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6WDWLVWLFDO� 'LVFORVXUH� &RQWURO� LQ� WKH� ����� 8.� &HQVXV��
6ZDSSLQJ�&HUWDLQW\�IRU�6DIHW\�
�
-RH� )UHQG�� &DUROH� $EUDKDPV�� $QJHOD� )RUEHV�� 3DXO� *URRP�� .HLWK� 6SLFHU��
&DUROLQH�7XGRUDQG�3HWHU�<RXHQV�

�
� 2IILFH�IRU�1DWLRQDO�6WDWLVWLFV��6HJHQVZRUWK�5RDG��7LWFKILHOG��)DUHKDP��32����55��8QLWHG�.LQJGRP��

^-RH�)UHQG��&DUROH�$EUDKDPV��.HLWK�6SLFHU��&DUROLQH�7XGRU��3HWHU�<RXHQV`#RQV�JVL�JRY�XN�
�6WDWLVWLFV�1HZ�=HDODQG� 6WDWLVWLFV�+RXVH��7KH�%RXOHYDUG��+DUERXU�4XD\V��32�%R[�������:HOOLQJWRQ�

������1HZ�=HDODQG��^$QJHOD�)RUEHV��3DXO�*URRP`#VWDWV�JRYW�Q]�

�
$EVWUDFW�� ,Q� WKLV� SDSHU� ZH� ZLOO� GHVFULEH� WKH� WDUJHWHG� UHFRUG� VZDSSLQJ� PHWKRGRORJ\� WKDW� KDV� EHHQ�
GHYHORSHG�E\� WKH�2IILFH� IRU�1DWLRQDO�6WDWLVWLFV� �216��DV� D� VWDWLVWLFDO�GLVFORVXUH�FRQWURO� VWUDWHJ\� IRU�
�����8.�&HQVXV�WDEXODU�RXWSXWV�DQG�KRZ�µVXIILFLHQW�XQFHUWDLQW\¶�KDV�LPSDFWHG�RQ�WKLV�� �:H�GLVFXVV�
WKH� NH\� IHDWXUHV� RI� WKH� KRXVHKROG� PHWKRGRORJ\� DQG� GHWDLO� KRZ� LW� KDV� EHHQ� DGDSWHG� WR� FUHDWH� WKH�
FRPPXQDO� HVWDEOLVKPHQW� PHWKRGRORJ\�� � 7KLV� SDSHU� ZLOO� GLVFXVV� KRZ� ZH� DUH� XVLQJ� SRSXODWLRQ�
WKUHVKROGV� DQG� H[SODLQ� KRZ� ZH� FDQ� PHDVXUH� WKH� XQFHUWDLQW\� FUHDWHG� E\� WKH� GLVFORVXUH� FRQWURO�
PHWKRGRORJ\��

�� ,QWURGXFWLRQ�
7KH� ����� 8.� &HQVXV� ZDV� FRQGXFWHG� RQ� WKH� ��WK� 0DUFK� ������ � :LWK� GHWDLOHG�
LQIRUPDWLRQ� RQ� WKH� VRFLR�HFRQRPLF� FKDUDFWHULVWLFV� RI� WKH� 8.� SRSXODWLRQ�� WKH� GDWD�
JDWKHUHG� IURP� WKH� FHQVXV� ZLOO� DOORZ� JRYHUQPHQWDO� GHSDUWPHQWV� DQG� RWKHU�
RUJDQLVDWLRQV�WR�EHWWHU�XQGHUVWDQG�KRZ�WR�DOORFDWH�WKHLU�UHVRXUFHV�IRU�SXEOLF�VHUYLFHV�
VXFK�DV�WUDQVSRUW��KHDOWK�VHUYLFHV�DQG�HGXFDWLRQ���&HQVXV�RXWSXWV�ZLOO�EH�UHOHDVHG�LQ�
GLIIHUHQW�IRUPDWV��SUH�SODQQHG�WDEOHV��XVHU�UHTXHVWHG�FRPPLVVLRQHG�WDEOHV�DQG�FHQVXV�
VDPSOH�PLFURGDWD�� �:LWK�WKH�UHOHDVH�RI�DJJUHJDWH�DQG�LQGLYLGXDO�GDWD�WKURXJK�WKHVH�
RXWSXWV�� WKHUH� FRPHV� D� ULVN� RI� LGHQWLILFDWLRQ� RI� DQ� LQGLYLGXDO� RU� RWKHU� HQWLW\� �H�J��
KRXVHKROGV�� IDPLOLHV�� EXVLQHVVHV�� FRPPXQDO� HVWDEOLVKPHQWV��� DQG� GLVFRYHU\� RI�
FRQILGHQWLDO� LQIRUPDWLRQ� DERXW� WKHP�� � :LWK� WKH� SURGXFWLRQ� RI� RIILFLDO� VWDWLVWLFV�
GHSHQGHQW� RQ� WKH� FRRSHUDWLRQ� DQG� WUXVW� RI� WKH� SRSXODWLRQ�� LQGLYLGXDOV¶� LQIRUPDWLRQ�
PXVW�UHPDLQ�SURWHFWHG�WR�PDLQWDLQ�WKLV�WUXVW���7KH�8.�&HQVXV�2IILFHV�RI�(QJODQG�DQG�
:DOHV��6FRWODQG�DQG�1RUWKHUQ�,UHODQG�PXVW�DOVR�HQVXUH�WKDW�WKH�FRQILGHQWLDOLW\�RI�WKH�
FHQVXV�UHVSRQGHQWV�LV�XSKHOG�IRU�DOO�RXWSXWV�WR�FRPSO\�ZLWK�WKHLU�OHJDO�UHTXLUHPHQW���
:LWK�DQ�LQFUHDVHG�QXPEHU�RI�RXWSXWV�WR�EH�UHOHDVHG�DQG�ZLWK�D�FRQVWDQW�GHPDQG�IURP�
XVHUV� IRU�JUHDWHU�GHWDLO�DQG�DFFXUDF\��6WDWLVWLFDO�'LVFORVXUH�&RQWURO� �6'&��SOD\V�DQ�
LPSRUWDQW�SDUW�LQ�WKH�VXFFHVV�RI�WKLV��SRWHQWLDOO\�WKH�ODVW��8.�&HQVXV���,QGHHG��LQ�WKH�
ODVW� WHQ� \HDUV� LQ� WKH�8.�� LI� QRW� DFURVV� DOO�1DWLRQDO�6WDWLVWLFDO� ,QVWLWXWHV� �16,V���ZH�

�������������������������������������������������
��&RPPXQDO�HVWDEOLVKPHQWV�DUH�PDQDJHG�UHVLGHQWLDO�DFFRPPRGDWLRQV��([DPSOHV�RI�FRPPXQDO�
HVWDEOLVKPHQWV�LQFOXGH�SULVRQV��KRVSLWDOV��KRWHOV�DQG�XQLYHUVLW\�KDOOV��
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KDYH� VHHQ� D� GLYHUJHQFH� RI� RSLQLRQ� EHWZHHQ� WKH� GDWD� SURYLGHUV� �GHPDQGLQJ� JUHDWHU�
OHYHOV� RI� SULYDF\�� DQG� WKH� GDWD� XVHUV� ZKLFK�� FRXSOHG� ZLWK� LPSURYHPHQWV� LQ�
WHFKQRORJ\�DQG�GDWD�PLQLQJ�� UHTXLUHV�PRUH�DGYDQFHG�6'&�PHWKRGV�� �6'&�DLPV� WR�
HQVXUH�WKH�FRQILGHQWLDOLW\�RI�UHVSRQGHQWV�LV�SURWHFWHG�DQG�LV�DFKLHYHG�HLWKHU�WKURXJK�
WKH� WUHDWPHQW� RI� WKH� PLFURGDWD� �SUH�WDEXODU��� WKH� RXWSXW� WDEOHV� �SRVW�WDEXODU�� RU� D�
FRPELQDWLRQ� RI� ERWK�� � 7KHUH� ZLOO� LQHYLWDEO\� EH� VRPH� GDPDJH� WR� WKH� XWLOLW\� RI� WKH�
RXWSXW�DQG�LW� LV�D�NH\�REMHFWLYH�IRU� WKH�FKRVHQ�6'&�PHWKRG�WR�PLQLPLVH�WKLV�XWLOLW\�
ORVV�ZKLOVW�PD[LPLVLQJ�WKH�SURWHFWLRQ�DJDLQVW�GLVFORVXUH���7KLV�SDSHU�ZLOO�RXWOLQH�WKH�
SULPDU\�6'&�PHWKRGRORJ\�RI� WDUJHWHG�UHFRUG�VZDSSLQJ�WKDW�ZLOO�EH�XVHG�WR�SURWHFW�
WKH� ����� 8.� &HQVXV� GDWD�� � 7KH� SDSHU� ZLOO� DOVR� GHVFULEH� KRZ� WKH� FRQFHSW� RI�
µVXIILFLHQW� XQFHUWDLQW\¶� KDV� UHVXOWHG� LQ� D� VKLIW� WRZDUGV� H[SORLWLQJ� WKH� DPELJXLW\�
DOUHDG\�VXUURXQGLQJ�WKH�GDWD�DQG�KRZ�WKLV�KDV�DIIHFWHG�WKH�6'&�PHWKRGRORJ\��

7KH� GLVFORVXUH� ULVNV� LQKHUHQW� LQ� IUHTXHQF\� WDEOHV� VXUURXQG� FHOOV� RI� ORZ� FRXQWV�
VXFK� �V�� �V� DQG� �V�� � ,W� LV�� KRZHYHU�� WKH� SRVLWLRQ� RI� �V� LQ� D� WDEOH� WKDW�PD\� OHDG� WR�
LQIRUPDWLRQ�DERXW�DQ�LQGLYLGXDO�RU�JURXS�RI�LQGLYLGXDOV�EHLQJ�OHDUQW�� �,W�LV�WKHUHIRUH�
LPSRUWDQW�IRU�WKH�FHQVXV�6'&�PHWKRG�WR�DGG�DPELJXLW\�WR�ERWK�VPDOO�FHOOV�DQG�]HUR�
FHOOV� LQ� WDEXODU� RXWSXWV�� � $� FRPPRQ� SUH�WDEXODU� 6'&� PHWKRG� LV� UHFRUG� �GDWD��
VZDSSLQJ�EHWZHHQ�KRXVHKROGV�PDWFKHG�RQ�FRQWURO�YDULDEOHV��:LOOHQERUJ�	�GH�:DDO��
��������5DQGRP�UHFRUG�VZDSSLQJ�ZDV�VHOHFWHG�DV�WKH�6'&�PHWKRG�IRU�WKH������8.�
&HQVXV�� �+RZHYHU�� DW� D� ODWH� VWDJH�� FRQFHUQV�ZHUH� UDLVHG� WKDW� WKH� SXEOLF�ZRXOG� QRW�
SHUFHLYH� WKDW� WKH�GDWD�KDG�EHHQ�SURSHUO\�SURWHFWHG�� � ,Q� OLJKW�RI� WKLV��D�GHFLVLRQ�ZDV�
PDGH�E\�WKH�2IILFH�IRU�1DWLRQDO�6WDWLVWLFV��216��DQG�1RUWKHUQ�,UHODQG�6WDWLVWLFV�DQG�
5HFRUGV� $JHQF\� �1,65$�� WR� HPSOR\� WKH� SRVW�WDEXODU� PHWKRG� RI� 6PDOO� &HOO�
$GMXVWPHQW� �6&$��ZKLFK� URXQGHG�VPDOO�FHOOV�HLWKHU�XS�RU�GRZQ� WR�D�EDVH�QXPEHU���
%HFDXVH� WKH� *HQHUDO� 5HJLVWHU� 2IILFH� RI� 6FRWODQG� �*526�� �ZKLFK� KDV� VLQFH� EHHQ�
UHQDPHG�WKH�1DWLRQDO�5HFRUGV�RI�6FRWODQG��156���GHFLGHG�DJDLQVW�6&$�WKHUH�ZDV�D�
ODFN� RI� KDUPRQLVDWLRQ� DFURVV� WKH� 8.�� � )XUWKHUPRUH�� EHFDXVH� HDFK� WDEOH� ZDV�
LQGHSHQGHQWO\� DGMXVWHG� VR� WKH� VXE�WRWDOV� DQG� WRWDOV� WRRN� DFFRXQW� RI� WKH�6&$�� WKHUH�
ZHUH� LQFRQVLVWHQFLHV� EHWZHHQ� WKH� FHOO� FRXQWV� LQ� GLIIHUHQW� WDEOHV�� � 7KH� ODFN� RI�
KDUPRQLVDWLRQ�� LQFRQVLVWHQF\�EHWZHHQ� WDEOHV� DQG�GDPDJH� WR�XWLOLW\� �HVSHFLDOO\�ZLWK�
VSDUVH� WDEOHV�� OHG� WR� FRQVLGHUDEOH� FULWLFLVP� IURP�XVHUV�� � ,Q� VRPH� FLUFXPVWDQFHV� WKH�
6&$� ZDV� IRXQG� WR� EH� SRVVLEOH� WR� XQSLFN� RU� SURYLGHG� OLWWOH� SURWHFWLRQ� DJDLQVW�
GLVFORVXUH�E\�GLIIHUHQFLQJ��6KORPR���������

,Q�1RYHPEHU������� WKH�5HJLVWUDUV�*HQHUDO�RI�(QJODQG�DQG�:DOHV��6FRWODQG�DQG�
1RUWKHUQ� ,UHODQG� DJUHHG� XSRQ� WKH�NH\� DLPV�RI� WKH�8.�&HQVXV�2XWSXWV� LQFOXGLQJ� D�
³>F@RPPRQ� 8.� 6'&� PHWKRGRORJ\� IRU� &HQVXV� ����� RXWSXWV� WKDW� PLQLPLVHV�
GLVFORVXUH�ULVN�ZKLOVW�PD[LPLVLQJ�XWLOLW\´��2IILFH�IRU�1DWLRQDO�6WDWLVWLFV����������7KH�
DJUHHPHQW� RQ� WKH� 6'&� 8.� 3ROLF\� ZDV� EDVHG� RQ� WKH� SULQFLSOH� RI� SURWHFWLQJ�
FRQILGHQWLDOLW\�DV�VHW�RXW�E\�WKH�1DWLRQDO�6WDWLVWLFV�&RGH�RI�3UDFWLFH���7KLV�KDV�VLQFH�
EHHQ� VXSHUVHGHG� E\� WKH� &RGH� RI� 3UDFWLFH� IRU� 2IILFLDO� 6WDWLVWLFV� IROORZLQJ� WKH�
LQWURGXFWLRQ�RI�WKH�6WDWLVWLFV�DQG�5HJLVWUDWLRQ�6HUYLFH�$FW��656$��������WKRXJK�WKH�
8.� 6'&� 3ROLF\� LV� VWLOO� YDOLG� DV� LW� LV� LQ� OLQH� ZLWK� 6HFWLRQ� ��� RI� WKH� 656$� �7KH�
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1DWLRQDO�$UFKLYHV����������*LYHQ�WKH�ODFN�RI�KDUPRQLVDWLRQ�DQG�WKH�FULWLFLVP�FDXVHG�
E\�6&$�LQ�WKH������&HQVXV��DQ�LPSRUWDQW�VWHS�WDNHQ�WKURXJK�WKH�5HJLVWUDUV�*HQHUDO�
DJUHHPHQW� ZDV� WKH� GHILQLWLRQ� RI� ZKDW� FRQVWLWXWHV� D� GLVFORVXUH� ULVN�� � )LUVW�� WKH�
5HJLVWUDUV� *HQHUDO� DFNQRZOHGJHG� WKDW� GLVFRYHULQJ� QHZ� LQIRUPDWLRQ� DERXW� DQ�
LQGLYLGXDO�WKURXJK�RXWSXWV��DWWULEXWH�GLVFORVXUH��LV�WKH�NH\�GLVFORVXUH�ULVN��UDWKHU�WKDQ�
MXVW�WKH�LGHQWLILFDWLRQ�RI�DQ�LQGLYLGXDO���7KLV�GHFLVLRQ�ZDV�SDUWLFXODUO\�EHQHILFLDO�IRU�
6'&� UHODWLQJ� WR� &RPPXQDO� (VWDEOLVKPHQWV� �&(V�� DV� SURWHFWLQJ� VSHFLILFDOO\� WKH�
LGHQWLILFDWLRQ� RI� &(V� ZRXOG� JUHDWO\� GDPDJH� WKH� GDWD�� � *LYHQ� WKH� LPSUDFWLFDOLW\� RI�
HQWLUHO\� UHPRYLQJ�ULVN�FDXVHG�E\�VPDOO�FHOOV�� WKH�5HJLVWUDUV�*HQHUDO�DOVR�FRQFOXGHG�
WKDW�WKH�&RGH�RI�3UDFWLFH�ZRXOG�EH�PHW�LI�QR�RXWSXWV�ZHUH�SURGXFHG�WKDW�ZRXOG�DOORZ�
WKH�LGHQWLILFDWLRQ�RI�DQ�LQGLYLGXDO��RU�LQIRUPDWLRQ�DERXW�WKHP��ZLWK�D�KLJK�GHJUHH�RI�
FRQILGHQFH�� � ,W� ZDV� WKHUHIRUH� DJUHHG� WKDW� VPDOO� FRXQWV� ��V�� �V�� DQG� �V�� FRXOG� EH�
LQFOXGHG�LQ�SXEOLFO\�GLVVHPLQDWHG�FHQVXV�WDEOHV�SURYLGHG�

D�� WKHUH�LV�VXIILFLHQW�XQFHUWDLQW\�DV�WR�ZKHWKHU�WKH�VPDOO�FHOO�LV�D�WUXH�YDOXH��DQG�
E�� WKDW�FUHDWLQJ�WKLV�XQFHUWDLQW\�GLG�QRW�VLJQLILFDQWO\�GDPDJH�WKH�GDWD���

:KLOVW�WKLV�GHFLVLRQ�KDG�JUHDW�EHQHILWV�IRU�WKH�TXDOLW\�RI�WKH�FHQVXV�RXWSXWV��DYRLGLQJ�
WKH� ODUJH� DPRXQW� RI� LQIRUPDWLRQ� ORVV� FDXVHG� E\� VPDOO� FHOO� DGMXVWPHQW� RU� RWKHU�
URXQGLQJ�PHWKRGV��D�FKDOOHQJH�ZDV�IDFHG�WR�FUHDWH�D�6'&�PHWKRGRORJ\�ZKLFK�ZRXOG�
HQVXUH�WKH�VDPH�OHYHOV�RI�GDWD�SURWHFWLRQ�ZLWKRXW�VLJQLILFDQW�GDPDJH�WR�WKH�GDWD���,W�LV�
ZHOO�NQRZQ�WKDW�HYHQ�EHIRUH�6'&�LV�DSSOLHG��WKHUH�H[LVWV�D�OHYHO�RI�DPELJXLW\�FUHDWHG�
WKURXJK� QRQ�UHVSRQVH�� FRYHUDJH� DGMXVWPHQW�� LWHP� QRQ�UHVSRQVH�� LPSXWDWLRQ� HUURUV��
UHVSRQGHQW�HUURUV��FDSWXUH�HUURUV�DQG�HYHQ�WKH�OHQJWK�RI�WLPH�IURP�GDWD�FROOHFWLRQ�WR�
GDWD�GLVVHPLQDWLRQ���:KLOVW�WKH�FHQVXV�SURFHVVHV�DUH�XVHG�WR�FOHDQ�WKH�GDWD�DQG�HQVXUH�
D�KLJKHU�OHYHO�RI�GDWD�TXDOLW\�WKH\�ZLOO�VWLOO�GLVWRUW�WKH�FROOHFWHG�GDWD�EHIRUH�RXWSXWV���
:LWK�NQRZOHGJH�RI�ZKHUH�DQG�WR�ZKDW�H[WHQW�DPELJXLW\�LV�FUHDWHG��WKH�VHOHFWHG�6'&�
PHWKRG�FDQ�EH�OLPLWHG�DQG�WDLORUHG�WR�HQVXUH�WKH�GDWD�DUH�QRW�RYHUSURWHFWHG���$SWO\��
µVXIILFLHQW�XQFHUWDLQW\¶�LV�D�UDWKHU�DPELJXRXV�H[SUHVVLRQ��KRZ�FDQ�\RX�FDOFXODWH�WKH�
XQFHUWDLQW\� RI� D� FHOO� YDOXH�� DQG� DW� ZKDW� SRLQW� LV� WKLV� XQFHUWDLQW\� µVXIILFLHQW¶"� � $�
TXDQWLWDWLYH�PHDVXUH�RI�XQFHUWDLQW\�KDV�EHHQ�GHYHORSHG�IRU�WKLV�SXUSRVH�DQG�ZLOO�EH�
GLVFXVVHG�LQ�6HFWLRQ����

$Q�LQLWLDO�UHYLHZ�RI�D�ZLGH�UDQJH�RI�6'&�PHWKRGV�ZDV�FRPSOHWHG�LQ������WR�
FUHDWH� D� VKRUW�OLVW� RI� PHWKRGV� IRU� WKH� ����� 8.� &HQVXV�� � :LWK� DQ� HPSKDVLV� RQ�
VHOHFWLQJ� D� PHWKRG� ZKLFK� ZRXOG� EH� DFFHSWHG� E\� XVHUV� DQG� DVVXUHG� DGGLWLYLW\� DQG�
FRQVLVWHQF\�DFURVV�WDEOHV�� WKH�WKUHH�PHWKRGV�VKRUW�OLVWHG�IRU�IXUWKHU�HYDOXDWLRQ�ZHUH�
UHFRUG�VZDSSLQJ��RYHU�LPSXWDWLRQ�DQG�WKH�$%6�&HOO�3HUWXUEDWLRQ�0HWKRG���6SLFHU�	�
7XGRU��������GHVFULEH�WKH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�HYDOXDWLRQ�SURFHVV�WKDW�OHG�WR�
WKH�GHFLVLRQ�WR�XVH�UHFRUG�VZDSSLQJ�DFURVV�WKH�8.�IRU�WKH������&HQVXV���$V�ZHOO�DV�
LQ� WKH� ����� &HQVXV�� UHFRUG� VZDSSLQJ� KDV� VXFFHVVIXOO\� EHHQ� XVHG� IRU� SURWHFWLQJ�
FHQVXV� WDEOHV� DW� WKH�86�&HQVXV�%XUHDX�� � 7KH� H[SHFWHG�ZHDNQHVVHV� RI� WKH�PHWKRG�
ZHUH� KRZ� WR� GHDO� ZLWK� SRSXODWLRQ� XQLTXHV� DQG� VSHFLDO� SRSXODWLRQV� VXFK� DV� &(�
UHVLGHQWV���,PSRUWDQWO\��WKH�NH\�VWUHQJWKV�RI�UHFRUG�VZDSSLQJ�DUH�WKDW�D��QR�SHUVRQ�RU�
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GDWD�LWHPV�DUH�UHPRYHG�HQVXULQJ�WKDW�RXWSXWV�IRU�QDWLRQDO�DQG�KLJK�OHYHO�JHRJUDSKLHV�
DUH�XQDIIHFWHG��DQG�E��WKDW�WKH�PHWKRG�KDV�EHHQ�XVHG�EHIRUH�IRU�QDWLRQDO�FHQVXVHV��

�� 7DUJHWHG�5HFRUG�6ZDSSLQJ�IRU�+RXVHKROGV�LQ�WKH������8.�&HQVXV�
5HFRUG� VZDSSLQJ� LV� D� SUH�WDEXODU� PHWKRG� RI� SHUWXUEDWLRQ� ZKHUH� WKH� JHRJUDSKLFDO�
YDULDEOHV� RI� D� VDPSOH� RI� KRXVHKROGV� DUH� VZDSSHG� ZLWK� WKRVH� RI� RWKHU� KRXVHKROGV�
PDWFKHG� RQ� D� VHW� RI� NH\� YDULDEOHV�� � %\� VZDSSLQJ� WKH� JHRJUDSKLFDO� LQIRUPDWLRQ� RI�
SDLUHG� KRXVHKROGV� WKH�PHWKRG� HQVXUHV� WKDW� WKH� UHODWLRQVKLS� RI� YDULDEOHV�ZLWKLQ� WKH�
KRXVHKROGV�ZLOO� UHPDLQ� XQFKDQJHG� DQG� DOVR� HQVXUHV� WKH�PDUJLQDO� GLVWULEXWLRQV� DUH�
SUHVHUYHG� DW� KLJKHU� JHRJUDSKLHV�� �7KH� VDPSOH�RI� KRXVHKROGV� FDQ� HLWKHU�EH� VHOHFWHG�
UDQGRPO\� RU� E\� WDUJHWLQJ� KRXVHKROGV� WKDW� SRVH� D� JUHDWHU� ULVN� RI� GLVFORVXUH�� �8VLQJ�
�����GDWD��6KORPR�HW�DO���������FRPSDUHG�WKH�HIIHFWV�RI�WDUJHWHG�DQG�UDQGRP�UHFRUG�
VZDSSLQJ� PHWKRGV�� � 7KHLU� DQDO\VLV� VKRZHG� WKDW� WDUJHWHG� UHFRUG� VZDSSLQJ� RQO\�
UHTXLUHG� DSSUR[LPDWHO\�KDOI� WKH� VZDS� UDWH�RI� UDQGRP�UHFRUG�VZDSSLQJ� WR�DWWDLQ� WKH�
VDPH�OHYHO�RI�SURWHFWLRQ��ZKLOVW�JHQHUDOO\�SUHVHUYLQJ�KLJKHU�OHYHOV�RI�XWLOLW\��

����&DOFXODWLRQ�RI�5LVN�6FRUHV�

$V�PHQWLRQHG�EHIRUH��WKH�FHOOV�ZKLFK�UHTXLUH�WKH�PRVW�SURWHFWLRQ�DUH�WKRVH�ZLWK�VPDOO�
FRXQWV�ZKLFK� ZLOO� KDYH� EHHQ� DJJUHJDWHG� IURP� UDUHU� LQGLYLGXDOV� RU� KRXVHKROGV�� %\�
WDUJHWLQJ�WKH�UHFRUGV�WKDW�SRVH�D�JUHDWHU�ULVN�RI�GLVFORVXUH�ZH�DUH�DEOH�WR�FUHDWH�PRUH�
DPELJXLW\�IRU�WKRVH�VPDOO�FHOOV�DQG�OLPLW�WKH�GDPDJH�WR�XWLOLW\�IRU�WKH�UHVW�RI�WKH�GDWD��
:KLOVW�WKH�IRFXV�LV�RQ�SURWHFWLQJ�DJDLQVW�DWWULEXWH�GLVFORVXUH��WR�EH�DEOH�WR�JOHDQ�QHZ�
LQIRUPDWLRQ�DERXW�DQ�LQGLYLGXDO�DQ�LQWUXGHU�GRHV�ILUVW�KDYH�WR�LGHQWLI\�DQ�LQGLYLGXDO�
LQ�D�WDEOH��DQG�WR�GR�VR��WKH�LQWUXGHU�PXVW�KDYH�VRPH�SULRU�NQRZOHGJH���7R�GHWHUPLQH�
ZKLFK� YDULDEOHV� VKRXOG� EH� XVHG� WR� DVVHVV� WKH� UDULW\� RI� D� KRXVHKROG��ZH� FRQVLGHUHG�
ZKLFK�RI�WKHVH�FRXOG�EH�GHVFULEHG�DV�µYLVLEOH¶�DQG�XVHG�WR�LGHQWLI\�D�UHFRUG���:KLOVW�
WKH�ULVN�RI�DWWULEXWH�GLVFORVXUH�ZLOO�LQFUHDVH�ZLWK�µYLVLEOH¶�YDULDEOHV��WKH�SUHVHQFH�RI�
µVHQVLWLYH¶� YDULDEOHV� LQ� D� WDEOH�PD\� LQFUHDVH� WKH� SUREDELOLW\� RI� LQWUXGHU�PRWLYDWLRQ�
DQG� VXEVHTXHQWO\� WKH� ULVN� RI� GLVFORVXUH�� � 7KH� FHQVXV� YDULDEOHV� ZHUH� FODVVLILHG� DV�
VHQVLWLYH�DQG�RU�YLVLEOH��XVLQJ�WKH�IROORZLQJ�GHILQLWLRQV��

•� YLVLEOH��LI�WKHLU�DWWULEXWHV�DUH�µFRQVWDQWO\�RU�IUHTXHQWO\�LQ�WKH�SXEOLF�YLHZ¶�

•� VHQVLWLYH� LI� WKH\� LQYROYH� µLQIRUPDWLRQ� RI� D� GHOLFDWH� QDWXUH� WKDW� FRXOG� FDXVH�
KDUP�RU�GLVWUHVV�LI�UHYHDOHG¶�

:LWK� WKH�FHQVXV�YDULDEOHV�GHILQHG�DV� VHQVLWLYH�DQG�RU�YLVLEOH�D�QXPEHU�RI�YDULDEOHV�
ZHUH�VHOHFWHG�IURP�ZKLFK�WR�FDOFXODWH�WKH�ULVN�VFRUHV���216�ZLOO�QRW�UHOHDVH�VSHFLILFV�
RI�WKH�6'&�PHWKRGRORJ\�VXFK�DV�VZDS�UDWHV��PDWFKLQJ�YDULDEOHV�DQG�ULVN�YDULDEOHV�LQ�
RUGHU�WR�PDLQWDLQ�WKH�OHYHO�RI�FRQILGHQWLDOLW\�SURWHFWLRQ�RIIHUHG�E\�WKH�PHWKRGV��

7KH������8.�&HQVXV�UHFRUG�VZDSSLQJ�PHWKRGRORJ\�ZLOO�EH�FDUULHG�RXW�LQ�ODUJH�
JHRJUDSKLF�EORFNV�FDOOHG�'HOLYHU\�*URXSV��'*V����:LWKLQ�WKHVH�'*V�DUH�WKUHH�OHYHOV�
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RI�QHVWHG�JHRJUDSKLHV��/RFDO�$XWKRULW\�'LVWULFWV��/$'V���0LGGOH�6XSHU�2XWSXW�$UHDV�
�062$V��DQG�2XWSXW�$UHDV��2$V���ZKHUH�2$V�DUH�WKH�VPDOOHVW�JHRJUDSK\�IRU�ZKLFK�
GHWDLOHG� RXWSXWV� DUH� SURGXFHG�� FRQVLVWLQJ� RI�� RQ� DYHUDJH�� ���� SHUVRQV� DQG� ����
KRXVHKROGV�� � %HFDXVH� WKH�PDMRULW\� RI� &HQVXV� WDEOHV� FRQVLVW� RI� LQGLYLGXDO� SHUVRQV��
KRXVHKROGV� DUH� LGHQWLILHG� DV� KLJK� ULVN� GHSHQGHQW� RQ� WKH� LQGLYLGXDOV� UHVLGLQJ� WKHUH���
,QGLYLGXDOV� DUH� JLYHQ� D� ULVN� VFRUH� UHOLDQW� RQ� IUHTXHQF\� FRXQWV� RQ� XQLYDULDWH�
GLVWULEXWLRQV� RQ� WKH� FKRVHQ� VHW� RI� ULVN� YDULDEOHV�� � $� ULVN� VFRUH�� DV� GHVFULEHG� E\�
6KORPR�HW�DO���������LV�FDOFXODWHG�DW�DOO�WKUHH�JHRJUDSKLFDO�OHYHOV�IRU�HDFK�LQGLYLGXDO�
UHFRUG��QRW�LQFOXGLQJ�LPSXWHG�UHFRUGV���DV�IROORZV��

•� )RU�0� ULVN� YDULDEOHV�ZLWK� ��������� 0PNP = � FDWHJRULHV� DW� WKH� JHRJUDSKLFDO�

OHYHO�J��WKH�IUHTXHQF\� J
NP

1 �LV�FDOFXODWHG��

•� )RU�HYHU\�LQGLYLGXDO�ZLWK�YDOXHV�RI�FDWHJRULHV� �������� �� 0NNNN = ��D�ULVN�VFRUH�
�+5�� LV� FDOFXODWHG� DW� JHRJUDSK\� OHYHO� J� E\� WDNLQJ� WKH� DYHUDJH� RI� WKH��
UHFLSURFDOV�RI�WKH�FRXQWV��
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$�WKUHVKROG�OHYHO�LV�VHW�IRU�HDFK�RI�WKH�WKUHH�JHRJUDSKLHV��ZKHUHE\�DOO�UHFRUGV�ZLWK�D�
ULVN� VFRUH� KLJKHU� WKDQ� WKH� WKUHVKROG� DW� WKDW� JHRJUDSK\� DUH� GHHPHG� WR� EH� KLJK� ULVN���
$Q\� KRXVHKROG� FRQWDLQLQJ� D� KLJK� ULVN� LQGLYLGXDO� LV� WKHQ� IODJJHG� DV� D� KLJK� ULVN�
KRXVHKROG��

����6HOHFWLRQ�RI�6DPSOHV�DQG�0DWFKHV��

$V�PHQWLRQHG� LQ�6HFWLRQ����SULRU� WR� WKH�DSSOLFDWLRQ�RI� WKH�6'&�PHWKRGRORJ\�� WKHUH�
ZLOO�RIWHQ�EH�XQFHUWDLQW\�FUHDWHG�LQ�WKH�GDWD�E\�RWKHU�FHQVXV�SURFHVVHV�� �2QH�RI� WKH�
PRVW� LPSDFWLQJ� SURFHGXUHV� WR� WKH� GDWD� LV� WKH� LPSXWDWLRQ� RI� UHFRUGV� WR� DFFRXQW� IRU�
QRQ�UHVSRQVH�� � 1RQ�UHVSRQVH� UDWHV�� DQG� FRQFXUUHQWO\�� LPSXWDWLRQ� OHYHOV� ZLOO� YDU\�
EHWZHHQ�GHOLYHU\�JURXSV���,Q�DUHDV�ZKHUH�WKHUH�DUH�KLJK�OHYHOV�RI�XQFHUWDLQW\�JDLQHG�
WKURXJK�LPSXWDWLRQ�� WKHUH�LV� OHVV�RI�D�QHHG�IRU�6'&�WKDQ�DUHDV�ZLWK�ORZHU�OHYHOV�RI�
LPSXWDWLRQ���7KHUHIRUH��WKH�SHUFHQWDJH�RI�KRXVHKROGV�VHOHFWHG�WR�EH�VZDSSHG�ZLWKLQ�
WKH�GHOLYHU\�JURXS�ZLOO�KDYH�DQ�LQYHUVH�UHODWLRQVKLS�WR�WKH�LPSXWDWLRQ�UDWH��WKRXJK�DOO�
DUHDV� ZLOO� KDYH� VRPH� VZDSSLQJ�� �:KLOVW� WKH� VDPSOH� VL]H� LV� VHW� IRU� HDFK�'*�� LW� LV�
DOORFDWHG�DFURVV�WKH�2$V�GHSHQGHQW�RQ�D��WKH�QXPEHU�RI�QRQ�LPSXWHG�KRXVHKROGV�LQ�
WKH�2$��DQG�E��WKH�SHUFHQWDJH�RI�KLJK�ULVN�KRXVHKROGV�LQ�WKH�2$��WKRXJK�D�WKUHVKROG�
SHUFHQWDJH� RI� KRXVHKROGV� VHOHFWHG� LQ� DQ\� RQH� 2$� LV� HPSOR\HG�� � 7KH� KLJK� ULVN�
KRXVHKROGV�ZLOO�EH�JLYHQ�D�KLJKHU�SUREDELOLW\�RI�EHLQJ�VHOHFWHG�IRU�VZDSSLQJ��WKRXJK�
DOO� QRQ�LPSXWHG� KRXVHKROGV� ZLOO� KDYH� D� QRQ�]HUR� SUREDELOLW\�� � 1R� LPSXWHG�
KRXVHKROGV�ZLOO�EH�VHOHFWHG�IRU�HLWKHU�VDPSOLQJ�RU�PDWFKLQJ��WKRXJK�UHDO�KRXVHKROGV�
ZLWK�DGGLWLRQDO�LPSXWHG�SHUVRQV�DUH�HOLJLEOH��

:LWK�WKH�VDPSOH�KRXVHKROGV�VHOHFWHG��HDFK�VDPSOH�KRXVHKROG�ZLOO�EH�PDWFKHG�
ZLWK�DQRWKHU�KRXVHKROG�RXWVLGH�RI�WKH�VDPSOH���7R�HQVXUH�FRXQWV�RI�KRXVHKROGV�DQG�
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LQGLYLGXDOV�UHPDLQ�FRUUHFW�IRU�HDFK�OHYHO�RI�JHRJUDSK\��KRXVHKROGV�ZLOO�EH�PDWFKHG�
RQ� KRXVHKROG� VL]H� DV� ZHOO� DV� D� VHW� RI� FRQWURO� RU�PDWFKLQJ� YDULDEOHV�� VHOHFWHG� WR�
SUHVHUYH� FHUWDLQ� FKDUDFWHULVWLFV�� ,QLWLDOO\�� WKRVH� QRQ�VDPSOHG� KRXVHKROGV� IODJJHG� DV�
KLJK� ULVN� DUH� FRQVLGHUHG� DV� SRVVLEOH� PDWFKHV� WR� DJDLQ� SODFH� WKH� HPSKDVLV� RQ�
SURWHFWLQJ� WKH�PRUH� ULVN\� UHFRUGV�� � ,I� DQ� LQGLYLGXDO� LV�XQLTXH�DW�JHRJUDSK\��RQ�DQ\�
RQH�RI�WKH�ULVN�YDULDEOHV��WKH�LQGLYLGXDO�DQG�VXEVHTXHQWO\�WKH�KRXVHKROG�LV�IODJJHG�DV�
XQLTXH� DW� WKDW� JHRJUDSK\�� � ,I� WKHQ� VHOHFWHG� IRU� VZDSSLQJ�� WKH� KRXVHKROG�ZRXOG� EH�
VZDSSHG� RXWVLGH� RI� WKH� JHRJUDSK\� LQ� ZKLFK� LW� LV� XQLTXH�� � 6R�� IRU� H[DPSOH�� D�
KRXVHKROG� XQLTXH� DW� WKH�062$� OHYHO� ZLOO� EH� VZDSSHG� RXW� RI� LWV�062$� EXW� VWLOO�
ZLWKLQ� WKH�/$'�� �$�XQLTXH�IODJ�GRHV�QRW�QHFHVVDULO\� LPSO\� WKDW� WKH�KRXVHKROG�ZLOO�
DOVR�EH� IODJJHG�DV�KLJK� ULVN�� �$VLGH� IURP� WKHVH� H[FHSWLRQV��ZH�ZLOO� DOZD\V� ORRN� WR�
PLQLPLVH�WKH�GLVWDQFH�EHWZHHQ�WKH�VDPSOH�KRXVHKROG�DQG�D�PDWFK��EXW� WKH�VDPSOHG�
KRXVHKROG�ZLOO�DOZD\V�EH�VZDSSHG�RXWVLGH�RI�LWV�2$���7KLV�EHWWHU�SUHVHUYHV�WKH�XWLOLW\�
RI�WKH�GDWD�DW�KLJKHU�OHYHOV�RI�JHRJUDSK\���,W�ZLOO�QRW�EH�XQFRPPRQ�IRU�VRPH�VDPSOHG�
KRXVHKROGV� QRW� WR� EH� PDWFKHG� DW� D� ORZ� JHRJUDSK\� DQG� ZLWK� WKH� VHW� RI� PDWFKLQJ�
YDULDEOHV���,I�WKLV�RFFXUV��ZH�LQLWLDOO\�UHOD[�WKH�GHWDLO�LQ�WKH�PDWFKLQJ�YDULDEOHV�EHIRUH�
ORRNLQJ�DW�VZDSSLQJ�DW�D�KLJKHU�JHRJUDSK\���2QFH�D�PDWFK�LV�IRXQG�DOO�JHRJUDSKLFDO�
YDULDEOHV�ZLOO�EH�VZDSSHG��

�� 7DUJHWHG�5HFRUG�6ZDSSLQJ� IRU�&RPPXQDO�(VWDEOLVKPHQWV� LQ� WKH�
�����8.�&HQVXV�

$V� SUHYLRXVO\� PHQWLRQHG�� RQH� RI� WKH� ZHDNQHVVHV� RI� WKH� UHFRUG� VZDSSLQJ�
PHWKRGRORJ\�ZDV� WKRXJKW� WR� VXUURXQG�SHUVRQV� OLYLQJ� LQ�&RPPXQDO�(VWDEOLVKPHQWV�
�&(V��� �+RZHYHU� WR�SURYLGH�FRQVLVWHQF\� LQ� WKH�6'&�PHWKRGRORJ\�DQ� DGDSWDWLRQ�RI�
WKH� KRXVHKROG� UHFRUG� VZDSSLQJ� FRGH� LV� XVHG� WR� SURWHFW� WKH� &HQVXV� ����� &(� GDWD���
7KH�ORFDWLRQ�RI�D�ODUJH�QXPEHU�RI�&(V�VXFK�DV�SULVRQV�RU�JHQHUDO�KRVSLWDOV��DUH�YHU\�
PXFK�SXEOLF�NQRZOHGJH���+RWHOV�DQG�FDUH�KRPHV�DUH�DOVR�OLNHO\�WR�EH�NQRZQ�ZLWKLQ�
WKH�ORFDO�DUHD�� �*LYHQ�WKLV�� LW� LV�GLIILFXOW�DQG�LQ�PDQ\�FDVHV�SRLQWOHVV�� WR�SURWHFW� WKH�
DFWXDO� HVWDEOLVKPHQWV� IURP� LGHQWLW\� GLVFORVXUH�� � 7R� GR� VR� ZRXOG� HLWKHU� PHDQ�
SHUWXUELQJ� WKH� &(� FRXQWV� RU� WKH� FRXQWV� RI� SHUVRQV� LQ� &(V�� QHLWKHU� RI� ZKLFK� DUH�
VXLWDEOH�LQ�D�UHFRUG�VZDSSLQJ�PHWKRGRORJ\���5HJDUGOHVV��LW�LV�QRW�D�SULRULW\�WR�SURWHFW�
WKH�LGHQWLW\�RI�D�&(�JLYHQ�WKH�5HJLVWUDUV�*HQHUDO�DJUHHPHQW�DQG�WKH�OLPLWHG�DPRXQW�
RI� LQIRUPDWLRQ� WKH� FHQVXV� RXWSXWV� SURGXFH� IRU� WKH�&(� LWVHOI�� �+RZHYHU�� LI� D�&(� LV�
LGHQWLILHG�ZLWKLQ�DQ�RXWSXW��LW�FDQ�HVVHQWLDOO\�EH�YLHZHG�DV�D�VPDOOHU�JHRJUDSK\�DQG�
VXEVHTXHQWO\�ZRXOG�OHDG�WR�D�JUHDWHU�GLVFORVXUH�ULVN�IRU�WKH�LQGLYLGXDOV�OLYLQJ�ZLWKLQ�
WKH� HVWDEOLVKPHQW� �UHIHUUHG� WR� IURP� QRZ� DV� UHVLGHQWV��� � 7KH� SULPDU\� GLIIHUHQFH�
EHWZHHQ� WKH� KRXVHKROG� UHFRUG� VZDSSLQJ�PHWKRG� DQG� WKH�&(�PHWKRG� LV� WKDW�� UDWKHU�
WKDQ�VZDSSLQJ�ZKROH�&(V��LQGLYLGXDO�UHFRUGV�DUH�VZDSSHG���:KLOVW�WKLV�LV�PRVWO\�RXW�
RI� QHFHVVLW\� �LQ� WKH� PDMRULW\� RI� FDVHV�� WKHUH� ZLOO� QRW� EH� D� VXLWDEOH� PDWFK� WR� VZDS�
ZKROH�&(V�ZLWKRXW� JUHDWO\� GDPDJLQJ� WKH� GDWD� DQG�RU�PDNLQJ� WKH� VZDS� REYLRXV� LQ�
RXWSXWV���LW�HQVXUHV�WKDW�WKH�HPSKDVLV�RI�UHFRUG�VZDSSLQJ�LV�SODFHG�RQ�SURWHFWLQJ�WKH�



�
�

�
�

��

LQIRUPDWLRQ�RI�WKH�UHVLGHQWV�DQG�DOVR�SUHVHUYHV�ERWK�WKH�FRXQWV�RI�&(V�DQG�SHUVRQV�DW�
DOO�JHRJUDSKLHV��

$� SUREOHP� WKDW� LV� SRVHG� ZKHQ� DGDSWLQJ� WKH� KRXVHKROG� UHFRUG� VZDSSLQJ�
PHWKRGRORJ\� LV� QRW� WKH� WUDQVLWLRQ� IURP� VZDSSLQJ� ZKROH� KRXVHKROGV� WR� VZDSSLQJ�
LQGLYLGXDOV�� EXW� WKH� DLP� WR�PD[LPLVH� XWLOLW\�� � $W� WKH� KHDUW� RI� WKLV� GLIILFXOW\� LV� WKH�
KRPRJHQRXV� QDWXUH� RI� WKH� UHVLGHQWV� RI� FHUWDLQ�&(�7\SHV� DQG� WKH� LPSDFW� RQ� XWLOLW\�
WKDW�D�GLVWRUWLRQ�RI�SDUWLFXODU�FKDUDFWHULVWLFV�ZLOO�FDXVH���$�SULVRQ��IRU�H[DPSOH��ZLOO�
KDYH�GLIIHUHQW�UHVLGHQW�FKDUDFWHULVWLFV�WR�WKRVH�LQ�XQLYHUVLW\�KDOOV���:LWKLQ�WKH�UHVLGHQW�
&(�SRSXODWLRQ��WKHUH�LV�D�VHSDUDWLRQ�LQWR�WKUHH�UHVLGHQW�JURXSV��

•� &OLHQWV�� 1RQ�VWDII� UHVLGHQWV� IRU� ZKLFK� WKH� &(� FDWHUV� �H�J�� SDWLHQWV� RI� D�
KRVSLWDO��FOLHQWV�RI�D�KRWHO���

•� 6WDII��6WDII�DQG�RZQHUV�ZKR�OLYH�LQ�WKH�&(���7KLV�GRHV�QRW�LQFOXGH�VWDII�RI�WKH�
&(�ZKR�OLYH�DW�DQRWKHU�ORFDWLRQ��

•� )DPLO\��)DPLO\�PHPEHUV�RU�SDUWQHUV�WKDW�OLYH�LQ�WKH�&(�ZLWK�HLWKHU�D�PHPEHU�
RI�VWDII�RU�D�FOLHQW��

,Q� WKH� VDPH� ZD\� WKDW� ZH� ZLVK� WR� SUHVHUYH� WKH� FKDUDFWHULVWLFV� RI� WKH� &(� 7\SH���
PDLQWDLQLQJ� WKH� FKDUDFWHULVWLFV� RI� WKH� GLIIHUHQW� UHVLGHQW� JURXSV� LV� DOVR� D� NH\� DLP���
:KLOVW� WKH� SUHVHUYDWLRQ� RI� FKDUDFWHULVWLFV� LV� GHSHQGHQW� RQ� WKH�PDWFKLQJ� SURFHVV� RI�
UHFRUG�VZDSSLQJ��LW�LV�DOVR�SRVVLEOH�WR�PD[LPLVH�XWLOLW\�E\�PLQLPLVLQJ�WKH�DPRXQW�RI�
VZDSSLQJ�� �%HFDXVH�RI� WKH�YDULHW\�RI� HVWDEOLVKPHQWV� IDOOLQJ�XQGHU� WKH�GHILQLWLRQ�RI�
&(V��LW�LV�FOHDU�WKDW�WKHUH�DUH�VRPH�&(�7\SHV�ZKLFK�KDYH�D�JUHDWHU�ULVN�RI�GLVFORVXUH�
WKDQ� RWKHUV�� �:H� WKHUHIRUH� ORRN� WRZDUGV� YDU\LQJ� WKH� VZDS� UDWH� GHSHQGHQW� RQ� KRZ�
JUHDW�WKH�ULVN�RI�DWWULEXWH�GLVFORVXUH�LV�IRU�D�&(�7\SH�ZLWKLQ�D�SDUWLFXODU�JHRJUDSK\���
$� ILQDO� UHVWULFWLRQ� RQ� WKH� UHFRUG� VZDSSLQJ� PHWKRGRORJ\� IRU� &(V� LV� WKH� ORJLVWLFDO�
UHTXLUHPHQW�WR�OLPLW�WKH�VZDSSLQJ�RI�UHFRUGV�WR�ZLWKLQ�WKH�'*���7KH�WKUHH�DLPV�RI�WKH�
&(� UHFRUG� VZDSSLQJ�PHWKRGRORJ\�DUH� WKHUHIRUH� D�� WR�NHHS� UHFRUG� VZDSSLQJ�ZLWKLQ�
GHOLYHU\�JURXSV��E��WR�HQVXUH�D�JUHDWHU�SURSRUWLRQ�RI�LQGLYLGXDOV�DUH�VZDSSHG�LQ�&(�
7\SHV�ZKLFK�ZRXOG�KDYH�D�KLJKHU�LPSDFW�DWWULEXWH�GLVFORVXUH��DQG�F��WR�GHYHORS�WKH�
PDWFKLQJ�SURFHVV�WR�PLQLPLVH�XWLOLW\�ORVV��

����&RPPXQDO�(VWDEOLVKPHQW�3URWHFWLRQ�6FRUHV�

,W�ZDV�REVHUYHG�LQ�WKH������8.�&HQVXV�WKDW�WKH�UHVSRQVH�UDWHV�DQG�GDWD�TXDOLW\�IRU�
WKH�&(�SRSXODWLRQ�ZHUH�VLJQLILFDQWO\�ZRUVH�WKDQ�IRU�WKH�KRXVHKROG�SRSXODWLRQ�EXW�ZH�
FDQQRW�DVVXPH�E\�GHIDXOW�WKDW�WKH�UHVSRQVH�UDWHV�DQG�GDWD�TXDOLW\�RI�HYHU\�&(�ZLOO�EH�
SRRU���7KHUH�ZLOO�EH�&(�7\SHV�ZLWK�VLJQLILFDQWO\�KLJKHU�RU�ORZHU�UHVSRQVH�UDWHV�DQG�
PXFK� OLNH�ZLWK�KRXVHKROG� UHVSRQVH� UDWHV�� WKHVH� UDWHV�ZLOO� DOVR�YDU\� DFURVV� WKH�8.���
%HFDXVH�ZH�FDQQRW�DVVXPH�ORZ�UHVSRQVH�UDWHV�IRU�DOO�&(�7\SHV��ZH�DUH�QRW�XVLQJ�WKH�
LPSXWDWLRQ�UDWHV�WR�YDU\�WKH�VZDS�UDWHV���7KH�&(�PHWKRGRORJ\�ZLOO�LQVWHDG�YDU\�WKH�

�������������������������������������������������
��&(�7\SH�UHODWHV�WR�WKH�FDWHJRU\�LQ�ZKLFK�WKH�&(�ZLOO�DSSHDU�DV�LQ�WKH�&HQVXV�RXWSXW�WDEOHV��
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VZDS�UDWH�EDVHG�RQ�D�FDOFXODWHG�SURWHFWLRQ�VFRUH��36���ZKLFK�LV�WDNHQ�DV�WKH�VXP�RI�
GLIIHUHQW�ULVN�IDFWRUV�DQG�LV�FDOFXODWHG�IRU�HYHU\�&(�7\SH�LQ�HDFK�062$���062$V��
ZKLFK� FRQWDLQ� ���������� SHUVRQV�� KDYH� EHHQ� WKH� JHRJUDSK\� FKRVHQ� DW� ZKLFK� WR�
FDOFXODWH�WKH�VFRUHV�EHFDXVH�WKLV�LV�WKH�ORZHVW�JHRJUDSK\�DW�ZKLFK�WDEXODU�RXWSXWV�DUH�
SURGXFHG� ZKLFK� FRPELQH� &(� 7\SH� ZLWK� RWKHU� YDULDEOHV�� EHVLGHV� FRXQWV� RI� VWDII��
FOLHQWV�DQG�IDPLO\�UHVLGHQWV���7KH�ILUVW�WKUHH�ULVN�IDFWRU�VFRUHV�DUH�VROHO\�GHSHQGHQW�RQ�
WKH�&(�7\SH�DQG�LWV�UDULW\�ZLWKLQ�WKH�DUHD��

•� &RXQWV�RI�&(�7\SH�LQ�062$��$V�VWDWHG�LQ�6HFWLRQ����LI�D�&(�LV�LGHQWLILHG��LW�
FDQ�HVVHQWLDOO\�EH�YLHZHG�DV�D�VPDOOHU�JHRJUDSK\��LQ�ZKLFK�DQ�LQGLYLGXDO�PD\�
EH�LGHQWLILHG���$�VLQJOH�HVWDEOLVKPHQW�RI�D�SDUWLFXODU�W\SH�LV�HDVLHU�WR�LGHQWLI\�
DQG�WKHUHIRUH�WKH�ULVN�RI�DWWULEXWH�GLVFORVXUH�LV�LQFUHDVHG��

•� 8QLTXHQHVV�RI�WKH�&(�7\SH�LQ�WKH�/$'��%HFDXVH�WKH�KLJKHU�JHRJUDSK\�KDV�
RXWSXWV� RI�PRUH� GHWDLO�� D� XQLTXH�&(�7\SH�ZLWKLQ� WKH� /$'� UHTXLUHV� JUHDWHU�
SURWHFWLRQ��

•� ,PSDFW�RI�LGHQWLW\�GLVFORVXUH�LQ�D�&(�7\SH��$OWKRXJK�WKH�HPSKDVLV�RI�6'&�
IRU� WKH������8.�&HQVXV�LV�SODFHG�RQ�SURWHFWLQJ�DJDLQVW�DWWULEXWH�GLVFORVXUH��
LGHQWLI\LQJ� DQ� LQGLYLGXDO� DV� OLYLQJ� LQ� D� SDUWLFXODU� &(� 7\SH� LV� LQ� LWVHOI� DQ�
DWWULEXWH�GLVFORVXUH���,GHQWLW\�GLVFORVXUH�RI�DQ�LQGLYLGXDO�WKDW�OLYHV�LQ�D�µKLJK�
LPSDFW¶�&(� �VXFK� DV� D� SULVRQ��ZLOO� EH�PRUH� GDPDJLQJ� WKDQ� WKDW� RI� LGHQWLW\�
GLVFORVXUH�RI�DQ�LQGLYLGXDO�LQ�D�µORZ�LPSDFW¶�&(��VXFK�DV�D�KRWHO���

$QRWKHU� LPSRUWDQW� LQIOXHQFH� RQ� GLVFORVXUH� ULVN� LQ� D� &(� LV� WKH� FRXQW� RI� UHVLGHQWV���
6LQFH� WKH� FRXQWV� EHWZHHQ� WKH� WKUHH� UHVLGHQW� JURXSV�ZLOO� YDU\��ZH� UHTXLUH� GLIIHUHQW�
VZDS� UDWHV� IRU� FOLHQWV�� VWDII� DQG� IDPLO\� UHVLGHQWV�� � :H� FDOFXODWH� ERWK� D� &OLHQW�
3URWHFWLRQ�6FRUH��&36��DQG�D�6WDII�3URWHFWLRQ�6FRUH��636����)DPLO\�UHVLGHQWV�ZLOO�EH�
GLVFXVVHG� LQ�6HFWLRQ������ �$� ILQDO� IDFWRU�DIIHFWLQJ� WKH�636� LV�ZKHWKHU� WKH�&(�KDV�D�
KLJK� RU� ORZ� FOLHQW� WXUQRYHU��� �%HFDXVH� WKH� GHWDLOHG� RXWSXWV�ZLOO� EH� UHOHDVHG� RYHU� D�
\HDU�DQG�D�KDOI�DIWHU�WKH�GD\�WKH�&HQVXV�ZDV�FRQGXFWHG��PDQ\�&(V�ZLWK�D�KLJK�FOLHQW�
WXUQRYHU�ZLOO�QDWXUDOO\�KDYH�KLJKHU�XQFHUWDLQW\�DURXQG�DSSDUHQW�DWWULEXWH�GLVFORVXUHV���
*UHDWHU�6'&�SURWHFWLRQ�ZLOO�WKHUHIRUH�EH�QHHGHG�ZKHUH�WKHUH�LV�ORZ�FOLHQW�WXUQRYHU���
7KH�SURWHFWLRQ�VFRUHV�DUH�FDOFXODWHG�E\�PXOWLSO\LQJ�WRJHWKHU�WKH�UHOHYDQW�VFRUHV�IURP�
WKH�ULVN�IDFWRUV�DIIHFWLQJ�WKH�GLVFORVXUH�ULVNV���7KH�IDFWRUV�DQG�UHVSHFWLYH�VFRUHV�XVHG�
LQ�FDOFXODWLQJ�WKH�&36�DQG�636�DUH�VKRZQ�LQ�7DEOHV���DQG����

�

�������������������������������������������������
��,I�LW�LV�YHU\�XQXVXDO�IRU�WKH�OHQJWK�RI�VWD\�RI�D�FOLHQW�WR�EH�PRUH�WKDQ�D�\HDU��WKH�&(�7\SH�LV�
FRQVLGHUHG�WR�KDYH�D�KLJK�FOLHQW�WXUQRYHU���2WKHUZLVH��WKH�&(�7\SH�KDV�D�ORZ�FOLHQW�WXUQRYHU��



�
�

�
�

��

$ % & '� (

6FRUH
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7DEOH����6FRUHV�IRU�HDFK�RI�WKH�IDFWRUV�DIIHFWLQJ�WKH�&OLHQW�3URWHFWLRQ�6FRUH��&36���
�
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6FRUH
&(�7\SH�
FRXQW�LQ�
062$
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XQLTXH�

ZLWKLQ�WKH�
/$'"

,V�WKH�&(�
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7\SH

� ��� � � �
� ��� <HV <HV ����
� �� 1R 1R ���
� � � � � �

7DEOH����6FRUHV�IRU�HDFK�RI�WKH�IDFWRUV�DIIHFWLQJ�WKH�6WDII�3URWHFWLRQ�6FRUH��636���
�

)RU� H[DPSOH�� WKH�&(�7\SH� µ3ULVRQ�6HUYLFH� HVWDEOLVKPHQW¶�� FRQVLGHUHG� WR�EH� D�KLJK�
LPSDFW�&(�ZLWK�D�ORZ�FOLHQW�WXUQRYHU��ZLWK�D�FRXQW�RI���LQ�WKH�062$�DQG�WKH�/$'��
FRQWDLQLQJ�D�WRWDO�RI�����FOLHQWV�DQG����VWDII��ZRXOG�KDYH�D�&36�DQG�636�FDOFXODWHG�
DV�IROORZV��

•� $� ����%� ����&� ����'�� ����'�� ����(� ���

•� &36� ���[���[���[���[��� ���� � � 636� ���[���[���[��� ����

%\�FRQWUDVW��WKH�&(�7\SH�µ8QLYHUVLW\¶��FRQVLGHUHG�WR�EH�D�ORZ�LPSDFW�&(�ZLWK�D�KLJK�
FOLHQW�WXUQRYHU��ZLWK�D�FRXQW�RI���LQ�WKH�062$��FRQWDLQLQJ�D�WRWDO�RI����FOLHQWV�DQG���
VWDII��ZRXOG�KDYH�D�&36�DQG�636�FDOFXODWHG�DV��

•� $� ����%� ����&� ����'�� ����'�� ����(� ���

•� &36� ���[���[���[���[��� ��� � � 636� ���[���[���[��� ���

����&RPPXQDO�(VWDEOLVKPHQW�6ZDS�5DWHV�

:LWK� WKH� SURWHFWLRQ� VFRUH� FDOFXODWHG� IRU� ERWK� VWDII� DQG� FOLHQWV� RI� D�&(�7\SH� LQ� DQ�
062$��D�VZDS�UDWH�LV�DVVLJQHG�EDVHG�RQ�&36�DQG�636��DV�VKRZQ�LQ�7DEOHV���DQG����
ZKHUH�$��LV�WKH�ORZHVW�SHUFHQWDJH�VZDS�UDWH�DQG�&��LV�WKH�KLJKHVW���5HJDUGOHVV�RI�
ZKDW�VZDS�UDWHV�DUH�FKRVHQ�IRU�WKH�&HQVXV��LI�ZH�ZHUH�WR�URXQG�WR�WKH�QHDUHVW�LQWHJHU�
WKH�QXPEHU�RI� UHFRUGV� WR�EH� VDPSOHG� IRU� HDFK�&(�7\SH�SRSXODWLRQ�� LW�ZRXOG�PRUH�
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WKDQ�OLNHO\�UHVXOW�LQ�FDVHV�RI�&(�7\SHV�KDYLQJ�QR�UHFRUGV�VZDSSHG���7R�HQVXUH�WKDW�
VZDSSLQJ�RFFXUV� IRU� HYHU\�&(�7\SH� IRU� HDFK�062$�� WKH�QXPEHU�RI� UHFRUGV� WR�EH�
VZDSSHG�ZLOO� DOZD\V�EH� URXQGHG�XS� WR� WKH�QH[W� LQWHJHU�� �+RZHYHU�� WKLV�ZLOO� LPSO\�
WKDW�QR�PDWWHU�KRZ� ULVN\� D�&(� LV�� LI� WKHUH� LV� RQO\�RQH� VWDII� RU� FOLHQW� UHFRUG�� LW�ZLOO�
DOZD\V�EH�VDPSOHG���:KLOVW�WKLV�VKRXOG�QRW�RFFXU�WRR�UHJXODUO\�IRU�FOLHQW�UHFRUGV��LW�
PD\� EH� D� UHODWLYHO\� FRPPRQ� RFFXUUHQFH� IRU� VWDII� UHFRUGV�� � 7R� RYHUFRPH� WKLV� DQG�
DYRLG�VLJQLILFDQW�GDPDJH�WR�WKH�VWDII�UHVLGHQW�GDWD�ZH�ZLOO�DWWDFK�D�SUREDELOLW\�WR�WKH�
UHFRUG�EHLQJ�VDPSOHG�ZKLFK�ZLOO�GHSHQG�RQ�WKH�636�VFRUH��

�

&OLHQW�VZDS�UDWH� �� LI�&36�LV �
$� ���
%� ����
&� ��� �

7DEOH����7KH�FOLHQW�VZDS�UDWHV�YDU\�GHSHQGLQJ�RQ�WKH�&OLHQW�3URWHFWLRQ�6FRUHV��
�

6WDII�VZDS�UDWH� �� LI�636�LV �
$� ���
%� ����
&� ��� �

7DEOH����7KH�VWDII�VZDS�UDWHV�YDU\�GHSHQGLQJ�RQ�WKH�6WDII�3URWHFWLRQ�6FRUHV��
�

5HWXUQLQJ�WR�RXU�H[DPSOHV��WKH�SULVRQ�HVWDEOLVKPHQW�ZLWK�D�&36�VFRUH�RI����DQG�DQ�
636�VFRUH�RI����ZRXOG�KDYH�%��RI�FOLHQW�UHFRUGV�VDPSOHG�DQG�&��RI�VWDII�VDPSOHG���
:LWK�D�&36�RI����WKH�µ8QLYHUVLW\¶�&(�7\SH�ZRXOG�KDYH�WKH�ORZHVW�SHUFHQWDJH��$���
RI�FOLHQW�UHFRUGV�VHOHFWHG�IRU�WKH�VZDS�VDPSOH���:LWK�RQO\���VWDII�UHFRUG��WKHUH�ZRXOG�
EH� D� QRQ�]HUR� SUREDELOLW\� RI� WKH� UHFRUG� EHLQJ� VDPSOHG�� � :LWK� DQ� 636� RI� ��� WKLV�
SUREDELOLW\�ZLOO�EH�ORZHU�WKDQ�LI�WKH�636�ZDV��IRU�H[DPSOH������

����6HOHFWLQJ�WKH�6DPSOH�

7KH� VDPSOH� VHOHFWLRQ� SURFHVV�ZLOO� EH� VLPLODU� WR� WKDW� RI� KRXVHKROGV�ZKHUHE\� D� ULVN�
VFRUH�LV�FDOFXODWHG�IRU�HDFK�LQGLYLGXDO�UHFRUG��KRZHYHU��ZKLOVW�XQLTXH�UHFRUGV�ZLOO�EH�
IODJJHG�DW�HDFK�JHRJUDSK\��WKH�ULVN�VFRUH�ZLOO�RQO\�EH�FDOFXODWHG�DW�062$�OHYHO�DQG�
LQ�UHODWLRQ�WR�WKH�RWKHU�UHFRUGV�ZLWKLQ�WKH�UHVLGHQW�JURXS�DQG�&(�7\SH���5DWKHU�WKDQ�
VHWWLQJ� D� WKUHVKROG� DQG� IODJJLQJ� KLJK� ULVN� UHFRUGV�� WKH� ULVN� VFRUHV� DUH� XVHG� DV� WKH�
ZHLJKWLQJ�ZKHQ�VHOHFWLQJ�WKH�VDPSOH�RI�UHFRUGV�WR�EH�VZDSSHG���7KRVH�UHFRUGV�ZLWK�D�
KLJKHU�ULVN�VFRUH�ZLOO�WKHQ�KDYH�D�JUHDWHU�FKDQFH�RI�EHLQJ�VDPSOHG�IRU�VZDSSLQJ��

����)DPLO\�5HVLGHQWV�

8QOLNH�IDPLOLHV�LQ�KRXVHKROGV��WKHUH�LV�QR�IDPLO\�FRPSRVLWLRQ�PDWUL[�WR�FRQQHFW�WKH�
IDPLO\�PHPEHUV�HLWKHU�WR�HDFK�RWKHU��RU�WR�DQ\�RI�WKH�VWDII�RU�FOLHQW�UHVLGHQWV���7KLV�
HQDEOHV�XV� WR� VZDS� WKH� IDPLO\� UHVLGHQWV� LQGLYLGXDOO\� UDWKHU� WKDQ� DV�D�ZKROH� IDPLO\���
7KH�QXPEHU�RI�IDPLO\�UHVLGHQWV�OLYLQJ�LQ�&(V�LV�YHU\�ORZ��LQ�WKH�&HQVXV������PRVW�
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/$'V�KDG�EHWZHHQ������IDPLO\�UHVLGHQWV�OLYLQJ�LQ�&(V���%HFDXVH�RI�WKLV��ZH�VKDOO�VHW�
RQH�VLQJOH�VZDS�UDWH�DQG�VHOHFW�WKH�VDPSOH�IURP�DFURVV�DOO�&(�7\SHV�LQ�WKH�/$'��

����7KH�0DWFKLQJ�3URFHVV�

%HFDXVH�WKH�FKDUDFWHULVWLFV�RI�FOLHQWV�ZLOO�GLIIHU�IURP�WKRVH�RI�VWDII�ZLWKLQ�&(�7\SHV��
LW�LV�LPSRUWDQW�WR�HQVXUH�WKDW�VZDSSLQJ�LV�FDUULHG�RXW�ZLWKLQ�UHVLGHQW�JURXSV���,Q�WKH�
VDPH�ZD\��WKH�DPRXQW�RI�PDWFKLQJ�RQ�&(�7\SH�LV�WR�EH�PD[LPLVHG���,W�LV�DQ�DLP�WR�
NHHS�VZDSSLQJ�ZLWKLQ�&(�7\SH��KRZHYHU��EHFDXVH�VZDSSLQJ�PXVW�EH�NHSW�ZLWKLQ�WKH�
'*�� LQ�PDQ\� FLUFXPVWDQFHV� WKLV�ZLOO� QRW�EH�SRVVLEOH� �H�J�� WKHUH� LV� RQO\� RQH�SULVRQ�
HVWDEOLVKPHQW� LQ� WKH�%ULVWRO�'*��� �7KHUHIRUH�� WKH�PDWFKLQJ�YDULDEOHV�SOD\� D� FUXFLDO�
UROH� LQ� HQVXULQJ� WKDW� ZKHUH� VZDSSLQJ� GRHV� RFFXU� EHWZHHQ� &(� 7\SHV�� WKH� NH\�
YDULDEOHV� WKDW� GHILQH� WKH� &(� 7\SH� SRSXODWLRQV� DUH� SUHVHUYHG� DV�PXFK� DV� SRVVLEOH���
%HFDXVH�LQGLYLGXDOV�DJHG�XQGHU����GR�QRW�DQVZHU�SDUWLFXODU�TXHVWLRQV�RQ�WKH�FHQVXV�
IRUP��WKLV�KDV�LQ�WXUQ�IRUFHG�WKH�FOLHQW�UHFRUGV�WR�EH�VSOLW�EHWZHHQ�WKRVH�DJHG����DQG�
RYHU�� DQG� WKRVH� XQGHU� ���� �:H� WKHUHIRUH� KDYH� WKUHH�PDWFKLQJ� JURXSV�� HDFK�ZLWK� D�
XQLTXH� VHW� RI�PDWFKLQJ� YDULDEOHV�� �%HFDXVH�RI� WKH� ODFN�RI� UHFRUGV�� LW� LV� UHTXLUHG� WR�
VZDS� IDPLO\� UHFRUGV� ZLWK� HLWKHU� VWDII� RU� FOLHQWV�� � )DPLO\� UHFRUGV� DUH� WKHUHIRUH�
DOORFDWHG� RXW� WR� RQH� RI� WKH� WKUHH� PDWFKLQJ� JURXSV� GHSHQGLQJ� RQ� WKH� DJH� RI� WKH�
LQGLYLGXDO�DQG�ZKHWKHU� WKH\� ILW� LQWR�D�SDUWLFXODU�YDULDEOH� FDWHJRU\�DVVRFLDWLQJ� WKHP�
PRUH�ZLWK�HLWKHU� VWDII� UHFRUGV�RU�FOLHQW� UHFRUGV�� �$V�ZLWK�KRXVHKROGV��ZH�PD\� ILQG�
WKDW�D�PDWFK� LV�QRW� IRXQG�XVLQJ� WKH�VSHFLILHG�PDWFKLQJ�YDULDEOHV� LQ�ZKLFK�FDVH��ZH�
ZLOO� XVH� D� FRDUVHU� VHW� RI� YDULDEOH� FODVVLILFDWLRQV� EHIRUH� ORRNLQJ� IRU� PDWFKHV� DW� D�
KLJKHU� JHRJUDSK\� DQG� WKHQ�RXWVLGH�RI� WKH�&(�7\SH�� �$V�ZLWK�KRXVHKROGV�� LPSXWHG�
UHFRUGV�ZLOO�QRW�EH�VZDSSHG��

�� 7KH�8VH�RI�7KUHVKROGV�
7KH� 6'&�PHWKRGRORJ\� RI� UHFRUG� VZDSSLQJ� WDUJHWV� UDUH� UHFRUGV�� WKHVH� ZLOO� EH� WKH�
UHFRUGV� WKDW� IRUP� WKH� FHOOV�ZLWK� VPDOO� FRXQWV� LQ�RXWSXW� WDEOHV�� �$V�ZH� LQFUHDVH� WKH�
GHWDLO�RI�DQ�RXWSXW�WDEOH�HLWKHU�WKURXJK�WKH�GHWDLO�RI�WKH�FRQVWLWXHQW�YDULDEOHV��ZKLFK�
LQFUHDVHV�WKH�QXPEHU�RI�FHOOV�RI�D�WDEOH�DV�WKH�YDULDEOHV�EHFRPH�PRUH�GHWDLOHG��RU�WKH�
VL]H� RI� JHRJUDSK\� �ZKLFK� UHGXFHV� WKH� UHFRUGV� LQ� D� WDEOH� DV� ZH� IRFXV� RQ� VPDOOHU�
DUHDV��� ZH� LQFUHDVH� WKH� QXPEHU� RI� VPDOO� FHOOV� DQG� VXEVHTXHQWO\� WKH� QXPEHU� RI�
DWWULEXWH�GLVFORVXUHV���%HFDXVH�LW�ZRXOGQ¶W�EH�SRVVLEOH�WR�SURWHFW�WKHP�DOO��WR�HQVXUH�
WKH�WDEOHV�SURGXFHG�DUH�QRW�WR�D�GHWDLO�ZKLFK�ZLOO�FDXVH�WRR�ODUJH�D�ULVN�RI�GLVFORVXUH�
ZH�HPSOR\�ERWK�D�SRSXODWLRQ�WKUHVKROG�WR�WKH�JHRJUDSK\�DQG�WKH�VSDUVLW\�UXOH�WR�WKH�
WDEOH��ZKLFK�HQVXUHV�DOO�WDEOHV�KDYH�DQ�DYHUDJH�FHOO�VL]H�JUHDWHU�WKDQ������7KUHVKROGV�
DUH�LQ�SODFH�IRU�2$V�WR�PDNH�WKHP�D�FRQVLVWHQW�VL]H�DQG�DOVR�WR�HQVXUH�WKH\�DUH�QRW�
WRR�GHWDLOHG�WR�SURGXFH�RXWSXWV�IRU��EXW�ZKHUH�HOVH�FDQ�ZH�XVH�SRSXODWLRQ�WKUHVKROGV�
WR�DOORZ�IRU�WKH�VDIH�SURGXFWLRQ�RI�RXWSXWV"�
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����:RUNSODFH�=RQHV�

8QGHU� 6HFWLRQ� ��� RI� WKH� 656$� �7KH� 1DWLRQDO� $UFKLYHV�� ������� VWDWLVWLFV� RQ�
ZRUNSODFHV�PXVW�EH�SURWHFWHG�MXVW�DV�LW�LV�SURYLGHG�IRU�VWDWLVWLFV�EDVHG�RQ�UHVLGHQWV���
(YHQ�WKRXJK�LW�LV�QRW�WKH�EXVLQHVVHV�WKHPVHOYHV�WKDW�KDYH�SURYLGHG�WKH�LQIRUPDWLRQ��
EXW� LQGLYLGXDOV� ZKR� ZRUN� IRU� WKHP�� WKH� DJJUHJDWLRQ� RI� WKH� LQGLYLGXDO� VWDWLVWLFV�
JHQHUDWHV� D� VHW� RI� EXVLQHVV� VWDWLVWLFV� DQG� DV�PXFK�SURWHFWLRQ� VKRXOG� EH� DIIRUGHG� WR�
LQGLYLGXDO� EXVLQHVVHV� DV� LQGLYLGXDO� SHUVRQV�� � ,Q� SUHYLRXV� FHQVXVHV�� ZRUNSODFH�
VWDWLVWLFDO� RXWSXWV� KDYH� EHHQ� UHOHDVHG� RQ� WKH� VDPH� JHRJUDSKLHV� DV� WKRVH� XVHG� IRU�
SULYDWH� KRXVHKROGV� DQG� KRXVHKROG� UHVLGHQWV�� HYHQ� ZKHUH� ZRUNHUV� DQG� ZRUNSODFHV�
PD\�EH�VSUHDG�XQHYHQO\���7KH�UHVXOW�IRU�WKH������&HQVXV�ZDV�WKDW�ZRUNSODFH�WDEOHV�
ZHUH�QRW� UHOHDVHG�DV�6WDQGDUG�7DEOHV�DW�JHRJUDSKLHV�EHORZ�GLVWULFW� OHYHO��DQG� WKRVH�
UHOHDVHG� DW� GLVWULFW� OHYHO� ZHUH� GRQH� VR� ZLWKRXW� IXUWKHU� SURWHFWLRQ� RQO\� DW� D� ORZ�
LQGXVWU\� YDULDEOH� GHWDLO� ���� FDWHJRULHV��� � 7KH� SULPDU\� JHRJUDSK\� IRU� ����� &HQVXV�
RXWSXWV� ZLOO� EH� WKH� RXWSXW� DUHD� KLHUDUFK\� WKDW� KDV� EHHQ� GHVLJQHG� RQ� WKH� EDVLV� RI�
KRXVHKROG�DQG�UHVLGHQW�SRSXODWLRQV���7KHUH�ZDV�DQ�H[SHFWDWLRQ�WKDW�WKLV�ZRXOG�DJDLQ�
FDXVH�SUREOHPV�IRU�RXWSXWV�UHJDUGLQJ�ZRUNSODFHV�EHFDXVH�RI�WKH�XQHYHQ�GLVWULEXWLRQ�
RI�ZRUNSODFHV�DQG�ZRUNHUV�E\�2$V��VR�WR�LPSURYH�RXWSXWV�SURYLVLRQ�IRU�ZRUNSODFHV��
D� QHZ� JHRJUDSK\� KDV� EHHQ� SURSRVHG�� � 7KHVH� ZRUNSODFH� ]RQHV� ZLOO� EH� FUHDWHG� E\�
DJJUHJDWLQJ�RU�VSOLWWLQJ�2$V�WR�UHDFK�D�VHW�WKUHVKROG�OHYHO�DQG��DV�ZHOO�DV�SURYLGLQJ�
JUHDWHU�OHYHOV�RI�SURWHFWLRQ��ZLOO�DOVR�KDYH�WKH�EHQHILW�RI�DOORZLQJ�WKH�UHOHDVH�RI�PRUH�
GHWDLOHG�DQG�PRUH�FRQVLVWHQW�VWDWLVWLFV�RQ�ZRUNSODFHV���%HFDXVH�WKH�ZRUNSODFH�]RQHV�
ZLOO�EH�FUHDWHG�WR�OLH�ZLWKLQ�062$�ERXQGDULHV��VWDWLVWLFV�ZLOO�EH�DEOH�WR�EH�SURGXFHG�
XQDIIHFWHG�DW�KLJKHU�JHRJUDSK\�OHYHOV�� �:KLOVW�PXFK�RI�WKH�SURWHFWLRQ�RI�ZRUNSODFH�
EDVHG�VWDWLVWLFV�ZLOO�FRPH�IURP�WKH�GHVLJQ�RI� WKH�ZRUNSODFH�]RQHV�WKH�GDWD�DUH�DOVR�
DIIRUGHG� WKH� SURWHFWLRQ� RI� UHFRUG� VZDSSLQJ� DQG� IXUWKHU� XQFHUWDLQW\� FUHDWHG� E\� WKH�
RWKHU� SURFHVVHV� DQG� UHVSRQGHQW� HUURU�� ZKLFK� WHQGV� WR� EH� JUHDWHU� IRU� ZRUNSODFH�
VWDWLVWLFV��

����6PDOO�3RSXODWLRQ�7DEOHV�

7KUHVKROGV� DUH� EHLQJ� XVHG� SUHGRPLQDWHO\� LQ� FRQQHFWLRQ� ZLWK� JHRJUDSK\�� KRZHYHU��
IRU� WKH� ����� &HQVXV� ZH� ZLOO� DOVR� EH� XVLQJ� SRSXODWLRQ� WKUHVKROGV� WR� DOORZ� IRU� WKH�
SURGXFWLRQ�RI�RXWSXWV�LQ�FRQQHFWLRQ�ZLWK�VPDOO�RU�PLQRULW\�SRSXODWLRQV�RQ�YDULDEOHV�
VXFK� DV� HWKQLFLW\�� UHOLJLRQ� DQG� FRXQWU\� RI� ELUWK�� � 7KRXJK� QRW� SRVVLEOH� IRU� HYHU\�
062$��D�PLQRULW\�SRSXODWLRQ�WKDW�PHHWV�D�VSHFLILHG�SRSXODWLRQ�WKUHVKROG�VL]H�ZLOO�EH�
FRQVLGHUHG� ODUJH� HQRXJK� WR� HQDEOH�GHWDLOHG�RXWSXWV� WR�EH�SURGXFHG� DW�062$� OHYHO�
DQG� KLJKHU� JHRJUDSKLHV�� � 7KHVH� WDEOHV� VKRZ� DQ� DOWHUQDWLYH� XVH� RI� WKUHVKROGV� DQG�
UHIOHFW� WKH� FKDQJLQJ� RXWORRN� RI� QDWLRQDO� VWDWLVWLFDO� DJHQFLHV� WR� PDNH� GDWD� PRUH�
DYDLODEOH��
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�� 0HDVXULQJ�8QFHUWDLQW\�
:LWK� D� 6'&�PHWKRGRORJ\� EDVHG� RQ� FUHDWLQJ� µVXIILFLHQW� XQFHUWDLQW\¶�� ZH� UHTXLUH� D�
PHDVXUH� IRU� XQFHUWDLQW\� WR� HQVXUH� ZH� KDYH� SURWHFWHG� WKH� RXWSXWV� DGHTXDWHO\�� %\�
DOORZLQJ�VPDOO�FRXQWV�LQ�WKH�WDEOHV�ZH�DUH�DOVR�DOORZLQJ�FDVHV�RI�DWWULEXWH�GLVFORVXUH��
KRZHYHU�� WKHVH� DWWULEXWH� GLVFORVXUHV�PD\�� RU� QRW�� EH� UHDO�� � ,I� D� XVHU� LV� DZDUH� RI� D�
SHUVRQ�ZKR�µVKRXOG¶�EH� LQ�D�FHOO� WKDW� LV�VKRZQ�DV�]HUR��RU�YLFH�YHUVD�� LW� LV� OLNHO\�WR�
WKURZ�FRQVLGHUDEOH�GRXEW�DV�WR�ZKHWKHU�DQ\�DSSDUHQW�GLVFORVXUH�LV�UHDO�DQG�UHGXFH�WKH�
FKDQFH� RI� D� FODLP�� �:H� KDYH� FUHDWHG� D� WKHRUHWLFDO�PHDVXUH� RI� GRXEW�� GHYLVHG� DV� D�
FRPELQDWLRQ�RI�WZR�VXFFHVV�PHDVXUHV��

7KH�ILUVW�VXFFHVV�PHDVXUH�FDOFXODWHV�WKH�SURSRUWLRQ�RI�UHDO�FDVHV�RI�DWWULEXWH�
GLVFORVXUH� UHPRYHG� LQ� WKH� RXWSXW� WDEOH� HLWKHU� E\� WKH� LPSXWDWLRQ� RI� UHFRUGV� RU� WKH�
UHFRUG� VZDSSLQJ� PHWKRGRORJ\�� � :KHUH� FDVHV� RI� DWWULEXWH� GLVFORVXUH� KDYH� EHHQ�
UHPRYHG��WKH�FKDQFH�RI�D�XVHU�PDNLQJ�D�FODLP�LV�UHGXFHG��

:H�KDYH�UHFRJQLVHG�WKDW�OHYHOV�RI�XQFHUWDLQW\�DUH�UDLVHG�ZKHUH�IDOVH�FDVHV�RI�
DWWULEXWH� GLVFORVXUH� DUH� FUHDWHG� WKURXJK� HLWKHU� LPSXWDWLRQ� RU� UHFRUG� VZDSSLQJ���
7KHUHIRUH�� RXU� VHFRQG� VXFFHVV� PHDVXUH� FDOFXODWHV� WKH� SURSRUWLRQ� RI� WKH� DSSDUHQW�
DWWULEXWH� GLVFORVXUHV� WKDW� DUH� IDOVH�� �:KHUH� FDVHV� RI� IDOVH� DWWULEXWH� GLVFORVXUH� KDYH�
EHHQ� FUHDWHG�� WKH� OLNHOLKRRG� RI� D� FRUUHFW� FODLP� RI� DWWULEXWH� GLVFORVXUH� LV� UHGXFHG���
:LWK� WKHVH� VXFFHVV� PHDVXUHV� GHILQHG�� WKH� GRXEW� PHDVXUH� FDQ� EH� FDOFXODWHG� DV�
IROORZV��

•� 'RXEW� �>��±����6�����6��@��ZKHUH�

•� 6�� �3URSRUWLRQ�RI�UHDO�DWWULEXWH�GLVFORVXUH�FDVHV�SURWHFWHG�

•� 6�� �3URSRUWLRQ�RI�DSSDUHQW�DWWULEXWH�GLVFORVXUH�FDVHV�WKDW�DUH�QRW�UHDO�

:LWK� WKLV� GRXEW� PHDVXUH�� ZH� ZLOO� EH� DEOH� WR� DVVHVV� WKH� XQFHUWDLQW\� FUHDWHG� E\�
LPSXWDWLRQ�DQG�UHFRUG�VZDSSLQJ�IRU�DQ�RXWSXW�WDEOH���7KH�YDOXH�WKH�GRXEW�PHDVXUH�LV�
UHTXLUHG� WR� PHHW� IRU� WKH� XQFHUWDLQW\� WR� EH� GHHPHG� µVXIILFLHQW¶� LV� QRW� UHOHDVHG� WR�
PDLQWDLQ� WKH� SURWHFWLRQ� RI� WKH� PHWKRGRORJ\�� �:KLOVW� ZH� VKDOO� EH� XVLQJ� WKH� GRXEW�
PHDVXUH� WR� DVVHVV� WKH� HIIHFWLYHQHVV� RI� WKH� UHFRUG� VZDSSLQJ�PHWKRGRORJ\��ZH� VKDOO�
DOVR� EH� DVVHVVLQJ� WKH� XWLOLW\� ORVV�� SULPDULO\�� XVLQJ� WKH� $YHUDJH� $EVROXWH� 'LVWDQFH�
PHDVXUH�DV�GHWDLOHG�E\�6KORPR�HW��DO���������

�� 6XPPDU\�
7KLV�SDSHU�KDV�SURYLGHG�DQ�RYHUYLHZ�RI� WKH�6'&�SURFHVV�IRU� WKH������8.�&HQVXV���
7KHUH�KDV�EHHQ�D�VKLIW�WRZDUGV�SURYLGLQJ�DV�PXFK�GDWD�DV�SRVVLEOH�IRU�XVHUV��ZLWKLQ�
WKH�OHJLVODWLRQ��ZLWK�WKH�DLP�WR�UHOHDVH�VPDOO�FHOOV�LQ�RXWSXWV�WKLV�WLPH�URXQG��:H�KDYH�
GLVFXVVHG�WKH�GHYHORSPHQW�RI�WKH�UHFRUG�VZDSSLQJ�PHWKRG�IRU�KRXVHKROGV�LQFOXGLQJ�
NH\�GHFLVLRQV�WR�XVH�WDUJHWHG�UHFRUG�VZDSSLQJ�DQG�YDU\LQJ�WKH�VZDS�UDWHV�DFFRUGLQJ�
WR� WKH� LPSXWDWLRQ� UDWHV� RI� WKH� '*V�� � $� FRPPXQDO� HVWDEOLVKPHQW� VZDSSLQJ�
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PHWKRGRORJ\� KDV� EHHQ� GHYHORSHG� ZKLFK� KDV� LQ� SDVW� FHQVXVHV� EHHQ� RYHUORRNHG�
EHFDXVH� RI� WKH� GLIILFXOWLHV� LQYROYHG� VXFK� DV� WKH� KRPRJHQRXV� QDWXUH� RI� FHUWDLQ� &(�
7\SHV�DQG�WKH�XQLTXH�&(V�LQ�GHOLYHU\�JURXSV���:H�KDYH�GHYHORSHG�D�SURWHFWLRQ�VFRUH�
PHWKRG� WR� UHGXFH� WKH� VZDS� UDWH� IRU� WKRVH� &(� 7\SHV� WKDW� KDYH� OHVV� RI� D� ULVN� RI�
GLVFORVXUH���7KH�PDWFKLQJ�SURFHVV�KDV�EHHQ�DGYDQFHG�WR�SUHVHUYH�VSHFLILF�SRSXODWLRQ�
FKDUDFWHULVWLFV� DQG� WR� DOORZ� IRU� VZDSSLQJ� LQGLYLGXDOV� EHWZHHQ� &(� 7\SHV� ZKHUH�
UHTXLUHG�� �'DWD�TXDOLW\� LV�H[SHFWHG� WR�EH� ORZHU� LQ�&(V� WKDQ� LQ�KRXVHKROGV�DQG� WKXV�
RIIHU�VRPH�QDWXUDO�XQFHUWDLQW\���+RZHYHU��ZH�FDQQRW�UHO\�RQ�WKLV�DVVXPSWLRQ�IRU�WKH�
SULYDF\� RI� LQGLYLGXDOV� LQ� &(V� DQG� WKLV� PHWKRGRORJ\� ZLOO� SURYLGH� WKH� QHFHVVDU\�
IXUWKHU�SURWHFWLRQ�ZLWKRXW�VLJQLILFDQW�GDPDJH�WR�WKH�GDWD���$�TXDQWLWDWLYH�PHDVXUH�RI�
GRXEW� KDV� EHHQ� GHYHORSHG� WR� DVVHVV� ZKHWKHU� D� VXIILFLHQW� OHYHO� RI� XQFHUWDLQW\�� DQG�
WKHUHIRUH��SURWHFWLRQ�KDV�EHHQ�UHDFKHG����

� 6WULNLQJ�WKH�EDODQFH�EHWZHHQ�XWLOLW\�DQG�SURWHFWLRQ�LV�DW�WKH�KHDUW�RI�HIIHFWLYH�
GLVFORVXUH�FRQWURO���8VHUV�PD\�EH�IRUJLYHQ�IRU�WKLQNLQJ�WKDW�WKLV�EDODQFH�ZDV�VNHZHG�
DJDLQVW�GDWD�XWLOLW\�LQ�WKH������8.�&HQVXV��+RZHYHU�IRU�WKH������&HQVXV��ZH�KDYH�
FUHDWHG�DQ�LPSURYHG�6'&�PHWKRGRORJ\�ZKLFK�LV�KDUPRQLVHG�DFURVV�WKH�8.�&HQVXV�
2IILFHV� IRU� ERWK� KRXVHKROGV� DQG� FRPPXQDO� HVWDEOLVKPHQWV�� WKDW� IRFXVHV� GLVFORVXUH�
FRQWURO� ZKHUH� LW� LV� QHHGHG�PRVW�� ,W� DOORZV� IRU� DGGLWLYLW\� DQG� FRQVLVWHQF\� EHWZHHQ�
WDEOHV��OLPLWV�WKH�GDPDJH�WR�XWLOLW\�DQG��FUXFLDOO\��SURWHFWV�WKH�LQIRUPDWLRQ�RI�FHQVXV�
UHVSRQGHQWV�
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5HIHUHQFHV�
�
7KH�1DWLRQDO�$UFKLYHV��������6WDWLVWLFV�DQG�5HJLVWUDWLRQ�6HUYLFH�$FW��$YDLODEOH�DW��
KWWS���ZZZ�OHJLVODWLRQ�JRY�XN�XNSJD���������SGIV�XNSJDB��������BHQ�SGI�
�$FFHVVHG�����0DUFK�������

2IILFH� IRU�1DWLRQDO�6WDWLVWLFV� �������5HJLVWUDUV�*HQHUDO¶V�$JUHHPHQW��$YDLODEOH�DW��
ZZZ�RQV�JRY�XN�RQV�JXLGH�PHWKRG�FHQVXV������WKH������FHQVXV�SURGXFLQJ�DQG�
GHOLYHULQJ�GDWD�FRQILGHQWLDOLW\�LQGH[�KWPO��$FFHVVHG�����0DUFK�������

6KORPR�� 1�� �������� $VVHVVPHQW� RI� 6WDWLVWLFDO� 'LVFORVXUH� &RQWURO� 0HWKRGV� IRU� WKH�
����� 8.� &HQVXV�� -RLQW� 81(&(�(XURVWDW� ZRUN� VHVVLRQ� RQ� VWDWLVWLFDO� GDWD�
FRQILGHQWLDOLW\��*HQHYD�������1RYHPEHU�������

6KORPR��1���7XGRU��&��	�*URRP��3�� ��������'DWD�6ZDSSLQJ� IRU�3URWHFWLQJ�&HQVXV�
7DEOHV��3ULYDF\�LQ�6WDWLVWLFDO�'DWDEDVHV��&RUIX��������6HSWHPEHU�������

6SLFHU��.��	�7XGRU��&�� ��������%DODQFLQJ�5LVN� DQG�8WLOLW\�±�6WDWLVWLFDO�'LVFORVXUH�
&RQWURO� IRU� WKH� ����� 8.� &HQVXV�� -RLQW� 81(&(�(XURVWDW� ZRUN� VHVVLRQ� RQ�
VWDWLVWLFDO�GDWD�FRQILGHQWLDOLW\��%LOEDR������'HFHPEHU�������

:LOOHQERUJ�� /�� 	� GH� :DDO�� 7�� �������� (OHPHQWV� RI� 6WDWLVWLFDO� 'LVFORVXUH� &RQWURO��
/HFWXUH�1RWHV�LQ�6WDWLVWLFV�������6SULQJHU�9HUODJ��1HZ�<RUN��


	1 Introduction
	2 Targeted Record Swapping for Households in the 2011 UK Census
	2.1 Calculation of Risk Scores
	2.2 Selection of Samples and Matches

	3 Targeted Record Swapping for Communal Establishments in the 2011 UK Census
	3.1 Communal Establishment Protection Scores
	3.2 Communal Establishment Swap Rates
	3.3 Selecting the Sample
	3.4 Family Residents
	3.5 The Matching Process

	4 The Use of Thresholds
	4.1 Workplace Zones
	4.2 Small Population Tables

	5 Measuring Uncertainty
	6 Summary

