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$FFXUDWH�FLWL]HQ�PRQLWRULQJ�RI�ZDWHUZD\V�XVLQJ�LQH[SHQVLYH�FRQGXFWLYLW\�PHWHUV

$EVWUDFW

&RQGXFWLYLW\�LV�KLJKO\�FRUUHODWHG�WR�DTXDWLF�HFRV\VWHP KHDOWK�DQG�LV�DQ�DFFHVVLEOH�SDUDPHWHU�IRU

FLWL]HQ�VFLHQWLVWV�WR�PHDVXUH��+RZHYHU��SURIHVVLRQDOV RIWHQ�SHUFHLYH�FLWL]HQ�VFLHQWLVWV


FRQGXFWLYLW\�GDWD�DV�ORZHU�TXDOLW\�EHFDXVH�WKHLU�HTXLSPHQW LV�W\SLFDOO\�QRW�DV�VRSKLVWLFDWHG��7KLV

VWXG\�DVNHG�ZDWHU�SURIHVVLRQDOV�WR�FRPSDUH�FRQGXFWLYLW\ UHDGLQJV�IURP�SURIHVVLRQDO�<HOORZ

6SULQJV�,QVWUXPHQW�SUREHV�ZLWK�WKRVH�WDNHQ�E\�DQ�LQH[SHQVLYH DQG�ZLGHO\�DYDLODEOH�FRQGXFWLYLW\

PHWHU��5HVXOWV�VKRZ�D�VWURQJ�FRUUHODWLRQ��5�� ������� EHWZHHQ�WKH�WZR�GDWDVHWV��$GGLWLRQDOO\��D

ORQJ�WHUP�UHSURGXFLELOLW\�WULDO�GHWHUPLQHG�WKH�GHYLFH
V DELOLW\�WR�PDLQWDLQ�DFFXUDWH�UHVXOWV�RYHU

WLPH��%\�WHVWLQJ�WKLV�LQH[SHQVLYH�GHYLFH�IRU�DFFXUDF\ DQG�FRQVLVWHQF\��WKH�GDWD�LV�PRUH�OLNHO\�WR

EH�VHHQ�DV�OHJLWLPDWH�DQG�LV�WKXV�PRUH�OLNHO\�WR�EH XVHG�LQ�GHFLVLRQ�PDNLQJ�SURFHVVHV�

.H\ZRUGV��FLWL]HQ�VFLHQFH��FRQGXFWLYLW\��ZDWHU�TXDOLW\� GDWD�GHILFLHQF\

5pVXPp

/D FRQGXFWLYLWp HVW IRUWHPHQW FRUUpOpH j OD VDQWp GHV pFRV\VWqPHV DTXDWLTXHV HW HVW XQ SDUDPqWUH

IDFLOHPHQW PHVXUDEOH SDU GHV VFLHQWLILTXHV FLWR\HQV� &HSHQGDQW� OHV GRQQpHV GH FRQGXFWLYLWp GHV

VFLHQWLILTXHV FLWR\HQV VRQW VRXYHQW SHUoXHV FRPPH pWDQW GH TXDOLWp LQIpULHXUH FDU O
pTXLSHPHQW

TX
LOV XWLOLVHQW Q
HVW JpQpUDOHPHQW SDV DXVVL VRSKLVWLTXp TXH FHOXL GHV SURIHVVLRQQHOV� &HWWH pWXGH

D IDLW DSSHO DX[ SURIHVVLRQQHOV GH O
HDX SRXU FRPSDUHU OHV OHFWXUHV GH FRQGXFWLYLWp GHV VRQGHV

SURIHVVLRQQHOOHV <HOORZ 6SULQJV ,QVWUXPHQW DYHF FHOOHV SULVHV SDU XQ FRQGXFWLPqWUH SHX FR�WHX[

HW ODUJHPHQW GLVSRQLEOH� 8QH IRUWH FRUUpODWLRQ �5�  ������ HQWUH OHV GHX[ HQVHPEOHV GH GRQQpHV

D pWp WURXYpH� 'H SOXV� XQ HVVDL GH UHSURGXFWLELOLWp j ORQJ WHUPH D pWp PHQp SRXU GpWHUPLQHU OD



FDSDFLWp GH O
DSSDUHLO SHX FR�WHX[ j PDLQWHQLU GHV UpVXOWDWV SUpFLV DX ILO GX WHPSV� (Q WHVWDQW OD

SUpFLVLRQ HW OD FRKpUHQFH GH FHW DSSDUHLO� OHV GRQQpHV TXH OHV VFLHQWLILTXHV FLWR\HQV FROOHFWHQW HQ

O¶XWLOLVDQW VRQW SOXV VXVFHSWLEOHV G
rWUH FRQVLGpUpHV OpJLWLPHV HW RQW GRQF SOXV GH FKDQFH G
rWUH

XWLOLVpHV�GDQV�OHV�SURFHVVXV�GH�SULVH�GH�GpFLVLRQ�

,QWURGXFWLRQ

$VVHVVLQJ�ZDWHU�TXDOLW\�LV�QRW�D�VLPSOH�WDVN��DTXDWLF HFRV\VWHPV�DUH�KHWHURJHQHRXV�DQG�FRPSOH[�

:KLOH�QR�RQH�SDUDPHWHU�LV�VXIILFLHQW�IRU�HYDOXDWLQJ RYHUDOO�ZDWHU�TXDOLW\��UHVHDUFK�KDV�VKRZQ�WKDW

VSHFLILF�FRQGXFWDQFH��KHUHDIWHU�UHIHUUHG�WR�DV�FRQGXFWLYLW\� IUHTXHQWO\�FRUUHODWHV�ZLWK�LW��%URZQ

HW�DO���������)RU�H[DPSOH��D�VWXG\�RI�QLQH�PHWURSROLWDQ DUHDV�LQ�WKH�86$�IRXQG�WKDW�µVSHFLILF

FRQGXFWDQFH�ZDV�WKH�PRVW�FRQVLVWHQW�LQGLFDWRU�RI�ZDWHU TXDOLW\¶��%URZQ�HW�DO��������������

5HVHDUFKHUV�KDYH�DOVR�QRWHG�VWURQJ�FRUUHODWLRQV�EHWZHHQ :DWHU�4XDOLW\�,QGLFHV��:4,���ZKLFK

DJJUHJDWH�D�ODUJH�QXPEHU�RI�YDULDEOH�GDWD�LQWR�D�VLQJOH QXPEHU��DQG�FRQGXFWLYLW\��6LQJK�DQG

.DPDO�������$OREDLG\�HW�DO���������6WXGLHV�KDYH�DOVR IRXQG�GLUHFW�UHODWLRQVKLSV�EHWZHHQ�EHQWKLF

KHDOWK�DQG�FRQGXFWLYLW\�OHYHOV��&OHPHQWV�DQG�.RWDOLN¶V �������VWXG\�VKRZV�D�FRQGXFWLYLW\�UDQJH

IURP�����WR��������ȝ6�FP�LV�LQYHUVHO\�UHODWHG�WR�GLIIHUHQW VSHFLHV
�VXUYLYDO�UDWHV��7KXV�

FRQGXFWLYLW\�OHYHOV�FDQ�SRWHQWLDOO\�SURYLGH�LQVLJKW LQWR�HFRV\VWHP�KHDOWK�DV�D�ZKROH�

*DLQLQJ�LQVLJKW�LQWR�RYHUDOO�ZDWHU�TXDOLW\�LV�HVSHFLDOO\ SUHVVLQJ�LQ�WKH�&DQDGLDQ�FRQWH[W��ZKHUH

H[WHQVLYH�GDWD�GHILFLHQFLHV�UHPDLQ�D�EDUULHU�WR�LPSOHPHQWLQJ ZHOO�LQIRUPHG�ZDWHU�SROLFLHV

�::)�&DQDGD��������$FFRUGLQJ�WR�WKH�ILUVW�HGLWLRQ RI�:RUOG�:LOGOLIH�)XQG��::)��&DQDGD
V

:DWHUVKHG�5HSRUWV ��������RQO\����RI�����VXE�ZDWHUVKHGV LQ�&DQDGD�KDG�HQRXJK�ZDWHU�TXDOLW\

GDWD�WR�GHWHUPLQH�WKHLU�KHDOWK��7KH������YHUVLRQ�RI ::)¶V :DWHUVKHG�5HSRUWV UHYHDOHG�VLPLODU



ILQGLQJV��ZKLOH�WKH�VLWXDWLRQ�KDG�LPSURYHG�VOLJKWO\������RXW�RI�����VXE�ZDWHUVKHGV�VWLOO�ODFNHG

HQRXJK�GDWD�WR�DVVHVV�WKHLU�RYHUDOO�KHDOWK��:KLOH WKH�UHDVRQV�IRU�WKLV�DUH�PDQ\��RQH�RI�WKH

VLPSOHVW�LV�WKDW�SURIHVVLRQDO�VFLHQWLVWV�FDQQRW�PRQLWRU WKH�PLOOLRQV�RI�ZDWHUERGLHV�LQ�&DQDGD�RQ

WKHLU�RZQ��4XLQOLYDQ�HW�DO��������

2QH�ZD\�WR�RYHUFRPH�WKH�SUREOHPV�DVVRFLDWHG�ZLWK�GDWD GHILFLHQFLHV�LV�WKURXJK�FLWL]HQ�VFLHQFH�

ZKLFK�UHIHUV�WR�WKH�SDUWLFLSDWLRQ�RI�QRQ�H[SHUWV�LQ VFLHQWLILF�DFWLYLWLHV��%X\WDHUW�HW�DO�������

%RQQH\�HW�DO���������7UDGLWLRQDOO\��ZDWHU�WHVWLQJ UHTXLUHV�H[SHQVLYH�HTXLSPHQW��FRPSOLFDWHG

VDPSOLQJ�SURWRFROV��DQG�DGHTXDWH�VFLHQWLILF�OLWHUDF\ WR�LQWHUSUHW�GDWD��+RZHYHU��VHYHUDO�WRROV�KDYH

HPHUJHG�LQ�UHFHQW�\HDUV�WKDW�UHGXFH�WKHVH�EDUULHUV� )RU�H[DPSOH��FRQGXFWLYLW\�KDV�EHFRPH�DQ

DFFHVVLEOH�SDUDPHWHU�IRU�FLWL]HQ�VFLHQWLVWV�WR�PRQLWRU� ,QH[SHQVLYH�FRQGXFWLYLW\�SUREHV�XVHG�E\

QRQ�H[SHUWV�UHTXLUH�OHVV�WUDLQLQJ�DQG�FDOLEUDWLRQ WKDQ�IRU�RWKHU�SDUDPHWHUV��VXFK�DV�WKRVH

UHTXLULQJ�WKH�XVH�RI�UHDJHQWV�RU�ODERUDWRU\�IDFLOLWLHV� ,Q�UHFRJQLWLRQ�RI�WKLV��SODWIRUPV�VXFK�DV

&DQDGLDQ�EDVHG�:DWHU�5DQJHUV��ZDWHUUDQJHUV�FD��KDYH VWDUWHG�WR�LQFOXGH�WKH�XVH�RI�LQH[SHQVLYH

FRQGXFWLYLW\�SUREHV�LQWR�WKHLU�FLWL]HQ�VFLHQFH�SURWRFROV�

8QIRUWXQDWHO\��FLWL]HQ�VFLHQFH�LV�QRW�DOZD\V�H[SORLWHG WR�LWV�IXOO�SRWHQWLDO��DV�GHFLVLRQ�PDNHUV

VRPHWLPHV�SHUFHLYH�WKH�GDWD�FROOHFWHG�E\�FLWL]HQ�VFLHQWLVWV DV�EHLQJ�LQDFFXUDWH�DQG��DV�D�UHVXOW�

LQDGPLVVLEOH��7KRUQWRQ�DQG�/HDK\��������,Q�UHVSRQVH WR�WKLV��VHYHUDO�VWXGLHV�KDYH�VKRZQ�WKDW

FLWL]HQ�VFLHQWLVWV�FDQ�FROOHFW�DFFXUDWH��KLJK�JUDGH ZDWHU�TXDOLW\�GDWD��SURYLGHG�WKH\�DUH�HTXLSSHG

ZLWK�VXIILFLHQW�WUDLQLQJ�DQG�SURSHU�UHVRXUFHV��4XLQOLYDQ HW�DO��������7KRUQKLOO�HW�DO�������

/HYHVTXH�HW�DO���������6LPLODUO\��UHVHDUFK�KDV�VKRZQ WKDW�FLWL]HQ�VFLHQWLVWV
�DQG�SURIHVVLRQDO



FRQGXFWLYLW\�PHDVXUHPHQWV�IUHTXHQWO\�VKDUH�D�KLJK�DJUHHPHQW��HYHQ�PRUH�VR�WKDQ�IRU�RWKHU

SDUDPHWHUV��$OEXV�HW�DO��������6WRUH\�HW�DO��������

:KLOH�VWXGLHV�KDYH�ORRNHG�DW�WKH�DFFXUDF\�RI�FRQGXFWLYLW\ GDWD�FROOHFWHG�E\�FLWL]HQ�VFLHQWLVWV�

OLWWOH�IRUPDO�UHVHDUFK�ORRNV�DW�WKH�DFFXUDF\�DQG�FRQVLVWHQF\ RI�LQH[SHQVLYH��ZLGHO\�DYDLODEOH

FRQGXFWLYLW\�SUREHV��7KLV�VWXG\�FRPSDUHV�FRQGXFWLYLW\ GDWD�FROOHFWHG�E\�VHYHQ�SURIHVVLRQDOO\

WUDLQHG�VFLHQWLVWV�XVLQJ�PXOWL�SDUDPHWHU�<HOORZ�6SULQJV ,QVWUXPHQW��<6,��SUREHV�ZLWK�GDWD

REWDLQHG�XVLQJ�DQ�LQH[SHQVLYH�DQG�ZLGHO\�DYDLODEOH FRQGXFWLYLW\�PHWHU��$OVR�UHSRUWHG�LV�WKH

ORQJ�WHUP�UHSURGXFLELOLW\�RI�FRQGXFWLYLW\�GDWD�REWDLQHG ZLWK�WKH�LQH[SHQVLYH�PHWHU�DV�DQ�LQLWLDO

LQGLFDWRU�RI�KRZ�RIWHQ�WKLV�GHYLFH�VKRXOG�EH�FDOLEUDWHG WR�PDLQWDLQ�GDWD�TXDOLW\��$V�FLWL]HQ

VFLHQWLVWV�VHHN�OHJLWLPDF\�IRU�WKHLU�GDWD��WKLV�VWXG\ DLPV�WR�MXVWLI\�WKH�XVH�RI�LQH[SHQVLYH�DQG

ZLGHO\�DYDLODEOH�WRROV�

0DWHULDOV�DQG�PHWKRGV

'HFLGLQJ�RQ�D�FRQGXFWLYLW\�PHWHU

,Q�������:DWHU�5DQJHUV��ZDWHUUDQJHUV�FD��VWDUWHG�WR LQFOXGH�FRQGXFWLYLW\�PHWHUV�LQ�WKHLU�ZDWHU

TXDOLW\�WHVWNLWV��7HVWNLWV�DUH�GHVLJQHG�WR�EH�XVHG E\�FLWL]HQ�VFLHQWLVWV��DQG�VR�WKH\�FKRVH�D

FRQGXFWLYLW\�PHWHU�EDVHG�RQ�DIIRUGDELOLW\��HDVH�RI�XVH� DQG�DFFXUDF\��%HFDXVH�RI�WKLV��RQO\

SHQ�W\SH�FRQGXFWLYLW\�GHYLFHV�ZHUH�FRQVLGHUHG�

)RXU�PRGHOV�ZHUH�LQLWLDOO\�FRQVLGHUHG���D��+0�'LJLWDO 0HWHUV�&20����(OHFWULFDO�&RQGXFWLYLW\

�(&����E��+0�'LJLWDO�$3���$TXDSUR�:DWHU�4XDOLW\�(OHFWULFDO &RQGXFWLYLW\�7HVWHU���F��$QGRHU



'LJLWDO�/&'�(&�&RQGXFWLYLW\�0HWHU�:DWHU�4XDOLW\�7HVWHU��DQG��G��([WHFK�(&����:DWHUSURRI

([6WLN�,,�S+�&RQGXFWLYLW\�0HWHU�

,Q�HDUO\�������WKH�VWDII�ELRORJLVW�DW�WKH�2WWDZD�5LYHUNHHSHU KHOSHG�FRPSDUH�WKHVH�SUREHV�WR�D

SURIHVVLRQDO�<6,�SUREH�FDOLEUDWHG�XVLQJ�D�VWDQGDUG RI������ȝ6�FP��2SWLRQ��G��ZDV�HOLPLQDWHG

LPPHGLDWHO\��LW�UHPDLQHG�LQDFFXUDWH�FRPSDUHG�WR�WKH SURIHVVLRQDO�<6,��HYHQ�DIWHU�FDOLEUDWLRQ�

7KH�RWKHUV�VKRZHG�DFFHSWDEOH�FRPSDULVRQV��EXW�WKH LQWHUIDFH�RI��D��ZDV�GHWHUPLQHG�WR�EH�WKH

PRVW�XVHU�IULHQGO\��7KHVH�GHYLFHV��KRZHYHU��ZHUH�QRW IXOO\�ZDWHUSURRI��DQG�DIWHU�LQLWLDO�VXFFHVV�

PDQ\�ZHUH�GHVWUR\HG�E\�ZDWHU�GDPDJH�

,Q�HDUO\�������WKH�$=�������SRUWDEOH�FRQGXFWLYLW\ PHWHU��SURGXFHG�E\�$=�,QVWUXPHQW�&RUS��LQ

7DLZDQ�DQG�FRVWLQJ�DSSUR[LPDWHO\�����&$'��ZDV�FRPSDUHG WR�D�SURIHVVLRQDO�<6,�SUREH�DQG�ZDV

XOWLPDWHO\�GHWHUPLQHG�WR�EH�DFFXUDWH��XVHU�IULHQGO\� DQG�ZDWHUSURRI��7KH�$=�������PRGHO�LV�XVHG

LQ�WKLV�VWXG\�

&RPSDULVRQ�WR�<6,�SUREHV

7KH�ILUVW�SDUW�RI�WKLV�UHVHDUFK�GHPRQVWUDWHV�WKH�DFFXUDF\ RI�WKH�$=�������PRGHO�DQG�LWV

FRPSDUDELOLW\�WR�SURIHVVLRQDO�<6,�SUREHV��&RQGXFWLYLW\ UHDGLQJV�ZHUH�WDNHQ�EHWZHHQ������DQG

�����E\�ZDWHU�VSHFLDOLVWV�UHFUXLWHG�IURP�:DWHU�5DQJHUV¶ QHWZRUN�LQ�(DVWHUQ�2QWDULR�DQG�:HVWHUQ

4XHEHF�

7KHVH�VSHFLDOLVWV�ZHUH�HPSOR\HHV�RI�2QWDULR�FRQVHUYDWLRQ DXWKRULWLHV��5LGHDX�9DOOH\��59&$��

0LVVLVVLSSL�9DOOH\��09&$���&DWDUDTXL��&5&$����SURIHVVLRQDOO\ WUDLQHG�PHPEHUV�RI�FRPPXQLW\



JURXSV��:DWHUVKHGV�&DQDGD��)pGpUDWLRQ�GHV�/DFV�GH�9DO�GHV�0RQWV��)'/����XQLYHUVLW\�VWXGHQWV

�&DUOHWRQ�8QLYHUVLW\��&8���8QLYHUVLW\�RI�7RURQWR��87��� DQG�UHVHDUFK�VFLHQWLVWV�DW�WKH�6W�

/DZUHQFH�5LYHU�,QVWLWXWH��5,��

6SHFLDOLVWV�DJUHHG�WR�XVH�WKH�$=�������PRGHO�IRU�WKHLU ZDWHU�PRQLWRULQJ�DFWLYLWLHV�DORQJVLGH

FDOLEUDWHG�PXOWL�SDUDPHWHU�<6,�SUREHV�DQG�UHFRUG�UHVXOWV IRU�FRQGXFWLYLW\��WHPSHUDWXUH��S+��DQG

GLVVROYHG�R[\JHQ�

1HHG�IRU�ORQJ�WHUP�UHSURGXFLELOLW\

7KH�VHFRQG�SDUW�RI�WKLV�VWXG\�H[SORUHV�KRZ�DFFXUDWH WKH�UHDGLQJV�RI�WKH�$=�������PRGHO

UHPDLQHG�RYHU�WLPH��9DOXHV�FRPSDULQJ�FRQGXFWLYLW\ PHDVXUHPHQWV�ZHUH�WDNHQ�HYHU\���GD\V�IRU

���GD\V�E\�D�UHWLUHG�FKHPLVW��7KH�H[SHULPHQW�FRQVLVWHG RI�VHTXHQWLDOO\�PHDVXULQJ�WKH

FRQGXFWLYLW\�RI�GLVWLOOHG�ZDWHU��D�UHIHUHQFH�VWDQGDUG� DQG�D�:KLWH�/DNH�ZDWHU�VDPSOH��$Q

HTXLOLEUDWLRQ�WLPH�RI����VHFRQGV�ZDV�XVHG�EHWZHHQ PHDVXUHPHQWV��7KH�UHIHUHQFH�VDPSOH�ZDV

FUHDWHG�E\�PHDVXULQJ�D�GULHG�ZHLJKW�RI�VRGLXP�FKORULGH DQG�GLOXWLQJ�LW�

5HVXOWV

&RPSDULVRQ�RI�UHVXOWV

,Q�WRWDO�����FRPSDULVRQV�ZHUH�GUDZQ�EHWZHHQ�WKH�SURIHVVLRQDO <6,�SUREHV�DQG�WKH�$=������

PRGHO�

>7DEOH��@

7KH�FRUUHODWLRQ�SORW�SURGXFHG�DQ�5��YDOXH�RI������� 7KH�OLQH¶V�VORSH�LV�QHDUO\�XQLW\�LQGLFDWLQJ

WKDW�WKHUH�ZDV�D�ORZ�ELDV�LQ�WKH�UHVXOWV�REWDLQHG E\�HLWKHU�SUREH�W\SH�



>)LJXUH��@

3UHFLVLRQ�IRU�ORQJ�WHUP�UHSURGXFLELOLW\

)RU����GD\V��WKH�$=�������PHWHU�UHPDLQHG�DFFXUDWH� ZLWK�D�ORQJ�WHUP�UHSURGXFLELOLW\��DV

H[SUHVVHG�E\�D�VWDQGDUG�GHYLDWLRQ�RI��������7KH�OLPLW RI�GHWHFWLRQ�ZDV�FDOFXODWHG�WR�EH����

�6�FP�

>7DEOH��@

>7DEOH��@

'LVFXVVLRQ�DQG�LPSOLFDWLRQV�IRU�FLWL]HQ�PRQLWRULQJ

7KH�$=�������FRQGXFWLYLW\�PHWHU�WHVWHG�LQ�WKLV�VWXG\ LV�SUHFLVH�DQG�KROGV�LWV�FDOLEUDWLRQ�IRU�DQ

H[WHQGHG�WLPH�FRPSDUHG�WR�SURIHVVLRQDO�<6,�SUREHV� 'HWHUPLQLQJ�WKLV�LV�DQ�LPSRUWDQW�ILUVW�VWHS

WRZDUGV�JDLQLQJ�WKH�WUXVW�RI�GHFLVLRQ�PDNHUV�DQG�SURPRWLQJ WKH�H[SDQVLRQ�RI�FLWL]HQ�VFLHQFH�IRU

ZDWHU�TXDOLW\�PRQLWRULQJ�

&RQFOXVLRQ

,QH[SHQVLYH�DQG�VLPSOH�WRROV�OLNH�WKH�$=�������FRQGXFWLYLW\ PHWHU�FDQ�EH�XVHG�E\�FRPPXQLWLHV

LQ�UHPRWH�UHJLRQV�DQG�JURXSV�ZLWK�OLPLWHG�UHVRXUFHV RU�WHFKQLFDO�FDSDFLW\��&RQGXFWLYLW\¶V�GLUHFW

UHODWLRQVKLS�WR�HFRV\VWHP�KHDOWK�DOVR�RIIHUV�D�ZD\ WR�LQWHUSUHW�ZDWHU�TXDOLW\�GDWD�WKDW�LV�DFFHVVLEOH

WR�WKRVH�ZLWK�PLQLPDO�VFLHQWLILF�OLWHUDF\²DV�VXFK� SURYLGLQJ�FLWL]HQ�VFLHQWLVWV�ZLWK�D�VLPSOH�

LQH[SHQVLYH�WRRO�WR�FROOHFW�FRQGXFWLYLW\�GDWD�RIIHUV WKHP�D�QHZ�ZD\�WR�SDUWLFLSDWH�LQ�ZDWHU

FRQVHUYDWLRQ�DQG�PDQDJHPHQW�

$FNQRZOHGJHPHQWV

:H�ZRXOG�OLNH�WR�WKDQN�&RQUDG�*UHJRLUH�IRU�KLV�KHOS LQ�XQGHUVWDQGLQJ�FRQGXFWLYLW\��RQ�VWXG\
GHVLJQ��DQG�IRU�FROOHFWLQJ�GDWD�IRU�ORQJ�WHUP�UHSURGXFLELOLW\ GDWD��:H�ZRXOG�DOVR�OLNH�WR�WKDQN
-HVVH�9HUPDLUH�DQG�KLV�HQYLURQPHQWDO�VFLHQFH�VWXGHQWV IRU�WKHLU�KHOS�LQ�WKH�ILUVW�SKDVH�RI�WKLV



UHVHDUFK��7KDQNV�WR�WKH�RUJDQL]DWLRQV�DQG�LQGLYLGXDOV�ZKR�JUDFLRXVO\�WRRN�FRPSDULVRQ�VDPSOHV
DQG�WR�WKH�JURZLQJ�PRYHPHQW�RI�:DWHU�5DQJHUV�YROXQWHHUV ZKR�FRQWLQXH�WR�WDNH�ZDWHU�VDPSOHV
DFURVV�&DQDGD��)LQDOO\��D�VSHFLDO�WKDQN�\RX�WR�.HUUL )LQOD\�IRU�UHYLHZLQJ�DQG�VXJJHVWLQJ
LPSURYHPHQWV�WR�WKLV�SDSHU�

,Q�DFFRUGDQFH�ZLWK�7D\ORU�	�)UDQFLV�SROLF\�DQG�P\ HWKLFDO�REOLJDWLRQ�DV�D�UHVHDUFKHU��ZH�UHSRUW�WKDW ZH
ZRUN�DW�:DWHU�5DQJHUV��7KH\�XVH�WKLV�FRQGXFWLYLW\ PHWHU�DV�SDUW�RI�WKHLU�ZDWHU�TXDOLW\�WHVWNLWV��:H KDYH
IXOO\�GLVFORVHG�WKRVH�LQWHUHVWV�WR�7D\ORU�	�)UDQFLV� DQG�ZH�KDYH�HQVXUHG�WKDW�ZH�KDYH�QRW�FRQGXFWHG�DQ\
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