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%LQGX�/DNVKPDQDQ�HW�DO�

$EVWUDFW
0HVHQWHULF� ZRUP� FRXQW� WHFKQLTXH

ZDV� HPSOR\HG� WR� VWXG\� WKH� SUHYDOHQFH� RI
LQWHVWLQDO� VFKLVWRVRPRVLV� DPRQJ� FDWWOH� DQG
EXIIDORHV�VODXJKWHUHG�LQ�7KULVVXU��2I�WKH�IRUW\
HLJKW�PHVHQWHU\�VDPSOHV�SURFHVVHG�������SHU
FHQW� DQLPDOV� FDUULHG� 6FKLVWRVRPD� VSLQGDOH
LQIHFWLRQV� ZLWK� D� VLJQLILFDQW� SURSRUWLRQ
KDUERXULQJ�PRGHUDWH� LQIHFWLRQV�� /RQJ� WHUP
FKURQLF�LQIHFWLRQV�FDXVH�VLJQLILFDQW�SURGXFWLRQ
ORVV� WR� WKH� KHUG�� 3UHYDOHQFH� RI� WKH� GLVHDVH
ZDV�YHU\�KLJK�ZKHQ�FRPSDUHG�WR�WKH�H[LVWLQJ
UHSRUWV� EDVHG� RQ� IDHFDO� HJJ� GHWHFWLRQ
WHFKQLTXHV��7KH�VWXG\�HPSKDVLVHV� WKH�QHHG
IRU�GHYHORSLQJ�DOWHUQDWH�ILHOG� OHYHO�GLDJQRVWLF
WHVWV�IRU�VFKLVWRVRPRVLV�
.H\ZRUGV��6FKLVWRVRPD�VSLQGDOH��PHVHQWHULF
ZRUP�FRXQW��7KULVVXU�

,QWHVWLQDO� VFKLVWRVRPRVLV� GXH� WR
6FKLVWRVRPD� VSLQGDOH� LV� DQ� HFRQRPLFDOO\
LPSRUWDQW�EORRG�IOXNH�LQIHFWLRQ�ZLGHVSUHDG�LQ
,QGLD�DQG�RWKHU�GHYHORSLQJ�FRXQWULHV�ZKLFK�LV
PDQLIHVWHG� DV� FKURQLF� GLDUUKRHLF� GLVHDVH� LI
ODUJH� QXPEHU� RI� ZRUP� SDLUV� LQKDELW� WKH
PHVHQWHU\��$JDUZDO�DQG�6RXWKJDWH��������

$�VLJQLILFDQW�SUHYDOHQFH�RI�6��VSLQGDOH
LQIHFWLRQ� DPRQJ� FDWWOH�� JRDWV� DQG� EXIIDORHV
KDV�EHHQ�UHSRUWHG�EDVHG�RQ�VODXJKWHU�KRXVH
VWXGLHV�LQ�6RXWK�,QGLD��6XPDQWK�HW�DO��������
5DYLQGUDQ�HW� DO��� �������$V� SHU� WKH� DQQXDO
UHSRUW� RI�$QLPDO� +XVEDQGU\� 'HSDUWPHQW
�������� DERXW� ����� FDWWOH� DQG� ���� EXIIDORHV

$%$772,5�6859(<�2)�6&+,672620$
63,1'$/(�,1)(&7,21�,1�7+5,6685

%LQGX�/DNVKPDQDQ����$EGX�5DXRRI��
0XKDPPHG�)DZD]��DQG
+��6XEUDPDQLDQ�
'HSDUWPHQW�RI�9HWHULQDU\�3DUDVLWRORJ\
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\�����������7KULVVXU��.HUDOD

LQ� .HUDOD� DUH� DIIHFWHG� ZLWK� VFKLVWRVRPRVLV
EDVHG� RQ� IDHFDO� VDPSOH� H[DPLQDWLRQ� DQG
FOLQLFDO�VLJQV��6XFK�URXWLQH�GLDJQRVWLF�PHWKRGV
KDYH�SRRU�VHQVLWLYLW\�DQG�WKXV�XQGHUHVWLPDWH
WKH� DFWXDO� SUHYDOHQFH� ZKLFK� XOWLPDWHO\
LQWHUIHUHV�ZLWK�WKH�FRQWURO�VWUDWHJLHV��,Q�RUGHU
WR�DFFXUDWHO\�DVVHVV�WKH�VWDWXV�RI�6��VSLQGDOH
LQIHFWLRQ� LQ� 7KULVVXU�� D� SUHOLPLQDU\� DEDWWRLU
VXUYH\�ZDV�FRQGXFWHG�GXULQJ���������
0DWHULDOV�DQG�0HWKRGV

0HVHQWHULF� VDPSOHV�RI� ��� FDWWOH� DQG
���EXIIDORHV�ZHUH�FROOHFWHG�GXULQJ�HYLVFHUDWLRQ
DW� ORFDO� VODXJKWHU� KRXVHV� LQ� 7KULVVXU�� 7KH
VDPSOHV�ZHUH� LGHQWLILHG� VHSDUDWHO\�� FXW� LQWR
VPDOO� SLHFHV� DQG� LPPHUVHG� LQ� QRUPDO� VDOLQH
IRU���WR���KRXUV��7KH�UHFRYHUHG�ZRUP�SDLUV�ZHUH
LGHQWLILHG��FRXQWHG�DQG�LQWHQVLW\�RI�LQIHFWLRQ�ZDV
DVVHVVHG�DV�SHU�6XPDQWK�HW�DO���������
5HVXOWV�DQG�'LVFXVVLRQ

7KH� UHFRYHUHG� ZRUPV� SDLUV� ZHUH
LGHQWLILHG� DV�6�� VSLQGDOH� �6RXOVE\�������7KH
PDOH�ZRUPV�ZHUH�VWRXW�ZLWKRXW�WXEHUFOHV�DQG
IHPDOH�ZRUPV�FDUULHG���WR���HJJV�DW�D�WLPH�LQ
WKHLU� RRW\SH� �)LJ���� 2I� WKH� ��� PHVHQWHU\
VDPSOHV�SURFHVVHG�������SHU�FHQW�RI�DQLPDOV
KDUERXUHG� 6�� VSLQGDOH� � LQIHFWLRQ�� $
FRQVLGHUDEOH� SURSRUWLRQ� RI� ZRUP� SRVLWLYH
DQLPDOV�KDG�PRGHUDWH� LQIHFWLRQV����������RI
ZKLFK�PDMRULW\�ZHUH� EXIIDORHV� �7DEOH���1RQH
RI�WKH�DQLPDOV�KDG�KLJK�LQWHQVLW\�RI�LQIHFWLRQ�
'H�%RQW�DQG�9HFUX\VVH��������KDG�UHSRUWHG
WKDW� V\PSWRPV�� PRUELGLW\� DQG�PRUWDOLW\� RI

���$VVLVWDQW�3URIHVVRU
���9HWHULQDU\�*UDGXDWHV
���'HDQ

5HFHLYHG�����������
$FFHSWHG�����������
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�� 6FKLVWRVRPD�VSLQGDOH�LQIHFWLRQ�LQ�7KULVVXU���

VFKLVWRVRPRVLV�DUH�WR�VRPH�H[WHQW�UHODWHG�WR
WKH�LQWHQVLW\�RI� LQIHFWLRQ�

%XIIDORHV�DQG�R[HQ�DUH� WKH�SULQFLSDO
QDWXUDO�KRVWV�RI�6��VSLQGDOH��1HYHUWKHOHVV��ORQJ
WHUP� FKURQLF� VFKLVWRVRPH� LQIHFWLRQV� FDXVH
VLJQLILFDQW�ORVV�WR�WKH�KHUG�LQ�WHUPV�RI�DQLPDO
JURZWK�� SURGXFWLYLW\� DQG� LQFUHDVHG
VXVFHSWLELOLW\� WR� RWKHU� SDUDVLWLF� DQG� EDFWHULDO
GLVHDVHV� �0F�&DZOH\�HW�DO��� �������3UHYLRXV
VWXGLHV�RQ�6��VSLQGDOH�LQ�GRPHVWLF UXPLQDQWV
XVLQJ� PHVHQWHULF� ZRUP� FRXQW� WHFKQLTXH
UHSRUWHG�DQ�LQIHFWLRQ�UDWH�RI��������LQ�6ULODQND
�'H�%RQW�HW� DO��� ������� ����� LQ�%DQJODGHVK
�,VODP�������DQG��������LQ�:D\DQDG���.HUDOD
��5DYLQGUDQ�HW�DO��� �������7KH� UHVXOWV�RI� WKLV
DEDWWRLU� VXUYH\� LQ� 7KULVVXU� LQGLFDWH� WKDW� D
VLJQLILFDQW�SURSRUWLRQ�RI�DQLPDOV�DUH� LQIHFWHG
ZLWK�6�VSLQGDOH�

1HYHUWKHOHVV�� LW� VKRXOG� EH
UHPHPEHUHG� WKDW� WKH� QXPEHU� RI� DQLPDOV
GHWHFWHG� SRVLWLYH� E\� IDHFDO� VDPSOH
H[DPLQDWLRQ� LV� YHU\� OHVV� VLQFH� WKH� WHVWV
IUHTXHQWO\�HPSOR\HG�E\�D�ILHOG�YHWHULQDULDQ�KDV
SRRU�VHQVLWLYLW\�DQG�HJJV�DUH�RIWHQ�PLVVHG��'H
%RQW�HW� DO��� �������$JDUZDO� ������� KDG� DOVR
RSLQHG�WKDW�6��VSLQGDOH�LQIHFWLRQV�DUH�QRW�HDVLO\
GHWHFWHG�E\�IDHFDO�VDPSOH�H[DPLQDWLRQ��,Q�WKH
OLJKW� RI� WKH� KLJK� LQIHFWLRQ� UDWH� QRWLFHG� LQ
7KULVVXU�� LW� LV� LPSHUDWLYH� WKDW� DOWHUQDWH� ILHOG
OHYHO�GLDJQRVWLF�WHVWV�PD\�EH�VWDQGDUGLVHG�IRU
VSHFLILF� DQG� VHQVLWLYH� DQWHPRUWHP�GLDJQRVLV
RI�WKH�GLVHDVH�DPRQJ�IRRG�DQLPDOV�

5HIHUHQFHV
$JDUZDO�� 0�&������� 6FKLVWRVRPRVLV�� $Q

XQGHUHVWLPDWHG� SUREOHP� LQ� 6RXWK
$VLD��:RUOG�$QLP�5HY������������

$JDUZDO��0��&�� DQG�6RXWKJDWH�� 9��5�� �����
6FKLVWRVRPD� VSLQGDOH� DQG� ERYLQH
VFKLVWRVRPRVLV��-��9HW��3DUDVLWRO������
�������

'H� %RQW�� -��9HFUX\VVH�� -��9DQ�$NHQ�� '��
6RXWKJDWH�� 9�5��� 5ROOLQVRQ�� '�DQG
0RQFULHII��&�������7KH�HSLGHPLRORJ\
RI�6FKLVWRVRPD� � VSLQGDOH�� 0RQWJR
PHU\������ LQ� FDWWOH� LQ� 6ULODQND�
3DUDVLWRORJ\��������������

'H� %RQW�� -�� DQG� 9HFUX\VVH�� -������
6FKLVWRVRPRVLV� LQ� FDWWOH�� $GY
3DUDVLWRO��� �����������

,VODP��.�6��������6FKLVWRVRPLDVLV�LQ�GRPHVWLF
UXPLQDQWV�LQ�%DQJODGHVK��7URS��$QLP�
+OWK�3URG��������

0F�&DZOH\�� (��+���0DMLG��$��$�� DQG� �7D\HE�
$������� (FRQRPLF� HYDOXDWLRQ� RI� WKH
SURGXFWLRQ� LPSDFW� RI� ERYLQH
VFKLVWRVRPLDVLV� DQG� YDFFLQDWLRQ� LQ
6XGDQ��3UHY��9HW��0HG�������������

5DYLQGUDQ���5���/DNVKPDQDQ��%���5DYLVKDQNDU�
&�� DQG� � 6XEUDPDQLDQ�� +�� �����
9LVFHUDO� VFKLVWRVRPLDVLV� DPRQJ
GRPHVWLF� UXPLQDQWV� VODXJKWHUHG� LQ
:D\DQDG�� 6RXWK� ,QGLD��6RXWK� HDVW
$VLDQ� -�� 7URS�� 0HG�� 3XE�� +OWK�
�������������

6RXOVE\��(��-��/�������+HOPLQWKV��$UWKURSRGV
DQG� SURWR]RD� RI� GRPHVWLFDWHG
DQLPDOV��WK� HG�� %DLOO LHUH� 7LQGDOO�
/RQGRQ�SS�������

6XPDQWK��6���'¶6RX]D��3��DQG�-DJDQQDWK��0�
6��������$�VWXG\�RI�QDVDO�DQG�YLVFHUDO
VFKLVWRVRPRVLV� LQ� FDWWOH� VODXJKWHUHG
DW� DQ� DEDWWRLU� LQ� %DQJDORUH�� 6RXWK
,QGLD��5HY��6FL��7HFK��������������

7DEOH��,QWHQVLW\�RI�6��VSLQGDOH�LQIHFWLRQ

)LJ��)HPDOH�ZRUP� RI�6�VSLQGDOH� ZLWK� HJJV


