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8QD�SRSROD]LRQH�ORFDOH�GL�WXUVLRSL� �7XUVLRSV�WUXQFDWXV��LQ�DFTXH�VORYHQH�H�DGLDFHQWL� �$GULDWLFR�VHWWHQWULRQDOH��o
VWDWD�VWXGLDWD�QHO�SHULRGR�GDO������DO�������/D�ULFHUFD�o�VWDWD�FRQGRWWD� WUDPLWH�DYYLVWDPHQWL�GD� LPEDUFD]LRQL�H�GD
VWD]LRQL�G
RVVHUYD]LRQH�GD�WHUUD��QRQFKn�FRQ�OH�SURFHGXUH�VWDQGDUG�GL�IRWR�LGHQWLILFD]LRQH��,Q�WRWDOH�VRQR�VWDWL�HIIHW�
WXDWL�����DYYLVWDPHQWL�HG�LGHQWLILFDWL�����LQGLYLGXL��,O�WDVVR�GL�ULDYYLVWDPHQWR�GHL�VLQJROL�GHOILQL�QHOO
DUFR�GHOO
DQQR�H
IUD�DQQL�GLYHUVL�LQGLFD�XQ�DOWR�JUDGR�GL�IUHTXHQ]D�GL�GHWHUPLQDWL�LQGLYLGXL�QHOO
DUHD��/D�JUDQGH]]D�GHL�JUXSSL�YDULDYD
GD���D���� LQGLYLGXL�� ,�FXFFLROL�HUDQR�SUHVHQWL�QHO�������GHL�JUXSSL��/D�YDOXWD]LRQH�DQQXDOH�GHOOD�GHQVLWi�o�SDUL�D
������WXUVLRSL���NP���LO�FKH�UDSSUHVHQWD�XQ
LQIRUPD]LRQH�GL�EDVH�LPSRUWDQWH�QHOOD�WXWHOD�H�JHVWLRQH�GHL�WXUVLRSL�

3DUROH�FKLDYH��WXUVLRSL��7XUVLRSV�WUXQFDWXV��HFRORJLD��IRWR�LGHQWLILFD]LRQH��6ORYHQLD��$GULDWLFR�VHWWHQWULRQDOH
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7KH� ERWWOHQRVH� GROSKLQ� �7XUVLRSV� WUXQFDWXV�� 0RQ�
WDJX��������LV�RQH�RI�WKH�EHVW�VWXGLHG�FHWDFHDQ�VSHFLHV�LQ
WKH�ZRUOG� �6KDQH� HW� DO��� ������ /HDWKHUZRRG�	� 5HHYHV�
������&RQQRU�HW�DO���������%HDU]L�HW�DO�������E��DQG�RQH
RI� WKH�PRVW� FRPPRQ�DQG�ZLGHVSUHDG�FHWDFHDQ� VSHFLHV
LQ� WKH�0HGLWHUUDQHDQ�6HD� �1RWDUEDUWROR�GL� 6FLDUD�HW� DO��
������5HHYHV�	�1RWDUEDUWROR�GL�6FLDUD��������%HDU]L�HW
DO�������E���7RGD\�� WKH�0HGLWHUUDQHDQ� VXESRSXODWLRQ� LV
SURSRVHG� IRU� EHLQJ� OLVWHG� DV� �9XOQHUDEOH�� XQGHU� ,8&1
�:RUOG�&RQVHUYDWLRQ�8QLRQ�� FULWHULRQ�$�G�� F�� H� DQG� LWV
SUHVHQW�GLVWULEXWLRQ� LV�FRQVLGHUHG� WR�EH� IUDJPHQWHG� LQWR
XQLWV� ZLWK� UHODWLYHO\� ORZ� GHQVLWLHV� �5HHYHV� 	�1RWDUEDU�
WROR�GL�6FLDUD��������

1R�FRQVLVWHQW�DQG�V\VWHPDWLF�UHVHDUFK�RQ�WKLV�VSHFLHV
KDG�EHHQ�FDUULHG�RXW� LQ� 6ORYHQLDQ�ZDWHUV� DQG�DGMDFHQW
ZDWHUV�RI� ,WDO\�DQG�&URDWLD� �*XOI�RI�7ULHVWH�DQG�ZHVWHUQ
,VWULD��QRUWKHUQ�$GULDWLF�6HD��SULRU�WR�WKLV�VWXG\��7KH�RQO\
ORQJ�WHUP� VWXG\� RI� IUHH� UDQJLQJ� ERWWOHQRVH� GROSKLQV� LQ
WKH� $GULDWLF� SULRU� WR� WKLV� VWXG\� VWDUWHG� LQ� ����� DQG� LV
EHLQJ� FDUULHG� RXW� LQ� .YDUQHULß�� &URDWLD� �%HDU]L� HW� DO��
������ ������0DFNHOZRUWK�HW� DO��� ������ )RUWXQD�� �����
5DNR��������

7KH�ERWWOHQRVH�GROSKLQ� LV� WKH�RQO\�FHWDFHDQ�VSHFLHV
UHJXODUO\� REVHUYHG� LQ� WKH� QRUWKHUQ� $GULDWLF� 6HD� LQ� WKH
ODVW� ��� \HDUV� �.U\ÊWXIHN� 	� /LSHM�� ������ 1RWDUEDUWROR� GL
6FLDUD� HW� DO��� ������ %HDU]L� 	� 1RWDUEDUWROR� GL� 6FLDUD�
������%HDU]L�HW�DO���������

%\�VWXG\LQJ�ERWWOHQRVH�GROSKLQ�SRSXODWLRQV�LQ�GLIIHU�
HQW�DUHDV�ZH�FDQ�JDLQ� LQVLJKW� LQWR� WKHLU�KDELWDW�XVH�DQG
WKH�ZD\� LQ�ZKLFK� YDU\LQJ� HQYLURQPHQWDO� IDFWRUV� VKDSH
WKHLU� EHKDYLRXU� DQG� SRSXODWLRQ� G\QDPLFV� �:LOVRQ�
�������%\�XQGHUVWDQGLQJ� WKHVH�SURFHVVHV��ZH�FDQ� WU\� WR
PDNH�SUHGLFWLRQV�RU�JHQHUDOLVDWLRQV�DERXW�WKH�HFRORJ\�RI
WKH�PDULQH�HFRV\VWHP�DV�D�ZKROH�DQG�DWWHPSW�WR�HYDOX�
DWH�WKH�HIIHFWV� WKDW�QDWXUDO�DQG�KXPDQ�LQGXFHG�FKDQJHV
LQ�WKH�HQYLURQPHQW�PLJKW�KDYH�RQ�WKH�VWDWXV�RI�WKH�HFR�
V\VWHP�DQG�VSHFLHV��:LOVRQ��������

7KH� DUHD� ZKHUH� WKLV� VWXG\� ZDV� FDUULHG� RXW� LV� WKH
QRUWKHUQPRVW� SDUW� RI� ERWK� WKH� $GULDWLF� 6HD� DQG� WKH
0HGLWHUUDQHDQ�6HD�DV�D�ZKROH��,W�LV�D�VHPL�HQFORVHG�DQG
VKDOORZ�DUHD��VKDUHG�DPRQJ�WKUHH�FRXQWULHV� �&URDWLD�� ,W�
DO\� DQG� 6ORYHQLD��� +XPDQ� DFWLYLWLHV�� VXFK� DV� XUEDQLVD�
WLRQ�� PDULWLPH� WUDQVSRUW�� ILVKHU\�� PDULFXOWXUH� DQG� WRXU�
LVP�� DUH� YHU\� LQWHQVH�� )RU� WKHVH� UHDVRQV�� WKH� DUHD� LV� RI
SDUWLFXODU� LQWHUHVW� IRU� VWXG\LQJ� ERWWOHQRVH� GROSKLQV� LQ
UHODWLRQ� WR� QDWXUDO� DQG� DQWKURSRJHQLF� YDULDWLRQV� LQ� WKH
HFRV\VWHP�

7KH�PDLQO\�FRDVWDO�QDWXUH�RI�ERWWOHQRVH�GROSKLQV�H[�
SRVHV� WKHP� WR� D� ZLGH� YDULHW\� RI� KXPDQ� DFWLYLWLHV� DQG
SRWHQWLDO� WKUHDWV�� &DUHIXO� HYDOXDWLRQ� DQG� FRQVLVWHQW
PRQLWRULQJ�RI�WKH�VWDWXV�RI�WKLV�VSHFLHV�DQG�WKH�H[WHQW�RI

KXPDQ� LPSDFWV� DUH� WKHUHIRUH� HVVHQWLDO�� 7KLV� LV� HPSKD�
VLVHG� E\� QDWLRQDO� OHJLVODWLRQ� �H�J�� WKH�1DWXUH�&RQVHUYD�
WLRQ�$FW���LQWHUQDWLRQDO�FRQYHQWLRQV��H�J��WKH�&RQYHQWLRQ
RQ�0LJUDWRU\� 6SHFLHV��� (XURSHDQ�GLUHFWLRQV� DQG� UHJXOD�
WLRQV��H�J��WKH�+DELWDWV�'LUHFWLYH�DQG�&RXQFLO�5HJXODWLRQ
�(&�� 1R�� ���������� DQG� UHJLRQDO� FRQVHUYDWLRQ� DJUHH�
PHQWV�� VXFK� DV� WKH� $JUHHPHQW� RQ� WKH� &RQVHUYDWLRQ� RI
&HWDFHDQV�RI�WKH�%ODFN�6HD��0HGLWHUUDQHDQ�6HD�DQG�&RQ�
WLJXRXV�$WODQWLF�$UHD��$&&2%$06��� UDWLILHG�E\�&URDWLD�
,WDO\�DQG�6ORYHQLD�

7KLV� SDSHU� SUHVHQWV� VRPH� SUHOLPLQDU\� UHVXOWV� RI� D
ORQJ�WHUP� VWXG\�KDYLQJ� EHHQ� FDUULHG� RXW� VLQFH� ����� WR
LQYHVWLJDWH�WKH�HFRORJ\�RI�ERWWOHQRVH�GROSKLQV�LQKDELWLQJ
6ORYHQLDQ�ZDWHUV�DQG�DGMDFHQW�DUHDV�RI�&URDWLD�DQG�,WDO\�
3DUW�RI�WKH�GDWD�IURP�WKLV�UHVHDUFK�ZDV�DOUHDG\�SUHVHQWHG
LQ� YDULRXV� VRXUFHV� �*HQRY� HW� DO��� ������ *HQRY� 	� )RU�
WXQD��������*HQRY�	�:LHPDQQ��������*HQRY�	�)XUODQ�
�������7KLV�ZRUN� LV� WKH� ILUVW�DWWHPSW� WR�SURYLGH�GDWD�RQ
ERWWOHQRVH�GROSKLQ�HFRORJ\�LQ�WKLV�DUHD�DQG�EDVHOLQH�LQ�
IRUPDWLRQ�IRU�IXWXUH�VWXGLHV�DQG�HIIHFWLYH�FRQVHUYDWLRQ�RI
WKLV�VSHFLHV�LQ�WKH�UHJLRQ�

0$7(5,$/�$1'�0(7+2'6

6WXG\�DUHD

7KH�ZKROH�VWXG\�DUHD�FRYHUV�URXJKO\�������NP��� LQ�
FOXGLQJ� 6ORYHQLDQ� WHUULWRULDO�ZDWHUV�� DV�ZHOO� DV� SRUWLRQV
RI�DGMDFHQW� ,WDOLDQ�DQG�&URDWLDQ� WHUULWRULDO�ZDWHUV�RI� WKH
*XOI� RI� 7ULHVWH� DQG� WKH� ZDWHUV� RII� QRUWK�ZHVWHUQ� ,VWULD
�)LJ������7KH� UHDO� VL]H�RI� WKH� VWXG\�DUHD�YDULHG�EHWZHHQ
\HDUV��GXH� WR�EXGJHWDU\�DQG� ORJLVWLF� UHDVRQV�� LQFUHDVLQJ
IURP�DERXW�����NP��XS�WR�������NP��

7KLV� DUHD� LV� PRVWO\� FKDUDFWHULVHG� E\� PXGG\� DQG
VDQG\�ERWWRPV��ZLWK�RFFDVLRQDO�KDUG� URFN�ERWWRPV�DQG
VHDJUDVV�PHDGRZV�RI�3RVLGRQLD�RFHDQLFD� DQG�&\PRGR�
FHD�QRGRVD��/LSHM�HW�DO����������7KH�DYHUDJH�GHSWK�LV���
P��ZKLOH� WKH�PD[LPXP�GHSWK� LV� ���P�� 7KH� DUHD� LV� LQ�
KDELWHG�E\�KLJK�ELRPDVV�EHQWKLF�FRPPXQLWLHV�DQG�FKDU�
DFWHULVHG�E\�KLJK�YDULDWLRQV�RI�VDOLQLW\��������368��DQG
ZDWHU�WHPSHUDWXUH������°&���KLJK�ULYHULQH�RXWSXW��VWURQJ
VWUDWLILFDWLRQ�� RFFDVLRQDO� R[\JHQ� GHSOHWLRQ� DQG� RFFD�
VLRQDO�PXFRXV�DJJUHJDWH�SKHQRPHQD��/LSHM�HW�DO���������

'XH� WR� LWV� QDWXUDO� FKDUDFWHULVWLFV� DQG� WKH� GHJUHH� RI
DQWKURSRJHQLF�SUHVVXUH��WKH�DUHD�FDQ�EH�FRQVLGHUHG�YHU\
VHQVLWLYH��7KH�*XOI�RI�7ULHVWH�� LQ�SDUWLFXODU�� LV�VXEMHFW� WR
VXEVWDQWLDO� FKHPLFDO�� LQGXVWULDO� DQG� VHZDJH� SROOXWLRQ
DQG�LV�FRQVLGHUHG�RQH�RI�WKH�PRVW�KHDYLO\�SROOXWHG�DUHDV
LQ�WKH�0HGLWHUUDQHDQ��+RUYDW�HW�DO����������$OO�WKH�QHFHV�
VDU\� VFLHQWLILF�SHUPLWV� IRU� VWXG\LQJ� GROSKLQV� LQ� DOO� SDUWV
RI� WKH� DUHD� KDYH� EHHQ� DFTXLUHG� E\� FRPSHWHQW� DXWKRUL�
WLHV�
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)LJ�����/RFDWLRQV�RI�GROSKLQ�VLJKWLQJV��7KH�GDVKHG�OLQHV�UHSUHVHQW�QDWLRQDO�ERUGHUV�
6O�����/RNDFLMH�RSDËDQM�GHOILQRY��àUWNDQD�OLQLMD�SRQD]DUMD�GUÌDYQH�PHMH�

)LHOG�SURFHGXUHV

%RDW�EDVHG�DQG� ODQG�EDVHG� VXUYH\V�ZHUH�FDUULHG�RXW
EHWZHHQ� -XO\������DQG�6HSWHPEHU�������7ZR� WHDPV�RI�
WHQ�RSHUDWHG�VLPXOWDQHRXVO\��RQH�IURP�ODQG�DQG�WKH�RWKHU
IURP�D�ERDW��$Q�DWWHPSW�ZDV�PDGH�WR�NHHS�WKH�VHDUFK�HI�
IRUW� RI� ERWK� WHDPV� LQGHSHQGHQW��$OWKRXJK� VXUYH\V�ZHUH
FRQGXFWHG�LQ�DOO�VHDVRQV��WKH\�ZHUH�PRVWO\�FRQFHQWUDWHG
GXULQJ� VXPPHU� PRQWKV� �-XO\�6HSWHPEHU��� JLYHQ� EHWWHU
JHQHUDO�ZHDWKHU�FRQGLWLRQV�DQG�ORJLVWLF�UHDVRQV��7DE�����
%RDW�EDVHG�VXUYH\V�ZHUH�FDUULHG�RXW�XVLQJ�YDULRXV� W\SHV
RI� VPDOO� YHVVHOV��PDLQO\� ULJLG� LQIODWDEOH� ERDWV�ZLWK� RXW�
ERDUG�HQJLQHV��$�UHODWLYHO\�FRQVWDQW�VHDUFK�VSHHG�RI����
���NP�K�ZDV�PDLQWDLQHG��$Q�DWWHPSW�ZDV�PDGH�WR�FRYHU
DOO�SDUWV�RI�WKH�VWXG\�DUHD�LQ�D�JLYHQ�SHULRG��+RZHYHU��WKLV
ZDV�QRW�DOZD\V�SRVVLEOH��JLYHQ� WKDW� WKH�HIIRUW�FRXOG�YDU\
GXH� WR� ZHDWKHU� FRQGLWLRQV�� ORJLVWLF� UHDVRQV�� GROSKLQ

VLJKWLQJ� IUHTXHQF\� DQG� VLJKWLQJ� ORFDWLRQV��ZKLFK� FRXOG
KDYH� DWWUDFWHG� RXU� DWWHQWLRQ�� /DQG�EDVHG� VXUYH\V� ZHUH
XQGHUWDNHQ� IURP� ������ P� KLJK� REVHUYDWLRQ� SRLQWV
�PRVWO\�FOLIIV���XVLQJ�ELQRFXODUV��7KH�ILUVW�WZR�\HDUV�RI�WKH
VWXG\� ������������ ZHUH� GLIIHUHQW� IURP� WKH� UHPDLQLQJ
\HDUV�ERWK� LQ� W\SH� �PRVWO\� ODQG�EDVHG�REVHUYDWLRQV�ZHUH
FDUULHG�RXW��DQG� WKH�DPRXQW�RI�VXUYH\�HIIRUW��)URP�����
WR� ������ WKH� VXUYH\� HIIRUW�ZDV�PRUH� V\VWHPDWLF� DQG� LQ�
YROYHG�D�JUHDWHU�DPRXQW�RI�ERDW�EDVHG�HIIRUW�

7KH�SRVLWLRQ�RI� WKH�ERDW�DQG�GROSKLQ�JURXSV�ZDV�GH�
WHUPLQHG� XVLQJ� D� *36� �*OREDO� 3RVLWLRQLQJ� 6\VWHP�� LQ
PRVW�FDVHV��$W� WLPHV��ZKHQ� WKLV�ZDV�QRW�SRVVLEOH�GXH� WR
VLJKWLQJV�IURP�ODQG�RU�XQDYDLODELOLW\�RI�*36��WKH�SRVLWLRQ
ZDV� GHWHUPLQHG� ZLWK� D� FRPSDVV� RU� XVLQJ� ORFDO� ODQG
PDUNV��7KH�DQDO\VLV�RI�GROSKLQ�GLVWULEXWLRQ�ZDV�EDVHG�RQ
WKH�SRVLWLRQV�REWDLQHG�DW�WKH�EHJLQQLQJ�RI�HDFK�VLJKWLQJ�
WR� DYRLG� WKH� SRVVLELOLW\� WKDW� SRVLWLRQV� DW� WKH� HQG� RI� WKH
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VLJKWLQJ�PD\� KDYH� EHHQ� ELDVHG� E\� WKH� SUHVHQFH� RI� WKH
UHVHDUFK� ERDW�� 6LJKWLQJV� GDWD� ZHUH� DQDO\VHG� ZLWK� *,6
VRIWZDUH� $UF9LHZ� ���� DQG� *36� VRIWZDUH� 0DS6RXUFH
�������

�6LJKWLQJ��ZDV� GHILQHG� DV� DQ� XQLQWHUUXSWHG� FRQWLQX�
RXV�REVHUYDWLRQ�RI�D�GROSKLQ�IRFDO�JURXS��$�GROSKLQ�IR�
FDO� JURXS� ZDV� FRQVLGHUHG� DQ\� QXPEHU� RI� GROSKLQV� LQ
YLVXDO�UDQJH�RI�WKH�UHVHDUFKHUV��REVHUYHG�LQ�DSSDUHQW�DV�
VRFLDWLRQ��PRYLQJ�LQ�WKH�VDPH�GLUHFWLRQ�RU�VWD\LQJ�LQ�WKH
VDPH� DUHD� DQG� RIWHQ�� EXW� QRW� DOZD\V�� HQJDJHG� LQ� WKH
VDPH� DFWLYLW\�� 6LJKWLQJV� ZHUH� VXEGLYLGHG� LQWR� �VHWV�
�1RWDUEDUWROR�GL�6FLDUD��������%HDU]L�HW�DO����������LQ�RU�
GHU�WR�DFFRXQW�IRU�DQ\�FKDQJH�LQ�JURXS�VL]H�RU�FRPSRVL�
WLRQ�GXULQJ�HDFK�VLJKWLQJ��(DFK�VHW�ZDV�GHWHUPLQHG�E\�D
FKDQJH� LQ� JURXS� VL]H� DQG� FRPSRVLWLRQ�� 7KH�PHDQ� DQG
PHGLDQ� JURXS� VL]H� DQG� WKH� SURSRUWLRQ� RI� JURXSV� ZLWK
RIIVSULQJ�ZHUH�FDOFXODWHG�DFFRUGLQJO\�

)LJ�� ���1DWXUDO�PDUNV� XVHG� IRU� SKRWR�LGHQWLILFDWLRQ�� D�
,QGLYLGXDO� )RN�� ZLWK� YLVLEOH� QLFNV�� QRWFKHV� DQG� WRRWK
UDNHV��E��,QGLYLGXDOV�.DL��3DR�DQG�/RY��VKRZLQJ�LQGLYLG�
XDO�PDUN�GLIIHUHQFHV���3KRWR��7��*HQRY�
6O�����1DUDYQH�R]QDNH�]D�IRWR�LGHQWLILNDFLMR��D��2VHEHN
)RN��]�YLGQLPL�]DUH]DPL��EUD]JRWLQDPL� WHU� VOHGPL�]RE�
E��2VHENL�.DL��3DR�LQ�/RY�NDËHMR�LQGLYLGXDOQH�UD]OLNH�Y
R]QDNDK���)RWR��7��*HQRY�

6XUYH\�FRQGLWLRQV�ZHUH�FRQVLGHUHG�JRRG�LI�D��WKH�VHD
VWDWH�RI�%HDXIRUW�VFDOH�ZDV���RU�OHVV��E��DW�OHDVW�RQH�H[SH�
ULHQFHG� REVHUYHU� VHDUFKHG� IRU� GROSKLQV� �XVXDOO\� ���
RWKHU�REVHUYHUV�FRXOG�SDUWLFLSDWH� LQ� WKH�VHDUFK���F��YLVL�
ELOLW\�ZDV�QRW� UHGXFHG�E\�KHDY\� IRJ�RU�SUHFLSLWDWLRQ�� ,I
VXUYH\� FRQGLWLRQV� GLG� QRW�PDWFK� WKHVH� FULWHULD�� QR� V\V�
WHPDWLF�VHDUFK�IRU�GROSKLQV�ZDV�FDUULHG�RXW�

'XULQJ� HDFK� VXUYH\�� QDYLJDWLRQ� DQG� HQYLURQPHQWDO
GDWD��WLPH��SRVLWLRQ��VHD�VWDWH��HWF���ZHUH�FROOHFWHG�HYHU\
���PLQXWHV� RU�ZKHQHYHU� WKH� GLUHFWLRQ� RU� FRQGLWLRQV� RI
WKH�VHDUFK�FKDQJHG�

:KHQ�D�GROSKLQ�JURXS� �RU�DQ� LQGLYLGXDO��ZDV� IRXQG
DW� VHD�� IRFDO� JURXS�LQGLYLGXDO� IROORZ� SURWRFRO� ZDV� DS�
SOLHG� �0DQQ�� ������ ������� 7KH� JURXS� ZDV� VORZO\� DS�
SURDFKHG� DQG� IROORZHG� LQ� D� ZD\� WKDW� ZDV� EHOLHYHG� WR
FDXVH� PLQLPDO� GLVWXUEDQFH� WR� WKH� DQLPDOV� �:LOVRQ�
�������,I�D�GROSKLQ�JURXS�ZDV�VSRWWHG�IURP�ODQG��LW�ZDV
HLWKHU�REVHUYHG� IURP� WKHUH�RU� VXEVHTXHQWO\�DSSURDFKHG
ZLWK�D�ERDW��'ROSKLQV�ZHUH�IROORZHG�IRU�YDULDEOH�SHULRGV
RI�WLPH��XVXDOO\�EHWZHHQ����PLQXWHV�DQG���KRXUV��WR�DO�
ORZ�SKRWR�LGHQWLILFDWLRQ�RI�DOO� LQGLYLGXDOV� LQ� WKH�JURXS�
$OWKRXJK� WKH� WLPH� VSHQW� IROORZLQJ� GROSKLQV� FRXOG� YDU\
GXH�WR�JURXS�VL]H�DQG�EHKDYLRXU��DQ�DWWHPSW�ZDV�PDGH
WR�NHHS�LW�DW�D�PLQLPXP�WR�UHGXFH�SRVVLEOH�GLVWXUEDQFH�
6WDQGDUG�SKRWR�LGHQWLILFDWLRQ�SURFHGXUHV� �:�UVLJ�	� -HI�
IHUVRQ�� ������ ZHUH� FDUULHG� RXW� GXULQJ� PRVW� VLJKWLQJV�
1DWXUDO� PDUNV� RQ� GRUVDO� ILQV�� VXFK� DV� QLFNV�� QRWFKHV�
VFDUV��WRRWK�UDNHV�DQG�ILQ�VKDSH�ZHUH�XVHG�WR�LGHQWLI\�LQ�
GLYLGXDO� DQLPDOV� �)LJV�� ��� ���� $Q� DWWHPSW� ZDV� PDGH� WR
SKRWRJUDSK�ERWK�VLGHV�RI�GRUVDO�ILQV�RI�DOO�PHPEHUV�RI�D
GROSKLQ� JURXS�� 3KRWRJUDSKV� ZHUH� WDNHQ� XVLQJ� D� 6/5
FDPHUD� 1LNRQ� )��'� HTXLSSHG� ZLWK� ]RRP� OHQV� 6LJPD
������� PP� DQG� ,62� ���� RU� ���� FRORXU� WUDQVSDUHQF\
ILOPV� DQG� D� GLJLWDO� 6/5� FDPHUD� &DQRQ� ��'� HTXLSSHG
ZLWK�]RRP� OHQV�&DQRQ�/�860��������PP��0RUH� WKDQ
�������SKRWRJUDSKV�ZHUH�WDNHQ��DQDO\VHG�� ODEHOOHG�DQG
VRUWHG� LQWR�SKRWR�LGHQWLILFDWLRQ�FDWDORJXHV��1HZ�SKRWR�
JUDSKV�ZHUH� YLVXDOO\� H[DPLQHG� DQG� FRPSDUHG� WR� WKRVH
WDNHQ� GXULQJ� SUHYLRXV� VLJKWLQJV�� 7ZR� FDWDORJXHV� ZHUH
FRPSLOHG�� RQH� FRQWDLQLQJ� DOO� SKRWRJUDSKV� LQ� FKURQR�
ORJLFDO� RUGHU� DQG� RQH� FRQWDLQLQJ� RQO\� WKH� EHVW� SKRWR�
JUDSKV�RI�HDFK� LGHQWLILHG� LQGLYLGXDO�� 7R�DYRLG�SRWHQWLDO
ELDV� LQ� WKH� DQDO\VHV� RI� VLWH� ILGHOLW\� DQG� GROSKLQ� DEXQ�
GDQFH��RQO\�ZHOO�PDUNHG�DQLPDOV�UHFRJQL]DEOH�IURP�IDLU
DQG� KLJK� TXDOLW\� SKRWRJUDSKV� ZHUH� FRQVLGHUHG� LGHQWL�
ILHG��$OO�LGHQWLILHG�DQLPDOV�ZHUH�JLYHQ�QDPHV�DV�D�UHIHU�
HQFH�� 3RRUO\�PDUNHG� RU� XQPDUNHG� DQLPDOV� ZHUH� QRW
FRQVLGHUHG� LGHQWLILHG� IRU� WKHVH� DQDO\VHV�� )XUWKHUPRUH�
ZHOO�PDUNHG� LQGLYLGXDOV� IRU� ZKLFK� RQO\� SRRU� TXDOLW\
SKRWRJUDSKV�ZHUH�DFTXLUHG�ZHUH�QRW�FRQVLGHUHG� LGHQWL�
ILHG� HLWKHU�� 7KHVH� SRRUO\�PDUNHG� GROSKLQV� DQG� WKRVH
IURP�SRRU�TXDOLW\�SKRWRJUDSKV�ZHUH��KRZHYHU��XVHG� IRU
JURXS�VL]H�DQDO\VLV�DQG�NHSW�LQ�WKH�SKRWRJUDSKLF�UHFRUG
IRU� SRVVLEOH� IXWXUH� UH�LGHQWLILFDWLRQV�� %DVHG� RQ� FDSWXUH
KLVWRULHV� RI� ZHOO�PDUNHG� DQLPDOV�� ZH� DSSOLHG� PDUN�
UHFDSWXUH�PRGHOV� �2WLV�HW� DO��� ������ IRU� FORVHG� SRSXOD�
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)LJ�����'RUVDO�ILQV�RI����SKRWR�LGHQWLILHG�ERWWOHQRVH�GROSKLQV��7KHVH�GROSKLQV�UHSUHVHQW�VRPH�RI�WKH�ILUVW�LGHQWLILHG
DQLPDOV�LQ�WKH�VWXG\�DUHD��DV�ZHOO�DV�VRPH�RI�WKH�PRVW�ZHOO�PDUNHG�DQG�PRVW�UHVLGHQW�LQGLYLGXDOV�
6O�����+UEWQH�SODYXWL����IRWR�LGHQWLILFLUDQLK�YHOLNLK�SOLVNDYN��7L�GHOILQL�SUHGVWDYOMDMR�QHNDWHUH�L]PHG�SUYLK�LGHQWLILFL�
UDQLK�ËLYDOL�QD�REPRàMX�UD]LVNDYH�LQ�WXGL�QHNDWHUH�L]PHG�QDMEROM�SUHSR]QDYQLK�LQ�VWDOQLK�RVHENRY�QD�WHP�REPRàMX�
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WLRQV� WR�HVWLPDWH� WKH�DQQXDO�DEXQGDQFH�RI�ZHOO�PDUNHG
GROSKLQV�IUHTXHQWLQJ�RXU�VWXG\�DUHD��XVLQJ�WKH�&$3785(
SURJUDP��UXQ�IURP�0$5.�����SURJUDP��KWWS���ZZZ��SKL�
GRW�RUJ�VRIWZDUH�PDUN���� ,Q� RUGHU� WR� EXLOG� LQGLYLGXDO
FDSWXUH� KLVWRULHV�� SKRWR�LGHQWLILFDWLRQ� GDWD� IURP� VLJKW�
LQJV�ZHUH� SRROHG� LQWR� WZR� GLIIHUHQW� �FDSWXUH� RFFDVLRQ�
ERXWV�� RQH� ODVWLQJ� ��� GD\V� DQG� WKH� RWKHU� RQH� PRQWK�
7KHVH� WZR� WLPH� IUDPHV�ZHUH�FRQVLGHUHG�D� IDLU� FRPSUR�
PLVH�EHWZHHQ�PDLQWDLQLQJ�D�UHDVRQDEOH�QXPEHU�RI�FDS�
WXUH�RFFDVLRQV�SHU�\HDU�DQG�WKH�QHHG�WR�DOORZ�WKH�QHFHV�
VDU\� UHPL[LQJ� RI� �PDUNHG�� DQLPDOV� ZLWK� WKH� UHVW� RI� WKH
DQLPDOV� XVLQJ� WKH� DUHD�� 7KH� PRVW� DSSURSULDWH� DPRQJ
GLIIHUHQW� DQQXDO� PRGHOV� ZDV� VHOHFWHG� XVLQJ� WKH� FKL�
VTXDUH� WHVW� RI� H[SODLQHG� GHYLDQFH� LPSOHPHQWHG� LQ
0$5.��$QQXDO�HVWLPDWHV�RI�WKH�WRWDO�QXPEHU�RI�DQLPDOV�
LQFOXGLQJ�RIIVSULQJ��ZHUH� WKHQ�FDOFXODWHG�E\� WDNLQJ�LQWR
DFFRXQW�WKH�HVWLPDWHV�RI�PDUNHG�DQLPDOV�DQG�WKH�DQQXDO
SURSRUWLRQ� RI� XQPDUNHG� DQLPDOV� �:LOVRQ�HW� DO��� ������
&RQILGHQFH�OLPLWV�ZHUH�FDOFXODWHG�DIWHU�)RUWXQD��������

,QIRUPDWLRQ� RQ� VLJKWLQJ� SRVLWLRQ�� WLPH�� JURXS� VL]H�
SUHVHQFH� RI� RIIVSULQJ�� EHKDYLRXU�� UHVSLUDWLRQ� SDWWHUQV
DQG�LQWHUDFWLRQV�ZLWK�ILVKHULHV�RU�PDULWLPH�WUDIILF�ZDV�UH�
FRUGHG�GXULQJ�HDFK�VLJKWLQJ��$G�OLELWXP�EHKDYLRXUDO�RE�
VHUYDWLRQV� �$OWPDQQ�� ������ 0DQQ�� ������ ������ ZHUH
PDGH�WKURXJKRXW�WKH�VLJKWLQJ�� LQ�RUGHU�WR�JHW�DQ�LQVLJKW
LQWR� WKH� EHKDYLRXU� RI� WKH� ORFDO� SRSXODWLRQ�� )URP� ����
RQZDUGV�� LQ� DGGLWLRQ� WR� DG� OLELWXP� EHKDYLRXUDO� VDP�
SOLQJ��D�VLQJOH�EHKDYLRXUDO�VDPSOH�ZDV� WDNHQ�DW� WKH�EH�
JLQQLQJ� RI� HDFK� VLJKWLQJ�� EHIRUH� DSSURDFKLQJ� WKH� IRFDO
JURXS��&KLOYHUV�HW�DO����������7KH�VDPSOH�UHSUHVHQWHG�WKH
EHKDYLRXU� RI� ����� RI� WKH� LQGLYLGXDOV� LQ� HDFK� JURXS�
*URXSV� ZHUH� VFDQQHG� WR� GHWHUPLQH� EHKDYLRXUDO� VWDWH�
7KLV� SURFHGXUH� ZDV� DSSOLHG� LQ� RUGHU� WR� HQVXUH� LQGH�
SHQGHQFH�RI�GDWD�DQG�DYRLG�SVHXGRUHSOLFDWLRQ��&KLOYHUV
HW�DO����������%HKDYLRXUDO�VWDWHV��WUDYHO��GLYH��GLYH�WUDYHO�
DFWLYH�WUDZOHU�IROORZ��SDVVLYH�WUDZOHU�IROORZ��VRFLDOL]LQJ�
VRFLDO� WUDYHO��VXUIDFH�IHHGLQJ��PLOOLQJ�DQG�PL[HG�EHKDY�
LRXU�� ZHUH� GHILQHG� DFFRUGLQJ� WR� REMHFWLYH� SDUDPHWHUV�
IROORZLQJ�%HDU]L�HW�DO���������DQG�/XVVHDX��������

*URXS� VL]H�ZDV� DVVHVVHG� LQ� WKH� ILHOG� DQG� ODWHU� FRQ�
ILUPHG� WKURXJK� SKRWR�LGHQWLILFDWLRQ�� 2QO\� VLJKWLQJV
ZKHUH�JURXS�VL]H�FRXOG�EH�DFFXUDWHO\�GHWHUPLQHG�DQG�RU
FRQILUPHG� WKURXJK� SKRWR�LGHQWLILFDWLRQ� ZHUH� XVHG� IRU
WKH�DQDO\VLV�RI�JURXS�VL]H�

2IIVSULQJ�ZHUH�LGHQWLILHG�DFFRUGLQJ�WR�VL]H��FRORXUD�
WLRQ��RYHUDOO�DSSHDUDQFH��EHKDYLRXU�DQG�DVVRFLDWLRQ�ZLWK
DGXOWV��IRU�GHVFULSWLRQ�VHH�%HDU]L�HW�DO����������7KUHH�DJH
FODVVHV�ZHUH�XVHG���DGXOW����FDOI���DQ�RIIVSULQJ�PRUH�WKDQ
��\HDU�ROG��DQG��QHZERUQ���DQ�RIIVSULQJ�LQ�WKH� ILUVW�\HDU
RI� LWV� OLIH��� $OORSDUHQWDO� DVVRFLDWLRQ� ��EDE\VLWWLQJ��� LQ
ZKLFK� RIIVSULQJ� DVVRFLDWH� ZLWK� LQGLYLGXDOV� RWKHU� WKDQ

WKHLU�PRWKHU� �:KLWHKHDG�� ������0DQQ�	� 6PXWV�� �����
6LPDUG�	�*RZDQV���������ZDV�DOVR�UHFRUGHG�

*HQGHU� FRXOG� RSSRUWXQLVWLFDOO\� EH� GHWHUPLQHG� IURP
SKRWRJUDSKV�RI� WKH�JHQLWDO�DUHD�GXULQJ�DHULDO�EHKDYLRXU
RU�ERZULGLQJ��6PRONHU�HW�DO���������RU�WKURXJK�WKH�LGHQ�
WLILFDWLRQ� RI� PRWKHU�RIIVSULQJ� SDLU�� $GXOWV� FRQVLVWHQWO\
DQG�FORVHO\�DFFRPSDQLHG�E\�DQ�RIIVSULQJ�ZHUH�DVVXPHG
WR�EH�IHPDOHV�

2SHUDWLQJ� WUDZOHUV� ZHUH� RIWHQ� RSSRUWXQLVWLFDOO\� DS�
SURDFKHG� DQG� LQVSHFWHG� IRU� SRVVLEOH� GROSKLQ� SUHVHQFH�
$OO� WKH� GDWD� VXFK�DV� GDWH� DQG� WLPH�� SRVLWLRQ�� HIIRUW�� UH�
VHDUFK�SODWIRUP��QXPEHU�RI�REVHUYHUV��VHD�VWDWH��GROSKLQ
JURXS� VL]H�� EHKDYLRXU�� SUHVHQFH� RI� RIIVSULQJ�� YLVLELOLW\�
HWF�� ZHUH� UHFRUGHG� RQWR� VSHFLILFDOO\� GHVLJQHG� UHVHDUFK
IRUPV�

5HSRUWV� RI� GROSKLQ� VLJKWLQJV� E\� ILVKHUPHQ�� GLYHUV�
WRXULVWV�� ORFDO� SHRSOH� DQG� RWKHU�PHPEHUV� RI� WKH� SXEOLF
ZHUH� FROOHFWHG� DV� DQ� DGGLWLRQDO� VRXUFH� RI� LQIRUPDWLRQ�
+RZHYHU��VXFK�UHSRUWV�ZHUH�QRW�WUHDWHG�DV�VFLHQWLILF�GDWD
DQG�ZHUH�QRW�LQFOXGHG�LQ�WKH�DQDO\VHV��QRU�PHUJHG�ZLWK
WKH� GDWD� FROOHFWHG� ZLWK� SURFHGXUHV� RXWOLQHG� DERYH�� DV
WDNLQJ� VXFK�GDWD� LQWR� DFFRXQW� FRXOG� OHDG� WR� VLJQLILFDQW
ELDV� �=DQDUGHOOL� HW� DO��� ������� ,I� D� UHSRUW� RI� D� GROSKLQ
VLJKWLQJ� UHVXOWHG� LQ� D� GRFXPHQWHG� VLJKWLQJ� E\� WKH� UH�
VHDUFK� WHDP�� KRZHYHU�� GDWD� IURP� WKH� GRFXPHQWHG
VLJKWLQJ�ZDV�FRQVLGHUHG�LQ�FHUWDLQ�DQDO\VHV��VXFK�DV�GLV�
WULEXWLRQ�RI� VLJKWLQJ� ORFDWLRQV�� LQGLYLGXDO� UHVLJKWLQJ� IUH�
TXHQFLHV�� JURXS� VL]H�� SUHVHQFH� RI� RIIVSULQJ�� EHKDYLRXU�
LQWHUDFWLRQV�ZLWK�ILVKHU\��HWF�

5(68/76

'LVWULEXWLRQ��DEXQGDQFH��VLWH�ILGHOLW\�DQG�UDQJLQJ
SDWWHUQV

7KURXJKRXW� WKH� VWXG\� SHULRG�� ���� V\VWHPDWLF� ERDW
WULSV�� W\SLFDOO\� ODVWLQJ� ���� KRXUV�� DQG� ���� V\VWHPDWLF
ODQG�REVHUYDWLRQ�VHVVLRQV��W\SLFDOO\�ODVWLQJ����PLQXWHV�WR
�� KRXUV�� ZHUH� FDUULHG� RXW� �7DE�� ���� -XO\�� $XJXVW� DQG
6HSWHPEHU�ZHUH�WKH�RQO\�PRQWKV�ZLWK�FRQVLVWHQW�VXUYH\
HIIRUW��7KH�WLPH�VSHQW�WR�ILQG�WKH�GROSKLQV�UDQJHG�IURP�D
IHZ� PLQXWHV� WR� VHYHUDO� FRQVHFXWLYH� GD\V� RI� VHDUFK�� $
WRWDO� RI� ���� VLJKWLQJV� RI� ERWWOHQRVH� GROSKLQV� ZHUH� UH�
FRUGHG��7DE�����)LJ������2I�WKHVH�����ZHUH�UHFRUGHG�DV�D
UHVXOW� RI� ERDW�EDVHG� VXUYH\� HIIRUW� DQG� ��� DV� D� UHVXOW� RI
ODQG�EDVHG� VXUYH\� HIIRUW�� 7KH� UHPDLQLQJ� VLJKWLQJV� ZHUH
HLWKHU�D�UHVXOW�RI�RSSRUWXQLVWLF�VLJKWLQJV�RU�VXFFHVVIXO�UH�
VSRQVHV� WR� VLJKWLQJ� UHSRUWV� E\� ORFDO� SHRSOH� DQG� ILVKHU�
PHQ��1R�RWKHU�FHWDFHDQ�VSHFLHV�ZHUH�HQFRXQWHUHG�GXU�
LQJ�WKH�VWXG\�
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7DE�����6\VWHPDWLF�VXUYH\�HIIRUW�
7DE�����6LVWHPDWLàQR�SUHJOHGRYDQMH�REPRàMD�

<HDU 0RQWK 1R��ERDW�VXUYH\V 1R��ODQG�REVHUYDWLRQ�VHVVLRQV 1R��VLJKWLQJV
-XO�6HS � � �
2FW�'HF � � �����
<HDU�WRWDO � � �
-DQ�0DU � � �
$SU�-XQ � � �
-XO�6HS � �� �
2FW�'HF � � �

����

<HDU�WRWDO � �� ��
-DQ�0DU � �� �
$SU�-XQ � �� �
-XO�6HS �� �� �
2FW�'HF � � �

����

<HDU�WRWDO �� �� ��
-DQ�0DU � � �
$SU�-XQ � �� �
-XO�6HS �� �� ��
2FW�'HF � � �

����

<HDU�WRWDO �� �� ��
-DQ�0DU � � �
$SU�-XQ � �� �
-XO�6HS �� �� ��
2FW�'HF � � �

����

<HDU�WRWDO �� �� ��
-DQ�0DU � � �
$SU�-XQ � � �
-XO�6HS �� �� ��
2FW�'HF � � �

����

<HDU�WRWDO �� �� ��
-DQ�0DU � � �
$SU�-XQ � � �
-XO�6HS �� �� ��

����

<HDU�WRWDO �� �� ��
727$/ ��� ��� ���

'ROSKLQV�ZHUH�VHHQ�LQ�WKH�VWXG\�DUHD�LQ�HYHU\�PRQWK
RI�WKH�\HDU�H[FHSW�1RYHPEHU�DQG�'HFHPEHU��EXW�VXUYH\
HIIRUW�LQ�WKHVH�WZR�PRQWKV�ZDV�YHU\�ORZ��7KH�PD[LPXP
OLQHDU� GLVWDQFH� EHWZHHQ� WZR� VLJKWLQJ� ORFDWLRQV� RI� DQ
LGHQWLILHG�LQGLYLGXDO�ZDV����NP��6HYHUDO�LQGLYLGXDOV�GLV�
SOD\HG� VLPLODU�PD[LPXP�GLVWDQFHV� EHWZHHQ� WKHLU� VLJKW�
LQJ�ORFDWLRQV��ERWK�ZLWKLQ�DQG�EHWZHHQ�\HDUV�

$�WRWDO�RI�����ZHOO�PDUNHG�LQGLYLGXDO�GROSKLQV�ZHUH
SKRWR�LGHQWLILHG� �)LJV�� ��� ���� 3KRWR�LGHQWLILFDWLRQ� GDWD
VKRZHG� WKDW� ���� RI� DOO� GROSKLQV� HQFRXQWHUHG� LQ� IXOO\
SKRWRJUDSKHG� JURXSV� ZHUH� ZHOO�PDUNHG� DQG� FRXOG� EH
LGHQWLILHG� LQ� WKH� ORQJ�WHUP��7KH� UDWH� DW�ZKLFK�QHZ�GRO�
SKLQV� ZHUH� LGHQWLILHG� WKURXJKRXW� WKH� VWXG\� SHULRG� LV
VKRZQ�LQ�ILJXUH���

7KH� IUHTXHQF\�ZLWK�ZKLFK� LGHQWLILHG� GROSKLQV�ZHUH
VHHQ� LQ� WKH� VWXG\� DUHD� YDULHG� JUHDWO\� �7DE�� ��� )LJ�� ���
6RPH� ZHUH� VHHQ� YHU\� RIWHQ�� )RU� H[DPSOH�� RQH� DGXOW
DQLPDO� ZDV� HQFRXQWHUHG� RQ� ��� RFFDVLRQV� ����� RI� DOO
VLJKWLQJV��� 2WKHUV� ZHUH� REVHUYHG� RFFDVLRQDOO\� DQG� DO�
PRVW�KDOI�������ZHUH�VHHQ�RQO\�RQFH��)LJ������0HDQ�IUH�
TXHQF\� RI� UHVLJKWLQJV� ZDV� ���� �6'�  � ������ Q�  � ����
PRGH� ����PHGLDQ� �����7KH�PD[LPXP�QXPEHU�RI�WLPHV
DQ\�LQGLYLGXDO�ZDV�VHHQ�ZLWKLQ�DQ\�JLYHQ�PRQWK�ZDV���
$�PD[LPXP�RI����GLIIHUHQW�LQGLYLGXDOV�ZHUH�LGHQWLILHG�LQ
DQ\�RQH�PRQWK�DQG�D�PD[LPXP�RI����GLIIHUHQW�LQGLYLGX�
DOV�ZHUH�LGHQWLILHG�LQ�DQ\�RQH�\HDU��$OWKRXJK�WKHUH�ZHUH
JUHDW�GLIIHUHQFHV� LQ� WKH� GHJUHH� RI� UHVLGHQF\�DPRQJ�GLI�
IHUHQW�LQGLYLGXDOV��VRPH�DQLPDOV�GLVSOD\HG�D�KLJK�UDWH�RI
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7DE�����5HVLGHQF\�SDWWHUQ�RI����VHOHFWHG�LGHQWLILHG�LQGLYLGXDOV��%ODFN�FHOOV�UHSUHVHQW�SUHVHQFH�RI�LQGLYLGXDOV�GRFX�
PHQWHG�WKURXJK�SKRWR�LGHQWLILFDWLRQ���'D\V��UHSUHVHQW�WKH�WRWDO�QXPEHU�RI�GD\V�LQ�ZKLFK�SKRWR�LGHQWLILFDWLRQ�ZDV
FDUULHG�RXW�LQ�D�JLYHQ�PRQWK�
7DE�� ��� 9]RUHF� UH]LGHQWQRVWL� ��� L]EUDQLK� LGHQWLILFLUDQLK� RVHENRY�� ßUQD� SROMD� SRQD]DUMDMR� SRMDYOMDQMH� RVHENRY� Y
SUHXàHYDQHP�REPRàMX���GD\V���GQHYL��SD�VNXSQR�ÉWHYLOR�GQL��Y�NDWHULK�MH�SRWHNDOD�IRWR�LGHQWLILNDFLMD�Y�GRORàHQHP
PHVHFX�

���� ���� ���� ���� ���� ����
,' 6H[ )HE 0DU 0D\ -XQ $SU -XO $XJ )HE 0D\ -XO $XJ 6HS -XO $XJ 6HS 0D\ -XO $XJ 6HS -XQ -XO $XJ 6HS

'D\V � � � � � � � � � � � � � � � � � � � � �� � �
$DU � � � � �
$OH � � � � �
$PD P � � � � � � � � � �
%DQ � � � � � � � � � � �
&DW I � �
'D+ � � �
'DQ � � �
'DS I � � � � � � � � � � �
'HL � � � � � � � � � � � �
'RU � � � �
(PD � � � � � � � � � � �
)RN � � � � � � � � � � �
*DO �
*UR � �
+LG � � � �
+UX � �
-DQ � �
-QN P � � � � � � � � � � �
.DL � � � � � � � � � �
/LQ � �
/RY � � � �
0DW � � � � � � � � � �
0RU � � � � � � � � � � � �
1HS � � � � � �
3DR � � � � � �
6HU � � � � � � � �
6QH I � � � �
7DU I � � � � �
7LP � � � � � � �
8OW � � � �
9HV I � � � � � �
9LR I � � �
965 � � � �
:HV � � � � �
:LW � � � � � � � � � �

VLWH�ILGHOLW\�DQG�DSSHDUHG�WR�XVH�WKH�DUHD�RIWHQ�DQG�RQ�D
\HDUO\�EDVLV��7DE������)RXU�LQGLYLGXDOV�ZHUH�VHHQ�LQ�HYHU\
\HDU�IURP������WR�������ZKLOH���RWKHUV�ZHUH�VHHQ� LQ��
GLIIHUHQW�\HDUV��7DE�����)LJ�����

%DVHG� RQ� WKHLU� VLJKWLQJ� IUHTXHQF\�� LQGLYLGXDO� GRO�
SKLQV� FRXOG� EH� GLYLGHG� LQWR� IRXU� DUELWUDU\� FDWHJRULHV�
�FRPPRQ�� ���� RU� PRUH� VLJKWLQJV��� �IUHTXHQW�� ������
VLJKWLQJV����RFFDVLRQDO��������VLJKWLQJV��DQG��UDUH���IHZHU
WKDQ� �� VLJKWLQJV��� ,QGLYLGXDO� GROSKLQV� FRXOG� WKHUHIRUH
DOVR�EH�GLYLGHG� LQWR� WKUHH�DUELWUDU\�FDWHJRULHV�EDVHG�RQ
\HDUV�RI�UHVLJKWLQJV���FRPPRQ���VHHQ�LQ���GLIIHUHQW�\HDUV
RU�PRUH��� �RFFDVLRQDO�� �VHHQ� LQ���RU���\HDUV��DQG� �UDUH�

�VHHQ� LQ� �� \HDUV� RU� OHVV��� 7KH� IUHTXHQF\� GLVWULEXWLRQ� RI
WKH�QXPEHU�RI�\HDUV�LQ�ZKLFK�HDFK�LQGLYLGXDO�ZDV�VHHQ
LV�VKRZQ�LQ�ILJXUH���

,Q�PDUN�UHFDSWXUH�DQDO\VHV��QR�VLJQLILFDQW�GLIIHUHQFHV
ZHUH�IRXQG�EHWZHHQ�PRGHOV�UXQ�RQ�WKH�WZR�GLIIHUHQW�DQ�
QXDO�GDWDVHWV��WKH����GD\V�YV��RQH�PRQWK�VDPSOLQJ�ERXW�
5HVXOWV� IURP�PDUN�UHFDSWXUH�DQDO\VHV��EDVHG�RQ����GD\V
GDWDVHWV��DUH�VXPPDULVHG�LQ�7DEOH����(VWLPDWHV�IURP�����
DUH�QRW�SUHVHQWHG��JLYHQ� WKHLU�H[WUHPHO\�KLJK�FRHIILFLHQW
RI� YDULDWLRQ� �!������� 1R� VWDWLVWLFDO� LQWHU�DQQXDO� GLIIHU�
HQFHV�ZHUH� IRXQG�DPRQJ�HVWLPDWHV� �S!�������H[FHSW� IRU
\HDU�������ZKLFK�ZDV�GLIIHUHQW�WR�WKH�UHPDLQLQJ�\HDUV�
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&XPXODWLYH�QXPEHU�RI�GROSKLQV�LGHQWLILHG�LQ�HDFK�VLJKWLQJ

&
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)LJ�����'LVFRYHU\�FXUYH�VKRZLQJ� WKH�QXPEHU�RI� LGHQWL�
ILHG�GROSKLQV�DJDLQVW�WKH�FXPXODWLYH�QXPEHU�RI�LGHQWLIL�
DEOH�GROSKLQV�HQFRXQWHUHG�GXULQJ�WKH�VWXG\�
6O�����.ULYXOMD�RGNULYDQMD�QRYLK�GHOILQRY��NL�NDËH�ÉWHYLOR
LGHQWLILFLUDQLK�GHOILQRY�Y�SULPHUMDYL�V�NXPXODWLYQLP�ÉWH�
YLORP� SUHSR]QDYQLK� GHOILQRY�� RSDËHQLK� Y� àDVX� UD]LV�
NDYH�

6RFLDO�VWUXFWXUH��EHKDYLRXU�DQG�LQWHUDFWLRQV
ZLWK�ILVKHU\

7KH�VL]H�RI�GROSKLQV�JURXSV�UDQJHG�IURP���WR�����)LJ�
����7KH�PHDQ�JURXS�VL]H�FDOFXODWHG�IURP�VHWV�ZDV����6'
 � ������ Q�  � ����PRGH�  � ���PHGLDQ�  � ����0RVW� JURXSV
��������LQFOXGHG����LQGLYLGXDOV�RU�OHVV��ZLWK�D�PRGH�RI
���)LJ������6LQJOH�LQGLYLGXDOV�ZHUH�UHSUHVHQWHG�LQ������
RI�WKH�VDPSOH��EXW�WKH\�GLG�QRW�DOZD\V�VHHP�WR�UHSUHVHQW
VROLWDU\�DQLPDOV��2QH�DGXOW�� IRU�H[DPSOH��ZDV�REVHUYHG
IROORZLQJ�D�ERWWRP�WUDZOHU�DORQH��RQO\�WR�EH�MRLQHG�ODWHU
E\���RWKHU�GROSKLQV��$QRWKHU�UHVLGHQW�GROSKLQ�VLJKWHG�RQ
WZR�FRQVHFXWLYH�GD\V� LQ�JURXSV�RI����DQG����GROSKLQV�
ZDV�VHHQ�DORQH�WKH�YHU\�QH[W�GD\�DQG�WKHQ�VLJKWHG�LQ�D
JURXS�RI� ��� LQGLYLGXDOV� D� IHZ�GD\V� ODWHU��2Q� WKH� RWKHU
KDQG�� RQH� LGHQWLILHG� DGXOW� ZDV� RQO\� REVHUYHG� RQFH� LQ
����� DQG� RQFH� LQ� ������ 1R� RWKHU� GROSKLQV� ZHUH� RE�
VHUYHG�RQ�WKRVH�GD\V�

$OWKRXJK� FKDQJHV� LQ� JURXS� VL]H� DQG� FRPSRVLWLRQ
EHWZHHQ� VLJKWLQJV� RFFXUUHG� UHJXODUO\�� ZLWK� LQGLYLGXDOV
OHDYLQJ� DQG� MRLQLQJ�JURXSV�� VRPH� LGHQWLILHG� LQGLYLGXDOV
VHHPHG� WR� IRUP� UHODWLYHO\� VWDEOH� JURXSV� RYHU� WKH� VWXG\
SHULRG�

&KDQJHV� RI� JURXS� VL]H� DQG� FRPSRVLWLRQ� ZLWKLQ
VLJKWLQJV��D�FKDQJH�RI�VHW��ZHUH�REVHUYHG�RQ�RQO\���RF�
FDVLRQV�

2XW�RI�����SKRWR�LGHQWLILHG�GROSKLQV�����ZHUH�FODV�
VLILHG� DV� IHPDOHV�� �� DV�PDOHV� DQG� ��� DV� XQNQRZQ� VH[�
7KH�PRVW�FRPPRQO\�REVHUYHG�JURXSV�RI� LGHQWLILHG�LQGL�
YLGXDOV�FRQWDLQHG�ERWK�VH[HV�
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1XPEHU�RI�UHVLJKWLQJV�IRU�LQGLYLGXDO�GROSKLQV

1
XP

EH
U�
RI
�LQ
GL
YL
GX
DO
V

)LJ�� ��� )UHTXHQF\� GLVWULEXWLRQ� RI� WKH� QXPEHU� RI� WLPHV
HDFK�LQGLYLGXDO�ZDV�VHHQ�
6O�� ��� )UHNYHQàQD� SRUD]GHOLWHY� ÉWHYLOD� RSDËDQM� SRVD�
PH]QLK�RVHENRY�

0RUH� WKDQ� ��� GLIIHUHQW� PRWKHU�RIIVSULQJ� SDLUV� ZHUH
REVHUYHG� GXULQJ� WKH� VWXG\�� 2IIVSULQJ� ZHUH� SUHVHQW� LQ
������RI�WKH�����GROSKLQ�JURXSV�LQ�ZKLFK�SUHVHQFH�RU
DEVHQFH�RI� WKH�RIIVSULQJ�FRXOG�EH�GHWHUPLQHG��%HWZHHQ
��DQG���QHZERUQV�ZHUH�REVHUYHG�HDFK�\HDU����LQ������
�� LQ� ������ �� LQ� ������ �� LQ� ������ �� LQ� ����� DQG� �� LQ
������7KH�\HDU������LV�H[FOXGHG�GXH�WR�D�VPDOO�QXPEHU
RI�VLJKWLQJV��$OORSDUHQWDO�DVVRFLDWLRQV�EHWZHHQ�RIIVSULQJ
DQG� QRQ�PRWKHUV� ZHUH� REVHUYHG� RQ� VHYHUDO� RFFDVLRQV�
7ZR� DSSDUHQW� FDVHV� RI� RIIVSULQJ� PRUWDOLW\� ZHUH� RE�
VHUYHG�� 7ZR� SKRWR�LGHQWLILHG� IHPDOHV�� ZKLFK� ZHUH� DF�
FRPSDQLHG�E\�RIIVSULQJ�LQ�RQH�\HDU��ZHUH�VHHQ�ZLWKRXW
RQH�LQ�WKH�QH[W�\HDU��*LYHQ�WKH�VL]H��RYHUDOO�DSSHDUDQFH
DQG� WKH�HVWLPDWHG�DJH�RI� WKH�RIIVSULQJ� �RQH�ZDV�D�QHZ�
ERUQ���LW�LV�KLJKO\�XQOLNHO\�WKDW�WKH�RIIVSULQJ�KDG�DOUHDG\
EHHQ� ZHDQHG�� 2QH� RI� WKH� WZR� IHPDOHV� ZDV� REVHUYHG
ZLWK� D� QHZERUQ� WZR� \HDUV� DIWHU� EHLQJ� VLJKWHG� ZLWKRXW
WKH�ILUVW�FDOI�IRU�WKH�ILUVW�WLPH�

6RPH�RIIVSULQJ��KRZHYHU��DSSHDUHG�WR�KDYH�VXUYLYHG
WKHLU� ILUVW� IHZ� \HDUV�� 2QH� SKRWR�LGHQWLILHG� IHPDOH� WKDW
ZDV�ILUVW�VHHQ�ZLWK�D�QHZERUQ�LQ�������ZDV�VWLOO�DFFRP�
SDQLHG�E\�D�FDOI�LQ������DQG�������'XH�WR�WKH�VL]H�DQG
RYHUDOO�DSSHDUDQFH�RI�WKH�REVHUYHG�FDOI��LW�LV�EHOLHYHG�WR
EH�WKH�VDPH�LQGLYLGXDO�ERUQ�LQ������

'ROSKLQV� ZHUH� REVHUYHG� LQ� DOO� PDLQ� EHKDYLRXUDO
VWDWHV�� WUDYHO�� GLYH�� GLYH�WUDYHO�� WUDZOHU� IROORZ�� VRFLDOL]�
LQJ��VRFLDO�WUDYHO��VXUIDFH�IHHGLQJ�DQG�PLOOLQJ�

7KH� EHKDYLRXUDO� VDPSOLQJ� UHVXOWHG� LQ� ��� FDVHV� LQ
ZKLFK� EHKDYLRXU� ZDV� GHWHUPLQHG� DW� WKH� EHJLQQLQJ� RI
HDFK�VLJKWLQJ��%HKDYLRXUDO�EXGJHW�EDVHG�RQ�WKLV�VDPSOH
LV� VKRZQ� LQ� 7DEOH� ��� 0RVW� FRPPRQ� EHKDYLRXUDO� VWDWH
ZDV� �GLYH�WUDYHO�� ��������� IROORZHG� E\� WKH� �DFWLYH
WUDZOHU� IROORZ�� �������� DQG� �WUDYHO�� ��������� $OWKRXJK
VXUIDFH� IHHGLQJ�ZDV�QHYHU� UHFRUGHG�DW� WKH�EHJLQQLQJ�RI
WKH�VLJKWLQJ�DQG�LV�WKHUHIRUH�QRW�UHSUHVHQWHG�LQ�WKH�VDP�
SOH�� LW� ZDV� REVHUYHG� GXULQJ� IRFDO� JURXS� IROORZV� LQ� DW
OHDVW�����RI�DOO�VLJKWLQJV�
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7DE�����6XPPDU\�RI�PDUN�UHFDSWXUH�DQDO\VHV�
/HJHQG��1KDW� �$QQXDO�HVWLPDWH�IRU�:HOO�0DUNHG��:0��DQLPDOV�RQO\��6(� �6WDQGDUG�(UURU��1727� �$QQXDO�HVWLPDWH
IRU�PDUNHG�DQG�XQPDUNHG�DQLPDOV��'727� �$QQXDO�GHQVLW\�IRU�PDUNHG�DQG�XQPDUNHG�DQLPDOV��QXPEHU�RI�DQLPDOV��
VL]H�RI�WKH�VWXG\�DUHD�LQ�NP����&9� �&RHIILFLHQW�RI�9DULDWLRQ������&,� �/RJ�QRUPDO�FRQILGHQFH�LQWHUYDOV�
7DE�����3RY]HWHN�DQDOL]�]�PHWRGR��ORYD�LQ�SRQRYQHJD�XORYD��
/HJHQGD��1KDW� OHWQD�RFHQD�ÉWHYLOD�R]QDàHQLK�ËLYDOL��:0��ËLYDOL��6(� �VWDQGDUGQD�QDSDND��1727� �OHWQD�RFHQD�ÉWHYLOD
R]QDàHQLK� LQ� QHR]QDàHQLK� ËLYDOL��'727�  � OHWQD� JRVWRWD� R]QDàHQLK� LQ� QHR]QDàHQLK� ËLYDOL� �ÉWHYLOR� ËLYDOL� �� YHOLNRVW
UD]LVNRYDOQHJD�REPRàMD�Y�NP����&9� �NRHILFLHQW�YDULDFLMH������&,� �/RJ�QRUPDOQL�LQWHUYDO�]DXSDQMD�

'DWDVHW
6WXG\�DUHD

�NP��
0RGHO 1KDW 6(

&DSWXUH
RFFDVLRQV

,GHQWLILHG
GROSKLQV

&DSWXUH
SUREDELOLW\

�:0 1727
'727

�Q�NP��
&9 ����&,

����� ��� � � � � �� ���� ���� � � � �
����� ��� 0�R� �� ���� � �� ���� ���� �� ����� ���� �����
����� ����� 0�WK� �� ���� � �� ���� ���� �� ����� ���� �����
����� ����� 0�R� �� ����� � �� ���� ���� ��� ����� ���� ������
����� ����� 0�W� �� ����� � �� ���� ���� �� ����� ���� ������
����� ����� 0�W� �� ���� � �� ���� ���� �� ����� ���� �����

$�UHODWLYHO\�KLJK�SHUFHQWDJH�RI� DOO� GROSKLQ� VLJKWLQJV
�������� LQYROYHG�DQ� LQWHUDFWLRQ�ZLWK�VRPH�W\SH�RI� ILVK�
HU\��,Q������RI�DOO�VLJKWLQJV��LQWHUDFWLRQ�ZDV�FRQVLGHUHG
OLNHO\��EXW�ZDV� QRW� FRQILUPHG��.QRZQ� FDVHV� RI� LQWHUDF�
WLRQV� �Q ����FRXOG� IXUWKHU�EH�GLYLGHG�DFFRUGLQJ� WR�JHDU
W\SH��PRVW�LQWHUDFWLRQV�RFFXUUHG�ZLWK�SHODJLF�SDLU�WUDZO�
HUV��������IROORZHG�E\�LQWHUDFWLRQV�ZLWK�ERWWRP�WUDZOHUV
��������� 2QH� VLJKWLQJ� LQYROYHG� WZR� VHSDUDWH� W\SHV� RI
LQWHUDFWLRQ��RQH�ZLWK�SHODJLF�SDLU�WUDZOHUV�DQG�RQH�ZLWK
D� ERWWRP� WUDZOHU��� 2QO\� RQH� FDVH� ZDV� FODVVLILHG� DV� DQ
LQWHUDFWLRQ� ZLWK� D� ERWWRP�VHW� JLOO� QHW�� LQYROYLQJ� RQH
LGHQWLILHG�LQGLYLGXDO�

$� JURXS� RI� SDUWLFXODU� LGHQWLILHG� LQGLYLGXDOV� UHVLGHQW
LQ�WKH�DUHD�RIWHQ�IROORZHG�WKH�VDPH�SDLU�RI�SHODJLF�SDLU�
WUDZOHUV��7KHVH�GROSKLQV�RIWHQ�VZDP�UDSLGO\�WRZDUGV�WKH
RSHUDWLQJ�WUDZOHUV��LQ�RUGHU�WR�VWDUW�IROORZLQJ�WKHLU�ZDNH
�DQG�SUHVXPDEO\�WR�IHHG���'XULQJ�KDXO�RXW�RI�WKH�QHWV�WKH
GROSKLQV� VRPHWLPHV� OHIW� VKRUWO\� DIWHU�� EXW� WKH\� RIWHQ
PLOOHG�LQ�WKH�DUHD�� IROORZLQJ�WKH�WUDZOHUV�SDVVLYHO\��,W� LV
QRW� FOHDU� ZKHWKHU� GROSKLQV� DOVR� IHG� RQ� GLVFDUGHG� ILVK�
6RPHWLPHV� WKH� WUDZOHUV� ZRXOG� PRYH� PRUH� WKDQ� �� NP
DZD\� DW� QRUPDO� WUDYHO� VSHHG� DQG� WKH� GROSKLQV� ZRXOG
IROORZ�� 2QFH� WKH� WUDZOHUV� VWDUWHG� WUDZOLQJ� DJDLQ�� WKH
GROSKLQV� UHVXPHG� WKH� DFWLYH� IROORZ��ZKLFK� ODVWHG� XQWLO
WKH�QH[W�KDXO�RXW��$W� WKDW� SRLQW�� WKH� GROSKLQV�PLOOHG� LQ
WKH�DUHD�IRU�D�ZKLOH�DQG�WKHQ�WUDYHOOHG�DZD\��XVXDOO\�WR�
ZDUGV�WKH�RSHQ�VHD��7KH�GHWDLOV�RI�KRZ�H[DFWO\�GROSKLQV
IHG�LQ�DVVRFLDWLRQ�ZLWK�SHODJLF�SDLU� WUDZOHUV�LV�\HW� WR�EH
GHWHUPLQHG�

,Q�FRQWUDVW��RWKHU� LGHQWLILHG� LQGLYLGXDOV�ZHUH� VLJKWHG
LQ�WKH�YLFLQLW\�RI�WKH�VDPH�SHODJLF�SDLU�WUDZOHUV��EXW�WKH\
GLG�QRW�HQJDJH�LQ�DQ\�W\SH�RI�LQWHUDFWLRQV��,QVWHDG��WKH\
FRQWLQXHG�GLYLQJ�LQ�WKH�VDPH�DUHD�HYHQ�DIWHU�WKH�WUDZOHUV
KDG�SDVVHG�WKHP�
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1XPEHU�RI�\HDUV�LQ�ZKLFK�WKH�GROSKLQ�ZDV�VHHQ
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)LJ�����)UHTXHQF\�GLVWULEXWLRQ�RI�WKH�QXPEHU�RI�\HDUV�LQ
ZKLFK�HDFK�LQGLYLGXDO�ZDV�VHHQ�
6O�����)UHNYHQàQD�SRUD]GHOLWHY�ÉWHYLOD�OHW��Y�NDWHULK�MH�ELO
RSDËHQ�YVDN�RVHEHN�

1R�LQFLGHQWDO�PRUWDOLW\�LQ�ILVKLQJ�JHDU��E\FDWFK��ZDV
UHFRUGHG� GXULQJ� GLUHFW� REVHUYDWLRQV� RI� GROSKLQ�ILVKHU\
LQWHUDFWLRQV��KRZHYHU��RQH�FDVH�RI�E\FDWFK��LQYROYLQJ�DQ
DGXOW� IHPDOH�HQWDQJOHG� LQ�D�ERWWRP�VHW�JLOO�QHW��ZDV� UH�
SRUWHG�E\�D�ORFDO�ILVKHUPDQ�

',6&866,21

'LVWULEXWLRQ��DEXQGDQFH��VLWH�ILGHOLW\�DQG�UDQJLQJ
SDWWHUQV

6LJKWLQJV� RI� GROSKLQV� VHHPHG� WR� EH� GLVWULEXWHG� XQ�
HYHQO\�DFURVV�WKH�VWXG\�DUHD��)LJ������6HYHUDO�IDFWRUV�PD\
KDYH� FRQWULEXWHG� WR� WKLV� ILQGLQJ�� )LUVWO\�� WKH� VLJKWLQJV
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GLVWULEXWLRQ� ZDV� QRW� ZHLJKWHG� E\� HIIRUW� GLVWULEXWLRQ�
7KHUHIRUH� WKH� ORFDWLRQ� RI� WKH� PRVW� VXLWDEOH� DQG� PRVW
FRPPRQO\� XVHG� ODQG� REVHUYDWLRQ� SRLQW� VXUHO\� DIIHFWHG
WKH� GLVWULEXWLRQ� RI� UHFRUGHG� VLJKWLQJV�� )XUWKHUPRUH�� WKH
VWDUWLQJ� KDUERXUV� RI� ERDW� VXUYH\V� PDGH� DUHDV� FORVHU� WR
WKHP�PRUH� VXUYH\HG� WKDQ� WKRVH� RQ� WKH� RXWVNLUWV� RI� WKH
VWXG\� DUHD�� 6HFRQGO\�� WKH� VWXG\� DUHD� ZDV� FRQWLQXRXVO\
H[SDQGLQJ�IURP������WR�������DIWHU�ZKLFK�LW�EHFDPH�RI
D� FRQVWDQW� VL]H��1HZ� VLJKWLQJV�ZHUH� WKHUHIRUH� UHFRUGHG
LQ� SUHYLRXVO\� XQVXUYH\HG� DUHDV�� 7KLUGO\�� VXUYH\V� ZHUH
FRQGXFWHG� LQ� D� QRQ�V\VWHPDWLF�ZD\�EHFDXVH� WKH\�ZHUH
PRUH� IRFXVHG� RQ� SKRWR�LGHQWLILFDWLRQ� UDWKHU� WKDQ� GH�
WHFWLQJ� VSDWLDO� GLVWULEXWLRQ� SDWWHUQV�� )XUWKHUPRUH�� RSHU�
DWLQJ�WUDZOHUV�RIWHQ�DWWUDFWHG�RXU�DWWHQWLRQ��,W�LV�WKHUHIRUH
FOHDU� WKDW� D� FRPSOHWHO\� HTXDO� FRYHUDJH� ZDV� QRW
DFKLHYHG��1HYHUWKHOHVV��VRPH�RI�WKH�PRVW�VXUYH\HG�DUHDV
DSSHDUHG� WR� EH� XVHG� OHVV� IUHTXHQWO\� E\� WKH� GROSKLQV�
3RVVLEOH� ELDV� UHVXOWLQJ� IURP� GLIIHUHQFHV� LQ� GROSKLQ� GH�
WHFWDELOLW\� LV�QRW� OLNHO\��EHFDXVH� VXUYH\V�ZHUH� RQO\� FDU�
ULHG�RXW� LQ� JRRG� VXUYH\�FRQGLWLRQV�� IROORZLQJ� WKH� VDPH
SURWRFROV�

7HPSRUDO� GLVWULEXWLRQ�RI� VXUYH\� HIIRUW� GLG� QRW� DOORZ
IRU� FRPSDULVRQV� EHWZHHQ� VHDVRQV�� 7KHUH� ZHUH� VRPH
GLIIHUHQFHV�LQ�GLVWULEXWLRQ�EHWZHHQ�FHUWDLQ�\HDUV��EXW�WKDW
ZDV� OLNHO\� DQ� DUWHIDFW� RI� WKH� GLIIHUHQW� VDPSOLQJ� UHJLPH
EHWZHHQ� \HDUV�� HVSHFLDOO\� LQ� WKH� ILUVW� IHZ� \HDUV� RI� WKH
VWXG\��ODQG�YV��ERDW�VXUYH\V��FRYHUDJH�RI�DGMDFHQW�DUHDV
DV�WKH�VWXG\�SURJUHVVHG��HWF���

'ROSKLQ�GLVWULEXWLRQ�RYHUODSSHG�ZLWK�DUHDV�XVHG� LQ�
WHQVLYHO\� E\� ILVKHUPHQ� DQG� PDQ\� VLJKWLQJV� ZHUH� UH�
FRUGHG�GXULQJ� LQWHUDFWLRQV�ZLWK� ILVKHU\� �*HQRY�� ����D�
*HQRY� 	� .RWQMHN�� ������� 'ROSKLQV� ZHUH� REVHUYHG� IRO�
ORZLQJ�SHODJLF�SDLU�WUDZOHUV�DFWLYHO\�GXULQJ�WUDZOLQJ�DQG
SDVVLYHO\�GXULQJ�KDXO�RXW��7KHUHIRUH�� LW� LV� UHDVRQDEOH� WR
DVVXPH� WKDW� ILVKLQJ� RSHUDWLRQV� PXVW� KDYH� KDG� DW� OHDVW
VRPH� HIIHFW� RQ� VPDOO�VFDOH� PRYHPHQW� SDWWHUQV� RI� GRO�
SKLQV�

7DE�� ��� %HKDYLRXUDO� EXGJHW�� EDVHG� RQ� ��� EHKDYLRXUDO
VDPSOHV�WDNHQ�DW�WKH�EHJLQQLQJ�RI�HDFK�VLJKWLQJ�
7DE�� ��� 'HOHËL� YHGHQMVNLK� NDWHJRULM� JOHGH� QD� ��� YH�
GHQMVNLK� Y]RUFHY�� NL� VR�ELOL� ]EUDQL� RE� ]DàHWNX� YVDNHJD
RSDËDQMD�

%HKDYLRXUDO�VWDWH )UHTXHQF\ �
'LYH�WUDYHO �� ����
$FWLYH�WUDZOHU�IROORZ �� ����
7UDYHO �� ����
'LYH � ���
3DVVLYH�WUDZOHU�IROORZ � ���
6RFLDOL]LQJ � ���
6RFLDO�WUDYHO � ���
0L[HG � ���
7RWDO �� ���

'ROSKLQV�RIWHQ�DSSURDFKHG�WKH�FRDVW�WR�DV�OLWWOH�DV���
P� IURP� VKRUH� DQG� HQWHUHG� ED\V� ZKLFK� DUH� XVHG� LQWHQ�
VLYHO\� E\� KXPDQV� �)LJ�� ���� ,W� LV� ZRUWK� QRWLQJ� WKDW� WKH
FRDVWDO�ZDWHUV�RI� WKH�VWXG\�DUHD�DUH�XVHG� LQWHQVLYHO\�E\
UHFUHDWLRQDO�ERDWV�LQ�VXPPHU��0RULJHQRV��XQSXEO��GDWD��
,W� KDV� EHHQ� GHPRQVWUDWHG� WKDW� UHFUHDWLRQDO� ERDWLQJ� FDQ
KDYH� VWURQJ� DGYHUVH� LPSDFWV� RQ� GROSKLQV� XVLQJ� FRDVWDO
KDELWDWV�� DIIHFWLQJ� WKHLU� GLVWULEXWLRQ�� EHKDYLRXU� DQG� YR�
FDOLVDWLRQV�DQG� LQFUHDVLQJ� WKH� ULVN�RI�FROOLVLRQV� �-DQLN�	
7KRPSVRQ�� ������ :HOOV� 	� 6FRWW�� ������ +DVWLH� HW� DO��
������ %XFNVWDII�� ������ )RUWXQD�� ������ *HQRY�� ����E�
/HPRQ� HW� DO��� ������ /XVVHDX�� ������ 5DNR�� ������� 3UH�
OLPLQDU\� DQDO\VLV� RI� VXPPHU� GLVWULEXWLRQ� GDWD� VXJJHVWV
WKDW�GROSKLQV�DYRLG�DUHDV�FORVH� WR�VKRUH�GXULQJ� WKH�GD\
�EHWZHHQ�������DQG�������KUV���KHDGLQJ�RXW�WR�WKH�RSHQ
VHD�LQ�WKH�PRUQLQJ�ZKHQ�WKH�QXPEHU�RI�ERDWV�LQFUHDVHV
DQG�DSSURDFKLQJ�WKH�FRDVW�DJDLQ�WR�OHVV�WKDQ���NP�IURP
VKRUH�LQ�ODWH�DIWHUQRRQ�ZKHQ�WKH�QXPEHU�RI�ERDWV�DW�VHD
GHFUHDVHV�

7KH� GLVWDQFHV� EHWZHHQ� VLJKWLQJ� ORFDWLRQV� RI� LGHQWL�
ILHG�GROSKLQV�VKRZHG� WKDW�GROSKLQV�DUH�QRW�FRQILQHG� WR
RQH�VPDOO�DUHD��EXW�FDQ�WUDYHO�FRQVLGHUDEOH�GLVWDQFHV�LQ
UHODWLYHO\� VKRUW� WLPH�� DV� ZDV� GHPRQVWUDWHG� LQ� RWKHU� LQ�
VKRUH�SRSXODWLRQV�RI�ERWWOHQRVH�GROSKLQV��:�UVLJ�������
%HDU]L� HW� DO��� ������ :LOVRQ� HW� DO��� ������ ������� 7KH
PD[LPXP�UHFRUGHG�OLQHDU�GLVWDQFH�EHWZHHQ�WZR�VLJKWLQJ
ORFDWLRQV� RI� VHYHUDO� LGHQWLILHG� LQGLYLGXDOV� ZDV� EHWZHHQ
��� DQG� ��� NP�� 7ZR� DGXOWV�� IRU� H[DPSOH�� ZHUH� SKRWR�
JUDSKHG� LQ�ZDWHUV� RII� 3LUDQ� RQ� �� 6HSWHPEHU� ����� DQG
WKHQ� DJDLQ� RQ� ��� 6HSWHPEHU� ����� PRUH� WKDQ� ��� NP
DZD\��+RZHYHU��WKHVH�GLVWDQFHV�DUH�OLNHO\�DQ�DUWHIDFW�RI
WKH� VL]H� RI� WKH� VWXG\� DUHD� DQG� WKHUHIRUH� XQGHUHVWLPDWH
WKH�GROSKLQV¤�WUXH�UDQJLQJ�OLPLWV��0RUHRYHU��JUHDW�GLIIHU�
HQFHV�ZHUH�REVHUYHG� LQ� WLPH�VSHQW� WR� ILQG� WKH�DQLPDOV�
6RPHWLPHV�GROSKLQV�FRXOG�QRW�EH� VHHQ�RQ� VHYHUDO� FRQ�
VHFXWLYH�VXUYH\V��ZKLOH�WKH\�FRXOG�RIWHQ�EH�IRXQG�ZLWKLQ
PLQXWHV�RU�KRXUV�RI�VHDUFK�RQ�VHYHUDO�RWKHU�FRQVHFXWLYH
GD\V��7KLV� VXJJHVWV� WKDW�GROSKLQ�GLVWULEXWLRQ�ZDV�KLJKO\
YDULDEOH�DQG� WKDW�GROSKLQV� UDQJHG�ZLWKLQ�DQ�DUHD�PXFK
JUHDWHU� WKDQ� WKH�FKRVHQ�VWXG\�DUHD��'ROSKLQV
� UHODWLYHO\
ODUJH�UDQJHV��OLNH�WKRVH�UHFRUGHG�LQ�0RUD\�)LUWK�LQ�6FRW�
ODQG� �:LOVRQ�� ������ :LOVRQ� HW� DO��� ������ ������� PD\
VXJJHVW� WKDW� WKH� GROSKLQV� IHHG� RQ� SDWFK\� DQG� XQSUH�
GLFWDEO\�GLVWULEXWHG�SUH\��:LOVRQ���������$GGLWLRQDO�VXU�
YH\�HIIRUW� LQ�QRQ�VXPPHU�PRQWKV� LV�QHHGHG� LQ�RUGHU� WR
DFTXLUH� LQVLJKWV� LQWR� GLVWULEXWLRQ� SDWWHUQV� LQ� RWKHU� VHD�
VRQV� RI� WKH� \HDU� DQG� WR� HQDEOH� FRPSDULVRQV� EHWZHHQ
VHDVRQV�� )XUWKHUPRUH�� WKLV� LV� QHHGHG� WR� GHWHUPLQH
ZKHWKHU�GROSKLQ�GLVWULEXWLRQ�LQ�VXPPHU�LV�LQGHHG�WUDIILF�
UHODWHG� RU� LI� LW� VLPSO\� UHIOHFWV� GROSKLQV
� QDWXUDO� PRYH�
PHQW�SDWWHUQV�



$11$/(6�©�6HU��KLVW��QDW��©����©������©��

7LOHQ�*(129�HW�DO���%277/(126(�'2/3+,16��7856,236�7581&$786��,1�6/29(1,$1�$1'�$'-$&(17�:$7(56��1257+(51�$'5,$7,&�6($����������

���

�

�

�

�

�

��

��

��

� � � �� �� �� �� �� �� �� �� �� �� �� �� �� ��
*URXS�VL]H

)U
HT
XH
QF
\

)LJ�����)UHTXHQF\�GLVWULEXWLRQ�RI�JURXS�VL]H�
6O�����)UHNYHQàQD�SRUD]GHOLWHY�YHOLNRVWL�VNXSLQ�

7KH�VL]H�RI� WKH�KRPH�UDQJH�RI� LGHQWLILHG� LQGLYLGXDOV
UHPDLQV� XQNQRZQ�� KRZHYHU�� D� FRPSDULVRQ� ZLWK� WKH
SKRWR�LGHQWLILFDWLRQ�FDWDORJXH�RI�WKH�ORFDO�SRSXODWLRQ�LQ
.YDUQHULß�� &URDWLD� �%HDU]L� HW� DO��� ������ %HDU]L� HW� DO��
������ 0DFNHOZRUWK� HW� DO��� ������ )RUWXQD�� ������� OHVV
WKDQ�����NP�DZD\��GLG�QRW�\LHOG�D�VLQJOH�PDWFK��*HQRY
	�)RUWXQD��������*HQRY�	�:LHPDQQ��������

5HVLJKWLQJ� UDWHV� ZLWKLQ� DQG� EHWZHHQ� \HDUV� KDYH
VKRZQ�D�UHODWLYHO\�KLJK�UDWH�RI�VLWH�ILGHOLW\�IRU�VRPH�LQGL�
YLGXDOV��7DE�����)LJ�����DOWKRXJK�D�ODUJH�QXPEHU�RI�LQGL�
YLGXDOV�ZHUH�VLJKWHG�RQO\�RQFH��,Q�.YDUQHULß��RQO\�D�IHZ
DQLPDOV�ZHUH�VLJKWHG�RQFH��%HDU]L�HW�DO����������7KH�GLV�
FRYHU\�FXUYH� �)LJ�� ��� VXJJHVWV� WKDW�PRVW� GROSKLQV� XVLQJ
6ORYHQLDQ� ZDWHUV� RQ� D� UHJXODU� EDVLV� KDYH� OLNHO\� EHHQ
LGHQWLILHG�� $IWHU� DQ� LQLWLDO� VWHHS� ULVH� �DV� ILUVW� GROSKLQV
ZHUH�EHLQJ�LGHQWLILHG��UHVXOWLQJ�LQ�PDQ\�QHZ�GROSKLQV�LQ
HDFK� SKRWR�LGHQWLILFDWLRQ� VHVVLRQ��� WKH� FXUYH� VORZO\
VWDUWHG�OHYHOOLQJ�RXW��ZLWK�IHZHU�QHZO\�LGHQWLILHG�DQLPDOV
DGGHG�WR�WKH�FDWDORJXH��+RZHYHU��JLYHQ�WKH�IDFW�WKDW�WKH
VWXG\� DUHD� ZDV� SUREDEO\� VPDOOHU� WKDQ� WKH� SRSXODWLRQ
UDQJH�� WKH� DQLPDOV� HQFRXQWHUHG� UHJXODUO\� DUH� OLNHO\� D
SDUW�RI�D�ELJJHU�SRSXODWLRQ��7KLV�LV�VXSSRUWHG�E\�WKH�IDFW
WKDW�RQFH�WKH�FXUYH�KDG�VWDUWHG�DSSURDFKLQJ�D�KRUL]RQWDO
DV\PSWRWH� IRU� WKH� ILUVW� WLPH�� LW� KDV� ULVHQ� RQFH� PRUH� LQ
������ZKLFK�FRUUHVSRQGV� WR� WZR� VLJKWLQJV�RI� ODUJH� GRO�
SKLQ�JURXSV�DW�WKH�RXWHU�HGJH�RI�WKH�VWXG\�DUHD��UHVXOWLQJ
LQ�QHZO\�LGHQWLILHG�GROSKLQV��7KH�SUHYLRXVO\�NQRZQ�GRO�
SKLQV� ZHUH� LGHQWLILHG� LQ� WKHVH� WZR� VLJKWLQJV� DV� ZHOO�
1HYHUWKHOHVV��VRPH�UHFUXLWPHQW�RI�QHZ�DQLPDOV�LQWR�WKH
FDWDORJXH� VWLOO� RFFXUUHG�HYHQ� LQ� WKH� RULJLQDO� VWXG\� DUHD
DORQH��)RU�H[DPSOH��WZR�VLJKWLQJV�RI�ODUJH�JURXSV�RI�GRO�
SKLQV� LQ� 3LUDQ�%D\� LQ� VXPPHU� ����� UHVXOWHG� LQ� VHYHUDO
QHZ�LGHQWLILHG�LQGLYLGXDOV�DQG�WKHUHIRUH�D�VWHHSHU�VORSH
RI� WKH� FXUYH� LQ� WKDW� SHULRG�� $IWHU� WKLV� ULVH�� WKH� FXUYH
VWDUWHG� OHYHOOLQJ� RXW� DJDLQ� E\� WKH� HQG� RI� WKH� VWXG\� SH�
ULRG�

%DVHG� RQ� UHVLJKWLQJ� IUHTXHQFLHV�� ��� GROSKLQV� DS�
SHDUHG� WR� XVH� WKH� DUHD� RQ� D� UHODWLYHO\� UHJXODU� EDVLV�

+RZHYHU�� WKH� FXPXODWLYH� QXPEHU� RI� UHVLJKWLQJV� VKRXOG
EH� LQWHUSUHWHG� ZLWK� FDUH�� DV� WKH� QXPEHU� RI� UHVLJKWLQJV
DORQH� PLJKW� QRW� QHFHVVDULO\� UHIOHFW� WUXH� UHVLGHQF\�� )RU
H[DPSOH��RQH�SDUWLFXODU�IHPDOH�DQG�KHU�LGHQWLILDEOH�FDOI
ZHUH� VHHQ� �� WLPHV� LQ� ������ EXW� ZHUH� QHYHU� REVHUYHG
DJDLQ�� ,Q� FRQWUDVW�� DQRWKHU� LQGLYLGXDO� ZDV� �RQO\�� RE�
VHUYHG� �� WLPHV�� RQFH� LQ� ������ ������ ����� DQG� ����
HDFK�DQG�WZLFH�LQ�������$QRWKHU�IHPDOH�ZDV�VHHQ�D�IHZ
WLPHV� HYHU\� VHFRQG� \HDU�� $OO� RI� WKHVH� LQGLYLGXDOV� ZHUH
REVHUYHG� LQ� DVVRFLDWLRQ� ZLWK� KLJKO\� UHVLGHQW� GROSKLQV
�WKRVH� WKDW� KDG� WKH� KLJKHVW� UHVLJKWLQJ� UDWHV� ERWK�ZLWKLQ
DQG�EHWZHHQ�\HDUV���,V�D�GROSKLQ�VLJKWHG�VHYHUDO�WLPHV�LQ
D�VLQJOH�\HDU�PRUH�UHVLGHQW�WKDQ�D�GROSKLQ�WKDW�ZDV�VHHQ
RQO\�D�IHZ�WLPHV��EXW�DSSHDUV�WR�XVH�WKH�DUHD�RQ�D�\HDUO\
EDVLV"� )RU� WKLV� UHDVRQ�� UHVLJKWLQJ� UDWHV� ERWK�ZLWKLQ� DQG
EHWZHHQ� \HDUV� VKRXOG� EH� FRQVLGHUHG� LQ� LQWHUSUHWLQJ
WKHVH�GDWD��,Q�WKLV�UHVSHFW��UHVLGHQF\�VKRXOG�EH�UHJDUGHG
DV� WKH� IUHTXHQW� DQG� ORQJ�WHUP� XVH� RI� WKH� DUHD� E\� WKH
DQLPDOV��:KHQ�UHVLJKWLQJV�ZLWK�\HDUV�DV�VDPSOLQJ�RFFD�
VLRQV� DUH� FRQVLGHUHG�� ��� GROSKLQV� DSSHDUHG� WR� XVH� WKH
DUHD�RQ�D�UHODWLYHO\�UHJXODU�\HDUO\�EDVLV�

6XEVHTXHQWO\��WKRVH�GROSKLQV�WKDW�PDWFKHG�WKH�FDWH�
JRULHV� �FRPPRQ��� �IUHTXHQW�� DQG� �RFFDVLRQDO��EDVHG�RQ
WKHLU� RYHUDOO� UHVLJKWLQJ� IUHTXHQF\� DQG� WKH� FDWHJRU\
�FRPPRQ�� DQG� �RFFDVLRQDO�� EDVHG� RQ� WKH� QXPEHU� RI
\HDUV�LQ�ZKLFK�WKH\�ZHUH�VHHQ�ZHUH�FRQVLGHUHG�UHVLGHQW�
7KLV� UHVXOWHG� LQ� ��� ZHOO�PDUNHG� GROSKLQV� EHLQJ� WUXH
UHVLGHQWV�LQ�WKH�DUHD��7KLV�RI�FRXUVH�GRHV�QRW�UHIOHFW� WKH
WRWDO�QXPEHU�RI�DQLPDOV�XVLQJ� WKH�DUHD��5DUHO\�HQFRXQ�
WHUHG�ZHOO�PDUNHG�DQLPDOV��SRRUO\�PDUNHG�DQLPDOV� DQG
WKH�ODFN�RI�VXUYH\�HIIRUW�LQ�QRQ�VXPPHU�PRQWKV�DOO�QHHG
WR�EH�WDNHQ�LQWR�DFFRXQW�

0DUN�UHFDSWXUH� HVWLPDWHV� �7DE�� ��� VKRZHG� WHPSRUDO
YDULDELOLW\� RI� GROSKLQ� GHQVLW\� DQG� DUHD� XVH�� EXW� WKLV
FRXOG�DOVR�SRWHQWLDOO\�EH�GXH� WR�YDULDWLRQ�RI�RXU�VSDWLDO
DQG�WHPSRUDO�FRYHUDJH�RI�WKH�VWXG\�DUHD��&RQFHUQLQJ�WKH
QXPEHU�RI�DQLPDOV� IUHTXHQWLQJ�6ORYHQLDQ� WHUULWRULDO�ZD�
WHUV�� WKH� DQQXDO� GHQVLW\� HVWLPDWHV� IRU� ����� DQG� ����
VHHP� WR� EH� JRRG�EDVHOLQH� LQIRUPDWLRQ� IRU� FRQVHUYDWLRQ
PDQDJHPHQW��7KH�DQQXDO�DEXQGDQFH�HVWLPDWHV�EHWZHHQ
WKHVH�WZR�\HDUV�DUH�GLIIHUHQW��EXW�GHQVLWLHV�DUH�WKH�VDPH�
7KH�GLIIHUHQFHV� LQ� DEXQGDQFH�HVWLPDWHV� VHHP� WR� UHIOHFW
GLIIHUHQFHV�LQ�WKH�VL]H�RI�WKH�VWXG\�DUHD�DQG�WKH�GLVWULEX�
WLRQ�RI�HIIRUW��,W�VKRXOG�EH�QRWHG�WKDW�WKH�DPRXQW�RI�HIIRUW
LQ� �����ZDV� ORZHU� WKDQ� LQ� ������ SRVVLEO\� PDNLQJ� WKH
HVWLPDWH�IRU������PRUH�UHOLDEOH��)XUWKHUPRUH��WKH�PRGHO
0W�IRU������DOORZV�FDSWXUH�SUREDELOLWLHV�WR�YDU\�E\�WLPH
�VDPSOLQJ�RFFDVLRQ��DQG�WKXV�SRVVLEO\�PDNLQJ�WKH�XVH�RI
WKLV� PRGHO� PRUH� DSSURSULDWH� WKDQ� WKH� QXOO� HVWLPDWRU
�PRGHO�0���XVHG�IRU�������:LOVRQ�HW�DO����������7KH�\HDU
����� JLYHV� JRRG� DSSUR[LPDWLRQ� RI� WKH� QXPEHU� RI� DQL�
PDOV�XVLQJ�QRW�RQO\�6ORYHQLDQ�WHUULWRULDO�ZDWHUV��EXW� WKH
ZKROH�VWXG\�DUHD��7KH�PRGHO�0WK�XVHG� IRU������DOORZV
FDSWXUH�SUREDELOLWLHV� WR� YDU\�E\� WLPH� DQG�E\� LQGLYLGXDO
DQLPDO��WKXV�PDNLQJ�WKLV�PRGHO�SUHIHUDEOH�IRU�ERWWOHQRVH
GROSKLQV��:LOVRQ�HW�DO���������%HDU]L�HW�DO�������D���7KH
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\HDU������UHVXOWHG�LQ�KLJKHU�DEXQGDQFH�DQG�GHQVLW\�HV�
WLPDWHV��EXW�EHIRUH�DQ\�VSHFXODWLRQ�FDQ�EH�PDGH�RQ�WKH
SRVVLEOH�UHDVRQV��PRUH�DWWHQWLRQ�VKRXOG�EH�JLYHQ� WR� WKH
VSDWLDO� GLVWULEXWLRQ� RI� WKH� VHDUFKLQJ� HIIRUW�� $V� QRWHG
DERYH��WKH�HVWLPDWHV�IRU������PRVW�OLNHO\�FRUUHVSRQG�WR
WZR�VLJKWLQJV�RI� ODUJH�GROSKLQ�JURXSV�DW� WKH�RXWHU� HGJH
RI� WKH� VWXG\� DUHD�� UHVXOWLQJ� LQ� KLJKHU� QXPEHU� RI� LGHQWL�
ILHG�GROSKLQV��,Q�������GROSKLQ�GHQVLW\�ZDV�ORZHU�FRP�
SDUHG�WR�RWKHU�\HDUV��7KLV�UHIOHFWV�D�UHODWLYHO\�ORZ�QXP�
EHU� RI� GROSKLQ� VLJKWLQJV� LQ� WKLV� SDUWLFXODU� \HDU�� GHVSLWH
WKH� ZLGH� FRYHUDJH� RI� WKH� VWXG\� DUHD�� 7KLV� IXUWKHU� VXJ�
JHVWV� YDULDELOLW\� LQ� GROSKLQ� GHQVLW\� DQG� WKH� QXPEHU� RI
DQLPDOV� XVLQJ� WKH� DUHD�� 7KH� DEXQGDQFH� HVWLPDWH� IRU
�����LV�WKH�VDPH�IRU������DQG�������+RZHYHU��WKH�FRQ�
ILGHQFH�LQWHUYDO�IRU�WKLV�\HDU�LV�UDWKHU�ZLGH��ZKLFK�PDNHV
WKLV�\HDU�LQDSSURSULDWH�IRU�EDVHOLQH�LQIRUPDWLRQ�

,Q� JHQHUDO�� HYHQ� WKRXJK� WKHVH� HVWLPDWHV� VKRXOG� EH
FRQVLGHUHG� RQO\� SUHOLPLQDU\�� VLQFH� PRUH� WKRURXJK
HYDOXDWLRQ� VKRXOG� EH� JLYHQ� WR� WKH� DQQXDO� VSDWLDO� GLVWUL�
EXWLRQ�RI� HIIRUW�� DOO� HVWLPDWHV� VKRZHG� JRRG� FRHIILFLHQWV
RI�YDULDWLRQ�DQG�D� VWURQJ�FRQVLVWHQF\�DPRQJ� WKHP��7KH
RQO\�H[FHSWLRQ�LV�WKH�HVWLPDWH�IRU�������ZKLFK�LV�SURED�
EO\� ELDVHG� E\� WKH� ORZ� QXPEHU� RI� VDPSOLQJ� RFFDVLRQV
DQG� WKHUHIRUH� ORZ� QXPEHU� RI� UHVLJKWLQJV�� ,QWHUHVWLQJO\�
DQQXDO�GHQVLWLHV�ZHUH�KLJKO\�FRQVLVWHQW��DW�OHDVW�EHWZHHQ
����������� GHVSLWH� WKH� VWURQJ� LQFUHDVH� LQ� WKH� VL]H� RI
VWXG\�DUHD�

6RFLDO�VWUXFWXUH��EHKDYLRXU�DQG�LQWHUDFWLRQV
ZLWK�ILVKHU\

7KH� GLIIHUHQFHV� LQ� HFRORJ\� RI� GLIIHUHQW� SRSXODWLRQV
DQG�WKH�GLIIHUHQFHV�LQ�WKH�GHILQLWLRQV�RI�D�GROSKLQ�JURXS
E\� GLIIHUHQW� DXWKRUV� �WKHVH� WZR� IDFWRUV� DUH� LQKHUHQWO\
OLQNHG�� PDNH� LW� GLIILFXOW� WR� FRPSDUH� PHDQ� JURXS� VL]HV
EHWZHHQ�WKLV�DQG�RWKHU�SRSXODWLRQV�ZRUOGZLGH��$QRWKHU
SUREOHP� LQ� FRPSDULQJ� PHDQ� YDOXHV� LV� LQ� WKH� YDOXHV
WKHPVHOYHV�� $OWKRXJK�PRVW� VWXGLHV� SURYLGH� LQIRUPDWLRQ
RQ�WKH�PHDQ�YDOXHV�RI�JURXS�VL]H��WKHVH�YDOXHV�DUH�SRRU
DW�GHVFULELQJ�KLJKO\�VNHZHG�GDWD��DV� LW� LV�RIWHQ� WKH�FDVH
ZLWK�JURXS�VL]H�GDWD� �:LOVRQ���������0HGLDQ�DQG� LQWHU�
TXDUWLOH� UDQJH� VWDWLVWLFV� DUH� OHVV� LQIOXHQFHG� E\� RXWOLHUV
DQG� DUH� WKHUHIRUH� EHWWHU� VXLWHG� WR� VXFK� GDWD� �:LOVRQ�
������

%RWK�PHDQ�DQG�PHGLDQ�YDOXHV�RI�JURXS�VL]H�IURP�WKLV
VWXG\�� FDOFXODWHG� IURP� VHWV�� FDQ� KRZHYHU� EH� FRPSDUHG
WR�D�VWXG\�LQ�WKH�VDPH�JHRJUDSKLFDO�UHJLRQ��WKH�QRUWKHUQ
$GULDWLF� 6HD��� XVLQJ� WKH� VDPH� PHWKRGRORJ\� DQG� JURXS
VL]H�GHILQLWLRQ��%HDU]L�HW�DO����������7KH�PHDQ�JURXS�VL]H
RI���LV�FRPSDUDEOH�WR�WKH�PHDQ�JURXS�VL]H�RI������EDVHG
RQ�D�ODUJH�VDPSOH�VL]H�RI���PLQ�VDPSOHV��DQG�WKH�PHDQ
JURXS� VL]H�RI������ �REWDLQHG�E\�DYHUDJLQJ�DOO� VHW� VL]HV�
UHJDUGOHVV�RI�WKHLU�GXUDWLRQ��ZKLFK�ZDV�DOVR�D�PHWKRG�LQ
WKH� SUHVHQW� VWXG\�� UHFRUGHG� E\� %HDU]L� HW� DO�� ������� LQ
.YDUQHULß�� &URDWLD�� 7KLV� YDOXH� LV� DOVR� FRPSDUDEOH� WR
RWKHU�SRSXODWLRQV�RI�LQVKRUH�ERWWOHQRVH�GROSKLQV��IRU�H[�

DPSOH�LQ�6FRWODQG�DQG�)ORULGD��:LOVRQ��������&RQQRU�HW
DO��� ������� 7KH� PHGLDQ� YDOXH� RI� ��� KRZHYHU�� ZKLFK� LV
RIWHQ� EHWWHU� VXLWHG� WR� JURXS� VL]H� GDWD�� ZDV� LGHQWLFDO� WR
WKH�PHGLDQ�YDOXH���LQ�.YDUQHULß��%HDU]L�HW�DO���������DQG
DOPRVW�WKH�VDPH�DV�WKH�PHGLDQ�YDOXH�����LQ�0RUD\�)LUWK�
6FRWODQG��:LOVRQ���������7KH�JURXS�VL]H�UDQJH��������LV
DOVR� YHU\� VLPLODU� WR� WKDW� UHSRUWHG� E\�:LOVRQ� ������� LQ
0RUD\� )LUWK�� 6FRWODQG� �������� +RZHYHU�� VLQJOH� DQLPDOV
ZHUH� QRW� FRPPRQO\� REVHUYHG� LQ� 0RUD\� )LUWK�� DV� WKH\
UHSUHVHQWHG� ����� RI� WKH� VDPSOH� �:LOVRQ�� ������� ZKLOH
WKH\�UHSUHVHQWHG�WKH�PRGDO�FODVV�DQG�������RI�WKH�VDP�
SOH�LQ�WKH�SUHVHQW�VWXG\��)LJ�����

7KH� VL]H� RI� ERWWOHQRVH� GROSKLQ� JURXSV� XVXDOO\� LQ�
FUHDVHV�ZLWK� WKH� LQFUHDVLQJ� GLVWDQFH� IURP� VKRUH� �6KDQH
HW�DO���������&RQQRU�HW�DO����������*LYHQ�WKH�FKDUDFWHULV�
WLFV� RI� WKH� QRUWKHUQ� $GULDWLF� 6HD� LQ� JHQHUDO� DQG� WKH
FRPPRQ�XVH�RI�DUHDV�FORVH�WR�VKRUH�E\�WKH�GROSKLQV��WKLV
LV�FRQVLVWHQW�ZLWK�UHODWLYHO\�VPDOO�VL]HV�RI�JURXSV�LQ�WKLV
VWXG\��DV�WKH\�PDLQO\�FRQWDLQHG�OHVV�WKDQ����LQGLYLGXDOV
�)LJ�� ���� 7KH� FRPSRVLWLRQ� RI� GROSKLQ� JURXSV� LQGLFDWHG
WKDW�� DOWKRXJK� FKDQJHV� LQ� JURXS� VL]H� DQG� FRPSRVLWLRQ�
W\SLFDO� IRU� WKH� ILVVLRQ�IXVLRQ�VRFLHWLHV�RI�ERWWOHQRVH�GRO�
SKLQV��:LOVRQ��������%HDU]L�HW�DO���������&RQQRU�HW�DO��
�������GR�RFFXU�� VRPH� JURXS� VWDELOLW\�ZDV� SUHVHQW��'L�
UHFW�REVHUYDWLRQV�RI�LQWHUPL[LQJ�RI�GROSKLQ�JURXSV�ZLWKLQ
VLJKWLQJV� ZDV� PXFK� OHVV� IUHTXHQW� WKDQ� LQ� .YDUQHULß�
ZKHUH� D� FKDQJH� LQ� JURXS� VL]H� DQG� FRPSRVLWLRQ� �D
FKDQJH�RI�VHW��RFFXUUHG�RQ�DYHUDJH�HYHU\�KRXU��%HDU]L�HW
DO��� �������7KLV� FRXOG�SRVVLEO\�EH� UHODWHG� WR� ORZHU�GRO�
SKLQ� GHQVLW\� LQ� WKH� SUHVHQW� VWXG\� DUHD� DQG�RU� WR� GLIIHU�
HQFHV�LQ�HFRORJ\��VRFLDO�VWUXFWXUH�DQG�KDELWDW�XVH�

1R�HYLGHQFH�RI�VH[XDO�RU�DJH�VHJUHJDWLRQ�ZDV�IRXQG�
)UHTXHQW� REVHUYDWLRQ� RI� PRWKHU�RIIVSULQJ� SDLUV� �LQFOXG�
LQJ� QHZERUQV�� DQG� UHSHDWHG� VLJKWLQJV� RI� WKH� VDPH
PRWKHU�RIIVSULQJ� SDLUV� RYHU� VHYHUDO� \HDUV� LQGLFDWH� WKDW
ERWWOHQRVH� GROSKLQV� DUH� EUHHGLQJ� DQG� QXUVLQJ� LQ� WKH
DUHD�

1R� HYLGHQFH� RI� VKDUN� SUHGDWLRQ�ZDV� REVHUYHG�� 7KH
RQO\� VSHFLHV� RI� VKDUNV� NQRZQ� WR� KDYH� RFFDVLRQDOO\� IHG
RQ�ERWWOHQRVH�GROSKLQV�LQ�WKH�$GULDWLF�LV�WKH�JUHDW�ZKLWH
VKDUN� �&DUFKDURGRQ� FDUFKDULDV��� ZKLFK� LV� FRQVLGHUHG
UDUH�LQ�WKH�UHJLRQ�DW�SUHVHQW�WLPHV��'H�0DGGDOHQD�������
/LSHM�HW�DO���������

$OWKRXJK� WKH� VDPSOLQJ� WHFKQLTXHV� DQG� VDPSOH� VL]H
GLG� QRW� DOORZ� IRU� DQ\� EHKDYLRXUDO� EXGJHW� DQDO\VLV�� DQ
XVHIXO� LQLWLDO� LQVLJKW� ZDV� JDLQHG� LQWR� WKH� EHKDYLRXU� RI
ERWWOHQRVH�GROSKLQV�LQ�WKH�VWXG\�DUHD��%HKDYLRXUDO�VWDWHV
GLYH�WUDYHO��GLYH��VXUIDFH�IHHGLQJ�DQG� WUDZOHU� IROORZ�DUH
WKRXJKW�WR�EH�OLQNHG�WR�IRUDJLQJ�RU�IRRG�VHDUFK��%HDU]L�HW
DO���������� ,Q� WKH�SUHVHQW� VWXG\�GLYH� WUDYHO�� GLYH��DFWLYH
WUDZOHU� IROORZ� DQG� SDVVLYH� WUDZOHU� IROORZ� �IRUDJLQJ�
UHODWHG�EHKDYLRXUV��FRQVWLWXWH�������RI�WKH�WRWDO�VDPSOH
VL]H� �7DE�� ���� %HDU]L�HW� DO�� ������� UHSRUWHG� ���� RI� WKH
EHKDYLRXUDO�EXGJHW�WR�EH�IRUDJLQJ�UHODWHG��+RZHYHU��WKH
VPDOO�VDPSOH�VL]H� LQ� WKH�SUHVHQW�VWXG\�DV�ZHOO�DV�GLIIHU�
HQFHV� LQ� PHWKRGRORJ\� PDNH� IXUWKHU� FRPSDULVRQV� GLIIL�
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FXOW�� 6XUIDFH� IHHGLQJ�� ZKLFK� ZDV� QRW� LQFOXGHG� LQ� WKH
VDPSOH�� EXW� ZDV� REVHUYHG� GXULQJ� DW� OHDVW� ���� RI� WKH
VLJKWLQJV��ZDV�UHSRUWHG�DV�UDUH�LQ�.YDUQHULß��%HDU]L�HW�DO��
�������'ROSKLQ� IHHGLQJ� EHKDYLRXU� REVHUYHG� GXULQJ� WKH
VWXG\�VXJJHVWV�WKDW�WKH�VWXG\�DUHD�FRQWDLQV�VRPH�LPSRU�
WDQW� KDELWDWV� IRU� IHHGLQJ� RI� ERWWOHQRVH� GROSKLQV�� 3KRWR�
JUDSKV�RI�GROSKLQV� WRVVLQJ�PXOOHW��0XJLO� VS��� RXW�RI� WKH
ZDWHU� GXULQJ� VXUIDFH� IHHGLQJ� ZHUH� WDNHQ�� )XUWKHUPRUH�
DV�GHVFULEHG�DERYH��GROSKLQV�RIWHQ�IROORZHG�SHODJLF�SDLU
WUDZOHUV� WKDW� W\SLFDOO\� WDUJHW� DQFKRYLHV� �(QJUDXOLV� VS��
DQG� VDUGLQHV� �6DUGLQD� VS���� 7KLV� HYLGHQFH� VXJJHVWV� WKDW
ORFDO� ERWWOHQRVH� GROSKLQV� UHJXODUO\� IHHG�RQ�PXOOHW�� VDU�
GLQHV�DQG�DQFKRYLHV��DOWKRXJK�SUREDEO\�QRW�H[FOXVLYHO\�
7KHVH�VSHFLHV�DUH�FRQVLGHUHG�D�W\SLFDO�SDUW�RI�WKH�GLHW�RI
ERWWOHQRVH� GROSKLQV� LQ� VHYHUDO� SODFHV� LQ� WKH� ZRUOG�� LQ�
FOXGLQJ� WKH�0HGLWHUUDQHDQ� 6HD� �GRV� 6DQWRV� 	� /DFHUGD�
������%DUURV�	�2GHOO��������%ODQFR�HW�DO���������%HDU]L
HW�DO�������E��

$�KLJK� SURSRUWLRQ� RI� VLJKWLQJV� LQYROYHG� LQWHUDFWLRQV
ZLWK�ILVKHULHV��SDUWLFXODUO\�WUDZOHUV��LQGLFDWLQJ�DQ�RYHUODS
RI�WDUJHW�SUH\�VSHFLHV�RI�ILVKHUPHQ�DQG�GROSKLQV��$V�VXJ�
JHVWHG� HOVHZKHUH�� ERWK� ILVKHUPHQ� DQG� GROSKLQV� DUH
SUREDEO\� GUDZQ� WR� DUHDV� RI� KLJK� SUH\� GHQVLW\� �)HUWO� 	
/HDWKHUZRRG�� ������� ,Q� .YDUQHULß�� ERWWOHQRVH� GROSKLQV
KDYH�EHHQ�HVWLPDWHG� WR� VSHQG�DURXQG����RI� WKHLU� WLPH
IROORZLQJ� ERWWRP� WUDZOHUV� �%HDU]L� HW� DO��� ������� DQG� LQ
VRPH� DUHDV� RI� WKH� 0HGLWHUUDQHDQ� WKH\� KDYH� EHHQ� RE�
VHUYHG� IHHGLQJ� RQ� GLVFDUGHG� ILVK� DV�ZHOO� �%HDU]L� HW� DO��
����E��� 6XFK� LQWHUDFWLRQV� RIWHQ� KDYH� QHJDWLYH� FRQVH�
TXHQFHV� IRU� DW� OHDVW� RQH� SDUW\� LQYROYHG�� 7KHVH� FRQVH�
TXHQFHV�LQFOXGH�GROSKLQ�PRUWDOLW\�WKURXJK�E\FDWFK��JHDU
GDPDJH� �HLWKHU� WKURXJK�HQWDQJOHPHQW�RI� WKH�DQLPDOV�RU
LQ� WKH� IRUP�RI�KROHV� WRUQ� LQ� WKH� QHW� DV� WKH� GROSKLQV� DW�
WHPSW� WR� UHPRYH� ILVK��� GHSUHGDWLRQ� �UHGXFWLRQ� LQ� WKH
DPRXQW�RU�YDOXH�RI�WKH�FDWFK�DV�WKH�GROSKLQV�PXWLODWH�RU
UHPRYH�FDXJKW� ILVK� IURP� WKH� QHW�� DQG� FDWFK� ORVV� DV� WKH
GROSKLQV¤�SUHVHQFH�FDXVHV�ILVK�WR�IOHH�IURP�WKH�YLFLQLW\�RI
WKH�QHWV��5HHYHV�HW�DO���������/DXULDQR�HW�DO����������7KH
ORFDO�ILVKHUPHQ�RI�WKH�SHODJLF�SDLU�WUDZOHUV�FODLPHG�WKDW
GROSKLQV� FDXVHG� UHGXFHG� FDWFKHV� ZKHQ� WKH\� IROORZHG
WKH� WUDZOHUV�� ZKLOH� JLOO� QHWWHUV� RIWHQ� FODLPHG� WKDW� GRO�
SKLQV� GDPDJH� WKHLU� QHWV� DQG� UHGXFH� FDWFK�� 'DWD� FRO�
OHFWHG�VR�IDU�DSSHDU�WR�LQGLFDWH�WKDW� LQFLGHQWDO�PRUWDOLW\
LQ�ILVKLQJ�JHDU�GRHV�QRW�UHSUHVHQW�D�PDMRU�VRXUFH�RI�FRQ�
FHUQ�IRU�WKLV�SDUWLFXODU�DUHD��+RZHYHU��IXUWKHU�V\VWHPDWLF
VWXGLHV�� SRVVLEO\� EDVHG� RQ� GLUHFW� REVHUYDWLRQV� RQERDUG
ILVKLQJ� ERDWV�� VKRXOG� EH� FDUULHG� RXW�� DV� E\FDWFK� FRXOG
DOVR�JR�XQUHSRUWHG�

7KHUH� LV� DOVR� RIWHQ� D� SRVLWLYH� VLGH� WR� WKH� VLWXDWLRQ
ZKHQ�LQWHUDFWLRQV�DUH�FRQFHUQHG��DW� OHDVW� IRU�RQH�SDUW\�
%RWWOHQRVH� GROSKLQV��ZKLFK� DUH�NQRZQ� IRU� WKHLU� EHKDY�
LRXUDO� DGDSWDELOLW\� �6KDQH� HW� DO��� ������ %HDU]L� HW� DO��
����E��� DUH� SUREDEO\� DWWUDFWHG� WR� WUDZOLQJ� �DQG� RWKHU
ILVKLQJ�� DFWLYLWLHV� EHFDXVH� WKH\� PDNH� LW� HDVLHU� IRU� WKH
DQLPDOV� WR� H[SORLW� D� FRQFHQWUDWHG� IRRG� VRXUFH� �)HUWO�	
/HDWKHUZRRG�� ������� 'ROSKLQ� GLVWULEXWLRQ� PLJKW� KDYH

EHHQ�LQIOXHQFHG�VLPSO\�E\�WKH�GLVWULEXWLRQ�RI�WKHLU�SUH\�
ZKLFK�LV�DOVR�WDUJHWHG�E\�WKH�ILVKHU\��EXW�REVHUYDWLRQV�RI
GLUHFW� LQWHUDFWLRQV� VXJJHVW� WKDW� WKH\�ZHUH� LQGHHG� WDNLQJ
DGYDQWDJH�RI�WKH�ILVKLQJ�DFWLYLWLHV��,Q�FRQWUDVW��RWKHU�GRO�
SKLQV� VHHPHG� OHVV� LQWHUHVWHG� LQ� VXFK� DOWHUQDWLYH� IRRG
VRXUFHV�� ,W� LV� WKHUHIRUH� SRVVLEOH� WKDW� GLIIHUHQW� JURXSV� RI
GROSKLQV�LQ�WKLV�SRSXODWLRQ�LPSOHPHQW�GLIIHUHQW�IRUDJLQJ
VWUDWHJLHV�� $� VWXG\� RI� IRUDJLQJ� HFRORJ\� RI� ,QGR�3DFLILF
ERWWOHQRVH�GROSKLQV��7XUVLRSV�DGXQFXV��E\�6DUJHDQW�HW�DO�
������� VKRZHG� WKDW� YDULRXV� IDFWRUV� VXFK� DV� HQYLURQ�
PHQWDO� KHWHURJHQHLW\�� GHPRJUDSKLF� DQG� VRFLDO� IDFWRUV
DQG� GLIIHUHQFHV� LQ� HFRORJLFDO�� JHQHWLF� DQG� SKHQRW\SLF
GLIIHUHQFHV� FDQ� VKDSH� LQGLYLGXDO� YDULDWLRQ� LQ� IRUDJLQJ
WDFWLFV�

7KH� PRYHPHQW� SDWWHUQV� DQG� EHKDYLRXU� RI� DW� OHDVW
VRPH� GROSKLQ� JURXSV� DSSHDUHG� WR� EH� LQIOXHQFHG� E\
ILVKLQJ�DFWLYLW\��&KLOYHUV�	�&RUNHURQ��������DQG�&KLOYHUV
HW�DO�� ������� IRXQG�VLPLODU� UHVXOWV� LQ�0RUHWRQ�%D\��$XV�
WUDOLD�

&21&/86,216

7KLV�VWXG\�KDV�VKRZQ�WKDW�ERWWOHQRVH�GROSKLQV�DUH�D
UHJXODU��\HDU�URXQG�FRPSRQHQW�RI�WKH�IDXQD�RI�6ORYHQLDQ
ZDWHUV�� ,WDOLDQ� ZDWHUV� RI� WKH� *XOI� RI� 7ULHVWH�� DQG� WKH
&URDWLDQ�ZDWHUV�RI�QRUWK�ZHVWHUQ�,VWULD��7KH�VWXG\�KDV�UH�
YHDOHG� WKH� SUHVHQFH� RI� D� UHVLGHQW� ORFDO� SRSXODWLRQ� RU
SRSXODWLRQ� VHJPHQW� LQ� WKHVH� ZDWHUV�� ZKHUH� GROSKLQV
ZHUH� FRQVLGHUHG� UDUH� RU� RFFDVLRQDO� YLVLWRUV�� 7KLV� LV� WKH
VHFRQG�GRFXPHQWHG�UHVLGHQW�ORFDO�SRSXODWLRQ��RU�SRSX�
ODWLRQ� VHJPHQW�� RI� ERWWOHQRVH� GROSKLQV� LQ� WKH� $GULDWLF
6HD��0RUHRYHU��WKH�VWXG\�KDV�VKRZQ�WKDW� WKH�DUHD�OLNHO\
FRQWDLQV� LPSRUWDQW� KDELWDWV� IRU� ERWWOHQRVH� GROSKLQV� LQ�
KDELWLQJ�WKHVH�ZDWHUV��7KHVH�GROSKLQV�DUH�SDUW�RI�D�ODUJHU
VXE�SRSXODWLRQ� RI� WKH� QRUWKHUQ� $GULDWLF� 6HD�� VKDUHG� E\
&URDWLD�� ,WDO\� DQG� 6ORYHQLD�� 7KLV� VXE�SRSXODWLRQ� WKHUH�
IRUH�QHHGV�ZHOO�FRRUGLQDWHG�FRQVHUYDWLRQ�DFWLRQV��EDVHG
RQ� VRXQG� VFLHQFH�� WR� HQVXUH� LWV� ZHOO�EHLQJ�� %RWWOHQRVH
GROSKLQV�XQGHU� WKLV� VWXG\�KDYH� VKRZQ� WKDW� WKH\�GR�QRW
NQRZ� QDWLRQDO� ERUGHUV�� DV� WKH\� FRQVWDQWO\�PRYHG� IURP
WHUULWRULDO� ZDWHUV� RI� RQH� FRXQWU\� WR� ZDWHUV� RI� DQRWKHU�
7KH� VDPH� LV� WUXH� IRU� KXPDQ�UHODWHG� WKUHDWV� IDFLQJ� QRW
RQO\�GROSKLQV��EXW� WKH�ZKROH�QRUWKHUQ�$GULDWLF� 6HD�� ,Q�
WHUQDWLRQDO� FROODERUDWLRQ� LQ� UHVHDUFK�� FRQVHUYDWLRQ� DQG
PDQDJHPHQW� RI� WKH� QRUWKHUQ� $GULDWLF� HFRV\VWHPV� LV
WKHUHIRUH�IXQGDPHQWDO�

$&.12:/('*(0(176

)LUVW�DQG�IRUHPRVW��D�PDMRU�GHEW�RI�JUDWLWXGH�JRHV� WR
9LROHWD�3RWRáQLN� IRU�DOO�KHU�FDUH��VXSSRUW�DQG�VDFULILFHV
LQ�KHOSLQJ� WKH�SURMHFW� WR�ZRUN�GXULQJ� WKHVH�\HDUV��*LR�
YDQQL�%HDU]L�LQLWLDWHG�D�VSDUN�RI�SDVVLRQ�IRU�FHWDFHDQ�UH�
VHDUFK�DQG� FRQVHUYDWLRQ� LQ� WKH� ILUVW� DXWKRU��ZKLFK� XOWL�
PDWHO\�UHVXOWHG�LQ�WKLV�ZRUN��3DVW�DQG�SUHVHQW�0RULJHQRV
WHDP� PHPEHUV� �3LND� .UHMDQ�� $OHQND� +ULEDU�� .DUHO� .R�
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ODULá��0DWHMD�3UHELO��.DWDULQD�0ODGHQRYLß��9DOHULMD�.RV�
3LQD�*UXGHQ��0HWND�/RWULá��0DMD�)XUODQ��3HWUD�0LNODYF�
1LQD� 5DÌHQ�� .ODYGLMD� -HQNR�� 1LQD� ÉWUXV�� .DWMD� /DVQLN�
.RVWMD�0DNDURYLá��3HWHU�ÉDQRYLá��RIIHUHG�WKHLU�DVVLVWDQFH
LQ� GDWD� FROOHFWLRQ� DQG�RU� DQDO\VLV�� 6SHFLDO� WKDQNV� WR
9DOWHU� ËLÌD�� *RUD]G� /D]DU�� 6DPR� 3RWRNDU� DQG� ,JRU� /D�
NRWD� IRU� WKHLU� HQGOHVV� HIIRUWV� LQ� DVVLVWLQJ� XV�� 965� /DE�
(YHQW�0DULQH��0DULWLPH�6FKRRO�3RUWRURÌ��6920��&RDVWDO
6HD�3URWHFWLRQ�6HUYLFH��DQG�$TXDULXP�3LUDQ�HQDEOHG�XV
WR�XVH� WKHLU�ERDWV��3HWURO�G�G��/MXEOMDQD� VSRQVRUHG�D� UH�
VHDUFK�ERDW�� WKURXJK�D�SDUWQHUVKLS�ZLWK� WKH�0LQLVWU\� RI
(QYLURQPHQW� DQG� 6SDWLDO� 3ODQQLQJ� RI� WKH� 5HSXEOLF� RI
6ORYHQLD��'DWD�LQ�6ORYHQLDQ�ZDWHUV�ZHUH�FROOHFWHG�XQGHU
D� VFLHQWLILF�SHUPLW� LVVXHG�E\� WKH�(QYLURQPHQWDO�$JHQF\
RI� WKH� 5HSXEOLF� RI� 6ORYHQLD�� 'DWD� LQ� &URDWLDQ� ZDWHUV

ZHUH�FROOHFWHG�XQGHU�D�SHUPLW� LVVXHG�WR�%OXH�:RUOG� ,Q�
VWLWXWH� RI� 0DULQH� 5HVHDUFK� DQG� &RQVHUYDWLRQ� E\� WKH
0LQLVWU\� RI� &XOWXUH� RI� WKH� 5HSXEOLF� RI� &URDWLD�� 7KDQNV
DOVR� WR� 'UDÊNR� +ROFHU�� 3HWHU� 0DFNHOZRUWK�� $QQLND
:LHPDQQ��1LNROLQD� 5DNR��0DULMDQ� 7RQáLá��0DULQR� %D�
MHF��5RN�6RUWD��7LPRWK\�ÉXF��$OELQ�ËHOH]QLN��=RUND�6RW�
ODU��%DOGRPLU�6YHWOLáLá��(PLO�)HUMDQáLá�DQG�0LWMD�%ULFHOM�
6\OYLH� 5LPHOOD� DQG� .DWKHULQH� <DWHV� SURYLGHG� XVHIXO
FRPPHQWV�RQ�WKH�PDQXVFULSW��%UHGD�%HQNR�ÉWLJOLF�NLQGO\
UHYLHZHG� WKH�PDQXVFULSW� IRU� SURSHU� (QJOLVK�� 7KDQNV� WR
DOO� WKH� SHRSOH� WKDW� KHOSHG� RXW� GXULQJ� WKH� SURMHFW�� EXW
FDQQRW�EH�OLVWHG�KHUH�GXH�WR�ODFN�RI�VSDFH��/DVW�EXW�QRW
OHDVW��D�ELJ�WKDQN�WR�/RYUHQF�/LSHM��IRU�KLV�PRUDO�VXSSRUW
DQG�IULHQGVKLS�GXULQJ�WKH�VWXG\�SHULRG�

9(/,.$�3/,6.$9.$��7856,236�7581&$786��9�6/29(16.,+�,1�2.2/,É.,+�92'$+
6(9(51(*$�-$'5$1$

7LOHQ�*(129��3RORQD�.271-(.��-DQ�/(6-$.�	�$QD�+$&(
0RULJHQRV���GUXÊWYR�]D�UD]LVNRYDQMH�LQ�]DÊáLWR�PRUVNLK�VHVDOFHY��6,������/MXEOMDQD��-DUÊND�FHVWD����D��6ORYHQLMD

(�PDLO��WLOHQ�JHQRY#JPDLO�FRP

&DWHULQD�0DULD�)25781$
,VWLWXWR�6XSHULRUH�SHU�OD�3URWH]LRQH�H�OD�5LFHUFD�$PELHQWDOH��,�������5RPH��9LD�GL�&DVDORWWL������,WDO\

LQ
%OXH�:RUOG�,QVWLWXWH�RI�0DULQH�5HVHDUFK�DQG�&RQVHUYDWLRQ��+5�������9HOL�/RÊLQM��.DÊWHO�����&URDWLD

329=(7(.

0HG�OHWRPD������LQ������VPR�DYWRUML�SULßXMRßHJD�SULVSHYND�SUHXßHYDOL�ORNDOQR�SRSXODFLMR�GHOILQRY�YUVWH�YHOLND
SOLVNDYND��7XUVLRSV�WUXQFDWXV��Y�VORYHQVNLK�LQ�RNROLÈNLK�YRGDK��VHYHUQR�-DGUDQVNR�PRUMH���5D]LVNRYDQMH�MH�SRWHNDOR�V
SORYLO�LQ�NRSHQVNLK�RSD]RYDOQLK�WRßN�WHU�V�VWDQGDUGQLPL�SRVWRSNL�IRWR�LGHQWLILNDFLMH��=DEHOHÊHQR�MH�ELOR�����RSDÊDQM�
LGHQWLILFLUDQLK�SD�����RVHENRY��6WRSQMD�RSDÊDQM�SRVDPH]QLK�GHOILQRY�Y�SRVDPH]QLK�OHWLK�WHU�PHG�OHWL�NDÊH�QD�UD]�
PHURPD� YLVRNR� VWRSQMR� SRJRVWRVWL� QHNDWHULK� RVHENRY�� 9HOLNRVW� VNXSLQ� MH� QLKDOD�PHG� �� LQ� ����0ODGLßL� VR� ELOL� ]D�
EHOHÊHQL�Y�������VNXSLQ��3RJRVWR�VR�ELOH�RSDÊHQH�PDWHUH�]�PODGLßL� UD]OLßQLK�VWDURVWL��NDU�NDÊH�QD�UD]PQRÊHYDQMH
YUVWH�LQ�Y]UHMDQMH�PODGLßHY�Y�SUHXßHYDQHP�REPRßMX��=DEHOHÊHQR�YHGHQMH�YHOLNLK�SOLVNDYN�MH�]DMHPDOR�YVH�RG�GHMDY�
QRVWL��SRYH]DQLK�V�KUDQMHQMHP��GR�QMLKRYHJD�SRWRYDQMD�SR�PRUMX� LQ�GUXÊHQMD��1HSRVUHGQD�RSDÊDQMD�QMLKRYLK�SUH�
KUDQMHYDOQLK�GHMDYQRVWL�GDMHMR�VOXWLWL��GD�VH�GHOILQL�Y�WHP�REPRßMX�UHGQR�KUDQLMR��2SD]LWL�MH�ELOR�WXGL��GD�VH�ULERORYQD
REPRßMD�ULELßHY�LQ�GHOILQRY�SRJRVWR�SUHNULYDMR��6LFHU�SD�MH�OHWQD�RFHQD�JRVWRWH�������GHOILQD���NP��YHUMHWQR�GREHU
RVQRYQL�SRGDWHN�]D�YDUVWYR�LQ�XSUDYOMDQMH�YHOLNLK�SOLVNDYN�

.OMXÞQH�EHVHGH��YHOLND�SOLVNDYND��7XUVLRSV�WUXQFDWXV��HNRORJLMD��IRWR�LGHQWLILNDFLMD��6ORYHQLMD��VHYHUQL�-DGUDQ
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$OWPDQQ�� -�� ��������2EVHUYDWLRQDO� VWXG\� RI� EHKDYLRXU�
VDPSOLQJ�PHWKRGV��%HKDYLRXU��������������
%DUURV��1��%��	�'��.��2GHOO���������)RRG�KDELWV�RI�ERW�
WOHQRVH� GROSKLQV� LQ� WKH� 6RXWKHDVWHUQ� 8QLWHG� 6WDWHV�� ,Q�
/HDWKHUZRRG�� 6�� 	� 5�� 5�� 5HHYHV� �HGV���� 7KH� %RWWOHQRVH
'ROSKLQ��$FDGHPLF�3UHVV��6DQ�'LHJR��&$���SS����������
%HDU]L��*��	�*��1RWDUEDUWROR�GL�6FLDUD���������$�FRP�
SDULVRQ� RI� WKH� SUHVHQW� RFFXUUHQFH� RI� ERWWOHQRVH� GRO�
SKLQV��7XUVLRSV� WUXQFDWXV�� DQG� FRPPRQ� GROSKLQV��'HO�
SKLQXV�GHOSKLV��LQ�WKH�.YDUQHULß��1RUWKHUQ�$GULDWLF�6HD��
$QQDOHV��6HU��+LVW��1DW���������������
%HDU]L��*���*��1RWDUEDUWROR�GL�6FLDUD�	�(��3ROLWL��������
6RFLDO� HFRORJ\� RI� ERWWOHQRVH� GROSKLQV� LQ� WKH� .YDUQHULF
�QRUWKHUQ�$GULDWLF�6HD���0DU��0DPP��6FL���������������
%HDU]L��*���(��3ROLWL�	�*��1RWDUEDUWROR�GL�6FLDUD��������
'LXUQDO�EHKDYLRU�RI� IUHH�UDQJLQJ�ERWWOHQRVH�GROSKLQV� LQ
WKH�.YDUQHULF��QRUWKHUQ�$GULDWLF�6HD���0DU��0DPP��6FL��
��������������
%HDU]L�� *��� '�� +ROFHU� 	� *�� 1RWDUEDUWROR� GL� 6FLDUD
��������7KH� UROH�RI�KLVWRULFDO�GROSKLQ� WDNHV� DQG�KDELWDW
GHJUDGDWLRQ� LQ� VKDSLQJ� WKH� SUHVHQW� VWDWXV� RI� QRUWKHUQ
$GULDWLF� FHWDFHDQV��$TXDW��&RQVHUY���0DU�� )UHVKZ�� (FR�
V\VW���������������
%HDU]L�� *��� 6�� $JD]]L�� 6�� %RQL]]RQL�� 0�� &RVWD� 	� $�
$]]HOOLQR� �����D��� 'ROSKLQV� LQ� D� ERWWOH�� DEXQGDQFH�
UHVLGHQF\�SDWWHUQV�DQG�FRQVHUYDWLRQ�RI� FRPPRQ�ERWWOH�
QRVH� GROSKLQV� 7XUVLRSV� WUXQFDWXV� LQ� WKH� VHPL�FORVHG
HXWURSKLF� $PYUDNLNRV� *XOI�� *UHHFH�� $TXDW�� &RQVHUY��
0DU��)UHVKZ��(FRV\VW���������������
%HDU]L��*���&��0��)RUWXQD�	�5��5��5HHYHV������E���(FRO�
RJ\� DQG� FRQVHUYDWLRQ� RI� FRPPRQ� ERWWOHQRVH� GROSKLQV
7XUVLRSV� WUXQFDWXV� LQ� WKH� 0HGLWHUUDQHDQ� 6HD�� 0DPP�
5HY���GRL����������M����������������������[�
%ODQFR��&���2��6DORPRQ�	�-��$��5DJD���������'LHW�RI�WKH
ERWWOHQRVH� GROSKLQ� �7XUVLRSV� WUXQFDWXV�� LQ� WKH� ZHVWHUQ
0HGLWHUUDQHDQ� 6HD�� -�� 0DU�� %LRO�� $VV�� 8�.��� ���� �����
�����
%XFNVWDII��.��&����������(IIHFWV�RI�ZDWHUFUDIW�QRLVH�RQ�WKH
DFRXVWLF� EHKDYLRXU� RI� ERWWOHQRVH� GROSKLQV�� 7XUVLRSV
WUXQFDWXV�� LQ� 6DUDVRWD� %D\�� )ORULGD�� 0DU�� 0DPP�� 6FL��
������������
&KLOYHUV�� %�� /�� 	� 3�� -�� &RUNHURQ� �������� 7UDZOLQJ� DQG
ERWWOHQRVH�GROSKLQV¤�VRFLDO�VWUXFWXUH��3URF��5��6RF��/RQG�
%�����������������
&KLOYHUV��%��/���3��-��&RUNHURQ�	�0��/��3XRWLQHQ��������
,QIOXHQFH�RI�WUDZOLQJ�RQ�WKH�EHKDYLRXU�DQG�VSDWLDO�GLVWUL�
EXWLRQ� RI� ,QGR�3DFLILF� ERWWOHQRVH� GROSKLQV� �7XUVLRSV
DGXQFXV�� LQ�0RUHWRQ� %D\�� $XVWUDOLD�� &DQ�� -�� =RRO��� ���
����������
&RQQRU��5��&���5��6��:HOOV��-��0DQQ�	�$��-��5HDG��������
7KH�ERWWOHQRVH�GROSKLQ��VRFLDO�UHODWLRQVKLSV�LQ�D�ILVVLRQ�
IXVLRQ�VRFLHW\��,Q��0DQQ��-���5��&��&RQQRU��3��/��7\DFN�	
+�� :KLWHKHDG� �HGV���� &HWDFHDQ� VRFLHWLHV�� 8QLYHUVLW\� RI
&KLFDJR�3UHVV��&KLFDJR��,/���SS��������

'H�0DGGDOHQD��$����������+LVWRULFDO�DQG�FRQWHPSRUDU\
SUHVHQFH� RI� WKH� JUHDW� ZKLWH� VKDUN� &DUFKDURGRQ� FDU�
FKDULDV� �/LQQDHXV�� ������� LQ� WKH� 1RUWKHUQ� DQG� &HQWUDO
$GULDWLF�6HD��$QQDOHV��6HU��+LVW��1DW���������������
GRV�6DQWRV��0��(��	�0��/DFHUGD���������3UHOLPLQDU\�RE�
VHUYDWLRQV�RI�WKH�ERWWOHQRVH�GROSKLQ��7XUVLRSV�WUXQFDWXV�
LQ� WKH�6DGR�HVWXDU\� �3RUWXJDO���$TXDW��0DPP��� ���� ���
���
)HUWO�� '�� 	� 6�� /HDWKHUZRRG� �������� &HWDFHDQ� LQWHUDF�
WLRQV�ZLWK�WUDZOV��D�SUHOLPLQDU\�UHYLHZ��-��1RUWKZHVW�$WO�
)LVK��6FL��������������
)RUWXQD��&��0����������(FRORJ\�DQG�FRQVHUYDWLRQ�RI�ERW�
WOHQRVH�GROSKLQV��7XUVLRSV�WUXQFDWXV��LQ�WKH�QRUWK�HDVWHUQ
$GULDWLF� 6HD�� 3K�'�� 7KHVLV�� 8QLYHUVLW\� RI� 6W�� $QGUHZV�
6FRWODQG������S�
*HQRY��7�� �����D��� ,QWHUDFWLRQV�EHWZHHQ� ILVKHUPHQ�DQG
GROSKLQV� LQ� ILVKLQJ� DUHDV� RI� 6ORYHQH� ILVKHUPHQ�� NQRZQ
IDFWV� DQG� SODQV� IRU� WKH� IXWXUH�� 0RULJHQRV� �� PDULQH
PDPPDO� UHVHDUFK� DQG� FRQVHUYDWLRQ� VRFLHW\� UHSRUW�
/MXEOMDQ�����S���LQ�6ORYHQH�
*HQRY�� 7�� �����E��� 5HSRUW� RQ� WKH� PRQLWRULQJ� RI� WKH
&ODVV���UDFH�LQ�6ORYHQLDQ�ZDWHUV��6HSWHPEHU�������(QYL�
URQPHQWDO�$JHQF\�RI�WKH�5HSXEOLF�RI�6ORYHQLD�DQG�0LQ�
LVWU\�RI�WKH�(QYLURQPHQW�DQG�6SDWLDO�3ODQQLQJ��/MXEOMDQD�
��S���LQ�6ORYHQH�
*HQRY��7��	�&��0��)RUWXQD���������7RZDUGV�WKH�GHILQL�
WLRQ� RI� WKH� QRUWKHUQ� $GULDWLF� ERWWOHQRVH� GROSKLQ
�7XUVLRSV� WUXQFDWXV�� KRPH� UDQJH�� ��WK� $QQXDO� &RQIHU�
HQFH�RI�WKH�(XURSHDQ�&HWDFHDQ�6RFLHW\������$SULO������
/D�5RFKHOOH��)UDQFH�
*HQRY��7��	�$��:LHPDQQ� ��������$�FRPSDUDWLYH�VWXG\
RI� ERWWOHQRVH� GROSKLQ� FURVV�ERUGHU� PRYHPHQWV� LQ� WKH
QRUWK�HDVW�$GULDWLF�6HD����WK�%LHQQLDO�&RQIHUHQFH�RQ�WKH
%LRORJ\� RI� 0DULQH� 0DPPDOV�� ������ 'HFHPEHU� �����
6DQ�'LHJR��&$���86$�
*HQRY��7��	�0��)XUODQ� ��������5HSRUW�RQ� WKH� VFLHQWLILF
UHVHDUFK� SURJUDPPH� RI� ERWWOHQRVH� GROSKLQV� �7XUVLRSV
WUXQFDWXV�� LQ� 6ORYHQLDQ� ZDWHUV� DQG� DGMDFHQW� DUHDV� LQ
������0LQLVWU\�RI�WKH�(QYLURQPHQW�DQG�6SDWLDO�3ODQQLQJ�
/MXEOMDQD�����S���LQ�6ORYHQH�
*HQRY��7��	�3��.RWQMHN� �������� 6XPPHU�GLVWULEXWLRQ�RI
ERWWOHQRVH� GROSKLQV� �7XUVLRSV� WUXQFDWXV�� LQ� 6ORYHQLDQ
ZDWHUV� DQG� QHLJKERXULQJ� DUHD� �QRUWKHUQ� $GULDWLF� 6HD��
��VW�$QQXDO�&RQIHUHQFH�RI�WKH�(XURSHDQ�&HWDFHDQ�6RFL�
HW\��������$SULO��������6DQ�6HEDVWLDQ��6SDLQ�
*HQRY�� 7��� 3�� .RWQMHN�� $��+ULEDU� 	� .�� .RODULÞ� �������
)LUVW� SKRWR�LGHQWLILFDWLRQ� GDWD� RI� ERWWOHQRVH� GROSKLQV
�7XUVLRSV�WUXQFDWXV��LQ�6ORYHQLD����WK�$QQXDO�&RQIHUHQFH
RI� WKH�(XURSHDQ�&HWDFHDQ�6RFLHW\��������0DUFK������
.ROPnUGHQ��6ZHGHQ�
+DVWLH�� *��� %��:LOVRQ�� /�� +�� 7XIIW� 	� 3�� 0�� 7KRPSVRQ
�������� %RWWOHQRVH� GROSKLQV� LQFUHDVH� EUHDWKLQJ� V\Q�
FKURQ\� LQ� UHVSRQVH� WR� ERDW� WUDIILF�� 0DU�� 0DPP�� 6FL��
�������������
+RUYDW��0���6��&RYHOOL��-��)DJDQHOL��0��/RJDU��9��0DQGLÞ�
5��5DMDU��$�� ÆLUFD�	�'��ÈDJDU� ��������0HUFXU\� LQ� FRQ�
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WDPLQDWHG�FRDVWDO�HQYLURQPHQWV��D�FDVH�VWXG\��7KH�*XOI
RI�7ULHVWH��6FL��7RW��(QYLURQ������������������
KWWS���ZZZ�SKLGRW�RUJ�VRIWZDUH�PDUN�
-DQLN��9��0��	�3��0��7KRPSVRQ���������&KDQJHV�LQ�VXU�
IDFLQJ� SDWWHUQV� RI� ERWWOHQRVH� GROSKLQV� LQ� UHVSRQVH� WR
ERDW�WUDIILF��0DU��0DPP��6FL���������������
.U\ÇWXIHN��%��	�/��/LSHM���������:KDOHV��&HWDFHD��LQ�WKH
QRUWKHUQ�$GULDWLF��$QQDOV� IRU� ,VWULDQ�DQG�0HGLWHUUDQHDQ
6WXGLHV������������LQ�6ORYHQH�
/DXULDQR��*��� &��0�� )RUWXQD��*��0ROWHGR�	�*��1RWDU�
EDUWROR�GL�6FLDUD���������,QWHUDFWLRQV�EHWZHHQ�FRPPRQ
ERWWOHQRVH� GROSKLQV� �7XUVLRSV� WUXQFDWXV�� DQG� WKH� DUWL�
VDQDO� ILVKHU\� LQ�$VLQDUD� ,VODQG�1DWLRQDO� 3DUN� �6DUGLQLD��
DVVHVVPHQW�RI�FDWFK�GDPDJH�DQG�HFRQRPLF�ORVV��-��&HWD�
FHDQ�5HV��0DQDJH��������������
/HDWKHUZRRG��6��	�5��5��5HHYHV���������7KH�%RWWOHQRVH
'ROSKLQ��$FDGHPLF�3UHVV��6DQ�'LHJR��86$������S�
/HPRQ��0���7��3�� /\QFK��'��+��&DWR�	�5��*��+DUFRXUW
��������5HVSRQVH�RI� WUDYHOOLQJ�ERWWOHQRVH�GROSKLQV��7XU�
VLRSV�DGXQFXV��WR�H[SHULPHQWDO�DSSURDFKHV�E\�D�SRZHU�
ERDW� LQ� -HUYLV� %D\�� 1HZ� 6RXWK� :DOHV�� $XVWUDOLD�� %LRO�
&RQVHUY�������������������
/LSHM�� /���0��2UODQGR�	�5��7XUN� �������� $VVHVVPHQW� RI
WKH�VWDWXV�RI�WKH�VSHFLHV�OLVWHG�LQ�WKH�QHZ�63$�SURWRFRO�
1DWLRQDO� ,QVWLWXWH�RI�%LRORJ\��0DULQH�%LRORJLFDO�6WDWLRQ�
3LUDQ�����S�
/LSHM��/���$��'H�0DGGDOHQD�	�$��6ROGR���������6KDUNV�RI
WKH�$GULDWLF�6HD��=JRGRYLQVNR�GUXÊWYR�]D�MXÌQR�3ULPRU�
VNR��=56�.RSHU������S�
/XVVHDX�� '�� �������� 7KH� VKRUW�WHUP� EHKDYLRXUDO� UHDF�
WLRQV�RI�ERWWOHQRVH�GROSKLQV�WR�LQWHUDFWLRQV�ZLWK�ERDWV�LQ
'RXEWIXO�6RXQG��1HZ�=HDODQG��0DU��0DPP��6FL��������
��������
0DFNHOZRUWK�� 3��� &�� 0�� )RUWXQD�� '�� +ROFHU�� $�� :LH�
PDQQ��/��*LDQQRQL�	�%��/D]DU���������7KH�LGHQWLILFDWLRQ
RI� FULWLFDO�KDELWDWV�DQG� WKH�DQDO\VLV� RI� WKH�PDQDJHPHQW
SURFHGXUHV� IRU� WKH� IXWXUH� /RÊLQM�&UHV�PDULQH� SURWHFWHG
DUHD�� 5HSRUW�� 0LQLVWU\� RI� WKH� (QYLURQPHQW� 	� 3K\VLFDO
3ODQQLQJ�� =DJUHE�� FRQWUDFW� ./$6$� �����������������
8U��EU����������������
0DQQ��-����������%HKDYLRUDO�VDPSOLQJ�PHWKRGV�IRU�FHWD�
FHDQV�� D� UHYLHZ� DQG� FULWLTXH�� 0DU�� 0DPP�� 6FL��� ���
��������
0DQQ��-����������8QUDYHOOLQJ�WKH�G\QDPLFV�RI�VRFLDO�OLIH�
ORQJ�WHUP�VWXGLHV�DQG�REVHUYDWLRQDO�PHWKRGV��,Q��0DQQ�
-���5��&��&RQQRU��3��/��7\DFN�	�+��:KLWHKHDG��HGV����&H�
WDFHDQ� VRFLHWLHV�� 8QLYHUVLW\� RI� &KLFDJR� 3UHVV�� &KLFDJR
�,/���SS��������
0DQQ�� -�� 	� %�� %�� 6PXWV� �������� 1DWDO� DWWUDFWLRQ�� DOOR�
PDWHUQDO� FDUH� DQG� PRWKHU�LQIDQW� VHSDUDWLRQV� LQ� ZLOG
ERWWOHQRVH�GROSKLQV��$QLP��%HKDY�����������������
1RWDUEDUWROR� GL� 6FLDUD�� *�� �������� 'HWHUPLQDWLRQ� RI
JURXS�VL]H��,Q��1RWDUEDUWROR�GL�6FLDUD��*���3��*��+��(YDQV
	� (�� 3ROLWL� �HGV���� 0HWKRGV� IRU� WKH� VWXG\� RI� ERWWOHQRVH
GROSKLQV�LQ�WKH�ZLOG��(XURSHDQ�&HWDFHDQ�6RFLHW\�1HZV�
OHWWHU������6SHFLDO�,VVXH�������

1RWDUEDUWROR�GL�6FLDUD��*���0��&��9HQWXULQR��0��=DQDU�
GHOOL�� *�� %HDU]L�� -�� )�� %RUVDQL� 	� %�� &DYDOORQL� �������
&HWDFHDQV�LQ�WKH�FHQWUDO�0HGLWHUUDQHDQ�6HD��GLVWULEXWLRQ
DQG�VLJKWLQJ�IUHTXHQFLHV��,WDO��-��=RRO���������������
2WLV��'��/���.��3��%XUQKDP��*��&��:KLWH�	�'��5��$QGHU�
VRQ� �������� 6WDWLVWLFDO� LQIHUHQFH� IURP� FDSWXUH� GDWD� RQ
FORVHG�DQLPDO�SRSXODWLRQV��:LOGO��0RQRJU���YRO���������
S�
5DNR��1����������$QQXDO�FKDUDFWHUL]DWLRQ�RI�WKH�VHD�DP�
ELHQW�QRLVH��6�$�1��� LQ�/RÊLQM�&UHV�DUFKLSHODJR��&URDWLD�
DV�D�SRWHQWLDO� VRXUFH�RI�ERWWOHQRVH�GROSKLQ�EHKDYLRXUDO
GLVWXUEDQFH��0�6F��7KHVLV��8QLYHUVLW\�RI�7ULHVWH��7ULHVWH�
����S�
5HHYHV��5��5��	�*��1RWDUEDUWROR�GL� 6FLDUD� ��������7KH
VWDWXV�DQG�GLVWULEXWLRQ�RI�FHWDFHDQV�LQ�WKH�%ODFN�6HD�DQG
0HGLWHUUDQHDQ�6HD��,8&1�&HQWUH�IRU�0HGLWHUUDQHDQ�&R�
RSHUDWLRQ��0DODJD��6SDLQ������S�
5HHYHV�� 5�� 5��� $�� -�� 5HDG�	�*��1RWDUEDUWROR� GL� 6FLDUD
�HGV��� �������� 5HSRUW� RI� WKH� ZRUNVKRS� RQ� LQWHUDFWLRQV
EHWZHHQ� GROSKLQV� DQG� ILVKHULHV� LQ� WKH� 0HGLWHUUDQHDQ�
(YDOXDWLRQ� RI� 0LWLJDWLRQ� $OWHUQDWLYHV�� ���� 0D\� �����
5RPH��,WDO\��3DSHU�6&����60��SUHVHQWHG�WR�WKH�,:&�6FL�
HQWLILF�&RPPLWWHH��-XO\�������/RQGRQ�����S�
6DUJHDQW��%��/���$��-��:LUVLQJ��0��5��+HLWKDXV�	�-��0DQQ
�������� &DQ� HQYLURQPHQWDO� KHWHURJHQHLW\� H[SODLQ� LQGL�
YLGXDO� IRUDJLQJ� YDULDWLRQ� LQ� ZLOG� ERWWOHQRVH� GROSKLQV
�7XUVLRSV�VS��"�%HKDY��(FRO��6RFLRELRO���������������
6KDQH��6��+���5��6��:HOOV�	�%��:}UVLJ��������� (FRORJ\�
EHKDYLRU� DQG� VRFLDO� RUJDQLVDWLRQ� RI� WKH� ERWWOHQRVH� GRO�
SKLQ��D�UHYLHZ��0DU��0DPP��6FL������������
6LPDUG��3��	�6��*RZDQV���������7ZR�FDOYHV�LQ�HFKHORQ�
DQ� DOORSDUHQWDO� DVVRFLDWLRQ� LQ� $WODQWLF�ZKLWH�VLGHG� GRO�
SKLQV� �/DJHQRUK\QFKXV� DFXWXV��� $TXDW�� 0DPP��� ������
��������
6PRONHU�� 5�� $��� $�� )�� 5LFKDUGV�� 5�� &�� &RQQRU� 	� -��:�
3HSSHU���������6H[�GLIIHUHQFHV�LQ�SDWWHUQV�RI�DVVRFLDWLRQ
DPRQJ� ,QGLDQ� 2FHDQ� ERWWOHQRVH� GROSKLQV�� %HKDYLRXU�
�����������
:HOOV��5��6��	�0��'��6FRWW���������6HDVRQDO�LQFLGHQFH�RI
ERDW� VWULNHV� RQ�ERWWOHQRVH� GROSKLQV� QHDU� 6DUDVRWD�� )ORU�
LGD��0DU��0DPP��6FL���������������
:KLWHKHDG��+����������%DE\VLWWLQJ��GLYH�V\QFKURQ\�DQG
LQGLFDWLRQV�RI�DOORSDUHQWDO�FDUH�LQ�VSHUP�ZKDOHV��%HKDY�
(FRO��6RFLRELRO���������������
:LOVRQ��%����������7KH�HFRORJ\�RI�ERWWOHQRVH�GROSKLQV�LQ
WKH�0RUD\�)LUWK��6FRWODQG��D�SRSXODWLRQ�DW� WKH�QRUWKHUQ
H[WUHPH� RI� WKH� VSHFLHV
� UDQJH�� 3K�'�� 7KHVLV�� 8QLYHUVLW\
RI�$EHUGHHQ��6FRWODQG������S�
:LOVRQ��%���3��0��7KRPSVRQ�	�3��6��+DPPRQG��������
+DELWDW�XVH�E\�ERWWOHQRVH�GROSKLQV��VHDVRQDO�GLVWULEXWLRQ
DQG� VWUDWLILHG� PRYHPHQW� SDWWHUQV� LQ� WKH� 0RUD\� )LUWK�
6FRWODQG��-��$SSO��(FRO�����������������
:LOVRQ��%���3��6��+DPPRQG�	�3��0��7KRPSVRQ��������
(VWLPDWLQJ� VL]H�DQG�DVVHVVLQJ� WUHQGV� LQ� D�FRDVWDO�ERWWOH�
QRVH�GROSKLQ�SRSXODWLRQ��(FRO��$SSO��������������



$11$/(6�©�6HU��KLVW��QDW��©����©������©��

7LOHQ�*(129�HW�DO���%277/(126(�'2/3+,16��7856,236�7581&$786��,1�6/29(1,$1�$1'�$'-$&(17�:$7(56��1257+(51�$'5,$7,&�6($����������

���

:LOVRQ��%���3��6��+DPPRQG��5��-��5HLG��.��*UHOOLHU�	�3�
0�� 7KRPSVRQ� ��������&RQVLGHULQJ� WKH� WHPSRUDO� ZKHQ
PDQDJLQJ�WKH�VSDWLDO��D�SRSXODWLRQ�UDQJH�H[SDQVLRQ�LP�
SDFWV�SURWHFWHG�DUHDV�EDVHG�PDQDJHPHQW� IRU�ERWWOHQRVH
GROSKLQV��$QLP��&RQVHUY����������
:}UVLJ��%�� ��������2FFXUUHQFH�DQG�JURXS�RUJDQL]DWLRQ
RI� $WODQWLF� ERWWOHQRVH� SRUSRLVHV� �7XUVLRSV� WUXQFDWXV�� LQ
DQ�$UJHQWLQH�ED\��%LRO��%XOO����������������

:}UVLJ��%��	�7��$��-HIIHUVRQ���������0HWKRGV�RI�SKRWR�
LGHQWLILFDWLRQ� IRU� VPDOO� FHWDFHDQV�� 5HS�� ,QW�� :KDOLQJ
&RPP�������6SHFLDO�,VVXH���������
=DQDUGHOOL�� 0��� *�� 1RWDUEDUWROR� GL� 6FLDUD� 	� 0�� $F�
TXDURQH���������&HWDFHDQ�VLJKWLQJ�UHSRUWV�E\�DPDWHXUV�
D�WZR�VLGHG�FRLQ��(XU��5HV��&HWDFHDQV�����������


