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7KH�XVH�RI�JOREDO�SRVLWLRQLQJ�V\VWHP��*36��WRROV�FRQWLQXHV�WR�LQFUHDVH�DPRQJ�:LVFRQVLQ�'HSDUWPHQW
RI�1DWXUDO�5HVRXUFHV��'15��SURJUDPV��WKHLU�SDUWQHUV��DQG�WKH�JHQHUDO�SXEOLF���$QG��DV�WKH�QXPEHU
RI� XVHUV� FRQWLQXHV� WR� JURZ�� VR�GRHV� WKH� QHHG� IRU� VXSSRUW�� JXLGDQFH�� DQG� VWDQGDUGV� WR� KHOS� WKHP
VHOHFW�DQG�XVH�*36�WRROV� WKDW�ZLOO� DGHTXDWHO\� VXSSRUW� WKHLU�EXVLQHVV� QHHGV�� DQG� FROOHFW�*36�GDWD
WKDW�ZLOO�LQWHJUDWH�ZLWK�'15·V�JHRJUDSKLF�LQIRUPDWLRQ�V\VWHP��*,6��GDWD�DQG�DSSOLFDWLRQV�

0RVW�'15� VWDII� XVH� UHFUHDWLRQDO� RU�PDSSLQJ�UHVRXUFH� JUDGH� *36� WRROV� IRU� WKHLU� GDWD� FROOHFWLRQ
DFWLYLWLHV���7KLV�GRFXPHQW�VXPPDUL]HV�WKH�UHVXOWV�RI�D�VWDWLVWLFDO�DQDO\VLV�RI�WKH�SRVLWLRQDO�DFFXUDF\
RI�GDWD�FROOHFWHG�ZLWK�VHYHUDO�UHFUHDWLRQDO�DQG�PDSSLQJ�UHVRXUFH�JUDGH�*36�UHFHLYHUV�ZLGHO\�XVHG
E\�'15�SURJUDPV���7KH�SULPDU\�JRDO�RI�WKLV�VWXG\�ZDV�WR�SURYLGH�'15�SURJUDP�VWDII�ZLWK�JHQHUDO
JXLGDQFH� DERXW� PDQ\� RI� WKHLU� PRVW� IUHTXHQWO\� DVNHG� *36� DFFXUDF\� TXHVWLRQV�� � 7KHVH� TXHVWLRQV
UHODWH�WR�RQH�RI�WKH�IROORZLQJ�WRSLFV�

:H�KDYH�DWWHPSWHG�WR�PDNH�WKH�FRQWHQWV�RI�WKLV�GRFXPHQW�DV�DSSOLFDEOH�DQG�SUDFWLFDO�DV�SRVVLEOH
IRU�'15�SURJUDPV���)RU�H[DPSOH��ZH�XVHG�VWDQGDUG�YHQGRU�VRIWZDUH�DQG�SURFHGXUHV��L�H���WKH�VDPH
XVHG� E\� PDQ\�'15� SURJUDPV�� WR� SRVW�SURFHVV� RXU�PDSSLQJ�UHVRXUFH� JUDGH� *36� WHVW� GDWD�� � $QG�
ZKLOH�WKLV�GRFXPHQW�FRPSDUHV�GDWD�DFFXUDF\�UHVXOWV�IRU�VSHFLILF�UHFUHDWLRQDO�DQG�PDSSLQJ�UHVRXUFH
JUDGH�*36�UHFHLYHUV��ZH�GR�QRW�LQWHQG�WR�HQGRUVH�DQ\�SDUWLFXODU�PRGHO�RU�PDQXIDFWXUHU�

3OHDVH� UHIHU� WR� WKH� GRFXPHQW�� &RPSDULQJ� *OREDO� 3RVLWLRQLQJ� 6\VWHP� �*36�� 7RROV�
�KWWS���ZZZ�GQU�VWDWH�ZL�XV�RUJ�DW�HW�JHR�ORFDWLRQ�JSVBLQIR�KWPO�� IRU� PRUH� JHQHUDO� LQIRUPDWLRQ
DERXW� VHOHFWLQJ� WKH� ULJKW� *36� WRROV� IRU� \RXU� GDWD� FROOHFWLRQ� SURMHFW�� � 7KLV� GRFXPHQW�� DV� ZHOO� DV
FRSLHV� RI� WKH�0LFURVRIW�([FHO� VSUHDGVKHHWV� FRQWDLQLQJ� WKH�GDWD�ZH� XVHG� IRU� WKHVH� DQDO\VHV�� FDQ
DOVR�EH�DFFHVVHG�YLD�WKH�VDPH�,QWHUQHW�SDJH�

�� $&.12:/('*(0(176

$XWKRUV�� 5REHUW� %XVFK� �*,6� $QDO\VW�'15� *,6� $QDO\VLV� DQG� 0DSSLQJ� 6HUYLFH� 6HFWLRQ�� DQG� /LVD
0RUULVRQ��*,6�'DWD�6SHFLDOLVW�'15�(QWHUSULVH�'DWD�0DQDJHPHQW�6HFWLRQ����:H�ZRXOG�OLNH�WR�WKDQN
WKH�IROORZLQJ�IRU�WKHLU�KHOS�ZLWK� WKLV� VWXG\��&RG\�&RRN� �*,6�6SHFLDOLVW�:LVFRQVLQ�'HSDUWPHQW�RI
$JULFXOWXUH��7UDGH�DQG�&RQVXPHU�3URWHFWLRQ��IRU�KLV�KHOS�GXULQJ�GDWD�FROOHFWLRQ�DQG�IRU�XVH�RI�WKH
0DJHOODQ� ���� DQG� 7ULPEOH� *HR([SORUHU� �� UHFHLYHUV�� %LOO� 6PLWK� �'15� %XUHDX� RI� (QGDQJHUHG
5HVRXUFHV�� IRU� XVH� RI� WKH� *DUPLQ� �����&;� UHFHLYHUV� DQG� 2]L([SORUHU� VRIWZDUH�� '15� %XUHDX� RI
3DUNV�DQG�5HFUHDWLRQ�IRU�XVH�RI�WKHLU�7ULPEOH�;5�3UR�UHFHLYHU��5RQ�5LSS��'DQH�&RXQW\�6XUYH\RU��IRU
KHOS� LQ� LGHQWLI\LQJ� YLDEOH� 1*6� EHQFKPDUNV�� -RKQ� /DHGOHLQ� �*,6� 'DWD� 6SHFLDOLVW�'15� (QWHUSULVH
'DWD� 0DQDJHPHQW� 6HFWLRQ�� IRU� KHOS� LQ� DQDO\]LQJ� WKH� FXVWRPL]HG� 3DWK)LQGHU� 2IILFH� :70��
SDUDPHWHUV��0LNH�%RKQ��&KLHI�'15�(QWHUSULVH�'DWD�0DQDJHPHQW�6HFWLRQ��IRU�KLV�DGYLFH�DQG�UHYLHZ
GXULQJ�DOO�SKDVHV�RI�WKLV�SURMHFW��.HQQ\�3DUVRQV��&KLHI�'15�$QDO\VLV�DQG�0DSSLQJ�6HUYLFHV�6HFWLRQ�

½ 'DWD�DFFXUDF\�YHUVXV�WKH�QXPEHU�RI�FRRUGLQDWH�UHDGLQJV�FROOHFWHG�IRU�D�IHDWXUH�
½ ,I�KRZ�*36�GDWD�VKRXOG�EH�GLIIHUHQWLDOO\�FRUUHFWHG�
½ &XVWRPL]LQJ�*36�VRIWZDUH�WR�H[SRUW�:70����RU�RWKHU��FRRUGLQDWHV�GLUHFWO\�
½ ,I�WKH�EDVH�VWDWLRQ�VHOHFWHG�IRU�GLIIHUHQWLDO�FRUUHFWLRQ�DIIHFWV�*36�GDWD�DFFXUDF\�
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IRU�KLV�JHQHUDO�VXSSRUW�RI�WKLV�SURMHFW��DQG�1HG�=XHOVGRUII�DQG�-LP�9DQGHQ%URRN��'HSDUWPHQW�RI
$JULFXOWXUH��7UDGH�DQG�&RQVXPHU�3URWHFWLRQ��IRU�WKHLU�JHQHUDO�VXSSRUW�RI�WKLV�SURMHFW�

�� :+$7�:$6�127�,1&/8'('�,1�7+,6�*36�$&&85$&<�$66(660(17"

$OWKRXJK� RXU� VWXG\� DUHD�ZDV� OLPLWHG� WR� D� ���PLOH� UDGLXV� DURXQG�0DGLVRQ�� WKLV� GRFXPHQW� DVVXPHV
WKDW�WKH�UHVXOWV�RI�RXU�DQDO\VHV�FDQ�EH�JHQHUDOO\�H[WUDSRODWHG�DFURVV�:LVFRQVLQ���,Q�DGGLWLRQ��WKLV
WHVW�RI�*36�KRUL]RQWDO�GDWD�DFFXUDF\�GLG�QRW�LQFOXGH�DQDO\VHV�RU�FRPSDULVRQ�RI�

• ´KLJK�HQGµ�ODQG�VXUYH\LQJ�JUDGH�*36�WRROV • OHDI�RQ�YHUVXV�OHDI�RII�FRQGLWLRQV
• YHUWLFDO�GDWD�DFFXUDF\ • GLIIHUHQW�GHIDXOW��H�J���3'23��YDOXHV

�� *(1(5$/�5(&200(1'$7,216

:H�UHFRPPHQG�WKDW�'15�SURJUDPV�FRQVLGHU�WKH�LQIRUPDWLRQ�DQG�FRQFOXVLRQV�LQ�WKLV�GRFXPHQW��DORQJ
ZLWK� LQIRUPDWLRQ� LQ� WKH� FRPSDQLRQ�&RPSDULQJ� *OREDO� 3RVLWLRQLQJ�6\VWHP� �*36��7RROV� GRFXPHQW�� WR
VHOHFW� UHFUHDWLRQDO� RU� PDSSLQJ�UHVRXUFH� JUDGH� *36� WRROV� WKDW� DGHTXDWHO\� VXSSRUW� WKHLU� EXVLQHVV
QHHGV���6SHFLILFDOO\��WKH�UHVXOWV�RI�RXU�DQDO\VHV�GHVFULEHG�LQ�WKLV�GRFXPHQW�LQGLFDWH�WKDW�

½ '15�SURJUDPV�VKRXOG�FROOHFW�WKH�IROORZLQJ�QXPEHU�RI�UHDGLQJV�SHU�SRLQW�IHDWXUH�WR�EDODQFH�WKH
QXPEHU�RI�UHDGLQJV�FROOHFWHG�LQ�WKH�ILHOG�ZLWK�WKH�SRVLWLRQDO�DFFXUDF\�RI�WKH�GDWD�

• ����UHDGLQJV�ZLWK�D�UHFUHDWLRQDO�JUDGH�UHFHLYHU�ZLWKRXW�UHDO�WLPH�GLIIHUHQWLDO�FRUUHFWLRQ
�DFFXUDF\�≈����PHWHUV��

• ���UHDGLQJV�ZLWK�D�UHFUHDWLRQDO�JUDGH�UHFHLYHU�LQ�UHDO�WLPH�GLIIHUHQWLDO�FRUUHFWLRQ�PRGH
�DFFXUDF\�≈����PHWHUV��

• ���UHDGLQJV�ZLWK�D�PDSSLQJ�UHVRXUFH�JUDGH�UHFHLYHU�ZLWK�SRVW�SURFHVVLQJ�RU�UHDO�WLPH
GLIIHUHQWLDO�FRUUHFWLRQ��DFFXUDF\�≈���PHWHUV��

½ '15�SURJUDPV� VKRXOG� DOZD\V�GLIIHUHQWLDOO\� FRUUHFW� �L�H��� XVLQJ� HLWKHU� SRVW�SURFHVVLQJ� RU� UHDO�
WLPH�WHFKQLTXHV��GDWD�FROOHFWHG�ZLWK�PDSSLQJ�UHVRXUFH�JUDGH�*36�WRROV�WR�WDNH�IXOO�DGYDQWDJH
RI�WKH�IXQFWLRQDOLW\�DQG�DFFXUDF\�RI�WKHVH�V\VWHPV�

½ 1R� DSSUHFLDEOH� GLIIHUHQFH� H[LVWV� EHWZHHQ� WKH� SRVLWLRQDO� DFFXUDF\� RI� GDWD� GLIIHUHQWLDOO\
FRUUHFWHG�XVLQJ�SRVW�SURFHVVLQJ�YHUVXV�UHDO�WLPH�WHFKQLTXHV�

½ ,I� XVLQJ� 7ULPEOH� 3DWK)LQGHU� 2IILFH� VRIWZDUH�� '15� SURJUDPV� VKRXOG� ORDG� RXU� FXVWRPL]HG
SDUDPHWHU� ILOH� WR� D� GHVNWRS� 3&� WR� H[SRUW� GDWD� �L�H��� FROOHFWHG� ZLWK� D� 7ULPEOH� *36� UHFHLYHU�
GLUHFWO\�LQWR�:70���FRRUGLQDWHV�

½ 1R� DSSUHFLDEOH� GLIIHUHQFH� H[LVWV� EHWZHHQ� WKH� SRVLWLRQDO� DFFXUDF\� RI� *36� GDWD� GLIIHUHQWLDOO\
FRUUHFWHG� XVLQJ� GDWD� IURP� GLIIHUHQW� EDVH� VWDWLRQV�� DVVXPLQJ� WKH� EDVH� VWDWLRQ� LV� RSHUDWLRQDO
GXULQJ� WKH� GDWD� FROOHFWLRQ� SHULRG� DQG� LV� ZLWKLQ� ���� PLOHV� RI� WKH� GDWD� FROOHFWLRQ� VLWH�� � '15
SURJUDPV� VKRXOG� DOZD\V� YHULI\� WKH� DYDLODELOLW\� RI� D� VHOHFWHG� EDVH� VWDWLRQ� �L�H��� IRU� ERWK� SRVW�
SURFHVVLQJ�DQG�UHDO�WLPH�GLIIHUHQWLDO�FRUUHFWLRQ��EHIRUH�JRLQJ�LQWR�WKH�ILHOG�
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,,� 722/6�$1'�0(7+2'6

�� *36�5(&(,9(56�7(67('�$1'�180%(5�2)�5($',1*6�&2//(&7('

7$%/(���OLVWV�WKH�WZR�UHFUHDWLRQDO�DQG�WKUHH�PDSSLQJ�UHVRXUFH�JUDGH�UHFHLYHU�PRGHOV�XVHG�LQ�WKLV
VWXG\���:H�XVHG�HDFK�RI�WKHVH�UHFHLYHUV�WR�FROOHFW�GDWD�ILOHV�FRQWDLQLQJ�UDZ��XQFRUUHFWHG�UHDGLQJV
�L�H���[�\�FRRUGLQDWH�SDLUV��IRU�HDFK�VHOHFWHG�1DWLRQDO�*HRGHWLF�6XUYH\�EHQFKPDUN�� �:H�DOVR� XVHG
WKH�*DUPLQ���&;�DQG�7ULPEOH�;5�3UR� LQ� UHDO�WLPH�GLIIHUHQWLDO�FRUUHFWLRQ�PRGH�WR�FROOHFW�DQRWKHU
VHW� RI� GDWD� ILOHV� DW� HDFK� RI� WKHVH� EHQFKPDUNV�� � $IWHU� GDWD� FROOHFWLRQ�� ZH� XVHG� SRVW�SURFHVVLQJ
GLIIHUHQWLDO� FRUUHFWLRQ� WHFKQLTXHV� WR� FRUUHFW� WKH� UDZ� PDSSLQJ�UHVRXUFH� JUDGH� *36� GDWD�� � �7KH
UHFUHDWLRQDO�JUDGH�UHFHLYHUV�ZH�WHVWHG�GLG�QRW�KDYH�SRVW�SURFHVVLQJ�FDSDELOLWLHV��

7$%/(����7HVWHG�*36�5HFHLYHUV�DQG�1XPEHU�RI�'DWD�)LOHV�&ROOHFWHG�3HU�%HQFKPDUN�

*36�5(&(,9(5
02'(/

*36�5(&(,9(5
*5$'(

',))(5(17,$/
&255(&7,21

180%(5�2)�'$7$�),/(6
&2//(&7('�3(5�%(1&+0$5.

0DJHOODQ���� 5HFUHDWLRQDO 5DZ��XQFRUUHFWHG�GDWD ���RQH�SHU�VHW�RI�UHDGLQJV�
5DZ��XQFRUUHFWHG�GDWD ���RQH�SHU�VHW�RI�UHDGLQJV�*DUPLQ������&; 5HFUHDWLRQDO

5HDO�WLPH ���RQH�SHU�VHW�RI�UHDGLQJV�
5DZ��XQFRUUHFWHG�GDWD7ULPEOH�*HR([SORUHU�� 0DSSLQJ�5HVRXUFH

3RVW�SURFHVVLQJ
�������UHDGLQJV�

5DZ��XQFRUUHFWHG�GDWD7ULPEOH�*HR([SORUHU�� 0DSSLQJ�5HVRXUFH
3RVW�SURFHVVLQJ

�������UHDGLQJV�

5DZ��XQFRUUHFWHG�GDWD
3RVW�SURFHVVLQJ

�������UHDGLQJV�7ULPEOH�;5�3UR 0DSSLQJ�5HVRXUFH
5HDO�WLPH �������UHDGLQJV�

:H� WKHQ� FRPSDUHG� WKH� *36�GHULYHG� FRRUGLQDWHV� WR� WKH� FRRUGLQDWHV� SURYLGHG� E\� WKH� 1DWLRQDO
*HRGHWLF� 6XUYH\� IRU� HDFK� VHOHFWHG� EHQFKPDUN�� � $V� DSSURSULDWH�� ZH� DQDO\]HG� DQG� FRPSDUHG� WKH
DFFXUDF\� RI� UDZ� YHUVXV� SRVW�SURFHVVHG� GDWD�� UDZ� GDWD� YHUVXV� GDWD� FROOHFWHG� LQ� UHDO�WLPH
GLIIHUHQWLDO� FRUUHFWLRQ�PRGH�� DQG�� LQ� WKH� FDVH� RI� WKH�;5�3UR�� GDWD�GLIIHUHQWLDOO\� FRUUHFWHG� XVLQJ
ERWK�SRVW�SURFHVVLQJ�DQG�UHDO�WLPH�WHFKQLTXHV�

(DFK�*36�UHFHLYHU�GDWD�ILOH�FRQWDLQHG�D�VHW�RI���������������������������������RU�����UHDGLQJV���7KH
QXPEHU�RI�FRRUGLQDWH�SDLUV�SHU�GDWD�ILOH�GHSHQGHG�RQ�ZKHWKHU�WKH�UHFHLYHU�ZDV�DEOH�WR�GLVSOD\�WKH
DFWXDO�QXPEHU�RI�UHDGLQJV�EHLQJ�FROOHFWHG�LQ�WKH�ILHOG��DV�GHVFULEHG�IRU�HDFK�UHFHLYHU�JUDGH�EHORZ��

$� 5HFUHDWLRQDO�*UDGH�5HFHLYHUV

/LNH�PRVW�UHFUHDWLRQDO�JUDGH�*36�UHFHLYHUV��WKH�WHVWHG�XQLWV�KDG�QR�PHFKDQLVP�IRU�GHWHUPLQLQJ�WKH
DFWXDO� QXPEHU� RI� UHDGLQJV� FROOHFWHG� �DQG� DXWRPDWLFDOO\� DYHUDJHG�� LQ� WKH� ILHOG�� � 7KHVH� UHFHLYHUV
GLVSOD\HG�RQO\�WKH�´DYHUDJHGµ�[�\�FRRUGLQDWH�SRVLWLRQV�RI�EHQFKPDUNV��DQG�KDG�QR�DELOLW\�WR�VWRUH�RU
GRZQORDG�WKH�GLVFUHWH��L�H���UDZ��XQDYHUDJHG��UHDGLQJV�FROOHFWHG���:H��WKHUHIRUH��XVHG�HDFK�UHFHLYHU
WR�FROOHFW�QLQH�LQGLYLGXDO�GDWD�ILOHV��RQH�IRU�HDFK�VHW�RI�UHDGLQJV������������HWF����RYHU�VSHFLILHG�WLPH
LQWHUYDOV���:H�DVVXPHG�WKDW�HDFK�UHFHLYHU�FROOHFWHG�RQH�UHDGLQJ�SHU�VHFRQG��VR�WKDW�WKH�QXPEHU�RI
DYHUDJHG�UHDGLQJV�HTXDOHG�VHFRQGV�RI�FROOHFWLRQ�WLPH��H�J�����VHFRQGV� ���UHDGLQJV��
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%� 0DSSLQJ�5HVRXUFH�*UDGH�5HFHLYHUV

7KH�PDSSLQJ�UHVRXUFH�JUDGH�UHFHLYHUV�OHW�XV�VHW�WKH�GHIDXOW�GDWD�FROOHFWLRQ�UDWH�DW�RQH�UHDGLQJ�SHU
VHFRQG��DQG�WKH\�GLVSOD\HG�WKH�DFWXDO�QXPEHU�RI�UHDGLQJV�FROOHFWHG��DQG�DXWRPDWLFDOO\�DYHUDJHG��IRU
HDFK�EHQFKPDUN�SRVLWLRQ���:H�ZHUH�DOVR�DEOH�WR�XVH�7ULPEOH�3DWK)LQGHU�2IILFH�VRIWZDUH�WR�VXEVHW
RQH�GDWD�ILOH�� FRQWDLQLQJ�����UHDGLQJV�� LQWR� WKH�QLQH� LQGLYLGXDO�GDWD�ILOHV� �FRQWDLQLQJ� ��� ��� ���� HWF�
UHDGLQJV��IRU�HDFK�EHQFKPDUN�SRVLWLRQ�� �7KHUHIRUH��ZH�FROOHFWHG�GDWD�ILOHV�RI�����UHDGLQJV�XVLQJ
WKH�PDSSLQJ�UHVRXUFH�JUDGH�UHFHLYHUV�� DYRLGLQJ� WKH�QHHG�WR�XVH�FROOHFWLRQ� WLPH� WR�GHWHUPLQH� WKH
QXPEHU�RI�UHDGLQJV�SHU�GDWD�ILOH��L�H���DV�UHTXLUHG�IRU�WKH�UHFUHDWLRQDO�JUDGH�UHFHLYHUV��

�� *36�5(&(,9(5�'()$8/7�6(77,1*6

:KHQHYHU�SRVVLEOH��GHIDXOW�VHWWLQJV�ZLWK�WKH�SRWHQWLDO�WR�DIIHFW�WKH�SRVLWLRQDO�DFFXUDF\�RI�WKH�*36
GDWD� ZHUH� VWDQGDUGL]HG� DPRQJ� WKH� WHVWHG� UHFHLYHUV� �VHH� 7$%/(� ���� � ,Q� DGGLWLRQ�� DOO� RI� WKH
UHFUHDWLRQDO� JUDGH� UHFHLYHUV� UHSRUWHG� UHDGLQJV� WR� DW� OHDVW� RQH� GHFLPDO� VHFRQG� �SUHFLVLRQ� ≈� �
PHWHUV���ZKLOH�DOO�WHVWHG�PDSSLQJ�UHVRXUFH�JUDGH�UHFHLYHUV�FDSWXUHG�GDWD�WR�D�VXE�PHWHU� OHYHO�RI
SUHFLVLRQ�

7$%/(����*36�5HFHLYHU�'HIDXOW�6HWWLQJV�

6(77,1* '()$8/7�9$/8( &200(176
3RVLWLRQ�'LOXWLRQ�RI
3UHFLVLRQ��3'23�

� 6HW�RQ�DOO�UHFHLYHUV���'DWD�FROOHFWLRQ�KDOWHG�ZKHQ
3'23�ZDV���RU�JUHDWHU�

5DZ�'DWD
&ROOHFWLRQ�5DWH

��UHDGLQJ�SHU�VHFRQG 6HW�RQ�DOO�PDSSLQJ�UHVRXUFH�JUDGH�UHFHLYHUV�
$VVXPHG�IRU�DOO�UHFUHDWLRQDO�JUDGH�UHFHLYHUV�

5DZ�'DWD
&RRUGLQDWH�6\VWHP

/DWLWXGH�/RQJLWXGH
�GHJUHHV��PLQXWHV��VHFRQGV�

6HW�RQ�DOO�UHFHLYHUV�H[FHSW�WKH�0DJHOODQ������ZKLFK
FROOHFWHG�8QLYHUVDO�7UDQVYHUVH�0HUFDWRU��870�
FRRUGLQDWHV�

5DZ�'DWD�&ROOHFWLRQ
6SKHURLG�'DWXP

:RUOG�*HRGHWLF�6\VWHP�����
�:*6����VSKHURLG

6HW�RQ�DOO�UHFHLYHUV�H[FHSW�WKH�0DJHOODQ������ZKLFK
FROOHFWHG�870�FRRUGLQDWHV�UHIHUHQFHG�WR�WKH
1RUWK�$PHULFDQ�'DWXP�RI�������1$'����²�*HRGHWLF
5HIHUHQFH�6\VWHP�������*56����VSKHURLG�

(OHYDWLRQ�0DVN�$QJOH ��°
6HW�RQ�DOO�PDSSLQJ�UHVRXUFH�JUDGH�UHFHLYHUV�
$VVXPHG�IRU�DOO�UHFUHDWLRQDO�JUDGH�UHFHLYHUV�

�� 1$7,21$/�*(2'(7,&�6859(<�%(1&+0$5.6

:H�XVHG�1DWLRQDO�*HRGHWLF�6XUYH\� �1*6��EHQFKPDUNV�IRU�KRUL]RQWDO� FRQWURO� SRLQWV� LQ� WKLV� VWXG\�
6SHFLILFDOO\��ZH�VHOHFWHG�ILUVW���VHFRQG���DQG�WKLUG�RUGHU�1*6�EHQFKPDUNV�ORFDWHG�ZLWKLQ�D����PLOH
UDGLXV�RI�0DGLVRQ��:LVFRQVLQ��L�H���LQ�'DQH�DQG�6DXN�&RXQWLHV����:H�LGHQWLILHG�DQ�LQLWLDO�JURXS�RI���
EHQFKPDUNV�PHHWLQJ�WKHVH�FULWHULD�YLD�WKH�1*6�ZHEVLWH��KWWS���ZZZ�QJV�QRDD�JRY�GDWDVKHHW�KWPO��
DQG�WKHQ�VHOHFWHG����WR�EH�XVHG�LQ�WKLV�VWXG\��VHH�0$3���DQG�$SSHQGL[�$���7KHVH�LQFOXGHG���ILUVW�
RUGHU�EHQFKPDUNV�����VHFRQG�RUGHU�EHQFKPDUNV��DQG���WKLUG�RUGHU�EHQFKPDUNV�

:H� FKRVH� WKHVH� ��� EHQFKPDUNV� EDVHG� RQ� WZR� SULPDU\� FKDUDFWHULVWLFV�� ���� WKH\� ZHUH� HYHQO\
GLVWULEXWHG�DURXQG�0DGLVRQ�DQG� ����WKH\�ZHUH�DFWXDOO\� LGHQWLILDEOH� LQ�WKH�ILHOG��H�J���WKH\�KDG�QRW
EHHQ�UHPRYHG��GDPDJHG��EXULHG��HWF���� �$OWKRXJK�RXU�PLQLPXP�VDPSOH� VL]H�ZDV����EHQFKPDUNV��ZH
FROOHFWHG� GDWD� DW� ILYH� DGGLWLRQDO� EHQFKPDUNV� WR� HQVXUH� WKDW� DQ\� GDWD� FROOHFWLRQ� SUREOHPV� �H�J��
HTXLSPHQW�IDLOXUH��QHDUE\�REVWDFOHV��RU�GDWD�DQRPDOLHV�DW�D�SDUWLFXODU�EHQFKPDUN�ZRXOG�QRW�KLQGHU
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RXU�VWDWLVWLFDO�DQDO\VHV���+RZHYHU��ZH�GLG�H[SHULHQFH�WHFKQLFDO�SUREOHPV�ZLWK�WKH�UHDO�WLPH�EHDFRQ
UHFHLYHU��*%5�����IRU�WKH�*DUPLQ���&;��DQG�ZHUH�RQO\�DEOH�WR�FROOHFW�GDWD�DW����EHQFKPDUNV�XVLQJ
WKLV�UHFHLYHU�

0$3����/RFDWLRQV�RI�1*6�%HQFKPDUNV�8VHG�LQ�WKLV�6WXG\�

2QFH�ZH�IRXQG�D�EHQFKPDUN� LQ�WKH�ILHOG��ZH�YHULILHG� LWV� LGHQWLILFDWLRQ�XVLQJ�WKH�1*6�GDWD�VKHHW�
:H� WKHQ� VNHWFKHG� D� ´6N\� 3ORWµ�� LQGLFDWLQJ� WKH� SRVLWLRQ� RI� REVWUXFWLRQV� ��°� RU� PRUH� DERYH� WKH
KRUL]RQ�DURXQG�WKH�EHQFKPDUN� �VHH�*36�$FFXUDF\�7HVW�'DWD�6KHHW� LQ�$SSHQGL[�%��� �:H�XVHG�DQ
LQFOLQRPHWHU�WR�UHFRUG�WKH�DQJOH�RI�DQ�REVWDFOH�DERYH�WKH�KRUL]RQ��DQG�D�FRPSDVV�WR�PHDVXUH�WKH
JHQHUDO�GLUHFWLRQ�RI�REVWDFOHV�IURP�WKH�EHQFKPDUN�

�� ),(/'�(48,30(17�6(7�83

:KHQHYHU� SRVVLEOH�� HTXLSPHQW� VHW�XS� DQG� GDWD� FROOHFWLRQ� PHWKRGV� ZHUH� VWDQGDUGL]HG� DPRQJ� WKH
ILYH�WHVWHG�*36�UHFHLYHUV���:H�UHYLHZHG�EDVH�VWDWLRQ�DYDLODELOLW\�DQG�VDWHOOLWH�DOPDQDF�GDWD�EHIRUH
JRLQJ�LQWR�WKH�ILHOG�LQ�RUGHU�WR�RSWLPL]H�RXU�GDWD�FROOHFWLRQ�DFWLYLWLHV�

:H� FRPSOHWHG� RQH� *36� $FFXUDF\� 7HVW� 'DWD� 6KHHW� �VHH� $SSHQGL[� %�� DW� HDFK� EHQFKPDUN�� � ,Q
DGGLWLRQ�WR�WKH�6N\�3ORW�PHQWLRQHG�DERYH��WKLV�IRUP�FRQWDLQHG� ����WKH�1*6� LGHQWLILFDWLRQ�QXPEHU
DQG�GHVFULSWLRQ�RI�WKH�EHQFKPDUN������GDWD�FROOHFWLRQ�GDWH������JHQHUDO�ZHDWKHU�FRQGLWLRQV�SUHVHQW
GXULQJ�GDWD�FROOHFWLRQ������GDWD�FROOHFWLRQ�VWDUW�DQG�VWRS�WLPHV�IRU�HDFK�UHFHLYHU��DQG�����DGGLWLRQDO
FRPPHQWV�� �:H�XVHG�WKH�GDWD�RQ�WKHVH�GDWD�VKHHWV�WR�KHOS�GRFXPHQW�RXU�GDWD�FROOHFWLRQ�SURFHVV
DQG�WR�H[SODLQ�DQRPDORXV�UHVXOWV��DV�DSSURSULDWH�

Dane County, Wisconsin
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$�WULSRG�ZDV�FHQWHUHG�DQG�OHYHOHG�RYHU�HDFK�EHQFKPDUN���(DFK�*36�UHFHLYHU�ZDV�DOORZHG�WR�LQLWLDOL]H
EHIRUH�FROOHFWLQJ�GDWD���:H�SODFHG�PRVW�RI�WKH�UHFHLYHUV�RQ�WKH�WULSRG�VHTXHQWLDOO\��XVXDOO\�VWDUWLQJ
ZLWK�WKH�UHFUHDWLRQDO�JUDGH�XQLWV�DQG�HQGLQJ�ZLWK�WKH�7ULPEOH�;5�3UR��DQG�FROOHFWHG�GDWD�XVLQJ�WKH
PHWKRGV�GHVFULEHG�EHORZ�� �,Q�VRPH�FDVHV��KRZHYHU��ZH�ZHUH�DEOH� WR�FROOHFW�GDWD� DW� D�EHQFKPDUN
XVLQJ�WZR�UHFHLYHUV�VLPXOWDQHRXVO\�� �$OO� WKH�GDWD�ILOHV�IRU�D�EHQFKPDUN�SRVLWLRQ�ZHUH�FROOHFWHG� LQ
DERXW����PLQXWHV�LQ�PRVW�FDVHV�

�� '$7$�&2//(&7,21�0(7+2'6

$� &ROOHFWLQJ�5HFUHDWLRQDO�*UDGH�*36�'DWD

$V� GHVFULEHG� DERYH�� ZH� DVVXPHG� WKDW� WKH� QXPEHU� RI� UHDGLQJV� HTXDOHG� WKH� VHFRQGV� RI� FROOHFWLRQ
WLPH��H�J�����VHFRQGV� ���UHDGLQJV��IRU�WKH�UHFUHDWLRQDO�UHFHLYHUV���:H�XVHG�D�GLJLWDO�ZULVWZDWFK�WR
PHDVXUH���������������������������������DQG�����VHFRQG�LQWHUYDOV��UHVXOWLQJ�LQ�WKH�WKUHH�VHWV�RI�QLQH
GDWD�ILOHV�OLVWHG�LQ�7$%/(���

%� &ROOHFWLQJ�0DSSLQJ�5HVRXUFH�*UDGH�*36�'DWD

:H�XVHG�WKH�PDSSLQJ�UHVRXUFH�JUDGH�UHFHLYHUV�WR�FROOHFW�IRXU�GDWD�ILOHV�FRQWDLQLQJ�����UHDGLQJV
HDFK��VHH�7$%/(������:H�ODWHU�VXEVHW�WKHP�LQWR�VHSDUDWH�GDWD�ILOHV�FRQWDLQLQJ��DV�GHVFULEHG�EHORZ�

&� 'RZQORDGLQJ�*36�'DWD

)LHOG�GDWD�RQ� HDFK�UHFHLYHU�ZDV�GRZQORDGHG�WR� D�3&�DW� WKH� HQG�RI� HDFK�FROOHFWLRQ�GD\�� �:H�XVHG
2]L([SORUHU� VRIWZDUH� WR� GRZQORDG�*DUPLQ� �����&;�GDWD� DQG� H[SRUW� LW� LQ� �GEI� IRUPDW�� �:H� XVHG
7ULPEOH� 3DWK)LQGHU� 2IILFH� VRIWZDUH� �YHUVLRQ� ����� WR� GRZQORDG� GDWD� IURP� WKH� PDSSLQJ�UHVRXUFH
JUDGH� UHFHLYHUV� IRU� IXUWKHU� SURFHVVLQJ� �GHVFULEHG� EHORZ��� � :H� GLG� QRW� KDYH� DFFHVV� WR� ILOH
PDQDJHPHQW� VRIWZDUH� IRU� WKH� 0DJHOODQ� ����� VR� ZH� W\SHG� WKHVH� GDWD� LQWR� D� 0LFURVRIW� ([FHO
VSUHDGVKHHW�

�� 35(3$5,1*�*36�'$7$�)25�3267�352&(66,1*�$1'�$1$/<6(6

$� 3DUVLQJ�0DSSLQJ�5HVRXUFH�*UDGH�*36�'DWD

:H�XVHG�7ULPEOH� 3DWK)LQGHU�2IILFH�VRIWZDUH� �L�H���66)�5HFRUG�(GLWRU� XWLOLW\�� WR�GHOHWH� UHDGLQJV
RXWVLGH�WKH�EHQFKPDUN��DQG�SDUVH��RU�VXEVHW��HDFK�GDWD�ILOH�RI�����UHDGLQJV�LQWR�QLQH�VHSDUDWH�ILOHV
FRQWDLQLQJ� ��� ��� ���� HWF�� UHDGLQJV�� � 7KH� UHDGLQJV� LQ� HDFK� VXEVHW� ILOH� EHJDQ� ZLWK� WKH� ILUVW� [�\
FRRUGLQDWH� SDLU� LQ� WKH� ´SDUHQWµ� GDWD� ILOH� SOXV� WKH� VSHFLILHG� QXPEHU� RI� VXEVHTXHQW� UHDGLQJV�� �:H
EHOLHYH�WKDW�SDUVLQJ�WKH�ILOHV�LQ�WKLV�ZD\�SURYLGHV�D�PRUH�UHDOLVWLF�DQDO\VLV�RI�GDWD�DFFXUDF\�EDVHG
RQ�WKH�ZD\�'15�SURJUDPV�XVH�*36�WRROV� LQ�WKH�ILHOG�DQG�SURFHVV�GDWD�EDFN� LQ�WKH�RIILFH�� �7KHVH
FRPPD�GHOLPLWHG�ILOHV�ZHUH�WKHQ�XVHG�IRU�SRVW�SURFHVVLQJ�DQG�RWKHU�DQDO\VHV�DV�GHVFULEHG�EHORZ�

%� �3URMHFWLQJ�5HFUHDWLRQDO�*36�'DWD�LQWR�:70���&RRUGLQDWHV

:H� XVHG� '15·V� VWDQGDUG� *,6�EDVHG� �L�H��� $UF,QIR�� ��VWHS� SURFHVV� WR� SURMHFW� WKH� 870� DQG
ODWLWXGH�ORQJLWXGH� UHDGLQJV� IURP� WKH� UHFUHDWLRQDO� JUDGH� UHFHLYHUV� LQWR� :LVFRQVLQ� 7UDQVYHUVH
0HUFDWRU�FRRUGLQDWHV�UHIHUHQFHG�WR�WKH������DGMXVWPHQW�RI�WKH�1RUWK�$PHULFDQ�'DWXP�RI������²
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*56���VSKHURLG���7KHVH�DUH�FRPPRQO\�UHIHUUHG�WR�DV�:70���FRRUGLQDWHV��DQG�DUH�'15·V�VWDQGDUG
IRU�LQWHUQDO�JHRJUDSKLF�LQIRUPDWLRQ�V\VWHP��*,6��DSSOLFDWLRQV���7KLV�SURMHFWLRQ�SURFHVV�UHVXOWHG�LQ
WDE�GHOLPLWHG�WH[W�ILOHV�

�� 3267�352&(66,1*�',))(5(17,$/�&255(&7,21�0(7+2'6

:H� XVHG� 7ULPEOH� 3DWK)LQGHU� 2IILFH� VRIWZDUH� WR� GLIIHUHQWLDOO\� FRUUHFW� UDZ� GDWD� IRU� DOO
PDSSLQJ�UHVRXUFH� JUDGH� UHFHLYHUV� XVHG� LQ� WKLV� VWXG\�� � &RUUHFWLRQ� GDWD� ZDV� GRZQORDGHG� IURP� WKH
FORVHVW�RSHUDWLRQDO�1*6�´&RQWLQXRXVO\�2SHUDWLQJ�5HIHUHQFH�6WDWLRQVµ��&256��EDVH�VWDWLRQ�YLD�WKH
,QWHUQHW� �KWWS���ZZZ�QJV�QRDD�JRY�&256���� H[FHSW� ZKHQ� ZH� WHVWHG� WKH� HIIHFWV� RI� EDVH� VWDWLRQ
VHOHFWLRQ� RQ� *36� GDWD� DFFXUDF\� �GHVFULEHG� LQ�6HFWLRQ� ,,,��� EHORZ��� �$SSHQGL[� '� LGHQWLILHV� WKH
VSHFLILF�&256�VWDWLRQV�XVHG�IRU�YDULRXV�DQDO\VHV�FRQGXFWHG�DV�SDUW�RI�WKLV�VWXG\�

:H�WKHQ�ORDGHG�FXVWRPL]HG�GDWXP�SDUDPHWHUV��VHH�6HFWLRQ�,,,����LQWR�7ULPEOH�3DWK)LQGHU�2IILFH
VRIWZDUH� WR� FRQYHUW� DQG� H[SRUW� ODWLWXGH�ORQJLWXGH� FRRUGLQDWHV� �UHIHUHQFHG� WR� WKH� :*6��
VSKHURLG��FROOHFWHG�XVLQJ�WKH�PDSSLQJ�UHVRXUFH�JUDGH�UHFHLYHUV�LQWR�:70���FRRUGLQDWHV�

,,,� +25,=217$/�*36�'$7$�$&&85$&<�$1$/<6(6�5(68/76

�� *(1(5$/�0(7+2'6

:H� UHIHUUHG� WR� WKH� 0LQQHVRWD� /DQG� 0DQDJHPHQW� ,QIRUPDWLRQ� &HQWHU·V� 3RVLWLRQDO� $FFXUDF\
+DQGERRN� ������� IRU� JHQHUDO� JXLGDQFH� LQ� FRQGXFWLQJ� RXU� DQDO\VHV�� � 7KDW� GRFXPHQW� GHVFULEHV
SURFHGXUHV� IRU� WHVWLQJ� WKH� DFFXUDF\� RI� KRUL]RQWDO� SRVLWLRQDO� GDWD�� DQG� FRQWDLQV� D� ´+RUL]RQWDO
$FFXUDF\�6WDWLVWLFV�:RUNVKHHWµ��VHH�$SSHQGL[�&��WR�KHOS�XVHUV�VHW�XS�DSSURSULDWH�GDWD�WDEOHV�IRU
VWDWLVWLFDO� DQDO\VHV�� � ,W� DOVR� SURYLGHV� H[DPSOH� *36� KRUL]RQWDO� GDWD� DFFXUDF\� DVVHVVPHQWV� IURP
VHYHUDO� VRXUFHV�� �:H� EXLOW� D� ´+RUL]RQWDO� $FFXUDF\� 6WDWLVWLFV�:RUNVKHHWµ� WHPSODWH� ZRUNVKHHW� LQ
0LFURVRIW�([FHO��DQG�LPSRUWHG�HDFK�RI�RXU�GDWD�VHWV�LQWR�WKLV�ZRUNVKHHW��RU�FRSLHV�RI�LW��WR�FRQGXFW
RXU�YDULRXV�DQDO\VHV�

�� *36�'$7$�$&&85$&<�$1'�180%(5�2)�5($',1*6

'15� SURJUDPV� RIWHQ� DVN� KRZ� WKH� QXPEHU� RI� UHDGLQJV� FROOHFWHG� IRU� D� IHDWXUH� UHODWHV� WR� WKH
SRVLWLRQDO� DFFXUDF\� RI� WKDW� IHDWXUH·V� ORFDWLRQ�� � 7LPH� VSHQW� FROOHFWLQJ� GDWD� LQ� WKH� ILHOG� LV� DQ
LPSRUWDQW� ZRUNORDG� FRQVLGHUDWLRQ� IRU�PRVW�'15� SURJUDPV�� EHFDXVH� WKH\�PXVW� EDODQFH� ILHOG� WLPH
ZLWK�RWKHU�WLPH�UHTXLUHPHQWV��H�J���GDWD�SURFHVVLQJ�DQG�PDQDJHPHQW��IRU�D�VSHFLILF�SURMHFW�� �7KLV
VHFWLRQ� FRPSDUHV� WKH� DFFXUDF\� RI� QLQH� VHWV� RI� UHDGLQJV� FROOHFWHG� ZLWK� HDFK� UHFHLYHU� �DQG
GLIIHUHQWLDOO\�FRUUHFWHG��DV�DSSURSULDWH��DW����GLIIHUHQW�1*6�EHQFKPDUNV�

:KLOH�WKH�UHVXOWV�RI�WKH�GDWD�DFFXUDF\�DQDO\VHV�GHVFULEHG� LQ�WKLV�GRFXPHQW�DUH�VSHFLILF�WR
WKH�*36�GDWDVHW�WKDW�ZH�FROOHFWHG�DQG�WHVWHG��ZH�DUH�FRQILGHQW�WKDW�WKH\�FDQ�EH�JHQHUDOO\
H[WUDSRODWHG� DFURVV� :LVFRQVLQ�� DVVXPLQJ� WKH� VDPH� *36� UHFHLYHUV�� VRIWZDUH�� DQG� GDWD
FROOHFWLRQ� DQG� SURFHVVLQJ� PHWKRGV� DUH� XVHG�� � 7R� IROORZ� EHVW� SUDFWLFH�� WKH� SRVLWLRQDO
DFFXUDF\� RI� IHDWXUHV� ZLWKLQ� D� SDUWLFXODU� GDWDVHW� VKRXOG� DOZD\V� EH� GHWHUPLQHG
LQGHSHQGHQWO\�
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$� 0HWKRGV

:H� EXLOW� D� 0LFURVRIW� ([FHO� WHPSODWH� EDVHG� RQ� WKH� ´+RUL]RQWDO� $FFXUDF\� 6WDWLVWLFV� :RUNVKHHWµ
�$SSHQGL[�&��WR�JHQHUDWH�VXPPDU\�VWDWLVWLFV�IRU�HDFK�VHW�RI�UHDGLQJV���������������������������������
DQG������IRU�HDFK�UHFHLYHU�DW�HDFK�EHQFKPDUN���$OO�DYDLODEOH�UDZ�DQG�GLIIHUHQWLDOO\�FRUUHFWHG�GDWD
IRU�DOO�UHFHLYHUV�ZHUH�LQFOXGHG�LQ�WKLV�DQDO\VLV�

:H�LQLWLDOO\�DWWHPSWHG�WR�DYHUDJH�GDWD�IURP�WKH�VDPH����EHQFKPDUNV�IRU�HDFK�WHVWHG�UHFHLYHU��EXW
GXH�WR�GDWD�FROOHFWLRQ�SUREOHPV�RU�RWKHU�HUURUV��ZH�QHHGHG�WR�XVH�GDWD�IURP�RQH�RU�PRUH�RI�WKH
´H[WUDµ�EHQFKPDUNV�LQ�VRPH�FDVHV���$SSHQGL[�$�OLVWV�WKH�VSHFLILF�EHQFKPDUNV�XVHG�LQ�WKLV�DQDO\VLV�
7KH�VDPH�&256�EDVH�VWDWLRQ��L�H���%OXH�5LYHU��:LVFRQVLQ�²�%/5:��ZDV�XVHG�WR�GLIIHUHQWLDOO\�FRUUHFW
�L�H���ERWK�SRVW�SURFHVVLQJ�DQG�UHDO�WLPH��DOO�WKH�*36�GDWD�XVHG�LQ�WKLV�DQDO\VLV��VHH�$SSHQGL[�'��

%� 'LVFXVVLRQ�RI�5HVXOWV

*5$3+����$SSHQGL[�(��FRPSDUHV�WKH�DYHUDJH�DFFXUDF\�WUHQG�OLQHV��ZLWKLQ�D�����FRQILGHQFH�OHYHO�
RI�HDFK�RI� WKH� ILYH� UHFHLYHUV� IRU�HDFK�VHW�RI� UHDGLQJV�� �*5$3+��� �$SSHQGL[�(�� VKRZV� WKH� VDPH
WUHQG� OLQHV� IRU� MXVW� WKH� PDSSLQJ�UHVRXUFH� JUDGH� UHFHLYHUV� IURP�*5$3+���� � 6XPPDU\� VWDWLVWLFV�
LQFOXGLQJ�URRW�PHDQ�VTXDUH��506��HUURU������FRQILGHQFH�LQWHUYDO��DQG�VWDQGDUG�GHYLDWLRQ�IRU�DOO�RI
WKH�WHVWHG�UHFHLYHUV�DUH�VKRZQ� LQ�7$%/(��� �$SSHQGL[�(��� �7KHVH�JUDSKV� DQG�VXPPDU\�VWDWLVWLFV
FOHDUO\�LOOXVWUDWH�WKH�IROORZLQJ�FRQFOXVLRQV�

5HFUHDWLRQDO�*UDGH�5HFHLYHUV

½ *36� GDWD� FROOHFWHG� ZLWK� UHFUHDWLRQDO� JUDGH� UHFHLYHUV� ZDV� OHVV� DFFXUDWH� WKDQ� GDWD� FROOHFWHG
XVLQJ� PDSSLQJ�UHVRXUFH� JUDGH� UHFHLYHUV� ²� H[FHSW� LQ� WKH� FDVH� RI� WKH� *DUPLQ� ��&;� RQFH
DSSUR[LPDWHO\�����UHDGLQJV�ZHUH�FROOHFWHG�LQ�UHDO�WLPH�GLIIHUHQWLDO�FRUUHFWLRQ�PRGH�

½ *DUPLQ���&;�UHDO�WLPH�GLIIHUHQWLDOO\�FRUUHFWHG�GDWD�ZHUH�DFWXDOO\�OHVV�DFFXUDWH�WKDQ�UDZ�GDWD
XQWLO���������UHDGLQJV�ZHUH�FROOHFWHG��DIWHU�ZKLFK�WKH�DFFXUDF\�RI���&;�GDWD�ZDV�EHWWHU�WKDQ
WKH�DFFXUDF\�RI�WKH�UDZ�GDWD�FROOHFWHG�ZLWK�WKH�*DUPLQ����

0DSSLQJ�5HVRXUFH�*UDGH�5HFHLYHUV

½ 5DZ�GDWD�IRU�DOO�RI� WKH�PDSSLQJ�UHVRXUFH�JUDGH�UHFHLYHUV�KDG� DQ�DYHUDJH�DFFXUDF\�RI�EHWWHU
WKDQ���PHWHUV��UHJDUGOHVV�RI�WKH�QXPEHU�RI�UHDGLQJV�FROOHFWHG�

½ 'LIIHUHQWLDOO\�FRUUHFWHG�PDSSLQJ�UHVRXUFH�JUDGH�*36�GDWD�ZHUH�PRUH�DFFXUDWH�WKDQ�UDZ�GDWD
FROOHFWHG�XVLQJ� WKHVH�VDPH�UHFHLYHUV�� �7KH�DYHUDJH� DFFXUDF\� RI�GLIIHUHQWLDOO\� FRUUHFWHG�GDWD
ZDV�EHWZHHQ���������PHWHUV��WKH�DGYHUWLVHG�DFFXUDF\�RI�WKHVH�XQLWV����ZKLFK�ZDV�DSSUR[LPDWHO\
��²���PHWHUV�PRUH�DFFXUDWH�WKDQ�WKH�UDZ�GDWD�

½ ,Q�DOO�FDVHV��WKH�506�HUURU��FRQILGHQFH�LQWHUYDO��DQG�VWDQGDUG�GHYLDWLRQ�IRU�D�SDUWLFXODU�QXPEHU
RI�UHDGLQJV�ZHUH�VPDOOHU�IRU�GLIIHUHQWLDOO\�FRUUHFWHG�PDSSLQJ�UHVRXUFH�JUDGH�*36�GDWD�� WKDQ
IRU� WKH� UDZ� GDWD� FROOHFWHG� ZLWK� WKHVH� XQLWV�� � 7KLV� LQGLFDWHV� WKDW� GLIIHUHQWLDOO\� FRUUHFWHG
PDSSLQJ�UHVRXUFH�JUDGH�*36�GDWD�DUH�FRQVLGHUDEO\�PRUH�DFFXUDWH�WKDQ�UDZ�GDWD�
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&� 5HFRPPHQGDWLRQV

$� '15� SURJUDP� VKRXOG� XVH� WKH� SRVLWLRQDO� DFFXUDF\� UHVXOWV� IURP� WKLV� WHVW�� LQ� FRQMXQFWLRQ� ZLWK
LQIRUPDWLRQ� LQ� WKH� &RPSDULQJ� *OREDO� 3RVLWLRQLQJ� 6\VWHP� �*36�� 7RROV� GRFXPHQW�� WR� VHOHFW� D
UHFUHDWLRQDO�RU�PDSSLQJ�UHVRXUFH�JUDGH�UHFHLYHU�WKDW�DGHTXDWHO\�VXSSRUWV�LWV�EXVLQHVV�QHHGV���0DQ\
'15�SURJUDPV�FXUUHQWO\�LQVWUXFW�VWDII�WR�FROOHFW�����UHDGLQJV�SHU�IHDWXUH�ZLWK�PDSSLQJ�UHVRXUFH
JUDGH� UHFHLYHUV�� � 7KH� UHVXOWV� RI� WKLV� DQDO\VLV�� KRZHYHU�� LQGLFDWH� WKDW� '15� SURJUDPV� FRQVLGHU
FROOHFWLQJ�

• ����UHDGLQJV�SHU�SRLQW�IHDWXUH�ZLWK�UHFUHDWLRQDO�JUDGH�UHFHLYHUV�ZLWKRXW�UHDO�WLPH�FRUUHFWLRQ
WR�HQVXUH�WKDW�WKH�SRVLWLRQDO�DFFXUDF\�RI�WKH�UDZ�GDWD�LV�FRQVLVWHQWO\�DURXQG����PHWHUV�

• ���UHDGLQJV�SHU�SRLQW�IHDWXUH�ZLWK�UHFUHDWLRQDO�JUDGH�UHFHLYHUV�LQ�UHDO�WLPH�PRGH�WR�HQVXUH
WKDW�WKH�SRVLWLRQDO�DFFXUDF\�RI�WKH�FRUUHFWHG�GDWD�LV�FRQVLVWHQWO\�DURXQG����PHWHUV�

• ���UHDGLQJV�SHU�SRLQW�IHDWXUH�ZLWK�PDSSLQJ�UHVRXUFH�JUDGH�UHFHLYHUV�WR�HQVXUH�WKDW�WKH
SRVLWLRQDO�DFFXUDF\�RI�WKH�FRUUHFWHG�GDWD�LV�FRQVLVWHQWO\���PHWHUV�RU�EHWWHU�

�� *36�'$7$�$&&85$&<�$1'�',))(5(17,$/�&255(&7,21

2QH� LPSRUWDQW� FRQVLGHUDWLRQ� LQ� VHOHFWLQJ� DQ� DSSURSULDWH� UHFHLYHU� IRU� D� SDUWLFXODU� GDWD� FROOHFWLRQ
SURMHFW�LV�ZKHWKHU�WKH�SURJUDP�UHTXLUHV�LWV�*36�GDWD�WR�EH�GLIIHUHQWLDOO\�FRUUHFWHG��DQG�E\�ZKLFK
PHWKRG� �L�H���SRVW�SURFHVVLQJ�RU�UHDO�WLPH��� �7KH�&RPSDULQJ�*OREDO� 3RVLWLRQLQJ�6\VWHP� �*36��7RROV
GRFXPHQW� GLVFXVVHV� JHQHUDO� GLIIHUHQFHV� EHWZHHQ� DQG� XVHV� RI� SRVW�SURFHVVLQJ� DQG� UHDO�WLPH
WHFKQLTXHV�� � :H� FRPSDUHG� WKH� SRVLWLRQDO� DFFXUDF\� RI� UDZ� DQG� GLIIHUHQWLDOO\� FRUUHFWHG� GDWDVHWV
FROOHFWHG�ZLWK�WKH�VDPH�UHFHLYHU���:H�DOVR�FRPSDUHG�WKH�SRVLWLRQDO�DFFXUDF\�RI�7ULPEOH�;5�3UR�GDWD
GLIIHUHQWLDOO\�FRUUHFWHG�XVLQJ�ERWK�SRVW�SURFHVVLQJ�DQG�UHDO�WLPH�WHFKQLTXHV�

$� 0HWKRGV

7KH�VDPH�PHWKRGV�DQG�GDWD�GHVFULEHG�LQ�6HFWLRQ�,,,���ZHUH�XVHG�WR�FRPSOHWH�WKLV�VHULHV�RI�WHVWV�
LQFOXGLQJ�XVH�RI�WKH�&256�EDVH�VWDWLRQ�LQ�%OXH�5LYHU��:LVFRQVLQ�IRU�ERWK�SRVW�SURFHVVLQJ�DQG�UHDO�
WLPH�GLIIHUHQWLDO�FRUUHFWLRQ�RI�DOO�GDWD���$SSHQGL[�$�OLVWV�WKH�EHQFKPDUNV�XVHG�LQ�WKLV�DQDO\VLV�

%� 'LVFXVVLRQ�RI�5HVXOWV

�:H�XVHG�WKH�VDPH�UHVXOWV�GHVFULEHG�LQ�6HFWLRQ�,,,����DQG�SUHVHQWHG�LQ�*5$3+����*5$3+����DQG
7$%/(���LQ�$SSHQGL[�(��WR�GHYHORS�RXU�GLIIHUHQWLDO�FRUUHFWLRQ�UHFRPPHQGDWLRQV�GHVFULEHG�EHORZ�

&� 5HFRPPHQGDWLRQV

'LIIHUHQWLDO� FRUUHFWLRQ�� XVLQJ� HLWKHU� SRVW�SURFHVVLQJ� RU� UHDO�WLPH� WHFKQLTXHV�� VXEVWDQWLDOO\
LQFUHDVHV�WKH�SRVLWLRQDO�DFFXUDF\�RI�UHFUHDWLRQDO�DQG�PDSSLQJ�UHVRXUFH�JUDGH�*36�GDWD���%DVHG�RQ
WKH�UHVXOWV�RI�WKLV�DQDO\VLV��ZH�UHFRPPHQG�WKDW�'15�SURJUDPV�VKRXOG�
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• 'HFLGH�WR�XVH�D�UHFUHDWLRQDO�JUDGH�UHFHLYHU�LQ�UHDO�WLPH�GLIIHUHQWLDO�FRUUHFWLRQ�PRGH�EDVHG�RQ
���� WKH� QXPEHU� RI� UHDGLQJV� �L�H��� WLPH� VSHQW� LQ� WKH� ILHOG�� YHUVXV� WKH� SURJUDP·V� UHTXLUHG� GDWD
DFFXUDF\�DQG�����WKH�VSHFLILF�GDWD�FROOHFWLRQ�IXQFWLRQDOLW\�QHHGV�RI�WKH�SURJUDP�

• $OZD\V�GLIIHUHQWLDOO\�FRUUHFW�PDSSLQJ�UHVRXUFH�JUDGH�*36�GDWD�WR�WDNH�IXOO�DGYDQWDJH�RI� WKH
IXQFWLRQDOLW\�DQG�DFFXUDF\�RI�WKHVH�V\VWHPV�

• 'HFLGH� WR� XVH� SRVW�SURFHVVLQJ� YHUVXV� UHDO�WLPH� GLIIHUHQWLDO� FRUUHFWLRQ� WHFKQLTXHV� EDVHG� RQ
IDFWRUV�RWKHU�WKDQ�WKH�SRVLWLRQDO�DFFXUDF\�RI�WKH�GDWD���2XU�WHVWV�LQGLFDWH�WKDW�ERWK�PHWKRGV
SURGXFH�FRUUHFWHG�PDSSLQJ�UHVRXUFH�JUDGH�*36�GDWD�ZLWK�YHU\�VLPLODU�GDWD�DFFXUDF\�� �8VLQJ�D
*36�UHFHLYHU�ZLWK�UHDO�WLPH�GLIIHUHQWLDO�FRUUHFWLRQ�FDSDELOLWLHV�PD\�EH�PRUH�IOH[LEOH�EHFDXVH�
LI�WKH�UHDO�WLPH�EHDFRQ�UHFHLYHU�PDOIXQFWLRQV�RU�FDQQRW�ORFN�RQ�WR�DQ�DSSURSULDWH�EDVH�VWDWLRQ�
WKH�*36�GDWD�FDQ�VWLOO�EH�SRVW�SURFHVVHG�XVLQJ�GDWD�IURP�DQRWKHU�EDVH�VWDWLRQ�DW�D�ODWHU�GDWH�

�� *36�'$7$�$&&85$&<�$1'�&86720,=('�:70���&219(56,21�3$5$0(7(56

&RQYHUWLQJ� *36� UHDGLQJV� LQWR� :70��� FRRUGLQDWHV� IRU� XVH� ZLWK� RWKHU� '15� *,6� GDWD� DQG
DSSOLFDWLRQV�FDQ�EH� D� VLJQLILFDQW�ZRUNORDG�IRU� VWDII�� �7ULPEOH� 3DWK)LQGHU�2IILFH� VRIWZDUH� FDQ�EH
FXVWRPL]HG� WR� SURMHFW� DQG� GRZQORDG� *36� GDWD� GLUHFWO\� LQ� :70��� FRRUGLQDWHV�� � 7KLV� KDV� WKH
SRWHQWLDO� WR� VLPSOLI\� GDWD� FRQYHUVLRQ�� VDYLQJ� WLPH� DQG� UHVRXUFHV� E\� HOLPLQDWLQJ� WKH� QHHG� WR
DFTXLUH�DFFHVV�$UF,QIR�VRIWZDUH�DQG�SURMHFW�FRRUGLQDWHV�XVLQJ�'15·V�VWDQGDUG�*,6�EDVHG���VWHS
SURFHVV�� �7KLV� VHFWLRQ�FRPSDUHV� WKH� DFFXUDF\�RI�EHQFKPDUN�SRVLWLRQV� FRQYHUWHG� WR�:70��� XVLQJ
WKH� FXVWRPL]HG� SDUDPHWHUV� LQ� 3DWK)LQGHU�2IILFH� YHUVXV� WKRVH� SURMHFWHG� XVLQJ� WKH� WUDGLWLRQDO� ��
VWHS�$UF,QIR�SURMHFWLRQ�SURFHVV�

$� 0HWKRGV

:H�XVHG�RQO\�7ULPEOH�*HR([SORUHU���GDWD�IRU�WKLV�DQDO\VLV��EHFDXVH�WKLV�*36�UHFHLYHU�PRGHO�KDV
WKH�JUHDWHVW�QXPEHU�RI�FXUUHQW�DQG�SRWHQWLDO�XVHUV�ZLWKLQ�'15���:H�DOVR�DVVXPHG�WKDW�WKHUH�ZRXOG
EH� QR� VXEVWDQWLDO� GLIIHUHQFH� EHWZHHQ� WKH� *HR([SORUHU� �� UHVXOWV� DQG� WKH� UHVXOWV� RI� WKLV� VDPH
DQDO\VLV� EDVHG� RQ� ´KLJKHU� HQGµ� 7ULPEOH� ;5� 3UR� UHFHLYHU� GDWD�� � 5HFDOO� WKDW� WKH� *HR([SORUHU� �
UHDGLQJV� ZHUH� RULJLQDOO\� FROOHFWHG� DV� ODWLWXGH�ORQJLWXGH� GHJUHHV�� PLQXWHV�� DQG� GHFLPDO� VHFRQGV
UHIHUHQFHG�WR�WKH�:*6���VSKHURLG�

)LUVW�� 7ULPEOH� *HR([SORUHU� �� GDWD� FROOHFWHG� DW� ��� EHQFKPDUNV� �VHH� $SSHQGL[� $� IRU� VSHFLILF
EHQFKPDUNV�XVHG�LQ�WKLV�DQDO\VLV��ZHUH�SRVW�SURFHVVHG�XVLQJ�WKH�&256�EDVH�VWDWLRQ�DW�%OXH�5LYHU�
:LVFRQVLQ��%/:5��DQG�VWDQGDUG�WHFKQLTXHV�GHVFULEHG�LQ�6HFWLRQ�,,�����:H�ORDGHG�WKH�FXVWRPL]HG
SDUDPHWHUV�LQWR�3DWK)LQGHU�2IILFH��DQG�WKHQ�FRQYHUWHG�DQG�H[SRUWHG�WKHVH�UHDGLQJV�GLUHFWO\� LQWR
:70���FRRUGLQDWHV�

:H�WKHQ�XVHG�'15·V�VWDQGDUG���VWHS�SURFHVV�WR�SURMHFW�WKH�VDPH�SRVW�SURFHVVHG�*HR([SORUHU��
UHDGLQJV�LQWR�:70���FRRUGLQDWHV���7KHVH�:70���FRRUGLQDWHV�ZHUH�XVHG�DV�WKH�´FRQWUROµ�IRU�WKLV
DQDO\VLV�� EHFDXVH� WKLV� ��VWHS� SURFHVV� LV� '15·V� FXUUHQW� VWDQGDUG� IRU� FRRUGLQDWH� SURMHFWLRQ�� �:H
ORDGHG� WKH� :70��� FRRUGLQDWHV� IURP� ERWK� SURFHVVHV� LQWR� D� WHPSODWH� EDVHG� RQ� WKH� ´+RUL]RQWDO
$FFXUDF\� 6WDWLVWLFV� :RUNVKHHWµ� �$SSHQGL[� &�� WR� JHQHUDWH� VXPPDU\� VWDWLVWLFV� IRU� WKH� WZR
SURMHFWLRQ�PHWKRGV�
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%� 'LVFXVVLRQ�RI�5HVXOWV

7$%/(���LQGLFDWHV�WKDW�QR�VXEVWDQWLDO�GLIIHUHQFH�H[LVWV�EHWZHHQ�WKH�DFFXUDF\�RI�GDWD�JHQHUDWHG
XVLQJ� WKH� FXUUHQW� VWDQGDUG� ��VWHS� FRRUGLQDWH� SURMHFWLRQ� SURFHVV� YHUVXV� ORDGLQJ� WKH� FXVWRPL]HG
SDUDPHWHUV� LQ�3DWK)LQGHU�2IILFH� VRIWZDUH�� �:H�EHOLHYH� WKLV� LV�EHFDXVH�WKH�7ULPEOH� DQG�$UF,QIR
VRIWZDUH�ERWK�XVH�D�VLPLODU�DOJRULWKP�WR�SURMHFW�FRRUGLQDWHV�

7$%/(����6XPPDU\�6WDWLVWLFV�IRU�7ULPEOH�3DWK)LQGHU�2IILFH�:70���&RQYHUVLRQ�3DUDPHWHUV�

7ULPEOH�*HR([SORUHU��
506�(UURU��PHWHUV� ����&RQI��,QWHUYDO��PHWHUV� 6WDQGDUG�'HYLDWLRQ��PHWHUV�

������ ������ ������

&� 5HFRPPHQGDWLRQV

%DVHG�RQ�RXU�DQDO\VLV��ZH�UHFRPPHQG�WKDW�'15�SURJUDPV� XVLQJ�WKH�WHVWHG�7ULPEOH�SURGXFWV� ORDG
WKH� FXVWRPL]HG� SDUDPHWHU� ILOH�� DQG� GRZQORDG� *HR([SORUHU� ��� *HR([SORUHU� ��� DQG� ;5� 3UR� GDWD
GLUHFWO\� LQWR� :70��� FRRUGLQDWHV� XVLQJ� 3DWK)LQGHU� 2IILFH� VRIWZDUH�� � 7KH� FXVWRP� :70��
SDUDPHWHU�ILOH�DQG�LQVWUXFWLRQV�IRU�ORDGLQJ�LW�RQ�WR�D�GHVNWRS�3&�ZLWK�3DWK)LQGHU�2IILFH�VRIWZDUH
DUH�IRXQG�RQ�'15·V�,QWUDQHW�DW��KWWS���LQW�DW�HW�JHR�ORFDWLRQ�WULPEOHBZWP���KWPO�

�� *36�'$7$�$&&85$&<�$1'�%$6(�67$7,21�6(/(&7,21

'15�SURJUDPV�DOVR�FRPPRQO\�DVN�LI�WKH�EDVH�VWDWLRQ�WKH\�VHOHFW�IRU�SRVW�SURFHVVLQJ�RU�UHDO�WLPH
GLIIHUHQWLDO�FRUUHFWLRQ�SXUSRVHV�DIIHFWV�WKH�DFFXUDF\�RI�WKHLU�*36�GDWD���:H�WHVWHG�WKH�DFFXUDF\
RI�*36� GDWD� FROOHFWHG� XVLQJ� RQH� UHFHLYHU� DQG� SRVW�SURFHVVHG� XVLQJ� FRUUHFWLRQ� GDWD� IURP� VHYHUDO
GLIIHUHQW�EDVH�VWDWLRQV�

$� 0HWKRGV

:H�XVHG�RQO\�7ULPEOH�*HR([SORUHU���GDWD�IRU�WKLV�DQDO\VLV��EHFDXVH�WKLV�*36�UHFHLYHU�PRGHO�KDV
WKH�JUHDWHVW�QXPEHU�RI�FXUUHQW�DQG�SRWHQWLDO�XVHUV�ZLWKLQ�'15���:H�DOVR�DVVXPHG�WKDW�WKHUH�ZRXOG
EH� QR� VXEVWDQWLDO� GLIIHUHQFH� EHWZHHQ� WKH� *HR([SORUHU� �� UHVXOWV� DQG� WKH� UHVXOWV� RI� WKLV� VDPH
DQDO\VLV�EDVHG�RQ�´KLJKHU�HQGµ�7ULPEOH�;5�3UR�UHFHLYHU�GDWD���:H�DOVR�XVHG�GDWD�ILOHV�FRQWDLQLQJ���
UHDGLQJV�� WKH� QXPEHU� RI� UHDGLQJV� �SHU� SRLQW� IHDWXUH�� WKDW� ZH� UHFRPPHQG� FROOHFWLQJ� ZLWK� WKH
*HR([SORUHU���

7KH� ���UHDGLQJ� UDZ� *HR([SORUHU� �� GDWD� ILOHV� FROOHFWHG� DW� ��� EHQFKPDUNV� �VHH� $SSHQGL[� $� IRU
VSHFLILF�EHQFKPDUNV�XVHG� LQ� WKLV� DQDO\VLV��ZHUH� HDFK� SRVW�SURFHVVHG�XVLQJ� VHYHQ�GLIIHUHQW�&256
EDVH� VWDWLRQV� �VHH� $SSHQGL[� '� IRU� VSHFLILF� EDVH� VWDWLRQV� XVHG� LQ� WKLV� DQDO\VLV�� DQG� VWDQGDUG
WHFKQLTXHV� GHVFULEHG� LQ� 6HFWLRQ� ,,���� � :H� WKHQ� FRQYHUWHG� DQG� H[SRUWHG� WKH� SRVW�SURFHVVHG
UHDGLQJV�GLUHFWO\�LQWR�:70���FRRUGLQDWHV�XVLQJ�7ULPEOH�3DWK)LQGHU�2IILFH�VRIWZDUH��GHVFULEHG�LQ
6HFWLRQ�,,,���DERYH��� �)LQDOO\��ZH� ORDGHG�WKHVH�:70���FRRUGLQDWHV� LQWR�D�WHPSODWH�EDVHG�RQ�WKH
´+RUL]RQWDO�$FFXUDF\�6WDWLVWLFV�:RUNVKHHWµ��$SSHQGL[�&��WR�JHQHUDWH�VXPPDU\�VWDWLVWLFV�
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%� 'LVFXVVLRQ�RI�5HVXOWV

7$%/(���VKRZV�WKDW�QR�VXEVWDQWLDO�GLIIHUHQFH�H[LVWV�LQ�WKH�DFFXUDF\�RI�*HR([SORUHU���GDWD�SRVW�
SURFHVVHG�XVLQJ�FRUUHFWLRQ�GDWD�IURP�WKHVH�VHYHQ�&256�EDVH�VWDWLRQV�� �$GGLWLRQDO�DQDO\VHV�ZRXOG
EH�UHTXLUHG�WR�TXDQWLI\�IXUWKHU�WKH�HIIHFWV�RI�EDVH�VWDWLRQ�VHOHFWLRQ�RQ�*36�GDWD�DFFXUDF\�

7$%/(����6XPPDU\�6WDWLVWLFV�IRU�&256�%DVH�6WDWLRQ�7HVW�

7ULPEOH�*HR([SORUHU�������UHDGLQJ�GDWD�ILOHV
1*6
&256
3,'

506
(UURU

�PHWHUV�

����&RQI�
,QWHUYDO
�PHWHUV�

6WDQGDUG
'HYLDWLRQ
�PHWHUV�

$SSUR[LPDWH
'LVWDQFH�IURP
0DGLVRQ��:,

$,���� ���� ���� ���� ���PLOHV
$$���� ���� ���� ���� ���PLOHV
$$���� ���� ���� ���� ����PLOHV
$(���� ���� ���� ���� ���PLOHV
$,���� ���� ���� ���� ����PLOHV
$$���� ���� ���� ���� ����PLOHV
$+���� ���� ���� ���� ����PLOHV


 ���� ���� ���� ����PLOHV

&� 5HFRPPHQGDWLRQV

%DVHG�RQ�WKH�UHVXOWV�RI�WKLV�DQDO\VLV��ZH�UHFRPPHQG�'15�SURJUDPV�

• 8VH� WKH� &256�EDVH� VWDWLRQ� FORVHVW� WR� WKH� *36� GDWD� FROOHFWLRQ� VLWH�DUHD�� LI� WKH� GDWD� ZLOO� EH
GLIIHUHQWLDOO\� FRUUHFWHG� XVLQJ� SRVW�SURFHVVLQJ� RU� UHDO�WLPH� WHFKQLTXHV�� � �0RVW� *36� UHFHLYHUV
ZLWK�UHDO�WLPH�GLIIHUHQWLDO� FRUUHFWLRQ� FDSDELOLWLHV� DXWRPDWLFDOO\� VFDQ� IRU� WKH� FORVHVW� DYDLODEOH
EDVH�VWDWLRQ��

• 8VH�WKH�VDPH�&256�EDVH�VWDWLRQ��LI�DYDLODEOH��WR�SRVW�SURFHVV�GDWD�WKDW�DUH�FROOHFWHG�DW�WKH
VDPH�VLWH�DUHD�RYHU�D�SHULRG�RI�PRQWKV�RU�HYHQ�\HDUV�

• $OO�&256�EDVH�VWDWLRQV�DUH�XQDYDLODEOH�DW�RQH�WLPH�RU�DQRWKHU�IRU�URXWLQH�PDLQWHQDQFH��HWF���DQG
VRPH�DUH�QRW�VHW�XS�WR�WUDQVPLW�DQG�UHFRUG�GDWD�FRQWLQXRXVO\�� �,W� LV�WKH�UHVSRQVLELOLW\�RI�WKH
XVHU� WR� GHWHUPLQH� LI� WKH� VHOHFWHG� EDVH� VWDWLRQ� ZDV� LQ� RSHUDWLRQ� ZKLOH� *36� GDWD� ZHUH� EHLQJ
FROOHFWHG���$SSHQGL[�)�GHVFULEHV�WKH�SURFHVV�IRU�FKHFNLQJ�&256�EDVH�VWDWLRQ�DYDLODELOLW\�
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,9� 5()(5(1&(6

*DUPLQ�*36�3URGXFWV����KWWS���ZZZ�JDUPLQ�FRP�SURGXFWV�

0DJHOODQ��$VKWHFK��*36�3URGXFWV�²KWWS���ZZZ�DVKWHFK�FRP�

0LQQHVRWD�/DQG�0DQDJHPHQW�,QIRUPDWLRQ�&HQWHU����������3RVLWLRQDO�DFFXUDF\�KDQGERRN���6W��3DXO�
0LQQHVRWD���:�KWWS���ZZZ�PQSODQ�VWDWH�PQ�XV�SUHVV�DFFXUDWH�KWPO�

1DWLRQDO�*HRGHWLF�6XUYH\�&RQWLQXRXVO\�2SHUDWLQJ�5HIHUHQFH�6WDWLRQV��&256���
KWWS���ZZZ�QJV�QRDD�JRY�&256�

1DWLRQDO�*HRGHWLF�6XUYH\�%HQFKPDUN�'DWD�6KHHWV���KWWS���ZZZ�QJV�QRDD�JRY�GDWDVKHHW�KWPO

2]L([SORUHU�VRIWZDUH���KWWS���ZZZ�R]LH[SORUHU�FRP�

7ULPEOH�*36�3URGXFWV���KWWS���ZZZ�WULPEOH�FRP�SURGXFWV�

9� $33(1',&(6

$SSHQGL[�$�OLVWV�JHQHUDO�LQIRUPDWLRQ�DERXW�RXU�GDWD�FROOHFWLRQ�DFWLYLWLHV��DQG�WKH�1*6�EHQFKPDUNV
XVHG�LQ�WKHVH�*36�GDWD�DFFXUDF\�DQDO\VHV�

$SSHQGL[�%� FRQWDLQV� D� FRS\� RI� WKH� ´*36� $FFXUDF\� 7HVW� 'DWD� 6KHHWµ� ZH� ILOOHG� RXW� DW� HDFK�1*6
EHQFKPDUN�

$SSHQGL[� &� FRQWDLQV� D� FRS\� RI� WKH� ´+RUL]RQWDO� $FFXUDF\� 6WDWLVWLFV� :RUNVKHHW� 7HPSODWHµ� IURP
3RVLWLRQDO�$FFXUDF\�+DQGERRN��0LQQHVRWD�/DQG�0DQDJHPHQW�,QIRUPDWLRQ�&HQWHU��������

$SSHQGL[�'�OLVWV�WKH�1*6�&RQWLQXRXVO\�2SHUDWLQJ�5HIHUHQFH�6WDWLRQ��&256��EDVH�VWDWLRQV�XVHG�WR
GLIIHUHQWLDOO\�FRUUHFW�GDWD�XVHG�LQ�WKHVH�DQDO\VHV�

$SSHQGL[�(�FRQWDLQV�*5$3+����*5$3+���DQG�7$%/(���

$SSHQGL[�)�GHVFULEHV�WKH�SURFHVV�IRU�FKHFNLQJ�&256�EDVH�VWDWLRQ�DYDLODELOLW\�
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$33(1',;�$��1$7,21$/�*(2'(7,&�6859(<��1*6��%(1&+0$5.6�86('�,1�7+,6�678'<

'15
&2'(

1*6
3,'

86*6����·
48$'�1$0(

25'(5 *36�'$7$
&2//(&7,21

'$7(

:($7+(5
&21',7,216

86('�,1
5(&(,9(5

$1$/<6(6

&200(176

$39 1+���� 9HURQD �QG ���������� &OHDU
�≈����RYHUFDVW�

���������������� 1R�*DUPLQ���&;�GDWD���,VRODWHG�REVWDFOHV��WUHHV��EXLOGLQJ��VLJQ�
��°���°�DERYH�KRUL]RQ�LQ�QRUWKHDVW�DQG�VRXWKHDVW�TXDGUDQWV�

$5� 20���� 0DGLVRQ�:HVW �QG ���������� &OHDU�VN\ DOO�UHFHLYHUV ,VRODWHG�REVWDFOHV���°���°�DERYH�KRUL]RQ�LQ�QRUWKZHVW�TXDGUDQW�
%$' 20���� 6DXN�3UDLULH �VW ���������� &OHDU�����°) DOO�UHFHLYHUV ,VRODWHG�XWLOLW\�SROH���°�DERYH�KRUL]RQ�WR�WKH�QRUWK�
&2* 20���� &RWWDJH�*URYH �QG ���������� &OHDU�����°)

�≈����RYHUFDVW�
DOO�UHFHLYHUV 1R�*DUPLQ���&;�GDWD���,VRODWHG�REVWDFOHV��WUHHV��XWLOLW\�SROHV�

��°���°�DERYH�KRUL]RQ�LQ�DOO�EXW�VRXWKZHVW�TXDGUDQW�
') 20���� 'H)RUHVW �QG �������� &OHDU�����°) ������������� &RQWLQXRXV�WUHHV���°���°�DERYH�KRUL]RQ�LQ�QRUWKHDVW�TXDGUDQW�

DQG���°���°�DERYH�KRUL]RQ�LQ�VRXWKZHVW�DQG�VRXWKHDVW�TXDGUDQWV�
(1' 20���� :DXQDNHH �QG ���������� 3DUWO\�FORXG\

�≈�����RYHUFDVW�
DOO�UHFHLYHUV %HQFKPDUN�ORFDWHG�RQ�WRS�HGJH�RI�D�TXDUU\�ZDOO��DQG�PD\�KDYH

PRYHG�HDVWZDUG�GXH�WR�TXDUU\�ZRUN�
(6& 20���� 6DXN�&LW\ �VW ���������� &OHDU�����°) DOO�UHFHLYHUV &RQWLQXRXV�WUHHV�DQG�XWLOLW\�SROHV���°���°�DERYH�KRUL]RQ�LQ�DOO�EXW

VRXWKHDVW�TXDGUDQW�
*(1 20���� 0DGLVRQ�:HVW �QG ���������� &OHDU DOO�UHFHLYHUV ,VRODWHG�REVWDFOHV���°���°�DERYH�KRUL]RQ�LQ�DOO�EXW�QRUWKZHVW

TXDGUDQW�
+$= 1+���� 2UHJRQ �QG ���������� &OHDU�����°) ���������������� 1R�*DUPLQ���&;�GDWD���&RQWLQXRXV�WUHHV���°���°�DERYH�KRUL]RQ�LQ

QRUWKHDVW�TXDGUDQW���,VRODWHG�WUHHV���°���°�DERYH�KRUL]RQ�LQ
QRUWKZHVW�DQG�VRXWKZHVW�TXDGUDQWV�

+,/ 20���� 0LGGOHWRQ �QG ���������� &OHDU�����°) ���� &OHDU�VN\���&RQWLQXRXV�WUHHV���°���°�DERYH�KRUL]RQ�LQ�QRUWKHDVW
TXDGUDQW���,VRODWHG�WUHHV���°���°�DERYH�KRUL]RQ�LQ�DOO�RWKHU
TXDGUDQWV�

-:6 20���� &RWWDJH�*URYH �QG ���������� &OHDU�����°) DOO�UHFHLYHUV 3RZHU�SUREOHP�ZLWK�*HR([SORUHU�����,VRODWHG�WUHHV���°���°
DERYH�KRUL]RQ�LQ�QRUWKHDVW�DQG�VRXWKHDVW�TXDGUDQWV���8WLOLW\�SROH
��°�DERYH�KRUL]RQ�LQ�QRUWKHDVW�TXDGUDQW�

.(* 1+���� 6WRXJKWRQ �QG ���������� &OHDU�����°) ���� ,VRODWHG�WUHHV��XWLOLW\�SROHV��DQG�EXLOGLQJV���°���°�DERYH�KRUL]RQ
LQ�DOO�TXDGUDQWV�

.2+ 20���� &RWWDJH�*URYH �UG ���������� &OHDU�����°) DOO�UHFHLYHUV &OHDU�VN\���8WLOLW\�SROH���°�DERYH�KRUL]RQ�WR�WKH�QRUWK�

.2/ 1+���� 0W��9HUQRQ �VW ���������� &OHDU�����°) ���������������� 1R�*DUPLQ���&;�GDWD���7UHHV���°�DERYH�KRUL]RQ�WR�WKH�QRUWK�
8WLOLW\�SROH���°�DERYH�KRUL]RQ�LQ�VRXWKZHVW�TXDGUDQW�

0$6 1+���� 2UHJRQ �QG ���������� &OHDU
�≈�����RYHUFDVW�

���������������� 1R�*DUPLQ���&;�GDWD���8WLOLW\�SROHV���°���°�DERYH�KRUL]RQ�LQ
QRUWKHDVW�DQG�VRXWKZHVW�TXDGUDQWV�


���� �0DJHOODQ�������� �*DUPLQ������� �*DUPLQ���&;��UHDO�WLPH����� �*HR([SORUHU������ �*HR([SORUHU������ �7ULPEOH�;5�3UR���� �7ULPEOH�;5�3UR��UHDO�WLPH�
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$33(1',;�$��1$7,21$/�*(2'(7,&�6859(<��1*6��%(1&+0$5.6�86('�,1�7+,6�678'<��FRQWLQXHG�
'15
&2'(

1*6
3,'

86*6����·
48$'�1$0(

25'(5 *36�'$7$
&2//(&7,21

'$7(

:($7+(5
&21',7,216

86('�,1
67$76�)25
5(&(,9(5


&200(176

0$7 20���� 'H)RUHVW �QG �������� 3DUWO\�FORXG\ QR�UHFHLYHUV &RQWLQXRXV�WUHHV�DQG�EXLOGLQJV���°���°�DERYH�KRUL]RQ�LQ
VRXWKHDVW�TXDGUDQW�DQG�SRUWLRQV�RI�QRUWKHDVW�TXDGUDQW�

0&) 20���� 0DGLVRQ�(DVW �UG �������� 3DUWO\�FORXG\�²
��°)

������������� ,VRODWHG�WUHHV�DQG�ZDWHU�WRZHU���°���°�DERYH�KRUL]RQ�LQ
QRUWKHDVW�DQG�VRXWKHDVW�TXDGUDQWV�

0,' 20���� 0LGGOHWRQ �QG ���������� &OHDU�����°) ���������������� 3RZHU�OLQHV�GLUHFWO\�RYHUKHDG��DQG�EHQFKPDUN�GLUHFWO\�DGMDFHQW
WR�D�PHWDO�IHQFH��H�J���SRWHQWLDO�PXOWL�SDWK�HUURUV"����&RQWLQXRXV
WUHHV�XS�WR���°�DERYH�KRUL]RQ�LQ�QRUWKZHVW�TXDGUDQW���,VRODWHG
WUHHV�DQG�XWLOLW\�SROHV���°���°�DERYH�KRUL]RQ�LQ�VRXWKZHVW�DQG
VRXWKHDVW�TXDGUDQWV�

12 20���� :DXQDNHH �UG �������� &OHDU � 8WLOLW\�SROHV���°�DERYH�KRUL]RQ�WR�WKH�VRXWK�DQG���°�DERYH
KRUL]RQ�WR�WKH�QRUWK�

2%6 20���� 0DGLVRQ�:HVW �QG ���������� 3DUWO\�FORXG\�²
��°)

DOO�UHFHLYHUV &RQWLQXRXV�WUHHV���°���°�DERYH�WKH�KRUL]RQ�LQ�WKH�VRXWKZHVW�DQG
VRXWKHDVW�TXDGUDQWV�

52& 20���� 6SULQJILHOG
&RUQHUV

�VW ���������� &OHDU
�≈����RYHUFDVW�

DOO�UHFHLYHUV &RQWLQXRXV�WUHHV���°���°�DERYH�KRUL]RQ�LQ�VRXWKZHVW�TXDGUDQW�
,VRODWHG�WUHHV���°���°�DERYH�KRUL]RQ�LQ�QRUWKZHVW�DQG�QRUWKHDVW
TXDGUDQWV�

58' 1+���� 5XWODQG �QG ���������� &OHDU�����°) DOO�UHFHLYHUV *DUPLQ���&;�SRZHU�IDLOXUH�DW����UHDGLQJV���&RQWLQXRXV�WUHHV�XS
WR���°�DERYH�KRUL]RQ�LQ�QRUWKZHVW�DQG�QRUWKHDVW�TXDGUDQWV�
,VRODWHG�WUHHV�DQG�XWLOLW\�SROHV���°���°�DERYH�KRUL]RQ�LQ
VRXWKZHVW�DQG�VRXWKHDVW�TXDGUDQWV�

6$& 20���� 6DXN�&LW\ �QG ���������� &OHDU�����°) DOO�UHFHLYHUV 7UHHV���°���°�DERYH�KRUL]RQ�LQ�QRUWKHDVW�DQG�VRXWKHDVW
TXDGUDQWV���8WLOLW\�SROHV���°���°�DERYH�KRUL]RQ�LQ�VRXWKZHVW�DQG
VRXWKHDVW�TXDGUDQWV�

63& 20���� 6SULQJILHOG
&RUQHUV

�QG ���������� &ORXG\
�≈�����RYHUFDVW�

������� &RUQ���°�DERYH�KRUL]RQ�WR�WKH�HDVW�

���������� &OHDU�����°)
�≈�����RYHUFDVW�

755 1+���� 2UHJRQ �QG

����������
*DUPLQ���&;

/LJKW�VQRZ��
��°)

���������������� 1R�*DUPLQ���&;�GDWD�RQ�����������UHFROOHFWHG�RQ����������
7UHH�VWDQGV���°���°�DERYH�KRUL]RQ�LQ�DOO�TXDGUDQWV�

:$. 20���� :DXQDNHH �UG ���������� &ORXG\
�≈�����RYHUFDVW�

���������������� 3RZHU�SUREOHP�ZLWK�*HR([SORUHU�����8WLOLW\�SROH���°�DERYH
KRUL]RQ�WR�WKH�QRUWK�DQG���°�DERYH�KRUL]RQ�WR�WKH�ZHVW���&RUQ���°
DERYH�KRUL]RQ�LQ�QRUWKZHVW�DQG�VRXWKZHVW�TXDGUDQWV�


���� �0DJHOODQ�������� �*DUPLQ������� �*DUPLQ���&;��UHDO�WLPH����� �*HR([SORUHU������ �*HR([SORUHU������ �7ULPEOH�;5�3UR���� �7ULPEOH�;5�3UR��UHDO�WLPH�
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$33(1',;�%��*36�$&&85$&<�7(67�'$7$�6+((7

NGS Site ID and Description: Date: 

Weather Conditions:

Sky Plot (complete for obstructions higher than 15° mask):

Data Collection Times:
RECEIVER START TIME END TIME

Magellan 315 (raw data)
Garmin 12 (raw data)

Garmin 12CX (real-time)
Trimble GeoExplorer 2 (raw data)
Trimble GeoExplorer 3 (raw data)

Trimble GeoExplorer XR Pro (raw data)
Trimble GeoExplorer XR Pro (real-time)

Additional Comments (use back of form): ÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ

S

N

W E
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$33(1',;�&��+25,=217$/�$&&85$&<�67$7,67,&6�:25.6+((7�7(03/$7(�

6RXUFH��3RVLWLRQDO�$FFXUDF\�+DQGERRN��0LQQHVRWD�/DQG�0DQDJHPHQW�,QIRUPDWLRQ�&HQWHU�������
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$33(1',;�'��&256�%$6(�67$7,216�86('�)25�63(&,),&�$1$/<6(6�

,QIRUPDWLRQ�DERXW�&RQWLQXRXVO\�2SHUDWLQJ�5HIHUHQFH�6WDWLRQV� �&256��� LQFOXGLQJ�PDSV�DQG�GRZQORDGDEOH
FRUUHFWLRQ�GDWD�ILOHV�DUH�IRXQG�RQ�WKH�1*6�ZHEVLWH��KWWS���ZZZ�QJV�QRDD�JRY�&256��

7KH�IROORZLQJ�1*6�&256�EDVH�VWDWLRQ�ZDV�XVHG�IRU�SRVW�SURFHVVLQJ�DQG�UHDO�WLPH�GLIIHUHQWLDO�FRUUHFWLRQ
RI�DOO�GDWD�XVHG� LQ�WKH�IROORZLQJ�DQDO\VHV��*36�'DWD�$FFXUDF\�DQG�1XPEHU�RI�5HDGLQJV��6HFWLRQ�,,,����
*36�'DWD�$FFXUDF\�DQG�'LIIHUHQWLDO�&RUUHFWLRQ��6HFWLRQ�,,,�����DQG�*36�'DWD�$FFXUDF\�DQG�&XVWRPL]HG
:70���&RQYHUVLRQ�3DUDPHWHUV��6HFWLRQ�,,,����

&256�,' /2&$7,21 1*6�%(1&+0$5.
%/5: %OXH�5LYHU��:, 8VHG�WR�GLIIHUHQWLDOO\�FRUUHFW�GDWD�IRU�DOO����EHQFKPDUNV

7KH� IROORZLQJ� 1*6� &256� EDVH� VWDWLRQV� ZHUH� XVHG� IRU� SRVW�SURFHVVLQJ� GLIIHUHQWLDO� FRUUHFWLRQ� RI� GDWD
XVHG�LQ�WKH�IROORZLQJ�DQDO\VLV��*36�'DWD�$FFXUDF\�DQG�%DVH�6WDWLRQ�6HOHFWLRQ��6HFWLRQ�,,,����

'15
&2'(

1*6
3,'

86*6����·�48$'
1$0(

/2&$7,21 $3352;,0$7(�',67$1&(
)520�0$',621��:,

%/5: $,���� %OXH�5LYHU %OXH�5LYHU��:, ���PLOHV
0,/� $$���� 0LOZDXNHH 0LOZDXNHH��:, ���PLOHV
1/,%� $$���� (O\ 1RUWK�/LEHUW\��,$ ����PLOHV
5,6� $(���� 6DYDQQD 5RFN�,VODQG��,$ ���PLOHV
6/$7� $,���� 6ODWHU 6ODWHU��,$ ����PLOHV
67%� $$���� 6WXUJHRQ�%D\�(DVW *UHHQ�%D\��:, ����PLOHV
:/&, $+���� :ROFRWW :ROFRWW��,1 ����PLOHV


 
 
 8UEDQD�&KDPSDLJQ��,/ ����PLOHV
���������
�7KH�8QLYHUVLW\�RI�,OOLQRLV�UXQV�WKLV�QRQ�&256�EDVH�VWDWLRQ�

6RXUFH��1DWLRQDO�*HRGHWLF�6XUYH\�ZHEVLWH
:�KWWS���ZZZ�QJV�QRDD�JRY�&256�

���������������������������
�NLORPHWHUV�

:KLWH� FLUFOHV� DURXQG� WKH� &256� VLWHV
UHSUHVHQW� WKH� ���� NLORPHWHU� �≈� ��� PLOH�
UDQJH�RI�WKH�EDVH�VWDWLRQ���7KH�����DQG����
NLORPHWHU� UDQJHV� DUH� DOVR� VKRZQ�� � $� VPDOO
GLDPRQG�VKDSHG� SRUWLRQ� RI� QRUWK� FHQWUDO
:LVFRQVLQ�KDV�QR�&256�FRYHUDJH�ZLWKLQ����
NLORPHWHUV��≈�����PLOHV����%RWK�UHDO�WLPH�DQG
SRVW�SURFHVVLQJ� GLIIHUHQWLDO� FRUUHFWLRQ� RI
*36�GDWD�LQ�WKLV�DUHD��DV�ZHOO�DV�DQ\�SDUW�RI
:LVFRQVLQ� ZKHUH� UDGLR� VLJQDOV� PD\� EH
EORFNHG� E\� WHUUDLQ� �H�J��� WKH� ´'ULIWOHVV
$UHDµ�LQ�WKH�VRXWKZHVW��RU�RWKHU�REVWDFOHV�
PD\�EH�PRUH�SUREOHPDWLF�
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$33(1',;�(��*5$3+����'DWD�$FFXUDF\�IRU�$OO�5HFHLYHUV�9HUVXV�1XPEHU�RI�5HDGLQJV�

GPS Data Accuracy Versus Number of Readings (All Tested Receivers)
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Garmin 12CX (RT )

Garmin 12 (raw )

GeoExplorer 2 (raw )

GeoExplorer 2 (PP )

GeoExplorer 3 (raw )

XR Pro (PP )

XR Pro (raw )
GeoExplorer 3 (PP )

XR Pro (RT )

Magellan 315 ( raw )

Garmin 12 ( raw )
Garmin 12CX ( RT )

Trimble GeoExplorer 2 ( raw )
Trimble GeoExplorer 2 ( PP )

Trimble GeoExplorer 3 ( raw )
Trimble GeoExplorer 3 ( PP )

Trimble XR Pro ( raw )
Trimble XR Pro ( PP )
Trimble XR Pro ( RT )

raw  = raw GPS data
 PP  = raw data post-processed
RT  = data collected in real-time mode
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$33(1',;�(��*5$3+����'DWD�$FFXUDF\�IRU�0DSSLQJ�5HVRXUFH�5HFHLYHUV�9HUVXV�1XPEHU�RI�5HDGLQJV�

GPS Data Accuracy Versus Number of Readings (Mapping/Resource Grade Receivers)
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Trimble GeoExplorer 2 (PP )
Trimble GeoExplorer 3 ( raw)
Trimble GeoExplorer 3 (PP )
Trimble XR Pro (raw)
Trimble XR Pro (PP )
Trimble XR Pro (RT )

raw  = raw GPS data
 PP  = raw data post-processed
 RT  = data collected in real-time mode

GeoExplorer 3 (PP )

XR Pro (raw )

XR Pro (RT )

XR Pro (PP )

GeoExplorer 3 (raw )

GeoExplorer 2 (PP )

GeoExplorer 2 (raw )
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$33(1',;�(��7$%/(����6XPPDU\�6WDWLVWLFV�IRU�$OO�7HVWHG�5HFHLYHUV�9HUVXV�1XPEHU�RI�5HDGLQJV�
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Magellan 315 (raw) Trimble GeoExplorer 2 (raw) Trimble GeoExplorer 3 (raw) Trimble XR Pro (raw)
1 reading 21.21 36.71 3.11 1 reading 4.45 7.70 2.24 1 reading 4.37 7.56 2.14 1 reading 3.99 6.91 2.35

5 readings 17.36 30.05 2.82 5 readings 4.39 7.60 2.29 5 readings 4.24 7.35 2.17 5 readings 3.71 6.43 2.02
10 readings 12.86 22.26 2.39 10 readings 4.37 7.56 2.33 10 readings 4.27 7.39 2.19 10 readings 3.72 6.45 2.06
15 readings 9.90 17.14 2.13 15 readings 4.36 7.55 2.31 15 readings 4.39 7.59 2.29 15 readings 3.55 6.14 1.87
30 readings 8.96 15.51 1.96 30 readings 4.21 7.28 2.09 30 readings 4.65 8.05 2.56 30 readings 3.34 5.78 1.67
60 readings 6.61 11.44 1.75 60 readings 4.04 6.99 1.98 60 readings 4.31 7.45 2.20 60 readings 3.27 5.67 1.65

120 readings 2.57 9.75 1.49 120 readings 3.85 6.66 1.97 120 readings 4.40 7.61 2.35 120 readings 3.26 5.64 1.65
180 readings 5.08 8.80 1.35 180 readings 3.66 6.33 1.82 180 readings 4.24 7.33 2.36 180 readings 3.27 5.66 1.65
240 readings 5.02 8.68 1.38 240 readings 3.47 6.01 1.75 240 readings 4.13 7.14 2.28 240 readings 3.28 5.68 1.66

Garmin 12 (raw) Trimble GeoExplorer 2 (PP) Trimble GeoExplorer 3 (PP) Trimble XR Pro (PP)
1 reading 8.52 14.75 5.64 1 reading 1.92 3.33 1.44 1 reading 2.84 4.91 1.51 1 reading 1.82 3.16 1.45

5 readings 7.06 12.22 4.93 5 readings 1.61 2.79 1.16 5 readings 2.75 4.76 1.37 5 readings 1.77 3.07 1.42
10 readings 6.40 11.07 3.86 10 readings 1.92 3.32 1.59 10 readings 2.51 4.35 1.07 10 readings 1.87 3.23 1.49
15 readings 7.29 12.62 4.92 15 readings 2.00 3.46 1.60 15 readings 2.42 4.18 1.00 15 readings 1.83 3.17 1.49
30 readings 7.04 12.19 4.82 30 readings 1.72 2.98 1.31 30 readings 2.45 4.24 1.09 30 readings 1.69 2.92 1.37
60 readings 7.08 12.26 4.52 60 readings 1.76 3.05 1.33 60 readings 1.95 3.38 0.98 60 readings 1.33 2.30 1.00

120 readings 7.57 13.10 4.81 120 readings 2.16 3.74 1.68 120 readings 1.88 3.25 1.01 120 readings 1.19 2.07 0.85
180 readings 7.06 12.22 4.79 180 readings 1.65 2.85 1.26 180 readings 1.70 2.94 0.95 180 readings 1.17 2.03 0.87
240 readings 7.25 12.55 4.82 240 readings 1.57 2.71 1.19 240 readings 1.64 2.83 0.93 240 readings 1.15 2.00 0.88

Garmin 12CX (RT) Trimble XR Pro (RT)
1 reading 12.33 21.35 2.19 1 reading 2.08 3.60 1.51

5 readings 7.02 12.15 1.00 5 readings 1.71 2.96 0.20
10 readings 6.19 10.71 0.71 10 readings 1.57 2.71 0.99
15 readings 6.88 11.91 1.16 15 readings 1.55 2.69 1.00
30 readings 6.59 11.40 1.09 30 readings 1.54 2.67 1.01
60 readings 6.15 10.64 0.58 60 readings 1.54 2.67 1.02

120 readings 2.05 3.56 1.05 120 readings 1.52 2.63 1.01
180 readings 2.55 4.41 1.27 180 readings 1.44 2.50 0.96
240 readings 2.30 3.99 1.18 240 readings 1.39 2.41 0.93

Mapping/Resource Grade GPSRecreational Grade GPS

:H�XVHG�WKH�IRUPXODV�IURP�WKH�0LQQHVRWD�/DQG�0DQDJHPHQW
,QIRUPDWLRQ�&HQWHU·V�3RVLWLRQDO�$FFXUDF\�+DQGERRN��������WR
FDOFXODWH�506�HUURU������FRQILGHQFH� LQWHUYDO��DQG�VWDQGDUG
GHYLDWLRQ���7KHVH�IRUPXODV�DUH�SUHVHQWHG�LQ�$SSHQGL[�&�
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$33(1',;�)��&+(&.,1*�&256�%$6(�67$7,21�$9$,/$%,/,7<

<RX�FDQ�FKHFN�WKH�DYDLODELOLW\�RI�EDVH�VWDWLRQV�YLD�WKH�&256�ZHEVLWH��KWWS���ZZZ�QJV�QRDD�JRY�&256�
IROORZLQJ�WKHVH�VWHSV�

�� &OLFN�:LVFRQVLQ�RQ�WKH�PDS�DW�WKH�ERWWRP�RI�WKH�&256�KRPHSDJH�
�� &OLFN�RQ�WKH�VHOHFWHG�EDVH�VWDWLRQ�
�� 6HOHFW�´'DWD�$YDLODELOLW\µ�LQ�WKH�PHQX�ER[�DW�WKH�OHIW�RI�WKH�PDS��DQG�WKHQ�FOLFN�WKH�´VXEPLWµ

EXWWRQ�
�� 7KH�´'DWD�$YDLODELOLW\�3URILOHµ�SDJH�DVNV�\RX�WR�HQWHU�WKH�*36�'DWH��L�H���GDWH�UDQJH�WR�LQFOXGH�LQ

WKH�SURILOH���=RQH��L�H���:LVFRQVLQ�LV�LQ�WKH�&HQWUDO�6WDQGDUG�7LPH�=RQH�RU�&67���DQG�'D\V��L�H��
QXPEHU�RI�GD\V�WR�LQFOXGH�LQ�WKH�SURILOH��IRU�WKH�VHOHFWHG�EDVH�VWDWLRQ���7KH�UHVXOWLQJ�JUDSK�VKRZV
\RX�WKH�ZKHQ�WKH�VHOHFWHG�&256�EDVH�VWDWLRQ�ZDV�RSHUDWLRQDO�

3OHDVH�QRWH�WKH�IROORZLQJ�FKDUDFWHULVWLFV�

• /LJKW�EOXH�DUHDV�LQGLFDWH�WLPH�EORFNV�ZKHQ�VHOHFWHG�&256�GDWD�ZHUH�XQDYDLODEOH��ZKLFK�PHDQV�WKDW
GDWD�IURP�WKH�VWDWLRQ�FDQ·W�EH�XVHG�IRU�GLIIHUHQWLDO�FRUUHFWLRQ�

• *36�'DWH�LV�OLVWHG�LQ�-XOLDQ�GD\V���)RU�H[DPSOH��GD\�����HTXDOV�$XJXVW����������
• 7LPH�LV�PHDVXUHG�LQ����RQH�KRXU�EORFNV���)RU�H[DPSOH��EORFN����WR����HTXDOV������WKURXJK�����SP�


