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:HHGV� DUH� DQ� LQWHJUDO� SDUW� RI� HDFK� DQG� HYHU\
DJURSK\WRFRHQRVLV��7KXV��WKHLU�LQWHUIHUHQFH�ZLWK�SODQWV�LV
QDWXUDO�� %HFDXVH� RI� WKHLU� KLJK� FRPSHWLWLYH� DELOLW\� DQG
DOOHORSDWKLF� LQWHUIHUHQFH�� ZHHGV� FDXVH� DQ� LUUHYHUVLEOH
GDPDJH�WR�SODQWV��6LGGLT�HW�DO���������,Q�WKH�ODF�HFRV\VWHP�
KHDOWK�RI�KRVW�SODQWV�SOD\�DQ�LPSRUWDQW�UROH�RQ�SURGXFWLYLW\
RI�ODF�UHVLQ�DQG�LPSRUWDQW�UHVLQ�RI�FRPPHUFH�VHFUHWHG�E\
ODF�LQVHFW��+RPRSWHUD��7DFKDUGLLGDH��WKULYLQJ�DQG�FXOWLYDWHG
RQ� WKHVH� KRVW� SODQWV�� 7KH� DGYHUVH� LPSDFW� RQ� ODF� KRVW
SODQWDWLRQV� LV� JHQHUDOO\� VHHQ� LQ� WZR� VWDJHV�� 7KH\� UHWDUG
JURZWK� UDWH�RI� SODQWV�GXH� WR�FRPSHWLWLRQ� IRU� VSDFH�� VRLO
PRLVWXUH��OLJKW�DQG�SODQW�QXWULHQWV�SDUWLFXODUO\��GXULQJ�UDLVLQJ
RI�QHZ�SODQWDWLRQV��:HHGV�FRQWLQXH�WR�DIIHFW�VKRRW�JURZWK
DIWHU�FRSSLFLQJ�LQ�FDVH�RI�EXVK\�ODF�KRVWV�DQG�HVWDEOLVKPHQW
RI�SODQWDWLRQ�LQ�FDVH�RI�WUHH�DV�ZHOO�DV�EXVK\�KRVW�VSHFLHV�
7KH\� LQFUHDVH� WKH� H[SHQGLWXUH� RQ� ODERXU�� HTXLSPHQWV�
UHQGHU�RSHUDWLRQDO�GLIILFXOW\��UHGXFH�JURZWK��KDUERXU�LQVHFW�
IXQJDO��YLUDO� DQG�EDFWHULDO� GLVHDVHV�� VRPH� RI�ZKLFK� DUH
SRLVRQRXV� WR�KXPDQ� EHLQJ�DQG� OLYHVWRFN� �$QRQ�� ������
7KH� ORVVHV� GXH� WR� WKHP�DUH�PRUH� WKDQ� HLWKHU�GLVHDVH� RU
LQVHFW� DQG� WKH\� FUHDWH� SUREOHP� LQ� LQWHQVLYH� FXOWLYDWLRQ
�3DUDGNDU�HW�DO��������6LQJK��������7KH�DYDLODEOH�OLWHUDWXUH
LQGLFDWHV� WKDW�KXJH� ELRPDVV�RI�ZHHGV�ZHUH� DFFXPXODWHG
LQ�)OHPLQJLD�PDFURSK\OOD�QXUVHU\�DQG�DOVR�UHVXOWHG�LQ�ODQN\
VHHGOLQJV� �6LQJK� ������� 7KXV��SURSHU� NQRZOHGJH�RQ� WKH
FRPSRVLWLRQ�RI�ZHHG�IORUD�LQ�WKH�DUHD�RI�ODF�KRVW�SODQWDWLRQV
DORQJ�ZLWK� WKHLU� LGHQWLILFDWLRQ�� FKDUDFWHUL]DWLRQ� DQG
DVVHVVPHQW� DUH� QHFHVVDU\� WR� JHQHUDWH� LQIRUPDWLRQ� WR
IRUPXODWH�HIIHFWLYH�PHDVXUH� IRU� WKHLU� FRQWURO�
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7KH�SUHVHQW� H[SHULPHQW�ZDV� FDUULHG�RXW� WR� ILQG� RXW
ZHHG�IORUDO�FRPSRVLWLRQ�LQ�ODF�KRVW�SODQWDWLRQV�LQ�WKH�SODWHDX
UHJLRQ� RI� WKH� &KKRWDQDJSXU�� -KDUNKDQG��7KH� VWXG\�ZDV
FRQGXFWHG�DW� ,,15*�5HVHDUFK�)DUP��1DPNXP��5DQFKL
ORFDWHG�DW���R��¶1�ODWLWXGH����R��¶(�ORQJLWXGH�ZLWK�PHDQ
DOWLWXGH�RI�����P�DERYH�06/��,W�UHFHLYHV�DQ�DQQXDO�UDLQIDOO
RI�PRUH� WKDQ� ����� PP� DQG�PD[LPXP� UDLQIDOO� RFFXUV
EHWZHHQ�-XQH�DQG�6HSWHPEHU��7KH�LQWHQVLW\�RI�UDLQIDOO�WKHQ
JUDGXDOO\� GHFUHDVHV� XS� WR� 2FWREHU� DQG� WKHUH� LV� RQO\
RFFDVLRQDO�UDLQIDOO�GXULQJ�UHVW�RI� WKH�\HDU��7KH�PD[LPXP
DQG�PLQLPXP�WHPSHUDWXUH�YDULHV�EHWZHHQ���

R
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7KH� VWXG\�ZDV� FRQGXFWHG�GXULQJ�6HSWHPEHU�������� 6RLO
RI�WKH�H[SHULPHQWDO�VLWH�LV�SUHGRPLQDQWO\�VDQG\�FOD\�ORDP
ZLWK� S+� UDQJH� ���� WR� �����1LWURJHQ� DQG�RUJDQLF� FDUERQ
FRQWHQW�RI�WKH�VRLO�ZHUH�ORZ�DQG�SKRVSKRUXV�DQG�SRWDVVLXP
FRQWHQW�ZHUH�PHGLXP�

'DWD�ZHUH�UHFRUGHG�IURP�WKH�ILHOG�RI�WKUHH�PDMRU�ODF
KRVW�SODQWDWLRQV�YL]� %� PRQRVSHUPD��3DODV���=��PDXULWLDQD
�EHU����6� ROHRVD��NXVXP��DQG�WZR�SURPLVLQJ�ODF�KRVWV�L�H�
)� PDFURSK\OOD��EKDOLD��DQG�)� VHPLDODWD��VHPLDODWD���$OO
WKH�SODQWDWLRQV�ZHUH�IXOO�JURZQ�H[FHSW�WKDW�RI�)��VHPLDODWD�
ZKHUH�SODQWDWLRQ�ZDV�RI���PRQWK�ROG��0DMRU�ODF�KRVWV�L�H�
SDODV��EHU�DQG�NXVXP�ZHUH�SODQWHG�DW�����[�����P������[
����P�DQG����[����P�VSDFLQJV��UHVSHFWLYHO\��ZKHUHDV�EKDOLD
ZHUH�SODQWHG� DW� ���� [� ����P� DQG�)�� VHPLDODWD� SODQWLQJ
SDWWHUQ�ZDV� DW� SDLUHG� URZ� V\VWHP� DGRSWLQJ� URZ� WR� URZ
GLVWDQFH�RI�����P�DQG�SODQW�WR�SODQW�����P��OHDYLQJ�����P

,QGLDQ�-RXUQDO�RI�:HHG�6FLHQFH������	����������������
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(VWDEOLVKHG� SODQWDWLRQV�RI� ILYH� LPSRUWDQW� ODF�KRVWV� YL]� %XWHD PRQRVSHUPD� �SDODV���=L]\SKXV
PDXULWLDQD� �EHU���6FKOHLFKHUD ROHRVD� �NXVXP���)OHPLQJLD PDFURSK\OOD� �EKDOLD��DQG�)OHPLQJLD
VHPLDODWD��KDYH�EHHQ�IRXQG�SUHGRPLQDWHG�E\�JUDVV\�ZHHGV����������RI�WRWDO�DFFXPXODWHG�ZHHGV�
IROORZHG�E\� EURDGOHDYHG�ZHHGV� ��������� DQG� VHGJHV� ��������� ,PSRUWDQW�ZHHG� IORUD� LQ� WKHVH
SODQWDWLRQV�FRQVLVWHG�RI�(OHXVLQH�LQGLFD��/� *DHUWQ��(FKLQRFKORD�VSS��/����&\QRGRQ�GDFW\ORQ��/��
3HUV���'DFW\ORFWHQLXP DHJ\SWLXP�3�%HDXY��'LJLWDULD�VDQJXLQDOLV��/���6FRS��%UDFKLDULD UHPRVD��/��
DPRQJ�JUDVVHV��$JHUDWXP FRQ\]RLGHV�/���$OWHUQDQWKUD VHVVLOLV��/����(PLOLD VRQFKLIROLD�DQG�6SLODQWKHV
DFPHOOD�DPRQJ�EURDGOHDYHG�ZHHGV�DQG�&\SHUXV LULD�DQG�&��URWXQGXV�DPRQJ�VHGJHV���$PRQJ�WKHVH
ZHHG�VSHFLHV��$JHUDWXP FRQ\]RLGHV��/���%UDFKLDULD UHPRVD��/��DQG�(FKLQRFORD�VSS���/��ZHUH�FRP�
PRQ�LQ�DOO�WKH�ODF�KRVW�SODQWDWLRQV��7KH�$�� FRQ\]RLGHV���ZDV�WKH�PRVW�SUHGRPLQDQW�ZHHG�VSHFLHV
LQ� QXPEHUV�ZLWK� UHODWLYH� IUHTXHQF\� YDOXHV�� UDQJLQJ�EHWZHHQ� ����� WR� ������ LQ� DOO� SODQWDWLRQV
H[FHSW�LQ�)�� VHPLDODWD� �������

.H\�ZRUGV����/DF�KRVW�VSHFLHV��:HHGV�LQ�SODQWDWLRQ
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7KH�ZHHG�GU\�PDWWHU�DFFXPXODWLRQ��W��KD��GXULQJ�UDLQ\
VHDVRQ��LQ�WKH�\HDU������LQ�ILYH�ODF�KRVWV�SODQWDWLRQV�YL]�
3DODV��%HU�DQG�.XVXP��%KDOLD�DQG�6HPLDODWD�UHYHDOHG�WKDW
JUDVV\�ZHHGV�ZHUH� SUHGRPLQDQW� LQ� WKH� ILHOG� FRQVWLWXWLQJ

VSDFH�EHWZHHQ�WZR�SDLUHG�URZV��:HHGV�LQWHQVLW\�LQFLGHQFH
ZDV�UHFRUGHG�E\�XVLQJ�D�TXDGUDWH�RI����[���FP�SODFHG�DW
WZR� UDQGRP� VSRWV� LQ� HDFK�KRVW� ILHOGV� IURP� HDUPDUNHG
DUHD��&ROOHFWHG�ZHHGV�ZHUH� FRXQWHG�� LGHQWLILHG� VSHFLHV�
ZLVH�� VHJUHJDWHG� LQWR� JUDVVHV��EURDG� OHDYHG�ZHHGV� DQG
VHGJHV�DQG�WKHQ�RYHQ�GULHG��DW���

R
&�WLOO�WKH�FRQVWDQW�ZHLJKW

ZDV�REWDLQHG��7KHUHDIWHU��GU\�PDWWHU�DFFXPXODWLRQ�YDOXHV
ZHUH�FRQYHUWHG�LQWR�WRQQHV�SHU�KHFWDUH��7KH�TXDQWLWDWLYH
SDUDPHWHUV�L�H�UHODWLYH�IUHTXHQF\�ZDV�GHWHUPLQHG�E\�XVLQJ
IRUPXOD�WR�H[SUHVV�GRPLQDQFH�RI�LQGLYLGXDO�VSHFLHV��0LVKUD
������

�������RI� WRWDO� ZHHGV�DFFXPXODWLRQ� IROORZHG�E\� EURDG
OHDYHG� ���������DQG� VHGJHV� �������� �7DEOH����� 6LPLODU
UHVXOWV�ZHUH�UHSRUWHG�E\�6LQJK��������LQ�%KDOLD��)OHPLQJLD
PDFURSK\OOD��QXUVHU\�

7KH�QXPEHU�DQG�W\SH�RI�ZHHG�YDULHG�LQ�GLIIHUHQW�KRVW
SODQWDWLRQV�XQGHU�VWXG\��2Q�WKH�EDVLV�RI�WKH�VDPSOLQJ�PDGH
IURP� WKH�HDUPDUNHG�DUHD�RI�ILHOG� LQ� ILYH� ODF�KRVW�SODQWD�
WLRQV�GXULQJ�UDLQ\�VHDVRQ�����ZHHG�VSHFLHV�ZHUH�UHFRUGHG�
RXW�RI�ZKLFK���ZHUH�JUDVVHV�����ZHUH�EURDG�OHDYHG�DQG��
ZHUH�VHGJHV��7KH�ZHHGV�RFFXUULQJ�LQ�ILYH�ODF�KRVW�SODQWD�
WLRQV�FRQVWLWXWHG�RI�(OHXVLQH LQGLFD��/���*DHUWQ���&\QRGRQ
GDFW\ORQ�� �/��� 3HUV��'LJLWDULD VDQJXLQDOLV� �/�� 6FRS�
(FKLQRFORD�VSS���/��/LQN���'DFW\ORFWHQLXP DHJ\SWLXP��/�
3��%HDXY���%UDFKLDULD UHPRVD�/LQQ���6HWDULD YHUWLFHOODWD
/LQQ��DPRQJ�JUDVVHV��ZKHUH�DV�$JHUDWXP FRQ\]RLGHV�/LQQ��
$OWHUQDQWKUD VHVVLOLV� �/��5�� %U�� *([�� 5RWK�� (PLOLD
VRQFKLIROLD�'F�� 6SLODQWKHV DFPHOOD�� 6WHOODULD PHGLD�
2OGHQODQGLD FRU\PERVD��&RPPHOLQD EHQJKDOHQVLV�/LQQ��
3K\OODQWKXV QLUXUL�/LQQ��DQG�'HVPRGLXP WULIORUXP�/LQQ�

7DEOH����'U\�PDWWHU�RI�ZHHGV�DFFXPXODWHG� LQ�GLIIHUHQW� ODF�KRVW�SODQWDWLRQV

'U\�PDWWHU��W�KD�+RVW
*UDVVHV %URDG�OHDYHG 6HGJHV 7RWDO

3DODV��%��PRQRVSHUPD� ����������� ����������� ���������� ����
%HU��=��PDXULWLDQD� ����������� ����������� ���������� ����
.XVXP��6��ROHRVD� ����������� ���������� ���������� ����
%KDOLD��)��PDFURSK\OOD� ����������� ����������� ���������� ����
6HPLDODWD��)��VHPLDODWD� ����������� ����������� ���������� ����

9DOXHV� LQ� SDUHQWKHVLV� DUH� SHUFHQWDJH� RI� WRWDO� GU\�PDWWHU� DFFXPXODWLRQ

7DEOH���� ,PSRUWDQW�ZHHG� VSHFLHV�SUHVHQW� LQ�GLIIHUHQW� ODF�KRVW�SODQWDWLRQV

5HODWLYH�IUHTXHQF\����1DPH�RI�ZHHG +DELW )DPLO\
3DODV %HU .XVXP %KDOLD 6HPLDODWD

*UDVVHV
%UDFKLDULD�UHPRVD $ 3RDFHDH ��� ��� ��� ��� ���
&\QRGRQ�GDFW\ORQ 3 3RDFHDH � ��� � ���� ����
'DFW\ORFWHQLXP�DHJ\SWLXP $ 3RDFHDH �� ��� ��� ��� ���
'LJLWDULD�VDQJXLQDOLV $ 3RDFHDH ��� ��� ��� ��� ���
(FKLQRFKORD�FRORQXP 3 3RDFHDH ��� ��� ��� ��� ���
(��JODEUDVFHQFH� 3 3RDFHDH ��� � � � �
(OHXVLQH�LQGLFD� $ 3RDFHDH ��� ��� � � ���
6HWDULD�YHUWLFLOODWD� $ 3RDFHDH � � ��� ��� �
%URDGOHDYHG
$JHUDWXP�FRQ\]RLGHV $ $VWHUDFHDH ���� ���� ���� ���� ���
$OWHUQDQWKUD�VHVVLOLV $�3 $PDUDQWKDFHDH � ���� ��� ��� ����
&RPPHOLQD�EHQJKDOHQVLV $ &RPPHOLQDFHDH ��� � ���� � ���
'HVPRGLXP�WULIORUXP 3 3DSLOHRQDFHDH � ��� � � ���
(PLOLD�VRQFKLIROLD 3 $VWHUDFHDH ��� ��� � � ���
+HG\RWLV�FRU\PERVD $ 5XELDFHDH � � ��� � �
2OGHQODQGLD�FRU\PERVD $ /HJXPLQRVDH ��� ���� ���� � ���
3K\OODQWKXV�QLUXUL $ (XSKRUELDFHDH ��� ��� ��� ��� �
6WHOODULD�PHGLD $ &DU\RSK\OODFHDH ��� � � ��� ���
6SLODQWKHV�DFPHOOD $ $VWHUDFHDH ��� � � � ���
6HGJHV
&\SHUXV�LULD 3 &\SHUDFHDH ��� ��� ��� � ����
&\SHUXV�URWXQGXV 3 &\SHUDFHDH ��� � ��� ��� ���
&\SHUXV�GHIRUPLV 3 &\SHUDFHDH � � ��� � ���

$��$QQXDO� 3�� 3HUHQQLDO� DEVHQFH� RI�ZHHG�VSHFLHV� LQ� UHVSHFWLYH� ILHOG�
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���[
7RWDO�QXPEHU�RFFXUUHQFHV�RI�DOO�VSHFLHV

1XPEHU�RI�RFFXUUHQFHV�RI�WKH�VSHFLHV
5HODWLYH�IUHTXHQF\����� 
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DPRQJ� EURDG� OHDYHG� DQG�&\SHUXV LULD� /LQQ���&\SHUXV
URWXQGXV�/LQQ�DQG�&\SHUXV GLIIRUPLV�/��ZDV�DPRQJ�VHGJHV�
$PRQJVW�WKHVH���ZHHG�VSHFLHV�L�H��$JHUDWXP�FRQ\]RLGHV�
%UDFKLDULD�UHPRVD�DQG�(FKLQRFORD�FRORQXP�ZHUH�SUHVHQW
LQ�DOO�WKH�ILYH�ODF�KRVW�SODQWDWLRQV��5HODWLYH�IUHTXHQFLHV��5)�
RI�GLIIHUHQW�ZHHG�VSHFLHV�LQ���PDMRU�ODF�KRVWV��3DODV��%HU
DQG�.XVXP��DV�ZHOO� DV�UHVW���SURPLVLQJ�EXVK\� ODF�KRVWV
DUH� JLYHQ� � �7DEOH�����7KH� UHODWLYH� IUHTXHQF\�YDOXHV� DOVR
YDULHG�DPRQJ�WKH�KRVW�VSHFLHV��KRZHYHU��WKH�KLJKHVW�YDOXH
UHFRUGHG�ZLWK�$���FRQ\]RLGHV��UDQJLQJ�EHWZHHQ������������
LQ�DOO� ODF�KRVW�SODQWDWLRQV�H[FHSW� LQ�)��VHPLDODWD� �������
:KLOH�DPRQJ�JUDVVHV��WKH�KLJKHVW�5)�YDOXHV�ZHUH������
ZLWK�&\QRGRQ GDFW\ORQ�LQ�EXVK\�ODF�KRVWV�L�H��%KDOLD DQG
������LQ 6HPLDODWD��7KLV�VSHFLHV�ZDV�WRWDOO\�DEVHQW�LQ�3DODV
DQG�.XVXP�SODQWDWLRQV��$SDUW�IURP�DERYH��RWKHU�ZHHG�VSH�
FLHV�ZHUH�DOVR�REVHUYHG�LQ�WKH�SODQWDWLRQ�LQ�WKH�UDLQ\�VHD�
VRQ��+RZHYHU��WKHVH�GLG�QRW�DSSHDU�LQWR�VDPSOLQJ�SXUYLHZ
GXH� WR� OHVV�DEXQGDQFH��7KHVH� LQFOXGHG�/DQWDQD FDPDUD�
6DFFKDUXP VSRQWDQHXP��$QGURSRJRQ JD\DQXV��(XSKRU�
ELD KLUWD��0LPRVD SXGLFD��3DUWKHQLXP K\VWHURSKRUXV�
$FK\UDQWKHV DVSHUD��&DVVLD WRUD��3K\OODQWKXV XULQDULD�
6RUJKXP KDOHSHQVH �� 6HWDULD JODXFD�� &RUFKRUXV
DFXWDQJXOXV��/HXFDV DVSHUD��/XGZLJLD SDUYLIORUD HWF��7KH
SUHVHQW�VWXG\�SURYLGHV�XVHIXO�LQIRUPDWLRQ�RQ�IORULVWLF�FRP�

SRVLWLRQ��RI�ILYH�LPSRUWDQW�ODF�KRVWV�IRU�SODQQLQJ�WKHLU�FRQ�
WURO�PHDVXUHV�
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7KH�DXWKRUV�DUH�JUDWHIXO�WR�'U�%DQJDOL�%DERR��'LUHF�
WRU��IRU�KLV�NHHQ� LQWHUHVW�DQG�HQFRXUDJHPHQW� LQ� WKH�VWXG\
DQG�WR�'U�5��5DPDQL��+HDG��/DF�3URGXFWLRQ�'LYLVLRQ�IRU
SURYLGLQJ�QHFHVVDU\�IDFLOLWLHV�DQG�WR�6KUL�%LQRG�.XPDU�IRU
WHFKQLFDO� DVVLVWDQFH�

5()(5(1&(

$QRQ\PRXV��������:HHGV�DQG�ZHHG�FRQWURO�� &KDSWHU�����+DQG�
ERRN�RI�$JULFXOWXUH��,&$5��3XEOLFDWLRQ��1HZ�'HOKL������S�

0LVKUD�5��������(FRORJ\�ZRUN�ERRN��2[IRUG�	�,%+��3XEOLVKLQJ�&R��
��S�

3DUDGNDU�15��7LZDUL�-3�DQG�.XUFKDQLD�63��������0DMRU�UDEL�ZHHGV
LQ�.KDQGZD�DQG�.KDUJRQH�GLVWULFWV�RI�0DGK\D�3UDGHVK��,QGLDQ
-RXUQDO�RI��:HHG��6FLHQFH ������	����������

6LGGLT�0$$��=DIDU�5HVKL��6DSUX�%/�DQG�.DFKURR�3��������:HHGV�RI
NKDULI�FURSV�LQ�.DVKPLU�YDOOH\��,QGLDQ�-RXUQDO�RI�:HHG��6FLHQFH
��������������

6LQJK�%3�� ������:HHG�PDQDJHPHQW�VWXGLHV� LQ�%KDOLD� �)OHPLQJLD
PDFURSK\OOD�� QXUVHU\�� ,QGLDQ�-RXUQDO� �RI� �:HHG� 6FLHQFH ��
��	����������
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