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5DMQDQGLQL $QJDG .DUDQGH���3URI� 3RRQDP 3DZDU�

���
'HSDUWPHQW RI $UWLILFLDO ,QWHOOLJHQFH DQG 'DWD 6FLHQFH

���
$MHHQN\D '< 3DWLO 6FKRRO RI (QJLQHHULQJ��/RKHJDRQ3XQH

�
UDMQDQGLQLNDUDQGH��#JPDLO�FRP��

�
SDZDU�SXQDP��#JPDLO�FRP

$EVWUDFW

,Q�D� UHDO� OLIH� WZR�SODFHV� LQ�VDPH�FLW\�KDYH�D�GLIIHUHQW� WHPSHUDWXUH�OLNH�*DUGHQ�DQG�SDUNV�KDYH D ORZHU
WHPSHUDWXUH FRPSDUDWLYHO\ WR DUHDV RI EXLOGLQJV� VWUHHWV�RIILFHV � LQGXVWULHV HWF �%DVLFDOO\ LQ VDPH FLW\ DUHD
FDQ KDYH KDYH D GLIIHUHQW WHPSHUDWXUH EDVHG RQ LWV HQYLURQ PHQWDO�FRQGLWLRQV�DQG�YDULRXV KXPDQ�DFWLYLWLHV�
OLNH�XUEDQL]DWLRQ�� 'XH�WKHVH�GLIIHUHQFHV�LQ�WHPSHUD�WXUH YDULDWLRQ � WKH SUREOHP DULVHV ZKHUH ORFDO VHQVRUV
DUHQ¶W XVHIXO WR VWDWH WKH OLYH WHPSHUDWXUH�RI GLIIHUHQW SODFHV SUHFLVHO\ ZKLFK FDXVHV 8UEDQ +HDW ,VODQG (IIHFW
�8+,� OLNH 7RN\R LQ -DSDQ �/RQGRQ +HDWZDYHV � 0XPEDL�'HOKL LQ ,QGLD KDV D PDMRUDO\ DIIHFWHG E\ WKHVH �
7R UHVROYH 8U�EDQ�+HDW�,VODQG�(IIHFW��8+,��'LVWULEXWHG�,QWHUQHW�RI�7KLQJV��,R7��VHQVRUV�FDQ�KHOS�WR�REVHUYH�
WKH� OLYH� WHPSHUDWXUHV� FKDQJHV� DW� ORFDO� SODFHV�$ORQJ� ZLWK� WKRVH� ,27� LQWHJUDWLRQ� ZH� KDYH� /R5D� PHVK�
QHWZRUNLQJ� DQG� VRODU� HQHUJ\� KDUYHVWLQJ� DV� D� WHFK� QLFDO� DSSURDFKHV� WR� EHFRPH� SUDFWLFDO�PRQLWRULQJ� RI�
WHPSHUDWXUH� UHOLDEOH� FRPPXQLFDWLRQ�� DYDLODEOH� HQHUJ\�� PDLQWHQDQFH� QHHGV�� DQG� HQHUJ\�HIILFLHQW
RSHUDWLRQV�7KLV SDSHU GHVFULEHV D 3\WKRQ�EDVHG VLPXODWLRQ VWXG\ RI WKUHH FRQ�ILJXUDWLRQV� IRU�XUEDQ�KHDW�
PRQLWRULQJ�� ,�D�VRODU�SRZHUHG�PHVK�QHWZRUN�,,��D�PHVK�QHWZRUN�ZLWKRXW�VRODU�HQHUJ\�KDUYHVWLQJ�,,,��D�
VRODU�SRZHUHG�GLUHFW�FRPPXQLFDWLRQ�QHWZRUN�

7KHVH FRQILJXUDWLRQV DUH FRPSDUHG DW GLIIHUHQW VHQVRU�QRGH FRXQWV XVLQJ WKH SHUIRU PDQFH�PHWULFV SURGXFHG
E\ WKH SHUIRUPLQJ VLPXODWLRQ � 7KH UHVXOWV DUH EDVHG RQ WKH DV VXPSWLRQV XVHG� LQ WKH PRGHO IRU
LPSOHPHQWDWLRQ DQG DUH QRW UHDO�ZRUOG UHDGLQJV RU GDWD IURP SK\VLFDO VHQVRUV��D�GHSOR\HG�/R5D�QHWZRUN��
RU�RQ�ILHOG�LPSOHPHQWDWLRQ�

.H\ZRUGV� 8+,�/RUD�0HVK�1HWZRUNLQJ��6RODU�(QHUJ\��,27��3\WKRQ�6LPXODWLRQ�XUEDQ�KHDW�PRQLWRULQJ
�ZLUHOHVV�VHQVRUV��7HPSHUWXUH

�� ,QWURGXFWLRQ

7KH�WHPSHUDWXUH�LQ�VDPH�FLW\�YDULHV�DW�D�VKRUW�GLVWDQFHV��IRU ([DPSOH�WKH�SDUNV�IHHOV�VOLJKWO\�FROG�WKDQ�D�
VWUHHWV�RU�WZR�EXLOGLQJV�LQ�VDPH�VRFLHW\�PD\�KDYH�GLIIHUHQW�WHPSHUDWXUHV�EHFDXVH�RI�WKHLU�VXUIDFH�PDWHULDOV��
KHLJKW��VXQOLJKW�DSSHDUDQFH���DQG�VXUURXQGLQJ�7KHVH�GLIIHUHQFHV�LQ�ORFDO�WHPSHUDWXUHV�EHFRPHV�LPSRUWDQW�
ZKHQ�ZH�DUH�VWXG\LQJ�XUEDQ�KHDW�DQG�EHLQJ�LQ�VXFK�D�WHPSHUDWXUHV IOXDWLRQV ZKLFK FDQ LPSDFWV OLYHV DQG
ELRGLYHUVLW\ SUHVHQW WKHLU � +RZHYHU�JHWWLQJ�PHDVXUHPHQWV IURP D OLPLWHG LQVWDOOHG ZHDWKHU VWDWLRQV PD\ QRW
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UHSUHVHQW WKH WHPSHUDWXUHV RI D DOO� ORFDO� DUHDV� �7KHVH� ORFDO� GLIIHUHQFHV� DUH� LPSRUWDQW�ZKHQ� VLW� EHFRPHV�
VLJQLILFDQW�IRU�8+,�$,�0RGH�FRQYHUVDWLRQ��XKL�XUEDQ�KHDW�LVODQG�HIIHFW

7KH 8UEDQ +HDW ,VODQG �8+,� HIIHFW LV D QDWXUDO SKHQRPHQRQ ZKHUH XUEDQ ORFDO DUHDV IHHOV� KLJKHU�
WHPSHUDWXUH�WKHQ D�QHDUE\�UXUDO�DUHDV�LW�FDQ�EH��ƕ&�WR��ƕ&�WR�QHDUE\�DUHDV�ZKLFK�FRQ�WULEXWHV�WR�XUEDQ�KHDW�
LQFUHPHQW�ZKHUH�ORWV�RI�FRXQWULHV�OLNH�-DSDQ�,QGLD�DUH�IDFLQJ�8+,�DQG�KHDWZDYHV FDXVH RI 8+, DQG UDSLG
8UEDQL]DWLRQ �8+, EHFRPHV 6LJQLILFDQW WR PDQDJH LQ WHUPV� RI XUEDQ KHDW FDXVH LW HIIHFWV ZRUVHQV WKH
IUHTXHQF\ �GXUDWLRQ�RFFXUUHQFH �DQG LQWHQVLW\ RI KHDW�ZDYHV�

)RU� WKHVH� ,QWHUQHW� RI� 7KLQJV� �,R7�� QHWZRUN� ZRXOG� EHFRPHV� D� RQH� RI� WKH� SRVVLEOH� ZD\� WR� FROOHFW WKH
WHPSHUDWXUH GDWD IURP HDFK DQG HYHU\ ORFDO ORFDWLRQ �DUHD UDWKHU WKDQ UHO\LQJ RQ D RQH�FRPPRQ HVWDEOLVKHG
ZHDWKHU VWDWLRQ �(DFK QRGH RI VHQVRU ZLOO UHFRUG D WHPSHUDWXUH UHJDUGLQJ�GDWD�DQG�VHQGV�LW�WR�D�JDWHZD\�IRU�
D�IXUWKHU�SURFHVVLQJ���VWRUDJH�DQG�DQDO\VLV��7KLV�QHWZRUN�V\VWHP�ZLOO�EHFRPH�XVHIXOO�FDXVH�LWV�QRW�GHSHQGHQW�
RI�QXPEHU�RI�VHQVRUV�FRQQHFWHG�WR�LW�DQG�EXW�DOVR�DORQJ�ZLWK�D�ZHWKHU�WKH�SDFNHWV�UHDFK�WR�WKH�JDWHZD\
WDNHV� KRZ� ORQJ� WR� WUDQVPLW� DQG� KRZPXFK HQHUJ\ LW FRQVXPHG IRU LW � /RQJ 5DQJH $UHD
�/R5D�FRPPXQLFDWLRQZLOO VXSSRUWV WR�FRPPXQLFDWHVZLWK V\VWHPRYHU D ORQJ GLVWDQFHV GHSHQGLQJ RQ D UDGLR
VHWWLQJV DQG GHSOR\HPHQW�FRQGLWLRQV�RI�LW�IRU�D�SHUIRUPDQFH��

7KH VWXG\ RI S\WKRQ VLPXODWLRQ FRPSDUHV D WKUHH FRQILJXUDWLRQV D VRODU�SRZHUHG PHVK QHW�ZRUN��D�PHVK�
QHWZRUN�ZLWKRXW�VRODU�KDUYHVWLQJ��DQG�D�VRODU�SRZHUHG�GLUHFW�FRPPXQLFDWLRQ�QHWZRUN�7KH�FRQILJXUDWLRQV�
DUH�HYDOXDWHG�DW�������������DQG����VHQVRU�QRGHV� 7KH�PDLQ�DLP RI�WKH�HYDOXDWLRQ�LV�WR�H[DPLQH�KRZ�WKRVH�
FRQILJXUDWLRQV�EDVHG�PHWULFV�DUH�SURGXFHG�E\�WKH�GHVLJQHG�PRGHO��DQG�FKDQJHV�ZLWK�WKH�QRGH�FRXQW�DQG�
ZLWK� WKZ�ZD\V� RI� FRPPXQLFDWLRQ�7KH� VLPXODWLRQ LV D MXVW D JUDSKLFDOO\ SORWHG VWXG\ RI WKRVVH GHILQHG
FRQILJXUDWLRQV EDVHG RQ VXLWDEOH�DVVXPSWLRQV�QRW�DQ�LQWHQGHG�WR�UHSURGXFH�HDFK�EHKDYLRXU�RI�D�GHSOR\HG�
/RD�QHWZRUN�

7KHVH VWXG\ KDV D PDLQ WKUHH FRQWLEXWLRQV�)LUVWO\ �LW VWDWHV WKDW WKH SHUIRUPDQFH PHWULFV DQG�FRQILJXUDWLRQV�
XVHG�LQ�SHUIRUPHG�VLPXODWLRQ�6HFRQGO\��LW�FKHFNV�IRU�WKH�FKDQJHV�LQ�UHVXOWV�DW�GLIIHUHQW QRGH FRXQWV DQG
EDVHG RQ VFHQDULRV�7KLUGO\� LW GHVFULEHV WKH OLPDWDWLRQ DQG ZKDW DFWXDO� UHVXOWV PHDQ LQ WKH UHVHDFK DQJOH
ZKLFK LQFOXGHV WKH VLPSOLILHG WUHDWPHQW RI UDGLR FRQQHFWLYLW\�DQG�VRODU�HQHUJ\�KDUYHVWLQJ�

�� 5HODWHG :RUN

��� /R5D DQG /RZ 3RZHU &RPPXQLFDWLRQ

7KHUH�KDV�EHHQ�UHVHDUFK�LQWR�XVLQJ�/R5D�/R5D:$1�IRU�ORZ�SRZHU�FRPPXQLFDWLRQ� &XUUHQW�VXUYH\V�KDYH�
GLVFXVVHG�WKH�RSHUDWLRQ�RI�/R5D�DQG�LVVXHV�ZKLFK�VKRXOG�EH�FRQVLGHUHG�ZKHQ�GHVLJQLQJ D V\VWHP VXFK DV
FRYHUDJH� GDWD UDWHV DQG HQHUJ\ FRQVXPSWLRQ >��� ��@��&RPPRQO\��/R5D:$1 LV�GHSOR\HG�LQ�D�VWDU�RI�VWDUV�
WRSRORJ\��KRZHYHU�WKLV�FDQ�GLIIHU�IURP�D�PXOWL�KRS�PHVK WRSRORJ\� 7KHUH KDV EHHQ UHYLHZV RI WKH OLPLWDWLRQV
RI /R5D:$1DQGPHVK EDVHG V\VWHPV�FRQVLGHULQJ�UDGLR�SDUDPHWHUV��URXWLQJ��WRSRORJ\�DQG�RYHUKHDG�>�������
��@�

��� 0HVK 5RXWLQJ

1RGHV ZLWKLQ D PHVK QHWZRUN FDQ UHOD\ SDFNHWV IRU RQH DQRWKHU LI WKHUH LV QR GLUHFW URXWH WR WKH�JDWHZD\��
7KLV FDQ LPSURYH FRQQHFWLYLW\ LQ FHUWDLQ WRSRORJLHV�� +RZHYHU� UHOD\LQJ LQFUHDVHV WKH� DPRXQW� RI�
WUDQVPLW�UHFHLYH�DFWLYLW\� 5HFHQW�UHVHDUFK�KDV�ORRNHG�DW�HQHUJ\�DZDUH�URXWLQJ�DQG�FKRRVLQJ WRSRORJLHV IRU�
WKH QHWZRUN >����@� 3UHYLRXV�ZRUN KDV�DOVR ORRNHG DW�/R5D VFDODELOLW\�DQG�K\EULG�:LUHOHVV�6HQVRU�1HWZRUNV�
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>����������@�

��� (QHUJ\ +DUYHVWLQJ

8VLQJ VRODU HQHUJ\ FDQ EH XVHG WR WRS XS WKH HQHUJ\ VWRUHG LQ D QRGH� +RZHYHU WKLV GHSHQGV RQ�VHYHUDO�IDFWRUV�
VXFK�DV�VXQOLJKW��VKDGLQJ��SDQHO�DQJOH��FRQYHUVLRQ�HIILFLHQF\�DQG�HQHUJ\�ORVV��5HVHDUFK KDV EHHQ GRQH RQ
HQHUJ\ KDUYHVWLQJ VHQVRU V\VWHPV DQG ORZ SRZHU ZLUHOHVV V\VWHPV�>��������@�

��� 8UEDQ +HDW0RQLWRULQJ

7KH�SODFHPHQW�DQG�QXPEHU�RI�VHQVRUV�XVHG�ZLOO�LPSDFW�XUEDQ�KHDW�PRQLWRULQJ� 5HVHDUFK�KDV�EHHQ�FDUULHG�
RXW� RQ� VHQVRU� SODFHPHQW� VWUDWHJLHV� DQG� FRYHUDJH� RI� ZHDWKHU� VWDWLRQV� ZKLFK� KDV� KLJKOLJKWHG� WKDW� LW� LV�
LPSRUWDQW�WR�FDSWXUH�ORFDO�VSDWLDO�YDULDWLRQ�>�������@� 5HVHDUFK�KDV�DOVR�EHHQ�FDUULHG�RXW�RQ�KHDW�PLWLJDWLRQ�
DW�D�VWUHHW�OHYHO��HQYLURQPHQWDO�VHQVRU�GDWD�VHWV�DQG�XUEDQ�GDWD�DQDO\VLV�V\VWHPV�>�����������������@�

��� *DS ,Q 5HVHDUFK

7KHUH�KDV�EHHQ�UHVHDUFK�FDUULHG�RXW�RQ�ORZ�SRZHU�FRPPXQLFDWLRQ��PHVK�URXWLQJ��HQHUJ\�KDU�YHVWLQJ�DQG�
XUEDQ�KHDW�PRQLWRULQJ� +RZHYHU��HDFK�RI�WKHVH�DUH�RIWHQ�ORRNHG�DW�ZLWK�GLIIHUHQW�DVVXPSWLRQV DQG DLPV�
7KLV SDSHU ORRNV DW D VPDOO QXPEHU RI VFHQDULRV ZLWK RQH VHW RI DVVXPS�WLRQV XVLQJ�3\WKRQ�VLPXODWLRQV�

�� 6\VWHP 0RGHO

��� &RQILJXUDWLRQV

7KHUH DUH � FRQILJXUDWLRQV ZLWKLQ WKH VLPXODWLRQ�

�� 6RODU SRZHUHG PHVK� 1RGHV ZLOO EH FRPPXQLFDWLQJ XVLQJ WKH PHVK URXWLQJ GHVFULEHG LQ�WKH�PRGHO��
7KH\�ZLOO�UHFHLYH�WKH�HQHUJ\�KDUYHVWLQJ�LQSXW�GHILQHG�

�� 0HVK� 1RGHV ZLOO EH XVLQJ WKH VDPH JHQHUDO PHVK VHWXS ZLWKRXW DQ\ HQHUJ\ KDUYHVWLQJ�
�� 6RODU�GLUHFW�FRPPXQLFDWLRQ� 1RGHV�ZLOO�WU\�WR�GLUHFWO\�FRPPXQLFDWH�ZLWK�WKH�JDWHZD\��7KH\�ZLOO�

UHFHLYH WKH�GHILQHG�HQHUJ\�KDUYHVWLQJ�LQSXW�

)LJXUH �� &RQFHSWXDO QHWZRUN DUFKLWHFWXUH�

/Žd ^ĞŶƐŽƌ EŽĚĞ

DĞƐŚ ZŽƵƚŝŶŐ �ŝƌĞĐƚ �ŽŵŵƵŶŝĐĂƚŝŽŶ

dĞŵƉĞƌĂƚƵƌĞ ĂŶĚ,ƵŵŝĚŝƚǇ�
^ĞŶƐŽƌƐ

�ĂƚĂ ^ƚŽƌĂŐĞ Θ �ŶĂůǇƐŝƐ

'ĂƚĞǁĂǇ
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7DEOH �� 6LPXODWLRQ 3DUDPHWHUV

3DUDPHWHU 9DOXH
1XPEHU�RI�1RGHV ��������������
1XPEHU�RI�5XQV ��

7LPH ���+RXUV
6HQVH�,QWHUYDO ����6HFRQGV
3DFNHW�6L]H ���%\WHV

$UHD �����î������P
*DWHZD\�3RVLWLRQ &HQWUH�RI�)LHOG

5DQJH ����P
(QHUJ\�+DUYHVWLQJ�

,QSXW
��-�SHU�QRGH�SHU�KRXU

��� 1HWZRUN�$UFKLWHFWXUH

��� 6LPXODWLRQ�3DUDPHWHUV

7KH VLPXODWLRQ KDV ORRNHG DW ��� ��� �� DQG �� VHQVRU QRGHV� (DFK VFHQDULR DQG QRGH FRXQW KDV�EHHQ UXQ ��
WLPHV��7KH DUHD LV ����[����P� WKH JDWHZD\ LV LQ WKH FHQWUH��7KH VHQVH LQWHUYDO LV���� VHFRQGV�DQG�SDFNHW�
VL]H�LV����E\WHV�

��� 3HUIRUPDQFH0HWULFV

3DFNHW 'HOLYHU\ 5DWLR �3'5��

$YHUDJH (QG�WR(QG /DWHQF\�
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)LJXUH �� (YDOXDWLRQ SURFHVV�

�� 6LPXODWLRQ 3URFHVV

$ VXPPDU\ RI WKH HYDOXDWLRQ SURFHVV FDQ EH VHHQ LQ )LJXUH �� )RU HDFK VFHQDULR DQG QRGH�DPRXQW
VLPXODWLRQV�DUH�UXQ�PXOWLSOH�WLPHV��0HWULFV�DUH�NHSW�WUDFN�RI�DQG�DJJUHJDWHG�

�� 5HVXOWV 	 'LVFXVVLRQ

$OO�UHVXOWV�ZHUH�JDLQHG�IURP�UXQQLQJ�D�3\WKRQ�VLPXODWLRQ�ZLWK�WKH�VFHQDULR�VXPPDU\�RXWSXW��7KH\�GR�QRW�
UHIOHFW�DFWXDO�VHQVRU�YDOXHV�IURP�WHPSHUDWXUH��EDWWHU\��RU�WKH�/R5D�QHWZRUN� 7KH�7KH VLPXODWLRQ ZDV UXQ
��� WLPHV LQ WRWDO ZLWK � GLIIHUHQW FRQILJXUDWLRQV DQG � GLIIHUHQW TXDQ�WLWLHV��RI�QRGHV�DQG����VLPXODWLRQV�
SHU�FRQILJXUDWLRQ�DQG�TXDQWLW\�RI�QRGHV�

�� 3DFNHW 'HOLYHU\ 5DWLR

0HVK�FRQILJXUDWLRQV�DOO�KDYH�LGHQWLFDO�YDOXHV�IRU�WKH�SDFNHW�GHOLYHU\�UDWLR�VKRZQ�LQ�WKH�VFH�QDULR�VXPPDU\�
7KH�DYHUDJH�LQFUHDVHV�IURP��������IRU����QRGHV�XS�WR��������IRU����QRGHV��+RZHYHU� WKHUH WKHQ LV D VOLJKW
GURS GRZQ WR ������� 6RODU�SRZHUHG GLUHFW KDV D ORZHU DYHUDJH�3'5��UDQJLQJ�IURP��������WR��������

��� $YHUDJH /DWHQF\

7KH�DYHUDJH�ODWHQF\�IRU�PHVK�UDQJHG�EHWZHHQ�������PV�DQG�������PV� +RZHYHU��WKH�DYHUDJH�/DWHQF\�IRU�
GLUHFW�LV�ORZHU��UDQJLQJ�EHWZHHQ�������PV�DQG�������PV�

<ĞĞƉ ƚƌĂĐŬ ŽĨ ŵĞƚƌŝĐƐ ƉĞƌ ƌƵŶ

ZƵŶ ƐŝŵƵůĂƚŝŽŶƐ

^Ğƚ ŶĞƚǁŽƌŬ ĐŽŶĨŝŐƵƌĂƚŝŽŶ

^Ğƚ ŶƵŵďĞƌ ŽĨ ŶŽĚĞƐ

ZĞǀŝĞǁ ůŝŵŝƚĂƟŽŶƐ�Θ
ŝŶƚĞƌƉƌĞƚ ƌĞƐƵůƚƐ

�ŐŐƌĞŐĂƚĞ ƌĞƐƵůƚƐ ƉĞƌ ƐĐĞŶĂƌŝŽ
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)LJXUH �� 3DFNHW 'HOLYHU\ 5DWLR DJDLQVW WKH QXPEHU RI VHQVRU QRGHV�

)LJXUH �� $YHUDJH (QG�WR�(QG /DWHQF\ DJDLQVW 1XPEHU RI 6HQVRU 1RGHV�
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��� %DWWHU\ 'HSOHWLRQ 3UR[\

0HVK�ZLWKRXW�VRODU�KDUYHVWLQJ�KDG�DQ�DYHUDJH�EDWWHU\�GHSOHWLRQ�SUR[\�RI�DURXQG��������-�WR�������-� 0HVK
ZLWK VRODU KDG YHU\ ORZ YDOXHV UDQJLQJ IURP �����- WR �����-� 'LUHFW ZLWK VRODU�KDG�]HUR�YDOXHV�

)LJXUH �� %DWWHU\ 'HSOHWLRQ 3UR[\ DJDLQVW WKH QXPEHU RI VHQVRU QRGHV�

��� )LUVW 1RGH 'HSOHWLRQ 7LPH

$OO�FRQILJXUDWLRQV�KDG�D�GHSOHWLRQ�WLPH�RI����KUV�IRU�WKH�ILUVW�QRGH� 7KLV�ZDV�GXH�WR�WKH�7KH�VLPXODWLRQ�LV�
RQO\�UXQQLQJ�IRU����KUV�

��� *HQHUDO $QDO\VLV

2YHUDOO LW FDQ EH VHHQ WKHUH LV D WUDGH�RII LQ UHVXOWV EHWZHHQ PHVK DQG GLUHFW� 0HVK KDG KLJKHU�YDOXHV IRU
3'5 EXW D KLJKHU DYHUDJH ODWHQF\� 7KH 3'5 LQFUHDVHG EHWZHHQ �� DQG �� QRGHV EXW�WKHQ�GURSSHG�VOLJKWO\�
IRU����QRGHV�

�� /LPLWDWLRQV DQG 9DOLGLW\

7KH UHVXOWV DUH OLPLWHG E\ KRZ DFFXUDWH WKH VLPXODWLRQ LV��7KH FRPPXQLFDWLRQ UDGLXV KDV EHHQ� VHW WR D
QRPLQDO YDOXH PHDQLQJ WKH FRQQHFWLRQ UXOH KDV EHHQ VLPSOLILHG DQG PD\ QRW UHSUHVHQW�XUEDQ UDGLR ZDYH
SURSDJDWLRQ� 7KH VRODU KDUYHVWLQJ LQSXW KDV EHHQ VHW DV D FRQVWDQW� VR WKLV GRHV�QRW�WDNH�LQWR�DFFRXQW�GD\�DQG�
QLJKW��VKDGRZV��ZHDWKHU��SDQHO�RULHQWDWLRQ�DQG�VWRUDJH�ORVVHV�

7KHUH DUH DOVR D OLPLWHG DPRXQW RI UDQGRP VLPXODWLRQV� :LWKRXW KDUGZDUH WHVWLQJ ZH FDQQRW� SURYH KRZ
DFFXUDWH WKH VHQVRUV DUH� KRZ DFFXUDWH WKH\ ZRXOG EH LQ WKH ILHOG DQG KRZ DFFXUDWHO\�7KH\�FDQ�SUHGLFW�XUEDQ�
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KHDW�

)LJXUH �� )LUVW 1RGH 'HSOHWLRQ 7LPH DJDLQVW WKH QXPEHU RI VHQVRU QRGHV�

�� &RQFOXVLRQ DQG )XWXUH :RUN

,Q� WKLV� SDSHU�� 6RODU� 3RZHUHG� 0HVK�� 0HVK� ZLWKRXW� 6RODU� +DUYHVWLQJ� DQG� 6RODU� 3RZHUHG� 'LUHFW�
&RPPXQLFDWLRQ�KDV�EHHQ�FRPSDUHG�IRU�XUEDQ�KHDW�PRQLWRULQJ�WKURXJK�D�3\WKRQ�VLPXODWLRQ��7KH�UHVXOWV�
VKRXOG�EH�DQDO\VHG�ZLWK�FRQVLGHUDWLRQ�RI�WKH�DVVXPSWLRQV�PDGH�

,Q WKH IXWXUH WKH HQHUJ\ PRGHO FDQ EH LPSURYHG WR LQFOXGH G\QDPLF VRODU LQSXW� ORVVHV ZLWK�FRQYHUVLRQ�DQG�
VWRUDJH��DQG�FRQVXPSWLRQ�DW�WKH�FRPSRQHQW�OHYHO� 7KH�FRPPXQLFDWLRQ�PRGHO�FDQ EH LPSURYHG WR LQFOXGH
UHOHYDQW /R5D SDUDPHWHUV� LQWHUIHUHQFH� FROOLVLRQV� UH�WUDQVPLVVLRQV� DQG� XUEDQ� SURSDJDWLRQ� )LQDOO\�� D�
SURWRW\SH� VKRXOG� EH� WHVWHG� LQ� WKH� ILHOG� ZLWK� FDOLEUDWHG� WHP�SHUDWXUH� DQG� KXPLGLW\� VHQVRUV�� NQRZQ�
GHSOR\PHQW�VLWHV�DQG�UHIHUHQFH�GDWD�

5HIHUHQFHV

>�@ 0�� 7DQJ�� ;�� /L�� DQG� -�� 6KDQJ�� ³'DWD�'ULYHQ� (QHUJ\�6DYLQJ� 0HWKRGV� %DVHG� RQ� /R5D�0HVK�
+LHUDUFKLFDO�1HWZRUN�´�6HQVRUV��������GRL� ��������V����������0HWDGDWD�VKRXOG�EH�YHULILHG�EHIRUH�
VXEPLVVLRQ�

>�@ 0�� 3LHFKRZLDN� HW� DO��� ³0XOWL�&ULWHULD�2SWLPL]DWLRQ�0HFKDQLVPV� IRU� /R5D�1HWZRUN� 7RSRORJLHV�´�
(OHFWURQLFV�� ������ GRL� ��������HOHFWURQLFV���������� 0HWDGDWD� VKRXOG� EH� YHULILHG� EHIRUH�
VXEPLVVLRQ�

>�@ ³6RODU�&KDUJHG 6XSHUFDSDFLWRU 3RZHULQJ RI:LUHOHVV 6HQVRU 1HWZRUN 1RGHV IRU (QYLURQ�
PHQWDO 0RQLWRULQJ�´ ������ GRL� ��������GVQ��������� $XWKRU OLVW DQG SXEOLFDWLRQ PHWD�GDWD� UHTXLUH�
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YHULILFDWLRQ�
>�@ 3�� 6DNWKLYHO� DQG� 5�� 6HQJXSWD�� ³6SDWLDO� ELDV� LQ� SODFHPHQW� RI� FLWL]HQ� DQG� FRQYHQWLRQDO� ZHDWKHU�

VWDWLRQV�´�8UEDQ�&OLPDWH��������GRL� ��������M�XFOLP��������������9HULI\�H[�DFW�WLWOH�DQG�PHWDGDWD�
>�@ ³&RPSDULQJ 0RQLWRULQJ 1HWZRUNV WR $VVHVV 8UEDQ +HDW ,VODQGV LQ 6PDUW &LWLHV�´�$SSOLHG�6FLHQFHV��

������$UW��QR��������$XWKRUV�DQG�'2,�UHTXLUH�YHULILFDWLRQ�
>�@ 6� )DWWDK HW DO�� ³0XOWL�+RS DQG 0HVK IRU /R5D 1HWZRUNV� 5HFHQW $GYDQFH�PHQWV��,VVXHV��

DQG�5HFRPPHQGHG�$SSOLFDWLRQV�´�$&0�&RPSXWLQJ�6XUYH\V��������GRL������������������
>�@ 6� -DQJ� -� %DH� DQG<�.LP� ³6WUHHW�OHYHO XUEDQ KHDW LVODQGPLWLJDWLRQ�´ 6XVWDLQDEOH &LWLHV�DQG�6RFLHW\��

������GRL����������M�VFV��������������9HULI\�H[DFW�WLWOH�DQG�PHWDGDWD�
>�@ ³/RZ�SRZHU�ZLUHOHVV�VHQVRU�GHVLJQ�IRU�/R5D�EDVHG�GLVWULEXWHG�HQHUJ\�KDUYHVWLQJ�V\V�WHP�´�(QHUJ\

5HSRUWV��������GRL� ��������M�HJ\U������������� $XWKRU OLVW DQG H[DFW WLWOH�UHTXLUH�YHULILFDWLRQ�
>�@ 3� 3DWKDN HW DO�� ³$ 6HQVRU 3ODFHPHQW 6WUDWHJ\ IRU &RPSUHKHQVLYH 8UEDQ +HDW ,VODQG 0RQ�LWRULQJ�´

,6356 ,QWHUQDWLRQDO -RXUQDO RI *HR�,QIRUPDWLRQ� YRO� ��� QR� �� $UW� QR� ��� ������ GRL��
��������LMJL���������

>��@ *�� 9LVYDQDWKDQ� HW� DO��� ³6HQVRU� EDVHG� GDWDVHW� WR� DVVHVV� WKH� LPSDFW�´� 'DWD� LQ� %ULHI�� ������ GRL��
��������M�GLE��������������)XOO�WLWOH�DQG�PHWDGDWD�UHTXLUH�YHULILFDWLRQ�

>��@ ³$ +LHUDUFK\�%DVHG (QHUJ\�(IILFLHQW 5RXWLQJ 3URWRFRO IRU /R5D�0HVK 1HWZRUN�´ ,(((�,QWHUQHW RI
7KLQJV -RXUQDO� ����� GRL� ��������-,27�������������� $XWKRU OLVW DQG PHWD�GDWD� UHTXLUH�
YHULILFDWLRQ�

>��@ ³$Q� LQWHJUDWHG� F\EHU*,6� DQG� PDFKLQH� OHDUQLQJ� IUDPHZRUN�´� 8UEDQ� ,QIRUPDWLFV�� ������ GRL��
��������V�������������������)XOO�WLWOH�DQG�DXWKRU�OLVW�UHTXLUH�YHULILFDWLRQ�

>��@ -��%UDYR�$UUDEDO�HW�DO���³'HYHORSPHQW�DQG�,PSOHPHQWDWLRQ�RI�D�+\EULG�:LUHOHVV�6HQVRU�1HWZRUN�´�
6HQVRUV��������GRL����������V����������9HULI\�H[DFW�WLWOH�DQG�PHWDGDWD�

>��@ 3� -� %DVIRUG HW DO�� ³/R5D:$1 IRU 6PDUW &LW\ ,R7 'HSOR\PHQWV� $ /RQJ 7HUP (YDOXD�WLRQ�´�
6HQVRUV��YRO����� QR�����$UW��QR�������������GRL����������V���������

>��@ -� 5� &RWULP DQG -� +� .OHLQVFKPLGW� ³/R5D:$1 0HVK 1HWZRUNV� $ 5HYLHZ DQG &ODVVL�ILFDWLRQ RI
0XOWLKRS &RPPXQLFDWLRQ�´ 6HQVRUV� YRO� ��� QR� ��� $UW� QR� ����� ����� GRL����������V���������

>��@ ³5HYLHZ�RI�(QHUJ\�+DUYHVWLQJ�LQ�/R5D�%DVHG�:LUHOHVV�6HQVRU�1HWZRUN�´�FRQIHUHQFH�SDSHU��������
GRL� ��������,&$&&&1�������������������� $XWKRU� OLVW� DQG� SURFHHGLQJV� PHWDGDWD� UHTXLUH�
YHULILFDWLRQ�

>��@ 1��%HEHODDU HW�DO���³0RQLWRULQJ�XUEDQ�HQYLURQPHQWDO�SKHQRPHQD�WKURXJK�D�ZLUHOHVV�GLVWULEXWHG�VHQVRU�
QHWZRUN�´�6PDUW�DQG�6XVWDLQDEOH�%XLOW�(QYLURQPHQW��������GRL����������6$6%(��������������

>��@ 8��5D]D��3��.XONDUQL��DQG�0��6RRUL\DEDQGDUD��³/RZ�3RZHU�:LGH�$UHD�1HWZRUNV� $Q�2YHUYLHZ�´
,((( &RPPXQLFDWLRQV 6XUYH\V 	 7XWRULDOV� YRO� ��� QR� �� SS� ���±���� ������ GRL��
��������&2067��������������

>��@ )��$GHODQWDGR�HW�DO���³8QGHUVWDQGLQJ�WKH�/LPLWV�RI�/R5D:$1�´�,(((�&RPPXQLFDWLRQV�0DJD]LQH��
YRO������QR�����SS����±����������GRL����������0&20��������������

>��@ $� $XJXVWLQ� -� <L� 7� &ODXVHQ� DQG :� 0� 7RZQVOH\� ³$ 6WXG\ RI /R5D� /RQJ 5DQJH 	�/RZ�3RZHU�
1HWZRUNV� IRU� WKH� ,QWHUQHW� RI� 7KLQJV�´� 6HQVRUV�� YRO�� ���� QR�� ��� $UW�� QR�� ������ ������ GRL��
��������V���������

>��@ 0��%RU� HW� DO��� ³'R�/R5D� /RZ�3RZHU�:LGH�$UHD�1HWZRUNV� 6FDOH"´ LQ�3URFHHGLQJV� RI� WKH $&0
,QWHUQDWLRQDO &RQIHUHQFH RQ 0RGHOLQJ� $QDO\VLV DQG 6LPXODWLRQ RI :LUHOHVV DQG� 0RELOH� 6\VWHPV��
������GRL��������������������������

>��@ 7� 5� 2NH� ³7KH HQHUJHWLF EDVLV RI WKH XUEDQ KHDW LVODQG�´ 4XDUWHUO\ -RXUQDO RI WKH 5R\DO�
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0HWHRURORJLFDO�6RFLHW\��YRO�������QR�������������GRL����������TM�������������


