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$EVWUDFW

3DVVLYH DFRXVWLF VXUYH\V DUH D XVHIXO WRRO IRU ORQJ�WHUP DVVHVVPHQW RI FHWDFHDQ SRSXODWLRQV�
+RZHYHU� WKH DSSOLFDWLRQ RI WKHVH PHWKRGV UHTXLUHV WKDW VSHFLHV RI LQWHUHVW SURGXFH GLVWLQFWLYH�
ZHOO�FKDUDFWHUL]HG YRFDOL]DWLRQV� 6HYHUDO V\PSDWULF VSHFLHV RI FHWDFHDQV SURGXFH QDUURZ�EDQG�
KLJK�IUHTXHQF\ �1%+)� HFKRORFDWLRQ FOLFNV ZKLFK DUH GLIILFXOW WR GLVWLQJXLVK� 2Q WKH 8�6�
:HVW &RDVW� 'DOO¶V SRUSRLVH �3KRFRHQRLGHV GDOOL� DQG KDUERU SRUSRLVH �3KRFRHQD SKRFRHQD�
HPLW 1%+) HFKRORFDWLRQ FOLFNV DQG RYHUODS LQ GLVWULEXWLRQ� 7R GHWHUPLQH ZKHWKHU GLIIHUHQW
SDVVLYH DFRXVWLF LQVWUXPHQWV FRXOG EH XVHG WR PRQLWRU KDUERU SRUSRLVH� ZH UHFRUGHG KDUERU
SRUSRLVH HFKRORFDWLRQ FOLFNV VLPXOWDQHRXVO\ RQ DQ DXWRQRPRXV K\GURSKRQH UHFRUGLQJ V\VWHP
�6RXQG7UDS� 2FHDQ ,QVWUXPHQWV 1HZ =HDODQG� DQG RQ D FRPPRQO\ XVHG SDVVLYH DFRXVWLF PRQ�
LWRULQJ GHYLFH �&�32'� &KHORQLD /WG�� 8.� DQG LQYHVWLJDWHG ZKHWKHU WKH QXPEHU DQG SHDN
IUHTXHQF\ RI UHFRUGHG HFKRORFDWLRQ FOLFNV ZHUH FRQVLVWHQW EHWZHHQ WKH WZR LQVWUXPHQWV� :H
IRXQG WKDW WKH QXPEHU RI HFKRORFDWLRQ FOLFNV UHFRUGHG E\ WKH WZR LQVWUXPHQWV ZDV KLJKO\ FRU�
UHODWHG� +RZHYHU� WKH &�32' DQG 6RXQG7UDS PHDVXUHPHQWV RI WKH SHDN IUHTXHQF\ RI HFKROR�
FDWLRQ VLJQDOV ZHUH QRW ZHOO�FRUUHODWHG� 7KLV VXJJHVWV WKDW ZKLOH ERWK LQVWUXPHQWV DUH FDSDEOH
RI GHWHFWLQJ KDUERU SRUSRLVH HFKRORFDWLRQ FOLFNV� LW PD\ QRW EH IHDVLEOH WR XVH &�32'V WR GLV�
FULPLQDWH KDUERU SRUSRLVH HFKRORFDWLRQ FOLFNV LQ UHJLRQV ZKHUH PXOWLSOH VSHFLHV ZLWK 1%+)
HFKRORFDWLRQ FOLFNV DUH SUHVHQW� 7KH XVH RI FDOLEUDWHG K\GURSKRQHV ZLWK IXOO�EDQGZLGWK UHFRUG�
LQJ LQVWUXPHQWV PD\ EH UHTXLUHG IRU WKLV WDVN�

,QWURGXFWLRQ

7KH XVH RI QDUURZ�EDQG KLJK�IUHTXHQF\ �1%+)� HFKRORFDWLRQ VLJQDOV �$X ����� $X HW DO� �����
KDV HYROYHG LQGHSHQGHQWO\ LQ IRXU RGRQWRFHWH OLQHDJHV �0DGVHQ HW DO� ����� .\KQ HW DO� �����
0LOOHU DQG :DKOEHUJ ������ 1%+) HFKRORFDWLRQ LV UHODWLYHO\ KLJK�IUHTXHQF\ �DERYH ��� N+]��
QDUURZ�EDQG �OHVV WKDQ �� N+] DW �� G%�� ORQJ�GXUDWLRQ �JUHDWHU WKDQ ��� µVHF�� DQG ZHDN
�VRXUFH OHYHOV OHVV WKDQ ��� G%�� 7KLV W\SH RI HFKRORFDWLRQ LV XVHG E\ DW OHDVW IRXU RI WKH VL[
VSHFLHV RI SRUSRLVHV �JHQHUD 1HRSKRFDHQD� 3KRFRHQD DQG 3KRFRHQRLGHV�� GZDUI DQG S\JP\
VSHUP ZKDOHV �JHQXV .RJLD�� DW OHDVW IRXU VSHFLHV RI GROSKLQV �JHQHUD /DJHQRUK\QFKXV DQG
&HSKDORUK\QFKXV�� DQG RQH VSHFLHV RI ULYHU GROSKLQ �JHQXV 3RQWRSRULD�� 7KH FRQYHUJHQW XVH
RI 1%+) HFKRORFDWLRQ DQG WKH ORVV RI ZKLVWOHV DPRQJ WKLV GLVSDUDWH JURXS RI VPDOO�ERGLHG
RGRQWRFHWHV KDV OLNHO\ EHHQ GULYHQ E\ WKH QHHG WR DYRLG SDVVLYH DFRXVWLF GHWHFWLRQ DQG SUHGD�
WLRQ E\ NLOOHU ZKDOHV �2UFLQXV RUFD� 0DGVHQ HW DO� ����� 0RULVDND DQG &RQQRU ����� ZKLFK
GR QRW KHDU ZHOO DERYH ��� N+] �6]\PDQVNL HW DO� ������ DV ZHOO DV WKH QHHG WR PDLQWDLQ
IXQFWLRQDO HFKRORFDWLRQ ZKLOH DYRLGLQJ LQFUHDVLQJ WKHUPDO QRLVH DQG DWWHQXDWLRQ GXH WR VRXQG
DEVRUSWLRQ DW KLJKHU IUHTXHQFLHV �0DGVHQ HW DO� ����� .\KQ HW DO� ������ 7KRXJK WKHVH KLJKO\
VWHUHRW\SHG VLJQDOV DSSHDU LGHQWLFDO DFURVV VSHFLHV� LW LV SRVVLEOH WKDW H[SORLWDWLRQ RI GLIIHUHQW
HFRORJLFDO QLFKHV RU WKH QHHG IRU LQWUD�VSHFLHV FRPPXQLFDWLRQ KDYH OHG WR VXEWOH GLIIHUHQFHV LQ
HFKRORFDWLRQ FOLFNV EHWZHHQ V\PSDWULF VSHFLHV �.\KQ HW DO� ������

$ORQJ WKH 8�6� :HVW &RDVW� 'DOO¶V SRUSRLVH �3KRFRHQRLGHV GDOOL�� KDUERU SRUSRLVH �3KR�
FRHQD SKRFRHQD�� DQG GZDUI �.RJLD VLPD� DQG S\JP\ �.RJLD EUHYLFHSV� VSHUP ZKDOHV SUR�
GXFH 1%+) HFKRORFDWLRQ FOLFNV �7DEOH ��� +DUERU SRUSRLVH DUH IRXQG DORQJ WKH FRQWLQHQWDO
VKHOI PRVWO\ LQ ZDWHU OHVV WKDQ ��� P GHHS �%DUORZ ����� &DUUHWWD HW DO� ����� ZKLOH 'DOO¶V
SRUSRLVH KDYH D PRUH SHODJLF GLVWULEXWLRQ DQG DUH IRXQG LQ UHODWLYHO\ FROG ZDWHU KXQGUHGV WR
WKRXVDQGV RI PHWHUV GHHS �)RUQH\ ������ 7KH GLVWULEXWLRQ RI GZDUI DQG S\JP\ VSHUP ZKDOHV
LV SRRUO\ FKDUDFWHUL]HG EXW WKH\ DUH WKRXJKW WR EH GHHS�GLYLQJ DQG WR LQKDELW ZDWHUV WKRXVDQGV
RI PHWHUV GHHS �%DLUG ������ *LYHQ WKHVH GHSWK GLVWULEXWLRQV� VRPH KDELWDW RYHUODS RFFXUV EH�
WZHHQ KDUERU SRUSRLVH DQG 'DOO¶V SRUSRLVH DQG EHWZHHQ 'DOO¶V SRUSRLVH DQG GZDUI DQG S\JP\
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VSHUP ZKDOHV� 7KHUHIRUH� UHFRUGLQJV RI 1%+) FOLFNV LQ WKHVH UHJLRQV RI RYHUODS FDQQRW FXU�
UHQWO\ EH GHILQLWLYHO\ DWWULEXWHG WR D VLQJOH VSHFLHV�

+DUERU SRUSRLVH DORQJ WKH 8�6� :HVW &RDVW DUH PRQLWRUHG XVLQJ DHULDO VXUYH\V� ZKLFK DUH
H[SHQVLYH� ZHDWKHU�OLPLWHG� DQG WKHUHIRUH� LQIUHTXHQW� ,I KDUERU SRUSRLVH HFKRORFDWLRQ VLJQDOV
FRXOG EH GLVWLQJXLVKHG IURP 'DOO¶V SRUSRLVH HFKRORFDWLRQ VLJQDOV� KDUERU SRUSRLVH SRSXODWLRQV
DORQJ WKH 8�6� :HVW &RDVW FRXOG EH DVVHVVHG XVLQJ SDVVLYH DFRXVWLF PRQLWRULQJ �3$0�� ZKLFK
UHTXLUHV WKDW VSHFLHV RI LQWHUHVW SURGXFH GLVWLQFWLYH� ZHOO�FKDUDFWHUL]HG YRFDOL]DWLRQV �0DUTXHV
HW DO� ������ 7KH GHYHORSPHQW RI 3$0 PHWKRGV LV RI LQWHUHVW IRU ERWK ORQJ�WHUP PRQLWRULQJ
RI KDUERU SRUSRLVH SRSXODWLRQV DQG VKRUW�WHUP LPSDFW DVVHVVPHQWV DVVRFLDWHG ZLWK RIIVKRUH
PDULQH UHQHZDEOH HQHUJ\ SURMHFWV�

$W SUHVHQW� FROOHFWLQJ IXOO�EDQGZLGWK UHFRUGLQJV RI 1%+) FOLFNV LV W\SLFDOO\ LPSUDFWLFDO
LQ WKH FRQWH[W RI ORQJ�WHUP PRQLWRULQJ GXH WR WKH SURKLELWLYH FRVW DQG OLPLWHG VWRUDJH FDSDFLW\
RI DYDLODEOH LQVWUXPHQWV� 7KH &�32' �&KHORQLD /WG�� LV DQ DOWHUQDWLYH� LQH[SHQVLYH� FRP�
PRQO\ XVHG HFKRORFDWLRQ FOLFN GHWHFWRU WKDW KDV EHHQ VXFFHVVIXOO\ XVHG WR PRQLWRU WKH SRSX�
ODWLRQ GHFOLQH RI WKH FULWLFDOO\ HQGDQJHUHG YDTXLWD �3KRFRHQD VLQXV� LQ WKH *XOI RI &DOLIRUQLD
�-DUDPLOOR�/HJRUUHWD HW DO� ����� DQG WR HVWLPDWH WKH DEXQGDQFH RI WKH FULWLFDOO\ HQGDQJHUHG
%DOWLF 6HD KDUERU SRUSRLVH �*DOOXV HW DO� ������ &�32'V GHWHFW LQGLYLGXDO HFKRORFDWLRQ FOLFNV
DQG VWRUH GLJLWDO VXPPDU\ LQIRUPDWLRQ DERXW HDFK FOLFN� 1R ZDYHIRUP GDWD DUH FROOHFWHG� DQG
WKHUHIRUH GDWD VWRUDJH GHPDQGV DUH ORZ DQG ORQJ�WHUP GHSOR\PHQW ���� PR�� LV SRVVLEOH� ,Q
SRVW�SURFHVVLQJ� FOLFNV DUH FODVVLILHG DV EHORQJLQJ WR 1%+) HFKRORFDWLRQ WUDLQV XVLQJ FKDUDF�
WHULVWLFV LQFOXGLQJ WKH SHDN IUHTXHQF\ DQG GXUDWLRQ RI FOLFNV DORQJ ZLWK WKH LQWHU�FOLFN LQWHUYDO
�,&,��

,I &�32'V DUH WR EH XVHG WR PRQLWRU KDUERU SRUSRLVH SRSXODWLRQV DORQJ WKH 8�6� :HVW
&RDVW� WKH\ PXVW EH VKRZQ WR SUHGLFWDEO\ UHFRUG LQIRUPDWLRQ DERXW 1%+) VLJQDOV WKDW FRXOG
EH XVHG WR GLVFULPLQDWH KDUERU SRUSRLVH DQG 'DOO¶V SRUSRLVH HFKRORFDWLRQ FOLFNV� 7KH JRDO RI
WKH SUHVHQW VWXG\ LV WR GHWHUPLQH ZKHWKHU D &�32' FDQ DFFXUDWHO\ RU FRQVLVWHQWO\ UHFRUG WKH
QXPEHU DQG SHDN IUHTXHQF\ RI HFKRORFDWLRQ FOLFNV FRPSDUHG WR D VLPXOWDQHRXV IXOO�EDQGZLGWK
UHFRUGLQJ DQDO\]HG XVLQJ D FXVWRP�ZULWWHQ 0$7/$% �Y� ����D� 7KH 0DWK:RUNV ,QF�� �����
FOLFN GHWHFWLRQ DQG VSHFWUD�EDVHG FOLFN PHDVXUHPHQW URXWLQH�

7DEOH �� 3UHYLRXVO\ UHSRUWHG PHDVXUHPHQWV �± VWDQGDUG GHYLDWLRQ� ZKHQ DYDLODEOH� RI HFKRORFDWLRQ FOLFNV SUR�
GXFHG E\ 'DOO¶V SRUSRLVH� KDUERU SRUSRLVH� DQG GZDUI DQG S\JP\ VSHUP ZKDOHV� 5HJLRQ LQGLFDWHV ZKHWKHU WKH
PHDVXUHG FOLFNV ZHUH UHFRUGHG IURP LQGLYLGXDOV LQ WKH $WODQWLF �$� RU 3DFLILF �3�� 6RPH PHDVXUHPHQWV ZHUH QRW
LQFOXGHG LQ DOO SXEOLFDWLRQV DQG DUH UHSRUWHG DV 1$ LQ WKRVH LQVWDQFHV�

6SHFLHV 5HJLRQ
3HDN

)UHTXHQF\
�N+]�

6RXUFH
/HYHO

�G% UH� �
µ3D�

'XUDWLRQ
�µVHF�

��G%
%DQGZLGWK

�N+]�
6RXUFH

.� EUHYLFHSV $ ���±��� ��� ���±�� �±��� 0DGVHQ HW DO� ����

.� VLPD $ ���±� 1$ ���±�� ��±� .�3�%�0 XQSXEOLVKHG GDWD

.� VLPD 3 ���±� 1$ ���±�� ��±� .�3�%�0 XQSXEOLVKHG GDWD
3� GDOOL 3 ���±� ���±� ���±� ��±� .\KQ HW DO� ����
3� SKRFRHQD $ �����±� �����±��� 1$ ����±��� $X HW DO� ����
3� SKRFRHQD $ ��� ��� ��� � 0DGVHQ HW DO� ����
3� SKRFRHQD $ ������� ������� ������ ���� 9LOODGVJDDUG HW DO� ����
3� SKRFRHQD 3 ���±� ���±� ��±�� �±� .\KQ HW DO� ����
3� SKRFRHQD $ ���±� ���±� ��±� ��± � .\KQ HW DO� ����
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0HWKRGV

'DWD &ROOHFWLRQ

:H GHSOR\HG D SDVVLYH DFRXVWLF PRRULQJ LQFOXGLQJ D 6RXQG7UDS ���+) DXWRQRPRXV K\�
GURSKRQH UHFRUGLQJ V\VWHP� DQG D &�32' HFKRORFDWLRQ FOLFN GHWHFWRU� LQ 0RQWHUH\ %D\�
&DOLIRUQLD� 86$ RQ �� $XJXVW ����� :H VHOHFWHG D QHDUVKRUH ORFDWLRQ LQ QRUWKHUQ 0RQWHUH\
%D\ IRU WKH PRRULQJ GHSOR\PHQW �)LJ� �� LQ DQ DUHD ZKHUH KDUERU SRUSRLVH DUH NQRZQ WR
EH FRPPRQ �-DFREVRQ HW DO� ����� )RUQH\ HW DO� ������ $W WKLV ORFDWLRQ� WKH RQO\ UHJXODUO\
REVHUYHG FHWDFHDQ VSHFLHV DUH KDUERU SRUSRLVH DQG ERWWOHQRVH GROSKLQV �7XUVLRSV WUXQFDWXV��
7KH PRRULQJ ORFDWLRQ ZDV DSSUR[LPDWHO\ ���P GHHS� DQG WKH LQVWUXPHQWV ZHUH VXVSHQGHG
DSSUR[LPDWHO\ ��P EHORZ WKH VHD VXUIDFH� 7KH LQVWUXPHQWV ZHUH DWWDFKHG WR HDFK RWKHU VR WKDW
WKH UHVSHFWLYH K\GURSKRQHV ZHUH DV FORVH DV SRVVLEOH WR RQH DQRWKHU �)LJ� ��� 7KH 6RXQG7UDS
UHFRUGHG FRQWLQXRXVO\ ZLWK D VDPSOLQJ UDWH RI ��� N+]� 7KH &�32' FRQWLQXRXVO\ PRQLWRUHG
IUHTXHQFLHV IURP �� N+] WR ��� N+] DQG UHFRUGHG SDUDPHWHUV DVVRFLDWHG ZLWK FOLFN HYHQWV�
7KH LQVWUXPHQWV ZHUH UHWULHYHG RQ �� $XJXVW �����

)LJXUH �� 0DS RI 6RXQG7UDS�&�32' PRRULQJ ORFDWLRQ �EODFN WULDQJOH� LQ QRUWKHUQ 0RQWHUH\ %D\� &$�

'DWD $QDO\VLV

&�32' GDWD ZHUH SURFHVVHG XVLQJ WKH .(512 DOJRULWKP LQ WKH SURJUDP &32'�H[H �7UHJHQ]D
����� WR GHWHFW DQG FODVVLI\ HFKRORFDWLRQ FOLFNV� 7KH H[DFW DOJRULWKP XVHG E\ WKH &�32' LV
SURSULHWDU\� EXW LQ SULQFLSOH LW XVHV D UHDO�WLPH HQHUJ\ GHWHFWRU WR GHWHFW SRVVLEOH HFKRORFDWLRQ
FOLFNV DQG VWRUHV VXPPDU\ LQIRUPDWLRQ DERXW WKRVH FOLFNV� ,Q SRVW�SURFHVVLQJ� WKH .(512
DOJRULWKP GHWHUPLQHV LI WKRVH FOLFNV DUH SDUW RI FHWDFHDQ�OLNH VHULHV RU ³WUDLQV´ RI FOLFNV� &OLFN
WUDLQV DUH WKHQ DVVLJQHG WR D VSHFLHV FODVV EDVHG RQ FOLFN FKDUDFWHULVWLFV LQFOXGLQJ SHDN IUH�
TXHQF\� GXUDWLRQ� DQG ,&,� DQG DUH DVVLJQHG D FRQILGHQFH UDWLQJ EDVHG RQ WKH FRQVLVWHQF\ RI
WKH FOLFN WUDLQ DQG DPELHQW QRLVH FRQGLWLRQV� :H FRQVLGHUHG DOO QDUURZ�EDQG� KLJK�IUHTXHQF\
�1%+)� FOLFN WUDLQV DV EHORQJLQJ WR KDUERU SRUSRLVH� DQG LQFOXGHG RQO\ FOLFNV IURP KLJK� DQG

�2FHDQ ,QVWUXPHQWV 1HZ =HDODQG� ZZZ�RFHDQLQVWUXPHQWV�FR�Q]�
�&KHORQLD /WG�� ZZZ�FKHORQLD�FR�XN
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)LJXUH �� 6RXQG7UDS �EODFN� WRS� DQG &�32' �ZKLWH� ERWWRP� DWWDFKHG IRU GHSOR\PHQW� 5HG RYDOV LQGLFDWH DS�
SUR[LPDWH K\GURSKRQH ORFDWLRQV RQ HDFK LQVWUXPHQW� 7KH LQVWUXPHQWV ZHUH DWWDFKHG WR D Q\ORQ OLQH ZLWK D VXUIDFH
IORDW DQG ���OE DQFKRU ZHLJKW IRU GHSOR\PHQW�

PRGHUDWH�TXDOLW\ FOLFN WUDLQV LQ RXU DQDO\VHV� (.- PDQXDOO\ YDOLGDWHG WKHVH FOLFN WUDLQV LQ
WKH SURJUDP &32'�H[H� %HFDXVH QR ZDYHIRUP GDWD DUH FROOHFWHG E\ WKH &�32'� WKH SURJUDP
&32'�H[H XVHV D ]HUR�FURVVLQJV DSSURDFK WR FDOFXODWH SHDN IUHTXHQF\� 7KLV WHFKQLTXH XVHV WKH
WLPH EHWZHHQ VXFFHVVLYH ]HUR�FURVVLQJV RI WKH LQFRPLQJ ZDYHIRUP WR FDOFXODWH WKH IUHTXHQF\
RI WKH VLJQDO DQG LJQRUHV WKH DPSOLWXGH HQYHORSH RI WKH RULJLQDO VLJQDO �3DUVRQV HW DO� ������
%DVHG RQ SUHYLRXVO\ SXEOLVKHG SHDN IUHTXHQF\ YDOXHV IRU KDUERU SRUSRLVH HFKRORFDWLRQ FOLFNV
�7DEOH �� DQG IRU FRQVLVWHQF\ ZLWK WKH DQDO\VLV RI 6RXQG7UDS GDWD� ZH HOLPLQDWHG HFKRORFD�
WLRQ FOLFN GHWHFWLRQV ZLWK SHDN IUHTXHQFLHV OHVV WKDQ ��� N+] DQG JUHDWHU WKDQ ��� N+]� &OLFN
GHWDLOV ZHUH H[SRUWHG IURP &32'�H[H WR D WH[W ILOH IRU IXUWKHU DQDO\VLV LQ 5��

6RXQG ILOHV FROOHFWHG XVLQJ WKH 6RXQG7UDS ZHUH SURFHVVHG XVLQJ D FXVWRP�ZULWWHQ 0$7�
/$% FOLFN GHWHFWLRQ DQGPHDVXUHPHQW URXWLQH� PRGLILHG IURP6ROGHYLOOD HW DO� ������ DQG 5RFK
HW DO� ������� 6RXQG7UDS GDWD ZHUH QRW FRUUHFWHG IRU IUHTXHQF\�VSHFLILF VHQVLWLYLW\� KRZHYHU�
ZH FDOLEUDWHG WKH 6RXQG7UDS UHODWLYH WR D 5HVRQ 7&���� UHIHUHQFH K\GURSKRQH DQG IRXQG WKH
UHVSRQVH WR EH IODW �± � G% UH� � µ3D�9� IURP �� WR ��� N+]� ,Q VXPPDU\� WKH 0$7/$% GH�
WHFWLRQ DQG PHDVXUHPHQW URXWLQH XVHV DQ HQHUJ\ GHWHFWRU WR GHWHFW SRVVLEOH HFKRORFDWLRQ FOLFNV
DQG JHQHUDWHV VSHFWUD IURP ZKLFK FOLFN SDUDPHWHUV DUH FDOFXODWHG� &DQGLGDWH FOLFNV DUH SUXQHG
DFFRUGLQJ WR XVHU�VSHFLILHG SDUDPHWHU UDQJHV IRU WKH VSHFLHV RI LQWHUHVW LQFOXGLQJ PLQLPXP DQG
PD[LPXP SHDN IUHTXHQF\� ZH SUXQHG FDQGLGDWH FOLFNV ZLWK SHDN IUHTXHQFLHV EHORZ ��� N+]
DQG DERYH ��� N+]� &RQFDWHQDWHG VSHFWURJUDPV RI UHVXOWLQJ FOLFN GHWHFWLRQV ZHUH YLVXDOO\
YDOLGDWHG �VHH )LJ� � IRU H[DPSOH�� 'DWD ZHUH H[SRUWHG IURP 0$7/$% IRU IXUWKHU DQDO\VLV LQ
5�

:H FDOFXODWHG WKH WRWDO QXPEHU RI KDUERU SRUSRLVH HFKRORFDWLRQ FOLFNV UHFRUGHG E\ WKH
&�32' DQG E\ WKH 6RXQG7UDS�0$7/$% URXWLQH DV ZHOO DV WKH DYHUDJH SHDN IUHTXHQF\ RI
UHFRUGHG HFKRORFDWLRQ FOLFNV� :H DOVR SORWWHG WKH GLVWULEXWLRQ RI SHDN IUHTXHQFLHV UHFRUGHG E\
HDFK LQVWUXPHQW� )RU HDFK KRXU GXULQJ ZKLFK WKH LQVWUXPHQWV ZHUH GHSOR\HG� ZH FDOFXODWHG WKH
QXPEHU RI HFKRORFDWLRQ FOLFNV UHFRUGHG E\ HDFK LQVWUXPHQW DQG WKH FRUUHVSRQGLQJ SURSRUWLRQ
RI VHFRQGV GXULQJ ZKLFK KDUERU SRUSRLVH ZHUH GHWHFWHG �SRUSRLVH�SRVLWLYH VHFRQGV� 336� SHU

�YHUVLRQ ������ ZZZ�U�SURMHFW�RUJ
�$Q DUFKLYHG YHUVLRQ RI WKH FRGH XVHG FDQ EH IRXQG DW KWWS���GRL�RUJ���������]HQRGR��������

�



KRXU�
,Q DGGLWLRQ WR FRPSDULQJ DYHUDJH FOLFN FKDUDFWHULVWLFV UHFRUGHG E\ WKH WZR LQVWUXPHQWV�

ZH ZHUH DOVR LQWHUHVWHG LQ H[DPLQLQJ ZKHWKHU DQG KRZ LQGLYLGXDO HFKRORFDWLRQ FOLFNV ZHUH
VLPXOWDQHRXVO\ UHFRUGHG E\ ERWK LQVWUXPHQWV� 'LUHFWO\ PDWFKLQJ WLPHVWDPSV EHWZHHQ FOLFNV
GHWHFWHG RQ WKH WZR LQVWUXPHQWV LV QRW SRVVLEOH EHFDXVH RI FORFN GULIW LQ ERWK LQVWUXPHQWV� 7R
DOLJQ WKH GDWD VHWV� ZH GLYLGHG WKH ILUVW �� K RI GDWD LQWR ��PLQ ELQV� :LWKLQ HDFK ELQ� ZH WHVWHG
FORFN RIIVHWV EHWZHHQ WKH LQVWUXPHQWV RI �� VHF WR �� VHF LQ LQFUHPHQWV RI � PV� :H XVHG WKH
QXPEHU RI FOLFNV PDWFKHG EHWZHHQ LQVWUXPHQWV ZLWK HDFK RIIVHW DV DQ LQGLFDWRU RI WKH RIIVHW
DFFXUDF\� 7R EH FRQVLGHUHG D PDWFK� FOLFN WLPHVWDPSV RQ WKH WZR LQVWUXPHQWV KDG WR EH ZLWKLQ
��� PV RI HDFK RWKHU DIWHU RIIVHW FRUUHFWLRQ� 7KHVH SDUDPHWHUV DUH VWULQJHQW LQ WKH FRQWH[W RI
KDUERU SRUSRLVH HFKRORFDWLRQ FOLFNV� UHSRUWHG ,&,V DUH RQ WKH RUGHU RI �� PV �9LOODGVJDDUG HW DO�
����� DQG FOLFN GXUDWLRQV RQ WKH RUGHU RI WHQV RI µVHFV �7DEOH ��� $Q RSWLPDO RIIVHW �GHILQHG
DV WKH RIIVHW SURGXFLQJ WKH KLJKHVW QXPEHU RI PDWFKHG FOLFNV� ZDV VHOHFWHG IRU HDFK � PLQ ELQ�
$IWHU RIIVHW� DW OHDVW � FOLFNV ZLWKLQ HDFK ��PLQ ELQ KDG WR PDWFK EHWZHHQ LQVWUXPHQWV WR EH
FRQVLGHUHG YDOLG� 'DWD IURP ELQV ZKLFK GLG QRW PHHW WKLV FULWHULRQ ZHUH GLVFDUGHG� :H XVHG
WKH RSWLPDO RIIVHWV WR FRUUHFW WLPHVWDPSV ZLWKLQ HDFK ��PLQ ELQ� WKHQ PDWFKHG LQGLYLGXDO FOLFNV
EHWZHHQ LQVWUXPHQWV� DQG ILQDOO\� FRPSDUHG WKH SHDN IUHTXHQF\ UHFRUGHG E\ HDFK LQVWUXPHQW
IRU HDFK PDWFKHG FOLFN� %HFDXVH RI WKH FRPSXWHU�LQWHQVLYH QDWXUH RI WKLV SURFHGXUH� RQO\ WKH
ILUVW �� K RI GDWD ZHUH DQDO\]HG�

5HVXOWV DQG 'LVFXVVLRQ

7KH &�32' DQG 6RXQG7UDS ZHUH FR�GHSOR\HG IRU �� K LQ QRUWKHUQ 0RQWHUH\ %D\� &DOLIRUQLD�
86$� $W WKH WLPH RI GHSOR\PHQW� WHQV RI KDUERU SRUSRLVH ZHUH SUHVHQW DQG DSSHDUHG WR EH IRU�
DJLQJ QHDU WKH PRRULQJ VLWH� 2YHU WKH ���K GHSOR\PHQW SHULRG� WKH 0$7/$% URXWLQH GHWHFWHG
������� KDUERU SRUSRLVH HFKRORFDWLRQ FOLFNV LQ WKH 6RXQG7UDS UHFRUGLQJ �)LJ� ��� 7KH &�32'
GHWHFWHG ������� HFKRORFDWLRQ FOLFNV GXULQJ WKH VDPH WLPH SHULRG� 4XDOLWDWLYHO\� SDWWHUQV RI
KDUERU SRUSRLVH HFKRORFDWLRQ DFWLYLW\ ZHUH VLPLODU EHWZHHQ LQVWUXPHQWV �)LJ� �� DQG FRUUHOD�
WLRQV EHWZHHQ WKH QXPEHU RI HFKRORFDWLRQ FOLFNV RU WKH 336 UHFRUGHG E\ HDFK LQVWUXPHQW SHU
KRXU ZHUH KLJK � 52  ���� IRU ERWK� )LJ� ��� 7KH PHDQ SHDN IUHTXHQF\ RI FOLFNV UHFRUGHG E\
WKH 6RXQG7UDS�0$7/$% URXWLQH ZDV ������ N+] �6'  ����� ZKLOH WKH PHDQ SHDN IUHTXHQF\
RI FOLFNV UHFRUGHG E\ WKH &�32' ZLWKLQ WKH UDQJH RI ���±��� N+] ZDV ������ �6'  ������
7KH GLVWULEXWLRQ RI SHDN IUHTXHQFLHV UHFRUGHG E\ WKH &�32' DSSHDUV WR EH XQLPRGDO DURXQG
WKH PHDQ� ZKLOH WKH GLVWULEXWLRQ RI SHDN IUHTXHQFLHV UHFRUGHG E\ WKH 6RXQG7UDS�0$7/$%
PD\ EH ELPRGDO� ZLWK SHDNV DW ��� N+] DQG ��� N+] �)LJ� ��� $ .ROPRJRURY�6PLUQRY WHVW
UHMHFWHG WKH QXOO K\SRWKHVLV WKDW WKHVH GLVWULEXWLRQV FRXOG KDYH EHHQ GUDZQ IURP D VLQJOH RYHU�
O\LQJ GLVWULEXWLRQ �S�YDOXH � ������� 7KH RQO\ SXEOLVKHG HVWLPDWH RI 3DFLILF KDUERU SRUSRLVH
HFKRORFDWLRQ FOLFN SHDN IUHTXHQF\ �7DE� �� .\KQ HW DO� ����� LV ��� N+]� ZKLFK LV FORVHU WR
WKH DYHUDJH SHDN IUHTXHQF\ FDOFXODWHG E\ WKH 6RXQG7UDS�0$7/$% WKDQ WR WKH DYHUDJH SHDN
IUHTXHQF\ FDOFXODWHG E\ WKH &�32'� .\KQ HW DO� ������ XVHG RQO\ RQ�D[LV HFKRORFDWLRQ FOLFNV
WR FDOFXODWH SHDN IUHTXHQF\� UHVXOWLQJ LQ D PXFK PRUH SUHFLVH HVWLPDWH �PHDQ  ��� N+]� 6'
 � N+]� WKDQ RXU 6RXQG7UDS PHDVXUHPHQWV �PHDQ  ������ N+]� 6'  ���� N+]��

3UHYLRXV VWXGLHV �H�J�� .\KQ HW DO� ����� KDYH UHFRUGHG WKRXVDQGV DQG DQDO\]HG WHQV RU
KXQGUHGV RI FOLFNV� ZH UHFRUGHG DQG DQDO\]HG PRUH WKDQ ������� HFKRORFDWLRQ FOLFNV� 7KH &�
32' DQG 6RXQG7UDS�0$7/$% GLG QRW UHFRUG WKH VDPH QXPEHU RI HFKRORFDWLRQ FOLFNV� SURE�
DEO\ GXH WR GLIIHUHQW VHQVLWLYLWLHV RI WKH K\GURSKRQHV DQG RI WKH HFKRORFDWLRQ FOLFN GHWHFWLRQ
DOJRULWKPV �H�J�� WKUHVKROG DPSOLWXGHV IRU FOLFN GHWHFWLRQ ZHUH QRW LGHQWLFDO�� 7KH WZR LQVWUX�
PHQWV UHSRUWHG VLPLODU SDWWHUQV LQ HFKRORFDWLRQ FOLFN DFWLYLW\ RYHU WKH ��GD\ SHULRG �)LJ� �� DQG
WKH QXPEHU RI HFKRORFDWLRQ FOLFNV UHFRUGHG ZDV KLJKO\ FRUUHODWHG EHWZHHQ LQVWUXPHQWV �)LJ� ���

�



)LJXUH �� 5HSUHVHQWDWLYH FRQFDWHQDWHG VSHFWURJUDP RI ���� KDUERU SRUSRLVH FOLFNV GHWHFWHG E\ WKH 0$7/$%
URXWLQH LQ D �� PLQ 6RXQG7UDS UHFRUGLQJ DQG VRUWHG E\ SHDN IUHTXHQF\�

LQGLFDWLQJ WKDW WKH LQVWUXPHQWV DUH SUREDEO\ VLPLODUO\ UHOLDEOH IRU WKH SXUSRVH RI PRQLWRULQJ KDU�
ERU SRUSRLVH SUHVHQFH� 9LVXDO H[DPLQDWLRQ RI GHWHFWHG HFKRORFDWLRQ FOLFNV LQGLFDWHG QR IDOVH
SRVLWLYHV LQ HLWKHU GDWDVHW� WKRXJK WKH LQVWUXPHQWV PD\ KDYH GHWHFWHG PXOWLSDWK DUULYDO RI VLQJOH
HFKRORFDWLRQ FOLFNV LQ VRPH LQVWDQFHV�

:LWKLQ HDFK ��PLQ ELQ XVHG WR WHVW LQVWUXPHQW WLPHVWDPS RIIVHWV �)LJ� �� WKH UDQJH RI
RSWLPDO RIIVHWV ZDV EHWZHHQ ����� DQG ���� VHF �)LJ� ��� 7KH FRQVLVWHQF\ RI RSWLPDO RIIVHWV
IURP RQH WLPH ELQ WR WKH QH[W JLYHV XV FRQILGHQFH WKDW WKLV PDWFKLQJ WHFKQLTXH ZDV VXFFHVVIXO�
'ULIW LQ WKH FORFNV RI ERWK LQVWUXPHQWV DUH DSSDUHQW DQG QRQ�OLQHDU RYHU WLPH� ZLWK SHULRGV
RI VWDELOLW\ RU JUDGXDO GULIW IROORZHG E\ ODUJH VKLIWV LQ WKH FORFN DOLJQPHQW �H�J�� WKH DSSUR[�
��VHF MXPS LQ DOLJQPHQW DW ����� RQ �� $XJXVW�� 'XH WR WKH QRQOLQHDULW\ RI WKH REVHUYHG
LQVWUXPHQW FORFN GULIW� VLPSO\ FRUUHFWLQJ LQVWUXPHQWV UHODWLYH WR V\QFKURQL]DWLRQ DW WKH VWDUW DQG
HQG RI D GHSOR\PHQW ZRXOG QRW EH VXIILFLHQW WR PDWFK LQGLYLGXDO HFKRORFDWLRQ FOLFNV UHFRUGHG
RQ WZR LQVWUXPHQWV� 5HJXODU V\QFKURQL]DWLRQ RI WKH WZR LQVWUXPHQWV GXULQJ WKH GHSOR\PHQW
SHULRG �H�J�� ZLWK D SLQJHU SURJUDPPHG WR SLQJ HYHU\ PLQXWH� ZRXOG DOORZ IRU D EHWWHU DQG
HFKRORFDWLRQ�LQGHSHQGHQW DOLJQPHQW RI WKH WZR GDWDVHWV�

:LWKLQ WKH ILUVW ���K SHULRG� ��� RI LQGLYLGXDO HFKRORFDWLRQ FOLFNV ZHUH VXFFHVVIXOO\
PDWFKHG EHWZHHQ WKH WZR LQVWUXPHQWV �1  �������� 7KLV UHODWLYHO\ ORZ PDWFK UDWH FRXOG EH
GXH WR WKH H[WUHPHO\ KLJK GLUHFWLRQDOLW\ RI KDUERU SRUSRLVH HFKRORFDWLRQ FOLFNV UHVXOWLQJ LQ IHZ
VLPXOWDQHRXV DUULYDOV DW WKH WZR LQVWUXPHQWV� RU WR RYHUO\ VWULQJHQW PDWFKLQJ FULWHULD WKDW H[�
FOXGHG ³WUXH´ PDWFKHV IURP WKH GDWD VHW� ,W LV DOVR SRVVLEOH WKDW WKH LQVWUXPHQWV VKDGRZHG RQH
DQRWKHU VR WKDW VRPH FOLFNV DUULYHG DW RQO\ RQH LQVWUXPHQW�

7KH PHDQ SHDN IUHTXHQF\ RI HFKRORFDWLRQ FOLFNV UHFRUGHG E\ WKH &�32' ZDV ORZHU WKDQ
WKDW RI WKRVH UHFRUGHG E\ WKH 6RXQG7UDS�0$7/$% ZKHQ DYHUDJHG RYHU WKH HQWLUH GHSOR\PHQW
SHULRG �&�32' PHDQ  ������� 6RXQG7UDS�0$7/$% PHDQ  ������ N+]� EXW YHU\ VLPL�
ODU ZKHQ LQGLYLGXDO HFKRORFDWLRQ FOLFNV ZHUH PDWFKHG EHWZHHQ LQVWUXPHQWV �&�32' PHDQ  
������ N+]� 6RXQG7UDS�0$7/$% PHDQ  ������ N+]�� +RZHYHU� WKH SHDN IUHTXHQFLHV RI
LQGLYLGXDO PDWFKHG FOLFNV ZHUH QRW ZHOO�FRUUHODWHG �52  ����� )LJ� ���

2XU 0$7/$% URXWLQH XVHG DQ ))7�EDVHG PHWKRG WR FDOFXODWH SHDN IUHTXHQF\ RI HFKROR�
FDWLRQ FOLFNV� ZKLOH WKH &�32' XVHG D ]HUR�FURVVLQJV DSSURDFK� 7KH ))7�EDVHG PHWKRG FDO�
FXODWHV WKH SHDN IUHTXHQF\ E\ ZHLJKWLQJ WKH GLIIHUHQW IUHTXHQFLHV SUHVHQW LQ D VLJQDO E\ WKHLU
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)LJXUH �� /RJ�WUDQVIRUPHG FRPSDULVRQ RI WKH QXPEHU RI HFKRORFDWLRQ FOLFNV GHWHFWHG E\ HDFK LQVWUXPHQW SHU KRXU
�OHIW SDQHO� DQG WKH QXPEHU RI SRUSRLVH SRVLWLYH VHFRQGV �336� GHWHFWHG E\ HDFK LQVWUXPHQW SHU KRXU �ULJKW SDQHO�
ZLWK FRUUHODWLRQV IRU HDFK FRPSDULVRQ DQG D RQH�WR�RQH OLQH �EODFN� LQGLFDWLQJ SHUIHFW DJUHHPHQW�
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)LJXUH �� +LVWRJUDPV LOOXVWUDWLQJ WKH GLVWULEXWLRQ RI FOLFN SHDN IUHTXHQFLHV UHFRUGHG E\ WKH &�32' �WRS SDQHO�
DQG WKH 6RXQG7UDS�0$7/$% �ERWWRP SDQHO� ZLWKLQ WKH UDQJH RI ������� N+]�

�



)LJXUH �� ([DPSOH RI WHVWHG RIIVHWV EHWZHHQ WKH 6RXQG7UDS DQG &�32' �[�D[LV� DQG WKH QXPEHU RI PDWFKHG
FOLFNV UHVXOWLQJ IURP WKDW RIIVHW �\�D[LV� ZLWKLQ D VLQJOH ��PLQ ELQ� 7KH RIIVHW ZKLFK SURGXFHG WKH KLJKHVW QXPEHU
RI PDWFKHV ZLWKLQ WKLV ELQ LV LQGLFDWHG E\ D UHG FLUFOH�

)LJXUH �� 7LPH VHULHV RI RSWLPDO RIIVHWV �\�D[LV� FDOFXODWHG ZLWKLQ HDFK � PLQ ELQ RYHU D ���K SHULRG �[�D[LV��

�



)LJXUH �� &RPSDULVRQ RI PHDVXUHG SHDN IUHTXHQFLHV RI PDWFKHG KDUERU SRUSRLVH HFKRORFDWLRQ FOLFNV UHFRUGHG
E\ WKH &�32' �[�D[LV� DQG WKH 6RXQG7UDS�0$7/$% URXWLQH �\�D[LV� RYHU D ���K SHULRG� 7KH VL]H RI WKH SRLQW
LQGLFDWHV WKH QXPEHU RI PDWFKHG FOLFNV� DQG WKH UHG OLQH LQGLFDWHV SHUIHFW DJUHHPHQW EHWZHHQ WKH PHDVXUHPHQWV�

��



DPSOLWXGHV� VR WKDW KLJKHU DPSOLWXGH FRPSRQHQWV RI WKH VLJQDO DUH PRUH LQIOXHQWLDO WR WKH PHD�
VXUHPHQW RI SHDN IUHTXHQF\ WKDQ ORZHU DPSOLWXGH FRPSRQHQWV� 7KH ]HUR�FURVVLQJV DSSURDFK
LJQRUHV WKH DPSOLWXGH YDULDWLRQ LQ WKH VLJQDO DQG RQO\ DQDO\]HV WKH PRVW HQHUJHWLF SDUW RI WKH
VLJQDO� %HFDXVH WKH ]HUR�FURVVLQJV DSSURDFK GRHV QRW FDSWXUH WKH IUHTXHQF\�WLPH LQIRUPDWLRQ
RI WKH RULJLQDO VLJQDO� LW SURGXFHV OHVV DFFXUDWH HVWLPDWHV RI WKH SHDN IUHTXHQF\ RI WKH VLJQDO
�3DUVRQV HW DO� ������ )RU YHU\ QDUURZ�EDQG FOLFNV� ]HUR�FURVVLQJV DQG VSHFWUDO PHWKRGV VKRXOG
SURGXFH VLPLODU HVWLPDWHV RI SHDN IUHTXHQF\� EXW DV FOLFNV EHFRPH PRUH EURDGEDQG WKH ]HUR�
FURVVLQJV DSSURDFK WR FDOFXODWLQJ SHDN IUHTXHQF\ EHFRPHV PRUH RI DQ DSSUR[LPDWLRQ�

,Q RXU GDWD VHW� WKH GLIIHUHQFH LQ PHDQ SHDN IUHTXHQF\ UHFRUGHG E\ WKH &�32' YHUVXV WKH
6RXQG7UDS�0$7/$% RI DOO HFKRORFDWLRQ FOLFNV ZDV ��� N+]� 7KLV LV D VPDOO GLIIHUHQFH� EXW
VLPLODU LQ PDJQLWXGH WR WKH GLIIHUHQFH LQ SHDN IUHTXHQF\ EHWZHHQ 'DOO¶V SRUSRLVH DQG KDUERU
SRUSRLVH HFKRORFDWLRQ FOLFNV �� N+]� 7DE� �� .\KQ HW DO� ������ $GGLWLRQDOO\� LW GRHV QRW DSSHDU
WKDW WKH &�32' LV UHSRUWLQJ FRQVLVWHQWO\ ORZHU SHDN IUHTXHQFLHV WKDQ WKH 6RXQG7UDS�0$7/$%�
,I WKLV ZHUH WKH FDVH� ZH ZRXOG H[SHFW WR VHH WKH VDPH GLVWULEXWLRQ LQ WKH KLVWRJUDPV RI SHDN
IUHTXHQF\ VKRZQ LQ )LJ� �� EXW ZLWK WKH KLVWRJUDP RI SHDN IUHTXHQFLHV UHFRUGHG E\ WKH &�32'
VKLIWHG WR KDYH D ORZHU PHDQ� )XUWKHUPRUH� DV VKRZQ LQ )LJ� �� WKHUH LV ORZ FRUUHODWLRQ �52

 ����� EHWZHHQ WKH SHDN IUHTXHQFLHV RI LQGLYLGXDOO\ PDWFKHG HFKRORFDWLRQ FOLFNV� DOWKRXJK
WKLV PD\ EH SDUWO\ GXH WR WKH GLIILFXOW\ LQ VLPXOWDQHRXVO\ GHWHFWLQJ HFKRORFDWLRQ FOLFNV RQ ERWK
LQVWUXPHQWV RU WR LQDFFXUDWH V\QFKURQL]DWLRQ EHWZHHQ LQVWUXPHQWV�

6XPPDU\ DQG &RQFOXVLRQV

+DUERU SRUSRLVH HFKRORFDWLRQ FOLFNV ZHUH VLPXOWDQHRXVO\ UHFRUGHG RQ D K\GURSKRQH �6RXQG�
7UDS ���+)� DQG D SDVVLYH DFRXVWLF PRQLWRULQJ GHYLFH �&�32'� LQ 0RQWHUH\ %D\� &DOLIRUQLD�
86$ RYHU D ��GD\ SHULRG� 6RXQG7UDS GDWD ZHUH SURFHVVHG XVLQJ D FXVWRP�ZULWWHQ 0$7/$%
FOLFN GHWHFWLRQ DQG PHDVXUHPHQW URXWLQH ZKLOH &�32' GDWD ZHUH SURFHVVHG XVLQJ WKH .(512
FODVVLILHU ZLWKLQ WKH SURSULHWDU\ VRIWZDUH &32'�H[H� 7KH WLPH VHULHV RI HFKRORFDWLRQ DFWLYLW\ UH�
SRUWHG E\ WKH FR�GHSOR\HG LQVWUXPHQWV ZHUH KLJKO\ FRUUHODWHG �52  ������ DOWKRXJK WKH DEVROXWH
QXPEHU RI HFKRORFDWLRQ FOLFNV GHWHFWHG E\ WKH 6RXQG7UDS�0$7/$%ZDV ��% JUHDWHU WKDQ WKDW
GHWHFWHG E\ WKH &�32'�.(512 FODVVLILHU� 7KH DYHUDJH SHDN IUHTXHQF\ RI HFKRORFDWLRQ FOLFNV
UHSRUWHG E\ WKH &�32' ZDV ��� N+] ORZHU WKDQ WKDW UHSRUWHG E\ WKH 6RXQG7UDS�0$7/$%�
+RZHYHU� WKLV GLIIHUHQFH ZDV QRW FRQVLVWHQW DW WKH OHYHO RI LQGLYLGXDOO\ PDWFKHG HFKRORFDWLRQ
FOLFNV� FRUUHODWLRQ LQ SHDN IUHTXHQFLHV RI LQGLYLGXDOO\PDWFKHG FOLFNV ZDV SRRU �52  ������ 7KH
&�32' XVHV D PRUH FRPSXWDWLRQDOO\ HIILFLHQW PHWKRG WR GHWHFW HFKRORFDWLRQ FOLFNV DQG WR FDO�
FXODWH SHDN IUHTXHQFLHV� EXW WKLV HIILFLHQF\ FRPHV DW WKH H[SHQVH RI GHWDLOHG LQIRUPDWLRQ DERXW
WKH HFKRORFDWLRQ VLJQDOV� PDNLQJ LW GLIILFXOW WR DFFXUDWHO\ PHDVXUH VSHFLHV�LGHQWLI\LQJ IHDWXUHV
RI HFKRORFDWLRQ FOLFNV� %DVHG RQ WKHVH ILQGLQJV� ZH GR QRW WKLQN LW ZLOO EH IHDVLEOH WR PRQLWRU
KDUERU SRUSRLVH XVLQJ &�32'V LQ DUHDV ZLWK PXOWLSOH 1%+) VSHFLHV� KRZHYHU� ZH UHFRPPHQG
IXUWKHU GDWD FROOHFWLRQ DQG DQDO\VLV WR VXSSRUW RU UHIXWH WKLV SUHOLPLQDU\ FRQFOXVLRQ�

)XWXUH 'LUHFWLRQV

5HJLRQDO YDULDWLRQ KDV EHHQ REVHUYHG LQ HFKRORFDWLRQ VLJQDOV RI 1%+) VSHFLHV �7DE� ��� 7KH
H[WHQW DQG PDJQLWXGH RI WKLV YDULDWLRQ LV QRW ZHOO�UHVROYHG� $ FROODERUDWLYH HIIRUW WR FROOHFW DQG
DQDO\]H UHFRUGLQJV IURP GLIIHUHQW 1%+) VSHFLHV DQG UHJLRQV XVLQJ D YDULHW\ RI LQVWUXPHQWV�
SDUWLFXODUO\ ZKHQ PXOWLSOH LQVWUXPHQWV FDQ EH GHSOR\HG VLPXOWDQHRXVO\� ZRXOG EH XVHIXO WR
UHVHDUFKHUV KRSLQJ WR XVH 3$0 IRU ORQJ�WHUP PRQLWRULQJ RI 1%+) VSHFLHV� ,Q WKH SUHVHQW
VWXG\� ZH IRFXVHG RQ SHDN IUHTXHQF\ DV D SRVVLEOH PHWULF IRU GLVWLQJXLVKLQJ KDUERU SRUSRLVH
IURP 'DOO¶V SRUSRLVH HFKRORFDWLRQ FOLFNV� KRZHYHU� RWKHU PHWULFV �H�J�� EDQGZLGWK� GXUDWLRQ�

��



DQG ,&,� VHH .\KQ HW DO� ����� PLJKW SURYH PRUH XVHIXO LQ GLVWLQJXLVKLQJ 1%+) HFKRORFDWLRQ
FOLFNV SURGXFHG E\ GLIIHUHQW VSHFLHV� )XUWKHU� WZR QHZ WHFKQRORJLHV PD\ UHSODFH &�32'V DV
WKH GHIDXOW LQVWUXPHQW IRU 3$0 RI KDUERU SRUSRLVH� 7KH )�32' �&KHORQLD /WG�� 8.� LV DQ H[�
WHQVLRQ RI WKH &�32' ZKLFK UHFRUGV IXOO ZDYHIRUP GDWD ZKHQ HFKRORFDWLRQ FOLFNV DUH GHWHFWHG�
7KLV LQVWUXPHQW LV FXUUHQWO\ XQGHU GHYHORSPHQW DQG PLJKW EH D JRRG RSWLRQ LQ DUHDV ZKHUH
LW LV QHFHVVDU\ WR GLVWLQJXLVK PXOWLSOH VSHFLHV ZLWK VLPLODU HFKRORFDWLRQ VLJQDOV� $GGLWLRQDOO\�
ILUPZDUH IRU FOLFN GHWHFWLRQ�WULJJHUHG UHFRUGLQJ KDV EHHQ GHYHORSHG IRU WKH 6RXQG7UDS �2FHDQ
,QVWUXPHQWV 1HZ =HDODQG�� ZKLFK ZRXOG H[WHQG WKH GHSOR\PHQW GXUDWLRQ DQG FRXOG PDNH LW
SRVVLEOH WR XVH WKLV LQVWUXPHQW IRU ORQJ�WHUP 3$0�

$FNQRZOHGJHPHQWV

:H WKDQN WKH 0RVV /DQGLQJ 0DULQH /DERUDWRULHV 6PDOO %RDW &HQWHU� HVSHFLDOO\ &DSWDLQ -RKQ
'RXJODV DQG -DFNVRQ :LQQ� IRU WKHLU DVVLVWDQFH ZLWK ILHOG RSHUDWLRQV� -XOHV -DIIH SURYLGHG
KHOSIXO FRPPHQWV RQ DQ HDUOLHU YHULVRQ RI WKLV PDQXVFULSW� )XQGLQJ DQG VXSSRUW ZHUH SURYLGHG
E\ WKH 12$$ 10)6 6RXWKZHVW )LVKHULHV 6FLHQFH &HQWHU 0DULQH 0DPPDO DQG 7XUWOH 'LYL�
VLRQ� (.- ZDV VXSSRUWHG E\ WKH 16) *UDGXDWH 5HVHDUFK )HOORZVKLS 3URJUDP DQG WKH (GQD
%� 6XVVPDQ )RXQGDWLRQ� 7KH SDVVLYH DFRXVWLF LQVWUXPHQW GHSOR\PHQWV ZHUH FRQGXFWHG XQGHU
0RQWHUH\ %D\ 1DWLRQDO 0DULQH 6DQFWXDU\ SHUPLW 0%106����������

5HIHUHQFHV

$X� :� :� /� ����� 7KH 6RQDU RI 'ROSKLQV� 6SULQJHU�9HUODJ 1HZ <RUN�
$X� :�� 5� .DVWHOHLQ� 7� 5LSSH� DQG 1� 6FKRRQHPDQ� ����� 7UDQVPLVVLRQ EHDP SDWWHUQ DQG

HFKRORFDWLRQ VLJQDOV RI D KDUERU SRUSRLVH �3KRFRHQD SKRFRHQD�� 7KH -RXUQDO RI WKH
$FRXVWLFDO 6RFLHW\ RI $PHULFD ��������±�����

%DLUG� 5�:� ����� 6LJKWLQJV RI 'ZDUI �.RJLD VLPD� DQG 3\JP\ �.� EUHYLFHSV� 6SHUP:KDOHV
IURP WKH 0DLQ +DZDLLDQ ,VODQGV� 3DFLILF 6FLHQFH ������±����

%DUORZ� -� ����� +DUERU SRUSRLVH� 3KRFRHQD SKRFRHQD� DEXQGDQFH HVWLPDWLRQ IRU &DOLIRUQLD�
2UHJRQ� DQG :DVKLQJWRQ� �� 6KLS VXUYH\V� )LVKHU\ %XOOHWLQ ������±����

&DUUHWWD� -� 9�� %� /� 7D\ORU� DQG 6� -� &KLYHUV� ����� $EXQGDQFH DQG GHSWK GLVWULEXWLRQ RI
KDUERU SRUSRLVH �3KRFRHQD SKRFRHQD� LQ QRUWKHUQ &DOLIRUQLD GHWHUPLQHG IURP D ����
VKLS VXUYH\� )LVKHU\ %XOOHWLQ ����±���

)RUQH\� .� $� ����� (QYLURQPHQWDO 0RGHOV RI &HWDFHDQ $EXQGDQFH� 5HGXFLQJ 8QFHUWDLQW\ LQ
3RSXODWLRQ 7UHQGV� &RQVHUYDWLRQ %LRORJ\ �������±�����

)RUQH\� .� $�� -� 9� &DUUHWWD� DQG 6� 5� %HQVRQ� ����� 3UHOLPLQDU\ HVWLPDWHV RI KDUERU SRUSRLVH
DEXQGDQFH LQ 3DFLILF &RDVW ZDWHUV RI &DOLIRUQLD� 2UHJRQ� DQG :DVKLQJWRQ� ����������
8�6� 'HSDUWPHQW RI &RPPHUFH�

*DOOXV� $�� 0� 'lKQH� 8� .� 9HUIX�� 6� %UlJHU� 6� $GOHU� 8� 6LHEHUW� DQG +� %HQNH� �����
8VH RI VWDWLF SDVVLYH DFRXVWLF PRQLWRULQJ WR DVVHVV WKH VWDWXV RI WKH &ULWLFDOO\ (QGDQJHUHG
%DOWLF KDUERXU SRUSRLVH LQ *HUPDQ ZDWHUV� (QGDQJHUHG 6SHFLHV 5HVHDUFK ������±����

-DFREVRQ� (� .�� .� $� )RUQH\� DQG -� 7� +DUYH\� ����� $FRXVWLF HYLGHQFH WKDW KDUERU SRUSRLVHV
�3KRFRHQD SKRFRHQD� DYRLG ERWWOHQRVH GROSKLQV �7XUVLRSV WUXQFDWXV�� 0DULQH 0DPPDO

��



6FLHQFH ������±����
-DUDPLOOR�/HJRUUHWD� $�� *� &DUGHQDV�+LQRMRVD� (� 1LHWR�*DUFLD� /� 5RMDV %UDFKR� -� 9HU +RHI�

-� 0RRUH� 1� 7UHJHQ]D� -� %DUORZ� 7� *HUURGHWWH� /� 7KRPDV� DQG %� 7D\ORU� ����� 3DVVLYH
DFRXVWLF PRQLWRULQJ RI WKH GHFOLQH RI 0H[LFR¶V FULWLFDOO\ HQGDQJHUHG YDTXLWD� &RQVHUYD�
WLRQ %LRORJ\ ������±����

.\KQ� /� $�� )� +� -HQVHQ� .� %HHGKROP� -� 7RXJDDUG� 0� +DQVHQ� DQG 3� 7� 0DGVHQ� �����
(FKRORFDWLRQ LQ V\PSDWULF 3HDOH¶V GROSKLQV �/DJHQRUK\QFKXV DXVWUDOLV� DQG &RPPHU�
VRQ¶V GROSKLQV �&HSKDORUK\QFKXV FRPPHUVRQLL� SURGXFLQJ QDUURZ�EDQG KLJK�IUHTXHQF\
FOLFNV� 7KH -RXUQDO RI ([SHULPHQWDO %LRORJ\ ��������±�����

.\KQ� /� $�� -� 7RXJDDUG� .� %HHGKROP� )� +� -HQVHQ� (� $VKH� 5� :LOOLDPV� DQG 3� 7� 0DGVHQ�
����� &OLFNLQJ LQ D.LOOHU:KDOH+DELWDW� 1DUURZ�%DQG� +LJK�)UHTXHQF\%LRVRQDU &OLFNV
RI +DUERXU 3RUSRLVH �3KRFRHQD SKRFRHQD� DQG 'DOO¶V 3RUSRLVH �3KRFRHQRLGHV GDOOL��
3/R6 21( ��H������

0DGVHQ� 3� 7�� '� $� &DUGHU� .� %HGKROP� DQG 6� +� 5LGJZD\� ����� 3RUSRLVH FOLFNV IURP
D VSHUP ZKDOH QRVH� &RQYHUJHQW HYROXWLRQ RI ��� N+] SXOVHV LQ WRRWKHG ZKDOH VRQDUV"
%LRDFRXVWLFV ������±����

0DUTXHV� 7� $�� /� 7KRPDV� -� :DUG� 1� 'L0DU]LR� DQG 3� /� 7\DFN� ����� (VWLPDWLQJ FHWDFHDQ
SRSXODWLRQ GHQVLW\ XVLQJ IL[HG SDVVLYH DFRXVWLF VHQVRUV� $Q H[DPSOH ZLWK %ODLQYLOOH¶V
EHDNHG ZKDOHV� 7KH -RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHULFD ��������±�����

0LOOHU� /� $�� DQG 0� :DKOEHUJ� ����� (FKRORFDWLRQ E\ WKH KDUERU SRUSRLVH� OLIH LQ FRDVWDO
ZDWHUV� )URQWLHUV LQ 3K\VLRORJ\ ���±��

0RULVDND� 7�� DQG 5� &� &RQQRU� ����� 3UHGDWLRQ E\ NLOOHU ZKDOHV �2UFLQXV RUFD� DQG WKH
HYROXWLRQ RI ZKLVWOH ORVV DQG QDUURZ�EDQG KLJK IUHTXHQF\ FOLFNV LQ RGRQWRFHWHV� -RXUQDO
RI (YROXWLRQDU\ %LRORJ\ �������±�����

3DUVRQV� 6�� $� 0� %RRQPDQ� DQG 0� .� 2EULVW� ����� $GYDQWDJHV DQG 'LVDGYDQWDJHV RI
7HFKQLTXHV IRU 7UDQVIRUPLQJ DQG $QDO\]LQJ &KLURSWHUDQ (FKRORFDWLRQ &DOOV� -RXUQDO RI
0DPPDORJ\ ������±����

5RFK� 0� $�� +� .OLQFN� 6� %DXPDQQ�3LFNHULQJ� '� .� 0HOOLQJHU� 6� 4XL� 0� 6� 6ROGHYLOOD�
DQG -� $� +LOGHEUDQG� ����� &ODVVLILFDWLRQ RI HFKRORFDWLRQ FOLFNV IURP RGRQWRFHWHV LQ WKH
6RXWKHUQ &DOLIRUQLD %LJKW� 7KH -RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHULFD �������±��

6ROGHYLOOD� 0� 6�� (� (� +HQGHUVRQ� &DPSEHOO * 6� 6� 0� :LJJLQV� +LOGHEUDQG - $� DQG 0�
$� 5RFK� ����� &ODVVLILFDWLRQ RI 5LVVR¶V DQG 3DFLILF ZKLWH�VLGHG GROSKLQV XVLQJ VSHFWUDO
SURSHUWLHV RI HFKRORFDWLRQ FOLFNV� -RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHULFD �������±
����

6]\PDQVNL� 0� '�� '� (� %DLQ� DQG .� .LHKO� ����� .LOOHU ZKDOH �2UFLQXV RUFD� KHDULQJ�
$XGLWRU\ EUDLQVWHP UHVSRQVH DQG EHKDYLRUDO DXGLRJUDPV� 7KH -RXUQDO RI WKH $FRXVWLFDO
6RFLHW\ RI $PHULFD ��������±�����

7UHJHQ]D� 1� ����� &32'�H[H� D JXLGH IRU XVHUV� KWWS���ZZZ�FKHORQLD�FR�XN�GRZQORDGV�&32'�SGI�
9LOODGVJDDUG� $�� 0� :DKOEHUJ� DQG -� 7RXJDDUG� ����� (FKRORFDWLRQ VLJQDOV RI ZLOG KDUERXU

SRUSRLVHV� 3KRFRHQD SKRFRHQD� -RXUQDO RI ([SHULPHQWDO %LRORJ\ ������±���

��


