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-��$QXPRO HW�DO�

$EVWUDFW
$QDHPLD� FDQ� EH� GXH� WR� YDULRXV

UHDVRQV� OLNH� HQGRSDUDVLWLVP�� HFWRSDUDVLWLVP�
KDHPRSDUDVLWLVP�DQG�QXWULWLRQDO�GHILFLHQFLHV�
,W�LV�D�FRQGLWLRQ�ZKLFK�VLOHQWO\�NLOOV�WKH�SURGXFWLRQ
FDSDELOLW LHV� DQG� UHSURGXFWLYH� WUDLWV� DQG
VXSSUHVVHV�WKH�UHVLVWDQFH�SRZHU�RI�DQLPDOV�
)RU� WKH� SUHVHQW� VWXG\�� ���� DQDHPLF� JRDWV
EHORQJLQJ�WR�GLIIHUHQW�DJH�JURXSV�DQG�EUHHGV
ZHUH�VHOHFWHG�DQG�GHWDLOHG�LQYHVWLJDWLRQV�ZHUH
FDUULHG� RXW� WR� DVVHVV� WKH� XQGHUO\LQJ� FDXVHV
EHKLQG� WKHLU� DQDHPLD��+HDY\� HQGR� DQG� HFWR
SDUDVLWLVP� ZDV� REVHUYHG� UHVSRQVLEOH� IRU
DQDHPLD�LQ�PDMRULW\�RI�DQLPDOV�
.H\ZRUGV���*RDW��DQDHPLD��DHWLRORJ\

$QDHPLD�LV�D�FRPPRQ�DQG�LPSRUWDQW
FOLQLFDO�SUHVHQWDWLRQ�LQ�JRDWV�DQG�FKDUDFWHULVHG
E\� SDOH� PXFRXV� PHPEUDQHV�� H[HUFLVH
LQWROHUDQFH��ZHDNQHVV�� WDFK\FDUGLD�� UHGXFHG
JURZWK� DQG� ERG\� ZHLJKW�� 0DMRU� FDXVHV� RI
DQDHPLD� LQFOXGH� LQWHUQDO� DQG� H[WHUQDO
SDUDVLWLVP�� KDHPRSURWR]RDQ� GLVHDVHV� DQG
QXWULWLRQDO�GHILFLHQFLHV��7KH�SUHVHQW�VWXG\�ZDV
XQGHUWDNHQ� WR� LGHQWLI\� WKH� HWLRORJLFDO� IDFWRUV
DVVRFLDWHG�ZLWK�DQDHPLD�LQ�JRDWV�RI�7KULVVXU
GLVWULFW�
0DWHULDOV�DQG�0HWKRGV

7ZR� KXQGUHG� DQG� ILIW\� JRDWV
IURP�7KULVVXU� GLVWULFW� EHORQJLQJ� WR� GLIIHUHQW
EUHHGV�DQG�DJH�JURXSV�VKRZLQJ�YLVLEOH�VLJQV

$�678'<�21�$(7,2/2*<�2)�$1$(0,$
,1�*2$76


-��$QXPRO����3�9��7UHVDPRO��
0�*��6DUDQ\D�����.��9LMD\DNXPDU����DQG
0�5��6DVHHQGUDQDWK�
'HSDUWPHQW�RI�9HWHULQDU\�(SLGHPLRORJ\�DQG�3UHYHQWLYH�0HGLFLQH
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\������������7KULVVXU��.HUDOD


3DUW�RI�0�9�6F��WKHVLV�VXEPLWWHG�E\�WKH�ILUVW�DXWKRU�WR�WKH�.HUDOD�$JULFXOWXUDO�8QLYHUVLW\��7KULVVXU
�	����3RVW�*UDGXDWH�6FKRODUV
�����$VVRFLDWH�3URIHVVRU
����$VVRFLDWH�3URIHVVRU��RQ�GHSXWDWLRQ�DV�-RLQW�&RPPLVVLRQHU��$+���*RYW��RI�,QGLD�
����3URIHVVRU�DQG�+HDG

