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3KRWR�LGHQWLILFDWLRQ�RI�LQGLYLGXDO�ZKDOHV��EDVHG�RQ�QDWXUDO�PDUNLQJV��KDV�EHHQ�XVHG�WR�VWXG\�D�SRSXODWLRQ�RI�VRXWKHUQ�ULJKW�ZKDOHV��
Eubalaena australis, RQ� WKHLU�ZLQWHU� DVVHPEO\�JURXQGV�DURXQG� 3HQLQVXOD�9DOGHV�� $UJHQWLQD�� 5LJKW�ZKDOHV�KDYH� UDLVHG�SDWFKHV�RI�
URXJKHQHG�VNLQ��FDOORVLWLHV��RQ�WKHLU�KHDGV��7KH�SDWWHUQ�RI�FDOORVLWLHV�GLIIHUV�EHWZHHQ�LQGLYLGXDOV��7KLV�HQDEOHV�NQRZQ�LQGLYLGXDOV�WR�
EH�PRQLWRUHG�RYHU�WLPH��3KRWRJUDSKV�RI�LQGLYLGXDO�ZKDOHV�KDYH�EHHQ�REWDLQHG�IURP�DHULDO�VXUYH\V�FRQGXFWHG�HDFK�\HDU�EHWZHHQ�-XQH�
DQG� 'HFHPEHU� IURP� ����� WKURXJK� ������ $� WRWDO� RI� ���� GLVWLQFW� LQGLYLGXDOV� ZHUH� LGHQWLILHG� RYHU� WKH� SHULRG�� RI�ZKLFK� ���� ZHUH�
LGHQWLILHG�LQ�PRUH�WKDQ�RQH�VHDVRQ��7KHVH�GDWD�KDYH�EHHQ�XVHG�WR�HVWLPDWH�YDULRXV�SRSXODWLRQ�SDUDPHWHUV��7KH�PHDQ�FDOYLQJ�LQWHUYDO�
LV� HVWLPDWHG� WR�EH� ����\HDUV� ����� FRQILGHQFH� LQWHUYDO����� WR����� \HDUV��� ,W� LV� HVWLPDWHG�WKDW�WKHUH�ZHUH� ��� �6(� ���� FDOYLQJV� LQ�WKH�
SRSXODWLRQ�LQ� ������ZKLFK�LPSOLHV�D�WRWDO�SRSXODWLRQ�RI�DERXW�������LQ�WKDW�\HDU��7KH�SRSXODWLRQ�LV�HVWLPDWHG�WR�EH�LQFUHDVLQJ�DW�D�UDWH�
RI������ S�D�� �6(� ������� 7KHVH�HVWLPDWHV�VKRXOG�EH� WUHDWHG�ZLWK�FDXWLRQ�XQWLO� WKH�YDOLGLW\�RI�WKH�XQGHUO\LQJ�DVVXPSWLRQV�KDV�EHHQ�
YHULILHG�

,1752'8&7,21
,QGLYLGXDO�VRXWKHUQ�ULJKW�ZKDOHV�(Eubalaena australis) FDQ�
EH� LGHQWLILHG� E\� UDLVHG� SDWFKHV� RI� URXJKHQHG� VNLQ�
�FDOORVLWLHV�� RQ� WKH� GRUVDO� VXUIDFH� RI� WKHLU� KHDGV�� 7KH�
QXPEHU�� VL]H�� VKDSH� DQG� SRVLWLRQ� RI� FDOORVLWLHV� GLIIHUV�
DPRQJ� LQGLYLGXDOV� DQG� DSSHDUV� WR� XQGHUJR� RQO\� PLQRU�
FKDQJHV� RYHU� WLPH�� IXUWKHUPRUH� WKH� YDULDELOLW\� LQ� WKH�
SDWWHUQV�LV� VXIILFLHQW� LQ� SULQFLSOH� WR�XQLTXHO\�LGHQWLI\�HDFK�
LQGLYLGXDO� LQ� D� SRSXODWLRQ� RI� ELOOLRQV� �3D\QH�� %UD]LHU��
'RUVH\��3HUNLQV��5RZQWUHH�DQG�7LWXV�� ������� )LJ�� �� VKRZV�
DQ�H[DPSOH�RI�D�ZKDOH�SKRWRJUDSKHG�LQ� ����� DQG�DJDLQ�LQ
������
1DWXUDO� PDUNLQJV� VXFK� DV� WKHVH� KDYH� D� QXPEHU� RI

DGYDQWDJHV�RYHU�DUWLILFLDO�PDUNLQJ�RI�LQGLYLGXDOV�DV�D�PHDQV�
RI�VWXG\LQJ�SRSXODWLRQV�� LQFOXGLQJ�� �L�� WKH\�GR�QRW�KDYH�WR�
EH� LQVWDOOHG� �ZKLFK� VDYHV� ERWK� DQLPDOV� DQG� ELRORJLVWV�
FRQVLGHUDEOH�VWUHVV��� �LL�� WKH\�DUH�HDVLO\�YLVLEOH� LQ� WKH�ILHOG�
DW� UHDVRQDEO\� ODUJH� GLVWDQFHV�� PDNLQJ� FROOHFWLRQ� RI� GDWD�
IHDVLEOH� IURP� DLUFUDIW�� HWF�� �LLL�� VLQFH� LGHQWLILFDWLRQ� RI�WKH�
WDJ� GRHV� QRW� LQYROYH� NLOOLQJ� WKH� DQLPDO� DV� LV� WKH� FDVH� IRU�
VRPH� DUWLILFLDO� PDUNV�� H�J�� 'LVFRYHU\� PDUNV�� WKH� VDPH�
LQGLYLGXDO�FDQ�EH�UHVLJKWHG�PDQ\�WLPHV�GXULQJ�LWV� OLIH�� �LY��
WKH\� GR� QRW� LQWHUIHUH� ZLWK� ORFRPRWLRQ� RU� EHKDYLRXU�� �Y��
WKH\� DSSHDU� WR� EH� UHWDLQHG� WKURXJKRXW� OLIH�� �YL�� WKH\�
SURYLGH�SOHQW\�RI�UHGXQGDQF\�LQ�FRQILUPLQJ�WKH�LGHQWLW\�RI�
DQ�LQGLYLGXDO�� �YLL��ODVW�EXW�QRW�OHDVW��WKH\�OHDYH�OLWWOH�GRXEW�
RYHU� WKH� QXPEHU� RI� LQGLYLGXDOV� HIIHFWLYHO\� PDUNHG�� 7KH�
ODWWHU� SRLQW� LV� HVSHFLDOO\� LPSRUWDQW� ZLWK� UHVSHFW� WR�
SRSXODWLRQ� HVWLPDWLRQ�� ZKHUH� D� FRPPRQ� SUREOHP� ZLWK�

'LVFRYHU\
� WDJJLQJ� LV� WR� NQRZ� KRZ� PDQ\� DQLPDOV� KDYH�
EHHQ� HIIHFWLYHO\� WDJJHG� �H�J�� VHH� %XFNODQG� DQG� 'XII��
�������7KH� 
WDJJLQJ
�RI�D�QDWXUDOO\�PDUNHG�DQLPDO�LQYROYHV�
WKH� WDNLQJ� RI� D� SKRWRJUDSK�� )RU� WKH� SXUSRVH� RI� D� JLYHQ�
SLHFH� RI� DQDO\VLV�� WKH� HIIHFWLYH� QXPEHU� RI� WDJV� SODFHG� LV

VLPSO\� WKH� QXPEHU� RI� SKRWRJUDSKV� RI� DGHTXDWH� TXDOLW\�
UHFHLYHG��WKH�GDWH�DQG�ORFDWLRQ�RI�HDFK�SKRWRJUDSK�DUH�WKH�
RQO\�DGGLWLRQDO�LQIRUPDWLRQ�UHTXLUHG��7KXV�LW�LV�IHDVLEOH�WR�
SHUIRUP� DQ� DQDO\VLV� RQ� GDWD� JDWKHUHG� IURP� D� YDULHW\� RI�
VRXUFHV�HYHQ�ZKHQ�WKH�ILHOG�GDWD�KDYH�QRW�EHHQ�FROOHFWHG�LQ�
FDUHIXOO\�FRQWUROOHG�FLUFXPVWDQFHV�

)LJ�� ��� 3KRWRJUDSKV� RI� DQ� LQGLYLGXDO� WDNHQ� LQ� ������ DQG� WKH� VDPH�
LQGLYLGXDO� SKRWRJUDSKHG� LQ� ������ VKRZLQJ� WKH� IHDWXUHV� XVHG� WR�
LGHQWLI\� WKH�LQGLYLGXDO�
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,Q� WKH� ���\HDUV�RI�WKLV�VWXG\������LQGLYLGXDO�ZKDOHV�KDYH�
EHHQ� LGHQWLILHG�DQG����� KDYH�EHHQ�LGHQWLILHG� LQ�PRUH�WKDQ�
RQH� VHDVRQ�� ,Q� WKLV� SDSHU�� WKH� GDWD� RQ� LGHQWLILFDWLRQ� DQG�
UHVLJKWLQJV� RI� LQGLYLGXDOV� DUH� XVHG� WR� REWDLQ� SUHOLPLQDU\�
HVWLPDWHV�RI�VRPH�GHPRJUDSKLF�SDUDPHWHUV�
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6WXG\� VLWH
7KH� VWXG\� VLWH� LV� WKH� DUHD� VXUURXQGLQJ�3HQLQVXOD�9DOGHV��
$UJHQWLQD��)LJ�� ����ZKHUH�ULJKW�ZKDOHV�DUH�IRXQG�EHWZHHQ�
-XQH� DQG� 'HFHPEHU� HYHU\� \HDU�� &DOYHV� DUH� ERUQ� WKHUH�
GXULQJ� WKLV� SHULRG�� $W� WKH� 3HQLQVXOD�� WKH� ZKDOHV�
FRQFHQWUDWH� DORQJ� WKUHH�GLIIHUHQW�UHJLRQV�RI�WKH� VKRUHOLQH�
�3D\QH�� ������� :H� KDYH� FROOHFWHG� GDWD� KHUH� HYHU\� \HDU�
VLQFH� ����� DQG�WKH�VWXG\� LV� FRQWLQXLQJ��%HWZHHQ� ���������
��� DHULDO�VXUYH\V�ZHUH�FRQGXFWHG�GXULQJ�ZKLFK�LQGLYLGXDOV�
ZHUH�� SKRWRJUDSKHG� IRU� LGHQWLILFDWLRQ�� 7KH� QXPEHU� RI�
IOLJKWV� SHU� \HDU� KDV� GHFUHDVHG� GXULQJ� WKH� FRXUVH� RI� WKH�
VWXG\�� RZLQJ� WR� WKH� LQFUHDVLQJ� FRVW� RI� IO\LQJ� WLPH�� )LJ�� ��
VKRZV� WKH� GDWHV� ZKHQ� IOLJKWV� ZHUH� PDGH�� 7KHUH� ZDV� D�
PLQLPXP� RI� WZR� IOLJKWV� SHU� \HDU�� 7KH� WKUHH� UHJLRQV� LQ�
ZKLFK� WKH� ZKDOHV� DUH� PRVW� KLJKO\� FRQFHQWUDWHG� ZHUH�
VXUYH\HG� DW� OHDVW� RQFH� HDFK� \HDU�� 7KHUH� KDV� EHHQ� D�
WHQGHQF\� LQ� UHFHQW� \HDUV� WR� IRFXV� VXUYH\� HIIRUW� RQ� WKRVH�
DUHDV�ZKHUH�PRWKHU�FDOI�SDLUV�DUH�FRPPRQ�
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",'} UHJLRQ�RI�ZKDOH�FRQFHQWUDWLRQ

)LJ�� ��� 3HQLQVXOD� 9DOGHV�� $UJHQWLQD� VKRZLQJ�� E\� KDWFKLQJ�� WKH�
SULQFLSDO� DUHDV� RI� ULJKW� ZKDOH� FRQFHQWUDWLRQ� IURP� PLG�-XQH� WR�
PLG�1RYHPEHU�� 7KH� 1HZ� <RUN� =RRORJLFDO� 6RFLHW\� ILHOG� VWDWLRQ�
IURP�ZKLFK� VWXGLHV�DUH� FDUULHG�RXW� LV� DOVR� LQGLFDWHG�� �7DNHQ� IURP�
3D\QH�etal., ������

$HULDO�SURFHGXUH�DQG�SKRWRJUDSK\
0RVW� DLUIOLJKWV�ZHUH� PDGH� LQ� D� Cessna ���� VLQJOH� HQJLQH��
KLJK�ZLQJ�DLUFUDIW��0RVW�RI�WKH�ZKDOHV�DUH�IRXQG�DORQJ�WKH�
�P�GHSWK�FRQWRXU��3D\QH�� �������VR�WKDW�IOLJKWV�DUH�XVXDOO\�
ZLWKLQ��NP�RI�WKH� WLGH� OLQH��7KHUH�DUH�D�IHZ�ZKDOHV�LQ� WKH�
PLGGOH�RI�WKH�ED\V��EXW�IOLJKWV�RYHU�RSHQ�ZDWHU�LQ� D� VLQJOH�
HQJLQH�SODQH�DUH�SURKLELWHG��7KH�SURFHGXUH� LV� WR�IO\� DW�DQ�
DOWLWXGH�RI��������P�DORQJ�WKH�FRDVW�RI�WKH�SHQLQVXOD�ZKLOH�
VHDUFKLQJ� IRU� ZKDOHV�� :KHQ� ZKDOHV� DUH� VLJKWHG� WKHLU�
ORFDWLRQ� LV� UHFRUGHG�� WKH� SODQH� FLUFOHV� DW� ���P�
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SKRWRJUDSKV� DUH� WDNHQ� DQG� WKH� QXPEHU� RI� ZKDOHV� VHHQ�
GHWHUPLQHG� DQG� UHFRUGHG�� 8VXDOO\� PRVW� RI� WKH� ZKDOHV�
HQFRXQWHUHG�DUH�SKRWRJUDSKHG��6RPH�ZKDOHV�VXUIDFH�RQO\�
EULHIO\��WKRVH�PDNLQJ�D�WUDQVLW��RU�VWD\�XQGHUZDWHU�IRU�ORQJ�
SHULRGV�RI�WLPH��,I��DIWHU���RU���FLUFOHV��ZH�KDYH�EHHQ�XQDEOH�
WR�REWDLQ�SKRWRJUDSKV��ZH� DEDQGRQ�WKH�ZKDOH�
0RVW�SKRWRJUDSKV�DUH�WDNHQ�DW�D�VKXWWHU�VSHHG�RI�O����WK�

RI�D�VHFRQG�RU�IDVWHU��XVLQJ����PP�OHQVHV�RQ�PRWRU�GULYHQ�
��PP�VLQJOH�OHQV�UHIOH[�FDPHUDV��7KHUH�LV�DQ�XQDYRLGDEOH�
WUDGH�RII�EHWZHHQ�WKH�VSHHG�RI�WKH�ILOP��WR�FRPSHQVDWH�IRU�
YLEUDWLRQV� LQ� WKH� DLUSODQH� DQG�RFFDVLRQDO� ORZ� OLJKW� OHYHOV��
DQG� WKH� ILQHQHVV� RI�LWV� JUDLQ� �WR� HQVXUH� DV� PXFK� GHWDLO� DV�
SRVVLEOH� LQ� WKH� RXWOLQH� RI� WKH� FDOORVLW\�SDWWHUQ��� :H� KDYH�
XVHG�ERWK�EODFN�DQG�ZKLWH�ILOP�(Kodak 3OXV�;��DQG�FRORXU�
ILOP�(Kodachrome ���DQG�Ektachrome ������&DOORVLWLHV�FDQ�
PRUH�HDVLO\�EH�GLVWLQJXLVKHG�IURP�ZKLWH�ZDWHU�VSODVKHV�LQ�
FRORXU�LPDJHV�WKDQ�LQ�EODFN�DQG�ZKLWH��VR�LQ�UHFHQW�\HDUV�ZH�
KDYH� XVHG� FRORXU� ILOPV� H[FOXVLYHO\�� 6RPH� SKRWRJUDSKV�
ZHUH�WDNHQ�ZLWK�D�J\URVWDELOLVLQJ�XQLW�DWWDFKHG�WR�WKH�EDVH�
RI� WKH� FDPHUD�� EXW� WKH\� ZHUH� QRW� RI� VLJQLILFDQWO\� KLJKHU�
TXDOLW\�WKDQ� WKRVH� WDNHQ�ZLWK� D�KDQG�KHOG�FDPHUD�
7KH�SKRWRJUDSKHU�VLWV�EHKLQG�WKH�SLORW�VR�WKDW�WKH\�ERWK�

ORRN� RXW� RI� WKH� VDPH� ZLQGRZ�� WKXV� ZKHQ� WKH� SLORW�
PD[LPLVHV�KLV�YLHZ�RI�WKH�ZKDOHV�KH�GRHV�WKH�VDPH�IRU�WKH�
SKRWRJUDSKHU��:KHQHYHU�SRVVLEOH� WKH� FORVHVW� DSSURDFK�LV�
PDGH� VXFK� WKDW� WKH�ZKDOH� LV� KHDG�RQ�WR� WKH�SODQH�DQG�WKH�
SODQH� LV�EHWZHHQ� WKH� VXQ� DQG�WKH�ZKDOH�� ,W�LV� LPSRUWDQW�WR�
SKRWRJUDSK�WKH�ZKDOHV�IURP�LQ�IURQW�EHFDXVH�PXFK�RI�WKH�
FDOORVLW\� YDULDELOLW\� RFFXUV� DW� WKH� DQWHULRU� HQG� RI� WKH�
URVWUXP�DQG�LV� OHVV�YLVLEOH�LQ�D�UHDU�YLHZ��7KH�EHVW�SLFWXUHV�
DUH� WDNHQ� ZKHQ� WKH� GRUVDO� VXUIDFH� RI� WKH� ZKDOH
V� KHDG� LV�
DERYH� WKH�ZDWHU�DV� WKH�ZKDOH� VXUIDFHV� WR� EUHDWKH��:KHUH�
SRVVLEOH� ZH� WDNH� VHYHUDO� SLFWXUHV� RI� HDFK� LQGLYLGXDO��
VWULYLQJ�SDUWLFXODUO\�IRU�PRWRU�GULYH�VHTXHQFHV�LQ�ZKLFK�WKH�
VKXWWHU� UHOHDVH� LV� GHSUHVVHG� IRU� VHYHUDO� IUDPHV�� 7KLV�
UHPRYHV�WKH�LQHYLWDEOH�PRWLRQ�RI�WKH�FDPHUD�ZKHQ�SUHVVLQJ�
DQG� UHOHDVLQJ� WKH� VKXWWHU� DQG�PDNHV� WKRVH�SLFWXUHV� LQ� WKH
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PLGGOH�RI�WKH�PRWRU�GULYH�VHTXHQFHV�VWHDGLHU�WKDQ�WKH�ILUVW�
DQG� ODVW� IUDPHV� RI� WKH� VDPH� VHTXHQFH�� )XUWKHUPRUH�� WKH�
FDOORVLW\�SDWWHUQ�LV�RIWHQ�REVFXUHG�SDUWO\�RU�ZKROO\�E\�IRDP�
DQG�RU�VSHFXODU�UHIOHFWLRQV�RI�VXQOLJKW�� 7KH�SDWWHUQ�LV� DOVR�
VXEMHFW� WR� GLVWRUWLRQ� E\� UHIUDFWLRQ� IURP� RYHUO\LQJ� ZDYHV�
ZKHQ� VHHQ� WKURXJK� WKH� ZDWHU�� %\� WDNLQJ� D� VHULHV� RI�
SKRWRJUDSKV�RI�WKH�ZKDOH�DV�LW�VXUIDFHV�� LGHQWLILFDWLRQV�FDQ�
EH� EDVHG� RQ� WKRVH� IHDWXUHV� SUHVHQW� LQ� WZR� RU� PRUH�
SKRWRJUDSKV� IURP� GLIIHUHQW� DQJOHV�� $IWHU� HYHU\� VHTXHQFH�
RI� SKRWRJUDSKV�� D� 
EODQN
� LV� WDNHQ� RI� VRPH� LGHQWLILDEOH�
REMHFW� WR�DYRLG�DPELJXLW\� LQ� ODWHU�DQDO\VLV�

$QDO\VLV�RI�DHULDO�SKRWRJUDSKV
7KH�VHTXHQFH�RI�SKRWRJUDSKV�RI�D�ZKDOH
V�KHDG�LV�DQDO\VHG�
WR�GHWHUPLQH�WKH�SDWWHUQ�RI�LWV�FDOORVLWLHV��2QFH�WKH�SDWWHUQ�
LV� GHWHUPLQHG�� LW� LV� FRPSDUHG� WR� WKH� FXUUHQW� FROOHFWLRQ�RI�
NQRZQ� ZKDOHV�� ZKLFK� LV� RUJDQLVHG� LQWR� D� FDWDORJXH�
FRQWDLQLQJ� WKH� EHVW� VLQJOH� SKRWRJUDSK� RI� WKH� FDOORVLW\�
SDWWHUQ� RI�HDFK� LQGLYLGXDO�� ,Q� PDNLQJ� D� PDWFK� LW� LV� RIWHQ�
QHFHVVDU\� WR�FRPSDUH�RWKHU�SKRWRJUDSKV�IURP� ILOHV�RI�WKH�
ZKDOH� LQ� WKH�FDWDORJXH� WR� WKH�VHTXHQFH�RI�SKRWRJUDSKV�RI�
WKH�LQGLYLGXDO�LQ�WKH�ILOP�EHLQJ�DQDO\VHG�� ,Q�WKH�LQLWLDO�ILOP�
DQDO\VLV�� HDFK� ZKDOH� SKRWRJUDSKHG� LV� UHFRUGHG� DV� EHLQJ�
HLWKHU�����D�PDWFK�ZLWK�D�ZKDOH�IRXQG�LQ�WKH�FDWDORJXH������D�
QHZ� ZKDOH� QRW� H[LVWLQJ� LQ� WKH� FDWDORJXH� RU� ����
XQLGHQWLILDEOH��$OO�QHZ�ZKDOHV�LQ�D�\HDU�DUH�FRPSDUHG�ZLWK�
HDFK�RWKHU�WR�GHWHUPLQH� WKDW� WKHUH� DUH� QR�GXSOLFDWHV��$Q�
LGHQWLILFDWLRQ� DV� D� PDWFK� RU� D� QHZ�ZKDOH� LV� FRQILUPHG�E\�
DQRWKHU� UHVHDUFKHU� H[SHULHQFHG� ZLWK� ULJKW� ZKDOH�
LGHQWLILFDWLRQ�� DQG� DQ\� FRQIOLFWLQJ� RSLQLRQV� DUH� UHVROYHG�
EHIRUH� DQ� LGHQWLILFDWLRQ� LV� DFFHSWHG�� 1HZ�ZKDOHV�DUH� WKHQ�
DGGHG�WR�WKH�FDWDORJXH��(DFK�LGHQWLILFDWLRQ�LV�JUDGHG�RQ�D�
VFDOH� RI� $� �H[FHOOHQW�� WR� '� �PDUJLQDO�� IRU� FHUWDLQW\� RI�
LGHQWLW\� DQG� WKH� EHVW� SKRWRJUDSK� LQ� HDFK� VHTXHQFH� RI�
SKRWRJUDSKV� RI� HDFK� ZKDOH� LV� JUDGHG� IRU� TXDOLW\� RI� WKH�
SKRWRJUDSK�XVLQJ�WKH� VDPH� VFDOH�
2QH� UHFRUG� LV� NHSW� IRU� HDFK� ZKDOH� WKDW� KDV� EHHQ�

LGHQWLILHG�� 7KH� UHFRUG� FRQWDLQV� WKH� ZKDOH
V� LGHQWLILFDWLRQ�
QXPEHU�IURP�WKH�FDWDORJXH��DQG��IRU�HDFK�\HDU�LQ�WKH�VWXG\��
WKH�QXPEHU�RI�WLPHV�WKH�ZKDOH�ZDV�LGHQWLILHG��DQG�ZKHWKHU�
LW� ZDV� DFFRPSDQLHG� E\� D� FDOI�� 2FFDVLRQDOO\� WKH� FDOI�LWVHOI�
FDQ� EH� LGHQWLILHG�� WKHVH� DUH� UHFRUGHG� DQG� SURYLGH� D�
YDOXDEOH�� LI� VPDOO�� VDPSOH� RI� NQRZQ�DJH� LQGLYLGXDOV��
+RZHYHU�FDOYHV�DUH�XVXDOO\�GLIILFXOW�WR�LGHQWLI\�LQ�WKHLU�ILUVW�
WKUHH�PRQWKV�RI�OLIH�EHFDXVH�WKH�FDOORVLW\�DUHD�RQ�WKH�KHDG�
LV�RIWHQ�REVFXUHG�E\�D�VSHFLHV�RI�F\DPLG�WKDW�LV�QRW�FRQILQHG�
WR�WKH�FDOORVLW\�WLVVXH��$V�D�UHVXOW�RQO\�D�PLQRULW\�RI�FDOYHV
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[+� 1HZ�ZKDOHV

FDQ�EH�HQWHUHG�LQWR�WKH�FDWDORJXH�LQ�WKHLU�\HDU�RI�ELUWK��)LJ��
�� VKRZV� WKH� QXPEHU� RI� ZKDOHV� LGHQWLILHG� LQ� HDFK� \HDU��
GLYLGHG� LQWR� 
QHZ
� ZKDOHV� DQG� UHVLJKWLQJV� RI� ZKDOHV�
LGHQWLILHG�LQ�SUHYLRXV�\HDUV�
(DFK� UHFRUG� DOVR� FRQWDLQV�DQ� LQGLFDWLRQ�RI�ZKHWKHU�WKH�

DQLPDO� LV� NQRZQ�WR�EH�PDOH�� IHPDOH�RU�LI�� DV� LQ�DERXW�KDOI�
WKH� DQLPDOV�� WKH� VH[� LV� XQNQRZQ�� 7KH� VH[LQJ� PHWKRG� LV�
GHVFULEHG� E\� 3D\QH� et al. �������� $V� FXUUHQWO\� FRPSLOHG��
WKH� GDWD� EDVH� GRHV� QRW� LQGLFDWH� LQ� ZKLFK� \HDU� WKH� DQLPDO�
ZDV� VH[HG�� 6LQFH� WKH� SUREDELOLW\� RI�VH[LQJ� DQ� DQLPDO� LV� D�
IXQFWLRQ�RI�WKH�QXPEHU�RI�WLPHV�LW� LV� VHHQ��VWUDWLILFDWLRQ�RI�
DQDO\VHV� E\� VH[�� ZKHUH� NQRZQ�� ZRXOG� UHVXOW� LQ� DQ�
H[WUHPHO\� FRPSOH[� SUREOHP� RI� LQIHUHQFH�� 7KHUHIRUH�� WKH�
VH[� LQIRUPDWLRQ�ZDV�QRW�XVHG� LQ� WKH� DQDO\VHV� WKDW�IROORZ�

$1$/<6(6�$1'�5(68/76

&DOYLQJ�LQWHUYDO
)LJ����VKRZV�WKH�GLVWULEXWLRQ�RI�REVHUYHG�DSSDUHQW�LQWHUYDOV�
EHWZHHQ� FDOYLQJV�� %\� IDU� WKH� PRVW� FRPPRQ� LQWHU�FDOI�
LQWHUYDO� LV� WKUHH� \HDUV�� LQWHUYDOV� OHVV� WKDQ� WKLV� DUH� UDUH��
+RZHYHU��ZKDOHV�PD\�QRW� DOZD\V� EH� VHHQ�HDFK�\HDU� WKH\�
KDYH�D�FDOI�DQG�WKXV�LW�LV�QRW�FOHDU�KRZ�PDQ\�RI�WKH�ORQJHU�
LQWHUYDOV� DUH� 
UHDO
� DQG�KRZ�PDQ\�DUH� WKH� UHVXOW�RI�PLVVHG�
FDOYLQJV�� )XUWKHUPRUH�� WKH� ODUJH� YDULDWLRQ� LQ� DQQXDO�
VDPSOH�VL]HV�DQG�WKH�IDFW�WKDW�ZH�REVHUYH�RQO\�D�ZLQGRZ�LQ�
WLPH��PHDQV�WKDW�WKH�DSSDUHQW�IUHTXHQFLHV�LQ�)LJ�� ��ZLOO�EH�
GLVWRUWHG� E\� WKH� XQHTXDO� QXPEHUV� RI� RSSRUWXQLWLHV� WR�
REVHUYH�GLIIHUHQW� OHQJWKV�RI�LQWHUYDO�
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)LJ�� ��� 1XPEHU� RI� ZKDOHV� LGHQWLILHG� HDFK� \HDU�� GLYLGHG� LQWR� 
QHZ
�
ZKDOHV�� DQG�ZKDOHV� UHVLJKWHG� IURP�SUHYLRXV�\HDUV�

��� �� �� ��� ��� ���
$SSDUHQW�FDOYLQJ�LQWHUYDO� �\HDUV�

)LJ�� ���7KH�GLVWULEXWLRQ�RI�REVHUYHG�LQWHUYDOV�EHWZHHQ�NQRZQ�FDOYLQJV�
RI� LQGLYLGXDO� ZKDOHV�� 6HH� $SSHQGL[� IRU� DQ� H[SODQDWLRQ� RI� WKH�

H[SHFWHG
�GLVWULEXWLRQ�

%DUORZ� ������� SUHVHQWV� D� PHWKRG� IRU� HVWLPDWLQJ� WKH�
IUHTXHQF\�RI�GLIIHUHQW�ELUWK�LQWHUYDOV�LQ�D�SRSXODWLRQ�IURP�
SKRWR�LGHQWLILFDWLRQ�GDWD�� 7KH�PHWKRG�PDNHV� XVH� RI�GDWD�
RQ�WKH�\HDUV�LQ�ZKLFK�HDFK�LGHQWLILHG�ZKDOH�ZDV�VHHQ�ZLWK�D�
FDOI�� DQG� WKH� \HDUV� LQ�ZKLFK� LW�ZDV� VHHQ�ZLWKRXW� D� FDOI�� ,W�
GHSHQGV�RQ� WKH� DVVXPSWLRQ� WKDW� D� JLYHQ�ZKDOH� LQ� D� JLYHQ�
\HDU�LV�HTXDOO\�OLNHO\�WR�EH�VHHQ�ZKHWKHU�RU�QRW�LW�KDV�D�FDOI�
DQG�WKDW�LI�LW�LV�VHHQ�LQ�D�\HDU�LQ�ZKLFK�LW�KDV�D�FDOI�� WKHQ�LW�LV�
DOVR� UHFRUGHG�DV�KDYLQJ�D�FDOI�
7KHUH� DUH� WZR� PDMRU� SUREOHPV� ZLWK� XVLQJ� %DUORZ
V�

PHWKRG�ZLWK�WKHVH�GDWD�� ����DV�QRWHG�E\�3D\QH��������� WKH�
EUHHGLQJ� IHPDOHV� LQ� WKLV� SRSXODWLRQ� DSSHDU� LQ� WKH� VWXG\�
DUHD�PDLQO\� LQ� \HDUV�ZKHQ� WKH\�KDYH� FDOYHV� DQG� OHVV� VR� LQ�
LQWHUYHQLQJ�\HDUV�� DQG� ���� LW� FDQQRW�EH�SURYHG� WKDW�FDOYHV
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&DOYLQJ�LQWHUYDO� �\HDUV�

)LJ�� ��� (VWLPDWHG� UHODWLYH� SUREDELOLWLHV� RI� GLIIHUHQW� LQWHU�ELUWK�
LQWHUYDOV�IRU�EUHHGLQJ�IHPDOHV�

DUH�DOZD\V�UHFRUGHG�HYHQ�LI�WKH�PRWKHU�LV�VHHQ��7KH�HYHQW�
D�
FDOYLQJ�LV�UHFRUGHG
�PHDQV�WKDW�WKH�PRWKHU�LV�LGHQWLILHG�DQG�
LV� VHHQ� WR�EH�DFFRPSDQLHG�E\�D�FDOI�
:H�WKHUHIRUH�GHYHORSHG�RXU�RZQ�PRGHO�IRU�LQWHUSUHWLQJ�

WKHVH�GDWD��7KLV�LV�GHVFULEHG�LQ�WKH�$SSHQGL[��LW�PDNHV�XVH�
RQO\� RI� LGHQWLILFDWLRQV� RI� ZKDOHV� ZLWK� FDOYHV�� 7KH� PDLQ�
DVVXPSWLRQV�RI�WKH�PRGHO�DUH�WKDW�� �L��WKH�SUREDELOLW\�WKDW�D�
UDQGRP� FDOYLQJ� LQ� D� JLYHQ� \HDU� ZLOO� EH� UHFRUGHG� LV�
LQGHSHQGHQW�RI�ZKHWKHU�WKDW�ZKDOH
V�SUHYLRXV�FDOYLQJ�ZDV�
UHFRUGHG�� �LL�� WKH� SUREDELOLW\� WKDW� D� ZKDOH� ZLOO� FDOYH� LQ� D�
JLYHQ� \HDU� LV� D� IXQFWLRQ� RQO\�RI�WKH� WLPH� HODSVHG� VLQFH� LWV�
SUHFHGLQJ� FDOYLQJ�� LI� DQ\�� DQG� QRW� WKH� WLPH� HODSVHG� VLQFH�
FDOYLQJV� SUHYLRXV� WR� WKH� LPPHGLDWHO\� SUHFHGLQJ� FDOYLQJ�
�L�H�� VXFFHVVLYH� FDOYLQJV� RI� DQ� LQGLYLGXDO� IRUP� D� 0DUNRY�
FKDLQ��� )XUWKHU�� OHVV� FULWLFDO� DVVXPSWLRQV� DERXW� VXUYLYDO�
UDWHV�DUH�GHWDLOHG�LQ� WKH�$SSHQGL[�
)LJ�� �� JLYHV� WKH� UHVXOWLQJ� HVWLPDWHV� RI� WKH� UHODWLYH�

IUHTXHQF\� RI� GLIIHUHQW� ELUWK� LQWHUYDOV�� 7KH� PHDQ� FDOYLQJ�
LQWHUYDO� LV� HVWLPDWHG� DW� ����� \HDUV�ZLWK� D� ���� FRQILGHQFH�
LQWHUYDO�RI������ WR������
)LJ����VKRZV�WKH�REVHUYHG�UDWLR�RI�FDOYHV�WR�RWKHU�ZKDOHV�

VLJKWHG�HDFK� \HDU�� 7KHUH� LV� D� FRQVLGHUDEOH� LQFUHDVH� LQ� WKH�
SURSRUWLRQ� RI� FDOYHV� RYHU� WKH� SHULRG�� :KLOH� WKLV� PD\�
VXJJHVW� DQ� LQFUHDVH� LQ� WKH�FDOYLQJ�UDWH�� LW� PD\�DOVR� VLPSO\�
UHIOHFW�D�WHQGHQF\�WR�FRQFHQWUDWH�WKH�VDPSOLQJ�HIIRUW�RQ�WKH
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)LJ�� ��� 2EVHUYHG� UDWLR�RI�FDOYHV� WR� LGHQWLILHG�QRQ�FDOYHV�E\�\HDU�

DUHDV�RU�SHULRGV�LQ�ZKLFK�PRWKHU�FDOI�SDLUV�SUHGRPLQDWH�LQ�
WKH�ODWHU�\HDUV�� ,I�WKH�REVHUYDWLRQ�LV�GXH�WR�D�UHDO�LQFUHDVH�LQ�
WKH� FDOYLQJ� UDWH�� WKHQ� WKLV� ZRXOG� LPSO\� D� GHFUHDVH� LQ� WKH�
PHDQ� FDOYLQJ� LQWHUYDO�� 6LQFH� WKH� EXON� RI�FDOYLQJ� LQWHUYDOV�
DUH� LQ� WKH�UDQJH�����\HDUV��RQH�ZRXOG�H[SHFW�D�GHFUHDVH�LQ�
PHDQ�FDOYLQJ� LQWHUYDO� WR� EH� UHIOHFWHG� LQ� D� WHQGHQF\� IRU����
DQG���\HDU�LQWHUYDOV�WR�EHFRPH�UHODWLYHO\�OHVV�FRPPRQ�ZLWK�
WLPH�FRPSDUHG�ZLWK� WKH���\HDU� LQWHUYDOV�
7KH� DQDO\VLV� RI� WKH� GDWD� IRU� SRVVLEOH� WUHQGV� LQ� WKHVH�

IUHTXHQFLHV�GHWDLOHG�LQ�WKH�$SSHQGL[�UHYHDOV�QR�VLJQLILFDQW�
WUHQGV�� 7KHUH� LV� HYHQ�D�QRQ�VLJQLILFDQW� LQFUHDVLQJ�WUHQG� LQ�
WKH�UHODWLYH�IUHTXHQF\�RI���� DQG���\HDU�LQWHUYDOV�DQG�KHQFH�
LQ�WKH�PHDQ�FDOYLQJ�LQWHUYDO�� ,W�FDQ�WKHUHIRUH�EH�FRQFOXGHG�
WKDW�WKH�DSSDUHQW� LQFUHDVH� LQ� FDOYLQJ�UDWH� LV� QRW�UHDO�

$JH�DW�ILUVW�FDOYLQJ
$V�QRWHG�HDUOLHU��D�VPDOO�QXPEHU�RI�FDOYHV�FRXOG�EH�HQWHUHG�
LQWR� WKH� FDWDORJXH� LQ� WKHLU� \HDU� RI�ELUWK�� 7KLV� SURYLGHV� D�
VDPSOH� RI�NQRZQ� DJH� LQGLYLGXDOV� IURP�ZKLFK� LQIRUPDWLRQ�
RQ� WKH� \HDU�RI�ILUVW� FDOYLQJ�FDQ�EH�REWDLQHG��%HFDXVH�QHZ�
FDOYHV�DUH�EHLQJ�DGGHG�WR�WKLV�VDPSOH�HYHU\�\HDU�WKHUH�DUH�
UHODWLYHO\� PRUH� REVHUYDWLRQV� RI� NQRZQ� DJH� DQLPDOV� LQ�
\RXQJHU� WKDQ� LQ� ROGHU� DJH� FODVVHV�� 6XUYH\V�EHJDQ� LQ� �����
DQG� WKXV� WKH�PD[LPXP�NQRZQ�DJH� LQ� �����ZDV� ��� \HDUV�
)LJ�� �� VKRZV� WKH� GLVWULEXWLRQ� RI� DJH� DW� ILUVW� NQRZQ�

FDOYLQJV� RI� NQRZQ� DJH� LQGLYLGXDOV� WKDW� KDYH� FDOYHG�� 7KH�
PLQLPXP�DJH� DW� ILUVW�FDOYLQJ�LV� �� \HDUV�� %HFDXVH�LQWHU�FDOI�
LQWHUYDOV� OHVV� WKDQ� WKUHH�\HDUV�DUH� UDUH�� LW� FDQ�EH� DVVXPHG�
WKDW� WKH� DSSDUHQW� ILUVW� FDOYLQJV� DW� DJHV� �� DQG� �� DUH� DOVR�
JHQXLQH� ILUVW� FDOYLQJV�� *LYHQ� WKDW�ZH� HVWLPDWH� WKDW� DERXW�
KDOI�WKH�FDOYLQJV� LQ� WKH� ODWHU�\HDUV�KDYH�EHHQ�PLVVHG��)LJ��
�����VRPH�RU�SRVVLEO\�DOO�RI�WKH�UHPDLQGHU�RI�DSSDUHQW�ILUVW�
FDOYLQJV�ZLOO�EH�VHFRQG�RU�VXEVHTXHQW�FDOYLQJV�
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$JH�DW�ILUVW�REVHUYHG�FDOYLQJ��\HDUV�

)LJ�� ��� 'LVWULEXWLRQ� RI� DJH� DW� ILUVW� NQRZQ� FDOYLQJ� RI� NQRZQ�DJH�
LQGLYLGXDOV�

7KH� GDWD� VXJJHVW� WKDW� WKH�PDMRULW\�RI�ILUVW�FDOYLQJV�PD\�
RFFXU�DW���\HDUV�RI�DJH��ZKLOH�WKH�VXEVLGLDU\�SHDN�DW�DJH� ���
UHSUHVHQWV�VHFRQG�FDOYLQJV��EXW� VDPSOH� VL]HV�DUH� WRR�VPDOO�
WR� GUDZ� DQ\� GHILQLWLYH� FRQFOXVLRQV�� ,Q� SULQFLSOH� D� PRGHO�
FRXOG�EH�GHYHORSHG�WR�HVWLPDWH�WKH�SURSRUWLRQV�RI�DSSDUHQW�
ILUVW�FDOYLQJV�DW�HDFK�DJH�WKDW�DUH�JHQXLQH��EXW�LQ�YLHZ�RI�WKH�
VPDOO�QXPEHUV�LW�GRHV�QRW�VHHP�ZRUWK�GRLQJ�VR�DW�SUHVHQW�
3URYLGHG� WKDW� WKH� VWXG\� LV� FRQWLQXHG�� VDPSOH� VL]HV� RI�

NQRZQ� DJH� DQLPDOV� LQ� WKH� NH\� DJH� FODVVHV�ZLOO� DFFXPXODWH�
UDSLGO\� RYHU� WKH� QH[W� IHZ� \HDUV�� HQDEOLQJ� PRUH� SUHFLVH�
HVWLPDWLRQ�RI�WKH�PHDQ� DJH� DW� ILUVW�FDOYLQJ�
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)LJ�� ��� (VWLPDWHV� RI� SRSXODWLRQ� VL]H� E\� \HDU� �������� XVLQJ� WKH�
-ROO\�6HEHU� ��VDPSOH� PHWKRG�� (UURU� EDUV� DUH� WZR� HVWLPDWHG�
VWDQGDUG� HUURUV� HDFK� VLGH� RI�WKH� HVWLPDWH� �DFWXDO� ���� FRQILGHQFH�
LQWHUYDOV�ZRXOG�EH� DV\PPHWULF��

3RSXODWLRQ�VL]H�DQG�WUHQGV
(VWLPDWHV�RI�WKH� WRWDO�SRSXODWLRQ�VL]H�DQG�WKH�QXPEHUV�RI�
NQRZQ� IHPDOHV�E\�\HDU�ZHUH�REWDLQHG�LQ� DQ�HDUOLHU�SDSHU�
IURP�WKH�ILUVW� VL[�\HDUV�RI�WKLV�GDWD�VHW��:KLWHKHDG��3D\QH�
DQG� 3D\QH�� ������� XVLQJ� WKH� -ROO\�6HEHU� WKUHH�VDPSOH�
PHWKRG� �6HEHU�� ������
8SGDWHG� HVWLPDWHV� RI� WKH� WRWDO� SRSXODWLRQ� �H[FOXGLQJ�

FDOYHV�� XVLQJ� WKH� VDPH� PHWKRG� DUH� VKRZQ� LQ� )LJ�� ���
+RZHYHU�� WKHVH�HVWLPDWHV�VKRXOG�EH�WUHDWHG�ZLWK�FDXWLRQ��
EHFDXVH�VRPH�RI�WKH�DVVXPSWLRQV�RI�WKH�PHWKRG�DUH�NQRZQ�
WR�EH�YLRODWHG��$�NH\�DVVXPSWLRQ�RI�WKH�PHWKRG�LV�WKDW�WKH�
SUREDELOLW\�WKDW�D�UDQGRP�LQGLYLGXDO� LV� VDPSOHG� LQ�D�JLYHQ�
\HDU�LV� LQGHSHQGHQW�RI�ZKHWKHU�LW�ZDV�VDPSOHG�LQ�SUHYLRXV�
\HDUV�
%HFDXVH�WKH�UDZ�DSSDUHQW�FDOYLQJ�UDWH�RI�WKH�SRSXODWLRQ�

�)LJ�� ��� LV� JUHDWHU� WKDQ� WKH� FDOYLQJ� UDWH� LPSOLHG� E\� WKH�
HVWLPDWHG�PHDQ�FDOYLQJ�LQWHUYDOV�LQ� WKH�SUHFHGLQJ�VHFWLRQ��
ZH� NQRZ� WKDW� WKH� VDPSOHV� DUH� ELDVHG� WRZDUGV� FDOYLQJ�
IHPDOHV��)XUWKHUPRUH��WKLV�ELDV�LQFUHDVHV�LQ�WKH�ODWHU�\HDUV��
VR� WKDW� HVWLPDWHV� RI� WUHQGV� LQ� SRSXODWLRQ� VL]H� DV� ZHOO� DV�
HVWLPDWHV�RI�DEVROXWH�SRSXODWLRQ�VL]H�IURP�WKH�-ROO\�6HEHU�
PHWKRG�ZLOO�ERWK�EH�ELDVHG�

��n
(RD� LQ

(VWLPDWHG
2I�ZKLFK�REVHUYHG

��� ��� ��� ��� ��
)LJ�� ���� (VWLPDWHV�RI�QXPEHUV�RI�FDOYLQJV�RFFXUULQJ�LQ�WKH�SRSXODWLRQ�
E\�\HDU����������XVLQJ�WKH�PHWKRG�GHVFULEHG�LQ�WKH�$SSHQGL[��7KH�
SRUWLRQ�RI�WKH�HVWLPDWHG�QXPEHU�WKDW�ZDV�DFWXDOO\�REVHUYHG�LQ�HDFK�
\HDU�LV�DOVR�VKRZQ��1R�HVWLPDWHV�DUH�DYDLODEOH�IRU����������REVHUYHG�
QXPEHUV�RQO\�VKRZQ�

7KH�UHDVRQ�ZK\�WKH�HVWLPDWHV�IRU�WKH�ILQDO�WZR�\HDUV�DUH�
VR�PXFK�KLJKHU�WKDQ�WKH�HVWLPDWHV�IRU�DOO�RWKHU�\HDUV�LV�WKDW�
WKH� VDPSOHV� LQ� WKH� ODWHU� \HDUV� FRQVLVW� PDLQO\� RI� FDOYLQJ�
IHPDOHV�ZKLFK� WHQG� QRW� WR� EH� UHVLJKWHG� LQ� WKH� WZR� \HDUV�
IROORZLQJ� D� VLJKWLQJ�� 6LQFH� WKH� SRSXODWLRQ� HVWLPDWHV� DUH�
LQYHUVHO\� UHODWHG� WR� WKH� UHWXUQ� UDWHV�� HVWLPDWHV� RI�
SRSXODWLRQ�VL]H�RQH�RU�WZR�\HDUV�EHIRUH�WKH�HQG�RI�WKH�GDWD�
VHULHV�ZLOO�EH�ELDVHG�XSZDUGV�UHODWLYH�WR�SUHYLRXV�HVWLPDWHV��
7KLV� HIIHFW� ELDVHV� WKH� WUHQG� LQ� DOO� RWKHU� \HDUV� WR� VRPH�
H[WHQW�� DOEHLW�OHVV�GUDPDWLFDOO\�
7KH�WHQGHQF\�RI�IHPDOHV�WR�UHWXUQ�DW���\HDU�LQWHUYDOV�FDQ�

DOVR� EH� YLHZHG� DV� D� YLRODWLRQ� RI� WKH� DVVXPSWLRQ� RI� WKH�
-ROO\�6HEHU�PHWKRG�WKDW�DQLPDOV�GR�QRW�HPLJUDWH�IURP�WKH�
SRSXODWLRQ�WR�UHWXUQ�ODWHU�
,I� ZH� UHVWULFW� DWWHQWLRQ� WR� WKH� FDOYLQJ� SRSXODWLRQ�� WKH�

PHWKRG� GHVFULEHG� LQ� WKH� $SSHQGL[�� ZLWK� LWV� VRPHZKDW�
ZHDNHU�DVVXPSWLRQV�� FDQ�EH�XVHG�� 7KH�HVWLPDWHG�QXPEHU�
RI� DQLPDOV� FDOYLQJ� LQ� HDFK� \HDU� XVLQJ� WKDW� PHWKRG� DUH�
VKRZQ� LQ� 7DEOH� �� DQG�)LJ�� ���� %HFDXVH� WKH� HVWLPDWHV� DUH�
EDVHG�RQ� UHFRUGV�RI�UHSHDW�FDOYLQJV�RI�IHPDOHV�SUHYLRXVO\�
REVHUYHG�WR�FDOYH�� WKH�PHWKRG�GRHV�QRW�SURYLGH�HVWLPDWHV�
IRU�WKH�ILUVW� WKUHH�\HDUV�RI�WKH�VWXG\�
&DOFXODWLRQ� RI� VWDQGDUG� HUURUV� RI� WKHVH� HVWLPDWHV� LV�

ODERULRXV� DQG� KDV� RQO\� EHHQ� GRQH� IRU� WKH� ILQDO� �������
HVWLPDWH�� 6LQFH� WKH� HVWLPDWHV� LQ� GLIIHUHQW� \HDUV� KDYH�
FRQVLGHUDEOH� FRYDULDQFHV�� D� VLPSOH� UHJUHVVLRQ� RI� WKHVH�
HVWLPDWHV� DJDLQVW� WLPH� ZRXOG� QRW� QHFHVVDULO\� SURYLGH� D�
YDOLG� HVWLPDWH� RI� WKH� UDWH� RI�FKDQJH�� 7KH� DQQXDO� UDWH� RI�
FKDQJH� LV� HVWLPDWHG� E\� WKH� PHWKRG� GHVFULEHG� LQ� WKH�
$SSHQGL[�WR�EH������ �6(� ������

7DEOH���

2EVHUYHG�DQG�HVWLPDWHG�QXPEHU�RI�FDOYLQJV�LQ�WKH�SRSXODWLRQ�

<HDU� 2EV�� (VW�� 6( <HDU� 2EV�� (VW�� 6(
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$VVXPSWLRQ� �L�� RI�WKH�PHWKRG�PD\�EH�YLRODWHG� LQ� VHYHUDO�
ZD\V�� )LUVWO\�� WKH� FODVVLILFDWLRQ� RI� SKRWRJUDSKV� RU�
SKRWR�VHTXHQFHV� RI� ZKDOHV� LQWR� 
PDWFK
�� 
QHZ
� DQG�

XQLGHQWLILDEOH
�LV�GRQH�LQ�WKH�IROORZLQJ�ZD\�� DQ�DWWHPSW�LV�
PDGH�WR�PDWFK�WKH�SKRWRJUDSK�ZLWK�RQH�LQ�WKH�FDWDORJXH��LI�
QR� PDWFK� FDQ� EH� IRXQG�� LW� LV� HLWKHU� HQWHUHG� LQWR� WKH�
FDWDORJXH� DV� D� QHZ�ZKDOH� RU� GLVFDUGHG� DV� XQLGHQWLILDEOH��
7KLV� SURFHGXUH� GRHV� QRW� JXDUDQWHH� WKDW� ZKDOHV� WKDW� LQ�
UHDOLW\�PDWFK�D�ZKDOH�LQ�WKH�FDWDORJXH�DUH�HTXDOO\�OLNHO\�WR�
EH�FRQVLGHUHG�LGHQWLILDEOH�DV�DUH�WKRVH�ZKLFK�LQ�UHDOLW\�DUH�

QHZ
� ZKDOHV�� +HQFH� WKH� DVVXPSWLRQ� WKDW� WKH� SUREDELOLW\�
WKDW� D� FDOYLQJ� ZKDOH� LV� LGHQWLILHG� LQ� D� JLYHQ� \HDU� LV�
LQGHSHQGHQW�RI�ZKHWKHU�LW�ZDV�LGHQWLILHG�LQ�D�SUHYLRXV�\HDU�
PD\� QRW� EH� MXVWLILHG�� 6HFRQGO\�� VRPH� ZKDOHV� PD\� EH�
LQWULQVLFDOO\�PRUH�OLNHO\�WR�EH�LGHQWLILHG�WKDQ�RWKHUV��GXH�WR�
WKHLU� EHKDYLRXU�� FDOYLQJ� GDWH� RU� PLJUDWLRQDO� KDELWV�� 7R�
VRPH� H[WHQW� WKLV� FDQ� EH� DVFHUWDLQHG� IURP� WKH� GDWD�
WKHPVHOYHV�
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$� IXUWKHU� LPSOLFLW� DVVXPSWLRQ� RI� WKH�PHWKRG� LV� WKDW� DOO�
FODVVLILFDWLRQV�RI�ZKDOH� VLJKWLQJV� LQWR� 
PDWFKHV
� DQG� 
QHZ
�
ZKDOHV� DUH� FRUUHFW�� :H� KDYH� VRPH� HYLGHQFH� WKDW� VRPH�
PDWFKLQJ�ZKDOHV� KDYH� EHHQ� LQFRUUHFWO\� FODVVLILHG� DV� QHZ��
DQG� LW� FDQQRW� EH� UXOHG� RXW� DW� WKLV� VWDJH� WKDW� VRPH� QHZ�
ZKDOHV�KDYH�EHHQ� LQFRUUHFWO\�FODVVLILHG�DV�PDWFKHV��:KLOH�
WKH� IUHTXHQF\� RI� HUURUV� LV� WKRXJKW� WR� EH� ORZ�� D� ILQDO�
MXGJHPHQW� RQ� WKLV� PXVW� DZDLW� DQ� DSSURSULDWH� DQDO\VLV��
)XUWKHUPRUH�� WKH�SUREDELOLW\�RI�HUURUV�RI�HLWKHU�W\SH�PD\�
EH�D�IXQFWLRQ�RI�FDWDORJXH�VL]H��VLQFH�HDFK�QHZ�SKRWRJUDSK�
RU�SKRWR�VHTXHQFH�KDV�WR�EH�FRPSDUHG�ZLWK�HYHU\�ZKDOH�LQ�
WKH� FDWDORJXH�� 7KLV� FRXOG� ELDV� DQ\� DSSDUHQW� WUHQGV� ZLWK�
WLPH�� VXFK� DV� WKH� WUHQG�LQ�SRSXODWLRQ�VL]H�
7KH� DVVXPSWLRQV� RI� WKH� PRGHO� DUH� OLNHO\� WR� EH� PRUH�

VHULRXVO\� YLRODWHG� IRU� WKH� 
QRQ�FDOYLQJ
� VHJPHQW� RI� WKH�
SRSXODWLRQ��EHFDXVH�RI�LWV�LQKRPRJHQHRXV�FRPSRVLWLRQ�� ,W�
FRPSULVHV� VXEDGXOWV� RI�HLWKHU�VH[�� DGXOW�PDOHV�� DQG� DGXOW�
IHPDOHV� ZKLFK� KDYH� QRW� \HW� EHHQ� REVHUYHG� WR� FDOYH�� ,W�
ZRXOG�QRW�EH�VDIH�WR�DVVXPH�a priori WKDW�WKH�IUHTXHQF\�RI�
UHWXUQV�RI�VXEDGXOWV� WR� WKH�VWXG\�DUHD�DUH�LQGHSHQGHQW�RI�
DJH�� +HQFH� QR� DWWHPSW� KDV� EHHQ� PDGH� KHUH� WR� DQDO\VH�
WKHVH� FRPSRQHQWV� RI�WKH�SRSXODWLRQ� GLUHFWO\�� ,W�PLJKW�EH�
SRVVLEOH� DIWHU� UHFRPSLODWLRQ� RI� WKH� GDWD� WR� SHUIRUP�
DQDO\VHV�RQ�VXEVHWV�RI�WKH�SRSXODWLRQ�RI�NQRZQ�VWDWXV�VXFK�
DV�DGXOW�PDOHV��2WKHUZLVH��LW�PD\�EH�QHFHVVDU\�WR�ZDLW�XQWLO�
D� ODUJHU�VDPSOH�RI�NQRZQ�DJH� DQLPDOV�KDV�DFFXPXODWHG�
,I�WKH�PHDQ�DJH�DW�ILUVW�FDOYLQJ�LV�����\HDUV�WKHQ��DVVXPLQJ�

D� VWDEOH� DJH� VWUXFWXUH� DQG� D� ������ VH[� UDWLR�� ZH� ZRXOG�
H[SHFW����� RI�WKH�SRSXODWLRQ�WR�KDYH�KDG�D�FDOI�LI�WKHUH�LV�
QR�PRUWDOLW\�� DQG� D� ORZHU�SURSRUWLRQ� LI�WKHUH� LV�PRUWDOLW\�
RFFXUULQJ��7KH�HVWLPDWH�RI����FDOYLQJV�LQ� �����FRUUHVSRQGV�
WR�DQ�HVWLPDWHG�SRSXODWLRQ�RI�IHPDOHV�ZKR�KDYH�FDOYHG�E\�
�����RI�����DVVXPLQJ� WKH�HVWLPDWHG�PHDQ�FDOYLQJ�LQWHUYDO�
RI� ����� WR� EH� FRUUHFW�� �,W� LV� QRW� D� VLPSOH� SURGXFW� RI� WKH�
QXPEHUV� FDOYLQJ� LQ� ����� DQG� WKH� PHDQ� FDOYLQJ� LQWHUYDO��
EHFDXVH�RI�WKH�HIIHFW�RI�WKH�LQFUHDVLQJ�WUHQG�LQ� WKH�FDOYLQJ�
SRSXODWLRQ��� 7KLV� FRUUHVSRQGV� WR� D� WRWDO� SRSXODWLRQ� RI�
������ �PRUH�LI�PRUWDOLW\� LV� RFFXUULQJ��
7KH� FDOI� SURGXFWLRQ� UDWH� HVWLPDWHG� IURP� WKH� PHDQ�

LQWHU�FDOI� LQWHUYDO� FRXOG� JHQHUDWH� DQ� DQQXDO� SRSXODWLRQ�
JURZWK�UDWH�RI�������LQ�WKH�DEVHQFH�RI�LPPLJUDWLRQ��RQO\�LI�
WKH�PRUWDOLW\�UDWH�LV�ORZ�HQRXJK��,I�PRUWDOLW\�RFFXUV�HTXDOO\�
DW�DOO�DJHV��WKH�DQQXDO�UDWH�ZRXOG�KDYH�WR�EH�OHVV�WKDQ�������
,I�PRUWDOLW\�RFFXUV�LQ�WKH�ILUVW�\HDU�RI�OLIH�RQO\��D�YDOXH�RI�XS�
WR� ����� ZRXOG� EH� FRQVLVWHQW� ZLWK� WKH� REVHUYHG� UDWH� RI�
LQFUHDVH�� $� WRWDO� RI� ��� GHDG� FDOYHV� KDYH� EHHQ� REVHUYHG�
GXULQJ�WKH�SHULRG����������ZKLFK�SODFHV�D�ORZHU�ERXQG�RQ�
FDOI�PRUWDOLW\�RI�DERXW����
$� ORZ� PRUWDOLW\� UDWH� GRHV� QRW� QHFHVVDULO\� LPSO\� DQ�

XQUHDVRQDEO\�ORQJ�OLIH�VSDQ�LI�WKH�SRSXODWLRQ�LV�LQFUHDVLQJ��
)RU�H[DPSOH�� HYHQ� LI�QR� DQLPDO� OLYHG� EH\RQG� ��� \HDUV�RI�
DJH��WKH�DQQXDO�PRUWDOLW\�UDWH�LQ�D�SRSXODWLRQ�ZLWK�D�VWDEOH�
DJH�VWUXFWXUH�JURZLQJ�DW�DQ�DQQXDO�UDWH�RI�������ZRXOG�EH�
RQO\������SURYLGHG�WKHUH�ZDV�QR�PRUWDOLW\�EHIRUH�WKLV�DJH��
,I� LW� LV� JURZLQJ� DV� IDVW� DV� LW� DSSHDUV� WR� EH�� WKH� FXUUHQW�
SRSXODWLRQ� LV� WRR� \RXQJ� WR� SURYLGH�PXFK� LQIRUPDWLRQ�RQ�
OLIHVSDQ�
7KH�DSSDUHQW�UDWH�RI�LQFUHDVH�LQ�WKH�SRSXODWLRQ�FRXOG�EH�

H[DJJHUDWHG�LI�WKHUH�LV� QHW�LPPLJUDWLRQ�IURP�RWKHU�FDOYLQJ�
DUHDV� LQ� WKH� VRXWKZHVW�$WODQWLF��RU�LI�WKH�LQWHUFKDQJH�ZLWK�
RWKHU� FDOYLQJ� DUHDV� KDV� EHHQ� LQFUHDVLQJ� HYHQ� LI� WKHUH� KDV�
EHHQ�QR�QHW�LPPLJUDWLRQ��)XUWKHUPRUH��WKH�SRVVLEOH�ELDVHV

PHQWLRQHG�DERYH�UHODWLQJ�WR�WKH�LGHQWLILFDWLRQ�SURFHVV�PD\�
DOVR�ELDV�WKH�DSSDUHQW�UDWH�RI�LQFUHDVH�HVSHFLDOO\�LI�WKH\�DUH�
UHODWHG� WR� FDWDORJXH� VL]H�� 7KXV� WKH� HVWLPDWH� VKRXOG� EH�
UHJDUGHG� DV� SURYLVLRQDO� XQWLO� WKHVH� IDFWRUV� KDYH� EHHQ�
IXUWKHU�LQYHVWLJDWHG�

$&.12:/('*(0(176
:H� JUDWHIXOO\� DFNQRZOHGJH� WKH� KHOS� RI�IULHQGV� GXULQJ� DOO�
SKDVHV� RI� UHVHDUFK� GHVFULEHG� KHUHLQ�� ,Q� $UJHQWLQD� ZH�
UHFHLYHG� LQYDOXDEOH� DVVLVWDQFH� IURP� ERWK� LQVWLWXWLRQV� DQG�
LQGLYLGXDOV�� $PRQJ� LQVWLWXWLRQV�RXU�GHHSHVW� WKDQNV�JR� WR�
WKH� )XQGDFLRQ� $OIUHGR� )RUWDEDW�� SDUWLFXODUO\� 6HQRUD� $��
/D&UR]H� GH� )RUWDEDW�� WKH�1HZ�<RUN�=RRORJLFDO� 6RFLHW\��
HVSHFLDOO\�:�� &RQZD\�� WKH�%HUQDGLQR�5LYDGDYLD�0XVHXP�
RI� 1DWXUDO� 6FLHQFHV�� HVSHFLDOO\� -�0�� *DOODUGR�� WR� WKH�
&KXEXW�'HSDUWPHQW�RI�7RXULVP��HVSHFLDOO\�WR�$��7RUUHMRQ�
DQG� -�� 3HSLWRQH�� DQG� WR� WKH� )XQGDFLRQ� 9LGD� 6LOYHVWUH��
SDUWLFXODUO\�0�� 5H\QDO�DQG�$��/LFKWHU��:H�DUH�JUDWHIXO�WR�
WKH� *RYHUQPHQW� RI�&KXEXW� DQG� WKH� $UJHQWLQH�1DY\� IRU�
PDNLQJ�SODQHV� DYDLODEOH�� 7KH�$HUR�&OXE�RI�7UHOHZ�PDGH�
SRVVLEOH�WKH�UHJXODU�IOLJKWV�IURP�ZKLFK�WKH�PDMRULW\�RI�GDWD�
UHSRUWHG�KHUH�ZHUH�JDWKHUHG��7KH�LQGLYLGXDOV�ZKR�JDYH�XV�
SDUWLFXODU�KHOS�DUH�-��%LUG��2��%UD]LHU��+��&DOOHMDV��&��DQG�
-��&ODUN��(��)HUUR��&��*DUFLD��-��DQG�&��*RXOG��/��*XLQHH��
*�� DQG� 3�� +DUULV�� /�� /HODQG� 6WUXKVDNHU�� -�&�� DQG� '��
/RSH]�� .�� 2
&RQQHOO�� -�� 2OD]DERO�� 6�� 2UWHJD�� 7�� DQG�0��
2UWL]�%DVXDOGR��5�� 2VLQDOGH��.�� 3D\QH��-�� 3HUH]�0DFFKL��
$�� DQG� $�� 3HUH\UD�,UDROD�� 6�� 7DERU�� 3�� 7KRPDV�� $��
7RUUHMRQ�� %�� DQG� 0�� :XUVLJ� DQG� VHYHUDO� DQRQ\PRXV�
UHYLHZHUV��(��'RUVH\�DQG�-�� 6HJHU�KHOSHG�LQ�PDQ\�DVSHFWV�
RI�WKLV�SDSHU�� LQFOXGLQJ�WKH�DQDO\VLV�
7KLV� UHVHDUFK� ZDV� VXSSRUWHG� E\� JUDQWV� IURP� WKH�

)XQGDFLRQ� $OIUHGR� )RUWDEDW�� WKH� 1DWLRQDO� *HRJUDSKLF�
6RFLHW\�� WKH� 1HZ� <RUN� =RRORJLFDO� 6RFLHW\�� WKH� 3HRSOH
V�
7UXVW� IRU� (QGDQJHUHG� 6SHFLHV� DQG� WKH� :RUOG� :LOGOLIH�
)XQG�86�� DQG� E\� D� FRQWUDFW� ZLWK� WKH� 0DULQH� 0DPPDO�
&RPPLVVLRQ� �1R��00�$&2����

5()(5(1&(6

%DUORZ�� -�� ������ $� ELUWK�LQWHUYDO� PRGHO� IRU� HVWLPDWLQJ� DJH� DW� ILUVW
FDOYLQJ� DQG�PHDQ�FDOYLQJ� LQWHUYDO�� 3DSHU�6&�$���,'��� �3XEOLVKHG
LQ� WKLV�YROXPH���

1HOGHU�� -�$�� DQG� :HGGHUEXUQ�� 5�:�0�� ������ *HQHUDOLVHG� OLQHDU
PRGHOV�� J. R. Stat. Soc. A. ����� ��������

3D\QH��5�� ������ /RQJ�WHUP�EHKDYLRXUDO� VWXGLHV�RI�WKH�VRXWKHUQ�ULJKW
ZKDOH� (Eubalaena australis). Rep. int. Whal. Commn �VSHFLDO�LVVXH
����� �������

3D\QH�� 5��� %UD]LHU�� 2��� 'RUVH\�� (��� 3HUNLQV�� -��� 5RZQWUHH�� 9�� DQG
7LWXV�� $�� ������ ([WHUQDO� IHDWXUHV� LQ� VRXWKHUQ� ULJKW� ZKDOHV
(Eubalaena australis) DQG� WKHLU� XVH� LQ� LGHQWLI\LQJ� LQGLYLGXDOV�� SS�
��������� In: 5�� 3D\QH� �HG��� Communication and Behavior of
Whales $$$6� 6HOHFWHG� 6\PSRVLD� 6HULHV� ���� :HVWYLHZ� 3UHVV�
%RXOGHU��&RORUDGR�� ���SS��

6DQGODQG�� 5�/�� DQG� &RUPDFN�� 5�0�� ������ 6WDWLVWLFDO� LQIHUHQFH� IRU
3RLVVRQ� DQG� PXOWLQRPLDO� PRGHOV� IRU� FDSWXUH�UHFDSWXUH
H[SHULPHQWV�� Biometrika ������� �������

6HEHU�� *�$�)�� ������ The Estimation of Animal Abundance and
Related Parameters. *ULIILQ�� /RQGRQ�� �QG�(GLWLRQ�����SS��

:KLWHKHDG�� +���3D\QH�� 5�� DQG�3D\QH��0�� ������ 3RSXODWLRQ�HVWLPDWH
IRU�WKH�ULJKW�ZKDOHV�RII�3HQLQVXOD�9DOGHV��$UJHQWLQD�����������Rep.
int. Whal. Commn �VSHFLDO� LVVXH� ����� �������



5(3� ,17�� :+$/�� &2001� �63(&,$/� ,668(� ����

$SSHQGL[

$�02'(/�)25�(67,0$7,1*�&$/9,1*�,17(59$/6�
$1'�5(/$7('�3$5$0(7(56

���

/HW�3-� EH�WKH�SUREDELOLW\�WKDW�D�FDOYLQJ�LQ�\HDU�M� LV�UHFRUGHG�
DQG�KM�EH�WKH�SUREDELOLW\�WKDW�D�IHPDOH�WKDW�FDOYHG�LQ�\HDU�P�
ZLOO� KDYH� LWV� QH[W� FDOI� LQ� \HDU� P�M�� FRQGLWLRQDO� RQ� LWV�
VXUYLYDO� WR� \HDU� P�M�� /HW� MPD[� EH� WKH� PD[LPXP� FDOYLQJ�
LQWHUYDO�� VR� WKDW�

-PD

/HW� TM� EH� WKH� SUREDELOLW\� WKDW� D� ZKDOH� ZKLFK� FDOYHG� LQ�
\HDU�P� DOVR�FDOYHV�LQ�\HDU�P�M��FRQGLWLRQDO�RQ�LWV�VXUYLYDO�
WR�\HDU�P�M��7KH�4-� DUH� UHODWHG�WR�WKH�KM� E\�WKH�UHODWLRQV�

M�
TM�  � =� KMTM��

L O�
ZKHUH�T��  � ��
&RQGLWLRQDO� RQ� Q� �� WKH� QXPEHU� RI�FDOYLQJV� UHFRUGHG� LQ�

\HDU� L�� WKH� H[SHFWDWLRQ� RI� QA�� WKH� QXPEHU� RI� ZKDOHV�
UHFRUGHG�WR�FDOYH�ERWK�LQ�\HDU� L� DQG� LQ�\HDU�M�� LV�

M�M� 6MBL� �M� !� L� ���
ZKHUH� VN� LV� WKH� SUREDELOLW\� WKDW� D�ZKDOH� FDOYLQJ� LQ�\HDU�P�
VXUYLYHV�WR�\HDU�P�N�
7R�VLPSOLI\�WKH�FDOFXODWLRQV��WKH�PRGHO�FDQ�EH�ILWWHG�DV�LI�

WKH� QMM� KDG� D�3RLVVRQ�GLVWULEXWLRQ�DERXW�WKHLU�H[SHFWDWLRQ��
HYHQ�WKRXJK�WKLV�OHDGV�LQ�WKHRU\�WR�VRPH�RYHUHVWLPDWLRQ�RI�
YDULDQFH�FRPSDUHG�ZLWK�WKH�PRUH�UHDOLVWLF�ELQRPLDO�PRGHO�
�6DQGODQG�DQG�&RUPDFN�� ������
7KH�IROORZLQJ�DVVXPSWLRQV�DUH� LPSOLFLW� LQ� WKH�PRGHO��

�L�� WKH� SUREDELOLW\� WKDW� D� FDOYLQJ� RI� D� UDQGRPO\� VHOHFWHG�
LQGLYLGXDO�LQ�D�JLYHQ�\HDU�ZLOO�EH�UHFRUGHG�LV�LQGHSHQGHQW�RI�
ZKHWKHU�WKDW�LQGLYLGXDO
V�SUHYLRXV�FDOYLQJ�ZDV�UHFRUGHG��
�LL��WKH�SUREDELOLW\�WKDW�WKH�LQWHUYDO�EHWZHHQ�D�JLYHQ�FDOYLQJ�
RI�D�JLYHQ�LQGLYLGXDO�DQG�WKH�QH[W�FDOYLQJ�RI�WKDW�LQGLYLGXDO��
LI�DQ\��ZLOO�EH�RI�D�JLYHQ�OHQJWK�LV�LQGHSHQGHQW�RI�WKH�OHQJWK�
RI�WKH�LQWHUYDO�EHWZHHQ�WKH�JLYHQ�FDOYLQJ�DQG�WKH�SUHYLRXV�
FDOYLQJ�� LI�DQ\�
�LLL�� WKH� UHODWLYH� SUREDELOLWLHV�RI�FDOYLQJ� LQWHUYDOV� RI� HDFK�
OHQJWK�GR�QRW�FKDQJH�ZLWK�WLPH�
�LY�� VXUYLYDO� SUREDELOLWLHV� RI� IHPDOHV� DUH� QRW� DIIHFWHG� E\�
FDOYLQJV�DQG�GR�QRW�FKDQJH�ZLWK� WLPH�

7DEOH�2

(VWLPDWHG�SUREDELOLW\�GLVWULEXWLRQV�RI�FDOYLQJ�LQWHUYDOV�IRU�GLIIHUHQW�
DVVXPSWLRQV�DERXW�WKH�PD[LPXP�FDOYLQJ�LQWHUYDO�

,QWHUYDO�
�\HDUV�
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0HDQ�FDOYLQJ�LQWHUYDO�
5HODWLYH�OLNHOLKRRG�
9HUGLFW

$VVXPHG�PD[LPXP�LQWHUYDO��\HDUV�
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7KH� DERYH� IRUPXODWLRQ�\LHOGV� D� VHULHV�RI�QHVWHG�PRGHOV�
DFFRUGLQJ� WR� WKH� YDOXH� FKRVHQ� IRU� MPD[ �� WKH� PD[LPXP�
FDOYLQJ�LQWHUYDO��&DOFXODWLRQV�ZHUH�FRQGXFWHG�IRU�MPD[�  ����
��� �� DQG���� 7DEOH��� VKRZV� WKH�HVWLPDWHG�KM� IRU�HDFK�RI�WKH�
IRXU�PRGHOV�� RQ� WKH� DVVXPSWLRQ� WKDW�VXUYLYDO� UDWHV�DUH�DOO�
XQLW\�
:KLOH�WKH�UHODWLYH�OLNHOLKRRGV�RI�VXFK�PRGHOV�VKRXOG�QRW�

EH� LQWHUSUHWHG�WRR�OLWHUDOO\�� LW� LV�FOHDU�WKDW�WKH�PRGHO�ZLWK�
MPD[�  � �� LV� UHMHFWHG�� 7KLV� LV� ODUJHO\�EHFDXVH� WKHUH� DUH� WRR�
IHZ� ��\HDU� LQWHUYDOV� WR� DGHTXDWHO\� H[SODLQ� WKH� UHODWLYHO\�
KLJKHU�QXPEHU�RI���\HDU�LQWHUYDOV�LQ�WHUPV�RI�VHTXHQFHV�RI�
�� DQG� ��\HDU� LQWHUYDOV� ZLWK� D� PLVVHG� FDOYLQJ�� 7KH� PRGHO�
ZLWK�MPD[� ����LV�QRW�UHMHFWHG��7KH�PRGHO�ZLWK�MPD[�  ���OHG�WR�
H[DFWO\�WKH�VDPH�HVWLPDWHV�RI�WKH�KM� DV�WKH�PRGHO�ZLWK�MPD[�
 � ��� EHFDXVH� LQ� WKH� IRUPHU�PRGHO� WKH� HVWLPDWH�RI�K�� ZDV�
]HUR�
)LJ�� �� VKRZV� WKH� H[SHFWHG� GLVWULEXWLRQ� RI� DSSDUHQW�

LQWHU�FDOI�LQWHUYDOV�IURP�WKH�PRGHOV�ZLWK�MPD[�  ���RU����7KH�
PRGHO�VHHPV�WR�KDYH�VRPH�WURXEOH�ILWWLQJ�WKH�ODUJH�QXPEHU�
RI���DQG���\HDU�LQWHUYDOV�DQG�WKH�UHODWLYH�SDXFLW\�RI���\HDU�
LQWHUYDOV�
'XH� WR� WKH� QRQ�OLQHDU� QDWXUH� RI� WKH� PRGHO� DQG� WKH�

FRPSOH[� FRYDULDQFH� VWUXFWXUH� RI� WKH� HVWLPDWHV� RI� WKH� KM��
LQGLYLGXDO�VWDQGDUG�HUURU�HVWLPDWHV�IRU�HDFK�RI�WKH�KM�ZRXOG�
QRW� EH� SDUWLFXODUO\� PHDQLQJIXO� DQG� KDYH� QRW� EHHQ�
FDOFXODWHG�� 7KH�PHDQ�FDOYLQJ�LQWHUYDO� LV� JLYHQ�E\�

-PD[� -PD[�
��M�KM6M� ��=6M

M O� - O

)RU� WKH� PRGHO� ZLWK� MPD[�  � ��� WKH� HVWLPDWH� RI� WKH� PHDQ�
FDOYLQJ�LQWHUYDO�LV�������7KH�����FRQILGHQFH�LQWHUYDO�EDVHG�
RQ�WKH�OLNHOLKRRG�UDWLR�FULWHULRQ�LV������ WR������
,Q� SULQFLSOH�� WKH� VXUYLYDO� UDWH� FDQ� EH� HVWLPDWHG� DORQJ�

ZLWK�WKH�KM�� 7KH�EHVW�HVWLPDWH�RI�WKH�DQQXDO�PRUWDOLW\�UDWH�
XVLQJ�WKH�PRGHO�ZLWK�MPD[�  � �� LV�DSSUR[LPDWHO\�������EXW�D�
]HUR�YDOXH�LV�QRW�UHMHFWHG�DW�WKH����� OHYHO��7KH�XSSHU�����
FRQILGHQFH�OLPLW�LV�DSSUR[LPDWHO\�������,W�FDQ�EH�FRQFOXGHG�
WKDW� VXFK� GDWD� DUH� QRW� VXIILFLHQW� IRU� WKH� HVWLPDWLRQ�RI�WKH�
QDWXUDO�PRUWDOLW\�UDWH��1DWXUDO�PRUWDOLW\�LV�UHIOHFWHG�LQ�VXFK�
GDWD�DV�D�WHQGHQF\�IRU�WKH�UHVLJKWLQJ�UDWH�WR�GHFD\�ZLWK�WLPH�
HODSVHG� VLQFH� WKH� SUHYLRXV� VLJKWLQJ�� ,Q� WKLV� FDVH�� DQ\�
DSSDUHQW� GHFD\� LV� FRQIRXQGHG� ZLWK� WKH� SDWWHUQ� RI� FDOI�
LQWHUYDO�SUREDELOLWLHV�DQG�LV� WKHUHIRUH�GLIILFXOW� WR�GHWHFW�
7KHUH� LV� D� SRVLWLYH� FRUUHODWLRQ� EHWZHHQ� WKH� YDOXH�

DVVXPHG� IRU� WKH� QDWXUDO�PRUWDOLW\� UDWH� DQG� WKH� HVWLPDWHG�
PHDQ�FDOYLQJ�LQWHUYDO��+HQFH�WKH�DERYH�HVWLPDWH�REWDLQHG�
ZLWK�WKH�DVVXPSWLRQ�WKDW�WKH�PRUWDOLW\�UDWH�LV�]HUR�LV�LQ�WKDW�
UHVSHFW�D�PLQLPXP�HVWLPDWH��8VLQJ�WKH�HVWLPDWHG�YDOXH�RI�
0� �������FKDQJHV�WKH�HVWLPDWH�RI�PHDQ�FDOYLQJ�LQWHUYDO�WR�
����� \HDUV�� ZKLOH� XVLQJ� WKH� XSSHU�FRQILGHQFH� OLPLW� IRU�0�
�������LQFUHDVHV�WKH�HVWLPDWHG�PHDQ�FDOYLQJ�LQWHUYDO�WR������
\HDUV�

1XPEHUV�RI�FDOYLQJV�E\�\HDU�DQG� WUHQGV�RYHU� WLPH
$V�D�E\�SURGXFW��WKH�ILWWHG�PRGHO�����SURYLGHV�HVWLPDWHV�RI�
WKH� 3-�� WKH� SUREDELOLW\�RI�UHFRUGLQJ�D�FDOYLQJ�RFFXUULQJ� LQ�
\HDU� M�� 7KHVH� \LHOG� WKH� HVWLPDWRUV� RI� WKH� QXPEHUV� RI�
FDOYLQJV�LQ�HDFK�\HDU��1M��JLYHQ�RYHUOHDI�
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7KH� PHWKRG� \LHOGV� QR� HVWLPDWH� RI�1� �� WKH� QXPEHU� RI�
FDOYLQJV� LQ� WKH� ILUVW� \HDU� RI�WKH� VWXG\�� 6LQFH� WKHUH� DUH� QR�
REVHUYHG� ��\HDU� FDOYLQJ� LQWHUYDOV� LQ� WKLV� GDWD� VHW�� WKH�
PHWKRG�\LHOGV�QR�HVWLPDWH�RI�1,� HLWKHU��%HFDXVH�WKHUH�DUH�
VR� IHZ� WZR�\HDU�FDOYLQJ� LQWHUYDOV��QR�PHDQLQJIXO�HVWLPDWH�
RI�1�� LV� REWDLQHG�� 7KH� UHPDLQLQJ� HVWLPDWHV� DUH� OLVWHG� LQ�
7DEOH� ��� %HFDXVH� WKH� HVWLPDWHV� KDYH� FRQVLGHUDEOH�
FRYDULDQFH�� WKH� VLPSOH� SURFHGXUH� RI� UHJUHVVLQJ� WKHVH�
HVWLPDWHV� DJDLQVW� WLPH� ZRXOG� QRW� QHFHVVDULO\� SURYLGH� D�
YDOLG�HVWLPDWH�RI�WKH�WUHQG�LQ�WKH�FDOYLQJ�SRSXODWLRQ�VL]H��$�
WUHQG�LQ� WKH�FDOYLQJ�SRSXODWLRQ�VL]H�FDQ�EH�HVWLPDWHG�ZLWK�
WKH�IROORZLQJ�PRGHO�
/HW� 1M�  � 1� �H[S���M��� ZKHUH� �� LV� WKH� DQQXDO� UDWH� RI�

LQFUHDVH�H[SUHVVHG� DV� DQ� LQVWDQWDQHRXV�UDWH��:H�FDQ� WKHQ�
ILW� WKH�PRGHO�

(�Q�M ��  � Q�� QM� H[S����M��^ 6-�-�12� �M� !�L�

3URYLGHG�WKDW�ZH� UHTXLUH�RQO\�DQ�HVWLPDWH�RI���DQG�QRW�RI�
1� �� ZH� FDQ� ILW� WKLV� PRGHO� GLUHFWO\�� WUHDWLQJ� WKH� TM� DV�
QXLVDQFH�SDUDPHWHUV��ZLWKRXW�KDYLQJ�WR�JR�YLD�WKH�KM��7KH�6M�
DQG� 1�� FDQ� EH� DEVRUEHG� LQWR� WKH� TM� SDUDPHWHUV� ZLWKRXW�
FKDQJLQJ�WKH�VWUXFWXUH�RI�WKH�PRGHO��7KXV�IRU�WKH�SXUSRVH�
RI�HVWLPDWLQJ� ��ZH� GR�QRW�QHHG�WR�DVVXPH�D�YDOXH�IRU� WKH�
QDWXUDO�PRUWDOLW\�UDWH�QRU�GR�ZH�QHHG�WR�DVVXPH�D�YDOXH�IRU

WKH�PD[LPXP�FDOYLQJ�LQWHUYDO��7KH�PRGHO�LV�LQ�WKH�VWDQGDUG�
ORJ�OLQHDU�IRUP�� IRU�WKH�ILWWLQJ�RI�ZKLFK�YDULRXV�DOJRULWKPV�
VXFK� DV� */,0� �1HOGHU� DQG� :HGGHUEXUQ�� ������ DUH�
DYDLODEOH�� 7KH� HVWLPDWH� RI� �� LV� ������ �6(� �������� 7KLV�
FRUUHVSRQGV�WR�DQ�DQQXDO�UDWH�RI�LQFUHDVH�RI������S�D�� �6(�
������

'HWHFWLRQ�RI�WUHQGV� LQ� WKH�PHDQ�FDOYLQJ� LQWHUYDO
:H�QRWH� WKDW� VLQFH� WKH� K W� DQG� K�� SUREDELOLWLHV�DUH�]HUR�RU�
VPDOO�� SUREDELOLWLHV� T�� WKURXJK� T�� DUH� YHU\� FORVH� WR� WKH�
FRUUHVSRQGLQJ�K�YDOXHV�� )XUWKHUPRUH�� WKH�EXON�RI�FDOYLQJ�
LQWHUYDOV�DUH�ILYH�\HDUV�RU�OHVV��7KXV�DQ\�WUHQG�LQ�WKH�PHDQ�
FDOYLQJ�LQWHUYDO�ZLOO�EH�UHIOHFWHG�LQ� WHUPV�RI�D� WUHQG�LQ� WKH�
UHODWLYH� YDOXHV� RI� WKH� T� �� T�� RU� T�� RYHU� WLPH�� :H� UHVWULFW�
DWWHQWLRQ�WR�LQWHUYDOV�RI�����DQG���\HDUV�LQFOXVLYH�DQG�ILW�WKH�
PRGHO�

(�QLM��  � ULLTM�\SM
ZKHUH�TLM�  � TLR� H[S�M��L�� �L�  � ������ ��
$JDLQ��ZH�FDQ�ZRUN�ZLWK�WKH�TM
V�DORQH�ZLWKRXW�LQYRNLQJ�

WKH� KM� DQG� VR� ZLWKRXW� QHHGLQJ� WR� DVVXPH� D� YDOXH� IRU� WKH�
QDWXUDO�PRUWDOLW\�UDWH�
�M�LV�WKH�WLPH�WUHQG�LQ�WKH�IUHTXHQF\�RI�FDOYLQJ�LQWHUYDOV�RI�

OHQJWK�L�� %HFDXVH�RI�WKH�UHODWLYH�VPDOOHU�VL]H�RI�WKH�VDPSOH�
RI���DQG���\HDU�LQWHUYDOV��ZH�HVWLPDWHG�D�FRPPRQ�YDOXH�IRU�
���DQG��� �� 6LQFH�WKHUH�LV�RQH�GHJUHH�RI�UHGXQGDQF\�EHWZHHQ�
WKH���� DQG�WKH�3-�� RQH�RI�WKH��M� �VD\������� FDQ�EH�VHW�WR�]HUR�
ZLWKRXW�ORVV�RI�JHQHUDOLW\��7KLV�OHDYHV�RQO\���� WR�HVWLPDWH��
7KH� HVWLPDWH� ZDV� ������� �6(� �������� 7KH� QHJDWLYH� VLJQ�
LPSOLHV�D� WHQGHQF\�IRU���\HDU�LQWHUYDOV�WR�JHW�OHVV�FRPPRQ�
UHODWLYH�WR����DQG���\HDU�LQWHUYDOV�ZLWK�WLPH��L�H��IRU�FDOYLQJ�
LQWHUYDOV�WR�JHW�ORQJHU��EXW�WKH�WUHQG�LV�QRW�VLJQLILFDQW�


