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,Q� ,WDOLDQ�6HDV��D� WRWDO�RI����/DPQD�QDVXV�ZHUH�UHFRUGHG�� UDQJLQJ� LQ�VL]H�EHWZHHQ������DQG�DERXW�����FP����
ZHUH�IHPDOHV����PDOHV�DQG����RI�XQNQRZQ�VH[��2I�WKH����REVHUYHG�VSHFLPHQV�����ZHUH�FRQVLGHUHG�DV�SRVVLEO\�PD�
WXUH��FRUUHVSRQGLQJ�WR��������,Q�WKH�$GULDWLF�DQG�/LJXULDQ�6HDV��IRXU�QHZ�ERUQ�VSHFLPHQV�ZHUH�UHFRUGHG��UDQJLQJ�LQ
VL]H�EHWZHHQ������DQG����FP�� ,W� VHHPV� WKDW�/��QDVXV�GRHV�QRW� UHSURGXFH� LQ� ,WDOLDQ� VHDV��DOWKRXJK� LWV� UHSURGXFWLYH
DUHD�PD\�H[LVW� LQ�VRPH�RWKHU�SDUW�RI� WKH�0HGLWHUUDQHDQ��/��QDVXV�ZDV�PRVW�RIWHQ�UHFRUGHG�GXULQJ� WKH�VXPPHU��EXW
VHHPV�WR�EH�SUHVHQW�LQ�WKH�VWXG\�DUHD�WKURXJKRXW�WKH�\HDU�

.H\�ZRUGV��&KRQGULFKWK\HV��/DPQLGDH��SRUEHDJOH��/DPQD�QDVXV��,WDOLDQ�VHDV��0HGLWHUUDQHDQ�6HD
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8Q�WRWDOH�GL����HVHPSODUL�GL�/DPQD�QDVXV�YLHQH�VHJQDODWR�QHL�PDUL�G
,WDOLD��/H�GLPHQVLRQL�GHJOL�HVHPSODUL�VRQR
FRPSUHVH�WUD������H�FLUFD�����FP�����HUDQR�IHPPLQH����PDVFKL�H����GL�VHVVR�LJQRWR��$EELDPR�VWLPDWR����GHL���
HVHPSODUL� FRPH� YHURVLPLOPHQWH� PDWXUL�� FRUULVSRQGHQWL� DO� ������� 4XDWWUR� QHRQDWL� VRQR� VWDWL� UHJLVWUDWL� QHL� 0DUL
$GULDWLFR�H�/LJXUH��GL�GLPHQVLRQL�FRPSUHVH�WUD������H����FP��/��QDVXV�VHPEUHUHEEH�QRQ�ULSURGXUVL�QHOOH�DFTXH�LWDO�
LDQH��PD�XQ
DUHD� ULSURGXWWLYD�SRWUHEEH�HVLVWHUH� DOO
LQWHUQR�GHO�EDFLQR�0HGLWHUUDQHR��/��QDVXV� o� VWDWR� UHJLVWUDWR�SL|
IUHTXHQWHPHQWH�GXUDQWH�O
HVWDWH��PD�VHPEUD�HVVHUH�SUHVHQWH�QHOO
DUHD�GL�VWXGLR�GXUDQWH�WXWWR�O
DQQR�

3DUROH�FKLDYH��&RQGULWWL��/DPQLGDH��VPHULJOLR��/DPQD�QDVXV��PDUL�LWDOLDQL��0DUH�0HGLWHUUDQHR
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7KH�SRUEHDJOH�/DPQD�QDVXV� �%RQQDWHUUH�������� LV� D
PHPEHU�RI�WKH�/DPQLGDH�0�OOHU�	�+HQOH�������IDPLO\�
,W� FDQ� EH� HDVLO\� LGHQWLILHG� E\� LWV� VSLQGOH�VKDSHG� ERG\�
VWURQJO\�FRQLFDO�VQRXW��OXQDWH�FDXGDO�ILQ��VWURQJ�SULPDU\
FDXGDO� NHHOV� DQG� VPDOO� VHFRQGDU\� NHHOV�� PRGHUDWHO\
ODUJH� EODGHOLNH� WHHWK� ZLWK� D� SDLU� RI� ODWHUDO� FXVSOHWV�� D
FRQVSLFXRXV� ZKLWH� UHDU� WLS� RI� ILUVW� GRUVDO� ILQ� �&DVWUR�
������ &RPSDJQR�� ������� ,WV� VSHHG� DQG� SRZHU� FDQ� EH
H[SODLQHG� E\� D� FRPSOH[� EORRG� YHVVHO� KHDW�H[FKDQJLQJ
DUUDQJHPHQW��LQ�IDFW��ZH�FRXOG�FRQVLGHU�WKLV�FRQGLWLRQ�DV
ZDUP�EORRGHGQHVV� RU� HQGRWKHUP\��ZHOO� NQRZQ� DOVR� LQ
RWKHU�PDFNHUHO� VKDUNV� �&DUH\� HW� DO��� ������� ,W� IHHGV� RQ
ERQ\�ILVKHV��VKDUNV��VTXLGV�DQG�FUXVWDFHDQV��-R\FH�HW�DO��
�������,WV�ORQJHYLW\�HVWLPDWH�LV����\HDUV��1DWDQVRQ�HW�DO��
������

7KH�SRUEHDJOH�LV�DQ�LPSRUWDQW�REMHFW�RI�FRPPHUFLDO
ILVKHULHV� DOO� DURXQG� WKH�ZRUOG� IRU� LWV� KLJK�TXDOLW\�PHDW�
PDLQO\�FDXJKW�RQ�SHODJLF�ORQJOLQHV��DQG�DOVR�KLJKO\�FRQ�
VLGHUHG� IRU� VSRUW�ILVKHU\�� ,QWHQVLYH� ILVKHU\� JUHDWO\� UH�
GXFHG�WKH�SRSXODWLRQ�RI�SRUEHDJOHV�LQ�WKH�1RUWK�$WODQWLF
2FHDQ�DQG� WKH�0HGLWHUUDQHDQ�6HD� �&DVWUR��������&RP�
SDJQR��������0RUHQR��������9DQQXFFLQL��������:DWWV�
������

7KH� SRUEHDJOH� LV� D� SHODJLF�� HSLSHODJLF�� RU� OLWWRUDO
VKDUN� WKDW� LV� XVXDOO\� PRUH� FRPPRQ� RQ� FRQWLQHQWDO
VKHOYHV��EXW� LV�DOVR�IRXQG�IDU� IURP�ODQG�LQ�RFHDQ�EDVLQV
�6FRWW� 	� 6FRWW�� ������ &RPSDJQR� ������� ,W� UDQJHV� LQ
GHSWK� IURP� WKH� VXUIDFH� WR� DW� OHDVW� ���� P� �&RPSDJQR�
�������,W�SUHIHUV�ZDWHUV�FROGHU�WKDQ�����&��$DVHQ��������
,W� LV�ZLGHO\� GLVWULEXWHG� LQ� WKH� FROG� WHPSHUDWH�ZDWHUV� RI
WKH� 1RUWK� $WODQWLF�� 6RXWK� $WODQWLF�� 6RXWK� ,QGLDQ� DQG
6RXWK� 3DFLILF� 2FHDQV�� ,Q� WKH�0HGLWHUUDQHDQ�� LW� LV� LQGL�
FDWHG�DV�UDUH�RU�YHU\�UDUH�LQ�DOO�ZDWHUV��7RUWRQHVH�������
&DSDSp�� ������ %XHQFXHUSR�HW� DO��� ������ %DUUXOO� HW� DO��
������ .DEDVDNDO�� ������ .DEDVDNDO� 	� .DEDVDNDO�� �����
/LSHM�HW�DO����������7KHUHIRUH��ZH�FRQVLGHU�LW�SDUWLFXODUO\
LQWHUHVWLQJ�WR�SURYLGH�D�VXUYH\�RQ�WKH�RFFXUUHQFH�RI�SRU�
EHDJOHV� RII� ,WDOLDQ� FRDVWV� EDVHG� RQ� ERWK� KLVWRULFDO� DQG
UHFHQW�GDWD�

0$7(5,$/�$1'�0(7+2'6

7KH� VHDUFK� IRU� GDWD� RQ� SRUEHDJOHV� IURP� WKH� ,WDOLDQ
VHDV� ZDV� HIIHFWXDWHG� E\� H[DPLQDWLRQ� RI� WKH� FDSWXUHG
VKDUNV�� ORFDWLRQ� DQG� VWXG\� RI� VSHFLPHQV� SUHVHUYHG� LQ
QDWXUDO�KLVWRU\�PXVHXPV��FROODERUDWLRQ�ZLWK�FRPPHUFLDO
ILVKHUPHQ�� VSRUW� ILVKHUPHQ�� VFXED� GLYHUV� DQG� ELEOLR�
JUDSKLFDO�UHVHDUFK��7KLV�SURJUDP�LV�DQ�LQLWLDWLYH�OHDG�E\
WKH� ,WDOLDQ� ,FKWK\RORJLFDO� 6RFLHW\� �6RFLHWj� ,WWLRORJLFD
,WDOLDQD��

)RU� HYHU\� FDVH�� ZKHQHYHU� SRVVLEOH�� WKH� IROORZLQJ
GDWD�ZHUH�FROOHFWHG��GDWH�DQG�ORFDWLRQ�RI�WKH�UHFRUG��WR�
WDO� OHQJWK� �727�� RU� IRUN� OHQJWK� �)25�� LQ� FP� �IROORZLQJ
&RPSDJQR�� ������� ZHLJKW� LQ� NJ�� VH[� RI� WKH� VSHFLPHQ�

W\SH� RI� UHFRUG� �FDSWXUH� RU� VLJKWLQJ��� GLVWDQFH� IURP� WKH
FRDVW�� LQIRUPDWLRQ�DERXW� VSHFLPHQV�SUHVHUYHG� LQ�PXVH�
XPV�DQG�FDWDORJXH�QXPEHU��FDW��QR��� LQ� WKH�FROOHFWLRQV�
DV�ZHOO�DV�DQ\�DGGLWLRQDO�GHWDLOV��'HWDLOHG�PRUSKRPHWULF
PHDVXUHPHQWV�ZHUH�PDGH�E\�$��'H�0DGGDOHQD�RI�D����
FP�PDOH�SRUEHDJOH�FDXJKW�RII�&HVHQDWLFR��,WDO\���$GULDWLF
6HD�� RQ� �� -XO\� ������ IROORZLQJ� WKH� SURFHGXUH� RI� &RP�
SDJQR���������7KH�IRUN�OHQJWK���WRWDO�OHQJWK�UHODWLRQVKLS
SUHVHQWHG� E\� .RKOHU� HW� DO�� �������� )/�  � ��������� 7/� �
��������ZDV�XVHG�WR�FDOFXODWH� WKH� WRWDO� OHQJWK�RI�D�SRU�
EHDJOH�FDXJKW�RII�6WURPEROL�

)LJ�����$UHD�RI�WKH�0HGLWHUUDQHDQ�6HD�VKRZLQJ�WKH�ORFD�
WLRQV�RI� SRUEHDJOH� FDSWXUHV� DQG� VLJKWLQJV� SUHVHQWHG� LQ
WKLV�ZRUN���'UDZLQJ��$��'H�0DGGDOHQD�
6O�����2EPRàMH�6UHGR]HPVNHJD�PRUMD�]� ORNDOLWHWDPL��Y
NDWHULK� VR� ELOL� XMHWL� LQ� RSDËHQL� DWODQWVNL� VNXÉRORYFL�
SUHGVWDYOMHQL�Y�WHP�àODQNX���5LVED��$��'H�0DGGDOHQD�

5(68/76

7R�GDWH�����/��QDVXV� KDYH� EHHQ� UHFRUGHG�RII� ,WDOLDQ
FRDVWV� �)LJ�� ����2I� WKHVH�� �� DUH� UHIHUUHG� WR� WKH� /LJXULDQ
6HD�����WR�WKH�6RXWKHUQ�7\UUKHQLDQ�6HD�DQG�WKH�0HVVLQD
6WUDLW����WR�WKH�6LFLOLDQ�&KDQQHO����WR�WKH�,RQLDQ�6HD�DQG
���WR�WKH�:HVWHUQ�$GULDWLF�6HD�

,Q� DGGLWLRQ� WR� WKH� UHFRUGV� GHVFULEHG� DERYH�� IRU� WKH
VDNH�RI�FRPSOHWHQHVV��LW�LV�RI�VRPH�LQWHUHVW�WR�UHSRUW�WKDW
LQ�RWKHU�PXVHXPV� WKHUH�DUH� WKUHH�DGGLWLRQDO� VSHFLPHQV
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7DE����5HFRUGV�RI�WKH�SRUEHDJOH�/DPQD�QDVXV��%RQQDWHUUH��������IURP�,WDOLDQ�VHDV�
7DE�����3RGDWNL�R�DWODQWVNHP�VNXÉRORYFX�/DPQD�QDVXV��%RQQDWHUUH��������L]�LWDOLMDQVNLK�PRULM�

'DWH /RFDWLRQ 6H[ 727��FP� :HLJKW
�NJ�

1RWHV 6RXUFH

���� 3DOHUPR � � � &DSWXUH 'RGHUOHLQ�������
1RY����� $ODVVLR � � � &DSWXUH 7RUWRQHVH�	�7URWWL�������
��0D\����� *HQRYD

%RFFDGDVVH
) ��� � &DSWXUH�� 3UHVHUYHG� WD[LGHUPLHG� LQ� WKH� 0X�

VHXP�RI�1DWXUDO�+LVWRU\��*��'RULD��RI�*HQRD
�FDW��QR��061*�������

$ULROD���������7RUWRQHVH
��������*��'RULD��SHUV�
FRPP��

���� &DPRJOL � ��� ��� &DXJKW�LQ�WXQD�WUDS %RHUR�	�&DUOL�������
��-XO����� 3L]]R�&DODEUR � ��� �� &DSWXUH *HQRYHVH�������
VXPPHU����� 7RUUH�)DUR � FD����� � &DXJKW�ZLWK�KDUSRRQ $��$UHQD��SHUV��FRPP��
$XJ����� 2WUDQWR � FD����� � &DSWXUH�� 3RVVLEO\� WKH� VDPH� VSHFLPHQ� ZDV

HQFRXQWHUHG� E\� VFXED� GLYHU� $QGUHD� 'HO
&RFR� D� ZHHN� HDUOLHU� EHWZHHQ� 2WUDQWR� DQG
3RUWR�%DGLVFR�

$��'HO�&RFR��SHUV��FRPP��

���� $OEDUHOOD � � ��� &DXJKW�E\�VSRUW�ILVKHUPHQ 5��%DVDQLVL��SHUV��FRPP��
VXPPHU����� *DQ]LUUL � FD����� � &DXJKW�ZLWK�KDUSRRQ������P�RIIVKRUH 0��0DQFXVR��SHUV��FRPP��
���-XO����� 3LHYH�/LJXUH � � � &DXJKW���10�RIIVKRUH��3UHVHUYHG�LQ�OLTXLG�LQ

WKH�0XVHXP�RI�1DWXUDO�+LVWRU\��*��'RULD��RI
*HQRD��FDW��QR��061*��������

*��'RULD��SHUV��FRPP��

VXPPHU����� /DPSHGXVD � FD����� � &DXJKW�ZLWK�VXUURXQGLQJ�QHW 3��%LOOHFL��SHUV��FRPP��
���$XJ����� 6DQUHPR ) ���� � &DSWXUH��3UHVHUYHG� LQ� OLTXLG�LQ� WKH�0XVHXP

RI�1DWXUDO�+LVWRU\��*��'RULD��RI�*HQRD��FDW�
QR��061*��������

2UVL�5HOLQL�	�*DULEDOGL
��������*��'RULD��SHUV�
FRPP��

���0D\����� 6DOLQD��(ROLH
,VODQGV

) �����)25� � &DXJKW�ZLWK�WXQD�ORQJOLQH ([DPLQHG�E\�$��&�

���6HS����� 6DQUHPR ) ���� � &DSWXUH��3UHVHUYHG� LQ� OLTXLG�LQ� WKH�0XVHXP
RI�1DWXUDO�+LVWRU\��*��'RULD��RI�*HQRD��FDW�
QR��061*��������

2UVL�5HOLQL�	�*DULEDOGL�
��������*��'RULD��SHUV�
FRPP��

)HE����� (DVWHUQ�,RQLDQ
6HD

� FD����� � &DXJKW�ZLWK�WXQD�ORQJOLQH 9��7HVWD��SHUV��FRPP��

��)HE����� *LXOLDQRYD � ��� � &DXJKW�ZLWK�WXQD�ORQJOLQH $��&HORQD��SHUV��FRPP��
VXPPHU����� $QFRQD 0 ��� � &DXJKW�ZLWK�ORQJOLQH��3UHVHUYHG�LQ�OLTXLG�LQ

WKH�0DULQH�%LRORJ\�/DERUDWRU\�RI�)DQR�
*��0DWWLROL��SHUV��FRPP��

VXPPHU����� 3HVFDUD � FD����� � &DXJKW�E\�VSRUW�ILVKHUPHQ &XJLQL�	�'H�0DGGDOHQD
������

���-XO����� &DSR�6DQ
5DLQHUL

) �����)25� � &DXJKW�ZLWK�KDUSRRQ ([DPLQHG�E\�$��&�

���-XO����� 6DQUHPR ) ���� � &DSWXUH��3UHVHUYHG� LQ� OLTXLG�LQ� WKH�0XVHXP
RI�1DWXUDO�+LVWRU\��*��'RULD��RI�*HQRD��FDW�
QR��061*��������

2UVL�5HOLQL�	�*DULEDOGL
��������*��'RULD��SHUV�
FRPP��

0D\����� 6RXWKHUQ�7\U�
UKHQLDQ�6HD

� FD����� � &DXJKW�ZLWK�WXQD�IORDWLQJ�JLOOQHW $��6DQILOLSSR��SHUV��FRPP��

��0D\����� 3HVFDUD 0 FD����� �� &DSWXUH &XJLQL�	�'H�0DGGDOHQD
������

���-XQ����� 3DQDUHD��(ROLH
,VODQGV

� FD����� � &DXJKW�ZLWK�VXUURXQGLQJ�QHW�����10�RII
3DQDUHD

*��*DODQR��SHUV��FRPP��

��-XO����� &HVHQDWLFR 0 ��� � %URXJKW�WR�WKH�ILVK�PDUNHW�LQ�0LODQ ([DPLQHG�E\�$��'�
��-XO����� &HVHQDWLFR ) FD����� � %URXJKW�WR�WKH�ILVK�PDUNHW�LQ�0LODQ /��3LVFLWHOOL��SHUV��FRPP��
��-XO����� &HVHQDWLFR ) FD����� � %URXJKW�WR�WKH�ILVK�PDUNHW�LQ�0LODQ /��3LVFLWHOOL��SHUV��FRPP��
���-XO����� 6��%HQHGHWWR

GHO�7URQWR
) �� ��� &DXJKW�E\�VSRUW�ILVKHUPDQ��6WRPDFK�FRQ�

WDLQHG�VDUGLQHV��6DUGLQD�SLOFKDUGXV��3UH�
VHUYHG�LQ�WKH�0XVHR�,WWLFR�$XJXVWR�&DSULRWWL
LQ�6DQ�%HQHGHWWR�GHO�7URQWR��FDW��QR��������

0DUFRQL�	�'H�0DGGDOHQD
������

'HF����� 3HVFDUD ) FD����� � &DSWXUH��)LOPHG� &XJLQL�	�'H�0DGGDOHQD
������

)HE�0DU����� *LXOLDQRYD � ��� � &DXJKW�E\�SURIHVVLRQDO�ILVKHUPDQ &XJLQL�	�'H�0DGGDOHQD
������

���-XQ����� )LOLFXGL��(ROLH
,VODQGV

0 �����)25� � &DXJKW�ZLWK�IORDWLQJ�JLOOQHW ([DPLQHG�E\�$��&�

���$SU����� 6WURPEROL��(ROLH
,VODQGV

0 �����)25� � &DXJKW�ZLWK�WXQD�ORQJOLQH ([DPLQHG�E\�$��&�

)HE����� 9HQH]LD � FD����� � &DSWXUH *��&XJLQL��SHUV��FRPP��
���6HS����� /DPSLRQH � FD����� � 6LJKWLQJ 6LJKWHG�E\�$��&�



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

7L]LDQR�6725$,�HW�DO���21�7+(�2&&855(1&(�2)�7+(�325%($*/(��/$01$�1$686��%211$7(55(������������������

���

)LJ�� ��� $� ���� FP� PDOH� SRUEHDJOH� /DPQD� QDVXV� �%RQ�
QDWHUUH�� ������ FDXJKW� RII� &HVHQDWLFR� �,WDO\��� $GULDWLF
6HD��RQ���-XO\��������3KRWR��$��'H�0DGGDOHQD�
6O�� ��� ���� FP� GROJL� VDPHF� DWODQWVNHJD� VNXÉRORYFD
/DPQD� QDVXV� �%RQQDWHUUH�� ������� XMHW� ��� MXOLMD� ����
QHGDOHà� RG� &HVHQDWLFD� Y� -DGUDQVNHP�PRUMX�� �)RWR�� $�
'H�0DGGDOHQD�

ZKRVH�FDSWXUH�ORFDWLRQ�LV�XQNQRZQ��EXW�IRU�ZKLFK�LW�FDQ
EH�K\SRWKHVL]HG�WKDW�WKH\�PD\�EH�IURP�,WDOLDQ�ZDWHUV��,Q
WKH�0XVHXP�RI�1DWXUDO�+LVWRU\�DQG�WKH�7HUULWRU\�RI�&DOFL
WKHUH�LV�D�\RXQJ�WD[LGHUPLHG�SUHVHUYHG�VSHFLPHQ��SRVVL�
EO\� UHIHUDEOH� WR� WKH� ��WK� FHQWXU\�� LQ� WKH� 0XVHXP� RI
1DWXUDO�+LVWRU\��)RQWHJR�GHL�7XUFKL��RI�9HQLFH�WKHUH�LV�D
���� FP� WD[LGHUPLHG� IHPDOH� �FDW�� QR�� ������ �0L]]DQ�
�������DQG�LQ�WKH�0XVHXP�RI�1DWXUDO�+LVWRU\�RI�7ULHVWH
WKHUH�LV�D�VHW�RI�MDZV�EHORQJLQJ�WR�D�VSHFLPHQ�FDXJKW�LQ
WKH�$GULDWLF�6HD�

)RU� HDFK� VSHFLPHQ�� WKH� IROORZLQJ� GDWD� DUH� UHSRUWHG
LQ�7DEOH����FDSWXUH�GDWH��FDSWXUH�ORFDWLRQ��VH[��0�RU�)��
WRWDO� OHQJWK� �727� RU�� ZKHUH� LQGLFDWHG�� )25�� LQ� FP�
ZHLJKW� LQ� NJ�� QRWHV� DQG� GDWD� VRXUFH�� 0RUSKRPHWULF
PHDVXUHPHQWV� RI� D� ���� FP�PDOH� SRUEHDJOH� FDXJKW� RII
&HVHQDWLFR�RQ���-XO\�������)LJ�����DUH�SUHVHQWHG�LQ�7DEOH
��

',6&866,21

7KH�SDXFLW\�RI�GDWD�FROOHFWHG� IURP� ,WDOLDQ� VHDV�FRQ�
ILUPV�WKH�UDULW\�RI�/��QDVXV�LQ�WKH�0HGLWHUUDQHDQ�DUHD��/�
QDVXV�ZDV�UHFRUGHG�PRVW�RIWHQ�GXULQJ�WKH�VXPPHU��H�J�
)LJ�� ���� EXW� VHHPV� WR� EH� SUHVHQW� LQ� WKH� VWXG\� DUHD
WKURXJKRXW�WKH�\HDU�

7KH�SRUEHDJOH� LV�D� ODUJH�VSHFLHV� WKDW�FDQ� UHDFK����
FP�LQ�WRWDO�OHQJWK��&DVWUR��������&RPSDJQR���������7KH
OHQJWKV� RI� WKH� VSHFLPHQV� IHOO� ZLWKLQ� WKH� UDQJHV� SUHYL�
RXVO\�GHVFULEHG�IRU�WKLV�VSHFLHV��7KH�UHFRUGHG�OHQJWKV�RI
WKH� VSHFLPHQV� UDQJHG� IURP������ WR� DERXW�����FP� �H�J�
)LJ������,Q�'HFHPEHU�������D�ODUJH�IHPDOH�ZDV�ODQGHG�LQ
WKH�3HVFDUD�KDUERXU��ZKHUH�LW�KDG�EHHQ� WUDQVSRUWHG� IRO�
ORZLQJ�LWV�FDSWXUH�LQ�DGMDFHQW�ZDWHUV��7KH�WRWDO�OHQJWK�RI
WKH� VSHFLPHQ�ZDV� QRW� DFFXUDWHO\�PHDVXUHG�� EXW� LW� ZDV
VXEVHTXHQWO\� HVWLPDWHG�DW� DERXW� ���� FP� �&XJLQL�	�'H

0DGGDOHQD���������,Q�ODWH�$XJXVW�������DQ�DSSUR[�����
FP�SRUEHDJOH�ZDV�FDXJKW�RII�2WUDQWR��SRVVLEO\�WKH�VDPH
VSHFLPHQ� ZDV� HQFRXQWHUHG� D� ZHHN� HDUOLHU� E\� VFXED
GLYHU�$QGUHD�'HO�&RFR�DW����P�GHSWK��EHWZHHQ�2WUDQWR
DQG� 3RUWR� %DGLVFR� �$�� 'HO� &RFR�� SHUV�� FRPP���� 2WKHU
ODUJH� SRUEHDJOHV� UHFRUGHG� DUH� D� ���� FP� VSHFLPHQ
FDXJKW�RII�&DPRJOL�LQ�������%RHUR�	�&DUOL��������DQG�D
���� FP� )25� PDOH� FDXJKW� RII� 6WURPEROL� RQ� ��� $SULO
������ )URP� WKH� IRUN� OHQJWK� �� WRWDO� OHQJWK� UHODWLRQVKLS
SUHVHQWHG�E\�.RKOHU�HW�DO����������ZH�FDOFXODWHG�WKH�WRWDO
OHQJWK�RI�WKH�6WURPEROL�VSHFLPHQ�WR�EH��������FP�

2I�WKH����VSHFLPHQV�����ZHUH�IHPDOHV����PDOHV�DQG
���RI�XQNQRZQ�VH[��3RUEHDJOH
V�PRGH�RI�UHSURGXFWLRQ�LV
DSODFHQWDO� YLYLSDULW\� DQG� HPEU\RV� DUH� QRXULVKHG� E\
RRSKDJ\�� /�� QDVXV� PD\� WDNH� �� RU� PRUH� \HDUV� WR� UHDFK
PDWXULW\�� LQ� WKH�1RUWKHUQ�+HPLVSKHUH��PDOHV�PDWXUH�DW
DERXW� �������� FP� WRWDO� OHQJWK�� IHPDOHV� DW� DERXW� ����
����FP��)UDQFLV�	�6WHYHQV��������%DUUXOO�	�0DWH��������
,Q� RXU� VWXG\�� JRQDGV�ZHUH� QRW� H[DPLQHG�� DQG�ZH� HVWL�
PDWHG� WKH� UHSURGXFWLYH� VWDWH� RQ� WKH� EDVLV� RI� WKH� VSHFL�
PHQV
�VL]H��,Q�WRWDO�ZH�HVWLPDWHG����RI�WKH����VSHFLPHQV
DV�SRVVLEO\�PDWXUH��FRUUHVSRQGLQJ�WR��������7KH�JHVWD�
WLRQ�SHULRG�LV�����PRQWKV��)UDQFLV�	�6WHYHQV���������DQG
LQ�WKH�1RUWK�$WODQWLF�ELUWK�RFFXUV�LQ�VSULQJ�DQG�VXPPHU
�&DVWUR�������� )UDQFLV�	� 6WHYHQV�� ������� OLWWHU� VL]HV� DUH
�����DQG�VL]H�DW�ELUWK�LV�������FP�WRWDO�OHQJWK��)UDQFLV�	
6WHYHQV��������0ROOHW��������-HQVHQ�HW�DO����������,Q�RXU
VWXG\�� IRXU� QHZ�ERUQ� VSHFLPHQV�� UDQJLQJ� IURP� ����� WR
���FP��ZHUH�UHFRUGHG���RQH� IURP� WKH�$GULDWLF�6HD�DQG
WKUHH�IURP�WKH�/LJXULDQ�6HD��0DUFRQL�	�'H�0DGGDOHQD�
������ 2UVL� 5HOLQL� 	� *DULEDOGL�� ������ *�� 'RULD�� SHUV�
FRPP���� 1R� SUHJQDQW� IHPDOHV� ZHUH� UHFRUGHG�� :H

)LJ�� ��� $� ���� FP�PDOH� SRUEHDJOH� /�� QDVXV� FDXJKW� RII
$QFRQD� �,WDO\��� $GULDWLF� 6HD�� LQ� WKH� VXPPHU� RI� �����
DQG� SUHVHUYHG� LQ� WKH� 0DULQH� %LRORJ\� /DERUDWRU\� RI
)DQR���3KRWR��0��=XIID�
6O���������FP�GROJL�VDPHF�DWODQWVNHJD�VNXÉRORYFD�/��QD�
VXV��XMHW�SROHWL������QHGDOHà�RG�$QFRQH�Y� -DGUDQVNHP
PRUMX�LQ�VKUDQMHQ�Y�0RUVNHP�ELRORÉNHP�ODERUDWRULMX�Y
)DQX���)RWR��0��=XIID�
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7DE�����0HDVXUHPHQWV�RI�D�����FP�PDOH�SRUEHDJOH�/DPQD�QDVXV��%RQQDWHUUH��������FDXJKW�RII�&HVHQDWLFR��,WDO\��
$GULDWLF�6HD��RQ���-XO\�������IROORZLQJ�WHUPLQRORJ\�DQG�SDUDPHWHUV�RI�&RPSDJQR���������$OO�PHDVXUHPHQWV�DUH
JLYHQ�LQ�FHQWLPHWUHV�
7DE�����'LPHQ]LMH�����FP�GROJHJD�VDPFD�DWODQWVNHJD�VNXÉRORYFD�/DPQD�QDVXV��%RQQDWHUUH���������XMHWHJD����MXOLMD
�����Y�EOLËLQL�&HVHQDWLFD��,WDOLMD���-DGUDQVNR�PRUMH��SR�WHUPLQRORJLML�LQ�SDUDPHWULK�&RPSDJQD���������9VH�GLPHQ�
]LMH�VR�Y�FP�

$EEUHYLDWLRQ 0HDVXUHPHQW FP ��727

727 WRWDO�OHQJWK��FDXGDO�ILQ�LQ�GHSUHVVHG�SRVLWLRQ� ��� �����
)25 IRUN�OHQJWK ��� ����
35& SUHFDXGDO�OHQJWK ����� ����
3'� SUH�VHFRQG�GRUVDO�OHQJWK ��� ����
3'� SUH�ILUVW�GRUVDO�OHQJWK �� ����
3*� SUHEUDQFKLDO�OHQJWK ���� ����
32% SUHRUELWDO�OHQJWK ���� ���
33� SUHSHFWRUDO�OHQJWK ���� ����
33� SUHSHOYLF�OHQJWK �� ����
3$/ SUHDQDO�OHQJWK ����� ����
351 SUHQDULDO�OHQJWK � ���
325 SUHRUDO�OHQJWK �� ���
(</ H\H�OHQJWK ��� ���
(<+ H\H�KHLJKW ��� ���
*6� ILUVW�JLOO�VOLW�KHLJKW �� ���
3�$ SHFWRUDO�DQWHULRU�PDUJLQ ���� ����
3�% SHFWRUDO�EDVH �� ���
3�3 SHFWRUDO�SRVWHULRU�PDUJLQ �� ����
&'0 GRUVDO�FDXGDO�PDUJLQ �� ����
&39 SUHYHQWUDO�FDXGDO�PDUJLQ �� ����
&3/ ORZHU�SRVW�YHQWUDO�FDXGDO�PDUJLQ ���� ����
'�$ ILUVW�GRUVDO�DQWHULRU�PDUJLQ �� ����
'�% ILUVW�GRUVDO�EDVH �� ���
'�+ ILUVW�GRUVDO�KHLJKW ���� ����
'�, ILUVW�GRUVDO�LQQHU�PDUJLQ ��� ���
'�$ VHFRQG�GRUVDO�DQWHULRU�PDUJLQ � ���
'�% VHFRQG�GRUVDO�EDVH ��� ���
'�+ VHFRQG�GRUVDO�KHLJKW � ���
'�, VHFRQG�GRUVDO�LQQHU�PDUJLQ � ���
'�3 VHFRQG�GRUVDO�SRVWHULRU�PDUJLQ � ���
$1$ DQDO�DQWHULRU�PDUJLQ � ���
$1% DQDO�EDVH � ���
$1+ DQDO�KHLJKW ��� ���
$1, DQDO�LQQHU�PDUJLQ � ���
$13 DQDO�SRVWHULRU�PDUJLQ ��� ���
02/ PRXWK�OHQJWK ��� ���
02: PRXWK�ZLGWK ���� ���
12: QRVWULO�ZLGWK ��� ���

WKHUHIRUH� SUHVXPH� WKDW�/�� QDVXV� GRHV� QRW� UHSURGXFH� LQ
,WDOLDQ� VHDV��EXW� JLYHQ� WKH� SUHVHQFH� RI� QHZ�ERUQ� VSHFL�
PHQV�ZH� FDQQRW� H[FOXGH� WKDW� D� UHSURGXFWLYH� DUHD�PD\
H[LVW�LQ�VRPH�RWKHU�SDUW�RI�WKH�0HGLWHUUDQHDQ�6HD�

3RUEHDJOHV� DSSHDU� WR� EH� LQRIIHQVLYH� DQLPDOV�� 7KHVH
VKDUNV� YHU\� UDUHO\� DSSURDFK�GLYHUV� FORVHO\��:H� DUH� XQ�

DZDUH�RI�DQ\�DJJUHVVLYH��SURYRNHG�RU�XQSURYRNHG� LQFL�
GHQWV�LQYROYLQJ�KXPDQV�LQ�WKHVH�ZDWHUV�

$SSDUHQWO\�� SRUEHDJOHV� DUH� UDUHO\� FDXJKW� E\� SURIHV�
VLRQDO�ILVKHUPHQ�RSHUDWLQJ�LQ�WKH�VWXG\�DUHD��7KH�ILVKLQJ
JHDU� XVHG� LV� SHODJLF� ORQJOLQHV�� IORDWLQJ� JLOOQHWV�� VXU�
URXQGLQJ�QHWV��WXQD�WUDSV�DQG�KDUSRRQ��0RVW�SRUEHDJOHV
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ZHUH�WDNHQ�DV�E\FDWFK��SULPDULO\�ZLWK� WKH�VDPH�SHODJLF
ORQJOLQHV�XVHG� WR� ILVK� WXQD�DQG� VZRUGILVK��7KHVH� VKDUNV
ZHUH�UHWDLQHG�DQG�VROG�IRU�KXPDQ�FRQVXPSWLRQ��'XH�WR
LWV�ODUJH�VL]H�DQG�KLJK�TXDOLW\�IOHVK��SRUEHDJOH�LV�FRQVLG�
HUHG�DQ� LPSRUWDQW� VRXUFH�RI� VKDUN�PHDW� LQ� ,WDO\�� ,Q� GR�
PHVWLF�PDUNHWV��SRUEHDJOH�PHDW�LV�PDUNHWHG�IUHVK�RU�IUR�
]HQ�IRU�KXPDQ�FRQVXPSWLRQ��,W�FDQ�RIWHQ�EH�IRXQG�LQ�WKH
PDUNHWV��EXW�PDLQO\�LPSRUWHG�IURP�1RUWK�HDVWHUQ�$WODQ�
WLF� &RXQWULHV� DQG� -DSDQ� �'H� 0DGGDOHQD� 	� 3LVFLWHOOL�
�������,Q�,WDO\��WKH�PHDW�RI�PDQ\�VKDUNV�LV�PDUNHWHG�XQ�
GHU� LQFRUUHFW� QDPHV� DQG� /�� QDVXV� LV� XVXDOO\� VROG� DV
�SDORPER���VPRRWK�KRXQG�0XVWHOXV�VS���

7KHUH�DUH�QR�UHJXODWLRQV�RU�FRQWURO�RYHU�WKH�SRUEHD�
JOH� ILVKHU\� LQ� ,WDO\��7KH�DEVHQFH�RI�DQ\�RWKHU�GHWDLOV�RQ
WKH�SRUEHDJOH� ILVKHU\� LQ� WKH�DUHD�GRHV�QRW� DOORZ�DQ�DV�
VHVVPHQW� RI� WKH� VWDWXV� RI� WKHLU� VWRFNV� LQ� WKHVH� ZDWHUV�
KRZHYHU��DFFRUGLQJ�WR�ORFDO�ILVKHUPHQ�DQG�WUDGHUV��WKHVH
VKDUNV� KDYH� JUHDWO\� GHFOLQHG�� (IIHFWLYH� PDQDJHPHQW� RI
ILVKHULHV� LV�QHHGHG� LQ�RUGHU� WR� DYRLG�D� UDSLG� GHFOLQH� LQ
WKH�QHDU�IXWXUH��7KHVH�PDQDJHPHQW�GHFLVLRQV�DUH�EDVHG
RQ�UHVHDUFK�RQ�WKH�ELRORJ\��HFRORJ\��GLVWULEXWLRQ��DEXQ�
GDQFH�DQG�H[SORLWDWLRQ�RI�WKH�VSHFLHV��$V�WKH�VKDUNV�FRQ�
VWLWXWH�D� VLJQLILFDQW�E\�FDWFK�RI�FRPPHUFLDO� ILVKLQJ�YHV�
VHOV��LW�LV�DOVR�QHFHVVDU\�WR�LPSURYH�PDQDJHPHQW�RI�ILVK�
HULHV� IRU� WKH�HIIHFWLYH�FRQVHUYDWLRQ�RI� VKDUN�SRSXODWLRQV
�9DQQXFFLQL��������:DWWV��������

)LJ�����$�����FP�IHPDOH�SRUEHDJOH�/��QDVXV�FDXJKW�RII
*HQRYD� %RFFDGDVVH� �,WDO\��� /LJXULDQ� 6HD�� RQ� �� 0D\
������DQG�SUHVHUYHG�LQ�WKH�0XVHXP�RI�1DWXUDO�+LVWRU\
�*��'RULD��RI�*HQRD�ZLWK�FDW��QR��061*��������3KRWR�
$��'H�0DGGDOHQD�
6O�� ��� ���� FP� GROJD� VDPLFD� DWODQWVNHJD� VNXÉRORYFD� /�
QDVXV�� XMHWD� ��� PDMD� ����� Y� /LJXUVNHP�PRUMX� �,WDOLMD�
EOL]X� *HQRYH� %RFFDGDVVH� LQ� VKUDQMHQD� Y� 3ULURGRVORY�
QHP�PX]HMX��*��'RULD��Y�*HQRYL�SRG�NDWDORÉNR�ÉWHYLONR
061*��������)RWR��$��'H�0DGGDOHQD�

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

9HU\� VSHFLDO� WKDQNV� WR� DOO� WKH� SHRSOH� ZKR� RIIHUHG
WKHLU�KHOS�LQ�FROOHFWLQJ�GDWD�DQG�JHQHUDO�LQIRUPDWLRQ�IRU
WKLV�ZRUN��/XLJL�3LVFLWHOOL��5HQDWR�0DODQGUD��5XJJHUR�%D�
VDQLVL�� *LDQOXFD� &XJLQL�� $QGUHD� 'HO� &RFR�� 'DYLG
%HUQYL�� 5LFFDUGR� *LDFRPHOOL�� 'DULR� %DJQROL�� )DEUL]LR
6HUHQD�� 6WHIDQR� 9DQQL�� *LXOLDQR� 'RULD�� 0DVVLPR
&DSXOD��/LQR�'L�1X]]R��*LRYDQQL�0DWWLROL��0DQXFFLR�GL
*LRYDQQL� DQG� DOO� WKH� ILVKHUPHQ� DQG� GHDOHUV� WKDW� JDYH
WKHLU�FRQWULEXWLRQ� LQ� WKH�GDWD� FROOHFWLRQ�� 6SHFLDO� WKDQNV
DUH� GXH� WR� $OH[� %XWWLJLHJ�� ZKR� YHU\� NLQGO\� HGLWHG� WKH
(QJOLVK�WH[W�RI� WKLV�ZRUN��:H�DOVR�WKDQN�WKH�UHIHUHHV�IRU
WKHLU� KHOSIXO� FRPPHQWV�� $� SDUWLFXODU� WKDQN� IURP� $OHV�
VDQGUR�'H�0DGGDOHQD�JRHV�WR�KLV�ZLIH�$OHVVDQGUD�DQG�WR
KLV�VRQ�$QWRQLR�
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2�32-$9/-$1-8�$7/$176.(*$�6.8É2/29&$�/$01$�1$686��%211$7(55(�������
�&+21'5,&+7+<(6��/$01,'$(��9�,7$/,-$16.,+�2%$/1,+�92'$+

�6(9(512�,1�65('1-(�65('2=(06.2�025-(���=*2'29,16.,�35(*/('

7L]LDQR�6725$,
0XVHR�&LYLFR�GL�6LFHQ]H�1DWXUDOL�GHOOD�9DOGLQLHYROH��,�������3HVFLD��3�]]D�/HRQDUGR�GD�9LQFL����,WDO\

(�PDLO��WVWRUD#WLQ�LW

$QWRQLR�&(/21$
$TXDVWXGLR�5HVHDUFK�,QVWLWXWH��,�������0HVVLQD��YLD�7UDSDQL����,WDO\

0DUFR�=8))$
0XVHR�$UFKHRORJLFR��/XLJL�'RQLQL���,�������2]]DQR�GHOO
(PLOLD��YLD�3UXQDUR����,WDO\

$OHVVDQGUR�'(�0$''$/(1$
%DQFD�'DWL�,WDOLDQD�6TXDOR�%LDQFR��,WDOLDQ�*UHDW�:KLWH�6KDUN�'DWD�%DQN���YLD�/��$ULRVWR����,��������0LODQR��,WDO\

329=(7(.

9� LWDOLMDQVNLK� PRUMLK� MH� ELOR� GRVOHM� ]DEHOHÊHQLK� ��� DWODQWVNLK� VNXÈRORYFHY� /DPQD� QDVXV�� GROJLK� PHG� ����� LQ
SULEOLÊQR�����FP�����MH�ELOR�VDPLF����VDPFHY�����QH]QDQHJD�VSROD��2G����SUHXßHYDQLK�RVHENRY�MLK�MH�ELOR���������
���QDMYHUMHWQHMH�VSROQR�]UHOLK��9�-DGUDQVNHP�LQ�/LJXUVNHP�PRUMX�VR�ELOL�]DEHOHÊHQL���QRYRURMHQL�RVHENL��GROJL�PHG
����� LQ� ��� FP�� ÞHSUDY� YVH� NDÊH�� GD� VH� /�� QDVXV� QH� UD]PQRÊXMH� Y� LWDOLMDQVNLK� PRUMLK�� SD� XWHJQH� ELWL� QMHJRY
UD]PQRÊHYDOQL� RNROLÈ� Y� NDNHP�GUXJHP�GHOX�6UHGR]HPVNHJD�PRUMD��/�� QDVXV� MH� ELO� QDMSRJRVWHMH� XMHW� DOL� RSDÊHQ� Y
SROHWQLK�PHVHFLK��YHQGDU�VH�Y�SUHXßHYDQHP�REPRßMX�QDMYHUMHWQHMH�SRMDYOMD�ßH]�YVH�OHWR�

.OMXÞQH�EHVHGH��&KRQGULFKWK\HV��/DPQLGDH��DWODQWVNL�VNXÊRORYHF��/DPQD�QDVXV��LWDOLMDQVND�PRUMD�
6UHGR]HPVNR�PRUMH

5()(5(1&(6

$DVHQ��2�� �������� /HQJWK� DQG�JURZWK�RI� WKH� SRUEHDJOH
�/DPQD�QDVXV�� LQ�WKH�1RUWK�:HVW�$WODQWLF��5HS��1RUZH�
JLDQ�)LVK��0DU��,QYHVW�������������
$ULROD��9����������&DWWXUD�GL�VTXDOL�QHO�*ROIR�GL�*HQRYD�
$WWL�6RF��/LJXVWLFD�GL�6FL��1DW��*HRJU������������
%DUUXOO�� -�� 	� ,�� 0DWH� �������� 7LEXURQHV� GHO� 0HGLWHU�
UiQHR��/OLEUHULD�(O�6HW�FLqQFLHV��$UHQ\V�GH�0DU������SS�
%DUUXOO�� -��� ,��0DWH�	�0��%XHQR� ��������2EVHUYDFLRQHV
GH� WLEXURQHV� �&KRQGULFKWK\HV� (XVHODFKLL�� HQ� DJXDV� GH
&DWDOXQaD��0HGLWHUUiQHR�12��FRQ�DOJXQRV�DVSHFWRV�JHQH�
UDOHV�GH�VX�HFRORJtD��6FLHQWLD�JHUXQGHQVLV��������������
%XHQFXHUSR�� 9��� 6�� 5LRV� 	� -�� 0RUuQ� �������� 3HODJLF
VKDUNV� DVVRFLDWHG� ZLWK� WKH� VZRUGILVK�� ;LSKLDV� JODGLXV�
ILVKHU\�LQ�WKH�HDVWHUQ�1RUWK�$WODQWLF�2FHDQ�DQG�WKH�6WUDLW
RI�*LEUDOWDU��)LVK��%XOO������������������
&DSDSm�� &�� �������� /HV� 6pODFLHQV� GHV� FzWHV� PpGLWHU�
UDQpHQQHV�� DVSHFWV� JHQHUDX[� GH� OHXU� pFRORJLH� HW� H[HP�
SOHV�GH�SHXSOHPHQWV��2FpDQLV�����������������
&DUH\��)��*���-��*��&DVH\��+��/��3UDWW��'��8UTXKDUW�	�-�
(��0F&RVNHU���������7HPSHUDWXUH��KHDW�SURGXFWLRQ�DQG
KHDW�H[FKDQJH�LQ�ODPQLG�VKDUNV��0HP��6RXWK��&DO��$FDG�
6FL�������������

&DVWUR��-����������7KH�6KDUNV�RI�1RUWK�$PHULFDQ�:DWHUV�
7H[DV�$	0�8QLYHUVLW\�3UHVV��&ROOHJH�6WDWLRQ������SS�
&RPSDJQR�� /�� -�� 9�� �������� )$2� VSHFLHV� FDWDORJXH�
6KDUNV�RI� WKH�ZRUOG��$Q� DQQRWDWHG� DQG� LOOXVWUDWHG�FDWD�
ORJXH�RI�VKDUN�VSHFLHV�NQRZQ�WR�GDWH��)$2�)LVK��6\QRS��
��������������
&RPSDJQR��/�� -��9�� ��������6KDUNV�RI� WKH�ZRUOG��DQ�DQ�
QRWDWHG�DQG�LOOXVWUDWHG�FDWDORJXH�RI�VKDUN�VSHFLHV�NQRZQ
WR� GDWH�� 9RO�� ��� %XOOKHDG�� PDFNHUHO� DQG� FDUSHW� VKDUNV
�+HWHURGRQWLIRUPHV�� /DPQLIRUPHV� DQG� 2UHFWRORELIRU�
PHV���)$2��5RPH������SS�
&XJLQL��*��	�$��'H�0DGGDOHQD���������6KDUNV�FDSWXUHG
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