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'HHSD�&KLUD\DWK��DQG�3�&��$OH[��
'HSDUWPHQW�RI��&OLQLFDO�9HWHULQDU\�0HGLFLQH
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\�����������7KULVVXU��.HUDOD

$EVWUDFW
$Q�DWWHPSW�ZDV�PDGH�WR�DQDO\VH�WKH

HIIHFW� RI� VHDVRQ�� DJH� VH[� DQG� EUHHG� RQ� WKH
RFFXUUHQFH�RI�PLFURILODULRVLV�LQ�GRJV�VFDQQLQJ
WKH�UHFRUGV�RI�9HWHULQDU\�+RVSLWDO��0DQQXWK\
IRU� D� ���PRQWK� SHULRG� 2XW� RI� ����� FDQLQH
FDVHV� SUHVHQWHG� WR� WKH� KRVSLWDO�� ���� ZHUH
SRVLWLYH� IRU�PLFURILODULDH� VKRZLQJ� DQ� RYHUDOO
SUHYDOHQFH� RI� ����� SHU� FHQW�� 7KH� KLJKHVW
SUHYDOHQFH�ZDV�UHFRUGHG�GXULQJ�ZLQWHU�PRQWKV
IURP� 'HFHPEHU� WR� )HEUXDU\� ��������� 7KH
SUHYDOHQFH�UDWH�ZDV�KLJKHU�LQ�PDOHV���������
WKDQ�LQ�IHPDOHV����������DQG�FRPPRQ�LQ�DGXOWV
�������� WKDQ� LQ� SXSSLHV� ��������� 7KH
GLIIHUHQFH�LQ�SUHYDOHQFH�REVHUYHG�LQ�GLIIHUHQW
DJH� JURXSV� ZDV� VWDWLVWLFDOO\� VLJQLILFDQW
�3�������� 7KH� LQIHFWLRQ� ZDV� IRXQG�PRUH� LQ
%R[HUV����������DQG�OHVV�LQ�3XJV���������7KH
LPSRUWDQW� V\PSWRPV� UHFRUGHG�ZHUH� S\UH[LD�
FRQMXQFWLYLWLV�� GHUPDWLWLV�� DQRUH[LD�� OLPE
RHGHPD��FRXJK�DQG�YRPLWLQJ�
.H\ZRUGV�0LFURILODULD��GRJ��VHDVRQ��VH[��DJH

0LFURILODULDH� DUH� DGYDQFHG� HPEU\RV
RU� LQIHFWLYH� ODUYDH� RI� IL ODULDO� SDUDVLWHV�
,PSRUWDQW� ILODULDO� SDUDVLWHV� LQ� GRJV� UHSRUWHG
IURP� .HUDOD� DUH� 'LURILODULD� UHSHQV
'LSHWDORQHPD�UHFRQGLWXP��%UXJLD�PDOD\L�DQG
%�SDKDQJL��5DGKLND�HW�DO���������$PELO\��������

7KH�RFFXUUHQFH�RI�VRPH�GLVHDVHV� LV
VWURQJO\� DVVRFLDWHG�ZLWK� KRVW� YDULDEOHV� VXFK

DV�VH[��EUHHG�RU�D�GLVHDVH�PD\�RFFXU�RQO\�LQ
DQLPDOV� RI� FHUWDLQ� DJH� JURXSV� �6FKZDEH�HW
DO���������7KH� LQIRUPDWLRQ�RQ� WKH�SUHYDOHQFH
RI� FDQLQH� ILODULRVLV� LQ� UHODWLRQ� WR� DJH�� EUHHG�
VH[�DQG�VHDVRQ�PD\�KHOS�FOLQLFLDQV�WR�DUULYH
DW� DQ� HDUO\� WHQWDWLYH� GLDJQRVLV� DQG� WR� WDNH
DSSURSULDWH�PDQDJHPHQWDO� VWHSV� WR� SUHYHQW
WKH�RFFXUUHQFH�RI�WKH�VDPH��7KH�SUHVHQW�VWXG\
ZDV�XQGHUWDNHQ�WR�DQDO\VH�WKH�VLJQLILFDQFH�RI
VRPH� VHFRQGDU\� GHWHUPLQDQWV� LQ� WKH
RFFXUUHQFH�RI�PLFURILODULRVLV� LQ�GRJV�
0DWHULDOV�DQG�0HWKRGV

5HFRUGV� RI� 9HWHULQDU\� &ROOHJH
+RVSLWDO�� 0DQQXWK\� IRU� D� SHULRG� RI� WZHOYH
PRQWKV� IURP� -XQH� ����� WR�0D\� �����ZHUH
VFUHHQHG�IRU�GHWHUPLQLQJ�WKH�SUHYDOHQFH�UDWH
RI�PLFURILODULRVLV� LQ�GRJV�

7KH�GHWDLOV�RI�FDQLQH�FDVHV�WKDW�ZHUH
SRVLWLYH�IRU�PLFURILODULDH�E\�URXWLQH�ZHW�EORRG
ILOP� H[DPLQDWLRQ� ZHUH� UHFRUGHG� XVLQJ� DQ
HSLGHPLRORJLFDO� GDWD� IRUP��7KH� WRWDO� QXPEHU
RI� FDQLQH� FDVHV� SUHVHQWHG� WR� WKH� KRVSLWDO�
PRQWKO\�ZDV�DOVR�UHFRUGHG��7KH�WRWDO�QXPEHU
RI� GRJV� RI� GLIIHUHQW� DJH� JURXSV� DQG� EUHHGV
ZHUH� HVWLPDWHG� XVLQJ� WKH� JHQHUDO� WUHQG� LQ
SHUFHQWDJHV� REWDLQHG� E\� VWXG\LQJ�PRQWKO\
FDVH�VKHHWV�DQG�SUHYDOHQFH�ZDV�FDOFXODWHG�
'LIIHUHQW�DJH�JURXSV�ZHUH�FODVVLILHG�DV�SXSSLHV
DQG� \RXQJ� DGXOW� ���\HDU��� DGXOW
���\HDU�WR���\HDUV��DQG�DJHG��!��\HDUV���'DWD

���$FDGHPLF�&RQVXOWDQW��&9$6��3RRNRGH��:D\DQDG
���'LUHFWRU�RI�&OLQLFV��.9$68

5HFHLYHG�����������
$FFHSWHG�����������
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�� 6HFRQGDU\�GHWHUPLQDQWV�RI�PLFURILODULRVLV�LQ�GRJV�����

ZHUH�DQDO\VHG�XVLQJ�FKL�VTXDUH�WHVW��6HDVRQ
ZLVH�SUHYDOHQFH�VWXG\�ZDV�DOVR�FRQGXFWHG�

2ZLQJ�WR�LWV�GLYHUVLW\�LQ�JHRJUDSKLFDO
IHDWXUHV�� WKH�FOLPDWLF�FRQGLWLRQ� LQ�.HUDOD�FDQ
EH� GLYLGHG� LQWR� IRXU� VHDVRQV� �� 6XPPHU
��0DUFK��$SULO�DQG�0D\����6RXWK�:HVW�PRQVRRQ
�-XQH��-XO\��$XJXVW�DQG�6HSWHPEHU��DQG�1RUWK�
(DVW�PRQVRRQ��2FWREHU�DQG�1RYHPEHU��DQG
:LQWHU���'HFHPEHU��-DQXDU\�DQG�)HEUXDU\��
5HVXOWV�DQG�'LVFXVVLRQ

2XW�RI������FDQLQH�FDVHV�SUHVHQWHG
WR�WKH�KRVSLWDO�GXULQJ�WKH�WZHOYH�PRQWK�SHULRG�
����ZHUH�SRVLWLYH� IRU�PLFURILODULDH�E\�URXWLQH
ZHW� EORRG� ILOP� H[DPLQDWLRQ�� 7KH� RYHUDOO
SUHYDOHQFH�ZDV������SHU�FHQW��7KH�SUHYDOHQFH
ZDV�KLJKHVW� LQ�-DQXDU\���������� IROORZHG�E\
)HEUXDU\���������DQG�-XO\���������

� 7KH� SUHYDOHQFH� RI� PLFURILODULRVLV
GXULQJ� GLIIHUHQW� VHDVRQV�� VH[� DQG� DJH� LV
GHSLFWHG�LQ�7DEOH����7KH�KLJKHVW�SUHYDOHQFH�ZDV
UHFRUGHG�LQ�ZLQWHU���������IROORZHG�E\�1RUWK�
(DVW�PRQVRRQ����������6RXWK�:HVW�PRQVRRQ
��������DQG�WKH�OHDVW�LQ�VXPPHU���������

7KH� SUHYDOHQFH� UDWH� LQ�PDOHV� ZDV
�������ZKLOH� LQ� IHPDOHV� LW�ZDV��������� �7KH
SUHYDOHQFH�ZDV�KLJKHVW�LQ�DGXOWV���������DQG
WKH� OHDVW� LQ� SXSSLHV�� 7KH� GLIIHUHQFH� LQ
SUHYDOHQFH� REVHUYHG� LQ� GLIIHUHQW� DJH� JURXSV
ZDV� VWDWLVWLFDOO\� VLJQLILFDQW�� %UHHG� ZLVH
SUHYDOHQFH� RI�PLFURILODULRVLV� LV� GHSLFWHG� LQ
7DEOH����7KH�SUHYDOHQFH�ZDV�KLJKHVW�LQ�%R[HUV
���������IROORZHG�E\�&RFNHU�6SDQLHO���������
'DOPDWLDQ� ���������� /DEUDGRU� �������� DQG
*UHDW�'DQH���������DQG�OHDVW�LQ�3XJ��������

7KH� LPSRUWDQW� V\PSWRPV� UHFRUGHG
ZHUH� S\UH[LD�� FRQMXQFWLYLWLV�� GHUPDWLWLV�
DQRUH[LD�� OLPE�HGHPD��FRXJK�DQG�YRPLWLQJ�

7KH� SUHYDOHQFH� UDWH� REWDLQHG� LQ� WKH

SUHVHQW� VWXG\� �������ZDV� OHVV� FRPSDUHG� WR
5DGKLND��������ZKR�JRW��������7KH�GLVSDULW\
PD\�EH�GXH�WR�WKH�IDFW�WKDW�WKH�SUHVHQW�VWXG\
LV� D� UHWURVSHFWLYH� RQH�� SXUHO\� EDVHG� RQ
DQDO\VLV�RI�FDVH�UHFRUGV��7KH�SUHYDOHQFH�ZDV
KLJKHVW� LQ�ZLQWHU�ZKLOH�5DGKLND�HW�DO�� ������
UHSRUWHG� KLJKHU� SUHYDOHQFH� LQ� VXPPHU�� 7KH
SUHYDOHQFH�ZDV�PRUH� LQ�PDOHV� FRPSDUHG� WR
IHPDOHV�ZKLFK� LV� LQ�DJUHHPHQW�ZLWK�SUHYLRXV
UHSRUWV� �5DGKLND�HW� DO��������$PELO\�� ������
7KH� SUHYDOHQFH� UDWH�ZDV� KLJKHVW� LQ� WKH� DJH
JURXS�RI���WR���\HDUV�LV�VLPLODU�WR�RWKHU�UHSRUWV
�$QXS�HW�DO��� ������� �7KRXJK� WKH�RFFXUUHQFH
UDWH� LQ� WKH� SUHVHQW� VWXG\� ZDV� KLJKHVW� LQ
/DEUDGRU������������WKH�SUHYDOHQFH�UDWH�LQ�WKLV
EUHHG�ZDV�RQO\���������ZKLFK�ZDV�OHVV�WKDQ
%R[HU� ������ 'DOPDWLDQ� ������ DQG� &RFNHU
6SDQLHO� ������ ,PSRUWDQW� FOLQLFDO� V\PSWRPV
UHFRUGHG�ZHUH� LQ� DFFRUGDQFH�ZLWK� SUHYLRXV
UHSRUW�E\�$PELO\��������

7KH� QXPEHU� RI� FLUFXODWLQJ
PLFURILODULDH�RI�'��LPPLWLV�LQ�GRJV�LQFUHDVHV�LQ
ZDUP� DPELHQW� WHPSHUDWXUHV�� 7KH� UDWH� RI
GHYHORSPHQW�RI�/��ODUYDH�WR�/��LQ�PRVTXLWRHV
FDQ�EH�DV�VKRUW�DV�HLJKW�GD\V�DW���R&�RU�DV
ORQJ� DV� ��� GD\V� DW� ��R&��$IWHU� D�PRVTXLWR
DFTXLUHV� WKH� PLFURILODULD� /��� DGHTXDWH
H[SRVXUH� WR� ZDUP� WHPSHUDWXUH�PXVW� RFFXU
GXULQJ�WKH�UHODWLYHO\�VKRUW�OLIH�VSDQ��RQH�PRQWK�
RI�WKDW�PRVTXLWR��,Q�DQLPDOV��/��ODUYDH�PRXOW
DQG� GHYHORS� WR� /�� DSSUR[LPDWHO\� ���� GD\V
DIWHU�LQIHFWLRQ��7KH\�GHYHORS�WR�VH[XDOO\�PDWXUH
DGXOWV�DQG�SURGXFH�PLFURILODULDH�LQ�VL[�WR�VHYHQ
PRQWKV� DIWHU� LQIHFWLRQ� �'LOORQ�� ������� 7KH
WHPSHUDWXUH� UHTXLUHPHQWV� YDU\�ZLWK� GLIIHUHQW
VSHFLHV�RI�ILODULDH��'LURILODULD�UHSHQV�LV�WKH�PRVW
FRPPRQ�ILODULDO�SDUDVLWH�UHSRUWHG�IURP�.HUDOD�
7HPSHUDWXUH� UHTXLUHPHQW�RI� WKH�VSHFLHV�KDV
QRW� EHHQ� VWXGLHG�� ,Q� .HUDOD�� WKH� DYHUDJH
WHPSHUDWXUH� GXULQJ� GLIIHUHQW� VHDVRQV� DUH� DV

7DEOH����6HDVRQ�ZLVH��VH[�ZLVH�DQG�DJH�ZLVH�SUHYDOHQFH�RI�PLFURILODULRVLV�LQ�GRJV



6LJQLILFDQW�DW�����OHYHO
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'HHSD�&KLUD\DWK�DQG�3�&��$OH[

IROORZV��6�:�0RQVRRQ�����& 0D[� �����&�0LQ�
1�(�0RQVRRQ����&���R&��:LQWHU� ��R�&���� R&
DQG� 6XPPHU� ��R&���R&�� ,Q� WHPSHUDWH
FRXQWULHV�� DPELHQW� WHPSHUDWXUH� RI� ��R�&�ZLOO
EH� DWWDLQHG� RQO\� LQ� VXPPHU�PRQWKV�� EXW� LQ
.HUDOD�HYHQ�LQ�ZLQWHU�PRQWKV�WHPSHUDWXUH�ZLOO
EH�DURXQG���R�&��,Q�WKH�SUHVHQW�VWXG\��PD[LPXP
SUHYDOHQFH�LV�UHSRUWHG�LQ�ZLQWHU�VHDVRQ�ZKLFK
YDU\�IURP�WKH�ILQGLQJ�RI���5DGKLND�HW�DO��������

,Q� WKH� SUHVHQW� VWXG\�� SXSSLHV� DQG
\RXQJ� DGXOWV� �!� �� \HDU�� KDG� VKRZQ� OHDVW
SUHYDOHQFH�UDWH��7KLV�PD\�EH�GXH�WR�WKH�IDFW
WKDW� LW� ZLOO� WDNH� /�� ODUYDH� DSSUR[LPDWHO\� ��
PRQWKV� WR� EHFRPH� DGXOWV� DQG� SURGXFH
PLFURILODULDH�
5HIHUHQFHV
$PELO\��9��5��������&OLQLFR�WKHUDSHXWLF�VWXGLHV

RQ� FDQLQH� PLFURILODULRVLV��0�9�6F�
7KHVLV��.$8��7KULVVXU������S�

$QXS�� -�� .��� 3UDGHHS�� 6�9��� %DE\�� 3�*��
6XEUDPDQLDQ��+��DQG�6UHHNDOD��6�������

7DEOH�����%UHHG�ZLVH�SUHYDOHQFH�RI�PLFURILODULRVLV�LQ�GRJV



6LJQLILFDQW�DW�����OHYHO
3UHYDOHQFH��PLFURPHWU\� DQG� VHUXP
SURWHLQ�SURILOH�LQ�PLFURILODULDO�LQIHFWLRQ�RI
GRJV��-��$QLP��9HW��6FL������������

'LOORQ��5��������'LURILODULDVLV�LQ�GRJV�DQG�FDWV�
,Q��(WWLQJHU��6��-���)HOGPDQ�DQG�(�&�
�(GV���� � 7H[W� ERRN� RI� 9HWHULQDU\
,QWHUQDO�0HGLFLQH��9ROXPH���� ��WK�HG�
:�%�6DXQGHUV�&R�� 3KLODGHOSKLD�� SS
��������

5DGKLND�� 5��� 6XEUDPDQLDQ�� +�� DQG
6DVHHQGUDQDWK�� 0�5�� �����
3UHYDOHQFH� RI�'LURILODULD�� UHSHQV� LQ
7KULVVXU��-��9HW��$QLP��6FL������������

6FKZDEH�� &�:���5LHPDQ��+�3��DQG�)UDQWL��&�(�
������(SLGHPLRORJ\�LQ�9HWHULQDU\�3UDFWLFH�
/HD�	�)HELJHU��3KLODGHOSKLD������S�

7DUHOOR�� :�� ������ 6XEFXWDQHRXV� FDQLQH
GLURIL ODULDVLV� GXH� WR� 'LURILODULD
�1RFKWLHOOD� UHSHQV�RI�$PHULFDQ�RULJLQ
LQ�,WDO\��&DVH�UHSRUW���5HY��0HG��9HW��
��������������


