQ�WKH�
VHPLQLIHURXV�WXEXOHV�DQG�GLVWXUEDQFH�RI�VSHUP�SURGXFWLRQ�ZHUH�UHSRUWHG�LQ�WKUHH�TXDUWHUV�RI�
PHQ�VXUYH\HG�LQ�WKH�.DOXJD�UHJLRQ�RI�5XVVLD��
�
0RUH� WKDQ� ����� \HDUV� DIWHU� WKH� DFFLGHQW�� WKH� WKUHDW� RI� LQWHUUXSWHG� SUHJQDQF\� EHFDPH�PRUH�
IUHTXHQW�LQ�HYDFXHHV�IURP�WKH���NP�]RQH�DQG�WKRVH�OLYLQJ�LQ�WKH�FRQWDPLQDWHG�WHUULWRULHV��,Q�
KLJKO\� H[SRVHG� JURXSV� LQ� WKH� 8NUDLQH�� PRUH� WKDQ� KDOI� RI� SUHJQDQW� ZRPHQ� VXIIHUHG�
FRPSOLFDWLRQV� GXULQJ� SUHJQDQF\� �LQFOXGLQJ� SUH�HFODPSVLD�� DQDHPLD�� IRHWRSODFHQWDO� IDLOXUH���
ZKLOH�LQ�FRQWURO�JURXS��FRPSOLFDWLRQV�RFFXUUHG�LQ�RQO\������6LPLODUO\��ULVN�RI�LQKLELWHG�IRHWDO�
GHYHORSPHQW�ZDV�REVHUYHG�LQ�����RI�UDGLDWLRQ�ULVN�JURXS�ZRPHQ����WLPHV�KLJKHU�WKDQ�LQ�WKH�
JHQHUDO� SRSXODWLRQ�� ZKLOH� FRPSOLFDWLRQV� GXULQJ� FKLOGELUWK�ZHUH� H[SHULHQFHG� E\� RYHU� WKUHH�
TXDUWHUV�RI�WKH�UDGLDWLRQ�ULVN�JURXS��PRUH�WKDQ�WZLFH�WKDW�LQ�WKH�FRQWURO�JURXS��$FFXPXODWLRQ�
RI�UDGLRQXFOLGHV�LQ�WKH�SODFHQWDV�RI�ZRPHQ�OLYLQJ�LQ�WKH�PRVW�FRQWDPLQDWHG�DUHDV�FRUUHODWHG�



� ��

ZLWK�QXPHURXV�LQGLFDWRUV�RI�SRRU�SODFHQWDO�GHYHORSPHQW�DQG�FRQVHTXHQW�UHGXFWLRQV�LQ�ELUWK�
ZHLJKWV�RI�EDELHV��
�
,PSDFWV� DUH� XQOLNHO\� WR� KDYH� EHHQ� OLPLWHG� WR� 5XVVLD�� %HODUXV� DQG� 8NUDLQH� DORQH�� $FURVV�
:HVWHUQ� (XURSH� DQG� 6FDQGLQDYLD� �LQFOXGLQJ� *UHHFH�� +XQJDU\�� 3RODQG�� 6ZHGHQ�� 1RUZD\��
+XQJDU\�� )LQODQG� DQG� *HUPDQ\��� VWXGLHV� KDYH� LGHQWLILHG� LQ� XWHUR� H[SRVXUH� WR� &KHUQRE\O�
UDGLDWLRQ� DV� SRVVLEOH� FRQWULEXWRU\� IDFWRU� LQ� VSRQWDQHRXV� DERUWLRQV�� ORZ� ELUWK� ZHLJKW� DQG�
UHGXFHG�LQIDQW�VXUYLYDO��
�
3UHPDWXUH�$JHLQJ�
7KH� DSSDUHQW� µELRORJLFDO¶� DJH� RI� SHRSOH� OLYLQJ� LQ� NQRZQ� UDGLDWLRQ�FRQWDPLQDWHG� DUHDV� RI�
8NUDLQH� KDV� LQFUHDVHG� GLVSURSRUWLRQDWHO\� LQ� WKH� \HDUV� VLQFH� WKH� DFFLGHQW�� ZLWK� DVVHVVHG�
µELRORJLFDO¶� DJH� QRZ� H[FHHGLQJ� FDOHQGDU� DJH� E\� DV� PXFK� DV� ���� \HDUV�� ,Q� D� VWXG\� RI� ����
µOLTXLGDWRUV¶�� WKLV� GLVFUHSDQF\� ZDV� HVWLPDWHG� DW� EHWZHHQ� �� DQG� ��� \HDUV�� ,Q� WKH� PRVW�
FRQWDPLQDWHG� WHUULWRULHV� RI� %HODUXV�� DYHUDJH� DJH� DW� GHDWK� IRU� YLFWLPV� RI� KHDUW� DWWDFN�ZDV� ��
\HDUV�ORZHU�WKDQ�IRU�WKH�JHQHUDO�SRSXODWLRQ��
�
6HQVH�2UJDQV�
,Q�FRQWDPLQDWHG�DUHDV�DURXQG�&KHUQRE\O��GLVRUGHUV�RI�WKH�H\HV�VXFK�DV�FDWDUDFWV��LQFOXGLQJ�LQ�
QHZERUQ� LQIDQWV��� DQG� RWKHU� SUREOHPV� ZHUH� HQFRXQWHUHG� ZLWK� JUHDWHU� IUHTXHQF\� WKDQ� LQ�
QHLJKERXULQJ�� FOHDQHU� UHJLRQV�� $OWKRXJK� WKH� JUHDWHVW� ULVNV� RFFXU� DW� WKH� KLJKHVW� H[SRVXUHV��
WKHUH�LV�QR�NQRZQ�WKUHVKROG�RI�UDGLDWLRQ�GRVH�EHORZ�ZKLFK�ULVN�RI�FDWDUDFWV�LV�QRW�LQFUHDVHG��
6LPLODUO\��RWKHU�H\H�SUREOHPV��ZKLFK�RFFXU�QDWXUDOO\�LQ�DOO�SRSXODWLRQV�DW�VRPH�OHYHO��VXFK�DV�
UHWLQDO�GHJUDGDWLRQ��KDYH�EHHQ�UHSRUWHG�ZLWK�LQFUHDVHG�IUHTXHQF\�LQ�LUUDGLDWHG�SRSXODWLRQV��
�
1HXURORJLFDO�DQG�3V\FKRORJLFDO�'LVRUGHUV�
(YHQ�FRPSDUDWLYHO\�ORZ�OHYHOV�RI�LRQL]LQJ�UDGLDWLRQ�FDQ�OHDG�WR�VRPH�OHYHO�RI�GDPDJH�WR�WKH�
FHQWUDO�DQG�SHULSKHUDO�QHUYRXV�V\VWHPV��$VVHVVLQJ�WKH�IXOO�H[WHQW�RI�WKH�QHXURORJLFDO�GDPDJH�
UHVXOWLQJ�IURP�WKH�UHOHDVHV�RI�UDGLRQXFOLGHV�IURP�&KHUQRE\O�LV��WKHUHIRUH��D�YHU\�GLIILFXOW�WDVN��
�
+RZHYHU�� LQ� µOLTXLGDWRUV¶� IURP�5XVVLD�� IRU� H[DPSOH�� QHXURORJLFDO� GLVHDVHV�ZHUH� WKH� VHFRQG�
PRVW�FRPPRQ�JURXS�RI�GLVHDVHV�UHFRUGHG��DFFRXQWLQJ�IRU�����RI�DOO�PRUELGLW\��1HXURORJLFDO�
DQG�SV\FKLDWULF�GLVRUGHUV�DPRQJ�DGXOWV�LQ�UDGLDWLRQ�FRQWDPLQDWHG�WHUULWRULHV�RI�%HODUXV�ZHUH�
DOVR�FRQVLGHUDEO\�PRUH�IUHTXHQW�WKDQ�QRUPDO��������FRPSDUHG�WR���������
�
,QFUHDVHV� LQ�QHUYRXV� V\VWHP�DQG�PHQWDO�GLVRUGHUV�KDYH�DOVR�EHHQ� UHSRUWHG� LQ�FKLOGUHQ� IURP�
VRPH� FRQWDPLQDWHG� DUHDV� RI�%HODUXV�� LQFOXGLQJ� ORZHULQJ�RI� ,4�� WKRXJK� WKHLU� UHODWLRQVKLS� WR�
GLUHFW�PHDVXUHV�RI�UDGLDWLRQ�H[SRVXUH�LV�QRW�DOZD\V�FOHDU�FXW��
�
&RQFOXVLRQV�
&OHDUO\� WKH� RYHUDOO� ERG\� RI� HYLGHQFH� FRQFHUQLQJ� KXPDQ� KHDOWK� LPSDFWV� RI� WKH� UDGLDWLRQ�
UHOHDVHG�E\� WKH�&KHUQRE\O�DFFLGHQW� LV�KLJKO\�GLYHUVH�DQG�FRPSOH[�EXW�RI�JUHDW�VLJQLILFDQFH��
0DQ\�RI�WKH�IHDWXUHV�RI�WKH�DFFLGHQW�DQG�LWV�FRQVHTXHQFHV��VXFK�DV�XQFHUWDLQW\�UHJDUGLQJ�WRWDO�
TXDQWLWLHV� RI� UDGLRQXFOLGHV� UHOHDVHG�� XQHYHQ� GLVWULEXWLRQ� RI� UDGLRDFWLYLW\�� FRQFRPLWDQW� DQG�
VHTXHQWLDO� HIIHFWV� RI� PXOWLSOH� UDGLRLVRWRSH� H[SRVXUHV�� DV� ZHOO� DV� OLPLWDWLRQV� LQ� PHGLFDO�
PRQLWRULQJ�� GLDJQRVLQJ�� IRUHFDVWLQJ� DQG� WUHDWLQJ� GLVHDVHV�� PDNH� LW� DOWRJHWKHU� XQLTXH�� WKXV�
UHQGHULQJ�PDQ\�SUHYLRXVO\�DSSOLHG�VWDQGDUGV�DQG�PHWKRGV�LQDSSOLFDEOH��&RPSOHWH�HYDOXDWLRQ�
RI�WKH�KXPDQ�KHDOWK�FRQVHTXHQFHV�RI�WKH�&KHUQRE\O�DFFLGHQW�LV�WKHUHIRUH�OLNHO\�WR�UHPDLQ�DQ�
DOPRVW� LPSRVVLEOH� WDVN�� VXFK� WKDW� WKH� WUXH� H[WHQW� RI�PRUELGLW\� DQG�PRUWDOLW\� UHVXOWLQJ�PD\�
QHYHU�EH�IXOO\�DSSUHFLDWHG��
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�
$W�WKH�VDPH�WLPH��KRZHYHU��WKLV�VKHHU�UDQJH�RI�KHDOWK�LPSDFWV�GHVFULEHG��FRPELQHG�ZLWK�WKH�
YDULHW\�RI�ZD\V�LQ�ZKLFK�WKH\�KDYH�EHHQ�GHWHFWHG�DQG�TXDQWLILHG��XQGHUVFRUH�WKH�QHHG�IRU�DQ\�
SURSHU�HYDOXDWLRQ�WR�FRQVLGHU�DOO�DYDLODEOH�GDWD�DQG�WR�UHIOHFW�WKH�GLYHUVLW\�RI�ERWK�OHWKDO�DQG�
QRQ�OHWKDO� HIIHFWV��$Q\�GHVFULSWLRQ�ZKLFK� DWWHPSWV� WR� SUHVHQW� WKH� FRQVHTXHQFHV� DV� D� VLQJOH��
µHDV\� WR� XQGHUVWDQG¶� HVWLPDWLRQ� RI� H[FHVV� FDQFHU� GHDWKV� �VXFK� DV� WKH� ILJXUH� RI� �� ����PXFK�
SXEOLFLVHG�E\�ERGLHV�VXFK�DV�WKH�,$($�GXULQJ�������ZLOO�WKHUHIRUH�LQHYLWDEO\�SURYLGH�D�JURVV�
RYHUVLPSOLILFDWLRQ� RI� WKH� EUHDGWK� RI� KXPDQ� VXIIHULQJ� H[SHULHQFHG��0RUHRYHU�� PXFK� RI� WKH�
HYLGHQFH� SUHVHQWHG� LQ� WKH� FXUUHQW� UHSRUW� LQGLFDWHV� WKDW� VXFK� ILJXUHV� PD\� DOVR� JUHDWO\�
XQGHUHVWLPDWH�WKH�VFDOH�RI�LPSDFWV�DV�RXWOLQHG�HDUOLHU�LQ�WKH�WH[W��
�
0DQ\� XQFHUWDLQWLHV� UHPDLQ�� ,Q� SDUWLFXODU� WKHUH� DUH� VWLOO� YHU\� IHZ� HVWLPDWHV� RI� QRQ�FDQFHU�
PRUWDOLWLHV�DWWULEXWHG�WR�&KHUQRE\O��ZKLOH�ORQJ�ODWHQF\�SHULRGV�IRU�GHYHORSPHQW�RI�FDQFHUV��LQ�
VRPH�FDVHV�JUHDWHU�WKDQ����\HDUV��LQHYLWDEO\�PHDQ�WKDW�QHZ�FDVHV�DUH�OLNHO\�WR�HPHUJH�ZHOO�LQ�
WR�WKH�IXWXUH��7KH�KHDOWK�LPSDFWV�RQ�WKH�FKLOGUHQ�RI�WKH�H[SRVHG�DUH�HYLGHQW�DQG�ZLOO�FRQWLQXH�
WKURXJKRXW� WKHLU� OLIHWLPHV��DQG�SRVVLEO\� WKURXJK� WKRVH�RI� WKHLU�RZQ�FKLOGUHQ�7KH�VXEVWDQWLDO�
JDSV� LQ� DYDLODEOH� GDWD�� FRPELQHG� ZLWK� VRPH� ODUJH� GLVFUHSDQFLHV� EHWZHHQ� HVWLPDWHV� IRU�
LQFLGHQFHV�DQG�H[FHVVHV�RI�FHUWDLQ�FDQFHUV�DQG�RWKHU�GLVHDVHV��SUHYHQW�DQ\�VLQJOH��UREXVW�DQG�
YHULILDEOH� DVVHVVPHQW�RI�RYHUDOO� KXPDQ�KHDOWK� FRQVHTXHQFHV� IURP�EHLQJ�SHUIRUPHG�� OHDYLQJ�
IXQGDPHQWDO�TXHVWLRQV�XQDQVZHUHG��
�
7ZR�LPSRUWDQW�FRQFOXVLRQV�FDQ��QHYHUWKHOHVV��EH�GUDZQ���
�
)LUVWO\�� LW� LV� YLWDO� WKDW� D� IDU�PRUH� H[WHQVLYH� ERG\� RI� GDWD�� LQFOXGLQJ� WKRVH� SUHVHQWHG� LQ� WKLV�
UHSRUW��EH�FRQVLGHUHG�E\�WKH�LQWHUQDWLRQDO�FRPPXQLW\�LQ�FRPLQJ�WR�FRQFOXVLRQV�UHJDUGLQJ�WKH�
VFDOH� DQG� H[WHQW� RI� WKH� LPSDFW� RQ� KXPDQ� KHDOWK�� ,Q� SDUWLFXODU�� WKH� UHDVRQV� IRU� WKH� ZLGH�
GLVFUHSDQFLHV�EHWZHHQ�WKH�KLJKHVW�HVWLPDWHV�DQG�WKRVH�DFFHSWHG�E\�WKH�,$($�DQG�:+2�PXVW�
EH�LQYHVWLJDWHG�ZLWK�VRPH�XUJHQF\��
�
6HFRQGO\��LQ�WKH�DEVHQFH�RI�D�SURSHUO\�FR�RUGLQDWHG�DQG�LQWHUQDWLRQDO�DSSURDFK�WR�PRQLWRULQJ�
LQFLGHQFHV� DQG� WUHQGV� LQ� ERWK� FDQFHU� DQG� QRQ�FDQFHU� PRUELGLW\� WKURXJKRXW� WKH� UHJLRQ�
LPSDFWHG��DQG�ZLWK�SDUWLFXODU�HPSKDVLV�RQ�WKH�PRVW�FRQWDPLQDWHG�SRSXODWLRQV�LQ�WKH�8NUDLQH��
%HODUXV� DQG� WKH�5XVVLDQ�)HGHUDWLRQ�� D� KXJH� �WKRXJK�KRSHIXOO\� XQLTXH�� RSSRUWXQLW\� WR� OHDUQ�
IXOO\� WKH� ORQJ�WHUP� FRQVHTXHQFHV� RI� VXFK� D� GLVDVWHU� KDV� EHHQ� PLVVHG�� 0RUHRYHU�� LW� VHHPV�
LQHYLWDEOH�DOVR�WKDW�RSSRUWXQLWLHV�WR�LQWHUYHQH�DW�HDUOLHU�VWDJHV�ZLWK�DSSURSULDWH�SURJUDPPHV�RI�
PHGLFDO�VXUYHLOODQFH��WUHDWPHQW�DQG�FDUH�KDYH�DOVR�EHHQ�ORVW��
�
,Q�WHUPV�RI�D�KROLVWLF�XQGHUVWDQGLQJ�RI� WKH�LPSOLFDWLRQV�RI�D� ODUJH�VFDOH�QXFOHDU�DFFLGHQW�IRU�
KXPDQ� KHDOWK�� LW� VHHPV� WKDW�ZH� DUH� OLWWOH� IXUWKHU� DKHDG� WKDQ�ZH�ZHUH� EHIRUH� WKH�&KHUQRE\O�
H[SORVLRQ� ��� \HDUV� DJR�� ,W� LV� WKHUHIRUH� YLWDO� DOVR� WR� FRQWLQXH�� DQG� HYHQ� LQFUHDVH�� UHVHDUFK�
HIIRUWV�LQ�WKLV�ILHOG��)DU�IURP�EHLQJ�D�FRQYHQLHQW�WLPH�WR�GUDZ�D�OLQH�RI�ILUP�FRQFOXVLRQV�XQGHU�
WKH� GLVDVWHU� DQG� PRYH� RQ�� LWV� ��WK� DQQLYHUVDU\� VKRXOG� EH� VHHQ� DV� VLJQDO� WR� UHGRXEOH�
LQWHUQDWLRQDO� HIIRUWV� WR� LGHQWLI\� DQG� PRQLWRU� ORQJ�WHUP� LPSDFWV� DQG�� DV� IDU� DV� SRVVLEOH��
DOOHYLDWH�WKH�VXIIHULQJ�RI�WKH�PLOOLRQV�VWLOO�HIIHFWHG��
�
7KH� &KHUQRE\O� DFFLGHQW�� ZKLOH� KDYLQJ� VRPH� IHDWXUHV� LQ� FRPPRQ� ZLWK� RWKHU� JOREDO�
FDWDVWURSKLF�HYHQWV��LV�VR�IDU�XQLTXH��:H�FDQ�RQO\�KRSH�LW�UHPDLQV�VR��7KLV�JHQHUDWLRQ�VDZ�LWV�
EHJLQQLQJ��EXW�LW�LV�XQOLNHO\�WKDW�ZH�ZLOO�VHH�LWV�HQG��
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�����*HQHUDO�+D]DUGV�$VVRFLDWHG�ZLWK�WKH�1XFOHDU�3RZHU�,QGXVWU\�
�
7KH�KHDOWK�DQG�HQYLURQPHQWDO�HIIHFWV�RI�WKH�QXFOHDU�IXHO�F\FOH��IURP�RUH�H[WUDFWLRQ�WR�ZDVWH�
GLVSRVDO�� KDYH� EHHQ� GRFXPHQWHG� IRU� RYHU� KDOI� D� FHQWXU\�� %HFDXVH� RI� WKH� ORQJ� UHFRJQL]HG�
DELOLW\�RI�LRQL]LQJ�UDGLDWLRQ�WR�LQGXFH�YDULRXV�W\SHV�RI�FDQFHU��PDQ\�RI�WKH�VWXGLHV�RI�KHDOWK�
HIIHFWV� KDYH� EHHQ� IRFXVHG� RQ� WKLV� JURXS� RI� GLVHDVHV�� ,Q� DGGLWLRQ�� KRZHYHU�� QRQ�FDQFHURXV�
HIIHFWV�IURP�DFXWH�H[SRVXUH�KDYH�EHHQ�LGHQWLILHG��VXFK�DV�EXUQV�DQG�UDGLDWLRQ�VLFNQHVV��DV�ZHOO�
DV� JHQHWLF� HIIHFWV� RQ� RIIVSULQJ� RI�ZRUNHUV� LQ� WKH� LQGXVWU\� WKRXJKW� WR� EH� FDXVHG� E\� FKURQLF�
H[SRVXUH��
�
,Q�WKH�FRQYHUVLRQ�DQG�IXHO�HQULFKPHQW�SURFHVV��FKHPLFDO�DJHQWV�DUH�DOVR�ZLGHO\�XVHG��6RPH�RI�
WKHVH�� IRU� H[DPSOH� DFLGV��PD\�DOVR�SURGXFH� DGYHUVH� VNLQ� DQG� UHVSLUDWRU\�HIIHFWV��0LOOLQJ�RI�
XUDQLXP� RUH� HQWDLOV� UHVSLUDWRU\� H[SRVXUHV� WR� GXVWV� DQG� WR[LF� KHDY\� PHWDOV�� DV� ZHOO� DV� WR�
UDGLRDFWLYH�GHFD\�SURGXFWV�GHULYHG�IURP�WKH�RUH��,I�DQ�DFLG�OHDFK�SURFHVV�LV�XVHG�LQ�WKH�SURFHVV�
RI�PLOOLQJ�WKH�RUH�LQWR�ILQH�SDUWLFOHV��PLOOHUV�PD\�DOVR�EH�DW�LQFUHDVHG�ULVN�RI�UHDFWLYH�DLUZD\�
G\VIXQFWLRQ� V\QGURPH�� D� SUREOHP� DVVRFLDWHG� ZLWK� LQKDOLQJ� DFLG� PLVWV�� $� VLJQLILFDQW�
RFFXSDWLRQDO�ULVN�RI�FRQWUDFWLQJ�OXQJ�FDQFHU�ZDV�LGHQWLILHG�HDUO\�LQ�WKH�KLVWRU\�RI�WKH�XUDQLXP�
PLQLQJ� DQG�PLOOLQJ� LQGXVWULHV�� 7KLV� ZDV� OLQNHG�ZLWK� LQFUHDVHG� H[SRVXUH� WR� DOSKD� UDGLDWLRQ�
IURP�UDGRQ�LQKDOHG�E\�ZRUNHUV��%(,5�9,��������
�
7KHUH�DUH�QXPHURXV�RSSRUWXQLWLHV�IRU�DFFLGHQWV�DQG�VSLOOV�GXULQJ�IXHO� WUDQVSRUWDWLRQ��UHDFWRU�
RSHUDWLRQV� DQG� ZDVWH� PDQDJHPHQW� WKDW� PD\� H[SRVH� ZRUNHUV� DQG� QHDUE\� UHVLGHQWV�� 'XULQJ�
SRZHU�SODQW�RSHUDWLRQ��ZRUNHUV� DUH�PRQLWRUHG� IRU�SRWHQWLDO� UDGLDWLRQ� H[SRVXUH� IURP� URXWLQH�
RSHUDWLRQV��VSLOOV��OHDNV�DQG�XQH[SHFWHG�LQFLGHQWV��6WXGLHV�RI�SRZHU�SODQW�ZRUNHUV�KDYH�EHHQ�
GRQH�LQ�WKH�8.��&DQDGD��WKH�8�6���)UDQFH��DQG�VHYHUDO�RWKHU�FRXQWULHV��DQG�DUH�VXPPDUL]HG�LQ�
QXPHURXV� UHSRUWV� �&DUGLV� HW� DO�� ������ %(,5� 9,,� ������� 7KHUH� KDYH� EHHQ� VRPH� VWXGLHV� RI�
FRPPXQLWLHV� QHDU� QXFOHDU� IDFLOLWLHV� WKDW� KDYH� VKRZHG� LQFUHDVHG� OHXNDHPLD�� HVSHFLDOO\� LQ�
FKLOGUHQ�DQG�\RXQJ�DGXOWV� �%HUDO�HW�DO���������5HVXOWV� UHSRUWHG� IURP�WKH�JHQHUDO�SRSXODWLRQ�
KDYH�EHHQ�TXHVWLRQHG��ODUJHO\�EHFDXVH�RI�D�ODFN�RI�LQGLYLGXDO�H[SRVXUH�PHDVXUHPHQWV��EXW�WKH�
UHSRUWHG� HSLGHPLRORJLFDO� GDWD� DUH� FHUWDLQO\� FRQVLVWHQW� ZLWK� HIIHFWV� VHHQ� LQ� SRZHU� SODQW�
ZRUNHUV�ZKLFK�LQGLFDWH�WKDW�SRZHU�SODQW�ZRUNHUV�KDYH�H[SHULHQFH�LQFUHDVHG�PRUWDOLW\�GXH�WR�
OHXNDHPLD�DQG�WR�RWKHU�FDQFHUV��
�
7KH������&KHUQRE\O�QXFOHDU�SODQW�DFFLGHQW�ZDV�D�ELJ�GHSDUWXUH�IURP�WKH�JHQHUDO�FRQWH[W�RI�
KHDOWK� FRQFHUQV�ZLWKLQ� WKH� QXFOHDU� WKH� LQGXVWU\� DV� D�ZKROH�� 7KH� TXDQWLWLHV� RI� UDGLRDFWLYLW\�
UHOHDVHG� LQ� WKH� DFFLGHQW�ZHUH� XQSUHFHGHQWHG� DV�ZHUH� WKH� KXPDQ� H[SRVXUHV�� ERWK� VKRUW� DQG�
ORQJ� WHUP� WR� WKH� UHOHDVHG� UDGLRDFWLYH� PDWHULDOV�� 7KH� HIIHFWV� ZHUH� ZLGHVSUHDG� DQG� PRVW�
SURIRXQG�LQ�8NUDLQH��%HODUXV��DQG�5XVVLD�ZKHUH�WKH�PRVW�VHULRXV�FRQWDPLQDWLRQ�RFFXUUHG��%XW�
VLJQLILFDQW� UDGLRORJLFDO� LPSDFWV� ZHUH� DOVR� UHSRUWHG� IURP� QHLJKERXULQJ� FRXQWULHV� LQ� &HQWUDO�
(XURSH� DQG� FRXQWULHV� RI� WKH� 1RUWKHUQ� +HPLVSKHUH� JHQHUDOO\�� ,Q� WKH� &KHUQRE\O� DFFLGHQW�
UDGLRDFWLYH�PDWHULDO�ZDV� UHOHDVHG� WKURXJK� D� SRZHUIXO� H[SORVLRQ� WKDW� FDUULHG� GHEULV� LQWR� WKH�
XSSHU� DWPRVSKHUH� IRU� KXQGUHGV� DQG� WKRXVDQGV� RI� NLORPHWUHV�� &KLOGUHQ� DQG� DGXOWV� IURP� WKH�
JHQHUDO� SRSXODWLRQ� ZHUH� H[SRVHG� WR� UDGLRDFWLYH� LRGLQH� DQG� PL[HG� ILVVLRQ� SURGXFWV� ERWK�
GLUHFWO\�IURP�IDOORXW�DQG�LQGLUHFWO\�WKURXJK�WKH�IRRG�FKDLQ��7KH�HQYLURQPHQWDO�FRQWDPLQDWLRQ�
FRQWLQXHV�WR�WKH�SUHVHQW�GD\�LQWR�WKH�IRUHVHHDEOH�IXWXUH��9DVW�DUHDV�DURXQG�WKH�GDPDJHG�SRZHU�
SODQW�UHPDLQ�XQLQKDELWDEOH�GXH�WR�UDGLRDFWLYH�FRQWDPLQDWLRQ��
�
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7KH�KXPDQ��DQG�ZLGHU�HFRORJLFDO��LPSDFWV�RI�WKH�&KHUQRE\O�DFFLGHQW�KDYH�SURYHQ�WR�EH�ERWK�
VKRUW� DQG� ORQJ� WHUP��6LJQLILFDQW� HDUO\� KHDOWK� LPSDFWV�ZHUH� LGHQWLILHG�� EXW� VXEVHTXHQWO\�� WKH�
ORQJHU�WHUP�LPSDFWV�KDYH�UHYHDOHG�WKHPVHOYHV��7KLV�UHSRUW��EDVHG�XSRQ�WKH�ZRUN�RI�D�QXPEHU�
RI�VFLHQWLVWV�DQG�GUDZLQJ�XSRQ�ZRUN�SXEOLVKHG�LQ�WKH�DFDGHPLF�OLWHUDWXUH�GHVFULEHV�WKH�KHDOWK�
LPSDFWV�RI�WKH�&KHUQRE\O�DFFLGHQW��
�
�����*HQHUDO�2YHUYLHZ�±�0RUELGLW\��0RUWDOLW\��WKH�0DLQ�+HDOWK�3UREOHPV�
�
7KH� JOREDO� LPSDFW� RI� &KHUQRE\O� DFFLGHQW� H[FHHGV� WKDW� RI� DQ\� RWKHU� DFFLGHQW� HLWKHU� LQ� WKH�
QXFOHDU�LQGXVWU\�RU�LQ�LQGXVWU\�DV�D�ZKROH��0DQ\�ELOOLRQV�RI�GROODUV�KDYH�EHHQ�VSHQW�RYHU�WKH�
ODVW����\HDUV�LQ�WKH�FRXQWULHV�PRVW�DIIHFWHG�E\�WKH�UDGLRDFWLYH�FRQWDPLQDWLRQ��ZKLFK�UHVXOWHG��
8NUDLQH�� %HODUXV�� DQG� 5XVVLD�� 6RPH� �������� SHRSOH� KDYH� EHHQ� UHORFDWHG� IURP� WKH� PRVW�
DIIHFWHG�DUHDV��1RQHWKHOHVV��LQ�H[FHVV�RI�ILYH�PLOOLRQ�SHRSOH�FXUUHQWO\�FRQWLQXH�WR�UHVLGH�LQ�WKH�
FRQWDPLQDWHG� DUHDV�� DQG� RXWVLGH� WKHVH� DUHDV�PDQ\�PLOOLRQV� RI� RWKHUV� KDYH� EHHQ� H[SRVHG� WR�
ORZHU�OHYHOV�RI�UDGLRDFWLYLW\�UHOHDVHG�LQ�WKH�DFFLGHQW��7KH�KHDOWK�LPSDFWV�RI�WKHVH�H[SRVXUHV�
KDYH�EHHQ�HYDOXDWHG�DQG�HVWLPDWHG�E\�YDULRXV�UHVHDUFK�WHDPV��7KHVH�VWXGLHV�KDYH�SURGXFHG�D�
VSHFWUXP�RI�QXPEHUV�DQG�D�GLYHUVLW\�RI�RSLQLRQV�DERXW�WKH�WUXH�KXPDQ�KHDOWK�LPSDFWV�RI�WKH�
DFFLGHQW��
�
7KH�VKRUW�WHUP�WR�PHGLXP�WHUP�KXPDQ�LPSDFWV�RI�&KHUQRE\O�LQFOXGHG�WKLUW\�RU�PRUH�GHDWKV�
LQ� SRZHU� SODQW� ZRUNHUV� LPPHGLDWHO\� IROORZLQJ� WKH� H[SORVLRQ�� VHYHUDO� WKRXVDQG� FDVHV� RI�
WK\URLG�FDQFHU��SULPDULO\�LQ�FKLOGUHQ�LQ�8NUDLQH�DQG�%HODUXV��DQG�D�YDULHW\�RI�FDQFHU�DQG�QRQ�
FDQFHU�KHDOWK�HIIHFWV��ZLWKLQ�WKH�JURXS�RI�HPHUJHQF\�ZRUNHUV��OLTXLGDWRUV��DQG�WKH�SRSXODWLRQ�
UHVLGHQW�LQ�RWKHU�DUHDV��
�
7KH�ILUVW�RIILFLDO�SUHGLFWLRQV�RI�WKH�KHDOWK�FRQVHTXHQFHV�RI�WKH�H[SORVLRQ�RI�WKH�UHDFWRU�LQ�WKH�
�WK�EORFN�RI� WKH�&KHUQRE\O�133�RQ�$SULO���WK�������ZHUH�GLVPLVVLYH��7KH\�SUHGLFWHG�RQO\�
YHU\� IHZ� DGGLWLRQDO� FDQFHU� FDVHV�� ��� \HDUV� DIWHU� WKH� DFFLGHQW� LW� LV� FOHDU� WKDW� WKH� SRVVLEOH�
LPSDFWV� KDYH� H[WHQGHG� ZLGHO\� DFURVV� WKH� 1RUWKHUQ� +HPLVSKHUH� DQG� FRXOG� DIIHFW� PDQ\�
PLOOLRQV� RI� SHRSOH�� $FFRUGLQJ� WR� <DEORNRY� ������� WKH� PRVW� YXOQHUDEOH� SRSXODWLRQ� JURXSV�
LQFOXGH��
�

��� 7KH� PRUH� WKDQ� �������� UHVLGHQWV� HYDFXDWHG� LQ� ����� IURP� FRQWDPLQDWHG� DUHDV� RI�
%HODUXV��5XVVLD�DQG�8NUDLQH��

�
��� 7KRVH�ZKR�UHFHLYHG�VLJQLILFDQW�GRVHV�RI�UDGLDWLRQ�LQ�WKH�ILUVW�GD\V�DQG�ZHHNV�DIWHU�WKH�

DFFLGHQW�LQFOXGLQJ�SHRSOH�OLYLQJ�LQ�WHUULWRULHV�ZLWK�UDGLRDFWLYH�FRQWDPLQDWLRQ�OHYHOV�RI�
PRUH�WKDQ���&L�NP���XS�WR�����PLOOLRQ�LQ�WKH�8NUDLQH��XS�WR�����PLOOLRQ�LQ�5XVVLD��XS�WR�
���� PLOOLRQ� LQ� %HODUXV� ZLWK� DQRWKHU� �������� PLOOLRQ� LQ� 6ZHGHQ�� 1RUZD\�� %XOJDULD��
5RPDQLD��$XVWULD��VRXWKHUQ�*HUPDQ\�DQG�RWKHU�(XURSHDQ�FRXQWULHV���

�
��� /LTXLGDWRUV� �WKH� SHUVRQV� LQYROYHG� LQ� GDPDJH� OLPLWDWLRQ�FRQWURO� DQG� FOHDQ�XS� DW� WKH�

SRZHU� VWDWLRQ� DQG� LQ� WKH� FRQWDPLQDWHG� WHUULWRULHV��� 7KHVH� DUH� HVWLPDWHG� DW�� DURXQG�
�������� SHUVRQV� IURP� WKH� 8NUDLQH�� 5XVVLD� DQG� %HODUXV� DQG� DQ� DGGLWLRQDO� �������
�������IURP�0ROGRYD�� WKH�%DOWLF�6WDWHV�� WKH�&DXFDVXV��DQG�IURP�0LGGOH�DQG�&HQWUDO�
$VLD��

�
��� &KLOGUHQ�ZKRVH�SDUHQWV�EHORQJ�WR�WKH�ILUVW�WKUHH�JURXSV��HVWLPDWHG�DW�QHDUO\���PLOOLRQ�

WR�GDWH��
�
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��� 7KH�SHRSOH� LQ� WKH� IRUPHU�8665�EXW� DOVR� LQ�6ZHGHQ��1RUZD\��8.�DQG�D�QXPEHU�RI�
RWKHU�FRXQWULHV�LQ�(XURSH���LQ�RUGHU�RI�VHYHUDO�KXQGUHG�WKRXVDQGV���ZKR�FRQVXPHG�DQG�
FRQWLQXH�WR�FRQVXPH�IRRGVWXIIV�FRQWDPLQDWHG�DV�D�UHVXOW�RI�WKH�DFFLGHQW���

�
��� 7KH� SHRSOH� OLYLQJ� LQ� DOO� DUHDV�ZKHUH� IDOORXW� IURP� WKH�&KHUQRE\O� DFFLGHQW� RFFXUUHG��

7KLV� QXPEHU� LV� GLIILFXOW� WR� HVWLPDWH� EXW� WRWDOV� VHYHUDO� KXQGUHG� PLOOLRQ� SHRSOH� LQ�
(XURSH��1RUWK�$PHULFD�DQG�$VLD��

�
7KH�JDWKHULQJ�RI�DFFXUDWH�GDWD�DERXW�LPSDFWV�RI�WKH�DFFLGHQW�ZDV�FRQVLGHUDEO\�LPSHGHG�E\�D�
EODQNHW�RI�RIILFLDO�VHFUHF\�WKURZQ�RYHU�WKH�HYHQW��ZKLFK�SHUVLVWHG�XQWLO�0D\�������0RUHRYHU��
IRU�WKH�ILUVW�WKUHH�\HDUV�DIWHU�WKH�DFFLGHQW�LW�DSSHDUV�WKDW�WKH�DXWKRULWLHV�IDOVLILHG�PHGLFDO�GDWD��
SHUPDQHQWO\� FRUUXSWLQJ� WKH� GDWD� VHW�� 7KLV� ZDV� DFFRPSDQLHG� E\� DQ� DEVHQFH� RI� DXWKHQWLF�
PHGLFDO�VWDWLVWLFV�LQ�WKH�IRUPHU�8665��$V�D�UHVXOW��WKH�SULPDU\�HSLGHPLRORJLFDO�FRQVHTXHQFHV�
RI� WKH� DFFLGHQW� ZLOO� SUREDEO\� QHYHU� EH� FOHDU�� 7KH� XQFHUWDLQWLHV� H[WHQG� WR� WKH� LQYHQWRU\� RI�
UDGLRDFWLYH� PDWHULDOV� HPLWWHG� IURP� WKH� GDPDJHG� UHDFWRU�� 2IILFLDO� 6RYLHW� GDWD� DGPLW� WR� ���
PLOOLRQ�&L�ZKLOH�D�UHFHQW�UHYLHZ��)DLUOLH�	�6XPQHU��������VXJJHVWV�WKDW�WKH�ILJXUH�FRXOG�EH�
PDQ\�WLPHV�LQ�H[FHVV�RI�WKLV��(YHQ�WKRXJK�PDQLSXODWLRQ�RI�GDWD�PD\�EH�D�WKLQJ�RI�WKH�SDVW��LW�
LV� TXHVWLRQDEOH� DV� WR� ZKHWKHU� VXIILFLHQW� UHVRXUFHV� KDYH� EHHQ� GLUHFWHG� E\� QDWLRQDO� DQG�
LQWHUQDWLRQDO� DJHQFLHV� DW� HYDOXDWLQJ� WKH� IXOO� KHDOWK� FRQVHTXHQFHV� JLYHQ� WKH� XQSUHFHGHQWHG�
VFDOH�RI�HYHQWV�DW�&KHUQRE\O��7KHUH�LV�D�YLWDO�QHHG�WR�FRQWLQXH�WR�PRQLWRU�ORQJHU�WHUP�KHDOWK�
LPSDFWV�DV�WKH\�HPHUJH�LQ�WKH�H[SRVHG�SRSXODWLRQV�DQG�WR�WU\�DQG�XQUDYHO�WKH�YDULRXV�FDXVDO�
UHODWLRQVKLSV�LQYROYHG�LQ�DGYHUVH�KHDOWK�RXWFRPHV���
�
'HVSLWH�WKH�ODUJH�QXPEHUV�RI�SHRSOH�H[SRVHG�WR�UDGLDWLRQ�IURP�WKH�DFFLGHQW��D�QXPEHU�RI�RWKHU�
FLUFXPVWDQFHV�H[LVW�ZKLFK�PDNH�LW�YHU\�GLIILFXOW�WR�LGHQWLI\�DQG�DVVLJQ�FDXVDO�UHODWLRQVKLSV�WR�
GDWD� VHWV� GRFXPHQWLQJ� UDGLDWLRQ� OHYHOV� DQG� FRQVHTXHQW� KHDOWK� LPSDFWV�� 6RPH� RI� WKHVH� DUH�
GHWDLOHG�LQ�D�UHFHQW�UHYLHZ��<DEORNRY��������DQG�LQFOXGH��
�

��� 7KH�KLJKO\�XQHYHQ�GLVWULEXWLRQ�RI�UDGLRDFWLYH�IDOORXW�RYHU�DIIHFWHG�DUHDV��
�
��� 3RRU� XQGHUVWDQGLQJ� RI� WKH� EHKDYLRXU� DQG� LPSDFW� RI� YDULRXV� RI� WKH� VKRUW�OLYHG�

UDGLRQXFOLGHV�LQ�WKH�HDUO\�SHULRG�DIWHU�WKH�UHOHDVH��H�J�����-�����-�����7H����
�

��� 3RRU�XQGHUVWDQGLQJ�RI�WKH�IDWH�DQG�HIIHFWV�RI�³KRW�SDUWLFOHV´��
�

��� 7KH�FRPSOH[LW\�RI�HQYLURQPHQWDO�UDGLRFKHPLVWU\�DQG�UDGLRELRORJ\�RI�WKH�PL[WXUH�RI�
UDGLRQXFOLGHV�UHOHDVHG�E\�WKH�H[SORVLRQ��

�
��� 3RRU� XQGHUVWDQGLQJ� RI� WKH� GLIIHULQJ� VSHFLILF� UDGLRORJLFDO� LPSDFWV� RI� WKH� GLIIHUHQW�

LVRWRSHV�XQGHU�LGHQWLFDO�FRQGLWLRQV�RI�UDGLDWLRQ�GHQVLW\��
�

��� 3RRUO\� FKDUDFWHULVHG� GLVWULEXWLRQ� RI� LQWHUQDO� DQG� H[WHUQDO� UDGLDWLRQ� GRVHV� RYHU� WKH�
DIIHFWHG�DUHDV��

�
$OO�WKHVH�IDFWRUV�FRQVSLUH�WR�XQGHUPLQH�WKH�YDOLGLW\�RI�UHFRQVWUXFWHG�UDGLDWLRQ�GRVHV�DQG�GRVH�
UDWHV�� DQG� LQ� WXUQ� FRPSURPLVH� WKH� SRVVLELOLWLHV� IRU� HVWDEOLVKLQJ� UREXVW� GRVH�UHVSRQVH�
UHODWLRQVKLSV� ZLWK� VWURQJ� FRUUHODWLRQV� WR� SDUWLFXODU� KHDOWK� HIIHFWV�� 7KH� GLIILFXOWLHV� LQ�
FKDUDFWHULVLQJ�DQG�UHVROYLQJ�WKHVH�LVVXHV�KDYH�OHG�LQ�FODVVLF�IDVKLRQ�WR�³DEVHQFH�RI�HYLGHQFH�
RI� LPSDFW´�EHLQJ� LQWHUSUHWHG�ZLGHO\�DV�³HYLGHQFH�RI�DEVHQFH�RI� LPSDFW´��7KLV� LV�QRWLFHDEOH��
IRU�H[DPSOH��LQ�WKH�UHSRUW�RI�&KHUQRE\O�)RUXP�([SHUW�*URXS�³+HDOWK´�������7KH�VLJQLILFDQFH�
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RI�WKH�HPLWWHG�UDGLDWLRQ�IRU�KXPDQ�KHDOWK�LV�KHDYLO\�GRZQSOD\HG�DQG�PXFK�PDGH�RI�WKH�ODFN�
RI�VFLHQWLILF�³SURRI´�RI�ZLGHVSUHDG�KXPDQ�KHDOWK�LPSDFWV��
�
&RQVLGHUDEOH� LQVLJKW� LQWR� WKH� WUXH� SXEOLF� KHDOWK� LPSDFWV� RI� WKH� &KHUQRE\O� HYHQW� FDQ� EH�
JDWKHUHG�E\�FRQVLGHUDWLRQ�RI�GDWD�ZKLFK�H[LVW�IRU�FRPSDULVRQV�RI�SRSXODWLRQ�JURXSV�RYHU�WKH�
VDPH� SHULRG� DIWHU� WKH� DFFLGHQW�� DQG� FRPSDULVRQV� RI� SRSXODWLRQ� JURXSV� IURP� VLPLODU�
JHRJUDSKLFDO�DQG�VRFLR�HFRQRPLF�EDFNJURXQGV��VXEMHFW�WR�GLIIHULQJ�UDGLDWLRQ�OHYHOV��2YHUDOO�LW�
DSSHDUV�WKDW�VLQFH�������LQ�WKH�IRUPHU�WHUULWRULHV�RI�WKH�8665��OLIH�H[SHFWDQF\�KDV�QRWLFHDEO\�
GHFUHDVHG��ZLWK� LQFUHDVHV� LQ� LQIDQW�PRUWDOLW\�DQG�PRUWDOLW\� UDWHV� LQ�ROGHU�DJH�JURXSV��:KLOH�
WKHUH�LV�QR�SURRI�WKDW�WKHVH�JHQHUDO�REVHUYDWLRQV�DUH�OLQNHG�WR�WKH�&KHUQRE\O�DFFLGHQW��DQDO\VLV�
RI�GDWD�IURP�SDUWLFXODU�WHUULWRULHV�FRQWDPLQDWHG�E\�WKH�DFFLGHQW�UHYHDOV�OLQNV�ZLWK�WKH�DFFLGHQW�
DQG�DGYHUVH�KHDOWK�RXWFRPHV���
�
)RU�H[DPSOH�VHYHUDO� VWXGLHV�KDYH�VKRZQ�WKDW� LQ� WKH�FRQWDPLQDWHG�DUHDV�RI�8NUDLQH��%HODUXV�
DQG� 5XVVLD� WKHUH� KDV� EHHQ� D� JHQHUDOLVHG� LQFUHDVH� LQ� PRUWDOLW\� LQ� FRPSDULVRQ� ZLWK�
QHLJKERXULQJ� DUHDV� �6HH�� *URG]LQVN\�� ������ 2PHO\DQHWV�� HW� DO�� ������ .DVKLULQD�� ������
6HUJHHYD�HW�DO���������$Q�LQFUHDVH�LQ�WKH�QXPEHUV�RI�VWLOOERUQ�FKLOGUHQ��DSSDUHQWO\�FRUUHODWHG�
ZLWK�FRQWDPLQDWLRQ�OHYHOV��KDV�EHHQ�QRWHG�IRU�VRPH�DUHDV�RI�WKH�8NUDLQH��.XODNRY�HW�DO��������
DQG� %HODUXV� �*RORYNR� 	� ,]KHYVN\�� ������� LQ� HDUO\� VWXGLHV�� ,Q� FRQWDPLQDWHG� WHUULWRULHV� RI�
5XVVLD� WKH� QXPEHU� RI� UHSRUWHG� PLVFDUULDJHV� KDV� LQFUHDVHG� QRWLFHDEO\�� 2QH� HVWLPDWH� RI�
UDGLDWLRQ�UHODWHG�PLVFDUULDJHV�DQG�VWLOOELUWKV�LQ�WKH�8NUDLQH�SXWV�WKH�WRWDO�QXPEHU�DW��������RU�
PRUH��/LSLN���������6LQFH�������DQ�LQFUHDVH�RI�LQIDQW�DQG�FKLOG�PRUWDOLW\�KDV�EHHQ�QRWHG�LQ�WKH�
SROOXWHG� DUHDV� RI� WKH�8NUDLQH� � PHO\DQHWV�	�.OHPHQWHY�� ������ DQG� LQ�5XVVLD� �8WND�HW� DO��
������� (OVHZKHUH�� LQ� VRPH� (XURSHDQ� FRXQWULHV� LQFUHDVHG� SHULQDWDO� PRUWDOLW\� KDV� EHHQ�
DWWULEXWHG�WR�WKH�&KHUQRE\O�DFFLGHQW��.RUEOHLQ��������
�
&DQFHU�PRUWDOLW\�KDV�DOVR�EHHQ�PRQLWRUHG� LQ� WKH� UDGLRDFWLYHO\�FRQWDPLQDWHG�DUHDV��%HWZHHQ�
�����DQG������WKH�FDQFHU�PRUWDOLW\�UDWH�LQFUHDVHG�IURP�����RYHU�WKH�8NUDLQH�DV�D�ZKROH�WR�
EHWZHHQ�����DQG�����LQ�WKH�FRQWDPLQDWHG�DUHDV�DQG�LQ�WKH�SRSXODWLRQ�HYDFXDWHG�IURP�VXFK�
DUHDV�VXEVHTXHQW�WR�WKH�DFFLGHQW��2PHO\DQHWV�HW�DO��������*ROXEFKLNRY�HW�DO���������$OVR�LQ�
WKH�8NUDLQH��PRUWDOLW\�RI�PHQ�IURP�SURVWDWH�FDQFHU�KDV�ULVHQ�E\�D�IDFWRU�RI�����LQ�WKH�FRXQWU\�
DV�D�ZKROH��ZKLOH�LQ�WKH�FRQWDPLQDWHG�WHUULWRULHV�WKH�IDFWRU�ZDV�EHWZHHQ�����DQG������
�
,QFUHDVHG�LQFLGHQFH�RI�FDQFHURXV�GLVHDVHV�DQG�RWKHU�VHULRXV�UDGLDWLRQ�UHODWHG�LPSDFWV�ZRXOG�
XQGRXEWHGO\� UHVXOW� LQ� H[FHVV� PRUWDOLWLHV� LQ� WKH� SRSXODWLRQV� LQ� TXHVWLRQ�� $� SUHFLVH�
GHWHUPLQDWLRQ� RI� VXFK� D� ILJXUH� IRU� WKH� &KHUQRE\O� LQFLGHQW� LV� KDPSHUHG� ERWK� E\� D� ODFN� RI�
HPSLULFDO�GDWD�DQG�E\�DQ�DSSDUHQW�XQKHDOWK\�SROLWLFL]DWLRQ�RI�WKH�GDWD��ZKLFK�GR�H[LVWV��
�
2QH� RI� WKH� ORZHVW� HVWLPDWHV� RI� DGGLWLRQDO� FDQFHU� GHDWKV� OLNHO\� WR� RFFXU� DV� D� UHVXOW� RI� WKH�
UDGLRDFWLYH� UHOHDVHV� LV� WKDW� RI� ������ SXEOLVKHG� E\� WKH� ,QWHUQDWLRQDO�$WRPLF�(QHUJ\�$JHQF\�
�,$($�� ������ NQRZQ� IRU� LWV� SUR�QXFOHDU� LQGXVWU\� VWDQFH�� %\� FRQWUDVW� RWKHU� HVWLPDWHV� RI�
DGGLWLRQDO�PRUWDOLW\�KDYH�EHHQ�SXEOLVKHG�ZKLFK�JUHDWO\�H[FHHG�WKLV�HVWLPDWH��(DUO\�HVWLPDWHV�
�$QVSDXJK� HW� DO�� ������ SUHGLFWHG� ������� H[FHVV� FDQFHU� GHDWKV� RYHU� D� ���\HDU� SHULRG��ZLWK�
����RI� WKHVH�RFFXUULQJ�RXWVLGH� WKH�8665��PRVWO\�HOVHZKHUH� LQ�(XURSH��$� ILJXUH�RI��������
H[FHVV�GHDWKV� IURP�DOO� FDXVHV�ZDV�FRQVLGHUHG�GHIHQVLEOH�E\�RQH�HSLGHPLRORJLFDO� UHVHDUFKHU�
�6FKHUEDN��������$�PRUH�UHFHQW�VWXG\��0RXVVHDX�HW�DO���������LQGLFDWHV�WKDW�WKH�DFFLGHQW�ZLOO�
UHVXOW�LQ�������H[FHVV�FDQFHU�GHDWKV��H[FOXGLQJ�WK\URLG�FDQFHU��LQ�WKH�QH[W����\HDUV��
�
�
�
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�
�
1RWZLWKVWDQGLQJ�WKH�DFNQRZOHGJHG�GLIILFXOWLHV�LQ�UHWURVSHFWLYH�GRVH�UHFRQVWUXFWLRQ�IROORZLQJ�
WKH�LQFLGHQW��WKLV�KDV�EHHQ�DWWHPSWHG��&DOFXODWLRQV�RI�LQGLYLGXDO�DQG�FROOHFWLYH�H[SRVXUH�GRVHV�
IRU�WKH�SRSXODWLRQ�RI�%HODUXV�DQG�DOO�RWKHU�FRXQWULHV�SROOXWHG�E\�WKH�&KHUQRE\O�DFFLGHQW�KDYH�
EHHQ� UHFHQWO\� SXEOLVKHG� �0DONR��������%DVHG�RQ� WKH� FXUUHQW� GDWD� LQ� WKH�RIILFLDO�%HODUXVLDQ�
KHDOWK� VWDWLVWLFV� DQG� KLV� HVWLPDWHV� RI� UDGLDWLRQ� H[SRVXUH� LQ� YDULRXV� UHJLRQV� RI� %HODUXV�� WKLV�
UHVHDUFKHU�HVWLPDWHV�WKDW�WKH�&KHUQRE\O�DFFLGHQW�FRXOG�UHVXOW�LQ�DQ�DGGLWLRQDO��������WK\URLG�
FDQFHU�FDVHV�DQG��������VROLG�WXPRXUV�RWKHU�WKDQ�WK\URLG�EHWZHHQ������DQG������LQ�%HODUXV�
DORQH��7DEOH����������7KLV�HVWLPDWH�SUHGLFWV��������WRWDO�H[FHVV�FDQFHU�GHDWKV�DVVRFLDWHG�ZLWK�
WKH� &KHUQRE\O� DFFLGHQW� LQ� DOO� WKH� DIIHFWHG� FRXQWULHV�� WHQ� WLPHV� PRUH� WKDQ� WKH� HVWLPDWH� RI�
0RXVVHDX�HW�DO����������
�

0RUELGLW\� 0RUWDOLW\�3DWKRORJ\�
%HODUXV� $OO�FRXQWULHV� %HODUXV� $OO�FRXQWULHV�

7K\URLG�FDQFHU� ������� �������� ������ �������
2WKHU� VROLG�
FDQFHUV�

������� �������� ������� �������
/HXFRVLV� ������ ������� ������ ������
7RWDO� ������� �������� ������� �������

7DEOH��������(VWLPDWHV�RI�PRUELGLW\�DQG�PRUWDOLW\�FDXVHG�E\�VROLG�FDQFHUV�DQG�OHXFRVLV�LQ�
����������DV�D�UHVXOW�RI�WKH�&KHUQRE\O�DFFLGHQW�
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�
$IIHFWHG�

SRSXODWLRQV�
(VWLPDWHG�
SHULRG�
�\HDUV��

,OOQHVVHV�
FRQVLGHUHG�

0RUWDOLW\� 5DQJH� &RPPHQWV� 5HIHUHQFH��
VRXUFH�

��� �� �IRU�
5XVVLD��

1$� $OO� 0D[������ 1$� � 0LQDWRP������
�������� 1$� 6ROLG� FDQFHUV��

OHXNDHPLD�
������ 1$� &RQFOXVLRQ� GLG� QRW� ILW�

ZLWK� WKH� &KHUQRE\O�
)RUXP� ����� DOWKRXJK� WKH�
VDPH� PHWKRGRORJ\� ZDV�
XVHG�

,$($������

����������� ���
�
�
���

6ROLG� FDQFHUV��
OHXNDHPLD�

������ 1$� ��� \HDUV� IRU� DOO� VROLG�
FDQFHUV�
�
���\HDUV�IRU�OHXNDHPLD�

5HSRUW� RI�
&KHUQRE\O�
)RUXP� *URXS�
³+HDOWK´�
������

�� ��� $OO� FDQFHUV�
�H[FOXGLQJ�
WK\URLG�FDQFHUV��

������ 1$� � 0RXVVHDX� HW�
DO�������

�� ��� $OO�LOOQHVVHV� ������� 1$� � $QVSDXJK� HW�
DO�������

�� 1$� &DQFHU� DQG� QRQ�
FDQFHU�LOOQHVVHV�

������� 1$� � 6KFKHUEDN�
�����

�� ��� 7K\URLG� FDQFHU��
RWKHU� VROLG�
FDQFHUV� DQG�
OHXFRVLV�

������� �������
��������

)RU� DOO� GHDWKV� ILJXUH�
VKRXOG� EH� GRXEOHG� EXW�
XQFHUWDLQW\�LV�XS�WR������

0DONR������

�� ��� $OO� �������� 1RW� DSSOLFDEOH�
IRU� WKH� ZKROH�
UHJLRQ�� )RU�
5XVVLD� �
��������������
�������

)URP� ����� WLOO� ������
EDVHG� RQ� 5XVVLDQ�
VWDWLVWLFDO�GDWD�

.KXGROH\� HW�
DO�������

�� 1$� $OO�FDQFHUV� �������� 1$� )RU�JURXS�������������IRU�
JURXS������������

*RIIPDQ������
�� 1$� $FXWH� UDGLDWLRQ�

H[SRVXUH� DQG� DOO�
FDQFHUV� �ZLWKRXW�
WK\URLG��

1$� �������� WR�
����������

� %HUWHOO������

�� ���
<HDUV�

$OO�FDQFHUV� 8S� WR�
����������

1$� (VWLPDWLRQV� DUH� EDVHG� RQ�
RZQ�DWWULEXWHG�ULVN�PRGHO��
%HODUXV�±�XS�WR��������SHU�
\HDU�

(&55�������

7DEOH�������6RPH�HVWLPDWLRQV�RI�PRUWDOLW\�FDXVHG�E\�&KHUQRE\O�&DWDVWURSKH�
�
$IIHFWHG� SRSXODWLRQV�� ��� /LTXLGDWRUV� ����������� ��� 2WKHU� OLTXLGDWRUV�� ��� (YDFXHHV�� ��� 5HVLGHQWV� RI� KLJKO\�
FRQWDPLQDWHG�DUHDV�����5HVLGHQWV�RI�RWKHU�FRQWDPLQDWHG�DUHDV�LQ�8NUDLQH��%HODUXV�DQG�5XVVLD�����3RSXODWLRQ�RI�
8NUDLQH�� %HODUXV�� 5XVVLD�� ��� 3RSXODWLRQ� RI� FRXQWULHV� RWKHU� WKDQ� 5XVVLD�� 8NUDLQH� DQG� %HODUXV�� ��� *OREDO�
SRSXODWLRQ��
�
1RWHV�� )RU� FDOFXODWLRQV�� ODWHQF\� RI� VROLG� FDQFHUV� ZDV� QRW� DSSOLHG�� 8QFHUWDLQWLHV� LQ� ULVN� IDFWRU� DUH� DOVR�
VLJQLILFDQW��EXW�FDQQRW�EH�UHVROYHG��)RU�����SUREDELOLW\�ORZHU�DQG�KLJKHU�ERXQGDULHV�RI�UHODWLYH�DWWULEXWHG�ULVN�
FDQ�YDU\�E\����WLPHV���������������.UHVWLQLQD�HW�DO���������IRU�����SUREDELOLW\�±�E\���WLPHV������������,W�LV�DOVR�
LPSRUWDQW� WR� QRWH� WKDW� XQFHUWDLQWLHV� LQ� ULVN� IDFWRUV� DQG� FROOHFWLYH�GRVH� HVWLPDWHV� FRXOG� UDLVH� WKLV� ILJXUH� WR�DV�
PDQ\�DV���������GHDWKV���
�

�������������������������������������������������
��8QFHUWDLQWLHV�LQ�GRVH�HVWLPDWLRQ�FDQ�EH�XS�WR�IDFWRU����ZKHUH�LGHQWLILDEOH�DW�DOO���
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7KH� WUHQGV� LQ� JHQHUDO�PRUWDOLW\� FDQ�EH� LOOXVWUDWHG�XVLQJ� ILJXUHV� IURP�%HODUXV� �EDVHG�RQ� WKH�
GDWD� SXEOLVKHG� RQ� WKH� RIILFLDO� JRYHUQPHQW�%HODUXV�ZHEVLWH� KWWS���VWDW�PHG�E\���� 7KHVH� VKRZ�
WKDW�LQ�WKH�SHULRG�IURP������WR������JHQHUDO�PRUWDOLW\�KDV�ULVHQ�E\�����IURP�����WR�����SHU�
������RI�JHQHUDO�SRSXODWLRQ�� ,Q�DEVROXWH�QXPEHUV�� WKLV�HTXDWHV� WR��������� LQ������ ULVLQJ� WR�
��������LQ�������&DQFHU�PRUWDOLW\�LQFUHDVHG�IURP��������WR��������FRUUHVSRQGLQJO\��2YHU�WKH�
VDPH�WLPH�SHULRG�WKH�SHUFHQWDJH�RI�SDWLHQWV�QHZO\�GLDJQRVHG�ZLWK�PDOLJQDQW�WXPRXUV�DW�DQ\�
VLWH�KDV�JURZQ�IURP�������WR��������DQ�LQFUHDVH�RI���������ZKLOH�LQ�WKH�*RPHO�UHJLRQ��WKH�
UHJLRQ� RI� %HODUXV�PRVW� DIIHFWHG� E\� WKH� DFFLGHQW�� WKHVH� GLDJQRVHV� LQFUHDVHG� IURP� ������ WR�
�������DQ�LQFUHDVH�RI�������
�
7KHVH� GDWD� DUH� LOOXVWUDWLYH� EXW� SDUW� RI� D� ZLGH� UDQJH� RI� RSLQLRQV�� DQG� HVWLPDWHV� H[SUHVVHG�
DURXQG�WKH�LVVXH�RI�WKH�LPSDFW�RI�&KHUQRE\O�DQG�KXPDQ�KHDOWK�RXWFRPHV��)DFWRUV�FRQWULEXWLQJ�
WR�WKH�KLJK�OHYHOV�RI�VSHFXODWLRQ�DQG�JHQHUDO�XQFHUWDLQW\�LQFOXGH���

x� GLVFUHSDQFLHV� LQ�FDOFXODWLRQV�RI� WKH�DPRXQW�RI�UDGLRDFWLYH�PDWHULDOV�UHOHDVHG�LQWR�WKH�
HQYLURQPHQW��DQG�H[FOXVLRQ�RI�D�QXPEHU�RI�WKH�UDGLRDFWLYH�LVRWRSHV�IURP�HYDOXDWLRQV�
�VHH�DERYH���

x� YDULRXV�DSSURDFKHV�WR�GHWHUPLQLQJ�WKH�GRVHV�RI�H[SRVXUH��ZLWK�RU�ZLWKRXW�WDNLQJ�LQWR�
DFFRXQW� LQWHUQDO� H[SRVXUH� RI� WK\URLG�� OXQJV�� JDVWURLQWHVWLQDO� WUDFW�� XURJHQLWDO� RUJDQV��
ERQHV� DQG� ERQH�PDUURZ� IROORZLQJ� VHOHFWLYH� DFFXPXODWLRQ� RI� FHUWDLQ� UDGLRQXFOLGH� LQ�
WKHVH�RUJDQV�WLVVXHV��

x� DEVHQFH�RI�DQ�DGHTXDWH�GRVH�HIIHFW�FRHIILFLHQW��
x� YDULDWLRQ� LQ� QXPEHUV� RI� WKH� DIIHFWHG� SHRSOH� ³LQFOXGHG´� LQWR� WKHVH� FDOFXODWLRQV�� )RU�

H[DPSOH�� WKH� QXPEHU� RI� OLTXLGDWRUV� LQ� DOO� FRXQWULHV� KDV� EHHQ� TXRWHG� DV� �������� E\�
,$($� ������� UHSRUW�� ZKHUHDV� �������� OLTXLGDWRUV�ZHUH� RIILFLDOO\� OLVWHG� LQ� WKH� 6WDWH�
5HJLVWHU�RI�8NUDLQH��658��IRU�WKDW�FRXQWU\�DORQH�LQ������DQG���������OLTXLGDWRUV�DUH�
UHSRUWHG� E\� 6KFKHUEDN� �������� <DEORNRY� ������� UHIHUV� WR� PRUH� WKDQ� �������� VXFK�
LQGLYLGXDOV��

x� QRW� WDNLQJ� LQWR� DFFRXQW� FRXQWULHV� RWKHU� WKDQ�%HODUXV��5XVVLD�� DQG�8NUDLQH� WKDW�ZHUH�
SROOXWHG� DIWHU� &KHUQRE\O� DFFLGHQW� GHVSLWH� WKH� IDFW� WKDW�� DFFRUGLQJ� WR� 'H� &RUW� 	�
7VDWXURY���������(XURSHDQ�FRXQWULHV�ZLWK�DUHDV�FRQWDPLQDWHG�E\����&V�RI�&KHUQRE\O�
RULJLQ� DW� WKH� OHYHOV�RI�����&L�NP�� LQFOXGH� WHQ�RWKHU� FRXQWULHV� DOO� RYHU� WKH� FRQWLQHQW��
IURP�6ZHGHQ�DQG�)LQODQG�LQ�WKH�1RUWK�WR�,WDO\�DQG�*UHHFH�LQ�WKH�6RXWK��

x� H[FOXVLRQ�RI�GDWD�SUHVHQWLQJ�QRQ�RQFRORJLFDO�GLVHDVHV��HYHQ�WKRXJK�QXPHURXV�UHVHDUFK�
UHSRUWV� KDYH� SURYHQ� WKDW� VXFK� GLVHDVHV�� LQFOXGLQJ� GLVRUGHUV� RI� FDUGLRYDVFXODU��
UHVSLUDWRU\��GLJHVWLYH��QHUYRXV�DQG�RWKHU�V\VWHPV��

x� ODFN�RI�DGHTXDWHO\�WUDLQHG�SHUVRQQHO�DQG�RU�GLDJQRVWLF�VXSSOLHV�IRU�FRQGXFWLQJ�PHGLFDO�
GLDJQRVWLF�SURFHGXUHV�DIWHU�WKH�DFFLGHQW�LQ�WKH�IRUPHU�8665��

x� HUURUV�LQ�UHSRUWLQJ�WKH�HSLGHPLRORJLFDO�GDWD�LQ�WKH�SRVW�6RYLHW�FRXQWULHV��
x� PLVPDQDJHPHQW�RI�YLWDO�VWDWLVWLFV�GDWDEDVHV�LQ�WKHVH�FRXQWULHV��

�
7KLV�OLVW�FDQ�EH�VXSSOHPHQWHG�ZLWK�RWKHU�UHOHYDQW�SRLQWV��)RU�H[DPSOH��JLYHQ�WKDW�WKH�ODWHQF\�
SHULRG� IRU� VROLG� WXPRXUV� FDQ� H[FHHG� ��� \HDUV� �6LQFODLU� ������� WKH� SLFWXUH� IRU� RQFRORJLFDO�
PRUELGLW\�DQG�PRUWDOLW\�OLQNHG�WR�&KHUQRE\O�LV�IDU�IURP�FRPSOHWH��0RUHRYHU��WKH�FRPELQDWLRQ�
RI� UDGLDWLRQ�ZLWK� RWKHU� KDUPIXO� IDFWRUV� �PHFKDQLFDO� WUDXPD�� ELRORJLFDO� RU� FKHPLFDO� DJHQWV��
KDYH� EHHQ� VKRZQ� H[SHULPHQWDOO\� DV� ZHOO� DV� FOLQLFDOO\� WR� VLJQLILFDQWO\� LQFUHDVH� HIIHFWV� RI�
UDGLDWLRQ� H[SRVXUHV� �3HOOPDU� 	� /HGQH\� ������� 7KLV�� RQ� WKH� RQH� KDQG�� KLJKOLJKWV� WKH�
SRVVLELOLW\�RI�D�VLWXDWLRQ�ZKHUH� ORZ�GRVHV�RI�UDGLDWLRQ�H[SRVXUH�RQ�WKH�EDFNJURXQG�RI�RWKHU�
IDFWRUV�VXFK�DV�FKHPLFDO�SROOXWLRQ�RU�RWKHU�IDFWRUV�LQ�RU�DURXQG�&KHUQRE\O��VXFK�DV�SK\VLFDO�
H[KDXVWLRQ�DQG�SV\FKRORJLFDO� VWUHVV�� FDQ�SURGXFH�PXFK�PRUH�KDUPIXO�HIIHFWV� WKDQ� UDGLDWLRQ�
DORQH�� 2Q� WKH� RWKHU� KDQG�� HQKDQFHPHQW� RI� WKH� HIIHFWV� RI� QRQ�UDGLRORJLFDO� VWUHVVRUV� E\�
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&KHUQRE\O�UDGLDWLRQ�ZRXOG�OHDG�WR�KLJKO\�LQFUHDVHG�UDWHV�RI�QRQ�FDQFHURXV�GLVHDVHV�LQ�SHRSOH�
DIIHFWHG�E\�&KHUQRE\O�� ,W� VKRXOG� DOVR�EH�PHQWLRQHG�KHUH� WKDW�PRUELGLW\� DQG�PRUWDOLW\� IURP�
DQ\� GLVHDVH� GHSHQGV� RQ� WKH� OHYHO� RI� KHDOWKFDUH� LQ� HDFK� FRXQWU\�� DQG�� WKHUHIRUH�� SURMHFWLRQV�
EDVHG�RQ�DFFHSWHG�EHQFKPDUNV�RI�:HVWHUQ�PHGLFLQH�ZRXOG�QRW�EH�DSSURSULDWH� IRU� WKH�SRVW�
6RYLHW�FRXQWULHV�ZLWK�JHQHUDOO\�SRRU�OHYHOV�RI�KHDOWKFDUH��
�
7KH� KHDOWK� HIIHFWV� RI� &KHUQRE\O� DUH� E\� QR� PHDQV� OLPLWHG� WR� RQFRORJLFDO� GLVHDVHV�� /LQNV�
EHWZHHQ� PDQ\� GLVHDVHV� RWKHU� WKDQ� FDQFHU� DQG� UDGLDWLRQ� H[SRVXUH� KDYH� EHHQ� HVWDEOLVKHG�
�3UHVWRQ�HW�DO���������,Q�IDFW��WKH�KHDOWK�YLFWLPV�RI�&KHUQRE\O�KDYH�LQFUHDVLQJO\�EHHQ�VXIIHULQJ�
IURP� YDULRXV� GLVHDVHV� DIIHFWLQJ� DOO� WKH� PDMRU� ERG\� V\VWHPV�� FDUGLRYDVFXODU�� QHXURORJLFDO��
KRUPRQH�HQGRFULQH�� UHVSLUDWRU\�� JDVWURLQWHVWLQDO�� LPPXQH�� HWF�� 0RUWDOLW\� RI� WKH� H[SRVHG�
SRSXODWLRQ� IURP�QRQ�FDQFHURXV�FDXVHV� UHODWHG��GLUHFWO\�RU� LQGLUHFWO\� WR�&KHUQRE\O�H[SRVXUH��
FRXOG�EH�PXFK�KLJKHU�WKDQ�IURP�FDQFHU�DORQH���
�
7KH�GHDWK�WROO�IURP�&KHUQRE\O�KDV�DOZD\V�EHHQ�YLHZHG�DV�RQH�RI�WKH�PRVW�PHDQLQJIXO�ZD\V�
RI�H[SUHVVLQJ�WKH�VLJQLILFDQW�RXWFRPH�RI�WKH�LQFLGHQW�DQG��DV�VXFK��LW�KDV�EHHQ�WKH�VXEMHFW�RI�
YLJRURXV�VFLHQWLILF�DQG�SROLWLFDO�GLVFXVVLRQV��(VWLPDWLRQV�UDQJH�IURP�GR]HQV��VHH�WDEOH���������
WR�PLOOLRQV�RI�DGGLWLRQDO�GHDWKV�ZRUOGZLGH��+RZHYHU��LW�LV�ZLGHO\�DFNQRZOHGJHG�WKDW�QHLWKHU�
WKH� DYDLODEOH� GDWD� QRW� FXUUHQW� HSLGHPLRORJLFDO� PHWKRGRORJ\� DOORZ� KROLVWLF� DQG� UREXVW�
HVWLPDWLRQV�RI� WKH�GHDWK� WROO� FDXVHG�E\� WKH�&KHUQRE\O�DFFLGHQW��7KH�H[LVWLQJ� UHVHDUFK��HYHQ�
H[FOXGLQJ�H[WUHPH�ILJXUHV�� LQGLFDWHV�D�GHDWK�WROO�RI�DQ\ZKHUH�EHWZHHQ��������DQG�±��������
DGGLWLRQDO�FDQFHU�GHDWKV��,QGHHG��WKH�PRVW�UHFHQW�HSLGHPLRORJLFDO�HYLGHQFH���.KXGROH\�HW�DO���
LQGLFDWHV�WKDW� WKH�VFDOH�RI� WKH�SUREOHPV�FRXOG�EH�YHU\�PXFK�JUHDWHU� WKDQ�SUHGLFWHG�E\�PDQ\�
VWXGLHV�SXEOLVKHG�WR�GDWH��)RU�H[DPSOH��WKH������,$($�UHSRUW�SUHGLFWHG�WKDW������DGGLWLRQDO�
GHDWKV�ZRXOG�UHVXOW�IURP�WKH�&KHUQRE\O�DFFLGHQW��7KH�PRVW�UHFHQWO\�SXEOLVKHG�ILJXUHV�LQGLFDWH�
WKDW�LQ�%HODUXV��5XVVLD�DQG�WKH�8NUDLQH�DORQH�WKH�DFFLGHQW�FRXOG�KDYH�UHVXOWHG�LQ�DQ�HVWLPDWHG�
��������DGGLWLRQDO�GHDWKV�LQ�WKH�SHULRG�EHWZHHQ������DQG��������
�
5HIHUHQFHV�
�
$QVSDXJK�/�5���&DWOLQ�5�-���*ROGPDQ�0����������7KH�JOREDO�LPSDFW�RI�WKH�&KHUQRE\O�UHDFWRU�DFFLGHQW��6FLHQFH�

���������������
%(,5�9,�� +HDOWK� (IIHFWV� RI� ([SRVXUH� WR� ,QGRRU� 5DGRQ�� �������� ,Q�� %LRORJLFDO� (IIHFWV� RI� ,RQL]LQJ� 5DGLDWLRQ�

�%(,5��9,�5HSRUW��1DWLRQDO�$FDGHP\�3UHVV��:DVKLQJWRQ��'�&���
%(,5�9,,��+HDOWK�5LVNV�IURP�([SRVXUH�WR�/RZ�/HYHOV�RI�,RQL]LQJ�5DGLDWLRQ����������,Q��%LRORJLFDO�(IIHFWV�RI�

,RQL]LQJ�5DGLDWLRQ��%(,5��9,,��3KDVH���5HSRUW��1DWLRQDO�$FDGHP\�3UHVV��:DVKLQJWRQ��'�&���
%HUDO�9���5RPDQ�(�� DQG�%REURZ�0�� HGV�� ��������&KLOGKRRG�&DQFHU� DQG�1XFOHDU� ,QVWDOODWLRQV��/RQGRQ��%0-�

3XEOLVKLQJ�*URXS��
%HUWHO� 5�� �������� 7KH�'HDWK� 7ROO� RI� WKH�&KHUQRE\O�$FFLGHQW�� ,Q��%XVE\�&�&���<DEORNRY�$�9�� �(GV���� (&55�

&KHUQRE\O�����<HDUV�2Q��+HDOWK�(IIHFWV�RI�WKH�&KHUQRE\O�$FFLGHQW��'RFXPHQWV�RI�WKH�(&&5��1����*UHHQ�
$XGLW��$EHU\VWZ\WK��SS������±������

&DUGLV�(���9ULMKHLG�0���%OHWWQHU�0���*LOEHUW�(���+DNDPD�0���+LOO�&���HW�DO����������5LVN�RI�FDQFHU�DIWHU�ORZ�GRVHV�
RI�LRQLVLQJ�UDGLDWLRQ��UHWURVSHFWLYH�FRKRUW�VWXG\�LQ����FRXQWULHV��%U�0HG�-���������

'H�&RUW�0��	�7VDWXURY�<�� 6�� �HGV��� ��������$WODV� RQ� FDHVLXP� FRQWDPLQDWLRQ� RI� (XURSH� DIWHU� WKH�&KHUQRE\O�
QXFOHDU�SODQW�DFFLGHQW��(&�&,6�LQWHUQDWLRQDO�VFLHQWLILF�FROODERUDWLRQ��(85�������(1��

(&55� ������� �����5HFRPPHQGDWLRQV� RI� (XURSHDQ�&RPPLVVLRQ� RQ�5DGLDWLRQ�5LVN��*UHHQ�$XGLW� 3UHVV��8.��
,6%1���������������

)DLUOLH� ,��� 6XPQHU� '�� �������� 7KH� 2WKHU� 5HSRUW� RI� &KHUQRE\O� �725&+��� %HUOLQ�� ��� SS�� �KWWS���ZZZ�JUHHQV�
HID�RUJ�FPV�WRSLFV�GRNELQ������������WKHBRWKHUBUHSRUWBRQBFKHUQRE\OBWRUFK#HQ�SGI���

*RIPDQ� -�� �������� 5DGLDWLRQ�,QGXFHG� &DQFHU� IURP� /RZ�'RVH� ([SRVXUH�� DQ� ,QGHSHQGHQW� $QDO\VLV�� ,6%1� ��
������������

*RORYNR� 2�9��� ,]KHYVN\� 3�9�� �������� 6WXGLHV� RI� WKH� UHSURGXFWLYH� EHKDYLRXU� LQ� 5XVVLDQ� DQG� %HORUXVVLDQ�
SRSXODWLRQV��XQGHU�LPSDFW�RI�WKH�&KHUQRE\O¶�LRQL]LQJ�LUUDGLDWLRQ��5DG��%LRO���5DGLRHFRO���YRO�����������SS����±�
���LQ�5XVVLDQ���
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*ROXEFKLNRY� �9��� LFKQHQNR�<X�$���%DE\QHWV�$� ����������&KDQJHV�LQ� WKH�8NUDLQLDQ�SXEOLF�KHDOWK�DW�SRVW�
&KHUQRE\O� SHULRG�� �� $QQXDO� 6FL��3UDFW�� &RQI��� �7R� ;;,� &HQWXU\� �� ZLWK� VDIHW\� QXFOHDU� WHFKQRORJLHV���
6ODYXWLFK��������-DQXDU\������´��6FLHQWLILF�DQG�7HFKQRORJLFDO�$VSHFWV�RI�&KHUQRE\O�� ����SS������±������LQ�
8NUDLQLDQ���

*URG]LQVN\� '�0�� �������� *HQHUDO� VLWXDWLRQ� RI� WKH� 5DGLRORJLFDO� &RQVHTXHQFHV� RI� WKH� &KHUQRE\O� $FFLGHQW� LQ�
8NUDLQH�� ,Q�� ,PDQDND�7�� �(G���5HFHQW�5HVHDUFK�$FWLYLWLHV�DERXW� WKH�&KHUQRE\O�133�$FFDGHQW� LQ�%HODUXV��
8NUDLQH�DQG�5XVVLD��.\RWR�8QLY��5HV��5HDFWRU�,QVW���.855,�.5�����SS�����±�����

,$($� �������� &KHUQRE\O�� 7KH� 7UXH� 6FDOH� RI� WKH� $FFLGHQW��
KWWS���ZZZ�LDHD�RUJ�1HZV&HQWHU�3UHVV5HOHDVHV������SUQ�������KWPO��

.DVKLULQD� �$�� �������� 6RFLDO�HFRORJLFDO� IDFWRUV� RI� SXEOLF� KHDOWK� LQ� WKH� UDGLRDFWLYH� SROOXWHG� WHUULWRULHV� RI�
%U\DQVN� DUHD�� ,QWHU�� 6FL��3UDFW�� &RQI��� ©&KHUQRE\O� �� ��� \HDUV� DIWHU�� 6RFLDO�HFRQRPLFDO� SUREOHPV� DQG�
SHUVSHFWLYH�IRU�GHYHORSPHQW�RI�WKH�LPSDFWHG�WHUULWRULHVª��%U\DQVN��0DWHULDOV��SS������±������LQ�5XVVLDQ���

.KXGROH\� HW� DO�� ������� $WWHPSW� RI� HVWLPDWLRQ� RI� WKH� FRQVHTXHQFHV� RI� &KHUQRE\O� &DWDVWURSKH� IRU� SRSXODWLRQ�
OLYLQJ� DW� WKH� UDGLDWLRQ�SROOXWHG� WHUULWRULHV� RI� 5XVVLD�� 3XEO�� &HQWUH� RI� WKH� ,QGHSHQGHQW� (QYLURQPHQW�
$VVHVVPHQW�RI�WKH�5XVVLD�$FDGHP\�RI�6FLHQFHV��&RQVHTXHQFHV�RI�WKH�&KHUQRE\O�$FFLGHQW��(VWLPDWLRQ�DQG�
SURJQRVLV�RI�DGGLWLRQDO�PRUWDOLW\�DQG�FDQFHU�GHVHDVHV��,6%1����������������

.UHVWLQLQD� /�<X��� 3UHVWRQ� '�/��� 2VWURXPRYD� <H�9��� 5RQ� (��� 9\XVKNRYD� 2�9��� $NOH\HY� $�9�� ������� &DQFHU�
PRUWDOLW\�LQ�WKH�7HFKD�ULYHU�FRKRUW��SUHOLPLQDU\�ULVN�HVWLPDWHV��6LEHULDP�0HGLFLQH�%XOOHWLQ�� ��������S�S��
�������

.RUEOHLQ��$��	�.XFKHQKRII��+���������3HULQDWDO�PRUWDOLW\�LQ�*HUPDQ\�IROORZLQJ�WKH�&KHUQRE\O�DFFLGHQW��5DG��
(QYLURQ��%LRSK\V�����������

.XODNRY� 9�,��� 6RNXU� $�/��� 9ROREXHY� $�/�� HW� DO�� �������� )HPDOH� UHSURGXFWLYH� IXQFWLRQV� LQ� DUHDV� DIIHFWHG� E\�
UDGLDWLRQ�DIWHU�WKH�&KHUQRE\O�SRZHU�VWDWLRQ�DFFLGHQW��(QYLURQ��+HDOWK�3HUVSHFW��6XSSO���9RO�������

0DONR�0�9����������,Q��(VWLPDWLRQV�RI�WKH�&KHUQRE\O�&DWDVWURSKH��RQ�WKH�EDVH�RI�VWDWLVWLFDO�GDWD�IURP�%HODUXV�
DQG� 8NUDLQH��� 3XEO�� &HQWUH� RI� WKH� ,QGHSHQGHQW� (QYLURQPHQW� $VVHVVPHQW� RI� WKH� 5XVVLD� $FDGHP\� RI�
6FLHQFHV��,6%1���������������

0LQDWRP��5XVVLDQ�0LQLVWU\�RI�1XFOHDU�(QHUJ\���������%UDQFK�UHSRUW�RQ�VDIHW\�IRU�������0RVFRZ�
0RXVVHDX�7���1HOVRQ�1��� 6KHVWRSDORY�9�� ��������'RQ¶W� XQGHUHVWLPDWH� WKH�GHDWK� UDWH� IURP�&KHUQRE\O��1DWXUH�

�����������
2PHO\DQHWV�1�,���.DUWDVKRYD�6�6���'XERYD\D�1�)���6DYFKHQNR�$�%����������&DQFHU�PRUWDOLW\�DQG�LWV�LPSDFW�RQ�

OLIH�H[SHFWDQF\�LQ�WKH�UDGLRDFWLYH�SROOXWHG�WHUULWRULHV�RI�8NUDLQH���UG�,QWHU��&RQI��³0HGLFDO�FRQVHTXHQFHV�RI�
WKH� &KHUQRE\O¶� FDWDVWURSKH�� UHVXOWV� RI� WKH� ���\HDUV� LQYHVWLJDWLRQV�� �� �� �� -XQH� ������ .LHY�� 8NUDLQH´��
$EVWUDFWV��.LHY��SS������±������LQ�5XVVLDQ��

2PHO\DQHWV�1�,���.OHPHQWHY�$�$�� ��������0RUWDOLW\� DQG� ORQJHYLW\� DQDO\VLV� RI�8NUDLQLDQ� SRSXODWLRQ� DIWHU� WKH�
&KHUQRE\O�FDWDVWURSKH���UG�,QWHU��&RQI��³0HGLFDO�FRQVHTXHQFHV�RI�WKH�&KHUQRE\O¶�FDWDVWURSKH��UHVXOWV�RI�WKH�
���\HDUV�LQYHVWLJDWLRQV��������-XQH�������.LHY��8NUDLQH´��$EVWUDFWV��.LHY��SS������±������LQ�5XVVLDQ���

3HOOPDU�7�&���/HGQH\�*�'����������&RPELQHG�LQMXU\��5DGLDWLRQ�LQ�FRPELQDWLRQ�ZLWK�WUDXPD��LQIHFWLRXV�GLVHDVH��
RU�FKHPLFDO�H[SRVXUHV��$))5,�&'�������������������

3UHVWRQ�'�/���6KLPL]X�<���3LHUFH�'�$���6X\DPD�$���0DEXFKL�.�� ��������6WXGLHV�RI�PRUWDOLW\�RI�DWRPLF�ERPE�
VXUYLYRUV��5HSRUW�����6ROLG�FDQFHU�DQG�QRQFDQFHU�GLVHDVH�PRUWDOLW\�������������5DGLDW�5HV���������������

5HSRUW�RI�&KHUQRE\O�)RUXP�([SHUW�*URXS�³+HDOWK´��(*+��5HSRUW�³+HDOWK�(IIHFWV�RI�WKH�&KHUQRE\O�$FFLGHQW�
DQG�6SHFLDO�+HDOWK�&DUH�3URJUDPV´��:RUNLQJ�'UDIW��$XJXVW�����������

6HUJHHYD� � ��� XUDWRYD�1�$���%RQGDUHQNR�*�1����������'HPRJUDSKLF�SHFXOLDULWLHV�LQ�WKH�UDGLRDFWLYH�SROOXWHG�
]RQH�RI�%U\DQVN�DUHD��0DWHULDOV� ,QWHU��6FL��±�3UDFW��&RQI���©&KHUQRE\O������\HDUV�DIWHU��6RFLR�HFRQRPLFDO�
SUREOHPV�DQG�SHUVSHFWLYHV�IRU�GHYHORSPHQW�RI�VXIIHULQJ�WHUULWRULHVª��%U\DQVN��SS������±������LQ�5XVVLDQ���

6KFKHUEDN�<����������7HQ�<HDUV�RI�WKH�&KRUQRE\O�(UD��6FLHQWLILF�$PHULFDQ���������������6LQFODLU��:�.���������
7KH�LQWHUQDWLRQDO�UROH�RI�5(5)��,Q��5(5)�8SGDWH������������

6LQFODLU��:�.����������7KH�LQWHUQDWLRQDO�UROH�RI�5(5)��,Q��5(5)�8SGDWH������������
<DEORNRY�$����������7KH�&KHUQRE\O�FDWDVWURSKH�±����\HDUV�DIWHU��D�PDWWHU�UHYLHZ���,Q��%XVE\�&�&���<DEORNRY�

$�9���(GV����(&55�&KHUQRE\O�����<HDUV�2Q��+HDOWK�(IIHFWV�RI�WKH�&KHUQRE\O�$FFLGHQW��'RFXPHQWV�RI�WKH�
(&&5��1����*UHHQ�$XGLW��$EHU\VWZ\WK��SS����±�����
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�
&DQFHU� LV� RQH� RI� WKH� EHVW�NQRZQ� PDQLIHVWDWLRQV� RI� UDGLDWLRQ� H[SRVXUH�� 'HVSLWH� WKLV�� LQLWLDO�
SUHGLFWLRQV� IROORZLQJ� WKH� KXJH� UHOHDVH� RI� UDGLDWLRQ� IURP� WKH� &KHUQRE\O� SRZHU� SODQW� ZHUH�
DQRG\QH�DQG�UHDVVXULQJ���
5�� *DOH�� ����DQ\� SRVVLELOLW\� RI� FDQFHU� LOOQHVVHV� DULVLQJ� LQ� WKH� HIIHFW� RI� WKH� &KHUQRE\O�
DFFLGHQW�LV�LQILQLWHVLPDO�«�,W�PD\�KDSSHQ�WKDW�QR�FDVHV�ZLOO�EH�VWDWHG��RU�WKHLU�TXDQWLW\�ZLOO�
EH� VXFK� WKDW� WKH\� VKDOO� QRW�EH�DEOH� WR�EH�GHWHUPLQHG���� ,� KRSH� WKDW�ZLOO� EH�QR�DGGLWLRQDO�
FDVHV�RI�FDQFHU�LOOQHVVHV´��
�
/�$�� %XOGDNRY�� ³7KHUH� LV� WKH� EDFNJURXQG� PRUELGLW\� DQG� QR� DGGLWLRQDO� FDVHV� VKRXOG� EH�
IRXQG´���
7DNHQ�IURP�D�WUDQVODWHG�FRQYHUVDWLRQ�RI�&DOLIRUQLD�8QLYHUVLW\�SURIHVVRU�5REHUW�*DOH�ZLWK�WKH�
'HSXW\�'LUHFWRU� RI� %LRSK\VLFV� ,QVWLWXWH� RI� WKH�+HDOWK�0LQLVWU\� RI� WKH�8665� SURIHVVRU� /�$��
%XOGDNRY�VHYHUDO�PRQWKV�DIWHU�WKH�&KHUQRE\O�FDWDVWURSKH��'\DFKHQNR�HW�DO����������
7KH�ULVN�RI�IDWDO�FDQFHU�GXH�WR�WKH�&KHUQRE\O�DFFLGHQW�KDV�EHHQ�HYDOXDWHG�DW�DURXQG����SHU���
*\� �81'5�� 81,&()�� 81�2&+$� 	� :+2� ������� 7KLV� LV� PXFK� ORZHU� WKDQ� WKH� �����
816&($5�HVWLPDWH�RI�OLIHWLPH�ULVN�RI�IDWDO�FDQFHU�RI��������SHU�6Y��6LQFODLU��������EXW�WKH�
816&($5�ILJXUH�ZRXOG�KDYH�EHHQ�EDVHG�RQ�GDWD�IURP�SRSXODWLRQV�VXFK�DV�WKRVH�H[SRVHG�WR�
UDGLDWLRQ�IURP�WKH�DWRPLF�ERPELQJV�LQ�-DSDQ��,&53��������QXFOHDU�WHVWV��6LQFODLU�������DQG�
SDWLHQWV� H[SRVHG� WR� UDGLDWLRQ�YLD�PHGLFDO�GLDJQRVWLFV� DQG� WKHUDSHXWLF�SURFHGXUHV��+RZHYHU��
WKHVH� SRSXODWLRQV� ZHUH� H[SRVHG� WR� GLIIHUHQW� UDGLRLVRWRSHV� DQG� VWXGLHG� RYHU� D� ORQJHU� WLPH�
SHULRG� WKDQ� WKRVH�H[SRVHG�DIWHU�&KHUQRE\O�� WZR�IDFWRUV�ZKLFK�PD\��DPRQJ�RWKHU��DIIHFW� WKH�
DFFXUDF\�RI�RYHUDOO�SUHGLFWHG�FDQFHU�RXWFRPHV���
7RGD\�LW�LV�FOHDU�WKDW�WKH�UDGLRDFWLYH�FRQWDPLQDWLRQ�IURP�&KHUQRE\O�KDV�LQGHHG�FDXVHG�D�ODUJH�
VFDOH�LQFUHDVH�LQ�PDOLJQDQW�QHRSODVPV��&DQFHU�UDWHV�LQ�FULWLFDO�SRSXODWLRQV�RI�WKH�WKUHH�PRVW�
DIIHFWHG� FRXQWULHV�� %HODUXV�� 5XVVLD� DQG� 8NUDLQH� DUH� VLJQLILFDQWO\� HOHYDWHG�� 7KH� IROORZLQJ�
UHVHDUFK�VXPPDU\��ZKLOH�QRW�H[KDXVWLYH��JLYHV�DQ�LQGLFDWLRQ�RI�WKH�VFDOH�RI�WKH�SUREOHP��
�
%HODUXV�
�
,Q�WKH�PRVW�FRQWDPLQDWHG�DUHDV�RI�%HODUXV��WRWDO�PRUELGLW\�IURP�FDQFHU�LQFUHDVHG�VKDUSO\�DIWHU�
WKH� &KHUQRE\O� DFFLGHQW� DV� FDQ� EH� VHHQ� IURP� )LJXUH� ����� $SSUR[LPDWHO\� ������� FDVHV� RI�
UDGLDWLRQ�LQGXFWHG�PDOLJQDQW� QHRSODVPV� �LQFOXGLQJ� OHXNDHPLD��ZHUH� UHFRUGHG� LQ�%HODUXV� LQ�
WKH�SHULRG� IURP������������RI�ZKLFK�DSSUR[LPDWHO\��������FDVHV�ZHUH� IDWDO� �0DONR��������
7KH�PRVW�UHFHQW�HVWLPDWHV��0DONR�������DUH�WKDW�WKH�WRWDO�FDQFHU�LQFLGHQFH��DOO�VROLG�FDQFHUV�
DQG� OHXNDHPLDV�� LQ�%HODUXV�RYHU� WKH����\HDUV� IURP������ WR������FRXOG�UDQJH�XS� WR���������
ZLWK�DV�PDQ\�DV��������GHDWKV�UHVXOWLQJ�IURP�WKHVH�FDQFHUV����
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�)LJXUH� ����� 1HZO\� GLDJQRVHG� FDVHV� RI� FDQFHU� LQ� %HODUXV� ����������� %DVHG� RQ� GDWD� IURP�
0DWVNR� ������� DQG� WKH� %HODUXVLDQ� &HQWUH� RI� 6FLHQWLILF�0HGLFDO� ,QIRUPDWLRQ� RI� WKH� +HDOWK�
0LQLVWU\�RI�WKH�5HSXEOLF�RI�%HODUXV��KWWS���VWDW�PHG�E\����
�
%HWZHHQ������DQG�������WKHUH�ZDV�D�����LQFUHDVH�LQ�DOO�FDQFHUV�LQ�%HODUXV��2NHDQRY�HW�DO��
�������$�VXUYH\�RI�WKH�GLVWULFW�LPSDFWHG�E\�&KHUQRE\O�GHULYHG�UDGLDWLRQ�VKRZHG�WKH�JUHDWHVW�
LQFUHDVH�WR�EH�LQ�WKH�KLJKO\�FRQWDPLQDWHG�*RPHO�UHJLRQ��0DWVNR��������7KH�LQFUHDVH�KHUH�ZDV�
������� DQG�ZDV� ORZHU� LQ� WKH� OHVV� FRQWDPLQDWHG� UHJLRQV�RI�%UHVW� ������DQG�0RJLOHY� ������
�2NHDQRY�HW�DO���������
�

���&V��&L�NP�� *RPHO�UHJLRQ� 0RJLOHY�UHJLRQ�
� ���������� ����������� ����������� ������������
���� ���������� ����������� ����������� ����������
�
����� ���������� ����������

� ����������� ����������


�
!��� ���������� ����������

� ����������� ����������

�

7DEOH� ����� 0DOLJQDQW� FDQFHU� LQFLGHQFH� �SHU� ��������� LQ� WKH� FRQWDPLQDWHG� WHUULWRULHV� RI� %HODUXV��
EHIRUH� DQG� DIWHU� WKH� &KHUQRE\O� FDWDVWURSKH� �.RQRSO\D� 	� 5ROHYLFK� ������� 
�S������� 

�S�������



�S���������
�
2NHDQRY�HW�DO���������VWXGLHG�WKH�FDQFHU�ULVN�LQ�%HODUXVLDQ�OLTXLGDWRUV��7KH�FRKRUW�QXPEHUHG�
��������UHSUHVHQWLQJ���������SHUVRQ�\HDUV�RYHU�WKH�FRXUVH�RI�WKH�VWXG\���7KLV�WRWDO�FRPSULVHG�
������� PHQ� ��������� SHUVRQ�\HDUV�� DQG� ������� ZRPHQ� ��������� SHUVRQ�\HDUV��� 7KH�
SRSXODWLRQ� RI�9LWHEVN� UHJLRQ�� WKH� SDUW� RI�%HODUXV��ZKLFK� UHFHLYHG� WKH� OHDVW� IDOORXW� RI� ORQJ�
OLYHG� UDGLRQXFOLGHV��ZDV�XVHG�DV�D�FRQWURO��$OO� WXPRXUV�DPRQJ� OLTXLGDWRUV� OLYLQJ� LQ�9LWHEVN�
UHJLRQ� DQG� LQ� SHRSOH� ZKR� PRYHG� WKHUH� IURP� FRQWDPLQDWHG� DUHDV� ZHUH� H[FOXGHG� IURP� WKH�
UHVHDUFK��
�
0RUELGLW\� ZDV� DQDO\VHG� XVLQJ� VWDQGDUG� LQGLFDWRUV� DQG� WUXQFDWHG� DJH�VWDQGDUGLVHG� UDWHV�
�7$65��IRU�WKH�DJHV�RI����WR����DQG�RYHU��
�
2YHU� WKH� WLPH� SHULRG� ����������� D� VWDWLVWLFDOO\� VLJQLILFDQW� LQFUHDVH� LQ� PRUELGLW\� GXH� WR�
PDOLJQDQW�QHRSODVPV�ZDV�REVHUYHG�DPRQJ� OLTXLGDWRUV��EXW� VXFK�PRUELGLW\�DOVR� LQFUHDVHG� LQ�
WKH� UHIHUHQFH� UHJLRQ�� &RQVHTXHQWO\�� FRPSDULVRQ� ZLWKLQ� WKH� OLTXLGDWRUV¶� FRKRUW� DQG� LQ� WKH�
UHIHUHQFH�DUHD�ZDV�FRQGXFWHG�XSRQ� WKH�EDVLV�RI�DYHUDJH� OHYHOV�RI�VWDQGDUGL]HG�LQGLFDWRUV�RI�
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PRUELGLW\�DQG�XSRQ�WKH�YDOXH�RI�WKH�DVVRFLDWHG�UHJUHVVLRQ�FRHIILFLHQW��ZKLFK�VSHFLILHV�WKH�UDWH�
RI�PRUELGLW\�LQFUHDVH��
&RPSDULVRQ�RI�DYHUDJH�YDOXHV�RI�WKH�VWDQGDUGL]HG�LQGLFDWRUV�IRU�WKH�SHULRG�IURP������WR������
VKRZHG� WKDW� WKH� PRUELGLW\� DPRQJVW� OLTXLGDWRUV� GXH� WR� PDOLJQDQW� QHRSODVPV� DW� DOO� VLWHV��
LQFOXGLQJ�NLGQH\��XULQDU\�EODGGHU�DQG�WK\URLG�FDQFHUV�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�PRUELGLW\�
LQ�WKH�UHIHUHQFH�JURXS��7DEOH�������5HJUHVVLRQ�FRHIILFLHQWV�ZHUH�KLJKHU�IRU�WKH�OLTXLGDWRUV�WKDQ�
IRU�WKH�JHQHUDO�SRSXODWLRQ�RI�WKH�9LWHEVN�UHJLRQ��LQGLFDWLQJ�D�KLJKHU�UDWH�RI�PRUELGLW\�DPRQJ�
WKH�OLTXLGDWRUV��
�

0RUELGLW\�LQGLFDWRU��SHU������ 5HJUHVVLRQ�FRHIILFLHQW�SHU�\HDU�7XPRXU�VLWH�
/LTXLGDWRUV� &RQWUROV� /LTXLGDWRUV� &RQWURO�

$OO�VLWHV� ����������� ���������� ����������� ����������
6WRPDFK�� ��������� ��������� ���������� �����������
&RORQ�� ��������� ��������� ���������� ����������
/XQJV� ��������� ��������� ���������� �����������
.LGQH\� ��������� ��������� ���������� ����������
8ULQDU\�EODGGHU� ��������� ��������� ���������� ����������
7K\URLG�JODQG� ��������� ��������� ���������� ���������

7DEOH������$YHUDJH�OHYHOV�RI�WKH�VWDQGDUGL]HG�LQGLFDWRUV�DQG�G\QDPLFV�RI�PRUELGLW\�ZLWK�WKH�
PDOLJQDQW�QHRSODVPV�GXULQJ�������������
�
2QO\� DSSUR[LPDWH� DQG� FROOHFWLYH� �JURXS�� GRVH� DVVHVVPHQWV� DUH� DYDLODEOH� LQ� WKH� OLWHUDWXUH��
6LQFH�RSLQLRQ�DPRQJ�GRVLPHWU\�VSHFLDOLVWV�UHJDUGLQJ�JURXS�GRVHV�LV�GLYLGHG��WKHUH�LV�QR�VLQJOH�
PHWKRG� IRU�GRVH�HVWLPDWLRQ�� ,QGLYLGXDOO\� UHJLVWHUHG�H[SRVXUH�GRVHV�DUH�QRW� DYDLODEOH� IRU� DOO�
LQGLYLGXDOV�LQFOXGHG�LQ�WKH�VSHFLDOL]HG�UHFRUG�DQG�WKHLU�YHULILFDWLRQ�LV�QRW�FRPSOHWH��,W�LV�DOVR�
NQRZQ� WKDW� GDWD� RQ� LQGLYLGXDO� GRVLPHWU\� LQ� WKH� UHJLVWUDWLRQ� GRFXPHQWV� ZHUH� RIWHQ�
LQWHQWLRQDOO\�ORZHUHG��3LWNHYLFK�HW�DO���������&RQVHTXHQWO\��WKH�DYDLODEOH�GDWD�RQ�LQGLYLGXDO�
DQG�FROOHFWLYH�H[SRVXUH�GRVHV�LV�QRW�VXIILFLHQWO\�UHOLDEOH�IRU�UREXVW�VFLHQWLILF�DQDO\VLV��
�
6LQFH�LW�ZDV�QRW�SRVVLEOH�WR�GLIIHUHQWLDWH�EHWZHHQ�VXEJURXSV�RI�WKH�FRKRUW�RQ�WKH�EDVLV�RI�GRVH��
VXE�JURXSV�ZHUH�FUHDWHG�EDVHG�XSRQ�WKH�WLPH�RI�DUULYDO�LQ�WKH�FRQWDPLQDWHG�]RQH��
�

x� /LTXLGDWRUV�ZKR�DUULYHG�LQ�WKH�HYDFXDWLRQ�]RQH�DQG�]RQH�IURP�ZKLFK�LQKDELWDQWV�ZHUH�
ODWHU�IRUFHG�WR�HYDFXDWH��EHWZHHQ�WKH�WLPH�RI�WKH�EHJLQQLQJ�RI�WKH�DFFLGHQW�DQG�WKH�HQG�
RI�-XQH������SHULRG�RI�WKH�PRVW�LQWHQVH�UDGLRDFWLYH�LRGLQH�LPSDFW��*URXS����

x� /LTXLGDWRUV�ZKR�DUULYHG�LQ�WKH�HYDFXDWLRQ�]RQH�DQG�]RQH�IURP�ZKLFK�LQKDELWDQWV�ZHUH�
ODWHU� IRUFHG� WR� HYDFXDWH�� EHWZHHQ� WKH� EHJLQQLQJ� RI� -XO\� ����� DQG� WKH� EHJLQQLQJ� RI�
-DQXDU\������*URXS����

x� /LTXLGDWRUV�ZKR�DUULYHG�LQ� WKH�HYDFXDWLRQ�]RQH�DIWHU� WKH�EHJLQQLQJ�RI�-DQXDU\�������
*URXS����

��
7KH�DYHUDJH�DJH�RI�OLTXLGDWRUV�DW�WKH�WLPH�RI�HQWU\�LQWR�DFFLGHQW�]RQH�ZDV������\HDUV�IRU�JURXS�
��������\HDUV�IRU�JURXS���DQG������\HDUV�IRU�JURXS����
�
$OO� WKUHH�JURXSV�RI� WKH� OLTXLGDWRUV�ZRUNHG� LQ�DUHDV�ZLWK�KLJK�GHQVLWLHV�RI�FRQWDPLQDWLRQ�E\�
UDGLRQXFOLGHV� �� RYHU� ���� N%T�P��� 7KH� ILUVW� VXE�JURXS� ZDV� H[SRVHG� WR� LUUDGLDWLRQ� E\� ERWK�
VKRUW�OLYHG�DQG�ORQJ�OLYHG�UDGLRQXFOLGHV��7KH�VHFRQG�DQG�WKH�WKLUG�JURXSV�ZHUH�H[SRVHG�RQO\�
WR�WKH�ORQJ�OLYHG�UDGLRQXFOLGHV��7KH�WKLUG�JURXS�DUULYHG����PRQWKV�DIWHU�WKH�DFFLGHQW�ZKHQ�WKH�
PDMRULW\� RI� ODQG� GHFRQWDPLQDWLRQ� ZRUN� DQG� EXU\LQJ� RI� WKH�PRVW� UDGLRDFWLYH�PDWHULDOV� KDG�
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EHHQ�FRPSOHWHG��&RQVHTXHQWO\��K\SRWKHWLFDO�H[SRVXUH�GRVHV�LQ�WKH�WKLUG�VXE�JURXS�DUH�PXFK�
OHVV�WKDQ�LQ�WKH�ILUVW�WZR�JURXSV��
�
7RWDO� H[SRVXUH� GRVHV� ZHUH� WKH� KLJKHVW� IRU� WKRVH� PHPEHUV� RI� WKH� ILUVW� JURXS� ZKR� ZRUNHG�
GLUHFWO\� DIWHU� WKH� GLVDVWHU� LQ� WKH� PRVW� FRQWDPLQDWHG� DUHDV� DQG� ZKR� ZHUH� DOVR� H[SRVHG� WR�
LUUDGLDWLRQ� E\� UDGLRDFWLYH� LRGLQH�� 'XULQJ� VXPPHU� DQG� DXWXPQ�� KRW� DQG� GU\� ZHDWKHU� ZRXOG�
KDYH�LQFUHDVHG�GXVW�OHYHOV�DQG��FRQVHTXHQWO\�LQKDODWLRQ�H[SRVXUH�WR�UDGLRQXFOLGHV��
�
$QDO\VLV�RI�FDQFHU�PRUELGLW\�LQ�WKHVH�VXE�JURXSV�KDV�VKRZQ�KLJK�OHYHOV�RI�LOOQHVV�LQ�WKH�ILUVW�
DQG�VHFRQG�JURXSV��7RWDO�PRUELGLW\�ZLWK�WXPRXUV�DW�DOO�VLWHV�LQ�WKH�ILUVW�DQG�WKH�VHFRQG�JURXSV�
LV�VLJQLILFDQWO\�KLJKHU�WKDQ�LQ�WKH�UHIHUHQFH�SRSXODWLRQ��0RUELGLW\�ZLWK�FDQFHU�RI�WKH�VWRPDFK��
NLGQH\��WK\URLG�DQG�XULQDU\�EODGGHU�LV�VLJQLILFDQWO\�KLJKHU�LQ�WKH�ILUVW�JURXS��OXQJ�DQG�NLGQH\�
FDQFHU�LV�VLJQLILFDQWO\�KLJKHU�LQ�WKH�VHFRQG�JURXS��7DEOH��������
�

0RUELGLW\�SHU���������7XPRXU�VLWH�
/LTXLGDWRU�
VXEJURXS���

/LTXLGDWRU�
VXEJURXS���

/LTXLGDWRU�
VXEJURXS���

&RQWURO�

$OO�VLWHV� �����r������ �����r������ �����r������ �����r�����
6WRPDFK�� ����r����� ����r����� ����r������ ����r�����
&RORQ�� ����r����� ����r����� ����r����� ����r�����
/XQJV�� ����r����� ����r����� ����r������ ����r�����
.LGQH\�� ����r����� ����r����� ����r����� ����r�����
8ULQDU\�EODGGHU� ����r����� ����r����� ����r����� ����r�����
7K\URLG�JODQG� ����r����� ����r����� ����r����� ����r�����

7DEOH� ����� 6WDQGDUGL]HG� LQGLFDWRUV� RI� PRUELGLW\� ZLWK� WKH� PDOLJQDQW� QHRSODVPV� DPRQJ�
OLTXLGDWRUV�������������
�
,W�LV�DOVR�DSSDUHQW�IURP�7DEOH�����WKDW�PRUELGLW\�LQ�VXEJURXS���GLIIHUV�VLJQLILFDQWO\�IURP�WKDW�
LQ�VXEJURXS���RQO\�IRU� WK\URLG�FDQFHU��7KLV�FDQ�EH�DWWULEXWHG� WR� WKH� IDFW� WKDW� WKH�ILUVW�JURXS�
VXIIHUHG�WKH�KLJKHVW�H[SRVXUHV�WR�UDGLRDFWLYH�LRGLQH��$OWKRXJK�WKH�LQFLGHQFH�RI�WK\URLG�FDQFHU�
LQ�WKH�VHFRQG�JURXS�RI�OLTXLGDWRUV�LV�VLJQLILFDQWO\�ORZHU�WKDQ�LQ�WKH�ILUVW�JURXS��LW�VWLOO�H[FHHGV�
WKDW�LQ�WKH�FRQWURO�JURXS��
�
7KH� KLJKHU� OHYHO� RI�PRUELGLW\� LQ� VXEJURXS� �� LQ� FRPSDULVRQ� WR� VXEJURXS� �� DQG� WKH� FRQWURO�
JURXS�PD\�EH�GXH�WR�KLJKHU�LUUDGLDWLRQ�RI�WKH�WK\URLG�JODQG�IURP�H[WHUQDO�UDGLDWLRQ�DQG�E\�DQ�
LQGLUHFW�HIIHFW�RI�KLJKHU�H[SRVXUH�GRVHV�LQ�WKLV�JURXS��UHODWHG�WR�ODQG�GHFRQWDPLQDWLRQ�ZRUNV�
DQG�EXU\LQJ�RI�KLJKO\�UDGLRDFWLYH�PDWHULDOV��ZKLFK�D�QXPEHU�RI�SXEOLFDWLRQV�LQGLFDWH�ZRXOG�
UHGXFH�LPPXQH�GHIHQFH�FDSDFLWLHV��
�
7KXV� IRU� WKH�SHULRG������������ LW�ZDV�HVWDEOLVKHG� WKDW� OLTXLGDWRUV�ZKR�ZRUNHG�GXULQJ������
DQG������ZHUH�DW�KLJKHVW�ULVN�RI�FDQFHU�PRUELGLW\��$OWKRXJK�WKH� OLTXLGDWRUV�ZKR�ZRUNHG�LQ�
����� LQ� WKH� HYDFXDWLRQ� DQG� FRPSXOVRU\� UHVHWWOHPHQW� ]RQHV� GLGQ¶W� VKRZ�GLIIHUHQW�PRUELGLW\�
OHYHOV�FRPSDUHG�WR�WKH�UHIHUHQFH�JURXS�GXULQJ�WKLV�SHULRG��WKH�SRVVLELOLW\�RI�IXWXUH�DGGLWLRQDO�
LQFUHDVH�LQ�FDQFHU�PRUELGLW\�DPRQJ�OLTXLGDWRUV�RI�WKLV�JURXS�FDQQRW�EH�H[FOXGHG��
�
'LYLGLQJ�WKH�WLPH�VSDQ�RI�WKH�VWXG\�DQG�UHFRQVLGHUDWLRQ�RI�WKH�GDWD��DOORZHG�WKH�REVHUYDWLRQ�
RI� D� VLJQLILFDQW� LQFUHDVH� LQ� WKH� UHODWLYH� ULVN� RI� PRUELGLW\� ZLWK� VRPH� IRUPV� RI� PDOLJQDQW�
QHRSODVPV� DPRQJ� WKH� ZKROH� OLTXLGDWRUV� FRKRUW� IURP� ����� RQZDUGV�� DV� FRPSDUHG� WR� WKH�
SRSXODWLRQ�RI�9LWHEVN�UHJLRQ��2NHDQRY�HW�DO���������
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�
:KLOH�DQ�LQFUHDVH�LQ�PRUELGLW\�ZDV�QRWLFHG�DPRQJ�WKH�OLTXLGDWRUV��D�UHGXFWLRQ�ZDV�REVHUYHG�
DPRQJ� WKH� UHIHUHQFH�JURXS��6KRXOG� WKHVH� WUHQGV�FRQWLQXH�� WKH�GLIIHUHQFHV� LQ�PRUELGLW\�ZLWK�
OXQJ� DQG� VWRPDFK� FDQFHU�ZLOO� H[FHHG� WKH� OHYHO� RI� VWDWLVWLFDO� VLJQLILFDQFH� LQ� WKH�QHDU� IXWXUH��
:LWK�WKLV�LV�PLQG�GDWD�ZHUH�UH�DQDO\]HG�WDNLQJ�DFFRXQW�RI�QHZO\�REWDLQHG�VWDWLVWLFDO�LQGLFHV�
XS�WR������LQFOXVLYH��7DEOH�������
�

0RUELGLW\�LQGH[� ����FRQILGHQFH�LQWHUYDO�7XPRXU�VLWHV�
/LTXLGDWRUV� &RQWURO� 55� /RZHU�

ERXQGDU\�
8SSHU�
ERXQGDU\�

$OO�VLWHV� ������ ������ ����� ����� �����
6WRPDFK�� ����� ����� ����� ����� �����
&RORQ�� ����� ����� ����� ����� �����
/XQJV�� ����� ����� ����� ����� �����
.LGQH\�� ����� ����� ����� ����� �����
8ULQDU\�EODGGHU� ����� ����� ����� ����� �����
7K\URLG�JODQG� ����� ����� ����� ����� �����

7DEOH� ����� 5HODWLYH� ULVN� RI� PRUELGLW\� ZLWK� PDOLJQDQW� QHRSODVPV� DPRQJ� WKH� OLTXLGDWRUV�
DYHUDJHG�RYHU�WKH�SHULRG������������
�
5XVVLD�
�
&DQFHU�PRUELGLW\�LQ�WKH�KLJKO\�FRQWDPLQDWHG�.DOXJD�DQG�%U\DQVN�UHJLRQV�ZDV�KLJKHU�WKDQ�DFURVV�
WKH�FRXQWU\�DV�D�ZKROH��,YDQRY�	�7V\E��VHH�)LJXUH������EHORZ���1LQH�\HDUV�DIWHU�WKH�FDWDVWURSKH��
WKH�JHQHUDO�RQFRORJLFDO�PRUELGLW\�LQ�DUHDV�RI�WKH�%U\DQVN�UHJLRQ�WKDW�ZDV�FRQWDPLQDWHG�ZLWK����
&L�NP��RU�PRUH�ZDV�����WLPHV�KLJKHU�WKDQ�LQ�OHVV�FRQWDPLQDWHG�WHUULWRULHV�RI�WKH�UHJLRQ��8VKDNRY�
HW�DO���������
�

�)LJXUH� ����� ,QFLGHQFH� RI� DOO� VROLG� FDQFHUV� SHU� �������� SRSXODWLRQ� LQ� WKH� WZR� UDGLRDFWLYHO\�
SROOXWHG�5XVVLDQ�DUHDV��%U\DQVN�DQG�.DOXJD��LQ�FRPSDULVRQ�ZLWK�5XVVLD�DV�D�ZKROH��,YDQRY�
	�7V\E��������
�
8NUDLQH�
�
$FURVV� 8NUDLQH�� WKHUH� ZDV� D� ���� LQFUHDVH� LQ� FDQFHU� PRUWDOLW\� �2PHO\DQHWV� HW� DO�� ������
2PHO\DQHWV� 	� .OHPHQWHY� ������� ,Q� FRQWDPLQDWHG� DUHDV� RI� =K\WRPLU� UHJLRQ� PRUELGLW\�
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LQFUHPHQW�RI�DGXOWV�ZLWK�PDOLJQDQW�QHRSODVPV�LQFUHDVHG�DOPRVW� WKUHHIROG�EHWZHHQ������DQG�
������IURP�������WR��������1DJRUQD\D��������
�
7KH�LQFUHDVH�LQ�FDQFHU�LQ�SHRSOH�HYDFXDWHG�IURP�WKH����NP�]RQH�DQG�LQ�WKH�SRSXODWLRQ�RI�WKH�
WHUULWRULHV�SROOXWHG�ZLWK�UDGLDWLRQ�ZDV�KLJKHU�WKDQ�IRU�WKH�FRXQWU\�LQ�JHQHUDO��*ROXEFKLNRY�HW�
DO�� ������� ,Q� KLJKO\� FRQWDPLQDWHG� DUHDV��PRUWDOLW\� IURP� QHRSODVPV� LQFUHDVHG� E\� ������� LQ�
PHQ��IURP���������FDVHV�SHU���������LQ������WR���������FDVHV�LQ�������DQG�E\����������LQ�
ZRPHQ��IURP���������FDVHV�LQ������WR���������FDVHV�LQ��������
�
3U\V\D]KQ\XN�HW� DO�� ������������������������������������� DQDO\VHG�GDWD� WKDW� WKH�8NUDQLDQ�
FDQFHU� UHJLVWU\� KDV� FROOHFWHG� VLQFH� LWV� LQFHSWLRQ� LQ� ����� LQ� RUGHU� WR� LQYHVWLJDWH� FDQFHU�
LQFLGHQFH� LQ� WKUHH� FRKRUWV�� &KHUQRE\O� FDWDVWURSKH� UHFRYHU\� RSHUDWLRQ�ZRUNHUV� �OLTXLGDWRUV��
ZKR�SDUWLFLSDWHG�LQ�UHFRYHU\�RSHUDWLRQ�ZRUNV�GXULQJ������������HYDFXHHV�IURP�3ULS\DW�WRZQ�
DQG� WKH����NP�]RQH��DQG� WKH�SRSXODWLRQ�VWLOO� OLYLQJ� LQ� WKH�KHDYLO\�FRQWDPLQDWHG�DUHDV� OLVWHG�
DERYH��LQ�WKH����\HDUV�IROORZLQJ�WKH�&KHUQRE\O�UDGLDWLRQ�UHOHDVH��
�
7KH� UHJLVWU\� FROOHFWHG� LQIRUPDWLRQ� RQ� DOO� FDVHV� RI� FDQFHU� LQ� WKH� FRQWDPLQDWHG� DUHDV� RI� WKH�
/XJLQ\��1DURGLFK\�DQG�2YUXFK�GLVWULFWV�RI�WKH�=K\WRPLU�UHJLRQ�DQG�%RURG\DQND��,YDQNRY�DQG�
3ROHVVNR\H� GLVWULFWV� LQ� WKH� .LHY� UHJLRQ�� ,W� DOVR� DFFHVVHG� GDWD� VWUHWFKLQJ� EDFN� WR� ����� WR�
SURYLGH� D� SUH�DFFLGHQW� EDVHOLQH� IRU� WKH� UHVLGHQWV� RI� WKH� WHUULWRULHV� WKDW� ZHUH� PRVW� KHDYLO\�
FRQWDPLQDWHG�ZLWK�UDGLRQXFOLGHV��WRJHWKHU�ZLWK�LQIRUPDWLRQ�RQ�DOO�FDQFHU�FDVHV�LQ�WKH�IRUPHU�
&KHUQRE\O�GLVWULFW�IRU������������
�
$W�WKH�WLPH�RI�WKH�DFFLGHQW�WKH�WRWDO�QXPEHU�RI�WKLV�SRSXODWLRQ�ZDV���������LQFOXGLQJ��������
FKLOGUHQ� DJHG� ����� \HDUV� ROG� �3U\V\D]KQ\XN� HW� DO�� ������� ,Q� ����� WKH� SRSXODWLRQ� RI� VL[�
GLVWULFWV�H[FOXGLQJ�WKH�QRZ�GHVHUWHG�&KHUQRE\O�GLVWULFW�ZDV���������LQFOXGLQJ��������FKLOGUHQ�
�7KH�6WDWH�&RPPLWWHH�RI�6WDWLVWLFV�RI�8NUDLQH���������
�
7KH�GDWD� IURP� WKH�6WDWH� UHJLVWU\� RI�8NUDLQH�RQ�&KHUQRE\O�YLFWLPV�ZHUH�XVHG� WR� LQYHVWLJDWH�
FDQFHU�LQFLGHQFH�LQ�OLTXLGDWRUV�LQ�����������DQG�LQ�HYDFXHHV��7KHVH�GDWD�ZHUH�FRPSDUHG�ZLWK�
GDWD�IURP�WKH�QDWLRQDO�FDQFHU�UHJLVWU\��0HGLFDO�GRFXPHQWV��LQFOXGLQJ�HPHUJHQF\�QRWLILFDWLRQV�
RI�QHZ�FDQFHU�FDVHV�DQG�GHDWK�FHUWLILFDWHV��ZHUH�REWDLQHG�IURP�DOO�PHGLFDO�LQVWLWXWLRQV�ZKHUH�
WKHVH� SDWLHQWV� ZHUH� GLDJQRVHG� DQG� WUHDWHG�� 7KHVH� GRFXPHQWV� ZHUH� WKHQ� FURVV�FKHFNHG� WR�
HOLPLQDWH�GXSOLFDWHV�DQG�D�ILQDO�GDWDEDVH�ZDV�FRPSLOHG��7KLV�VKRZHG�WKDW�WKHUH�ZHUH��������
QHZ�FDVHV�RI�FDQFHU� UHJLVWHUHG�IURP������WKURXJK�WR�������'XULQJ�WKH�SHULRG�IURP������WR�
������ ������ QHZ� FDQFHU� FDVHV� ZHUH� UHJLVWHUHG� LQ� OLTXLGDWRUV� DQG� ������ LQ� HYDFXHHV�
�3U\V\D]KQ\XN�HW�DO������D��3U\V\D]KQ\XN�HW�DO������E��5RPDQHQNR�HW�DO��������)HGRUHQNR�HW�
DO��������3U\V\D]KQ\XN�HW�DO���������
�
$QQXDO� DJH�VSHFLILF� DQG� DJH�VWDQGDUGL]HG� LQFLGHQFH� UDWHV�ZHUH� FDOFXODWHG� GLUHFWO\� IRU� WKH�
SHULRG�����������DQG�FRPSDUHG�ZLWK�FRUUHVSRQGLQJ� UDWHV� IRU�.LHY�	�=K\WRPLU� UHJLRQV� �WR�
ZKLFK� WKH� VWXGLHG�GLVWULFWV�EHORQJ��DQG� WR� WKH�8NUDLQH�DV� D�ZKROH��7KH�DJH� VWUXFWXUH�RI� WKH�
SRSXODWLRQ�RI�WKH�8665�LQ�������DFFRUGLQJ�WR�$OO�8QLRQ�FHQVXV��ZDV�XVHG�DV�D�VWDQGDUG��7KH�
IROORZLQJ�FRKRUWV�ZHUH�VWXGLHG��OLTXLGDWRUV�ZKR�SDUWLFLSDWHG�GXULQJ�����������DQG�UHVLGHQW�LQ�
WKH�'QHSURSHWURYVN��'RQHWVN��+DUNRY��.LHY��/XJDQVN�UHJLRQV�DQG�.LHY�FLW\��WRWDO���������LQ�
�������DQG�HYDFXHHV�IURP�3ULS\DW�DQG����NP�]RQH��ZKR�UHVHWWOHG�DOO�RYHU�WKH�8NUDLQH���������
LQ� ������� 7KH� LQGLUHFW� PHWKRG� RI� VWDQGDUGL]DWLRQ� ZDV� XVHG� WR� DQDO\VH� FDQFHU� LQFLGHQFH� LQ�
WKHVH�WZR�JURXSV��$JH�VSHFLILF�LQFLGHQFH�UDWHV�LQ�8NUDLQH�LQ������ZHUH�XVHG�DV�D�VWDQGDUG��
�
'XULQJ�����������WKH�FDQFHU�LQFLGHQFH�UDWH�LQ�FRQWDPLQDWHG�WHUULWRULHV�ZDV�VRPHZKDW�ORZHU�
WKDW� LQ� FRPSDUHG� DUHDV�� 7KH� WLPH� WUHQGV� ZHUH� VLPLODU� LQ� DOO� IRXU� WHUULWRULHV�� WKHUH� ZDV� D�
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JUDGXDOO\�LQFUHDVLQJ�WUHQG�XQWLO�������DIWHU�ZKLFK�VRPH�GHFUHDVH�RI�UDWHV�ZDV�REVHUYHG�LQ�DOO�
WHUULWRULHV�� 7KHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKHLU� UHJUHVVLRQ� FRHIILFLHQWV�
�3U\V\D]KQ\XN�HW�DO������E��3U\V\D]KQ\XN��HW�DO����������
5DWHV� RI� FDQFHU� LQ� OLTXLGDWRUV� VKRZ� VWDWLVWLFDOO\� VLJQLILFDQW� H[FHVV� LQ� FRPSDULVRQ� WR� WKH�
QDWLRQDO�OHYHO��7DEOH�������

�
7LPH�SHULRG� 3HUVRQ�

\HDUV�RI�
REVHUYDWLRQ�

$FWXDO�
QXPEHU�RI�

FDVHV�
([SHFWHG�
QXPEHU�RI�

FDVHV�
6,5�
����

����
FRQILGHQFH�
LQWHUYDO�

5HVLGHQWV�RI�FRQWDPLQDWHG�WHUULWRULHV��PDOHV���IHPDOHV��
���������� ���������� ������� ������� ����� ����������
/LTXLGDWRUV�����������\HDUV�RI�SDUWLFLSDWLRQ��PDOHV��
���������� ���������� ������ ������ ������ ������������
(YDFXHHV�IURP�3ULS\DW�DQG����NP�]RQH��PDOHV���IHPDOHV��
���������� �������� ������ ������ ����� ����������
7DEOH������6WDQGDUGL]HG�LQFLGHQFH�UDWLRV��6,5��IRU�DOO�IRUPV�RI�FDQFHU��&RGH�,&'������������
LQ�GLIIHUHQW�JURXSV�RI�8NUDLQLDQ�SRSXODWLRQ�DIIHFWHG�E\�WKH�&KHUQRE\O�FDWDVWURSKH�
�
7KH�VWXG\�RI�FDQFHU�LQFLGHQFH�LQ�WKH�PDLQ�SRSXODWLRQV�DIIHFWHG�E\�WKH�&KHUQRE\O�FDWDVWURSKH�
�OLTXLGDWRUV�RI������������HYDFXHHV�IURP�3ULS\DW�DQG�WKH����NP�]RQH�DQG�WKH�SRSXODWLRQ�VWLOO�
OLYLQJ�LQ�WKH�WHUULWRULHV�PRVW�KHDYLO\�FRQWDPLQDWHG�ZLWK�UDGLRQXFOLGHV��VKRZHG�SHFXOLDULWLHV�RI�
WUHQGV�LQ�SDUWLFXODU�W\SHV�RI�FDQFHU��
�
$PRQJ� 8NUDQLDQ� OLTXLGDWRUV� LQYHVWLJDWHG� E\� WKH� 6WDWH� WKRXJK� WKH� .LHY� ,QWHUGHSDUWPHQWDO�
([SHUW� &RPPLVVLRQ�� GLJHVWLYH� V\VWHP� WXPRXUV� ZHUH� WKH� PRVW� FRPPRQ� W\SH� RI� FDQFHU�
���������IROORZHG�E\�WXPRXUV�RI�WKH�UHVSLUDWRU\�RUJDQV���������DQG�WXPRXUV�RI�WKH�XURJHQLWDO�
V\VWHP����������7KH�IDVWHVW�LQFUHDVH�LQ�RQFRORJLFDO�SDWKRORJ\�ZDV�IRU�WKH�XURJHQLWDO�V\VWHP��
IRU�ZKLFK�DQ�DOPRVW� WKUHH�IROG� LQFUHDVH��IURP�������WR��������ZDV�REVHUYHG�IURP������ WR�
������%DU\O\DN�	�'LRPLQD��������
�
7KH� KLJKHVW� OHYHO� RI� PDOLJQDQW� QHRSODVPV� ZDV� UHFRUGHG� LQ� OLTXLGDWRUV� ZKR� ZRUNHG� LQ� WKH�
PRUWXDU\�� DV� GULYHUV�� LQ� GHFRQWDPLQDWLRQ� DQG� HYDFXDWLRQ� DFWLYLWLHV� LQ� UHODWLRQ� WR� WKH� ���
GLIIHUHQW�W\SHV�RI�WDVNV�FRQVLGHUHG��$OO�GDWHV�RI�HQWU\�WR�WKH�FRQWDPLQDWHG�]RQH�VWDUWLQJ�IURP�
�����������ZHUH�ULVN�IDFWRUV�IRU�WKH�PDOLJQDQW�QHRSODVP�GHYHORSPHQW��DQG�WKH�ULVN�LQFUHDVHG�
ZLWK�OHQJWK�RI�VWD\��
�
7KH�OLTXLGDWRUV�LQYHVWLJDWHG�E\�WKDW�FRPPLVVLRQ�UHFHLYHG�GRVHV�LQ�WKH�UDQJH������F*\��'RVH�
GHSHQGHQFH�ZDV� DQDO\VHG� E\� VSOLQH� UHJUHVVLRQ�� 7KH� GDWD� VKRZHG� D� WHQGHQF\� IRU�PDOLJQDQW�
QHRSODVPV� WR� LQFUHDVH� ZLWK� LQFUHDVLQJ� UDGLDWLRQ� GRVH� IRU� DOO� DJH� JURXSV�� 0RUHRYHU�� E\�
DQDO\]LQJ� WKH� GDWD� IRU� GRVH� VXEJURXSV�� LW� ZDV� HVWDEOLVKHG� WKDW� SUREDELOLW\� RI� PDOLJQDQW�
QHRSODVP� GHYHORSLQJ� LQ� WKRVH� H[SRVHG� WR� GRVHV� UDQJLQJ� IURP� �� WR� �� F*\�ZDV� VWDWLVWLFDOO\�
PRUH�VLJQLILFDQW�WKDQ�WKH�SUREDELOLW\�RI�PDOLJQDQW�QHRSODVPV�IRU�WKH�JURXS�DV�D�ZKROH��7KLV�
LQGLFDWHV� DQ� LQFUHDVH� LQ� WKH� IUHTXHQF\� RI� PDOLJQDQW� QHRSODVPV� LQ� OLTXLGDWRUV� ZKR� ZHUH�
VXEMHFWHG�WR�ORZ�GRVHV�RI�UDGLDWLRQ�H[SRVXUH��.O\XVKLQ�HW�DO���������7KH�FRQILGHQFH�LQWHUYDOV�
DOVR� GHFUHDVH� ZLWK� WKH� GRVH� LQFUHDVH�� LQGLFDWLQJ� WKDW� DV� UDGLDWLRQ� H[SRVXUH� LQFUHDVHV��
YDULDELOLW\� RI� PDOLJQDQW� QHRSODVP� IUHTXHQF\� GHFUHDVHV�� 7KLV� PHDQV�� WKDW� XVLQJ� WKLV�
PHWKRGRORJ\�LW�LV�SRVVLEOH�WR�IRUHFDVW�PDOLJQDQW�QHRSODVPV�ZLWK�VRPH�SUHFLVLRQ��
�
7KHVH� UHVXOWV� ZHUH� IXUWKHU� VXSSRUWHG� E\� F\WRJHQHWLF� VWXGLHV�� /\PSKRF\WHV� KDUYHVWHG� IURP�
SHULSKHUDO�EORRG�ZHUH�FXOWXUHG�DV�UHFRPPHQGHG�E\�816&($5��:+2�DQG�,$($�IRU�VXUYH\V�
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RI�ELRGRVLPHWU\�DQG�ELRLQGLFDWLRQ�RI�WKH�GHJUHH�RI�UDGLDWLRQ�GDPDJH��&$57��������$PRQJVW�
OLTXLGDWRUV� ZLWK� PDOLJQDQW� QHRSODVPV�� GRVH� HVWLPDWLRQ� FRUUHODWHG� ZLWK� PHDVXUHV� RI�
FKURPRVRPDO� GDPDJH�� 7KH� FRUUHODWLRQ� FRHIILFLHQW� IRU� GLFHQWULFV� ZDV� ����� DQG� IRU� FHQWULF�
ULQJV��������7KHVH�FRUUHODWLRQV�ZHUH�VWURQJHU�IRU�WKRVH�REWDLQHG�IRU�QRQ�FDQFHU�GLVHDVHV��DQG�
VXSSRUWHG� WKH� GRVH� HVWLPDWLRQV� XVHG� IRU� FDQFHU� VXIIHUHUV�� ,W� LV� SRVVLEOH� WKDW� WKHVH� UHVXOWV�
LQGLFDWH�WKH�SURGXFWLRQ�RI�DEHUUDQW�O\PSKRF\WHV�E\�GDPDJHG�SUR�P\HORF\WHV�RI�PDUURZ�DQG�
WKH� VXSSUHVVLRQ� RI� HIIHFWLYHQHVV� RI� UHSDLULQJ� V\VWHPV� LQ� FHOOV� RI� OLTXLGDWRUV� DIIHFWHG� ZLWK�
RQFRORJLFDO�LOOQHVVHV��
�
6PDOO�GRVHV�RI�DEVRUEHG�UDGLDWLRQ�UHSUHVHQW�VWDWLVWLFDOO\�VLJQLILFDQW�IDFWRUV�LQ�WKH�GHYHORSPHQW�
RI� PDOLJQDQW� QHRSODVPV� �.LQG]HOVN\� HW� DO�� ������ 'LRPLQD� ������ .O\XVKLQ� HW� DO�� ������
'LRPLQD�HW�DO���������7KLV�PD\�EH�UHODWHG�WR�LQVXIILFLHQW�LQWHQVLW\�RI�DQWL�FDQFHU�SURWHFWLRQ�RI�
RUJDQLVPV� GXULQJ� WKH� HIIHFWLYH� SHULRG� RI� LUUDGLDWLRQ� LQ� WKH� JLYHQ� UDQJH� RI� GRVHV�� 6XFK�
SURFHVVHV�LQFOXGH�HOLPLQDWLRQ�RI�DEHUUDQWO\�FKDQJHG�FHOOV�E\�WKH�LPPXQH�VXSHUYLVLRQ�V\VWHP�
RYHU� WKH� DQWLJHQLF� FRQVWDQF\� RI� LQWHUQDO� PHGLD� RI� RUJDQLVP�� DV� ZHOO� DV� FHOOXODU� UHSDLU��
UHVWRUDWLRQ�DQG�FRPSHQVDWRU\�SURFHVVHV��
�
�����7K\URLG�FDQFHU�
�
'XULQJ�WKH�ILUVW�PRQWKV�DIWHU�WKH�FDWDVWURSKH�RQO\�D�IHZ�DGGLWLRQDO�FDVHV�RI�WK\URLG�FDQFHU�ZHUH�
SUHGLFWHG�� 7KLV� ILJXUH� ZDV� ODWHU� UHYLVHG� XSZDUGV� WR� D� IHZ� KXQGUHGV� EXW� QRW� H[FHHGLQJ� D� IHZ�
WKRXVDQGV��$QRQ��������
�
7KH�&KHUQRE\O�FDWDVWURSKH��KRZHYHU��UHOHDVHG�HQRUPRXV�TXDQWLWLHV�RI�UDGLRDFWLYH�LRGLQH��ZKLFK�
EHFRPHV� FRQFHQWUDWHG� LQ� WKH� WK\URLG� JODQGV� RI� H[SRVHG� LQGLYLGXDOV�� 7KH� WK\URLG� LV� RQH� RI� WKH�
PRVW�LPSRUWDQW�D[HV�RI�WKH�HQGRFULQH�V\VWHP��VR�DQ\�LPSDFW�RQ�LW�ZLOO�FDXVH�VHYHUH�SHUWXUEDWLRQ�
RI�QRUPDO�ERGLO\�IXQFWLRQV��8QVXUSULVLQJO\��WKHUH�KDV�DOVR�EHHQ�D�VLJQLILFDQW�LQFUHDVH�LQ�WKH�UDWHV�
RI� WK\URLG� FDQFHU� REVHUYHG� DPRQJ� WKH� H[SRVHG� SRSXODWLRQ�� ZLWK� WKH� H[FHVV� UHODWLYH� ULVN� IRU�
WK\URLG�FDQFHU�JUHDWHU�WKDQ�IRU�RWKHU�IRUPV�RI�FDQFHU��
�
7KH� FDQFHU� RI� WKH� WK\URLG�JODQG�FDXVHG�E\�H[SRVXUH� WR�&KHUQRE\O� UDGLDWLRQ� DSSHDUHG� WR�EH�
XQXVXDOO\� DJJUHVVLYH�� PDLQO\� RI� SDSLOODU\� IRUP�� ZLWK� HDUO\� DQG� UDSLG� PHWDVWDVLV� WR� IRUP�
VHFRQGDU\�WXPRXUV�LQ�WKH�O\PSK�JODQGV�DQG�OXQJV��:+2�������,YDQRY�	�7V\E��������
�
7KH�LQFUHDVH�LQ�WK\URLG�FDQFHU�LV�LOOXVWUDWHG�LQ�)LJXUH��������
�



� ��

�)LJXUH� �������$QQXDO� WK\URLG� FDQFHU� LQFLGHQFH� UDWHV� SHU� �������� SRSXODWLRQ� IRU� WKRVH�ZKR�
ZHUH�FKLOGUHQ�DQG�DGROHVFHQWV�LQ�������)DLUOLH�DQG�6XPQHU��������
�
%HODUXV�
�
,Q� %HODUXV�� RFFXUUHQFH� RI� WK\URLG� FDQFHU� LQFUHDVHG� ���IROG� LQ� FKLOGUHQ� IURP� ����� WR� ������
JRLQJ� IURP� ������ WR� ����� FDVHV� SHU� ����� �/RPRW¶� HW� DO�� �������$� ODWHU� VWXG\� UHSRUWHG� WKDW�
WK\URLG�FDQFHU� LQ�FKLOGUHQ� LQFUHDVHG������ WLPHV�� LQ�DGROHVFHQWV������ WLPHV�DQG�LQ�DGXOWV������
WLPHV��DV�FRPSDUHG�WR� WKH�SUH�FDWDVWURSKH�SHULRG��%HORRND\D�HW�DO���������&DVHV�RI�FKLOGUHQ�
ERUQ�ZLWK�WK\URLG�FDQFHU�ZHUH�UHSRUWHG��%XVE\��������2XW�RI�RQH�WKRXVDQG�SHUVRQV�VXUYH\HG�
����FDVHV�RI�QRGXOHV�ZHUH�GLVFRYHUHG������FDVHV�RI�ZKLFK�ZHUH�PDOLJQDQW��.ULVHQNR��������
7KH� H[FHVV� UHODWLYH� ULVN� �(55�� RI� WKHVH� UDGLDWLRQ�LQGXFHG� FDQFHUV� H[FHHGHG� WKH� ULVN�
HVWDEOLVKHG�IRU�+LURVKLPD�DQG�1DJDVDNL�E\�RYHU�WHQ�WLPHV��0DONR��������
�
5HSRUWV�RI�WK\URLG�FDQFHU�LQFLGHQFH�LQ�%HODUXV�LQFOXGH���
�

x� ������ UDGLDWLRQ�LQGXFHG� FDVHV� IRU� ���������� DFFRUGLQJ� WR� GDWD� IURP� WKH� QDWLRQDO�
UHJLVWHU� RQ� WKH� VL[� PRVW� FRQWDPLQDWHG� DUHDV� �,YDQRY� 	� 7V\E� ������� 7KLV� ILJXUH� LV�
REWDLQHG�E\�VXEWUDFWLQJ�WKH�SUH�FDWDVWURSKH�EDFNJURXQG�OHYHO�RI�����FDVHV�SHU�\HDU�IRU�
DGXOWV�DQG�FKLOGUHQ�IURP�WKH�WRWDO�RI�������UHSRUWHG�FDVHV��

x� ������FDVHV�GXULQJ�����������LQ�FKLOGUHQ�ZKR�ZHUH������\HDUV�ROG�DW�WKH�WLPH�RI�WKH�
&KHUQRE\O�FDWDVWURSKH��816&($5��������

x� ������ UDGLDWLRQ�LQGXFHG� FDVHV� E\� WKH� HQG� RI� ������ LQFOXGLQJ� DOPRVW� ���� LQ� FKLOGUHQ�
XQGHU����\HDUV�ROG�DQG�������FDVHV�LQ�LQGLYLGXDOV�ZKR�ZHUH�DGROHVFHQW�RU�DGXOW�DW�WKH�
WLPH�RI�GLDJQRVLV��0DONR���������
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x� ³DERXW������´�SDWLHQWV�� LQFOXGLQJ�������FKLOGUHQ��ZHUH�RSHUDWHG�RQ�GXULQJ�WKH�SHULRG�
�����WR�������'UR]G��������

x� ³RYHU������´�FDVHV�E\�������%HORRND\D�HW�DO���������
x� DSSUR[LPDWHO\������� UDGLDWLRQ�LQGXFHG�FDVHV� IURP�-DQXDU\��������� WR�'HFHPEHU�����

�����RXW�RI� D� WRWDO� RI�������FDVHV� �0DONR������	��������7KLV� LQFOXGHV� DURXQG�����
FDVHV�LQ�FKLOGUHQ�DQG�DGROHVFHQWV�XQGHU����\HDUV�ROG��0DONR��������

x� ������UDGLDWLRQ�LQGXFHG�FDVHV�RXW�RI�D�WRWDO�RI�������FDVHV�LQ�������)HGRURY��������
x� ������QHZ�FDVHV�UHSRUWHG�LQ������DORQH��3RVWR\DONR��������
x� ³DERXW������´�UDGLDWLRQ�LQGXFHG�FDVHV�EHWZHHQ������DQG�������0DONR��������

�
3UHGLFWLRQV�IRU�WKH�IXWXUH�DOVR�YDU\�ZLGHO\�EXW�LQFOXGH��
�

x� XS�WR��������FDVHV�DPRQJ�RI�WKRVH�ZKR�ZHUH�XQGHU����\HDUV�RI�DJH�DW�WKH�WLPH�RI�WKH�
FDWDVWURSKH��)HGRURY��������

x� �������FDVHV�RYHU����\HDUV��������������1DWLRQDO�5HSRUW�RI�%HODUXV��������
x� ������� FDVHV� RI� UDGLDWLRQ�LQGXFHG� WK\URLG� FDQFHU� RYHU� WKH� OLIHWLPH� RI� WKH� YLFWLPV�

�0DONR��������
x� �������WR��������H[WUD�WK\URLG�FDQFHUV�RYHU����\HDUV��������������0DONR��������
x� XS�WR��������FDVHV�LQ�WRGD\¶V�DGROHVFHQWV�DQG�\RXQJ�SHRSOH��)HGHURY��������

�
5XVVLD�
�
5XVVLDQ�OLTXLGDWRUV�VXIIHUHG�WKUHH�WLPHV�PRUH�WK\URLG�FDQFHU�WKDQ�WKH�QDWLRQDO�DYHUDJH��.KULVDQIRY�	�
0HVNLNK��������0RUELGLW\�ZLWK�WK\URLG�FDQFHU�LQ�WKH�KLJKO\�FRQWDPLQDWHG�%U\DQVN�UHJLRQ�LQ�
���������� ZDV� GRXEOH� WKDW� RI� WKH� ZKROH� RI� 5XVVLD� LQ� ����� DQG� WULSOH� WKLV� OHYHO� LQ� �����
�0DODVKHQNR��������,Q������WK\URLG�FDQFHU�PRUELGLW\�LQ�WKH�UHJLRQDO�SRSXODWLRQ�ZDV�����SHU�
���������EXW�E\������LW�KDG�ULVHQ�WR������SHU����������0RUELGLW\�LQ�WKH�FRQWDPLQDWHG�DUHDV�RI�
WKH� UHJLRQ� URVH� IURP�����SHU��������� LQ������ WR������SHU��������� LQ�������.XNLVKHY�HW�DO��
�������7KH�IUHTXHQF\�RI�RFFXUUHQFH�ZDV�KLJKHU� LQ� WKH�PRVW� UDGLDWLRQ�FRQWDPLQDWHG�DUHDV�RI�
WKH�UHJLRQ��.XNLVKHY�HW�DO��������3URVKLQ�HW�DO���������$QRWKHU��GHWDLOHG�DQDO\VLV�KDV�VKRZQ�
WKDW�WKH�DFWXDO�OHYHO�RI�LOOQHVV�PD\�EH�������WLPHV�KLJKHU��3LO\XNRYD��������
�
,Q� /LSHWVN�� WKH� QXPEHU� RI� WK\URLG� FDQFHU� FDVHV� LQFUHDVHG� ���� WLPHV� IURP� ����� WR� �����
�.UDSLYLQ�������ZLWK�WKH�QXPEHU�RI�SHRSOH�DIIHFWHG�UHDFKLQJ�����LQ�������
�
3HDN�LQFLGHQFH�IRU�WKH�HQWLUH�SRSXODWLRQ������FDVHV�SHU����������ZDV�LQ����������\HDUV�DIWHU�
WKH� FDWDVWURSKH� �.XNLVKHY� HW� DO�� ������� 7K\URLG� FDQFHU�PRUELGLW\�ZLWKLQ� WKH� ����� \HDU� DJH�
JURXS�LQFUHDVHG�����WLPHV�IURP������WR�������,YDQRY�	�7V\E�������S�������)LJXUH��������,Q�
FKLOGUHQ��WKH�UDWH�LQFUHDVHG�IURP������FDVHV�SHU���������FKLOGUHQ�LQ������WR������LQ�������D�
����IROG�LQFUHDVH��.XNLVKHY�HW�DO���������
�
,QFLGHQFH�UHSRUWV�LQFOXGH���
�

x� ������ UDGLDWLRQ�LQGXFHG� FDVHV� ����������� EDVHG� RQ� GDWD� WDNHQ� IURP� WKH� QDWLRQDO�
UHJLVWHU�RQ�IRXU�RI�WKH�PRVW�SROOXWHG�DUHDV�RI�5XVVLD��������WRWDO�FDVHV�IURP�ZKLFK�DUH�
VXEWUDFWHG� WKH� SUH�&KHUQRE\O� EDFNJURXQG� OHYHO� EHIRUH� &KHUQRE\O� RI� ��� FDVHV� SHU�
DQQXP�LQ�DGXOWV�DQG�FKLOGUHQ��,YDQRY�	�7V\E��������

x� ����FDVHV�GXULQJ�����������LQ�FKLOGUHQ���WR����\HDUV�ROG�DW�WKH�WLPH�RI�WKH�&KHUQRE\O�
FDWDVWURSKH��816&($5��������



� ��

x� ������FDVHV�LQ�������������IRU�%U\DQVN�UHJLRQ�FRPSDUHG�WR�����FDVHV�EHWZHHQ������
DQG�������.XNLVKHY�HW�DO���������

x� ������FDVHV�LQ�%U\DQVN�UHJLRQ�IURP������WR�������0DODVKHQNR��������
�
8NUDLQH�
�
$Q�LQFUHDVH�LQ�QXPEHUV�RI�WK\URLG�FDQFHUV�DPRQJ�FKLOGUHQ�DQG�WHHQDJHUV�GXH�WR�H[SRVXUH�WR�
UDGLRLRGLQH�LV�DFFHSWHG�DV�IDFW�QRZDGD\V��7URQNR�	�%RJGDQRYD��������)RU�WKH�8NUDLQH�DV�D�
ZKROH�� VRPH� ������� WK\URLG� FDQFHUV� DUH� H[SHFWHG�� RI�ZKLFK� ������ DUH� H[SHFWHG� WR� EH� IDWDO�
�0DONR��������
�
6LQFH� ���������� DQ� LQFUHDVHG� LQFLGHQFH� RI� SDSLOODU\� FDQFHU� RI� WKH� WK\URLG� JODQG� KDV� EHHQ�
REVHUYHG�LQ�8NUDLQLDQ�FKLOGUHQ�DQG�DGROHVFHQWV��7R�GDWH�D�WRWDO�RI�DSSUR[LPDWHO\�������FDVHV�
KDG�EHHQ�UHFRUGHG��%HIRUH�WKH�FDWDVWURSKH��RFFXUUHQFH�RI�WK\URLG�FDQFHU�DPRQJ�FKLOGUHQ�DQG�
DGROHVFHQWV�DYHUDJHG������FDVHV�SHU����������$IWHU�������WKH�IUHTXHQF\�RI�RFFXUUHQFH�URVH�WR�
���������� SHU� ��������� 7KH� JUHDWHVW� LQFUHDVH� LQ� PRUELGLW\� ZDV� UHFRUGHG� LQ� \RXQJ� SHRSOH�
OLYLQJ�LQ�WKH�ZRUVW�FRQWDPLQDWHG�DUHDV�RI�8NUDLQH��.LHY��&KHUQLJRY��=K\WRPLU��&KHUNDVV\�DQG�
5RYQR�UHJLRQV���.RPLVVDUHQNR�HW�DO�������������	��������,Q�WKLV�DUHD�PRUELGLW\�ZLWK�WK\URLG�
FDQFHU�UHDFKHG������SHU���������SHUVRQV�DQG�ZDV���WLPHV�KLJKHU�WKDQ�LQ�RWKHU�UHJLRQV��
�
$FFRUGLQJ� WR� WKH�8NUDLQLDQ�6XUJLFDO�&OLQLF�RI� WKH�(QGRFULQRORJ\� ,QVWLWXWH�� RYHU� WKH� ODVW� ���
\HDUV�WKH�WRWDO�QXPEHU�RI�SHRSOH�VXIIHULQJ�IURP�WK\URLG�FDQFHU�LQFUHDVHG����WLPHV�FRPSDUHG�
WR�WKH�SUH�FDWDVWURSKH�SHULRG��5\EDNRY�HW�DO��������.RPLVVDUHQNR�HW�DO���������7KH�PLQLPXP�
ODWHQF\� SHULRG�ZDV� ������ \HDUV� DIWHU� WKH� FDWDVWURSKH��7KH� SHDN� RI� WK\URLG� FDQFHU�PRUELGLW\�
DPRQJ�WKRVH�ZKR�ZHUH�FKLOGUHQ�DQG�WHHQDJHUV�DW�WKH�WLPH�RI�WKH�LQFLGHQW�LV�SUHGLFWHG�WR�RFFXU�
LQ�WKH�SHULRG�IURP������������
�
$QDO\VLV�RI�WKH�DJH�VWUXFWXUH�RI�SDWLHQWV�ZLWK�D�SULPDU\�GLDJQRVLV�RI�WK\URLG�FDQFHU�LQGLFDWHV�
WKDW�WKH�KLJKHVW�GLVHDVH�UDWHV�DUH�UHFRUGHG�LQ�FKLOGUHQ�DQG�WHHQDJHUV�����������9W\XULQ�HW�DO��
������� 7KH� PDMRULW\� RI� WKH� VLFN� ������ ZHUH� DJHG� ���� \HDUV� DW� WKH� WLPH� RI� WKH� &KHUQRE\O�
DFFLGHQW� �.RPLVVDUHQNR�HW�DO��������9W\XULQ�HW�DO���������+RZHYHU��YHU\�IHZ�FKLOGUHQ�ERUQ�
DIWHU�WKH�UDGLRDFWLYH�UHOHDVH�ZHUH�DIIHFWHG�E\�WK\URLG�FDQFHU��UHVXOWLQJ�LQ�D�JUDGXDO�ULVH�RI�WKH�
DYHUDJH� DJH� RI� SDWLHQWV� DV� WLPH� SDVVHG�� 7KH� SUHYDOHQFH� RI� LQYDVLYH� IRUPV� RI� FDUFLQRPD�
��������LQGLFDWHV�YHU\�DJJUHVVLYH�WXPRXU�GHYHORSPHQW�SURFHVV��9W\XULQ�HW�DO���������
�
(SLGHPLRORJLFDO�DQDO\VLV�RI�GDWD�IURP�WKH�8NUDLQLDQ�6WDWH�5HJLVWHU�RYHU�WKH�SHULRG�����������
HVWDEOLVKHG� WKDW� DIWHU� ������ WKH� IUHTXHQF\� RI� WK\URLG� FDQFHU� URVH� VLJQLILFDQWO\� IRU� WKH� WKUHH�
GLIIHUHQW�FRKRUWV�VWXGLHG��OLTXLGDWRUV�RI�WKH�&KHUQRE\O�FDWDVWURSKH�ZKR�ZRUNHG�GXULQJ������
������WKH�SRSXODWLRQ�HYDFXDWHG�IURP�WKH�WRZQ�RI�3ULS\DW�DQG�WKH����NP�H[FOXVLRQ�]RQH��DQG�
WKH� SRSXODWLRQ� UHVLGHQW� LQ� WKH� UDGLRDFWLYHO\� FRQWDPLQDWHG� DUHDV� �3U\V\D]KQ\XN� HW� DO�� ������
3U\V\D]KQ\XN� HW� DO�� ����D	E�� 'HGRY� HW� DO�� ������ =XERYVNLM� 	� 7DUDUXKLQD� ������
3U\V\D]KQ\XN�HW�DO��������3U\V\D]KQ\XN���������
�
,QFLGHQFH�UHSRUWV�LQFOXGH���
��

x� ������ FDVHV� GXULQJ� ���������� LQFOXGLQJ� ���� FDVHV� LQ� FKLOGUHQ� DQG� ������ FDVHV� LQ�
DGROHVFHQWV�DQG�DGXOWV��'URE\VKHYVND\D�HW�DO���������

x� ����FDVHV�GXULQJ����������� LQ�FKLOGUHQ�ZKR�ZHUH������\HDUV�ROG�DW� WKH� WLPH�RI� WKH�
&KHUQRE\O�FDWDVWURSKH��816&($5��������



� ��

x� ������ WK\URLG� FDQFHU� RSHUDWLRQV� ZHUH� FRQGXFWHG� EHWZHHQ� ����� DQG� ����� LQ� SHRSOH�
ZKR�ZHUH�DJHG�XQGHU����DW�WKH�WLPH�RI�WKH�FDWDVWURSKH��6FKHJORYD��������

x� ������ WK\URLG� FDQFHU� RSHUDWLRQV� ZHUH� FRQGXFWHG� RQ� FKLOGUHQ� GXULQJ� WKH� SHULRG�
�����������$QRQ��������

x� ������WK\URLG�FDQFHU�RSHUDWLRQV�ZHUH�FRQGXFWHG�DPRQJ�SHUVRQV�ZKR�ZHUH�FKLOGUHQ�DW�
D� WLPH� RI� WKH� DFFLGHQW�� ��� RI�ZKRP� VXEVHTXHQWO\� GLHG� �1DWLRQDO�5HSRUW� RI�8NUDLQH�
�������

�
$QDO\VLV�RI�GDWD� IURP�WKH�8NUDLQLDQ�FDQFHU� UHJLVWU\��)LJXUH��������EHORZ��VKRZV�D�GUDPDWLF�
LQFUHDVH�LQ�WKH�LQFLGHQFH�RI�WK\URLG�FDQFHU�ZKLFK�LV�LQGLVSXWDEO\�GXH�WR�LRQL]LQJ�UDGLDWLRQ��,Q�
WKH�8NUDLQH�DV�D�ZKROH��WKLV�LQFUHDVH�ZDV�GRXEOH�WKH�H[SHFWHG�OHYHO�LQ�PDOHV�DQG�WKUHH�WLPHV�
KLJKHU�LQ�IHPDOHV��)LJXUH��������VKRZV�WKDW�WKH�OHYHO�RI�WKLV�SDWKRORJ\�LQFUHDVHG���IROG�LQ�WKH�
FLW\�RI�.LHY�DQG���IROG�LQ�WKH�.LHY�UHJLRQ��ZKHUH�D�VLJQLILFDQW�SDUW�RI�3ULS\DW�WRZQ�DQG����NP�
]RQH�SRSXODWLRQ�ZHUH�UHORFDWHG��3U\V\D]KQ\XN�HW�DO������E���
�
5HJUHVVLRQ� FRHIILFLHQWV� WKDW� UHIOHFW� WLPH� WUHQGV�DUH��8NUDLQH������������� �SHU�����SHU�\HDU���
.LHY�UHJLRQ���������������.LHY�FLW\��������������=K\WRPLU�UHJLRQ��������������FRQWDPLQDWHG�
WHUULWRULHV��������������7KH�ILUVW�WK\URLG�FDQFHU�FDVHV�LQ�FKLOGUHQ�XS�WR����\HDUV�ROG�OLYLQJ�LQ�
FRQWDPLQDWHG�WHUULWRULHV�ZHUH�UHJLVWHUHG�LQ�������3U\V\D]KQ\XN�HW�DO���������%HIRUH�WKLV�\HDU�
�VLQFH�������WKLV�SDWKRORJ\�ZDV�QRW�UHJLVWHUHG�LQ�WKH�WHUULWRU\�XQGHU�VWXG\��
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�)LJXUH��������$JH�VWDQGDUGL]HG�DYHUDJH�DQQXDO�WK\URLG�FDQFHU�LQFLGHQFH�UDWHV�LQ�8NUDLQH�LQ�
VHSDUDWH�WLPH�SHULRGV��PDOHV�DQG�IHPDOHV��
�
$QRWKHU� VWXG\� ZDV� SHUIRUPHG� LQ� WKH� &KHUQLJRY�� .LHY� DQG� =K\WRPLU� UHJLRQV� GXULQJ� �����
������ZKHUH�UDGLRDFWLYH�LRGLQH�IDOORXWV�ZHUH�UHFRUGHG��5RPDQHQNR�HW�DO��������3U\V\D]KQ\XN�
HW�DO���������,W�VKRZHG��IRU�WKH�ILUVW�WLPH��WKDW�WKH�LQFLGHQFH�RI�WK\URLG�FDQFHU�ZDV�GHSHQGHQW�
RQ� WKH� OHYHO� RI� UDGLRLRGLQH� IDOORXW��7UXQFDWHG� DJH�VWDQGDUGL]HG� LQFLGHQFH� UDWHV� LQ� WHUULWRULHV�
ZLWK�FRQWDPLQDWLRQ������N%T�P��GLG�QRW�H[FHHG���FDVHV�SHU���������LQ�PDOHV�DQG���FDVHV�SHU�
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�������� LQ� IHPDOHV��+RZHYHU�� LQ� WHUULWRULHV�ZLWK�PHGLXP� DQG� KLJK� OHYHOV� RI� FRQWDPLQDWLRQ�
��������� N%T�P�� DQG� !���� N%T�P�� UHVSHFWLYHO\��� D� VLJQLILFDQW� LQFUHDVH� LQ� LQFLGHQFH� RI�
WK\URLG�FDQFHU�ZDV�UHJLVWHUHG��7KLV�H[FHVV�FRQVLVWHG�RI���FDVHV�SHU���������LQ�PDOHV�DQG����
FDVHV�SHU���������LQ�IHPDOHV�LQ������������,W�ZDV�VKRZQ�WKDW�UDGLRLRGLQH�H[SRVXUH�LQGXFHG�
WK\URLG� FDQFHU� WHQGHG� WR� LQFUHDVH� RYHU� WLPH� �5RPDQHQNR� HW� DO�� ������ 3U\V\D]KQ\XN� HW� DO��
�������
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8NUDLQH .LHY�UHJLRQ =K\WRPLU�UHJLRQ
.LHY�FLW\ &RQWDPLQDWHG�WHUULWRULHV

)LJXUH��������7K\URLG�FDQFHU�LQFLGHQFH�UDWH�LQ�8NUDLQH��.LHY��=K\WRPLU�UHJLRQV��.LHY�FLW\�DQG�
WKH� WHUULWRULHV� PRVW� KHDYLO\� FRQWDPLQDWHG� ZLWK� UDGLRQXFOLGHV� LQ� ����������� 5HJUHVVLRQ�
FRHIILFLHQWV��8NUDLQH������������.LHY� UHJLRQ�±������������.LHY�FLW\�±������������=K\WRPLU�
UHJLRQ�±������������FRQWDPLQDWHG�WHUULWRULHV�±������������GDWD�IURP�8NUDLQLDQ�6WDWH�5HJLVWHU�
DQG�WKH�ORFDO�FDQFHU�UHJLVWU\��

�
&RPSDUDWLYH�DQDO\VLV�RI�WKH�LQFLGHQFH�RI�WK\URLG�FDQFHU�LQ�GLIIHUHQW�VXE�JURXSV�RI�WKH�DIIHFWHG�
SRSXODWLRQ��7DEOH���������VXJJHVWV�WKDW�WKH�PRVW�VLJQLILFDQW�LQFUHDVH�RI�WKH�QDWLRQDO�LQFLGHQFH�
OHYHO� LQ� ����������ZHUH� ILUVWO\� LQ� OLTXLGDWRUV�� ZKRVH� UDWHV� ZHUH� ���� WLPHV� KLJKHU� WKDQ� WKH�
QDWLRQDO�DYHUDJH�DQG�VHFRQGO\�LQ�HYDFXHHV��ZKRVH�UDWHV�ZHUH�����WLPHV�KLJKHU��,Q�����������
WKH\�ZHUH�����DQG�����WLPHV�KLJKHU�UHVSHFWLYHO\��
�
*URXS� RI�
REVHUYDWLRQ�
DQG� WLPH�
SHULRG�

1XPEHU� RI�
SHUVRQ�
\HDUV� RI�
REVHUYDWLRQ�

$FWXDO�
QXPEHU� RI�
FDVHV�

([SHFWHG�
QXPEHU� RI�
FDVHV�

6,5�
����

����
FRQILGHQFH�
LQWHUYDO�

5HVLGHQWV�RI�FRQWDPLQDWHG�ZLWK�UDGLRQXFOLGHV�WHUULWRULHV��PDOHV���IHPDOHV��
���������� ���������� ���� ������ ������ ������������
0DOH�OLTXLGDWRUV�ZKR�SDUWLFLSDWHG�GXULQJ�����������
���������� ���������� ���� ����� ������ ������������
(YDFXHHV�IURP�3ULS\DW�DQG����NP�]RQH��PDOHV���IHPDOHV��
���������� �������� ���� ����� ������ ������������
7DEOH� ������� 6WDQGDUGL]HG� LQFLGHQFH� UDWLRV� �6,5V�� IRU� WK\URLG� FDQFHU� �&RGH� ,&'�������� LQ�
GLIIHUHQW� JURXSV�RI�8NUDLQLDQ�SRSXODWLRQ�DIIHFWHG�E\� WKH�&KHUQRE\O� FDWDVWURSKH� �GDWD� IURP�
8NUDLQLDQ�6WDWH�5HJLVWHU�DQG�WKH�ORFDO�FDQFHU�UHJLVWU\������������
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�
$� VWDWLVWLFDOO\� VLJQLILFDQW� H[FHVV� RI� WK\URLG� FDQFHU� ����� WLPHV� QRUPDO��ZDV� UHFRUGHG� IRU� WKH�
WLPH�SHULRG�����������LQ�UHVLGHQWV�RI�WKH�WHUULWRULHV�WKDW�ZHUH�PRVW�KHDYLO\�FRQWDPLQDWHG�ZLWK�
UDGLRQXFOLGHV��3U\V\D]KQ\XN�HW�DO������E���
�
,Q�DOO�JURXSV�XQGHU�VWXG\�VLJQLILFDQW�LQFUHDVH�RI�WK\URLG�FDQFHU�LQFLGHQFH�ZDV�UHFRUGHG��7KLV�
PD\� EH� DVVRFLDWHG�ZLWK� IDOORXWV� RI� UDGLRDFWLYH� LRGLQH�� 7KH� LQFUHDVH�ZDV� IRXQG� QRW� RQO\� LQ�
FKLOGUHQ� EXW� DOVR� LQ� DGROHVFHQWV� DQG� DGXOWV��2FFXUUHQFH�RI� H[WUD� WK\URLG� FDQFHU� FDVHV� DV� DQ�
HIIHFW�RI�H[SRVXUH�WR�UDGLRLRGLQH�WHQGV�WR�LQFUHDVH�LQ�WLPH��
�
7KH�:RUOG�+HDOWK�2UJDQLVDWLRQ��:+2��HVWDEOLVKHG� WKDW�UDGLDWLRQ�LQGXFHG�WK\URLG�FDQFHU� LQ�
WKH� 8NUDLQLDQ� SRSXODWLRQ� LV� QRW� D� VSHFLDO� FOLQLFDO� HQWLW\�� EXW� LW� LV� WKH� UHJLVWHUHG� PHGLFDO�
FRQVHTXHQFH� RI� WKH� QXFOHDU� FDWDVWURSKH� DW� WKH� &KHUQRE\O� 133�� ZKLFK� LV� GHWHUPLQHG� E\�
DJJUHJDWH�RI�FOLQLFDO��HSLGHPLRORJLFDO�DQG�PRUSKRORJLFDO�IDFWRUV��
�
7KH� 6XUJLFDO� &OLQLF� RI� WKH� (QGRFULQRORJ\� DQG� 0HWDEROLVP� ,QVWLWXWH� RI� WKH� $FDGHP\� RI�
0HGLFDO� 6FLHQFHV� RI� 8NUDLQH� KDV� WUHDWHG� RYHU� ������ SDWLHQWV� VXIIHULQJ� IURP� WK\URLG� JODQG�
FDUFLQRPD��RI�ZKRP�����ZHUH�FKLOGUHQ�RU�DGROHVFHQWV��.RPLVVDUHQNR�HW�DO���������
�
0DOLJQDQW�QHRSODVPV�RI� WKH� WK\URLG�JODQG�REVHUYHG� LQ�FKLOG�DQG�DGROHVFHQW�SDWLHQWV�YDU\� LQ�
WKHLU�FKDUDFWHULVWLFV�EXW�DUH�JHQHUDOO\�KLJKO\�DJJUHVVLYH��&OLQLFDOO\�WKLV�LV�H[SUHVVHG�LQ�D�VKRUW�
ODWHQF\� SHULRG�� DEVHQFH� RI� VLJQV� RI� JHQHUDO� VRPDWLF� VWDWXV� FKDQJH� DQG� KLJK� RUJDQLF� DQG�
O\PSKDWLF� LQYDVLYHQHVV�� ������ RI� SDWLHQWV� KDYH� H[WUDWK\URLG� VSUHDG� RI� WXPRXU�� 5HJLRQDO�
PHWDVWDVLV�LQWR�O\PSK�QRGHV�RI�QHFN�ZDV�QRWLFHG�LQ�������RI�SDWLHQWV��7KLV�PHWDVWDVLV�IRUFHG�
VXUJHRQV�WR�FRQGXFW�UHSHDWHG�RSHUDWLRQV�WR�UHPRYH�UHVLGXDO�PHWDVWDVHV�WKDW�DSSHDUHG�VKRUWO\�
DIWHU�WKH�LQLWLDO�RSHUDWLRQ��0RURHYHU��������RI�SDWLHQWV�KDG�GLVWDQW�PHWDVWDVLV�LQWR�OXQJV��6R�
IDU�� �� FKLOGUHQ� WUHDWHG� DW� WKLV� FOLQLF� KDYH� GLHG� RI� WK\URLG� FDQFHU� �5\EDNRY� HW� DO�� ������
.RPLVVDUHQNR�HW�DO���������
�
0RUSKRORJLFDO�VWXG\�RI�WXPRXUV�VKRZHG�WKDW�RYHU�����ZHUH�SDSLOODU\�FDUFLQRPDV��+RZHYHU��
W\SLFDO� SDSLOODU\� FDUFLQRPDV� ZHUH� QRWHG� RQO\� LQ� D� VPDOO� QXPEHU� RI� FKLOG� RU� DGROHVFHQW�
SDWLHQWV��6ROLG�� IROOLFXODU� DQG�PL[HG� VROLG�IROOLFXODU� VWUXFWXUHV�RI�SDSLOODU\�FDUFLQRPDV�ZHUH�
PRUH� FRPPRQ�� 6XFK� FDUFLQRPDV� DUH� FODVVLILHG� DV� D� VLQJOH� VROLG�IROOLFXODU� YDULDQW� ZKLFK� LV�
FKDUDFWHUL]HG�E\�D�ZLGH�VSUHDG�WKURXJK�WKH�JODQG��JURZWK�EH\RQG�WKH�DQDWRPLF�FDSVXOH�RI�WKH�
JODQG��O\PSKDWLF�DQG�EORRG�FLUFXODWRU\�LQYDVLRQ�DQG�IUHTXHQW�LQYDVLRQ�RI�WKH�O\PSK�QRGHV�LQ�
WKH�QHFN��
�
*LYHQ� WKH� DJJUHVVLYH� QDWXUH� RI� WKH� UDGLDWLRQ�LQGXFHG� FDQFHUV�� VXUJLFDO� WDFWLFV� DW� WKH� FOLQLF�
ZHUH�UHYLHZHG�WR�DYRLG�RSHUDWLRQV�DLPHG�DW�SUHVHUYLQJ�WKH�WK\URLG��.RPLVVDUHQNR�HW�DO��������
����� 	� ������� 'LIIHUHQWLDWHG� DQG� DOO� RWKHU� IRUPV� RI� WK\URLG� FDQFHU� DUH� WUHDWHG� WKURXJK�
H[WUDIDFLDO�WK\URLGHFWRP\�ZLWK�D�UHYLHZ�RI�UHJLRQDO�FROOHFWRUV�RI�O\PSK�EDFNIORZ�DQG�IXUWKHU�
WUHDWPHQW� ZLWK� UDGLRDFWLYH� LRGLQH� DQG� VXSSUHVVLYH� WKHUDS\� ZLWK� WK\URLG� KRUPRQHV�� 3UH�
RSHUDWLRQDO�F\WRORJLFDO�DQG�H[SUHVV�KLVWRORJLFDO�GLDJQRVWLFV�DUH�PDQGDWRU\��
�
([HFXWLRQ� RI� SULPDU\� WK\URLGHFWRP\� OHG� WR� D� GHFUHDVH� LQ� WKH� IUHTXHQF\� RI� ORFDOL]HG�
UHFXUUHQFHV�RI�WKH�LOOQHVV�����WLPHV�IURP�������WR�������DV�FRPSDUHG�WR�RSHUDWLRQV�DLPHG�DW�
SUHVHUYLQJ�WKH�RUJDQ��.RPLVVDUHQNR�HW�DO���������
�
,PSURYHPHQWV� LQ� WKH� RSHUDWLRQDO� PHWKRGV� IRU� WK\URLG� FDQFHU� WUHDWPHQW� GHFUHDVHG� VSHFLILF�
SRVW�RSHUDWLRQ� FRPSOLFDWLRQV� WR� ����� �SHUVLVWHQW� ODU\QJHDO� SDUHVLV� ������ SHUVLVWHQW�
K\SRSDUDWK\UHRVLV� ������ DQG� UHGXFHG� WKH� QHHG� IRU� UHSHDWHG� RSHUDWLRQV� LQ� UHODWLRQ� WR�
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UHFXUUHQFHV� DQG� PHWDVWDVHV� WR� ���� ��� 7KH� ORQJ�WHUP� UHVXOWV� RI� WKH� WUHDWPHQW� ZHUH� DOVR�
IDYRUDEOH��$� VXUYH\� RI� ������ SDWLHQWV� IRU� �� \HDUV� DIWHU� WUHDWPHQW� VKRZHG� D� VXUYLYDO� UDWH� RI�
�������.RPLVVDUHQNR�HW�DO�������	��������
�
$OWKRXJK� WKH� QHZ� WUHDWPHQWV� PHWKRGV� RIIHU� LPSURYHG� RXWORRN� IRU� WKRVH� GLDJQRVHG� ZLWK�
WK\URLG� FDQFHU�� LW� LV� QHFHVVDU\� WR� VWUHVV� WKDW� WKHUH� UHPDLQV� D� KLJK� ULVN� RI� GHYHORSPHQW� RI�
SDSLOODU\�WK\URLG�FDUFLQRPDV�DPRQJ�WKRVH�ZKR��LQ�������ZHUH�FKLOGUHQ�RU�DGROHVFHQWV�LQ�WKH�
UHJLRQV�RI�8NUDLQH�KLW�E\� WKH� UDGLDWLRQ� IURP�&KHUQRE\O��7KH\�ZLOO� UHPDLQ�DW� ULVN� IRU�������
\HDUV�� &RQVWDQW� VXUYHLOODQFH� RI� WKLV� JURXS� RI� WKH� SRSXODWLRQ� LV� QHFHVVDU\� WR� LQFUHDVH� HDUO\�
GLDJQRVLV� RI� WKH� LOOQHVV� DQG� SURYLGH� WKH� RSSRUWXQLW\� IRU� FRQGXFWLQJ� WKH� QHFHVVDU\� UDGLFDO�
VXUJLFDO�WUHDWPHQW�DQG�HIIHFWLYHO\�UHKDELOLWDWLQJ�SDWLHQWV��
�
�����/HXNDHPLD�
�
/HXNHPLD� LV� FRQVLGHUHG� WR� EH� RQH� RI� WKH� ILUVW� H[SUHVVLRQV� RI� UDGLDWLRQ� LQGXFHG� LOOQHVV��
$FFRUGLQJ� WR� 6LQFODLU� �������� OHXNDHPLD� KDV� D� ODWHQF\� SHULRG� RI� WZR� \HDUV� DQG� D� SHDN�
LQFLGHQFH�SHULRG�EHWZHHQ�VL[�DQG�HLJKW�\HDUV�DIWHU�H[SRVXUH��$FFRUGLQJ�WR�<DEORNRY���������
GXH�WR�WKH�SRRU�DYDLODEOH�VWDWLVWLFV�VHFUHF\�DQG�IDOVLILFDWLRQ�RI�PHGLFDO�GDWD�RULJLQDWLQJ�IURP�
WKH�FRQWDPLQDWHG� WHUULWRULHV�RI� WKH� IRUPHU�6RYLHW�8QLRQ�PDQ\�RI� WKH�FDVHV�GLDJQRVHG� LQ� WKH�
ILUVW� WKUHH� \HDUV� DIWHU� WKH� LQFLGHQW� PD\� QRW� KDYH� EHHQ� IRUPDOO\� UHFRUGHG�� 1RQHWKHOHVV� WKH�
DYDLODEOH�VWDWLVWLFV�LQGLFDWH�D�VHULRXV�SUREOHP��
�
%HODUXV�
�
$Q� H[FHVV� RI� DFXWH� OHXNDHPLD� ZDV� VHHQ� IRU� ���������� DPRQJ� %HODUXVLDQV� ZRUNLQJ� DV�
OLTXLGDWRUV�EHWZHHQ������������%HJLQQLQJ�LQ�������D�VLJQLILFDQWO\�LQFUHDVHG�LQFLGHQFH�RI�DOO�
IRUPV�RI� OHXNDHPLD�ZDV� LGHQWLILHG� LQ� WKH�DGXOW�SRSXODWLRQ�RI�%HODUXV��7KH�JUHDWHVW� LQFUHDVH�
ZDV� REVHUYHG� GXULQJ� ���������� DV� FRPSDUHG� WR� WKH� SUH�&KHUQRE\O� SHULRG�� 6RPH� GDWD� DUH�
SUHVHQWHG�LQ�7DEOH��������)URP������RQZDUGV��LQFLGHQFH�RI�SUH�OHXNDHPLD�FRQGLWLRQV�WHQGHG�
WR�LQFUHDVH��,YDQRY�HW�DO���������,W�KDV�EHHQ�HVWLPDWHG�WKDW�WKH�SHRSOH�RI�%HODUXV�FRXOG�VXIIHU�
DV�PDQ\�DV�������H[WUD�FDVHV�RI�OHXNDHPLD�EHWZHHQ������DQG�������ZLWK�XS�WR�������RI�WKHVH�
EHLQJ�IDWDO��0DONR��������
�

� ���������� ���������� ����������
$FXWH�OHXNDHPLD� ���������� ���������
� ����������
&KURQLF�OHXNDHPLD�� ���������� ���������
� ���������
�
(ULWUHPLD�� ���������� ���������
� ���������
�
0XOWLSOH�0LHORPD� ���������� ���������
� ���������
�
+RGJNLQ¶�GLVHDVH� ����������� ���������
� ����������
1RQ�+RGJNLQ¶�/\PSKRPD� ���������� ���������
� ���������
�
0LHORGLVSODVWLFV�V\QGURPH�� ���������� ���������
� ���������
�


���3�������
7DEOH� ������� /HXNDHPLD�� O\PSKRPD� DQG� RWKHU� EORRG� GLVHDVHV� �SHU� �������� SRSXODWLRQ��
PRUELGLW\�LQ�WKH�SRSXODWLRQ�RI�%HODUXV������±�������*DSDQRYLFK�HW�DO���������
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5XVVLD�
�
&RPSDULVRQ�RI�PRUELGLW\�EHIRUH�DQG�DIWHU�WKH�FDWDVWURSKH������������DQG������������IRU�WKH�
SRSXODWLRQ�RI�WKH�PRVW�VHYHUHO\�DIIHFWHG�%U\DQVN�UHJLRQ�KDV�VKRZQ�D�FRQVLGHUDEOH�LQFUHDVH�LQ�
FDVHV�RI�DOO� OHXNDHPLDV�DQG�LQ�FDVHV�RI�QRQ�+RGJNLQ
V� O\PSKRPD��816&($5��������7KHUH�
ZDV�D�QRWLFHDEOH�LQFUHDVH�LQ�DFXWH�O\PSKDWLF�OHXNDHPLD�FDVHV�LQ�WKH�VL[�PRVW�FRQWDPLQDWHG�DUHDV�
RI�%U\DQVN�UHJLRQ�EHWZHHQ������DQG�������,YDQRY�	�7V\E��������&KLOGKRRG�OHXNDHPLD�LQ�WKH�
7XOD� UHJLRQ� LQ� WKH� SRVW�&KHUQRE\O� SHULRG� VLJQLILFDQWO\� H[FHHGHG� WKH� DYHUDJH�5XVVLDQ� UDWLR��
ZLWK�DFXWH�EORRG�FDQFHUV� LQ�FKLOGUHQ�DJHG�������EHLQJ�HVSHFLDOO\�SUHYDOHQW��0RUELGLW\�ZLWK�
DFXWH� O\PSKDWLF� OHXNDHPLD�ZDV� KLJKHU� LQ� WKH� FRQWDPLQDWHG� DUHDV� �8VKDNRY�HW� DO�� ������� ,Q�
/LSHWVN��FDVHV�RI�OHXNDHPLD�LQFUHDVHG�E\�D�IDFWRU�RI�����IURP������WR�������.UDSLYLQ�������
,YDQRY�	�7V\E�������,YDQRY�HW�DO���������
�
8NUDLQH�
�
)RU�OHXNDHPLD�DQG�O\PSKRPD�LQ�WKH�SRSXODWLRQ�IURP�WKH�FRQWDPLQDWHG�GLVWULFWV�RI�.LHY�DQG�
=K\WRPLU�WKHUH�ZHUH�SURQRXQFHG�DQQXDO�LQFLGHQFH�IOXFWXDWLRQV��7KHVH�DQQXDO�ILJXUHV�VKRZHG�
DQ�LQFUHDVH�IRU�WKH�SHULRGV�����������DQG������������)LJXUH����������
�

�)LJXUH� ������� ,QFLGHQFH� UDWHV� �PDOH� DQG� IHPDOH�� IRU� OHXNDHPLD� DQG� O\PSKRPD� LQ� 8NUDLQH�
�3U\V\D]KQ\XN�HW�DO��������
�
$IWHU� ����� D� FRQVLGHUDEOH� LQFUHDVH� LQ� WKH� RFFXUUHQFH� RI� OHXNDHPLD� DQG� O\PSKRPD� ZDV�
REVHUYHG�LQ�8NUDLQLDQ�OLTXLGDWRUV�ZKR�ZRUNHG�EHWZHHQ������DQG�������7DEOH��������EHORZ���
7KHUH�ZDV�DOVR�DQ�LQFUHDVH�LQ�EORRG�FDQFHUV�DPRQJ�HYDFXHHV�GXULQJ������������L�H��EHWZHHQ�
�� DQG� �� \HDUV� DIWHU� WKH� FDWDVWURSKH�� ,Q� DGGLWLRQ�� OHXNDHPLD� LQ� FKLOGUHQ� LQ� WKH� FRQWDPLQDWHG�
DUHDV� RI� .LHY� DQG� =K\WRPLU� UHJLRQV� ZDV� VLJQLILFDQWO\� HOHYDWHG� EHWZHHQ� ����� DQG� �����
�3U\V\D]KQ\XN�HW�DO���������
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�
<HDUV� 1XPEHU�RI�

SHUVRQ��
\HDUV�RI�

REVHUYDWLRQ�

2EVHUYHG�
QXPEHUV�RI�

FDVHV�
([SHFWHG�

QXPEHUV�RI�FDVHV�
6,5�

/HXNDHPLD�DQG�O\PSKRPD��OLTXLGDWRUV��PDOHV��
���������� �������� ���� ����� ������
���������� �������� ��� ����� ������
���������� �������� ���� ����� ������
/HXNDHPLD�DQG�O\PSKRPD��HYDFXHHV�IURP����NP�]RQH��PDOHV�DQG�IHPDOHV��
���������� �������� ��� ����� ������
���������� �������� ��� ����� ������
���������� �������� ��� ����� ������
/HXNDHPLD��FKLOGUHQ��FRQWDPLQDWHG�DUHDV�RI�.LHY�DQG�=K\WRPLU�GLVWULFWV�
���������� �������� ��� ������ �������
���������� �������� ��� ����� �������
���������� �������� �� ����� �������
���������� ������� �� ����� �����

�7DEOH��������6WDQGDUGL]HG� LQFLGHQFH�UDWLRV� IRU� OHXNDHPLD� LQ�VRPH�8NUDLQLDQ�SRSXODWLRQV�
�3U\V\D]KQ\XN�HW�DO��������
�
$� VWXG\� RI� ��� UHJLRQV� RI� WKH� 8NUDLQH�� LQFOXGLQJ� �� UHJLRQV� VHULRXVO\� FRQWDPLQDWHG� E\�
&KHUQRE\O� VKRZHG� DQ� LQFUHDVH� LQ� WKH� LQFLGHQFH� UDWH� RI� DFXWH� FKLOGKRRG� OHXNDHPLD� LQ�PRVW�
UHJLRQV�H[FHSW�.LHY�FLW\��7KH�LQFLGHQFH�UDWH�RI�DFXWH�OHXNDHPLD�LQ�������\HDU�ROGV�LQFUHDVHG��
PDLQO\�LQ�WKH�FRQWDPLQDWHG�UHJLRQV��0RUR]�������0RUR]������	�'UR]GRYD�������0RUR]�HW�
DO���������
�
$� VWXG\� RI� FKLOGUHQ� H[SRVHG� WR� UDGLDWLRQ� LQ� XWHUR� GXH� WR� WKH� &KHUQRE\O� FDWDVWURSKH� LQ�
=K\WRPLU� UHJLRQ� DQG� RI� WKH� FKLOGUHQ� IURP� WKH� H[SRVHG� DQG� WKH� QRQ�H[SRVHG� SRSXODWLRQ� LQ�
3ROWDYD� UHJLRQ� KDYH� UHYHDOHG� D� VLJQLILFDQW� LQFUHDVH� LQ� LQFLGHQFH� IRU� DOO� W\SHV� RI� OHXNDHPLD�
DPRQJ� H[SRVHG� FKLOGUHQ�� 7KH� UDWH� RI� DFXWH� O\PSKREODVWLF� OHXNDHPLD� ZDV� PRUH� WKDQ� WKUHH�
WLPHV�JUHDWHU�LQ�WKH�H[SRVHG�UHJLRQ��1RVKFKHQNR�HW�DO���������
�
$QDO\VLV� RI� DJJUHJDWHG� WLPH� SHULRGV� IRU� OHXNDHPLD� DQG� O\PSKRPD� LQFLGHQFH� UDWHV� VKRZHG�
KLJKHU�OHYHOV�LQ���������������������������������LQ�FRPSDULVRQ�ZLWK�SUH�FDWDVWURSKH�SHULRG�
������������ DV� VKRZQ� DW� 7DEOH� ������� :KHQ� LQGLYLGXDO� VXEW\SHV� RI� WKHVH� GLVHDVHV� ZHUH�
HYDOXDWHG� FRPSDUDEOH� LQFUHDVH� ZDV� VHHQ� IRU� O\PSKRLG� OHXNDHPLD� LQ� ���������� DQG� �QRQ�
VLJQLILFDQWO\��IRU�����������������������)RU�P\HORLG�OHXNDHPLD�WKHUH�ZDV�DQ�LQFUHDVH������
����� DQG� ����������� 6FUHHQLQJ� HIIHFW� FRXOG� EH� VXSSRVHG� IRU� WKH� LQLWLDO� LQFUHDVHV� DIWHU�
FDWDVWURSKH� SHULRG��7KH� RYHUDOO� UHJUHVVLRQ� FRHIILFLHQWV� IRU� WKLV� HQWLUH� SHULRG�GR�QRW� VXJJHVW�
DQ\�VLJQLILFDQW�GLIIHUHQFH�DPRQJ�WKH�GLIIHUHQW�WHUULWRULHV��
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�
0HDQ�DQQXDO�DJH�DGMXVWHG�LQFLGHQFH�UDWH���������
����±����� ����±����� ����±����� ����±�����

/HXNDHPLD�DQG�O\PSKRPD� �������������������������� ������������� �������������
/\PSKR��DQG�UHWLFXORVDUFRPD� ������������ ������������ ������������ ������������
+RGJNLQ¶V�GLVHDVH� ������������ ������������ ������������ ������������
0XOWLSOH�P\HORPD� ������������ ������������ ������������ ������������
/\PSKRLG�OHXNDHPLD� ������������ ������������ ������������ ������������
0\HORLG�OHXNDHPLD� ������������ ������������ ������������ ������������
2WKHU�OHXNDHPLDV� ������������ ������������ ������������ ������������

7DEOH� ������� /HXNDHPLD� DQG� O\PSKRPD� LQFLGHQFH� UDWHV� LQ� WKH� SRSXODWLRQ� RI� �� PRVW�
FRQWDPLQDWHG�GLVWULFWV�LQ�=K\WRPLU�DQG�.LHY�UHJLRQV��8NUDLQH��3U\V\D]KQ\XN�HW�DO��������
�
�����2WKHU�FDQFHUV�
�
%HODUXV�
�
%HWZHHQ������DQG�������WKH�QXPEHU�RI�UHIHUUDOV�WR�WKH�(\H�0LFURVXUJLFDO�&HQWHU�LQ�0LQVN�IRU�
UHWLQREODVWRPD� �FDQFHU� RI� WKH� UHWLQD�� GRXEOHG� �%LULFK� HW� DO�� ������� $PRQJ� ������� PHQ�
HYDFXDWHG�IURP�WKH����NP�]RQH��WKH�OHYHO�RI�OXQJ�FDQFHU�PRUELGLW\�ZDV���WLPHV�KLJKHU�WKDQ�
WKH� DYHUDJH� WKURXJKRXW� WKH� FRXQWU\� �0DUSOHV� ������� ,Q� WKH� *RPHO� UHJLRQ�� D� QRWLFHDEOH�
LQFUHDVH�LQ�PRUELGLW\�IURP�LQWHVWLQDO��UHFWDO��EUHDVW��XULQDU\�EODGGHU��NLGQH\�DQG�OXQJ�FDQFHU�
ZDV� REVHUYHG�� 7KH� LQFLGHQFH� RI� WKHVH� FDQFHUV� ZDV� FRUUHODWHG� ZLWK� WKH� OHYHO� RI� ODQG�
FRQWDPLQDWLRQ�FDXVHG�E\�WKH�&KHUQRE\O�FDWDVWURSKH��2NHDQRY�HW�DO��������*RQFKDURYD��������
'XULQJ� ����������� DSSUR[LPDWHO\� ������� FDVHV� RI� UDGLDWLRQ�LQGXFHG� PDOLJQDQW� QHRSODVPV�
�LQFOXGLQJ� OHXNDHPLD�� ZHUH� UHJLVWHUHG� LQ� WKH� FRXQWU\�� RI� ZKLFK� VNLQ� FDQFHU� DFFRXQWHG� IRU�
������RI�FDVHV��OXQJ�FDQFHU�������DQG�VWRPDFK�FDQFHU�������$SSUR[LPDWHO\��������SHRSOH�
GLHG��������EHFDXVH�RI�OXQJ�FDQFHU�DQG�������IURP�VWRPDFK�FDQFHU��
�
5XVVLD�
�
5HVHDUFK� LQWR� WKH�PRUELGLW\�DQG�PRUWDOLW\�RI�5XVVLDQ� OLTXLGDWRUV��VKRZHG�WKDW� WKH�WKLUG�PRVW�
FRPPRQ� GLVHDVH� FDWHJRU\� ZDV� PDOLJQDQW� QHRSODVPV� �������� +RZHYHU�� WKLV� ZDV� WKH� VHFRQG�
FRPPRQ�FDXVH�RI�GHDWK����������7KH�PRVW�ZLGHVSUHDG�FDQFHUV�ZHUH�PDOLJQDQW�QHRSODVPV�RI�WKH�
NLGQH\�DQG�XULQDU\�EODGGHU��WRJHWKHU�DFFRXQWLQJ�IRU�������RI�DOO�FDQFHUV��7KLV�ZDV�WZLFH�DV�KLJK�DV�
WKH�5XVVLDQ�DYHUDJH�RI�������.KULVDQIRY�	�0HVNLNK��������
�
7KH� QH[W� PRVW� IUHTXHQWO\� UHSRUWHG� ZHUH� PDOLJQDQW� WXPRXUV� LQ� WKUHH� ORFDWLRQV�� UHVSLUDWRU\� RUJDQV��
VWRPDFK�DQG�KHPREODVWRVLV�������&RPSDUHG�WR�WKH�5XVVLDQ�DYHUDJH��OLTXLGDWRUV�ZHUH�GLDJQRVHG�ZLWK�
PDOLJQDQW�WXPRXUV�LQ�WKH�WK\URLG�JODQG�DOPRVW���WLPHV�PRUH�IUHTXHQWO\��WXPRXUV�LQ�KDHPDWRJHQLF�DQG�
O\PSKDWLF�WLVVXHV�ZHUH�PRUH�WKDQ�WZLFH�DV�KLJK��.KULVDQIRY�	�0HVNLNK��������
�
/XQJ�FDQFHU�ZDV�IRXQG�����WLPHV�OHVV�IUHTXHQWO\�WKDQ�LQ�WKH�UHVW�RI�5XVVLD�DQG�VWRPDFK�WXPRXUV�DQG�
WXPRXUV�RI�WKH�ODUJH�LQWHVWLQH�ZHUH�DOVR�OHVV�IUHTXHQW��.KULVDQIRY�	�0HVNLNK��������
�
7KH�DQDO\VLV�RI� WKH�GLVWULEXWLRQ�RI�FDQFHU�GLVHDVHV�DPRQJ� OLTXLGDWRUV�ZKR�GLHG�VKRZHG� WKDW�
WKH�ODUJHVW�SURSRUWLRQ�KDG�OXQJ�FDQFHU��IROORZHG�E\�VWRPDFK�FDQFHU��7KLV�LV�LQ�OLQH�ZLWK�GDWD�
IURP�WKH�UHVW�RI�5XVVLD��,Q�WKLUG�SODFH�ZDV�KHPREODVWRVLV��H[FHHGLQJ�WKH�JHQHUDO�5XVVLDQ�OHYHO�
E\�PRUH� WKDQ�D� IDFWRU�RI� WZR��$PRQJ� WXPRXUV� LQ�RWKHU�SDUWV�RI� WKH�ERG\��PRVW�ZLGHVSUHDG�
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ZHUH� EUDLQ� WXPRXUV�� WXPRXUV� LQ� WKH� WK\URLG� JODQG�� NLGQH\V�� XULQDU\� EODGGHU� DQG� ODU\Q[�
�.KULVDQIRY�	�0HVNLNK��������
�
$Q� LQFUHDVH� LQ� FDQFHU�RI� WKH� UHVSLUDWRU\�SDVVDJHV� LQ�ZRPHQ�KDV�EHHQ�REVHUYHG� LQ� WKH�PRVW�
FRQWDPLQDWHG�DUHDV�RI�WKH�.DOXJD�UHJLRQ��,YDQRY�HW�DO���������6WDUWLQJ�IURP�������PRUELGLW\�
IURP�FDQFHU�RI� WKH� VWRPDFK�� OXQJV��EUHDVW�� UHFWXP��FRORQ�� WK\URLG�JODQG��EORRG�IRUPLQJ�DQG�
O\PSKDWLF�WLVVXHV�LQ�WKH�VRXWK�ZHVWHUQ�DUHDV�RI�WKH�UHJLRQ��FRQWDPLQDWHG�DERYH���&L�NP���ZDV�
KLJKHU� WKDQ� DYHUDJH� WKURXJKRXW� WKH� UHJLRQ� �.XNLVKHY�HW� DO�� ������� ,Q� ����� FKLOG�PRUELGLW\�
ZLWK�PDOLJQDQW�QHRSODVPV�LQ�DUHDV�DIIHFWHG�E\�IDOORXW�IURP�&KHUQRE\O��%U\DQVN��2UHO��7XOD��
/LSHWVN� DQG� 6PROHQVN� UHJLRQV�� QRWLFHDEO\� H[FHHGHG� WKH� DYHUDJH� YDOXH� WKURXJKRXW� 5XVVLD�
�8VKDNRY�HW�DO���������7KHUH�DUH�LQGLFDWRUV�WKDW�LQ������������LQFLGHQFH�RI�VRPH�FDQFHUV�LQ�
WKH�LQIDQW�SRSXODWLRQ�RI�WKH�7XOD�UHJLRQ�LQFUHDVHG�DV�FRPSDUHG�WR������������7DEOH����������
�

&DQFHU� 0RUELGLW\�
LQGH[� ����FRQILGHQFH�LQWHUYDO�

2UDO�FDYLW\��
SKDU\Q[�

����
�
����

�

�����±������
����������±������

7K\URLG�JODQG� ����
�
����

�

���� ±������
���� �����±������

$GUHQDO�JODQG� ����
�
����

�

�����±������
����������±������

$OO�FDQFHUV� ����
�
����

�

�����±������
�����±������

7DEOH��������,QFLGHQFH�RI�FDQFHU�LQ�FKLOGUHQ�RI�7XOD�UHJLRQ�GXULQJ�SHULRGV�����������DQG�
�����������8VKDNRY�HW�DO���������
�����������

����������
�
'XULQJ������������FKLOGUHQ�LQ�7XOD�UHJLRQ�VWDUWHG�EHFRPLQJ�LOO�VLJQLILFDQWO\�PRUH�RIWHQ�ZLWK�
WXPRXUV� RI� WKH� ERQHV�� VRIW� WLVVXHV� DQG� FHQWUDO� QHUYRXV� V\VWHP� �8VKDNRY� HW� DO�� ������� ,Q�
FRQWDPLQDWHG� DUHDV�RI� WKH� UHJLRQ� �RYHU���&L�NP��� LQ�����������D�����IROG� LQFUHDVH� LQ�FKLOG�
PRUELGLW\�FDXVHG�E\�DOO�FDQFHUV�RFFXUUHG��ZLWK�DFXWH�OHXNDHPLD�KDYLQJ�ULVHQ�����WLPHV��7KHUH�
DUH� LQGLFDWRUV� WKDW� FKLOG�PRUELGLW\�ZLWK�PDOLJQDQW� QHRSODVPV� LQ� UHSRUWHGO\� XQFRQWDPLQDWHG�
DUHDV� RI� WKH� 7XOD� UHJLRQ� LQ� ���������� ZDV� VXEVWDQWLDOO\� ORZHU� WKDQ� LQ� WKH� UDGLDWLRQ�
FRQWDPLQDWHG�DUHDV��
�
8NUDLQH�
�
,Q� WKH� PRVW� UDGLRDFWLYHO\� FRQWDPLQDWHG� WHUULWRULHV�� WKH� LQFLGHQFH� UDWH� RI� EUHDVW� FDQFHU� ZDV�
DOPRVW�VWDEOH�GXULQJ�����������DQG�ORZHU�WKDQ�LQ�WKH�ODUJHU�FRPSDULVRQ�DUHDV��8NUDLQH��.LHY�
DQG�=K\WRPLU�UHJLRQV���7KHQ��IURP������������WKH�LQFLGHQFH�UDWH�LQFUHDVHG�LQ�FRQWDPLQDWHG�
WHUULWRULHV��3U\V\D]KQ\XN�HW�DO���������0RUELGLW\�GXH�WR�EUHDVW�FDQFHU�LQ�ZRPHQ�OLYLQJ�LQ�WKH�
FRQWDPLQDWHG� WHUULWRULHV�DQG�DPRQJ� WKRVH�HYDFXDWHG� LQFUHDVHG����� WLPHV� IURP������ WR������
�0RVNDOHQNR�������3U\V\D]KQ\XN�HW�DO���������2I�WKH�DIIHFWHG�SRSXODWLRQ�VXEJURXSV�VWXGLHG��
EUHDVW� FDQFHUV� H[FHHGHG� WKH� QDWLRQDO� OHYHO� LQ� OLTXLGDWRUV�� 'XULQJ� ���������� WKH� 6,5� ZDV�
������������FRQILGHQFH�LQWHUYDO��������������$Q�DQDO\VLV�RI�WKH�6,5�IRU�WZR�RWKHU�JURXSV�
�HYDFXHHV�DQG�UHVLGHQWV�RI�FRQWDPLQDWHG�WHUULWRULHV��JDYH�FRQWURYHUVLDO�UHVXOWV��$FFRUGLQJ�WR�
WKH� ORFDO� VWDQGDUG�� 6,5� VKRZV� VWDWLVWLFDOO\� VLJQLILFDQW� H[FHVV� LQ� WKH� DFWXDO� QXPEHU� RI� FDVHV�
FRPSDUHG� WR� WKH� H[SHFWHG� QXPEHU�� DOWKRXJK� LI� WKH� QDWLRQDO� VWDQGDUG� LV� XVHG�� QR� H[FHVV� LV�
YLVLEOH��
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�
$W� WKH� VDPH� WLPH�� WKH� LQFUHDVH� LQ� IHPDOH�EUHDVW�FDQFHU� LQFLGHQFH� UDWH� LQ�DOO� WKUHH�JURXSV�RI�
YLFWLPV�GXULQJ�WKH�SHULRG�RI�REVHUYDWLRQ�LV�REYLRXV��)XUWKHU�PRQLWRULQJ�RI�PDOLJQDQW�WXPRXU�
FDVHV�ZLOO�HYDOXDWH�ZKHWKHU�WKH�³VFUHHQLQJ�HIIHFW´�KDV�DQ\�LQIOXHQFH�DQG�LPSURYH�WKH�TXDOLW\�
RI�FDQFHU�VWDWLVWLFV�LQ�8NUDLQH��
�
$� VLJQLILFDQW� LQFUHDVH� LQ� XULQDU\� EODGGHU� FDQFHU� KDV� EHHQ� GHWHFWHG� LQ� WKH� FRQWDPLQDWHG�
WHUULWRULHV�RI�8NUDLQH��5RPDQHQNR�HW�DO��������� ,Q� WKH�SHULRG������������DQ� LQFUHDVH� LQ� WKH�
QXPEHU� RI� FKLOGUHQ� VXIIHULQJ� QHUYRXV� V\VWHP� WXPRXUV� ZDV� REVHUYHG� �2UORY� ������� 0DOH�
PRUWDOLW\� EHFDXVH� RI� SURVWDWH� FDQFHU� LQFUHDVHG� �������� WLPHV� LQ� WKH� FRQWDPLQDWHG� WHUULWRULHV�
FRPSDUHG�ZLWK�����WLPHV�WKURXJKRXW�WKH�HQWLUH�8NUDLQH��2PHO\DQHWV�HW�DO���������
�
&DQFHU�FRQFOXVLRQV�
�
5DWHV�RI�YDULRXV�W\SHV�RI�FDQFHU�LQFUHDVHG�VLJQLILFDQWO\�LQ�5XVVLD��%HODUXV�DQG�8NUDLQH�DIWHU�
WKH�&KHUQRE\O�FDWDVWURSKH��,PSDFWV�ZHUH�PDLQO\�VHHQ�LQ�OLTXLGDWRUV��FKLOGUHQ�DQG�SRSXODWLRQV�
RI�WKH�FRQWDPLQDWHG�]RQHV��
�
6LJQLILFDQW� LQFUHDVHV� LQ� VROLG� FDQFHUV� DW� DOO� VLWHV� KDYH� EHHQ� UHFRUGHG� LQ� OLTXLGDWRUV� IURP�
%HODUXV�DQG�8NUDLQH�DQG�LQ�LQKDELWDQWV�RI�FRQWDPLQDWHG�UHJLRQV�RI�5XVVLD��
�
/HXNDHPLD�ZDV�VLJQLILFDQWO\�KLJKHU�LQ�OLTXLGDWRUV�LQ�5XVVLD�DQG�8NUDLQH��LQ�DGXOWV�LQ�%HODUXV�
DQG�LQ�FKLOGUHQ�LQ�WKH�FRQWDPLQDWHG�DUHDV�RI�5XVVLD�DQG�8NUDLQH��
�
7K\URLG� FDQFHU� LQFUHDVHG� GUDPDWLFDOO\� LQ� DOO� WKUHH� FRXQWULHV�� DV� H[SHFWHG� EHFDXVH� RI� WKH�
UHOHDVH�RI�ODUJH�TXDQWLWLHV�RI�UDGLRDFWLYH�LRGLQH�IURP�WKH�&KHUQRE\O�FDWDVWURSKH��&KLOGUHQ�ZKR�
ZHUH�����\HDUV�ROG�DW� WKH� WLPH�RI�H[SRVXUH�ZHUH�SDUWLFXODUO\�YXOQHUDEOH� WR� WKLV�FDQFHU��2QH�
FRPPRQO\� XVHG� HVWLPDWH� RI� FROOHFWLYH� WK\URLG� GRVH� IRU� WKH� HQWLUH� SRSXODWLRQV� RI� WKUHH�
FRXQWULHV�LV�DV�IROORZV�������[�����SHUVRQ�*\�IRU�%HODUXV������[�����SHUVRQ�*\�IRU�8NUDLQH�DQG�
��±���[�����SHUVRQ�*\�IRU�5XVVLD��8VLQJ�WKH�WRWDO�FROOHFWLYH�WK\URLG�GRVH�RI�����[�����SHUVRQ�
*\�IRU�WKUHH�FRXQWULHV�DQG�WKH�UDGLDWLRQ�ULVN�IDFWRU�IRU�WK\URLG�FDQFHU�RI���[������*\����,&53�
�������DERXW��������WK\URLG�FDQFHU�FDVHV�DUH�H[SHFWHG�LQ�WKHVH�FRXQWULHV�DV�WKH�FRQVHTXHQFHV�
E\�WKH�&KHUQRE\O�FDWDVWURSKH�������RI� WKHP��L�H��������FDVHV��ZLOO�EH�IDWDO��,PDQDND��������
7KLV�PRUWDOLW\�HVWLPDWH��RI�FRXUVH��H[FOXGHV�GHDWKV�LQ�RWKHU�FRXQWULHV��7KH�ODWHQF\�SHULRG�IRU�
UDGLDWLRQ�LQGXFHG�FDQFHU�RI�WKH�WK\URLG�JODQG�LV�QRW�\HW�HVWDEOLVKHG�EXW�PD\�EH�XS�WR����\HDUV�
�.RPLVVDUHQNR� HW� DO�� ������� &RQVHTXHQWO\�� QHZ� FDVHV� DUH� H[SHFWHG� WR� DSSHDU� IRU� WKH� QH[W�
WKLUW\� \HDUV�� 5DGLFDO� VXUJLFDO� WHFKQLTXHV� FDQ� LPSURYH� WKH� SURJQRVLV� IRU� WK\URLG� FDQFHU�
VXIIHUHUV��/RQJ�WHUP�PRQLWRULQJ�RI�DW�ULVN�SRSXODWLRQV�ZLOO�EH�QHFHVVDU\�WR�DOORZ�WLPHO\�DQG�
HIIHFWLYH�PHGLFDO�LQWHUYHQWLRQ��,W�KDV�EHHQ�VXJJHVWHG��&DUGLV�HW�DO��������WKDW�WKH�WRWDO�QXPEHU�
RI�WK\URLG�FDQFHUV�DPRQJ�WKRVH�\RXQJHU�WKDQ���\HDUV�RI�DJH�DW�WKH�WLPH�RI�WKH�DFFLGHQW�FRXOG�
UHDFK�EHWZHHQ��������±��������FDVHV�LQ�%HODUXV�DORQH��
�
�,Q�DGGLWLRQ� WR� WKH�FULWLFDO�JURXSV�PHQWLRQHG�DERYH��RWKHU�SRSXODWLRQV��VXFK�DV� WKH�HYDFXHHV�
DQG�WKRVH�OLYLQJ�LQ�WKH�YDVW�WUDFWV�RI�ODQG�FRQWDPLQDWHG�DW�ORZHU�OHYHOV�PD\�KDYH�EHHQ�DIIHFWHG�
DV� ZHOO�� EXW� KDYH� QRW� EHHQ� VR� RIWHQ� UHVHDUFKHG�� +HQFH� UHOHYDQW� GDWD� PD\� QRW� DOZD\V� EH�
DYDLODEOH�� +RZHYHU�� PRUELGLW\� DQG� PRUWDOLW\� UDWH� HVWLPDWHV� EDVHG� RQ� FROOHFWLYH� GRVH� JLYH�
KLJKHU� ILJXUHV� WKDQ� WKRVH� DFWXDOO\� UHFRUGHG�� LQGLFDWLQJ� WKDW�PDQ\� UDGLDWLRQ�LQGXFHG� FDQFHUV�
PD\�QRW�KDYH�EHHQ�DFWXDOO\�UHFRUGHG�DV�VXFK��
�
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'DWD�SURYLGHG�E\�0DONR��������HVWLPDWHV�D�ILJXUH�RI��������IDWDO�FDQFHUV�ZRUOGZLGH��RXW�RI�D�
PD[LPXP� HVWLPDWH� RI� �������� H[FHVV� FDQFHUV� ZRUOGZLGH� DV� D� UHVXOW� RI� WKH� &KHUQRE\O�
FDWDVWURSKH��VHH�7DEOH����������
�

7\SH�RI�FDQFHU� *OREDO�FDVHV� ��PRUWDOLW\� *OREDO�GHDWKV�
7K\URLG�FDQFHU� �������� ���� �������
2WKHU�VROLG�FDQFHUV� �������� ���� �������
/HXNDHPLDV� ������� ���� ������
7RWDO� �������� � �������

7DEOH��������(VWLPDWHG�JOREDO�PRUWDOLW\�IURP�FDQFHU�DV�D�UHVXOW�RI�WKH�&KHUQRE\O�FDWDVWURSKH��
�
*RIIPDQ� ������� PDGH� DQG� HYHQ� PRUH� DODUPLQJ� SUHGLFWLRQ� RI� �������� IDWDO� VROLG� FDQFHUV��
������� OHXNHPLD�DQG���������QRQ�IDWDO� VROLG�FDQFHUV� IRU�DJJUHJDWHG� IRU�DOO� WKH�FRXQWULHV�RI�
WKH�1RUWKHUQ�KHPLVSKHUH�DIIHFWHG�E\�UDGLDWLRQ�IURP�WKH�&KHUQRE\O�DFFLGHQW��
�
([DPSOHV�RI�RFFXUUHQFH�RI�VRPH�VROLG�FDQFHUV�FDVHV�DV�D�UHVXOW�RI�WKH�&KHUQRE\O�DFFLGHQW�DUH�
SUHVHQWHG�LQ�7DEOH��������DFFRUGLQJ�WR�<DEORNRY���������
�

/RFDWLRQ� 5HJLRQ��IHDWXUHV� $XWKRULW\�
5HWLQREODVWRPD� ,QFUHDVHG�E\�D� IDFWRU�RI� WZR�EHWZHHQ������DQG�

����� LQ� WKH� H\H�PLFURVXUJLFDO� FHQWUH� LQ�0LQVN��
%HODUXV�

%LULFK�HW�DO��������

/XQJ�� ��� WLPHV� LQFUHDVH� REVHUYHG� DPRQJ� D� �������
HYDFXHHV��DV�FRPSDUHG�WR�WKH�%HODUXV�DYHUDJH��

0DUSOHV�������
,QWHVWLQHV��
&RORQ��
.LGQH\V��
/XQJV��
0DPPDU\�
JODQGV��%ODGGHU�

,QFUHDVHV�LQ�WKH�*RPHO�DUHD��%HODUXV���FRUUHODWHG�
ZLWK� D� OHYHO� RI� WKH� &KHUQRE\O� UDGLRDFWLYH�
SROOXWLRQ�

2NHDQRY��
<DNLPRYLFK�������

5HVSLUDWRU\�
RUJDQV�

,QFUHDVH� LQ� WKH�.DOXJD�DUHD� �5XVVLD���FRUUHODWHG�
ZLWK�WKH�&KHUQRE\O�UDGLRDFWLYH�SROOXWLRQ�

,YDQRY�HW�DO��������
,QFUHDVH� LQ� PHQ� IURP� WKH� &KHUQRE\O� SROOXWHG�
WHUULWRULHV�LQ�8NUDLQH��

5RPDQHQNR� HW� DO���
�����

%ODGGHU��
,QFUHDVH�DW�WKH�OLTXLGDWRUV�LQ�%HODUXV� 2NHDQRY�HW�DO��������

1HUYRXV�
V\VWHP��

,QFUHDVH�RI��������IURP������WR������� 2UORY�HW�DO��������
$OO�FDQFHUV� ,QFUHDVH��IURP��������DW������WR��������LQ������

DPRQJ� DGXOWV� RI� WKH� SROOXWHG� WHUULWRULHV� RI�
=K\WRPLU�DUHD��8NUDLQH��

1DJRUQD\D�������

3DQFUHDV� 8S�WR����IROG�LQFUHDVH�LQ�WKH�PRVW�SROOXWHG�DUHDV�
RI� 8NUDLQH�� %HODUXV� DQG� 5XVVLD� IURP� ����� WR�
�����

816&($5�������

%UHDVW� ,QFUHDVH�E\�D�IDFWRU�RI�����LQ�SROOXWHG�8NUDLQLDQ�
WHUULWRULHV�IRU�WKH�SHULRG��������������

0RVFDOHQNR�������
$OO� FDQFHUV� LQ�
FKLOGUHQ�

1RWLFHDEO\�HOHYDWHG�������±������SHU����������LQ�
WKH� IRXU� PRVW� SROOXWHG� 5XVVLDQ� DUHDV� WKDQ� WKH�
DYHUDJH� IRU� 5XVVLD� ������� LQ� WKH� ��� \HDUV� DIWHU�
WKH�FDWDVWURSKH�

8VKDNRYD�� HW� DO���
�����



� ��

,QFUHDVH� DFURVV� %HODUXV� IRU� WKH� HYDFXDWHG�
FKLOGUHQ�DQG�WKRVH�OLYLQJ�LQ�WKH�SROOXWHG�UHJLRQV�

%HORRND\D� HW� DO���
�����

([FHHGHG� E\� D� IDFWRU� RI� ��� WLPHV� LQ� ����� LQ�
*RPHO� DUHD� �KHDY\� SROOXWHG��� FRPSDUHG� WR� WKH�
OHVV�SROOXWHG�9LWHEVN�DUHD��%HODUXV�

%RJGDQRYLFK�������
�

&DVHV� UHFRUGHG� LQ� ���������� H[FHHG� WKRVH�
UHFRUGHG� IRU� ����±����� LQ�/LSHWVN� FLW\��5XVVLD�
E\�D�IDFWRU�RI�XS�WR����WLPHV�

.UDS\YLQ�������

7DEOH��������([DPSOHV�RI�RFFXUUHQFH�RI�VRPH�VROLG�FDQFHUV�FDVHV�DV�D�UHVXOW�RI�WKH�&KHUQRE\O¶�
DFFLGHQW�
�
�
5HIHUHQFHV�
�
$QRQ���������&KHUQRE\O��FDQFHU�DQG�FUHHSLQJ�SDUDQRLD��(FRQRPLVW��0DUFK���������SS����²����
$QRQ���������(YHQ�WRGD\�WKH\�WU\�WR�VKDGH�WKH�WUXWK�DERXW�&KHUQRE\O��ZZZ�FKHUQRE\O�SRUWDO�RUJ�XD��$FFHVVHG�

���1RYHPEHU��������LQ�5XVVLDQ���
%DU\O\DN� �5��� 'LRPLQD� �$�� ��������0RUELGLW\� DQDO\VLV� DPRQJ� WKH� SDUWLFLSDQWV� RI� &KRUQRE\O� 133� DFFLGHQW�

OLTXLGDWLRQ���%XOOHWLQ�RI�8NUDLQLDQ�6RFLHW\�RI�*HQHWLFLVWV�DQG�%UHHGHUV��±�������� ����3����������
%HEHVKNR�9�*����������,QIOXHQFH�RI�WKH�UDGLDWLRQ�DQG�RWKHU�IDFWRUV�RI�&KHUQRE\O�DFFLGHQW�RQ�KHDOWK�RI�FKLOGUHQ��

WKH�SUHVHQW�DQG�WKH�IXWXUH����-RXUQDO�RI�$ 6�RI�8NUDLQH��Y����� ����SS����������
%HORRND\D�7�9���.RU\W¶NR�6�6���0HO¶QRY�6�%�� ��������0HGLFDO� HIIHFWV�RI� WKH� ORZ�GRVHV�RI� LRQL]LQJ� UDGLDWLRQ��

0DWHU���WK�,QW��&RQJUHVV�RQ�,QWHJUDWLYH�$QWKURSRORJ\��6DLQW�3HWHUEXUJ��SS��������LQ�5XVVLDQ���
%LULFK� �9��� %LULFK� �$��� 3HVDHUHQNR� '� �� �������� 'LDJQRVWLFV�� FOLQLFDO� FKDUDFWHUV� DQG� SURSK\ODFWLFV� RI� WKH�

FDQFHU¶� VHWEDFN� DW� DGXOWV� DQG� FKLOGUHQ�� &RQI��� ³7KH� &KHUQRE\O� FDWDVWURSKH�� SURJQRVLV�� SURSK\ODFWLFV��
WUHDWPHQW�DQG�PHGLFDO�SV\FKRORJLFDO�UHKDELOLWDWLRQ�RI�WKH�VXIIHUV��&ROOHFW��RI�0DWHULDOV��0LQVN��SS�����±����
�LQ�5XVVLDQ���

%RJGDQRYLFK� ,�3�� �������� &RPSDUDWLYH� DQDO\VLV� RI� FKLOGUHQ� ����� \HDUV�� PRUWDOLW\� LQ� ����� LQ� WKH� UDGLRDFWLYH�
SROOXWHG�DQG�FOHDQ�DUHDV�RI�%HODUXV��0HGLFDO��ELRORJ��(IIHFWV�DQG�ZD\V�WR�RYHUFRPH�WKH�FRQVHTXHQFHV�RI�WKH�
&KHUQRE\O�DFFLGHQW��&ROOHFWLRQ�RI�VFL��SDSHUV�GHYRWHG�E\���WK�DQQLYHUVDU\�RI�&KHUQRE\O�DFFLGHQW��0LQVN�±
9LWHEVN��S�����LQ�5XVVLDQ���

%XVE\� &�� �������� 7KH� :LQJ� RI� 'HDWK�� 1XFOHDU� 3ROOXWLRQ� DQG� +XPDQ� +HDOWK�� *UHHQ� $XGLW� %RRN� /WG���
$EHU\VWZ\WK��,;������S��

&DUGLV�(���$PRURV�(���.OHVPLQLHQH�$����������2EVHUYHG�DQG�SUHGLFWHG�WK\URLG�FDQFHU� LQFLGHQFH�IROORZLQJ�WKH�
&KHUQRE\O�DFFLGHQW��HYLGHQFH�IRU�IDFWRUV�LQIOXHQFLQJ�VXVFHSWLELOLW\�WR�UDGLDWLRQ�LQGXFHG�WK\URLG�FDQFHU��,Q��
7KRPDV� *��� .DUDRJORX� $��:LOOLDPV� (�'�� �(GV��� 5DGLDWLRQ� DQG� 7K\URLG� &DQFHU�� 6\QJDSRUH��:RUOG� 6FL��
3XEO���SS������±�������

&$57� ��������7KH� JXLGH� IRU� VWXG\� RI� JHQHWLF� HIIHFWV� LQ� KXPDQ� SRSXODWLRQV��+\JLHQLF� FULWHULD� RI� WKH� VWDWH� RI�
HQYLURQPHQW����*HQHYD��WKH�&$57����������1R������������S��

'HGRY�9�,���'HGRY�,�,���6WHSDQHQNR�9�)���������5DGLDWLRQ�HQGRFULQRORJ\����0HGLFLQH��������S��
'HGRY�,�,��	�'HGRY�9�,����������&KHUQRE\O��5DGLRDFWLYH�,RGLQH�DQG�7K\URLG�*ODQG��0RVFRZ������S��
'HPHGFKLN� (�3��� 'HPHGFKLN� -�(��� 5HEHNR�9�<D�� �������� 7K\URLG� JODQG� FDQFHU� LQ� FKLOGUHQ��0DWHULDOV� RI� WKH�

,QWHUQDWLRQDO� 6FLHQWLILF� 6\PSRVLXP� ³0HGLFDO� DVSHFWV� RI� UDGLRDFWLYH� LQIOXHQFH�RQ� WKH� SRSXODWLRQ� OLYLQJ� LQ�
SROOXWHG�WHUULWRU\�DIWHU�WKH�&KHUQRE\O�QXFOHDU�SRZHU�VWDWLRQ�DFFLGHQWª��*RPHO��SS����²�����LQ�5XVVLDQ��

'LRPLQD� (��� .O\XVKLQ� '��� 3HWXQLQ� <X�� �������� 2FHQD� ZSO\ZX� SURPLHQLRZDQLD� QD� F]HVWRVF� ]DFKRURYDQ� QD�
QRZRWZRU\�]ORVOLZH�X�OLNZLGDWRURZ�VNXWNRZ�NDWDVWURI\�Z�&]DUQRE\OX���3ROVNL�3U]HJO G�5DGLRORJLL����������
��7������1������3��������

'LRPLQD� (�$�� �������� 7KH� UROH� RI� WKH� LQFUHDVH� RI� FDQFHU� RFFXUHQFH� LQ� OLTXLGDWRUV� RI� &KHUQRE\O� DFFLGHQW�
FRQVHTXHQFHV����(XU��&RQJU��5DGLRO��±�9LHQQD��������±�3�������

'LRPLQD�(�$���*DQLQD�.�3���.O\XVKLQ�'�$���3HWXQLQ�<X�,����������6WDWLVWLFDO�LQYHVWLJDWLRQ�RI�F\WRJHQHWLF�HIIHFWV�
XSRQ� PDOLJQDQW� QHRSODVPV� LQ� OLTXLGDWRUV� RI� &KHUQRE\O� DWRPLF� SRZHU� VWDWLRQ� DFFLGHQW����WK� ,QWHUQDWLRQDO�
FRQJUHVV�RQ�DQWLFDQFHU�WUHDWPHQW��±�3DULV��������±�3������

'LRPLQD� �$����������,QIOXHQFH�RI�UDGLDWLRQ�H[SRVXUH�RQ�HPHUJHQFH�RI�FDQFHURXV�QHZ�JURZWKV�LQ�WKH�OLTXLGDWRUV�
RI�&KRUQRE\O�133�DFFLGHQW���3UREOHPV�RI�HFRORJ\�DQG�PHGLFDO�JHQHWLFV�DQG�FOLQLFDO�LPPXQRORJ\������������
�����

'URE\VKHYVNDMD�,�0���.U\VHQNR�1�$���2NHDQRY�$�(���6WH]KNR�9����������7KH�6WDWH�RI�KHDOWK�RI�WKH�SRSXODWLRQ�RI�
%HODUXV�DIWHU�&KHUQRE\O�DFFLGHQW��³+HDOWK�&DUH�RI�%HODUXV´�1U����SS������LQ�5XVVLDQ��



� ��

'UR]G�9�0�� ��������&RQWLQXLQJ�6FLHQWLILF� DQG�3UDFWLFDO�:RUNVKRS�³%LRORJLFDO�(IIHFWV�RI�/RZ�'RVH� ,RQL]LQJ�
5DGLDWLRQ´�� RI� WKH� %\HORUXVVLDQ� &RPPLWWHH� ³&KLOGUHQ� RI� &KHUQRE\O´��
KWWS���OLEUDU\�E\�VKSDUJDOND�EHODUXV�HFRORJ\�����HFO�����KWP�

'\DFKHQNR�$�$���*UDERYR\�,�'���,OOLQ�/�1����������&KHUQRE\O�$FFLGHQW��7KH�IHDW��/HVVRQV�DQG�FRQFOXVLRQV��7R�
WKH���WK�DQQLYHUVDU\�RI�DFFLGHQW�� RVFRZ���³,QWHU�9HV\´�����S���LQ�5XVVLDQ��

)HGRUHQNR�� =�3��� $�<H�3U\V\D]KQ\XN�� 9�*�� *U\VWFKHQNR�� 9�$�=DNRUGRQHWV�� 0�0�� )X]LN�� /�2�*XODN� HW� DO��
��������/HXNDHPLD�,QFLGHQFH�LQ�WKH�=K\WRPLU�DQG�.LHY�5HJLRQV�RI�8NUDLQH�����S����ZZZ�FKRUQRE\O�QHW�

)HGRURY�/�$����������%XOOHWLQ�³&KHPLVWU\�DQG�/LIH´��8&6�LQIR�������$SULO���WK��������
)DLUOLH� ,��� 6XPQHU� '�� �������� 7KH� 2WKHU� 5HSRUW� RI� &KHUQRE\O� �725&+��� %HUOLQ�� ��� SS�� �KWWS���ZZZ�JUHHQV�

HID�RUJ�FPV�WRSLFV�GRNELQ������������WKHBRWKHUBUHSRUWBRQBFKHUQRE\OBWRUFK#HQ�SGI���
*DSDQRYLFK�9� ���6KXYDHYD�/�3���9LQRNXURYD�*�*���6KDSRYDO\XN�1� ���<DURVKHYLFK�5�)���0HOFKDNRYD�1�0��

�������� ,PSDFW� RI� WKH�&KHUQRE\O� FDWDVWURSKH� WR� EORRG� GHSUHVVLRQV� DW�%HODUXVLDQ� FKLOGUHQ�� �UG� ,QHU��&RQI��
³0HGLFDO� FRQVHTXHQFLHV�RI� WKH�&KHUQRE\O� FDWDVWURSKH�� UHVXOWV� RI� ���\HDUV� LQYHVWLJDWLRQV�� ���� -XQH�� ������
.LHY��8NUDLQH´��$EVWUDFWV��SS������������LQ�5XVVLDQ���

*RIPDQ� -�� �������� 5DGLDWLRQ�,QGXFHG� &DQFHU� IURP� /RZ�'RVH� ([SRVXUH�� DQ� ,QGHSHQGHQW� $QDO\VLV�� ,6%1� ��
������������

*ROXEFKLNRY�0�9���0LNKQHQNR�<X�$���%DELQHWV�$�7����������$OWHUDWLRQV�LQ�WKH�+HDOWK�RI�WKH�SRSXODWLRQ�RI�WKH�
8NUDLQH� LQ� WKH�3RVW�&KHUQRE\O�3HULRG��5HSRUW� >�WK�$QQXDO�6FLHQWLILF� DQG�3UDFWLFDO�&RQIHUHQFH� ³,QWR�;;,�
FHQWXU\�ZLWK�VDIH�QXFOHDU�WHFKQRORJLHV´��6ODYXWLFK��6HSWHPEHU������������@���6FLHQWLILF�DQG�WHFKQLFDO�DVSHFWV�
RI�&KHUQRE\O��1R����3�����������

*RQFKDURYD�5�,����������5HPRWH�FRQVHTXHQFHV�RI�WKH�&KHUQRE\O�'LVDVWHU��$VVHVQPHQW�$IWHU����<HDUV��,Q��(�%��
%XUODNRYD��(G����/RZ�'RVHV�5DGLDWLRQ��$UH�WKH\�'DQJHURXV"�129$�6FL��3XEO���SS������±������

,&53� ������� 3XEOLFDWLRQ� ���� ����� 5HFRPPHQGDWLRQV� RI� WKH� ,QWHUQDWLRQDO� &RPPLVVLRQ� RQ� 5DGLRORJLFDO�
3URWHFWLRQ�� $QQDOV� RI� WKH� ,&53� 9ROXPH� ��������� 3XEO�� ,QWHUQDWLRQDO� &RPPLVVLRQ� RQ� 5DGLRORJLFDO�
3URWHFWLRQ��,6%1�����������������<HDU��������

,PDQDND�7���(G�����������5HFHQW�5HVHDUFK�$FWLYLWLHV�DERXW�WKH�&KHUQRE\O�133�$FFLGHQW�LQ�%HODUXV��8NUDLQH�DQG�
5XVVLD��.\RWR�8QLY��5HV��5HDFWRU�,QVW���.855,�.5������.\RWR������S��

,QWHUQDWLRQDO� &RPPLVVLRQ� RQ� 5DGLRORJLFDO� 3URWHFWLRQ� �������� 7KH� HYDOXDWLRQ� RI� ULVNV� IURP� UDGLDWLRQ�� +HDOWK�
3K\V��������������

,YDQRY�9� ���0DWYHHQNR� �*��� %\U\XNRY�$�3�� �������� $QDO\VLV� RI� QHZ� UHJLVWHUHG� LOOQHVVHV� DW�.DOXJD� DUHD¶V�
OLTXLGDWRUV�� ©/HJDF\� RI�&KHUQRE\Oª��0DWHULDOV� 6FL��3UDFW��&RQI�� �0HGLFDO�SV\FKRORJLFDO�� UDGLR� HFRORJLFDO�
DQG�VRFLDO�HFRQRPLFDO�FRQVHTXHQFHV�RI�WKH�&KHUQRE\O�DFFLGHQW�LQ�.DOXJD�DUHD���.DOXJD��2EQLQVN�������SS��
���������LQ�5XVVLDQ���

,YDQRY�9�.���7V\E�$�)���1LORYD�(�9����������&DQFHU�ULVNV� LQ� WKH�.DOXJD�FRXQW\�RI� WKH�5XVVLDQ�)HGHUDWLRQ����
\HDUV�DIWHU�WKH�&KHUQRE\O�DFFLGHQW��5DGLDW��(QYLURQ��%LRSK\V��9RO������SS������������

,YDQRY�9�.��	�7V\E��$�)����������0HGLFDO�UDGLRORJLFDO�DIWHUPDWKV�RI�WKH�&KHUQRE\O�DFFLGHQW�IRU�WKH�SRSXODWLRQ�
RI�5XVVLD��DVVHVVPHQW�RI�UDGLDWLRQ�UHODWHG�ULVNV��0RVFRZ��³0HGLWVLQD´�3XEOLVKLQJ�+RXVH��S�������,6%1���
�������������

,YDQRY�9���7V\E�$��� ,YDQRY�6���3RNURYVN\�9�� �������� �0HGLFDO�5DGLRORJLFDO�&RQVHTXHQFHV�RI� WKH�&KHUQRE\O�
&DWDVWURSKH�LQ�5XVVLD��(VWLPDWLRQ�RI�5DGLDWLRQ�5LVNV���6W��3HWHUVEXUJ��1DXND������S���

.LQG]HOV¶N\�/�3���'LRPLQD�(�$���*DQLQD�.�3���.O\XVKNLQ�'�$���3HWXQLQ�<�,����������,QIOXHQFH�RI�UDGLDWLRQ�IDFWRU�
RQ�IUHTXHQF\�RI�FDQFHURXV�QHZ�JURZWKV�LQ�WKH�OLTXLGDWRUV�RI�&KRUQRE\O�DFFLGHQW������8NUDLQLDQ�5DGLRORJLFDO�
-RXUQDO�����������

.O\XVKLQ� '�$��� 3HWXQLQ<X�,��� 6DYNLQD� 0�<X��� $QGUXVKNLY� 5�,��� 'LRPLQD� (�$�� �������� 6WDWLVWLFDO� WHVWV� IRU�
FRPSDULQJ�WZR�SUREDELOLWLHV�DQG�WKHLU�DSSOLFDWLRQ�WR�FDQFHU�ULVN�DQDO\VLV�������3URF��,QW��&RQI��RI�0DWKHPDWLFV�
DQG�(QJLQHHULQJ�7HFKQLTXHV� LQ�0HGLFLQH�DQG�%LRORJLFDO�6FLHQFHV��/DV�9HJDV��1HYDGD��86$���������Y����
S����������

.O\XVKLQ�'�$���'LRPLQD�(�$���3HWXQLQ�<�,���*DQLQD�.�3����������/RZ�GRVHV�RI�LRQL]LQJ�UDGLDWLRQ�DV�D�ULVN�IDFWRU�
RI� DSSHDULQJ� FDQFHU� QHZ� JURZWKV� LQ� WKH� OLTXLGDWRUV� &KHUQRE\O� 133� DFFLGHQW� FRQVHTXHQFHV� ��5DGLDO�
GLDJQRVLV��UDGLDO�WKHUDS\��&ROOHFWLRQ�RI�VFLHQWLILF�SDSHUV�RI�$VVRFLDWLRQ�RI�5DGLRORJLVWV�RI�8NUDLQH����.LHY��
�������,VVXH������3���������

.RPLVVDUHQNR�,�9���5\EDNRY�6�,��.RYDOHQNR�$�(���2PHOFKXN�$�9����������5HVXOWV�RI�VXUJLFDO�WUHDWPHQW�RI�WKH�
UDGLDWLRQ�LQGXFHG�FDQFHU�RI� WK\URLG�JODQG�GXULQJ� WKH�SHULRG�DIWHU�DFFLGHQW�DW� WKH�&KHUQRE\O�DWRPLF�SRZHU�
VWDWLRQ����&KLUXUJL\D�8NUDLQ\� ������������

.RPLVVDUHQNR� ,�9��� 5\EDNRY� 6�,��� .RYDOHQNR� $�(�� �������� 6XUJLFDO� WUHDWPHQW� RI� FDQFHU� RI� WK\URLG� JODQG� ���
&OLQLFDO�VXUJHU\���� ������������

.RPLVVDUHQNR�,�9���5\EDNRY�6�,���.RYDOHQNR�$�(���/\VHQNR�$�*���'HPFKHQNR�1�3���.YDFKHQ\XN�$�1����������
0RGHUQ�DSSURDFKHV�DQG�SURVSHFWV�RI�WUHDWPHQW�RI�WK\URLG�JODQG�FDQFHU����0HGLFDO�DIIDLUV�� ���������������
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.RPLVVDUHQNR� ,�9���5\EDNRY�6�,���.RYDOHQNR�$�<H���/DULQ�$�6�� ��������'LDJQRVWLFV� DQG� WUHDWPHQW�RI� WK\URLG�
FDQFHU� LQ� FKLOGUHQ�� ,Q��7UHDWPHQW� RI�7K\URLG�&DQFHU� LQ�&KLOGKRRG�� >(G@� -�5REELQV��1DWLRQDO� ,QVWLWXWHV�RI�
+HDOWK��%HWKHVGD��0DU\ODQG��86$��SS����������

.RPLVVDUHQNR�,�9���5\EDNRY�6�<���.RYDOHQNR�$�<���2PHOFKXN�$�9����������([SHULHQFH�RI�VXUJLFDO�VHUYLFH�IRU�
UDGLDWLRQ�FDXVHG�WK\URLG�FDUFLQRPD����&OLQLFDO�HQGRFULQRORJ\�DQG�HQGRFULQH�VXUJHU\���������������

.RPLVVDUHQNR� �9��� 5\EDNRY� 6�<��� .RYDOHQNR� $�<�� �������� 6XUJLFDO� VHUYLFH� IRU� WK\URLG� FDUFLQRPD� DIWHU�
&KRUQRE\O�133�DFFLGHQW����%XOOHWLQ�RI�VFLHQWLILF�UHVHDUFK�� ������������

.RQRSO\D�(�)���5ROHYLFK�,�9���HGV�����������7KH�&KHUQRE\O�$FFLGHQW�&RQVHTXHQFHV�LQ�WKH�5HSXEOLF�RI�%HODUXV��
1DWLRQDO�5HSRUW��0LQVN��SS��������

.RURO�1���6KLEDWD�-��	�1DNDQH�<R����������3V\FKRVRPDWLF�KHDOWK�VWDWXV�RI�FKLOGUHQ�H[SRVHG�WR�WKH�&KHUQRE\O�
DFFLGHQW��$EVWU����QG�$QQXDO�0HHWLQJ�RI�WKH�-DSDQ�5DGLDWLRQ�5HVHDUFK�6RFLHW\��+LURVKLPD��6HSW�������������
-��5DGLDW��5HV������������������

.UDS\YLQ�1�1����������&KHUQRE\O�LQ�/LSHWVN��\HVWHUGD\��WRGD\�DQG�WRPRUURZ�«�/LSHWVN�����S���LQ�5XVVLDQ���

.KULVDQIRY�6�$��	�0HVNLNK�1�(����������$QDO\VLV�RI�0RUELGLW\�DQG�0RUWDOLW\�5DWHV�RI�/LTXLGDWRUV��$FFRUGLQJ�
WR�WKH�)LQGLQJV�RI�WKH�5XVVLDQ�,QWHUGHSDUWPHQWDO�([SHUW�3DQHO��'HIHUUHG�0HGLFDO�(IIHFWV�RI�WKH�&KHUQRE\O�
$FFLGHQW��:RUNV�RI��QG�6FLHQWLILF�5HJLRQDO�&RQIHUHQFH��0RVFRZ��������3��������

.U\VHQNR�1����������,Q�UHYLHZ��3UREOHPV�RI�FKHPLFDO�VDIHW\��&KHPLVWU\�DQG�/LIH��8&6�,1)2��1R�����$SULO���WK��

.XNLVKHY�9�3���3URVKLQ�$�'���'RURVKHQNR�9�1����������5HQGHULQJ�UHIHUUDO�PHGLFDO�FDUH�WR�WKH�%U\DQVN�5HJLRQ�
SRSXODWLRQ� H[SRVHG� WR� UDGLDWLRQ� IROORZLQJ� WKH� &KHUQRE\O� DFFLGHQW�� 3URFHHGLQJV� RI� WKH� �QG� VFLHQWLILF� DQG�
SUDFWLFDO�FRQIHUHQFH�³/RQJ�WHUP�PHGLFDO�DIWHUPDWKV�RI�WKH�&KHUQRE\O�DFFLGHQW´��0RVFRZ��SS�����������

/RPDW¶� /�1��� $QWLSRYD� 6�,��� 0HWHO¶VND\D� �$�� �������� ,OOQHVVHV� RI� FKLOGUHQ� VXIIHULQJ� IURP� WKH� &KHUQRE\O�
FDWDVWURSKH�� ������ 0HGLFDO�ELRORJLFDO� FRQVHTXHQFHV� RI� WKH� &KHUQRE\O� DFFLGHQW�� � ��� SS�� ��� ±� ��� �LQ�
5XVVLDQ����

0DODVKHQNR�9�$�� ��������0HGLFDO�VRFLDO�SUREOHPV�RI� WKH� WHUULWRULHV� DIIHFWHG�E\� WKH�&KHUQRE\O�QXFOHDU�SRZHU�
VWDWLRQ�DFFLGHQW��0DWHULDOV�RI�WKH�,QWHUQDWLRQDO�6FLHQWLILF�3UDFWLFDO�&RQIHUHQFH�³&KHUQRE\O�±����\HDUV�ODWHU��
6RFLDO�DQG�HFRQRPLF�SUREOHPV�DQG�SURVSHFWV�RI�GHYHORSPHQW�RI�WKH�DIIHFWHG�WHUULWRULHV´��%U\DQVN��SS������
������LQ�5XVVLDQ���

0DONR�0�9�� ��������$VVHVVPHQW� RI� WKH�&KHUQRE\O�5DGLRORJLFDO�&RQVHTXHQFHV�� ,Q�� ,PDQDND�7�� �(G����5HFHQW�
DFWLYLWLHV�DERXW� WKH�5DGLRORJLFDO�&RQVHTXHQFLHV�RI� WKH�&KHUQRE\O�136�$FFLGHQW�DQG�6RFLDO�$FWLYLWLHV� WKH�
6XIIHUV�E\�WKH�$FFLGHQW��.\RWR�8QLY��5HV��5HDFWRU�,QVW���.855,�.5������.\RWR��SS�����±�����

0DONR�0�9�� ��������&KHUQRE\O�5DGLDWLRQ�LQGXFHG�7K\URLG�&DQFHUV� LQ�%HODUXV�� ,Q�� ,PDQDND�7�� �(G����5HFHQW�
5HVHDUFK�$FWLFLWLHV�DERXW�WKH�&KHUQRE\O�133�$FFLGHQW�LQ�%HODUXV��8NUDLQH�DQG�5XVVLD��.\RWR�8QLY��5HV��
5HDFWRU�,QVW���.855,�.5������.\RWR��SS������������

0DONR�0�9����������5DGLRJHQLF�WK\URLG�FDQFHU�LQ�%HODUXV�DV�FRQVHTXHQFHV�RI�WKH�&KHUQRE\O�DFFLGHQW��,Q��0HG��
ELRO��3UREOHPV�UDGLR��DQG�FKHPLFDO�SURWHFWLRQ��&ROOHFW��RI�3DSHUV�5XVV��6FL��FRQI���6DQN�3HWHUVEXUJ�����±����
0D\��������SS�����������LQ�5XVVLDQ���

0DONR�0�9����������(VWLPDWLRQV�RI�WKH�&RQVHTXHQFHV�RI�WKH�&KHUQRE\O�&DWDVWURSKH��XQGHU�WKH�WLWOH�3XEO��&HQWUH�
RI�WKH�,QGHSHQGHQW�(QYLURQPHQW�$VVHVVPHQW�RI�WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��,6%1����������������

0DUSOHV�'�5����������7KH�GHFDGH�RI�GHVSDLU��%XOO��$WRPLF�6FL���0D\�-XQH��SS���²�����
0DWVNR� 9�3�� �������� &XUUHQW� 6WDWH� RI� (SLGHPLRORJLFDO� 6WXGLHV� LQ� %HODUXV� DERXW� &KHUQRE\O� 6XIIHUHUV�� ,Q��

,PDQDND�7���(G����5HFHQW�5HVHDUFK�$FWLYLWLHV�DERXW�WKH�&KHUQRE\O�133�$FFDGHQW�LQ�%HODUXV��8NUDLQH�DQG�
5XVVLD��.\RWR�8QLY��5HV��5HDFWRU�,QVW���.855,�.5������.\RWR��SS������������

0RUR]�*��	�'UR]GRYD�9�� ��������5LVN� RI� DFXWH� FKLOGKRRG� OHXNDHPLD� LQ�8NUDLQH� DIWHU� WKH�&KHUQRE\O� UHDFWRU�
DFFLGHQW��7KH�+HPDWRORJ\�-RXUQDO��9RO����6XSSO�����S����

0RUR]�*����������&KLOGKRRG�OHXNDHPLD�LQ�.LHY�FLW\�DQG�.LHY�UHJLRQ�DIWHU�&KHUQRE\O�����\HDU�IROORZ�XS��%ULWLVK�
-RXUQDO�RI�+DHPDWRORJ\��9RO���������S�����

0RUR]�*���'UR]GRYD�9���.LUH\HYD�6����������$QDO\VLV�RI�SURJQRVWLF�IDFWRUV�RI�DFXWH�OHXNDHPLD�DIWHU�&KHUQRE\O�
LQ�FKLOGUHQ�RI�.LHY��$QQDOV�RI�+HPDWRORJ\��6XSSO��,,�WR�9RO������3�����

0RVNDOHQNR�%����������(VWLPDWLRQ�RI� WKH�&KHUQRE\O�DFFLGHQW�FRQVHTXHQFHV�IRU� WKH�8NUDLQLDQ�SRSXODWLRQ��7KH�
:RUOG�(FRORJLFDO�%XOOHWLQ��9RO��;,9��1R������SS�������LQ�5XVVLDQ���

1DJRUQD\D�$� ����������$GXOW�SRSXODWLRQ�KHDOWK�RI�=K\WRPLU�DUHD��ZKLFK�VXIIHU�IURP�UDGLRDFWLYH�LPSDFW�DIWHU�
WKH�&KHUQRE\O� DFFLGHQW� DQG� OLYLQJ� LQ� WKH� VWULFW� FRQWURO� UDGLDWLRQ� ]RQH� �E\�1DWLRQDO� UHJLVWHU�GDWD���©3XEOLF�
KHDOWK� SUREOHPV� DQG� SHUVSHFWLYHV� RI� =K\WRPLU� DUHDª�� 0DWHULDOV� 6FL��� 3UDFW�� &RQI�� GHYRWHG� ����\HDUV�
DQQLYHUVDU\� 2�)�� *HUEDFKHYVN\¶� KRVSLWDO�� =K\WRPLU�� ��� 6HSWHPEHU�� ����´�� =K\WRPLU�� SS�� ��±��� �LQ�
8NUDLQLDQ���

1DWLRQDO�5HSRUW�RI�%HODUXV���������&RPPLWWHH�RQ�WKH�3UREOHPV�RI�WKH�&RQVHTXHQFHV�RI�WKH�&DWDVWURSKH�DW�WKH�
&KHUQRE\O� 133� XQGHU� WKH� &RXQFLO� RI� 0LQLVWHUV� RI� WKH� 5HSXEOLF� RI� %HODUXV��� 0LQVN�� ������ SXEO�� =$2�
3URSLOHL��,6%1����������������

1DWLRQDO� 5HSRUW� RI� 8NUDLQH� ��� \HDUV� RI� &KHUQRE\O� &DWDVWURSKH�� $� VLJKW� RI� )XWXUH�� �������� .LHY��
KWWS���PQV�JRY�XD�QHZVBVKRZ�SKS"��
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1RVKFKHQNR�$�*���0R\VLFK�.�%���%RQGDU�$���=DPRVW\DQ�3�9���'URVGRYD�9�'���0LFKDOHN�$�0����������3DWWHUQV�
RI� DFXWH� OHXNDHPLD� RFFXUUHQFH� DPRQJ� FKLOGUHQ� LQ� WKH� &KHUQRE\O� UHJLRQ�� ,QWHUQDWLRQDO� -RXUQDO� RI�
(SLGHPLRORJ\������SS����������

2NHDQRY�$�(��� 6RVQRYVND\D�(�<��� 3ULDWNLQD�2�3�� ��������$� QDWLRQDO� FHQWHU� UHJLVWU\� WR� DVVHVV� WUHQGV� DIWHU� WKH�
&KHUQRE\O�DFFLGHQW��6ZLVV�0HG��:HHNO\���������SS������±������

2NHDQRY�$��(���<DNLPRYLFK�*��9���=RORWNR�1��,���.XOLQNLQD�9��9����������'\QDPLFV�RI�PDOLJQDQW�QHRSODVPV�
LQFLGHQFH� LQ� %HODUXV�� ����������� %LRPHGLFDO� DVSHFWV� RI� &KHUQRE\O� 133� DFFLGHQW�� 1R�� ��� SS�� �� �� ��� �LQ�
5XVVLDQ���

2NHDQRY�1�1���<DNLPRYLFK�$�9�� �������� ,QFLGHQFH� RI�PDOLJQDQW� QHRSODVPV� LQ� SRSXODWLRQ� RI�*RPHO�5HJLRQ�
IROORZLQJ� WKH� &KHUQRE\O� DFFLGHQW�� ,QW�� -�� RI� 5DGLDW�� 0HGLFLQH�� YRO�� ��� 1R� ��� SS�� ��� ±��� �FLW�� E\� 5�,��
*RQFKDURYD���������

2PHO\DQHWV�1�,���.DUWDVKRYD�6�6���'XERYD\D�1�)���6DYFKHQNR�$�%����������&DQFHU�PRUWDOLW\�DQG�LWV�LPSDFW�RQ�
OLIH�H[SHFWDQF\�LQ�WKH�UDGLRDFWLYH�SROOXWHG�WHUULWRULHV�RI�8NUDLQH���UG�,QWHU��&RQI��³0HGLFDO�FRQVHTXHQFHV�RI�
WKH�&KHUQRE\O�FDWDVWURSKH��UHVXOWV�RI�WKH����\HDUV�LQYHVWLJDWLRQV������-XQH�������.LHY��8NUDLQH´��$EVWUDFWV��
.LHY��SS������±������LQ�5XVVLDQ���

2PHO\DQHWV�1�,���.OHPHQWHY�$�$�� ��������0RUWDOLW\� DQG� ORQJHYLW\� DQDO\VLV� RI�8NUDLQLDQ� SRSXODWLRQ� DIWHU� WKH�
&KHUQRE\O�FDWDVWURSKH���UG�,QWHU��&RQI��³0HGLFDO�FRQVHTXHQFHV�RI�WKH�&KHUQRE\O�FDWDVWURSKH��UHVXOWV�RI�WKH�
���\HDUV�LQYHVWLJDWLRQV��������-XQH�������.LHY��8NUDLQH´��$EVWUDFWV��.LHY��SS������±������LQ�5XVVLDQ���

2UORY�<��$����������1HXUR�VXUJHU\�SDWKRORJLHV¶�VWUXFWXUH�DW�FKLOGUHQ�LQ�SRVW�&KHUQRE\O�SHULRG��0DWHULDOV�,QWHU��
6FL�� &RQI�� ³$FWXDO� DQG� SURJQRVWLF� LQIULQJHPHQWV� RI� SV\FKLF� KHDOWK� DIWHU� WKH� QXFOHDU� FDWDVWURSKH� LQ�
&KHUQRE\O���������0D\��������.LHY��8NUDLQH´��.LHY���&KHUQRE\O�'RFWRUV��$VVRF���S�������LQ�5XVVLDQ���

2UORY�<��$���9HUFKRJOLDGRYD�7�/���3ODYVN\�1�9���0DO\VKHYD� ��$���6KDYHUVN\�$�9���*XVOLW]HU�/�1����������&16�
WXPRUV� DW� FKLOGUHQ� �8NUDLQLDQ� PRUELGLW\� IRU� ��� \HDUV��� �UG� ,QWHU�� &RQI�� ³0HGLFDO� FRQVHTXHQFHV� RI� WKH�
&KHUQRE\O� FDWDVWURSKH�� UHVXOWV� RI� WKH� ���\HDUV� LQYHVWLJDWLRQV�� ���� -XQH� ������ .LHY�� 8NUDLQH´�� $EVWUDFWV��
.LHY��SS�������LQ�5XVVLDQ���

3LO\XNRYD� 5�,�� �������� (IIHFWLYHQHVV� RI� VFUHHQLQJ� RI� QRGDO� IRUPDWLRQV� DPRQJ� WKH� SRSXODWLRQ�� ZKLFK� ZDV�
VXEMHFWHG� WR� UDGLRDFWLYH� DFWLRQ� DV� D� UHVXOW� RI� FDWDVWURSKH� RQ� &KHUQRE\O� 133�� ,Q�� &XUUHQW� SUREOHPV� RI�
UDGLDWLRQ�K\JLHQH��$EVWUDFWV�RI� WKH�6FLHQWLILF���3UDFWLFDO��FRQIHUHQFH��������-XQH�������6W��3HWHUVEXUJ��SS��
����������LQ�5XVVLDQ���

3LWNHYLFK� 9�� $��� ,YDQRY� 9�.��� 7V\E� $�)�� �������� 'RVLPHWULF� 'DWD� RI� WKH� 5XVVLDQ� 6WDWH�0HGLFDO�'RVLPHWULF�
5HJLVWU\�IRU�WKH�/LTXLGDWRUV����5DGLDWLRQ�DQG�ULVN��������VSHFLDO�LVVXH����±�S��������

3RVWR\DONR�/�$����������0HGLFDO�FRQVHTXHQFHV�RI�WKH�&KHUQRE\O�DFFLGHQW�LQ�%HODUXV��SUREOHPV�DQG�SURVSHFWV��
0HGLFDO�1HZV��1R�����SS���±����

3URVKLQ�$�'���'RURVKFKHQNR�9�1���*DYULOHQNR�6�9���3RFKWHQQD\D�*�7����������7KH�LQFLGHQFH�RI�D�WK\URLG�JODQG�
FDQFHU�DPRQJ�LQKDELWDQWV�RI�%U\DQVN�DUHD�DIWHU�DFFLGHQW�RQ�WKH�&KHUQRE\O�QXFOHU�SRZHU�VWDWLRQ��0DWHULDOV�RI�
WKH�,QWHUQDWLRQDO�6FLHQWLILF�3UDFWLFDO�&RQIHUHQFH�³&KHUQRE\O�±����\HDUV�ODWHU��6RFLDO�DQG�HFRQRPLF�SUREOHPV�
DQG�SURVSHFWV�RI�GHYHORSPHQW�RI�WKH�DIIHFWHG�WHUULWRULHV�ª��%U\DQVN��SS����������LQ�5XVVLDQ���

3U\V\D]KQ\XN�$��HW�DO����������7KH�WLPH�WUHQGV�RI�FDQFHU�LQFLGHQFH�LQ�WKH�PRVW�FRQWDPLQDWHG�UHJLRQV�RI�WKH�
8NUDLQH�EHIRUH�DQG�DIWHU�WKH�&KHUQRE\O�DFFLGHQW��5DGLDW��(QYLURQ��%LRSK\V�����������

3U\V\D]KQ\XN� $��� *XODN� /��� *ULVWFKHQNR� 9��� )HGRUHQNR� =�� �����E��� &DQFHU� LQFLGHQFH� LQ� 8NUDLQH� DIWHU� WKH�
&KHUQRE\O� DFFLGHQW���&KHUQRE\O��0HVVDJH� IRU� WKH� ��WK�&HQWXU\��(VFHSWUD�0HGLFD�� ,QWHUQDWLRQDO�&RQJUHVV�
6HULHV�������(GLWHG�E\�6�<DPDVKLWD�HW��DO����33������������

3U\V\D]KQ\XN�$���5RPDQHQNR�$���.D\UR�,���6KSDN�9���*ULVWFKHQNR�9���)X]LN�0���)HGRUHQNR�=���*XODN�/���*RURK�
<H���7LUPDUFKH�0���9DOHQW\�0�� ��������5LVN� RI� GHYHORSPHQW� RI� WK\URLG� FDQFHU� LQ� DGROHVFHQWV� DQG� DGXOWV�
UHVLGHQJ� LQ� WKH� WHUULWRULHV� RI�8NUDLQH�ZLWK� WKH� KLJKHVW� LQWHJUDO� IDOORXWV� UDGLRLRGLQH� GXH� WR� WKH�&KHUQRE\O�
DFFLGHQW��,Q��6RFLDO�ULVNV��%RRN����.LHY��������3����������LQ�8NUDLQLDQ���

3U\V\D]KQ\XN�$��� *ULVWFKHQNR�9��� )HGRUHQNR� =��� )X]LN�0�� *XODN� /��� 6OLSHQLXN� .��� %RUPRVKHYD� ,�� �����D���
5HYLHZ�RI�HSLGHPLRORJLFDO�ILQGLQJ�LQ�VWXG\�RI�PHGLFDO�FRQVHTXHQFHV�RI�WKH�&KHUQRE\O�DFFLGHQW�LQ�8NUDLQLDQ�
SRSXODWLRQ�� ,Q�� 5HFHQW� 5HVHDUFK� $FWLYLWLHV� DERXW� WKH� &KHUQRE\O� 133� $FFLGHQW� LQ� %HODUXV�� 8NUDLQH� DQG�
5XVVLD���(GLW���7��,PDQDND���.\RWR�����3����������

3U\V\D]KQ\XN�$���*ULVWFKHQNR�9���=DNRUGRQHWV�9���)X]LN�0���6OLSHQLXN�.���5\]KDN�,����������7KH�WLPH�WUHQGV�RI�
FDQFHU�LQFLGHQFH�LQ�WKH�PRVW�FRQWDPLQDWHG�UHJLRQV�RI�WKH�8NUDLQH�EHIRUH�DQG�DIWHU�WKH�&KHUQRE\O�DFFLGHQW���
5DGLDW��(QYLURQ��%LRSK\V�9RO������3������

3U\V\D]KQ\XN�$���3MDWDN�2���%X]XQRY�9��	�%HUDO�9�� ��������&DQFHU� LQ� WKH�8NUDLQH��SRVW�&KHUQRE\O��/DQFHW��
�������������

3U\V\D]KQ\XN� $�<H��� *ULVKWVKHQNR� 9�*��� )HGRUHQNR� =�3��� *XODN� /�2�� 	� )X]LN� 0�0�� �������� 5HYLHZ� RI�
(SLGHPLRORJLFDO� )LQGLQJ� LQ� 6WXG\� RI� 0HGLFDO� &RQVHTXHQFHV� RI� WKH� &KHUQRE\O� $FFLGHQW� LQ� 8NUDLQLDQ�
3RSXODWLRQ�,Q��,PDQDND�7���(G����5HFHQW�5HVHDUFK�$FWLYLWLHV�DERXW�WKH�&KHUQRE\O�133�$FFLGHQW�LQ�%HODUXV��
8NUDLQH�DQG�5XVVLD��.\RWR�8QLY��5HV��5HDFWRU�,QVW���.855,�.5������.\RWR��SS������±�������
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3U\V\D]KQ\XN�$�<H���*U\VWFKHQNR�9��*���=DNRUGRQHWV�9��$��HW�DO����������6ROLG�&DQFHU�,QFLGHQFH�LQ�WKH�0RVW�
+LJKO\�&RQWDPLQDWHG�5HJLRQV�RI�WKH�8NUDLQH�����S����ZZZ�FKRUQRE\O�QHW�

3\V\D]KQ\XN�$����������6SDWLR�WHPSRUDO�PRGHOV�IRU�LQFLGHQFH�RI�PDOLJQDQW�QHRSODVPV�LQ�WKH�DUHD�VXEMHFWHG�WR�
UDGLRDFWLYH� FRQWDPLQDWLRQ� DIWHU� WKH� &KHUQRE\O� DFFLGHQW� ��� 7KH� &KHUQRE\O� SDSHUV�� 9RO�� ��� 5HVHDUFK�
(QWHUSULVHV��3XEOLVKLQJ�6HJPHQW���SS�����������

5RPDQHQNR� $��� /HH� &��� <DPDPRWR� 6�� HW� DO�� �������� 8ULQDU\� EODGGHU� OHVLRQV� DIWHU� WKH� &KHUQRE\O� DFFLGHQW��
LPPXQH�KLVWRFKHPLFDO�DVVHVVPHQW�RI�SUROLIHUDWLQJ�FHOO�QXFOHDU�DQWLJHQ��F\FOLQ�'��DQG�3����ZDI��&LS��-DSDQ�
-��&DQFHU�5HV���YRO������SS�������������

5RPDQHQNR�$�<H���3U\V\D]KQ\XN�$�<H���*U\VWFKHQNR�9�*���.D\UR�,�$���6KSDN�9�0���)X]LN�0�0��*XODN�/�2���
HW�DO����������7K\URLG�FDQFHU�LQ�DGROHVFHQWV�DQG�DGXOWV�LQ�WKH�PRVW�DIIHFWHG�WHUULWRULHV�RI�8NUDLQH�DIWHU�WKH�
&KHUQRE\O�DFFLGHQW�����S����ZZZ�FKRUQRE\O�QHW��

5\EDNRY�6�-���.RPLVVDUHQNR�,�9���7URQNR�1�'���.YDFKHQ\XN�$�1���%RJGDQRYD�7�,���.RYDOHQNR�$�(���%ROJRY�
0�<����������7K\URLG�FDQFHU�LQ�FKLOGUHQ�RI�8NUDLQH�DIWHU�WKH�&KHUQRE\O�DFFLGHQW����:RUOG�-��6XUJ����������
������������

6KFKHJORYD�(����������&KHUQRE\O�DFFLGHQW�UHVFXHUV�DQG�WKHLU�FKLOGUHQ��758'��/DERXU���-XQH���WK��S�����
6LQFODLU��:�.����������7KH�LQWHUQDWLRQDO�UROH�RI�5(5)��,Q��5(5)�8SGDWH������������
7KH� 6WDWH� &RPPLWWHH� RI� 6WDWLVWLFV� RI� 8NUDLQH� �������� 'LVWULEXWLRQ� RI� WKH� UHVLGHQW� SRSXODWLRQ� RI� 8NUDLQH� E\�

JHQGHU�DQG�DJH�DV�IRU�-DQXDU\�����������6WDWLVWLFDO�FROOHFWLRQ��.LHY�������S��
7URQNR� 1�'�� 	� %RJGDQRYD� 7�,�� �������� &DQFHU� RI� WK\URLG� JODQG� LQ� FKLOGUHQ� RI� 8NUDLQH� �D� FRQVHTXHQFH� RI�

&KHUQRE\O�DFFLGHQW���.�&KHUQRE\OLQWHULQIRUP�����S��
7V\E�$�)����������$�&KHUQRE\O�WUDFH�LQ�5XVVLD��©�7YHUVND\D�����ª�� ����S�����LQ�5XVVLDQ���
81'5��81,&()��81�2&+$�	�:+2���������7KH�+XPDQ�&RQVHTXHQFHV�RI�WKH�&KRUQRE\O�1XFOHDU�$FFLGHQW��

$�VWUDWHJ\�IRU�5HFRYHU\��$�5HSRUW�&RPPLVVLRQHG�E\�81'5�DQG�81,&()�ZLWK�WKH�VXSSRUW�RI�81�2&+$�
DQG�:+2�����-DQXDU\����������S��

816&($5���������5HSRUW�WR�WKH�*HQHUDO�$VVHPEO\��8QLWHG�1DWLRQV��1HZ�<RUN������SS��
8VKDNRY�,�%���$UODVKFKHQNR�1�,���'RO]KDQRY�$�-���3RSRY�9�,�� ��������&KHUQRE\O�� UDGLDWLQJ�SV\FKRSK\VLRORJ\�

DQG�HFRORJ\�RI�WKH�SHUVRQ��3XEOLVKLQJ�KRXVH�RI�665,�RI�DYLDWLRQ�DQG�VSDFH�PHGLFLQH��0RVFRZ������S��
8VKDNRY�7�,���$[HO�(�0���%XJDHYD�$�5���0D\NRYD�6�$���'XUQRH�/�$���3RO\DNRY�9�*���6PLUQRY�$�)�� ��������

3HFXOLDULWLHV� RI�PRUELGLW\�ZLWK�PDOLJQDQW� QHRSODVPV� LQ� FKLOGUHQ� RI� WKH� 7XOD� 5HJLRQ� DIWHU� WKH� &KHUQRE\O�
DFFLGHQW��&ROOHFWHG�SDSHUV�³&KHUQRE\O��GXW\�DQG�FRXUDJH´��9RO�����SS����������ZZZ�LVV�QLLLW�ERRN���JODY���
���KWP���

8VKDNRYD� �1���$NVHO¶� � ���%XJDHYD�$�5���0DLNRYD�6�$���'XUQRH�/�$���3ROLDNRY�9�*���6\PRQRY�$�)����������
3HFXOLDULWLHV� RI� WKH� FDQFHU� WXPRUV� LOOQHVVHV� DW� FKLOGUHQ� RI� 7XOD� DUHD� DIWHU� WKH� &KHUQRE\O� FDWDVWURSKH�� ,Q��
©&KHUQRE\O��'XW\�DQG�FRXUDJHª��YRO��,��KWWS���ZZZ�LVV�QLLLW�UX�ERRN���JODY������KWP���LQ�5XVVLDQ���

9W\XULQ�%�0���7V\E�$�)��5XP\DQWVHY�3�2��HW�DO����������'LDJQRVWLFV�DQG�WUHDWPHQW�RI�FDQFHU�RI�WK\URLG�JODQG�RI�
WKH�SHRSOH�OLYLQJ�RQ�WHUULWRULHV�RI�5XVVLD�SROOXWHG�DV�D�UHVXOW�RI�WKH�&KHUQRE\O�DWRPLF�SRZHU�VWDWLRQ�DFFLGHQW��
7KH�5XVVLDQ�2QFRORJLF�-RXUQDO�� ����SS�������

:+2� �������:+2� SURJUDP� RQ� WKH� LQYHVWLJDWLRQ� RI� WKH� &KHUQRE\O� SUREOHPV�� 1DWXUH� 1U�� ��� SS��������� �LQ�
5XVVLDQ���

=ERURYVN\� (��� *UDNRYLFK� $�$�� .R]ORY� ,�'�� �������� '\QDPLFV� RI� PRUWDOLW\� LQ� SRSXODWLRQV� RI� 1DURYO\D� DUHD�
0LQVN�� 0DWHULDOV� RI� ,QWHUQDWLRQDO� 6FLHQWLILF� &RQIHUHQFH� IRU� WKH� HYHQW� RI� WKH� �WK� DQQLYHUVDU\� RI� *RPHO�
1DWLRQDO�0HGLFDO�,QVWLWXWH�������1RYHPEHU�������*RPHO��SS����������LQ�5XVVLDQ���

=XERYVNLM�*�$���7DUDUXKLQD�2�%����������7KH�VWDWH�RI�D�K\SRSK\VLV�WK\URLG�V\VWHP�GXULQJ�WUHDWPHQW�,������7KH�
0HGLFDO�5DGLRORJ\��1����S��������

<DEORNRY�$����������7KH�&KHUQRE\O�FDWDVWURSKH�±����\HDUV�DIWHU��D�PDWWHU�UHYLHZ���,Q��%XVE\�&�&���<DEORNRY�
$�9���(GV����(&55�&KHUQRE\O�����<HDUV�2Q��+HDOWK�(IIHFWV�RI�WKH�&KHUQRE\O�$FFLGHQW��'RFXPHQWV�RI�WKH�
(&&5��1����*UHHQ�$XGLW��$EHU\VWZ\WK��SS����±�����
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���010�%#0%'4�+..0'55'5�
�
7KH�WHQGHQF\�RI�PDQ\�UHVHDUFKHUV�WR�IRFXV�RQ�WKH�VLFNQHVV�DQG�GHDWK�UHVXOWLQJ�IURP�YDULRXV�
FDQFHUV� PD\� KDYH� UHVXOWHG� LQ� VLJQLILFDQW� QRQ�FDQFHU� KHDOWK� HIIHFWV� DQG� PRUWDOLW\� EHLQJ�
RYHUORRNHG� WR�D�FHUWDLQ�GHJUHH��7KH�IROORZLQJ�VHFWLRQ�DWWHPSWV� WR�SURYLGH�VRPH�LQVLJKW� LQWR�
WKH�YDULRXV�GLVHDVH�V\QGURPHV�VWXGLHG�LQ�WKH�DIWHUPDWK�RI�WKH�DFFLGHQW��
�
$V�ZLWK�FDQFHU�VWXGLHV��VWXGLHV�RI�QRQ�FDQFHU�LOOQHVVHV�KDYH�WHQGHG�WR�IRFXV�RQ�FULWLFDO�JURXSV�
RI�WKH�SRSXODWLRQ�H[SRVHG�WR�UDGLDWLRQ�LQFOXGLQJ�OLTXLGDWRUV��UHVLGHQWV�RI�FRQWDPLQDWHG�]RQHV��
HYDFXHHV� IURP� WKHVH�FRQWDPLQDWHG�]RQHV�DQG�FKLOGUHQ��6RPH�VWXGLHV�KDYH�DOVR�EHHQ�FDUULHG�
RXW� XVLQJ� DQLPDO� VXEMHFWV� IURP� WKH� FRQWDPLQDWHG� DUHDV�� ZKLFK� VHUYH� WR� LOOXVWUDWH� WKH�
JHQHUDOLVHG�SRWHQWLDO�KHODWK�LPSDFWV�LQ�H[SRVHG�RUJDQLVPV��
�
5HVHDUFKHUV� RI� ,QVWLWXWH� RI� ([SHULPHQWDO� 3DWKRORJ\�� 2QFRORJ\� DQG� 5DGLRELRORJ\� �.LHY��
FRQGXFWHG� VWXGLHV� RQ� UDWV� DQG�PLFH� H[SRVHG� WR� UDGLDWLRQ� LQ� WKH�&KHUQRE\O� H[FOXVLRQ� ]RQH��
9DULRXV�DGYHUVH�FKDQJHV�ZHUH�LGHQWLILHG�LQ�WKH�UHVSLUDWRU\�V\VWHP��SHULSKHUDO�EORRG�YDVFXODU�
V\VWHP�� ERQH� PDUURZ� V\VWHP� DQG� UHSURGXFWLYH� V\VWHP� LQ� WKHVH� DQLPDO� SRSXODWLRQV�� ,Q�
DGGLWLRQ�GDPDJH�WR�PHWDEROLF�DQG�LPPXQH�V\VWHPV�ZHUH�GHVFULEHG�WRJHWKHU�ZLWK�DQ�LQFUHDVH�
LQ� GLVHDVHV� LQFOXGLQJ� FDQFHU�� /LIH� H[SHFWDQF\� ZDV� UHGXFHG� DQG� HDUO\� OLIH� VWDJH� PRUWDOLW\�
LQFUHDVHG��6HUNL]�HW�DO�������	�������<XUFKHQNR�HW�DO��������6HUNL]�HW�DO��������'UX]KLQD�HW�
DO��������3LQFKXN�HW�DO���������
�
'LVWXUEDQFH� WR� LPPXQH� V\VWHP� IXQFWLRQ� ZDV� REVHUYHG� LQ� ERWK� )�� JHQHUDWLRQV� ERUQ� WR�XQH[SRVHG�SDUHQWV� DQG� LQWURGXFHG� LQWR� WKH� H[FOXVLRQ� ]RQH�DQG� LQ� WKHLU� FRQWLQXDOO\�H[SRVHG�
GHVFHQGDQWV� �6HUNL]� HW� DO�� ������� 0RUHRYHU�� ZKLOH� WKH� LPPXQH� IXQFWLRQ� RI� )�� JHQHUDWLRQ�DQLPDOV� DW� WKUHH� PRQWKV� RI� DJH� GLG� QRW� GLIIHU� IURP� FRQWUROV�� WKH� IROORZLQJ� JHQHUDWLRQ�
H[KLELWHG�V\PSWRPV�RI�DFXWH�LPPXQH�G\VIXQFWLRQ�DW�WKH�VDPH�DJH��
�
7DNHQ� WRJHWKHU�� WKH� ILQGLQJV� IURP� WKH� DQLPDO� VWXGLHV� VXJJHVW� D�ZLGH�UDQJLQJ� GLVUXSWLRQ� RI�
ERG\� V\VWHPV� ZLWK� WKH� SRWHQWLDO� IRU� DGYHUVH� RXWFRPHV� ZLWK� FDQFHURXV� DQG� QRQ�FDQFHURXV�
GLVHDVHV�� ,Q� DGGLWLRQ�� FRPSURPLVH� RI� WKH� LPPXQH� V\VWHP� LPSOLHV� SRVVLEOH� FKDQJHV� LQ�
HQGRFULQH�IXQFWLRQ��DQG�LQ�DGGLWLRQ�VXJJHVWV�DQ�LQFUHDVHG�SRVVLELOLW\�RI�FRQWUDFWLQJ�LQIHFWLRXV�
GLVHDVH��6HUNL]�HW�DO���������
�
7KH� LPSDFWV�REVHUYHG� LQ� DQLPDOV�KDYH�EHHQ�SDUDOOHOHG�E\� FKDQJHV� LQ� WKH�KHDOWK�RI�KXPDQV�
H[SRVHG� WR� UDGLDWLRQ� IURP� WKH� DFFLGHQW�� DOWKRXJK� LQ� PDQ\� FDVHV� WKH� HYLGHQFH� IRU� KXPDQ�
LPSDFWV� KDV� HPHUJHG�PRUH� VORZO\�� 7KH� IROORZLQJ� VHFWLRQV� RI� WKH� UHSRUW� H[SORUH� WKH� LVVXHV�
UHODWHG�WR�QRQ�FDQFHU�GLVHDVHV�LQ�WKH�KXPDQ�SRSXODWLRQV�H[SRVHG�WR�&KHUQRE\O�UDGLDWLRQ��
�
�
�
����*HQHUDOLVHG�1RQ�&DQFHU�,OOQHVVHV�
�
�
�L��/LTXLGDWRUV�
�
$� FRKRUW� RI� �������PDOH� OLTXLGDWRUV�ZKR�ZRUNHG� EHWZHHQ� ����� DQG� �����ZHUH� VWXGLHG� WR�
DVFHUWDLQ� WKH� H[WHQW� RI� QRQ�FDQFHU� PRUWDOLW\� DQG� PRUELGLW\�� 7KH\� ZHUH� OLVWHG� RQ� WKH� 6WDWH�
5HJLVWHU�RI� WKH�8NUDLQH� �658��RI�SHUVRQV�DIIHFWHG�E\� WKH�&KHUQRE\O�DFFLGHQW�DQG�DWWHQGHG�
DQQXDO� PHGLFDO� H[DPLQDWLRQV� GXULQJ� ����������� 7KH� DYHUDJH� LQGLYLGXDO� GRVH� RI� H[WHUQDO�
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WRWDO�ERG\� LUUDGLDWLRQ� IRU� WKH� FRKRUW�ZDV� HVWLPDWHG� DW� ������*\�� ������ UHFHLYHG� WRWDO�ERG\�
LUUDGLDWLRQ�GRVHV�RI�OHVV�WKDQ������*\�DQG�ZHUH�GHVLJQDWHG�DV�WKH�FRQWURO�JURXS�LQ�WKH�VWXG\��
������RI� WKH� FRKRUW� UHFHLYHG�GRVHV� EHWZHHQ������ DQG�������*\�DQG������� UHFHLYHG�GRVHV�
EHWZHHQ������DQG�����*\��
�
$QDO\VLV� XVLQJ� WKH� VWDWLVWLFDO� DQDO\VLV� SURJUDPV�6<67$7��(3,&85(�DQG�(*5(7� UHYHDOHG�
FRQVLVWHQW�DGYHUVH�FKDQJHV�LQ�KHDOWK�VWDWXV�RI�WKHVH�OLTXLGDWRUV��2YHU�WKH����\HDU�SHULRG�DIWHU�
WKH�&KHUQRE\O�DFFLGHQW��WKH�SURSRUWLRQ�RI�DSSDUHQWO\�KHDOWK\�SHUVRQV�LQ�WKLV�FRKRUW�GHFUHDVHG�
E\� D� IDFWRU� RI� ���� WLPHV� IURP� ������ WR� ����� RI� WKH� FRKRUW� DQG� WKLV� KHDOWK� GHFOLQH� ZDV�
DWWULEXWDEOH� WR� JHQHUDO� VRPDWLF� GLVHDVHV�� )LJXUH� ������ GHPRQVWUDWHV� WKH� G\QDPLFV� RI� QRQ�
WXPRXU� PRUELGLW\�� LQYDOLGLW\� DQG� VXEVHTXHQW� PRUWDOLW\� FDXVHG� E\� QRQ�WXPRXU� GLVHDVHV� LQ�
OLTXLGDWRUV�ZRUNLQJ�EHWZHHQ������DQG������RYHU�WKH�SHULRG�IURP������WR�������658�GDWD���
�
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���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ��
�
�)LJXUH��������'\QDPLFV�RI� QRQ�WXPRXU�PRUELGLW\�DQG�SUHYDOHQFH�RI�GLVHDVHV� LQ�����������
8NUDLQLDQ�OLTXLGDWRUV�GXULQJ������������EDVHG�RQ�6WDWH�5HJLVWHU�RI�8NUDLQH�GDWD��
�
7KH�VWXG\�VKRZHG�WKDW�GXULQJ�WKH�SHULRG�IURP������WR������WKHUH�ZDV�D�����IROG�LQFUHDVH�LQ�
QRQ�WXPRXU� GLVHDVHV� �7HUHVKFKHQNR� � HW� DO�� ������� PDLQO\� DWWULEXWDEOH� WR� FDUGLRYDVFXODU�
GLVHDVHV��DOLPHQWDU\�V\VWHP�GLVHDVHV��GLVHDVHV�RI�WKH�QHUYRXV�V\VWHP�DQG�VHQVRU\�RUJDQV��DQG�
WR�GLVHDVHV�RI�WKH�UHVSLUDWRU\��VNHOHWDO��PXVFXODU�DQG�HQGRFULQH�V\VWHPV��,Q�WXUQ�WKHVH�GLVHDVHV�
ZHUH�WKH�PDMRU�FDXVHV�LQ�LQYDOLGLW\�DQG�PRUWDOLW\��7HUHVKFKHQNR��HW�DO���������$�KLJK�OHYHO�RI�
LQYDOLGLW\�DQG�LQFDSDFLW\�ZDV�GHVFULEHG�LQ�WKH�VWXG\�SRSXODWLRQ��7KLV�LQFUHDVHG�IURP����Å�LQ�
�����WR������Å�LQ�������)LJXUH���������0RUWDOLW\�LQ�WKLV�JURXS�LQFUHDVHG�EHWZHHQ������DQG�
������DQG�DIWHU�D�VKRUW�SKDVH�RI�GHFOLQH��URVH�RQFH�PRUH�WR�DURXQG���Å�LQ������������)LJXUH�
��������
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���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ��
�
)LJXUH� ������� '\QDPLFV� RI� LQYDOLGLW\�LQFDSDFLW\� FRQQHFWHG� ZLWK� QRQ�WXPRXU� PRUELGLW\� LQ�
8NUDLQLDQ� OLTXLGDWRUV� LQ�����������GXULQJ����������� �EDVHG�RQ�6WDWH�5HJLVWHU�RI�8NUDLQH�
GDWD��
�
�
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�

�

�

�
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��
�
)LJXUH� ������� '\QDPLFV� RI� OHWKDOLW\� IURP� QRQ�WXPRXU� PRUELGLW\� LQ� ���������� 8NUDLQLDQ�
OLTXLGDWRUV�GXULQJ������������EDVHG�RQ�6WDWH�5HJLVWHU�RI�8NUDLQH�GDWD��
�
7KH� OHYHO� RI� QRQ�FDQFHU�PRUELGLW\� LQ� WKH� JURXS� RI� OLTXLGDWRUV�ZKR� UHFHLYHG� WKH� WRWDO�ERG\�
LUUDGLDWLRQ�GRVH�RI����������*\�ZDV�VLJQLILFDQWO\�KLJKHU��S�������WKDQ�WKH�JURXS�RI�OLTXLGDWRUV�
ZKRVH�GRVHV�IHOO�LQ�WKH�UDQJH������������*\��%X]XQRY�HW�DO������D���
�
7KH�GRVH�GHSHQGHQFH�RI�WKH�PRUELGLW\�DQG�PRUWDOLW\�DWWULEXWDEOH�WR�GLVHDVHV�RWKHU�WKDQ�FDQFHU�
ZDV� LQYHVWLJDWHG� ZLWK� WKH� KHOS� RI� PXOWLYDULDWH� DQDO\VLV� �PXOWLSOH� ORJLVWLF� UHJUHVVLRQ��� 7KH�
LQIOXHQFH�RI�DJH��H[WHUQDO�LUUDGLDWLRQ�GRVH�DQG�H[SRVXUH�SHULRG�ZHUH�WDNHQ�LQWR�DFFRXQW��7KH�
DQDO\VLV� �%X]XQRY� HW� DO�� ����E�� 7HUHVKFKHQNR� � HW� DO�� ������ GHPRQVWUDWHG� GRVH� GHSHQGHQW�
H[FHVV� ULVN� �(55�� ��*\�� IRU�� WK\URLGLWLV� (55 � ����� ����� FRQILGHQFH� LQWHUYDO� ������������
K\SRWK\URLGLVP�(55 ����������&,�������������FHUHEURYDVFXODU�SDWKRORJ\�(55 �����������
&,� ������������ GLVHDVHV� RI� WKH� QHUYRXV� V\VWHP� DQG� VHQVH� RUJDQV� (55 � ����� ����� &,�
�����������DQG�QHXURFLUFXODWRU\�G\VWRQLD�(55 �����������&,�������������7KHVH�ILQGLQJV�DUH�
VXSSRUWHG�E\�WKH�UHVXOWV�RI�RWKHU�UHVHDUFK��,YDQRY�HW�DO���������
�
7KH�H[FHVV�UHODWLYH�ULVN��(55��RI�JHQHUDO�PRUWDOLW\�IRU�OLTXLGDWRUV�RYHU����\HDUV�ZDV�IRXQG�WR�
EH� ����� ������������� )RU� OLTXLGDWRUV� XQGHU� ��� \HDUV� RI� DJH�� WKH� (55� IRU� FDUGLRYDVFXODU�



� ��

OHWKDOLW\�ZDV����������&,�������������IRU�WKRVH�RYHU����\HDUV�� WKLV�ILJXUH�ZDV�GHWHUPLQHG�DW�
����������&,�����������
�
7KH� 5XVVLDQ� ,QWHUGHSDUWPHQWDO� ([SHUW� 3DQHO� FRQYHQHG� XQGHU� WKH� DXVSLFHV� RI� WKH� 5XVVLDQ�
6FLHQWLILF�5DGLRORJ\�&HQWHU�RI�WKH�0LQLVWU\�RI�+HDOWK�RI�WKH�5XVVLDQ�)HGHUDWLRQ�LQYHVWLJDWHG�
������ PHGLFDO� UHFRUGV� RI� �PRVWO\� PDOH�� OLTXLGDWRUV� WR� DVFHUWDLQ� WKH� PDLQ� GLVHDVHV� FDXVLQJ�
LQYDOLGLW\�RU�PRUWDOLW\��,Q�FDVHV�ZKHUH�LW�ZDV�QHFHVVDU\�WR�FODULI\�WKH�GLDJQRVLV�� WKH�&RXQFLO�
WUDQVIHUUHG� WKH�SDWLHQWV� WR� WKH�EHVW�TXDOLILHG�PHGLFDO� IDFLOLW\��7KDQNV� WR� WKH�FRPSOHWHQHVV�RI�
WKH�SULPDU\�PHGLFDO�GRFXPHQWV�DV�ZHOO�DV�WR�KLJK�OHYHOV�RI�PHGLFDO�WUDLQLQJ��WKH�&RXQFLO�ZDV�
FRPSRVHG�RI�OHDGLQJ�VSHFLDOLVWV�IURP�YDULRXV�PHGLFDO�ILHOGV���WKH�FUHGLELOLW\�RI�WKH�GLDJQRVHV�
FRXOG�EH�VLJQLILFDQWO\�LQFUHDVHG��=XERYVN\�	�6PLUQRY��������
�
,Q�FRPSDULVRQ�ZLWK�WKH�LQGLFHV�RI�JHQHUDO�PRUELGLW\�RI�WKH�SRSXODWLRQ�RI�5XVVLD�IRU�WKH�\HDUV�
�����������EDVLF�LQGLFHV�RI�KHDOWK�DQG�KHDOWK�SURWHFWLRQ�IRU�WKH�5XVVLDQ�)HGHUDWLRQ�DFFRUGLQJ�
WR� WKH� GDWD� RI� 0LQLVWU\� RI� +HDOWK� 5)�� 0�� ������� PRUELGLW\� LQ� OLTXLGDWRUV� H[FHHGV� WKDW� RI�
DYHUDJH�5XVVLDQ�LQGLFHV�E\�PDQ\�WLPHV��2UDGRYVND\D�HW�DO��������������2UDGRYVND\D��������
�
$�KLJK�SURSRUWLRQ���������RI�OLTXLGDWRUV�RI�ZRUNLQJ�DJH�ZHUH�IRXQG�WR�VXIIHU�IURP�LQYDOLGLW\�
RU�LQFDSDFLW\��,Q�PDQ\�FDVHV�������OLTXLGDWRUV�ZHUH�IRXQG�WR�EH�DIIHFWHG�E\�EORRG�FLUFXODWLRQ�
V\VWHP� DQG� QHXURORJLF� DQG� SV\FKLDWULF� GLVHDVHV� ,W� ZDV� QRWDEOH� WKDW� LVFKHPLF� KHDUW� GLVHDVH�
DSSHDUHG� WR� GHYHORS� HDUO\�� HVSHFLDOO\� DPRQJ� OLTXLGDWRUV�ZKR�ZHUH�ZRUNLQJ� LQ� ������7KHVH� ILQGLQJV�
VXJJHVW�HDUO\�GHYHORSPHQW�RI�DWKHURVFOHURWLF�OHVLRQV�RI�FRURQDU\�DQG�FHUHEUDO�YHVVHOV�LQ�SHRSOH�ZKR�ZHUH�
H[SRVHG�WR�UDGLDWLRQ��2YHU� WKH� ODVW� IHZ� \HDUV�� WKH� SURSRUWLRQ� RI� WKLV� JURXS� DIIHFWHG� E\�
WKHVH� VHULRXV� GLVHDVHV� �LVFKHPLF� KHDUW� GLVHDVH�� FHUHEURYDVFXODU� VWURNH� DQG�
HQFHSKDORSDWK\��DSSHDUV�WR�KDYH�LQFUHDVHG��.KULVDQIRY�	�0HVNLNK��������
�
7KH� PRVW� FRPPRQ� FDXVHV� RI� PRUWDOLW\� DPRQJ� OLTXLGDWRUV� LQFOXGH� GLVHDVHV� RI� WKH� EORRG�
FLUFXODWLRQ�V\VWHP�������DV�ZHOO�DV�PDOLJQDQW�QHRSODVP����������5HPDUNDEO\� IHZ�GHDWKV�
DPRQJ� OLTXLGDWRUV�� KRZHYHU�� KDYH�EHHQ�FDXVHG�E\�GLVHDVHV�RI� WKH�JDVWURLQWHVWLQDO�
WUDFW� ������ OXQJ�GLVHDVHV� ������ LQMXULHV�DQG�SRLVRQLQJ� ������RU� WXEHUFXORVLV� �����
�.KULVDQIRY�	�0HVNLNK��������
�
�LL��&KLOGUHQ�
�
$FFRUGLQJ�WR�GDWD�IURP�WKH�0LQLVWU\�RI�6RFLDO�3URWHFWLRQ�RI�WKH�8NUDLQH��DV�RI�WKH�EHJLQQLQJ�
RI�������WKH�WRWDO�QXPEHU�RI�FKLOGUHQ�UHVLGHQW�LQ�WKH�FRQWDPLQDWHG�DUHDV�ZKR�KDYH�EHHQ�ERUQ��
KDYH� OLYHG� DQG� ZLOO� FRQWLQXH� WR� OLYH�� XQGHU� FRQGLWLRQV� RI� FKURQLF� H[SRVXUH� WR� ORZ�GRVH�
UDGLDWLRQ�LV�LQ�H[FHVV�RI�KDOI�D�PLOOLRQ��
�
8NUDLQLDQ��5XVVLDQ�DQG�%HODUXVLDQ�UHVHDUFKHUV�FRQWLQXH�WR�SXEOLVK�GDWD�RQ�WKH�H[FHVV�RI�QRQ�
FDQFHU� PRUELGLW\� REVHUYHG� LQ� FKLOGUHQ� UHVLGLQJ� LQ� WKH� WHUULWRULHV� FRQWDPLQDWHG� E\� WKH�
&KHUQRE\O�DFFLGHQW��*HQHUDO�PRUELGLW\�LV�DERYH�WKH�QDWLRQDO�OHYHO�IRU�WKH�JHQHUDO�SRSXODWLRQ��
DV�DUH�VRPH�VSHFLILF�GLVHDVHV�UHODWLQJ�WR�WKH�HQGRFULQH�V\VWHP��WKH�EORRG�DQG�EORRG�IRUPLQJ�
WLVVXHV�DQG�WKH�FLUFXODWRU\�V\VWHP��%DOHYD�HW�DO��������6WHSDQRYD�HW�DO��������7V\E�	�,YDQRY�
������&KHEDQ�������� ,Q�DGGLWLRQ�H[FHVV�PRUELGLW\� IURP�GLVHDVHV�RI� WKH�QHUYRXV�V\VWHP�DQG�
VHQVH�RUJDQV�KDYH�EHHQ�LGHQWLILHG���([FHVV�OHYHOV�RI�VRPH�SV\FKLDWULF�GLVRUGHUV��5RPDQHQNR�
HW�DO���������GLVHDVHV�RI�WKH�UHVSLUDWRU\�DQG�RI�WKH�GLJHVWLYH�V\VWHP��$YFKDFKHYD�HW�DO��������
.RURO� HW� DO�� ������ 0HWHOVND\D� ������ 1DERND� HW� DO�� ������� WRJHWKHU� ZLWK� GLVHDVHV� RI� WKH�
PXVFXODU�VNHOHWDO�V\VWHP��/XNLDQRYD�HW�DO��������DQG�RI�WKH�XURJHQLWDO�V\VWHP��5RPDQHQNR�HW�
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DO�� ������� FRQJHQLWDO� DQRPDOLHV� �/XNLDQRYD� HW� DO�� ������ 6WHSDQRYD� HW� DO�� ������� KDYH� DOVR�
EHHQ�UHSRUWHG�LQ�WKH�OLWHUDWXUH��
�
³6LFN� FKLOG� V\QGURPH´� LV� UHJDUGHG�� DQHFGRWDOO\�� DV� D� FKDUDFWHULVWLF� RI� WKH� SRSXODWLRQ� RI�
&KHUQRE\O� FKLOGUHQ� �6WHSDQRYD� HW� DO�� �������:KLOH� SDVW� DQDO\VLV� ZDV� EDVHG� RQO\� RQ� VPDOO�
VDPSOHV�RI�FOLQLFDO�SDWLHQWV�RU�RQ�WKH�GDWD�RI�WKH�3XEOLF�+HDOWK�0LQLVWU\�RI�WKH�8NUDLQH�RIILFLDO�
VWDWLVWLFDO� UHSRUWV�� WKLV� VLWXDWLRQ� KDV� UHFHQWO\� HYROYHG�� 'XULQJ� WKH� ODVW� �� \HDUV�� SXEOLFDWLRQV�
EDVHG�RQ�DQDO\VLV�RI�WKH�GDWD�FRQWDLQHG�LQ�8NUDLQLDQ�6WDWH�1DWLRQDO�5HJLVWHUV��7V\E�	�,YDQRY�
������ ,YDQRY� ������ DQG� WKH� FKLOGUHQV¶� VXE�UHJLVWHU� RI� WKRVH� DIIHFWHG� E\� WKH� &KHUQRE\O�
DFFLGHQW��.RURO�HW�DO��������.XUEDQRYD�������KDYH�DSSHDUHG��,Q�SDUWLFXODU��UHVXOWV�RI�FRKRUW�
VWXGLHV�KDYH�EHHQ�SXEOLVKHG��
�
7KH� FRKRUW� VWXGLHV� FDUULHG� RXW� KDYH� VKRZQ� WKDW� H[FHVV� PRUELGLW\� LQ� FKLOGUHQ� IURP� WKH�
FRQWDPLQDWHG�DUHDV�WKH�8NUDLQH��5XVVLD�DQG�%HODUXV�YDU\�IURP������DERYH�FRQWUROV��%DOHYD�
HW� DO�� ������ XS� WR� ��� ���� WLPHV� PRUH� WKDQ� FRQWURO� SRSXODWLRQV� �/XNLDQRYD� HW� DO�� ������
5RPDQHQNR�HW�DO���������)XOO\�KHDOWK\�FKLOGUHQ�DPRXQWHG�WR����RI�WKRVH�UHVLGHQW�LQ�WKH��QG�
]RQH�������N%T�P���DJDLQVW�����LQ�WKH�FRQWURO��/XNLDQRYD�HW�DO���������
�
����'LVHDVHV�RI�WKH�5HVSLUDWRU\�6\VWHP�
�
2QH�RI�WKH�GLVWLQFWLYH�IHDWXUHV�RQ�WKH�&KHUQRE\O�DFFLGHQW�ZDV�WKH�UHOHDVH�LQWR�HQYLURQPHQW�RI�
QRW� RQO\� ILVVLRQ�SURGXFWV�� EXW� DOVR�QXFOHDU� IXHO� ����8�DQG�HQULFKHG� ���8��� DQG� UDGLRQXFOLGHV�
IRUPHG�DV�DFWLYDWLRQ�SURGXFWV��7KH� UDGLRDFWLYLW\�HQWHULQJ� WKH�DWPRVSKHUH�GLG� VR� LQ�JDVHRXV��
LRQLF�PROHFXODU� IRUP�� DQG� DV� D� UDGLRDFWLYH� DHURVRO� �� LQFOXGLQJ� �KRW� SDUWLFOHV��� 7KHVH� ODWWHU�
ZHUH�IRUPHG�LQ�WZR�ZD\V��)LUVWO\��DV�D�UHVXOW�RI�WKH�H[SORVLRQ�LQ�WKH�UHDFWRU�DQG�WKH�KHDWLQJ�
ZKLFK� RFFXUUHG� VXEVHTXHQWO\� ��VROLG� KRW� SDUWLFOHV��� DQG� VHFRQGO\� E\� ZHW� VFDYHQJLQJ� RI�
UHOHDVHG�UDGLRQXFOLGHV�E\�DWPRVSKHULF�ZDWHU�GURSOHWV���OLTXLG�KRW�SDUWLFOHV����6PDOO�SDUWLFOHV��
XS�WR���PLFURQV�LQ�GLDPHWHU��DUH�HDVLO\�GUDZQ�LQWR�WKH�GHHSHU�SDUWV�RI�WKH�OXQJ��WKRVH�RI�������
PLFURQ� GLDPHWHU� DUH� GHSRVLWHG� LQ� WKH� XSSHU� UHVSLUDWRU\� SDWKZD\V� �.KUXVKFK� HW� DO�� ������
0DODFKDQNR� 	� *ROXHQNR� ������ ,YDQRY� HW� DO�� ������ ,$($� ������� +HQFH�� D� YDU\LQJ�
UDGLRORJLFDO� LPSDFW� FDQ� EH� DQWLFLSDWHG� GHSHQGLQJ� XSRQ� WKH� QDWXUH� DQG� VL]H� RI� WKH� SDUWLFOHV�
LQYROYHG��
�
$FFRUGLQJO\��GXULQJ�WKH�ILUVW�WHQ�GD\V�IROORZLQJ�WKH�DFFLGHQW��ZKHQ�HPLVVLRQV�WR�WKH�DLU�ZHUH�
RQJRLQJ�� LUUDGLDWLRQ� RI� WKH� EURQFKRSXOPRQDU\� V\VWHP� RFFXUUHG� DV� D� UHVXOW� RI� LQKDODWLRQ� RI�
DLUERUQH� UDGLDWLRQ�� 7KH� FRQWULEXWLRQ� RI� GLIIHUHQW� UDGLRQXFOLGHV� WR� WKH� GRVH� UHFHLYHG� LQ� WKH�
OXQJV�GHSHQGV�XSRQ�WKH�FKHPLFDO�IRUP�RI�WKH�UDGLRQXFOLGH��LWV�DFWLYLW\�DQG�LWV�KDOI�OLIH��'XULQJ�
WKLV�FULWLFDO�HDUO\�SHULRG��WKH�JUHDWHVW�LPSDFWV�RQ�WKH�OXQJV�RI�WKH�H[SRVHG�SRSXODWLRQ�ZHUH�GXH�
WR� ���,�� ���5X� DQG� ���&H� �&KXFKDOLQ� HW� DO�� ������ 7HUHVKFKHQNR� HW� DO�� ������ .XW¶NRY� ������
,$($��������
�
$IWHU�WKLV�WLPH��WKH�UHOHDVH�IURP�WKH�UHDFWRU�DQG�TXDQWLWLHV�RI�UDGLRDFWLYLW\�UHOHDVHG�LQWR�WKH�DLU�
GHFOLQHG�VKDUSO\��$WPRVSKHULF�UHVXVSHQVLRQ�RI�UDGLRDFWLYH�SDUWLFOHV�E\�ZLQG�RU�DV�D�UHVXOW�RI�
LQGXVWULDO� DFWLYLW\�ZDV� FRQVLGHUHG� LQVLJQLILFDQW�� 7KHUHIRUH�� IXUWKHU� OXQJ� LUUDGLDWLRQ� RFFXUUHG�
PDLQO\� DV� D� UHVXOW� RI� H[WHUQDO� LUUDGLDWLRQ� IURP� GHSRVLWHG� UDGLRDFWLYLW\� UDWKHU� WKDQ� IURP�
LQKDODWLRQ��.KUXVKFK�HW�DO��������0DODFKDQNR�	�*ROXHQNR�������,YDQRY�HW�DO��������,$($�
�������7KLV�FKURQRORJ\�LV�LPSRUWDQW�LQ�XQGHUVWDQGLQJ�WKH�HPHUJLQJ�SDWWHUQV�RI�GLVHDVH�DPRQJ�
WKH�H[SRVHG�SRSXODWLRQV��
�
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%HODUXV�
�
$PRQJ�HYDFXHHV�IURP�WKH����NP�]RQH��PRUELGLW\�RI�WKH�UHVSLUDWRU\�V\VWHP�LQ������ZDV�������
FDVHV�SHU�������SHRSOH�FRPSDUHG�WR�������IRU�WKH�JHQHUDO�SRSXODWLRQ��0DWVNR��������
�
5XVVLD�
�
$� PRUH� FRPSOH[� ORQJ�WHUP� VWXG\� RI� SXOPRQDU\� RXWFRPHV� RI� WKH� &KHUQRE\O� DFFLGHQW� ZDV�
FDUULHG�RXW�EHWZHHQ������DQG������E\�WKH�,QVWLWXWH�RI�3XOPRQRORJ\��0RVFRZ��5XVVLD���7KH�
VWXG\� IRFXVHG� RQ� FKURQLF� EURQFKR�SXOPRQDU\� SDWKRORJ\� LQ� OLTXLGDWRUV� RI� WKH� SRZHU� SODQW�
DFFLGHQW�� �&KXFKDOLQ� $�*��� HW� DO�� ������������ ���� SDWLHQWV� ZLWK� FKURQLF� REVWUXFWLYH�
SXOPRQDU\� GLVHDVH� �&23'�� ZHUH� REVHUYHG� XVLQJ� D� VXLWH� RI� FRQWHPSRUDU\� FOLQLFDO� DQG�
ODERUDWRU\� UHVHDUFK� PHWKRGV� 7KLV� LQYROYHG� SHDNIORZ�YROXPHWU\�� EURQFKR�HQGRVFRS\��
PRUSKRORJLFDO�� LPPXQRORJLFDO� DQG� PLFURELRORJLFDO� VWXGLHV� DQG� WKH� XVH� RI� ODVHU� PDVV�
VSHFWURPHWU\��&KXFKDOLQ�HW�DO���������
�
7KH�VWXG\�IRXQG�WKDW�UDGLRDFWLYH�KHDY\�HOHPHQWV�FRXOG�EH�IRXQG�LQ�WKH�SXOPRQDU\�V\VWHP�RI�
WKH�VWXGLHG�OLTXLGDWRUV������\HDUV�DIWHU�WKH�DFFLGHQW��/DVHU�PDVV�VSHFWURPHWU\�SURYHG�XVHIXO�LQ�
VLPXOWDQHRXV�VWXG\LQJ�RI�WKH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�DVSHFWV�RI�KHDY\�HOHPHQWV�LQ�WLVVXHV�
DQG�LQ�WXPRUV�LQ�UDGLDWLRQ�H[SRVHG�VXEMHFWV��7KHVH�WHFKQLTXHV�IDFLOLWLDWHG�DQ�LQYHVWLJDWLRQ�RI�
WKH� GLVWULEXWLRQ� RI� UDGLRQXFOLGHV� LQ� LQ� WKH� SXOPRQDU\� WLVVXHV� DQG� FKDQJHV� LQ� WKH� HOHPHQWDO�
FRPSRVLWLRQ�RI�WLVVXHV�LQ�WKH�FRXUVH�RI�WXPRU�GHYHORSPHQW��
�
7KH� KLJK� SUHYDOHQFH� RI� FKURQLF� UHVSLUDWRU\� SUREOHPV� LQ� OLTXLGDWRUV� DQG� WKH� SURORQJHG�
SHUVLVWHQFH�RI� LQKDOHG� UDGLRDFWLYH�SDUWLFOHV� LQ� WKHLU� OXQJV�VXJJHVWHG�D�FRQFUHWH� OLQN�EHWZHHQ�
UDGLRDFWLYH� H[SRVXUH� DQG� WKH� GLVHDVHV� REVHUYHG�� 8QGHU� FRQGLWLRQV� RI� FRPELQHG� H[WHUQDO�
LUUDGLDWLRQ�DQG�WKH�LQWDNH�RI�D�PL[WXUH�RI�UDGLRQXFOLGHV�WKH�EURQFKRSXOPRQDU\�V\VWHP�EHFDPH�
RQH� RI� WKH� PDLQ� �WDUJHW�� �� WLVVXHV� ZKHUH� ERWK� VWRFKDVWLF� DQG� QRQ� VWRFKDVWLF� HIIHFWV� ZHUH�
UHDOLVHG�LQ�WKH�IRUP�RI�FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVHV��&23'���
�
,Q�DGGLWLRQ�FDQFHU�UHODWHG�PROHFXODU�DEQRUPDOLWLHV�LQFOXGLQJ�.�UDV��FRGRQ�����PXWDWLRQ��S���
�,1.�$�� SURPRWHU� K\SHUPHWK\ODWLRQ� DQG� PLFURVDWHOOLWH� DOWHUDWLRQV� DW� VHYHQ� FKURPRVRPDO�
UHJLRQV� LQ� VXFFHVVLYH� ELRSVLHV� REWDLQHG� IURP� IRUPHU� &KHUQRE\O� FOHDQXS� ZRUNHUV� LQ�
FRPSDULVRQ�ZLWK�VPRNHUV�DQG�QRQVPRNHUV�ZLWKRXW�UDGLDWLRQ�H[SRVXUH�ZHUH�LQYHVWLJDWHG��
�
7KH�UHVXOWV�LQGLFDWHG�WKDW�SURORQJHG�SHUVLVWHQFH�RI�LQKDOHG�UDGLRDFWLYH�SDUWLFOHV�LV�DVVRFLDWHG�
ZLWK� DSSHDUDQFH�RI� DOOHOLF� ORVV� DW� �S���� �S����� �)+,7��� �S���� �S������ �K0/+��� DQG��S���
�S��,1.�$�� LQ� WKH� EURQFKLDO� HSLWKHOLXP� RI� IRUPHU� &KHUQRE\O� FOHDQ�XS� ZRUNHUV�� 7KH�
SUHYDOHQFH� RI� �S����� DOOHOLF� ORVV� ZDV� DVVRFLDWHG� ZLWK� GHFUHDVHG� H[SUHVVLRQ� RI� WKH� )+,7�
P51$�LQ�WKHLU�EURQFKLDO�HSLWKHOLXP�LQ�FRPSDULVRQ�ZLWK�WKH�FRQWURO�JURXS�RI�VPRNHUV��'XULQJ�
VHYHUDO� \HDUV� RI� PRQLWRULQJ�� VDPSOHV� RI� HSLWKHOLXP� ZHUH� FROOHFWHG� IURP� WKH� VDPH� DUHD� RI�
EURQFKLDO�WUHH��,Q�HSLWKHOLXP�H[SRVHG�WR�FDUFLQRJHQV��WREDFFR�VPRNH�DQG�RU�UDGLRDFWLYLW\��WKH�
WRWDO� QXPEHU� RI�PROHFXODU� DEQRUPDOLWLHV�ZDV� VLJQLILFDQWO\� KLJKHU� DV� LQGLFDWHG� E\� G\VSODVLD�
DQG� LQ� PRUSKRORJLFDOO\� QRUPDO� IRFL�� ZKLFK� SURJUHVVHG� ODWHU� WR� G\VSODVLD�� WKDQ� LQ� WKRVH�
VDPSOHV�� ZKLFK� QHYHU� VKRZHG� HYLGHQFH� RI� VXFK� SURJUHVVLRQ�� 7KHVH� ILQGLQJV� LQGLFDWH� WKDW�
H[WHQVLYH� FDQFHU�UHODWHG� PROHFXODU� DEQRUPDOLWLHV� KDYH� RFFXUUHG� VHTXHQWLDOO\� LQ� UDGLDWLRQ�
GDPDJHG�EURQFKLDO�HSLWKHOLXP�RI�IRUPHU�&KHUQRE\O�FOHDQ�XS�ZRUNHUV��&KXFKDOLQ�������������
������&KDUSLQ�������&KL]KLNRY��������
�
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,Q� DQRWKHU� VWXG\� FDUULHG� RXW� LQ� 5XVVLD�� LQFLGHQFH� RI� DVSK\[LD� DQG� EUHDWKLQJ� SUREOHPV� LQ�
QHZERUQV� FRUUHODWHG� SRVLWLYHO\� ZLWK� WKH� OHYHO� RI� UDGLRDFWLYH� SROOXWLRQ� H[SHULHQFHG� LQ� WKH�
UHJLRQ��.XODNRY�HW�DO���������
�
8NUDLQH�
�
,Q�������������RI�PRUELGLW\�FDVHV�DPRQJ�HYDFXHHV�DQG�DPRQJ�DGXOW�DQG�DGROHVFHQW�UHVLGHQWV�
RI� WKH� FRQWDPLQDWHG� WHUULWRULHV� ZHUH� DWWULEXWHG� WR� PRUELGLW\� RI� WKH� UHVSLUDWRU\� RUJDQV�� 7KH�
FRUUHVSRQGLQJ� ILJXUH� IRU� FKLOGUHQ� ZDV� ������ �*URG]LQVN\� ������� $FFRUGLQJ� WR� WKH� GDWD�
FRPSLOHG� E\� WKH�8NUDLQLDQ�0LQLVWU\� RI�+HDOWK�� DGXOW� DQG� WHHQDJH�YLFWLPV�RI� WKH�&KHUQRE\O�
DFFLGHQW�VKRZHG�LQFUHDVHV�LQ�PRUELGLW\�RI�WKH�UHVSLUDWRU\�V\VWHP��,Q�WKH�WKUHH�SULPDU\�FULWLFDO�
JURXSV�PRQLWRUHG��SXOPRQDU\�V\VWHP�GLVHDVHV�LQ������KDG�JURZQ�E\�����WLPHV��IURP�������WR�
�������SHU����������LQ�FRPSDULVRQ�ZLWK������GDWD��
�
7KH�JHQHUDO�PRUELGLW\�GXH�WR�SXOPRQDU\�V\VWHP�GLVHDVHV�DPRQJVW�WKH�8NUDLQLDQ�SRSXODWLRQ�LQ�
�����DQG������UHVSHFWLYHO\�ZDV�HVWDEOLVKHG�WR�EH�SUDFWLFDOO\�WKH�VDPH�DW�������DQG���������
6LPLODUO\��PRUELGLW\� LQ� WKH� SRSXODWLRQ� IURP� WKH� FRQWDPLQDWHG� WHUULWRULHV� UHPDLQHG� VWDEOH� DW�
������� DQG� ��������$�PDUNHG� LQFUHDVH�� KRZHYHU�� WRRN� SODFH� DPRQJ� WKH� FOHDQ�XS�ZRUNHUV�
LQYROYHG� LQ� WKH�DFFLGHQW� IURP�������� WR���������DQG�PRUELGLW\�DPRQJ�HYDFXHHV� IURP�VXFK�
LOOQHVVHV�JUHZ�VXEVWDQWLDOO\�IURP��������WR��������
�
0RUELGLW\� DWWULEXWDEOH� WR� SQHXPRQLD� LQFUHDVHG�DPRQJ�DOO� JURXSV�RI� WKH� H[SRVHG�SRSXODWLRQ�
EHWZHHQ������DQG�������EXW�ZDV�PRVW�PDUNHG�DPRQJ�WKH�FOHDQ�XS�ZRUNHUV��IURP�����WR�����
SHU� ��������� DQG� DPRQJ� WKH� HYDFXDWHG� SHUVRQV� �IURP� ���� WR� ���� SHU� ���������� )RU� WKH�
LQKDELWDQWV�RI�FRQWDPLQDWHG�WHUULWRULHV�WKLV�LQGH[�LQFUHDVHG�VRPHZKDW�OHVV���IURP�����WR�����
SHU����������DQG�DPRQJ�WKH�JHQHUDO�SRSXODWLRQ�RI�8NUDLQH�D�PLQRU�LQFUHDVH�IURP�����WR�����
SHU���������ZDV�REVHUYHG��
�
0RUELGLW\� IURP�EURQFKLDO�DVWKPD� LQFUHDVHG�ERWK�DPRQJ�FOHDQ�XS�ZRUNHUV�±� �IURP���� WR����
SHU�����������DQG�DPRQJ�HYDFXHHV��IURP����WR����SHU���������UHVSHFWLYHO\�EHWZHHQ������DQG�
������7KH� OHYHO�RI�EURQFKLDO�DVWKPD�PRUELGLW\�� WKHUHIRUH��ZDV�KLJKHU� LQ� WKHVH�FDWHJRULHV�RI�
H[SRVHG�SHRSOH�WKDQ�DPRQJ�UHVLGHQWV�RI�WKH�FRQWDPLQDWHG�WHUULWRULHV������DQG����SHU���������
UHVSHFWLYHO\�� DQG� DPRQJ� WKH� JHQHUDO� SRSXODWLRQ� RI� WKH� 8NUDLQH� ���� DQG� ��� SHU� ��������
UHVSHFWLYHO\���
�
7KH�PRVW�QRWLFHDEOH� LQFUHDVH� LQ� UHVSLUDWRU\�V\VWHP�PRUELGLW\�ZDV�GXH� WR�FKURQLF�EURQFKLWLV�
DQG�&23'�DPRQJ� WKH�FOHDQ�XS�ZRUNHUV� �IURP�����������SHU�����������7KLV�GHFUHDVHG��EXW�
UHPDLQHG�KLJK��DPRQJ�HYDFXHHV������DQG�����SHU����������EXW�URVH�VOLJKWO\�IRU�UHVLGHQWV�RI�
WKH�FRQWDPLQDWHG�WHUULWRULHV������DQG�����SHU�����������7KH�PHGLDQ�OHYHO�IRU�WKH�8NUDLQH�DV�D�
ZKROH�ZDV�UHFRUGHG�DW�����DQG�����SHU���������IRU�WKH�WZR�\HDUV�LQ�TXHVWLRQ��
�
,Q�PRUH�UHFHQW�\HDUV�������������D�VWHDG\�PDUNHG�JURZWK�RI�SXOPRQDU\�V\VWHP�PRUELGLW\�KDV�
EHHQ�UHFRUGHG�DPRQJ�HYDFXHHV��IURP��������WR���������DQG�DPRQJ�FOHDQ�XS�ZRUNHUV��IURP�
�������WR����������7KLV�FRQWUDVWV�ZLWK�WKH�UHODWLYH�VWDELOLW\�RI�WKLV�LQGH[�IRU�WKH�UHVLGHQWV�RI�
WKH�FRQWDPLQDWHG�WHUULWRULHV��IURP��������WR���������DQG�WKH�8NUDLQLDQ�SRSXODWLRQ�DV�D�ZKROH�
�IURP��������WR����������
�
,QFUHDVHG� PRUELGLW\� IURP� EURQFKLDO� DVWKPD� ZDV� PRVW� SURQRXQFHG� DPRQJ� WKH� FOHDQ�XS�
ZRUNHUV��IURP�����WR�����SHU����������DQG�WKH�HYDFXHHV��IURP�����WR�����SHU�����������7KLV�
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FRQWUDVWHG�ZLWK�OHVVHU�LQFUHDVHV�DPRQJ�WKH�UHVLGHQWV�RI�FRQWDPLQDWHG�WHUULWRULHV��IURP�����WR�
����SHU����������DQG�WKH�SRSXODWLRQ�RI�8NUDLQH�DV�D�ZKROH��IURP�����WR�����SHU�����������
�
,QFUHDVHG� PRUELGLW\� IURP� FKURQLF� EURQFKLWLV� DQG� &23'� ZDV� JUHDWHVW� DPRQJ� WKH� FOHDQ�XS�
ZRUNHUV� �IURP� ������ WR� ������� SHU� �������� UHSHFWLYHO\� IRU� WKH� \HDUV� ����� DQG� ������ DQG�
DPRQJVW� HYDFXHHV� �IURP� ������ WR� ������ SHU� �������� UHVSHFWLYHO\��� )RU� UHVLGHQWV� RI� WKH�
FRQWDPLQDWHG�WHUULWRULHV�LQFUHDVHV�ZHUH�QRW�VR�HYLGHQW�RYHU�WKH�VDPH�WLPH�SHULRG��������DQG�
������SHU�����������,Q�WKH�JHQHUDO�SRSXODWLRQ�PRUELGLW\�LQFUHDVHG�OHVV�DQG�WKH�RYHUDOO�OHYHO�RI�
PRUELGLW\�ZDV�PXFK� ORZHU� ������� WR� ������ SHU� ��������� DV� FRPSDUHG� WR� WKRVH� SRSXODWLRQV�
H[SRVHG� WR� WKH�&KHUQRE\O� UDGLDWLRQ��2WKHU� GDWD� VXJJHVW� WKDW� FKURQLF� REVWUXFWLYH� SXOPRQDU\�
GLVHDVHV� �&23'�� DQG� EURQFKLDO� DVWKPD� DUH� DPRQJ� WKH� OHDGLQJ� UHDVRQV� IRU� PRUELGLW\��
LQYDOLGLW\� DQG� H[FHVV�PRUWDOLW\� DPRQJ� OLTXLGDWRUV�� $FFRUGLQJ� WR� RIILFLDO� VWDWLVWLFV� IURP� WKH�
8NUDLQLDQ�0LQLVWU\�RI�+HDOWK��PRUELGLW\�ZLWK�XQVSHFLILHG�FKURQLF�EURQFKLWLV�DQG�HPSK\VHPD�
LQ� DGROHVFHQW� DQG� DGXOW� YLFWLPV� RI� WKH� &KHUQRE\O� DFFLGHQW� JUHZ� IURP� ������ SHU� �������
SRSXODWLRQ� LQ� ����� WR� ������SHU� ������� LQ� ������ DQG�EURQFKLDO� DVWKPD�JUHZ� IURP������SHU�
�������LQ������WR������SHU��������LQ�������*UDSK��������VKRZV�WKH�LQFUHDVLQJ�PRUELGLW\�ZLWK�
WLPH�IURP�FKURQLF�EURQFKLWLV�DQG�&23'��
�
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FKURQLF�EURQFKLWLV &23' ��
)LJXU� ������� 5HVXOWV� RI� ORQJ�WHUP� SXOPRQDU\� V\VWHP� PRQLWRULQJ� RI� OLTXLGDWRUV� RI� WKH�
&KHUQRE\O�DFFLGHQW�DW�WKH�6&50�RXWSDWLHQW�GHSDUWPHQW��6XVKNR�HW�DO�������
�
)URP������WR������WKH�,QVWLWXWH�RI�&OLQLFDO�5DGLRORJ\�DW� WKH�5HVHDUFK�&HQWHU�IRU�5DGLDWLRQ�
0HGLFLQH� RI� WKH� 8NUDLQH� FDUULHG� RXW� FRPSOH[� SXOPRQDU\� LQYHVWLJDWLRQV� RQ� ������ PDOH�
8NUDQLDQ� OLTXLGDWRUV� DJHG� IURP� ��� WR� ��� �PHGLDQ� DJH� ����� �� ���� \HDUV��� 7KH� SXOPRQDU\�
LQYHVWLJDWLRQ�SURJUDPPH� LQFOXGHG� URXWLQH� FOLQLFDO� DQG� ODERUDWRU\�PHWKRGV�� UHVSLURPHWU\�� [�
UD\� H[DPLQDWLRQ� RI� WKH� OXQJV�� ILEUR�EURQFKRVFRS\� ZLWK� ELRSV\� RI� WKH� PXFRVD� DQG� SDWKR�
PRUSKRORJLFDO�DQG�HOHFWURQ�PLFURVFRS\�VWXGLHV��
�

0RUELGLW\���
SHU�������
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'RVHV�RI�H[WHUQDO�LUUDGLDWLRQ��ZKLFK�ZHUH�GRFXPHQWHG�IRU�����RI�SDWLHQWV��ZHUH�LQ�WKH�UDQJH�
�����F6Y�ZLWK�D�PHDQ�RI������������F6Y��0RUH�WKDQ�����RI�WKHP�KDG�WDNHQ�SDUW�LQ�FOHDQXS�
RSHUDWLRQV�GXULQJ�$SULO�WR�2FWREHU�������/LTXLGDWRUV�IURP�WKH�ODWHU�SHULRG�������������ZHUH�
LQFOXGHG� LQ� WKH� JURXS� RQO\� LI� WKH\� SDUWLFLSDWHG� LQ� GHFRQWDPLQDWLRQ� RI� WKH� SRZHU� SODQW�� RU�
ZRUNHG� DW� WKH� VLWHV� ZLWKLQ� WKH� ���NP� ]RQH� ZKHUH� ZDVWHV� ZHUH� EXULHG� RU� FRQWDPLQDWHG�
HTXLSPHQW��HJ�YHKLFOHV��ZHUH�VWRUHG��$QRWKHU����SHRSOH�ZLWK�DFXWH�UDGLDWLRQ�V\QGURPH�ZHUH�
DOVR� H[DPLQHG�� ,QFRUSRUDWLRQ� RI� �KRW� SDUWLFOHV�� LQ� RQH� RI� WKHVH� SDWLHQWV� ZDV� GRFXPHQWHG��
5DGLRQXFOLGH�LQFRUSRUDWLRQ�LQWR�WKH�OXQJV��PDLQO\����&V����&R���ZDV�FRQILUPHG�E\�ZKROH�ERG\�
FRXQWV�LQ����OLTXLGDWRUV�IURP�WKH�JHQHUDO�JURXS��
�
,Q� JHQHUDO�� OLTXLGDWRUV� VXIIHUHG� GU\�� QRQ�SURGXFWLYH� FRXJKV� GXULQJ� WKHLU� ZRUN� SHULRGV� DQG�
GLUHFWO\�DIWHUZDUGV��7KH�VXEVHTXHQW�GHYHORSPHQW�RI�GLVHDVH�ZDV�FKDUDFWHUL]HG�E\�SURJUHVVLYH�
GHYHORSPHQW�RI�REVWUXFWLRQ�DQG�G\VSQRHD��VKRUWQHVV�RI�EUHDWK��GLIILFXOW\�RU�SDLQ�LQ�EUHDWKLQJ���
/DWHU� RQ�� V\PSWRPV�RI� FKURQLF�REVWUXFWLYH� OXQJ�GLVHDVH�ZHUH�REVHUYHG�� FRXJK�� VSXWXP�DQG�
G\VSQRHD� LQ� FRPELQDWLRQ�ZLWK� REVWUXFWLYH�PL[HG� YHQWLODWLRQ� GLVRUGHUV� �7HUHVKFKHQNR�HW� DO��
������6XVKNR�	�6KYD\NR�����D���
�
$PRQJ�WKH�EDVLF�IRUPV�RI�QRQVSHFLILF�FKURQLF�OXQJ�GLVHDVH�LQ�OLTXLGDWRUV��FKURQLF�REVWUXFWLYH�
EURQFKLWLV��&K2%��GRPLQDWHG��EHLQJ�REVHUYHG�LQ�����RI�SDWLHQWV��$�IXUWKHU�����KDG�FKURQLF�
QRQ�REVWUXFWLYH�EURQFKLWLV��&K1%��DQG����VXIIHUHG�IURP�DVWKPD��)LJXUH���������2EVWUXFWLYH�
YLRODWLRQV� RI� OXQJ� YHQWLODWLRQ� ������ ZHUH� SUHGRPLQDQW� LQ� OLTXLGDWRUV� VXIIHULQJ� IURP�
EURQFKRSXOPRQDU\� SDWKRORJ\�� ,VRODWHG� UHVWULFWLYH� YLRODWLRQV� ZHUH� QRWHG� LQ� ��� RI� SDWLHQWV��
0L[HG�YHQWLODWLRQ�GLVRUGHUV�ZHUH�REVHUYHG� LQ�����RI�SDWLHQWV��9HQWLODWLRQ�SDUDPHWHUV�ZHUH�
QRUPDO� LQ� RQO\� ��� RI� FDVHV�� ZKLFK� ZHUH� GLDJQRVHG� DV� FKURQLF� QRQ�REVWUXFWLYH� EURQFKLWLV�
�)LJXUH����������7HUHVKFKHQNR�	�6XVKNR��(GV��������6XVKNR�	�6KYD\NR�����D	E��']\XEOLN�
HW�DO��������6XVKNR�������6XVKNR��������
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1R]RORJLFDO�IRUPV

&KU�QRQREVWU�EURQFKLWLV
&KU�REVWU�EURQFKLWLV
$VWPD

�
��
��
��
��
��
��

�9LRODWLRQV�RI��9HQWLODWLRQ

2EVWUXFWLYH &RPELQHG
5HVWULFWLYH 1RUPDO
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(QGREURQFKLWLV�IRUPV

$WURSKLD +\SHUSODVLD
&RPELQHG

�)LJXUH� ������� 7KH� PDLQ� QRVRORJLFDO� IRUPV�� YLRODWLRQV� RI� YHQWLODWLRQ� DQG� W\SHV� RI�
HQGREURQFKLWLV�LQ�PDOH�8NUDLQLDQ�OLTXLGDWRUV�
�
%URQFKR�REVWUXFWLYH� V\QGURPH� LQ� OLTXLGDWRUV� KDV� XQGHUJRQH� LQWHUHVWLQJ� G\QDPLFV�� ,Q� �����
����� WKH� PRVW� FRPPRQ� V\QGURPH� ZDV� WKDW� RI� LVRODWHG� REVWUXFWLRQ� RI� WKH� VPDOO� EURQFKXV�
�������IROORZHG�E\�WKH�K\SRWRQLF�G\VNLQHVLD�RI�PHPEUDQRXV�SDUWV�RI�WKH�WUDFKHD�DQG�WKH�PDLQ�
EURQFKLDO�WXEHV�������WRJHWKHU�ZLWK���JHQHUDOL]HG�REVWUXFWLRQ�V\QGURPH��������'XULQJ������
�����WKH�IUHTXHQF\�RI�LVRODWHG�REVWUXFWLRQ�V\QGURPH�RI�WKH�VPDOO�EURQFKLDO�WXEHV�GHFUHDVHG�WR�
����� K\SRWRQLF� G\VNLQHVLD� RI�PHPEUDQRXV� SDUW� RI� D� WUDFKHD� DQG� WKH�PDLQ� EURQFKLDO� WXEHV�
GHFUHDVHG� WR� ���� DQG� JHQHUDOL]HG� EURQFKR�REVWUXFWLRQ� V\QGURPH� LQFUHDVHG� WR� ���� RI�
SDWLHQWV�� &XUUHQWO\�� JHQHUDOL]HG� EURQFKLDO� REVWUXFWLRQ� SUHGRPLQDWHV� ������� IROORZHG� E\�
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LVRODWHG�REVWUXFWLRQ�RI� WKH� VPDOO� EURQFKXV� ������ DQG�K\SRWRQLF�G\VNLQHVLD�RI�PHPEUDQRXV�
SDUW� RI� WKH� WUDFKHD� DQG� WKH� PDLQ� EURQFKXV� ������ �7HUHVKFKHQNR� 	� 6XVKNR� �(GV�� �� ������
6XVKNR�	�6KYD\NR�����D	E��']\XEOLN�HW�DO��������6XVKNR�������6XVKNR�������6XVKNR�������
6XVKNR�HW�DO���������
�
(QGRVFRSLF� H[DPLQDWLRQ� RI� WKH� WUDFKHREURQFKLDO� WUHH� LQ� ���� SDWLHQWV� UHYHDOHG� D� YHU\� KLJK�
SUHYDOHQFH�RI�DWURSK\�RI�WKH�PXFRXV�PHPEUDQH��������7KLV�ZDV�FKDUDFWHUL]HG�E\�WKLQQLQJ�RI�
WKH� PXFRXV� PHPEUDQH� DQG� LPSRYHULVKPHQW� RI� WKH� YDVFXODULVDWLRQ�� ,Q� ���� RI� SDWLHQWV� WKH�
RSSRVLWH� FKDQJHV� LQ� EURQFKRILEHUVFRSLF� SDWKRORJ\� ZHUH� REVHUYHG�� K\SHUSODVLD�� ZKLFK�
FRQVLVWHG� RI� D� WKLFNHQLQJ�� RU� K\SRVWDVLV�� RI� WKH� PXFRXV� PHPEUDQH�� DQG� D� QDUURZLQJ� RI�
VHJPHQWDU\� DQG� VXEVHJPHQWDU\� EURQFKLDO� WXEHV�� ,Q� ��� RI� SDWLHQWV�� ERWK� W\SHV� RI� FKDQJHV��
DWURSKLF� FKDQJHV� LQ� SUR[LPDO� SDUWV� DQG� K\SHUSODVWLF� FKDQJHV� LQ� GLVWDO� SDUWV��ZHUH� REVHUYHG�
�7HUHVKFKHQNR�	�6XVKNR��(GV����������6XVKNR�	�6KYD\NR�������6KYD\NR�	�6XVKNR��������
�
,Q�����RI�SDWLHQWV��FDWDUUKDO�VFOHURWLF�FKDQJHV�RI� WKH�EURQFKLDO�PXFRVDH�ZHUH�DFFRPSDQLHG�
E\�GHIRUPDWLRQ�RI� WKH� WUDFKHREURQFKLDO� WUHH��7KLV� W\SH�RI� FKDQJH�ZDV�FKDUDFWHUL]HG�E\� ILQH�
OLJKW�SLQN�ORQJLWXGLQDO�FRQQHFWLYH�VFDUV�RQ�WKH�PXFRXV�PHPEUDQH��PDLQO\�DW�WKH�RSHQLQJV�RI�
VHJPHQWDU\� DQG� VXEVHJPHQWDU\� EURQFKLDO� WXEHV� LQ� WKH� ORZHU� OREHV�� 7KH� SUHYDOHQFH� RI�
FDWDUUKDO�VFOHURWLF� FKDQJHV� FRUUHODWHV� ZLWK� WKH� DWURSKLHG� IRUP� RI� HQGREURQFKLWLV�� ,VRODWHG�
VFOHURWLF� FKDQJHV� RI� EURQFKLDO� PXFRVDH� ZHUH� UHSRUWHG� LQ� ���� RI� SDWLHQWV� DQG� FDWDUUKDO�
FKDQJHV�LQ�����7HUHVKFKHQNR�	�6XVKNR��(GV���������6XVKNR�	�6KYD\NR�������6KYD\NR�	�
6XVKNR��������
�
6WDJH��� LQIODPPDWLRQ�ZDV� UHFRUGHG� LQ�����RI�SDWLHQWV�� VWDJH��� LQ�����DQG� VWDJH��� LQ�����
EDVHG� RQ� /HPRLQH¶V� FDWHJRULVDWLRQ� �/HPRLQH� ������� 7KLV� GHPRQVWUDWHV� D� ORZ� GHJUHH� RI�
DFWLYLW\�LQ�WKH�SURGXFWLYH�LQIODPPDWRU\�SURFHVV�LQ�WKH�RYHUZKHOPLQJ�PDMRULW\�RI�FDVHV�DQG�LV�
OLQNHG�WR�WKH�SUHYDLOLQJ�IRUPV�DQG�W\SHV�RI�SDWKRORJLFDO�FKDQJHV�LQ�WUDFKHREURQFKLDO�PXFRVD�
LQ�WKRVH�OLTXLGDWRUV�ZKR�VXIIHU�IURP�FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��&23'���
�
5HVXOWV� RI� EURQFKRILEURVFRSLF� VWXGLHV� RI� WKH� WUDFKHREURQFKLDO� WUHH� PXFRVDH� LQ� OLTXLGDWRUV�
VXIIHULQJ� IURP�&23'�KDYH� VKRZQ� WKDW� WKH�SULPDU\�YDULDQW� RI� FKURQLF�EURQFKLWLV� LV� FKURQLF�
GLIIXVLYH� VWDJH� �� LQIODPPDWLRQ� �DWURSKLHG� HQGREURQFKLWLV� ZLWK� FDWDUUKDO�VFOHURWLF� FKDQJHV�
�7HUHVKFKHQNR�	�6XVKNR��(GV����������6XVKNR�	�6KYD\NR�������6KYD\NR�	�6XVKNR��������
�
7KH� FOLQLFDO� SDWKRPRUSKRORJ\� RI� &23'� LQ� SDWLHQWV� LV� FKDUDFWHULVHG� E\�� WUDQVIRUPDWLRQ� RI�
UHJHQHUDWLRQ� SURFHVVHV�� PLFURYHVVHO� GDPDJH�� ILEULOORJHQHVLV� GLVRUGHUV� DQG� PRGLILFDWLRQ� RI�
LQIODPPDWRU\�SURFHVVHV��7KH�FKDQJHV�LGHQWLILHG�DUH�VXPPDULVHG�LQ�WKH�WDEOH�EHORZ��%HFDXVH�
SODQR�FHOOXODU� PHWDSODVLD� DQG� FHOOXODU� DW\SLD� DUH� SUHFDQFHURXV� FRQGLWLRQV�� OLTXLGDWRUV� ZKR�
ZRUNHG�LQ���������UHTXLUH�RQJRLQJ�SXOPR�RQFRORJLFDO�YLJLODQFH��
�
7UDQVIRUPDWLRQ� RI�
LQIODPPDWLRQ� SURFHVV�
NLQHWLFV�

���+\SRUHDFWLYLW\� �ORZ� OHYHO� RI� QHXWURSKLOLF� JUDQXORF\WHV� DQG�
PDFURSKDJH�ODPLQD�SURSULD�RI�EURQFKXV�PXFRXV�PHPEUDQH��
��� 3UHYDOHQFH� RI� SURGXFWLYH� FRPSRQHQW� LQIODPPDWLRQ� RYHU�
H[XGDWLRQ�

&KDUDFWHULVWLFV� RI�
PLFURFLUFXODWLRQ�SDWKRORJ\�
RI� EURQFKLDO� PXFRXV�
PHPEUDQH�

���'LVWLQFW�SDWKRORJ\�RI�HQGRWKHOLDO�FHOOV�
���(U\WKURF\WH�DGKHVLRQ�WR�HQGRWKHOLDO�FHOOV�
���&RQIRUPDWLRQDOO\�IXQFWLRQDO�UHFRQVWUXFWLRQ�RI�PLFURYHVVHOV�
���6FOHURVLV�RI�PLFURFLUFXODWLRQ�YHVVHOV�FRPSRQHQWV�

,QWHQVLILFDWLRQ� RI�
LQYROXWLRQDO� SURFHVV� LQ�

��� :LGHVSUHDG� SODQRFHOOXODU� PHWDSODVLD� RI� VXSHUILFLDO�
HSLWKHOLXP�RI�EURQFKLDO�PXFRXV�PHPEUDQH�
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EURQFKXV� PXFRXV�
PHPEUDQH�

���0XOWLOD\HU�EDVDO�PHPEUDQH�RI�FDSLOODULHV�
���/LSLG�LQFOXVLRQV�LQ�F\WRSODVP�RI�HQGRWKHOLXP�FHOOV�
���/LSLG�G\VWURSK\�RI�PXVFXODU�FHOOV��
��� ,QFOXVLRQ� RI� OLSRIXVFLQ� LQ� ODPLQD� SURSULD� RI� EURQFKXV�
PXFRXV�PHPEUDQH�
���:LGHVSUHDG�RFFXUUHQFH�RI�K\DOLQRVLV�DQG�ILEURVLV�

&KDUDFWHULVWLF� FKDQJHV� RI�
EURQFKLDO� PXFRXV�
PHPEUDQH�

���$FFHOHUDWLRQ�RI�FHOO�SRSXODWLRQ�UHQHZDO�
��� :LGHVSUHDG� RFFXUUHQFH� RI� SODQRFHOOXODU� PHWDSODVLD� RI�
VXSHUILFLDO�HSLWKHOLXP�RI�EURQFKLDO�PXFRXV�PHPEUDQH�
��� 'LVWLQFW� EDVDO� FHOO� K\SHUSODVLD� LQ� VXSHUILFLDO� HSLWKHOLXP� RI�
EURQFKXV�
��� 3UHVHQFH� RI� HSLWKHOLXP� FHOOV� ZLWK� PRGLILHG� SKHQRW\SH� LQ�
EURQFKLDO�PXFRXV�PHPEUDQH�
��� 'HSRSXODWLRQ� RI� DGLSRF\WHV� RI� VXSHUILFLDO� HSLWKHOLXP� RI�
EURQFKXV�

7DEOH��������&KDUDFWHULVWLFV�RI�SDWKRPRUSKRORJ\�RI�&23'�LQ�OLTXLGDWRUV��
8QGHU�WKH�DLUERUQH�H[SRVXUH�FRQGLWLRQV�ZLWK�D�FRPELQHG�LQIOXHQFH�RI�H[WHUQDO�LUUDGLDWLRQ�DQG�
D�PL[WXUH�RI�UDGLRQXFOLGHV�LQ�YDU\LQJ�SK\VLFR�FKHPLFDO�IRUPV��WKH�SXOPRQDU\�V\VWHP�ZDV�RQH�
RI�WKH�PDLQ�³WDUJHW´�WLVVXHV�RI�H[SRVXUH��UHVXOWLQJ�LQ�HOHYDWHG�LQFLGHQFH�RI�&23'�GXULQJ�WKH�
ILUVW� ���� \HDUV� DIWHU� WKH� DFFLGHQW� DW� &KHUQRE\O� LQ� WKH� JURXS� RI� OLTXLGDWRUV�� $QDO\VLV� RI� WKH�
GRVLPHWULF��FOLQLFDO�DQG�HSLGHPLRORJLFDO�GDWD�FRQILUPV�WKDW�WKH�JURXS�DW�SULPDU\�ULVN�LV�FOHDQ�
XS�ZRUNHUV�HPSOR\HG�GXULQJ�WKH�����������SHULRG��
�
�����'LVHDVHV�RI�WKH�'LJHVWLYH�6\VWHP�DQG�RWKHU�2UJDQV��
�
7KH�LQFUHDVH�LQ�FKLOG�PRUELGLW\�GXH�WR�GLJHVWLYH�V\VWHP�GLVHDVHV�ZDV�KLJKHU�LQ�FRQWDPLQDWHG�
WHUULWRULHV� DV� FRPSDUHG� WR� XQFRQWDPLQDWHG� WHUULWRULHV�� ZKHUH� ODQGVFDSH� JHRFKHPLFDO�
FKDUDFWHULVWLFV�SURPRWHG�&V�����PLJUDWLRQ�IURP�VRLO�WR�SODQWV��1DERND�������6KHVWRSDORY�HW�
DO�� ������� 7KLV� LQFUHDVH� RI� GLJHVWLYH� V\VWHP� GLVHDVHV�ZDV� GULYHQ� ODUJHO\� E\� DQ� LQFUHDVH� LQ�
FKURQLF� JDVWULWLV� �$YFKDFKHYD� HW� DO�� ������ JDVWURGXRGHQLWLV�� XOFHU� RI� WKH� VWRPDFK� DQG�
GXRGHQXP�� OLYHU� DQG� JDOO�EODGGHU� GLVHDVH� WRJHWKHU�ZLWK� ELOLDU\� WUDFW� DQG� SDQFUHDWLF� GLVHDVH�
�.RURO�HW�DO���������
�
$Q�LQFUHDVHG�LQWHQVLW\�RI�FDULHV�RI�ERWK�SULPDU\�DQG�SHUPDQHQW�WHHWK�����������/XWVND�HW�DO��
������ .KRPHQNR� HW� DO�� ������ ZDV� DOVR� REVHUYHG� LQ� WKH� VXEMHFW� SRSXODWLRQ�� $WURSK\� RI�
VWRPDFK� WLVVXHV�ZDV� IRXQG��� WLPHV�PRUH�RIWHQ�DQG� LQWHVWLQDO�PHWDSODVLD��� WLPHV�PRUH�RIWHQ�
UHVSHFWLYHO\� LQ� WKH� UHVLGHQWV� RI� FRQWDPLQDWHG� DUHDV� DV� FRPSDUHG� WR� WKH� FRQWURO� JURXS�
�$YFKDFKHYD� HW� DO��������� &KLOGUHQ� H[SRVHG� WR� WK\URLG� GRVHV� DERYH� �*\� VXIIHUHG� WZLFH� DV�
PDQ\�GLVHDVHV�RI� WKH�GLJHVWLYH� V\VWHP�DV� WKRVH�ZKR�ZHUH� OHVV�KHDYLO\�H[SRVHG� �.XUEDQRYD�
�������
�
%HODUXV�
�
'XULQJ� WKH�SHULRG�EHWZHHQ�����������SUHYDOHQFH�RI�SHSWLF�XOFHUV� DPRQJ� WKH�SRSXODWLRQ�RI�
%HODUXV� LQFUHDVHG� E\� ����� �.RQGUDWHQNR� ������� ,Q� ������ PRUELGLW\� IURP� GLVHDVHV� RI� WKH�
GLJHVWLYH� V\VWHP�DPRQJ�HYDFXHHV� DQG� WKH� LQKDELWDQWV�RI� WKH� FRQWDPLQDWHG� WHUULWRULHV� �������
FDVHV�SHU����������ZDV����� WLPHV�KLJKHU� WKDQ� IRU� WKH�JHQHUDO�%HODUXV�SRSXODWLRQ� �������SHU�
����������0DWVNR��������
�
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5XVVLD�
�
'LVHDVHV� RI� WKH� JDVWURLQWHVWLQDO� WUDFW� UDQNHG� IRXUWK� ������� ZLWKLQ� WKH� ZKROH� UDQJH� RI�
GLVHDVHV� UHSRUWHG� LQ� OLTXLGDWRUV�� 6WRPDFK� XOFHUV� PDGH� XS� WKH� KLJKHVW� SURSRUWLRQ��
DFFRXQWLQJ�IRU�������RI�GLVHDVHV�RI�WKH�GLJHVWLYH�RUJDQV��
�
������RI�DOO�GHDWKV�RI�OLTXLGDWRUV�ZHUH�UHSUWHG�DV�FDXVHG�E\�GLVHDVHV�RI�WKH�GLJHVWLYH�
RUJDQV�� 7KHVH� GLVHDVHV� UDQN� WKLUG� LQ� WKH� KLHUDUFK\� RI� UHSRUWHG� GLVHDVHV�� DIWHU�
FDUGLRYDVFXODU� GLVHDVHV� DQG� FDQFHU�� /LYHU�GLVHDVHV�DOVR� LQFUHDVHG� LQ������FRPSDUHG� WR�
�����������8QWLO�������OLYHU�SDWKRORJ\�UHSRUWHG�ZDV�EDVLFDOO\�FKURQLF�KHSDWLWLV�������
EXW� DIWHU� ����� D� FRQVLGHUDEOH� SURSRUWLRQ� FRQVLVWHG�RI� WKH�PRUH�PRUH� VHULRXV�GLVHDVH�
OLYHU�FLUUKRVLV��=XERYVN\�	�6PLUQRY�������.KULVDQIRY�	�0HVNLNK��������
�
,QFUHDVHG�GHQWDO�FDULHV�KDV�EHHQ�UHSRUWHG�LQ�FKLOGUHQ�DQG�DGROHVFHQWV�UHVLGLQJ�LQ�UDGLRDFWLYHO\�
FRQWDPLQDWHG� UHJLRQV�� &KLOGUHQ� ERUQ� DIWHU� WKH� FDWDVWURSKH� H[KLELW� PRUH� IUHTXHQW� GHQWDO�
SDWKRORJ\�ZKLOH�D�PDUNHGO\�LQFUHDVHG�IUHTXHQF\�RI�FRPELQHG�PDOIRUPDWLRQV�RI�WKH�WHHWK�DQG�
MDZV� KDYH� EHHQ� REVHUYHG� LQ� FKLOGUHQ� LUUDGLDWHG� EHIRUH� ELUWK� �6HYELWRY� ������� 7KHVH�
PDOIRUPDWLRQV� DUH�SRVLWLYHO\� FRUUHODWHG�ZLWK� OHYHO�RI� UDGLRDFWLYH�FRQWDPLQDWLRQ�� ,Q�FKLOGUHQ�
SHUPDQHQWO\� UHVLGLQJ� LQ� FRQWDPLQDWHG� WHUULWRULHV� VXFK� PDOIRUPDWLRQV� DUH� �������� WLPHV� DV�
IUHTXHQW�� 7KH� RYHUDOO� SDWWHUQ� RI� GHQWDO� DQRPDOLHV� LV� LOOXVWUDWHG� LQ� 7DEOH� ������� IRU� WZR�
FRQWDPLQDWHG�UHJLRQV�RI�5XVVLD��
�
�
� 8S� WR� ��

&L�NP��
�����&L�NP�� ������&L�NP�� &KLOGUHQ�ERUQ�

7HHWK�
DQRPDOLHV��

���� ���� ���� %HIRUH�������Q ����
� ���� ���� ���� $IWHU�������Q ����
7HHWK� URZ�
DQRPDOLHV��

���� ���� ���� %HIRUH�������Q ���
� ���� ���� ���� $IWHU�������Q ����
2FFOXVLRQ� ���� ���� ���� %HIRUH�������Q ����
� ���� ���� ���� $IWHU�������Q ����
$JH�QRUP� ���� ���� ���� %HIRUH�������Q ����
� ���� ���� ���� $IWHU�������Q ����
��&L�NP����'RQ��WKH�7XOD�DUHD������SHUVRQV����������&L�NP����8]ORYD\D��7XOD�DUHD������SHUVRQV�����������¤�&L�NP�
����1RYR]\ENRY��%U\DQVN�DUHD������SHUVRQV���
�
7DEOH� ������ )UHTXHQF\� RI� GHQWDO� DQRPDOLHV� �LQ� ��� DPRQJ� FKLOGUHQ� LQ� WKH� WHUULWRULHV� ZLWK�
GLIIHULQJ� OHYHOV� RI� UDGLRDFWLYH� SROOXWLRQ� �7XOD� DQG� %U\DQVN� DUHDV�� 5XVVLD��� �6HYELWRY� HW� DO��
������
�
8NUDLQH�
�
:LGHVSUHDG� LQFLGHQFH� RI� SHSWLF� XOFHUV�� FKURQLF� FKROHF\VWLWLV� �LQIODPPDWLRQ� RI� WKH�
JDOOEODGGHU���FKROHOLWKLDVLV��JDOOVWRQHV��DQG�SDQFUHDWLF�SDWKRORJ\�KDV�EHHQ�UHSRUWHG�LQ�DOO�DUHDV�
RI�WKH�8NUDLQH�ZLWK�KLJK�OHYHOV�RI�&KHUQRE\O�FRQWDPLQDWLRQ��<DNLPHQNR�������.RPDUHQNR�HW�
DO���������'LJHVWLYH�V\VWHP�SUREOHPV�DPRQJ�DGXOW�HYDFXHHV�IURP�3U\S\DW¶�FLW\�DQG�WKH����NP�
]RQH�ZHUH�PRUH�FRPPRQ�WKDQ�LQ�WKH�UHVW�RI�WKH�SRSXODWLRQ��3U\V\D]KQ\XN�HW�DO���������
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�
,Q������PRUELGLW\�ZLWK�GLVHDVHV�RI�WKH�GLJHVWLYH�V\VWHP�UHSUHVHQWHG������RI�UHSRUWHG�LOOQHVVHV�
LQ�DGXOW�DQG�DGROHVFHQW�YLFWLPV�RI�UDGLDWLRQ�H[SRVXUH�7KH�LQGH[�RI�GLJHVWLYH�V\VWHP�PRUELGLW\�
DPRQJ�SHRSOH�OLYLQJ�LQ�VWULFW�UDGLDWLRQ�FRQWURO�]RQHV�LQ������ZDV�����FRPSDUHG�ZLWK�����IRU�
WKH�ZKROH�8NUDLQLDQ�SRSXODWLRQ��*URG]LQVN\��������
�
'XULQJ�����������D�GRXEOLQJ�RI�GLJHVWLYH�V\VWHP�PRUELGLW\�ZDV�REVHUYHG�LQ�WKH�SRSXODWLRQ�
VWLOO�OLYLQJ�LQ�FRQWDPLQDWHG�DUHDV��3U\V\D]KQ\XN�HW�DO���������$V�HYHU��FKLOGUHQ�ZHUH�VHYHUHO\�
LPSDFWHG��3UHYDOHQFH�RI�GLJHVWLYH�V\VWHP�GLVHDVH�ZDV������SHU��������FKLOGUHQ� LQ������DQG�
����� LQ� ������$� FOHDU� WHQGHQF\� WRZDUGV� LQFUHDVLQJ� GLJHVWLYH� RUJDQ� SDWKRORJ\�ZDV� UHSRUWHG�
�3U\V\D]KQ\XN�HW�DO��������.RURO�HW�DO��������5RPDQHQNR�HW�DO���������ZLWK�GLJHVWLYH�V\VWHP�
GLVRUGHUV�EHLQJ� WKH�PRVW� FRPPRQ�FDXVH�RI� LOO�KHDOWK� LQ�FKLOGUHQ� OLYLQJ� LQ� WKH�FRQWDPLQDWHG�
WHUULWRULHV� �5RPDQHQNR�HW�DO���������&KLOGUHQ� LUUDGLDWHG� LQ�XWHUR�GHYHORSHG�JDVWUR�LQWHVWLQDO�
WUDFW� SDWKRORJ\� DW� D� UDWH� RI� ������ FRPSDUHG� WR� ����� LQ� WKH� FRQWURO� JURXS�� D� VWDWLVWLFDOO\�
VLJQLILFDQW�GLIIHUHQFH��6WHSDQRYD��������
�
�����,OOQHVVHV�RI�WKH�%ORRG�&LUFXODWLRQ�DQG�/\PSKDWLF�6\VWHPV�
�
7KH� UDGLRDFWLYH�SROOXWLRQ� IURP�&KHUQRE\O�KDV�EHHQ�DVVRFLDWHG�ZLWK�QRW�RQO\�PDOLJQDQW��EXW�
DOVR�QRQ�PDOLJQDQW�LOOQHVVHV�RI�WKH�EORRG�IRUPLQJ�RUJDQV�DQG�FLUFXODWRU\�V\VWHP���
�
+DHPRUUKDJLF� FRQGLWLRQV� ZHUH� ���� WLPHV� PRUH� FRPPRQ� WKDQ� EHIRUH� WKH� DFFLGHQW�� DQG�
FRQJHQLWDO� MDXQGLFH� RFFXUUHG� ���� WLPHV� PRUH� IUHTXHQWO\� LQ� QHZERUQV� ZKRVH�PRWKHUV� FDPH�
IURP�WKH�IROORZLQJ�UDGLDWLRQ�FRQWDPLQDWHG�WHUULWRULHV��LQ�WKH�8NUDLQH��3ROHVVN\�GLVWULFW�RI�WKH�
.LHY�UHJLRQ��������&L�NP���� LQ�%HODUXV��&KHFKHUVN\�GLVWULFW�RI�*RPHO�UHJLRQ�������&L�NP���
DQG�� LQ� 5XVVLD��0WVHQVN\� DQG� 9RONKRYVN\� GLVWULFWV� RI� 2UHO� UHJLRQ� ����� DQG� ������ &L�NP��
UHVSHFWLYHO\���.XODNRY�HW�DO���������
�
$Q�LQFUHDVH�LQ�GLVHDVHV�RI�WKH�FLUFXODWRU\�V\VWHP�GXH�WR�YDVFXODU�G\VWRQLD�DQG�K\SRWRQLD�ZDV�
VHHQ� LQ� FKLOGUHQ� �6HUGXFKHQNR� HW� DO�������� DQG� DQ� LQFUHDVH� RI� VHUXP� FKROHVWHURO� OHYHO� DQG�
RWKHU�V\PSWRPV�RI�HDUO\�DWKHURVFOHURVLV�ZHUH�IRXQG�LQ�������RI�FKLOGUHQ������\HDUV�DJH�ZLWK�
DQ� LQGLYLGXDO� UDGLDWLRQ� GRVH� RI� ��������P6Y�\HDU� �$]DUHQRN� ������� &KLOGUHQ�ZKR� UHFHLYHG�
WK\URLG�GRVHV� DERYH���*\� VXIIHUHG����� WLPHV�PRUH� FLUFXODWRU\�GLVHDVHV�DQG�EORRG�GLVRUGHUV�
WKDQ�OHVV�H[SRVHG�FKLOGUHQ��.XUEDQRYD��������7KH�H[FHVV�UHODWLYH�ULVN�SHU���*\��(55�*\��IRU�
FHUHEURYDVFXODU�GLVHDVHV�ZDV�IRXQG�WR�EH�����������&,�������������,YDQRY�HW�DO���������7KH�
ULVN�RI�VLJQLILFDQW�FHUHEURYDVFXODU�GLVHDVHV�GXH�WR�H[WHUQDO�UDGLDWLRQ��(55�IRU�����P*\�GD\��
ZDV�FDOFXODWHG�WR�EH�����������&,������������,YDQRY�HW�DO���������
�
%HODUXV�
�
7HQ�\HDUV�DIWHU�WKH�DFFLGHQW��GLVHDVHV�RI�WKH�EORRG�FLUFXODWLRQ�V\VWHP�KDG�LQFUHDVHG�����WLPHV�
DV�FRPSDUHG�WR�WKH�SHULRG�EHIRUH�&KHUQRE\O�DFFLGHQW�DQG�D�JUHDWHU�LQFUHDVH�ZDV�QRWHG�LQ�WKH�
FRQWDPLQDWHG�DUHDV��0DQDN�HW�DO���������
�
,Q�������PRUELGLW\�RI�EORRG�DQG�EORRG�IRUPLQJ�WLVVXHV�IRU�HYDFXHHV�ZDV�����WLPHV�KLJKHU�WKDQ�
IRU� WKH�JHQHUDO� SRSXODWLRQ�RI�%HODUXV� �����DQG����FDVHV�SHU��������� UHVSHFWLYHO\�� �0DWVNR�
�������)RU�LQKDELWDQWV�RI�WKH�FRQWDPLQDWHG�WHUULWRULHV�DQG�HYDFXHHV��PRUELGLW\�ZLWK�LOOQHVVHV�
RI�EORRG�DQG�EORRG�IRUPLQJ�WLVVXH�DQG�FDUGLRYDVFXODU�V\VWHP�GLVHDVHV�LQ������ZHUH�����DQG���
WLPHV�KLJKHU�WKDQ�JHQHUDOO\�IRU�%HODUXV������DQG����SHU���������������DQG�������SHU���������
UHVSHFWLYHO\���0DWVNR��������
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�
'XULQJ� WKH� ��� \HDUV� DIWHU� WKH� DFFLGHQW�� WKH� QXPEHU� RI� LQGLYLGXDOV� UHJLVWHUHG� DV� EHLQJ� VLFN��
ZKRVH�SULPDU\�GLVHDVH�ZDV�LQ�WKH�FLUFXODWRU\�V\VWHP��LQFUHDVHG�����IROG�LQ�*RPHO�UHJLRQ�DQG�
����IROG� LQ� 0RJLOHY� UHJLRQ� �1HVWHUHQNR� ������� $V� FRPSDUHG� WR� ������ WKH� RFFXUUHQFH� RI�
OHXNRSHQLD� �DQ� DEQRUPDOO\� ORZ� QXPEHU� RI�ZKLWH� EORRG� FHOOV�� DQG� DQHPLD� LQ� VRPH� GLVWULFWV� RI�
0RJLOHY�UHJLRQ�LQFUHDVHG���IROG�GXULQJ�WKH�ILUVW�WKUHH�\HDUV�DIWHU�WKH�DFFLGHQW��*RIPDQ������E���
$OWKRXJK� VRPH� RI� WKHVH� DQHPLD� FDVHV� DUH� QR� GRXEW� UHODWHG� WR� DOLPHQWDU\� GHILFLHQFLHV�� D�
VLJQLILFDQW� SURSRUWLRQ� FRXOG� EH� UHODWHG� WR� UDGLDWLRQ� LPSDFW� RQ� WKH� PDUURZ� WKDW� GHYHORSV�
OHXFRF\WHV�DQG�HU\WKURF\WHV��7KH�LQFUHDVH�RI�LURQ�GHILFLHQF\�DQHPLD�LQ�%HODUXV�DSSHDUV�WR�EH�
FRUUHODWHG� WR� WKH� OHYHO� RI� UDGLRDFWLYH� FRQWDPLQDWLRQ� �']LNRYLWFK� HW� DO�� ������ 1HVWHUHQNR�
�������/HDG�SROOXWLRQ��KRZYHUH�PD\�KDYH�EHHQ�D�FRQIRXQGLQJ�IDFWRU�LQ�WKLV�VWXG\��
�
$EQRUPDO�DUWHULDO�EORRG�SUHVVXUH���ERWK�KLJK�DQG�ORZ���LV�PRUH�IUHTXHQWO\�GHWHFWHG�LQ�DGXOWV�
DQG�FKLOGUHQ�OLYLQJ�LQ�WKH�FRQWDPLQDWHG�WHUULWRULHV��1HGYHWFND\D�	�/\DOLNRY�������6\NRUHQVN\�
	�%DJHO¶�������*RQWFKDULN��������,QFUHDVHG�V\VWROLF�DUWHULDO�SUHVVXUH�KDV�EHHQ�UHSRUWHG�LQ�WKRVH�
H[SRVHG�WR�UDGLDWLRQ��=DERORWQ\�HW�DO���������%HODUXVLDQ�JLUOV�DQG�\RXQJ�ZRPHQ�ZKR�OLYHG�IRU�
������ \HDUV� LQ� DUHDV� ZLWK� OHYHOV� RI� ���&V� UDQJLQJ� IURP� �� WR� �� &L�NP�� KDG� GLVWXUEHG� EORRG�
VXSSO\� WR� WKH� OHJV� DV� PHDVXUHG� WKH� YDVRPRWRU� UHDFWLRQV� RI� ODUJH� YHLQV� RI� WKH� ORZHU� OLPEV�
�.KRPLWFK�	�/LVHQNR�������6DYDQHYVN\�	�*DPVKH\��������7KRVH�OLYLQJ�LQ�WKH�FRQWDPLQDWHG�
UHJLRQV�RI�%HODUXV�VXIIHUHG�PRUH�IUHTXHQW�GLVWXUEDQFHV�RI�FDUGLDF�UK\WKP�FRPSDUHG�WR�WKRVH�
LQ� QRQ�FRQWDPLQDWHG� WHUULWRULHV� �$ULQFKLQD� 	� 0LONDPDQRYLFK� ������� ,Q� 0RJLOHY� UHJLRQ��
LQFUHDVHG� DUWHULDO� EORRG� SUHVVXUH� ZDV� UHSRUWHG� PRUH� IUHTXHQWO\� LQ� DGXOWV� LQ� DUHDV� ZKHUH� WKH�
FRQWDPLQDWLRQ�OHYHO�H[FHHGHG����&L�NP���3RGSDORY��������
�
5XVVLD�
�
'LVHDVHV�RI�WKH�EORRG�DQG�WKH�EORRG�IRUPLQJ�V\VWHP�DUH�D�IDFWRU�LQ�WKH�HOHYDWHG�PRUELGLW\�RI�
FKLOGUHQ�IURP�WHUULWRULHV�DIIHFWHG�E\�&KHUQRE\O�IDOORXW� LQ�5XVVLD��.XODNRY�HW�DO���������7KH�
QXPEHU� RI� SHUVRQV� ZLWK� O\PSKRF\WHV� KDYLQJ� DGDSWLYH� UHDFWLRQV� GHFUHDVHG� LQ� UDGLRDFWLYHO\�
SROOXWHG� DUHDV�ZKHUHDV� WKH� QXPEHU� RI� SHUVRQV�ZLWK� LQFUHDVHG� O\PSKRF\WLF� UDGLR�VHQVLWLYLW\�
LQFUHDVHG� �%XUODNRYD� HW� DO�� ������� &KDQJHV� LQ� WKH� TXDQWLWDWLYH� FRPSRVLWLRQ� DQG� IXQFWLRQDO�
DFWLYLW\�RI�O\PSKRF\WHV�ZHUH�UHSRUWHG�LQ�SUHJQDQW�ZRPHQ�LQ�FRQWDPLQDWHG�SDUWV�RI�WKH�.XUVN�
UHJLRQ��D�FRQVLGHUDEOH�LQFUHDVH�LQ�LPPXQH�FRPSOH[HV�ZDV�PHDVXUHG�LQ�EORRG�VHUXP��$O\PRY�
HW�DO���������6LJQLILFDQWO\�KLJKHU�DEVROXWH�DQG�UHODWLYH�QXPEHUV�RI�O\PSKRF\WHV�DQG�EDVRSKLOV�
ZHUH�UHFRUGHG�LQ�DGXOWV�OLYLQJ�LQ�DUHDV�ZKHUH�VRLO�FDHVLXP�FRQWDPLQDWLRQ�ZDV�LQ�WKH�UDQJH����
���&L�NP���0LNVKD�	�'DQLORY��������
�
7KH� OHDGLQJ� FDXVH� RI� PRUELGLW\� DQG� PRUWDOLW\� LQ� 5XVVLDQ� OLTXLGDWRUV� ZDV� GLVHDVH� RI� WKH�
FLUFXODWRU\�V\VWHP���������7KH�PRVW�FRPPRQ�ZHUH�LVFKHPLF�KHDUW�GLVHDVHV��������,W�LV�ZRUWK�
QRWLQJ�WKDW�LVFKHPLF�KHDUW�GLVHDVH�GHYHORSHG�HDUO\��HVSHFLDOO\�DPRQJ�OLTXLGDWRUV�ZKR�ZHUH�RQ�VHUYLFH�
LQ�������7KLV�PD\�EH�H[SODLQHG�E\� WKH�HDUO\�GHYHORSPHQW�RI�DWKHURVFOHURWLF� OHVLRQV�RI�FRURQDU\�DQG�
FHUHEUDO�YHVVHOV�LQ�SHRSOH�ZKR�ZHUH�H[SRVHG�WR�UDGLDWLRQ��7KH�VHFRQG�PRVW�FRPPRQ�GLVHDVH�RI� WKH�
FDUGLRYDVFXODU� V\VWHP� REVHUYHG� ZDV� LGLRSDWKLF� K\SHUWHQVLRQ� ������� DQG� LQ� WKLUG� SODFH� ZDV�
DXWRQRPLF�G\VIXQFWLRQ����������.KULVDQIRY�	�0HVNLNK��������
�
:LWK�D�FRPSDUDWLYH�HSLGHPLRORJLFDO�VWXG\�RI�OLTXLGDWRUV��PDOHV��LQ�WKH�DJH�UDQJH�RI����WR����
\HDUV�LW�LV�IRU�WKH�ILUVW�WLPH�HVWDEOLVKHG�WKDW�OLTXLGDWRUV�LQ�WKH�GLVWDQW�SHULRG�������\HDUV�DIWHU�
WKH� &KHUQRE\O� DFFLGHQW� KDYH� D� GLIIHUHQW� VWUXFWXUH� RI� ULVN� IDFWRUV� ZLWK� UHVSHFW� WR� WKH�
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GHYHORSPHQW� RI� FDUGLRYDVFXODU� GLVHDVHV�� 7KH� PRVW� SURIRXQG� GLVWXUEDQFH� LV� WKDW� RI� WKH�
YHJHWDWLYH�UHJXODWLRQ�DFFRUGLQJ�WR� WKH�K\SHU�V\PSDWKHWLF� W\SH�GXULQJ�WKH�QLJKW�SHULRG�DQG�D�
UHGXFWLRQ� LQ� WKH� EURQFKLDO� FDSDFLW\� RYHU� WKH� VPDOO� EURQFKL�� $� QHZ� V\QGURPH�� VSHFLILF� WR�
OLTXLGDWRUV� �WKH� V\QGURPH� RI� QLJKW� K\SHRV\PSDWKLFRWRQLD�� KDV� EHHQ� LGHQWLILHG�� ,W� LV�
SURJQRVWLFDOO\�XQIDYRUDEOH�IRU�WKH�GHYHORSPHQW�RI�FDUGLRYDVFXODU�GLVHDVHV��6KHUDVKRY��������
�
8NUDLQH�
�
$PRQJVW� WKRVH� OLYLQJ� LQ� FRQWDPLQDWHG� WHUULWRULHV� LQ� WKH�8NUDLQH�GXULQJ� �����������PRUELGLW\�
GXH�WR�EORRG�DQG�EORRG�FLUFXODWLRQ�GLVHDVHV�LQFUHDVHG�E\�D�IDFWRU�RI������������3U\V\D]KQ\XN�
HW�DO���������7KH�PRUELGLW\�OHYHO�UHODWHG�WR�WKH�EORRG��FLUFXODWRU\�DQG�KHPDWRSRLHWLF�V\VWHPV�
IRU�DGXOWV�HYDFXDWHG�IURP�3U\S\DW�FLW\�DQG�WKH����NP�]RQH�ZDV�KLJKHU�IRU�WKDQ�IRU�WKH�JHQHUDO�
SRSXODWLRQ� �3U\V\D]KQ\XN� HW� DO�� ������� (DUO\� DWKHURVFOHURVLV� DQG� FRURQDU\� KHDUW� GLVHDVH�
GHYHORSHG�LQ�HYDFXHHV�IURP����NP�]RQH�DQG�WKRVH�OLYLQJ�LQ�DUHDV�SROOXWHG�ZLWK�UDGLRQXFOLGHV�
�3URNRSHQNR��������
�
������ RI� FKLOGUHQ� LUUDGLDWHG� LQ� XWHUR� GHYHORSHG� GLVHDVHV� RI� WKH� FDUGLRYDVFXODU� V\VWHP�
�LQFOXGLQJ� DXWRQRPLF� G\VIXQFWLRQ�� �FRPSDUHG� ZLWK� ������ LQ� WKH� FRQWURO� JURXS�� S�������
�3U\V\D]KQ\XN�HW�DO���������,Q�������LQGLFHV�RI�PRUELGLW\�IRU�DGXOWV�DQG�DGROHVFHQWV�OLYLQJ�LQ�
WHUULWRULHV�XQGHU� VWULFW� UDGLDWLRQ�FRQWURO�ZHUH������ IRU�GLVHDVHV�RI�KHPDWRSRLHWLF� V\VWHP�DQG�
����IRU�GLVHDVHV�RI�EORRG�FLUFXODWLRQ�V\VWHP�FRPSDUHG�ZLWK�����DQG�����UHVSHFWLYHO\�IRU�WKH�
JHQHUDO� 8NUDLQLDQ� SRSXODWLRQ�� %ORRG� FLUFXODWLRQ� LOOQHVVHV� LQ� DGXOWV� DQG� DGROHVFHQWV� LQ� WKH�
FRQWDPLQDWHG�WHUULWRULHV�LQ������FRPSULVHG����RI�WKH�UHSRUWHG�LOOQHVVHV��*URG]LQVN\��������
�
�����,OOQHVVHV�RI�WKH�0XVFXOR�±�6NHOHWDO�DQG�&XWDQHRXV�6\VWHPV�
�
�

'LVHDVH� 5HJLRQ��VSHFLILF�IHDWXUHV� 5HIHUHQFH�
$QDHPLD�� ��IROG� LQFUHDVH� LQ� 0RJLOHY� UHJLRQ��

7KLV� ZDV� FRUUHODWHG� WR�
FRQWDPLQDWLRQ�OHYHO�

*RIPDQ�����E���
']LNRYLFK� HW� DO�� ������
1HVWHUHQNR������

/HYHO� RI� SULPDU\� PRUELGLW\�
LQFUHDVHG�����WLPHV�LQ�*RPHO�UHJLRQ�
IURP������DQG�����WLPHV�LQ�0RJLOHY�
UHJLRQ�

1HVWHUHQNR�������0RUELGLW\�ZLWK�WKH�
EORRG� FLUFXODWLRQ�
V\VWHP�LOOQHVVHV�

���� WLPHV� KLJKHU� LQ� WKH�
FRQWDPLQDWHG� DUHDV� DV� FRPSDUHG� WR�
DYHUDJH�LQ�%U\DQVN�UHJLRQ�

.RPRJRUWVHYD�������

$UWHULDO�
K\SHUWHQVLRQ�

0RUH� IUHTXHQW� LQ� WHUULWRULHV� RI�
0RJLOHY� UHJLRQ� SROOXWHG� ZLWK�
UDGLDWLRQ�H[FHHGLQJ����&L�NP��

3RGSDORY������

0RUH� IUHTXHQW� DQG� VWDEOH�
GLVWXUEDQFHV� LQ� FDVH� RI� LVFKHPLF�
GLVHDVH�RQ�WKH�SROOXWHG�WHUULWRU\�

$ULQFKLQD� 	�
0LONDPDQRYLFK������
�

'LVWXUEDQFHV� LQ�
FDUGLDF� UK\WKP�
UHYHDOHG� RQ�
HOHFWURFDUGLRJUDP�

&RUUHODWHG� WR� FRQWHQW� RI�
LQFRUSRUDWHG�FDHVLXP�����

%DQGD]KHYVN\������
'LVWXUEDQFH� RI�
DXWRQRPLF�

2Q�%HODUXV�FRQWDPLQDWHG�WHUULWRULHV� 1HGYHFKND\D� 	�
/LDO\NRY� ������
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UHJXODWLRQ� RI� WKH�
KHDUW�DFWLYLW\�

6\NRUHQVN\� 	� %DJHO¶�
�������
*RQFKDULN������

/\PSKRF\WH�
PDFURF\WRVLV��

���� WLPHV�PRUH� IUHTXHQW� LQ�%HODUXV�
FRQWDPLQDWHG�WHUULWRULHV�

%DQGD]KHYVN\������
7DEOH��������6XPPDU\�RI�ILQGLQJV�RI�VWXGLHV�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�&KHUQRE\O�GHULYHG�
UDGLRDFWLYH�SROOXWLRQ�DQG�FLUFXODWRU\�V\VWHP�PRUELGLW\�LQ�8NUDLQH��%HODUXV�DQG�5XVVLD�
�
7KH�OLPLWHG�DYDLODELOLW\�RI�GDWD�RQ�WKH�LPSDFW�RI�&KHUQRE\O�UDGLDWLRQ�RQ�WKH�PXVFXOR�VNHOHWDO�
V\VWHP�DQG�VNLQ�LQWHJXPHQW�LV�QRW�GXH�WR�WKH�DEVHQFH�RI�VXFK�LPSDFW�EXW�WR�WKH�IDFW�WKDW�WKHVH�
V\VWHPV�ZHUH� UHJDUGHG� DV� OHVV� FULWLFDOO\� VHQVLWLYH� WR� UDGLDWLRQ��&RQVHTXHQWO\� WKH\�ZHUH� OHVV�
ZHOO�VWXGLHG��6RPH�UHSRUWHG�VNHOHWDO�V\PSWRPV�VXFK�DV�SDLQV�LQ�WKH�FKHVW�ERQH�DQG�YHUWHEUDO�
FROXPQ� DUH� NQRZP� WR� DFFRPSDQ\� VRPH� IRUPV� RI� OHXNHPLD�� /LTXLGDWRUV� RIWHQ� FRPSODLQHG�
DERXW�SDLQV�LQ�WKH�MRLQWV�DQG�ERQHV��ZKLFK�PD\�EH�UHODWHG�WR�RVWHRSRURVLV��
�
1RQHWKHOHVV��VRPH�SUREOHPV�LQYROYLQJ�WKH�VNHOHWDO�V\VWHP�KDYH�EHHQ�LGHQWLILHG��2Q�WKH�EDVLV�
RI�D�G\QDPLF�VXUYH\�RI�SUHJQDQW�ZRPHQ��PDWHUQLW\�SDWLHQWV��QHZERUQ�LQIDQWV�DQG�FKLOGUHQ�LQ�
UDGLDWLRQ�FRQWDPLQDWHG�WHUULWRULHV�RI�8NUDLQH��3ROHVVN\�GLVWULFW�LQ�.LHY�UHJLRQ��������&L�NP����
%HODUXV� �&KHFKHUVN\� GLVWULFW� RI� *RPHO� UHJLRQ�� ����� &L�NP��� DQG� 5XVVLD� �0WVHQVN\� DQG�
9RONKRYVN\�GLVWULFWV�RI�2UHO�UHJLRQ������DQG�������&L�NP���LW�KDV�EHHQ�VKRZQ�WKDW�QHZERUQV�
LQFUHDVLQJO\� VXIIHU� IURP� GHYHORSPHQWDO� DEQRUPDOLWLHV� RI� WKH� PXVFXOR�VNHOHWDO� V\VWHP�
�.XODNRY�HW�DO���������
�
%HODUXV�
�
0RUELGLW\� GXH� WR� GLVHDVH� RI� WKH�PXVFXOR�VNHOHWDO� V\VWHP�DQG� FRQQHFWLYH� WLVVXH� LQ� HYDFXHHV�
DQG� LQKDELWDQWV� RI� WKH� FRQWDPLQDWHG� WHUULWRULHV� ZDV� ���� WLPHV� KLJKHU� WKDQ� IRU� WKH� HQWLUH�
SRSXODWLRQ�LQ�������������DQG�������FDVHV�SHU���������UHVSHFWLYHO\���0DWVNR��������
�
8NUDLQH�
�
7KH� PRUELGLW\� OHYHO� IRU� GLVHDVHV� RI� WKH� PXVFXOR�VNHOHWDO� V\VWHP� LQ� DGXOW� HYDFXHHV� IURP�
3U\S\DW� FLW\� DQG� WKH� ���NP� ]RQH� ZDV� KLJKHU� WKDQ� IRU� RWKHU� SRSXODWLRQ� VXE�JURXSV�
�3U\V\D]KQ\XN� HW� DO�� �������'XULQJ� ����������� GRXEOH� WKH� GLVHDVH� RI� WKH�PXVFXOR�VNHOHWDO�
V\VWHPV�ZDV�REVHUYHG�IRU�WKH�SRSXODWLRQ�VWLOO�OLYLQJ�LQ�WKH�FRQWDPLQDWHG�WHUULWRULHV��$�JUHDWHU�
WKDQ���IROG�LQFUHDVH�LQ�PRUELGLW\�GXH�WR�VNLQ�DQG�VXEFXWDQHRXV�GLVHDVHV�ZDV�UHSRUWHG�IRU�WKHVH�
JURXSV� GXULQJ� ���������� �3U\V\D]KQ\XN�HW� DO�� ������� ,Q� ����� WKH� LQGH[� RI�PRUELGLW\�ZLWK�
GLVHDVHV�RI� WKH�PXVFXOR�VNHOHWDO� V\VWHP� LQ�SHRSOH� OLYLQJ� LQ� ]RQHV�RI� VWULFW� UDGLDWLRQ�FRQWURO�
ZDV�����ZKHUHDV� IRU� WKH�ZKROH�8NUDLQLDQ�SRSXODWLRQ� LW�ZDV����� �*URG]LQVN\��������)RHWDO�
VNHOHWDO�LQYHVWLJDWLRQV�DOVR�VKRZHG�LPSDFWV��VHH�VHFWLRQ���������
�
�����,PEDODQFHV�RI�+RUPRQH�(QGRFULQH�6WDWXV�
�
6WXGLHV� RI� H[SRVXUH� WR� &KHUQRE\O� UDGLDWLRQ� KDYH� JHQHUDWHG� DQ� H[WHQVLYH� OLWHUDWXUH� RQ�
HQGRFULQH�V\VWHP�LPSDFWV��,Q�SDUW�WKLV�LV�GXH�WR�WKH�WK\URLG�JODQG�EHLQJ�D�SULPDU\�WDUJHW�RUJDQ�
RI�UDGLRORJLFDO�LPSDFWV�RI�HPLWWHG�LRGLQH�LVRWRSHV��
�
�������7K\URLG�*ODQG�,OOQHVVHV�
�



� ��

7KH�WK\URLG�JODQG�LV�WKH�PDLQ�WDUJHW�RUJDQ�IRU�UDGLRDFWLYH�LRGLQH��,OLQ�HW�DO��������'HGRY�HW�DO��
�������7KH�WK\URLG�FRQFHQWUDWHV��������RI�WKH�WRWDO�DPRXQW�RI�LRGLQH�UDGLRLVRWRSHV�HQWHULQJ�
WKH�RUJDQLVP�LQ�DGXOWV��DQG��������LQ�FKLOGUHQ��WKH�FRQFHQWUDWLRQ�RI�LRGLQH�LQ�WKH�WK\URLG�IDU�
H[FHHGV�LWV�DYHUDJH�FRQFHQWUDWLRQ�LQ�WKH�ERG\�DV�D�ZKROH��,OLQ�HW�DO��������'HGRY�HW�DO���������
,QFUHDVHG�LRGLQH�XSWDNH�KDV�DOVR�EHHQ�GHPRQVWUDWHG�LQ�WKH�K\SRSK\VLV��SLWXLWDU\�JODQG���ZKHUH�
WKH� DYHUDJH� LRGLQH� FRQFHQWUDWLRQ� LV� ����� WLPHV� KLJKHU� WKDQ� WKDW� LQ� WKH� ERG\� DV� D� ZKROH�
�=XERYVNLM�	�7DUDUXKLQD��������7KH�PD[LPXP�FRQFHQWUDWLRQ�RI�UDGLRDFWLYH�LRGLQH�LQ�WK\URLG�
WLVVXH�ZLOO�IROORZ�������KRXUV�DIWHU�H[SRVXUH�WDNHV�SODFH��
�
,Q� WKH� FDVH� RI� WK\URLG� LUUDGLDWLRQ�� FKLOGUHQ� DUH� WKH� KLJKHVW�ULVN� JURXS�� 8QGHU� FRQGLWLRQV� RI�
HTXDO� UDGLDWLRQ� H[SRVXUH� WKH� HIIHFWLYH� UDGLDWLRQ� GRVH� WR� WKH� WK\URLG� JODQG� LV� LQYHUVHO\�
SURSRUWLRQDO� WR�DJH��&KLOGUHQ�ZKR�UHFHLYHG� WK\URLG�GRVHV�DERYH��*\�VXIIHUHG��� WLPHV�PRUH�
HQGRFULQH�GLVRUGHUV�WKDQ�WKRVH�ZKR�UHFHLYHG�ORZHU�GRVHV��.XUEDQRYD��������
�
7K\URLG� G\VIXQFWLRQ�� ZKLFK� ZLOO� SURJUHVV� ZLWK� WLPH�� ZLOO� KDYH� FRQVLGHUDEOH� LPSDFW� RQ�
PHWDEROLVP��,W�LV�DOVR�SRVVLEOH�WKDW�WK\URLG�SDWKRORJ\�DQG�G\VIXQFWLRQ�RI�HQGRFULQH�UHJXODWLRQ�
FRQQHFWHG� WR� LW� FRXOG� LQIOXHQFH� WKH� GHYHORSPHQW� RI� SXEHUWDO� SDWKRORJ\� �DEQRUPDOLWLHV� RI�
SK\VLFDO�DQG�VH[XDO�GHYHORSPHQW��DQG�RI� UHSURGXFWLYH�IXQFWLRQ��7K\URLG�SDWKRORJ\��VXFK�DV�
FKURQLF� WK\URLGLWLV�� OHDGLQJ� WR� K\SRWK\URLGLVP� LV� D� FDWDO\VW� RI� SUHPDWXUH� DJHLQJ� SURFHVVHV�
DPRQJ�WKH�DIIHFWHG�SRSXODWLRQ��7KLV�SUHPDWXUH�DJHLQJ�DQG�RWKHU�HIIHFWV�RI�WK\URLG�G\VXQFWLRQ�
PD\�OHDG��XOWLPDWHO\��WR�LQFUHDVHG�PRUWDOLW\�LQ�WKH�SRSXODWLRQ��
�
+\SRWK\URLGLVP� LV� D� FRPPRQ� FRQVHTXHQFH� RI� WK\URLG� JODQG� GLVWXUEDQFH� DQG� KDV� EHHQ�
UHSRUWHG�LQ�DUHDV�FRQWDPLQDWHG�E\�UHOHDVHV�IURP�&KHUQRE\O��'HGRY�	�'HGRY�������6WUXFWXUDO�
DQG�IXQFWLRQDO�GLVRUGHUV�RI�WKH�WK\URLG�JODQG�QHJDWLYHO\�LPSDFW�IXQFWLRQLQJ�RI�WKH�SDUDWK\URLG�
JODQG�VLQFH��WRSRJUDSKLFDOO\��WKH�WK\URLG�DQG�SDUDWK\URLG�JODQGV�DUH�WLJKWO\�OLQNHG��5HGXFWLRQ�
LQ�SDUDWK\URLG�IXQFWLRQ�LV�WKH�PRVW�FRPPRQ�FRPSOLFDWLRQ�RI�RSHUDWLRQ�IRU�VXUJLFDO�WUHDWPHQW�
RI�WK\URLG�FDQFHU��$SSUR[LPDWHO\�����RI�DOO�RSHUDWLRQV�IRU�UHPRYDO�RI�WKH�WK\URLG�JODQG�OHDG�
WR�SDUDWK\URLG�LQHIILFLHQF\��'HPHGFKLN�HW�DO���������
�
%HODUXV�
�
0RUELGLW\� ZLWK� K\SRWK\URLGLVP� LQ� WKH� *RPHO� UHJLRQ� LQFUHDVHG� ��IROG� IURP� ����� WR� ������
ZKHUHDV�PRUELGLW\�ZLWK�DXWRLPPXQH�WK\URLGLWLV�LQFUHDVHG�PRUH�WKDQ�����WLPHV�IURP������WR�
������,Q�������PRUH�WKDQ�����RI�FKLOGUHQ�VXUYH\HG�LQ�WKH�*RPHO�UHJLRQ�KDG�HQODUJHG�WK\URLG�
JODQGV� �$VWDFKRYD�HW�DO��������%LU\XNRYD�	�7XOXSRYD��������6LJQLILFDQWO\�KLJKHU� OHYHOV�RI�
WK\URLG� JODQG�PRUELGLW\� DQG� RI� GLDEHWHV�ZHUH� GHWHFWHG� DPRQJ�����������PDWHUQLW\� SDWLHQWV�
IURP�SDUWV�RI�%HODUXV�ZLWK�FRQWDPLQDWLRQ�RYHU���&L�NP���%XVXHW�HW�DO���������
�
5XVVLD�
�
$Q� LQFUHDVH� LQ�HQGRFULQH�GLVHDVHV� LQ�5XVVLDQ�FKLOGUHQ�RFFXUUHG�DV�D�UHVXOW�RI�DQ� LQFUHDVH� LQ�
WK\URLG� GLVHDVHV�� ZLWK� D� KLJK� SUHYDOHQFH� RI� QRQWR[LF� QRGXODU� JRLWUH� �%DOHYD� HW� DO�� ������
GLIIXVH�JRLWUH��,YDQRY�HW�DO��������DQG�WK\URLG�DXWRLPPXQH�GLVRUGHUV��%DOHYD�HW�DO���������,Q�
PDOHV��GLIIXVH�JRLWUH�ZDV�VLJQLILFDQWO\�GHSHQGHQW�RQ�UDGLDWLRQ�GRVH��S ������ZLWK�DQ�HVWLPDWHG�
RGGV�UDWLR������SHU���*\��,YDQRY�HW�DO���������
�
8NUDLQH�
�
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'DPDJH�WR�WKH�WK\URLG�JODQG�ZDV�REVHUYHG�LQ�������RI�������DGROHVFHQWV�IURP�9LQQLWVD�DQG�
=K\WRP\U�UHJLRQV�ZKR�ZHUH�����\HDUV�ROG�DW�WKH�WLPH�RI�WKH�DFFLGHQW��)HG\N��������3ULPDU\�
IXQFWLRQDO� UHDFWLRQ� RI� WKH� WK\URLG� JODQG� ZDV� REVHUYHG� LQ� ����������� IROORZHG� E\� FKURQLF�
DXWRLPPXQH� WK\URLGLWLV� ������������ DQG� FOLQLFDO� PDQLILVWDWLRQ� RI� GLVHDVH� LQ� ����������
�6WHSDQRYD� �������$PRQJ� WKHVH� FKLOGUHQ�� ������GHYHORSHG� SDWKRORJ\� RI� WKH� WK\URLG� JODQG�
FRPSDUHG�ZLWK�������LQ�WKH�FRQWURO�JURXS��S��������6WHSDQRYD���������
�
$FFRUGLQJ�WR�8NUDLQLDQ�OHJLVODWLRQ��9HUKRYQD�5DGD�RI�8NUDLQH�������DQG�WKH�FRQFOXVLRQV�RI�
WKH�1DWLRQDO�&RPPLWWHH�IRU�5DGLDWLRQ�3URWHFWLRQ�RI�WKH�8NUDLQH�RI�$SULO�����������WKH�WK\URLG�
JODQG�LV�FRQVLGHUHG�WR�EH�RYHU�LUUDGLDWHG�LQ�FKLOGUHQ�XQGHU�WKH�DJH�RI���DW�DQ\�UDGLDWLRQ�GRVH�
DERYH���FHQWL*\��LQ�FKLOGUHQ�RYHU���\HDUV�DQG�DGROHVFHQWV�DW�DERYH����FHQWL*\�DQG�IRU�DGXOWV�
ZKHQ�WKH�GRVH�H[FHHGV����FHQWL*\��,Q�UHODWLRQ�WR�WKLV�VWDQGDUG�GDWD�IURP�FHUWLILFDWHG�WK\URLG�
GRVH�PHDVXUHPHQWV�LQ�WKH�SRSXODWLRQ�LQ�GLIIHUHQW�FRQWDPLQDWHG�UHJLRQV�DUH�TXLWH�GUDPDWLF��)RU�
H[DPSOH��LQ�1DURGLFKVN\�GLVWULFW�RI�WKH�=K\WRP\U�UHJLRQ�LQ�WKH�8NUDLQH��ZKLFK�ZDV�RQH�RI�WKH�
PRVW�FRQWDPLQDWHG� UHJLRQV�� WK\URLG� UDGLDWLRQ�GRVHV�ZHUH� LQ� WKH� UDQJH�RI�����������FHQWL*\�
IRU�FKLOGUHQ�DQG��������FHQWL*\�IRU�DGXOWV��8NUDLQLDQ�0LQLVW\�RI�+HDOWK��������
�
,Q�WKH�PDMRULW\�RI�RIILFLDOO\�³FOHDQ´�UHJLRQV�RI�8NUDLQH�DQG�WKH�FLW\�RI�.LHY��UDGLDWLRQ�GRVHV�
IRU� WK\URLG� JODQG� H[FHHGHG� WKH� SHUPLVVLEOH� GRVH�� )RU� LQVWDQFH�� DPRQJ� FKLOGUHQ� IURP� ����
VHWWOHPHQWV�RI�7HUQRSRO�UHJLRQ��WKH�UDGLDWLRQ�GRVHV�IRU�WK\URLG�ZHUH�RYHU����FHQWL*\��
�
&KLOGUHQ� IURP�.LHY�DOVR�UHFHLYHG� WK\URLG�UDGLDWLRQ�GRVHV� LQ�H[FHVV�RI� WKH�SHUPLVVLEOH�GRVH��
7KHVH�FKLOGUHQ�ZHUH�RIILFLDOO\�FODVVLILHG�DV�³VXIIHUHUV´�IURP�WKH�DFFLGHQW�GXH�WR�WKH�H[FHVVLYH�
LUUDGLDWLRQ�RI�WKHLU�WK\URLG��8NUDLQLDQ�0LQLVWU\�RI�+HDOWK��������
�
7KH� 1DWLRQDO� &HQWUH� IRU� 5DGLDWLRQ� 0HGLFLQH� RI� WKH� $FDGHP\� RI� WKH� 0HGLFDO� 6FLHQFHV� RI�
8NUDLQH�� 5HVHDUFK� &HQWUH� ³(QGRSRO\PHG´� DQG� WKH� $VVRFLDWLRQ� RI� &KHUQRE\O� 'RFWRUV�
FRQGXFWHG�UHVHDUFK�RQ�KHDOWK�HIIHFWV�GXULQJ� WKH�SRVW�DFFLGHQW�\HDUV��&KHEDQ������	��������
0RUH�WKDQ����WKRXVDQG�SHRSOH�ZHUH�H[DPLQHG�DQG�FODVVLILHG��
�

x� FKLOGUHQ�RI�GLIIHUHQW�DJHV��LQFOXGLQJ�WKRVH�ZKR�ZHUH�LUUDGLDWHG�LQ�XWHUR��
x� DGXOWV�ZKR�ZHUH�HYDFXDWHG�IURP�WKH�H[FOXVLRQ�]RQH��
x� WKRVH� ZKR� FRQWLQXH� WR� OLYH� LQ� WKH� FRQWDPLQDWHG� WHUULWRULHV� RI� 8NUDLQH�� %HODUXV� DQG�

5XVVLD��
x� OLTXLGDWRUV�RI�WKH�&KHUQRE\O�DFFLGHQW�LQFOXGLQJ�WKRVH�ZKR�ZRUNHG�ORQJ�WHUP��QR�OHVV�

WKDQ���\HDUV��RU�VWLOO�ZRUN�LQ�WKH����NP�H[FOXVLRQ�]RQH��
x� XQDXWKRUL]HG�SHUVRQV�OLYLQJ�LQ����NP�H[FOXVLRQ�]RQH��³VHOI�VHWWOHUV´���

�
7KLV� UHVHDUFK�ZDV� FRQGXFWHG� LQ� WKH� FRQWH[W� RI� FRPSOH[� VWDWH� DQG� LQWHUQDWLRQDO� SURJUDPV� WR�
PLWLJDWH�WKH�LPSDFWV�RI�WKH�&KHUQRE\O�DFFLGHQW�DQG�IRU�WKH�VRFLDO�SURWHFWLRQ�RI�WKH�SRSXODWLRQ��
&KURQRORJLFDOO\��WKLV�UHVHDUFK�FDQ�EH�GLYLGHG�LQWR�WKUHH�SHULRGV��
�

x� HDUO\�WK\URLG�HIIHFWV��2FWREHU��������0D\�������
x� PHGLXP�WHUP�WK\URLG�VWDWXV�GXULQJ������������
x� ORQJ�WHUP�HIIHFWV������������

�
7KH�ILUVW�FOLQLFDO�IRUPV�RI�HIIHFWV�RI�WK\URLG�LUUDGLDWLRQ��QDPHO\��FKURQLF�WK\URLGLWLV�OHDGLQJ�WR�
K\SRWK\URLGLVP��EHFDPH�FOHDUO\�DSSDUHQW�DIWHU������������7KH�UHVXOWV�RI�FOLQLFDO�REVHUYDWLRQV�
ZHUH� FRQILUPHG� E\� RIILFLDO� HSLGHPLRORJLFDO� VWDWLVWLFV�� &KDQJHV� LQ� WKH� WK\URLG� V\VWHP� RI�
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VXIIHUHUV� ZHUH� W\SLFDO� RI� QRQ�VWRFKDVWLF� UDGLDWLRQ� HIIHFWV�� ZLWK� HIIHFWV� GHSHQGLQJ� XSRQ� WKH�
OHQJWK�RI�H[SRVXUH��GRVH�DQG�W\SH�RI�WK\URLG�LUUDGLDWLRQ��
�
7KRVH� DW� KLJKHVW� ULVN� RI� WKH� GHYHORSPHQW� RI� FKURQLF� WK\URLGLWLV� DQG� K\SRWK\URLGLVP� ZHUH�
WKRVH� ZLWK� WKH� PRVW� FRPSOLFDWHG� FRPELQHG� FKDUDFWHU� RI� WK\URLG� LUUDGLDWLRQ� VXFK� DV�
FRPELQDWLRQ� RI� LQWHUQDO� ���,� DQG� VKRUW�OLYHG� LRGLQH� UDGLRLVRWRSHV� LUUDGLDWLRQ� ZLWK� H[WHUQDO�
JDPPD�LUUDGLDWLRQ��7KLV�JURXS�LQFOXGHG�IRUPHU�LQKDELWDQWV�RI�WKH�DUHD�ZLWKLQ�D����NP�UDGLXV�
VXUURXQGLQJ� WKH�&KHUQRE\O�SRZHU�SODQW��&KHUQRE\O�FOHDQ�XS�ZRUNHUV�RI� WKH�³LRGLQH�SHULRG´�
XS�WR�HQG�RI�-XO\�������SDUWLFXODUO\�ZRPHQ��
�
,W� LV� HVVHQWLDO� WR� LQWURGXFH� ORQJ�WHUP� V\VWHPV� RI� VFUHHQLQJ�� GLDJQRVWLFV� DQG�PRQLWRULQJ� IRU�
VXIIHUHUV� DW� WKH� QDWLRQDO� OHYHO�� WR� HQVXUH� WLPHO\� GHWHFWLRQ�� WUHDWPHQW� DQG� UHKDELOLWDWLRQ� RI�
SHUVRQV�DW�ULVN�DQG�WKRVH�ZLWK�GHYHORSHG�WK\URLG�SDWKRORJ\��
�
�������2WKHU�(QGRFULQH�3UREOHPV�
�
'XULQJ� WKH� HDUO\� \HDUV� DIWHU� WKH� &KHUQRE\O� DFFLGHQW� DQ� LQFUHDVH� LQ� VHFUHWLRQ� RI� FRUWLVRO��
LQVXOLQ��DGUHQRFRUWLFRWURSKLF�KRUPRQH�DQG�FRUWLFRWURSLQ�ZDV�UHSRUWHG�LQ�WKH�SRSXODWLRQ�RI�WKH�
HQWLUH�FRQWDPLQDWHG�DUHD��7URQNR�HW�DO���������ZKLFK�LQ�WXUQ�UHVXOWHG�LQ�K\SHUWHQVLYH�GLVHDVH��
SURJUHVVLYH�DWKHURVFOHURVLV��GLDEHWHV�DQG�REHVLW\��1RUPDOL]DWLRQ�RI�KRUPRQH�VHFUHWLRQ�ZDV�QRW�
REVHUYHG�XQWLO�PRUH�WKDQ�����\HDUV�DIWHU�VXEMHFWV�OHIW�DUHDV�ZLWK�LQFUHDVHG�UDGLDWLRQ�OHYHOV��
�
%HODUXV�
�
0RUELGLW\� GXH� WR� HQGRFULQH� V\VWHP� GLVHDVH�� QXWULWLRQDO� GLVRUGHUV�� PHWDEROLF� DQG� LPPXQH�
GLVRUGHUV�LQ�HYDFXHHV�IURP�WKH�H[FOXVLRQ�]RQH�DV�ZHOO�DV�LQ�WKH�SRSXODWLRQ�RI�WKH�FRQWDPLQDWHG�
WHUULWRULHV�ZDV�PRUH� WKDQ�WZLFH�DV�KLJK�DV� LQ� WKH�JHQHUDO�%HODUXV�SRSXODWLRQ��,Q�������FDVHV�
SHU���������ZHUH��������HYDFXHHV��DQG��������SRSXODWLRQ�RI�FRQWDPLQDWHG�]RQH��FRPSDUHG�WR�
WKH�QDWLRQDO�DYHUDJH�RI������0DWVNR��������
�
&RQFHQWUDWLRQ� RI� 7�� DQG� 76*� KRUPRQHV� LQFUHDVHG� LQ� PDWHUQLW\� SDWLHQWV� IURP� *RPHO� DQG�
9LWHEVN�UHJLRQV�ZKHUHDV�WKH�FRQFHQWUDWLRQ�RI� ��KRUPRQH�GHFUHDVHG��'XG\QVND\D�	�6XULQD�
������� $� WULSOLQJ� RI� WKH� RFFXUUHQFH� RI� HQGRFULQH� LOOQHVVHV� LQ� WKH� FRQWDPLQDWHG� WHUULWRULHV�
RFFXUUHG�GXULQJ�WKH�VL[�\HDUV�DIWHU�WKH�DFFLGHQW��6KLONR�HW�DO���������
�
7KHUH�LV�DOVR�HYLGHQFH�RI�VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVHV�LQ�7\SH���GLDEHWHV�PHOOLWXV�LQ�WKH�
KLJKO\�SROOXWHG�*RPHO�DUHD�RI�%HODUXV��7DEOH�������SUHVHQWV�GDWD�DERXW�WKH�LQFLGHQFH�UDWH�IRU�
7\SH���GLDEHWHV�PHOOLWXV�LQ�%HODUXV����
���������������������$UHD� ���������� �����±������/RZ�SROOXWHG�WHUULWRULHV��0LQVN�DUHD��� ����������� ������������
+HDYLO\�SROOXWHG�WHUULWRULHV��*RPHO�DUHD��� ������������ �����������
�
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7DEOH��������,QFLGHQFH�UDWH�RI�7\SH���GLDEHWHV�LQ�FKLOGUHQ�DQG�DGROHVFHQWV�LQ�%HODUXV�������±�
������=DOXWVND\D�HW��DO���������
�
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5XVVLD�
�
'LVWXUEDQFHV� LQ� WKH�EDODQFH�RI�HVWUDGLRO��SURJHVWHURQH�� OXWHLQL]LQJ�KRUPRQH�DQG�WHVWRVWHURQH�
ZHUH�REVHUYHG�����\HDUV�DIWHU�WKH�DFFLGHQW�LQ�WKH�SRSXODWLRQ�RI�WHUULWRULHV�KLW�E\�WKH�&KHUQRE\O�
UHOHDVH��*RUSWFKHQNR�HW�DO���������2FFXUUHQFH�RI�HQGRFULQH�V\VWHP�GLVHDVHV�LQ�FKLOGUHQ�OLYLQJ�
LQ� &KHUQRE\O� FRQWDPLQDWHG� SDUWV� RI� WKH� 7XOD� UHJLRQ� KDG� LQFUHDVHG� ILYH�IROG� E\� ����� DV�
FRPSDUHG�WR�WKH�SUH�DFFLGHQW�SHULRG��6RNRORY��������0RUELGLW\�LQ�WKH�DGXOW�SRSXODWLRQ�OLYLQJ�
LQ� WKH� KLJKO\� FRQWDPLQDWHG� VRXWK�ZHVW� WHUULWRULHV� RI� %U\DQVN� UHJLRQ� H[FHHGV� WKH� UHJLRQDO�
DYHUDJH� ���� WLPHV� �6HUJHHYD� HW� DO�� ������� +\SHUSURODFWLQHPLD�� DQ� LQFUHDVH� LQ� WKH� SLWXLWDU\�
KRUPRQH�SURODFWLQ��ZDV�UHFRUGHG�LQ�������RI�VXUYH\HG�ZRPHQ�RI�FKLOGEHDULQJ�DJH�OLYLQJ�LQ�
UDGLDWLRQ�FRQWDPLQDWHG� 5XVVLDQ� WHUULWRULHV�� LPEDODQFH� LQ� WKLV� KRUPRQH� FDQ� JUHDWO\� GLVUXSW�
PHQVWUXDWLRQ�DQG�FDXVH�LQIHUWLOLW\��6WUXNRY��������
�
8NUDLQH�
�
$Q� LQFUHDVHG� OHYHO� RI� DXWRLPPXQH� HQGRFULQH� LOOQHVV� �� DXWRLPPXQH� WK\URDGHQLWLV��
WK\URWR[LFRVLV� DQG� GLDEHWHV� ±� ZDV� ILUVW� REVHUYHG� LQ� ����� LQ� WKH� 8NUDLQLDQ� FRQWDPLQDWHG�
WHUULWRULHV�DQG�SHUVLVWV�FXUUHQWO\��7URQNR�HW�DO���������7KH�PRUELGLW\�OHYHO�GXH�WR�SDWKRORJ\�RI�
WKH�HQGRFULQH�V\VWHP�IRU�DGXOW�HYDFXHHV�IURP�3U\S\DW�FLW\�DQG�WKH����NP�]RQH�ZDV�IRXQG�WR�
EH�KLJKHU�WKDQ�LQ�WKH�UHVW�RI�WKH�SRSXODWLRQ��3U\V\D]KQ\XN�HW�DO���������&RQFHQWUDWLRQ�RI�WKH�
DGUHQDO�JODQG�KRUPRQH�FRUWLVRO�DSSHDUHG�WR�EH�LQFUHDVHG�LQ�SUHJQDQW�ZRPHQ�DVVRFLDWHG�ZLWK�
DQ� LQFUHDVHG� OHYHO� RI� LQFRUSRUDWHG� VWURQWLXP�� �������� �� ������� QPRO�O� DV� FRPSDUHG� WR� WKH�
FRQWURO�OHYHO�RI���������������QPRO�O��'XGD�	�.KDUNHYLFK��������
�
7KH� PDLQ� ULVN� RI� KHDOWK� GDPDJH� LQ� FKLOGUHQ� OLYLQJ� LQ� WKH� FRQWDPLQDWHG� WHUULWRULHV� ZDV�
FRUUHODWHG�ZLWK�HQGRFULQH�V\VWHP�SDWKRORJ\��5RPDQHQNR�HW�DO���������:LGHVSUHDG�HQGRFULQH�
UDOWHG�LQIHUWLOLW\�KDV�EHHQ�REVHUYHG�LQ�IHPDOHV�LUUDGLDWHG�LQ�XWHUR��3U\V\D]KQ\XN�HW�DO���������
7KH� LQGH[� RI� PRUELGLW\� IRU� HQGRFULQH� GLVHDVH� LQ� SHRSOH� OLYLQJ� LQ� WHUULWRULHV� XQGHU� VWULFW�
UDGLDWLRQ�FRQWURO�ZDV� LQ����� WLPHV� WKDW�REVHUYHG� LQ� WKH�ZKROH�8NUDLQLDQ�SRSXODWLRQ� LQ������
������FRPSDUHG�ZLWK��������*URG]LQVN\��������
�
�����'LVWXUEDQFHV�$EQRUPDOLWLHV�RI�,PPXQLW\�
�
$OOHUJLHV� DQG� DXWRLPPXQH� FRQGLWLRQV� PD\� GHYHORS� DV� D� UHVXOW� RI� LPPXQH� V\VWHP�
GLVWXUEDQFHV��&KDQJHV�LQ�TXDQWLW\�DQG�VXE�SRODUL]DWLRQ�RI�EORRG�O\PSKRF\WHV�WDNH�SODFH�XQGHU�
WKH� LQIOXHQFH�RI�HYHQ�VPDOO�DPRXQWV�RI� LRQL]LQJ� UDGLDWLRQ��7KLV� OHDGV� WR� LPPXQH�GHILFLHQF\�
DQG� WKH�SRWHQWLDO� VSUHDG�RI�SDWKRORJLF�FRQGLWLRQV�GHSHQGDQW�XSRQ� LPPXQH� V\VWHP� IXQFWLRQ��
LQFOXGLQJ� LQIHFWLRXV�GLVHDVH��/HQVND\D�HW�DO���������,QWHUQDO�H[SRVXUH� WR� UDGLDWLRQ�UHVXOWV� LQ�
JUDGXDO� GHYHORSPHQW� RI� DXWRLPPXQH� UHDFWLRQV�� ZKHUHDV� H[WHUQDO� H[SRVXUH� FDXVHV� D� PRUH�
UDSLG�UHVSRQVH��/LVLDQ\L�	�/MXELFK��������
�
%HODUXV�
�
&KDQJHV� RI� FHOOXODU� DQG� KXPRUDO� LPPXQLW\� ZHUHHGLVFRYHUHG� LQ� KHDOWK\� DGXOWV� OLYLQJ� LQ�
WHUULWRULHV� FRQWDPLQDWHG�ZLWK� UDGLRQXFOLGHV� LQ� %HODUXV� �6RORVKHQNR� ������.\ULOFKHN� �������
6LJQLILFDQW� FKDQJHV� LQ� KXPRUDO� LPPXQLW\� ZHUH� GLVFRYHUHG� LQ� WKH� SXHUSHUDO� SHULRG� LQ� ����
PDWHUQLW\�SDWLHQWV�LQ�WKH�*RPHO�DQG�0RJLOHY�UHJLRQV��WKH�OHYHOV�RI�VHUXP�LPPXQRJOREXOLQ�$��
0�DQG�*�LQ�ZRPHQ�IURP�WKH�FRQWDPLQDWHG�DUHDV�����&V�RYHU���&L�NP���ZDV�LQFUHDVHG�DQG�WKH�
LPPXQRORJLF� YDOXH�RI� EUHDVW�PLON�ZDV� ORZHUHG� �,VNULWVN\��������'HFUHDVHV� LQ�TXDQWLWLHV�RI�
LPPXQRJOREXOLQ� DJHQWV� RI� FODVVHV�$��0��*� DQG� RI� VHFUHWHG� LPPXQRJOREXOLQ�$� �V$�� DW� WKH�
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EHJLQQLQJ� RI� ODFWDWLRQ� ZDV� GLVFRYHUHG� LQ� DQRWKHU� VXUYH\� RI� PDWHUQLW\� SDWLHQWV� LQ� WKH�
FRQWDPLQDWHG�WHUULWRULHV��=XERYLFK�HW�DO���������$�VLJQLILFDQW�GHFUHDVH�LQ�WKH�OHYHOV�RI�RI�7�
O\PSKRF\WHV�DQG�%�O\PSKRF\WHV�DV�ZHOO�DV�D�GHFUHDVH� LQ�SKDJRF\WH�DFWLYLW\�RI�KHWHURSKLOLF�
OHXNRF\WHV�ZDV�GLVFRYHUHG�LQ�DGXOWV�IURP�WKH�FRQWDPLQDWHG�DUHDV��%DQGD]KHYVN\��������
�
$Q� LQFUHDVH� RI� DXWRLPPXQH� WK\URLGLWLV� �+DVKLPRWR� JRLWHU�� FRUUHODWHG� ZLWK� DEVRUEHG� UDGLDWLRQ�
GRVH�WR�WKH�WK\URLG�JODQG�ZDV�GLVFRYHUHG�LQ�FRQWDPLQDWHG�SDUWV�RI�%HODUXV��,Q������PRUH�WKDQ����
��RI�WKH�VXUYH\HG�FKLOGUHQ�LQ�WKH�*RPHO�DUHD�RI�%HODUXV�H[KLELWHG�SDWKRORJ\�RI�WKH�WK\URLG�
JODQG��$FFRUGLQJ�WR�H[SHUW�HVWLPDWHV��LQ�%HODUXV�DORQH��VRPH�����PLOOLRQ�SHRSOH�DUH�DW�ULVN�RI�
SDWKRORJLFDO�FKDQJHV�WDNLQJ�SODFH�LQ�WKH�WK\URLG�JODQG��*RIIPDQQ�����D��/LSQLFN��������
�
�
$� VWXG\� RI� WKH� LPPXQH� V\VWHP� VWDWXV� RI� ������ PHQ� H[SRVHG� WR� VPDOO� GRVHV� RI� UDGLDWLRQ�
�%RUWNHYLFK�HW�DO��������VKRZHG�WKDW�FKURQLF�UDGLDWLRQ�H[SRVXUH�OHDGV�WR�ORVV�RI�WKH�LPPXQH�
V\VWHP� DELOLW\� WR� UHVLVW� GHYHORSPHQW� RI� LQIHFWLRXV� DQG� QRQ�LQIHFWLRXV� GLVHDVHV�� 6XUYH\V� RI�
FHOOXODU�DQG�KXPRUDO�LPPXQLW\�LQ�WKH�*RPHO�UHJLRQ�VKRZHG�WKDW�LPPXQH�FKDQJHV�GHYHORSLQJ�
LQ�FKLOGUHQ�FKURQLFDOO\�H[SRVHG� WR� UDGLDWLRQ�GHSHQG�RQ� WKH�UDGLRQXFOLGHV� LQYROYHG��GLIIHUHQW�
HIIHFWV� ZHUH� IRXQG� ZLWK� H[SRVXUH� WR� HTXLYDOHQW� OHYHOV� RI� VWURQWLXP�� FDHVLXP� DQG� RWKHU�
UDGLRQXFOLGHV��(YHWV�HW�DO���������
�
5XVVLD�
�
6WXGLHV� RI� WKH� SRSXODWLRQ� RI� WKH� FRQWDPLQDWHG� WHUULWRULHV� LQ� 5XVVLD� UHYHDOHG� VXSSUHVVHG�
LPPXQH� IXQFWLRQ�� 'HFUHDVHG� LPPXQLW\� ZDV� PDQLIHVW� LQ� UHGXFWLRQV� LQ� WKH� QXPEHUV� RI�
OHXNRF\WHV��DFWLYLW\�RI�7�O\PSKRF\WHV�DQG�RI�NLOOHU�FHOOV�DV�ZHOO�DV� LQ� LQFUHDVHG�QXPEHUV�RI�
FDVHV�RI�WKURPERF\WRSHQLD�DQG�YDULRXV�IRUPV�RI�DQHPLD��%\�������WKH�IUHTXHQF\�RI�LPPXQH�
DQG�PHWDEROLF�HIIHFWV�LQ�FKLOGUHQ�IURP�SDUWV�RI�WKH�7XOD�UHJLRQ�FRQWDPLQDWHG�ZLWK�&KHUQRE\O�
IDOORXW�LQFUHDVHG���IROG�FRPSDUHG�WR�WKH�SUH�&KHUQRE\O�OHYHO��+RZHYHU��QRQ�UDGLDWLRQ�UHODWHG�
PRUELGLW\�UHPDLQHG�DW�WKH�VDPH�OHYHO�LQ�ERWK�³FOHDQ´�DQG�LPSDFWHG�DUHDV��6RNRORY��������,W�
ZDV�EHOLHYHG�WKDW�WKH�QRWLFHDEOH�LQFUHDVH�RI�DOOHUJLF�GHUPDWLWLV�DQG�HF]HPD�FDVHV�GLVFRYHUHG�LQ�
IHPDOH� HPSOR\HHV� RI� KRWKRXVH� IDUPV� LQ� ³FOHDQ´� DUHDV� RI� WKH� %U\DQVN� UHJLRQ� UHIOHFWHG� D�
GHFUHDVH�LQ�LPPXQH�FRPSHWHQFH��'XERYD\D��������
�
$� VLJQLILFDQW� GHFUHDVH� LQ� UHODWLYH� DQG� DEVROXWH� QXPEHUV� RI� 7�FHOOV� �&'���� D� ULVH� LQ�
LPPXQRUHJXODWRU\� LQGH[�� �KHOSHUV� � '���� DQG� �VXSSUHVVRUV� �&'���� DQG� D� GHFUHDVH� LQ�
UHODWLYH�QXPEHU�RI�OHXNRF\WHV�ZHUH�UHSRUWHG�LQ�FKLOGUHQ�DQG�DGXOWV�IURP�SROOXWHG�SDUWV�RI�WKH�
%U\DQVN� UHJLRQ�� ,PEDODQFH� LQ� WKH� LPPXQH� V\VWHP� RI� FKLOGUHQ� DW� WKH� WLPH� RI� ELUWK� ZDV�
FRUUHODWHG�ZLWK� LQ� XWHUR� GRVH� RI� UDGLDWLRQ�� ,Q� WKH� UDGLRDFWLYHO\� SROOXWHG� ]RQHV�� WKHUH�ZDV� D�
VWDWLVWLFDOO\� VLJQLILFDQW� FRUUHODWLRQ� EHWZHHQ� WKH� GRVH� D� FKLOG� UHFHLYLHG� EHIRUH� ELUWK� DQG� WKH�
LPPXQH�UHJXODWRU\�LQGH[��UDWLR�RI� ��KHOSHUV�DQG� ��VXSSUHVVRUV���.XODNRY�HW�DO���������
�
7HQ� \HDUV� DIWHU� WKH� &KHUQRE\O� FDWDVWURSKH�� D� KLJK� UDWH� RI� WKH� V\PSWRPV� RI� D� GLVRUGHUO\�
IXQFWLRQ�RI�WKH�LPPXQH�V\VWHP�ZDV�DOUHDG\�EHLQJ�GLVFRYHUHG��1LQHWHHQ�WR�WZHQW\�\HDUV�DIWHU�
WKH�FDWDVWURSKH�DW�WKH�&133����������RI�OLTXLGDWRUV�JRLQJ�WKURXJK�D�VSHFLDOLVHG�LQYHVWLJDWLRQ�
VKRZ�FOLQLFDO�V\PSWRPV�RI� LPPXQH�GHILFLW�� WKH�DYHUDJH� LQGLFHV�EHLQJ��������,Q�DFFRUGDQFH�
ZLWK�REVHUYDWLRQV�RI� OLTXLGDWRUV� IURP�WKUHH� UHJLRQV�RI�5XVVLD�� WKH\�VKRZ�D�PDQLIHVWDWLRQ�RI�
KLJK� UDWHV�RI�RFFXUUHQFH�RI�FKURQLF� VRPDWLF�GLVHDVHV��7KH�SUHVHQFH�RI� WKH�PRUH�ZLGHVSUHDG�
FKURQLF�GLVHDVHV�KDV�EHHQ�REVHUYHG� LQ��������RI� WKRVH� LQYHVWLJDWHG���������KDYH�UHYHDOHG�
WKH�SUHVHQFH�RI�WKUHH�RU�PRUH�FKURQLF�GLVHDVHV��
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�
8NUDLQH�
�
���� \HDUV� DIWHU� WKH� DFFLGHQW�� WKH� QXPEHU� RI� OHXNRF\WHV� LQ� WKH� SHULSKHUDO� EORRG� LQ� HYDFXHHV�
IURP� WKH� ���NP� ]RQH� ZDV� IRXQG� WR� EH� ORZHUHG� �%DHYD� 	� 6RNROHQNR� ������� 7KH� PRVW�
XQIDYRUDEOH�FKDQJHV�ZHUH�REVHUYHG�LQ�FKLOGUHQ�ZLWK�KLJK�LQ�XWHUR�GRVHV�RI�WK\URLG�LUUDGLDWLRQ�
�RYHU� ���� F*\��� $PRQJ� FKLOGUHQ� LUUDGLDWHG� LQ� XWHUR�� ������ GHYHORSHG� LPPXQH� GHILFLHQF\�
FRPSDUHG� ZLWK� ������ LQ� WKH� FRQWURO� JURXS� �S������� �6WHSDQRYD� ������� ([SRVXUH� RI� WKH�
FHQWUDO�RUJDQV�RI�IRHWDO�LPPXQRJHQHVLV��WK\PXV�DQG�UHG�ERQH�PDUURZ��WR�UDGLDWLRQ�UHVXOWHG�LQ�
VXEVWDQWLDO� GRVH�GHSHQGHQW� GLVUXSWLRQ� RI� WKH� FKLOGUHQ¶V� LPPXQH� V\VWHP� �6WHSDQRYD� ������
6WHSDQRYD�HW�DO��������6WHSDQRYD�HW�DO��������9GRYHQNR������	��������
�
�����,QIHFWLRQ�DQG�,QYDVLRQV�
�
$Q� LQFUHDVH� LQ� WKH� QXPEHU� DQG� VHULRXVQHVV� RI� LQWHVWLQDO� WR[LFRVHV�� JDVWURHQWHULWLV��
G\VEDFWHULRVLV�� VHSVLV�� YLUDO� KHSDWLWLV� DQG� UHVSLUDWRU\� YLUXVHV� LQ� UHJLRQV� SROOXWHG� ZLWK�
HPLVVLRQV�IURP�&KHUQRE\O��%DW\DQ�	�.R]KDUVND\D�������.DS\WRQRYD�	�.U\YLWVND\D�������
1HVWHUHQNR�HW�DO��������%XVXHW�HW�DO��������KDV�EHHQ�UHSRUWHG��
�
&RQJHQLWDO� LQIHFWLRQV� RFFXUUHG� ���� WLPHV�PRUH� RIWHQ� WKDQ� EHIRUH� WKH� DFFLGHQW� LQ� QHZERUQV�
ZKRVH�PRWKHUV� FDPH� IURP�UDGLDWLRQ�FRQWDPLQDWHG�SDUWV�RI� WKH�3ROHVVN\�GLVWULFW�RI� WKH�.LHY�
UHJLRQ� �XS� WR� ������ &L�NP���� WKH� &KHFKHUVN\� GLVWULFW� RI� WKH� *RPHO� UHJLRQ� ������ &L�NP����
0WVHQVN\� DQG� 9RONKRYVN\� GLVWULFWV� RI� WKH� 2UHO� UHJLRQ� ����� &L�NP�� DQG� ������ &L�NP���
�.XODNRY�HW�DO���������
�
%HODUXV�
�
+HUSHV� YLUXV� LQIHFWLRQV� FDXVLQJ� LQ� XWHUR� DQG� LQIDQWLOH�PRUWDOLW\�ZHUH� UHSRUWHG� LQ� WKH�ZRUVW�
FRQWDPLQDWHG� DUHDV� RI� WKH� *RPHO� UHJLRQ� �0DWYHHY� HW� DO�� ������� ,QFUHDVHG� LQYDVLYHQHVV� RI�
7ULFKRFHSKDOXV� WULFKLXUXV� �WULFKRFHSKDOLDVLV�� LQ�*RPHO�DQG�0RJLOHY�UHJLRQV�FRUUHODWHG�ZLWK�
GHQVLW\�RI�WKH�UDGLRDFWLYH�FRQWDPLQDWLRQ��6WHSDQRY��������,QFUHDVHG�SUHYDOHQFH�DQG�VHYHULW\�
RI�WXEHUFXORVLV�ZDV�UHSRUWHG�LQ�WKH�FRQWDPLQDWHG�DUHDV��%HORRND\D�������WKRXJK�WKH�QDWLRQDO�
LQFUHDVH� LQ� WXEHUFXORVLV�PRUELGLW\�ZDV� LQVLJQLILFDQW��0RUELGLW\�ZLWK� WXEHUFXORVLV� LQFUHDVHG�
SDUWLFXODUO\�UDSLGO\�DIWHU������LQ�FRQWDPLQDWHG�DUHDV�RI� WKH�*RPHO�UHJLRQ��%\������WKH�UDWH�
ZDV������FDVHV�SHU���������ULVLQJ�WR������FDVHV�SHU���������LQ�������'UXJ�UHVLVWDQW�DQG�KDUG�
WR�FXUH�IRUPV�RI�WXEHUFXORVLV�DOVR�DSSHDUHG��%RUFKHYVN\�HW�DO����������
�
,QFUHDVHG�FU\SWRVSRULGLD� LQIHFWLRQ�ZDV�GLVFRYHUHG�LQ� WKH�0RJLOHY�DQG�*RPHO�UHJLRQV�������
DJDLQVW� ����� LQ� WKH� UHIHUHQFH� JURXS�� �/DYGRYVND\D� HW� DO�� ������� ,Q� ����������� JUHDWHU�
IUHTXHQF\�RI�YLUXV� LQIHFWLRQV�GXH� WR�KHSDWLWLV�%�DQG�&�DV�ZHOO�DV�JUHDWHU�VSUHDG�RI�KHSDWLWLV�
YLUXVHV�'�DQG�*�ZHUH�GLVFRYHUHG�DPRQJ�������DGXOWV�DQG�DGROHVFHQWV�ZKR�VXIIHUHG�IURP�WKH�
&KHUQRE\O� UDGLDWLRQ� LQ� WKH� 9LWHEVN� UHJLRQ�� 7KLV� FRXOG� OHDG� WR� LQFUHDVHG� PRUWDOLW\� IURP�
FLUUKRVLV�DQG�SULPDU\� OLYHU�FDQFHU� LQ� WKH� IXWXUH� �=KDYRURQNRYD�HW�DO���������0RUELGLW\�ZLWK�
YLUDO�KHSDWLWLV�LQ�KLJKO\�FRQWDPLQDWHG�SDUWV�RI�WKH�*RPHO�DQG�0RJLOHY�UHJLRQV�PRUH�WKDQ�����
\HDUV�DIWHU�WKH�DFFLGHQW�ZZDV�GRXEOH�WKH�DYHUDJH�OHYHO�LQ�%HODUXV��0DWYHHY��������$FWLYDWLRQ�
RI�F\WRPHJDORYLUXV�LQIHFWLRQ�LQ�SUHJQDQW�ZRPHQ�ZDV�DOVR�GLVFRYHUHG�LQ�KLJKO\�FRQWDPLQDWHG�
DUHDV� �0DWYHHY� ������ DQG� DFWLYDWLRQ� RI� KHUSHV� YLUXVHV�ZDV� GLVFRYHUHG� LQ� DOO� FRQWDPLQDWHG�
WHUULWRULHV��9RURSDHY�HW�DO���������
�
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5XVVLD�
�
$Q� LQFUHDVH� LQ�FU\SWRVSRULGLD� LQIHFWLRQV�ZDV� IRXQG� LQ� WKH�%U\DQVN�UHJLRQ�����FRPSDUHG� WR�
�����LQ�WKH�UHIHUHQFH�JURXS���&KLOGUHQ�LQ�FRQWDPLQDWHG�DUHDV�ZHUH�PRUH�IUHTXHQWO\�DIIHFWHG�
ZLWK�SQHXPRF\VWRVLV��������DJDLQVW�����LQ�WKH�UHIHUHQFH�JURXS���/DYGRYVND\D�HW�DO���������
0RUELGLW\�ZLWK�PLFURVSRULD��FDXVHG�E\�IXQJDO�LQIHFWLRQ�ZLWK�0LFURVSRUXP�VS��DQG�FRPPRQO\�
FDOOHG� ³ULQJZRUP´�� RFFXUUHG� VWDWLVWLFDOO\� VLJQLILFDQWO\�PRUH� RIWHQ� DQG� GHYHORSHG� LQ� D�PRUH�
VHYHUH�IRUP�LQ�UDGLDWLRQ�FRQWDPLQDWHG�SDUWV�RI�WKH�%U\DQVN�UHJLRQ��5XGQLWVN\�HW�DO��������VHH�
WDEOH��������EHORZ��
�

<HDUV� 7ZR�³FRQWDPLQDWHG´�GLVWULFWV� ³&OHDQ´�GLVWULFW�
����� ����� �����
����� ����� �����
����� ����� �����
����� ����� �����
����� ����� �����

7DEOH� ������� 1XPEHU� RI� PLFURVSRULD� LQIHFWLRQV� SHU� �������� LQKDELWDQWV� LQ� WKUHH� SDUWV� RI�
%U\DQVN�UHJLRQ��������������5XGQLWVN\�HW�DO��������
�
�����&KURPRVRPDO�$EHUUDWLRQV�DQG�RWKHU�*HQHWLF�&KDUDFWHUV�
�
5DGLDWLRQ� FDQ� LQGXFH� WZR� W\SHV� RI� FKURPRVRPH� DEHUUDWLRQV�� XQVWDEOH� RQHV� ZKLFK� LQFOXGH�
GLFHQWULFV��FHQWULF�ULQJV�DQG�DFHQWULF�IUDJPHQWV��DQG�VWDEOH�RQHV�VXFK�DV�UHFLSURFDO�DQG�RWKHU�
W\SHV�RI�WUDQVORFDWLRQV��7KH�QXPEHU�RI�GLFHQWULF�DQG�ULQJ�FKURPRVRPHV��ZKLFK�DUH�WKH�PDLQ�
LQGLFDWRUV�RI�UDGLDWLRQ�PXWDJHQHVLV�DW�WKH�FKURPRVRPDO�OHYHO��DQG�VWDEOH�RQHV�ZKLFK�DUH�RIWHQ�
DVVRFLDWHG�ZLWK�FKHPLFDO�PXWDJHQHVLV��LQFUHDVHG�VLPXOWDQHRXVO\�DIWHU�WKH�DFFLGHQW�LQ�H[SRVHG�
SRSXODWLRQV� �3LOLQVND\D�HW� DO�� ������/D]XWND��������7KH�XQVWDEOH� FKURPRVRPDO� DEHUUDWLRQV��
ZKLFK� GHFUHDVH� ZLWK� WLPH� DIWHU� FHVVDWLRQ� RI� UDGLDWLRQ� H[SRVXUH�� ZHUH� FRQILUPHG� DV� WKH�
FRQVHTXHQFHV�RI�RYHUH[SRVXUH�WR�UDGLDWLRQ��6KHYFKHQNR�	�6QLJLUHYD��������
�
7KH�IUHTXHQF\�RI�FKURPRVRPDO�DEHUUDWLRQV� LQ�DUHDV�RI� WKH�8NUDLQH��%HODUXV�DQG�5XVVLD�WKDW�
ZHUH�FRQWDPLQDWHG�E\�&KHUQRE\O�IDOORXW�LV�QRWLFHDEO\�KLJKHU�WKDQ�WKH�JOREDO�ILJXUH��/D]MXN�HW�
DO������D	E��3LOLQVND\D�HW�DO��������6HYDQNDHY�HW�DO��������6WHSDQRYD�	�9DQ\XULNKLQD�������
9RUREWVRYD�HW�DO��������0LNKDOHYLFK��������6RPH�RI�WKH�UHOHYDQW�GDWD�DUH�VXPPDULVHG�LQ�WDEOH�
�������EHORZ��
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�
5HJLRQ�DQG�GDWH�RI�

DQDO\VLV�
1XPEHU�

RI�
SHRSOH�
VWXGLHG�

1XPEHU�RI�
FHOOV�

DQDO\]HG�
$EHUUDQW�
FHOOV�

&KURPR�
VRPDO�

DEHUUDWQV�
0XOWL�
DEHUUDQW�
FHOOV�

5HIHUHQFHV�

8NUDLQH��EHIRUH�
�����

Q�D� Q�D� ��������
��

��������
��

Q�D� 3LOLQVND\
D� HW� DO��
�����

*RPHO¶� UHJLRQ��
%HODUXV��������
����
�

��� ������� ����� ��
����

Q�D� Q�D� 0LNKDLOHY
LFK������

���NP� ]RQH��
����������
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��
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������

%H]GUREQ
D� HW� DO��
�����

8NUDLQH� .LHY�
UHJLRQ�� �����
�����

��� ������� ��������
��

��������
��
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�����

%H]GUREQ
D� HW� DO��
�����

7KH� ZRUOG��
�����

Q�D� Q�D� ��������
��

��������
��

Q�D� %RFKNRY�
HW� DO��
�����

7DEOH� ������� &RPSDUDWLYH� IUHTXHQF\� �PHDQ�� �� 6'�� RI� DEHUUDQW� FHOOV� DQG� FKURPRVRPDO�
DEHUUDWLRQV�SHU�����O\PSKRF\WHV�LQ�8NUDLQH��%HODUXV�DQG�WKH�ZRUOG�
�
�

,Q� WHUULWRULHV� ZLWK� FRQWDPLQDWLRQ� RYHU� ��
&L�NP��

%RFKNRY�
�����

,Q� VHOI�VHWWOHUV� LQ� WKH� H[FOXVLRQ� ]RQH� RI�
8NUDLQH�

%H]GUREQD�
HW�DO��������

,QFUHDVH� LQ� QXPEHU� RI� FKURPRVRPDO�
GLVHDVHV� GHWHUPLQHG� E\� VWUXFWXUDO�
DEHUUDWLRQV� RI� FKURPRVRPHV� UHVXOWLQJ� IURP�
GH�QRYR�PXWDWLRQV�

/D]MXN�HW�DO��
�����

,QFUHDVH� LQ�
FKURPRVRPDO�
DEHUUDWLRQV��

,QFUHDVH� LQ� DEHUUDWLRQV� DV� UDGLRDFWLYH�
SROOXWLRQ� ULVHV� LQ� ,YDQR�)UDQNRYVND\D�
UHJLRQ��8NUDLQH�

6OXFKLN� HW�
DO�������

8QVWDEOH�
FKURPRVRPH�
H[FKDQJHV�

,Q� VHOI�VHWWOHUV� LQ� WKH� H[FOXVLRQ� ]RQH� RI�
8NUDLQH�

%H]GUREQD�
HW�DO�������

,QFUHDVH� LQ� QXPEHU�
RI� DEQRUPDO�
FKURPRVRPHV�

,Q� ZRPHQ� IURP� WKH� FRQWDPLQDWHG� SDUWV� RI�
0RJLOHY� UHJLRQ�� ZLWK� FKLOGUHQ� IURP� WKH�
FRQWDPLQDWHG�DUHDV�RI�%UHVW�UHJLRQ�

/D]\XN� HW�
DO�������

'HFUHDVH� LQ�
IUHTXHQF\� RI�
PLWRVHV�

&RQWDPLQDWHG�DUHDV�RI�%U\DQVN�UHJLRQ� 3HOHYLQD� HW�
DO�������

,QFUHDVH� LQ� QXPEHU�
RI� PXWDWLRQV� RI� WKH�
VDWHOOLWH�'1$�

0XWDWLRQ�IUHTXHQF\�LV�FRUUHODWHG�WR�WKH�DUHD�
FRQWDPLQDWLRQ�OHYHO�

'XEURYD� 	�
3OXPE������

�
7DEOH��������6XPPDU\�GDWD�RQ�GLVRUGHUV�RI�WKH�JHQHWLF�DSSDUDWXV�
�
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%HODUXV�
�
7KH� QXPEHU� RI� FKURPRVRPDO� DEHUUDWLRQV� LQ� VRPDWLF� FHOOV� ZDV� HOHYDWHG� LQ� WKRVH� OLYLQJ�
SHUPDQHQWO\� LQ� FRQWDPLQDWHG� SDUWV� RI� %HODUXV� �1HVWHUHQNR� ������ *RQFKDURYD� ������� 7KH�
IUHTXHQF\�RI�GLFHQWULFV�DQG�FLUFXODU�FKURPRVRPHV�LQ�ZRPHQ�IURP�WKH�FRQWDPLQDWHG�DUHDV�RI�
WKH�0RJLOHY�UHJLRQ�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�LQ�WKH�UHIHUHQFH�JURXS��/D]\XN�HW�DO���������
&KURPRVRPDO�DEHUUDWLRQV�LQ�FKLOGUHQ�LQFUHDVHG�IURP����������LQ������WR����������LQ������
�S��������� $� VLJQLILFDQW� LQFUHDVH� LQ� PXOWL�DEHUUDQW� FHOOV� �ZLWK� ���� DEHUUDWLRQV�� IURP�
����������LQ������WR�����������LQ�������S�������ZDV�REVHUYHG�LQ�FKLOGUHQ��7KH�IUHTXHQF\�
RI�PXOWL�DEHUUDQW�FHOOV������DEHUUDWLRQV��LQFUHDVHG�ZLWK�WLPH�LQ�FKLOGUHQ�OLYLQJ�LQ�WKH�KHDYLO\�
UDGLDWLRQ�FRQWDPLQDWHG�DUHDV�RI�.KRLQLNL�DQG�%UDJLQ�GLVWULFWV��0LNKDOHYLFK��������
�
5XVVLD�
�
7KH� IUHTXHQF\� RI� FKURPRVRPDO� DEHUUDWLRQV� LQFUHDVHG� ���� WLPHV� LQ� LQKDELWDQWV� RI� WHUULWRULHV�
ZLWK� FRQWDPLQDWLRQ� OHYHOV� RYHU� �� &L�NP�� �%RFKNRY� ������� 7KH� PLWRWLF� LQGH[� �QXPEHU� RI�
PLWRVHV� SHU� ������ EORRG� FHOOV�� LQ� LQKDELWDQWV� RI� WZR� SROOXWHG� SDUWV� RI� %U\DQVN� UHJLRQ�
�.OLQWVRYVN\� DQG� 9LVKNRYVN\� GLVWULFWV�� ZDV� VLJQLILFDQWO\� ORZHU� WKDQ� WKH� UHIHUHQFH� JURXS�
�3HOHYLQD�HW�DO���������
�
8NUDLQH�
�
)URP������RQZDUGV��VFLHQWLVWV�IURP�WKH�F\WRJHQHWLF�ODE�RI�WKH�5HVHDUFK�&HQWUH�IRU�5DGLDWLRQ�
0HGLFLQH�RI�8NUDLQLDQ�$FDGHP\�RI�6FLHQFH�PRQLWRUHG�WKH�IROORZLQJ�JURXSV�RI�SHRSOH��WKRVH�
ZKR� KDG� UHFRYHUHG� IURP� DFXWH� UDGLDWLRQ� VLFNQHVV�� OLTXLGDWRUV� �PDLQO\� RI� ������������
&KHUQRE\O�SRZHU�SODQW�SHUVRQQHO��LQFOXGLQJ�VDUFRSKDJXV�ZRUNHUV���VHOI�VHWWOHUV�IURP�WKH����
NP�]RQH��DQG�FKLOGUHQ�DQG�DGXOWV�IURP�WKH�UHJLRQV�RI�REOLJDWRU\�DQG�YROXQWDU\�HYDFXDWLRQ��
�
7KH� GDWD� REWDLQHG� GHPRQVWUDWH� D� GRVH�GHSHQGHQW� ULVH� LQ� WKH� IUHTXHQF\� RI� VRPDWLF�
FKURPRVRPH�DEHUUDWLRQV��3LOLQVND\D�HW�DO�������	��������ZKLFK�ZDV�LQ�JRRG�DJUHHPHQW�ZLWK�
WKH� UHVXOWV� RI� RWKHU� DXWKRUV� �%RFKNRY� ������ /OR\G� 	� 6HYDQNDHY� ������ 0D]QLN� ������
6HYDQNDHY�������816&($5�������'LRPLQD�������6XVNRY�HW�DO��������0D]Q\N��������
�
$W�WKH�DJH�RI�������\HDUV��FKLOGUHQ�H[SRVHG�WR�DQ�DQWHQDWDO�UHG�ERQH�PDUURZ�UDGLDWLRQ�GRVH�RI�
����������� P6Y� KDG� D� KLJKHU�� GRVH�GHSHQGHQW�� IUHTXHQF\� RI� FKURPRVRPDO� DEHUUDWLRQV�
�6WHSDQRYD� HW� DO�� ������ 6WHSDQRYD� HW� DO�� ����E���$� UHVLGXDO� F\WRJHQHWLF� HIIHFW� UHPDLQHG� LQ�
������RI�������\HDU�ROGV��
�
3URORQJHG� H[SRVXUH� WR� HYHQ� ORZ� GRVHV� RI� LRQL]LQJ� UDGLDWLRQ� FRXOG� EH� �GRXEOLQJ�� RQ�
F\WRJHQHWLF� FULWHULD� DQG� LQGXFH� VSHFLILF� FKURPRVRPH� GDPDJHV� LQ� LQGLFDWRU� FHOOV� �KXPDQ�
SHULSKHUDO� EORRG� O\PSKRF\WHV�� DQG� FDQ� DOVR� FDXVH� WKH� GHDWK� RU� IXQFWLRQDO� GLVWXUEDQFH� RI�
VRPDWLF� DQG� JHUPLQDO� FHOOV�� 7KLV� FDQ� OHDG� WR� VWRFKDVWLF� DQG�� SRVVLEO\�� VRPH� QRQVWRFKDVWLF�
HIIHFWV�ZLWK�D�PXWDWLRQ�FRPSRQHQW��HVSHFLDOO\�PXOWLIDFWRULDO�SDWKRORJLHV��6XEVHTXHQW�GHWDLOHG�
VWXGLHV� �3HGDQ� 	� 3LOLQVND\D� ������ 3LOLQVND\D� HW� DO�� ������ 6KHPHWXQ� 	� 3LOLQVND\D� ������
LQYHVWLJDWHG� UDGLRLQGXFHG� ³G\VJHQRPLF� HIIHFWV´� �DGDSWLYH� UHVSRQVHV� DQG� FKURPRVRPH�
LQVWDELOLW\��ZKHWKHU�GHOD\HG��KLGGHQ�RU� WUDQVPLVVLEOH�� DQG� WKH� �E\VWDQGHU�HIIHFW´�� DV�ZHOO� DV�
FRPSDULQJ� WKH�SULPDU\�VWUXFWXUH�FKURPRVRPH�GDPDJH�ZLWK� LGHQWLILHG�KDUPIXO�KHDOWK�HIIHFWV�
GXH�WR�KXPDQ�LUUDGLDWLRQ��
�
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([DPLQDWLRQ�RI� WKH�VDPH�SHUVRQV�EHIRUH�DQG�DIWHU� WKH�&KHUQRE\O�DFFLGHQW� UHYHDOHG�D���IROG�
LQFUHDVH� LQ� IUHTXHQF\� RI� UDGLDWLRQ�LQGXFHG� GLFHQWULF� DQG� ULQJ� FKURPRVRPHV� �0DWVNR��������
7KH�IUHTXHQF\�RI�VWDEOH�DEHUUDWLRQV�RI�FKURPRVRPHV�LQ�O\PSKRF\WHV�RI�WKH�SHULSKHUDO�EORRG�
LQFUHDVHG�VLJQLILFDQWO\�LQ�WKH�SRSXODWLRQ�RI�WKH�FRQWDPLQDWHG�WHUULWRULHV��ZKHUH����&V�FRQWHQW�
RI� VRLO� ZDV� �������� N%T�P���� DQG� DPRQJ� \RXQJ� SHRSOH� HYDFXDWHG� IURP� WKH� ���NP� ]RQH�
�0D]QLN�	�9LQQLNRY�������0D]QLN�HW�DO���������7KH�OHYHO�RI�PXWDWLRQV�JUDGXDOO\�GHFUHDVHG�
GXULQJ�WKH�VXEVHTXHQW����\HDUV�RI�WKH�VXUYH\��0D]QLN��������+RZHYHU��PRUH�WKDQ�������\HDUV�
DIWHU� WKH� DFFLGHQW� WKH� IUHTXHQFLHV� RI� DEHUUDQW� FHOOV� DQG� FKURPRVRPDO� DEHUUDWLRQV� LQ� WKH�
LQKDELWDQWV�RI�WKH�]RQH�UHPDLQHG�VLJQLILFDQWO\�KLJKHU�WKDQ�LQ�WKH�UHVLGHQWV�RI�.LHY�UHJLRQ��
�
,Q� WKH� ���NP�H[FOXVLRQ� ]RQH�� WKH� IUHTXHQF\� RI� ERWK� FKURPRVRPH� W\SH� �RQH�KLW� DQG� WZR�KLW�
DEHUUDWLRQV�� DQG� FKURPDWLG� W\SH� DEHUUDWLRQV� LQFUHDVHG� LQ� O\PSKRF\WHV� �7DEOH� ��������� 7KH�
HOHYDWHG� IUHTXHQF\� RI� VLQJOH�KLW� DFHQWULFV� LQ� WKH� SUHVHQFH� RI� WZR�KLW� GLFHQWULFV� DQG� FHQWULF�
ULQJV�LV�FKDUDFWHULVWLF�IRU�FRQWLQXRXV�H[SRVXUH�WR�ORZ�GRVH�UDWHV�RI�ORZ�/(7�UDGLDWLRQ��
�

&KURPRVRPH�W\SH�DEHUUDWLRQV�� &KURPDWLG�W\SH�
DEHUUDWLRQV� � GLFHQWULFV���FHQWULF�
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���VLJQLILFDQW�GLIIHUHQFHV�
�
7DEOH��������)UHTXHQF\��0�6(0��SHU�����FHOOV��RI�YDULRXV�W\SHV�RI�FKURPRVRPDO�DEHUUDWLRQV�
ZLWK� WKH�HYDFXHHV� IURP� WKH�H[FOXVLRQ�]RQH�DQG� WKH�UHVLGHQWV� LQ�.LHY�DUHD��%H]GUREQD�HW�DO��
������
�
7KH�IUHTXHQF\�RI�QRQ�VWDEOH�FKURPRVRPDO�DEHUUDWLRQV�LQ�FKLOGUHQ�IURP�1DURGLFKL�YLOODJH��VRLO�
FRQWDPLQDWLRQ� DSSUR[�� ���&L�NP��� UHPDLQHG� DW� D� UHODWLYHO\� FRQVWDQW� OHYHO� IRU�PRUH� WKDQ� ���
\HDUV� ZKHUHDV� WKH� IUHTXHQF\� RI� VWDEOH� FKURPRVRPDO� GDPDJHV� LQFUHDVHG� �3LOLQVND\D� HW� DO��
����D���
�
,W�LV�SRVVLEOH�WKDW�WKH�IUHTXHQF\�RI�FKURPRVRPH�DEHUUDWLRQV�UHIOHFWV�WKH�JHQHUDO�FKDUDFWHULVWLFV�
RI�FKURPRVRPHV�RI�WKH�HQWLUH�RUJDQLVP��&KURPRVRPH�PXWDWLRQV�LQ�VRPDWLF�FHOOV�DUH�LQGLFHV�
RI�KLJK�ULVN�RI�PRUELGLW\�ZLWK�GLIIHUHQW� LOOQHVVHV��7KLV� LV�HYLGHQFHG�E\�FRUUHODWLRQV�EHWZHHQ�
OHYHOV�RI�FKURPRVRPH�DEHUUDWLRQV�DQG�QXPEHU�RI�SDWKRORJLF�FRQGLWLRQV��.XWNR�HW�DO���������
�
7KRXJK� FKURPRVRPH� GLVWXUEDQFHV� DSSDUHQW� LQ� O\PSKRF\WHV� ZHUH� QRW� GLUHFWO\� UHODWHG� WR�
GHYHORSPHQW� RI� KHUHGLWDU\� GLVHDVHV� RU� WR� WKHLU� WUDQVIHU� WR� WKH� QH[W� JHQHUDWLRQV�� VXFK�
GLVWXUEDQFHV� UHIOHFW� SURIRXQG� GLVWXUEDQFHV� RI� JHQHWLF� DQG� RQWRJHQHWLF� SURFHVVHV�� 7KH�
IUHTXHQF\�RI�GLFHQWULF�DQG�ULQJ�FKURPRVRPHV�LQ�ZRPHQ�H[DPLQHG�DIWHU�WKH�DFFLGHQW�DQG�ZLWK�
WKHLU�QHZERUQ�FKLOGUHQ�ZDV�SUDFWLFDOO\�HTXDO��0DWVNR��������
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�
������,OOQHVVHV�RI�WKH�8URJHQLWDO�DQG�5HSURGXFWLYH�6\VWHP�
�
$FFXPXODWLRQ�RI�UDGLRQXFOLGHV�LQ�D�ZRPDQ¶V�ERG\�OHDGV�WR�LQFUHDVHG�SURGXFWLRQ�RI�WKH�PDOH�
KRUPRQH�WHVWRVWHURQH��ZKLFK�FDXVHV�H[SUHVVLRQ�RI�PDOH�DWWULEXWHV��UHYLHZHG�E\�%DQGD]KHYVN\�
�������&RQYHUVHO\�� LPSRWHQFH�EHFDPH�PRUH�FRPPRQ�LQ�PHQ�RI�������OLYLQJ�LQ�WKH�UDGLDWLRQ�
SROOXWHG�UHJLRQV��.KYRURVWHQNR��������
�
6WXGLHV�RI�SUHJQDQW�ZRPHQ��QHZERUQ�LQIDQWV�DQG�FKLOGUHQ�LQ�UDGLDWLRQ�FRQWDPLQDWHG�SDUWV�RI�
WKH�8NUDLQH��3ROHVVN\�GLVWULFW�LQ�.LHY�UHJLRQ���������&L�NP����%HODUXV��&KHFKHUVN\�GLVWULFW�RI�
*RPHO�UHJLRQ��������&L�NP���DQG�5XVVLD��0WVHQVN\�DQG�9RONKRYVN\�GLVWULFWV�RI�2UHO�UHJLRQ��
���� DQG� ������ &L�NP��� KDYH� VKRZQ� WKDW� FKLOGUHQ� IURP� WKH� SROOXWHG� WHUULWRULHV� VXIIHU� IURP�
UHWDUGDWLRQ� RI� VH[XDO� GHYHORSPHQW�� $PRQJ� FRQJHQLWDO� PDOIRUPDWLRQV�� WKH� QXPEHU� RI�
GLVWXUEDQFHV�LQ�JHQLWDO�RUJDQ�GHYHORSPHQW�LV�LQFUHDVLQJ�PRVW�UDSLGO\��0RWKHUV�VXIIHU�IURP�WKH�
ODWHU� RFFXUUHQFH� DQG� GLVWXUEDQFHV� RI� SHULRGV� DQG� PRUH� IUHTXHQW� J\QHFRORJLFDO� SUREOHPV��
DQHPLD�GXULQJ�DQG�DIWHU�SUHJQDQF\��DQRPDOLHV� LQ� WKH�FRPPHQFHPHQW�RI� ODERU�DQG�XQWLPHO\�
EUHDNLQJ�RI�ZDWHUV��.XODNRY�HW�DO���������
�
%HODUXV�
7KHUH� LV� LQFUHDVH� RI� QXPEHU� RI� FKLOGUHQ� ZLWK� VH[XDO� GHYHORSPHQW� DEQRUPDOLWLHV� LQ� WKH�
WHUULWRULHV�ZLWK�LQFUHDVHG�OHYHO�RI�UDGLRDFWLYH�FRQWDPLQDWLRQ��6KDUDSRY���������$FFHOHUDWLRQ�RI�
VH[XDO� GHYHORSPHQW� ZDV� REVHUYHG� LQ� SXEHUW\�DJHG� JLUOV� ������� \HDUV� ROG�� ZKR� KDG� EHHQ�
H[SRVHG�WR�UDGLDWLRQ�LQ�WKHLU�SDVW��/HRQRYD���������,Q�WHUULWRULHV�SROOXWHG�ZLWK�VWURQWLXP�DQG�
SOXWRQLXP�� VORZHU� VH[XDO�GHYHORSPHQW�KDV�EHHQ�REVHUYHG�ERWK� LQ�ER\V� �IRU���\HDUV��DQG� LQ�
JLUOV��IRU���\HDU���ZKLOH�LQ�WHUULWRULHV�SROOXWHG�SULPDULO\�ZLWK�FDHVLXP��LQFUHDVHV�LQ�WKH�UDWHV�RI�
VH[XDO�GHYHORSPHQW�KDYH�EHHQ�IRXQG��3DUDPRQRYD�	�1HGYHWVND\D���������%\�������WKH�OHYHO�
RI�VH[XDO�GHYHORSPHQW�DEQRUPDOLWLHV�ZDV���WLPHV�KLJKHU�LQ�JLUOV�ERUQ�DIWHU�WKH�$FFLGHQW�LQ�WKH�
KHDYLO\� FRQWDPLQDWHG� WHUULWRULHV�RI�%HODUXV�DQG��� WLPHV�KLJKHU� LQ�ER\V�FRPSDUHG�ZLWK� WKHLU�
FRQWHPSRUDULHV�IURP�³FRQYHQWLRQDOO\�FOHDQ´�UHJLRQV��1HVWHUHQNR�HW�DO����������
�
$QDO\VLV�RI�KHDOWK�VWDWXV�RI�����������PDWHUQLW\�SDWLHQWV�IURP�WHUULWRULHV�ZLWK�SROOXWLRQ�OHYHOV�
H[FHHGLQJ���&L�NP��KDV�UHYHDOHG�D�VLJQLILFDQWO\�KLJKHU� OHYHO�RI�XURJHQLWDO�V\VWHP�PRUELGLW\�
�%XVXHW� HW� DO�� ������� 'XULQJ� ���������� J\QHFRORJLFDO� PRUELGLW\� RI� IHUWLOH� DJH� IHPDOHV�
LQFUHDVHG� DFURVV� WKH� FRXQWU\� DQG� WKH� QXPEHU� RI� SUHJQDQF\� DQG� ELUWK� FRPSOLFDWLRQV� DOVR�
LQFUHDVHG� �%HORRND\D� HW� DO�� ������� 1XPEHU� RI� XQIDYRUDEOH� RXWFRPHV� RI� SUHJQDQF\� DQG�
PHGLFDO� DERUWLRQV� LQFUHDVHG� LQ� WKH� FRQWDPLQDWHG� UHJLRQV� �*RORYNR� 	� ,]KHYVN\� �������
'LVWXUEDQFHV�RI�PHQVWUXDO�DFWLYLW\�ZHUH�REVHUYHG�LQ�WKH�PDMRULW\�RI�IHPDOHV�RI�FKLOGEHDULQJ�
DJH� LQ� WKH� UDGLDWLRQ�FRQWDPLQDWHG� DUHDV� �1HVWHUHQNR� HW� DO�� ������� ,QFUHDVHV� LQ� IUHTXHQF\� RI�
LQIHUWLOLW\� DQG� LPSRWHQF\� ZHUH� DOVR� UHSRUWHG� LQ� WKH� FRQWDPLQDWHG� DUHDV�� ,Q� WKH� FRQWDPLQDWHG�
UHJLRQV�� SULPDU\� FRQVXOWDWLRQV� EHFDXVH� RI� LQIHUWLOLW\� ZHUH� ���� WLPHV� KLJKHU� LQ� ����� DV�
FRPSDUHG� WR�������7KH� IROORZLQJ�KDYH�EHHQ� LGHQWLILHG�DV�FDXVHV�RI� LQIHUWLOLW\��SDWKRORJ\�RI�
WKH� VHPLQDO� IOXLG� �LQFUHDVHG� ���� WLPHV���SRO\F\VWLF� RYDU\� V\QGURPH� �LQFUHDVHG��� WLPHV�� DQG�
HQGRFULQH�SUREOHPV��LQFUHDVHG���WLPHV���,PSRWHQFH�LQ�\RXQJ�PHQ��������\HDUV��FRUUHODWHG�WR�
WKH�OHYHO�RI�UDGLDWLRQ�FRQWDPLQDWLRQ�RI�WKH�ODQG��6KLONR�HW�DO���������
�
5XVVLD�
�
6WUXFWXUDO� FKDQJHV� LQ� VHPHQLIHURXV� WXEXOHV� RI� WHVWLFOHV� DQG� GLVWXUEDQFH� LQ� VSHUPDWRJHQHVLV�
ZHUH�UHSRUWHG�LQ�������RI�VXUYH\HG�PHQ�LQ�.DOXJD�UHJLRQ��3LVVDUHQNR��������
�



� ��

8NUDLQH�
�
,Q� DUHDV� RI� LQFUHDVHG� UDGLDWLRQ� OHYHO�� D� FRQVLGHUDEOH� LQFUHDVH� LQ� NLGQH\� LQIHFWLRQV�� FKURQLF�
S\HORQHSKULWLV�DQG�VWRQHV�LQ�WKH�NLGQH\V�DQG�XUHWHUV�ZHUH�REVHUYHG�LQ�DGROHVFHQWV��.DUSHQNR�
HW�DO���������3UHJQDQF\�SDWKRORJ\�LQFUHDVHG�DIWHU�WKH�DFFLGHQW��ZKLOH�JHQLWR�XULQDU\�GLVHDVHV�
LQ������FRPSRVHG������RI�WKH�PRUELGLW\�VWUXFWXUH�RI�DGXOWV�DQG�DGROHVFHQWV�RI�WKH�8NUDLQLDQ�
&KHUQRE\O� YLFWLPV� �*URG]LQVN\�������� ,Q� SURVWDWH� DGHQRPD�SDWLHQWV� IURP� WKH� FRQWDPLQDWHG�
WHUULWRULHV������KDG�PXWDJHQLF�LQDFWLYDWLRQ�RI�WXPRXU�VXSUHVVLRQ�JHQHV��,Q�����RI�FDVHV��SUH�
FDQFHU�FKDQJHV�LQ�XULQDU\�EODGGHU�ZHUH�DOVR�UHSRUWHG��3U\V\D]KQ\XN�HW�DO��������5RPDQHQNR�
HW�DO���������7KHVH�V\PSWRPV�PD\�EH�FRQQHFWHG�ZLWK�WKH�LPSDFW�RI�ORZ�OHYHO�UDGLDWLRQ��ZKLFK�
OHDGV� WR� JHQHWLF� LQVWDELOLW\� ZLWK� SRVVLEOH� GHYHORSPHQW� RI� LQYDVLYH� FDQFHU� RI� WKH� XULQDU\�
EODGGHU�� 'XULQJ� ����������� PRUELGLW\� RI� WKH� XURJHQLWDO� V\VWHP� PRUH� WKDQ� GRXEOHG� LQ� WKH�
SRSXODWLRQ�VWLOO�OLYLQJ�LQ�WKH�FRQWDPLQDWHG�WHUULWRULHV��3U\V\D]KQ\XN�HW�DO���������
�
,Q� DUHDV� DIIHFWHG� E\�&KHUQRE\O� IDOORXW�� FDVHV� RI� LQIODPPDWLRQ� RI� WKH� IHPDOH� JHQLWDO� RUJDQV�
LQFUHDVHG�FRQVLGHUDEO\�DQG�RFFXUUHQFH�RI�RYDULDQ�F\VWV�DQG�XWHULQH�ILEURLGV�GRXEOHG�����\HDUV�
DIWHU�WKH�DFFLGHQW��7KH�IUHTXHQF\�RI�PHQVWUXDO�GLVWXUEDQFHV�LQFUHDVHG�WKUHH�IROG�DV�FRPSDUHG�
WR� WKH� SUH�DFFLGHQW� SHULRG�� 'XULQJ� WKH� ILUVW� \HDUV� DIWHU� WKH� DFFLGHQW�� ZRPHQ� WHQGHG� WR�
H[SHULHQFH�KHDY\�SHULRGV��EXW�DIWHU�������\HDUV��OLJKW�DQG�LQIUHTXHQW�SHULRGV�ZHUH�SUHGRPLQDQW�
�*RUSWFKHQNR�HW�DO���������0RUH�WKDQ������\HDUV�DIWHU�WKH�DFFLGHQW��WKH�WKUHDW�RI�LQWHUUXSWHG�
SUHJQDQF\�EHFDPH�PRUH� IUHTXHQW� LQ� HYDFXHHV� IURP� WKH����NP�]RQH�DQG� WKRVH� OLYLQJ� LQ� WKH�
FRQWDPLQDWHG� WHUULWRULHV�DQG�SUH�HFODPSVLD�DQG�SUHPDWXUH�ELUWKV�ZHUH� LQFUHDVLQJO\�REVHUYHG�
�*ROXEFKLNRY�HW�DO��������.\UD�HW�DO���������
�
7KH� UHSURGXFWLYH� KHDOWK� RI� IHPDOH� HYDFXHHV� DQG� OLTXLGDWRUV�� DV� ZHOO� DV� ZRPHQ� OLYLQJ� LQ�
UHJLRQV�VXEMHFWHG� WR� WKH�KLJKHVW� UDGLRDFWLYH�FRQWDPLQDWLRQ��KDV�EHHQ�VWXGLHG� LQ�VRPH�GHWDLO��
7KH� FRQWURO� JURXS� LQFOXGHG� WKH� ZRPHQ� OLYLQJ� LQ� UHJLRQV� FRQYHQWLRQDOO\� FRQVLGHUHG� FOHDQ�
�<DJRWLQ�LQ�WKH�.LHY�DUHD�DQG�WKH�WRZQ�RI�3ROWDYD���$YHUDJH�LQGLFHV�RI�WKUHH�\HDUV�EHIRUH�WKH�
DFFLGHQW�ZHUH�DOVR�WDNHQ�LQWR�DFFRXQW��7KH�GDWDEDVH�FRPSULVHG�RYHU��������SUHJQDQW�ZRPHQ�
DQG�WKHLU�QHZERUQV��/XN\DQRYD�������'DVKNHYLFK�	�-DQ\XWD�������'DVKNHYLFK�HW�DO���������
�
7KHUH� ZDV� D� ��IROG� JURZWK� LQ� LQIODPPDWRU\� GLVHDVH� RI� WKH� LQWHUQDO� UHSURGXFWLYH� RUJDQV��
GLVWXUEDQFHV�RI�WKH�PHQVWUXDO�F\FOH�DQG�EHQLJQ�RYDULDQ�WXPRXUV��/XN\DQRYD�������,YDQ\XWD�
	�'XEFKDN��������7KH�DQDO\VLV�RI�GDWD�UHJDUGLQJ�������UDGLDWLRQ�H[SRVHG�JLUOV�DQG�WHHQDJHUV�
VKRZHG�D�GHOD\�RQ�WKH�RQVHW�RI�SXEHUW\�LQ�����DQG�YDULRXV�GLVWXUEDQFHV�RI�PHQVWUXDO�IXQFWLRQ�
LQ������/XN\DQRYD�������'DVKNHYLFK�HW�DO��������'DVKNHYLFK�HW�DO���������
�
,QFRUSRUDWLRQ� RI� FDHVLXP����� LQ� WKH� SODFHQWD� KDV� DOVR� EHHQ� UHSRUWG�� +LVWRORJLFDO� VWXG\� RI�
SODFHQWDV�UHYHDOHG�DFXWH�GLVWXUEDQFHV�LQ�EORRG�FLUFXODWLRQ��LQWHQVLILHG�SUROLIHUDWLYH�DFWLYLW\�RI�
V\QF\WULRWURSKREODVW�DQG� WKH�SUHVHQFH�RI�SRRUO\�GLIIHUHQWLDWHG�DQG�XQGHUGHYHORSHG� IRUPV�RI�
ILEUREODVWV� LQ� WHUPLQDO� YLOOL� RI� WKH� VWURPD� �/XN\DQRYD� ������ =DGRUR]KQD\D� HW� DO�� �������
'LVWXUEDQFHV� LQ�EORRG�FLUFXODWLRQ�DQG�G\VWURSKLF�DQG� LQYROXWLYH�FKDQJHV� LQ� WKH�SODFHQWD�DUH�
GRVH�UHODWHG��/XN\DQRYD�������/XN\DQRYD�HW�DO���������
�
$�FRUUHODWLRQ�EHWZHHQ�WKH�OHYHO�RI�UDGLRQXFOLGHV�LQ�WKH�SODFHQWD�DQG�LQKLELWHG�JURZWK�RI�WKH�
IRHWXV�ZDV�HVWDEOLVKHG��,QFRUSRUDWLRQ�RI�UDGLRQXFOLGHV�LQWR�SODFHQWDV�RI�ZRPHQ�OLYLQJ�LQ�WKH�
FRQWDPLQDWHG�DUHDV�ZDV�����%T�NJ��ZKLFK�UHVXOWHG�LQ�UHGXFHG�ELUWK�ZHLJKW�LQ�EDELHV��DJDLQVW�D�
EDFNJURXQG� RI� SODFHQWDO� K\SRSODVLD�� QRQ�XQLIRUPLW\� RI� LWV� WKLFNQHVV�� SUHVHQFH� RI� LQIDUFWV��
F\VWV�DQG�GHSRVLWV�RI�FDOFLXP�VDOWV�LQ�WKH�SODFHQWD��,Q�UHFHQW�\HDUV��HOHYDWHG�FRQWHQW�RI�DOSKD�
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UDGLRQXFOLGHV�ZHUH� IRXQG� LQ� WKH�RVWHDO� V\VWHPV�RI�VWLOOERUQ�FKLOGUHQ�ZKRVH�PRWKHUV� OLYHG� LQ�
UDGLDWLRQ�FRQWURO�UHJLRQV��/XN\DQRYD�������=DGRUR]KQD\D�HW�DO���������
�
7KH�DQDO\VLV�RI�JHVWDWLRQDO�FRPSOLFDWLRQV�KDV�VKRZQ�WKDW�LQ�WKH�UDGLDWLRQ�ULVN�JURXS��������RI�
SUHJQDQW� ZRPHQ� KDG� FRPSOLFDWLRQV� RI� SUHJQDQF\� �SUH�HFODPSVLD�� DQDHPLD�� IRHWRSODFHQWDO�
IDLOXUH��� ZKLOH� LQ� WKH� FRQWURO� JURXS�� FRPSOLFDWLRQV� RFFXUUHG� LQ� RQO\� ������� $FFRUGLQJ� WR�
XOWUDVRQLF� LQVSHFWLRQ�� WKH� ULVN� RI� LQKLELWHG� IRHWDO� GHYHORSPHQW� ZDV� REVHUYHG� LQ� ���� RI�
UDGLDWLRQ� ULVN� JURXS� ZRPHQ�� ZKLFK� ZDV� �� WLPHV� KLJKHU� WKDQ� LQ� WKH� JHQHUDO� SRSXODWLRQ�
�/XN\DQRYD�������'DVKNHYLFK�	�-DQ\XWD�������6HUJLHQNR�������6HUJLHQNR��������
�
&KLOGELUWK�FRPSOLFDWLRQV�RFFXUUHG�LQ�������RI�WKH�UDGLDWLRQ�ULVN�JURXS������WLPHV�KLJKHU�WKDQ�
LQ� WKH� FRQWURO� JURXS��2I� SDUWLFXODU� FRQFHUQ�ZDV� D� VWHDG\� JURZWK� LQ� XWHULQH� KDHPRUUKDJLQJ��
6WXGLHV� RI� WKH� FRQFHQWUDWLRQV� RI� IRHWRSODFHQWDO� FRPSOH[� KRUPRQHV� UHYHDOHG� DOWHUDWLRQV� WKDW�
ZRXOG� KDYH� FRQWULEXWHG� WR� WKH� GHYHORSPHQW� RI� KHPRUUKDJLF� FRPSOLFDWLRQV�� DV� ZHOO� DV�
FRQVLGHUDEOH� SHUWXUEDWLRQV� RI� WKH� KDHPRVWDVLV� V\VWHP� �/XN\DQRYD� ������ 'DVKNHYLFK� 	�
-DQ\XWD�������6HUJLHQNR��������
�
7KH� QXPEHU� RI� FKLOGELUWKV� LQ� WKH� FRQWUROOHG� WHUULWRU\� GHFUHDVHG� E\� ������� �'DVKNHYLFK�	�
-DQ\XWD��������7KH� LPSDFWV�RQ� WKH�UHSURGXFWLYH�KHDOWK�RI�ZRPHQ� LQ� WKH�8NUDLQH�GXULQJ� WKH�
SRVW�HPHUJHQF\�SHULRG�UHVXOWHG�LQ�QHJDWLYH�FRQVHTXHQFHV�IRU�WKH�IHUWLOH�DQG�WKXV�FRQWULEXWHG�
WR� GHWHULRUDWLRQ� RI� D� ZKROH� GHPRJUDSKLF� VLWXDWLRQ�� ZLWK� RQO\� ���� RI� WKH� PRUWDOLW\�
FRPSHQVDWHG�E\�ELUWK�UDWH��/XN\DQRYD�������'DVKNHYLFK�	�-DQ\XWD��������
�
������&RQJHQLWDO�0DOIRUPDWLRQV�DQG�'LVHDVHV�LQ�,QIDQWV�DQG�&KLOGUHQ�
�
$V�GLVFXVVHG�LQ�WKH�ODVW�VHFWLRQ��WKH�SODFHQWD�DFFXPXODWHV�UDGLRQXFOLGHV��7KHVH�SHQHWUDWH�WKH�
IRHWXV�DQG�FDXVH�IRHWDO�G\VSODVLD��VWUXFWXUDO�DQG�IXQFWLRQDO�DEQRUPDOLWLHV� LQ�GLIIHUHQW�RUJDQV�
DQG�V\VWHPV��LQFOXGLQJ�WKH�VNHOHWDO�V\VWHP��
�
%RWK� SUHJQDQF\� FRPSOLFDWLRQV� DQG� PRUSKR�IXQFWLRQDO� FKDQJHV� LQ� WKH� SODFHQWD� FDQ� FDXVH�
QHRQDWDO�SDWKRORJ\��9DULRXV�GHYLDWLRQV�LQ�WKH�KHDOWK�RI�QHZERUQV�ZHUH���WLPHV�PRUH�FRPPRQ�
WKDQ� LQ�FKLOGUHQ�RI�PRWKHUV� IURP�WKH�FRQWURO�JURXS��)UHTXHQWO\�REVHUYHG�SUREOHPV� LQFOXGHG�
GLVWXUEDQFH�RI�HDUO\�QHRQDWDO�DGDSWDWLRQ�SURFHVVHV��QHXURORJLFDO�GLVRUGHUV��HGHPDWRXV��LFWHULF�
DQG� KHPRUUKDJLF� V\QGURPHV�� GLVWXUEDQFHV� LQ� UHVSLUDWRU\� GHYHORSPHQW�� JUHDWHU� ORVV� RI� ERG\�
PDVV� DQG� VORZQHVV� LQ� LWV� UHVWRUDWLRQ��� $PRQJ� GLVHDVHV� RI� WKH� QHZERUQ�� DVSK\[LD� DQG�
UHVSLUDWRU\� GLVRUGHUV� DSSHDU� WR� SUHGRPLQDWH�� DWWULEXWDEOH� WR� WKH� IUHTXHQW� REVWHWULF�
FRPSOLFDWLRQV� VXIIHUHG� E\� WKH�PRWKHUV� GXULQJ� SUHJQDQF\� �/XN\DQRYD� ������ 'DVKNHYLFK�	�
-DQ\XWD�������'DVKNHYLFK�HW�DO��������(SVWHLQ�HW�DO��������6HUJLHQNR��������
�
(QGRPHWULDO� K\SR[LD� DQG� DVSK\[LD� GXULQJ� ELUWK� ZHUH� PHW� ���� WLPHV� PRUH� IUHTXHQWO\� WKDQ�
EHIRUH� WKH� DFFLGHQW�� QRQ�LQIHFWLRXV� UHVSLUDWRU\� GLVRUGHUV� ZHUH� �� WLPHV� PRUH� IUHTXHQW� LQ�
QHZERUQV�ZKRVH�PRWKHUV�FDPH�IURP�UDGLDWLRQ�SROOXWHG�WHUULWRULHV�LQ�3ROHVVN\�GLVWULFW�RI�.LHY�
UHJLRQ� �XS� WR�������&L�NP����&KHFKHUVN\�GLVWULFW�RI�*RPHO� UHJLRQ� ������&L�NP����0WVHQVN\�
DQG�9RONKRYVN\�GLVWULFWV�RI�2UHO�UHJLRQ������&L�NP��DQG�������&L�NP����.XODNRY�HW�DO���������
�
1RQ�LQIHFWLRXV�UHVSLUDWRU\�GLVRUGHUV�ZHUH���WLPHV�PRUH�IUHTXHQW�LQ�QHZERUQV�ZKRVH�PRWKHUV�
FDPH� IURP� UDGLDWLRQ� SROOXWHG� WHUULWRULHV� LQ� 3ROHVVN\� GLVWULFW� RI� .LHY� UHJLRQ� �XS� WR� ������
&L�NP���� &KHFKHUVN\� GLVWULFW� RI� *RPHO� UHJLRQ� ������ &L�NP���� 0WVHQVN\� DQG� 9RONKRYVN\�
GLVWULFWV�RI�2UHO� UHJLRQ� �����&L�NP��DQG�������&L�NP��� �.XODNRY�HW�DO���������(QGRPHWULDO�
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K\SR[LD� DQG� DVSK\[LD� GXULQJ� ELUWK�ZHUH�PRUH� WKDQ� �� WLPHV�PRUH� FRPPRQ� WKDQ� EHIRUH� WKH�
DFFLGHQW��
�
$� KLJKHU� SURSRUWLRQ� RI� LQ� XWHUR� LUUDGLDWHG� FKLOGUHQ� GHYHORSHG� SDWKRORJ\� RI� WKH� UHVSLUDWRU\�
V\VWHP��������FRPSDUHG�WR�������LQ�WKH�FRQWURO�JURXS��S��������UHYLHZHG�E\�3U\V\D]KQ\XN�
HW�DO���������
�
$�G\QDPLF�VXUYH\�RI�SUHJQDQW�ZRPHQ��PDWHUQLW\�SDWLHQWV��QHZERUQ� LQIDQWV�DQG�FKLOGUHQ�RQ�
UDGLDWLRQ�FRQWDPLQDWHG�WHUULWRULHV�LQ�8NUDLQH��3ROHVVN\�GLVWULFW�LQ�.LHY�UHJLRQ��������&L�NP����
%HODUXV� �&KHFKHUVN\� GLVWULFW� RI� *RPHO� UHJLRQ�� ����� &L�NP��� DQG� 5XVVLD� �0WVHQVN\� DQG�
9RONKRYVN\� GLVWULFWV� RI� 2UHO� UHJLRQ�� ���� DQG� ������ &L�NP��� LQGLFDWHG� DQ� LQFUHDVH� LQ� WKH�
QXPEHU�RI�GHYHORSPHQW�GHILFLHQFLHV�UHODWHG�WR�WKH�GLJHVWLYH�DSSDUDWXV�RI�QHZERUQV��.XODNRY�
HW�DO���������
�
$QRWKHU�VWXG\�FRQFHUQHG�D�JURXS�RI������8NUDQLDQ�FKLOGUHQ�H[SRVHG� LQ�XWHUR��*URXS�,�ZDV�
FRPSRVHG� RI� WKH� FKLOGUHQ� ERUQ� WR� ZRPHQ� ZKR� ZHUH� DOUHDG\� SUHJQDQW� DW� WKH� WLPH� RI� WKH�
DFFLGHQW�DQG�ZKR�ZHUH�HYDFXDWHG�IURP�FLW\�RI�3ULS\DW��*URXS�,,�DOVR�FRPSULVHG�FKLOGUHQ�ERUQ�
WR� ZRPHQ� ZKR� ZHUH� SUHJQDQW� DW� WLPH� RI� WKH� DFFLGHQW�� EXW� ZKR� FRQWLQXHG� WR� OLYH� LQ�
FRQWDPLQDWLRQ� ]RQHV� �,,,��*URXS� ,,,�� WKH� FRQWUROV��ZHUH� FKLOGUHQ� ERUQ� WR�ZRPHQ� OLYLQJ� LQ�
�FOHDQ��WHUULWRULHV��
�
)RHWDO� H[SRVXUH� WR� UDGLDWLRQ� UHVXOWHG� LQ� ORZHU� OHYHO� RI� KHDOWK� RI� FKLOGUHQ� DW� DOO� VWDJHV� RI�
SRVWQDWDO� GHYHORSPHQW� �6WHSDQRYD� HW� DO�� ������ 6WHSDQRYD� ������ 6WHSDQRYD� HW� DO�� ����D��
6WHSDQRYD� HW� DO�� �������&KURQLF� VRPDWLF� SDWKRORJ\� RFFXUUHG�PRUH� RIWHQ� LQ� FKLOGUHQ�ZLWK� D�
IRHWDO�WK\URLG�H[SRVXUH�RYHU�����*\��$ERYH����*\�LW�ZDV�UHFRUGHG�LQ�DOPRVW�DOO�FKLOGUHQ��
�
'LVWXUEDQFH� RI� SK\VLFDO� GHYHORSPHQW� LQ� FKLOGUHQ� H[SRVHG� WR� LRQL]LQJ� UDGLDWLRQ� XS� XQWLO� WKH�
��WK�ZHHN�RI�IRHWDO�GHYHORSPHQW��DQ�DYHUDJH�GRVH�RI�����*\��ZDV�REVHUYHG�PRUH�RIWHQ�WKDQ�
LQ� WKH� FRQWURO��ZKHUHDV� DIWHU���WK�ZHHN� �DQ� DYHUDJH�GRVH�RI�����*\��� IUHTXHQW�SDWKRORJLFDO�
GHYLDWLRQV�ZHUH�LGHQWLILHG�GXULQJ�SXEHUW\��
�
5DGLDWLRQ�H[SRVXUH�RI�WKH�FHQWUDO�RUJDQV�RI�IRHWDO�LPPXQH�V\VWHP�GHYHORSPHQW��WK\PXV�DQG�
UHG�ERQH�PDUURZ��UHVXOWHG�LQ�VXEVWDQWLDO�GRVH�GHSHQGHQW�GLVUXSWLRQ�RI�WKH�FKLOGUHQ¶V�LPPXQH�
V\VWHP��6WHSDQRYD�HW�DO��������6WHSDQRYD�HW�DO��������9GRYHQNR������	��������
�
([SRVXUH� RI� WKH� IRHWXV� WR� PHGLFR�ELRORJLFDO� ULVN� IDFWRUV� LQ� D� FRPELQDWLRQ� ZLWK� UDGLDWLRQ�
FRQWULEXWHG�WR�KLJKHU�IUHTXHQF\�RI�VPDOO�DQRPDOLHV�RI�GHYHORSPHQW��7KH�DYHUDJH�RFFXUUHQFH�
UDWH�DPRQJ�FKLOGUHQ�H[SRVHG�WR�DQWHQDWDO�UDGLDWLRQ�ZDV��������������ZKHUHDV�LQ�WKH�FRQWURO�LW�
ZDV�RQO\������������ ����������$�FRUUHODWLRQ��U ������H[LVWHG�EHWZHHQ�WKH�QXPEHU�RI�VPDOO�
DQRPDOLHV�LQ�D�FKLOG¶V�GHYHORSPHQW�DQG�H[SRVXUH�GRVH�GXULQJ�IRHWDO�GHYHORSPHQW��
�
$W�WKH�DJH�RI�������\HDUV��FKLOGUHQ�H[SRVHG�WR�DQ�DQWHQDWDO�UHG�ERQH�PDUURZ�UDGLDWLRQ�GRVH�RI�
����������� P6Y� KDG� D� KLJKHU�� GRVH�GHSHQGHQW� IUHTXHQF\� RI� FKURPRVRPDO� DEHUUDWLRQV�
�6WHSDQRYD� HW� DO�� ������ 6WHSDQRYD� HW� DO�� ����E���$� UHVLGXDO� F\WRJHQHWLF� HIIHFW� UHPDLQHG� LQ�
������RI�������\HDU�ROGV��
�
&KLOGUHQ�ERUQ�WR�SDUHQWV�H[SRVHG�WR�UDGLDWLRQ�DOVR�KDG�D�ORZ�OHYHO�RI�KHDOWK��VXIIHULQJ�KLJKHU�
PRUELGLW\�UDWHV�WKDQ�WKH�8NUDLQH�DV�D�ZKROH��'XULQJ�WKH�ODVW���\HDUV�WKHVH�YDULHG�IURP��������
WR�������Å�FRPSDUHG�ZLWK�������������Å�DFURVV� WKH�8NUDLQH���2QO\������ZHUH�GHVFULEHG�
DV� ³SUDFWLFDOO\� KHDOWK\´�� 2I� ������� FKLOGUHQ� ERUQ� WR� OLTXLGDWRUV� RI� WKH� ���������� SHULRG��
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������ ZHUH� UHJLVWHUHG� DV� KDYLQJ� FRQJHQLWDO� GHYHORSPHQW� DQRPDOLHV� ����Å��� 7KH� KLJKHVW�
IUHTXHQF\� ZDV� UHFRUGHG� LQ� FKLOGUHQ� ERUQ� LQ� WKH� ILUVW� SRVW�DFFLGHQW� \HDUV� �6WHSDQRYD� HW� DO��
������6WHSDQRYD�HW�DO���������
�
:LWK�WKH�DLP�RI�HYDOXDWLQJ�SRVVLEOH�JHQHWLF�HIIHFWV�LQ�WKH�ILUVW�JHQHUDWLRQ�RI�WKRVH�H[SRVHG�WR�
UDGLDWLRQ�LPPHGLDWHO\�DIWHU�WKH�DFFLGHQW��WKH�PHPEHUV�RI�IDPLOLHV�RI�8NUDLQLDQ�OLTXLGDWRUV�RI�
WKH�����������SHULRG�ZHUH�H[DPLQHG��7KH�PDMRULW\�RI�FKLOGUHQ�ZKRVH�IDWKHUV�ZHUH�OLTXLGDWRUV�
H[KLELWHG� QXPHURXV� VPDOO� DQRPDOLHV� RI� GHYHORSPHQW�� 7KH� IUHTXHQF\� RI� FKURPRVRPDO�
DEHUUDWLRQV��6WHSDQRYD�HW�DO��������6KHVWRSDORY�HW�DO��������DQG�PXWDWLRQV�LQ�PLFUR�VDWHOOLWH�
DVVRFLDWHG�IUDFWLRQV�RI�'1$�ZDV�KLJKHU�WKDQ�LQ�WKHLU�ROGHU�EURWKHUV�DQG�VLVWHUV�ZKR�KDG�EHHQ�
ERUQ�EHIRUH�WKH�DFFLGHQW��:HLQEHUJ�HW�DO���������
��
+LJKHU� OHYHOV� RI�PXWDWLRQV� LQ�PLFUR�VDWHOOLWH� IUDFWLRQV�RI�'1$�KDYH�EHHQ�QRWHG� LQ� WKH� ILUVW�
JHQHUDWLRQ�RI�WKH�SDUHQWV�H[SRVHG�WR�UDGLDWLRQ��'XEURYD�������'XEURYD�HW�DO������D	E���$OO�
WKH�DERYH�JLYHV�UHDVRQ�WR�FODVVLI\�FKLOGUHQ�DQG�WHHQDJHUV�H[SRVHG�WR�DQWHQDWDO�UDGLDWLRQ�EHIRUH�
ELUWK�LQWR�WKH�JURXS�RI�PXWDWLRQ�ULVN��
�
8NUDLQLDQ� UHVHDUFKHUV� FROODERUDWLQJ� ZLWK� %ULVWRO� 8QLYHUVLW\� GHWHUPLQHG� DYHUDJH� XSWDNH� RI�
UDGLRDFWLYLW\�LQ�RUJDQV�RI�GHFHDVHG�QHZERUQV�DV�VKRZQ�LQ�WKH�7DEOH��������EHORZ��/XN\DQRYD�
������ /XN\DQRYD� HW� DO�� ������� (YHQ� WKHVH� ORZ�GRVHV� FDQ� EH� VLJQLILFDQW� IRU� WKH� FRQWLQXDOO\�
JURZLQJ�DQG�GHYHORSLQJ�IRHWXV��
�

2UJDQ� &RQWDPLQDWLRQ��%T�NJ��
5LEV� ����������
6SLQDO�FROXPQ�LQWHULRU� ����������
'HYHORSLQJ�WHHWK� ���������
/LYHU� ����������
7XEXODU�ERQHV� ����������
6SOHHQ� �����������
7K\PXV� �����������

�
7DEOH���������$YHUDJH�XSWDNH�RI�UDGLRDFWLYLW\�LQ�RUJDQV�RI�GHFHDVHG�QHZERUQV�
�
0RUSKRORJLFDO�H[DPLQDWLRQ�RI�WKH�ERQH�WLVVXH�UHYHDOHG�ORFDOLVHG�FKDQJHV�LQ�EORRG�FLUFXODWLRQ�
�G\VWURSKLF�FKDQJHV�LQ�WKH�DUWHULRODU�ZDOOV���UHGXFWLRQ�LQ�WKH�QXPEHU�RI�RVWHREODVWV��G\VWURSKLF�
FKDQJHV�RI�RVWHREODVWV� DQG�RVWHRFODVWV�ZKLFK�ZHUH�RI� VPDOOHU� VL]H�DQG� VHWWOHG� LUUHJXODUO\� LQ�
����RI�FDVHV��7KH�DSSDUHQW�LPEDODQFH�LQ�WKH�UDWLR�RI�RVWHREODVWV�WR�RVWHRFODVWV�FRXOG�WULJJHU�
GHVWUXFWLYH� SURFHVVHV� LQ� WKH� GHYHORSLQJ� ERQH� WLVVXH� �/XN\DQRYD� ������ /XN\DQRYD� HW� DO��
�������
�
$V�WKH�KLJKHVW� OHYHOV�RI�UDGLRQXFOLGH�LQFRUSRUDWLRQ�ZHUH�IRXQG�LQ�WKH�IRHWDO�ERQH�WLVVXH�DQG�
GHYHORSLQJ�WHHWK��LW�ZDV�GHFLGHG�WR�VWXG\�WKH�VWDWXV�RI�WKH�VNHOHWDO�V\VWHP�LQ�PRUH�GHWDLO��7KH�
VWXG\�VKRZHG�VRPH�FKLOGUHQ�ERUQ�DIWHU�WKH�&KHUQRE\O�DFFLGHQW�VXIIHUHG�TXDOLWDWLYH�FKDQJH�RI�
WKH�VNHOHWDO�V\VWHP�VWUXFWXUH�IURP�DQ�HDUO\�DJH��7KHVH�FKDQJHV�ZHUH�RI�PL[HG�FKDUDFWHU�ZLWK�D�
SUHYDOHQFH�RI�RVWHRILEURPDWRVLV��RVWHRSHQLD�DQG�RVWHRSRURVLV��
�
$� WUHQG� RI� GHYHORSLQJ� V\VWHPLF� G\VSODVWLF� SURFHVVHV�ZDV� IRXQG� LQ� FKLOGUHQ� WKDW�ZHUH� ERUQ�
DIWHU� WKH� &KHUQRE\O� DFFLGHQW�� LQ� FKRQGUDO� WLVVXH� �VLJQLILFDQW� OHYHO� RI� G\VPHVHQKLPRVHV��
VNHOHWRQ� G\VPRUSKLVP��� ERQH� WLVVXH� �G\VSODVWLF� RVWHRILEURPDWRVLV�� V\VWHPLF� K\SRSODVLD� RI�
GHQWDO� HQDPHO�� DQG� FRQQHFWLYH� WLVVXH� �VLJQLILFDQW� OHYHOV� RI� PLFURDQJLRSDWK\�� ILEURVLV� RI�
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DUWHULROHV�DQG�YHQXOHV�RI� OLYHU��VSOHHQ�� UHWLQD�DQG�PLWUDO�YDOYH�SURODSVH���7KHVH�FKDQJHV�FDQ�
LQGLFDWH�PHVHQFK\PDO� G\VSODVLD�� DQG� JHQGHU� DQG� JURXS� DPELJXLW\� RI� UHVXOWV� LQ� FRQQHFWLYH��
FKRQGUDO� DQG�ERQH� WLVVXHV�FDQ� LQGLFDWH� WR�KHWHURJHQLF� UDGLRVHQVLWLYLW\�RI� H[DPLQHG�FKLOGUHQ�
�$UDEVND\D��������
�
,Q� WKH�PDMRULW\� RI� FKLOGUHQ�RI� WKLV� FRKRUW��PLFURFLUFXODWLRQ�GLVWXUEDQFH� DQG�GHYHORSPHQW�RI�
K\SR[LD� ZHUH� IRXQG�� ZKLFK� LQLWLDWH� G\VWURSKLF� SURFHVVHV� LQ� WKH� ERQH� WLVVXH� �LQFOXGLQJ�
PLFURDQJLRSDWKLHV�� DFWLYDWLRQ� RI� OLSLG� SHUR[LGDWLRQ�� FKDQJHV� RI� VWUXFWXUDO� DQG� IXQFWLRQDO�
SURSHUWLHV� RI� FHOO�PHPEUDQHV� DQG� HU\WKURF\WH� XOWUDVWUXFWXUH�� GHFUHDVH� LQ� RVPRWLF� UHVLVWDQFH�
DQG�HQGXUDQFH�RI�HU\WKURF\WHV�DQG�ORZHULQJ�RI�WKHLU�FRQWHQW�RI�����GLSKRVSKRJO\FHUDWH���
�
7KH�UHVHDUFK�GLVFORVHG�PRGXODWLRQ�RI�GHYHORSPHQW�RI�WKH�VNHOHWDO�V\VWHP��LQFOXGLQJ�FKDQJHV�
LQ�VWUXFWXUDO�DQG�IXQFWLRQDO�SURSHUWLHV�RI�RVWHREODVWV��DFWLYDWLRQ�RI�UHPRGXODWLRQ�SURFHVVHV�LQ�
ERQH� WLVVXH� DQG� DEQRUPDOLW\� RI� IRUPDWLYH� SKDVH� RI� LWV� PLQHUDOL]DWLRQ� FRPELQHG� ZLWK�
GHVWUXFWLRQ�RI�WKH�RVVHRXV�ERQH�WLVVXH��
�
,W�ZDV�DOVR�GLVFORVHG�WKDW��LQ�FKLOGUHQ�H[DPLQHG��IRHWDO�WHHWK�LQFRUSRUDWHG�DOSKD�UDGLRQXFOLGHV�
LUUHJXODUO\�DQG�WKDW� WKLV� LQIOXHQFHG�FKDQJHV�RI� WKH� WLPLQJ�RI�GHQWLWLRQ��6SHFLILFDOO\�� LW� OHG�WR�
HDUOLHU�VHFRQG�GHQWLWLRQ�IROORZHG�E\�LPSDLUPHQW�RI�WKH�FRQGLWLRQ�RI�WKH�SHULRGRQWDO�WLVVXH�DQG�
HDUO\� GHYHORSPHQW� RI� GHQWDO� FDULHV�� 7KLV� UHSUHVHQWV� SUHPDWXUH� ELRORJLFDO� DJHLQJ� RI� WKHVH�
WLVVXHV�ZLWK�WKH�FKDQJHV�RI�SURFHVVHV�RI�RVWHRJHQHVLV�EHJLQQLQJ�DV�HDUO\�DV�GXULQJ�WKH�SHULRG�
RI�LQWUDXWHULQH�GHYHORSPHQW��
�
,W� KDV� EHHQ� VKRZQ� WKDW� ������ RI� FKLOGUHQ� LQ� WKLV� FRKRUW� ODJJHG� WKHLU� FRQWHPSRUDULHV� IURP�
³VXSSRVHGO\�FOHDQ´�UHJLRQV�E\�ELRORJLFDO�DJH��ZKHUHDV�������VKRZHG�VLJQV�RI�PRUH�DGYDQFHG�
DJLQJ�WKDQ�WKHLU�FRQWHPSRUDULHV��ZKLFK�FDQ�LQGLFDWH�WR�DFWLYDWLRQ�RI�SURFHVVHV�RI�HDUO\�DJHLQJ�
LQ�FKLOGUHQ� WKDW�ZHUH�ERUQ�DIWHU� WKH�&KHUQRE\O�DFFLGHQW� �/XN\DQRYD�HW�DO��������$UDEVND\D�
������$QWLSNLQ�	�$UDEVND\D�������$UDEVND\D�HW�DO���������
�
,W� ZDV� GHPRQVWUDWHG� WKDW� H[SRVXUH� WR� UDGLDWLRQ� OHDGV� WR� WKH� DFWLYDWLRQ� RI� ERQH� WLVVXH�
UHPRGHOLQJ�SURFHVVHV��7KHVH�SURFHVVHV�FDQQRW�EH�UHODWHG�WR�VR�FDOOHG�UDGLDWLRQ�³KRUPHVLV´��DV�
WKH\�KDYH�QHJDWLYH�LQIOXHQFH�XSRQ�WKH�TXDOLW\�RI�QHZO\�IRUPHG�ERQH�WLVVXH�DQG�DWWDLQPHQW�RI�
SHDN� ERQH� PDVV� LQ� FKLOGUHQ� ERUQ� DIWHU� WKH� &KHUQRE\O� DFFLGHQW� �/XN\DQRYD� HW� DO�� ������
$UDEVND\D��������
�
%DVHG� XSRQ� WKH� REWDLQHG� GDWD� LQ� WKLV� FRKRUW� RI� FKLOGUHQ�� UHVHDUFK� ZDV� FRQGXFWHG� LQWR� WKH�
KHDOWK�VWDWXV�DQG�VWDWXV�RI�WKH�VNHOHWDO�V\VWHP�LQ�WKH�³ILUVW�JHQHUDWLRQ´��L�H��RIIVSULQJ�RI�ZRPHQ�
ZKR� ZHUH� DFXWHO\� H[SRVHG� WR� UDGLDWLRQ� LQ� WKHLU� FKLOGKRRG� DQG� DGROHVFHQFH� GXULQJ� WKH�
&KHUQRE\O�DFFLGHQW��
�
,QGLFHV�RI�DQWHQDWDO�DQG� LQWUDQDWDO�SHULRG�GHWHUPLQH� WKH�FKLOG¶V� IXWXUH�KHDOWK�VWDWXV� LQ�PDQ\�
UHVSHFWV�� ,W� ZDV� HVWDEOLVKHG� WKDW� ZRPHQ� ZKR� UHFHLYHG� WK\URLG� JODQG� LUUDGLDWLRQ� LQ� WKHLU�
FKLOGKRRG�H[SHULHQFHG�SUHJQDQF\�FRPSOLFDWLRQV�PRUH�IUHTXHQWO\�WKDQ�ZRPHQ�RI�WKH�VDPH�DJH�
EXW�IURP�³VXSSRVHGO\�FOHDQ´�UHJLRQV��DQG�WKH�FRPSOLFDWLRQV�ZHUH�PRUH�OLNHO\�WR�RFFXU�GXULQJ�
SUHJQDQF\�ZLWK�IHPDOH�IRHWXVHV��
�
,UUDGLDWLRQ� LQ� FKLOGKRRG�QHJDWLYHO\� LQIOXHQFHG� UHSURGXFWLYH� KHDOWK� DQG� UHVXOWHG� LQ� YHU\� ORZ�
SUHJQDQF\�UDWH����������9DULDELOLW\�GHSHQGV�RQ�UDGLDWLRQ�GRVH��GHFUHDVLQJ�IURP�����LQ�WKRVH�
ZKR�UHFHLYHG�OHVVHU�GRVHV�WR�������LQ�WKRVH�ZKR�UHFHLYHG�ODUJH�UDGLDWLRQ�GRVHV�LQ�FKLOGKRRG���
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7KLV� LQGLFDWHV� WKH� H[WUHPH� UDGLDWLRQ� VHQVLWLYLW\� RI� WKH� IHPDOH� UHSURGXFWLYH� V\VWHP� LQ�
FKLOGKRRG�DQG�DGROHVFHQFH��7RONDFK��������
�
7KH� KLJK� UDGLDWLRQ� VHQVLWLYLW\� RI� WKH� ERQH� V\VWHP� LV� LQGLFDWHG� QRW� RQO\� E\� WKH� VLJQLILFDQW�
IUHTXHQF\�RI�GHYHORSPHQWDO�SUREOHPV�ZLWK�WKH�VNHOHWDO�DQG�GHQWDO�V\VWHP��EXW�DOVR�WKH���IROG�
LQFUHDVH�LQ�WKH�UDWH�RI�GHYHORSPHQW�RI�RVWHRSRURVLV�LQ�H[DPLQHG�ZRPHQ��ZKLFK�ZDV�FOLQLFDOO\�
PDQLIHVWHG�DV�ERQH�IUDFWXUHV�EHIRUH�SUHJQDQF\�LQ�������RI�ZRPHQ�������LQ�FRQWURO�JURXS���$�
VLJQLILFDQW� UDWH� RI� QRQVSHFLILF� PDQLIHVWDWLRQV� RI� K\SRFDOFDHPLD� GXULQJ� SUHJQDQF\� �� VXUDO�
FUDPSV�� RVVDOJLD�� DQG� GHQWDO� FDULHV� LQ� ������ �FRPSDUHG� WR� ������ LQ� FRQWUROV�� �� ZHUH� DOVR�
UHFRUGHG��$UDEVND\D�HW�DO��������$QWLSNLQ�HW�DO���������
��
7KHVH� UHVXOWV� LQGLFDWH� WKDW�� LQ� WKLV� FRKRUW� RI� ZRPHQ�� IRHWDO� GHYHORSPHQW� RFFXUHG� XQGHU�
FRPSOLFDWHG�FRQGLWLRQV�GHULYLQJ� IURP�ERWK�PDWHUQDO� UHSURGXFWLYH�G\VIXQFWLRQ�DQG�SURIRXQG�
FKDQJHV�RI�PLQHUDO�KRPHRVWDVLV��7KH�UDWH�RI�ELUWK�RI�FKLOGUHQ�ZLWK�FRQJHQLWDO�DQRPDOLHV�ZDV�
VLJQLILFDQWO\� KLJKHU� LQ� WKLV� FRKRUW� RI� ZRPHQ� FRPSDUHG� WR� IHPDOH� UHVLGHQWV� RI� �VXSSRVHGO\�
FOHDQ�� WHUULWRULHV��3ULPDU\�DQG�VHFRQGDU\�K\SRJDODFWLD��ODFN�RI�EUHDVW�PLON��RFFXUUHG� LQ�RQH�
WKLUG���������RI�ZRPHQ�FRPSDUHG�ZLWK�������LQ�WKH�FRQWURO�JURXS��
�
7KH�ILUVW�JHQHUDWLRQ�RI�FKLOGUHQ�ERUQ�WR�PRWKHUV�LUUDGLDWHG�LQ�WKHLU�FKLOGKRRG�DQG�DGROHVFHQFH�
ZDV� SK\VLRORJLFDOO\� LPPDWXUH� DW� ELUWK�� &KLOGUHQ� ZHUH�PRUH� IUHTXHQWO\� XQZHOO� GXULQJ� WKHLU�
ILUVW� \HDU� RI� OLIH�� ZLWK� HDUO\� GHYHORSPHQW� RI� FKURQLF� SUREOHPV�� 7KH� SURSRUWLRQ� RI� KHDOWK\�
FKLOGUHQ�ZDV�YHU\�ORZ��
�
,Q�WKH�ILUVW�JHQHUDWLRQ�RI�RIIVSULQJ��HDUO\�RQVHW�RI�GHQWDO�FDULHV�KDG�JUHDWHU�SUHYDOHQFH�WKDQ�LQ�
FKLOGUHQ� IURP� �VXSSRVHGO\� FOHDQ�� WHUULWRULHV�� ,Q� WKH� ILUVW� JHQHUDWLRQ� RI� LUUDGLDWHG� PRWKHUV
�
RIIVSULQJ��WKH�VNHOHWDO�V\VWHP�SDWKRORJ\�ZDV�WKH��UG�PRVW�FRPPRQ�HIIHFW�LQ�FKLOGUHQ��EHKLQG�
SDWKRORJ\�RI�GLJHVWLYH�RUJDQV�DQG�SDWKRORJ\�RI�OXQJV��DQG�ZDV�GHWHFWHG�WZLFH�DV�RIWHQ�DV�LQ�
WKHLU� FRQWHPSRUDULHV� IURP� �VXSSRVHGO\� FOHDQ�� UHJLRQV��2VVDOJLD� DQG� IUDFWXUHV�ZHUH� �� WLPHV�
PRUH�IUHTXHQW��$UDEVND\D�HW�DO��������$UDEVND\D�HW�DO���������
�
(YHQ� ZKHQ� ERG\� GHYHORSPHQW� LQ� WKLV� FRKRUW� SURFHHGV� QRUPDOO\�� LW� PRUH� IUHTXHQWO\� ODJV�
EHKLQG�WKDW�RI�FKLOGUHQ�RI�UHVLGHQWV�RI�RIILFLDOO\�³FOHDQ´�UHJLRQV��
�
,W�KDV�EHHQ�HVWDEOLVKHG� WKDW�� LQ� WKH� ILUVW�JHQHUDWLRQ�RI�FKLOGUHQ�ERUQ� WR�PRWKHUV� LUUDGLDWHG� LQ�
WKHLU�FKLOGKRRG��HDUO\�GHYHORSPHQW�RI�DGDSWLYH�FKDQJHV�LQ�WKH�VNHOHWDO�V\VWHP�LV�IROORZHG�E\�
TXDQWLWDWLYH�FKDQJHV�RI�ERQH�WLVVXH�VWUXFWXUH��WKH�FKDUDFWHU�RI�ZKLFK�GHSHQGV�RQ�WKH�GRVH�DQG�
NLQG�RI�UDGLDWLRQ�WKDW�WKHLU�PRWKHUV�ZHUH�H[SRVHG�WR�LQ�FKLOGKRRG��DV�ZHOO�DV�RQ�PRWKHUV¶�DJH�
DW� WKH� SHULRG� RI� LUUDGLDWLRQ�� +LJKHU� UDGLDWLRQ� GRVHV� ZHUH� OLQNHG� WR� HDUO\� RVWHRILEURVLV� DQG�
RVWHRSRURVLV�GHYHORSPHQW�LQ�RIIVSULQJ��HVSHFLDOO\�LQ�JLUOV��/RZHU�GRVHV�FDXVHG�RVWHRSHQLD�DQG�
RVWHRPDODFLD�� ,UUDGLDWLRQ� RI� PRWKHUV� ZKHQ� \RXQJ�� LUUHVSHFWLYH� RI� GRVH�� UHVXOWHG� LQ�
RVWHRILEURVLV� LQ� WKH�HDUO\�FKLOGKRRG�RI�RIIVSULQJ�� ,UUDGLDWLRQ�RI�PRWKHUV�GXULQJ�SXEHUW\�DOVR�
SURPRWHG� HDUO\� GHYHORSPHQW� RI� VFROLRVLV� LQ� RIIVSULQJ�� (DUO\� KLVWRDUFKLWHFWRQLF� FKDQJHV� RI�
ERQH� WLVVXH� ZHUH� IROORZHG� E\� QRW� RQO\� FKDQJHV� RI� ERQH� SK\VLFDO� SURSHUWLHV� EXW� DOVR� E\�
GLVWXUEDQFH� RI� PLQHUDO� KRPHRVWDVLV� DQG� FKDQJHV� RI� VWUXFWXUDO� DQG� IXQFWLRQDO� SURSHUWLHV� RI�
ERQH�IRUPLQJ� FHOOV� �7RONDFK� ������ $UDEVND\D� HW� DO�� ������ ����� 	� ������ $QWLSNLQ� HW� DO��
�������
�
7KHVH�ERQH�V\VWHP�FKDQJHV�DQG�VWUXFWXUDO�FKDQJHV�RI�ERQH� WLVVXH� LQ� WKLV�FRKRUW�RI�FKLOGUHQ�
FDQ�EH� LQWHUSUHWHG�DV�SRVVLEOH�FOLQLFDO�DQG�ELRORJLFDO�HIIHFWV�RI� LRQL]LQJ� UDGLDWLRQ��DV� LW�ZDV�
HVWDEOLVKHG�WKDW�WKH�QDWXUH�RI�TXDOLWDWLYH�FKDQJHV�RI�VNHOHWDO�V\VWHP�LQ�RIIVSULQJ�GHSHQGHG�RQ�
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WKH�GRVHV�RI�UDGLDWLRQ�WKHLU�PRWKHUV�ZHUH�H[SRVHG�WR�LQ�FKLOGKRRG��7KH�UHVHDUFK�JLYHV�UHDVRQ�
WR�EHOLHYH�WKDW�ELRORJLFDO�HIIHFWV�RI�LUUDGLDWLRQ�RI�PRWKHUV�LQ�FKLOGKRRG�DUH�VLPLODU�WR�WKRVH�LQ�
WKH�ILUVW�JHQHUDWLRQ�RI�WKHLU�RIIVSULQJ��DOWKRXJK�IXUWKHU�LQYHVWLJDWLRQV�DUH�UHTXLUHG��
�
,QFUHDVHV�LQ�IUHTXHQF\�RI�FKLOGUHQ�ZLWK�FRQJHQLWDO�PDOIRUPDWLRQV��VXFK�DV�FOHIW�OLS�DQG�SDODWH��
GXSOLFDWLRQ� RI� NLGQH\V� DQG� XUHWHUV�� SRO\GDFW\O\�� PDOIRUPDWLRQV� RI� QHUYRXV� DQG� FLUFXODWRU\�
V\VWHP�GHYHORSPHQW��DWUHVLD�RI�HVRSKDJXV�DQG�DQXV��ZHE�IRRW��DQHQFHSKDOLD��VSLQD�ELILGD�DQG�
XQGHUGHYHORSPHQW� RI� OLPEV�� ZHUH� REVHUYHG� LQ� DOO� FRQWDPLQDWHG� WHUULWRULHV� GXULQJ� WKH� ILUVW�
VHYHUDO�\HDUV�DIWHU�WKH�DFFLGHQW��*RQFKDURYD��������,EUDJLPRYD��������'XEURYD�HW�DO����������
�
%HODUXV�
7DEOH���������VXPPDUL]HV�WKH�HYLGHQFH�IRU�LQFUHDVHG�SUHYDOHQFH�RI�FRQJHQLWDO�PDOIRUPDWLRQV�
LQ� FKLOGUHQ� ERUQ� ���� \HDUV� DIWHU� WKH� DFFLGHQW� LQ� WZR� RI� WKH� PRVW� FRQWDPLQDWHG� UHJLRQV� RI�
%HODUXV��*RPHO�DQG�0RJLO\RY� UHJLRQV��7DEOHV���������DQG��������� WKHQ�JR�RQ� WR� VXPPDULVH�
WKH� UHODWLRQVKLS� EHWZHHQ� FRQWDPLQDWLRQ� OHYHO� DQG�PDOIRUPDWLRQ� IUHTXHQF\� IRU� %HODUXV� DV� D�
ZKROH��
�

'LVWULFW� ����²����� ����²�����
*RPHO�UHJLRQ�
%UJLQVN\� ������������ ����������
%XGD�.RVKHOHYVN\� ������������ ���������
�
9HWNRYVN\� ������������ ����������
'REUXVKVN\� ������������ �����������
(OVN\� ������������ ����������
.RUP\DQVN\� ������������ ����������
/HOFKLWVN\� ������������ ����������
/RHYVN\� ������������ ����������
+RLQLNVN\� ������������ ����������
�
&KHFKHUVN\� ������������ ���������
�
0RJLO\RY�UHJLRQ�
%\KRYVN\� ���������� ����������
.OLPRYLFKVN\� ���������� ����������
.RVW\XNRYLFKVN\� ���������� ����������

�
.UDVQRSROVN\� ���������� ����������
6ODYJRURGVN\� ���������� ����������
&KHULNRYVN\� ���������� ����������
7RWDO� ���������� ���������
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�
7DEOH���������7KH�IUHTXHQF\�RI�ELUWKV�RI�FKLOGUHQ�ZLWK�FRQJHQLWDO�PDOIRUPDWLRQV��SHU������GHOLYHULHV��LQ�*RPHO�
DQG�0RJLO\RY�UHJLRQV�RI�%HODUXV�EHIRUH�DQG�DIWHU�WKH�&KHUQRE\O�DFFLGHQW��1HVWHUHQNR�������
�

&RQWDPLQDWLRQ��
&L�NP��

�����±����� �����±������

XQGHU��� �����������±������� �����������±������
�
���� ������������������� ����������±������

�
2YHU���� �����������±������� ���������±������

�


� �!�������

� �!������
�
7DEOH��������3UHYDOHQFH�RI�FRQJHQLWDO�PDOIRUPDWLRQV��SHU������OLYH�ELUWKV��XQGHU�WKH�
GLIIHUHQW�OHYHOV�RI�UDGLR�FRQWDPLQDWLRQ�RI�%HODUXVLDQ�WHUULWRULHV��/D]MXN�HW�DO��������
*RQFKDURYD��������
�

� ����&L�NP������GLVWULFWV� ���&L�NP������GLVUWLFWV�
� ���������� ������������ ���������� ������±�������
$QHQFHSKDO\� ����� ����� ����� �����
6SLQD�ELILGD� ����� ����� ����� ����
�
&OHIW� OLS� DQG�RU�
SDODWH�

����� ����� ����� ����
�

3RO\GDFW\O\� ����� ����
� ����� ����
�
/LPE� UHGXFWLRQ�
GHIHFWV�

����� ����
� ����� �����

'RZQ¶V�
V\QGURPH�

����� ����� ����� ����
�

0XOWLSOH�
PDOIRUPDWLRQV�

����� ����
� ����� ����
�

7RWDO� ����� ����
� ����� ����
�

� !�����
7DEOH���������2FFXUUHQFH�RI�FRQJHQLWDO�PDOIRUPDWLRQV��SHU������ERUQ�DOLYH��LQ�WKH�WHUULWRULHV�
ZLWK�D�GLIIHUHQW�OHYHO�RI�WKH�&KHUQRE\O�UDGLRDFWLYH�SROOXWLRQ��%HODUXV��/D]MXN�HW�DO��������
�
5XVVLD�
$Q�LQFUHDVH� LQ�SUHYDOHQFH�RI�FRQJHQLWDO�PDOIRUPDWLRQV�KDV�EHHQ�REVHUYHG� LQ� WKH�PRVW�FRQWDPLQDWHG�UHJLRQ�RI�
5XVVLD�� L�H��%U\DQVN�UHJLRQ��/MDJLQVNDMD�	�2V\SRY�������/MDJLQVNDMD�HW�DO���������DV�ZHOO�DV� LQ�FRQWDPLQDWHG�
GLVWULFWV�RI�7XOD�UHJLRQ��.KYRURVWHQNR��������
�
�
������3UHPDWXUH�$JHLQJ�
�
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$OWKRXJK�LQGLYLGXDOV�FDQ�YDU\�LQ�WKHLU�UHDFWLRQ��LRQL]LQJ�UDGLDWLRQ�FDQ�EH�UHJDUGHG�DV�D�VSHFLDO�
³H[RJHQRXV´�IRUP�RI�DJHLQJ�DQG�SURPRWHV�QRQ�WXPRXU�VRPDWLF�SDWKRORJ\��.RYDOHQNR��������
3URVSHFWLYH�HSLGHPLRORJLFDO�VWXGLHV�RI�DWRPLF�ERPE�VXUYLYRUV�UHYHDOHG�WKDW�LRQL]LQJ�UDGLDWLRQ�
VLJQLILFDQWO\� LQFUHDVHG� WKH� QRQ�FDQFHU� PRUWDOLW\�� 7KH� ELRORJLFDO� PHFKDQLVPV� LQYROYHG� DUH�
XQNQRZQ��%D]\ND�HW�DO���������
�
7KH�UHODWLYH�DJH�RI�SHRSOH�OLYLQJ�LQ�UDGLDWLRQ�FRQWDPLQDWHG�DUHDV�RI�8NUDLQH�LQFUHDVHG��WKHLU�
ELRORJLFDO� DJH� H[FHHGHG� FDOHQGDU� DJH� E\� ���� \HDUV� �0H]K]KHULQ� �������$YHUDJH� GLIIHUHQFH�
EHWZHHQ�ELRORJLFDO�DQG�FDOHQGDU�DJH�FDOFXODWHG�XSRQ�DJHLQJ�PDUNHUV�LQ�����OLTXLGDWRUV�UDQJHG�
IURP���WR����\HDUV��3ROXNKRY�HW�DO�������FLWHG�E\�8VKDNRY�HW�DO���������
�
7KHUH� LV� DOVR� HYLGHQFH� RI� DVVRFLDWHG� SUHPDWXUH� PRUWDOLW\�� 7KH� DYHUDJH� DJH� RI� GHDWK� IURP�
P\RFDUGLDO�LQIDUFWLRQ��KHDUW�DWWDFN��LQ�PHQ�DQG�ZRPHQ�ZKR�OLYHG�RU�XVHG�WR�OLYH�RQ�WHUULWRULHV�
ZLWK� SROOXWLRQ� OHYHOV� H[FHHGLQJ� ���� N%T�P�� FDHVLXP����� LV� �� \HDUV� OHVV� WKDQ� WKH� DYHUDJH�
DFURVV�%HODUXV��$QW\SRYD�	�%DELFKHYVND\D��������
�
,OOQHVVHV�RI� WKH�EORRG�FLUFXODWLRQ� V\VWHP�� W\SLFDO� IRU�HOGHUO\�SHRSOH�� VXFK�DV�DUWHULRVFOHURVLV�
DQG�K\SHUWHQVLRQ�HWF�DUH�GHYHORSLQJ�DPRQJ�WKH�REVHUYHG�OLTXLGDWRUV�������\HDUV�HDUOLHU�WKDQ�
LV�QRUPDO��$Q�LQFUHDVH��DPRQJ�OLTXLGDWRUV��RI�WKH�VSUHDG�RI�GLVHDVHV�W\SLFDO�DPRQJ�WKH�HOGHUO\�
LQGLFDWHV�WKHLU�SUHPDWXUH�DJHLQJ��$EVHQFH�RI�SUDFWLFDOO\�KHDOWK\�SHRSOH�DPRQJ�WKH�REVHUYHG�
JURXS� LV� DOVR� DQ� LQGLFDWLRQ� RI� SUHPDWXUH� DJHLQJ�� $� KLJK� VSUHDG� RI� GLVHDVHV� RI� WKH�
JDVWURLQWHVWLQDO� WUDFW�� WKH�KHSDWRELOLDU\�V\VWHP�DQG�WKH�ERQHV�DQG�MRLQWV� LV�DOVR�REVHUYHG�����
����2UDGRYVND\D�HW�DO������	������2UDGRYVND\D��������
�
������'LVHDVHV�RI�WKH�6HQVH�2UJDQV�
�
,Q� FRQWDPLQDWHG� DUHDV� DURXQG�&KHUQRE\O��PRUSKRORJLFDO� DQG� IXQFWLRQDO� GLVRUGHUV� RI� YLVXDO�
DSSDUDWXV�� FDWDUDFWV�� GHVWUXFWLRQ� RI� WKH� YLWUHRXV� ERG\� DQG� UHIUDFWLRQ� DQRPDOLHV� ZHUH�
HQFRXQWHUHG� ZLWK� JUHDWHU� IUHTXHQF\� WKDQ� LQ� QHLJKERULQJ�� FOHDQHU� UHJLRQV� �%DQGD]KHYVN\�
�������
�
$� VXUYH\�RI�SUHJQDQW�ZRPHQ��PDWHUQLW\�SDWLHQWV��QHZERUQ� LQIDQWV� DQG�FKLOGUHQ� LQ� UDGLDWLRQ�
FRQWDPLQDWHG�WHUULWRULHV�LQ�8NUDLQH��3ROHVVN\�GLVWULFW�LQ�.LHY�UHJLRQ���������&L�NP����%HODUXV�
�&KHFKHUVN\�GLVWULFW�RI�*RPHO�UHJLRQ��������&L�NP���DQG�5XVVLD��0WVHQVN\�DQG�9RONKRYVN\�
GLVWULFWV�RI�2UHO�UHJLRQ�������DQG�������&L�NP���VKRZHG�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�VHQVRU\�
RUJDQ�GHYHORSPHQW�GHILFLHQFLHV��LQFOXGLQJ�FRQJHQLWDO�FDWDUDFWV��LQ�QHZERUQ�LQIDQWV��.XODNRY�
HW�DO���������
�
&ORXGLQJ�RI�WKH�OHQV��DQ�HDUO\�V\PSWRP�RI�FDWDUDFWV��ZDV�IRXQG�LQ�������RI�H[SRVHG�DQG������
RI�FRQWURO�FKLOGUHQ��$YFKDFKHYD�HW�DO���������7KH�FKLOGUHQ�ZKR�ZHUH�H[SRVHG�EHIRUH���\HDUV�
RI�DJH�KDYH�PRUH�SUREOHPV�ZLWK�DFFRPPRGDWLRQ�RI�H\HV�DQG�VKRZHG�WKH�KLJKHVW�H[FHVV�DERYH�
WKH�FRQWURO� IRU�DOO�JURXSV�RI�GLVHDVHV��)RU�H[DPSOH��D����� WLPHV� LQFUHDVH� LQ� WKH� LQFLGHQFH�RI�
GLVHDVHV� RI� WKH� GLJHVWLYH� V\VWHP�ZDV� UHFRUGHG� LQ� DIIHFWHG� FKLOGUHQ� H[DPLQHG� GXULQJ� �����
������VXE�UHJLVWHU�5&50�³&KLOGUHQ´�GDWD���6HUGXFKHQNR�HW�DO��������.RURO�HW�DO���������
�
2FFXODU�HIIHFWV�LQ�SDWLHQWV�VLQFH�WKH�&KHUQRE\O�DFFLGHQW�KDYH�EHHQ�FODVVLILHG�DV�HLWKHU�VSHFLILF�
LUUDGLDWLRQ� LQMXULHV�� DWWULEXWDEOH� VROHO\� WR� UDGLDWLRQ� H[SRVXUH�� RU� RSKWKDOPRSDWKRORJ\� WKDW� LV�
REVHUYHG�XQGHU�QRUPDO�FRQGLWLRQV��EXW�IRU�ZKLFK�UDGLDWLRQ�H[SRVXUH�LV�DQ�LPSRUWDQW�DGGLWLRQDO�
ULVN�IDFWRU��
�
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7KH�ILUVW�JURXS�LQFOXGHV�UDGLDWLRQ�FDWDUDFWV��UDGLDWLRQ�FKRULRUHWLQRSDWK\��LQFOXGLQJ�³FKHVWQXW´�
DQG�³GLIIUDFWLRQ�JUDWLQJ´�V\QGURPHV��ZKLFK�DUH�UDUH�DQG�IRXQG�RQO\�LQ�LQGLYLGXDOV�LUUDGLDWHG�
XQGHU�VSHFLDO�FRQGLWLRQV����&KHVWQXW�V\QGURPH��LV�D�IRUP�RI�UDGLDWLRQ�DQJLRFKRULRUHWLQRSDWK\��
ZKLFK�GHULYHV�LWV�FRPPRQ�QDPH�IURP�WKH�FKHVWQXW�OHDI�VKDSHG�PDOIRUPDWLRQV��ZKLFK�DSSHDU�
LQ�WKH�UHWLQD���'LIIUDFWLRQ�JUDWLQJ�V\QGURPH���LQ�ZKLFK�VSRWV�RI�H[XGDWH�ZHUH�VFDWWHUHG�RQ�WKH�
FHQWUDO�SDUW�RI�WKH�UHWLQD��ZDV�REVHUYHG�LQ�DQ�LQGLYLGXDO�LUUDGLDWHG�LQ�VSHFLDO�FRQGLWLRQV��ZLWKLQ�
GLUHFW�VLJKW�RI�WKH�H[SRVHG�FRUH�RI�WKH��WK�UHDFWRU��)HGLUNR��������
�
5DGLDWLRQ�FDWDUDFWV�FDQ�EH�FDXVHG�E\�KLJK�GRVH�H[SRVXUH��EXW�DOVR�E\�GRVHV� OHVV� WKDQ���*\��
0DWKHPDWLFDO�PRGHOLQJ� GDWD� LQGLFDWH� UDGLDWLRQ� FDWDUDFW� LV� D� VWRFKDVWLF� HIIHFW� RI� UDGLRDFWLYH�
H[SRVXUH�� 7KH� DEVROXWH� ULVN� RI� UDGLDWLRQ� FDWDUDFW� LV� DGHTXDWHO\� GHVFULEHG� E\� QRQ�WKUHVKROG�
PRGHO��EDVHG�RQ�D�ZKROH�ERG\�H[WHUQDO�UDGLDWLRQ�GRVH�DQG�WKH�H[SRVXUH�WLPH��7KH�UHODWLYH�ULVN�
SHU���*\�LV�������������������)HGLUNR��������������
�
7KH�VHFRQG�JURXS�RI�SDWKRORJLHV��QDPHO\�GLVHDVHV�ZKLFK�DSSHDU�XQGHU�QRUPDO�FRQGLWLRQV��EXW�
ZKLFK� DUH�PRUH�ZLGHVSUHDG� LQ� UDGLDWLRQ� DIIHFWHG� SRSXODWLRQ�� LV�PRUH� VLJQLILFDQW��5DGLDWLRQ�
H[SRVXUH� FDXVHG� E\� SDUWLFLSDWLRQ� LQ� HPHUJHQF\� ZRUN� DW� &KHUQRE\O� SURPRWHG� SUHPDWXUH�
RFFXUUHQFH� RI� LQYROXWLRQDO� DQG� G\VWURSKLF� FKDQJHV� RI� WKH� H\H� DQG� GHYHORSPHQW� RI� RFXODU�
YHVVHO� SDWKRORJ\�� DQG� OHDGV� WR� VLJQLILFDQW� GRVH�GHSHQGHQW� LQFUHDVH� LQ� FKRULRUHWLQDO�
GHJHQHUDWLRQ��VXFK�DV�DJH�GHSHQGHQW�PDFXODU�GHJHQHUDWLRQ��$0'��DQG�LQYROXWLRQDO�FDWDUDFWV��
&HQWUDO� FKRULRUHWLQDO� GHJ� ZLWK� FOLQLFDO� V\PSWRPV� RI� $0'�ZDV� WKH� PRVW� IUHTXHQW� IRUP� RI�
UHWLQDO�SDWKRORJ\� LQ� WKH� ODWHU�SHULRG� ������r�����SHU�������SHUVRQV� LQ������DQG������r�����
SHU�������SHUVRQV� LQ�������� ,QYROXWLRQDO�FDWDUDFW� LV� WKH�PRVW�ZLGHVSUHDG�IRUP�RI�FU\VWDOOLQH�
OHQV�SDWKRORJ\��,WV�SUHYDOHQFH�GXULQJ�WKH�SHULRG�RI�PRQLWRULQJ�LQFUHDVHG�IURP������r�����SHU�
WKRXVDQG� H[SRVHG� LQGLYLGXDOV� LQ� ����� WR� �����r����� SHU� ������ LQ� ����� �)HGLUNR� ����� 	�
����D��%X]XQRY�	�)HGLUNR�������)HGLUNR��������
�
$FFRUGLQJ�WR�PDWKHPDWLFDO�PRGHOLQJ�GDWD�� ULVN�IDFWRUV�IRU� LQYROXWLRQDO�FDWDUDFWV�DQG�FHQWUDO�
FKRULRUHWLQDO�GHJHQHUDWLRQ�LQ�OLTXLGDWRUV�DUH�DJH��WLPH�DIWHU�H[SRVXUH�DQG�WKH�DEVRUEHG�GRVH�RI�
H[WHUQDO�LUUDGLDWLRQ��5HODWLYH�ULVN�RI�$0'�ZDV����������������������SHU�\HDU�RI�FDOHQGDU�DJH��
���������������������SHU�����G�
�W���ZKHUH�G�LV�WKH�GRVH�LQ�*\�DQG�W���WLPH�XQGHU�ULVN�LQ�\HDUV�
�)HGLUNR��������
�
0RUHRYHU�� WKHUH� ZDV� D� KLJK� SUHYDOHQFH� RI� GRVH� GHSHQGHQW� YLWUHRXV� GHVWUXFWLRQ�� FKURQLF�
FRQMXQFWLYLWLV� DQG� EHQLJQ� QHRSODVPV� RI� WKH� VNLQ� RI� WKH� H\HOLG� �)HGLUNR� ����� 	� ����E��
%X]XQRY� 	� )HGLUNR� ������� ,UUDGLDWHG� LQGLYLGXDOV� DOVR� VXIIHUHG� D� GHFUHDVH� LQ� RFXODU�
DFFRPPRGDWLRQ�DELOLW\���RI������GLRSWULHV�SHU���*\��6HUJLHQNR�	�)HGLUNR��������
�

5DGLDWLRQ� H[SRVXUH� SURPRWHV� SUHPDWXUH� DJHLQJ� RI� WKH� H\H�� &RPELQDWLRQ� RI� ORQJ�WHUP�
PRQLWRULQJ�RI�H\HV�RI�LUUDGLDWHG�SRSXODWLRQV�DQG�PDWKHPDWLFDO�PRGHOLQJ�RI�DEVROXWH�ULVNV�RI�
RFXODU�GLVHDVH�KDV�VKRZQ�WKDW�UHWLQDO�DQJLRSDWK\�LQFUHDVHV�ZLWK�UDGLDWLRQ�GRVH�LQ�D�SUHGLFWDEOH�
IDVKLRQ��6WDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVH�RI�LQYROXWLRQDO�FDWDUDFWV�ULVN�FDQ�EH�H[SHFWHG�E\�WKH�
ILIWK�\HDU�DIWHU�H[SRVXUH�DQG�$0'�E\�VL[�\HDUV�DIWHU�H[SRVXUH��
�
,W� LV� UHFRPPHQGHG� WKDW� H\H� GLVHDVH� DPRQJ� LQKDELWDQWV� RI� UDGLDWLRQ�FRQWDPLQDWHG� DUHDV� EH�
PRQLWRUHG�RQ�D�UHJXODU�EDVLV��,W�LV�DOVR�H[WUHPHO\�LPSRUWDQW�WR�FROOHFW�GDWD�RQ�H\H�FRQGLWLRQV�
DPRQJ�GHVFHQGDQWV�RI�LUUDGLDWHG�SHRSOH��
�
%HODUXV�
�
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,Q�������FDWDUDFWV�DPRQJ�%HODUXVLDQ�HYDFXHHV�IURP����NP�]RQH�ZHUH�PRUH�WKDQ�WKUHH�WLPHV�
KLJKHU� WKDQ� WKDW� IRU� WKH� SRSXODWLRQ� DV� D� ZKROH� ������ FRPSDUHG� WR� ����� FDVHV� SHU� �������
�0DWVNR��������
�
&DWDUDFWV� DUH� PRUH� IUHTXHQW� LQ� SDUWV� RI� %HODUXV� ZLWK� UDGLRDFWLYH� SROOXWLRQ� H[FHHGLQJ� ���
&L�NP���3DUDPH\�HW�DO��������*RQFKDURYD��������
�

<HDU� $YHUDJH�LQFLGHQFH�
LQ�%HODUXV�

3RSXODWLRQ�RI�]RQH�
�����&L�NP��

3RSXODWLRQ�RI�]RQH�
H[FHHGLQJ�

������&L�NP��
(YDFXHHV�
IURP�]RQH�
ZLWK�!����
&L�NP��

����� ������ ������ ������ ������
����� ������ ������ ������ ������

7DEOH� �������� 2FFXUUHQFH� �FDVHV� SHU� ������� SRSXODWLRQ�� RI� FDWDUDFW� PRUELGLW\� LQ� YDULRXV�
JURXSV�RI�%HODUXV�SRSXODWLRQ�LQ������������*RQFKDURYD��������
�
7KH� QXPEHU� RI� RSDFLWLHV� LV� ERWK� H\HV� DUH� JUHDWHU� LQ� PRUH� KLJKO\� FRQWDPLQDWHG� WHUULWRULHV�
�7DEOHV���������DQG�)LJXUH����������DQG�FRUUHODWHV�ZLWK� OHYHO�RI� ���&V�LQ�%HODUXVLDQ�FKLOGUHQ�
�$ULQFKLQ�	�2VSHQQLNRYD���������
�
�

�)LJXUH� �������� 5HODWLRQVKLS� EHWZHHQ� WKH� QXPEHU� RI� OHQV� RSDFLWLHV� DQG� WKH� OHYHO� RI� ���&V�
DFWLYLW\�LQ�WKH�ERG\�RI�WKH�%HODUXVLDQ�FKLOGUHQ��$ULQFKLQ�	�2VSHQQLNRYD�������
�
�

3HUFHQWDJH�RI�FKLOGUHQ�ZLWK�D�JLYHQ�
QXPEHU�RI�RSDFLWLHV�LQ�ERWK�OHQVHV�

5HJLRQ�XQGHU�VWXG\��
FRQWDPLQDWLRQ�OHYHO�DQG�QXPEHU�

RI�FKLOGUHQ�LQ�VWXG\� ����
RSDFLWLHV�

�����
RSDFLWLHV�

!���
RSDFLWLHV�

%UHVW�DUHD���������N%T�P���Q ���� ������ ������ �����
�

9LWHEVN�DUHD�����N%T�P���
�Q ����

������ ����� �����
�

7DEOH���������0XOWLSOH�RSDFLWLHV�����LQ�ERWK�OHQVHV�RI�%HODUXVLDQ�FKLOGUHQ��������$ULQFKLQ�	�
2VSHQQLNRYD��������
�
�
�
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8NUDLQH�
�
0RUH� WKDQ� KDOI� WKH� LQKDELWDQWV� �������� RI� 8NUDLQLDQ� UHJLRQV� SROOXWHG� ZLWK� UDGLRQXFOLGHV�
VXIIHU�YDU\LQJ�GHJUHHV�RI�KHDULQJ�GLVRUGHUV��=DERORWQ\�HW�DO���������
�
������1HXURORJLFDO�'LVRUGHUV�
�
7KH� SV\FKRQHXURORJLFDO� FRQVHTXHQFHV� RI� WKH� &KHUQRE\O� DFFLGHQW� GHVHUYH� VSHFLDO� DWWHQWLRQ�
VLQFH�QHXURQV�IRUP�D�KLJKO\�GLIIHUHQWLDWHG�DQG�QRQ�SUROLIHUDWLYH�WLVVXH��([SHULPHQWDO�HYLGHQFH�
WKDW� VRPH� DUHDV� RI� WKH� FHQWUDO� QHUYRXV� V\VWHP� DUH� SDUWLFXODUO\� VHQVLWLYH� WR� WKH� UDGLDWLRQ�
GDPDJH�KDV�H[LVWHG�IRU�PDQ\�\HDUV��UHYLHZ��/RJDQRYVN\��������&RQVLGHULQJ�WKDW��VR�IDU�IXOO�
QHXURQDO�UHSDLU�KDV�QRW�EHHQ�REVHUYHG��=DFKDU\�������7DXSLQ��������WKHUH�LV�D�SUREDELOLW\�RI�
GHYHORSPHQW�RI�RUJDQLF�EUDLQ�GDPDJH�FRQGLWLRQV� ORQJ�DIWHU� WKH� UDGLDWLRQ�H[SRVXUH�RFFXUUHG�
�*OD]XQRY� HW� DO�� ������ 1\DJX� ������� 7ZHQW\� \HDUV� DIWHU� WKH� &KHUQRE\O� FDWDVWURSKH��PDQ\�
QHZ�UHVHDUFK�GDWD�KDYH�DFFXPXODWHG�VKRZLQJ�WKDW�HYHQ�FRPSDUDWLYHO\�ORZ�OHYHOV�RI�LRQL]LQJ�
UDGLDWLRQ� FDQ� OHDG� WR� VWRFKDVWLF� DV� ZHOO� DV� WR� FHUWDLQ� VSHFLILF� FKDQJHV� RI� WKH� FHQWUDO� DQG�
SHULSKHUDO�QHUYRXV�V\VWHPV�VXFK�DV�UDGLDWLRQ�LQGXFHG�HQFHSKDORSDWK\��0DUWV\QNHY\FK�������
=KDYRURQNRYD�HW�DO��������
�
3RVWUDGLDWLRQ�HQFHSKDORSDWK\�RI�YDULRXV�GHJUHHV�KDV�EHHQ�REVHUYHG� LQ�DOO�SDWLHQWV�VXUYLYLQJ�
DFXWH� UDGLDWLRQ� V\QGURPH�� 7KLV� FRQGLWLRQ� LV� HWLRORJLFDOO\� KHWHURJHQHRXV�� 7KH� PDMRU� IDFWRU�
LQIOXHQFLQJ�WKH�SUREDELOLW\�RI�LWV�GHYHORSPHQW��RYHU�����DFFRUGLQJ�WR�UHVXOWV�RI�WKH�DQDO\VLV�
RI� YDULDQFH�� ZDV� WKH� DEVRUEHG� UDGLDWLRQ� GRVH� �1\DJX� ������ 1\DJX� 	� /RJDQRYVN\� �������
%DVHG�RQ� WKLV�� FRJQLWLYH�G\VIXQFWLRQ�FRXOG�EH�FDWHJRUL]HG�DV�GLUHFWO\� UHODWHG� WR� WKH�GRVH�RI�
LRQL]LQJ�UDGLDWLRQ��6LPLODU�GRVH�GHSHQGHQW�UHVXOWV�ZHUH�IRXQG�LQ�WKH�HSLGHPLRORJLFDO�VXUYH\V�
FRQGXFWHG�LQ�5XVVLD��%LU\NRY�HW�DO���������2WKHU�IDFWRUV�LQFOXGHG�SDWLHQW¶V�DJH��SUHVHQFH�RI�
FHUHEURYDVFXODU�SDWKRORJ\�DV�D�FR�PRUELGLW\��DQG�SV\FKRORJLFDO�VWUHVV��
�
)RU�SDWLHQWV�ZLWK�V\PSWRPV�RI�DFXWH�UDGLDWLRQ�H[SRVXUH�� WKH�PD[LPXP�UHODWLYH�ULVN��55��RI�
GLVUXSWLRQ�RI�EUDLQ�IXQFWLRQDO�RUJDQL]DWLRQ�KDV�EHHQ�HVWLPDWHG�WR�EH����$PRQJ�OLTXLGDWRUV�RI�
WKH�&KHUQRE\O�DFFLGHQW�ZKR�ZRUNHG�WKHUH�LQ����������WKH�UHODWLYH�ULVN�ZDV�������UHDFKLQJ���
IRU�WKRVH�ZRUNLQJ�IRU�H[WHQGHG�SHULRGV�LQ�WKH�UHVWULFWHG�]RQHV���)RU�FRPSDULVRQ��SDWLHQWV�ZLWK�
FKURQLF�FHUHEUDO�SDWKRORJ\�KDYH�55�RI����DQG�IRU�WKRVH�ZLWK�SRVWWUDXPDWLF�VWUHVV�GLVRUGHU�WKH�
UHODWLYH�ULVN�ZDV����:RUNLQJ�LQ�WKH����NP�UHVWULFWHG�]RQH�IRU����\HDUV�DOVR�LQFUHDVHG�FKDQFHV�
RI�GHWHULRUDWLRQ�RI�PHQWDO�KHDOWK�E\���������WLPHV�FRPSDUHG�WR�XQH[SRVHG�SRSXODWLRQ��1\DJX�
������1\DJX�	�/RJDQRYVN\��������
�
,Q�5XVVLDQ�OLTXLGDWRUV��QHXURORJLFDO�GLVHDVHV�ZHUH�WKH�VHFRQG�PRVW�FRPPRQ�JURXS�RI�GLVHDVHV��
DFFRXQWLQJ� IRU� ���� RI� DOO� PRUELGLW\�� 7KH� PRVW� ZLGHVSUHDG� GLVHDVH� LQ� WKLV� JURXS� LV�
HQFHSKDORSDWK\� RI� YDULRXV� RULJLQV� ������� 7KH� IUHTXHQF\� ZLWK� ZKLFK� WKLV� GLVHDVH� RFFXUUHG�
JUHZ� VLJQLILFDQWO\� IURP� WKH� SHULRG� ���������� ������ WR� ����� ������� 6HULRXV� HIIHFWV�� VXFK� DV�
VHYHUH�GLVWXUEDQFHV�RI�WKH�FHUHEUDO�EORRG�IORZ��DOVR�EHFDPH�PRUH�ZLGHVSUHDG������LQ������DQG�����
LQ��������.KULVDQIRY�	�0HVNLNK�������=XERYVN\�	�6PLUQRY�������0HVNLNK�������=XERYVN\�
�������
�
'XULQJ�WKH�SRVW�&KHUQRE\O�SHULRG��QRQ�RQFRORJLFDO�PRUELGLW\�DPRQJ�OLTXLGDWRUV�ZDV�IRXQG�WR�
GLUHFWO\� FRUUHODWH� ZLWK� WKH� UDGLDWLRQ� GRVH� WKH\� UHFHLYHG�� 7KLV� LQFOXGHV� PHQWDO�� HQGRFULQH��
GLJHVWLYH� V\VWHP� GLVHDVHV�� FDUGLRYDVFXODU� DQG� XURJHQLWDO� GLVHDVHV�� $W� WKH� LQLWLDO� VWDJH��
GHYHORSPHQW� RI� DXWRQRPRXV� G\VIXQFWLRQ� ZDV� REVHUYHG� �=R]XOLD� 	� 3ROLVKFKXN� �������
$XWRQRPRXV�G\VIXQFWLRQ�DPRQJ�WKRVH�ZKR�KDG�UHFHLYHG�GRVHV�RI������6Y��ZDV�WKH�ILUVW�VWDJH�
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RI�GHYHORSPHQW�RI�D�QHXURSV\FKLDWULF�SDWKRORJ\��$SSUR[LPDWHO\�����\HDUV�DIWHU� WKH�RQVHW�RI�
DXWRQRPRXV�G\VIXQFWLRQ��LW�WUDQVIRUPHG�LQ�PDQ\�VXUYLYRUV�LQWR�SRVWUDGLDWLRQ�HQFHSKDORSDWK\��
7KH�FRPELQHG�H[R��DQG�VRPDWRJHQLF�HQFHSKDORSDWK\�GHYHORSHG�LQ�WKH�PDMRULW\�RI�OLTXLGDWRUV�
RYHU�D�SHULRG�RI�\HDUV��0RUHRYHU��FKLOGUHQ�ZLWK�KLJK�GRVH��!���*\�� WK\URLG�JODQG�H[SRVXUH�
DOVR� IUHTXHQWO\� GLVSOD\HG� DXWRQRPRXV� G\VIXQFWLRQ�� 'XH� WR� DXWRQRPRXV� G\VIXQFWLRQ��
QHXURORJLFDO�PRUELGLW\�DPRQJ�WKH�LUUDGLDWHG�SRSXODWLRQ�KDV�JURZQ�VLJQLILFDQWO\��1\DJX�������
������ ������ ������1\DJX�	�=D]LPNR�������1\DJX�HW� DO�� �������2WKHU� UHVHDUFK� IRXQG� WKDW�
FKLOGUHQ�ZKR�ZHUH�H[SRVHG�WR�WK\URLG�UDGLDWLRQ�GRVHV�DERYH���*\�VXIIHUHG�����WLPHV�DV�PDQ\�
PHQWDO� GLVRUGHUV� DQG� ���� WLPHV� DV� PDQ\� QHUYRXV� V\VWHP� GLVRUGHUV� DV� FRQWUROV� �.XUEDQRYD�
�������
�
$FFRUGLQJ� WR� D� ORQJLWXGLQDO� VXUYH\� RI� SUHJQDQW� ZRPHQ�� PDWHUQLW\� SDWLHQWV�� QHZERUQV� DQG�
FKLOGUHQ�LQ�UDGLDWLRQ�FRQWDPLQDWHG�WHUULWRULHV�RI�8NUDLQH��3ROHV\H�GLVWULFW�RI�.LHY�UHJLRQ������
������ N%T�P�� ������� &L�NP����� %HODUXV� �&KHFKHUVN� GLVWULFW� RI� *RPHO� UHJLRQ�� ����������
N%T�P�� ������ &L�NP���� DQG� 5XVVLD� �0WVHQVN� DQG�9RONKRY� GLVWULFWV� RI� 2UHO� UHJLRQ�� �������
N%T�P�� ����� &L�NP��� DQG� �������� N%T�P�� ������� &L�NP���� UHVSHFWLYHO\��� WKH� QXPEHU� RI�
FRQJHQLWDO� DEQRUPDOLWLHV� RI� WKH� QHUYRXV� V\VWHP� GHYHORSPHQW� LQ� QHZERUQV� LQFUHDVHG�� 7KH�
LQFLGHQFH� RI� SHULQDWDO� HQFHSKDORSDWK\� DIWHU� �����ZDV� REVHUYHG� LQ� WKHVH� DUHDV� DW� OHYHOV� ����
WLPHV� KLJKHU� WKDQ� EHIRUH� WKH� DFFLGHQW� �.XODNRY� HW� DO�� ������� ,Q� 8NUDLQH�� SUHYDOHQFH� RI�
QHXURORJLFDO� GLVHDVHV� JUHZ� GXULQJ� WKH� ���\HDU� SHULRG� E\� PRUH� WKDQ� ����� IURP� ������ SHU�
�������FKLOGUHQ�LQ������WR�������SHU��������FKLOGUHQ�LQ�������3U\V\D]KQ\XN�HW�DO���������
�
1HXURSV\FKRORJLFDO� UHVHDUFK�RQ� WKH�PHFKDQLVPV�RI� UDGLDWLRQ�FDXVHG�GDPDJH� WR� WKH�QHUYRXV�
V\VWHP�VKRZHG�WKH�SUHVHQFH�RI�FRJQLWLYH�G\VIXQFWLRQ�LQYROYLQJ�FRUWLFR�VXEFRUWLFDO�QHWZRUNV�
DQG�GHHS�EUDLQ�VWUXFWXUHV��WRJHWKHU�ZLWK�PDQ\�RWKHU�FKDQJHV��7KHVH�ILQGLQJV�DUH�FRQILUPHG�E\�
D�QXPEHU�RI�H[SHULPHQWDO�DQG�FOLQLFDO�REVHUYDWLRQV��9RORVKLQ�HW�DO��������=KDYRURQNRYD�HW�
DO�������1\DJX�������1\DJX�HW�DO��������*RXUPHORQ�HW�DO���������
�
1HXURORJLFDO� DQG� SV\FKLDWULF� GLVRUGHUV� DPRQJ� DGXOWV� ZHUH� DOVR� FRQVLGHUDEO\� KLJKHU� LQ�
UDGLDWLRQ�FRQWDPLQDWHG� WHUULWRULHV� �LQ� %HODUXV�� ������ DJDLQVW� �������� 'HFUHDVHG� VKRUW�WHUP�
PHPRU\�DQG�GHWHULRUDWLRQ�RI�DWWHQWLRQ�DFWLYLW\�ZDV�REVHUYHG�DPRQJ�KLJK�VFKRRO�VWXGHQWV�DJHG�
������LQ�FRQWDPLQDWHG�WHUULWRULHV��7KH�GHJUHH�RI�WKHVH�FRQGLWLRQV�FRUUHODWHG�GLUHFWO\�ZLWK�WKH�
OHYHOV�RI�UDGLRDFWLYH�FRQWDPLQDWLRQ��&RPSDULVRQ�RI�PRUELGLW\�DPRQJ�UXUDO�PDFKLQH�RSHUDWRUV�
�Q �����RI�1DURYO\D�GLVWULFW�RI�*RPHO�UHJLRQ�LQ�%HODUXV��KHDY\�FRQWDPLQDWLRQ��ZLWK�WKDW�RI�D�
VLPLODU�JURXS��Q �����IURP�0LQVN�VXEXUEV�ZLWK�ORZ�UDGLRDFWLYH�FRQWDPLQDWLRQ�UHYHDOHG�D���
IROG� KLJKHU� ������� FRPSDUHG� WR� ������ SUHYDOHQFH� RI� FHUHEURYDVFXODU� SDWKRORJLHV� LQ� WKRVH�
UHVLGLQJ�LQ�KHDYLO\�SROOXWHG�WHUULWRULHV��8VKDNRY�HW�DO���������$�VLPLODU�ILQGLQJ�ZDV�UHSRUWHG�
E\� /XNRPVN\� HW� DO�� �������� QHXURORJLFDO� PRUELGLW\� DPRQJ� ����� VXUYH\HG� DGXOWV� LQ�
.RVW\XNRYLFKL� GLVWULFW� RI� 0RJLOHY� UHJLRQ� �FRQWDPLQDWLRQ� GHQVLW\� ZLWK� ���&V� RYHU� ������
N%T�P�� ���� &L�NP���� ZDV� QRWLFHDEO\� KLJKHU� WKDQ� WKDW� RI� ����� SHUVRQV� IURP� VOLJKWO\�
FRQWDPLQDWHG�GLVWULFWV�RI�9LWHEVN�UHJLRQ��
�
'XULQJ�WKH�ILUVW�ILYH�\HDUV�DIWHU�WKH�&KHUQRE\O�FDWDVWURSKH��PDUNHG�LQFUHDVHV�ZHUH�REVHUYHG�LQ�
WKH�LQFLGHQFH�RI�QHXURORJLFDO�GLVHDVHV�DQG�YDVRPRWRU�G\VFUDVLD�LQ�8NUDLQH��ZLWK�D�VLJQLILFDQW�
LQFUHDVH�LQ�YDVRPRWRU�G\VFUDVLD�EHWZHHQ������DQG������DQG�LQ�QHXURORJLFDO�GLVHDVH�EHWZHHQ�
�����DQG�������7DEOH�����������
�
�
�
�
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<HDU� ����� ����� ����� ����� ����� �����
1HXURORJLFDO�GLVHDVHV� ����� ����� ����� ����� ������ ������
9DVRPRWRU�G\VFUDVLD� ����� ���� ���� ����� ����� �����

7DEOH� �������� 1HXURORJLFDO� PRUELGLW\� �SHU� �������� RI� DGXOW� SRSXODWLRQ�� RQ� 8NUDLQLDQ�
WHUULWRULHV�FRQWDPLQDWHG�DIWHU�WKH�&KHUQRE\O�FDWDVWURSKH�LQ������±�������1\DJX�������
�
,Q������������GLVRUGHUV�RI�WKH�QHXURORJLFDO�V\VWHP�DQG�VHQVRU\�RUJDQV�LQ�SHRSOH�OLYLQJ�LQ�WKH�
FRQWDPLQDWHG� WHUULWRULHV� RI�8NUDLQH� LQFUHDVHG� E\� �������� WLPHV� �3U\V\D]KQ\XN� HW� DO�� �������
$PRQJ�WKH�DGXOW�HYDFXHHV�IURP�3ULS\DW�FLW\�DQG�WKH����NP�]RQH�� WKH�PRUELGLW\�OHYHOV�ZHUH�
PXFK�KLJKHU�WKDQ�WKH�DYHUDJH�8NUDLQLDQ�OHYHOV�IRU�WKHVH�GLVRUGHUV��3U\V\D]KQ\XN�HW�DO���������
0RUELGLW\�ZLWK�QHXURORJLFDO�GLVHDVHV�DPRQJ�DGXOW� DQG�DGROHVFHQW�SRSXODWLRQ� �LQFOXGLQJ� WKH�
HYDFXHHV��LQ�FRQWDPLQDWHG�WHUULWRULHV�RI�8NUDLQH�LQ������FRQVWLWXWHG�������RI�WRWDO�PRUELGLW\��
DQG�DPRQJ�FKLOGUHQ��������*URG]LQVN\��������
�
2YHUDOO��EDVHG�RQ� WKH� ILQGLQJV�SUHVHQWHG� LQ� WKLV�FKDSWHU�� WKH�&KHUQRE\O�UHODWHG�QHXURORJLFDO�
GLVRUGHUV�PD\�KDYH�DIIHFWHG�KXQGUHGV�RI�WKRXVDQGV�RI�DGXOWV�DQG�FKLOGUHQ�LQ�%HODUXV��5XVVLD��
DQG�8NUDLQH��7DEOH����������
�
�

(QGSRLQW� 5HJLRQ��SRSXODWLRQ�JURXS��HIIHFW� 5HIHUHQFH�
'HFUHDVH�RI�SHUIRUPDQFH�
LQ�PDWKHPDWLFV�DQG�
ODQJXDJHV�

&KLOGUHQ�H[SRVHG�LQ�XWHUR�LQ�
1RUZD\�

8VKDNRY�	�
.DUSRY�������

1HXURORJLFDO�DQG�VHQVRU\�
RUJDQV�PRUELGLW\�

$PRQJ�HPSOR\HHV�RI�HQWHUSULVHV�
RI�WKH�5XVVLDQ�1XFOHDU�3RZHU�
0LQLVWU\��WZLFH�KLJKHU�WKDQ�LQ�WKH�
SRSXODWLRQ�RI�VXUURXQGLQJ�DUHDV�

<DEORNRY�������

&HUHEURYDVFXODU�
SDWKRORJ\�

6L[�WLPHV�PRUH�IUHTXHQW�LQ�WKH�
JURXS�RI�UXUDO�PDFKLQH�RSHUDWRUV�
IURP�D�FRQWDPLQDWHG�UHJLRQ�RI�
%HODUXV�

8VKDNRY�HW�DO��
�����

*HQHUDO�QHXURORJLFDO�
PRUELGLW\��GHFUHDVHG�
VKRUW�WHUP�PHPRU\��
GHWHULRUDWLRQ�RI�WKH�
DWWHQWLRQ�DFWLYLW\�

,QFUHDVHG�LQ�WKH�FRQWDPLQDWHG�
UHJLRQV�RI�%HODUXV�

/XNRPVN\�HW�DO��
�����

7DEOH� �������� ([DPSOHV� RI� SRVVLEOH� OLQN� EHWZHHQ� WKH� UDGLDWLRQ� SROOXWLRQ� DQG� WKH�
QHXURSV\FKLDWULF�GLVHDVHV��<DEORNRY�������
�
7KH�KLJK�LQFLGHQFH�RI�VXFK�D�GLYHUVLW\�RI�QHXURORJLFDO�GLVRUGHUV�DPRQJ�SDWLHQWV�DIIHFWHG�E\�
WKH� &KHUQRE\O� DFFLGHQW� VXJJHVWV� WKDW� WKHVH� GLVHDVHV� PD\� KDYH� PXOWLSOH� FDXVHV�� 7R� IXOO\�
DSSUHFLDWH�WKHP��RQH�QHHGV�WR�FRQVLGHU��WKH�DFFLGHQW�IDFWRU��±�D�FRPSOH[�FRQGLWLRQ�LQ�ZKLFK�D�
SHUVRQ�H[SHULHQFLQJ�D�JOREDO�QXFOHDU�HFRORJLFDO�DFFLGHQW� LV�H[SRVHG� WR� LRQL]LQJ�UDGLDWLRQ� LQ�
FRPELQDWLRQ�ZLWK� RWKHU� HFRORJLFDO� KD]DUGV� �LQ� SDUWLFXODU� �� OHDG�� VXUIDFWDQWV� DQG� RWKHU� WR[LF�
FKHPLFDOV�DSSOLHG�EURDGO\�LQ�SRVW�&KHUQRE\O�HPHUJHQF\�DFWLYLWLHV���DQG�WR�KLJK�SV\FKRORJLFDO�
�FDWDVWURSKH�� VWUHVV� �KLJK� ULVN� OHYHO� DVVRFLDWHG� ZLWK� FDUU\LQJ� RXW� WKH� HPHUJHQF\� DFWLYLWLHV��
HYDFXDWLRQ��UHVHWWOHPHQW��HWF����DV�ZHOO�DV�WKH�QHFHVVLW\�RI�RYHUFRPLQJ�WKH�VRFLDO�FULVLV��1\DJX�
HW�DO��������$OHNVDQGURYVNLM�HW�DO��������,OLQ�������*XVNRYD�	�%XOGDNRY�������5XP\DQWVHYD�
HW�DO���������
�
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������0HQWDO��3V\FKRORJLFDO�DQG�&16�'LVRUGHUV�
�
7KH� PHQWDO� KHDOWK� LPSDFW� RI� &KHUQRE\O� FRQVWLWXWHV� SUREDEO\� WKH� PRVW� ZLGHO\� H[SHULHQFHG�
VFLHQWLILF�� SXEOLF� KHDOWK� DQG� VRFLDO� SUREOHP�� 7KH� 81� &KHUQRE\O� )RUXP� ([SHUW� *URXS�
³+HDOWK´��(*+��:RUOG�+HDOWK�2UJDQLVDWLRQ�������KDV�RXWOLQHG�IRXU�UHODWHG�DUHDV�RI�FRQFHUQ��
VWUHVV�UHODWHG� V\PSWRPV�� HIIHFWV� RQ� WKH� GHYHORSLQJ� EUDLQ�� RUJDQLF� EUDLQ� GLVRUGHUV� LQ� KLJKO\�
H[SRVHG�FOHDQ�XS�ZRUNHUV��DQG�VXLFLGH��,W�LV�FXUUHQWO\�UHFRJQLVHG�WKDW�WKH�&16�LV�VHQVLWLYH�WR�
UDGLDWLRQ�H[SRVXUH�� DQG�GHJUHH�RI� LWV�G\VIXQFWLRQ�FDQ�EH�TXDQWLILHG�E\�HOHFWURSK\VLRORJLFDO��
ELRFKHPLFDO�DQG�RU�EHKDYLRXUDO�SDUDPHWHUV��$EQRUPDOLWLHV�LQ�&16�IXQFWLRQV�GHWHFWHG�E\�DQ\�
RI� WKHVH�PHWKRGV�PD\�RFFXU�HYHQ�DW�D� ORZ�GRVH�RI�ZKROH�ERG\�UDGLDWLRQ� �*RXUPHORQ�HW�DO��
�������
�
([SRVXUH� RI� &KLOGUHQ� LQ� 8WHUR�� 5DGLDWLRQ� 'RVHV�� 0HWKRGV� RI� WKHLU� &DOFXODWLRQ�� DQG�
&RUUHODWLRQ�ZLWK�&KDQJHV�LQ�WKH�3RVWQDWDO�'HYHORSPHQW�
�
&RQVLGHUDEOH� SURJUHVV� KDV� EHHQ� PDGH� LQ� WKH� ODVW� GHFDGHV� LQ� XQGHUVWDQGLQJ� WKH� HIIHFWV� RI�
LRQL]LQJ� UDGLDWLRQ� RQ� WKH� GHYHORSLQJ� EUDLQ�� (SLGHPLRORJLFDO� VWXGLHV� RI� LQGLYLGXDOV� ZKR�
VXUYLYHG� WKH� DWRPLF� ERPELQJ� RI� +LURVKLPD� DQG� 1DJDVDNL� DQG� ZHUH� H[SRVHG� LQ� XWHUR�
FRQILUPHG� YXOQHUDELOLW\� RI� WKH� GHYHORSLQJ� IHWDO� EUDLQ� WR� UDGLDWLRQ� LQMXU\�� 6HYHUH� PHQWDO�
UHWDUGDWLRQ��GHFUHDVH�RI�LQWHOOLJHQFH�TXRWLHQW��,4��DQG�RU�ZRUVHQLQJ�RI�VFKRRO�SHUIRUPDQFH��DV�
ZHOO�DV�RFFXUUHQFH�RI�PLFURFHSKDOLD�DQG�VHL]XUHV��HVSHFLDOO\�XSRQ�WKH�H[SRVXUH�DW��±���DQG�
��±���ZHHNV�DIWHU� IHUWLOL]DWLRQ��ZHUH�DPRQJ� WKH�PRVW� IUHTXHQWO\�REVHUYHG�HIIHFWV� �2WDNH�	�
6FKXOO�������2WDNH�	�6FKXOO�������,&53�3XEOLFDWLRQ����������6FKXOO�	�2WDNH���������
�
$QDO\VLV� RI� WKH� GRVLPHWU\� GDWD� LQGLFDWHG� WKDW� WKH� WKUHVKROG� IRU� WKH� GHYHORSPHQW� RI�PHQWDO�
UHWDUGDWLRQ�DIWHU�LQWUDXWHULQH�LUUDGLDWLRQ�DW�JHVWDWLRQ�WHUPV�RI��±���ZHHNV�LV�����±�����*\��,I�
H[SRVXUH� RFFXUUHG� DW� ��±���ZHHNV� RI� JHVWDWLRQ�� WKH� WKUHVKROG� OHYHO� LQFUHDVHG� WR� D� GRVH� RI�
����±����� *\� �2WDNH� HW� DO�� ������� 7KH� TXHVWLRQ� RI� WKH� LQFUHDVHG� OLIHWLPH� SUHYDOHQFH� RI�
VFKL]RSKUHQLD� LQ� VXUYLYRUV� SUHQDWDOO\� H[SRVHG� WR� DWRPLF� ERPE� UDGLDWLRQ� LV� VWLOO� RSHQ� WR�
GLVFXVVLRQ��,PDPXUD�HW�DO���������
�
+RZHYHU��GLUHFW�DSSOLFDWLRQ�RI�WKH�-DSDQHVH�GDWD�WR�WKH�&KHUQRE\O�VLWXDWLRQ�LV�KDUGO\�SRVVLEOH�
EHFDXVH� &KHUQRE\O� DFFLGHQW� SURGXFHG� VLJQLILFDQWO\� ORZHU� RYHUDOO� IHWDO� GRVHV�� EXW� D� PXFK�
KLJKHU�LPSDFW�RQ�WKH�IHWDO�WK\URLG�GXH�WR�LQFRUSRUDWLRQ�RI�UDGLRDFWLYH�LRGLQH�UHOHDVHG�IURP�WKH�
EXUQLQJ�UHDFWRU��
�
,Q� RWKHU�ZRUGV�� WKH� UDGLRELRORJLFDO� VLWXDWLRQV� LQ� -DSDQ� DQG� LQ�&KHUQRE\O�ZHUH� TXDOLWDWLYHO\�
DQG�TXDQWLWDWLYHO\�GLIIHUHQW��7KXV�� DGHTXDWH� SUHGLFWLYH�PRGHOV� IRU� WKH�QH[W�������\HDUV� FDQ�
RQO\� EH� GHYHORSHG� IRU� WKH�&KHUQRE\O� DFFLGHQW� DIWHU� GHWDLOHG� HYDOXDWLRQ� RI� LWV� RZQ� LPSDFWV�
RYHU�WKH�SDVW����\HDUV��
�
3UHOLPLQDU\�DQDO\VLV�RI�WKH�UHVXOWV�REWDLQHG�LQ�WKH�WKUHH�DIIHFWHG�FRXQWULHV���%HODUXV��5XVVLD��
DQG�8NUDLQH� �� KDV� VKRZQ� D� WHQGHQF\� WRZDUGV� GHYHORSPHQW� RI�PLOG�PHQWDO� UHWDUGDWLRQ� DQG�
VRPH� EHKDYLRUDO� GLVRUGHUV� LQ� WKH� SUHQDWDOO\� H[SRVHG� FKLOGUHQ�� DQG� SUHYDOHQFH� RI� ERUGHUOLQH�
QHUYRXV�DQG�SV\FKRORJLFDO�GLVRUGHUV� LQ�WKHLU�SDUHQWV��1\DJX�HW�DO��������1\DJX�HW�DO��������
.R]ORYD�HW�DO��������1\DJX�HW�DO��������6RXFKNHYLWFK�	�7V\E��������
�
&KLOGUHQ�H[SRVHG�LQ�XWHUR�DW���±���ZHHNV�RI�JHVWDWLRQ�ZHUH�IRXQG�WR�EH�DW�SDUWLFXODUO\�KLJK�
ULVN�RI�D�UDQJH�RI�FRQGLWLRQV��LQFOXGLQJ��
�
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x� LQFUHDVHG�LQFLGHQFH�RI�PHQWDO�GLVRUGHUV�DQG�SHUVRQDOLW\�GLVRUGHUV�GXH�WR�EUDLQ�LQMXU\�
RU�G\VIXQFWLRQ���)����)����

x� GLVRUGHUV�RI�SV\FKRORJLFDO�GHYHORSPHQW���)��±)����
x� SDUR[\VPDO� VWDWHV� �KHDGDFKH� V\QGURPHV� �� *���� PLJUDLQH� �� *���� HSLOHSWLIRUP�

V\QGURPHV���*�����
x� VRPDWRIRUP�DXWRQRPRXV�G\VIXQFWLRQ���)������DQG�
x� EHKDYLRXUDO� DQG� HPRWLRQDO� GLVRUGHUV� RI� FKLOGKRRG� �� )��±)���1DSUH\HQNR� 	�

/RJDQRYVNDMD�������/RJDQRYVNDMD��������
�
,Q�%HODUXV��H[SRVHG�FKLOGUHQ�PDQLIHVWHG�D�UHODWLYH�LQFUHDVH�RI�SV\FKRORJLFDO�LPSDLUPHQW�DQG�D�
ORZHU� ,4� FRPSDUHG� WR� FKLOGUHQ� LQ� WKH� FRQWURO� JURXSV�� EXW� WKHVH� WUHQGV� GLG� QRW� VHHP� WR� EH�
DVVRFLDWHG�ZLWK�WKHLU�IHWDO�WK\URLG�H[SRVXUH�GRVHV��,JXPQRY�������.RORPLQVN\�HW�DO���������
�
$QRWKHU�VWXG\�IURP�%HODUXV�UHSRUWHG�WKDW�WK\URLG�UDGLDWLRQ�GRVHV�H[FHHGLQJ�����6Y�IRU�YDULRXV�
FKLOGUHQ� JURXSV�� IURP� WKRVH� H[SRVHG� LQ� XWHUR� XS� WR� WKRVH� DW� ���� \HDUV�� FDXVHG� DQ� RYHUDOO�
UHGXFWLRQ�RI�LQWHOOLJHQFH��%D]\OWFKLN�HW�DO���������,JXPQRY�	�'UR]GRYLWFK��������DOVR�IRXQG�
D�UHGXFWLRQ�RI�WKH�,4�LQ�FKLOGUHQ�H[SRVHG�LQ�XWHUR�WR�KLJKHU�GRVHV��2WKHU�VWXGLHV�RI�SUHQDWDOO\�
LUUDGLDWHG� FKLOGUHQ� GHPRQVWUDWHG� D� SRVVLEOH� FRUUHODWLRQ� EHWZHHQ� UDGLDWLRQ� DQG� SV\FKRVRFLDO�
GHYHORSPHQWDO� IDFWRUV� �*D\GXN� HW� DO�� ������ (UPROLQD� HW� DO�� ������ 1\DJX� HW� DO�� �������
,QFUHDVHG�SUHYDOHQFH�RI�VSHFLILF�GHYHORSPHQWDO��VSHHFK�ODQJXDJH�DQG�HPRWLRQDO�GLVRUGHUV��DV�
ZHOO� DV� D� ORZHU� PHDQ� ,4� DQG� PRUH� FDVHV� RI� ERUGHUOLQH� ,4� UHVXOWV� LQ� SUHQDWDOO\� H[SRVHG�
FKLOGUHQ�LQ�%HODUXV�ZHUH�DWWULEXWHG�WR�VRFLDO�DQG�SV\FKRORJLFDO�IDFWRUV��*D\GXN�HW�DO���������
,Q�FRQWUDVW��D�ODWHU�VWXG\�GHPRQVWUDWHG�WKDW�FKLOGUHQ�LUUDGLDWHG�LQ�XWHUR�KDG�WKH�KLJKHVW�LQGLFHV�
RI� PHQWDO� PRUELGLW\� DQG� ZHUH� PRUH� OLNHO\� WR� GLVSOD\� ERUGHUOLQH� LQWHOOLJHQFH� DQG� PHQWDO�
UHWDUGDWLRQ�WKDW�ZHUH�OLQNHG�WR�SUHQDWDO�LUUDGLDWLRQ��(UPROLQD�HW�DO���������
�
3RWHQWLDO�OLQNV�EHWZHHQ�UDGLDWLRQ�H[SRVXUH�DQG�OHYHOV�RI�WK\URLG�VWLPXODWLQJ�KRUPRQH��76+��
VHHPV� WR� EH� RI� VSHFLDO� LQWHUHVW� �1\DJX� HW� DO�� ������ 1\DJX� HW� DO�� ������ �6HH� DOVR� FKDSWHU�
���������76+�OHYHOV�WHQG�WR�LQFUHDVH�RQFH�IHWDO�WK\URLG�H[SRVXUH�GRVH�UHDFKHV�D�WKUHVKROG�RI�
���� 6Y��5DGLDWLRQ�LQGXFHG�PDOIXQFWLRQ� RI� WKH� WK\URLG�SLWXLWDU\� V\VWHP�ZDV� VXJJHVWHG� DV� DQ�
LPSRUWDQW� ELRORJLFDO� PHFKDQLVP� XQGHUO\LQJ� GHYHORSPHQW� RI� PHQWDO� GLVRUGHUV� LQ� SUHQDWDOO\�
LUUDGLDWHG� FKLOGUHQ� �1\DJX� HW� DO�� ����D�E�� 1\DJX� ������� ,W� ZDV� K\SRWKHVL]HG� WKDW� WKH� OHIW�
KHPLVSKHUH�RI�WKH�EUDLQ��OLPELF�UHWLFXODU�VWUXFWXUHV��LV�PRUH�YXOQHUDEOH�WR�SUHQDWDO�LUUDGLDWLRQ�
WKDQ�WKH�ULJKW�RQH��/RJDQRYVNDMD�	�/RJDQRYVN\��������
�
7KH�IROORZLQJ�ILQGLQJV�ZHUH�REVHUYHG�LQ�SUHQDWDOO\�H[SRVHG�JURXS�RI�FKLOGUHQ��
�

x� ,4�SHUIRUPDQFH�YHUEDO�GLVFUHSDQFLHV�ZLWK�YHUEDO�GHFUHPHQWV��
x� D�KLJKHU�IUHTXHQF\�RI�ORZ�YROWDJH�DQG�HSLOHSWLIRUP�((*�SDWWHUQV�DQG�OHIW�KHPLVSKHUH�

ODWHUDOLVHG�G\VIXQFWLRQ��
x� DQ�LQFUHDVH��S��������RI�G��DQG�E�SRZHU�DQG�D�GHFUHDVH��S��������RI�D��DQG�T�SRZHU��

DQG�
x� DQ� LQFUHDVHG� LQFLGHQFH� RI� SDUR[\VPDO� DQG� RUJDQLF� PHQWDO� GLVRUGHUV�� VRPDWRIRUP�

DXWRQRPLF�G\VIXQFWLRQ�� GLVRUGHUV� RI� SV\FKRORJLFDO� GHYHORSPHQW�� DQG�EHKDYLRUDO� DQG�
HPRWLRQDO�GLVRUGHUV��

�
&HUHEUDO� G\VIXQFWLRQ� RI� H[SRVHG� FKLOGUHQ� ZDV� HWLRORJLFDOO\� KHWHURJHQHRXV� �1\DJX� HW� DO��
����D���
�
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8VLQJ� WKH� PRGHO� GHVFULEHG� LQ� ,&53� 3XEOLFDWLRQ� ���� D� VWURQJ� FRUUHODWLRQ� ZDV� GLVFRYHUHG�
EHWZHHQ�IRHWDO�JHVWDWLRQDO�DJH�DQG�WKH�WK\URLG�H[SRVXUH�LQ�XWHUR��,Q�VLPSOH�WHUPV��WKH�ODWHU�WKH�
LQWUDXWHULQH�SHULRG�RI�GHYHORSPHQW�DW�WKH�WLPH�RI�H[SRVXUH��WKH�KLJKHU�WKH�IRHWDO�WK\URLG�GRVH�
�1\DJX�HW�DO���������
�
2Q� DFFRXQW� RI� WKH� FRQWUDGLFWRU\� UHVXOWV� RI� WKH� PHQWDO� KHDOWK� DVVHVVPHQWV� RI� WKH� LQ� XWHUR�
H[SRVHG�FKLOGUHQ�DQG�WKH�HWLRORJ\�RI�WKH�REVHUYHG�QHXURSV\FKLDWULF�GLVRUGHUV�LQ�WKH�OLWHUDWXUH��
D�WKRURXJK�VWXG\�RI�WKH�SRWHQWLDO�UDGLDWLRQ�HIIHFWV�RQ�WKH�PHQWDO�KHDOWK�RI�WKH�LQ�XWHUR�H[SRVHG�
FKLOGUHQ�ZDV�SHUIRUPHG�ZLWKLQ�WKH�IUDPHZRUN�RI�3URMHFW����+HDOWK�(IIHFWV�RI�WKH�&KHUQRE\O�
$FFLGHQW�� RI� WKH� )UHQFK�*HUPDQ� ,QLWLDWLYH� IRU� &KHUQRE\O�� $� FRKRUW� RI� ���� FKLOGUHQ� ERUQ�
EHWZHHQ�$SULO���WK�������DQG�)HEUXDU\���WK�������WR�PRWKHUV�ZKR�KDG�EHHQ�HYDFXDWHG�IURP�
3ULS\DW� WR� .LHY�� DQG� ���� FODVVPDWHV� IURP� .LHY�� ZHUH� H[DPLQHG� XVLQJ� WKH� :HFKVOHU�
,QWHOOLJHQFH�6FDOH�IRU�&KLOGUHQ��:,6&���WKH�$FKHQEDFK�WHVW�DQG�WKH�5XWWHU�$����WHVW��0RWKHUV�
ZHUH� WHVWHG� IRU� WKHLU� YHUEDO� DELOLWLHV� �:$,6��� GHSUHVVLRQ�� DQ[LHW\� DQG� VRPDWL]DWLRQ� �6'6��
376'��*+4������,QGLYLGXDO�GRVH�UHFRQVWUXFWLRQ�RI�WKH�FKLOGUHQ�ZDV�FDUULHG�RXW�FRQVLGHULQJ�
LQWHUQDO�DQG�H[WHUQDO�H[SRVXUH��,&53�3XEOLFDWLRQ����ZDV�DSSOLHG�IRU�FDOFXODWLRQ�RI�HIIHFWLYH�
IRHWDO�� EUDLQ� DQG� WK\URLG� LQWHUQDO� GRVHV� IRU� FKLOGUHQ� RI� ERWK� JURXSV�� 2I� ��� FKLOGUHQ� IURP�
3ULS\DW���������ZKR�KDG�EHHQ�H[SRVHG�LQ�XWHUR�WR�HTXLYDOHQW�WK\URLG�GRVHV�!��6Y�������������
KDG�EHHQ�H[SRVHG�LQ�XWHUR�WR�IRHWDO�GRVHV�!����P6Y��7KH�SUHQDWDOO\�H[SRVHG�FKLOGUHQ�VKRZ�
VLJQLILFDQWO\� PRUH� PHQWDO� GLVRUGHUV� DQG� GLVHDVHV� RI� WKH� QHUYRXV� V\VWHP�� ([SRVHG� FKLOGUHQ�
VKRZHG� ORZHU� IXOO�VFDOH� ,4�GXH� WR� ORZHU�YHUEDO� ,4�DQG� WKHUHIRUH�DQ� LQFUHDVHG� IUHTXHQF\�RI�
SHUIRUPDQFH�YHUEDO� LQWHOOLJHQFH� GLVFUHSDQFLHV�� :KHQ� ,4� GLVFUHSDQFLHV� RI� WKH� SUHQDWDOO\�
LUUDGLDWHG�FKLOGUHQ�H[FHHGHG����SRLQWV��WKHUH�DSSHDUHG�WR�EH�D�FRUUHODWLRQ�ZLWK�WKH�IHWDO�GRVH��
7KH�H[SRVHG�DQG�FRQWURO�PRWKHUV�GLG�QRW�VKRZ�GLIIHUHQFHV�LQ�YHUEDO�DELOLWLHV��EXW�FRQGLWLRQV�
VXFK�DV�GHSUHVVLRQ��376'��VRPDWRIRUP�GLVRUGHUV��DQ[LHW\�LQVRPQLD��DQG�VRFLDO�G\VIXQFWLRQV�
ZHUH� DOO� PRUH� FRPPRQ� LQ� H[SRVHG� WKDQ� LQ� FRQWURO� PRWKHUV� IURP� .LHY� �1\DJX� HW� DO��
����D�E�F���
�
7KH�UDGLRQHXURHPEULRORJLFDO�HIIHFW�²�LQWHOOLJHQFH�GLVKDUPRQ\�GXH�WR�YHUEDO�,4�GHWHULRUDWLRQ�
²�KDV�EHHQ�UHYHDOHG�DW�WKH�UDGLDWLRQ�DFFLGHQW�RQ�WKH�QXFOHDU�UHDFWRU��DW��±���DQG�ODWHU�ZHHNV�
RI�JHVWDWLRQ��IHWDO�!���P6Y�DQG�WK\URLG�GRVHV�LQ�XWHUR�!����P6Y��6SHFWUDO�T�SRZHU�GHFUHDVH�
�SDUWLFXODUO\�� LQ� WKH� OHIW� IURQWR�WHPSRUDO� DUHD��� E�DFWLYLW\� LQFUHDVH� WRJHWKHU� ZLWK� LWV�
ODWHUDOL]DWLRQ� WRZDUGV� WKH� GRPLQDQW� KHPLVSKHUH�� GLVRUGHUV� RI� QRUPDO� LQWHUKHPLVSKHULF�
DV\PPHWU\� RI� YLVXDO� HYRNHG� SRWHQWLDOV�� WKH� YHUWH[�SRWHQWLDO� FDQ� EH� FRQVLGHUHG� DV� WKH�
QHXURSK\VLRORJLFDO�PDUNHUV�RI�SUHQDWDO�H[SRVXUH��7KH�PRVW�FULWLFDO�SHULRG�RI�FHUHEURJHQHVLV�
DW� WKH� UDGLDWLRQ� DFFLGHQW� RQ� WKH� QXFOHDU� UHDFWRU�� UHVXOWHG� UDGLRDFWLYH� LRGLQH� UHOHDVH� LQWR� WKH�
HQYLURQPHQW�� DUH� WKH� ODWHU� WHUPV� RI� JHVWDWLRQ� ���±��� ZHHNV�� WKDQ� WKDW� DW� XQLIRUP� H[WHUQDO�
H[SRVXUH��/RJDQRYVNDMD�	�1HFKD\HY�������/RJDQRYVNDMD������	��������
�
$� IROORZ�XS� VWXG\� LV� FXUUHQWO\� XQGHUZD\�� IXQGHG� E\� WKH� 86� 1DWLRQDO� ,QVWLWXWHV� RI� +HDOWK�
�1,+��� WR� H[DPLQH� WKH� KHDOWK� DQG�PHQWDO� KHDOWK� RI� D� FRKRUW� RI� ������ \HDU� ROGV��ZKR�ZHUH�
H[SRVHG�DW�WKH�DJH�UDQJH�IURP�LQ�XWHUR�GHYHORSPHQW�XS�WR����PRQWKV�ROG�ZKHQ�WKH�DFFLGHQW�
RFFXUUHG��DQG�ZHUH�DW�WKH�DJH�RI����\HDUV�DW�WKH�WLPH�RI�WKHLU�ILUVW�DVVHVVPHQW��
�
0HQWDO�+HDOWK�RI�3UHQDWDOO\�([SRVHG�&KLOGUHQ��
�
7KH� FXUUHQW� FRQFHSW� DERXW� SUHQDWDO� EUDLQ� H[SRVXUH� HIIHFWV� VWLSXODWHV� WKDW� �� 6Y� RI� IRHWDO�
H[SRVXUH� DW� �±��� ZHHNV� RI� JHVWDWLRQ� UHGXFHV� ,4� VFRUH� RI� D� FKLOG� E\� ��� SRLQWV��
&RUUHVSRQGLQJO\�� LW� FDQ� EH� DVVXPHG� WKDW� HYHU\� ���� P6Y� RI� SUHQDWDO� LUUDGLDWLRQ� PD\� EH�
H[SHFWHG� WR� GHFUHDVH� ,4� VFRUH� E\� QR� PRUH� WKDQ� �� SRLQWV�� 7KH� H[FHVV� RI� VHYHUH� PHQWDO�
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UHWDUGDWLRQ�LV�����SHU���6Y�DW��±���ZHHNV�DQG��WR�D�OHVVHU�H[WHQW��DW���±���ZHHNV�RI�JHVWDWLRQ�
�(XURSHDQ� &RPPLVVLRQ� 5DGLDWLRQ� 3URWHFWLRQ� ����� ������� 7KXV�� WKH� HYLGHQFH�EDVHG�
UDGLRQHXURHPEULRORJLF�HIIHFWV�LQ�KXPDQV�UDQJH�IURP�GRVH�UHODWHG�LQWHOOLJHQFH�UHGXFWLRQ�XS�WR�
PHQWDO�UHWDUGDWLRQ��PLFURFHSKDOLD�DQG�VHL]XUHV���
�
,QWHOOLJHQFH� RI� H[SRVHG� FKLOGUHQ� IURP� 3ULS\DW� HYDOXDWHG� WKURXJK� D� VWDQGDUG� ,4� WHVW�
VLJQLILFDQWO\�GLIIHUHG�IURP�WKDW�RI�WKH�FRQWURO�JURXS�IURP�.LHY��7DEOH�����������LQFOXGLQJ��
�

x� ,QFUHDVHG�LQFLGHQFH�RI�ORZ�,4��,4������HVSHFLDOO\�LQ�WKH�YHUEDO�,4�SRUWLRQ��
x� ��WLPHV�LQFUHDVH�LQ�LQFLGHQFH�RI�DYHUDJH�,4��VFRUHV�RI���±�����DQG�PRUH�WKDQ���WLPHV�

GHFUHDVH�LQ�LQFLGHQFH�RI�KLJK�,4��VFRUHV�RI����±������
x� ,QFUHDVHG�IUHTXHQF\�RI�,4�VFRUH�GLVFUHSDQFLHV��DERXW�����RI�WKH�H[SRVHG�DQG������RI�

WKH� FRQWURO� FKLOGUHQ�KDG� ,4�GLVFUHSDQFLHV� RI�!���SRLQWV� IURP�H[SHFWHG�� LQGLFDWLQJ� D�
GLVKDUPRQLRXVO\�GHYHORSHG�LQWHOOLJHQFH��

�
,QGH[�

([SRVHG�JURXS�
�3U\S\DW��
Q �����

&RQWURO�JURXS�
�.LHY��Q ���� W� 3�

)XOO�VFDOH�,4�
0�6'� ����������� ����������� ±�� �������
0HGLDQ� ���� ���� � �
0LQ�0D[� ��±���� ��±���� � �
9HUEDO�,4�
0�6'� ����������� ����������� ±���� �������
0HGLDQ� ���� ���� � �
0LQ�0D[� ��±���� ��±���� � �
3HUIRUPDQFH�,4�
0�6'� ����������� ���������� ±���� !�����
0HGLDQ� ���� ���� � �
0LQ�0D[� ��±���� ��±���� � �
,4�GLVFUHSDQFLHV�S,4±Y,4�
0�6'� ���������� ��������� ���� �������
0HGLDQ� ��� �� � �
0LQ�0D[� ±��±������ ±��±������ � �
3DLUHG�W�WHVW� ���� ���� � �
3� ������� !����� � �

7DEOH���������,4�VFRUHV�RI�FKLOGUHQ�ZLWKRXW�PRGHUDWH�WR�YHU\�VHYHUH�FRQIRXQGLQJ�IDFWRUV�
�
7KH� FKLOGUHQ� RI� WKH� FRQWURO� JURXS� GHPRQVWUDWHG� D� VLPLODU� GLVWULEXWLRQ� RI� YHUEDO� DQG�
SHUIRUPDQFH� ,4� VFRUHV� �)LJXUH� ���������� +RZHYHU�� WKH� GLVWULEXWLRQ� RI� WKH� ,4� YDOXHV� RI� WKH�
H[SRVHG� FKLOGUHQ� �YHUEDO� DQG� SHUIRUPDQFH� ,4�� VKRZHG� GLVWLQFWLYH� GLIIHUHQFHV�� 9HUEDO� DQG�
SHUIRUPDQFH� ,4� FXUYHV� SORWWHG� VHSDUDWHO\� UHYHDOHG� WKDW� WKH� H[SRVHG� FKLOGUHQ� KDG� D� ORZHU�
YHUEDO� ,4� WKURXJKRXW� WKH� ZKROH� FRKRUW�� WKH� GLVWULEXWLRQ� VWDUWHG� DW� ORZHU� OHYHOV� DQG� QHYHU�
UHDFKHG�WKH�GLVWULEXWLRQ�OHYHO�RI�WKH�FRQWURO�FKLOGUHQ��)LJXUH�����������
�
7KHUH�ZDV�QR�FOHDU�UHODWLRQVKLS�EHWZHHQ�LQWHOOLJHQFH�DQG�WKH�SHULRGV�RI�FHUHEURJHQHVLV�DV�RI�
$SULO���������LQ�FKLOGUHQ�ZLWK�RU�ZLWKRXW�PRGHUDWH�WR�YHU\�VHYHUH�FRQIRXQGLQJ�IDFWRUV��
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�

)LJXUH� �������� )UDFWLRQ� RI� FRQWURO� DQG� H[SRVHG� FKLOGUHQ� EHORZ� VSHFLILF� YHUEDO� DQG�
SHUIRUPDQFH�,4��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
)LJXUH���������)UDFWLRQ�RI�FRQWURO�DQG�H[SRVHG�FKLOGUHQ�EHORZ�VSHFLILF� ,4�GLIIHUHQWLDWHG�E\�
YHUEDO�DQG�SHUIRUPDQFH�,4�VFRUHV�
�
,Q�DGGLWLRQ� WR� ORZHU�,4�VFRUHV��SUHQDWDOO\�H[SRVHG�FKLOGUHQ�H[SHULHQFHG�KLJKHU� LQFLGHQFH�RI�
QHXUR�SV\FKLDWULF�GLVRUGHUV�WKDQ�WKH�FRQWURO�FKLOGUHQ��$PRQJ�WKRVH�ZLWKRXW�PRGHUDWH�WR�YHU\�
VHYHUH� FRQIRXQGLQJ� IDFWRUV�� FKLOGUHQ� LUUDGLDWHG� LQ� XWHUR� KDG� HYHQ� PRUH� QHXUR�SV\FKLDWULF�
GLVRUGHUV�FRPSDUHG�WR�WKH�FRQWURO�FKLOGUHQ��7DEOH�����������
�
�

'LVHDVH�RU�GLVRUGHU�
([SRVHG�
FKLOGUHQ�
�Q �����

&RQWURO�
FKLOGUHQ�
�Q ����

F�� S�

'LVHDVHV�RI�WKH�1HUYRXV�6\VWHP�
1HXURORJLFDOO\�KHDOWK\� ����������� ����������� ����� �������
8QFRQILGHQW� LQGLFDWLRQ� RI�
HSLOHSV\��*���� ��������� ��������� ���� ������
0LJUDLQH��*���� ��������� �� ���� !�����

,4�GLVWULEXWLRQ��H[SRVHG�
FKLOGUHQ
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2WKHU�KHDGDFKH�V\QGURPHV�
�*���� ����������� ��������� ���� ������
6OHHS�GLVRUGHUV��*���� ��������� �� ���� !�����
2WKHU� GLVRUGHUV� RI�
DXWRQRPRXV� QHUYRXV�
V\VWHP��*����

��������� �� ���� !�����
1HXURORJLFDO�FRPRUELGLW\� ��������� �� ���� !�����
0HQWDO�DQG�%HKDYLRUDO�'LVRUGHUV�
0HQWDOO\�KHDOWK\� ����������� ����������� ����� �������
2UJDQLF� PHQWDO� GLVRUGHUV�
�)���	�)���� ����������� ��������� ���� ������
1HXURWLF�� VWUHVV�UHODWHG�
DQG� VRPDWRIRUP� GLVRUGHUV�
�)��±)����

����������� ��������� ���� ������
1RQ�RUJDQLF� VOHHS�
GLVRUGHUV��)���� ��������� ��������� ����� !�����
0HQWDO�UHWDUGDWLRQ��)���� ��������� �� ����� !�����
'LVRUGHUV�RI�SV\FKRORJLFDO�
GHYHORSPHQW��)��±)���� ��������� �� �� ������
&KLOGKRRG� EHKDYLRUDO� DQG�
HPRWLRQDO� GLVRUGHUV� �)��±
)����

����������� ���������� ���� ������
0HQWDO�FRPRUELGLW\� ����������� ��������� �� ������

7DEOH���������'LVHDVHV�RI�WKH�1HUYRXV�6\VWHP��*��DQG�0HQWDO�DQG�%HKDYLRXUDO�'LVRUGHUV��)��
DFFRUGLQJ�WR�WKH�,&'����LQ�FKLOGUHQ�ZLWKRXW�PRGHUDWH�WR�YHU\�VHYHUH�FRQIRXQGLQJ�IDFWRUV�
�
7KHUH�ZHUH�QR�GLIIHUHQFHV�LQ�YHUEDO�,4�UHVXOWV�EHWZHHQ�PRWKHUV�RI�WKH�WZR�JURXSV��7KXV��WKH�
GHWHULRUDWLRQ�RI�WKH�YHUEDO�,4�RI�WKH�H[SRVHG�FKLOGUHQ�FDQQRW�EH�H[SODLQHG�E\�WKH�LQIOXHQFH�RI�
WKH�YHUEDO�,4�VFRUHV�RI�WKHLU�PRWKHUV��
�
,UUDGLDWLRQ�LQ�,QIDQF\�DQG�&KLOGKRRG�
�
6LPLODU� REVHUYDWLRQV�PD\� EH� DSSOLFDEOH� WR� RWKHU� DUHDV� RI� KHDOWKFDUH� GHDOLQJ�ZLWK� UHODWLYHO\�
ORZ� UDGLDWLRQ� H[SRVXUH� OHYHOV�� ,W� KDV� EHFRPH� LQFUHDVLQJO\� FOHDU� WKDW� &16� UDGLRWKHUDS\� LQ�
LQIDQF\� DQG� FKLOGKRRG� PD\� KDYH� VHULRXV� ORQJ�WHUP� HIIHFWV� RQ� FRJQLWLRQ� DQG� HQGRFULQH�
IXQFWLRQ��$V�WKH�WUHDWPHQW�RI�FKLOGKRRG�FDQFHU�KDV�LPSURYHG��ORQJ�WHUP�VXUYLYDO�KDV�EHFRPH�
PRUH� FRPPRQ� �$QGHUVRQ�� ������� &XUUHQWO\�� LW� LV� VWLOO� DVVXPHG� WKDW� WKH� ORZHVW� GRVH� RQ� WKH�
EUDLQ�ZKLFK�PD\�EH�DVVRFLDWHG�ZLWK� ODWH�GHWHUPLQLVWLF�HIIHFWV�RI�FKLOGKRRG� LUUDGLDWLRQ� LV����
*\�� UHVXOWLQJ� LQ� GLVRUGHUV� RI� FRJQLWLYH� IXQFWLRQ�� KLVWRSDWKRORJLFDO� FKDQJHV� DQG�
QHXURHQGRFULQH�HIIHFWV��816&($5��������
�
,W�PXVW�EH�UHFRJQLVHG��KRZHYHU��WKDW�GHOD\HG�UDGLDWLRQ�EUDLQ�GDPDJH�KDV�EHHQ�UHSRUWHG�DPRQJ�
D�FRKRUW�RI��������,VUDHOL�FKLOGUHQ����\HDUV�DIWHU�FKLOGKRRG�VFDOS�LUUDGLDWLRQ��;�UD\�LUUDGLDWLRQ�
IRU� ULQJZRUP� �7LQHD� FDSLWLV��PDQDJHPHQW��� LQ�ZKLFK� WKH\� UHFHLYHG� DQ� DYHUDJH� GRVH� WR� WKH�
EUDLQ�RI�RQO\�����*\�<DDU�HW�DO�������	������5RQ�HW�DO���������
�
0RUH�UHFHQWO\��HIIHFWV�RI�ORZ�GRVHV�RI�LRQL]LQJ�UDGLDWLRQ��!����P*\��LQ�LQIDQF\��UDGLRWKHUDS\�
RI�FXWDQHRXV�KDHPDQJLRPD��RQ�FRJQLWLYH�IXQFWLRQ�LQ�DGXOWKRRG�KDYH�EHHQ�UHSRUWHG�LQ�D�FRKRUW�
VWXG\�LQ�6ZHGHQ��+DOO�HW�DO���������
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�
7KXV�� UDGLDWLRQ� H[SRVXUH� LQ� LQIDQF\� DQG� FKLOGKRRG� LV� DVVRFLDWHG� ZLWK� GRVH�GHSHQGDQW�
FRJQLWLYH� GHFOLQH� LQ� DGXOWKRRG�� 7KH� UHSRUWHG� UDGLDWLRQ� GRVH� WKUHVKROGV� IRU� GHOD\HG� EUDLQ�
GDPDJH�PD\�EH�DV�ORZ�DV����±����*\�WR�WKH�EUDLQ�LQ�LQIDQF\�DQG�FKLOGKRRG��)XUWKHU�UHVHDUFK�
LV�ZDUUDQWHG� IRU� UHDVVHVVPHQW�RI� WKH� ULVN�EHQHILW� UDWLR�RI� ORQJ�WHUP�FRQVHTXHQFHV�RI�FUDQLDO�
UDGLRWKHUDS\� LQ� LQIDQF\� DQG� FKLOGKRRG�� ,QWHOOHFWXDO� GHYHORSPHQW� FDQ� EH� DGYHUVHO\� DIIHFWHG�
ZKHQ�WKH�LQIDQW�EUDLQ�LV�H[SRVHG�WR�LRQLVLQJ�UDGLDWLRQ�DW�GRVHV�LQ�WKH�UHJLRQ�RI�����P*\��)RU�
FRPSDULVRQ��FRPSXWHG�WRPRJUDSK\�RI�WKH�VNXOO�SURGXFHV�DSSUR[LPDWHO\�����P*\��+DOO�HW�DO��
�������
�
0HQWDO�DQG�&16�'LVRUGHUV�RI�$GXOWV�
�
7KHUH� LV� D� JDS� LQ� NQRZOHGJH� FRQFHUQLQJ� HYLGHQFH�EDVHG� HVWLPDWHV� RI� UDGLDWLRQ� HIIHFWV� RQ�
PHQWDO�KHDOWK��2SLQLRQV�FRQFHUQLQJ�QHXUR�SV\FKLDWULF� HIIHFWV�RI� ORZ�GRVH� ����6Y��H[SRVXUH�
DUH�FRQWUDGLFWRU\��
�
$FFRUGLQJ� WR� LQIRUPDWLRQ� SUHVHQWHG� LQ� WKH� 5HSRUW� RI� WKH� 81� &KHUQRE\O� )RUXP� (*+��
LQFUHDVHG� OHYHOV� RI� GHSUHVVLYH�� DQ[LHW\� �LQFOXGLQJ� SRVW�WUDXPDWLF� VWUHVV� V\PSWRPV��� DQG�
PHGLFDOO\� XQH[SODLQHG� SK\VLFDO� V\PSWRPV� KDYH� EHHQ� IRXQG� LQ� &KHUQRE\O�H[SRVHG�
SRSXODWLRQV�FRPSDUHG�WR�FRQWUROV��9LLQDPDNL�HW�DO��������+DYHQDDU�HW�DO������D��%URPHW�HW�DO��
�������([SRVHG�SRSXODWLRQV�H[KLELWHG�V\PSWRPV�RI�DQ[LHW\�WZLFH�DV�IUHTXHQWO\�DV�XQH[SRVHG�
SRSXODWLRQV��3HRSOH�H[SHULHQFLQJ�WKH�&KHUQRE\O�GLVDVWHU�ZHUH�����WLPHV�PRUH�OLNHO\�WR�UHSRUW�
PXOWLSOH�XQH[SODLQHG�SK\VLFDO�V\PSWRPV�DQG�VXEMHFWLYH�SRRU�KHDOWK��+DYHQDDU�HW�DO������E��
$OOHQ�	�5XP\DQWVHYD�������%URPHW�HW�DO���������
�
0HQWDO�KHDOWK�FRQVHTXHQFHV� IRU� WKH�JHQHUDO�SRSXODWLRQ�ZHUH�PRVWO\� VXEFOLQLFDO�DQG�GLG�QRW�
UHDFK� WKH� OHYHO� VDWLVI\LQJ� FULWHULD� IRU� D� SV\FKLDWULF� GLVRUGHU� �+DYHQDDU� HW� DO�� ����E��� $Q�
HSLGHPLRORJLFDO�VWXG\�LQ� WKH�*RPHO�UHJLRQ��%HODUXV��REVHUYHG�WKDW�������RI�WKH�SRSXODWLRQ�
VDPSOH� �Q ������KDG�D�*+4���� VFRUH� DERYH� WKH� WKUHVKROG�RI��� �SUHVHQFH�RI�SV\FKRORJLFDO�
GLVWUHVV���'60�,,,�5�SV\FKLDWULF�GLVRUGHUV�ZHUH�IRXQG�LQ�������RI�SRSXODWLRQ��Q ������ZLWK�
HVSHFLDOO\�KLJK�UDWHV�IRU�DIIHFWLYH���������DQG�DQ[LHW\�GLVRUGHUV����������$�KLJKHU�SUHYDOHQFH�
RI� PHQWDO� KHDOWK� SUREOHPV� ZDV� REVHUYHG� DPRQJ� SHRSOH� HYDFXDWHG� IURP� WKH� &KHUQRE\O�
H[FOXVLRQ�]RQH���������2GGV�5DWLR��25���������DQG�LQ�PRWKHUV�ZLWK�FKLOGUHQ�XQGHU����\HDUV�
RI�DJH���������25��������$OO�PHQWDO�SUREOHPV�LQ�WKH�H[DPLQHG�SRSXODWLRQ�ZHUH�DWWULEXWHG�WR�
VWUHVV� �+DYHQDDU� ������+DYHQDDU� HW� DO�� ������ �������+RZHYHU�� WKHVH� VXEFOLQLFDO� V\PSWRPV�
KDG� LPSRUWDQW� FRQVHTXHQFHV� IRU� KHDOWK� EHKDYLRU�� VSHFLILFDOO\� PHGLFDO� FDUH� XWLOL]DWLRQ� DQG�
DGKHUHQFH�WR�VDIHW\�DGYLVRULHV��+DYHQDDU�HW�DO������D��$OOHQ�	�5XP\DQWVHYD���������7R�VRPH�
H[WHQW��WKHVH�V\PSWRPV�ZHUH�GULYHQ�E\�WKH�EHOLHI�WKDW�WKHLU�KHDOWK�ZDV�DGYHUVHO\�DIIHFWHG�E\�
WKH� GLVDVWHU�� DQG� E\� WKH� IDFW� WKDW� WKH\� ZHUH� GLDJQRVHG� E\� D� SK\VLFLDQ� ZLWK� D� ³&KHUQRE\O�
UHODWHG� KHDOWK� SUREOHP´� �%URPHW� HW� DO�� ������ +DYHQDDU� HW� DO�� ������� 1RWZLWKVWDQGLQJ� WKLV�
SRVVLEOH�FDXVH��WKH�V\PSWRPV�H[SHULHQFHG�DUH�QR�OHVV�GLVWUHVVLQJ�IRU�WKH�LQGLYLGXDO��
�
'LVRUGHUV�DPRQJ�/LTXLGDWRUV�
�
7KH�FOHDQ�XS�ZRUNHUV��³OLTXLGDWRUV´��RI�WKH�&KHUQRE\O�DFFLGHQW�DUH�XQGHU�WKH�KLJKHVW�ULVN�RI�
QHXUR�SV\FKLDWULF�GLVRUGHUV�GXH�WR�WKHLU�JUHDWHVW�H[SRVXUH�WR�ERWK�WKH�UDGLDWLRQ�DQG�WKH�RWKHU�
IDFWRUV�RI�WKH�GLVDVWHU�DIWHUPDWK��
�
3HUVRQQHO� RI� WKH� &KHUQRE\O� H[FOXVLRQ� ]RQH� ZKR� KDYH� EHHQ� ZRUNLQJ� VLQFH� ����� ZHUH� WKH�
KLJKHVW�ULVN�JURXS�IRU�QHXURSV\FKLDWULF�GLVRUGHUV����²�����RI�SRSXODWLRQ�DIIHFWHG���2UJDQLF��
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LQFOXGLQJ�V\PSWRPDWLF��PHQWDO�GLVRUGHUV��)��²)����ZHUH�SUHGRPLQDQW��:RUN�DQG�OLIH�LQ�WKH�
&KHUQRE\O�H[FOXVLRQ�]RQH�VLQFH������IRU�WHQ�RU�PRUH�\HDUV�ZHUH�DVVRFLDWHG�ZLWK�SUREDELOLW\�
RI�PHQWDO�KHDOWK�GHWHULRUDWLRQ���������WLPHV�KLJKHU�LQ�FRPSDULVRQ�ZLWK�JHQHUDO�SRSXODWLRQ��DQG�
������ WLPHV� KLJKHU� LQ� FRPSDULVRQ� ZLWK� VXUYLYRUV� RI� PLOLWDU\� FRQIOLFWV� RU� QDWXUDO� GLVDVWHUV��
0HQWDO�KHDOWK�GHWHULRUDWLRQ�LQ�WKH�&KHUQRE\O�SHUVRQQHO�ZDV�UHODWHG�WR��D��WKHLU�H[SRVXUH�GRVH�
DQG� �E�� GXUDWLRQ� RI� ZRUN� LQ� WKH� &KHUQRE\O� H[FOXVLRQ� ]RQH�� SRLQWLQJ� WR� D� SRWHQWLDOO\�
FXPXODWLYH� HIIHFW� �/RJDQRYVN\� ������� ,Q� D� FRQVLGHUDEOH� SURSRUWLRQ� RI� WKH� SHUVRQQHO��
HVSHFLDOO\�WKRVH�ZKR�FRQWLQXHG�WKHLU�ZRUN�LQ�WKH�����V��SDWKRORJ\�PHW�WKH�FULWHULD�RI�&KURQLF�
)DWLJXH� 6\QGURPH� �&)6��� OHDGLQJ� WR� VXJJHVWLRQV� WKDW� &)6� PD\� EH� GHYHORSLQJ� XQGHU� WKH�
FRPELQHG�LPSDFWV�RI�ORZ�RU�YHU\�ORZ�GRVHV�DQG�SV\FKRORJLFDO�VWUHVV��/RJDQRYVN\�HW�DO��������
/RJDQRYVN\�����E���
�
,Q�WHUPV�RI�VSHFLILF�FDWHJRULHV�RI�HIIHFW��RUJDQLF��,&'�����)����)����)�����VRPDWRIRUP��)�����
VFKL]RW\SDO� �)����� DIIHFWLYH� �G\VWK\PLD�� �)������ DQG� HQGXULQJ� SHUVRQDO� FKDQJHV� DIWHU�
FDWDVWURSKLF� H[SHULHQFH� �)������ ZHUH� DOO� REVHUYHG� LQ� OLTXLGDWRUV�� 3RVW�WUDXPDWLF� VWUHVV�
GLVRUGHU��376'���SV\FKRVRPDWLF��RUJDQLF��DQG�VFKL]RLG�DEQRUPDO�GHYHORSPHQWV�RI�SHUVRQDOLW\�
ZHUH�GRFXPHQWHG�DFFRUGLQJ�WR�ORFDO�SV\FKLDWULF�FODVVLILFDWLRQ��,&'�����DQG�'60�,9�FULWHULD�
�/RJDQRYVN\��������
�
$� WRWDO� RI� ��� RI� ���� UDQGRPO\� VHOHFWHG� OLTXLGDWRUV� ZLWK� IDWLJXH� PHW� WKH� &)6� GLDJQRVWLF�
FULWHULD��7KHLU�DEVRUEHG�GRVHV�ZHUH�HVWLPDWHG�WR�EH������6Y��
�
&)6� PD\� WKHUHIRUH� EH� RQH� RI� WKH� PRVW� ZLGHVSUHDG� FRQVHTXHQFHV� RI� WKH� UDGLRHFRORJLFDO�
GLVDVWHU�� UHVXOWLQJ� IURP� DQ� LQWHUDFWLRQ� RI� VHYHUDO� KD]DUGRXV� HQYLURQPHQWDO� IDFWRUV�
�/RJDQRYVN\� ����E�� ������� 0RUHRYHU�� DOWKRXJK� &)6� SUHYDOHQFH� VLJQLILFDQWO\� �S��������
GHFUHDVHG� �IURP� ������ LQ� ����±����� WR� ������ LQ� ����±������� SUHYDOHQFH� RI� 0HWDEROLF�
6\QGURPH�;��06;��VLJQLILFDQWO\��S��������LQFUHDVHG�LQ�WKH�VDPH�SHULRG��IURP����WR���������
&)6�DQG�06;�DUH�FRQVLGHUHG�WR�EH�WKH�ILUVW�VWDJHV�RI�RWKHU�QHXURSV\FKLDWULF�DQG�RU�SK\VLFDO�
SDWKRORJ\�GHYHORSPHQW��DQG�&)6�FDQ�WUDQVIRUP�LQWR�06;��.RYDOHQNR�	�/RJDQRYVN\��������
7KXV�� &)6� LQ� WKHVH� SDWLHQWV� FDQ� EH� YLHZHG� DV� D� VLJQ� RI� IRUWKFRPLQJ� QHXURGHJHQHUDWLRQ��
FRJQLWLYH�LPSDLUPHQW��DQG�QHXURSV\FKLDWULF�GLVRUGHUV��9RORYLN�HW�DO���������
�
,Q�8NUDLQH��D�FURVV�VHFWLRQDO�VWXG\�RI�UHSUHVHQWDWLYH�FRKRUW�RI�OLTXLGDWRUV��WKH�)UDQFR�*HUPDQ�
&KHUQRE\O� ,QLWLDWLYH� VXE�SURMHFW� ������ ¶7KH� GDWDEDVH� RQ� SV\FKRORJLFDO� GLVRUGHUV� LQ� WKH�
8NUDLQLDQ� OLTXLGDWRUV� RI� WKH� &KHUQRE\O� DFFLGHQW¶�� ZDV� FRQGXFWHG� XVLQJ� D� VWDQGDUGL]HG�
VWUXFWXUHG� SV\FKLDWULF� LQWHUYLHZ� TXHVWLRQQDLUH� ²� WKH� &RPSRVLWH� ,QWHUQDWLRQDO� 'LDJQRVWLF�
,QWHUYLHZ��&,',���3UHOLPLQDU\�UHVXOWV�VKRZHG�DQ�DOPRVW�WZR�IROG�LQFUHDVH�LQ�WKH�SUHYDOHQFH�RI�
DOO� PHQWDO� GLVRUGHUV� ������ LQ� OLTXLGDWRUV� FRPSDUHG� ZLWK� WKH� 8NUDLQLDQ� JHQHUDO� SRSXODWLRQ�
���������DQG�D�GUDPDWLF�LQFUHDVH�LQ�GHSUHVVLRQ�SUHYDOHQFH�LQ�OLTXLGDWRUV���������FRPSDUHG�WR�
WKH�JHQHUDO�SRSXODWLRQ�RI�8NUDLQH���������'HP\WWHQDHUH�HW�DO��������5RPDQHQNR�HW�DO���������
$QDO\VLV�RI�WKHVH�UHVXOWV�FRQWLQXHV��$Q[LHW\��SDQLF�GLVRUGHU��ZDV�DOVR�LQFUHDVHG�LQ�OLTXLGDWRUV�
������� YV� ������� $W� WKH� VDPH� WLPH�� DOFRKRO� GHSHQGHQFH� DPRQJ� OLTXLGDWRUV�ZDV� QRW�PXFK�
KLJKHU�WKDQ�WKDW�RI�WKH�WRWDO�SRSXODWLRQ�������YV�������5RPDQHQNR�HW�DO���������UXOLQJ�RXW�D�
PDMRU�FRQWULEXWLRQ�IURP�WKLV�IDFWRU��
�
5DGLDWLRQ�ULVNV�RI�QRQ�FDQFHU�HIIHFWV�LQ�&KHUQRE\O�OLTXLGDWRUV�KDYH�EHHQ�FDOFXODWHG�GXULQJ�WKH�
ODVW� ILYH� \HDUV� �%LU\XNRY� HW� DO�� ������ %X]XQRY� HW� DO�� ������ ������� )RU� VRPH� QRQ�FDQFHU�
GLVHDVHV�DPRQJ�OLTXLGDWRUV��HVWLPDWHV�RI�H[FHVV�UHODWLYH�UDGLDWLRQ�ULVN��(55��ZHUH�GHULYHG�IRU�
WKH� ILUVW� WLPH� IRU� WKH� IROORZLQJ� FRQGLWLRQV��PHQWDO� GLVRUGHUV�ZLWK�(55���*\ ���� �����&,��
������ ������� QHXURORJLF� DQG� VHQVRU\� GLVRUGHUV�ZLWK�(55���*\ ����� ������� ������� HQGRFULQH�
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GLVRUGHUV�ZLWK�(55���*\ ����� ������ ������� ,Q�PHQWDO� GLVRUGHUV�� KLJKHU� UDGLDWLRQ� ULVNV�ZHUH�
FDOFXODWHG�IRU�QHXURWLF�GLVRUGHUV��(55� ��������������������%LU\XNRY�HW�DO���������7KH�KLJKHVW�
H[FHVV� UHODWLYH� ULVN� SHU� �� *\�ZDV� IRXQG� IRU� FHUHEURYDVFXODU� GLVHDVHV�� DW� ����� ������� ������
�,YDQRY� HW� DO�� ������� 5HFHQWO\�� WKH� VLJQLILFDQW� FHUHEURYDVFXODU� GLVHDVHV� ULVN� IURP� DYHUDJHG�
GRVH�UDWH�ZDV�GHILQHG�IRU�H[WHUQDO�GRVHV�!����P*\��(55�IRU�����P*\�GD\� �������ZLWK�����
&,� ���������������,YDQRY�HW�DO���������
�
0HQWDO� KHDOWK� DVVHVVPHQW� RI� OLTXLGDWRUV� KDV� VLJQLILFDQW� OLPLWDWLRQV�� )RU� D� VWDUW�� UHVHDUFKHUV�
PRVWO\�GHDO�ZLWK�PHQWDO�GLVRUGHUV� UHJLVWHUHG� LQ� WKH�QDWLRQDO�KHDOWKFDUH�V\VWHP��QRW�ZLWK� WKH�
GDWD�REWDLQHG�IURP�ZHOO�GHVLJQHG�SV\FKLDWULF�VWXGLHV�ZLWK�VWDQGDUGL]HG�GLDJQRVWLF�SURFHGXUHV��
7RJHWKHU�ZLWK�WKH�RQJRLQJ�FKDQJHV�RI�WKH�SV\FKLDWULF�V\VWHP�LQ�WKH�SRVW�6RYLHW�FRXQWULHV��WKLV�
PD\�OHDG�WR�GUDPDWLF�XQGHUHVWLPDWLRQ�RI�PHQWDO�GLVRUGHUV��
�
)RU�H[DPSOH��DFFRUGLQJ�WR�WKH�RIILFLDO�3XEOLF�+HDOWK�0LQLVWU\�RI�8NUDLQH�GDWD��WKH�SUHYDOHQFH�
RI�DOO�PHQWDO�GLVRUGHUV��UHJLVWHUHG��LQ�WKH�8NUDLQLDQ�SRSXODWLRQ�ZDV�������LQ�������������LQ�
�����DQG�������LQ�������+RZHYHU��DFFRUGLQJ�WR�WKH�UHVXOWV�RI�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ�
�:+2��VSRQVRUHG�:RUOG�0HQWDO�+HDOWK��:0+��6XUYH\�,QLWLDWLYH��ZKHUH�WKH�:0+�YHUVLRQ�
RI� WKH� :+2� &RPSRVLWH� ,QWHUQDWLRQDO� 'LDJQRVWLF� ,QWHUYLHZ� �:0+�&,',�� ZDV� XVHG�� WKH�
SUHYDOHQFH� RI� DQ\� :0+�&,',�'60�,9� GLVRUGHU� LQ� 8NUDLQH� ZDV� ������ ����� &,�� ����±
��������'HP\WWHQDHUH�HW�DO���������%DVHG�RQ�WKLV�GLVFUHSDQF\��LW�LV�SRVVLEOH�WR�HVWLPDWH�WKDW�
WKH� QDWLRQDO� 8NUDLQLDQ� SV\FKLDWULF� V\VWHP� PD\� XQGHUHVWLPDWH� WKH� IUHTXHQF\� RI� PHQWDO�
GLVRUGHUV�E\�a���WLPHV��7KH�:0+�&,',�'60�,9�GLVRUGHUV�LQFOXGHG�VR�FDOOHG�SV\FKRORJLFDO�
GLVRUGHUV� �DQ[LHW\��GHSUHVVLRQ��VRPDWL]DWLRQ��DOFRKRO�DEXVH��HWF���RQO\��DQG�GLG�QRW� WDNH� LQWR�
DFFRXQW� VHYHUH� PHQWDO� GLVRUGHUV� VXFK� DV� SV\FKRVHV�� RUJDQLF� PHQWDO� GLVRUGHUV�� DQG� PHQWDO�
UHWDUGDWLRQ��
�
$FFRUGLQJ�WR�GDWD�IURP�WKH�5XVVLDQ�0HGLFDO�'RVLPHWULF�5HJLVWHU��WKH�LQFLGHQFH�RI�SV\FKLDWULF�
GLVHDVH�WDNHV�WKH��WK�SODFH�DPRQJ�OLTXLGDWRUV��,YDQRY��7V\E�������+RZHYHU��DFFRUGLQJ�WR�GDWD�
IURP�WKH�([SHUW�&RXQFLOV�ZKLFK� LQYHVWLJDWH� WKH�FRQQHFWLRQ�EHWZHHQ� LOOQHVV�DQG�H[SRVXUH� WR�
&KHUQRE\O�GHULYHG� UDGLDWLRQ�� WKH�SRUWLRQ�RI�SV\FKLDWULF�GLVRUGHUV� LV�HYHQ�KLJKHU� �.KULVDQRY��
0HVNLK��������������
�
0RUH� WKHQ� ������ OLTXLGDWRUV� IURP� YDULRXV� 5XVVLDQ� UHJLRQV� KDYH� EHHQ� REVHUYHG� RYHU�PDQ\�
\HDUV��2YHU�����KDYH�EHHQ�IRXQG�WR�EH�VXIIHULQJ�IURP�RUJDQLF�FHUHEUDO�GHVHDVHV�RI�YDVFXODU�
RU� PL[HG� RULJLQ�� 7KHVH� FHUHEUDO� GLVHDVHV� UHVXOW� IURP� ORQJ� ODVWLQJ� FHUHEUDOLVFKHPLD�� 7KLV�
RFFXUV�DV�D�UHVXOW�RI�GLVUXSWLRQ�RI�FHQWUDO� UHJXODWRU\�IXQFWLRQV�DQG�IURP�SRVVLEOH�GDPDJH�WR�
WKH�HQGRWKHOLXP�RI�VPDOO�EORRG�YHVVHOV��5XP\DQWVHYD�HW�DO��������5XP\DQWVHYD�	�&KLQNLQD�
������6ROGDWNLQ��������
�
7KUHVKROG�'RVHV�RI�5DGLDWLRQ�([SRVXUH�IRU�9DULRXV�0HQWDO�&RQGLWLRQV�
�
6RPH�GHWHUPLQLVWLF�UDGLDWLRQ�HIIHFWV� LQ�WKH�FHQWUDO�QHUYRXV�V\VWHP��&16��FDQ�EH�FDXVHG�QRW�
RQO\�E\�FHOO��QHXURQ��GDPDJH��EXW�E\�LQWHUDFWLRQV�ZLWK�IXQFWLRQV�RI�RWKHU�WLVVXHV�DV�ZHOO��6XFK�
µIXQFWLRQDO� GHWHUPLQLVWLF� HIIHFWV¶�� LQ� SDUWLFXODU�� LQFOXGH� FKDQJHV� RI� HOHFWURHQFHSKDORJUDP�
�((*�� DQG� UHWLQRJUDP�� DQG� YDVFXODU� UHDFWLRQV�� 7KHVH� HIIHFWV� FDQ� KDYH� VLJQLILFDQW� FOLQLFDO�
FRQVHTXHQFHV��SDUWLFXODUO\�IRU�WKH�QHUYRXV�V\VWHP��,&53�3XEOLFDWLRQ������������,Q�VSLWH�RI�WKH�
IDFW�WKDW�WKH�PDWXUH�&16�LV�FRPPRQO\�FRQVLGHUHG�WR�EH�UHVLVWDQW�WR�UDGLDWLRQ�H[SRVXUH��WKHUH�
LV� D� JURZLQJ� ERG\� RI� HYLGHQFH� LQ� VXSSRUW� RI� UDGLRVHQVLWLYLW\� RI� WKH� EUDLQ� �1\DJX� 	�
/RJDQRYVN\��������
�
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0RUSKRORJLFDO� LQMXULHV� RI� WKH�&16� FRXOG� GHYHORS� IROORZLQJ� ORFDO� EUDLQ� H[SRVXUH� RI� ��±���
*\��7KH�EUDLQ�WROHUDEOH�GRVH�ZDV�DVVXPHG�WR�EH���±���*\��DQG�WKH�WROHUDEOH�IUDFWLRQDO�GRVH���
��*\��*XVNRYD�	�6KDNLURYD�������*XWLQ�HW�DO��������0HWWOHU�	�8SWRQ��������%UDLQ�QHFURVLV�
ZDV�REVHUYHG�DIWHU�ORFDO�EUDLQ�H[SRVXUH�DW�GRVHV�RI�����*\��DQG�GHYHORSPHQW�RI�UDGLRJHQLF�
GHPHQWLD� ZDV� FRQVLGHUHG� WR� EH� SRVVLEOH�� 3ULPDU\� &16� GDPDJH� IROORZLQJ� WRWDO� ERG\�
LUUDGLDWLRQ�ZDV�FRQVLGHUHG�WR�EH�SRVVLEOH�DW�H[SRVXUH�GRVHV�RI�!����*\��FDXVLQJ�WKH�FHUHEUDO�
IRUP� RI� $FXWH� 5DGLDWLRQ� 6LFNQHVV� �$56��� 6HFRQGDU\� UDGLDWLRQ� &16� GDPDJH�PD\� RFFXU� DW�
GRVHV�RI���±����*\��WKH�WR[HPLF�IRUP�RI�$56���*XVNRYD�	�%LVRJRORY��������7KH�WKUHVKROG�
RI� UDGLDWLRQ�LQGXFHG� QHXURDQDWRPLF� FKDQJHV� ZDV� DVVXPHG� WR� EH� DW� WKH� OHYHO� RI� �±��*\� RI�
ZKROH�ERG\�LUUDGLDWLRQ��*XVNRYD��	�6KDNLURYD��������
�
([SRVXUH� WR� D� GRVH� RI� !���� P*\� ZDV� D� VLJQLILFDQW� ULVN� IDFWRU� IRU� QHXURSV\FKLDWULF� DQG�
YDVFXODU�GLVRUGHUV��7K\URLG�H[SRVXUH�WR�����P*\�DQG�PRUH�ZDV�D�VLJQLILFDQW�ULVN�IDFWRU�IRU�
YDVFXODU�DQG�FHUHEURYDVFXODU�GLVRUGHUV��:KHQ�WK\URLG�H[SRVXUH�H[FHHGHG���*\��WKLV�FUHDWHG�D�
VLJQLILFDQW� ULVN� IRU� GHYHORSPHQW� RI� PHQWDO�� YDVFXODU� DQG� FHUHEURYDVFXODU� GLVHDVHV�� DQG�
GLVRUGHUV� RI� SHULSKHUDO� QHUYRXV� V\VWHP�� &RQIRXQGLQJ� QRQ�UDGLDWLRQ� ULVN� IDFWRUV� IRU�
QHXURSV\FKLDWULF� �FHUHEURYDVFXODU�� SDWKRORJ\� LQFOXGHG� LQGXVWULDO� KD]DUGV�� VWUHVV�� VPRNLQJ��
KHUHGLWDU\�IDFWRUV�DQG�OLIHVW\OH��%X]XQRY�HW�DO��������%X]XQRY��������
�
,Q� WKH� HDUO\� H[SHULPHQWDO� VWXGLHV� LQ� YLWUR� DQG� LQ� YLYR� FRQGXFWHG� ������ \HDUV� DJR��
PRUSKRORJLFDO� FKDQJHV� RI� QHXURQV� ZHUH� REVHUYHG� DW� GRVHV� DV� ORZ� DV� ����±�� *\� RI� WRWDO�
LUUDGLDWLRQ� �$OH[DQGURYVNDMD� ������ 6KDEDGDVK� ������� $� GRVH� RI� ���� *\� KDV� ORQJ� EHHQ�
DFFHSWHG� DV� D� WKUHVKROG� RI� UDGLDWLRQ� LQMXU\� RI� WKH�&16�ZLWK� WKH� SULPDU\� QHXURQDO� GDPDJHV�
�/HEHGLQVN\� 	� 1DNKLOQLWVNDMD� ������� 3HUVLVWHQW� FKDQJHV� LQ� WKH� EUDLQ� ELRHOHFWULFDO� DFWLYLW\�
RFFXUUHG�DW�WKUHVKROGV�RI���������*\�DQG�LQFUHDVHG�GLUHFWO\�SURSRUWLRQDOO\�WR�WKH�GRVH�DEVRUEHG�
�7URFKHULH�HW�DO���������
�
7KHVH�DQG�RWKHU�GDWD�VXJJHVW�WKDW�DOWHUDWLRQV�LQ�&16�IXQFWLRQLQJ�FRXOG�RFFXU�DIWHU�H[SRVXUH�WR�
UHODWLYHO\�ORZ�GRVHV�RI�UDGLDWLRQ��0LFNOH\��������([SRVXUH�WR�LRQL]LQJ�UDGLDWLRQ�VLJQLILFDQWO\�
PRGLILHG� WKH� QHXURWUDQVPLVVLRQ� LQ� D� GRVH�GHSHQGDQW� PDQQHU� �.LPHOGRUI� 	� +XQW� �������
UHVXOWLQJ� LQ�PXOWLSOH�ELRFKHPLFDO�HYHQWV� LQ� WKH�EUDLQ�DQG�EHKDYLRUDO�HIIHFWV� �+XQW�������� ,Q�
DGGLWLRQ�WR�GLUHFW�HIIHFWV��LRQL]LQJ�UDGLDWLRQ�FDQ�PRGLI\�&16�IXQFWLRQV�DQG�EHKDYLRU�LQGLUHFWO\�
WKURXJK� WKH� &16� UHDFWLYLW\� WR� WKH� UDGLDWLRQ� GDPDJH� RI� RWKHU� V\VWHPV� �.LPHOGRUI� 	� +XQW�
������0LFNOH\��������6ORZO\�SURJUHVVLYH�&16�UDGLDWLRQ�VLFNQHVV�ZDV�REVHUYHG�IROORZLQJ�D�
VLQJOH� H[SRVXUH� WR� WRWDO� LUUDGLDWLRQ� RI� �±��*\� �0RVFDOHY� ������� 6LPLODUO\�� WKH�816&($5�
5HSRUW� ������� GHVFULEHG� D� VORZO\� SURJUHVVLYH� GHJHQHUDWLRQ� RI� EUDLQ� FRUWH[� WKDW� GHYHORSHG�
DIWHU�DQ�H[SRVXUH�WR��±��*\��9DVFXOHVFX�HW�DO���������
�
7KH� ((*�SDWWHUQV� DQG� WRSRJUDSKLFDO� GLVWULEXWLRQ� RI� VSRQWDQHRXV� DQG� HYRNHG� EUDLQ�
ELRHOHFWULFDO� DFWLYLW\� LQ� RYHUH[SRVHG� OLTXLGDWRUV�� HVSHFLDOO\� LQ� ORQJ�WHUP� ZRUNHUV� RI� WKH�
&KHUQRE\O� ]RQH�� VLJQLILFDQWO\� GHYLDWHG� IURP� WKH� VDPH� WHVWV� UHVXOWV� LQ� WKH� FRQWURO� DQG�
FRPSDULVRQ�JURXSV��1\DJX�HW�DO��������������1RVKFKHQNR�	�/RJDQRYVNLL�������/RJDQRYVN\�
�������7KHUH�ZHUH�PDQ\�FRQVLVWHQW�UHSRUWV�DERXW�FKDUDFWHULVWLF�QHXURSK\VLRORJLFDO��'DQLORY�
DQG� 3R]GHHY� ������ =KDYRURQNRYD� HW� DO�� ������ ����D�E�� ������ 9\DWOHYD� HW� DO�� �������
QHXURSV\FKRORJLFDO� �.KRPVNDMD� ������=KDYRURQNRYD�HW� DO�� ������ ������� DQG�QHXURLPDJLQJ�
�=KDYRURQNRYD�HW�DO��������.KDUFKHQNR�HW�DO��������.KRORGRYD�HW�DO��������9RORVKLQD�������
DEQRUPDOLWLHV� LQ� OLTXLGDWRUV�� VXSSRUWLQJ� FOLQLFDO� GDWD� DERXW� UDGLDWLRQ�FDXVHG� RUJDQLF� EUDLQ�
GDPDJH� �&KXSULNRY� HW� DO�� ������ .UDVQRY� HW� DO�� ������ 5RPRGDQRY� 	� 9\QQ\WV¶N\M� ������
1DSUH\HQNR� 	� /RJDQRYVN\� ������ ������ ������ ����D�E�� 1\DJX� 	� /RJDQRYVN\� ������
5HYHQRN� ������ ������ =R]XO\D� HW� DO�� ������ 0RUR]RY� 	� .U\]KDQRYVNDMD� ������ /\V\DQ\M�
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������� &KDQJHV� LQ� EUDLQ� DV\PPHWU\� DQG� LQWHUKHPLVSKHULF� LQWHUDFWLRQ� FDQ� EH� SURGXFHG� QRW�
RQO\�E\�D�G\VIXQFWLRQ�RI�VXEFRUWLFDO�OLPELF�UHWLFXODU�DQG�PHGLREDVDO�EUDLQ�VWUXFWXUHV��EXW�DOVR�
E\�GDPDJH� WR� WKH�ZKLWH�PDWWHU�� LQFOXGLQJ� WKH� FRUSXV� FDOORVXP� �=KDYRURQNRYD�HW�DO�� �������
7KH� ((*� ILQGLQJV� VXJJHVWHG� VXEFRUWLFDO� GLVRUGHUV� DW� GLIIHUHQW� OHYHOV� �GLHQFHSKDOLF� RU�
EUDLQVWHP��DQG�IXQFWLRQDO�IDLOXUH�RI�WKH�ULJKW�RU�OHIW�KHPLVSKHUHV�ORQJ�DIWHU�UDGLDWLRQ�H[SRVXUH�
KDV�FHDVHG��=KDYRURQNRYD�HW�DO���������
�
,QFUHDVHG� UDWHV� RI� QHXURSV\FKLDWULF� GLVRUGHUV� DQG� VRPDWLF� SDWKRORJ\� ZHUH� REVHUYHG� LQ�
OLTXLGDWRUV� RI� ����������� HVSHFLDOO\� LQ� WKRVH� ZKR� KDYH� ZRUNHG� IRU� ���� \HDUV� ZLWKLQ� WKH�
&KHUQRE\O�H[FOXVLRQ�]RQH��3UHYDOHQFH�RI�QHXURSV\FKLDWULF�GLVRUGHUV�DPRQJ�&KHUQRE\O�FOHDQ�
XS�SHUVRQQHO�RI�����������ZKR�UHFHLYHG�GRVHV�!����P6Y�ZDV��������ZKLOH�WKHLU�FROOHDJXHV�
LUUDGLDWHG�ZLWK� GRVHV� �����P6Y� KDG� DQ� DOPRVW� IRXU� WLPHV� ORZHU� SUHYDOHQFH� UDWH� RI� ������
�S�������� �%HEHVKNR� HW� DO�� ������ 1\DJX� HW� DO�� ������� &KHUQRE\O� SHUVRQQHO� ZRUNLQJ� VLQFH�
�����FRQVWLWXWHG�WKH�KLJKHVW�ULVN�JURXS�IRU�GHYHORSPHQW�RI�QHXURSV\FKLDWULF�GLVRUGHUV��DPRQJ�
ZKLFK�RUJDQLF��LQFOXGLQJ�V\PSWRPDWLF��PHQWDO�GLVRUGHUV��)��²)����GRPLQDWHG��/RJDQRYVN\�
�������
�
&KHUQRE\O�H[SRVXUH�VLJQLILFDQWO\�DIIHFWHG�YDULRXV�FRJQLWLYH�HQGSRLQWV��$���\HDU�ORQJLWXGLQDO�
VWXG\�RI�WKH�FRJQLWLYH�HIIHFWV�RI�WKH�&KHUQRE\O�QXFOHDU�DFFLGHQW�ZDV�FRQGXFWHG�LQ������������
7KH� FRQWUROV� ZHUH� KHDOWK\� 8NUDLQLDQV� UHVLGLQJ� VHYHUDO� KXQGUHG� NLORPHWUHV� DZD\� IURP�
&KHUQRE\O��7KH�H[SRVHG�JURXSV�LQFOXGHG�OLTXLGDWRUV��IRUHVWU\�DQG�DJULFXOWXUDO�ZRUNHUV�OLYLQJ�
ZLWKLQ� ���� NP� RI� &KHUQRE\O�� $FFXUDF\� DQG� HIILFLHQF\� RI� FRJQLWLYH� SHUIRUPDQFH� ZHUH�
DVVHVVHG� XVLQJ� $1$08.5�� D� VSHFLDOL]HG� VXEVHW� RI� WKH� $XWRPDWHG� 1HXURSV\FKRORJLFDO�
$VVHVVPHQW�0HWULFV��$1$0��EDWWHU\�RI�WHVWV��$QDO\VHV�RI�YDULDQFH��IROORZHG�E\�DSSURSULDWH�
SDLUHG�FRPSDULVRQV��LQGLFDWHG�WKDW��IRU�WKH�PDMRULW\�RI�PHDVXUHV��WKH���\HDU�DYHUDJHG�OHYHOV�RI�
SHUIRUPDQFH�RI�WKH�H[SRVHG�JURXSV��HVSHFLDOO\�WKH�OLTXLGDWRUV��ZHUH�VLJQLILFDQWO\�ORZHU�WKDQ�
WKRVH�RI� WKH�FRQWUROV��/RQJLWXGLQDO� DQDO\VHV�RI�SHUIRUPDQFH� UHYHDOHG� VLJQLILFDQW�GHFOLQHV� LQ�
DFFXUDF\�DQG�HIILFLHQF\��DV�ZHOO�DV�SV\FKRPRWRU�VORZLQJ��IRU�DOO�H[SRVHG�JURXSV�RYHU�WKH���
\HDU�SHULRG��7KHVH�ILQGLQJV�VWURQJO\�LQGLFDWH�LPSDLUPHQW�RI�EUDLQ�IXQFWLRQ�UHVXOWLQJ�IURP�ERWK�
DFXWH�DQG�FKURQLF�H[SRVXUH�WR�LRQL]LQJ�UDGLDWLRQ��*DPDFKH�HW�DO���������
�
7KH� ((*�SDWWHUQV� RI� OLTXLGDWRUV� GLIIHUHG� VLJQLILFDQWO\� IURP� WKRVH� RI� WKH� FRQWURO� JURXSV�
�/RJDQRYVN\�	�<XU\HY���������$PRQJ�&KHUQRE\O�DFFLGHQW�VXUYLYRUV�ZKR�KDG�D�FRQILUPHG�
$56� GLDJQRVHV� DQG� ZHUH� LUUDGLDWHG� DW� WKH� GRVH� RI� �±�� 6Y�� QHXURSK\VLRORJLFDO� PDUNHUV� RI�
LRQL]LQJ�UDGLDWLRQ�ZHUH�GLVFRYHUHG��/RJDQRYVN\�	�<XU\HY��������7KH�UHODWLRQVKLS�EHWZHHQ�
QHXURSK\VLRORJLFDO� HIIHFWV� DQG� UDGLDWLRQ� GRVH� ZDV� GHWHFWHG� RQO\� DW� WKH� GRVHV� !���� 6Y�
VXJJHVWHG� DV� WKH� WKUHVKROG� IRU� WKHVH� HIIHFWV� �/RJDQRYVN\� ����±������� $ERYH� WKLV� GRVH�� D�
µGRVH±HIIHFW¶� UHODWLRQVKLS� ZDV� REVHUYHG� EHWZHHQ� GRVH� DQG� FKDUDFWHULVWLF� PRUSKRPHWULF�
QHXURLPDJLQJ�IHDWXUHV�RI�RUJDQLF�EUDLQ�GDPDJH��%RPNR��������,Q�VRPH�FDVHV��RUJDQLF�EUDLQ�
GDPDJH�KDV�EHHQ�YHULILHG�E\�FOLQLFDO�QHXURSV\FKLDWULF��QHXURSK\VLRORFLDO��QHXURSV\FKRORJLFDO��
DQG� QHXURLPDJLQJ� PHWKRGV� �/RJDQRYVN\� HW� DO�� ����� 	� ����E��� 7KH� FHUHEUDO� EDVHV� RI�
GHWHULRUDWLRQV� LQ� KLJKHU� PHQWDO� DFWLYLW\� UHVXOWLQJ� IURP� VXFK� GLVRUGHUV� IROORZLQJ� D� OLPLWHG�
SHULRG� RI� LUUDGLDWLRQ� DUH� SDWKRORJ\� RI� WKH� IURQWDO� DQG� WHPSRUDO� FRUWH[� RI� WKH� GRPLQDQW�
KHPLVSKHUH�DQG�RI�PLGGOH�VWUXFWXUHV�ZLWK�WKHLU�FRUWLFDO�VXEFRUWLFDO�FRQQHFWLRQV��/RJDQRYVN\�
������/RJDQRYVN\�	�%RPNR������	��������
�
1HXURSV\FKLDWULF� DQG� QHXURSV\FKRSK\VLRORJLFDO� IROORZ�XS� VWXGLHV� FRQILUPHG� WKDW� $56�
SDWLHQWV�ZKR� VXUYLYHG�DIWHU� WKH�&KHUQRE\O�GLVDVWHU� VKRZHG�SURJUHVVLYH� VWUXFWXUDO�IXQFWLRQDO�
EUDLQ� GDPDJH�� LQFOXGLQJ� SRVW�UDGLDWLRQ� HQFHSKDORSDWK\� �SRVW�UDGLDWLRQ� RUJDQLF� EUDLQ�
V\QGURPH�� DORQJ� ZLWK� RWKHU� V\PSWRPDWRORJLFDO� PHQWDO� GLVRUGHUV� �1\DJX� 	� /RJDQRYVN\�
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�������7R�GDWH��SRVW�UDGLDWLRQ�RUJDQLF�EUDLQ�V\QGURPH�KDV�EHHQ�UHSRUWHG� LQ�����RI�SDWLHQWV�
ZKR�KDG� D� FRQILUPHG�$56��7KH� DSDWKHWLF� W\SH�RI� RUJDQLF� SHUVRQDOLW\� GLVRUGHU� �)������ZDV�
W\SLFDO� IRU� $56� DIWHU�HIIHFWV�� ,W� KDG� D� SURJUHVVLYH� FOLQLFDO� FRXUVH� DQG� FRUUHODWHG� ZLWK� WKH�
VHYHULW\�RI�$56�DQG�WKH�GRVH�RI�H[SRVXUH��7KH�DSDWKHWLF�W\SH�RI�RUJDQLF�SHUVRQDOLW\�GLVRUGHU�
ZDV� W\SLFDO� IRU� PRGHUDWH� WR� VHYHUH� $56� FRQVHTXHQFHV� �/RJDQRYVN\� ������� 2UJDQLF� EUDLQ�
GDPDJH� LQ� WKH� UHPRWH� SHULRG� RI� $56� ZDV� YHULILHG� E\� FOLQLFDO� QHXURSV\FKLDWULF��
QHXURSK\VLRORFLDO��QHXURSV\FKRORJLFDO��DQG�QHXURLPDJLQJ�PHWKRGV��/RJDQRYVN\�HW�DO���������
�
,Q� WKH� $GXOW� +HDOWK� 6WXG\� LQ� +LURVKLPD�� QR� VLJQLILFDQW� DVVRFLDWLRQ� ZDV� IRXQG� EHWZHHQ�
H[SRVXUH� WR� DWRPLF� ERPE� DQG� YDVFXODU� GHPHQWLD� RU�$O]KHLPHU¶V� GLVHDVH� GHWHFWHG� ��� WR� ���
\HDUV� ODWHU�� ,QVWHDG�� ULVN� IDFWRUV� IRU� GHPHQWLD� ZHUH� SDWLHQW¶V� DJH�� KLJKHU� V\VWROLF� EORRG�
SUHVVXUH��KLVWRU\�RI�VWURNH��K\SHUWHQVLRQ��KHDG�WUDXPD��ORZHU�PLON�LQWDNH�DQG�ORZHU�HGXFDWLRQ�
�<DPDGD�HW�DO���������������+RZHYHU��WKH�VDPH�$GXOW�+HDOWK�6WXG\�GLVFRYHUHG�D�VWDWLVWLFDOO\�
VLJQLILFDQW�HIIHFW�RI�LRQL]LQJ�UDGLDWLRQ�RQ�WKH�ORQJLWXGLQDO�WUHQGV�RI�ERWK�WKH�V\VWROLF�DQG�WKH�
GLDVWROLF�EORRG�SUHVVXUH��WKH�PDMRU�FRQWULEXWRU�WR�GHYHORSPHQW�RI�GHPHQWLD��7KLV�SKHQRPHQRQ�
LV�FRPSDWLEOH�ZLWK�WKH�GHJHQHUDWLYH�HIIHFW�RI�LRQL]LQJ�UDGLDWLRQ�RQ�EORRG�YHVVHOV��6DVDNL�HW�DO��
������� 7KH� UHFHQW� DQDO\VHV� FRQILUPHG� HDUOLHU� ILQGLQJV� RI� D� FRUUHODWLRQ� EHWZHHQ� QRQ�FDQFHU�
PRUWDOLW\�DQG�DWRPLF�ERPE�UDGLDWLRQ�GRVH��,Q�SDUWLFXODU��LQFUHDVLQJ�WUHQGV�ZHUH�REVHUYHG�IRU�
FDUGLRYDVFXODU� GLVHDVHV� �6KLPL]X� HW� DO�� ������� 7KLV� FDQ� EH� YLHZHG� DV� GLUHFW� HYLGHQFH� RI�
UDGLDWLRQ�HIIHFWV�LQ�GRVHV�HTXDO�WR�RU�PRUH�WKDQ�����6Y�IRU�FDUGLRYDVFXODU��LQFOXGLQJ�VWURNH���
GLJHVWLYH��DQG�UHVSLUDWRU\�GLVHDVHV��3UHVWRQ�HW�DO���������
�
(SLGHPLRORJLFDO�VWXGLHV�RI�WKH�DWRPLF�ERPE�VXUYLYRUV�KDYH�UHSRUWHG�GRVH�UHODWHG�LQFUHDVHV�LQ�
PRUWDOLW\� IURP�GLVHDVHV�RWKHU� WKDQ�FDQFHU�� ,QFUHDVHG�FDUGLRYDVFXODU�PRUWDOLW\�DQG�PRUELGLW\�
ZDV� DVVRFLDWHG� ZLWK� UDGLDWLRQ� GRVH� �.XVXQRNL� HW� DO�� ������� 7KH� QRQ�FDQFHU� HIIHFWV� LQ� WKH�
DWRPLF�ERPE�VXUYLYRUV�ZHUH�REVHUYHG�DW�GRVHV�RI�a����6Y��KDOI�WKH�GRVH�OHYHO�FRQVLGHUHG�DV�D�
WKUHVKROG�LQ�HDUOLHU�VWXGLHV���ZKLFK�VKRXOG�VWLPXODWH�LQWHUHVW�WR�GHWHUPLQLVWLF�HIIHFWV�DQG�QRQ�
FDQFHU�PRUELGLW\�DQG�PRUWDOLW\� IROORZLQJ�WKH�&KHUQRE\O�DFFLGHQW��6KLPX]X�HW�DO��������)U\�
������3UHVWRQ�HW�DO��������<DPDGD�HW�DO���������+RZHYHU��WKH�FXUUHQW�HSLGHPLRORJLFDO�GDWD�GR�
QRW�SURYLGH�FOHDU�HYLGHQFH�RI�D�ULVN�RI�FDUGLRYDVFXODU�GLVHDVHV�DW� WKH�GRVH�UDQJH�RI�LRQL]LQJ�
UDGLDWLRQ�RI�����6Y��)XUWKHU� UHVHDUFK� LV�QHHGHG� WR�FKDUDFWHUL]H� WKH�SRVVLEOH� ULVN� �0F*DOH�	�
'DUE\��������
�
,RQL]LQJ�5DGLDWLRQ�DQG�6FKL]RSKUHQLD�
�
,Q�-DSDQ��DWRPLF�ERPE�H[SRVXUH�LV�NQRZQ�WR�KDYH�DIIHFWHG�PHQWDO�KHDOWK�RI�PDQ\�VXUYLYRUV��
DQG� WKH� FDUH� RI� WKHLU�PHQWDO� KHDOWK�ZDV� FRQVLGHUHG� WR� EH� RI� KLJK� LPSRUWDQFH� �+RQGD�HW� DO��
�������7KH�SUHYDOHQFH�RI�DQ[LHW\�V\PSWRPV�DQG�VRPDWL]DWLRQ�V\PSWRPV�ZDV�VWLOO�HOHYDWHG�LQ�
DWRPLF� ERPE� VXUYLYRUV� VRPH� ������ \HDUV� DIWHU� WKH� ERPELQJV� KDG� RFFXUUHG�� LQGLFDWLQJ� WKH�
ORQJ�WHUP�QDWXUH�RI� WKH�SV\FKLDWULF�HIIHFWV��<DPDGD�	�,]XPL��������+RZHYHU�� WKHVH�VWXGLHV�
ZHUH�UHODWHG� WR�QHXURWLF�V\PSWRPV�RQO\�²�DQ[LHW\�DQG�VRPDWL]DWLRQ��$W� WKH�VDPH�WLPH�� WKH�
FURVV�UHIHUHQFH� RI� 7KH� /LIH� 6SDQ� 6WXG\� GDWDEDVH� DQG� WKH� VFKL]RSKUHQLD� UHJLVWHU� LQ� WKH�
'HSDUWPHQW�RI�1HXURSV\FKLDWU\��8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��1DJDVDNL��UHYHDOHG�WKDW�WKH�
SUHYDOHQFH� RI� VFKL]RSKUHQLD� LQ� $�ERPE� VXUYLYRUV� ZDV� YHU\� KLJK�� DW� ��� �1DNDQH� 	� 2KWD�
�������
�
&XUUHQW�HVWLPDWHV�RI� OLIHWLPH�SUHYDOHQFH�RI�VFKL]RSKUHQLD� LQ�JHQHUDO�SRSXODWLRQ�JURXSV�YDU\�
IURP�����WR�����ZLWK�DQ�HVWLPDWHG�PHDQ�SUHYDOHQFH�RI����±����SHU��������-DEOHQVN\��������,Q�
WKH� :+2�VSRQVRUHG� ���FRXQWU\� VWXG\� �-DEOHQVN\� HW� DO�� ������� WKH� LQFLGHQFH� UDWH� RI�
VFKL]RSKUHQLD�LQ�+RQROXOX��86$��ZDV�����DQG�LQ�,QGLD������SHU��������SRSXODWLRQ��0F*UDWK�



� ���

HW�DO���������7KH� LQFLGHQFH�RI�VFKL]RSKUHQLD� LQ� ,QGLD�ZDV� WKH�KLJKHVW�ZRUOGZLGH��DQG�FRXOG�
QRW�EH�H[SODLQHG�E\�DQ� LQDGHTXDWH�SV\FKLDWULF�FDUH�DORQH� �7VLUNLQ�������� ,QGLD�KDV�DUHDV�RI�
KLJK�QDWXUDO�UDGLDWLRQ�EDFNJURXQG�GXH�WR�PRQD]LWH�VDQGV�LQ�.HUDOD��0DGUDV��DQG�*DQJHV�GHOWD��
ZKLFK�UHVXOW� LQ�KLJK�DYHUDJH�DEVRUEHG�GRVH�UDWH� LQ�DLU�RI�������Q*\�K±�� �816&($5��������
7KH� FRDVWDO� EHOW� RI� WKH� 7ULYDQGUXP� DQG�4XLORQ� GLVWULFWV� RI� .HUDOD� KDV� D� YHU\� KLJK� QDWXUDO�
UDGLRDFWLYLW\��RYHU����P6Y�SHU�\HDU��5DMHQGUDQ�HW�DO���������:RUOGZLGH�DQQXDO�H[SRVXUHV�WR�
QDWXUDO�UDGLDWLRQ�VRXUFHV�ZRXOG�JHQHUDOO\�EH�H[SHFWHG�WR�EH�LQ�WKH�UDQJH��±���P6Y��ZLWK�����
P6Y�EHLQJ�WKH�SUHVHQW�HVWLPDWH�RI�WKH�FHQWUDO�YDOXH��816&($5��������
�
6LQFH� ����� D� VLJQLILFDQW� LQFUHDVH� LQ� VFKL]RSKUHQLD� LQFLGHQFH� ZDV� UHSRUWHG� DPRQJ� WKH�
&KHUQRE\O� H[FOXVLRQ�]RQH�SHUVRQQHO� FRPSDUHG� WR� WKH�JHQHUDO�SRSXODWLRQ� �����SHU�������� LQ�
WKH�(=�YHUVXV�����SHU��������LQ�WKH�8NUDLQH�LQ��������/RJDQRYVN\�	�/RJDQRYVNDMD��������
�
$FFRUGLQJ�WR�WKH�QHXUDO�GLDWKHVLV�VWUHVVRU�K\SRWKHVLV��GHYHORSPHQW�RI�JHQHWLFDOO\�SUHGLVSRVHG�
VFKL]RSKUHQLD�FDQ�EH�VWLPXODWHG�E\�FHUWDLQ�HQYLURQPHQWDO�VWUHVVRUV��7KLV�HYHQW�LV�FRQVLGHUHG�
DV� D� PRGHO� RI� WKH� LRQL]LQJ� UDGLDWLRQ� HIIHFWV�� 7KHUH� DUH� FRPSDWLEOH� UHSRUWV� RQ� LQFUHDVHV� LQ�
VFKL]RSKUHQLD� VSHFWUXP� GLVRUGHUV� IROORZLQJ� H[SRVXUH� WR� LRQL]LQJ� UDGLDWLRQ� IURP� D� UDQJH� RI�
VRXUFHV�� LQFOXGLQJ� DWRPLF� ERPEV�� QXFOHDU� ZHDSRQV� WHVWLQJ�� WKH� &KHUQRE\O� DFFLGHQW��
HQYLURQPHQWDO�FRQWDPLQDWLRQ�E\�UDGLRDFWLYH�ZDVWH��UDGLRWKHUDS\��DQG�LQ�DUHDV�ZLWK�QDWXUDOO\�
KLJK� EDFNJURXQG� UDGLRDFWLYLWLHV� �/RJDQRYVN\� HW� DO�� ����D�� ����D��� 7KH� UHVXOWV� RI�
H[SHULPHQWDO� UDGLRQHXURELRORJLFDO� VWXGLHV� VXSSRUW� WKH� K\SRWKHVLV� RI� VFKL]RSKUHQLD� DV� D�
QHXURGHJHQHUDWLYH� GLVHDVH� �.RUU� HW� DO�� ������ *HORZLW]� HW� DO�� ������ 6FKLQGOHU� HW� DO�� �������
([SRVXUH�WR�LRQL]LQJ�UDGLDWLRQ�FDXVHV�EUDLQ�GDPDJH��ZLWK�FRUWLFDO�OLPELF�V\VWHP�G\VIXQFWLRQ�
DQG�LPSDLUPHQW�RI�LQIRUPDWLYH�SURFHVVHV�DW�WKH�PROHFXODU�OHYHO��WKDW�FDQ�WULJJHU�VFKL]RSKUHQLD�
LQ� SUHGLVSRVHG� LQGLYLGXDOV� RU� FDXVH� VFKL]RSKUHQLD�OLNH� GLVRUGHUV� �/RJDQRYVN\� HW� DO�� ����D��
����D���
�
6XLFLGHV�
�
6XLFLGHV� ZHUH� WKH� OHDGLQJ� FDXVH� RI� GHDWK� DPRQJ� OLTXLGDWRUV� OLYLQJ� LQ� (VWRQLD� DIWHU� WKH�
&KHUQRE\O� DFFLGHQW� �5DKX� HW� DO�� ������� $JH�DGMXVWHG� PRUWDOLW\� IURP� VXLFLGH� ZDV� DOVR�
LQFUHDVHG� DPRQJ� WKH� &KHUQRE\O� FOHDQ�XS� ZRUNHUV� FRPSDUHG� WR� WKH� JHQHUDO� SRSXODWLRQ� LQ�
/LWKXDQLD��.HVPLQLHQH�HW�DO���������7KHVH�ILQGLQJV�KDYH�WR�EH�UHSOLFDWHG�LQ�VWXGLHV�RI�FOHDQ�
XS� ZRUNHUV� IURP� RWKHU� FRXQWULHV� XVLQJ� VWDQGDUGL]HG� PHWKRGRORJ\� IRU� VXLFLGHV� WR� HQVXUH�
FRPSDWLEOH�RXWSXW��
�
�
,Q� VXPPDU\�� WKH� FRPSOH[� RI� VWUHVVIXO� HYHQWV� XQOHDVKHG� E\� WKH� DFFLGHQW�� LQFOXGLQJ� WKH� VHOI�
IXOILOOLQJ� FRQVHTXHQFHV� RI� WKH� RIILFLDO� ODEHO� µ&KHUQRE\O� YLFWLP¶� JLYHQ� WR� WKH� DIIHFWHG�
SRSXODWLRQ��WKH�PXOWLSOH�VWUHVVRU�HYHQWV�WKDW�RFFXUUHG�LQ�WKH�IRUPHU�6RYLHW�8QLRQ�EHIRUH�DQG�
DIWHU�&KHUQRE\O��DQG�WKH�FXOWXUH�VSHFLILF�ZD\V�RI�H[SUHVVLQJ�GLVWUHVV��PDNH�PHGLFDO��LQFOXGLQJ�
SV\FKRORJLFDO�� ILQGLQJV�GLIILFXOW� WR� LQWHUSUHW�SUHFLVHO\��$W� WKH�VDPH� WLPH��D�JURZLQJ�SRRO�RI�
LQIRUPDWLRQ�RQ�FHUHEUDO�&16�HIIHFWV�RI�ORZ�GRVH�UDGLDWLRQ�KDV�EHHQ�REWDLQHG�LQ�UHFHQW�\HDUV��
7KLV�LQFOXGHV��
�

x� QRQ�FDQFHU� HIIHFWV� LQ� WKH� DWRPLF�ERPE� VXUYLYRUV� DW� GRVHV� RI� ����6Y� �6KLPX]X�HW�DO��
������3UHVWRQ�HW�DO���������

x� HSLGHPLRORJLFDO�HYLGHQFH�RI�GRVH�UHODWHG�FRJQLWLYH�GHFOLQH�IROORZLQJ�UDGLRWKHUDS\�LQ�
FKLOGKRRG� ZLWK� SRVVLEOH� WKUHVKROG� IRU� GHOD\HG� UDGLDWLRQ� EUDLQ� GDPDJH� DW� EUDLQ�



� ���

H[SRVXUH�GRVHV�DV�ORZ�DV����±����*\��<DDU�HW�DO��������������5RQ�HW�DO��������+DOO�HW�
DO���������

x� FRJQLWLYH�DQG�HPRWLRQDO�EHKDYLRUDO�GLVRUGHUV��:+2�������1\DJX�HW�DO������������D��
.RORPLQVN\�HW�DO��������/RJDQRYVNDMD�	�/RJDQRYVN\�������,JXPQRY�	�'UR]GRYLWFK�
�������

x� QHXURSK\VLRORJLFDO� DEQRUPDOLWLHV� LQ� SUHQDWDOO\� H[SRVHG� FKLOGUHQ� �1\DJX� HW� DO��
����D�E������������D��/RJDQRYVNDMD�	�/RJDQRYVN\���������

x� SRVW�UDGLDWLRQ� RUJDQLF� EUDLQ� V\QGURPH� LQ� $56� SDWLHQWV� �1\DJX� HW� DO�� ����E��
/RJDQRYVN\� ������ DQG� FKDUDFWHULVWLF� QHXURSK\VLRORJLFDO�� QHXURSV\FKRORJLFDO�� DQG�
QHXURLPDJLQJ� DEQRUPDOLWLHV� LQ� OLTXLGDWRUV�� VXSSRUWLQJ� FOLQLFDO� QHXURSV\FKLDWULF� GDWD�
DERXW�RUJDQLF�EUDLQ�GDPDJH�IROORZLQJ�H[SRVXUH�WR�GRVHV�RI�!����6Y�PDQLIHVWLQJ�LQ�WKH�
OHIW�IURQWR�WHPSRUDO�OLPELF�G\VIXQFWLRQ�DQG�VFKL]RSKUHQLIRUP�V\QGURPH��/RJDQRYVN\�
����D�	�������/RJDQRYVN\�	�/RJDQRYVNDMD��������

x� KURQLF� )DWLJXH� 6\QGURPH� �&)6�� DW� H[SRVXUH� WR� ORZ� DQG� YHU\� ORZ� UDGLDWLRQ� GRVHV�
FRPELQHG�ZLWK�SV\FKRORJLFDO�VWUHVV��/RJDQRYVN\�HW�DO��������/RJDQRYVN\�����E���

x� LQGLFDWLRQV�RI�VFKL]RSKUHQLD�DQG�UHODWHG�GLVRUGHUV��1DNDQH�	�2KWD�������,PDPXUD�HW�
DO��������/RJDQRYVN\�	�/RJDQRYVNDMD�������/RJDQRYVN\�HW�DO�������	��������

�
7KHVH� HIIHFWV� DVVRFLDWHG� ZLWK� H[SRVXUH� WR� ORZ�OHYHO� LRQLVLQJ� UDGLDWLRQ� UHTXLUH� IXUWKHU�
LQYHVWLJDWLRQ�� LQFOXGLQJ� UHVHDUFK� RQ� WKHLU� ELRORJLFDO� PHFKDQLVPV� DW� YDULRXV� OHYHOV�� IURP�
PROHFXODU�WR�ZKROH�RUJDQLVP���
�
5HIHUHQFHV�

�
$OHNVDQGURYVNLM� -�$��� 5XP\DQWVHYD� *�0��� 6FKXNLQ� %�3��� -XURY� 9�9�� ������� 7KH� VWDWH� RI� PHQWDO� DGDSWDWLRQ�

IDLOXUH� XQGHU� H[WUHPH� FRQGLWLRQV� �DFFRUGLQJ� WR� WKH�0DWHULDOV� RI� DFFLGHQW� RQ� WKH�&KHUQRE\O� DWRPLF� SRZHU�
VWDWLRQ�����-RXUQDO�RI�1HXURSDWKRO��DQG�3V\FKLDWU\�RI�6�6�.RUVDNRY�� ������SS�����������

$OH[DQGURYVNDMD� 0�0�� ������� (IIHFWV� RI� GLIIHUHQW� GRVHV� RI� LRQL]LQJ� UDGLDWLRQ� RQ� WKH� EUDLQ� PRUSKRORJ\� LQ�
DQLPDOV�DW�WRWDO�LUUDGLDWLRQ��0HGLFDO�5DGLRORJ\�����������±����LQ�5XVVLDQ���

$OOHQ�3�7���5XP\DQWVHYD�*�� ��������7KH�FRQWULEXWLRQ�RI� VRFLDO� DQG�SV\FKRORJLFDO� IDFWRUV� WR� UHODWLYH� UDGLDWLRQ�
LQJHVWLRQ�GRVH� LQ� WZR�5XVVLDQ� WRZQV� DIIHFWHG�E\� WKH�&KHUQRE\O�133�DFFLGHQW��6RFLHW\� IRU�5LVN�$QDO\VLV�
�(XURSH���S�����

$O\PRY��1�,���3DYORY��$�<���6HGXQRY��6�*���*RUVKHQLQ��$�9���3RSRYLFK��9�,���/RVNXWRYD��1�'��	�%HOREURYNLQ��
(�$���������,PPXQH�V\VWHP�DW�SHUVRQ�OLYLQJ�RQ�WKH�&KHUQRE\O�LUUDGLDWHG�WHUULWRULHV��©0HG��ELRO��3UREOHPV�
RI�UDGLR��DQG�FKHPLFDO��SURWHFWLRQª��&ROO��3DSHUV�5XVV��6FL��SUDFW��FRQIHUHQFH��6DQW�3HWHUEXUJ��������0D\��
������SS�����±�����LQ�5XVVLDQ���

$QGHUVRQ� 1(� ������� /DWH� FRPSOLFDWLRQV� LQ� FKLOGKRRG� FHQWUDO� QHUYRXV� V\VWHP� WXPRXU� VXUYLYRUV�� &XUU� 2SLQ�
1HXURO������������±�����

$QWLSNLQ�<�*���$UDEVND\D�/�3�� ������� HFXOLDULWLHV�RI�KRUPRQDO�UHJXODWLRQ�RI�SK\VLFDO�GHYHORSPHQW�DQG�ERQH�
WLVVXH�LQ�FKLOGUHQ�ERUQ�DIWHU�DFFLGHQW�DW�&KHUQRE\O�1XFOHDU�SRZHU�SODQW����,QW��-��5DGLDW��0HG��9RO����� �����
±�3�����������

$QWLSNLQ�<�*���$UDEVND\D�/�3��� RONDFK�6� �� �������&KDUDFWHULVWLFV� RI� WHHWK� VWDWH� LQ� FKLOGUHQ� ERUQ� WR�ZRPHQ�
UDGLDWLRQ�H[SRVHG� LQ� FKLOGKRRG� DQG� DGROHVFHQFH� GXULQJ� WKH� &KHUQRE\O� 133� DFFLGHQW��� 3HULQDWRORJ\� DQG�
3HGLDWULFV�� ��±3���������

$QW\SRYD�� 6�,�� 	� %DELFKHYVND\D�� $�,�� ������� %HODUXVVLDQ� DGXOW� PRUWDOLW\� RI� WKH� HYDFXHHV�� �UG� ,QW�� &RQI��
³0HGLFDO�FRQVHTXHQFHV�RI�WKH�&KHUQRE\O�DFFLGHQW�� WKH�UHVXOWV�RI����\HDUV�LQYHVWLJDWLRQV´������-XQH��.LHY��
8NUDLQH��SS�����������LQ�5XVVLDQ���

$UDEVND\D�/�3��3RYRUR]Q\XN�9�9��� ONDFK�6� ���������7KH�VWDWH�RI�RVVHRXV�V\VWHP�LQ�FKLOGUHQ�ERUQ�WR�ZRPHQ�
UDGLDWLRQ�H[SRVHG�LQ�FKLOGKRRG�DQG�DGROHVFHQFH���8NUDLQLDQ�0HGLFDO�$OPDQDF��9���� ���±�3�����������

$UDEVND\D� /�3�� ������� *HQHUDO� FKDUDFWHULVWLF� RI� VWUXFWXUDO� IXQFWLRQDO� VWDWH� RI� RVWHDO� WLVVXH� DQG� SK\VLFDO�
GHYHORSPHQW�RI�FKLOGUHQ�ERUQ�DIWHU�WKH�DFFLGHQW�RI�&K$36���7KH�SUREOHPV�RI�RVWHRORJ\��9���� ����S���������

$UDEVND\D�/�3���$QWLSNLQ�<�*��� RONDFK�6� ���������6RPH�SHFXOLDULWLHV�RI�WKH�IXQFWLRQDO�VWDWH�RI�ERQH�WLVVXHV�RI�
WKH�ILUVW�JHQHUDWLRQ�RI�FKLOGUHQ�ERUQ�WR�ZRPHQ�UDGLDWLRQ�H[SRVHG�LQ�FKLOGKRRG��3HULQDWRORJ\�DQG�3HGLDWULFV��
���������



� ���

$UDEVND\D�/�3���$QWLSNLQ�<�*��� RONDFK�6� ���������3HFXOLDULWLHV�RI�SK\VLFDO�GHYHORSPHQW�RI�WKH�ILUVW�JHQHUDWLRQ�
RI�FKLOGUHQ�ERUQ�WR�ZRPHQ�UDGLDWLRQ�H[SRVHG�LQ�FKLOGKRRG����3HULQDWRORJ\�DQG�3HGLDWULFV�� ��±3���������

$UDEVND\D�/�3��� ONDFK�6� ��� 6P\UQRYD� �$�� ��������7KH� VWDWH�RI�RVWHDO�PHWDEROLVP� LQ� FKLOGUHQ�RI�GLIIHUHQW�
DWWHQGDQFH� FDWHJRULHV� DW� WKH� SUHVHQW� VWDJH��� 0DWHULDOV� RI� 6FLHQWLILF� DQG� 3UDFWLFDO� &RQIHUHQFH� ³0HWDEROLF�
GLVRUGHUV�RI�FKLOGUHQ�DQG�WHHQDJHUV��GLDJQRVLV��SUHYHQWLRQ��WUHDWPHQW´��6HSWHPEHU��������������.\LY��±�3����
����

$ULQFKLQ�$�1��	�2VSHQQLNRYD��/�$���������/HQV�2SDFLWLHV�LQ�&KLOGUHQ�RI�%HODUXV�$IIHFWHG�E\�WKH�&KHUQRE\O�
$FFLGHQW��,Q���,PDQDND�7���(G����������

$ULQFKLQD� 1�7��� 0LONDPDQRYLFK� 9�.�� ������ &RPSDUDWLYH� DVVHVVPHQW� RI� ���KRXU� PRQLWRULQJ� RI� FDUGLDF�
DUUK\WKPLDV�LQ�GLVDEOH�ERGLHG�SHRSOH�VXIIHULQJ�IURP�LVFKDHPLF�KHDUW�GLVHDVH�DQG�OLYLQJ�RQ�WKH�UDGLRQXFOLGH�
FRQWDPLQDWHG�WHUULWRULHV�DQG�SXUH�UHJLRQV�RI�%HODUXV��-XELOHH�&RQIHUHQFH�GHGLFDWHG�WR�WKH����WK�$QQLYHUVDU\�
RI�WKH�%\HORUXVVLDQ�6FLHQWLILF�6RFLHW\�RI�7KHUDSHXWLVWV��0LQVN��'HFHPEHU��������������$EVWUDFWV�RI�SDSHUV��
0LQVN��SS�����������

$VWDFKRYD�� /�1��� 'HPLGFKLN�� (�3�� 	� 3RO\DQVND\D�� 2�1�� ������� 7KH� PDLQ� UDGLDWLRQ� ULVN¶� V\VWHP�� 7K\URLG�
FDUFLQRPD� DW� %HODUXVLDQ� FKLOGUHQ� DIWHU� WKH� &KHUQRE\O� DFFLGHQW�� ³&KHUQRE\O� DFFLGHQW�� 3URJQRVLV��
SURSK\ODFWLFV�� WUHDWPHQW� DQG� PHGLFDO�SV\FKRORJLFDO� UHKDELOLWDWLRQ� RI� VXIIHUV�� &ROOHFW�� 0DWHULDOV� ,9� ,QW��
&RQI���0LQVN��SS������²������LQ�5XVVLDQ���

$YKDFKHYD�7���$ULQFKLQ�$���6ORER]KDQLQD�(���������3HFXOLDULWLHV�RI� VRPDWLF�SDWKRORJ\� IRUPDWLRQ�DQG�VWUXFWXUDO�
IXQFWLRQDO�VWDWXV�RI�HU\WKURF\WH�PHPEUDQHV�RI�%HODUXVLDQ�FKLOGUHQ��VXIIHUHG�IURP�WKH�&KHUQRE\O�DFFLGHQW���,Q��
,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�0HGLFLQH���������S�����

%DHYD� (�9��� 6RNROHQNR� 9�/�� ������� �O\PSKRF\WH¶V� VXUIDFH� PDUNHU¶V� H[SUHVVLRQ� DIWHU� ORZ� GRVH� LUUDGLDWLRQ��
,PPXQRO��� ����SS���������LQ�5XVVLDQ���

%DOHYD�/�6���7HUOH]ND�5�1���=LPODNRYD�/�0�� �������3HFXOLDULW\�RI�KHDOWK�IRUPDWLRQ�RI� WKH�FKLOG�SRSXODWLRQ� LQ�
WHUULWRULHV�RI�5XVVLDQ�)HGHUDWLRQ�ZKLFK�KDV�UDGLDWLRQ�H[SRVXUH�DV�WKH�UHVXOW�RI�DFFLGHQW�RQ�&KHUQRE\O�136��
,Q��(FRORJLFDO�DQWKURSRORJ\��<HDU�ERRN��0DWHULDOV�9,,,�RI�WKH�,QWHUQDWLRQDO�VFLHQWLILF���SUDFWLFDO�FRQIHUHQFH�
�� +XPDQ� (FRORJ\� LQ� WKH� SRVW� &KHUQRE\O� SHULRG� �� RQ� 2FWREHU� ���� ����� �� XQGHU� FRPPRQ� HGLWLRQ� 'U��
7�9�%HORRNDLD���0LQVN��%\HORUXVVLDQ�&RPPLWWHH���&KHUQRE\O�FKLOGUHQ�������� �������

%DQGDMHYVN\�<X�,���������3DWKRORJ\�RI�LQFRUSRUDWHG�LRQL]LQJ�UDGLDWLRQ��*RPHO�6WDWH�0HG��,QVW��0LQVN������S��
�LQ�5XVVLDQ���

%DW\DQ�*�0���.R]KDUVND\D�/�*���������-XYHQLOH�UKHXPDWRLG�DUWKULWLV�DW�FKLOGUHQ�IURP�WKH�UDGLRDFWLYH�SROOXWHG�
DUHDV�� %\HORUXVVLDQ� FKLOGUHQ� KHDOWK� XQGHU� PRGHUQ� HFRORJLFDO� FRQGLWLRQ� �&RQVHTXHQFHV� RI� WKH� &KHUQRE\O�
DFFLGHQW���0DWHULDOV�RI�WKH�9,�%\HORUXVVLDQ�SHGLDWULF�FRQJUHVV��0LQVN��SS����²����LQ�5XVVLDQ���

%D]\ND�'$��9RORYLN�69��0DQWRQ�.*��/RJDQRYVN\�.1��.RYDOHQNR�$1��������,RQL]LQJ�UDGLDWLRQ�DFFHOHUDWLQJ�
DJLQJ�DQG�QHXURGHJHQHUDWLRQ��,QWHUQDWLRQDO�-RXUQDO�RI�3V\FKRSK\VLRORJ\������±�������±����

%D]\OWFKLN� 6�� 'UR]G� 90�� 5HLQHUV� &KU�� *DYULOLQ� <X� ������� ,QWHOOHFWXDO� GHYHORSPHQW� RI� FKLOGUHQ� H[SRVHG� WR�
UDGLRDFWLYH�LRGLQH�DIWHU�WKH�&KHUQRE\O�DFFLGHQW�LQ�XWHUR�DQG�DW�WKH�DJH�XQGHU�����\HDUV��,Q��$EVWUDFWV�RI�WKH�
�UG�,QW��&RQIHU��©+HDOWK�(IIHFWV�RI�WKH�&KHUQRE\O�$FFLGHQW��5HVXOWV�RI����\HDU�)ROORZ�XS�6WXGLHVª��.LHY��
-XQH��±���������,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�0HGLFLQH��6SHFLDO�,VVXH�����±�������

%HEHVKNR�9���%D]\ND�'���1\DJX�$���/RJDQRYVN\�.���.KRPD]LXN�,���/\DVKHQNR�/���.O\PHQNR�9���&KXPDN�$���
/RV�,���&KXPDN�9���*DHYDMD�/���������5DGLDWLRQ�SURWHFWLRQ�DQG�KHDOWK�HIIHFWV�RI�&KHUQRE\O�QXFOHDU�SRZHU�
SODQW� VWDII�GXULQJ� WKH�GHFRPPLVVLRQLQJ�� ,Q��$EVWUDFWV�RI� WKH��QG� ,QWHUQDWLRQDO�&RQIHUHQFH�©7KH�(IIHFWV�RI�
/RZ� DQG�9HU\� /RZ�'RVHV� RI� ,RQL]LQJ�5DGLDWLRQ� RQ�+XPDQ�+HDOWKª�� ��±��� -XQH�� ������'XEOLQ��:RUOG�
&RXQFLO�RI�1XFOHDU�:RUNHUV��S��3�����

%HORRND\D�7��9���������'\QDPLFV�RI�WKH�FKLOGUHQ�KHDOWK�VWDWXV�RI�%HODUXV�XQGHU�PRGHUQ�HFRORJLFDO�FRQGLWLRQV��
³7KH�&KHUQRE\O�DFFLGHQW��GLDJQRVWLFV�DQG�PHGLFDO�SV\FKRORJLFDO�UHKDELOLWDWLRQ�RI�WKH�VXIIHUV��&ROOHFWLRQ�RI�
&RQI��0DWHULDOV���0LQVN��SS��������LQ�5XVVLDQ���

%HORRND\D� 7�9���.RU\W¶NR� 6�6���0HO¶QRY� 6�%�� �������0HGLFDO� HIIHFWV� RI� WKH� ORZ� GRVHV� RI� LRQL]LQJ� UDGLDWLRQ��
0DWHU���WK�,QW��&RQJUHVV�RQ�,QWHJUDWLYH�$QWKURSRORJ\��6DQW�3HWHUEXUJ��SS��������LQ�5XVVLDQ���

%H]GUREQD� /��� 7V\DJDQRN� 7��� 5RPDQRYD� 2��� 7DUDVHQNR� /��� 7U\VK\Q� 9��� .OLPNLQD� /�� ������� &KURPRVRPDO�
$EHUUDWLRQV�LQ�%ORRG�/\PSKRF\WHV�RI�WKH�5HVLGHQWV�RI����NP�&KHUQRE\O�133�([FOXVLRQ�=RQH��,Q��,PDQDND�
7�� �(G����5HFHQW�5HVHDUFK�$FWLYLWLHV�DERXW� WKH�&KHUQRE\O�133�$FFDGHQW� LQ�%HODUXV��8NUDLQH�DQG�5XVVLD��
.\RWR�8QLY��5HV��5HDFWRU�,QVW���.855,�.5������.\RWR��SS������±�������

%LU\XNRY� $�� *RUVN\� $�� ,YDQRY� 6�� ,YDQRY� 9�� 0DNVLRXWRY� 0�� 0HVNLNK� 1�� 3LWNHYLWFK� 9�� 5DVWRSFKLQ� (��
6RXFKNHYLWFK� *�� 7V\E� $� ������� (G�� E\� 6RXFKNHYLWFK� *1�� 5HSDFKROL� 01�� /RZ� 'RVHV� RI� ,RQL]LQJ�
5DGLDWLRQ�� +HDOWK� (IIHFWV� DQG�$VVHVVPHQW� RI� 5DGLDWLRQ�5LVNV� IRU� (PHUJHQF\�:RUNHUV� RI� WKH� &KHUQRE\O�
$FFLGHQW��*HQHYD��:RUOG�+HDOWK�2UJDQL]DWLRQ������S��

%LU\XNRY�$���*RUVN\�$���,YDQRY�6���,YDQRY�9���0DNVLRXWRY�0���0HVNLNK�1���3LWNHYLWFK��5DVWRSFKLQ�(����
%LU\XNRYD�/�9���7XOXSRYD�0�,��������'\QDPLFV�RI�HQGRFULQRXV�PRUELGLW\�LQ�WKH�*RPHO�5HJLRQ�RYHU�WKH�SHULRG�

IURP������WR�������3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�6\PSRVLXP�³0HGLFDO�DVSHFWV�RI�UDGLDWLRQ�H[SRVXUH�RI�
WKH�SRSXODWLRQ�OLYLQJ�RQ�WKH�WHUULWRU\�FRQWDPLQDWHG�DIWHU�WKH�&KHUQRE\O�DFFLGHQW´��*RPHO��S������
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%RFKNRY�1�3���������$QDO\WLFDO�UHYLHZ�RI�F\WRJHQHWLF�VWXGLHV�DIWHU�&KHUQRE\O�DFFLGHQW��%XOOHWLQ�RI�WKH�5XVVLDQ�
$FDGHP\�RI�PHGLFDO�VFLHQFHV��� HGLFLQH�� ����S��������LQ�5XVVLDQ���

%RFKNRY��1�3���$�1�&KHERWDUHY��/�'�.DWRVRYD��9�,��3ODWRQRYD���������'DWD�EDVH�IRU�TXDQWLWDWLYH�FKDUDFWHULVWLFV�
RI�FKURPRVRPDO�DEHUUDWLRQV�IUHTXHQF\�LQ�KXPDQ�SHULSKHUDO�EORRG�O\PSKRF\WHV�DVVD\��*HQHWLF��������Y�����
1���SS�����������LQ�5XVVLDQ���

%RPNR�0� �� �����D���0RUSKRPHWULF� QHXURYLVXDO� FKDUDFWHULVWLF� RI� RUJDQLF� EUDLQ� GDPDJH� LQ� UHPRWH� SHULRG� RI�
H[SRVXUH�WR�LRQL]LQJ�UDGLDWLRQ�DV�D�UHVXOW�RI�WKH�&KHUQRE\O�DFFLGHQW��8NUDLQLDQ�0HGLFDO�-RXUQDO������������±
�����LQ�8NUDLQLDQ���

%RPNR�0�2�������E��0RUSKRPHWULF�QHXURYLVXDO�FKDUDFWHULVWLF�RI�RUJDQLF�EUDLQ�GDPDJH�LQ�FOHDQ�XS�ZRUNHUV�RI�
WKH�FRQVHTXHQFHV�RI�WKH�&KHUQRE\O�DFFLGHQW�LQ�UHPRWH�SHULRG�RI�H[SRVXUH�WR�LRQL]LQJ�UDGLDWLRQ��,QWHUQDWLRQDO�
-RXUQDO�RI�3V\FKRSK\VLRORJ\�������±���������

%RPNR�0�2���������6WUXFWXUDO�IXQFWLRQDO�FKDUDFWHULVWLF�RI�RUJDQLF�PHQWDO�GLVRUGHUV�LQ�FOHDQ�XS�ZRUNHUV�RI�WKH�
FRQVHTXHQFHV�RI�WKH�&KHUQRE\O�DFFLGHQW�LQ�UHPRWH�SHULRG�RI�H[SRVXUH�WR�LRQL]LQJ�UDGLDWLRQ��7KH�GLVVHUWDWLRQ�
IRU�WKH�DFDGHPLF�GHJUHH�RI�D�&DQGLGDWH�RI�0HGLFDO�6FLHQFHV�LQ�UDGLRELRORJ\��5HVHDUFK�&HQWUH�IRU�5DGLDWLRQ�
0HGLFLQH�RI�$FDGHP\�RI�0HGLFDO�6FLHQFHV�RI�8NUDLQH��.\LY��

%RUVFKHYVN\�9�9���.DOHFKLWF� � ���%RJRPD]RYD�$�9���������7HQGHQFLHV�LQ�WKH�WXEHUFXORVLV�PRUELGLW\�DIWHU�WKH�
&KHUQRE\O�DFFLGHQW�LQ�%HODUXV��0HG��ELRO��DVSHFWV�RI�WKH�&KHUQRE\O�DFFLGHQW�� ����SS���������LQ�5XVVLDQ���

%RUWNHYLFK�/�*���.RQRSO\D�(�)���5R]KNRYD�=�$���������,PPXQRWURSLF�HIIHFWV�RI�WKH�&KHUQRE\O�DFFLGHQW��&RQI��
³���\HDUV�DIWHU�WKH�&KHUQRE\O�DFFLGHQW��6FLHQWLILF�SUREOHPV´��$EVWUDFWV��0LQVN�S������LQ�5XVVLDQ���

%URPHW�(�-���*OX]PDQ�6���6FKZDUW]�-�(���*ROGJDEHU�'���������6RPDWLF�V\PSWRPV�LQ�ZRPHQ����\HDUV�DIWHU�WKH�
&KRUQRE\O�DFFLGHQW��(QYLURQ�+HDOWK�3HUVSHFW�������6XSSO���������������

%URPHW�(�-���*ROGJDEHU�'���&DUOVRQ�*���3DQLQD�1���*RORYDNKD�(��*OX]PDQ�6)��*LOEHUW�7��*OX]PDQ�'��/\XEVN\�
6��� 6FKZDUW]� -�(�� ������� &KLOGUHQ
V� ZHOO�EHLQJ� ��� \HDUV� DIWHU� WKH� &KRUQRE\O� FDWDVWURSKH�� $UFK� *HQ�
3V\FKLDWU\������������������

%XUODNRYD�(�%���'RGLQD�*�3��=\X]LNRY�1�$���.RURJRGLQ�9�,���.RURJRGLQD�9�/���.UDVDYLQ�(�$���.RJGLQ�9�1���
0DOLNRY� 9�1��� 3HWUXFKHQNR� 9�1��� 3HWLQ� 9�*��� 5HVKHWQLNRYD� 9�,��� 6KO\DNKWLQ� 9�*��� <DULOLQ� $�$�� �������
(IIHFW� RI� ORZ�GRVH� LRQL]LQJ� UDGLDWLRQ� DQG� FKHPLFDO� FRQWDPLQDWLRQ� RQ� KXPDQ� DQG� HQYLURQPHQWDO� KHDOWK��
3URJUDPPH�³$VVHVVPHQW�RI�FRPELQHG�HIIHFW�RI�UDGLRQXFOLGH�DQG�FKHPLFDO�FRQWDPLQDWLRQ´��$WRPLF�(QHUJ\��
9RO�����SS�������������

%XVXHW�*�3���*HQFKLNRY�/�$���6KDJLQ\DQ�,�$���0DUJROLQD�6�$����������������,QFLGHQFH�RI�QRVRFRPLDO�LQIHFWLRQV�
LQ� QHRQDWHV� DQG� SXHUSHUDH� RQ� WKH� UDGLRQXFOLGH�FRQWDPLQDWHG� DQG� FRQWUROOHG� WHUULWRULHV� ��� -RXUQDO� RI�
PLFURELRORJ\��HSLGHPLRORJ\�DQG�LPPXQRELRORJ\��±�������1R����±�3����������

%X]XQRY�9�$���1�3��6WUDSNR��/�,����������LQ�+HDOWK�DIWHUPDWK�RI�WKH�&KHUQRE\O�$FFLGHQW��9RO�����(SLGHPLRORJ\�
RI� KHDOWK� DIWHUPDWK� RI� WKH� &KHUQRE\O� DFFLGHQW�� HGLWHG� E\�9�$��%X]XQRY�� ,�$�� /LNKWDULHY�� �.LHY��5&50��
©0('(&2/ª���������S������

%X]XQRY�9�$���������3DWWHUQ�DQG�5LVNV�IRU�1RQ�&DQFHU�&KURQLF�'LVHDVHV�LQ�&KHUQRE\O�$FFLGHQW�6XUYLYRUV�RQ�
WKH�%DVH�RI�&RKRUW�6WXGLHV��'HYHORSPHQW�RI�0RGHOV� IRU�$VVHVVPHQW� DQG�)RUHFDVWLQJ� WDNLQJ� LQWR�DFFRXQW�
5DGLDWLRQ�DQG�1RQ�5DGLDWLRQ�)DFWRUV��)LQDO�5HSRUW��5HVHDUFK�3URMHFW�����8��������.LHY��6FLHQWLILF�&HQWUH�
IRU�5DGLDWLRQ�0HGLFLQH�RI�$FDGHP\�RI�0HGLFDO�6FLHQFHV���������

%X]XQRY� 9�$��� 3\URKRYD� �$��� 7HUHVKFKHQNR� 9�0�� DQG� RWKHUV�� �����D�� 7KH� PDLQ� UHVXOWV� RI� HSLGHPLRORJLF�
UHVHDUFKHV�RI�QRQQHRSODVWLF�SDWKRORJ\�LQ�WKH�SDUWLFLSDQWV�RI�&KRUQRE\O�133�DFFLGHQW�OLTXLGDWLRQ���3UREOHPV�
RI�5DGLDWLRQ�0HGLFLQH��,VVXH�����3���������

%X]XQRY�9�$���3\URKRYD� �$���7HUHVKFKHQNR�9�0��DQG�RWKHUV�������E��(SLGHPLRORJ\�RI�QRQQHRSODVWLF�GLVHDVHV�
LQ�WKH�SDUWLFLSDQWV�RI�&KRUQRE\O�133�DFFLGHQW�OLTXLGDWLRQ���3UREOHPV�RI�5DGLDWLRQ�0HGLFLQH��,VVXH�����±�3��
��������&KHEDQ��$�.���������&KHUQRE\O�GLVDVWHU�QRQ�VWRFKDVWLF�HIIHFWV�RI�WK\URLG��,QWHUQDWLRQDO�-RXUQDO�RI�
5DGLDWLRQ�0HGLFLQH�����������������

%X]XQRY�9$��6WUDSNR�13��3LURJRYD�<H$��.UDVQLNRYD�/,��.DUWXVKLQ�*,��9R\FKXOHQH�<X6��'RPDVKHYVND\D�7<H�
������� (SLGHPLRORJ\� RI� QRQ�FDQFHU� GLVHDV� HV� DPRQJ� &KHUQRE\O� DFFLGHQW� UHFRYHU\� RSHUDWLRQ� ZRUNHUV��
,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�0HGLFLQH������±�����±����

%X]XQRY�9�$���������3DWWHUQ�DQG�5LVNV�IRU�1RQ�&DQFHU�&KURQLF�'LVHDVHV�LQ�&KHUQRE\O�$FFLGHQW�6XUYLYRUV�RQ�
WKH�%DVH�RI�&RKRUW�6WXGLHV��'HYHORSPHQW�RI�0RGHOV� IRU�$VVHVVPHQW� DQG�)RUHFDVWLQJ� WDNLQJ� LQWR�DFFRXQW�
5DGLDWLRQ�DQG�1RQ�5DGLDWLRQ�)DFWRUV��)LQDO�5HSRUW��5HVHDUFK�3URMHFW�����8��������.LHY��6FLHQWLILF�&HQWUH�
IRU�5DGLDWLRQ�0HGLFLQH�RI�$FDGHP\�RI�0HGLFDO�6FLHQFHV��LQ�8NUDLQLDQ���

%X]XQRY�� 9��	� )HGLUNR�� 3�$�� ������� 2SKWKDOPRSDWKRORJ\� LQ� YLFWLPV� RI� WKH� &KHUQRE\O� DFFLGHQW� �� UHVXOWV� RI�
FOLQLFDO�HSLGHPLRORJLFDO�VWXG\��,Q��2FXODU�UDGLDWLRQ�ULVN�DVVHVVPHQW�LQ�SRSXODWLRQV�H[SRVHG�WR�HQYLURQPHQWDO�
UDGLDWLRQ� FRQWDPLQDWLRQ�� $�.�� -XQN�� <�� .XQGLHY�� 3�� 9LWWH�� 	� %�9�� :RUJXO� �HGV��� .OXZHU� $FDGHPLF�
3XEOLVKHUV�SS�����������

&KHEDQ�� $�.�� ������� ,QIOXHQFH� RI� WKH� &KHUQRE\O� DFFLGHQW� RQ� WK\URLG� IXQFWLRQ� DQG� QRQ�WXPRXU� PRUELGLW\����
&KHUQRE\O��0HVVDJH�IRU�WKH���VW�&HQWXU\��([FHUSWD�0HGLFD�,QWHUQDWLRQDO�&RQJUHVV�6HULHV������SS���������
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&KXFKDOLQ��$�*���&KHUQ\DHY�$�/��	�9XD]HQ�.���������3DWKRORJ\�RI�WKH�UHVSLUDWRU\�RUJDQV�DPRQJ�WKH�&K133�
DFFLGHQW�LTXLGDWRUV����RFFRZ���³*UDQW���������������S���LQ�5XVVLDQ��

&KXSULNRY�$3��3DVHFKQLN�/,��.U\]KDQRYVNDMD�/$��.D]DNRYD�6<H� �������0HQWDO� GLVRUGHUV� DW� UDGLDWLRQ�EUDLQ�
GDPDJH��.LHY�5HVHDUFK�,QVWLWXWH�IRU�*HQHUDO�DQG�)RUHQVLF�3V\FKLDWU\��LQ�5XVVLDQ��

'DQLORY�9�0���3R]GHHY�9�.�� �������7KH�HSLOHSWLIRUP� UHDFWLRQV�RI� WKH�KXPDQ�EUDLQ� WR�SURORQJHG�H[SRVXUH� WR�
ORZ�GRVH�LRQL]LQJ�UDGLDWLRQ��)L]LRO�=K�,P�,�0�6HFKHQRYD������������±����$UWLFOH�LQ�5XVVLDQ���

'DVKNHYLFK��9���'DYLGRYD��-��	�0RNULN��$���������6WDWH�RI�UHSURGXFWLYH�KHDOWK�RI�ZRPHQ��H[SRVHG�WR�UDGLDWLRQ�
LQ�FKLOGUHQ
V�DJH��&RQJUHVV�RI�($*2�DQG�(%&2*��0DOPR��6ZHGHQ��������

'DVKNHYLFK��9�(���-DQ\XWD�6�1���������7KH�FRXUVH�DQG�RXWFRPHV�RI�SUHJQDQF\�LQ�ZRPHQ�YLFWLPV�RI�WKH�DFFLGHQW�
DW�WKH�&KHUQRE\O�DWRPLF�SRZHU�VWDWLRQ����7UHDWPHQW�DQG�GLDJQRVWLFV�� ����SS���������

'DVKNHYLFK�� 9�(��� DNHHY� 6� �� .RORPLMFKHQNR� 7�9��� 7DUDQHQNR� .�*�� ������� 6SHFLDOL]HG� UHVHDUFK�FOLQLFDO�
UHJLVWHU� RI� SUHJQDQW� ZRPHQ� DQG� QHZERUQV� ��� LQ� ERRN� �� $FWXDO� SUREOHPV� RI� OLTXLGDWLRQ� RI� PHGLFDO�
FRQVHTXHQFHV�RI�WKH�&KHUQRE\O�DWRPLF�SRZHU�VWDWLRQ�DFFLGHQW��.LHY�817V50� +�$6�RI�8NUDLQH��������

'HGRY��,�,��	�'HGRY�9�,���������&KHUQRE\O��5DGLRDFWLYH�,RGLQH�DQG�7K\URLG�*ODQG��0RVFRZ������S��
'HGRY��9�,���'HGRY��,�,��	�6WHSDQHQNR��9�)���������5DGLDWLRQ�HQGRFULQRORJ\����0HGLFLQH��������S��
'HPHGFKLN�� (�3��� 'HPHGFKLN� <X�(��� 5HEHNR� 9�<D�� ������ 7K\URLG� FDQFHU� LQ� FKLOGUHQ�� 3URFHHGLQJV� RI� WKH�

,QWHUQDWLRQDO�6FLHQWLILF�6\PSRVLXP�³0HGLFDO�DVSHFWV�RI�UDGLDWLRQ�H[SRVXUH�RI�WKH�SRSXODWLRQ�OLYLQJ�RQ�WKH�
WHUULWRU\�FRQWDPLQDWHG�DIWHU�WKH�&KHUQRE\O�DFFLGHQW´��*RPHO��S�����������

'HP\WWHQDHUH�.��%UXIIDHUWV�5��3RVDGD�9LOOD�-��*DVTXHW�,��.RYHVV�9��/HSLQH�-3��$QJHUPH\HU�0&��%HUQHUW�6��GH�
*LURODPR�*��0RURVLQL�3��3ROLGRUL�*��.LNNDZD�7��.DZDNDPL�1��2QR�<��7DNHVKLPD�7��8GD�+��.DUDP�(*��
)D\\DG�-$��.DUDP�$1��0QHLPQHK�=1��0HGLQD�0RUD�0(��%RUJHV�*��/DUD�&��GH�*UDDI�5��2UPHO�-��*XUHMH�
2��6KHQ�<��+XDQJ�<��=KDQJ�0��$ORQVR�-��+DUR�-0��9LODJXW�*��%URPHW�(-��*OX]PDQ�6��:HEE�&��.HVVOHU�
5&�� 0HULNDQJDV� .5�� $QWKRQ\� -&�� 9RQ� .RUII� 05�� :DQJ� 36�� %UXJKD� 76�� $JXLODU�*D[LROD� 6�� /HH� 6��
+HHULQJD� 6�� 3HQQHOO� %(�� =DVODYVN\� $0�� 8VWXQ� 7%�� &KDWWHUML� 6�� :+2� :RUOG� 0HQWDO� +HDOWK� 6XUYH\�
&RQVRUWLXP� ������� 3UHYDOHQFH�� VHYHULW\�� DQG� XQPHW� QHHG� IRU� WUHDWPHQW� RI�PHQWDO� GLVRUGHUV� LQ� WKH�:RUOG�
+HDOWK�2UJDQL]DWLRQ�:RUOG�0HQWDO�+HDOWK�6XUYH\V��-$0$���������������±������

'LRPLQD�� �$���������$FWLQRJHQLF�F\WRJHQHWLF�HIIHFWV�LQ�WKH�SDUWLFLSDQWV�RI�&KHUQRE\O�133�DFFLGHQW�OLTXLGDWLRQ��
7KHVLV�RI�'RFWRU�RI�%LRORJLFDO�6FLHQFHV������������� \LY���������������S��

'UX]KLQD� 0�2��� %XUODND� $�3��� 0RLVHHYD� 1�3��� 6KHVWRSDORY� 9�0��� 6LGRU\N� (�3��� 6HUNL]� <D�,�� .KDHWVN\� ,�.�� �������
%LRFKHPLFDO�GLVWXUEDQFHV�DQG�WKHLU�FRUUHFWLRQ�LQ�WKH�ERGLHV�RI�WKH�URGHQWV�WKDW�OLYH�LQVLGH�RI�WKH�&KHUQRE\O�H[FOXVLRQ�
]RQH��&ROOHFWLRQ�RI�VFLHQWLILF�SDSHUV�³&KRUQRE\O��([FOXVLRQ�]RQH´���3XEO��³1DXNRYD�'XPND´��.LHY��SS����������LQ�
8NUDLQLDQ��

'XERYD\D�1�,���������&RPSDUDWLYH�DQDO\VLV�RI�DOOHUJRVLV¶�GLVWULEXWLRQ�DPRQJ�JUHHQ�KRXVHV�ZRUNHUV�RI�%U\DQVN�
DUHD�� 0DWHULODV,QWHU�� 6FL��SUDFW�� &RQI�� ©&KHUQRE\O� ±� ��� \HDUV� DIWHU�� 6RFLDO�(FRQRPLFDO� 3UREOHPV� DQG�
SHUVHFWLYH�IRU�GHYHORSPHQW�RI�VXIIHULQJ�WHUULWRULHVª��%UD\QVN��S�������LQ�5XVVLDQ���

'XEURYD�<�(���1HVWHURY�9�1���.URXFKLQVN\�1�*���2VWDSHQNR�9�$���1HXPDQQ�5���1HLO�'�/���-HIIUH\V�$�-���������
+XPDQ�PLQLVDWHOOLWH�PXWDWLRQ�UDWH�DIWHU�WKH�&KHUQRE\O�DFFLGHQW��1DWXUH��YRO�������$SULO�����SS�����������

'XEURYD�-�(���������3ULQFLSOHV�DQG�DSSURDFKHV�WR�GHILQLWLRQ�RI�UDWH�RI�RFFXUUHQFH�RI�JHQHWLF�PXWDWLRQV�LQ�KXPDQ�
SRSXODWLRQV����*HQHWLFV�� ���������S���������

'XEURYD�-�(���%URZQ�,���HW�DO�������D��)UHTXHQF\�RI�JHUPLQDWLYH�PXWDWLRQV�LQ�KXPDQV�DIWHU�DFFLGH �DW�&K$36����
7KH� DEVWUDFWV� RI� ��QG� ,QW�O� &RQI�� �� 5HPRWH� PHGLFDO� FRQVHTXHQFHV� RI� WKH� &KHUQRE\O� DFFLGHQW� �� ��.LHY� ��
�&KHUQRE\O�LQWHU�LQIRUP���S������

'XEURYD� <��3OXPE�0��� %URZQ� -�� �����E�� 5DGLDWLRQ�LQGXFHG� JHUP�OLQH� LQVWDELOLW\� DW� PLQLVDWHOOLWH� ORFL�� ,QW�-��
5DGLDW��%LRO��9RO�����3����������

'XEURYD��<�(��	�3OXPE��0�$��������,RQLVLQJ�UDGLDWLRQ�DQG�PXWDWLRQ�LQGXFWLRQ�DW�PRXVH�PLQLVDWHOOLWH�ORFL��7KH�
VWRU\�RI�WKH�WZR�JHQHUDWLRQV��0XWDW��5HV���������������

'XGD�9�,���.KDUNHYLFK� �1���������(QGRFULQH�PHFKDQLVPV�RI�DGDSWDWLRQV�LQ�WKH�G\QDPLFV�RI�JHVWDWLRQ�SURFHVV�
DW� ZRPHQ� XQGHU� FKURQLF� UDGLDWLRQ� VWUHVV�� ©0RWKHUKRRG� DQG� FKLOGKRRGV� SURWHFWLRQ� XQGHU� LPSDFW� RI�
FRQVHTXHQFHV�RI�WKH�&KHUQRE\O¶�DFFLGHQWª��0DWHULDOV�RI�VFLHQWLILF�LQYHVWLJDWLRQV�������������0LQVN��SDUW�����
SS�����±�����LQ�5XVVLDQ���

'XG\QVND\D�5�$���6XULQD�1�9���������&RQGLWLRQ�RI�WKH�WK\URLG�V\VWHP�RI� ��IURP�WKH�UDGLRQXFOLGHV¶�
SROOXWLRQ�LQ�*RPHO�DUHD���UG�,QHU��&RQI��³�0HGLFDO�FRQVHTXHQFLHV�RI�WKH�&KHUQRE\O¶�DFFLGHQW��5HVXOWV�RI����
\HDUV�LQYHVWLJDWLRQV������-XQH��������.LHY��8NUDLQH´��$EVWDUFWV��SS������������LQ�5XVVLDQ���

']LNRYLWFK�,�%��� UQLORYD� �,���. � �,���9DQLORYLFK�,�$���������+HDOWK�FRQGLWLRQ�RI�WKH�SUHJQDQW�DQG�QHZERUQV�
IURP�GLIIHUHQW�DUHDV�RI�%HODUXV��0HGLFDO�%LRORJLFDO�DVSHFWV� WKH�&KHUQRE\O�DFFLGHQW�� ����SS�����±�����LQ�
5XVVLDQ��

']\XEOLN�$�<D���'RVNXFK�9�9���6XVORY�(�,���6\VKNR�9�$���������'HWHFWLRQ�DQG�UXQ�RI� WKH�FKURQLF�XQVSHFLILF�
GLVHDVHV�RI�OXQJV�LQ�SHRSOH�H[SRVHG�WR�ORZ�GRVHV�RI�WKH�LRQL]LQJ�UDGLDWLRQ��3UREOHPV�RI�UDGLDWLRQ�PHGLFLQH���
.LHY��,661�������������1U�������S���������
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(SVWHLQ��(�9���'DVKNHYLFK�9�(���2OHMQLN�9�$���'DYLGRYD� -�9�� �������7KH� WK\URLG�JODQG�GLIIHUHQWLDWHG�FDQFHU��
SUHJQDQF\�DQG�ODERUV�����+HDOWK�RI�WKH�ZRPDQ�� ����S��������

(UPROLQD� /�$��� 6XNKRWLQD� 1�.��� 6RV\XNDOR� 2'�� .DVKQLNRYD� $$�� 7DWDURYD� ,1� ������� 7KH� HIIHFWV� RI� ORZ�
UDGLDWLRQ� GRVHV� RQ� FKLOGUHQ¶V�PHQWDO� KHDOWK� �UDGLDWLRQ�RQWRJHQHWLF� DVSHFW��� 5HSRUW� ��� 6RFLDO� DQG� &OLQLFDO�
3V\FKLDWU\����������±����LQ�5XVVLDQ���

(XURSHDQ�&RPPLVVLRQ��5DGLDWLRQ�SURWHFWLRQ������������*XLGDQFH�IRU�SURWHFWLRQ�RI�XQERUQ�FKLOGUHQ�DQG�LQIDQWV�
LUUDGLDWHG�GXH� WR�SDUHQWDO�PHGLFDO�H[SRVXUHV��'LUHFWRUDWH�*HQHUDO�(QYLURQPHQW��1XFOHDU�6DIHW\��DQG�&LYLO�
3URWHFWLRQ��KWWS���ZZZ�HXURSD�HX�LQW�FRPP�HQYLURQPHQW�UDGSURW��

YHW]�/�9���/\DO\NRY�6�$��	�5XNVKD� �9���������&KDUDFWHUV�RI�LPPXQH�LQIULQJHPHQWV�DW�FKLOGUHQ�LQ�FRQQHFWLRQ�
RI�VSHFWUXP�RI�WKH�LVRWRSLF�SROOXWLRQ�RI�WHUULWRU\��&RQI��³&KHUQRE\O¶�FDWDVWURSKH��GLDJQRVWLFV�DQG�PHGLFDO�
SV\FKRORJLFDO�UHKDELOLWDWLRQ�RI�VXIIHUV´��&ROOHFWLRQ�RI�0DWHULDOV��0LQVN��SS�����±�����LQ�5XVVLDQ���

)HGLUNR��3���������&OLQL DO�SHFXOLDULWLHV�RI�UHWLQDO�GLVHDVHV�LQ�SHRSOH�VXIIHUHG�IURP�WKH�&KHUQRE\O�DFFLGHQW��;,�
&RQJUHVV�RI�WK �(XURSHDQ�6RFLHW\�RI�2SKWKDOPRORJ\��%XGDSHVW��������$EVWUDFW�ERRN�S����

)HGLUNR��3�� �����D��3HFXOLDULWLHV�RI� WKH�FDWDUDFWRJHQHVLV��FDXVHG�E\� LRQL]LQJ�UDGLDWLRQ�LQIOXHQFH��;,,�&RQJUHVV�
(XURSHDQ�6RFLHW\�RI�2SKWKDOPRORJ\��6WRFNKROP��6ZHGHQ��-XQH������-XO\����������$EVWUDFW�ERRN�S�����

)HGLUNR�� 3�� �����E�� &KHUQRE\O� DFFLGHQW� DQG� WKH� H\H�� VRPH� UHVXOWV� RI� D� SURORQJHG� FOLQLFDO� LQYHVWLJDWLRQ��
2SKWDOPRO��-�����������

)HGLUNR��3���������5DGLDWLRQ�FDWDUDFWV�DV�D�GHOD\HG�HIIHFW�RI�WKH�&KHUQRE\O�DFFLGHQW��'DWD�RI�VFLHQWLILF�UHVHDUFK�
���������

)HGLUNR��3���������&OLQLFDO�DQG�HSLGHPLRORJLFDO�VWXGLHV�RI�H\H�RFFXSDWLRQDO�GLVHDVHV�LQ�WKH�&KHUQRE\O�DFFLGHQW�
YLFWLPV��SHFXOLDULWLHV�DQG�ULVNV�RI�H\H�SDWKRORJ\�IRUPDWLRQ��SURJQRVLV���±�'LVVHUWDWLRQ�VXEPLWWHG�IRU�D�GHJUHH�
RI� WKH� GRFWRU� RI�PHGLFDO� VFLHQFHV� �'�6��� RQ� VSHFLDOLWLHV� ��������� �� K\JLHQH� DQG� ��������� �� H\H� GLVHDVHV��
,QVWLWXWH�IRU�2FFXSDWLRQDO�+HDOWK�RI�$FDGHP\�RI�0HGLFDO�6FLHQFHV�RI�8NUDLQH��.\LY��������

)HGLUNR�3���������7R�ULVN�DVVHVVPHQW�RI�H\H�GHVHDVHV�GHYHORSPHQW�LQ�SRSXODWLRQ�H[SRVHG�WR�LRQL]LQJ�UDGLDWLRQ��
,Q�ERRN��+HDOWK�RI�OLTXLGDWRUV��FOHDQ�XS�ZRUNHUV�����\HDUV�DIWHU�&KHUQRE\O�H[SORVLRQ��%HUQ��365B,331:��
S������

)HG\N��9�6���������(SLGHPLRORJ\�RI�WK\URLG�OHVLRQV�LQ�DGROHVFHQWV�OLYLQJ�RQ�WKH�FRQWUROOHG�UHJLRQV�FRQWDPLQDWHG�
DIWHU�WKH�&KHUQRE\O�DFFLGHQW��%XOOHWLQ�RI�VRFLDO�K\JLHQH�DQG�RUJDQL]DWLRQ�RI�SXEOLF�KHDOWK�RI�WKH�8NUDLQH��1R�
���SS�����������

)U\�5-��������'HWHUPLQLVWLF�HIIHFWV��+HDOWK�3K\V������������±�����
*DPDFKH� */�� /HYLQVRQ� '0�� 5HHYHV� '/�� %LG\XN� 3,�� %UDQWOH\� ..� ������� /RQJLWXGLQDO� QHXURFRJQLWLYH�

DVVHVVPHQWV� RI� 8NUDLQLDQV� H[SRVHG� WR� LRQL]LQJ� UDGLDWLRQ� DIWHU� WKH� &KHUQRE\O� QXFOHDU� DFFLGHQW�$UFK�&OLQ�
1HXURSV\FKRO������������±����

*D\GXN�)0�� ,JXPQRY�6$��6KDOFNHYLFK�9%��������7KH�FRPSOH[�HVWLPDWLRQ�RI�QHXUR�SV\FKLF�GHYHORSPHQW�RI�
FKLOGUHQ�XQGHUJRQH� WR� UDGLDWLRQ� H[SRVXUH� LQ� SUHQDWDO� SHULRG� DV� D� UHVXOW� RI�&KHUQRE\O�GLVDVWHU��6RFLDO� DQG�
&OLQLFDO�3V\FKLDWU\�����������±����LQ�5XVVLDQ��

*HORZLW]� '/�� 5DNLF� 3�� *ROGPDQ�5DNLF� 36�� 6HOHPRQ� /'� ������� &UDQLRIDFLDO� G\VPRUSKRJHQHVLV� LQ� IHWDOO\�
LUUDGLDWHG� QRQKXPDQ� SULPDWHV�� LPSOLFDWLRQV� IRU� WKH� QHXURGHYHORSPHQWDO� K\SRWKHVLV� RI� VFKL]RSKUHQLD��
%LRORJLFDO�3V\FKLDWU\������������±�����

*OD]XQRY� ,�6��� %ODJRYHVKFKHQVND\D� 9�9��� %DUDQRYD� 9�*��� HW� DO�� ������� $ERXW� WKH� PHFKDQLVP� RI� DFWLRQ� RI�
LRQL]LQJ�UDGLDWLRQ�RQ�QHUYRXV�V\VWHP�DFFRUGLQJ�WR�WKH�GDWD�RI�QHXURORJLF���SK\VLRORJLFDO�DQG�PRUSKRORJLFDO�
UHVHDUFK� RI� DFXWH� UDGLDWLRQ� GLVHDVHV� ��� ,PSDFW� RI� LRQL]LQJ� UDGLDWLRQ� RQ� QHUYRXV� V\VWHP�� 7KH� DEVWUDFWV� RI�
UHSRUWV�RI�$OO�8QLRQ�FRQIHUHQFH����/HQLQJUDG����������S��������

*RIPDQ�-�������E��5DGLDWLRQ�,QGXFHG�&DQFHU�IURP�/RZ�'RVH�([SRVXUH��DQ�,QGHSHQGHQW�$QDO\VLV��7UDQVODWLRQ�
IURP�(QJOLVK�(GLWLRQ���������6RFLDO�(FRORJLFDO�8QLRQ�3XEO���0RVFRZ��YRO�����������S���LQ�5XVVLDQ���

*RIPDQ� -�� ����D�� &KHUQRE\O� DFFLGHQW�� UDGLRDFWLYH� FRQVHTXHQFHV� IRU� WKH� H[LVWLQJ� DQG� WKH� IXWXUH� JHQHUDWLRQV��
0LQVN��©9\VKHLKVD\D�6KNRODª�3XEO�������S���LQ�5XVVLDQ���

*RORYNR� 2�9��� ,]KHYVN\� 3�9�� ������� 6WXGLHV� RI� WKH� UHSURGXFWLYH� EHKDYLRXU� LQ� 5XVVLDQ� DQG� %HORUXVVLDQ�
SRSXODWLRQV��XQGHU�LPSDFW�RI�WKH�&KHUQRE\O¶�LRQL]LQJ�LUUDGLDWLRQ��5DG��%LRO���5DGLRHFRO���YRO�����������SS����±�
���LQ�5XVVLDQ����

*ROXEFKLNRY�0�9���0LNKQHQNR�<X�$���%DELQHWV�$�7���������+HDOWK�$OWHUDWLRQV�RI�WKH�3RSXODWLRQ�RI�8NUDLQH�LQ�
WKH� 3RVW�&KHUQRE\O� 3HULRG�� 5HSRUW� B��� $QQXDO� VFLHQWLILF� FRQIHUHQFH� ³7R� ��� FHQWXU\� ZLWK� VDIH� QXFOHDU�
WHFKQRORJLHV�´��6ODYXWLFK��������6HS�������B���6FLHQWLILF�DQG�7HFKQLFDO�$VSHFWV�RI�&KHUQRE\O������3������
����LQ�8NUDLQLDQ���

*RQFKDULN�,�,���������$UWHULDO�K\SHUWHQVLRQ�DW�LQKDELWDQW¶V�1HDU�WR�&KHUQRE\O�]RQH��%HODUXVLDQ�3XEOLF�+HDOWK�� �
���SS�����±�����LQ�5XVVLDQ���

*RQFKDURYD�5�,���������5HPRWH�FRQVHTXHQFHV�RI�WKH�&KHUQRE\O�'LVDVWHU��$VVHVVPHQW�$IWHU����<HDUV��,Q��(�%��
%XUODNRYD��(G����/RZ�'RVHV�5DGLDWLRQ��$UH�WKH\�'DQJHURXV"�129$�6FL��3XEO���SS������±������

*RUSWFKHQNR,�,���,YDQ\XWD�/�,���6ROVN\�<D�3���������*HQLWDO�6\VWHP��,Q��%DU\DFKWDU�9��*�� � ��(G����&KHUQRE\O�
DFFLGHQW��.LHY��©1DXNRYD�'XPNDª�3XEO���SS������±������LQ�5XVVLDQ���
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*RXUPHORQ�3��0DUTXHWWH�&��$JD\�'��0DWKLHX�-��&ODUHQFRQ�'���������,QYROYHPHQW�RI�WKH�FHQWUDO�QHUYRXV�V\VWHP�
LQ�UDGLDWLRQ�LQGXFHG�PXOWL�RUJDQ�G\VIXQFWLRQ�DQG�RU�IDLOXUH��%-5�6XSSO������������

*RXUPHORQ�3��/HEDURQ�-DFREV��0DUTXHWWH�&��&ODUHQFRQ�'���������5DGLDWLRQ�LQGXFHG�QHXURYDVFXODU�LQMXU\��,Q���
&KURQLF� LUUDGLDWLRQ��� 7ROHUDQFH� DQG� )DLOXUH� LQ� &RPSOH[� %LRORJLFDO� 6\VWHPV�� �(G�� %\� 7�0�)OLHGQHU��
/�(�)HLQHQGHJHQ���-�0�+RSHZHOO���/RQGRQ��������

*URG]LQVN\� '�0�� ������� *HQHUDO� VLWXDWLRQ� RI� WKH� 5DGLRORJLFDO� &RQVHTXHQFHV� RI� WKH� &KHUQRE\O� DFFLGHQW� LQ�
8NUDLQH�� ,Q�� ,PDQDND�7�� �(G���5HFHQW�5HVHDUFK�$FWLYLWLHV�DERXW� WKH�&KHUQRE\O�133�$FFDGHQW� LQ�%HODUXV��
8NUDLQH�DQG�5XVVLD��.\RWR�8QLY��5HV��5HDFWRU�,QVW���.855,�.5�����SS�����±�����

*XVNRYD��$�.���%LVRJRORY�*�'���������5DGLDWLRQ�6LFNQHVV�RI�+XPDQ��0RVFRZ��©0HGLW]LQDª�3XEOLVKLQJ�+RXVH�
�LQ�5XVVLDQ���

*XVNRYD� �$�.��� 6KDNLURYD� ,�1�� ��������5HDFWLRQ� RI� WKH� QHUYRXV� V\VWHP� RQ� DOWHUDWLYH� LRQL]LQJ� LUUDGLDWLRQ��=K�
1HYURO�3VLNKLDWU�,P�6�6�.RUVDNRYD����������±�����LQ�5XVVLDQ���

*XVNRYD�$�.��	�%XOGDNRY�/�$���������,QWHUQDWLRQDO�ZRUNVKRS���&KURQLF�UDGLDWLRQ�LQIOXHQFH��ULVN�RI�WKH�UHPRWH�
HIIHFWV����&KHO\DELQVN��-DQXDU\������WK����������UHSRUW����0HG��UDGLRORJ\�DQG�UDGLDWLRQ�VDIHW\��9����� ������
S��������

*XWLQ�3�+���/HLEHO�6�$���6KHOLQH�*�(���(GV�����������5DGLDWLRQ�LQMXU\�WR�WKH�QHUYRXV�V\VWHP��1HZ�<RUN��5DYHQ�
3UHVV��

+DOO�3���$GDPL�+�2���7ULFKRSRXORV�'���3HGHUVHQ�1�/��/DJLRX�3���(NERP�$���,QJYDU�0��/XQGHOO�0��*UDQDWK�)��
������� (IIHFW� RI� ORZ� GRVHV� RI� LRQLVLQJ� UDGLDWLRQ� LQ� LQIDQF\� RQ� FRJQLWLYH� IXQFWLRQ� LQ� DGXOWKRRG�� 6ZHGLVK�
SRSXODWLRQ�EDVHG�FRKRUW�VWXG\��%0-���������������±����

+DYHQDDU�-�0��:��YDQ�GHQ�%ULQN��-���%RXW�YDQ�GHQ�HW�DO���������3V\FKRORJLFDO�0HGLFLQH�����������
+DYHQDDU� -�0�� ������$IWHU�&KHUQRE\O��SV\FKRORJLFDO� IDFWRUV�DIIHFWLQJ�KHDOWK�DIWHU�D�QXFOHDU�GLVDVWHU��8WUHFKW��

8QLYHUVLW\�8WUHFKW������������S��
+DYHQDDU�-�0���*�0��5XP\DQW]HYD��:��YDQ�GHQ�%ULQN�HW�DO����������$P��-��3V\FKLDWU\�������������
+DYHQDDU�-0��&ZLNHO�-*��%URPHW�(-���HGV����������7R[LF�7XUPRLO��3V\FKRORJLFDO�DQG�6RFLHWDO�&RQVHTXHQFHV�RI�

(FRORJLFDO�'LVDVWHUV��1HZ�<RUN��.OXZHU�$FDGHPLF�DQG�3OHQXP�3UHVV��������
+DYHQDDU�-0��GH�:LOGH�(-��YDQ�GHQ�%RXW�-��'URWW]�6M|EHUJ�%�0��YDQ�GHQ�%ULQN�:����������3HUFHSWLRQ�RI�ULVN�

DQG�VXEMHFWLYH�KHDOWK�DPRQJ�YLFWLPV�RI�WKH�&KHUQRE\O�GLVDVWHU��6RF�6FL�0HG�������������
+DYHQDDU�-0��5XP\DQW]HYD�*0��.DV\DQHQNR�$3��.DDVMDJHU�.��:HVWHUPDQQ�$0��YDQ�GHQ�%ULQN�:��YDQ�GHQ�

%RXW� -�� 6DYHONRXO�7-)�� �����D���+HDOWK� HIIHFWV� RI� WKH�&KHUQRE\O�GLVDVWHU�� LOOQHVV�RU� LOOQHVV�EHKDYLRXU"�$�
FRPSDUDWLYH�JHQHUDO�KHDOWK�VXUYH\�LQ�WZR�IRUPHU�6RYLHW�5HJLRQV��(QYLURQ�+HDOWK�3HUVSHFW�������6XSSO�����
����������

+DYHQDDU� -0��5XP\DQWVHYD�*0�� YDQ� GHQ�%ULQN�:�� 3RHOLMRH�1:�� YDQ� GHQ�%RXW� -�� YDQ�(QJHODQG�+��.RHWHU�
0:-�������E��/RQJ�WHUP�PHQWDO�KHDOWK�HIIHFWV�RI�WKH�&KHUQRE\O�GLVDVWHU��DQ�HSLGHPLRORJLFDO�VXUYH\�LQ�WZR�
IRUPHU�6RYLHW�5HJLRQV��$P�-�3V\FKLDWU\���������������

+RQGD�6��6KLEDWD�<��0LQH�0��,PDPXUD�<��7DJDZD�0��1DNDQH�<��7RPRQDJD�0��������0HQWDO�KHDOWK�FRQGLWLRQV�
DPRQJ�DWRPLF�ERPE�VXUYLYRUV�LQ�1DJDVDNL��3V\FKLDWU\�DQG�&OLQLFDO�1HXURVFLHQFHV���������±�����

+XQW� :�$�� ������� (IIHFWV� RI� LRQL]LQJ� UDGLDWLRQ� RQ� EHKDYLRU�� ,Q�� &RQNOLQ� --�� :DONHU� 5,�� HGLWRUV�� 0LOLWDU\�
UDGLRELRORJ\��6DQ�'LHJR��$FDGHPLF�3UHVV�,QF��S�����±�����

,$($��������,QWHUQDWLRQDO�&KHUQRE\O�SURMHFW��7HFKQLFDO�UHSRUW��������±����S��
,$($��������,QWHUQDWLRQDO�%DVLF�6DIHW\�6WDQGDUGV�IRU�3URWHFWLRQ�$JDLQVW�,RQLVLQJ�5DGLDWLRQ�DQG�IRU�6DIHW\�RI�

5DGLDWLRQ�6RXUFHV������S��
,EUDJLPRYD�$�,��������&OLQLFDO�GDWD�RQ�JHQRWR[LF�DFWLRQ�RI�LRQL]LQJ�UDGLDWLRQ��5XVV��+HUDOG�3HULQDWRO���3HGLDWU���

YRO������ ����SS�����±�����LQ�5XVVLDQ���
,&53�3XEOLFDWLRQ�����������'HYHORSPHQWDO�HIIHFWV�RI�LUUDGLDWLRQ�RQ�WKH�EUDLQ�RI�WKH�HPEU\R�DQG�IHWXV��$�UHSRUW�

RI�D�7DVN�*URXS�RI�&RPPLWWHH���RI�WKH�,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ��������,Q�0�&��
7KRUQH��(G����$QQDOV�RI�WKH�,&53����������2[IRUG��3HUJDPRQ�3UHVV��

,&53�3XEOLFDWLRQ�����$QQDOV�RI�WKH�,&53����������3HUJDPRQ�3UHVV��2[IRUG���������
,&53� 3XEOLFDWLRQ� ��� ������� ����� 5HFRPPHQGDWLRQV� RI� WKH� ,QWHUQDWLRQDO� &RPPLVVLRQ� RQ� 5DGLRORJLFDO�

3URWHFWLRQ��$QQDOV�RI�WKH�,&53��9RO������±���3HUJDPRQ²(OVHYLHU���
,&53�3XEOLFDWLRQ����������$QQDOV�RI�WKH�,&53�������±����$PVWHUGDP��(OVHYLHU��3HUJDPRQ���
,JXPQRY�6��'UR]GRYLWFK�9����������7KH�LQWHOOHFWXDO�GHYHORSPHQW��PHQWDO�DQG�EHKDYLRUDO�GLVRUGHUV�LQ�FKLOGUHQ�

IURP�%HODUXV�H[SRVHG�LQ�XWHUR�IROORZLQJ�WKH�&KHUQRE\O�DFFLGHQW��(XU�3V\FKLDWU\������������
,JXPQRY� 6$� ������� 7KH� SURVSHFWLYH� LQYHVWLJDWLRQ� RI� D� SV\FKRORJLFDO� GHYHORSPHQW� RI� FKLOGUHQ� H[SRVHG� WR�

LRQL]LQJ�UDGLDWLRQ�LQ�XWHUR�DV�D�UHVXOW�RI�WKH�&KHUQRE\O�DFFLGHQW��7KH�GLVVHUWDWLRQ�IRU�WKH�DFDGHPLF�GHJUHH�RI�
D�'RFWRU�RI�0HGLFDO�6FLHQFHV�LQ�UDGLRELRORJ\�DQG�SV\FKLDWU\��6WDWH�6FLHQWLILF�&HQWHU�RI�5XVVLDQ�)HGHUDWLRQ�
,QVWLWXWH�RI�%LRSK\VLFV��0RVFRZ��

,OLQ�/�$���������5HDOLWLHV�DQG�P\WKV�RI�&KHUQRE\O����0RVFRZ��$/$5$�/WG��������S��
,OLQ� /�$��� %DORQRY� 0�,��� %XOGDNRY� /�$��� HW� DO�� ������� (FRORJLFDO� SHFXOLDULWLHV� DQG� PHGLFR�ELRORJLFDO�

FRQVHTXHQFHV�RI�WKH�&KHUQRE\O�$36�DFFLGHQW����0HG��5DGLRORJ\��9�����1�����S��������



� ���

,PDPXUD� <�� 1DNDQH� <�� 2KWD� <�� .RQGR� +� ������� /LIHWLPH� SUHYDOHQFH� RI� VFKL]RSKUHQLD� DPRQJ� LQGLYLGXDOV�
SUHQDWDOO\�H[SRVHG�WR�DWRPLF�ERPE�UDGLDWLRQ�LQ�1DJDVDNL�&LW\��$FWD�3V\FKLDWULFD�6FDQGLQDYLD��������������±
�����

,VNU\WVN\L� $� �� ������� +XPRUDO� LPPXQLW\� DQG� LPPXQRORJLFDO� FKDUDFWHUV� RI� KXPDQ� PLON� LQ� WKH� UDGLRDFWLYH�
SROOXWHG� DUHDV�RI�%HODUXV�� ©$FWXDO� SUREOHPV�RI� LPPXQRORJ\�DQG� DOOHUJRORJ\ª�� ,,,�&RQJUHVV�%HORUXV��6FL��
6RF��,PPXQRORJLVWV�DQG�$OOHUJRORJLVWV��$EVWUDFWV��*URGQR��SS�����±�����LQ�5XVVLDQ���

,YDQRY� 6�,�� ������� +HDOWK� FRQVHTXHQFHV� RI� &KHUQRE\O� GLVHDVHV� LQ� 5XVVLDQ� )HGHUDWLRQ� ILIWHHQ� \HDUV� DIWHU��
,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�0HGLFLQH����������S�������

,YDQRY� 9�.��� 7V\E� $�)��� ,YDQRY� 6�,�� HW� DO�� ������� /LTXLGDWRUV� RI� &KHUQRE\O� DFFLGHQW�� WKH� UDGLDWLRQ�
HSLGHPLRORJLFDO�DQDO\VLV�RI�PHGLFDO�FRQVHTXHQFHV�� ���*DODQLV�����������S��

,YDQRY�9�.���&KHNLQ�6�<���3DUVKLQ�9�6���9ODVRY�2�.���0DNVLRXWRY�0�$���7V\E�$�)���$QGUHHY�9�$��+RVKL�0��
<DPDVKLWD�6��6KLEDWD�<�� �������1RQ�FDQFHU� WK\URLG�GLVHDVHV� DPRQJ�FKLOGUHQ� LQ� WKH�.DOXJD� DQG�%U\DQVN�
UHJLRQV� RI� WKH� 5XVVLDQ� )HGHUDWLRQ� H[SRVHG� WR� UDGLDWLRQ� IROORZLQJ� WKH� &KHUQRE\O� DFFLGHQW�� +HDOWK� 3K\V��
�������������

,YDQRY� 9�.��� 0DNVLRXWRY� 0$�� &KHNLQ� 6\X�� .UXJORYD� =*�� 3HWURY� $9�� 7V\E� $)� ������� 5DGLDWLRQ�
HSLGHPLRORJLFDO� DQDO\VLV� RI� LQFLGHQFH� RI� QRQ�FDQFHU� GLVHDVHV� DPRQJ� WKH� &KHUQRE\O� OLTXLGDWRUV�� +HDOWK�
3K\VLFV������������±�����

,YDQRY�9�.���0DNVLXWRY�0$��&KHNLQ�6,X��3HWURY�$9��7V\E�$)��%LULXNRY�$3��.UXJORYD�=*��0DWLDVK�9$��������
7KH�UDGLDWLRQ�ULVNV�RI�FHUHEURYDVFXODU�GLVHDVHV�DPRQJ�WKH�OLTXLGDWRUV��5DGLDWV�%LRO�5DGLRHFRO�������������±
�����LQ�5XVVLDQ��

,YDQRY�9�.���0DNVLXWRY�0�$���&KHNLQ�6,X��3HWURY�$�9���7V\E�$�)���%LULXNRY�$3��.UXJORYD�=*��0DWLDVK�9$�
�������7KH�UDGLDWLRQ�ULVNV�RI�FHUHEURYDVFXODU�GLVHDVHV�DPRQJ�WKH�OLTXLGDWRUV��5DGLDWV�%LRO�5DGLRHFRO����������
���±�����LQ�5XVVLDQ��

,YDQRY�� $�(��� .XUVKDNRYD�1�1��� 6RORY\HY�$�,�� ������� 5DGLDWLRQ� LQGXFHG� OXQJ� FDQFHU�� ��0RVFRZ���0HGLFLQH�
������±����S���LQ�5XVVLDQ��

,YDQRY�� 9�.��� 0DNVLRXWRY� 0�$��� &KHNLQ� 6\X�� .UXJORYD� =*�� 3HWURY� $9�� 7V\E� $)� ������� 5DGLDWLRQ�
HSLGHPLRORJLFDO� DQDO\VLV� RI� LQFLGHQFH� RI� QRQ�FDQFHU� GLVHDVHV� DPRQJ� WKH� &KHUQRE\O� OLTXLGDWRUV�� +HDOWK�
3K\VLFV������������±�����

,YDQ\XWD� /�,��� 'XEFKDN� $�(�� ������� *\QHFRORJLF� PRUELGLW\� DQG� WKH� QDWXUH� RI� D� PHQVWUXDO� F\FOH� LQ� ZRPHQ��
H[SRVHG�WR�UDGLDWLRQ�DIWHU�DFFLGHQW�DW�&K$36�����(QGRFU\QRORJ\�Y���� ����S����������

-DEOHQVN\� $�� ������� (SLGHPLRORJ\� RI� VFKL]RSKUHQLD�� WKH� JOREDO� EXUGHQ� RI� GLVHDVH� DQG� GLVDELOLW\�� (XU� $UFK�
3V\FKLDWU\�&OLQ�1HXURVFL�������������±�����

.DS\WRQRYD�(�.��� U\YLWVND\D�/�9���������%DELHV�PRUELGLW\�VWUXFWXUH�RQ�WKH�UDGLRDFWLYH�SROOXWHG�WHUULWRULHV�LQ���
\HDUV� DIWHU� &KHUQRE\O� DFFLGHQW�� 0DWHULDOV� ,QWHU�� 6FL�� 6\PS�� ©0HGLFDO� $VSHFWV� RI� UDGLRDFWLYH� LPSDFW� RQ�
SRSXODWLRQV�DIWHU�WKH�&KHUQRE\O¶�DFFLGHQWª��*RPHO��S������LQ�5XVVLDQ���

.DUSHQNR� 9�6��� 3DYORYD� /�3��� .XVKQLUXN� '�<X�� ������� $QDO\VLV� RI� WKH� VWUXFWXUH� RI� UHQDO� GLVHDVHV� LQ� WKH�
8NUDLQLDQ�SRSXODWLRQ�OLYLQJ�RQ�WKH�WHUULWRULHV�FRQWDPLQDWHG�ZLWK�UDGLRQXFOLGHV�UHVXOWLQJ�IURP�WKH�&KHUQRE\O�
DFFLGHQW��8URORJ\�����1R����SS�����������

.HVPLQLHQH�$�=���.XUWLQDLWLV�-���5LPGHLND�*���������7KH�VWXG\�RI�&KHUQRE\O�FOHDQ�XS�ZRUNHUV�IURP�/LWKXDQLD��
$FWD�0HG��/LWXDQLFD������±����

.KDUFKHQNR�9�3���=XERYVNLL�*�$���.KRORGRYD�1�%���������&KDQJHV�LQ�WKH�EUDLQ�RI�SHUVRQV�ZKR�SDUWLFLSDWHG�LQ�
WKH�FOHDQLQJ�XS�RI�WKH�&KHUQRE\O�$(6�DFFLGHQW�EDVHG�RQ�WKH�GDWD�RI�UDGLRGLDJQRVLV��VLQJOH�SKRWRQ�HPLVVLRQ�
FRPSXWHG� UDGLRQXFOLGH� WRPRJUDSK\�� [�UD\� FRPSXWHG� WRPRJUDSK\� DQG� PDJQHWLF� UHVRQDQFH� WRPRJUDSK\��
9HVWQ�5HQWJHQRO�5DGLRO�������±����LQ�5XVVLDQ���

.KRORGRYD�1%��.X]QHW]RYD�*'��=XERYVN\�*$��.D]DNRYD�3%��%XNOLQD�6%� �������5HPRWH� FRQVHTXHQFHV� RI�
UDGLDWLRQ�H[SRVXUH�XSRQ�WKH�QHUYRXV�V\VWHP��=K�1HYURSDWRO�3VLNKLDWU�,P�6�6�.RUVDNRYD������������±����

.KRPHQNR�/�2���%LGHQNR�1�9���6KDSRYDORYD�*�,���������7HHWK�VWDWXV�LQ�FKLOGUHQ�IURP�UDGLRQXFOLGH�FRQWDPLQDWHG�
DUHDV��,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�0HGLFLQH����������S����

.KRPLFK� *� ��� /\VHQNR� <X�9�� ������� %ORRG� YHVVHOV¶� UHRJUDSKLF� FKDUDFWHUV� RI� OHJV� DIWHU� FKDQJH� RI� VSDVH�
SRVLWLRQ�DW�JLUOV�ZLWK�LQFUHDVLQJ�YHVVHO�WRQXV�DQG�OLYLQJ�LQ�WKH�UDGLRDFWLYH�SROOXWHG�]RQH��%UHVW�6WDWH�8QLY���
%UHVW����S���LQ�5XVVLDQ���

.KRPVNDMD�(�'���������6RPH�UHVXOWV�RI�QHXURSV\FKRORJLFDO�VWXG\�RI�&KHUQRE\O�DFFLGHQW�FRQVHTXHQFHV�FOHDQ�XS�
ZRUNHUV��6RFLDO�DQG�&OLQLFDO�3V\FKLDWU\����������±����LQ�5XVVLDQ���

.KULVDQIRY��6�$��	�0HVNLNK��1�(���������$QDO\VLV�RI�0RUELGLW\�DQG�0RUWDOLW\�5DWHV�RI�/LTXLGDWRUV��$FFRUGLQJ�
WR�WKH�)LQGLQJV�RI�WKH�5XVVLDQ�,QWHUGHSDUWPHQWDO�([SHUW�3DQHO��'HIHUUHG�0HGLFDO�(IIHFWV�RI�WKH�&KHUQRE\O�
$FFLGHQW��:RUNV�RI��QG�6FLHQWLILF�5HJLRQDO�&RQIHUHQFH��0RVFRZ��������3��������

.KULVDQIRY�6�$��	�0HVNLNK�1�(�� �������$QDO\VLV�RI� WKH�FDXVHV�RI� WKH�GHDWKV�RI� OLTXLGDWRUV�RI� WKH�&KHUQRE\O�
GLVDVWHU�DIWHUPDWKV��%RRN�³+HDOWK�VWDWXV�RI�OLTXLGDWRUV�RI�WKH�&KHUQRE\O�133�GLVDVWHU�DIWHUPDWKV�LQ�WKH�ORQJ�
WHUP�SHULRG´��:RUNV�RI��UG�6FLHQWLILF�3UDFWLFDO�&RQIHUHQFH�� RVFRZ��������S�����������
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.KUXVKFK�9�7���*DYULOLQ�<�,���&RQVWDQWLQRY�<�2��HW�DO���������7KH�FKDUDFWHULVWLF�RI�WKH�LQKDODWRU\�HQWU\�RI�WKH�
UDGLRQXFOLGHV��7KH�PHGLFDO�DVSHFWV�RI�WKH�DFFLGHQW�RQ�WKH�&K133��� LHY����������S����������LQ�5XVVLDQ��

.KYRURVWHQNR�(���������(PSKDVLV�SODFHG�RQ�HQYLURQPHQWDO�SUREOHPV����7XOD��±�1RYHPEHU���WK��������1R������

.LPHOGRUI�'�-���+XQW�(�/���������,RQL]LQJ�UDGLDWLRQ��QHXUDO�IXQFWLRQ�DQG�EHKDYLRU��1HZ�<RUN��$FDGHPLF�3UHVV��

.RORPLQVN\�<�� ,JXPQRY�6���'UR]GRYLWFK�9�� �������7KH�SV\FKRORJLFDO�GHYHORSPHQW�RI�FKLOGUHQ� IURP�%HODUXV�
H[SRVHG� LQ� WKH� SUHQDWDO� SHULRG� WR� UDGLDWLRQ� IURP� WKH� &KHUQRE\O� $WRPLF� 3RZHU� 3ODQW�� -� &KLOG� 3V\FKRO�
3V\FKLDWU\�������������±�����

.RPDUHQNR�'�,���6REROHYD�/�3���0DVOHNKD�(�$�� �������+HSDWRELOLDU\� V\VWHP�� ,Q��%DU¶\DNKWDU�9�*�� �(G���7KH�
&KHUQRE\O�DFFLGHQW��.LHY��³1DXNRYD�'XPND´�3XEOLVKLQJ�+RXVH��SS�����������

.RPRJRUWVHYD�/� ���������5HSRUW�IRU�%U\DQVN�'XPD���SUHSDUHG�E\�UHSUHVHQWDWLYH�/��.��.RPRJRUWVHYD�RQ�EDVH�
RQ�GDWD�IURP�%U\DQVN�&RPPLWWHH�RI�3XEOLF�+HDOWK�DQG�%U\DQVN�6WDWLVWLFDO�%XUHDX��-DQXDU\�����������06����
S���LQ�5XVVLDQ���

.RQGUDWHQNR�*�*�� ������ '\QDPLFV� RI� XOFHUDWLYH� JDVWURGXRGHQDO� KDHPRUUKDJH� LQFLGHQFH� DIWHU� WKH� &KHUQRE\O�
DFFLGHQW��5HYLHZ�RI� WKH�%\HORUXVVLDQ�1DWLRQDO�$FDGHP\�RI�6FLHQFHV��6HULHV�RI�%LRORJLFDO�6FLHQFHV��1R����
SS�����������

.RURO� 1��� 7UHVNXQRYD� 7��� 8VDWHQNR� *��� 0D]L\L� 5�� ������� (SLGHPLRORJLFDO� LQYHVWLJDWLRQ� RI� GLJHVWLYH� V\VWHP�
GLVRUGHUV�DPRQJ�FKLOGUHQ�H[SRVHG�WR�WKH�&KHUQRE\O�GLVDVWHU��,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�0HGLFLQH�������
���S�������

.RURO�1�$���7UHVNXQRYD�7�9���'XFKRWD�7�$�� �������&KLOGUHQ�KHDOWK� VWDWXV� DIIHFWHG�E\� DFFLGHQW�RQ�&133� LQ��
0HGLFDO� FRQVHTXHQFHV�RI� WKH�&KHUQRE\O�$FFLGHQW��0RQRJUDSK� LQ���ERRNV�´0('(&2/´� LQWHUGLVFLSOLQDU\�
6FLHQWLILF�DQG�5HVHDUFK�&HQWUH�%,2�(&26��.LHY��������%RRN�����S������������LQ�5XVVLDQ���

.RUU�+���7KRUVWHQ�5RKGH�+���%HQGHUV�-���'DIRWDNLV�0���*UROPV�1���6FKPLW]�&���������1HXURQ�ORVV�GXULQJ�HDUO\�
DGXOWKRRG�IROORZLQJ�SUHQDWDO� ORZ�GRVH�;�LUUDGLDWLRQ� LQ� WKH�PRXVH�EUDLQ�� ,QW��-��5DGLDW��%LRO�������������±
�����

.RYDOHQNR� $�1�� ������� 3RVW�UDGLDWLRQ� HQGRFULQRSDWK\� LQ� SDUWLFLSDQWV� RI� OLTXLGDWLRQ� RI� FRQVHTXHQFHV� RI� WKH�
&KHUQRE\O�$36�� �����,YDQ�)\RGRURY�������������S��

.RYDOHQNR�$�1���/RJDQRYVN\�.�1����������:KHWKHU�&KURQLF�)DWLJXH�6\QGURPH�DQG�0HWDEROLF�6\QGURPH�;�LQ�
&KHUQRE\O� DFFLGHQW� VXUYLYRUV� DUH� PHPEUDQH� SDWKRORJ\"� 8NUDLQLDQ� 0HGLFDO� -RXUQDO�� ������� ��±��� �LQ�
5XVVLDQ���

.R]ORYD�,�$���1\DJX�$�,���.RUROHY�9�'����������7KH�LQIOXHQFH�RI�UDGLDWLRQ�RI�WKH�FKLOG�PHQWDO�GHYHORSPHQW��=K�
1HYURO�3VLNKLDWU�,P�6�6�.RUVDNRYD���������±����$UWLFOH�LQ�5XVVLDQ���

.UDVQRY� 9�1��� <XUNLQ� 0�0��� 9RMWVHNK� 9�)��� 6NDY\VK� 9�$��� *RUREHWV� /1�� =XERYVN\� *$�� 6PLUQRY� <X�1���
.KRORGRYD� 1�%��� 3XFKLQVNDMD� /�0��� 'XGD\HYD� .�,�� �������0HQWDO� GLVRUGHUV� LQ� FOHDQ�XS� ZRUNHUV� RI� WKH�
&KHUQRE\O� DFFLGHQW� FRQVHTXHQFHV�� 5HSRUW� ,�� VWUXFWXUH� DQG� FXUUHQW� SDWKRJHQHVLV�� 6RFLDO� DQG� &OLQLFDO�
3V\FKLDWU\����������±����LQ�5XVVLDQ��

.XODNRY� 9�,��� 6RNXU� 7�1��� 7V\EXOVND\D� ,�6��� 'RO]KHQNR� ,�6��� 9ROREX\HY� $�,��� 0DO\VKHYD� 9�$��� 6XVNRY� ,�,��
�������&KHUQRE\O�DQG�KHDOWK�RI�WKH�IXWXUH�JHQHUDWLRQV��,Q�FROOHFWHG�DUWLFOHV�³&KHUQRE\O��GXW\�DQG�FRXUDJH´��
9RO�����KWWS���ZZZ�LVV�QLLLW�UX�ERRN�����

.XODNRY��9�,���6RNXU��7�1���7V\EXOVND\D��,�6���'RO]KHQNR��,�6���9ROREX\HY��$�,���0DO\VKHYD��9�$��	�6XVNRY��,�,��
������� &+(512%</� $1'� +($/7+� 2)� 7+(� )8785(� *(1(5$7,216�� ,Q� FROOHFWHG� DUWLFOHV��
&KHUQRE\O��GXW\�DQG�FRXUDJH��9RO�����3XEO��)HGHUDO�6WDWH�8QLWDU\�(QWHUSULVH�,QVWLWXH�RI�6WUDWHJLF�6WDELOLW\��
5XVVLDQ�0LQLVWU\�RI�$WRPLF�(QHUJ\��0LQDWRP���$YDLODEOH�DW�KWWS���ZZZ�LVV�QLLLW�UX�ERRN����,Q�5XVVLDQ��

.XUEDQRYD�9�(���������(SLGHPLRORJLFDO�DVSHFW�RI�UDGLDWLQJ�LQIOXHQFH��QRQ�FDQ]HU�PRUELGLW\�RI�FKLOGUHQ�VXIIHUHG�
DIWHU�&KHUQRE\O�DFFLGHQW����.LHY�������������S�

.XUEDQRYD�9�(���������(SLGHPLRORJLFDO�DVSHFW�RI�UDGLDWLQJ�LQIOXHQFH��QRQ�FDQ]HU�PRUELGLW\�RI�FKLOGUHQ�VXIIHUHG�
DIWHU�&KHUQRE\O�DFFLGHQW����.LHY�������������S�

.XVXQRNL�<���.\RL]XPL�6���<DPDRND�0���.DVDJL�)���.RGDPD�.���6H\DPD�7�� �������'HFUHDVHG�SURSRUWLRQ�RI�
&'��7�FHOOV� LQ� WKH�EORRG�RI�DWRPLF�ERPE�VXUYLYRUV�ZLWK�P\RFDUGLDO� LQIDUFWLRQ��5DGLDW�5HV�������������±
�����

.XWNR�,�,���5DFKNDXVNDV�*�6���6DIRQRYD�(�)��3XVRYD\D�2�$�0XW\FKNR�0�9��5RPDVKNR�$�0���������&OLQLFDO��
LPPXQRORJLFDO�FKDUDFWHULVWLFV�RI�OLTXLGDWRUV��/3$��DW�WKH�&KHUQRE\O�133��&KD(6��DFFLGHQW�ZLWK�DVVRFLDWHG�
QHXUR�SV\FKRORJLFDO�SDWKRORJ\���,Q�WKH�ERRN�.XW¶NR�,�,��3HWUXN�3�7��KLVWRU\�RI�6DEXURY�'DFKD��6XFFHVVHV�RI�
SV\FKLDWU\��QHXURORJ\��QHXURVXUJHU\�DQG�SV\FKLDWU\��&ROOHFWLRQ�RI�VFLHQWLILF�ZRUNV�RI�8NUDLQLDQ�6FLHQWLILF�
5HVHDUFK�,QVWLWXWH�RI�FOLQLFDO�DQG�H[SHULPHQWDO�QHXURORJ\�DQG�SV\FKLDWU\�DQG�.KDUNRY�&LW\�FOLQLFDO�KRVSLWDO�
�����6DEXURYD�'DFKD���.KDUNRY��9ROXPH����S�S�����������

.XWNRY�9�$���������7KH�UDGLRQXFOLGH�SROOXWLRQ�RI�WKH�DLU�DV�D�UHVXOW�RI�WKH�&K133�DFFLGHQW�DQG�WKH�LUUDGLDWLRQ�RI�
WKH�OXQJV��,Q��&KXFKDOLQ�$�*���&KHUQ\DHY�$�/���9XD]HQ�.���HG��7KH�SDWKRORJ\�RI�RUJDQV�RI�WKH�&K133����
0RVFRZ����*5$17��������S����������LQ�5XVVLDQ��

.\UD� �)���7VYHOHY�<X�9���*UHEHQ¶NRY�6�9���*XELQ�9�$���&KHUQLFKHQNR�,�,���������:RPDQ�UHSURGXFWLYH�KHDOWK�
LQ�WKH�UDGLRDFWLYH�SROOXWHG�WHUULWRULHV��0LOLWDU\�0HGLFDO�-���YRO������� ����SS�����±�����LQ�5XVVLDQ���
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.\ULOFKHN� �<X���������&KDUDFWHUV�RI�LPPXQH�VWDWXV�DQG�LPPXQH�UHKDELOLWDWLRQ�RI�FKLOGUHQ�RQ�WKH�UDGLRQXFOLGHV¶�
SROOXWHG� WHUULWRULHV��FOLQLF�ODERUDWRU\� LQYHVWLJDWLRQ��������������7KHVLV��'U��0HG���0LQVN�6WDWH�0HG��,QVW���
0LQVN�����S���LQ�5XVVLDQ���

/DYGRYVND\D�0�9���/\VHQNR�$�<D���%DVRYD�(�1���/R]RYD\D�*�$���%DODHYD�/�6��	�5\EDONLQD�7�1���������7KH�
³KRVW�RSSRUWXQLVWLF� SURWR]RD´� V\VWHP�� (IIHFW� RI� LRQL]LQJ� UDGLDWLRQ� RQ� LQFLGHQFH� RI� FU\SWRVSRULGLRVLV� DQG�
SQHXPRF\VWRVLV��3DUDVLWRORJ\������������

/D]MXN�*���6DWRZ�<���1LNRODHY�'���1RYLNRYD�,�� �����E��*HQHWLF�&RQVHTXHQFHV�RI� WKH�&KHUQRE\O�DFFLGHQW� IRU�
%HODUXV�5HSXEOLF�� ,Q�� ,PDQDND�7�� �(G���5HFHQW�5HVHDUFK�$FWLYLWLHV�DERXW� WKH�&KHUQRE\O�133�$FFLGHQW� LQ�
%HODUXV��8NUDLQH�DQG�5XVVLD��.\RWR�8QLY��5HV��5HDFWRU�,QVW���.855,�.5�����SS�������������

/D]MXN�*�,���1DXPFKLN�,�9���5XP\DQWVHYD�1�9���3RO\W\NR�$�'���.KPHO¶�5�'���(JRURYD� � ���.UDYFKXN�=K�3���
9HUMH�3���5REHUW�9���6DWRY�<X���������0DLQ�UHVXOWV�RI�VWXGLHG�RI�JHQHWLFDO�FRQVHTXHQFHV�RI�WKH�&KHUQRE\O¶�
DFFLGHQW�DW�%HODUXV�SRSXODWLRQ���UG�,QHUQ��&RQI��³�0HGLFDO�FRQVHTXHQFHV�WKH�&KHUQRE\O�DFFLGHQW��UHVXOWV�RI�
���\HDUV�LQYHVWLJDWLRQV������-XQH�������.LHY��8NUDLQH´��$EVWDUFWV��SS������±������LQ�5XVVLDQ���

/D]MXN�*�,���1LNRODHY�'�/���1RYLNRYD�,�9���3ROLW\FR�$�'���.KPHO�5�'�������D��%HODUXVLDQ�SRSXODWLRQ�UDGLDWLRQ�
H[SRVXUH�DIWHU�&KHUQRE\O�DFFLGHQW�DQG�FRQJHQLWDO�PDOIRUPDWLRQV�G\QDPLFV��,QW��-��5DG��0HG�������SS���������

/D]XWND� -�5�� ������� &KURPRVRPH� $EHUUDWLRQV� DQG� 5RJXH� &HOOV� LQ� /\PSKRF\WHV� RI� &KHUQRE\O� &OHDQ�XS�
:RUNHUV��0XWDW�5HV��������9������3�����������

/D]\XN�*�,���.LULOORYD�,�$���1LNRODHY�'�/��HW�DO�� ��������'\QDPLFV�RI�KHUHGLWDU\�SDWKRORJ\�LQ�%HODUXV�DQG�WKH�
&KHUQRE\O�DFFLGHQW��7KH�&KHUQRE\O�DFFLGHQW��0HGLFDO�DVSHFWV��&ROOHFWHG�WUDQVDFWLRQV��0LQVN��SS�������������

/HEHGLQVN\� $�9��� 1DNKLOQLW]NDMD� =�1�� ������� ,RQL]LQJ� UDGLDWLRQ� LQIOXHQFH� RQ� WKH� QHUYRXV� V\VWHP��0RVFRZ��
3XEOLVKLQJ�+RXVH�$WRPL]GDW��LQ�5XVVLDQ���

/HPRLQH�-���������3DWKRORJLF�EURQFKLTXH��(WXGHV�FOLQLTXHV�HW�HQGRVFRSLTXHV���3DULV��'RLQ�������������S��
/HQVND\D�5�9���=XEULNKLQD�*�1���7DUDVRYD�,�6���%X\DQNLQ�9�0���.D]QDFKHHY�.�6��������&OLQLFDO�DQG�
LPPXQRORJLFDO�FKDUDFWHULVWLFV�RI�FKLOGUHQ�SHUPDQHQWO\�OLYLQJ�RQ�UDGLRQXFOLGH�FRQWDPLQDWHG�WHUULWRULHV��
GHSHQGLQJ�RQ�WKH�GRVH�RI�LQWHUQDO�LUUDGLDWLRQ��+DHPDWRORJ\�DQG�7UDQVIXVLRORJ\��9RO������1R����SS���������
/HRQRYD� 7�$�� �������� )XQFWLRQDO� VWDWH� RI� UHSURGXFWLYH� V\VWHP� DPRQJ� JLUOV� RI� SXEHUWDO� DJH� ZLWK� DXWRLLPXQH�

WK\URLGLWLV�� ,Q�� 7KHVHV� RI� UHSRUWV� RI� �G� ,QWHUQDWLRQDO� FRQIHUHQFH� ³0HGLFDO� FRQVHTXHQFHV� RI� &KHUQRE\O�
&DWDVWURSKH��2XWFRPHV�RI����\HDUV�VWXGLHV�´�-XQH�������.LHY��8NUDLQH��S�������

/LSQLN� %�� ������� 7KH� (DUWK� DQG� 5DGLDWLRQ�� UHDO\W\� WHUULI\HU� WKDQ� QXPEHUV���
�KWWS���ZZZ�SUDYGD�UX�VFLHQFH�SODQHW�HQYLURQPHQW����������

/LVLDQ\L�1�,��	�/MXELFK�/�'���������5ROH�RI�WKH�QHXUR�LPPXQH�UHDFWLRQV�IRU�GHYHORSPHQW�RI�WKH�SRVW�UDGLDWLRQ�
HQFHSKDORSDWK\� DIWHU� ORZ� GRVH� LPSDFW�� �UG� ,QWHU�� &RQI�� ³0HGLFDO� FRQVHTXHQFHV� RI� WKH� &KHUQRE\O�
FDWDVWURSKH��UHVXOWV�RI����\HDUV� LQYHVWLJDWLRQV������-XQH�������.LHY��8NUDLQH�´�$EVWUDFWV��.LHY��S�������LQ�
5XVVLDQ����

/LWFKHU�/��%URPHW�(-��&DUOVRQ�*��6TXLUHV�1��*ROGJDEHU�'��3DQLQD�1��*RORYDNKD�(��*OX]PDQ�6����������6FKRRO�
DQG� QHXURSV\FKRORJLFDO� SHUIRUPDQFH� RI� HYDFXDWHG� FKLOGUHQ� LQ� .LHY� HOHYHQ� \HDUV� DIWHU� WKH� &KHUQRE\O�
GLVDVWHU��-�&KLOG�3V\FKRO�3V\FKLDWU\��������������

/OR\G� '�� 	� 6HYDQNDHY� $�� ������� %LRORJLFDO� GRVLPHWU\� IRU� SHUVRQV� LUUDGLDWHG� E\� WKH� &KHUQRE\O� DFFLGHQW��
,QWHUQDWLRQDO� VFLHQWLILF� FROODERUDWLRQ� RQ� WKH� FRQVHTXHQFHV� RI� WKH� &KHUQRE\O� DFFLGHQW� ������������� )LQDO�
UHSRUW���(85������(1��/X[HPERXUJ��2IILFLDO�3XEOLFDWLRQV�RI�WKH�(XURSHDQ�&RPPXQLWLHV�����������SS��

/RJDQRYVNDMD� 7�.� �������� 3V\FKRSK\VLRORJLFDO� SDWWHUQ� RI� DFXWH� SUHQDWDO� H[SRVXUH� WR� ORQL]LQJ� UDGLDWLRQ� DV� D�
UHVXOW�RI�WKH�&KHUQRE\O�DFFLGHQW��,QWHUQDWLRQDO�-RXUQDO�RI�3V\FKRSK\VLRORJ\�������±������±����

/RJDQRYVNDMD� 7�.�� ������� 0HQWDO� GLVRUGHUV� LQ� FKLOGUHQ� H[SRVHG� WR� SUHQDWDO� LUUDGLDWLRQ� DV� D� UHVXOW� RI� WKH�
&KHUQRE\O� DFFLGHQW�� 7KH� GLVVHUWDWLRQ� IRU� WKH� DFDGHPLF� GHJUHH� RI� D� &DQGLGDWH� RI� 0HGLFDO� 6FLHQFHV� LQ�
UDGLRELRORJ\��6FLHQWLILF�&HQWUH�IRU�5DGLDWLRQ�0HGLFLQH�RI�$FDGHP\�RI�0HGLFDO�6FLHQFHV�RI�8NUDLQH��.LHY��

/RJDQRYVNDMD�7�.���/RJDQRYVN\�.�1���������((*��FRJQLWLYH�DQG�SV\FKRSDWKRORJLFDO�DEQRUPDOLWLHV�LQ�FKLOGUHQ�
LUUDGLDWHG�LQ�XWHUR��,QW�-�3V\FKRSK\VLRO������������±�����

/RJDQRYVNDMD� 7�.��� 1HFKD\HY� 6�<X��������� 3V\FKRSK\VLRORJLFDO� HIIHFWV� LQ� SUHQDWDOO\� H[SRVHG� FKLOGUHQ� DQG�
DGROHVFHQWV�DV�D�UHVXOW�RI�WKH�&KHUQRE\O�DFFLGHQW��:RUOG�RI�0HGLFLQH������������±�����$UWLFOH�LQ�8NUDLQLDQ��

/RJDQRYVN\�.���%RPNR�0���$QW\SFKXN�<H�������E��1HXURSV\FKLDWULF�UDGLDWLRQ�HIIHFWV��OHVVRQV�IURP�&KHUQRE\O�
DFFLGHQW��$FFHSWHG�$EVWUDFW�;,,,�:RUOG�&RQJUHVV�RI�3V\FKLDWU\�&DLUR��6HSWHPEHU�������������(J\SW��

/RJDQRYVN\�.�1��������&OLQLF��HSLGHPLRORJLFDO�DVSHFWV�SV\FKLDWULF�FRQVHTXHQFHV�RI�WKH�&KHUQRE\O�FDWDVWURSKH��
6RFLDO�DQG�FOLQLFDO�SV\FKLDWU\��YRO����������SS����±�����LQ�5XVVLDQ���

/RJDQRYVN\� .�1�� ������� &OLQLFDO�(SLGHPLRORJLFDO� DVSHFWV� RI� SV\FKLDWULF� FRQVHTXHQFHV� RI� WKH� &KHUQRE\O�
GLVDVWHU��6RFLDO�DQG�&OLQLFDO�3V\FKLDWU\��������±����LQ�5XVVLDQ���

/RJDQRYVN\� .�1�� �����D�� 1HXURORJLFDO� DQG� SV\FKRSDWKRORJLFDO� V\QGURPHV� LQ� WKH� IROORZ�XS� SHULRG� DIWHU�
H[SRVXUH�WR�LRQL]LQJ�UDGLDWLRQ��=K�1HYURO�3VLNKLDWU�,P�6�6�.RUVDNRYD����������������LQ�5XVVLDQ��

/RJDQRYVN\� .�1�� �����E�� 9HJHWDWLYH�YDVFXODU� G\VWRQLD� DQG� RVWHRDOJHWLF� V\QGURPH� RU� &KURQLF� )DWLJXH�
6\QGURPH� DV� D� FKDUDFWHULVWLF� DIWHU�HIIHFW� RI� UDGLRHFRORJLFDO� GLVDVWHU�� WKH� &KHUQRE\O� DFFLGHQW� H[SHULHQFH��
-RXUQDO�RI�&KURQLF�)DWLJXH�6\QGURPH���������±����



� ���

/RJDQRYVN\�.�1���������0HQWDO�GLVRUGHUV�DW�H[SRVXUH�WR�LRQLVLQJ�UDGLDWLRQ�DV�D�UHVXOW�RI�WKH�&KHUQRE\O�DFFLGHQW��
QHXURSK\VLRORJLFDO�PHFKDQLVPV�� XQLILHG� FOLQLFDO� GLDJQRVWLFV�� WUHDWPHQW��7KH�GLVVHUWDWLRQ� IRU� WKH� DFDGHPLF�
GHJUHH� RI� D�'RFWRU� RI�0HGLFDO� 6FLHQFHV� LQ� UDGLRELRORJ\� ����������� DQG� SV\FKLDWU\� ������������ 6FLHQWLILF�
&HQWUH�IRU�5DGLDWLRQ�0HGLFLQH�RI�$FDGHP\�RI�0HGLFDO�6FLHQFHV�RI�8NUDLQH��.LHY��

/RJDQRYVN\�.�1���������3V\FKRSK\VLRORJLFDO�IHDWXUHV�RI�VRPDWRVHQVRU\�GLVRUGHUV�LQ�YLFWLPV�RI�WKH�&KHUQRE\O�
DFFLGHQW��)L]LRO�&KHORYHND�����������±����

/RJDQRYVN\�.�1���%RPNR�0�$���$QWLSFKXN�<H�<X��'HQLV\XN�1�9���=GRUHQNR�/�/���5RVVRNKD�$3��&KRUQ\�$�,���
'UR]GRYD�1�9���<XNKLPHQNR�<H�1���.UDYFKHQNR�9�,���9DVLOHQNR�=�/�������E��3RVWUDGLDWLRQ�EUDLQ�GDPDJH�
LQ�UHPRWH�SHULRG�RI�WKH�&KHUQRE\O�DFFLGHQW��,QWHUQDWLRQDO�-RXUQDO�RI�3V\FKRSK\VLRORJ\�����±���������

/RJDQRYVN\�.�1��� %RPNR�0�2�� ������� 6WUXFWXUDO�IXQFWLRQDO� SDWWHUQ� RI� UDGLDWLRQ� EUDLQ� GDPDJH� LQ�&KHUQRE\O�
DFFLGHQW�FOHDQ�XS�ZRUNHUV��8NUDLQLDQ�0HGLFDO�-RXUQDO������������±����LQ�8NUDLQLDQ���

/RJDQRYVN\�.�1���.RYDOHQNR�$�1��<XU\HY�.�/���%RPNR�0�$���$QWLSFKXN�<H<X��'HQLV\XN�19��=GRUHQNR�/�/��
5RVVRNKD�$�3���&KRUQ\�$�%���'XEURYLQD�*�9���������9HULILFDWLRQ�RI�RUJDQLF�EUDLQ�GDPDJH�LQ�UHPRWH�SHULRG�
RI�$FXWH�5DGLDWLRQ�6LFNQHVV��8NUDLQLDQ�0HGLFDO�-RXUQDO�����������±����LQ�8NUDLQLDQ���

/RJDQRYVN\�.�1���/RJDQRYVNDMD�7�.���������6FKL]RSKUHQLD�VSHFWUXP�GLVRUGHUV�LQ�SHUVRQV�H[SRVHG�WR�LRQL]LQJ�
UDGLDWLRQ�DV�D�UHVXOW�RI�WKH�&KHUQRE\O�DFFLGHQW��6FKL]RSKU�%XOO������������

/RJDQRYVN\�.�1��1\DJX�$�,����/RJDQRYVNDMD�7�.���������&KURQLF�IDWLJXH�V\QGURPH�²�D�SRVVLEOH�HIIHFW�RI�ORZ�
DQG�YHU\�ORZ�GRVHV�RI�LRQL]LQJ�UDGLDWLRQ��,Q��$EVWUDFWV�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�©7KH�HIIHFWV�RI�ORZ�
DQG� YHU\� ORZ� GRVHV� RI� LRQL]LQJ� UDGLDWLRQ� RQ� KXPDQ� KHDOWKª�� -XQH� ��±���� ������ 9HUVDO�� )UDQFH�� 9HUVDO��
8QLYHUVLW\�RI�9HUVDLOOHV�6W�4XHQWLQ�HQ�<YHOLQHV��:RUOG�&RXQFRO�RI�1XFOHDU�:RUNHUV��:218&���S�����

/RJDQRYVN\�.�1���9RORYLN�6�9���)ORU�+HQU\�3���0DQWRQ�.�*���%D]\ND�'�$�������D��,RQL]LQJ�UDGLDWLRQ�DV�D�ULVN�
IDFWRU�IRU�VFKL]RSKUHQLD�VSHFWUXP�GLVRUGHUV��,QWHUQDWLRQDO�-RXUQDO�RI�3V\FKRSK\VLRORJ\�������±���������

/RJDQRYVN\�.�1���9RORYLN�6�9���0DQWRQ�.�*���%D]\ND�'�$���)ORU�+HQU\�3�������D��:KHWKHU�LRQL]LQJ�UDGLDWLRQ�
LV�D�ULVN�IDFWRU�IRU�VFKL]RSKUHQLD�VSHFWUXP�GLVRUGHUV"�:RUOG�-RXUQDO�RI�%LRORJLFDO�3V\FKLDWU\����������������

/RJDQRYVN\�.�1���<XU\HY�.�/���������((*�SDWWHUQV�LQ�SHUVRQV�H[SRVHG�WR�LRQL]LQJ�UDGLDWLRQ�DV�D�UHVXOW�RI�WKH�
&KHUQRE\O�DFFLGHQW��SDUW����FRQYHQWLRQDO�((*�DQDO\VLV��-�1HXURSV\FKLDWU\�&OLQ�1HXURVFL������������±�����

/RJDQRYVN\�.�1���<XU\HY�.�/���������((*�SDWWHUQV�LQ�SHUVRQV�H[SRVHG�WR�LRQL]LQJ�UDGLDWLRQ�DV�D�UHVXOW�RI�WKH�
&KHUQRE\O� DFFLGHQW�� 3DUW� ��� TXDQWLWDWLYH� ((*� DQDO\VLV� LQ� SDWLHQWV� ZKR� KDG� DFXWH� UDGLDWLRQ� VLFNQHVV�� -�
1HXURSV\FKLDWU\�&OLQ�1HXURVFL�����������±����

/RJDQRYVN\� .�1��� =GRUHQNR� //� ������� ,QWHOOLJHQFH� GHWHULRUDWLRQ� IROORZLQJ� DFXWH� UDGLDWLRQ� VLFNQHVV��
,QWHUQDWLRQDO�-RXUQDO�RI�3V\FKRSK\VLRORJ\�������±��������

/RJDQRYVN\��.�1��	�1\DJX��$�,���������LQ�/RZ�GRVHV�RI� LRQL]LQJ�UDGLDWLRQ��ELRORJLFDO�HIIHFWV�DQG�UHJXODWRU\�
FRQWURO�� &RQWULEXWHG� SDSHUV� RI� ,QWHUQDWLRQDO� &RQIHUHQFH�� 6HYLOOH� �,$($�7(&'2&������ ,$($�� :+2��
816&($5��9LHQQD��,$($���������S�����

/XNLDQRYD� (��� $QWLSNLQ� <X��� $UDEVND� /�� ������� )RUPDWLRQ� RI� RVVHRXV� V\VWHP� DW� FKLOGUHQ� XQGHU� SUHVHQW�
FRQGLWLRQV�RI�HQYLURQPHQWDO�FKDQJHV�DIWHU�&KHUQRE\O�DFFLGHQW�����(FRORJLFDO�%XOOHWLQ���6SHFLDO�5HOHDVH�RI�
WKH�-RXUQDO��������S�����������

/XNRPVN\� ,�9��� 3URWDV� 5�1��� $OH[HHQNR� <X�9�� ������ 3HFXOLDULW\� RI� WKH� QHXURORJLFDO� GLVHDVHV� RI� WKH� DGXOW�
SRSXODWLRQ� LQ� WKH�]RQH�RI� WKH�WLJKW�UDGLDWLRQ�FRQWURO��³,PSDFW�RI�UDGLRQXFOLGHV¶�SROOXWLRQ�RQ�SXEOLF�KHDOWK��
FOLQLFDO�H[SHULPHQWDO�VWXG\´��&ROOHFWLRQ�RI�6FL��SDSHUV��9LWHEVN�6WDWH�0HG��,QVWLWXWH���9LWHEVN��SS����²���
�LQ�5XVVLDQ���

/XN\DQRYD� (�0��� $QWLSNLQ� <�*��� $UDEVND\D� /�3��� =DGRUR]KQD� 7�'��� 'DVKNHY\FK� 9�(��� 3RYRUR]Q\XN� 9�9��
��������&KRUQRE\O�DFFLGHQW��WKH�VWDWH�RI�RVVHRXV�V\VWHP�LQ�FKLOGUHQ�GXULQJ�WKH�DQWH��DQG�SRVWQDWDO�SHULRG�RI�
OLIH���0RQRJUDSK��.\LY��&KRUQRE\OLQWHULQIRUP������SS��

/XN\DQRYD� � ����(G���������&KHUQRE\O�GLVDVWHU�7KH�VWDWH�RI�KHDOWK�RI�ZRPHQ�DQG�FKLOGUHQ��0RVFRZ���=QDQL\H�
0�������S��

/XWVND� ,;��� &KXNKUDL� ,�*��� 8ULQRN� (�9�� ������� &KHUQRE\O�DVSHFWV�RI�VWRPDWRORJLF�VWDWXV�RI�WKH�FKLOGUHQ�RI�WKH�UHSXEO�RI�%HODUXV� ��
,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�0HGLFLQH����������S�������

/\V\DQ\M�0,��������&XUUHQW�YLHZ�RQ�UDGLDWLRQ�HIIHFWV�RQ�WKH�QHUYRXV�V\VWHP��%XOOHWLQ�RI�8NUDLQLDQ�$VVRFLDWLRQ�
RI�1HXURVXUJHRQV��������±�����LQ�8NUDLQH���

0DOHQFKHQNR� $�)��� *ROXEHQNR� $�0�� ������� 7KH� ELRPHGLFDO� DVSHFWV� RI� WKH� �KRW�� SDUWLFOHV�� 3XEOLF� KHDOWK� RI�
%HODUXV��±9�������S���������LQ�5XVVLDQ���

0DQDN�1�$���5XVHWVND\D�9�*���/D]MXN�'�*���������$QDO\VLV�RI�EORRG�FLUFXODWRU\�LOOQHVVHV�RI�%HODUXV�SRSXODWLRQ�
�0HGLFDO�ELRORJLFDO�DVSHFWV�RI�WKH�&KHUQRE\O�DFFLGHQW�� ����SS�����±�����LQ�5XVVLDQ���

0DUWV\QNHY\FK��2�2���������7KH�QHXURORJLFDO�DQG�UDGLRPHWULF�LQGLFHV�RI�WKRVH�ZKR�ZRUNHG�LQ�WKH�FOHDQXS�ZKR�
OLYH�RQ�WKH�WHUULWRU\�RI�&KHUQLJRY�3URYLQFH��/LN�6SUDYD�������1����������

0DWVNR�9�3���������&XUUHQW�6WDWH�RI�(SLGHPLRORJLFDO�6WXGLHV�LQ�%HODUXV�DERXW�&KHUQRE\O�6XIIHUHUV��,Q��,PDQDND�
7�� �(G����5HFHQW�5HVHDUFK�$FWLYLWLHV�DERXW� WKH�&KHUQRE\O�133�$FFDGHQW� LQ�%HODUXV��8NUDLQH�DQG�5XVVLD��
.\RWR�8QLY��5HV��5HDFWRU�,QVW���.855,�.5������.\RWR��SS�����������



� ���

0DWYHHY�9�$���������$FWLYLW\�RI�F\WRPHJDORYLUXV�LQIHFWLRQ�LQ�SUHJQDQW�ZRPHQ�DV�DQ�LQGH[�RI�KHUG�LPPXQLW\�LQ�
WKH� UDGLRQXFOLGH�FRQWDPLQDWHG� UHJLRQV� UHVXOWLQJ� IURP� WKH� &KHUQRE\O� DFFLGHQW�� (IIHFW� RI� HQYLURQPHQWDO�
FRQWDPLQDWLRQ�ZLWK� UDGLRQXFOLGHV� RQ� WKH� SRSXODWLRQ� KHDOWK��$� FOLQLFDO� DQG� H[SHULPHQWDO� VWXG\��&ROOHFWHG�
WUDQVDFWLRQV�RI�WKH�9LWHEVN�6WDWH�0HGLFDO�,QVWLWXWH��9LWHEVN��SS������������

0DWYHHY�9�$���9RURSDHY� �9��� RORPLHWV�1�'���������5ROH�RI�WKH�KHUSHV�YLUXV�LQIHFWLRQV�LQ�WKH�LQIDQW�PRUWDOLW\�
RI�*RPHO�WHUULWRULHV�ZLWK�GLIIHUHQW�GHQVLW\�RI�UDGLRQXFOLGHV�SROOXWLRQ��$FWXDO�SUREOHPV�RI�LPPXQRORJ\�DQG�
DOOHUJRORJ\��,,,�&RQJUHVV�%HODUXV��6FL��6RF��,PPXQ���$OOHJRO��*URGQR��$EVWUDFWV��S������LQ�5XVVLDQ���

0D]QLN� 1�$�� ������� &\WRJHQHWLF� HIIHFWV� VHUYLQJ� DV� WKH� ELRORJLFDO� LQGLFDWRU� RI� UDGLDWLRQ� RI� OLTXLGDWRUV� RI�
FRQVHTXHQFHV�RI�&KHUQRE\O�DFFLGHQW����8NU��5DGLRO��� ����SS������������

0D]QLN�1�$���������)LQGLQJV�RI�D�G\QDPLF�F\WRJHQHWLF�IROORZ�XS�H[DPLQDWLRQ�DQG�ELRORJLFDO�GRVLPHWU\�LQ�WKH�
HYDFXHHV�IURP�WKH����NP�]RQH�RI�WKH�&KHUQRE\O�DWRPLF�SRZHU�SODQW��5DGLDWLRQ�ELRORJ\�DQG�UDGLRHFRORJ\��
����1R����SS�������������

0D]QLN�1�$���9LQQLNRY�9�$���0D]QLN�9�6���������$VVHVVLQJ�GLVWULEXWLRQ�RI�LQGLYLGXDO�GRVHV�RI�LUUDGLDWLRQ�LQ�WKH�
&KHUQRE\O� DFFLGHQW� UHVFXHUV�� EDVHG� RQ� WKH� ILQGLQJV� RI� D� F\WRJHQHWLF� DQDO\VLV�� 5DGLDWLRQ� ELRORJ\��
5DGLRHFRORJ\���9RO������1R����SS�������������

0D]QLN� 1�$��� 9LQQLNRY� 9�$�� ������� /HYHO� RI� FKURPRVRPDO� DEHUUDWLRQV� LQ� SHULSKHUDO� EORRG� O\PSKRF\WHV� DW�
HYDFXHHV� DQG� OLYLQJ� LQ� WKH� UDGLRDFWLYH� SROOXWHG� WHUULWRULHV� DIWHU� WKH� &KHUQRE\O� DFFLGHQW�� 5DG�� %LRO���
5DGLRHFRO���YRO������ ����SS������±������LQ�5XVVLDQ���

0D]Q\N� 1� �� ������� &\WRJHQHWLF� HIIHFWV� DV� D� ELRORJLFDO� LQGLFDWRU� RI� ORZ� GRVHV� RI� LRQL]LQJ� UDGLDWLRQ� KHDOWK�
HIIHFWV� LQ� WKH� HDUO\� DQG� ODWHU� SHULRGV� DIWHU� UDGLDWLRQ� H[SRVXUH� LQ�SHUVRQV�RI�&KRUQRE\O� FRQWLQJHQW��7KHVLV�
$XWRDEVWUDFW�RI�'RFWRU�RI�%LRORJLFDO�6FLHQFHV��±�.\LY��������±���S��

0F*DOH�3���'DUE\�6�&���������/RZ�GRVHV�RI�LRQL]LQJ�UDGLDWLRQ�DQG�FLUFXODWRU\�GLVHDVHV��D�V\VWHPDWLF�UHYLHZ�RI�
WKH�SXEOLVKHG�HSLGHPLRORJLFDO�HYLGHQFH��5DGLDW�5HV������������������

0F*UDWK�-���6DKD�6���:HOKDP�-���(O�6DDGL�2VVDPD��0DF&DXOH\�&���&KDQW�'���������$�V\VWHPDWLF�UHYLHZ�RI�WKH�
LQFLGHQFH�RI�VFKL]RSKUHQLD��WKH�GLVWULEXWLRQ�RI�UDWHV�DQG�WKH�LQIOXHQFH�RI�VH[��XUEDQLFLW\��PLJUDQW�VWDWXV�DQG�
PHWKRGRORJ\��%0&�0HGLFLQH�������KWWS���ZZZ�ELRPHGFHQWUDO�FRP����������������

0HVNLNK� � ������� 'HIHUUHG� 0HGLFDO� (IIHFWV� RI� WKH� &KHUQRE\O� $FFLGHQW�� :RUNV� RI� �QG� 6FLHQWLILF� 5HJLRQDO�
&RQIHUHQFH��0RVFRZ��������3��������

0HWHOVND\D�0�$�� �������+HDOWK� VWDWXV� RI� WHHQDJHUV�� H[SRVHG� WR� LRQL]LQJ� UDGLDWLRQ� DV� D� UHVXOW� RI� WKH�&KHUQRE\O�
DFFLGHQW��,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�0HGLFLQH����������S�������

0HWWOHU�)�$���8SWRQ�$�&���(GV����������0HGLFDO�HIIHFWV�RI�LRQL]LQJ�UDGLDWLRQ���QG�HG��6DXQGHUV�:��%��&RPSDQ\��
3KLODGHOSKLD��

0H]K]KHULQ�9�$���������&LYLOL]DWLRQ�DQG�1RRVSKHUD��%RRN����.LHY������S���LQ�5XVVDLQ���
0LFNOH\� *�$�� ������� 3V\FKRORJLFDO� HIIHFWV� RI� QXFOHDU� ZDUIDUH�� LQ�� &RQNOLQ� --�� :DONHU� 5,�� HGLWRUV�� 0LOLWDU\�

UDGLRELRORJ\��6DQ�'LHJR��$FDGHPLF�3UHVV��,QF���SS����±�����
0LNKDOHYLFK�/�6���������0RQLWRULQJ�RI�&\WRJHQHWLF�'DPDJHV�LQ�3HULSKHUDO�/\PSKRF\WHV�RI�&KLOGUHQ�/LYLQJ�LQ�

5DGLRFRQWDPLQDWHG�$UHDV�RI�%HODUXV��,Q��,PDQDND�7���(G����SS�������������
0LNVKD� <D�6�� 	� 'DQ\ORY� ,�3�� ������� &RQVHTXHQFHV� RI� WKH� FKURQLF� LPSDFW� E\� LRQL]LQJ� LUUDGLDWLRQ� RQ� WKH�

KDHPRSRLHVLV�LQ�*RPHO�DUHD��3XEOLF�+HDOWK�� ����SS�����±�����LQ�5XVVLDQ���
0RUR]RY�$�0���.U\]KDQRYVNDMD�/�$�� �������&OLQLF��G\QDPLF�DQG� WUHDWPHQW�RI�ERUGHUOLQH�PHQWDO�GLVRUGHUV� LQ�

OLTXLGDWRUV�RI�&KHUQRE\O�DFFLGHQW��.LHY��3XEOLVKLQJ�+RXVH�&KHUQRE\OLQWHULQIRUP��LQ�5XVVLDQ���
1DERND�0�9�� �������7KH�FRPSDUDWLYH�DQDO\VLV�RI� ULVN�PRUELGLW\�RI�FKLOGUHQ�� OLYLQJ� LQ� WHUULWRU\�ZLWK�GLIIHUHQW�

ODQGVFDSH�JHRFKHPLFDO� FRQGLWLRQV�DQG� OHYHOV�RI� UDGLRDFWLYH�SROOXWLRQ��� ,Q�� ��(FRORJLFDO�%XOOHWLQ���6SHFLDO�
5HOHDVH�RI�WKH�-RXUQDO��������S������������

1DERND� 0�9��� 6KHVWRSDORY� 9�0��� *XODN� /�2��� )HGRUHQNR� =�3��� %RELORYD� 2$��� %XUODN� *�)�� ������� &RPSDUDWLYH�
DQDO\VLV�RI�PRUELG�W�SDUDPHWHUV�RI�FKLOGUHQ�SRSXODWLRQ�RI�.LHY�UHJLRQ�UHJDUGLQJ�GLVHDVHV�RI�EUHDWKLQJ�V\VWHP�DQG�
FDQFHU�LQ�UDGLRHFRORJLFDO�ULVN�]RQHV���,Q��,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�0HGLFLQH����������S�������

1DNDQH�<��2KWD�<��������$Q�H[DPSOH�IURP�WKH�-DSDQHVH�5HJLVWHU��VRPH�ORQJ�WHUP�FRQVHTXHQFHV�RI�WKH�$�ERPE�
IRU�LWV�VXUYLYRUV�LQ�1DJDVDNL��,Q��7HQ�+RUQ�*+00��*LHO�5��*XOELQDW�:+��+HQGHUVRQ�-+��HGV��3V\FKLDWULF�
&DVH�5HJLVWHUV�LQ�3XEOLF�+HDOWK��(OVHYLHU�6FLHQFH�3XEOLVKHUV�%�9���$PVWHUGDP��SS���±����

1DSUH\HQNR�$���/RJDQRYVN\�.�������D��3V\FKLDWULF�PDQDJHPHQW�RI� UDGLRHFRORJLFDO�GLVDVWHU�YLFWLPV�DQG� ORFDO�
ZDUV�YHWHUDQV��1HZ�7UHQGV�LQ�([SHULPHQWDO�DQG�&OLQLFDO�3V\FKLDWU\��;9,,���±����3����±����

1DSUH\HQNR�$�.���/RJDQRYVNDMD�7�.���������0HQWDO�GLVRUGHUV�LQ�SUHQDWDOO\�LUUDGLDWHG�FKLOGUHQ�DQG�DGROHVFHQWV�
DV�D�UHVXOW�RI�WKH�&KHUQRE\O�DFFLGHQW��GLDJQRVWLF�V\VWHP��WUHDWPHQW�DQG�UHKDELOLWDWLRQ��:RUOG�RI�0HGLFLQH����
��������±�����$UWLFOH�LQ�8NUDLQLDQ���

1DSUH\HQNR�$�.���/RJDQRYVN\�.�1���������7KH�V\VWHPDWLFV�RI�PHQWDO�GLVRUGHUV�UHODWHG�WR�WKH�VHTXHODH�RI�WKH�
DFFLGHQW�DW�WKH�&KHUQRE\O�$WRPLF�(OHFWULF�3RZHU�6WDWLRQ�/LN�6SUDYD��������±����LQ�5XVVLDQ���

1DSUH\HQNR�$�.���/RJDQRYVN\�.�1���������(FRORJLFDO�SV\FKLDWU\��.LHY�3RO\JUDSKNQLJD�3XEOLVKLQJ�+RXVH��LQ�
5XVVLDQ���



� ���

1DSUH\HQNR�$�.��/RJDQRYVN\�.�1�� �������&XUUHQW� SUREOHPV�RI� HPHUJHQF\�SV\FKLDWU\� DW� WKH� UDGLRHFRORJLFDO�
GLVDVWHU��,Q��(PHUJHQF\�SV\FKLDWU\�LQ�D�FKDQJLQJ�ZRUOG�(G��E\�0��'H�&OHUFT��$��$QGUHROL��6��/DPDUUH��3��
)RUVWHU��$PVWHUGDP��(OVHYLHU�6FLHQFH�%�9���SS����±�����

1DSUH\HQNR�$�.���/RJDQRYVN\�.�1������E��(FRORJLFDO�SV\FKLDWU\��,Q��3V\FKLDWU\��HGLWHG�E\�1DSUH\HQNR�$.��
.\LY��=GRURYMD��3XEOLVKLQJ�+RXVH��SS����±�����LQ�8NUDLQLDQ���

1HGYHFKND\D� 9�9��� /LDO\NRY� 6�$�� ������� &DUGLR�LQWHUYDO�JUDSKLFDO� LQYHVWLJDWLRQ� RI� WKH� QHUYRXV� V\VWHP� DW�
FKLOGUHQ�IURP�WKH�UDGLRDFWLYH�SROOXWHG�WHUULWRULHV��%HODUXVLDQ�3XEOLF�+HDOWK�� ����SS�����±�����LQ�5XVVLDQ���

1HVWHUHQNR�9�%�� �������6FDOH�DQG�FRQVHTXHQFHV�RI� WKH�&KHUQRE\O¶�DFFLGHQW� IRU�%HODUXV��8NUDLQH�DQG�5DVVLD��
0LQVN��©7KH�5LJKW�DQG�(FRQRPLFVª�3XEO������S��LQ�5XVVLDQ���

1HVWHUHQNR�9�%���<DNRYOHY�9�$���1D]DURY�$�*���(GV�����������&KHUQRE\O�DFFLGHQW��5HDVRQV�DQG�FRQVHTXHQFLHV�
�([SHUW�FRQFOXVLRQ���3DUW����&RQVHTXHQFHV�IRU�8NUDLQH�DQG�5XVVLD��0LQVN��³7HVW´�3XEO�������S���LQ�5XVVLDQ���

1LMHQKXLV�0�$�-��� YDQ�2RVWURP� ,�(�$�� 6KDUVKDNRYD�7�0���3DXND�+�7���+DYHQDDU� -�0���%RRWVPD�3�$�� ��������
%HODUXVVLDQ�'XWFK� +XPDQLWDULDQ� $LG� 3URMHFW�� �*RPHO� 3URMHFW�´� %LOWKRYHQ�� 1DWLRQDO� ,QVWLWXWH� IRU� 3XEOLF�
+HDOWK�DQG�(QYLURQPHQWDO�3URWHFWLRQ�

1RVKFKHQNR�$�*���/RJDQRYVNLL�.�1���������7KH�IXQFWLRQDO�EUDLQ�FKDUDFWHULVWLFV�RI�SHRSOH�ZRUNLQJ�ZLWKLQ�WKH�
���NLORPHWHU� DUHD� RI� WKH� &KHUQRE\O� $WRPLF� (OHFWULF� 3RZHU� 6WDWLRQ� IURP� WKH� YLHZSRLQW� RI� DJH�UHODWHG�
FKDQJHV��/LN�6SUDYD�������±����LQ�5XVVLDQ���

1\DJX�$���/RJDQRYVN\�.���/RJDQRYVNDMD�7���$QWLSFKXN�<H������D��7KH�:+2�3URMHFW�RQ�©%UDLQ�'DPDJH� LQ�
XWHURª��PHQWDO� KHDOWK� DQG� SV\FKRSK\VLRORJLFDO� VWDWXV� RI� WKH�8NUDLQLDQ� SUHQDWDOO\� LUUDGLDWHG� FKLOGUHQ� DV� D�
UHVXOW�RI�WKH�&KHUQRE\O�DFFLGHQW��,Q��%DPELQR��3URJHWWR�6DOXWH��3URF��RI�,QW��0HHWLQJ�RQ�SUHQDWDO��SHULQDWDO�
DQG�QHRQDWDO�QHXURORJLFDO�GDPDJHV��SUHYHQWLYH�DQG�WKHUDSHXWLF�DSSURDFK��$QFRQD��,WDO\��-XQH�������������
SS���±����

1\DJX�$�,��	�.�1��/RJDQRYVN\�� �������7KH�QHXUR�SV\FKLDWULF� HIIHFWV� RI� LRQL]LQJ� UDGLDWLRQ��&KHUQRE\O�LQWHU�
LQIRUP��.LHY�����������S��

1\DJX� $�,�� ������� 3V\FKR�QHXURORJLFDO� DQG� SV\FKRORJLFDO� DVSHFWV� RI� FRQVHTXHQFHV� RI� WKH� DFFLGHQW� DW� WKH�
&KHUQRE\O�DWRPLF�SRZHU�VWDWLRQ����%XOOHWLQ�$ 6�RI�WKH�8665�� �������S��������

1\DJX� $�,�� ������� &OLQLFDO� SHFXOLDULWLHV� RI� G\V�FLUFXODWRU\� HQFHSKDORSDWKLHV� LQ� SDUWLFLSDQWV� RI� OLTXLGDWLRQ� RI�
FRQVHTXHQFHV� RI� WKH� DFFLGHQW� DW� WKH�&KHUQRE\O� DWRPLF� SRZHU� VWDWLRQ� ��� 6RFLDO�SV\FKRORJLFDO� DQG�SV\FKR�
QHXURORJLFDO�DVSHFWV�RI�FRQVHTXHQFHV�RI� WKH�DFFLGHQW�DW� WKH�&KHUQRE\O�DWRPLF�SRZHU�VWDWLRQ��0DWHULDOV�RI�
VFLHQWLILF�FRQIHUHQFH�RI�WKH�&,6�FRXQWULHV�ZLWK�WKH�LQWHUQDWLRQDO�SDUWLFLSDWLRQ����.LHY����������S����������

1\DJX� $�,�� ������� 0HGLFDO� FRQVHTXHQFHV� RI� WKH� &KHUQRE\O� DFFLGHQW� LQ� 8NUDLQH�� �� .LHY�� &KHUQRE\O�� 132�
³3ULS\DW´��������S��

1\DJX� $�,� ������� $FWXDO� DQG� SUHGLFWHG� GLVRUGHUV� RI� PHQWDO� KHDOWK� DIWHU� QXFOHDU� FDWDVWURSKH� LQ� &KHUQRE\O��
0DWHULDOV�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH���(G��E\�$�,�1\DJX���.LHY��������±����S��

1\DJX�$�,���������9HJHWDWLYH�G\VWRQLD��,Q�WKH�ERRN��&KHUQRE\O�DFFLGHQW���(GLWHG�E\�$FDGHPLFLDQ�9�*�%DUMDKWDU��
��.LHY��1DXNRYD�GXPND����������SS�����������

1\DJX�$�,�� �������7KH�QHXUR�SV\FKLDWULF�FRQVHTXHQFHV��,Q�ERRN��0HGLFDO�FRQVHTXHQFHV�RI� WKH�DFFLGHQW�DW� WKH�
&KHUQRE\O�DWRPLF�SRZHU�VWDWLRQ��9ROXPH����&OLQLFDO�DVSHFWV��(G��E\�%HEHVKNR�9�*��DQG�.RYDOHQNR�$�1��
0('(.2/�01,7V�ELR�HFRV�3�����������

1\DJX�$�,���/RJDQRYVN\�.�1���/RJDQRYVNDMD�7�.�HW�DO���������LQ�.855,�.5�����²�5HFHQW�5HVHDUFK�$FWLYLWLHV�
DERXW�WKH�&KHUQRE\O�133�$FFLGHQW�LQ�%HODUXV��8NUDLQH�DQG�5XVVLD�HGLWHG�E\�7��,PDQDND���.\RWR��5HVHDUFK�
5HDFWRU�,QVWLWXWH��.\RWR�8QLYHUVLW\��������S�������

1\DJX�$�,���.KDO\DYND�,�*���/RJDQRYVNL�.�1���3ODFKLQGD�-�,���-XUHY�.�/���/RJDQRYVND\D�7�.���������3V\FKR�
QHXURORJLFDO�FKDUDFWHULVWLF�RI�WKRVH�ZKR�KDYH�XQGHUJRQH�DQ�DFXWH�UDGLDWLRQ�GLVHDVH����7KH�3UREOHPV�RI�WKH�
&KHUQRE\O�=RQH�RI�DOLHQDWLRQ����±�,VVXH������S�����������

1\DJX� $�,��� /RJDQRYVN\� .�1��� 1HFKDHY� 6�<X��� 3RWW�%RUQ� 5��� 5HSLQ� 9�6��� $QWLSFKXN� (�<X��� %RPNR� 0�$���
<XUU\HY�.�/���3HWURYD�,�9���������(IIHFWV�RI�SUHQDWDO�EUDLQ�LUUDGLDWLRQ�DV�D�UHVXOW�RI�&KHUQRE\O�DFFLGHQW��,QW��
-��5DGLDW��0HG���������

1\DJX�$�,���3ULOLQNR�9�$���������6RFLDO�SV\FKRORJLFDO�VWDWH�RI�&KHUQRE\O�GLVDVWHU�VXUYLYRUV�LQ�8NUDLQH��
,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�0HGLFLQH����������S���������

1\DJX�$�,���=D]LPNR�5�1�� �������7KH�VWDWH�RI�YHJHWDWLYH� UHJXODWLRQ�RI�FDUGLRYDVFXODU�V\VWHP�RI� WKRVH�ZLWK�D�
V\QGURPH�RI�YHJHWDWLYH�G\VWRQLD��VXEMHFWHG�WR�LQIOXHQFH�RI�LRQL]LQJ�UDGLDWLRQ�DV�D�UHVXOW�RI�&K$36�DFFLGHQW�
���-RXUQDO�RI�QHXURSDWKRO��DQG�SV\FKLDWU\�LQ�WKH�QDPH�RI�6�6�.RUVDNRY�� ����S��������

1\DJX�$�,���&KHEDQ�$�.���6DODPDWRY�9�$���/LPDQVNDMD�*�)���<D]FKHQNR�$�*��=YRQDU\HYD�*1��<DNLPHQNR�*'��
0HOLQD� .9�� 3ODFKLQGD� <X,�� &KXPDN� $$�� %D]\ND� '$�� *XONR� *0�� &KXPDN� 99�� 9RORGLQD� ,$� �������
3V\FKRVRPDWLF�KHDOWK�RI�FKLOGUHQ�LUUDGLDWHG�LQ�XWHUR�DV�D�UHVXOW�RI�WKH�&KHUQRE\O�DFFLGHQW��,Q���(G���1\DJX�
$,��3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�©6RFLDO��3V\FKRORJLFDO��DQG�3VF\KRQHXURORJLFDO�$VSHFWV�RI�
&KHUQRE\O�133�$FFLGHQW�&RQVHTXHQFHVª��.LHY��6HSWHPEHU�������������.LHY��$VVRFLDWLRQ�©3K\VLFLDQV�RI�
&KHUQRE\Oª��8NUDLQLDQ�6FLHQWLILF�&HQWUH�IRU�5DGLDWLRQ�0HGLFLQH��SS�����±�����LQ�5XVVLDQ��



� ���

1\DJX� $�,��� /RJDQRYVN\� .�1�� ������� 1HXURSV\FKLDWULF� HIIHFWV� RI� LRQL]LQJ� UDGLDWLRQ�� 3XEO��
&KHUQRE\OLQWHULQIRUP��.LHY��LQ�5XVVLDQ���

1\DJX�$�,���/RJDQRYVN\�.�1���&KHEDQ�$�.���3RGNRU\WRY�9�6���3ODFKLQGD�<X,��<XULHY�./��$QWLSFKXN�<H<X��
/RJDQRYVNDMD� 7.� �����E��0HQWDO� KHDOWK� RI� SUHQDWDOO\� LUUDGLDWHG� FKLOGUHQ�� D� SV\FKRSK\VLRORJ\FDO� VWXG\��
6RFLDO�DQG�&OLQLFDO�3V\FKLDWU\����������±����LQ�5XVVLDQ���

1\DJX�$�,���/RJDQRYVN\�.�1���&KXSURYVND\D�1<X��.RVW\FKHQNR�9*��9DVFKHQNR�($��<XU\HY�./��=D]\PNR�
51��/RJDQRYVND\D�7.��0\VFK]QFKXN�16���������1HUYRXV�V\VWHP��,Q��9R]LDQRY�$��%HEHVKNR�9��%D]\ND�
'��HGLWRUV��+HDOWK�(IIHFWV�RI�&KRUQRE\O�$FFLGHQW��.LHY��',$��SS����±�����

1\DJX� $�,��� /RJDQRYVN\� .�1��� /RJDQRYVNDMD� 7.�� 5HSLQ� 96�� 1HFKDHY� 6<X� �����D�� ,QWHOOLJHQFH� DQG� EUDLQ�
GDPDJH�LQ�FKLOGUHQ�DFXWHO\�LUUDGLDWHG�LQ�XWHUR�DV�D�UHVXOW�RI�WKH�&KHUQRE\O�DFFLGHQW��,Q��,PDQDND�7��HGLWRU��
.855,�.5����� 5HFHQW� 5HVHDUFK�$FWLYLWLHV� DERXW� WKH� &KHUQRE\O�133�$FFLGHQW� LQ� %HODUXV��8NUDLQH� DQG�
5XVVLD��.\RWR��5HVHDUFK�5HDFWRU�,QVWLWXWH��.\RWR�8QLYHUVLW\��SS����±�����

1\DJX�$�,���/RJDQRYVN\�.�1���/RJDQRYVNDMD�7.���������3V\FKRSK\VLRORJLF�DIWHUHIIHFWV�RI�SUHQDWDO�LUUDGLDWLRQ��
,QW�-�3V\FKRSK\VLRO��������������

1\DJX�$�,���/RJDQRYVN\�.�1���1HFKD\HY�6<X��5HSLQ�96��$QWLSFKXN�<H<X��/RJDQRYVND\D�7.��%RPNR�0$��
<XU\HY�./��3HWURYD�,9��3RWW�%RUQ�5������D��3RWHQWLDO�HIIHFWV�RI�SUHQDWDO�EUDLQ�LUUDGLDWLRQ�DV�D�UHVXOW�RI�WKH�
&KHUQRE\O�DFFLGHQW�LQ�8NUDLQH��,Q��$EVWUDFWV�RI�,QWHUQDWLRQDO�:RUNVKRS�RQ�©7KH�)UHQFK�*HUPDQ�,QLWLDWLYH�
5HVXOWV�DQG�WKHLU�,PSOLFDWLRQ�IRU�0DQ�DQG�(QYLURQPHQWª��.LHY��2FWREHU��±��������S������

1\DJX�$�,���/RJDQRYVN\�.�1���3RWW�%RUQ�5��1HFKD\HY�6<X��5HSLQ�96��$QWLSFKXN�<H<X��/RJDQRYVND\D�7.��
%RPNR�0$��<XU\HY�./��3HWURYD�,9������E��)UDQFR�*HUPDQ�,QLWLDWLYH�IRU�&KHUQRE\O��3URMHFW�1���©+HDOWK�
(IIHFWV�RQ�WKH�&KHUQRE\O�$FFLGHQWª��6XE�3URMHFW�1R��������©3RWHQWLDO�(IIHFWV�RI�3UHQDWDO�,UUDGLDWLRQ�RQ�WKH�
%UDLQ�DV�D�5HVXOW�RI�WKH�&KHUQRE\O�$FFLGHQW��8NUDLQH�ª��)LQDO�5HSRUW��

1\DJX�$�,���/RJDQRYVN\�.�1���3RWW�%RUQ�5��5HSLQ�96��1HFKD\HY�6<X��$QWLSFKXN�<H<X��%RPNR�0$��<XU\HY�
./�� 3HWURYD� ,9� �����F�� (IIHFWV� RI� SUHQDWDO� EUDLQ� LUUDGLDWLRQ� DV� D� UHVXOW� RI� WKH� &KHUQRE\O� DFFLGHQW��
,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�0HGLFLQH������±������±�����

1\DJX� $�,��� /RJDQRYVN\� .�1�� <XU\HY� ./� �����E�� 3V\FKRORJLFDO� FRQVHTXHQFHV� RI� QXFOHDU� DQG� UDGLRORJLFDO�
DFFLGHQWV��GHOD\HG�QHXURSV\FKLDWULF�HIIHFWV�RI�WKH�DFXWH�UDGLDWLRQ�VLFNQHVV�IROORZLQJ�&KHUQRE\O��,Q��)ROORZ�
XS�RI�GHOD\HG�KHDOWK�FRQVHTXHQFHV�RI�DFXWH�DFFLGHQWDO�UDGLDWLRQ�H[SRVXUH��/HVVRQV�WR�EH�OHDUQHG�IURP�WKHLU�
PHGLFDO�PDQDJHPHQW��,$($�7(&'2&�������,$($��:+2��9LHQQD��,$($��3����±���

1\DJX�$�,���/RJDQRYVN\�.�1���<XU\HY�./��=GRUHQNR�//��������3V\FKRSK\VLRORJLFDO�DIWHUPDWK�RI�LUUDGLDWLRQ��
,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�0HGLFLQH���������±����

1\DJX�$�,���1RVKFKHQNR�$�*���/RJDQRYVNLL�.1��������/DWH�HIIHFWV�RI�SV\FKRJHQLF�DQG�UDGLDWLRQ�IDFWRUV�RI�WKH�
DFFLGHQW� DW� WKH� &KHUQRE\O� QXFOHDU� SRZHU� SODQW� RQ� WKH� IXQFWLRQDO� VWDWH� RI� KXPDQ� EUDLQ� =K� 1HYURSDWRO�
3VLNKLDWU�,P�6�6�.RUVDNRYD������������±����LQ�5XVVLDQ���

1\DJX� $�,�� ������� $FWXDO� DQG� SUHGLFWHG� GLVRUGHUV� RI� PHQWDO� KHDOWK� DIWHU� QXFOHDU� FDWDVWURSKH� LQ� &KHUQRE\O��
0DWHULDOV�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH���(G��E\�$�,�1\DJX���.LHY��������±����S��

1\DJX��$���.KDO\DYND�,��/RJDQRYVN\�.��3ODFKLQGD�<X��<XULHY�.��/RJDQRYVNDMD�7�������F��3V\FKRQHXURORJLFDO�
FKDUDFWHUL]DWLRQ�RI�SHUVRQV�ZKR�KDG�DFXWH� UDGLDWLRQ� VLFNQHVV��3UREOHPV�RI�&KHUQRE\O�([FOX]LRQ�=RQH�����
���±�����LQ�5XVVLDQ���

2UDGRYVND\D� ,�9��� )HRNWLVWRY�9�9��� ,�$�� /H\NR� ,�$���9LNXORY�*�.K���9�9��1HNU\ORYD�9�9��� 6KXYDWRYD�(�9���
<XGLQ�$�$���6NU\SNLQD�/�(����������(SLGHPLRORJLFDO�DQDO\VLV�RI�WKH�IUHTXHQF\�RI�RFFXUUHQFH�RI�WKH�FOLQLFDO�
LPSOLFDWLRQV�RI� LPPXQRGHILFLHQF\��TXDQWLWDWLYH�GLVWULEXWLRQ�DQG�VWUXFWXUH�RI�WKH�PDLQ�LPPXQRSDWKRORJLFDO�
V\QGURPHV� LQ� WKH� JURXSV� RI� OLTXLGDWRUV� RI� WKH� &KHUQRE\O� GLVDVWHU� DIWHUPDWKV� IURP� YDULRXV� UHJLRQV� RI�
5XVVLD����3K\VLRORJ\�DQG�SDWKRORJ\�RI�WKH�LPPXQH�V\VWHP��±������±����±S�������

2UDGRYVND\D� ,�9��� /H\NR� ,�$��� 2SU\VFKHQNR� 0�$��� ������� $QDO\VLV� RI� WKH� UHVXOWV� RI� WKH� LPPXQRORJLFDO�
PRQLWRULQJ� DQG� GLVHDVH� LQFLGHQFH� RI� WKH� FRQWLQJHQW� RI� SHUVRQV�� ZKR� WRRN� SDUW� LQ� WKH� UHPRYDO� RI� WKH�
DIWHUPDWKV�RI�WKH�GLVDVWHU�DW�WKH�&KHUQRE\O�1XFOHDU�3RZHU�3ODQW��133��LQ�WKH�ORQJ�WHUP�SHULRG��5HVXOWV�RI�
WKH�ORQJ�WHUP�PRQLWRULQJ����&ROOHFWLRQ�RI�VFLHQWLILF�SDSHUV�RQ�WKH�SUREOHP�RI�QHJRWLDWLRQ�RI�WKH�&KHUQRE\O�
GLVDVWHU�FRQVHTXHQFHV�� RVFRZ�������±S���������

2UDGRYVND\D�,�9���������$QDO\VLV�RI�WKH�KHDOWK�VWDWXV�RI�OLTXLGDWRUV�RI�WKH�&KHUQRE\O�133�GLVDVWHU�DIWHUPDWKV�LQ�
WKH�ORQJ�WHUP�SHULRG�DV�SHU�UHVXOWV�RI�WKH����\HDUV�PRQLWRULQJ�±�3K\VLRORJ\�DQG�SDWKRORJ\�RI�WKH�LPPXQH�
V\VWHP��±������±����±�S�������

2WDNH�0��� 6FKXOO�:-� ������� ,Q� XWHUR� H[SRVXUH� WR�$�ERPE� UDGLDWLRQ� DQG�PHQWDO� UHWDUGDWLRQ��$� UHDVVHVVPHQW��
%ULWLVK�-RXUQDO�RI�5DGLRORJ\��������±�����

2WDNH� 0��� 6FKXOO� :-� ������� 5DGLDWLRQ�UHODWHG� EUDLQ� GDPDJH� DQG� JURZWK� UHWDUGDWLRQ� DPRQJ� WKH� SUHQDWDOO\�
H[SRVHG�DWRPLF�ERPE�VXUYLYRUV��,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�%LRORJ\�������������������

2WDNH� 0��� 6FKXOO� :-�� /HH� 6� ������� 7KUHVKROG� IRU� UDGLDWLRQ�UHODWHG� VHYHUH� PHQWDO� UHWDUGDWLRQ� LQ� SUHQDWDOO\�
H[SRVHG�$�ERPE�VXUYLYRUV��D�UH�DQDO\VLV��,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�%LRORJ\�������������������

3DUDPH\� 9� ��� 6DOH\� �<D��� 0DGHNLQ� $�6��� 2WOLYDQFKLN� ,�$�� ������� /HQV� FRQGLWLRQ� DW� SHRSOH� OLYLQJ� LQ� WKH�
UDGLRQXFOLGHV�SROOXWHG�WHUULWRULHV��



� ���

3DUDPRQRYD�1�6���1HGYHWVND\D�9�9���������3K\VLFDO�DQG�VH[XDO�GHYHORSPHQW� LQGLFHV�RI�FKLOGUHQ�XQGHU� ORQJ�
WHUP� LPSDFW� RI� ORZ� GRVHV� LUUDGLDWLRQ�� ,Q�� ³&KHUQRE\O� FDWDVWURSKH�� GLDJQRVWLFV� DQG�PHGLFDO�SV\FKRORJLFDO�
UHKDELOLWDWLRQ�RI�VXIIHUV´��&ROOHFWLRQ�RI�&RQI��0DWHULDOV��0LQVN��SS����²����LQ�5XVVLDQ���

3HGDQ�/�5��	�3LOLQVND\D�� �$���������(YDOXDWLRQ�RI�VWDELOLW\�RI�SHULSKHUDO�EORRG�O\PSKRLG�FHOO�FKURPRVRPHV�LQ�
WKH�SHUVRQV�VXIIHUHG� IURP�LQIOXHQFH�RI�&KRUQRE\O�DFFLGHQW�ZLWK� WKH�KHOS�RI� WHVWLQJ�PXWDJHQLF�SUHVVXUH� LQ�
YLWUR����5HSRUWV�RI�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH�����������������

3HOHYLQD�,�,���$IDQDVLHY�*�*���*RWOLE�9�<D���6HUHEU\DQ\L�$� ���������&\WRJHQHWLFDO�FKDQJHV�LQ�SHULSKHUDO�EORRG�
DW�SHRSOH�OLYLQJ�LQ�WKH�&KHUQRE\O¶�SROOXWHG�DUHDV��,Q��(�%��%XUODNRYD��(G����&RQVHTXHQFLHV�RI�WKH�&KHUQRE\O�
DFFLGHQW��3XEOLF�KHDOWK��0RVFRZ��&HQWHU�IRU�5XVVLDQ�(FRORJLFDO�3ROLF\��SS������±������LQ�5XVVLDQ���

3LOLQVND\D�0�$���'LEVN\�6�$���'LEVND�2�%���3HGDQ�/�5�������D��&\WRJHQLF�VWXG\�RI�OLTXLGDWRUV�RI�WKH�&KHUQRE\O�
133�DFFLGHQW�ZLWK�WKH�FRQYHQWLRQDO�F\WRJHQLF�DQDO\VLV�DQG�WKH�PHWKRG�RI�)OXRUHVFHQW�LQ�6LWX�+\EU\GL]DWLRQ�
�),6+���5HSRUW�1DW��6FL��$FDG��8NU�����������������LQ�8NUDLQLDQ��

3LOLQVND\D�0�$��� 6KHPHWXQ� $�0��� '\EVNL� 6�6��� '\EVND\D� (�%��� HW� DO�� ������� 5HVXOWV� RI� ���\HDU� F\WRJHQHWLF�
PRQLWRULQJ� RI� WKH� SULRULW\� REVHUYDWLRQ� JURXSV� YLFWLPV� RI� WKH� LPSDFW� RI� IDFWRUV� RI� WKH� DFFLGHQW� DW� WKH�
&KHUQRE\O�DWRPLF�SRZHU�VWDWLRQ������WKH�%XOOHWLQ�RI�WKH�5XVVLDQ�$FDGHP\�RI�PHGLFDO�VFLHQFHV���0HGLFLQH����
�����S����������

3LOLQVND\D��0�� HW� DO� �������&\WRJHQHWLF�0RQLWRULQJ�RI� WKH�3HRSOH�$IIHFWHG�E\� WKH�$FFLGHQW� DW� WKH�&KHUQRE\O�
133��7VLWRORJL\D�L�JHQHWLND����������������������LQ�5XVVLDQ���

3LOLQVND\D�� 0�$��� $�0�6KHPHWXQ�� $�8�%RQGDU�� 6�6�� '\EVNL�� ������� &\WRJHQHWLF� HIIHFW� LQ� VRPDWLF� FHOOV� RI�
SHUVRQV�H[SRVHG�WR�UDGLDWLRQ�GXH�WR�&KHUQRE\O�133�DFFLGHQW��9HVWQLN�$FDG��RI�0HG��6FLHQFH��������1���SS��
�������LQ�5XVVLDQ���

3LOLQVND\D��0�$��� '\EVNL� 6�6��� 6KHPHWXQ�$�0�� �������8VH� RI� WUDGLWLRQDO� DQG� QHZ� JHQHWLF� VWXG\�PHWKRGV� RI�
KXPDQ�VRPDWLF�FHOOV�IRU�HYDOXDWLRQ�RI�PXWDWLRQ�JHQHWLF�DFWLRQ�RI�LRQL]LQJ�UDGLDWLRQ�RYHU�SDUWLFLSDQWV�LQ�WKH�
OLTXLGDWLRQ�RI�FRQVHTXHQFHV�RI�WKH�DFFLGHQW�DW�WKH�&KHUQRE\O�DWRPLF�SRZHU�VWDWLRQ����0HGLFDO�FRQVHTXHQFHV�
RI�IDLOXUH�DW�&KHUQRE\O�QXFOHDU�VWDWLRQ��5DGLRELRORJLFDO�DVSHFWV�RI�&KHUQRE\O�DFFLGHQW���(G��%\�0�,�5XGQHY��
3�3�&KD\DOR���� '(& /�� 1,7V�ELR�HFRV��������%RRN�����SS���������

3LOLQVND\D�� 0�$��� 6�6�� '\EV¶N\�� �%�'\EV¶ND�� /�5�� 3HGDQ� ������� 5HYHDOLQJ� FKURPRVRPH� LUUHJXODULW\� LQ�
RIIVSULQJ�RI�SDUHQWV�UDGLDWLRQ�H[SRVHG�GXH�WR�&KRUQRE\O�GLVDVWHU�ZLWK�WKH�KHOS�RI�ORQJ�WHUP�O\PSKRLG�FHOOV�
FXOWLYDWLRQ�LQ�D�SHULSKHUDO�EORRG���&\WRORJ\�DQG�*HQHWLFV���9������ �����3���������

3LQFKXN�9�*���3LQFKXN�9�*��/\SVND�$�,���*OX]PDQ�'�)���������0DUURZ\�EORRG�IRUPDWLRQ��LQYHVWLJDWLRQ�GXULQJ����\HDUV�
DIWHU�WKH�&KHUQRE\O�133�DFFLGHQW��([SHULPHQWDO�RQFRORJ\�����������������LQ�5XVVLDQ��

3LVVDUHQNR�� 6�6�� ������� )DFLQJ� WKH� FKDOOHQJH� RI� PDOH� LQIHUWLOLW\� LQ� ;;� FHQWXU\�� %XOOHWLQ� RI� QHZ� PHGLFDO�
WHFKQRORJLHV��9RO������1R����SS�������������

3RGSDORY� 9�3�� ������� )RUPDWLRQ� K\SHUWRQLF� GLVHDVH� LQ� SRSXODWLRQ� RI� WKH� UDGLRDFWLYHO\� XQVDIH� WHUULWRULHV�� ,Q��
³&KHUQRE\O�DFFLGHQW��GLDJQRVWLFV�DQG�PHGLFDO�SV\FKRORJLFDO�UHKDELOLWDWLRQ�RI�VXIIHUV´��&ROOHFWLRQ�RI�&RQI��
0DWHULDOV��0LQVN��SS����²����LQ�5XVVLDQ���

3ROXNKRY� $�0��� .RE]DU� ,�9��� *UHEHOQLN� 9�,�9RLWHQNR� 9�3�� ������� ,RQL]LQJ� UDGLDWLRQ�� DJLQJ� DQG� FKURQLFDO�
SV\FKRORJLFDO� VWUHVV��$FWXDO� DQG� SURJQRVLV� GLVWXUEDQFHV� RI� SV\FKLDWULF� KHDOWK� DIWHU� QXFOHDU� FDWDVWURSKH� LQ�
&KHUQRE\O��&RQIHUHQFH�PDWHULDOV��0D\�������������8NUDLQH��.LHY��S�������

3UHVWRQ� '/�� 6KLPL]X� <�� 3LHUFH� '$�� 6X\DPD� $�� 0DEXFKL� .� ������� 6WXGLHV� RI� PRUWDOLW\� RI� DWRPLF� ERPE�
VXUYLYRUV��5HSRUW� ����6ROLG� FDQFHU� DQG�QRQFDQFHU� GLVHDVH�PRUWDOLW\�� ����±������5DGLDW�5HV� ����������±
�����

3URNRSHQNR�1�$���������&DUGLR�YDVFXODU�DQG�QHUYRXV�V\VWHPV�SDWKRORJLHV�DV�V\QHUJLF�UHVXOW�RI�WKH�LUUDGLDWLRQ�
DQG�SV\FKR�HPRWLRQDO� VWUHVV� DW� VXIIHULQJV� IURP� WKH�&KHUQRE\O¶� DFFLGHQW��$JHLQJ� DQG� ORQJHYLW\�SUREOHPV��
YRO������ ����SS������±������LQ�5XVVLDQ���

3U\V\D]KQ\XN� $�<H��� *ULVKFKHQNR� � 9�*��� )HGRUHQNR� =�3��� *XODN� /�2��� )X]LN� 0�0�� ������� 5HYLHZ� RI�
(SLGHPLRORJLFDO� )LQGLQJ� LQ� 6WXG\� RI� 0HGLFDO� &RQVHTXHQFHV� RI� WKH� &KHUQRE\O� $FFLGHQW� LQ� 8NUDLQLDQ�
3RSXODWLRQ�,Q��,PDQDND�7���(G����5HFHQW�5HVHDUFK�$FWLYLWLHV�DERXW�WKH�&KHUQRE\O�133�$FFDGHQW�LQ�%HODUXV��
8NUDLQH�DQG�5XVVLD��.\RWR�8QLY��5HV��5HDFWRU�,QVW���.855,�.5������.\RWR��SS������±�������

3U\V\D]KQ\XN� $�<H��� *ULVKFKHQNR� � 9�*��� )HGRUHQNR� =�3��� *XODN� /�2��� )X]LN� 0�0�� ������� 5HYLHZ� RI�
(SLGHPLRORJLFDO� )LQGLQJ� LQ� 6WXG\� RI� 0HGLFDO� &RQVHTXHQFHV� RI� WKH� &KHUQRE\O� DFFLGHQW� LQ� 8NUDLQLDQ�
3RSXODWLRQ�,Q��,PDQDND�7���(G����5HFHQW�5HVHDUFK�$FWLYLWLHV�DERXW�WKH�&KHUQRE\O�133�$FFDGHQW�LQ�%HODUXV��
8NUDLQH�DQG�5XVVLD��.\RWR�8QLY��5HV��5HDFWRU�,QVW���.855,�.5������.\RWR��SS������±�������

5DKX�0��7HNNHO�0��9HLGHEDXP�7��3XNNDOD�7��+DNXOLQHQ�$��$XYLQHQ�$��5\WRPDD�7��,QVNLS�3'��%RLFH�-'�-U��
��������7KH�(VWRQLDQ�VWXG\�RI�&KHUQRE\O�FOHDQ�XS�ZRUNHUV��,,��,QFLGHQFH�RI�FDQFHU�DQG�PRUWDOLW\��5DGLDWLRQ�
5HV���������������

5DMHQGUDQ�5��5DMX�*.��1DLU�60��%DODVXEUDPDQLDQ�*��������3UHYDOHQFH�RI�RUDO�VXEPXFRXV�ILEURVLV�LQ�WKH�KLJK�
QDWXUDO�UDGLDWLRQ�EHOW�RI�.HUDOD��VRXWK�,QGLD��%XOO�:RUOG�+HDOWK�2UJDQ��������������������

5HYHQRN�$$��������3V\FKRSDWKLF�OLNH�GLVRUGHUV�LQ�SHUVRQV�ZLWK�DQ�RUJDQLF�EUDLQ�OHVLRQ�DV�D�UHVXOW�RI�H[SRVXUH�
WR�LRQL]LQJ�UDGLDWLRQ�/LN�6SUDYD�������±����LQ�5XVVLDQ���



� ���

5HYHQRN�2$��������6WUXFWXUDO�DQG�G\QDPLFDO�FKDUDFWHUL]DWLRQ�RI�RUJDQLF�EUDLQ�GDPDJH�LQ�SHUVRQV�H[SRVHG�WR�
LRQL]LQJ�UDGLDWLRQ�DV�D�UHVXOW�RI�WKH�&KHUQRE\O�DFFLGHQW�7KH�GLVVHUWDWLRQ�IRU�WKH�DFDGHPLF�GHJUHH�RI�D�'RFWRU�
RI�0HGLFDO�6FLHQFHV�LQ�SV\FKLDWU\��8NUDLQLDQ�5HVHDUFK�,QVWLWXWH�IRU�*HQHUDO�DQG�)RUHQVLF�3V\FKLDWU\��.LHY��

5RPDQHQNR� $��� /HH� &��� <DPDPRWR� 6�� HW� DO�� ������� 8ULQDU\� EODGGHU� OHVLRQV� DIWHU� WKH� &KHUQRE\O� DFFLGHQW��
LPPXQH�KLVWRFKHPLFDO�DVVHVVPHQW�RI�SUROLIHUDWLQJ�FHOO�QXFOHDU�DQWLJHQ��F\FOLQ�'��DQG�3����ZDI��&LS��-DSDQ�
-��&DQFHU�5HV���YRO������SS�������������

5RPDQHQNR� $�(��� %RPNR� (�,��� .RVWHQNR� $�,��%RPNR� $�$�� ������� ,QFLGHQFH� RI� FKLOGUHQ� UHVLGHQW� RQ�
UDGLRDFWLYHO\�FRQWDPLQDWHG�WHUULWRULHV�RI�8NUDLQH�DQG�FKURQLFDOO\�H[SRVHG�WR�ORZ�GRVHV�RI�LRQLVLQJ�UDGLDWLRQ��
��,QWHUQDWLRQDO-RXUQDO�RI�5DGLDWLRQ�0HGLFLQH���������9RO�����������SS���������

5RPDQHQNR� $<�� 1\DJX� $,�� /RJDQRYVN\� .1�� 7LUPDUFKH� 0��� *DJQLHUH� %��� %X]XQRY� 9$�� /HGRVFKXN� %$��
7URF\XN� 1�� <XU\HY� ./�� =GRUHQNR� //�� $QWLSFKXN� <H<X�� %RPNR�0$�� /RJDQRYVND\D� 7.�� 3HWURYD� ,9��
.DUWXVKLQ�*1��.KPHONR�9<H��3DQLRWWR�9,��=DNKR]KD�9$������D��)UDQFR�*HUPDQ�,QLWLDWLYH�IRU�&KHUQRE\O�
3URMHFW� 1��� ©+HDOWK� (IIHFWV� RQ� WKH� &KHUQRE\O� $FFLGHQWª� 6XE�3URMHFW� 1R� ������� ©'DWD� %DVH� RQ�
3V\FKRORJLFDO�'LVRUGHUV�LQ�WKH�8NUDLQLDQ�/LTXLGDWRUV�RI�WKH�&KHUQRE\O�$FFLGHQWª��)LQDO�5HSRUW���

5RPDQHQNR� $<�� 1\DJX� $,�� /RJDQRYVN\� .1�� 7LUPDUFKH� 0��� *DJQLHUH� %��� %X]XQRY� 9$�� /HGRVFKXN� %$��
7URF\XN� 1�� .DUWXVKLQ� *1�� .KPHONR� 9<H�� 3DQLRWWR� 9,�� =DNKR]KD� 9$�� <XU\HY� ./�� =GRUHQNR� //��
$QWLSFKXN�<H<X��%RPNR�0$��/RJDQRYVND\D�7.��3HWURYD�,9������E��'DWD�EDVH�RQ�SV\FKRORJLFDO�GLVRUGHUV�
LQ� WKH�8NUDLQLDQ� OLTXLGDWRUV� RI� WKH�&KHUQRE\O� DFFLGHQW�� ,Q��$EVWUDFWV�RI� ,QWHUQDWLRQDO�:RUNVKRS�RQ�©7KH�
)UHQFK�*HUPDQ� ,QLWLDWLYH��5HVXOWV� DQG�7KHLU� ,PSOLFDWLRQ� IRU�0DQ� DQG�(QYLURQPHQWª��2FWREHU� ����� ������
.LHY��SS���±����

5RPRGDQRY�$3�� 9\QQ\WV¶N\M� 25� ������� %UDLQ� OHVLRQV� LQ�PLOG� UDGLDWLRQ� VLFNQHVV�� /LN� 6SUDYD�� ��� ��±��� �LQ�
8NUDLQLDQ���

5RQ�(��0RGDQ�%��)ORUD�6��+DUNHGDU� ,��*XUHZLW]�5� �������0HQWDO� IXQFWLRQ� IROORZLQJ�VFDOS� LUUDGLDWLRQ�GXULQJ�
FKLOGKRRG��$P��-��(SLGHPLRO����������±�����

5XGQLWVN\�� (�$��� 6REROHY�� $�9�� 	� .LVHOHYD� /�)�� ������� ,QFLGHQFH� RI� KXPDQ�PLFURVSRULD� LQ� D� UDGLRQXFOLGH�
FRQWDPLQDWHG�DUHD���$EVWUDFWV�RI�SDSHUV�SUHVHQWHG�DW�WKH��WK�6FLHQWLILF�DQG�3UDFWLFDO�&RQIHUHQFH�RQ�0HGLFDO�
0\FRORJ\���WK�.DVKLQVN\�UHDGLQJV���6W��3HWHUVEXUJ��-XQH��������������3UREOHPV�LQ�PHGLFDO�P\FRORJ\��9RO��
���1R����SS������

5XP\DQWVHYD�*�0���/HYLQD�7�0���0HOQLFKXN�7�1�� HW� DO�� �������7KH� DFFLGHQW� DW� WKH�&KHUQRE\O� DWRPLF�SRZHU�
VWDWLRQ�DQG�SV\FKRORJLFDO�VWUHVV����,QWHUQDWLRQDO�&RQIHUHQFH�RQ�+HDOWK�&RQVHTXHQFHV�RI�WKH�&KHUQRE\O�DQG�
2WKHU�5DGLRORJLFDO�$FFLGHQWV����*HQHYD��:+2��������

5XP\DQWVHYD�*�0���&KLQNLQD�29��/HYLQD�70��0DUJROLQD�9<D��������0HQWDO�GLVDGDSWDWLRQ�RI�WKH�&KHUQRE\O�
DFFLGHQW� FOHDQ�XS� ZRUNHUV�� 5XVVLDQ� 0HGLFDO� -RXUQDO�� &RQWHPSRUDU\� 3V\FKLDWU\�� �� ����� ��±���
�KWWS���ZZZ�UPM�UX��VRYSVLK�W��Q����KWP��KWWS���ZZZ�UPM�UX�S����B�����KWP��

6DVDNL�+���:RQJ�)�/���<DPDGD�0��.RGDPD�.� �������7KH� HIIHFWV� RI� DJLQJ� DQG� UDGLDWLRQ� H[SRVXUH� RQ� EORRG�
SUHVVXUH�OHYHOV�RI�DWRPLF�ERPE�VXUYLYRUV��-�&OLQ�(SLGHPLRO�����������±������

6DYDQHYVN\L�1� ���*DPVKH\�1�9���������&KDQJHV�RI�EORRG�YHVVHO� WRQXV��DUWHULDO�SUHVVXUH�DQG�SXOV�UDWH�XQGHU�
VWDWLF� ODGLQJ�DW�JLUOV� OLYLQJ�LQ� WKH�UDGLRDFWLYH�SROOXWHG�WHUULWRULHV�DQG�ZKLFK�KDG�YHVVHO�VSDVPV��%UHVW�6WDWH�
8QLYHUVLW\���%UHVW����S���LQ�5XVVLDQ���

6FKLQGOHU�0�.���:DQJ�/���6HOHPRQ�/'��*ROGPDQ�5DNLF�36��5DNLF�3��&VHUQDQVN\�-*��������$EQRUPDOLWLHV�RI�
WKDODPLF� YROXPH� DQG� VKDSH� GHWHFWHG� LQ� IHWDOO\� LUUDGLDWHG� UKHVXV� PRQNH\V� ZLWK� KLJK� GLPHQVLRQDO� EUDLQ�
PDSSLQJ��%LRORJLFDO�3V\FKLDWU\�������������±�����

6FKXOO�:�-���2WDNH�0���������&RJQLWLYH�IXQFWLRQ�DQG�SUHQDWDO�H[SRVXUH�WR�LRQL]LQJ�UDGLDWLRQ��7HUDWRORJ\����������
���±�����

6HUG\XFKHQNR�9�,���1RVWRS\UHQD�(�,���������)XQFWLRQDO�VWDWH�RI�H\HV�LQ�FKLOGUHQ�IURP�]RQH�RI�UDGLDWLRQ�FRQWURO�DQG�
LWV�PXWXDOLW\�ZLWK�VWDWH�RI�RUJDQLVP��DJH�DQG�HFRORJLFDO�FKDUDFWHULVWLF�RI�WKH�HQYLURQPHQW���,Q��,QWHUQDWLRQDO�
-RXUQDO�RI�5DGLDWLRQ�0HGLFLQH����������S����������

6HUJHHYD� � ��� XUDWRYD�1�$���%RQGDUHQNR�*�1���������'HPRJUDSKLF�SHFXOLDULWLHV�LQ�WKH�UDGLRDFWLYH�SROOXWHG�
]RQH�RI�%U\DQVN�DUHD��0DWHULDOV� ,QWHU��6FL��±�3UDFW��&RQI���©&KHUQRE\O������\HDUV�DIWHU��6RFLR�HFRQRPLFDO�
SUREOHPV�DQG�SHUVSHFWLYHV�IRU�GHYHORSPHQW�RI�VXIIHULQJ�WHUULWRULHVª��%U\DQVN��SS������±������LQ�5XVVLDQ���

6HUJLHQNR��1�0��	�)HGLUNR��3���������$FFRPPRGDWLYH�IXQFWLRQ�RI�H\HV�LQ�SHUVRQV�H[SRVHG�WR�LRQL]LQJ�UDGLDWLRQ��
2SKWKDO��5HV�����������������

6HUJLHQNR�� 6�� ������� $OWHUDWLRQV� RI� ,PPXQH� V\VWHP� RI� SUHJQDQW� ZRPHQ� DQG� QHZERUQ� IURP� UDGLRDFWLYH�
FRQWDPLQDWHG�DUHDV���$FWD�2EVWHWULFD�HW�*\QHFRORJLFD�6FDQGLQDYLFD�9������1������3���������

6HUJLHQNR�� 6�� ������� )HDWXUHV� RI� FXUUHQW� RI� SUHJQDQF\� DQG� GHNLYHULHV� DW� WKH�ZRPHQ� RI� UHJLRQ� RI� &KHUQRE\O�
'LVDVWHU��%RRN�RI�DEVWUDFWV�³��WK�&RQJUHVV�RI�WKH�(XURSHDQ�$VVRFLDWLRQ�RI�*\QHFRORJLVWV�DQG�2EVWHWULFLDQV�
�($*2�´���-HUXVDOHP��,VUDHO��������3����

6HUNL]� <D�,�� �� 3LQFKXN� /�%��� 3LQFKXN� 9�*��� 'UX]KLQD� 1�$��� 3XFKRYD� *�*�� ������� 7KHUQRE\O� XQG� VHLQH� )ROJHQ�
5DGLRELRORJLVKH�$VSHFWH�GHU�WVKHUQRE\OHU�.DWDVWURSKH���.OLW]VFKHQ��'HXWVFKODQG��(OEH�'Q\HSU�9HUODJ��������S������



� ���

6HUNL]�<D�,��/\SVND�$�,���0RLVH\HQNR�0�,���������(FRORJLFDO�DQG�ELRORJLFDO�FRQVHTXHQFHV�RI�WKH�&KRUQRE\O�FDWDVWURSKH��
%LRORJLFDO�(IIHFWV�LQ�$QLPDOV��3HFXOLDULWHV�RI�'RVH�/RDGV�)RUPDWLRQV�LQ�$QLPDOV����&KRUQRE\O�&DWDVWURSKH��(GLWRU�
LQ�FKLHI�)XOO�0HPEHU�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH�9�*��%DU\DNKWDU�±�.\LY��±�(GLWRULDO�+RXVH�RI�
$QQXDO�,VVXH�³([SRUW�RI�8NUDLQH´��SS���������

6HUNL]�<D�,���,QG\N�9�0��3LQFKXN�/�%���5RGLRQRYD�1�.���6DYWVRYD�=�'����'UR]G�,�3��/\SVND�$�,���������6KRUW�WHUP�DQG�
ORQJ�WHUP�(IIHFWV�RI�5DGLDWLRQ�RQ�/DERUDWRU\�$QLPDOV�DQG�7KHLU�3URJHQ\�/LYLQJ�LQ�WKH�&KHUQRE\O�1XFOHDU�3RZHU�
3ODQW�5HJLRQ���(QYLURQPHQWDO�6FLHQFH�DQG�3ROOXWLRQ�5HVHDUFK��,QWHUQDWLRQDO��6SHFLDO�,VVXH� �������������

6HYDQNDHY�$�9���=KORED�$�$���3RWHWQ\D� �,���$Q\N\QD� �$���0RLVHHQNR�9�9���������&\WRJHQHWLF�REVHUYDWLRQV�
DW� FKLOGUHQ� DQG� DGROHVFHQV� OLYLQJ� LQ� WKH� UDGLRQXFOLGHV� SROOXWHG� WHUULWRULHV� RI� %U\DQVN� DUHD�� 5DG�� %LRO���
5DGLRHFRO���YRO����������SS������±������LQ�5XVVLDQ���

6HYDQNDHY�$�9���������6RPH�UHVXOWV�RI�F\WRJHQHWLF�UHVHDUFKHV�LQ�FRQQHFWLRQ�ZLWK�DQ�HVWLPDWLRQ�RI�FRQVHTXHQFHV�
RI�&KHUQRE\O�DFFLGHQW����5DGLDWLRQ�ELRORJ\��5DGLRHFRORJ\��Y����� ����S����������

6HYELWRY�$�9���3DQNUDWLRYD�1�9���6ODENRYVND\D�$�%���6FDWRYD� �$����������7RRWK�±�MDZ¶�DQRPDOLHV�DW�FKLOGUHQ�
DIWHU� LPSDFW� RI� WKH� ³&KHUQRE\O� IDFWRU´��(FRORJLFDO� DQWKURSRORJ\��$OPDQDF��0LQVN��%HODUXVLDQ� FRPPLWWHH�
©&KHUQRE\O�FKLOGUHQª��SS������������LQ�5XVVLDQ���

6HYELWRY�$�9���������6WRPDWRORJLFDO�FKDUDFWHUV�RI�WKH�FOLQLFDO�PDQLIHVWDWLRQV�RI�WKH�UHPRWH�HIIHFWV�RI�LUUDGLDWLRQ��
7KHVLV��'RF��0HG��6FL���&HQWUDO�6WRPDWRORJLFDO�,QVW���0RVFRZ�����S���LQ�5XVVLDQ���

6KDUDSRY�$�1���������5HJXODWLRQV�RI�WKH�HQGRFULQH�±�QHXUR�YHJHWDWLYH¶�LQWHUFRQQHFWLRQV�DW�FKLOGUHQ�OLYLQJ�LQ�WKH�
ORZ� GRVHV� UDGLRQXFOLGHV� SROOXWLRQ� WHUULWRULHV� DIWHU� WKH� &KHUQRE\O� DFFLGHQW�� 7KHVLV�� 'RF�� 0HG��� 6FL��
,QVW�3HGLDW���&KLOG��6XUJHU\��0RVFRZ�����S���LQ�5XVVLDQ���

6KDEDGDVK�$�/���������&\WRFKHPLFDO�FKDUDFWHUL]DWLRQ�RI�UHDFWLYLW\�DQG�LQKLELW�SURWHFWLYH�VWDWHV�RI�WKH�QHUYRXV�
FHOOV� DW� UDGLDWLRQ� LQMXULHV�� ,Q�� 5HVWRUDWLRQ� SURFHVVHV� DW� UDGLDWLRQ� LQMXULHV��0RVFRZ��$WRPL]GDW� 3XEOLVKLQJ�
+RXVH��SS����±����LQ�5XVVLDQ���

6KHPHWXQ�2��9���3LOLQVND\D�0��$���������0RGHOLQJ�RI�UDGLDWLRQ�LQGXFHG��E\VWDQGHU�HIIHFW��LQ�FXOWXUH�RI�KXPDQ�
SHULSKHUDO�EORRG�O\PSKRF\WHV������ �� &RO�� �� ,,,� ,QWHUQDWLRQDO� FRQIHUHQFH� �� *HQHWLF� FRQVHTXHQFHV� RI�
H[WUHPH� UDGLDWLRQ� VLWXDWLRQV� �� �WKHVHV� RI� UHSRUWV���� ������3XEO��+RXVH�� 7KH�5XVVLDQ� XQLYHUVLW\� RI� SHRSOHV�
IULHQGVKLS��SS���������

6KHVWRSDORY�9�0���1DERND�0�9��� 6WHSDQRYD�(�,��� 6NYDUVNDMD�(�$���0XVVH�7��� 6HUNL]� -�,�� �������7KH� JHQHUDO�
ELRORJLFDO� FRQVHTXHQFHV� RI� &KHUQRE\O� DFFLGHQW� IRU� PDQ� DQG� ELRWD�� %XOOHWLQ� RQ� HFRORJLFDO� VWDWH� RI� WKH�
DOLHQDWHG�]RQH�DQG�]RQH�RI�FRPSXOVRU\�HYDFXDWLRQ�� ��������S�������

6KHUDVKRY�9�6����������3DWRJHQHWLFDO�PHFKDQLVPV�DQG�IDFWRUV�RI�ULVN�LQ�GHYHORSPHQW�RI�FDUGLRYDVFXODU�GHVHDVHV�
LQ�FRKRUW�VWXG\�RI�OLTXLGDWRUV�RI�FRQFHTXHQFHV�RI�&KHUQRE\O�DFFLGHQW�LQ�UHPRWH�SHULRG�����'U��GHJUHH�WKHVLV��
0RVFRZ�����������S��

6KHYFKHQNR� 9�$��� 6QLJLUHYD� *�3�� ������� &\WRJHQHWLF� FRQVHTXHQFHV� RI� LQIOXHQFH� RI� LRQL]LQJ� UDGLDWLRQV� RQ� D�
KXPDQ�SRSXODWLRQ��,Q�WKH�ERRN���%XUODNRYD�(�%���(G����&RQVHTXHQFHV�RI�&KHUQRE\O�DFFLGHQW��KHDOWK�RI�WKH�
SHUVRQ��3XEO��RI�WKH�FHQWUH�RI�DQ�HFRORJLFDO�SROLF\�RI�5XVVLD��0RVFRZ��SS�����������

6KLONR�$�1���7DSWXQRYD�$�,��� ,VNULW]N\L�$� ���7VFKDG\VWRY�$�*���������)UHTXHQFLHV�DQG�HWLRORJ\�VWHULOLW\�DQG�
VSRQWDQHRXV� DERUWLRQV� LQ� WKH� &KHUQRE\O¶� IDFWRUV� LPSDFWHG� WHUULWRULHV�� &RQI��� ³&KHUQRE\O� DFFLGHQW��
GLDJQRVWLFV�DQG�PHGLFDO�SV\FKRORJLFDO�UHKDELOLWDWLRQ�RI�VXIIHUV�´��&ROOHFWLRQ�RI�0DWHULDOV��0LQVN��S������LQ�
5XVVLDQ���

6KLPL]X�<���3LHUFH�'�$���3UHVWRQ�'�/���0DEXFKL�.��������6WXGLHV�RI� WKH�PRUWDOLW\�RI�DWRPLF�ERPE�VXUYLYRUV��
5HSRUW�����SDUW�,,��1RQFDQFHU�PRUWDOLW\������±������5DGLDW�5HV�����������±�����

6KLPL]X�<���'�$��3LHUFH��'�/��3UHVWRQ�HW�DO����������5DGLDW��5HV�������������
6KYD\NR� /�,�� 	� 6XVKNR� 9�$�� ������� (QGRVFRSLF� PRQLWRULQJ� RI� EURQFKRSXOPRQDU\� V\VWHP� LQ� OLTXLGDWRUV� RI�

&KHUQRE\O� DFFLGHQW�� VXIIHULQJ� IURP� FKURQLF� REVWUXFWLYH� SXOPRQDU\� GLVHDVH� ��� ��WK�(56�$QQXDO� &RQJUHVV�
%HUOLQ��*HUPDQ\��6HSWHPEHU��������������$EVWUDFWV����(XURSHDQ�UHVSLUDWRU\�MRXUQDO��9RO������6XSSO��������3�
���V����3������

6OXFKLN� 9� ��� .RYDOFKXN� /� ��� %UDW\YQ\FK� /�,��� 6KXWDN� 9�,�� ������� &\WRJHQHWLF� HIIHFWV� RI� WKH� ORZ� GRVH� RI�
LRQL]LQJ� UDGLDWLRQ� DQG� FKHPLFDO� IDFWRUV� ���� \HDUV� DIWHU� WKH� &KHUQRE\O��� �UG� ,QWHU�� &RQI�� ³� 0HG��
&RQVHTXHQFHV� RI� WKH� &KHUQRE\O� DFFLGHQW�� UHVXOWV� ���\HDUV� UHVHDUFKHV�� �� �� �� -XQH� ������ .LHY�� 8NUDLQH´��
$EVWUDFWV��.LHY��S�������LQ�5XVVLDQ���

6RNRORY�9�9�� �������5HWURVSHFW� HVWLPDWLRQ� LUUDGLDWHG�GRVHV� DW� WKH�&KHUQRE\O¶� UDGLRDFWLYH�SROOXWHG� WHUULWRULHV��
7KHVLV��'RF��7KHFKQ��6FL����7XOD�6WDWH�8QLYHUVLW\��7XOD�����S���LQ�5XVVLDQ���

6RORVKHQNR� (1�� ������� ,PPXQH� KRPHRVWDVLV� DW� WKH� GHUPDWLWLV� SDWLHQWV�� ZKLFK� VXIIHUV� IURP� UDGLRDFWLYH�
LUUDGLDWLRQ� GXULQJ� WKH� &KHUQRE\O� DFFLGHQW�� 8NUDLQLDQ� -�� +HPDWRO�� 7UDQVIXVLRO��� � ��� SS�� ��� ±� ��� �LQ�
8NUDQLDQ���

6RXFKNHYLWFK�*���7V\E�$�� �������/RZ�GRVHV�RI� LRQL]LQJ� UDGLDWLRQ�KHDOWK�HIIHFWV�DQG�DVVHVVHPHQW�RI� UDGLDWLRQ�
ULVNV� IRU� HPHUJHQF\� ZRUNHUV� RI� WKH� &KHUQRE\O� DFFLGHQW�� (GLWRUV�� *�1�6RXFKNHYLFK�� 0�1�5HSDFKROL��
:+2�����������3��



� ���

6RXFKNHYLWFK��*�1�� DQG�$�)��7V\E� �(GV�� ��������+HDOWK�&RQVHTXHQFHV� RI� WKH�&KHUQRE\O�$FFLGHQW��6FLHQWLILF�
5HSRUW�:RUOG�+HDOWK�2UJDQL]DWLRQ��*HQHYD���������

6WHSDQRY� $�9�� ������� $QDO\VLV� RI� WKH� 7ULFKRFHSKDOLVLV� RFFXUUHQFH� LQ� WKH� UDGLRDFWLYH� SROOXWHG� WHUULWRULHV��
5DGLRQXFOLGHV� SROOXWLRQ¶� LPSDFW� LQ� SXEOLF� KHDOWK� �FOLQLFDO�H[SHULPHQWDO� VWXG\��� &ROOHFWLRQ� RI� 6FL�� SDSHUV��
9XWHEVN�6WDWH�0HG��,QVW���9LWHEVN��SS������±������LQ�5XVVLDQ���

6WHSDQRYD�(���������+HDOWK�FRQGLWLRQ�RI�FKLOGUHQ�LUUDGLDWHG�LQ�XWHUR��2QH�GHFDGH�DIWHU�&KHUQRE\O��6XPPLQJ�XS�
WKH� FRQVHTXHQFHV� RI� WKH� DFFLGHQW�� LQWHUQDWLRQDO� FRQIHUHQFH� KHOG� LQ� 9LHQQD�� ����� $SULO� ������,$($���
6HSWHPEHU�������3����������

6WHSDQRYD�(���.ROSDNRY�,��9GRYHQNR�9��������)XQFWLRQDO�FRQGLWLRQ�RI�UHVSLUDWRU\�V\VWHP�RI�FKLOGUHQ�ZKR�KDG�
UDGLDWLRQ�H[SRVXUH�LQ�UHVXOW�RI�&KHUQRE\O�DFFLGHQW����.LHY������������� ��

6WHSDQRYD� (��� .RQGUDVKRYD� 9��� *DOLWFKDQVND\D� 7��� 'DYLGHQNR� 2��� 9GRYHQNR� 9�� ������� &OLQLFDO� HIIHFWV� LQ�
FKLOGUHQ� LUUDGLDWHG� SUHQDWDOO\�� ��� \HDUV� UHVXOWV�� /RZ� GRVHV� RI� LRQL]LQJ� UDGLDWLRQ� ±� ELRORJLFDO� HIIHFWV� DQG�
UHJXODWRU\� FRQWURO� FRQWULEXWHG� SDSHUV��0DWHULDOV� RI� LQWHUQDWLRQDO� FRQIHUHQFH� KHOG� LQ� 6HYLOOH�� 6SDLQ�� ������
1RYHPEHU�������,$($��9LHQQD�������3�������

6WHSDQRYD�(���.RQGUDVKRYD�9���*DOLWFKDQVND\D�7���9GRYHQNR�9���������,PPXQH�GHILFLHQF\�VWDWXV�LQ�SUHQDWDOO\�
LUUDGLDWHG�FKLOGUHQ��%ULWLVK�-RXUQDO�RI�+DHPDWRORJ\�9�����3����

6WHSDQRYD� (��� .RQGUDVKRYD� 9��� 9GRYHQNR� ������� (IIHFWV� LUUDGLDWHG� LQ� FKLOGUHQ� LQ� XWHUR�� +HDOWK� HIIHFWV� RI�
&KHUQRE\O�DFFLGHQW���(G��$�9R]LDQRY��9��%HEHVKNR��'�%D]\ND���.\LY��',$�3�����������

6WHSDQRYD�(���.RQGUDVKRYD�9���9GRYHQNR�HW��DO�������D��5HVXOWV�RI����\HDUV�REVHUYDWLRQ�RI�FKLOGUHQ�H[SRVHG�WR�
UDGLDWLRQ�LQ�SUHQDWDO�SHULRG�DIWHU�WKH�&KHUQRE\O�DFFLGHQW��,QWHUQDWLRQDO�MRXUQDO�RI�UDGLDWLRQ�PHGLFLQH� �����
����3����������

6WHSDQRYD�(���.RQGUDVKRYD�9���9GRYHQNR�9���0LVKDULQD�-���������5HPRWH�LPPXQH�DQG�F\WRJHQHWLF�HIIHFWV�RI�
SUHQDWDO�LUUDGLDWLRQ��3URF���QG�LQWHUQDWLRQDO�FRQIHUHQFH�©7KH�HIIHFWV�RI�ORZ�DQG�YHU\�ORZ�GRVHV�RI�LRQL]LQJ�
UDGLDWLRQ�RI�KXPDQ�KHDOWKª���'XEOLQ��������3���

6WHSDQRYD�(�,��	�9DQ\XULNKLQD�(�$���������&OLQLFDO�DQG�&\WRJHQHWLF�&KDUDFWHULVWLFV�RI�&KLOGUHQ�RI�WKH�3HRSOH�
:KR� ([SHULHQFHG� 5DGLDWLRQ� 6\QGURPH� RI� �� DQG� �� /HYHO� $V� WKH� 5HVXOW� RI� WKH� &KHUQRE\O� $FFLGHQW��
7VLWRORJL\D�L�JHQHWLND���������������LQ�5XVVLDQ���

6WHSDQRYD� (�,��� .ROSDNRY� ,�(��� .RQGUDVKRYD� 9�*��� 9GRYHQNR� 9�<X��� 'DYLGHQNR� 2$��� *DOLFKDQVND\D� 7�<���
6WDFKXUVND\D�1$���&KDXURY�2�,���������5HYLHZ�RI����\HDU�REVHUYDWLRQV�RI�WKH�FKLOGUHQ�KHDOWK�VXIIHUHG�DV�D�
UHVXOW�RI�WKH�&KHUQRE\O�DFFLGHQW���,Q��,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�0HGLFLQH����������S�����

6WHSDQRYD�(�,���.RQGUDVKRYD�9�*���HW�DO���������5HVXOWV�RI����\HDUV�REVHUYDWLRQ�RI�FKLOGUHQ�H[SRVHG�WR�UDGLDWLRQ�
LQ�SUHQDWDO�SHULRG�DIWHU�WKH�&KHUQRE\O�DFFLGHQW�±�,Q��,QWHUQDWLRQDO�MRXUQDO�RI�UDGLDWLRQ�PHGLFLQH��±��� ������
�������������

6WHSDQRYD�(�,���.RQGUDVKRYD�9�*���0LVKDULQD�=�$���9GRYHQNR�9�-���6OHSFKHQNR�7�9���6NYDUVND\D�(�$���������
0HGLFR�ELRORJLFDO� FRQVHTXHQFHV�RI�&KHUQRE\O� DFFLGHQW� IRU� WKH� VXIIHUHG�FKLOGUHQ
V�SRSXODWLRQ�RI�8NUDLQH��
7KH�VWDWH�RI�KHDOWK�RI�FKLOGUHQ�ERUQ�IURP�SDUHQWV�H[SRVHG�WR�UDGLDWLRQ��7KH�FKDSWHU��0HGLFDO�FRQVHTXHQFHV�
RI� DFFLGHQW� DW� &KHUQRE\O� QXFOHDU� VWDWLRQ�� WKH� 0RQRJUDSK� LQ� �� ERRNV�� 7KH� ERRN� ��� &OLQLFDO� DVSHFWV� RI�
&KHUQRE\O�DFFLGHQW���(G��E\�9�*�%HEHVKNR��$�1�.RYDOHQNR�� ���� '(& /�� 1,7V�ELR�HFRV��SS���������

6WHSDQRYD�(�,���0LVKDULQD�=�$���9GRYHQNR�9�-�������E��5HPRWH�F\WRJHQHWLF�HIIHFWV�LQ�FKLOGUHQ�H[SRVHG�WR�IRHWDO�
UDGLDWLRQ�DV�D�UHVXOW�RI�WKH�&K$36�DFFLGHQW��5DGLDWLRQ�ELRORJ\��5DGLRHFRORJ\��Y����� ����S����������

6WHSDQRYD�(�,���6NYDUVNDMD�(�$���9GRYHQNR�9�-���.RQGUDVKRYD�9�*���������*HQHWLF�FRQVHTXHQFHV�RI�&KHUQRE\O�
DFFLGHQW� LQ� FKLOGUHQ� ERUQ� IURP� SDUHQWV� H[SRVHG� WR� UDGLDWLRQ� �� 7KH� SUREOHPV� RI� HFRORJLFDO� DQG� PHGLFDO�
JHQHWLFV�DQG�FOLQLFDO�LPPXQRORJ\�� �UHV�ZRUNV����.�1R����������������

6WHSDQRYD�(��,���������0HGLFR�ELRORJLFDO�FRQVHTXHQFHV�RI�&KHUQRE\O�DFFLGHQW�LQ�DIIHFWHG�FKLOGUHQ�SRSXODWLRQ��
´0('(&2/´�LQWHUGLVFLSOLQDU\�6FLHQWLILF�DQG�5HVHDUFK�&HQWUH�%,2�(&26��.LHY��������%RRN����SS���������
�,Q�5XVVLDQ���

6WUXNRY� �/�� �������+RUPRQDO� UHJXODWLRQ� RI� WKH� FDUGLR�FLUFXODU� GLVHDVHV� DQG� VRPH� HQGRFULQH� G\VIXQFWLRQV� DW�
SHUVRQV� VXIIHULQJ� E\� WKH� &KHUQRE\O� IDFWRUV� DQG� LQ� 6DQN�3HWHUVEXUJ� SRSXODWLRQ�� 7KHVLV� 'RF�� 0HG��� $OO�
5XVVLDQ�&HQWHU�IRU�([WU��5DG��0HGLFLQH��6DQN�3HWHUVEXUJ�����S���LQ�5XVVLDQ���

6XVKNR�9�$���������&KURQLF�OXQJ�GLVHDVH�LQ�OLTXLGDWRUV�RI�&KHUQRE\O�DFFLGHQW�����\HDUV�RI�VWXG\LQJ�����:RUOG�
&RQJUHVV� RQ� /XQJ� +HDOWK� DQG� ��WK� (56� $QQXDO� &RQJUHVV� �$EVWUDFWV��� )ORUHQFH�� ,WDO\�� $XJXVW� ��� ±�
6HSWHPEHU�����������(XURSHDQ�5HVSLUDWRU\�-RXUQDO��±����9������6XSSO������±�3�����V��±�3������

6XVKNR� 9�$��� 6KYD\NR� /�,��� %HO\L� '�$�� 	� .RYDOHQNR� $�1�� ������� %URQFKRSXOPRQDU\� SDWKRORJ\� LQ�
UHFRQYDOHVFHQWV�RI�DFXWH� UDGLDWLRQ�VLFNQHVV�DV�D� UHVXOW�RI�&KHUQRE\O�DFFLGHQW� ������� �� �����WK�(56�$QQXDO�
&RQJUHVV�6WRFNKROP��6ZHGHQ��6HSWHPEHU��������������$EVWUDFWV����(XURSHDQ�UHVSLUDWRU\�MRXUQDO��9RO������
6XSSO��������3����V����3�����

6XVKNR��9�$��	�6KYD\NR�/�,�������E��7KH�FOLQLFDO�DQG�IXQFWLRQDO�FKDUDFWHULVWLFV�RI�EURQFKRSXOPRQDU\�V\VWHP���
LQ�&KDSWHU� ���5HVSLUDWRU\� V\VWHP� ���+HDOWK� HIIHFWV� RI�&KHUQRE\O� DFFLGHQW�_��0RQRJUDSKV� LQ� �� SDUWV� �� (G��
$�9D]LDQRY��9�%HEHVKNR��'�%D]\ND��±�,6%1�����������������.\LY��',$��������±�3�����������



� ���

6XVKNR��9�$��	�6KYD\NR��/�,�������D��(IIHFWV�RI�H[WHUQDO�LUUDGLDWLRQ�DQG�LQJDODWLRQ�RI�UDGLRQXFOLGHV���LQ�&KDSWHU�
���5HVSLUDWRU\�V\VWHP����+HDOWK�HIIHFWV�RI�&KHUQRE\O�DFFLGHQW�_��0RQRJUDSKV�LQ���SDUWV���(G��$�9D]LDQRY��
9�%HEHVKNR��'�%D]\ND��±�,6%1�����������������.\LY��',$��������±�3�����������

6XVKNR��9�$�� �������&KURQLF� XQVSHFLILF� GLVHDVHV� RI� OXQJV� DPRQJ� WKH� OLTXLGDWRUV� RI� WKH�&K133� DFFLGHQW� ����
\HDUV�RI�REVHUYDWLRQ�����3UREOHPV�RI�UDGLDWLRQ�PHGLFLQH���.LHY�����������,6%1���������������±�,VVXH������� ��
���±������LQ�8NUDLQLDQ��

6XVKNR�HW�DO���������6&50�RI�$06�RI�8NUDLQH��������LQ�SUHVV��
6XVKNR�� 9�$�� ������� 6\QGURPRORJ\� RI� EURQFKRSXOPRQDU\� V\VWHP� GDPDJH� IRU� WKH� &23'�SDWLHQWV� DIWHU�

OLTXLGDWLRQ� RI� FRQVHTXHQFHV� RI� &KHUQRE\O� DFFLGHQW� ��� ��WK� (56� $QQXDO� &RQJUHVV�� %HUOLQ�� *HUPDQ\��
6HSWHPEHU��������������$EVWUDFWV����(XURSHDQ�UHVSLUDWRU\�MRXUQDO��9RO������6XSSO��������3����V����3������

6XVNRY�,�,���$JDG]KDQMDQ�$�9���.X]PLQD�1�6���HW�DO���������&\WRJHQHWLF�UHVHDUFKHV�RI�FKLOGUHQ�RI�WKH�GLIIHUHQW�
DJH� JURXSV� OLYLQJ� LQ� WHUULWRULHV�ZLWK� FRQWDPLQDWLRQ� E\� UDGLDWLRQ�� ��� ,,,� ,QWHUQDWLRQDO� FRQIHUHQFH� ��*HQHWLF�
FRQVHTXHQFHV�RI�H[WUHPH�UDGLDWLRQ�VLWXDWLRQV����WKHVHV�RI�UHSRUWV���� ����3XEO�+RXVH��7KH�5XVVLDQ�8QLYHUVLW\�
RI�SHRSOH�IULHQGVKLS��������SS�������������

6\NRUHQVN\L�$�9���%DJHO¶�*� �� �������3ULPRUGLDO�DUWHULDO�K\SRWRQLF�DW�FKLOGUHQ�RI�*RPHO�DQG�0RJLOLHY�DUHDV�
DQG� SHUVSHFWLYHV� RI� WKHLU� LPSURYHPHQW� LQ� WKH� VXPPHU� FDPSV�� ,PSURYHPHQW� DQG� VDQLWDU\� WUHDWPHQW� RI�
SHUVRQV� VXIIHULQJ� IURP� UDGLDWLRQ� LPSDFW�� $EVWUDFWV�� 5HSXEOLFDQ� &RQI��� 0LQVN� �� *RPHO�� SS�� ��� ±� ��� �LQ�
5XVVLDQ���

7DXSLQ�3���������6WURNH�LQGXFHG�QHXURJHQHVLV��SK\VLRSDWKRORJ\�DQG�PHFKDQLVPV��&XUU��1HXURYDVF��5HV��������
���

7HUHVKFKHQNR�� 9�0��� 6XVKNR�9�2�� 3LVKFKLNRY�9�$��� 6HUHGD� 7�3��	�%D]\ND�'�$�� ������� &KURQLF� XQVSHFLILF�
GLVHDVHV�RI� OXQJV�DPRQJ� WKH� OLTXLGDWRUV�RI� WKH�&K133�DFFLGHQW��7HUHVKFKHQNR�9�3���6XVKNR�9�2��HGV���±�
.LHY��0HGLQIRUP���������±�����S���LQ�8NUDLQLDQ��

7HUHVKFKHQNR�9�0���%X]XQRY�9�$���6WUL\�1� ���������(SLGHPLRORJLF�UHODWLYH�ULVN�DQDO\VLV�RI�GHYHORSLQJ�VRPH�
IRUPV� RI� EORRG� FLUFXODWLRQ� V\VWHP� GLVHDVHV� LQ� WKH� SDUWLFLSDQWV� RI� &KHUQRE\O� 133� DFFLGHQW� OLTXLGDWLRQ���
7KHVLVHV�RI�DGGLWLRQDO�VFLHQWLILF�DQG�SUDFWLFDO�FRQIHUHQFH�³8UJHQW�TXHVWLRQV�RI�K\JLHQH�DQG�HFRORJLFDO�VDIHW\�
RI�8NUDLQH´��7KH�ILUVW�0DU]HHY�5HDGLQJV���.\LY��$SULO��������������.\LY��±�������±�3����������

7HUHVKFKHQNR� 9�0��� %X]XQRY� 9�$��� 9R\FKXOHQH� <�6�� ������� (SLGHPLRORJLF� UHVHDUFKHV� RI� GLVDELOLW\� DQG�
PRUWDOLW\�G\QDPLFV�LQ�WKH�SDUWLFLSDQWV�RI�&KRUQRE\O�133�DFFLGHQW�OLTXLGDWLRQ����,VVXH�����±�3�����������

7HUHVKFKHQNR� � 9�0��� %X]XQRY� 9�$��� 9R\FKXOHQH� <�6�� ������� (SLGHPLRORJLF� UHVHDUFK� RI� QRQQHRSODVWLF�
PRUELGLW\� LQ� &KRUQRE\O� 133� DFFLGHQW� OLTXLGDWLRQ� SDUWLFLSDQWV� LQ� ������������ +\JLHQH� RI� SRSXODWLRQ�
DJJUHJDWHV��,VVXH�����±�3�����������

RONDFK� 6� �� ������� 3HFXOLDULWLHV� RI� KHDOWK� VWDWH� RI� WKH� ILUVW� JHQHUDWLRQ� RI� FKLOGUHQ� ERUQ� WR�ZRPHQ� UDGLDWLRQ�
H[SRVHG�LQ�FKLOGKRRG�DQG�DGROHVFHQFH���3HULQDWRORJ\�DQG�3HGLDWULFV�� ��±3��������

7RUXEDURY� )6�� %ODJRYHVKFKHQVNDLD�99��&KHVDOLQ� 39��1LNRODHY�0.� ������� 6WDWXV� RI� WKH� QHUYRXV� V\VWHP� LQ�
YLFWLPV�RI�WKH�DFFLGHQW�DW�WKH�&KHUQRE\O�DWRPLF�SRZHU�SODQW��=K�1HYURO�3VLNKLDWU�,P�6�6�.RUVDNRYD���������
���±�����LQ�5XVVLDQ���

7URFKHULH�6��&RXUW�/��*RXUPHORQ�3��0HVWULHV�-�&��)DWRPH�0��3DVTXLHU�&��-DPPHW�+��*RQJRUD�+��'ROR\�07K�
������� 7KH� YDOXH� RI� ((*� VLJQDO� SURFHVVLQJ� LQ� WKH� DVVHVVPHQW� RI� WKH� GRVH� RI� JDPPD� RU� QHXWURQ�JDPPD�
UDGLDWLRQ� DEVRUEHG� GRVH�� ,Q�� &RXUW� /�� 7URFKHULH� 6�� 'RXFHW� -� �HGV�� /H� 7UDLWPHQW� GX� 6LJQDO� HQ�
(OHFWURSK\VLRORJLH�([SHULPHQWDOH�HW�&OLQLTXH�GX�6\VWHPH�1HUYHX[�&HQWUDO��9RO��,,��SS�����±�����

7URQNR�1�'���&KHEDQ�$� ���2OHLQLN�9�$���(SVWHLQ� �9�� �������(QGRFULQH� V\VWHP�� ,Q��%DU\DFKWDU�9�*�� �(G����
&KHUQRE\O�DFFLGHQW��.LHY��³1DXNRYD�'XPND´�3XEO���SS������±������,Q�5XVVLDQ���

7VLUNLQ�6,X��������,QWHUQDWLRQDO�VWXG\�RI�VFKL]RSKUHQLD�EDVHG�RQ�D�:+2�SURJUDP��&RPSDUDWLYH�FKDUDFWHULVWLFV�
RI�WKH�GDWD��=K�1HYURSDWRO�3VLNKLDWU�,P�6�6�.RUVDNRYD�������������±������LQ�5XVVLDQ��

7V\E�$�)��� ,YDQRY�9�.�� �������5HPRWH� KHDOWK� HIIHFWV� RI� WKH�&KHUQRE\O� DFFLGHQW�� SUHGLFWLRQ� DQG� DFWXDO� GDWD� ,Q��
,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�0HGLFLQH�����������S����������

8NUDLQLDQ�0LQLVWU\� RI�+HDOWK� �������7KH� WK\URLG� GRVH�PHDVXUHPHQW� FHUWLILFDWH� RI� DOO� VHWWOHPHQWV� RI�=KLWRPLU�
DUHD��0LQLVWU\�RI�+HDOWK�RI�8NUDLQH��.LHY�����S��

8NUDLQLDQ�0LQLVWU\�RI�+HDOWK��������7KH�WK\URLG�GRVH�PHDVXUHPHQW�FHUWLILFDWH�RI�.LHY�����0LQLVWU\�RI�+HDOWK�RI�
8NUDLQH��.LHY�����S���

816&($5��������+HUHGLWDU\�HIIHFWV�RI�UDGLDWLRQ��8QLWHG�1DWLRQV�6FLHQWLILF�&RPPLWWHH�RQ�WKH�HIIHFWV�RI�DWRPLF�
UDGLDWLRQ��816&($5������5HSRUW�WR�WKH�*HQHUDO�$VVHPEO\��8QLWHG�1DWLRQV��1HZ�<RUN��������������3���

816&($5� ������� 5HSRUW� WR� WKH� *HQHUDO� $VVHPEO\�� ZLWK� 6FLHQWLILF� $QQH[HV�� 8QLWHG� 1DWLRQV� 6FLHQWLILF�
&RPPLWWHH�RQ�WKH�(IIHFWV�RI�$WRPLF�5DGLDWLRQ��8QLWHG�1DWLRQV��1HZ�<RUN��9RO�����%LRORJLFDO�(IIHFWV��

816&($5��������5HSRUW�WR�WKH�*HQHUDO�$VVHPEO\��$QQH[�,��/DWH�GHWHUPLQLVWLF�HIIHFWV�LQ�FKLOGUHQ��6RXUFHV�DQG�
HIIHFWV�RI� LRQL]LQJ� UDGLDWLRQ��816&($5������5HSRUW� WR� WKH�*HQHUDO�$VVHPEO\��ZLWK�6FLHQWLILF�$QQH[HV��
8QLWHG�1DWLRQV�6FLHQWLILF�&RPPLWWHH�RQ� WKH�(IIHFWV�RI�$WRPLF�5DGLDWLRQ��8QLWHG�1DWLRQV��1HZ�<RUN��SS��
���±�����



� ���

816&($5� �������5HSRUW� WR� WKH�*HQHUDO�$VVHPEO\��ZLWK� VFLHQWLILF� DQQH[HV�� 6RXUFHV� DQG� HIIHFWV� RI� LRQL]LQJ�
UDGLDWLRQ�� 8QLWHG� 1DWLRQV� 6FLHQWLILF� &RPPLWWHH� RQ� WKH� (IIHFWV� RI� $WRPLF� 5DGLDWLRQ�� 1HZ� <RUN�� 8QLWHG�
1DWLRQV��9RO��,��6RXUFHV��

8VKDNRY� ,�%��	�.DUSRY�9�1�� �������%UDLQ�DQG� UDGLDWLRQ� �����DQQLYHUVDU\�RI� UDGLR�QHXURELRORJ\���6WDWH� ,QVW��
$YLD���6SDFH�0HGLFLQH���0RVFRZ�����S���LQ�5XVVLDQ���

8VKDNRY� ,�%���$UODVKFKHQNR�1�,���'RO]KDQRY�$�-��� 3RSRY�9�,�� �������&KHUQRE\O�� UDGLDWLQJ�SV\FKRSK\VLRORJ\�
DQG�HFRORJ\�RI�WKH�SHUVRQ��3XEOLVKLQJ�KRXVH�RI�665,�RI�DYLDWLRQ�DQG�VSDFH�PHGLFLQH��0RVFRZ������S��

8VKDNRY� ,�%���$UODVKFKHQNR�1�,���'RO]KDQRY�$�-��� 3RSRY�9�,�� �������&KHUQRE\O�� UDGLDWLQJ�SV\FKRSK\VLRORJ\�
DQG�HFRORJ\�RI�WKH�SHUVRQ��3XEOLVKLQJ�KRXVH�RI�665,�RI�DYLDWLRQ�DQG�VSDFH�PHGLFLQH��0RVFRZ������S��

9DVFXOHVFX�7��3DVFXOHVFX�*��3DSLOLDQ�9��6HUEDQ�,��5XVX�0��������7KH�HIIHFW�RI�ORZ�;�UD\�GRVHV�RQ�WKH�FHQWUDO�
QHUYRXV�V\VWHP��5DGLRELRO��5DGLRWKHU���%HUO���������������±�����

9GRYHQNR�9�-��������7KH�SHFXOLDULWLHV�RI�LPPXQH�VWDWXV�RI�FKLOGUHQ�ZKR�KDG�EHHQ�H[SRVHG�WR�IRHWDO�UDGLDWLRQ�DW�
D�ODWH�SKDVH�RI�&KHUQRE\O�DFFLGHQW��'RYNLOO\D�WD�]GRUR\D�� ����S��������

9GRYHQNR�9�-���������,PPXQH�VWDWXV�RI�FKLOGUHQ�RI�\RXQJHU�VFKRRO�DJH�H[SRVHG�WR�IRHWDO�UDGLDWLRQ�DV�D�UHVXOW�RI�
WKH�&K$36�DFFLGHQW��0HGLFDO�DIIDLUV�� ����S��������

9HUKRYQD�5DGD�RI�8NUDLQH��������$UWLFOH����RI�WKH�/DZ�RI�8NUDLQH�©2Q�6WDWXV�DQG�6RFLDO�3URWHFWLRQ�RI�&LWL]HQV�
7KDW�6XIIHUHG�IURP�&KRUQRE\O�$FFLGHQW´� ���������RQ����$SULO�������

9LLQDPlNL�+��.XPSXVDOR�(��0\OO\NDQJDV�0��6DORPDD�6��.XPSXVDOR�/��.ROPDNRY�6��,OFKHQNR�,��=KXNRZVN\�*��
1LVVLQHQ� $�� �������� 7KH� &KHUQRE\O� DFFLGHQW� DQG�PHQWDO� ZHOOEHLQJ� �� D� SRSXODWLRQ� VWXG\�� $FWD� 3V\FKLDWU�
6FDQG��������������

9RORVKLQ� 3�9��� .U\]KHQNR� 7�9��� =GHVHQNR� ,�9��� HW� DO�� ������� &OLQLFDO� DQG� IXQFWLRQDO�VWUXFWXUDO� FKDQJHV� RI�
QHUYRXV�V\VWHP�LQ�WKRVH�H[SRVHG�WR�WKH�LPSDFW�RI�WKH�&K$36�DFFLGHQW����6RFLDO�SV\FKRORJLFDO�DQG�SV\FKR�
QHXURORJLFDO�DVSHFWV�RI�FRQVHTXHQFHV�GXH�WR� WKH�DFFLGHQW�DW�&KHUQRE\O�DWRPLF�SRZHU�VWDWLRQ��0DWHULDOV�RI�
VFLHQWLILF�FRQIHUHQFH�RI�WKH�&,6�FRXQWULHV�ZLWK�WKH�LQWHUQDWLRQDO�SDUWLFLSDWLRQ����.LHY����������S����������

9RORVKLQD�1�3���������6WUXFWXUDO�DQG�IXQFWLRQDO�EUDLQ�GLVRUGHUV�LQ�SDWLHQWV�ZLWK�GHPHQWLD�RI�GLIIHUHQW�JHQHVLV��
7KH� GLVVHUWDWLRQ� IRU� WKH� DFDGHPLF� GHJUHH� RI� D� 'RFWRU� RI�0HGLFDO� 6FLHQFHV� LQ� QHXURORJ\� DQG� SV\FKLDWU\��
.KDUNLY�,QVWLWXWH�RI�$GYDQFHG�0HGLFDO�6WXGLHV��.KDUNLY��8NULDQH��

9RORYLN� 6��� /RJDQRYVN\� .��� %D]\ND� '�� ������� &KURQLF� )DWLJXH� 6\QGURPH�� PROHFXODU� QHXURSV\FKLDWULF�
SURMHFWLRQV��$EVWUDFW�;,,,�:RUOG�&RQJUHVV�RI�3V\FKLDWU\�&DLUR��6HSWHPEHU�������������(J\SW��S��������

9RORYLN� 6��� /RJDQRYVN\�.��� %D]\ND�'��� %HEHVKNR�9�� ������� &KURQLF� )DWLJXH� 6\QGURPH� DV� ELRSV\FKRVRFLDO�
SKHQRPHQRQ��3URFHHGLQJV���WK�+DZDLL�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6RFLDO�6FLHQFHV��+RQROXOX��-XQH��������
������S�������������

9RORYLN�6���%D]\ND�'���/RJDQRYVN\�.���%HEHVKNR�9���*LQVEXUJ�*���*ROGVFKPLGW�3�� �������5DGLDWLRQ�HIIHFWV�
SDWWHUQV�IRU�DJLQJ�SKHQRPHQD��,Q��³$JLQJ��0HFKDQLVPV�DQG�3UHYHQWLRQ´��$EVWUDFWV����WK�$QQXDO�0HHWLQJ�RI�
$PHULFDQ�$JLQJ�$VVRFLDWLRQ�DQG���WK�$QQXDO�0HHWLQJ�RI�WKH�$PHULFDQ�&ROOHJH�RI�&OLQLFDO�*HURQWRORJ\��
-XQH��±���������0DUULRWW�&LW\�&HQWHU��2DNODQG��&$��86$��S������

9RORYLN� 6��� %D]\ND�'��� /RJDQRYVN\�.��� %HEHVKNR�9���*ROGVFKPLGW� 3�� �������&DQ� LRQL]LQJ� UDGLDWLRQ� HIIHFWV�
PRGHO�DJLQJ�SKHQRPHQD�DQG�DJH�DVVRFLDWHG�GLVHDVHV"�7KH�*HURQWRORJLVW������6SHFLDO�,VVXH�,,��2FW���������
�������

9RUREWVRYD��(���0�9�9RURE\HYD��$�1�%RJRPD]RYD��$�<X�3XNNHQHQ��7�%�$UNKDQJHOVND\D��������&\WRJHQHWLF�
VWXG\�RI�FKLOGUHQ�OLYLQJ�LQ�6W�3HWHUEXUJ�UHJLRQ��ZKR�KDYH�VXIIHUHG�IURP�WKH�&KHUQRE\O�DFFLGHQW��7KH�UDWH�RI�
XQVWDEOH�FKURPRVRPH�DEHUUDWLRQV�LQ�SHULSKHUDO�EORRG�O\PSKRF\WHV��5DGLDWLRQ�ELRORJ\��5DGLRHFRORJ\��������
����������������LQ�5XVVLDQ���

9RURSDHY� �9���0DWYHHY�9�$���=KDYRURQRN�6�9���1DUDOHQNRY�9�$���������$FWLYDWLRQ�RI�+HUSHVYLUXV�LQIHFWLRQ�
DIWHU� WKH� &KHUQRE\O¶� DFFLGHQW�� 6FL�� FRQI�� ³��� \HDUV� DIWHU� WKH� &KHUQRE\O¶� DFFLGHQW�� VFLHQWLILF� DVSHFWV´��
$EVWUDFWV��0LQVN��S������LQ�5XVVLDQ���

9\DWOHYD� 2�$��� .DWDUJLQD� 7�$��� 3XFKLQVND\D� /�0��� <XUNLQ� 0�0�� �������
(OHFWURSK\VLRORJLFDO�FKDUDFWHUL]DWLRQ�RI�WKH�IXQFWLRQDO�VWDWH�RI�WKH�EUDLQ�LQ�PHQWDO�GLVWXUEDQFHV�LQ�ZRUNHUV�
LQYROYHG�LQ�WKH�FOHDQ�XS�IROORZLQJ�WKH�&KHUQRE\O�DWRPLF�HQHUJ\�VWDWLRQ�DFFLGHQW��1HXURVFL�%HKDY�3K\VLRO��
�����������±�����

:HLQEHUJ�+���.RURO�$���1HYR�(���3LDWDN�2���6WHSDQRYD�(��� �6NYDUVNDMD�(�� �������9HU\�KLJK�PXWDWLRQ� UDWH� LQ�
RIIVSULQJ�RI�&KHUQRE\O�DFFLGHQW�OLTXLGDWRUV��3URF�5�6RF�/DQG�%������S�����������

:RUOG�+HDOWK�2UJDQL]DWLRQ��������+HDOWK�FRQVHTXHQFHV�RI�WKH�&KHUQRE\O�DFFLGHQW��5HVXOWV�RI�WKH�,3+(&$�SLORW�
SURMHFWV�DQG�UHODWHG�QDWLRQDO�SURJUDPPHV��*HQHYD��:RUOG�+HDOWK�2UJDQL]DWLRQ�

:RUOG�+HDOWK�2UJDQL]DWLRQ� �������:RUOG�+HDOWK�5HSRUW�������0HQWDO�KHDOWK��1HZ�XQGHUVWDQGLQJ��QHZ�KRSH��
*HQHYD��:RUOG�+HDOWK�2UJDQL]DWLRQ��

:RUOG� +HDOWK� 2UJDQL]DWLRQ� ������� +HDOWK� (IIHFWV� RI� WKH� &KHUQRE\O� $FFLGHQW� DQG� 6SHFLDO� +HDOWK� &DUH�
3URJUDPPHV��5HSRUW�RI�WKH�81�&KHUQRE\O�)RUXP�([SHUW�*URXS�©+HDOWKª��(*+���:RUNLQJ�'UDIW��$XJXVW�
��������������S��KWWS���ZZZ�LDHD�RUJ�1HZV&HQWHU�)RFXV�&KHUQRE\O�LQGH[�VKWPO�
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<DDU� ,�� 5RQ� (�� 0RGDQ� %�� 5LQRWW� <�� <DDU� 0�� 0RGDQ� 0� ������� /RQJ�ODVWLQJ� FHUHEUDO� IXQFWLRQDO� FKDQJHV�
IROORZLQJ�PRGHUDWH�GRVH�;�UDGLDWLRQ�WUHDWPHQW�WR�WKH�VFDOS�LQ�FKLOGKRRG��DQ�HOHFWURHQFHSKDORJUDSKLF�SRZHU�
VSHFWUDO�VWXG\��-��1HXURO��1HXURVXUJ��3V\FKLDWU\������������±�����

<DDU�,��5RQ�(��0RGDQ�0��3HUHWV�+��0RGDQ�%��������/RQJ±WHUP�FHUHEUDO�HIIHFWV�RI�VPDOO�GRVHV�RI�;±LUUDGLDWLRQ�
LQ�FKLOGKRRG�DV�PDQLIHVWHG�LQ�DGXOW�YLVXDO�HYRNHG�UHVSRQVHV��$QQ��1HXURO��������±�����

<DEORNRY�$�9��������0\WK�RQ�LQVLJQLILFDQFH�RI�WKH�&KHUQRE\O�FDWDVWURSKH�FRQVHTXHQFLHV��0RVFRZ��&HQWHU�IRU�
5XVV��(FRO��3ROLF\�3XEO�������S���LQ�5XVVLDQ���

<DEORNRY�$�9�� �������� 0\WK� DERXW� HQYLURQPHQWDO� SXULW\� RI� WKH� QXFOHDU� SRZHU� LQGXVWU\�� 0RVFRZ�� 5XVVLDQ�
(FRORJLFDO�3ROLF\�&HQWUH��S�������

<DNLPHQNR�'�0��'LJHVWLYH�V\VWHP��,Q��%DU
\DNKWDU�9�*���(G����������7KH�&KHUQRE\O�DFFLGHQW��.LHY��³1DXNRYD�
'XPND´�3XEOLVKLQJ�+RXVH��SS�������������

<DPDGD�0�� ,]XPL� 6� ������� 3V\FKLDWULF� VHTXHODH� LQ� DWRPLF� ERPE� VXUYLYRUV� LQ� +LURVKLPD� DQG� 1DJDVDNL� WZR�
GHFDGHV�DIWHU�WKH�H[SORVLRQV��6RF��3V\FKLDWU\�3V\FKLDWU��(SLGHPLRO���������±����

<DPDGD�0��.DVDJL�)��6DVDNL�+��0DVXQDUL�1��0LPRUL�<��6X]XNL�*��������$VVRFLDWLRQ�EHWZHHQ�GHPHQWLD�DQG�
PLGOLIH� ULVN� IDFWRUV�� WKH� UDGLDWLRQ� HIIHFWV� UHVHDUFK� IRXQGDWLRQ� DGXOW� KHDOWK� VWXG\�� -� $P� *HULDWU� 6RF�
���������±�����

<DPDGD�0�� 6DVDNL� +��0LPRUL� <�� .DVDJL� )�� 6XGRK� 6�� ,NHGD� -�� +RVRGD� <�� 1DNDPXUD� 6�� .RGDPD� .� �������
3UHYDOHQFH�DQG�ULVNV�RI�GHPHQWLD�LQ�WKH�-DSDQHVH�SRSXODWLRQ��5(5)¶V�DGXOW�KHDOWK�VWXG\�+LURVKLPD�VXEMHFWV��
5DGLDWLRQ�(IIHFWV�5HVHDUFK�)RXQGDWLRQ��-�$P�*HULDWU�6RF����������±�����

<DPDGD�0��:RQJ�)/��)XMLZDUD�6��$NDKRVKL�0��6X]XNL�*��������1RQFDQFHU�GLVHDVH�LQFLGHQFH�LQ�DWRPLF�ERPE�
VXUYLYRUV������±������5DGLDW��5HV�����������±�����

<XUFKHQNR�2�9���7UHJXERYD�1�$���.KDHWVN\�,�.���/\SVND�$�,���3LQFKXN�9�*��1LNLWFKHQNR�9�9���3LQFKXN�9�*���������
0RUSKRORJLFDO� FKDQJHV� RI� LQWHUQDO� RUJDQV� RI� WKH� DQLPDOV� KHOG� DW� WKH� &KRUQRE\O� H[FOXVLRQ� ]RQH�� &ROOHFWLRQ� RI�
VFLHQWLILF�SDSHUV�³&KRUQRE\O��([FOXVLRQ�]RQH´���3XEO��³1DXNRYD�'XPND´��.LHY��SS����������LQ�8NUDLQLDQ��

=DERORWQ\�'�,���6KLGORYVND\D�7�9���5LPDU�9�9����������/RQJ�WHUQ�KDHPRG\QDPLF�GLVRUGHUV�RI�WKH�FDURWLG�DQG�
YHUWHEUDO�EDVLODU� V\VWHPV� LQ� WKH� &KHUQRE\O� DFFLGHQW� YLFWLPV� ZLWK� QRUPDO� KHDULQJ� DQG� YDULRXV� KHDULQJ�
LPSDLUPHQWV��-RXUQDO�RI�(17�'LVHDVHV��1R����3���������

=DFKDU\��,���������1HXURSURWHFWLYH�UROH�RI�YDVFXODU�HQGRWKHOLDO�JURZWK�IDFWRU��VLJQDOOLQJ�PHFKDQLVPV��ELRORJLFDO�
IXQFWLRQ��DQG�WKHUDSHXWLF�SRWHQWLDO��1HXURVLJQDOV������������

=DGRUR]KQD\D� 7�'��� /XN\DQRYD� � �� <HVFKHQNR� �,�� +DQVKRZ�� $QWLSNLQ� -�*�� ������� 6WUXFWXUDO� FKDQJHV� RI�
IHWRSODFHQWDO�FRPSOH[�XQGHU�LQIOXHQFH�RI�VPDOO�GRVHV�RI�LRQL]LQJ�UDGLDWLRQ��LQIOXHQFH�RYHU�KHDOWK�RI�FKLOGUHQ�
���2\FXPHQD�� ����S��������

=DOXWVND\D�$���%RUQVWHLQ�6�5��0RNKRUW�7���*DUPDHY�'��������'LG�WKH�&KHUQRE\O�LQFLGHQW�FDXVH�DQ�LQFUHDVH�LQ�
7\SH���GLDEHWHV�PHOOLWXV�LQFLGHQFH�LQ�FKLOGUHQ�DQG�DGROHVFHQWV"�'LDEHWRORJLD��YRO������SS�����������

=KDYRURQNRYD�/�$���+RORGRYD�1�%���+DUFKHQNR�9�3���HW�DO���������((*��QHXURORJLF�DQG�HPLVVLRQ�RQH�SKRWRQ�
FRPSXWHU� HVWLPDWLRQ� RI� WKH� VWDWXV� RI� SDUWLFLSDQWV� RI� OLTXLGDWLRQ� RI� WKH� DFFLGHQW� DW� WKH� &KHUQRE\O� DWRPLF�
SRZHU� VWDWLRQ� ���6RFLDO�SV\FKRORJLFDO� DQG�SV\FKR�QHXURORJLFDO� DVSHFWV�RI� FRQVHTXHQFHV�RI� WKH�DFFLGHQW� DW�
&KHUQRE\O� DWRPLF� SRZHU� VWDWLRQ�� 0DWHULDOV� RI� VFLHQWLILF� FRQIHUHQFH� RI� WKH� &,6� FRXQWULHV� ZLWK� WKH�
LQWHUQDWLRQDO�SDUWLFLSDWLRQ����.LHY����������S������

=KDYRURQNRYD�/�$���*DERYD�$9��.X]QHWVRYD�*'�� 6HO
VNLL�$*�� 3DVHFKQLN�9,��.KRORGRYD�1%�� ,DQRYLFK�$9�
�������3RVW�UDGLDWLRQ�HIIHFW�RQ� WKH� LQWHUKHPLVSKHULF�DV\PPHWU\� LQ�((*�DQG�WKHUPRJUDSK\�FKDUDFWHULVWLFV��
=K�9\VVK�1HUY�'HLDW�,P�,�3�3DYORYD������������±�����LQ�5XVVLDQ���

=KDYRURQNRYD�/�$���*RJLWLG]H�19��.KRORGRYD�1%��������7KH�FKDUDFWHULVWLFV�RI�WKH�ODWH�UHDFWLRQ�RI�WKH�KXPDQ�
EUDLQ� WR� UDGLDWLRQ� H[SRVXUH�� WKH� ((*� DQG� QHXURSV\FKRORJLFDO� VWXG\� �WKH� VHTXHODH� RI� WKH� DFFLGHQW� DW� WKH�
&KHUQRE\O� $WRPLF� (OHFWULF� 3RZHU� 6WDWLRQ�� =K� 9\VVK� 1HUY� 'HLDW� ,P� ,� 3� 3DYORYD� ��� ����� ���±���� �LQ�
5XVVLDQ��

=KDYRURQNRYD�/�$���*RJLWLG]H�19��.KRORGRYD�1%� �������3RVWUDGLDWLRQ�FKDQJHV� LQ� WKH�EUDLQ�DV\PPHWU\�DQG�
KLJKHU�PHQWDO� IXQFWLRQV� RI� ULJKW�� DQG� OHIW�KDQGHG� VXEMHFWV� �WKH� VHTXHODH�RI� WKH� DFFLGHQW� DW� WKH�&KHUQRE\O�
$WRPLF�(OHFWULF�3RZHU�6WDWLRQ��=K�9\VVK�1HUY�'HLDW�,P�,�3�3DYORYD�����������±����LQ�5XVVLDQ���

=KDYRURQNRYD�/�$���.KRORGRYD�1%��*RJLWLG]H�19��.RSWHORY�,X0��������$�G\QDPLF�DVVHVVPHQW�RI�WKH�UHDFWLRQ�
RI� WKH�KXPDQ�EUDLQ� WR� UDGLDWLRQ�H[SRVXUH� �WKH�DIWHUPDWK�RI� WKH�DFFLGHQW�DW� WKH�&KHUQRE\O�$WRPLF�(OHFWULF�
3RZHU�6WDWLRQ���=K�9\VVK�1HUY�'HLDW�,P�,�3�3DYORYD������������±�����$UWLFOH�LQ�5XVVLDQ���

=KDYRURQNRYD�/�$���.KRORGRYD�1%��*RJLWLG]H�19��.RSWHORY�,X0��������$�G\QDPLF�DVVHVVPHQW�RI�WKH�UHDFWLRQ�
RI� WKH�KXPDQ�EUDLQ� WR� UDGLDWLRQ�H[SRVXUH� �WKH�DIWHUPDWK�RI� WKH�DFFLGHQW�DW� WKH�&KHUQRE\O�$WRPLF�(OHFWULF�
3RZHU�6WDWLRQ���=K�9\VVK�1HUY�'HLDW�,P�,�3�3DYORYD������������±�����$UWLFOH�LQ�5XVVLDQ���

=KDYRURQNRYD�/�$���.KRORGRYD�1%��*RJLWLG]H�19��.RSWHORY�,X0��������$�G\QDPLF�DVVHVVPHQW�RI�WKH�UHDFWLRQ�
RI� WKH�KXPDQ�EUDLQ� WR� UDGLDWLRQ�H[SRVXUH� �WKH�DIWHUPDWK�RI� WKH�DFFLGHQW�DW� WKH�&KHUQRE\O�$WRPLF�(OHFWULF�
3RZHU�6WDWLRQ���=K�9\VVK�1HUY�'HLDW�,P�,�3�3DYORYD������������±�����$UWLFOH�LQ�5XVVLDQ���

=KDYRURQNRYD� /�$��� .KRORGRYD� 1%�� =XERYVNLL� *$�� 6PLUQRY� ,X1�� .RSWHORY� ,X0�� 5\]KRY� 1,� ������� 7KH�
HOHFWURHQFHSKDORJUDSKLF� FRUUHODWHV� RI� QHXURORJLFDO� GLVRUGHUV� LQ� WKH� ODWH� SHULRGV� RI� H[SRVXUH� WR� LRQL]LQJ�
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UDGLDWLRQ��WKH�DIWHUHIIHFWV�RI�WKH�DFFLGHQW�DW�WKH�&KHUQRE\O�$WRPLF�(OHFWULF�3RZHU�6WDWLRQ��=K�9\VVK�1HUY�
'HLDW�,P�,�3�3DYORYD������������±�����LQ�5XVVLDQ���

=KDYRURQNRYD� /�$��� .KRORGRYD� 1%�� =XERYVNLL� *$�� 6PLUQRY� <X1�� .RSWHORY� <X0�� 5\]KRY� 1,� �����D���
(OHFWURHQFHSKDORJUDSKLF�FRUUHODWHV�RI�QHXURORJLFDO�GLVWXUEDQFHV�DW�UHPRWH�SHULRGV�RI�WKH�HIIHFW�RI�LRQL]LQJ�
UDGLDWLRQ��VHTXHODH�RI�WKH�&KHUQRE\O
�133�DFFLGHQW���1HXURVFL�%HKDY�3K\VLRO������������±�����

=KDYRURQNRYD�/�$���.KRORGRYD�1%��=XERYVN\�*$��*RJLWLG]H�19��.RSWHORY�<0������E��((*�SRZHU�PDSSLQJ��
GLSROH�VRXUFH�DQG�FRKHUHQFH�DQDO\VLV�LQ�&KHUQRE\O�SDWLHQWV��%UDLQ�7RSRJU������������±�����

=R]XOLD�,�6���3ROLVKFKXN�0�,H���������7KH�FKDUDFWHULVWLFV�RI�FHUHEURYDVFXODU�GLVRUGHUV�LQ�SHUVRQV�H[SRVHG�WR�WKH�
HIIHFW�RI�LRQL]LQJ�UDGLDWLRQ�DV�D�UHVXOW�RI�WKH�DFFLGHQW�DW�WKH�&KHUQRE\O�$WRPLF�(OHFWULF�3RZHU�6WDWLRQ��/LN�
6SUDYD�������1������������

=R]XO\D� <X�3� �HG��� ������� &KURQLF� LQIOXHQFH� RI� VPDOO� GRVHV� RI� LRQL]LQJ� UDGLDWLRQ�� H[SHULPHQWDO� VWXGLHV� DQG�
FOLQLFDO�REVHUYDWLRQV��.LHY��3XEOLVKLQJ�+RXVH�&KHUQRE\OLQWHULQIRUP��LQ�8NUDLQLDQ���

=XERYLFK�9� ���3HWURY�*�$��%HUHVWHQ¶�6�$���.LO¶FKHYVND\D� �9���=HPVNRY�9�1���������+XPDQ�PLON�FKDUDFWHUV�
DQG�EDELHV�KHDOWK�LQ�WKH�UDGLRDFWLYH�SROOXWHG�DUHDV�RI�%HODUXV��3XEOLF�+HDOWK�� ����SS�����±�����LQ�5XVVLDQ���

=XERYVN\�*�$���7DUDUXKLQD�2�%���������7KH�VWDWH�RI�D�K\SRSK\VLV�WK\URLG�V\VWHP�GXULQJ�WUHDWPHQW�,���������7KH�
0HGLFDO�5DGLRORJ\��1����S��������

=XERYVN\�*�$���7DUDUXKLQD�2�%��������0RUELGLW\�DPRQJ�SHRSOH��KDYLQJ�EHHQ�H[SRVHG�WR�UDGLDWLRQ�DV�D�UHVXOW�RI�
WKH�DFFLGHQW�DW�WKH�&KHUQRE\O�QXFOHDU�UHDFWRU��0RVFRZ��LQ�SUHVV�

=XERYVN\�� *�$�� 	� 6PLUQRY�� <X�1�� ������� 5DGLDWLRQ� ,QGXFHG� 'LVHDVHV� DV� D� 5HVXOW� RI� WKH� $FFLGHQW� DW� WKH�
&KHUQRE\O� 133�� DFFRUGLQJ� WR� WKH� 5XVVLDQ� 5HJLRQDO� ,QGHUGHSDUWDPHQWDO� 3DQHO�� %RRN� RI�:RUNV� RQ� ��WK�
$QQLYHUVDU\�RI�WKH�5XVVLDQ�6FLHQWLILF�&HQWHU�RI�5RHQWJHQRORJ\�DQG�5DGLRORJ\��0RVFRZ��3������

=XERYVN\�� *�$�� 	� 6PLUQRY�� <X�1�� ������� 5DGLDWLRQ� ,QGXFHG� 'LVHDVHV� DV� D� 5HVXOW� RI� WKH� $FFLGHQW� DW� WKH�
&KHUQRE\O� 133�� DFFRUGLQJ� WR� WKH� 5XVVLDQ� 5HJLRQDO� ,QGHUGHSDUWDPHQWDO� 3DQHO�� %RRN� RI�:RUNV� RQ� ��WK�
$QQLYHUVDU\�RI�WKH�5XVVLDQ�6FLHQWLILF�&HQWHU�RI�5RHQWJHQRORJ\�DQG�5DGLRORJ\��0RVFRZ��3������
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�
$OWKRXJK� WKH� JUHDWHVW� HQYLURQPHQWDO� FRQWDPLQDWLRQ� DQG� KXPDQ� KHDOWK� LPSDFWV� RI� WKH�
&KHUQRE\O� DFFLGHQW� ZHUH� IHOW� E\� 8NUDLQH�� %HODUXV� DQG� 5XVVLD�� RWKHU� FRXQWULHV� ZHUH� E\� QR�
PHDQV� IUHH� IURP� FRQWDPLQDWLRQ�� $�PDMRU� SDUW� �HVWLPDWHV� YDU\� IURP� ��� WR� ������ )DLUOLH�	�
6XPQHU�� ������ RI� DOO�&KHUQRE\O� FDHVLXP����� IHOO� RXW� RXWVLGH�%HODUXV��8NUDLQH� DQG�5XVVLD��
SULQFLSDOO\� LQ� RWKHU� (XURSHDQ� FRXQWULHV� 7DEOH� ����� EHORZ� VXPPDULVHV� PD[LPDO� ���&V�
FRQFHQWUDWLRQV�UHFRUGHG� LQ�RWKHU�FRXQWULHV��7KLV� LQFOXGHV� WKH� OLQJHULQJ�JOREDO�FRQWDPLQDWLRQ�
EDVHOLQH�RI�����N%T�P��DULVLQJ�IURP�DWPRVSKHULF�QXFOHDU�ZHDSRQV� WHVWV��ZKLFK�ZHUH�PRVWO\�
FDUULHG�RXW�LQ������DQG�������816&($5��������
�

&RXQWU\��UHJLRQ�� 0D[LPXP�
FRQFHQWUDWLRQ�
�N%T�P���

5HIHUHQFH�

*UHHFH� ������ 6LPRSRXORV�������
.ULWLGLV�HW�DO������

$XVWULD��6ZHGHQ��)LQODQG��1RUZD\��
6ORYHQLD��3RODQG��5RPDQLD��+XQJDU\��
6ZLW]HUODQG��&]HFK�5HSXEOLF�	�*UHHFH�

�������
�

'H�&RUW������
�

8.��6FRWODQG��:DOHV��1:�	�6:�
(QJODQG���,WDO\��(VWRQLD��6ORYDN�
5HSXEOLF��(LUH��*HUPDQ\�	�)UDQFH�

������ 'H�&RUW������

/DWYLD��'HQPDUN��1HWKHUODQGV��%HOJLXP�
	�
/LWKXDQLD�

����� 'H�&RUW������

6SDLQ�	�3RUWXJDO� ��� 'H�&RUW������
)UDQFH��$OSHV�GH�3URYHQFH�� a��� &5,,5$'�	�3DULV������
)UDQFH��&RUVLFD�� !��� &5,,5$'�	�3DULV������
,VUDHO��FHQWUH�RI�FRXQWU\�� ����%T�NJ� 1HHPDQ�	�6WHLQHU�

�������
,VUDHO��*RODQ�KHLJKWV�� �����%T�NJ� 1HHPDQ�	�6WHLQHU�

�������
7DEOH������0D[LPXP�FRQFHQWUDWLRQV�RI����&V�LQ�VRLO�DFURVV�(XURSH�DQG�WKH�0LGGOH�(DVW�
�
1DWLRQDO� OHJLVODWLRQ� LQ� 8NUDLQH�� 5XVVLD� DQG� %HODUXV� VHWV� DQ� RIILFLDO� GHILQLWLRQ� RI�
³FRQWDPLQDWHG´�DW��&L�P��RU���N%T�P���8VLQJ�WKLV�GHILQLWLRQ��PDQ\�RI�WKH�FRXQWULHV�LQ�7DEOH�
���� DERYH� FRQWDLQ� FRQWDPLQDWHG� ODQG� DQG� 7DEOH� ���� EHORZ� VKRZV� WKDW� VHYHUDO� (XURSHDQ�
FRXQWULHV�FRQWDLQ�VLJQLILFDQW�WUDFWV�RI�ODQG�WKDW�DUH�DERYH�WKLV�OLPLW��
�

&RXQWU\� $UHD�FRQWDPLQDWHG��������N%T�P�
�
6ZHGHQ� �������NP��
)LQODQG� �������NP��
$XVWULD� ������NP��
1RUZD\� ������NP��
%XOJDULD� ������NP��
6ZLW]HUODQG� ������NP��
*UHHFH� ������NP��
6ORYHQLD� ����NP��
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,WDO\� ����NP��
5HSXEOLF�RI�0ROGRYD� ���NP��
7RWDO� �������NP��

7DEOH������$PRXQW�RI� ODQG� LQ�(XURSHDQ�FRXQWULHV�PHHWLQJ� WKH�GHILQLWLRQ�RI�³FRQWDPLQDWHG´�
XVHG�E\�8NUDLQH��5XVVLD�DQG�%HODUXV��816&($5�������
�
$FFRUGLQJ�WR�'H�&RUW�HW�DO����������PRUH�WKHQ������RI�(XURSH�ZDV�SROOXWHG�ZLWK�&KHUQRE\O�
IDOO�RXW�ZLWK�OHYHOV�PRUH�WKHQ�������%T�P�����N%T�P����
�
+HDOWK� HIIHFWV� UDQJLQJ� IURP� FKURPRVRPDO� DEHUUDWLRQV� WR� FRQJHQLWDO� PDOIRUPDWLRQV� DQG�
WK\URLG�FDQFHU�ZHUH�UHFRUGHG�LQ�FRXQWULHV�IURP�1RUZD\�WKURXJK�WR�7XUNH\��2WKHUV�WKDW�PD\�
KDYH�EHHQ�DIIHFWHG�KDYH�QRW�EHHQ�LQYHVWLJDWHG��
�
&KURPRVRPDO�DEHUUDWLRQV�ZHUH�UHFRUGHG�WR�WKH�ZHVW�RI�&KHUQRE\O��LQ�$XVWULD�DQG�*HUPDQ\��
DQG� WR� WKH� QRUWK�� LQ�1RUZD\� �7DEOH� �������$PRQJ� WKH� DIIHFWHG� SRSXODWLRQV�ZHUH� WKH�6DDPH�
SHRSOH��QRPDGV�ZKRVH�OLYHV�UHYROYH�DURXQG�WKHLU�UHLQGHHU��
�
5HJLRQ� 6DPSOH� 'DWH�� 0HWKRG� 0HDQ�HOHYDWLRQ� 5HIHUHQFH�
6DO]EXUJ��
$XVWULD�

���DGXOWV� ����� 'LFV���
FULQJ�

$SSUR[����IROG� 3RKO�5�OLQJ�HW�DO��
�����

*HUPDQ\��
VRXWKHUQ�
UHJLRQV�

���FKLOGUHQ���
DGXOWV�

�����
�����

'LFV���
FULQJ�

$SSUR[�����IROG� 6WHSKDQ��
2HVWUHLFKHU������

1RUZD\��
VHOHFWHG�
UHJLRQV�

���UHLQGHHU�
6DDPHV�
���VKHHS�
IDUPHUV�

����� 'LFV���
FULQJ�

���IROG� %URJJHU�HW�DO��
�����

7DEOH������&KURPRVRPH�DEHUUDWLRQV�LQ�O\PSKRF\WHV�RI�SHUVRQV�OLYLQJ�LQ�:HVW�(XURSHDQ�
UHJLRQV�FRQWDPLQDWHG�E\�&KHUQRE\O�UHOHDVHV��GLFV�GLFHQWULF�FKURPRVRPHV��FULQJ�FHQWULF�ULQJV�
�6FKPLW]�)HXHUKDNH�������
�
$FURVV�:HVWHUQ� (XURSH� DQG� 6FDQGLQDYLD�� QXPHURXV� VWXGLHV� LGHQWLILHG� LQ� XWHUR� H[SRVXUH� WR�
&KHUQRE\O� UDGLDWLRQ� DV� D� FDXVH� RI� LQFUHDVHG� VSRQWDQHRXV� DERUWLRQV�� ORZ� ELUWK� ZHLJKW� DQG�
UHGXFHG�LQIDQW�VXUYLYDO��7DEOH��������
��

&RXQWU\� (IIHFWV� 5HIHUHQFHV�
(XURSH��*UHHFH��
+XQJDU\��3RODQG��
6ZHGHQ�

6WLOOELUWKV� 6FKHUE�HW�DO������E������E��
�����

3RODQG� ,QIDQW�PRUWDOLW\� .RUEOHLQ�����D�
1RUZD\� 6SRQWDQHRXV�DERUWLRQV� 8OVWHLQ�HW�DO�������
+XQJDU\� /RZ�ELUWK�ZHLJKW� &]HLVHO������
)LQODQG� 3UHPDWXUH�ELUWKV�DPRQJ�

PDOIRUPHG�FKLOGUHQ�
+DUMXOHKWR�HW�DO�������

)LQODQG� 5HGXFHG�ELUWK�UDWH�
6WLOOELUWKV�

+DUMXOHKWR�HW�DO�������
6FKHUE��:HLJHOW������

*HUPDQ\�
7RWDO��)5*���*'5��

3HULQDWDO�GHDWKV� .RUEOHLQ��.XFKHQKRII�������
6FKHUE�HW�DO������D�������

6RXWKHUQ�*HUPDQ\� (DUO\�QHRQDWDO�GHDWKV� /�QLQJ�HW�DO�������
%DYDULD� 3HULQDWDO�GHDWKV��VWLOOELUWKV� *URVFKH�HW�DO��������6FKHUE�HW�
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DO������D������D�������
%DYDULD� 5HGXFHG�ELUWK�UDWH� .RUEOHLQ�����D�

7DEOH������2EVHUYHG�LQFUHDVH�RI�VWLOOELUWKV��LQIDQW�GHDWKV��VSRQWDQHRXV�DERUWLRQV��DQG�ORZ�
ELUWK�ZHLJKW�DIWHU�LQ�XWHUR�H[SRVXUH�E\�WKH�&KHUQRE\O�DFFLGHQW��
��3HULQDWDO�GHDWKV�
VXPPDUL]H�VWLOOELUWKV�DQG�GHDWKV�LQ�WKH�ILUVW���GD\V�IURP�ELUWK�

��5HGXFHG�ELUWK�UDWH�LV�
FRQVLGHUHG�DV�D�PHDVXUH�IRU�VSRQWDQHRXV�DERUWLRQV��6FKPLW]�)HXHUKDNH�������
�
7R� WKH� ZHVW� DQG� VRXWKZDUGV�� IURP� *HUPDQ\� WKURXJK� &URDWLD� WR� %XOJDULD� DQG� 7XUNH\��
LQFUHDVHG�FRQJHQLWDO�PDOIRUPDWLRQV�ZHUH�UHFRUGHG�LQ�FKLOGUHQ�ZKR�ZHUH�H[SRVHG�EHIRUH�ELUWK�
�VHH� 7DEOH� ������� 6FKHUE� 	� :HLJHOW� ������� IRXQG� VLJQLILFDQW� HOHYDWLRQV� LQ� LQFLGHQFH� RI�
VWLOOELUWK�DQG�GHIRUPLWLHV��LQFOXGLQJ�GHIRUPLWLHV�RI�WKH�KHDUW��LQ�%DYDULD��7KH\�HVWLPDWHG�WKDW��
EHWZHHQ� 2FWREHU� ����� DQG� 'HFHPEHU� ������ &KHUQRE\O� FRXOG� KDYH� EHHQ� UHVSRQVLEOH� IRU�
EHWZHHQ�������DQG�������FRQJHQLWDO�PDOIRUPDWLRQV�LQ�WKH�UHJLRQ��DQG�WKDW�IXUWKHU�IROORZ�XS�
UHVHDUFK�VKRXOG�EH�FDUULHG�RXW��$� ODWHU�VWXG\�E\� WKH�VDPH�DXWKRUV��6FKHUE�	�:HLJHOW�������
XVHG�GDWD� IURP�%DYDULD�� WKH� IRUPHU�*'5��:HVW�%HUOLQ��'HQPDUN��+XQJDU\��,FHODQG��/DWYLD��
1RUZD\�� 3RODQG�	� 6ZHGHQ� WR� VXSSRUW� D� UHODWLYH� ULVN� HVWLPDWH� IRU� VWLOOELUWKV� RI� ������� SHU�
N%T�P�� RU� ���� P6Y�D� �S ����������� 6LJQLILFDQW� LQFUHDVHV� LQ� FRQJHQLWDO� PDOIRUPDWLRQV�
UHFRUGHG�LQ�0ROGRYD�KDYH�EHHQ�DWWULEXWHG�WR�WKH�FRPELQHG�HIIHFWV�RI�SROOXWLRQ�IURP�SHVWLFLGHV�
DQG�&KHUQRE\O��KRZHYHU��PRUH�UHVHDUFK�LV�QHHGHG�WR�DVFHUWDLQ�WKH�FRQWULEXWLRQ�HDFK�PDNHV�WR�
WKHVH�GLVHDVHV��*ULJRU\�HW�DO���������
�

&RXQWU\�5HJLRQ� (IIHFWV� 5HIHUHQFHV�
7XUNH\� $QHQFHSKDO\��VSLQD�ELILGD� $NDU�HW�DO�����������

&DJOD\DQ�HW�DO��������
*�YHQF�HW�DO��������0RFDQ�
HW�DO�������

%XOJDULD��3OHYHQ�UHJLRQ� 0DOIRUPDWLRQV�RI�KHDUW�DQG�
FHQWUDO�QHUYRXV�V\VWHP��
PXOWLSOH�PDOIRUPDWLRQV�

0RXPGMLHY�HW�DO�������
�

&URDWLD� 0DOIRUPDWLRQV�E\�DXWRSV\�RI�
VWLOOERUQV�DQG�FDVHV�RI�HDUO\�
GHDWK�

.UXVOLQ�HW�DO�������

*HUPDQ\� � �
)RUPHU�*HUPDQ�'HPRFUDWLF�
5HSXEOLF��&HQWUDO�UHJLVWU\��

&OHIW�OLS�DQG�RU�SDODWH� =LHJORZVNL�	�+HPSULFK�
�����

*HUPDQ\��%DYDULD� &OHIW�OLS�DQG�RU�SDODWH�
&RQJHQLWDO�PDOIRUPDWLRQV�

6FKHUE�	�:HLJHOW������
.RUEOHLQ�����D��������
6FKHUE�	�:HLJHOW������

*HUPDQ\��$QQXDO�+HDOWK�5HSRUW�
RI�:HVW�%HUOLQ������

0DOIRUPDWLRQV�LQ�VWLOOERUQV� 6WUDKOHQWHOH[������
�

*HUPDQ\��&LW\�RI�-HQD��5HJLVWU\�
RI�FRQJHQLWDO�PDOIRUPDWLRQV��

,VRODWHG�PDOIRUPDWLRQV�� /RW]�HW�DO�������
DEOH������2EVHUYHG�LQFUHDVH�RI�FRQJHQLWDO�PDOIRUPDWLRQV�DIWHU�LQ�XWHUR�H[SRVXUH�E\�WKH�

&KHUQRE\O�DFFLGHQW�RXWVLGH�%HODUXV��8NUDLQH�DQG�5XVVLD��6FKPLW]�)HXHUKDNH�������
�
'RZQ¶V�V\QGURPH�W\SLFDOO\�RFFXUV�LQ�DURXQG���LQ�������ELUWKV��EXW�ZDV�HOHYDWHG�LQ�:HVWHUQ�
(XURSH� �)LJXUH� ������ DQG� 6FDQGLQDYLD� �7DEOH� ������� $� VWDWLVWLFDOO\� VLJQLILFDQW� LQFUHDVH� LQ�
IUHTXHQF\� ZDV� DSSDUHQW� LQ� -DQXDU\� ������ FRUUHVSRQGLQJ� WR� FKLOGUHQ� FRQFHLYHG� GXULQJ� WKH�
SHULRG�RI�PD[LPDO�&KHUQRE\O�IDOORXW��6SHUOLQJ�HW�DO�������E���
�
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�
5HJLRQ� 5HVXOWV� 5HIHUHQFHV�
6ZHGHQ� ³6OLJKW´�H[FHVV�LQ�PRVW�

H[SRVHG�DUHDV��������
(ULFVRQ��.DOOHQ������

6FRWODQG��/RWKLDQ�UHJLRQ�
������PLOOLRQ�LQKDELWDQWV��

([FHVV�SHDN�LQ���������IROG�
VLJQLILFDQW��

5DPVD\�HW�DO�������
6RXWK�*HUPDQ\� 0RVW�FKLOGUHQ�FRQFHLYHG�

FORVH�WR�WLPH�RI�DFFLGHQW�
6SHUOLQJ�HW�DO�������

%HUOLQ�:HVW� 6KDUS�LQFUHDVH�DIWHU���
PRQWKV�

6SHUOLQJ�HW�DO��������
����D	E�

7DEOH������,QFUHDVH�RI�'RZQ�V�V\QGURPH�DIWHU�LQ�XWHUR�H[SRVXUH�E\�WKH�&KHUQRE\O�DFFLGHQW�
�DGDSWHG�IURP�6FKPLW]�)HXHUKDNH��������
�
�

)LJ������)UHTXHQF\�RI�QHZERUQV�ZLWK�'RZQ¶V�V\QGURPH�LQ�:HVW�%HUOLQ�������±�������
�
$VWKPD�ZDV�DOVR�REVHUYHG�LQ�LQ�XWHUR�H[SRVHG�FKLOGUHQ�ZKR�VXEVHTXHQWO\�HPLJUDWHG�IURP�
H[SRVHG�DUHDV�WR�,VUDHO��7DEOH�������
�

5HJLRQ� 5HVXOWV� 5HIHUHQFHV�
,PPLJUDQWV�WR�,VUDHO�IURP�
FRQWDPLQDWHG�DUHDV�

$VWKPD� .RUG\VK�HW�DO�������
7DEOH������2EVHUYHG�KHDOWK�GHIHFWV�LQ�FKLOGUHQ�DIWHU�LQ�XWHUR�H[SRVXUH�E\�WKH�&KHUQRE\O�
DFFLGHQW�H[FHSW�PDOIRUPDWLRQV�DQG�'RZQ�V�V\QGURPH��6FKPLW]�)HXHUKDNH�������
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�
,Q�6ZHGHQ��D�FRKRUW�VWXG\�RI�RYHU�D�PLOOLRQ�SHRSOH�LQ�WKH�PRVW�KHDYLO\�FRQWDPLQDWHG�DUHDV�RI�
WKH�FRXQWU\�VKRZHG�D�VOLJKW� LQFUHDVH� LQ�GHDWKV�IURP�DOO�FDQFHUV�XVLQJ�GDWD�IURP������������
$FFRUGLQJ�WR�WKH�DXWKRUV�RI�WKH�UHSRUW��DQ�HVWLPDWH�RI�����FDQFHUV�KDV�EHHQ�SUHGLFWHG�EDVHG�RQ�
WRWDO�UHFHLYHG�GRVH��7RQGHO�HW�DO���������
�
5HVHDUFK�LQWR�WKH�FRQWDPLQDWLRQ�DQG�KHDOWK�HIIHFWV�RI�&KHUQRE\O�LQ�$XVWULD�DUH�VXPPDULVHG�E\�
%XQGHVPLQLVWHULXP�I�U�8PZHOW��������DQG�0UD]���������
�
7KH�DYHUDJH�OHYHO�RI����&V�FRQWDPLQDWLRQ�LQ�$XVWULD�ZDV������N%T�Pð��7KH�FRQWDPLQDWHG�DLU�
IURP�&KHUQRE\O�FDPH�WR�$XVWULD�LQ�WZR�ZDYHV��ILUVW�YLD�7XUNH\�DQG�5RPDQLD�WR�WKH�VRXWK�HDVW�
RI� $XVWULD� DQG� WKH� VHFRQG� IURP� HDVW�� WR� WKH� UHJLRQV� QRUWK� RI� WKH� $OSV�� 7KH� JHRJUDSKLFDO�
GLVWULEXWLRQ� FRUUHODWHG� VLJQLILFDQWO\�ZLWK� UDLQIDOO� GXULQJ� WKH� ODVW� GD\V� RI�$SULO� DQG� WKH� ILUVW�
GD\V�RI�0D\������UHVXOWLQJ�LQ�DFWXDO�FRQWDPLQDWLRQ�UDQJLQJ�IURP�DOPRVW�QLO��QR�UDLQ��WR�����
N%T�Pð��KHDY\�WKXQGHUVWRUPV���
�
,Q�WKH�HDVWHUQ�SDUW�RI�$XVWULD�LQ�WKH�ZHHNV�DIWHU�WKH�DFFLGHQW��YHJHWDEOHV�VXFK�DV�VSLQDFK�DQG�
VDODG� YHJHWDEOHV�ZHUH� QRW� DOORZHG� WR� EH� VROG� WR� WKH� SXEOLF��0LON�� HVSHFLDOO\�PLON� IURP� WKH�
DOSLQH�UHJLRQV��ZDV�FRQWDPLQDWHG�IRU�PRUH�WKDQ�D�\HDU���
�
,Q�UHJLRQV�ZLWKRXW�SUHFLSLWDWLRQ��HVSHFLDOO\�WKH�HDVWHUQ�SDUW�RI�$XVWULD�����,�FRQFHQWUDWLRQV�LQ�
DLU�ZHUH� KLJK� GXULQJ� WKH� RQH� RU� WZR� GD\V� GXULQJ�ZKLFK� WKH� UDGLRDFWLYH� FORXG� SDVVHG� RYHU��
'RFWRUV� LQ� WKLV� UHJLRQV� UHSRUWHG� WKDW� WKH� QXPEHU� RI� SHRSOH�ZLWK� WK\URLG� GLVHDVHV� LQFUHDVHG�
IURP������RQZDUGV��
�
$Q� DQDO\VLV� RI� H[LVWLQJ� GDWD� IRU� WK\URLG� FDQFHU�PDGH� E\� WKH�$XVWULDQ� ,QVWLWXWH� IRU�$SSOLHG�
(FRORJ\� LQ������ LQGLFDWHG� WKDW� LQ� UHJLRQV�ZKHUH� WKH�JDPPD�UDGLDWLRQ�GRVH�ZDV�KLJK� LQ� WKH�
ILUVW�GD\V�DIWHU� WKH�DFFLGHQW�� WKH�LQFLGHQFH�UDWH�RI�WK\URLG�FDQFHU�LQ������ZDV�KLJKHU�WKDQ�LQ�
RWKHU�UHJLRQV�RI�$XVWULD��
�
,Q� WKH� \HDUV� ����� DQG� ������ VRPH�$XVWULDQ�PHGLD� UHSRUWHG� DQ� LQFUHDVH� RI� WK\URLG� FDQFHU��
OHXNDHPLD� DQG� QRQ�+RGJNLQV� O\PSKRPD��+RZHYHU�� GHVSLWH� WKH� IDFW� WKDW�$XVWULDQ� 6WDWLVWLFV�
SURYLGH�PXFK�KHDOWK�UHODWHG�GDWD�WKDW�FRXOG�EH�XVHG�WR�LQYHVWLJDWH�FRUUHODWLRQV�ZLWK�H[SRVXUH�
RI�WKH�SRSXODWLRQ�WR�&KHUQRE\O�GHULYHG�UDGLDWLRQ��WKH�)HGHUDO�+HDOWK�0LQLVWU\�RI�$XVWULD�GLG�
QRW�LQYHVWLJDWH�LQFLGHQFH�UDWHV�RI�WK\URLG�FDQFHU�RU�OHXNDHPLD�ZLWK�UHIHUHQFH�WR�WKH�&KHUQRE\O�
LPSDFW�LQ�$XVWULD��
�
&KLOGUHQ� ERUQ� LQ� HDVWHUQ� 5RPDQLD� EHWZHHQ� -XO\� ��� ����� DQG� 'HFHPEHU� ���� ����� ZHUH�
VLJQLILFDQWO\�PRUH�OLNHO\�WR�VXIIHU�FKLOGKRRG�OHXNDHPLD�WKDQ�WKRVH�ERUQ�HLWKHU�EHIRUH�RU�DIWHU�
WKLV�SHULRG��'DYLGHVFX�HW�DO���������
�
$ERXW�������OLTXLGDWRUV�FDPH�IURP�$UPHQLD��HLJKW\�FKLOGUHQ�RI�WKHVH�PHQ�ZHUH�VWXGLHG�DQG�
IRXQG�WR�EH�LQ�JHQHUDOO\�SRRU�KHDOWK��VXIIHULQJ�FRQGLWLRQV�LQFOXGLQJ�VHFRQGDU\�S\HORQHSKULWLV��
JDVWURLQWHVWLQDO�SUREOHPV��WRQVLOOLWLV��K\SHUWKHUPLF�FRQYXOVLRQV�DQG�HSLOHSV\��2QO\����FKLOGUHQ�
��������ZHUH�GHVFULEHG�DV�³KHDOWK\�LQ�SUDFWLFH´��+RYKDQQLV\DQ�	�$VU\DQ��������
�
7KH� &]HFK� 5HSXEOLF� UHFHLYHG� IDOORXW� UHVXOWLQJ� LQ� PD[LPDO� FRQWDPLQDWLRQ� OHYHOV� RI� ����
N%T�P��� WKRXJK� VRPH� ORFDWLRQV� ZHUH� ORZHU� WKDQ� GHWHFWLRQ� OLPLW�� $YHUDJH� FRQFHQWUDWLRQV�
DFURVV� PRVW� RI� WKH� FRXQWU\� ZHUH� ���N%T�P��� H[FHSW� IRU� :HVW� %RKHPLD�� ZKLFK� ZDV� OHVV�
FRQWDPLQDWHG�DW���������N%T�P���$�VWXG\�RI�WK\URLG�FDQFHU�FRYHULQJ�����PLOOLRQ�SHUVRQ�\HDUV�
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IRXQG� WKDW� EHWZHHQ� ����� DQG� ������ WK\URLG� FDQFHU� ZDV� ULVLQJ� DW� D� UDWH� RI� ��� SHU� \HDU��
+RZHYHU��IURP������RQZDUGV�WKHUH�ZDV�D�VLJQLILFDQW�H[FHVV�ULVH�LQ�WK\URLG�FDQFHU�LQFLGHQFH�
RQ�WRS�RI�WKLV�����7KLV�GLG�QRW�DSSHDU�WR�EH�UHODWHG�WR�DJH��EXW�ZRPHQ�ZHUH�PXFK�PRUH�OLNHO\�
WR�EH�DIIHFWHG�WKDQ�PHQ��7KH�DGGLWLRQDO�LQFUHDVH�LQ�IHPDOHV�VXIIHULQJ�IURP�WK\URLG�FDQFHU�DIWHU�
�����ZDV������SHU�DQQXP��IRU�PHQ�WKH�ILJXUH�ZDV�������0XUEHWK�HW�DO���������6LQFH�DUHDV�
DGMDFHQW� WR� WKH� &]HFK� 5HSXEOLF�� L�H�� %DYDULD� LQ� VRXWKHUQ�*HUPDQ\� DQG� SDUWV� RI� WKH� IRUPHU�
*'5� H[SHULHQFHG� VLPLODU� FRQWDPLQDWLRQ� SURILOHV� �0XUEHWK� HW� DO�� ������� LW� LV� UHDVRQDEOH� WR�
DVVXPH�WKH\�PD\�DOVR�KDYH�H[SHULHQFHG�VLPLODU�LQFUHDVHV�LQ�WK\URLG�FDQFHU�LQFLGHQFH���
�
7K\URLG�FDQFHU�ZDV�VLJQLILFDQWO\�HOHYDWHG�LQ�QRUWKHUQ�(QJODQG��UDWH�UDWLR����������&,����������
ZLWK� D� SDUWLFXODUO\� KLJK� LQ� &XPEULD�� WKH� DUHD� ZKLFK� UHFHLYHG� WKH� PRVW� IDOORXW� IURP� WKH�
DFFLGHQW� ��������� ���� &,� ������������ �&RWWHULOO� HW� DO�� ������� 7KH� LQFLGHQFH� LQ� &XPEULD�
EHIRUH�&KHUQRE\O�ZDV�ORZHU�WKDQ�QRUPDO�DQG�ORQJ�WHUP�UHVHDUFK�ZDV�UHFRPPHQGHG�WR�FODULI\�
WKH�VLWXDWLRQ��&RWWHULOO�HW�DO��������6WLOOHU��������
�
,Q� *UHHFH�� VHYHUDO� QXFOHDU� SK\VLFV� ODERUDWRULHV� SHUIRUPHG� FRQWDPLQDWLRQ� UHVHDUFK�
LPPHGLDWHO\�DIWHU� WKH�&KHUQRE\O�DFFLGHQW��7KH�PDLQ�IRFXV�RI�WKLV�ZRUN�ZDV�WKH�DQDO\VLV�IRU�
UDGLRDFWLYH�FRQWDPLQDWLRQ�RI�WKRXVDQGV�RI�VRLO�VDPSOHV��SDUWLFXODUO\�IRU�GHSRVLWHG����&V��
�

�)LJXUH������&DHVLXP�����FRQWDPLQDWLRQ�OHYHOV�LQ�VXUIDFH�VRLO�LQ�*UHHFH��6LPRSRXORV�������
�
$PRQJ� RWKHUV�� WZR� PDLQ� ODERUDWRULHV� H[KLELWHG� WKHLU� VWXGLHV� LQ� D� FRPSUHKHQVLYH� ZD\� E\�
SUHVHQWLQJ� D� JHRJUDSKLFDO� GLVWULEXWLRQ�RI� VXUIDFH�GHSRVLWHG� FDHVLXP����� �6LPRSRXORV�������
.ULWLGLV�HW�DO���������7KH�KLJKHVW�OHYHOV��������N%T�P���RFFXUUHG�DURXQG�7KHVVDORQLNL�LQ�WKH�
QRUWK� DQG� LQ� WKH� FHQWUDO� UHJLRQ� RI� 7KHVVDOLD�� +RZHYHU�� GHVSLWH� WKLV� HYLGHQFH� RI� VLJQLILFDQW�
FRQWDPLQDWLRQ� DQG� DQHFGRWDO� UHSRUWV� RI� KHDOWK� HIIHFWV� LQ� *UHHFH�� WKHUH� KDV� EHHQ� D� ODFN� RI�
UHVHDUFK�DW�WKH�QDWLRQDO�OHYHO��ZKLFK�QHHGV�WR�EH�DGGUHVVHG�LQ�WKH�IXWXUH��
�
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&RQFOXVLRQV�
�
2Q�WKH�EDVLV�RI�WKH�DERYH�LQIRUPDWLRQ��LW�LV�UHDVRQDEOH�WR�FRQFOXGH�WKDW�WKH�&KHUQRE\O�DFFLGHQW�
KDV�FDXVHG��DQG�ZLOO�FRQWLQXH�WR�FDXVH��D�VLJQLILFDQW�DPRXQW�RI�PRUELGLW\�DQG�PRUWDOLW\�DFURVV�
(XURSH�� IURP� 6FDQGLQDYLD�� WKURXJK� :HVWHUQ� (XURSH�� VRXWK� WR� ZKHUH� 7XUNH\� VWUDGGOHV� WKH�
ERUGHU�EHWZHHQ�(XURSH�DQG�$VLD��DQG�EH\RQG��,Q�PDQ\�FRXQWULHV�RI�WKH�1RUWKHUQ�+HPLVSKHUH��
GRVH�GDWD�DUH�PLVVLQJ��%HFDXVH�RI�WKH�VKRUW�OLYHG�QDWXUH�RI�VRPH�RI�WKH�FULWLFDO�UDGLR�LVRWRSHV��
SDUWLFXODUO\����,��LW�ZLOO�EH�LPSRVVLEOH�WR�EDFN�FDOFXODWH�WKH�H[SRVXUH�WR�ZKLFK�WKH�SRSXODWLRQV�
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