RI�DQDHPLD� �ZHUH�VHOHFWHG�DQG�VXEMHFWHG� WR
GHWDLOHG�LQYHVWLJDWLRQ�WR�LGHQWLI\�WKH�FDXVHV�RI
DQDHPLD��$QLPDOV�ZLWK�FOLQLFDO�VLJQV�OLNH�SDOH
PXFRXV� PHPEUDQH�� H[HUFLVH� LQWROHUDQFH�
WDFK\FDUGLD�DQG�URXJK�KDLU�FRDW�VXJJHVWLYH�RI
DQDHPLD� ZHUH� VHOHFWHG� DQG� VFUHHQHG� E\
HVWLPDWLRQ� RI� +DHPRJORELQ� OHYHO� �+E�� DQG
9ROXPH�RI�3DFNHG�5HG�&HOOV��935&���7KRVH
JRDWV�ZLWK�935&� OHVV� WKDQ� ��� SHU� FHQW� DQG
+E�OHYHO�ORZHU�WKDQ�����J�GO�ZHUH�FRQVLGHUHG
DV� DQDHPLF�� 'HWDLOHG� KDHPDWRORJLFDO� DQG
SDUDVLWRORJLFDO� VWXGLHV�ZHUH� FRQGXFWHG� LQ� DOO
WKH�FDVHV�WR�LGHQWLI\�WKH�IDFWRUV�DVVRFLDWHG�ZLWK
DQDHPLD�

([DPLQDWLRQ�RI�WKH�DQLPDOV�ZDV�GRQH
WR�GHWHFW�WKH�SUHVHQFH�RI�HFWRSDUDVLWHV�RQ�WKH
ERG\� RI� DQLPDOV��'HHS� VNLQ� VFUDSLQJV�ZHUH
FROOHFWHG� IURP�DQLPDOV�ZLWK� VNLQ� OHVLRQV�DQG
VXEMHFWHG�IRU�PLFURVFRSLFDO�H[DPLQDWLRQ�ZLWK
���SHU�FHQW�SRWDVVLXP�K\GUR[LGH�IRU�GHWHFWLRQ
RI�PLWHV��7KH� IDHFDO� VDPSOHV�ZHUH� FROOHFWHG
DQG� VXEMHFWHG� WR�PLFURVFRSLFDO� H[DPLQDWLRQ
IRU� GHWHFWLRQ� RI� SDUDVLWLF� RYD� DQG� RRF\VWV�
3HULSKHUDO� EORRG� VPHDUV� IURP� WKH� DQLPDOV
ZHUH�SUHSDUHG��VWDLQHG�ZLWK�*LHPVD�VWDLQ�DQG
H[DPLQHG� IRU�KDHPRSDUDVLWHV�
5HVXOWV�DQG�'LVFXVVLRQ

�2XW�RI� WKH�����DQDHPLF�JRDWV�����
������ SHU� FHQW�� ZHUH� KDYLQJ� HQGRSDUDVLWLF
LQIHFWLRQ�����������SHU�FHQW��ZHUH�LQIHVWHG�ZLWK
HFWRSDUDVLWHV�DQG����DQLPDOV����SHU�FHQW��ZHUH

5HFHLYHG�����������
$FFHSWHG�����������
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$HWLRORJ\�RI��DQDHPLD�LQ�JRDWV���

LQIHFWHG� ZLWK� FRFFLGLRVLV�� +DHPRSDUDVLWLF
LQIHFWLRQ�ZDV� QRWLFHG� LQ� ��� ������ SHU� FHQW�
DQLPDOV�� 6HYHQ� DQLPDOV� ����� SHU� FHQW��ZHUH
QRW�KDYLQJ�DQ\�SDUDVLWLF�LQIHVWDWLRQ��7KH�PDMRU
UHDVRQ�IRU�DQDHPLD�ZDV�H[WHUQDO�DQG�LQWHUQDO
SDUDVLWLVP��7KLV�ZDV� LQ� DFFRUGDQFH�ZLWK� WKH
ILQGLQJ� RI� 6KLQGH� DQG� 5DMJXUX� �������
$FFRUGLQJ�WR�<DNKFKDOL���������HFWRSDUDVLWLVP
ZDV�WKH�PDMRU�FDXVH�IRU�DQDHPLD�LQ�JRDWV�LQ
,UDQ�ZKLFK�PD\�EH�GXH�WR�FOLPDWLF�GLIIHUHQFHV
DQG�JHRJUDSKLFDO�SHFXOLDULWLHV�

2YD�RI�YDULRXV�VSHFLHV�OLNH�6WURQJ\OH�
6WURQJ\ORLGHV�� 7ULFKXULV�� 0RQHL]LD�
$PSKLVWRPHV� DQG� 6FKLVWRVRPHV� ZHUH
GHWHFWHG� LQ�JRDWV��6LPLODU�REVHUYDWLRQV�ZHUH
PDGH�LQ�JRDWV�RI�.HUDOD�E\�$UXQ�6KDMX��������
$PRQJ�WKH�FDVHV�RI�JDVWURLQWHVWLQDO�KHOPLQWKLF
LQIHFWLRQV�� VWURQJ\ORVLV�ZDV� WKH�SUHGRPLQDQW
RQH�ZLWK����SHU�FHQW�RFFXUUHQFH��IROORZHG�E\
PRQHL]LRVLV� �������SHU�FHQW���VWURQJ\ORLGRVLV
����� SHU� FHQW��� WULFKXULRVLV� ������ SHU� FHQW��
DPSKLVWRPRVLV� ������ SHU� FHQW�� �
VFKLVWRVRPRVLV� ������ SHU� � FHQW�� DQG�PL[HG
LQIHFWLRQ�ZDV� QRWLFHG� LQ� ������ SHU� � FHQW� RI
JRDWV�

3UHYDOHQFH� RI� VWURQJ\ORVLV
DPRQJ� JRDWV� ZDV� KLJKHU� WKDQ� WKH� HDUOLHU
UHSRUWV� IURP�.HUDOD��7KLV�PD\�EH�GXH� WR� WKH
IDFW�WKDW�WKH�SUHVHQW�REVHUYDWLRQ�ZDV�REWDLQHG
IURP�D�JURXS�RI�DQDHPLF�DQLPDOV��.DSODQ�HW
DO�� ������� RSLQHG� WKDW� WKH� LQIHFWLRQ� ZLWK
+DHPRQFKXV� FRQWRUWXV�PD\� FDXVH� VHYHUH
DQHPLD� DQG� K\SRSURWHLQDHPLD�� OHDGLQJ� WR
GHSUHVVLRQ�� ORVV� RI� FRQGLWLRQ�� UHGXFHG
SURGXFWLYLW\�DQG�HYHQWXDO�GHDWK�

2FFXUUHQFH� RI� FRFFLGLRVLV� LQ� WKH
SUHVHQW�VWXG\�ZDV�IRXQG�ORZHU�WKDQ�IURP�WKH
SUHYLRXV�UHSRUWV��.LGV�LQIHFWHG�ZLWK�FRFFLGLRVLV
GHYHORSHG� VHYHUH� DQDHPLD� FKDUDFWHULVHG� E\
SDOH�PXFRXV�PHPEUDQHV��GHK\GUDWLRQ�DQG�WKH
PRUWDOLW\�ZDV�PRUH�WKDQ����SHU��FHQW�LQ�\RXQJ
DQLPDOV�LQ�VRPH�IORFNV��2]OHP�HW�DO���������

0RQHL]LRVLV� DFFRXQWHG� IRU� WKH
GHYHORSPHQW�RI�DQDHPLD�LQ�������SHU�FHQW�RI
WKH� DQLPDOV�� 'XOOQHVV�� SRRU� DSSHWLWH�� SDOH
YLVLEOH� PXFRXV� PHPEUDQHV�� RFFDVLRQDO
GLDUUKRHD�� URXJK� VNLQ� DQG� FRDUVH� ERG\� FRDW
ZHUH� REVHUYHG� LQ� ODPEV� DIIHFWHG� ZLWK
PRQHL]LRVLV�

$PSKLVWRPRVLV�ZDV� UHFRUGHG� LQ� ���
SHU�FHQW�RI�WKH�DQDHPLF�DQLPDOV��,Q�WKH�VWXG\
JURXS��RQO\�RQH�JRDW�ZDV�DIIHFWHG�ZLWK�VHYHUH
DQDHPLD�GXH�WR�VFKLVWRVRPRVLV��3URJUHVVLYH
DQDHPLD�LV�UHSRUWHG�WR�EH�DQ�LPSRUWDQW�FOLQLFDO

IHDWXUH�LQ�VFKLVWRVRPRVLV�ZKLFK�EHFDPH�PRUH
VHYHUH� ZLWK� SDVVDJH� RI� WLPH� UHGXFLQJ
KDHPRJORELQ�WR�IRXU�WR�ILYH�JUDP�GHFLOLWUH�RIWHQ
FDXVLQJ�PRUWDOLW\��*XSWD�HW�DO���������

7LFNV� ZHUH� WKH�PRVW� FRPPRQ
HFWRSDUDVLWH� IRXQG� DPRQJ� JRDWV� ������� SHU
FHQW���IROORZHG�E\�OLFH��������SHU�FHQW���PLWHV
������� SHU� FHQW�� DQG� IOHDV� ������ SHU� FHQW��
<DNKFKDOL� �������KDG�VLPLODU� ILQGLQJV� LQ� ,UDQ�
)DYRXUDEOH�FOLPDWHV��SRRU�PDQDJHPHQW��SRRU
DZDUHQHVV�RI�IDUPHUV�DQG�SRRU�DQLPDO�KHDOWK
H[WHQVLRQ� VHUYLFHV� DUH� EHOLHYHG� WR� KDYH
FRQWULEXWHG�IRU�WKH�ZLGHVSUHDG�RFFXUUHQFH�RI
HFWRSDUDVLWHV� DV� VXJJHVWHG� E\� 6HUWVH� DQG
:RVVHQH� �������

7LFNV� LGHQWLI LHG� ZHUH� HLWKHU
+DHPDSK\VDOLV ELVSLQRVD�RU�+� VSLQLJHUD��/LFH
SUHVHQW�ZHUH�PDLQO\�/LQRJQDWKXV�DQG IOHDV
ZHUH� &WHQRFHSKDOLGV�� )URP� WKH� FDVHV� RI
PDQJH��VSHFLHV�RI�'HPRGH[��6DUFRSWHV�DQG
3VRURSWHV�ZHUH�LGHQWLILHG�

'LPUL� HW� DO�� ������� LGHQWLILHG� WKH
HFWRSDUDVLWHV� RI� JRDWV� DV� WLFNV� �%RRSKLOXV�
+\DORPPD�� 'HUPDFHQWRU�� +DHPDSK\VDOLV�
,[RGHV��5KLSLFHSKDOXV�DQG�$PEO\RPPD���OLFH
�'DPDOLQLD��+DHPDWRSLQXV��6ROHQRSRWHV�DQG
/LQRJQDWKXV��DQG�PLWHV��6DUFRSWHV��3VRURSWHV
DQG�'HPRGH[���$QLVK�HW�DO�� �������REVHUYHG
WKDW� WKH� NLGV�ZLWK� VHYHUH� FDW� IOHD� LQIHVWDWLRQ
SDUWLFXODUO\� RQ� WKH� FKHVW�� DEGRPHQ�DQG� OHJV
ZHUH�UHVWOHVV��ZHHN��KDG�SRRU�JURZWK�UDWH�DQG
D�GXOO�URXJK�FRDW�

9DULRXV�KDHPRSDUDVLWLF�GLVHDVHV
ZHUH� GLDJQRVHG� E\� H[DPLQDWLRQ� RI�*LHPVD
VWDLQHG� EORRG� VPHDUV��$QDSODVPRVLV� ZDV
KDYLQJ� WKH� KLJKHVW� RFFXUUHQFH� DPRQJ� WKHVH
GLVHDVHV��$�WRWDO�RI�����FDVHV�RI�DQDSODVPRVLV
�������SHU�FHQW�������FDVHV�RI�WKHLOHULRVLV�������
SHU�FHQW��DQG���FDVHV�RI�EDEHVLRVLV�������SHU
FHQW��ZHUH� LGHQWLILHG��8VHK�HW� DO�� ������� DOVR
UHSRUWHG�� ��� SHU� FHQW� RI� WKH� JRDWV� ZLWK
KDHPRSDUDVLWLF� LQIHFWLRQV� LQ� =DULD� RI�1LJHULD
DQG� WKH� KDHPRSDUDVLWHV� LGHQWLILHG� LQFOXGH
$QDSODVPD�RYLV�����SHU�FHQW���7KHLOHULD�RYLV���
SHU�FHQW���7��PXWDQV����SHU�FHQW���7U\SDQRVRPD
YLYD[����SHU�FHQW����7��FRQJROHQVH����SHU�FHQW��
DQG�%DEHVLD�PRWDVL��RQH�SHU�FHQW���

6HYHQ� DQDHPLF� JRDWV� RI� WKH
JURXS� ZHUH� QRW� KDYLQJ� DQ\� HFWR� RU
HQGRSDUDVLWLF� LQIHFWLRQV�PHQWLRQHG� DERYH�
$QDHPLD� LQ� WKHVH� DQLPDOV�PD\� EH� GXH� WR
QXWULWLRQDO�GHILFLHQFLHV�RU�RWKHU�FDXVHV��6LQFH
SDUDVLWLVP� LV� WKH�PDMRU� FDXVH�RI� DQDHPLD� LQ
JRDWV��SURSHU�WUHDWPHQW�DQG�FRQWURO�PHDVXUHV
DUH� WR�EH�DGRSWHG� WR�DOOHYLDWH� WKH�V\PSWRPV
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-��$QXPRO HW�DO�

RI�DQDHPLD�
$FNQRZOHGJHPHQW

7KH� DXWKRUV�ZLVK� WR� WKDQN� WKH�'HDQ�
&ROOHJH� RI� 9HWHULQDU\� DQG�$QLPDO� 6FLHQFHV�
0DQQXWK\�IRU�SURYLGLQJ�QHFHVVDU\�IDFLOLWLHV�WR
FDUU\�RXW�WKH�UHVHDUFK�ZRUN�
5HIHUHQFHV
$QLVK��<���.KDMXULD��-�.��DQG�-RQDOL��'�������

&DW� IOHD� LQIHVWDWLRQ� LQ� JRDWV�� ,QGLDQ
YHW��-�� �����������

$UXQ�6KDMX��7��������3UHYDOHQFH��KDHPDWRORJ\
DQG�WUHDWPHQW�RI�VWURQJ\ORVLV�LQ�JRDWV�
0��9�� 6F�� WKHVLV�� .HUDOD�$JULFXOWXUDO
8QLYHUVLW\��7KULVVXU�����S�

'LPUL��8���6KDUPD��0�&��DQG�.XPDU��0�������
(FWRSDUDVLWLVP� LQ� FDSULQH� ZLWK
UHIHUHQFH� WR� LPPXQR�ELRFKHPLFDO
UHVSRQVHV�DQG�WKHUDSHXWLF�HYDOXDWLRQ�
,QGLDQ�-��YHW��0HG������������

*XSWD��6���$JDUZDO��0��&��DQG�9RKUD��6�������
&OLQLFDO�REVHUYDWLRQV�LQ�H[SHULPHQWDO
VFKLVWRVRPRVLV��9HW�� 3DUDVLWRO�� ���
������

.DSODQ��5�0���%XUNH��-�0���7HUULOO��7�+���0LOOHU�
-�(��� *HW]�� :�5��� 0RELQL�� 6��
9DOHQFLD�� (��� :LOO LDPV�� 0�-��
:LOOLDPVRQ�� /�+��� /DUVHQ�� 0�� DQG

9DWWD��$�)�� ������ 9DOLGDWLRQ� RI� WKH
)$0$&+$� H\H� FRORU� FKDUW� IRU
GHWHFWLQJ�FOLQLFDO�DQHPLD�LQ�VKHHS�DQG
JRDWV�RQ�IDUPV�LQ�WKH�VRXWKHUQ�8QLWHG
6WDWHV��9HW��3DUDVLWRO�� �������������

2]OHP��2���6LPD��6��DQG�%D\UDP��$�<�������
&RPSDUDWLYH� HYDOXDWLRQ� RQ
FOLQLFRSDWKRORJLFDO� I LQGLQJV� DQG
WUHDWPHQW� LQ� DFXWH� DQG� FKURQLF
FRFFLGLRVLV�RI�ODPEV�DQG�NLGV��,QGLDQ
YHW��-�����������������

6HUWVH��7��DQG�:RVVHQH��$��������$�VWXG\�RQ
HFWRSDUDVLWHV� RI� VKHHS�DQG�JRDWV� LQ
HDVWHUQ� SDUW� RI� $PKDUD� UHJLRQ�
QRUWKHDVW�(WKLRSLD��-��6PDOO�5XPLQDQW
5HV�� ����������

6KLQGH�� 6�%�� DQG� 5DMJXUX�� '�1�� �����
3UHYDOHQFH� RI� SDUDVLWLF� DQDHPLD� LQ
JRDWV��9HW��3UDFWLWLRQHU��������

8VHK��8���$MDQXVL��2�-���/DZDO��$���$GDPX��6��
$JEHGH��5�,��DQG�(VLHYR��.�$�������
+DHPRSDUDVLWHV� RI� JRDWV� UHDUHG� RQ
IUHH�UDQJH�LQ�=DULD��1LJHULD��1LJHULDQ
-��3DUDVLWRO�� ����������

<DNKFKDOL�� 0�$�� ������ 3UHYDOHQFH� DQG
HFWRSDUDVLWHV� IDXQD� RI� VKHHS� DQG
JRDWV� IO� RFNV� LQ�8UPLD� VXEXUE�� ,UDQ�
9HW��$UKLY�� ������������


