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9HKLFOH� HPLVVLRQV� DUH� WKH�PDLQ� VRXUFH� RI� JDVHRXV� DQG�
SDUWLFXODWH�DLU�SROOXWLRQ�LQ�XUEDQ�DUHDV��2Q�ERWK�D�UHJLRQDO�
DQG�JOREDO� VFDOH��YHKLFOH�SROOXWLRQ�PD\�QHJDWLYHO\� LPSDFW�
KXPDQ�KHDOWK�DQG�SOD\�D�VLJQLILFDQW�UROH�LQ�FOLPDWH�FKDQJH�
DQG� DLU� TXDOLW\� �$SKHNRP�� ������ ,3&&�� ������� (XURSHDQ�
HPLVVLRQ� VWDQGDUGV� RQ� UHJXODWHG� SROOXWDQWV� VXFK� DV� &2���
&2��+&��12[��30�DQG�31�IRU�SDVVHQJHU�FDUV� �(XUR��±���
KDYH�EHFRPH�LQFUHDVLQJO\�VWULQJHQW�LQ�WKH�SDVW�WZR�GHFDGHV��
1HYHUWKHOHVV�� URDG� WUDQVSRUW� UHSRUWHGO\� FRQWULEXWHV� DERXW�
���� RI� 30���� DQG� 30��� DQG� DERXW� ����12[� HPLVVLRQV�
�(3$�� ������ �������12[�PD\� EH� DQ� DWPRVSKHULF� SDUWLFOH�
SUHFXUVRU�DQG�OHDG�WR�VHFRQGDU\�SDUWLFOH�IRUPDWLRQ��2¶'ULVFROO�

�&RUUHVSRQGLQJ�DXWKRU���
(�PDLO�DGGUHVV��\DR�OLX#LIVWWDU�IU�

������� VKRZHG� WKDW� WKH�YDULDELOLW\� LQ�12[� HPLVVLRQV�ZLWK�
RQ�ERDUG� 3(06� PHDVXUHPHQW� ZDV� VLJQLILFDQW� DQG� FRXOG�
H[FHHG�WKH�W\SH�DSSURYDO�OLPLW�E\�D�IDFWRU�RI�����
5RDG�YHKLFOH�HPLVVLRQV�GHSHQG�RQ�D�KRVW�RI�SDUDPHWHUV�

WKDW�LQFOXGH�YHKLFOH�ZHLJKW��HQJLQH�W\SH�DQG�FDSDFLW\��IXHO��
H[KDXVW�DIWHUWUHDWPHQW�WHFKQRORJ\��GULYLQJ�EHKDYLRUV��URDG�
JUDGLHQW� DQG� YHKLFOH� PDLQWHQDQFH� �)UDQFR� HW� DO��� ������
)RQWDUDV�HW�DO����������$�QXPEHU�RI�HPLVVLRQ�PRGHOV��H�J���
&23(57��+%()$��3+(0�DQG�029(6��DUH�WKXV�XVHG�WR�
SURYLGH�DSSURSULDWH�HPLVVLRQ�IDFWRUV�WR�SUHGLFW�DPRXQWV�RI�
SROOXWDQWV�HPLWWHG�DW�QDWLRQDO�RU�ORFDO�WUDIILF�OHYHOV�LQ�RUGHU�
WR�DVVHVV�WKH�SHUIRUPDQFH�RI�DLU�TXDOLW\�SROLFLHV��6PLW�HW�DO���
������)RQWDUDV�HW� DO��� ������6KRUVKDQL�HW� DO��� �������7KHVH�
PRGHOV�DUH�EXLOW�XVLQJ�GDWD�FROOHFWHG�IURP�YHKLFOH�HPLVVLRQ�
PHDVXUHPHQW� H[SHULPHQWV�� 9DULRXV� PHWKRGV� DUH� XVHG� WR�
TXDQWLI\�YHKLFOH�HPLVVLRQV��LQFOXGLQJ�FKDVVLV�G\QDPRPHWHU�
WHVWV� XQGHU� FRQWUROOHG� FRQGLWLRQV� �6FKPLW]� HW� DO��� ������
&DSODLQ�HW�DO���������/LYLQJVWRQ�HW�DO���������$GDP�HW�DO���
������ )RUHVWLHUL� HW� DO��� ������$OYHV� HW� DO��� ������<DQJ� HW�
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DO���������/RXLV�HW�DO���������DQG�UHDO�ZRUOG�PHDVXUHPHQWV�
VXFK� DV� WXQQHO� VWXGLHV�� UHPRWH� VHQVLQJ� DQG� RQ�URDG� WHVWV�
�&KDQ�HW�DO���������.ULVWHQVVRQ�HW�DO���������&KDQ�DQG�1LQJ��
������-LDQJ�HW�DO���������.R�DQG�&KR��������=DYDOD�HW�DO���
������&KHQ�HW�DO���������+R�HW�DO���������:HKQHU�HW�DO���������
/LX�HW�DO���������5XELQR�HW�DO���������$QGHUVVRQ�HW�DO���������
%DQLWDOHEL� HW� DO��� ������� $V� GHVFULEHG� E\� )UDQFR� ��������
UHDO�ZRUOG�PHDVXUHPHQWV�FDQ�EH�XVHG�WR�PRQLWRU�D�KRVW�RI�
YHKLFOH�HPLVVLRQV�XQGHU�UHDO�GULYLQJ�FRQGLWLRQV��+RZHYHU��
WKH�UHVXOWV�DUH�OHVV�DFFXUDWH�DQG�UHSHDWDEOH�WKDQ�WKRVH�REWDLQHG�
IURP�FKDVVLV�G\QDPRPHWHU�VWXGLHV�DQG�DOORFDWLQJ�HPLVVLRQV�WR�
VSHFLILF� YHKLFOH� FODVVHV� LV� GLIILFXOW�� &KDVVLV� G\QDPRPHWHU�
WHVWV� DUH� LPSRUWDQW� VRXUFHV� RI� HPLVVLRQV� GDWD�� DV� WKH\� DUH�
FRQGXFWHG� XQGHU� FRQWUROOHG� FRQGLWLRQV� DQG� WKXV� SURYLGH�
PRUH� DFFXUDWH� DQG� UHSHDWDEOH� SROOXWDQW� HPLVVLRQ� IDFWRUV��
+RZHYHU��WKH\�PD\�EH�D�SRRU�UHSUHVHQWDWLRQ�RI�UHDO�ZRUOG�
HPLVVLRQV�DQG�PD\�QRW�EH� UHSUHVHQWDWLYH�RI� WKH�HPLVVLRQV�
RI� HQWLUH� YHKLFOH� IOHHWV�� DV� RQO\� D� IHZ� YHKLFOHV� IRU� HDFK�
WHFKQRORJ\�FODVV�FDQ�EH�WHVWHG��6HYHUDO�WHDPV��1W]LDFKULVWRV�HW�
DO��� ������2¶'ULVFROO�HW� DO��� ������ UHFHQWO\� IRFXVHG�RQ� WKH�
XVH� RI� RQ�ERDUG� 3RUWDEOH� (PLVVLRQ� 0HDVXUHPHQW� 6\VWHPV�
�3(06��IRU�PHDVXULQJ�UHJXODWHG�FRPSRXQG�HPLVVLRQ�IDFWRUV��
0HDQ�12[�HPLVVLRQ�IDFWRU�OHYHOV�PHDVXUHG�RQ�ERDUG�(XUR�
�� SDVVHQJHU� FDUV�ZHUH� WZLFH� DV� KLJK� DV� WKH� WKRVH� XVHG� LQ�
FXUUHQW�PRGHOV��1W]LDFKULVWRV�HW�DO����������0RUHRYHU��FKDVVLV�
G\QDPRPHWHU�PHDVXUHPHQWV� RI� (XUR� �� DQG� �� YHKLFOHV�ZLWK�
GDWDEDVH�XSGDWHV�UHPDLQ�DQ�LPSRUWDQW�PHDQV�RI�FRPSDULVRQ�
ZLWK�3(06�PHDVXUHPHQWV�XVLQJ�YDULRXV�HPLVVLRQ�PRGHOV��
$FFRUGLQJ� WR� 5H[HLV� �������� HLJKW\� (XUR� �� YHKLFOHV� DQG�
WZHQW\� (XUR� �� YHKLFOHV� WHVWHG� RQ� D� FKDVVLV� G\QDPRPHWHU�
ZHUH� DGGHG� WR� +%()$� 9HUVLRQ� ���� WR� UHSUHVHQW� WKH�
FRPSRVLWLRQ� RI� WKH� HQWLUH� IOHHW�� 0RUHRYHU�� RI� WKH� WZHQW\�
(XUR� �� YHKLFOHV� ���� GLIIHUHQW� YHKLFOH� PRGHOV��� RQO\� RQH�
ZDV�D�(XUR���JDVROLQH�FDU��,Q�)UDQFH��(XUR��±��GLHVHO�DQG�
JDVROLQH� YHKLFOHV� DUH� HVWLPDWHG� WR� DFFRXQW� IRU� ���� DQG�
���� RI� WKH� YHKLFOH� IOHHW�� UHVSHFWLYHO\�� LQ� ����� DQG� �����
�$QGUp�HW�DO����������7KLV�FKDQJH�LQ�WKH�FRPSRVLWLRQ�RI�WKH�
YHKLFOH� IOHHW� LQGLFDWHV� WKDW� D� KLJKHU� QXPEHU� RI� UHFHQW�
YHKLFOHV�ZLWK�GLIIHUHQW�YHKLFOH�WHFKQRORJLHV�VKRXOG�EH�WHVWHG�
DQG� FRQVLGHUHG� LQ� WKH� HPLVVLRQ� PRGHO� GDWDEDVH� VR� DV� WR�
SURGXFH�PRUH�UHSUHVHQWDWLYH�HPLVVLRQ�IDFWRUV��
,Q� RUGHU� WR� VXSSRUW� XSGDWLQJ� GDWDEDVHV� RI� H[LVWLQJ�

HPLVVLRQ� IDFWRUV�� VL[� LQ�XVH�(XUR��±��GLHVHO� �DGGLWLYH�DQG�
FDWDO\]HG� '3)�� DQG� JDVROLQH� �GLUHFW� LQMHFWLRQ�� SURSXOVLRQ�
�ORFDWHG� DW� WKH� UHDU� RI� WKH� YHKLFOH�� DQG� WUDFWLRQ� HQJLQHV��
SDVVHQJHU� FDUV�KDYH�EHHQ� WHVWHG�ZLWK�$UWHPLV� �8UEDQ��5RDG�
DQG� 0RWRUZD\��� :/7&� �:RUOGZLGH� KDUPRQL]HG� /LJKW�
YHKLFOHV� 7HVW� &\FOH�� DQG�1('&� �1HZ� (XURSHDQ�'ULYLQJ�
&\FOH��GULYLQJ�F\FOHV��7ZR�(XUR���YHKLFOHV�ZHUH�DOVR� WHVWHG�
IRU� FRPSDULVRQ� ZLWK� (XUR� �� DQG� �� JDVROLQH� DQG� GLHVHO�
YHKLFOHV�� 7KH� LPSDFW� RI� GULYLQJ� FRQGLWLRQV� DQG� YHKLFOH�
WHFKQRORJLHV� ZDV� LQYHVWLJDWHG�� 7KH� PHDVXUHG� HPLVVLRQ�
IDFWRUV� IRU� UHJXODWHG� SROOXWDQWV� ZHUH� DOVR� FRPSDUHG� ZLWK�
WKRVH�REWDLQHG�IURP�&23&(7(�HPLVVLRQ�PRGHO��

0$7(5,$/6�$1'�0(7+2'6�

([SHULPHQWDO�6HW�XS�
(PLVVLRQ� PHDVXUHPHQWV� ZHUH� SHUIRUPHG� RQ� D� FKDVVLV�

G\QDPRPHWHU�EHQFK��9HKLFOH� WDLOSLSH� H[KDXVW�ZDV�GLOXWHG�
ZLWK�ILOWHUHG�DPELHQW�DLU�WKURXJK�WKH�&96��&RQVWDQW�9ROXPH�
6DPSOHU��V\VWHP�EHIRUH�EDJ�VDPSOLQJ��RQ�OLQH�PHDVXUHPHQW�
DQG� ILOWHU� FROOHFWLRQ�� 7KH� WRWDO� IORZ� RI� &96� ZDV� VHW� DW�
���P��PLQ±��IRU� WKH�$UWHPLV�0RWRUZD\�DQG�:/7&�F\FOHV�
DQG� DW� �� P�� PLQ±�� IRU� WKH� $UWHPLV� 8UEDQ� DQG� 5RDG� DQG�
1('&�F\FOHV��
$OO� HLJKW� YHKLFOHV� ZHUH� WHVWHG� ZLWK� WKH� 1('&� DQG�

$UWHPLV�GULYLQJ�F\FOHV��H[FHSW�IRU�WKH�WZR�(XUR���YHKLFOHV��
(PLVVLRQV� IURP� WKH� :/7&� F\FOH� ZHUH� DOVR� PRQLWRUHG��
$QGUp� ������� JLYHV� D� GHWDLOHG� GHVFULSWLRQ� RI� WKH�$UWHPLV�
GULYLQJ�F\FOHV�� ,Q�EULHI�� WKH�$UWHPLV�F\FOH�FRQWDLQV�XUEDQ��
URDG�DQG�PRWRUZD\�FRQGLWLRQV�ZLWK�DYHUDJH�VSHHGV�RI�DURXQG�
�������DQG�����NP�K±���VDPSOLQJ�WLPHV�RI�DURXQG��������DQG�
���PLQXWHV��DQG�GULYLQJ�GLVWDQFHV�RI�����������DQG������NP��
UHVSHFWLYHO\�� 1('&� DQG�:/7&� DUH� (XURSHDQ� DQG� ZRUOG�
DSSURYHG�GULYLQJ�F\FOHV�ZLWK�FROG�VWDUW��)LJ������7KH�DYHUDJH�
VSHHGV�� VDPSOLQJ� WLPHV� DQG� GULYLQJ� GLVWDQFHV� DUH� ��� DQG�
���NP�K±������DQG����PLQXWHV�����DQG����NP��UHVSHFWLYHO\��
)RU�WKH�:/7&��RQO\�GULYLQJ�SURILO�KDV�EHHQ�XVHG��

9HKLFOH�&KDUDFWHULVWLFV�DQG�)XHOV�
(LJKW� FXUUHQWO\� LQ�XVH� YHKLFOHV� ZLWK� VL[� GLIIHUHQW�

WHFKQRORJLHV�ZHUH�WHVWHG��RQH�(XUR���JDVROLQH�YHKLFOH��RQH�
(XUR���JDVROLQH�YHKLFOH�ZLWK�GLUHFW�LQMHFWLRQ�V\VWHP��*�',��
DQG�RQH�(XUR���JDVROLQH�*�',�YHKLFOH��RQH�(XUR���'LHVHO�
YHKLFOH�ZLWK�FDWDO\]HG�SDUWLFXODWH�ILOWHU��'3)�FDW���RQH�(XUR�
��'LHVHO� '3)� FDW�� RQH� (XUR� ��'LHVHO� '3)� FDW� ZLWK�12[

WUDS��DQG�WZR�(XUR���'LHVHO�YHKLFOHV�ZLWK�DGGLWLYH�SDUWLFXODWH�
ILOWHU� �'3)�DGG���7KH� WZR�(XUR���YHKLFOHV�ZHUH� WHVWHG�IRU�
FRPSDULVRQ�ZLWK�(XUR���DQG���JDVROLQH�DQG�GLHVHO�YHKLFOHV��
$OO�WKH�YHKLFOHV�ZHUH�HTXLSSHG�ZLWK�D�WUDFWLRQ�HQJLQH��H[FHSW�
IRU�(XUR���*�',��ZKLFK�KDG�D�SURSXOVLRQ�HQJLQH��ORFDWHG�DW�
WKH� UHDU� RI� WKH� YHKLFOH��� 7KH� VSHFLILF� FKDUDFWHULVWLFV� RI� WKH�
WHVWHG� YHKLFOHV� DUH� SUHVHQWHG� LQ� 7DEOH� ��� $OO� WKH� WHVWHG�
YHKLFOHV�ZHUH�SULYDWH�YHKLFOHV�VR�DV�WR�EH�UHSUHVHQWDWLYH�RI�
FXUUHQW� LQ�XVH� YHKLFOH� FRQGLWLRQV�� 7KH\�ZHUH� ORDGHG� RQWR�
WKH� FKDVVLV� G\QDPRPHWHU� E\� FRDVWGRZQV�� 7KH� UHVLVWDQFH�
YDOXHV�KDYH�EHHQ�HVWLPDWHG�E\�UHJXODWHG�PHWKRG�ZLWK�WKHLU�
HTXLYDOHQW�LQHUWLD�PDVV�LQFOXGLQJ�WKH�GULYHU�DQG�PHDVXUHPHQW�
HTXLSPHQW� �HPSW\�PDVV�������NJ�IRU�1('&�DQG�$UWHPLV�
F\FOHV��HPSW\�PDVV�������NJ�������RI�SD\ORDG�IRU�:/7&�
F\FOH��� DHURG\QDPLF� IRUFH� DQG� URDG� UHVLVWDQFH� IRUFH�� )RU�
HDFK�GULYLQJ�FRQGLWLRQ��XUEDQ��URDG�DQG�PRWRUZD\�$UWHPLV�
F\FOHV��� WKH�JHDUVKLIW� LV�FDOFXODWHG�FRQVLGHULQJ� WKH�UHODWLYH�
HQJLQH� VSHHG� DW� WKH� FKDQJH� �LQ� �� RI� WKH� RSWLPDO� HQJLQH�
VSHHG���WKH�HQJLQH�VSHHG��LQ�UHY��PQ±���DW�PD[LPXP�SRZHU�
DQG�WKH�JHDU�UDWLR��NP�K±��DW������UHY�PLQ±����
$OO� WKH� H[SHULPHQWV� ZHUH� SHUIRUPHG� XVLQJ� FRPPHUFLDO�

IXHO��OHVV�WKDQ����SSP�VXOIXU�FRQWHQW��IURP�WKH�VDPH�ILOOLQJ�
VWDWLRQ� WR� PLQLPL]H� WKH� LPSDFW� RI� IXHO� FRPSRVLWLRQ� RQ�
HPLVVLRQV��$OO� WKH�GLHVHO�DQG�JDVROLQH�YHKLFOHV�ZHUH�ILOOHG�
ZLWK�IXHO�PHHWLQJ�WKH�UHTXLUHPHQWV�RI�(1�����DQG�(1������
UHVSHFWLYHO\��

$QDO\WLFDO�0HWKRGV�DQG�&RQGLWLRQV�
$OO� WKH� UHJXODWHG�FRPSRXQGV�ZHUH�PRQLWRUHG�XVLQJ� WKH�

+RULED� HPLVVLRQ� PHDVXUHPHQW� V\VWHP�� &DUERQ� PRQR[LGH�
�&2�� DQG� FDUERQ� GLR[LGH� �&2��� ZHUH� PRQLWRUHG� E\
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)LJ�����$UWHPLV�8UEDQ��5RDG�DQG�0RWRUZD\��:/7&�DQG�1('&�GULYLQJ�F\FOHV��

QRQ�GLVSHUVLYH� LQIUDUHG� VSHFWURVFRS\�� 7RWDO� K\GURFDUERQV�
�7+&��ZHUH�PHDVXUHG�E\�IODPH�LRQL]DWLRQ�GHWHFWLRQ��1LWULF�
R[LGH� �12�� DQG� QLWURJHQ� R[LGHV� ZHUH� PRQLWRUHG� E\�
FKHPLOXPLQHVFHQFH��$OO�JDV�SKDVH�UHJXODWHG�FRPSRXQGV�ZHUH�
PRQLWRUHG�E\� WZR�GLIIHUHQW�PHWKRGV�� RQ�OLQH� DQDO\VLV� DQG�
EDJ� FROOHFWLRQ�� 3DUWLFXODWH� PDVV� ZDV� FROOHFWHG� RQ� 3DOOIOH[�
ILOWHUV�����PP��DQG�GHWHUPLQHG�XVLQJ�D�PLFUREDODQFH��
7KH�$UWHPLV�8UEDQ�ZLWK�KRW�VWDUW��5RDG�DQG�0RWRUZD\�

F\FOHV�ZHUH�UHSHDWHG�HLWKHU���RU����WLPHV��2QO\�WZR�UHSHDW�
H[SHULPHQWV� ZHUH� SHUIRUPHG� IRU� WKH� $UWHPLV� 8UEDQ� DQG�
:/7&�F\FOHV�ZLWK�FROG�VWDUW��2QH�1('&�PHDVXUHPHQW�ZDV�
WDNHQ� RQ� HDFK� YHKLFOH�� 7KH� H[SHULPHQWDO� FRQGLWLRQV� DQG�
SROOXWDQWV�DUH�SUHVHQWHG�LQ�7DEOH����

5HIHUHQFH�(PLVVLRQ�0RGHO�
7KH�UHVXOWV�RI�WKH�PHDVXUHG�UHJXODWHG�FRPSRXQG�HPLVVLRQ�

IDFWRUV�ZHUH�FRPSDUHG�ZLWK�WKH�&23&(7(�HPLVVLRQ�PRGHO�
GHYHORSHG� E\� WKH� )UHQFK� 0LQLVWU\� RI� (FRORJ\� �&(7(�
1RUPDQGLH��������6KRUVKDQL�HW�DO����������&23&(7(�ZDV�
GHYHORSHG�XVLQJ�WKH�PHWKRGV�DQG�HTXDWLRQV�RI� WKH�&23(57�
,9� PHWKRGRORJ\� �1W]LDFKULVWRV� HW� DO��� ������� EXW� ZLWK� D�
PHVRVFRSLF� DSSURDFK�� ,W� PDNHV� LW� SRVVLEOH� WR� HVWLPDWHG�
YHKLFOH� HPLVVLRQV� DFFRUGLQJ� WR� YHKLFOH� H[KDXVW�� IXHO�
HYDSRUDWLRQ�DQG�HTXLSPHQW�ZHDU��,W�WDNHV�LQWR�DFFRXQW�URDG�
JUDGLHQWV�DQG�OHQJWKV��WUDIILF�GHQVLWLHV��XUEDQ�RU�UXUDO�URDG���
IOHHW� FRPSRVLWLRQV� �QXPEHU� RI� SDVVHQJHU�� OLJKW�GXW\� DQG�

KHDY\�GXW\� YHKLFOHV�� EXVHV��� DQG� DYHUDJH� VSHHGV�� ,Q� RXU�
FDVH��WKH�,)677$5�(XUR��±��IOHHW�ZDV�XVHG�IRU������DQG�
�����HPLVVLRQ�HVWLPDWLRQV��2QO\�$UWHPLV�XUEDQ�� URDG�DQG�
PRWRUZD\�GULYLQJ�FRQGLWLRQV�ZLWK�KRW�VWDUW�KDYH�EHHQ�WDNLQJ�
DFFRXQW� LQ� WKLV� FRPSDUDLVRQ�� )RU� FROG� VWDUW�� WKH� HPLVVLRQ�
PRGHOV�DUH�OHVV�UREXVW�WR�PDNH�WKH�SUHGLFWLRQ�7KH�SDUDPHWHUV�
XVHG�DV�WKH�LQSXW�GDWD�DUH�SUHVHQWHG�LQ�VHFWLRQ�������

5(68/76�$1'�',6&866,21�

&2��DQG�5HJXODWHG�3ROOXWDQW�(PLVVLRQV�
7KH�HPLVVLRQ�IDFWRUV�IRU�&2���&2��12[�DQG�+&�IRU�DOO�

WKH�(XUR��±��GLHVHO�DQG�JDVROLQH�YHKLFOHV�WHVWHG�DUH�SUHVHQWHG�
LQ� )LJ�� �� �$SSHQGL[�%��� 7KH� HPLVVLRQV� IURP� WKH�$UWHPLV�
8UEDQ� ZLWK� FROG� �$UW� 8UE� &�� DQG� KRW� VWDUW� �$UW� 8UE� +���
5RDG�DQG�0RWRUZD\��$UW�0:��F\FOHV�DUH�SUHVHQWHG�LQ�)LJ����
�OHIW��� 7KH� FRPSDULVRQ� RI� DOO� $UWHPLV� DYHUDJH� HPLVVLRQV�
ZLWK�1('&��SXUSOH�EDUV��DQG�:/7&��JUHHQ�EDUV��IRU�(XUR�
��YHKLFOHV�RQO\�� DSSURYHG�GULYLQJ� F\FOHV� DUH� SUHVHQWHG� LQ�
)LJ�����ULJKW���7KH�HUURU�EDUV�DUH� WKH�VWDQGDUG�GHYLDWLRQ�RI�
WKH� UHSHDW� WHVWV� SHUIRUPHG� XQGHU� WKH� VDPH� H[SHULPHQWDO�
FRQGLWLRQV��7DEOH�����:LWK�WKH�H[FHSWLRQ�RI�WKH�1('&�F\FOH��
WKH\� UHSUHVHQW� DQDO\WLFDO� HUURU�� 6LQFH� WKH� 30� HPLVVLRQV�
ZHUH�YHU\�ORZ��QHDU�EDFNJURXQG��IRU�DOO�WKH�YHKLFOHV�WHVWHG�
XQGHU� DOO� GULYLQJ� FRQGLWLRQV�� WKH� 30� HPLVVLRQ� IDFWRUV� DUH�
QRW�SUHVHQWHG�LQ�WKLV�SDSHU��
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7DEOH����([SHULPHQWDO�FRQGLWLRQV�DQG�SROOXWDQWV��

9HKLFOH� 'ULYLQJ�F\FOH� &96��P��PLQ±�� 5HSHDW�WHVW�QXPEHU� 3ROOXWDQWV�
1R���� '�(XUR���'3)�DGG�

1('&�FROG�VWDUW�
:/7&�FROG�VWDUW�
$UWHPLV�8UEDQ�FROG�VWDUW�
$UWHPLV�8UEDQ�KRW�VWDUW�
$UWHPLV�5RDG�KRW�VWDUW�
$UWHPLV�0RWRUZD\�KRW�VWDUW�

��
���
��
��
���
���

��
��
��
���
��
��

&2�

&2�
+&�
12[

30�

1R���� '�(XUR���'3)�DGG�
1R���� '�(XUR���'3)�FDW��
1R���� '�(XUR���'3)�FDW�
1R���� '�(XUR���'3)�FDW�
1R���� *�(XUR���
1R���� *�(XUR���',�

1R���� *�(XUR���',�
'3)�DGG��$GGLWLYH�'LHVHO�3DUWLFOH�)LOWHU��
��'3)�FDW��&DWDO\]HG�'LHVHO�3DUWLFOH�)LOWHU��
��',��'LUHFW�,QMHFWLRQ�V\VWHP��

&RPSDULVRQ�EHWZHHQ�$UWHPLV�8UEDQ��5RDG�DQG�0RWRUZD\�
&\FOHV�
7KH�&2��HPLVVLRQV� UDQJHG�EHWZHHQ����DQG�����J�NP

±��

IRU�$UWHPLV�F\FOHV�GHSHQGLQJ�RQ�WKH�YHKLFOH�PDVV��FDSDFLW\��
IXHO� W\SH� DQG� GULYLQJ� FRQGLWLRQV�� 7KH� JDVROLQH� YHKLFOHV�
HPLWWHG��±����PRUH�&2��WKDQ�WKH�GLHVHO�YHKLFOHV��9HKLFOH�
PDVV�DSSHDUV�WR�KDYH�WKH�JUHDWHVW�LQIOXHQFH�RQ�&2��HPLVVLRQV�
IRU� ERWK� GLHVHO� DQG� JDVROLQH� YHKLFOHV�� DV� WKH\� LQFUHDVHG�
ZLWK� WKH�PDVV� RI� WKH� YHKLFOHV��$� VLPLODU� REVHUYDWLRQ�ZDV�
UHSRUWHG� E\� )RQWDUDV� �������� 1R� VLJQLILFDQW� GLIIHUHQFH� LQ�
&2� DQG� +&� ZDV� REVHUYHG� LQ� DQ\� RI� WKH� YHKLFOHV� WHVWHG�
XVLQJ�WKH�$UWHPLV�5RDG�GULYLQJ�FRQGLWLRQ��+RZHYHU��XQGHU�
WKH�$UWHPLV�0:�FRQGLWLRQ��JDVROLQH�YHKLFOHV�SURGXFH��RQ�
DYHUDJH�� ���� DQG� ��� WLPHV� PRUH� &2� DQG� +&� HPLVVLRQV��
UHVSHFWLYHO\��WKDQ�GLHVHO�YHKLFOHV��,Q�WKH�FDVH�RI�WKH�(XUR���
JDVROLQH� ',� YHKLFOH�� WKH� &2� HPLVVLRQV� XQGHU� 0:� IRU�
UHDFKHG���������PJ�NP±��� L�H��� DERXW���� WLPHV�KLJKHU� WKDQ�
IRU�WKH�RWKHU�(XUR���DQG�(XUR���',�JDVROLQH�YHKLFOHV�WHVWHG�
�DERXW�����PJ�NP±��IRU�0:���'XULQJ�RXU�H[SHULPHQW��ZH�
REVHUYHG� WKDW� WKH� H[KDXVW� WHPSHUDWXUH� IURP� WKH� (XUR� ��
JDVROLQH� ',� YHKLFOH� ZLWK� SURSXOVLRQ� HQJLQH�� ZKLFK� ZDV�
PHDVXUHG�DW�WKH�RXWOHW�RI�WKH�H[KDXVW�WDLOSLSH��XQGHU�WKH�0:�
FRQGLWLRQ��DYHUDJH�VSHHG�DURXQG����NP�K±���ZDV�YHU\�KLJK�
�DURXQG�����&���7KLV�H[KDXVW�WHPSHUDWXUH�ZDV�WKUHH�WLPHV�
KLJKHU�WKDQ�WKDW�RI�WKH�WUDFWLRQ�HQJLQH�YHKLFOHV��DURXQG�����&��
XQGHU�DOO� WKH� WHVWHG�GULYLQJ�FRQGLWLRQV��6LPLODU�&2�HPLVVLRQ�
EHKDYLRU�ZDV�REVHUYHG�LQ�WKH�(XUR���*�',�GXULQJ�WKH�:/7&�
F\FOH� IRU� WKH� KLJK� DQG� H[WUD�KLJK� VSHHG� SKDVHV�ZKHQ� WKH�
H[KDXVW�WHPSHUDWXUH�UHDFKHG�����&��$FFRUGLQJ�WR�*KD]LNKDQL�
��������&2�HPLVVLRQV�DW�DQ�H[KDXVW�WHPSHUDWXUH�RI�����&�DUH�
IRXU�WLPHV�KLJKHU�WKDQ�DW�����&�ZLWK�����HWKDQRO�IXHO��$V�
WKH� H[KDXVW� WHPSHUDWXUH� LQFUHDVHV� ZLWK� YHKLFOH� VSHHG�� WKH�
UHTXLUHG�FRPEXVWLRQ�WLPH�GHFUHDVHV��LQ�WXUQ�LQFUHDVLQJ�&2�
HPLVVLRQV��7KH�H[KDXVW�WHPSHUDWXUH�DW�����&�LQ�RXU�VWXG\�
PD\�H[SODLQ�LQ�SDUW�WKH�KLJK�&2�HPLVVLRQV�XQGHU�WKH�$UWHPLV�
0:� FRQGLWLRQ� IRU� WKH� (XUR� �� *�',� SURSXOVLRQ� YHKLFOH��
+RZHYHU�� RQO\� RQH� SURSXOVLRQ� YHKLFOH� ZDV� WHVWHG� GXULQJ�
RXU� VWXG\��)XUWKHU� WHVWV�ZLOO�EH�QHFHVVDU\�ERWK� WR�FRQILUP�
ZKHWKHU� WKLV� KLJK� &2� HPLVVLRQ� EHKDYLRU� LV� DQ� LQGLYLGXDO�
HPLVVLRQ� HYHQW� RU� D� V\VWHPDWLF� EHKDYLRU� DQG� WR� SURYLGH�
PRUH�DSSURSULDWH�&2�HPLVVLRQ� IDFWRUV�XQGHU�KLJK�H[KDXVW�
WHPSHUDWXUHV� ZLWK� SURSXOVLRQ� HQJLQHV�� 'HSHQGLQJ� RQ� WKH�
GULYLQJ�FRQGLWLRQV��WKH�GLHVHO�YHKLFOHV�HPLWWHG���WR�����WLPHV�
PRUH� 12[� WKDQ� WKH� JDVROLQH� YHKLFOHV�� 7KH� (XUR� �� *�',�

YHKLFOH� HPLWWHG� �� WR� ��� WLPHV� OHVV� 12[� ��±��� PJ� NP
±���

WKDQ�WKH�RWKHU�WHVWHG�JDVROLQH�YHKLFOHV��

&ROG�6WDUW�(IIHFW�EHWZHHQ�$UWHPLV�+RW�DQG�&ROG�6WDUW�
&ROG� VWDUW� HPLVVLRQV� ZHUH� PHDVXUHG� RQ� DOO� WKH� WHVWHG�

YHKLFOHV� DIWHU� D� ���KRXU� VWRSRYHU� SHULRG��$OO� WKH�$UWHPLV�
XUEDQ�FROG�GLVWDQFHV�GXULQJ�RXU�H[SHULPHQW�ZHUH�DERXW����±
����NP��ZKLFK� LV�FRQVLVWHG�ZLWK�)DYHV��������� ,Q�JHQHUDO��
WKH� $UWHPLV� 8UEDQ� FROG� VWDUW� GULYLQJ� FRQGLWLRQ� SURGXFHV�
����DQG� ����PRUH�&2�� HPLVVLRQV� WKDQ�KRW� VWDUW�� ,W� DOVR�
SURGXFHV���DQG����WLPHV�PRUH�&2�DQG���DQG����WLPHV�PRUH�
+&�HPLVVLRQV��UHVSHFWLYHO\��IRU�GLHVHO�DQG�JDVROLQH�YHKLFOHV��
7KH�H[FHVV�&2�DQG�+&�FROG�VWDUW�HPLVVLRQV�RFFXUUHG�ZKHQ�
WKH� FDWDO\VW� FRQYHUVLRQ� HIILFLHQF\� ZDV� ORZ�� &ROG� VWDUW�
SURGXFHG� ���� DQG� ���� IHZHU� 12[� HPLVVLRQV� WKDQ� KRW�
VWDUW�� 6LPLODU� UHVXOWV� ZHUH� VKRZQ� E\� $OYHV� ������� ZLWK�
(XUR� �±�� JDVROLQH� YHKLFOHV� �FODVV� �� ����/�� DQG� (XUR� �±��
GLHVHO�YHKLFOHV�����±��/�FODVV����

&RPSDULVRQ�ZLWK�$SSURYHG�'ULYLQJ�&\FOHV�
&RPSDUHG�ZLWK�WKH�1('&�F\FOH��WKH�GLHVHO�DQG�JDVROLQH�

YHKLFOHV�HPLWWHG��±����DQG���±����PRUH�&2���UHVSHFWLYHO\��
GXULQJ�WKH�$UWHPLV��8UEDQ�&ROG�VWDUW���5RDG���0RWRUZD\��
DYHUDJH�HPLVVLRQV�F\FOH��7KH�WZR�(XUR���YHKLFOHV�VKRZHG�
WKDW�WKH�$UWHPLV�DYHUDJH�F\FOH�SURGXFHG���±����PRUH�&2�

HPLVVLRQV�WKDQ�WKH�:/7&�F\FOH��1R�VLJQLILFDQW�GLIIHUHQFH�
ZDV�REVHUYHG�EHWZHHQ� WKH�1('&�DQG�:/7&�F\FOHV��7KH�
:/7&�1('&�TXRWLHQWV�ZHUH������DQG������� UHVSHFWLYHO\��
IRU� WKH� (XUR� �� '� '3)� DQG� *�',� YHKLFOHV� WHVWHG�� 7KLV� LV�
FRQVLVWHQW� ZLWK� 3DYORYLF� ������� DQG� 0DURWWD� �������� $OO�
WKH�YHKLFOHV�WHVWHG�SURGXFHG���WR���WLPHV�IHZHU�&2�DQG�+&�
HPLVVLRQV�GXULQJ�WKH�$UWHPLV�DYHUDJH�F\FOH�WKDQ�GXULQJ�WKH�
1('&� F\FOH�� 7KH� &2� DQG� +&� HPLVVLRQV� ZHUH� VLPLODU�
EHWZHHQ� WKH�$UWHPLV� DYHUDJH� F\FOH� DQG�:/7&�� 7KH� VROH�
H[FHSWLRQ� ZDV� WKH� (XUR���*� ',� YHKLFOH�� 'XH� WR� WKH� KLJK�
H[KDXVW� WHPSHUDWXUH� DW� KLJK� VSHHG�� LW� HPLWWHG� IRXU� WLPHV�
PRUH� &2� GXULQJ� WKH� $UWHPLV� DYHUDJH� F\FOH� FRPSDUHG� WR�
WKH�:/7&�F\FOH� DQG���� WLPHV�PRUH�&2�FRPSDUHG� WR� WKH�
1('&� F\FOH�� $OO� WKH� YHKLFOHV� WHVWHG� SURGXFHG� ���� WR� ��
WLPHV� PRUH� 12[� GXULQJ� WKH� $UWHPLV� DYHUDJH� F\FOH� WKDQ�
GXULQJ�WKH�1('&�F\FOH��7KH�VROH�H[FHSWLRQ�ZDV�WKH�(XUR���
*�',�YHKLFOH��ZKLFK�SURGXFHG�WKUHH�WLPHV�PRUH�HPLVVLRQV�
GXULQJ� WKH�1('&� F\FOH� WKDQ� GXULQJ� WKH�$UWHPLV� DYHUDJH�
F\FOH�� 7KH� UHVXOWV� LQGLFDWH� WKDW� 1('&� F\FOH� XVHG� IRU
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)LJ�����&2���&2��12[�DQG�+&�HPLVVLRQ�IDFWRUV�REWDLQHG�XQGHU�$UWHPLV�8UEDQ�ZLWK�KRW��$UW�8UE�+��DQG�FROG�VWDUW��$UW�8UE�
&���5RDG��$UW�52$'��DQG�0RWRUZD\��$UW�0:��GULYLQJ�F\FOHV��OHIW��DQG�FRPSDULVRQ�RI�$UWHPLV�DYHUDJH�HPLVVLRQV��$YJ�
$UW��ZLWK�1('&�DQG�:/7&�HPLVVLRQV��ULJKW��IRU�DOO�WKH�WHVWHG�YHKLFOHV��7KH�GRWWHG�OLQHV�GHQRWH�(XUR������DQG���HPLVVLRQ�
VWDQGDUGV�IRU�GLHVHO�DQG�JDVROLQH�YHKLFOHV��
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HPLVVLRQ�W\SH�DSSURYDO��ZKLFK�LV�QRW�UHSUHVHQWDWLYH�RI�UHDO�
ZRUOG� YHKLFOH� RSHUDWLRQ�� OHDGV� WR� XQGHUHVWLPDWLRQ� RI�&2�

DQG�12[�HPLVVLRQV�DQG�RYHUHVWLPDWLRQ�RI�&2��H[FHSW�ZLWK�
(XUR���*�',��DQG�+&�FRPSDUHG�WR�WKH�$UWHPLV�DYHUDJH�F\FOH��
ZKLFK� UHSUHVHQWV� VLPXODWHG� UHDO�ZRUOG� GULYLQJ� FRQGLWLRQV��
7KH�:/7&�F\FOH�IRU�WKH�ZRUOGZLGH�KDUPRQL]DWLRQ�RI�YHKLFOH�
HPLVVLRQV�VKRZV�VLPLODU�+&��12[�DQG�&2�HPLVVLRQV�ZLWK�WKH�
$UWHPLV�DYHUDJH�F\FOH�ZLWKLQ�XQFHUWDLQW\� WKH�PHDVXUHPHQWV��
7KH�RQO\�H[FHSWLRQ�LV�WKH�(XUR���*�',�SURSXOVLRQ�YHKLFOH��
ZKLFK�PD\�UHSUHVHQW�DQ�LQGLYLGXDO�HPLVVLRQ�HYHQW��+RZHYHU��
RQO\�WZR�(XUR���YHKLFOHV�ZHUH�WHVWHG�XVLQJ�WKH�:/7&�F\FOH�
LQ� WKLV�VWXG\��)XUWKHU� WHVWLQJ�ZLOO�EH�QHFHVVDU\� LQ�RUGHU� WR�
FODULI\� WKH� LPSDFW� RI� WKH� SROOXWDQW� HPLVVLRQV� GXULQJ� WKH�
:/7&�F\FOH��
&RPSDULVRQV� ZLWK� (XURSHDQ� HPLVVLRQ� VWDQGDUGV� VKRZ�

WKDW�WKH�(XUR���'�'3)��WKH�(XUR���*�DQG�WKH�(XUR���*�',�
YHKLFOHV� PHHW� (8� HPLVVLRQ� VWDQGDUGV� XQGHU� WKH� 1('&�
GULYLQJ�F\FOH��7KH�RWKHU�YHKLFOHV� WHVWHG� VKRZHG�12[��&2�
DQG�+&�HPLVVLRQV�DERYH�WKH�(XUR�VWDQGDUGV��,Q�SDUWLFXODU��
WKH�12[�DQG�+&�HPLVVLRQV�IRU�WKH�(XUR���DQG���'�'3)�FDW�
DQG�(XUR���*�',�YHKLFOHV�ZHUH���WR���WLPHV�KLJKHU�WKDQ�WKH�
(XUR���DQG���VWDQGDUGV��'XULQJ�WKH�:/7&�WHVWV��WKH�(XUR���
GLHVHO�YHKLFOH�SURGXFHG�KLJKHU�+&���12[�HPLVVLRQV� �����
PJ�NP±����ZKLFK�H[FHHG�WKH�(XUR���HPLVVLRQ�VWDQGDUGV��$OO�
WKH� (XUR� �� DQG� (XUR� �� ',� GLHVHO� DQG� JDVROLQH� YHKLFOHV�
WHVWHG�H[FHHGHG�WKH�(XURSHDQ�12[�HPLVVLRQ�VWDQGDUGV�E\�D�
IDFWRU�RI����� WR���XQGHU�$UWHPLV�8UEDQ�FROG�DQG�KRW� VWDUW�
FRQGLWLRQV��$�VLPLODU�UHVXOW�ZDV�REVHUYHG�E\�)RQWDUDV��������
ZLWK� D� (XUR� �� JDVROLQH�',� YHKLFOH�� ZKLFK� SURGXFHG�12[

HPLVVLRQV� WKDW� ZHUH� VL[� WLPHV� WKH� XUEDQ� FRQGLWLRQ� OLPLW�
YDOXH��7KH�H[FHHGDQFH�RI�12[�HPLVVLRQV�ZDV�DOVR�REVHUYHG�
XQGHU� WKH�$UWHPLV�5RDG� DQG�0RWRUZD\� FRQGLWLRQV� IRU� DOO�
WKH� GLHVHO� YHKLFOHV� WHVWHG��7KH� KLJK�12[� HPLVVLRQV� XQGHU�
UHDO�ZRUOG�GULYLQJ�FRQGLWLRQV�LQGLFDWH�WKH�VLJQLILFDQW�FDXVH�
IRU�FRQFHUQ�UHJDUGLQJ�XUEDQ�DLU�TXDOLW\�DQG�FDSDFLW\�RI�WKH�
LQFUHDVH� LQ� WKH�QXPEHU�RI�(XUR���DQG���GLHVHO�YHKLFOHV� WR�
FDXVH�VHFRQGDU\�SDUWLFOH� IRUPDWLRQ� LQ� WKH�DWPRVSKHUH��$OO�
WKH� YHKLFOHV� WHVWHG� H[FHHGHG� WKH� (XURSHDQ� &RPPLVVLRQ
V�
&2��OLPLW������J�NP±���XQGHU�WKH�$UWHPLV�8UEDQ�FRQGLWLRQ��
,Q�WKH�FDVH�RI�WKH�(XUR���',�YHKLFOH��WKLV�OLPLW�ZDV�H[FHHGHG�
E\�D�IDFWRU�RI�WZR��7KH�H[FHVV�HPLVVLRQV�REVHUYHG�PD\�EH�
GXH�WR�FDWDO\VW�DJLQJ��YHKLFOH�FRQGLWLRQV�DQG�PDLQWHQDQFH��
DOO� RI� ZKLFK� DUH� KLJKO\� VLJQLILFDQW� IDFWRUV� RI� SROOXWDQW�
HPLVVLRQV��,Q�WHUPV�RI�XUEDQ�DLU�TXDOLW\�DQG�WKH�FOLPDWH��LW�
LV�LPSRUWDQW�WKDW�WKHVH�UHJXODWHG�SROOXWDQW�HPLVVLRQV�UHPDLQ�
EHORZ�(XURSHDQ�OLPLWV��

$VVHVVPHQW�RI�5HJXODWHG�3ROOXWDQW�(PLVVLRQ�)DFWRU�
XVLQJ�WKH�&23&(7(�0RGHO�
(XUR� �±�� GLHVHO� DQG� JDVROLQH� YHKLFOHV� DUH� UHTXLUHG� WR�

FRPSO\� ZLWK� (XURSHDQ� HPLVVLRQ� VWDQGDUGV� XQGHU� W\SH�
DSSURYDO� H[SHULPHQWDO� FRQGLWLRQV� DQG� DUH� H[SHFWHG� WR�
DFFRXQW� IRU� ���� RI� WKH� )UHQFK� YHKLFOH� IOHHW� E\� �����
�$QGUp�HW� DO��� ������� ,W� LV� LPSRUWDQW� WR� NQRZ�ZKHWKHU� WKH�
PHDVXUHG�SROOXWDQW�HPLVVLRQ�OHYHOV�XQGHU�UHDO�ZRUOG�GULYLQJ�
FRQGLWLRQV� UHPDLQ� DW� DFFHSWDEOH� OHYHOV�� DQG� ZKHWKHU� WKH�
HPLVVLRQ� IDFWRUV� IURP�PRGHOV� FDQ� EH� XVHG� WR� SUHGLFW� WKH�
DFWXDO�HPLVVLRQV�RI�YHKLFOH�FDWHJRULHV�XQGHU�VWXG\��)RU�DOO�
UHJXODWHG�FRPSRXQGV��WKH�PHDVXUHG�HPLVVLRQ�IDFWRUV�VKRZQ�

LQ�)LJ����UHSUHVHQW�WKH�DYHUDJH�RI�DOO�WKH�GLHVHO�DQG�JDVROLQH�
YHKLFOHV� WHVWHG� XQGHU�$UWHPLV�8UEDQ�ZLWK� KRW� VWDUW��5RDG�
DQG�0RWRUZD\�GULYLQJ�FRQGLWLRQV��7KH�&23&(7(�SUHGLFWLRQ�
ZDV� REWDLQHG� XVLQJ� WKH� DYHUDJH� YHORFLWLHV� RI� $UWHPLV�
8UEDQ�����NP�K±����5RDG�����NP�K±���DQG�0RWRUZD\�F\FOHV�
����� NP� K±��� ZLWK� GLVWDQFHV� RI� ����� ����� DQG� ����� NP��
UHVSHFWLYHO\�� DQG� YHORFLWLHV� RI� ��� WR� ���� NP� K±��ZLWK� DQ�
LQFUHPHQW�RI����NP�K±��DQG�DQ�DYHUDJH�GLVWDQFH�RI����NP�
�DYHUDJH� GLVWDQFH� UHFRPPHQGHG� LQ� )UDQFH� E\� WKH� )UHQFK�
(QYLURQPHQW�DQG�(QHUJ\�0DQDJHPHQW�$JHQF\��$'(0(����
7KH�HPLVVLRQ�IDFWRUV�HVWLPDWHG�IURP�WKH�(XUR��±��JDVROLQH�
������/�FDWHJRU\�YHKLFOHV�DQG�WKH�(XUR��±��'LHVHO����±����/�
FDWHJRU\�YHKLFOHV�ZHUH�XVHG�IRU�WKH�FRPSDULVRQ��,)677$5
V�
����� )UHQFK� YHKLFOH� IOHHW� FRPSRVLWLRQ� ZDV� XVHG� LQ�
&23&(7(�WR�HVWLPDWH�HPLVVLRQV�IRU������DQG�������
7ZR� VHULHV� RI� HPLVVLRQ� IDFWRUV� IRU� UHJXODWHG� SROOXWDQWV�

XQGHU� KRW� VWDUW� GULYLQJ� FRQGLWLRQ�ZHUH� HVWLPDWHG�ZLWK� WKH�
�����DQG������(XUR��±��JDVROLQH�DQG�GLHVHO�SDVVHQJHU�FDU�
IOHHWV�� )LJ�� �� VKRZV� WKH� FRPSDULVRQ� EHWZHHQ� &2��� &2��
12[�DQG�+&�KRW�VWDUW�HPLVVLRQ�IDFWRUV��UHG�DQG�JUHHQ�GRWV��
DQG�&23&(7(� HVWLPDWLRQV� �VROLG� OLQHV�� IRU� WKH�(XUR� �±��
JDVROLQH�DQG�GLHVHO�YHKLFOHV��7KH������DQG������&23&(7(�
HVWLPDWLRQV� DUH� VLPLODU� IRU� &2��� &2� DQG� +&� GLHVHO� DQG�
JDVROLQH� HPLVVLRQV�� 7KH� WZR� HVWLPDWLRQ� FXUYHV� WKXV� DUH�
RYHUODLG�� 7KH� HVWLPDWHG� 12[� HPLVVLRQ� IDFWRUV� IRU� GLHVHO�
YHKLFOHV�DW�VSHHGV�EHWZHHQ����NP�K±��DQG�����NP�K±��LV�����
WLPHV�KLJKHU� IRU������ WKDQ� IRU������� ,Q� FRPSDULVRQ�� WKH\�
DUH�VOLJKWO\�KLJKHU�IRU�JDVROLQH�YHKLFOHV�DW�ORZ�VSHHGV����±
���NP�K±����7KH�HPLVVLRQ�OHYHOV�PHDVXUHG�LQ�RXU�H[SHULPHQW�
DUH� LQ� JHQHUDO� DJUHHPHQW� ZLWK� WKH� &23&(7(� SUHGLFWLRQV�
ZLWKLQ�XQFHUWDLQWLHV�FRQVLGHULQJ�WKDW�WKH�&23&(7(�PRGHO�
LV�XVHG� WR�SUHGLFW�HPLVVLRQ� OHYHOV� IRU�YHKLFOHV� WKDW�EHORQJ�
WR�WKH�VDPH�FDWHJRU\��QRW�LQGLYLGXDO�YHKLFOH�HPLVVLRQV��7KH�
'LHVHO�12[� HPLVVLRQ� EHWWHU�PDWFKHV� WKH� �����&23&(7(�
HVWLPDWLRQ�DW� ORZ�DQG�PHGLXP�VSHHGV��$W�KLJK� VSHHG�� WKH�
(XUR� �� DQG� ��'�'3)FDW� YHKLFOHV� ILW� EHWWHU�ZLWK� WKH� �����
&23&(7(� SUHGLFWLRQ� �)LJ����� OHIW�� $SSHQGL[� $��� 2QH�
H[FHSWLRQ� ZDV� REVHUYHG� IRU� &2� HPLVVLRQ� DW� KLJK� VSHHG�
�$UWHPLV�0RWRUZD\��GXH� WR� WKH�KLJK�&2�HPLVVLRQ�DW�KLJK�
H[KDXVW� WHPSHUDWXUH� IURP� WKH�(XUR� �� JDVROLQH�',� YHKLFOH�
ZLWK� SURSXOVLRQ� HQJLQH� �)LJ�� ���� 7KH� &2� HPLVVLRQV� IURP�
WKH�(XUR���DQG�(XUR���',�JDVROLQH�YHKLFOHV�WHVWHG�DUH�ZHOO�
LQ� OLQH�ZLWK� WKH�SUHGLFWHG�HPLVVLRQV� �)LJ����� ULJKW��$SSHQGL[�
$���0RUHRYHU��FRPSDULQJ�ZLWK�WKH�&23(57�PRGHO��)RQWDUDV�
HW� DO��� �������:H� REVHUYHG� WKH� VLPLODU� HVWLPDWLRQ� UHVXOWV�
EHWZHHQ�&23&(7(�DQG�&23(57�PRGHOV��([FHSW�IRU�12[

HPLVVLRQV�IURP�'LHVHO�YHKLFOHV��WKH�&23(57�12[�HVWLPDWLRQ�
LV� KLJKHU� WKDQ� WKH� &23&(7(� HVWLPDWLRQ�� ,Q� DGGLWLRQ�� WKH�
FKDVVLV�G\QDPRPHWHU�PHDVXUHPHQWV�PDWFK�EHWWHU�ZLWK� WKH�
&23&(7(�SUHGLFWLRQ�WKDQ�WKH�&23(57��7KH�UHVXOW�VKRZV�
WKDW� WKH� HPLVVLRQ� PRGHO� KDV� D� SRVLWLYH� LPSDFW� RQ� WKH�
SROLF\�PDNLQJ�SURFHVV��+RZHYHU��DGGLWLRQDO�WHVWV�RQ�ODUJHU�
YHKLFOH� VDPSOH� DUH� QHFHVVDU\� LQ� RUGHU� WR� EH� DEOH� WR� UHDFK�
VROLG� FRQFOXVLRQV� WKDW� WDNH� LQWR� DFFRXQW� WKH�PHDVXUHPHQW�
YDULDELOLWLHV�DQG�HPLVVLRQ�HVWLPDWLRQ�XQFHUWDLQWLHV��

&21&/86,216�

(LJKW�(XUR��±��JDVROLQH�DQG�GLHVHO�YHKLFOHV�FXUUHQWO\�LQ��
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'LHVHO� *DVROLQH�

)LJ�� ���&RPSDULVRQ�EHWZHHQ�DYHUDJH� HPLVVLRQ� IDFWRUV� IRU�(XUR��±��GLHVHO� �OHIW�� DQG�JDVROLQH� �ULJKW��YHKLFOHV�PHDVXUHG�
XVLQJ�$UWHPLV�XUEDQ��URDG�DQG�PRWRUZD\�KRW�VWDUW�GULYLQJ�F\FOHV�DQG�WKH�&23&(7(�PRGHO�SUHGLFWLRQ�IRU�WKH�������SLQN�
DQG�OLJKW�EOXH��DQG������IOHHWV��SXUSOH�DQG�GDUN�EOXH���
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XVH�DQG�ILWWHG�ZLWK�VL[�GLIIHUHQW�WHFKQRORJLHV�ZHUH�WHVWHG�DV�
SDUW�RI� WKLV� VWXG\��2QO\� D� IHZ�YHKLFOHV�RI� HDFK� W\SH�ZHUH�
WHVWHG� LQ� UHODWLRQ� WR� WKH� HQWLUH� SDVVHQJHU� FDU� IOHHW��
1HYHUWKHOHVV�� WKH\� SURYLGH� VRPH� XQGHUVWDQGLQJ� RQ�
HPLVVLRQ�EHKDYLRUV�XQGHU�GLIIHUHQW�GULYLQJ�FRQGLWLRQV��7KH�
(XUR���DQG���YHKLFOH�HPLVVLRQ�IDFWRUV�REWDLQHG�ZHUH�XVHG�
WR�XSGDWH�WKH�PRGHO�GDWDEDVHV�RI�H[LVWLQJ�HPLVVLRQ�IDFWRUV��
ZKLFK�FXUUHQWO\�FRPSULVH�RQO\�HLJKW\�(XUR���YHKLFOHV�DQG�
WZHQW\� (XUR� �� YHKLFOHV� DV� D� UHSUHVHQWDWLRQ� RI� WKH� HQWLUH�
IOHHW��
6L[�GULYLQJ�FRQGLWLRQV�ZHUH�XVHG� LQ� WKLV�VWXG\��$UWHPLV�

8UEDQ� ZLWK� FROG� DQG� KRW� VWDUW�� 5RDG�� 0RWRUZD\�� 1('&�
DQG� :/7&�� 7KH� (XUR� �� JDVROLQH� ',� SURSXOVLRQ� YHKLFOH�
H[KLELWHG� YHU\� SDUWLFXODU� &2� HPLVVLRQ� EHKDYLRU�� ZKLFK�
UHDFKHG���������PJ�NP±��GXULQJ�WKH�0RWRUZD\�F\FOH�ZKHQ�
WKH� H[KDXVW� WHPSHUDWXUH� URVH� WR� ����&� DW� KLJK� VSHHG��
+RZHYHU�� RQO\� RQH� SURSXOVLRQ� YHKLFOH� ZDV� WHVWHG� GXULQJ�
RXU�VWXG\��,W� LV�GLIILFXOW�ERWK�WR�FRQILUP�ZKHWKHU� WKLV�KLJK�
&2�HPLVVLRQ�EHKDYLRU�LV�DQ�LQGLYLGXDO�HPLVVLRQ�HYHQW�RU�D�
V\VWHPDWLF�EHKDYLRU�DQG�WR�SURYLGH�DSSURSULDWH�&2�HPLVVLRQ�
IDFWRUV� XQGHU� KLJK� H[KDXVW� WHPSHUDWXUHV� ZLWK� SURSXOVLRQ�
HQJLQHV��7KH�FROG�VWDUW�GULYLQJ�FRQGLWLRQ�KDV�D� VLJQLILFDQW�
LPSDFW� RI� HPLVVLRQV�� SURGXFLQJ� �� DQG� ��� WLPHV�PRUH�&2�
DQG��� DQG���� WLPHV�PRUH�+&�HPLVVLRQV�� UHVSHFWLYHO\�� IRU�
GLHVHO�DQG�JDVROLQH�YHKLFOHV��7KH�UHVXOWV�DOVR� LQGLFDWH� WKDW�
WKH� 1('&� F\FOH�� XVHG� IRU� W\SH�DSSURYDO� RI� HPLVVLRQV� RI�
UHJXODWHG�FRPSRXQGV��OHDGV�WR�XQGHUHVWLPDWLRQ�RI�&2����±
�����DQG�12[������WR���WLPHV��HPLVVLRQV�DQG�RYHUHVWLPDWLRQ�
RI� &2� DQG� +&� ��� WR� �� WLPHV�� LQ� UHODWLRQ� WR� WKH� $UWHPLV�
F\FOHV��ZKLFK�DUH�UHDO�ZRUOG�VLPXODWLRQ�GULYLQJ�F\FOHV��7KH�
:/7&� F\FOH� IRU� WKH�ZRUOGZLGH� KDUPRQL]DWLRQ� RI� YHKLFOH�
HPLVVLRQV�VKRZV�VLPLODU�+&��12[�DQG�&2�HPLVVLRQV�ZLWK�
WKH� $UWHPLV� DYHUDJH� F\FOH� ZLWKLQ� XQFHUWDLQW\� RI� WKH�
PHDVXUHPHQWV�� +RZHYHU�� RQO\� WZR� (XUR� �� YHKLFOHV� ZHUH�
WHVWHG�XVLQJ�WKH�:/7&�F\FOH�LQ�WKLV�VWXG\��)XUWKHU�WHVWLQJ�
ZLOO� EH� QHFHVVDU\� LQ� RUGHU� WR� FODULI\� WKH� LPSDFW� RI� WKH�
:/7&�GULYLQJ� F\FOH�� 7KH�12[� HPLVVLRQV�PHDVXUHG� IURP�
DOO�WKH�GLHVHO�DQG�(XUR��±��JDVROLQH�YHKLFOHV�WHVWHG�H[FHHGHG�
WKH� W\SH�DSSURYDO� OLPLWV� E\� D� IDFWRU�RI����� WR����7KH�KLJK�
12[�HPLVVLRQV�XQGHU�UHDO�ZRUOG�8UEDQ��5RDG�DQG�0RWRUZD\�
GULYLQJ� FRQGLWLRQV� LQGLFDWH� WKH� VLJQLILFDQW� FDXVH� IRU� FRQFHUQ�
UHJDUGLQJ�XUEDQ�DLU�TXDOLW\�DQG�FDSDFLW\�RI�WKH�LQFUHDVH�LQ�
WKH� QXPEHU� RI� (XUR� �� DQG� �� GLHVHO� YHKLFOHV� WR� FDXVH�
VHFRQGDU\�SDUWLFOH�IRUPDWLRQ�LQ�WKH�DWPRVSKHUH���
,Q�WHUPV�RI�WKH�HPLVVLRQ�IDFWRU�DVVHVVPHQW��WKH�HPLVVLRQ�

OHYHOV�PHDVXUHG� LQ�RXU� H[SHULPHQW� DUH� LQ�JHQHUDO�DJUHHPHQW�
ZLWK�WKH�&23&(7(�SUHGLFWLRQV�ZLWKLQ�XQFHUWDLQWLHV�IRU�&2�

DQG� UHJXODWHG� SROOXWDQWV� FRQVLGHULQJ� WKDW� WKH� &23&(7(�
PRGHO� LV� XVHG� WR� SUHGLFW� HPLVVLRQ� OHYHOV� IRU� YHKLFOHV� WKDW�
EHORQJ�WR�WKH�VDPH�FDWHJRU\��QRW�LQGLYLGXDO�YHKLFOH�HPLVVLRQV��
7KH� UHVXOW� VKRZV� WKDW� WKH� HPLVVLRQ� PRGHO� KDV� D� SRVLWLYH�
LPSDFW�RQ�WKH�SROLF\�PDNLQJ�SURFHVV��+RZHYHU��DGGLWLRQDO�
WHVWV�RQ�ODUJHU�YHKLFOH�VDPSOH�DUH�QHFHVVDU\�LQ�RUGHU�WR�EH�
DEOH� WR� UHDFK� VROLG� FRQFOXVLRQV� WKDW� WDNH� LQWR� DFFRXQW� WKH�
PHDVXUHPHQW� YDULDELOLWLHV� DQG� HPLVVLRQ� HVWLPDWLRQ�
XQFHUWDLQWLHV��0RUHRYHU�� XSGDWLQJ� WKH� GDWDEDVH� LV� YLWDO� LQ�
RUGHU� WR� EH� DEOH� WR� SURGXFH�PRUH� UHSUHVHQWDWLYH� HPLVVLRQ�
IDFWRUV� DQG� EHWWHU� HYDOXDWH� WKH� KHDOWK� DQG� HQYLURQPHQWDO�
HIIHFWV�IURP�YHKLFOH�HPLVVLRQV��

$&.12:/('*0(176�

7KLV� ZRUN� ZDV� VXSSRUWHG� E\� WKH� )UHQFK� (QYLURQPHQW�
DQG�(QHUJ\�0DQDJHPHQW�$JHQF\��$'(0(���

6833/(0(17$5<�0$7(5,$/�

6XSSOHPHQWDU\� GDWD� DVVRFLDWHG� ZLWK� WKLV� DUWLFOH� FDQ� EH�
IRXQG�LQ�WKH�RQOLQH�YHUVLRQ�DW�KWWS���ZZZ�DDTU�RUJ��

5()(5(1&(6�

$GDP�� 7�:��� &KLULFR�� 5��� &ODLURWWH�� 0��� (OVDVVHU�� 0���
0DQIUHGL�� 8��� 0DUWLQL�� *��� 6NORU]�� 0��� 6WUHLEHO�� 7���
+HULQJD�� 0�)��� 'H&DUOR�� 3�)��� %DOWHQVSHUJHU�� 8��� 'H�
6DQWL�� *��� .UDVHQEULQN�� $��� =LPPHUPDQQ�� 5��� 3UHYRW��
$�6�+�� DQG�$VWRUJD�� &�� ��������$SSOLFDWLRQ� RI�PRGHUQ�
RQOLQH� LQVWUXPHQWDWLRQ� IRU�FKHPLFDO�DQDO\VLV�RI�JDV�DQG�
SDUWLFXODWH� SKDVHV� RI� H[KDXVW� DW� WKH� (XURSHDQ�
&RPPLVVLRQ� KHDY\�GXW\� YHKLFOH� HPLVVLRQ� ODERUDWRU\��
$QDO��&KHP��������±����

$OYHV��&�$���/RSHV��'�-���&DOYR�$�,���(YW\XJLQD�0���5RFKD�
6�� DQG� 1XQHV� 7�� �������� (PLVVLRQV� IURP� OLJKW�GXW\�
GLHVHO�DQG�JDVROLQH�LQ�XVH�YHKLFOHV�PHDVXUHG�RQ�FKDVVLV�
G\QDPRPHWHU�WHVW�F\FOHV��$HURVRO�$LU�4XDO��5HV��������±
�����

$QGHUVVRQ��-���0D\��-���)DYUH��&��DQG�%RVWHHOV��'����������
2Q�URDG� DQG� FKDVVLV� G\QDPRPHWHU� HYDOXDWLRQV� RI�
HPLVVLRQV� IURP� WZR�(XUR��� GLHVHO� YHKLFOHV��6$(� ,QW�� -��
)XHOV�/XEU��������±�����

$QGUp��0����������7KH�$57(0,6�(XURSHDQ�GULYLQJ�F\FOHV�
IRU�PHDVXULQJ�FDU�SROOXWDQW�HPLVVLRQV��6FL��7RWDO�(QYLURQ��
���±������±�����

$QGUp��0���5RFKH�$�/��DQG�%RXUFLHU�/����������6WDWLVWLTXHV�
GH� 3DUFV� HW� 7UDILF� 3RXU� /H� &DOFXO� 'HV� pPLVVLRQV� GH�
3ROOXDQWV� 'HV� 7UDQVSRUWV� 5RXWLHUV� (Q� )UDQFH��
KWWS���ZZZ�DGHPH�IU�VLWHV�GHIDXOW�ILOHV�DVVHWV�GRFXPHQWV
�DGP��������BDGPBDWWDFKH��SGI��

$3+(.20� �������� ,PSURYLQJ� NQRZOHGJH� DQG�
FRPPXQLFDWLRQ�IRU�GHFLVLRQ�PDNLQJ�RQ�DLU�SROOXWLRQ�DQG�
KHDOWK�LQ�(XURSH��

%DQLWDOHEL��(��DQG�+RVVHLQL��9����������'HYHORSPHQW�RI�KRW�
H[KDXVW�HPLVVLRQ�IDFWRUV�IRU�LUDQLDQ�PDGH�(XUR���FHUWLILHG�
OLJKW�GXW\�YHKLFOHV��(QYLURQ��6FL��7HFKQRO���������±������

&DSODLQ�� ,��� &D]LHU�� )���1RXDOL��+���0HUFLHU��$���'pFKDX[��
-�&���1ROOHW��9���-RXPDUG��5���$QGUp��-�0��DQG�9LGRQ��5��
�������� (PLVVLRQV� RI� XQUHJXODWHG� SROOXWDQWV� IURP�
(XURSHDQ�JDVROLQH�DQG�GLHVHO�SDVVHQJHU�FDUV��$WPRVSKHULF�
(QYLURQPHQW����WK� ,QWHUQDWLRQDO�6\PSRVLXP�RQ�7UDQVSRUW�
DQG� $LU� 3ROOXWLRQ� �7$3������� ��WK� ,QWHUQDWLRQDO�
6\PSRVLXP�RQ�7UDQVSRUW�DQG�$LU�3ROOXWLRQ��7$3�������
��������±�������

&(7(� 1RUPDQGLH� &HQWUH� DQG� '$'7� 'HSDUWHPHQW�
DPHQDJHPHQW�GXUDEOH�GHV� WHUULWRLUHV��������8VHU�*XLGH�
RI�&RS&(7(�9���

&KDQ�� 7�/���1LQJ�� =��� /HXQJ��&�:��� &KHXQJ��&�6���+XQJ��
:�7�� DQG�'RQJ��*�� ��������2Q�URDG� UHPRWH� VHQVLQJ� RI�
SHWURO� YHKLFOH� HPLVVLRQV� PHDVXUHPHQW� DQG� HPLVVLRQ�
IDFWRUV� HVWLPDWLRQ� LQ� +RQJ� .RQJ��$WPRV�� (QYLURQ�� ����
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����±�������
&KDQ��7��DQG�1LQJ��=�� ��������2Q�URDG� UHPRWH� VHQVLQJ�RI�
GLHVHO� YHKLFOH� HPLVVLRQV� PHDVXUHPHQW� DQG� HPLVVLRQ�
IDFWRUV� HVWLPDWLRQ� LQ� +RQJ� .RQJ��$WPRV�� (QYLURQ�� ����
����±������

&KHQ��&���+XDQJ��&��� -LQJ��4���:DQJ��+���3DQ��+���/L��/���
=KDR�� -��� 'DL�� <��� +XDQJ�� +�� DQG� 6FKLSSHU�� /�� ��������
2Q�URDG� HPLVVLRQ� FKDUDFWHULVWLFV� RI� KHDY\�GXW\� GLHVHO�
YHKLFOHV�LQ�6KDQJKDL��$WPRV��(QYLURQ����������±������

(3$� �������� (PLVVLRQV� RI� SULPDU\� 30���� DQG� 30���

SDUWLFXODWH� PDWWHU� ²� (XURSHDQ� (QYLURQPHQW� $JHQF\�
KWWS���ZZZ�HHD�HXURSD�HX�GDWD�DQG�PDSV�LQGLFDWRUV�HPLVVL�
RQV�RI�SULPDU\�SDUWLFOHV�DQG���DVVHVVPHQW���� /DVW� $FFHVV��
��'HF��������

(3$���������1LWURJHQ�R[LGHV��12[��HPLVVLRQV�²�(XURSHDQ�
(QYLURQPHQW�$JHQF\�KWWS���ZZZ�HHD�HXURSD�HX�GDWD�DQG�
PDSV�LQGLFDWRUV�HHD����QLWURJHQ�R[LGHV�QR[�HPLVVLRQV����
DVVHVVPHQW��������������������������/DVW�$FFHVV����'HF��
������

)DYH]�� -�<��� :HLOHQPDQQ�� 0�� DQG� 6WLOOL�� -�� �������� &ROG�
VWDUW� H[WUD� HPLVVLRQV� DV� D� IXQFWLRQ�RI� HQJLQH� VWRS� WLPH��
(YROXWLRQ� RYHU� WKH� ODVW� ��� \HDUV�� $WPRV�� (QYLURQ�� ����
���±�������

)RQWDUDV�� *��� )UDQFR�� 9��� 'LODUD�� 3��� 0DUWLQL�� *�� DQG�
0DQIUHGL��8����������'HYHORSPHQW�DQG�UHYLHZ�RI�(XUR���
SDVVHQJHU� FDU� HPLVVLRQ� IDFWRUV� EDVHG� RQ� H[SHULPHQWDO�
UHVXOWV� RYHU� YDULRXV� GULYLQJ� F\FOHV��6FL�� 7RWDO� (QYLURQ�
���±���������±�������

)RUHVWLHUL�� 6�'��� &ROOLHU�� 6��� .XZD\DPD�� 7��� =KDQJ�� 4���
.OHHPDQ��0�-��DQG�&DSSD��&�'����������5HDO�WLPH�EODFN�
FDUERQ� HPLVVLRQ� IDFWRU� PHDVXUHPHQWV� IURP� OLJKW� GXW\�
YHKLFOHV��(QYLURQ��6FL��7HFKQRO�����������±��������

)UDQFR��9���.RXVRXOLGRX��0���0XQWHDQ��0���1W]LDFKULVWRV��
/���+DXVEHUJHU�� 6�� DQG�'LODUD�� 3�� ��������5RDG� YHKLFOH�
HPLVVLRQ�IDFWRUV�GHYHORSPHQW��$�UHYLHZ��$WPRV��(QYLURQ�
������±�����

*KD]LNKDQL��0���+DWDPL��0���6DIDUL��%��DQG�'RPLUL�*DQML��'��
��������([SHULPHQWDO� LQYHVWLJDWLRQ�RI�H[KDXVW� WHPSHUDWXUH�
DQG�GHOLYHU\� UDWLR�HIIHFW�RQ�HPLVVLRQV�DQG�SHUIRUPDQFH�
RI� D� JDVROLQH±HWKDQRO� WZR�VWURNH� HQJLQH�� &DVH� 6WXG��
7KHUP��(QJ�������±����

+R��.�)���/HH��6�&���+R��:�.���%ODNH��'�5���&KHQJ��<���/L��
<�6���+R��6�6�+���)XQJ��.���/RXLH��3�.�.��DQG�3DUN��'��
��������9HKLFXODU�HPLVVLRQ�RI�YRODWLOH�RUJDQLF�FRPSRXQGV�
�92&V�� IURP� D� WXQQHO� VWXG\� LQ� +RQJ� .RQJ�� $WPRV��
&KHP��3K\V���������±�������

,3&&� �,QWHUQDWLRQDO� 3DQHO� RQ� &OLPDWH� &KDQJH�� ��������
&OLPDWH� &KDQJH� ������ 7KH� 3K\VLFDO� 6FLHQFH� %DVLV��
$OH[DQGHU�� 9�/��� $OOHQ�� .�6��� %LQGRII�� /�1��� %UpRQ��
)�0���&KXUFK��$�-���&XEDVFK��8���(PRUL��6���)RUVWHU��3���
)ULHGOLQJVWHLQ��3���*LOOHWW��1���*UHJRU\��0�-���+DUWPDQQ��
/�'��� -DQVHQ��(���.LUWPDQ��%���.QXWWL��5���.DQLNLFKDUOD��
.�.��� /HPNH�� 3��� 0DURW]NH�� -��� 0DVVRQ�'HOPRWWH�� 9���
0HHKO�� $�*��� 0RNKRY�� ,�,��� 3LDR�� 6��� 3ODWWQHU�� *�� .���
'DKH�� 4��� 5DPDVZDP\�� 9��� 5DQGDOO�� '��� 5KHLQ�� 0���
5RMDV�� 0��� 6DELQH�� &��� 6KLQGHOO�� '��� 6WRFNHU�� )�7���
7DOOH\��'�/���9DXJKDQ��*�'���;LH��6�3���(GV����&DPEULGJH�
8QLYHUVLW\�3UHVV��&DPEULGJH��8QLWHG�.LQJGRP�DQG�1HZ�
<RUN��1<��86$��

-LDQJ��0���0DUU��/�&���'XQOHD��(�-���+HUQGRQ��6�&���-D\QH��
-�7���.ROE��&�(���.QLJKWRQ��:�%���5RJHUV��7�0���=DYDOD��
0���0ROLQD��/�7��DQG�0ROLQD��0�-����������9HKLFOH�IOHHW�
HPLVVLRQV� RI� EODFN� FDUERQ�� SRO\F\FOLF� DURPDWLF�
K\GURFDUERQV��DQG�RWKHU�SROOXWDQWV�PHDVXUHG�E\�D�PRELOH�
ODERUDWRU\�LQ�0H[LFR�&LW\��$WPRV��&KHP��3K\V���������±
�������

.R��<��DQG�&KR��&����������&KDUDFWHUL]DWLRQ�RI�ODUJH�IOHHWV�
RI� YHKLFOH� H[KDXVW� HPLVVLRQV� LQ� PLGGOH� 7DLZDQ� E\�
UHPRWH�VHQVLQJ��6FL��7RWDO�(QYLURQ���������±����

.ULVWHQVVRQ��$���-RKDQVVRQ��&���:HVWHUKROP��5���6ZLHWOLFNL��
(���*LGKDJHQ��/���:LGHTYLVW��8��DQG�9HVHO\��9�� ��������
5HDO�ZRUOG�WUDIILF�HPLVVLRQ�IDFWRUV�RI�JDVHV�DQG�SDUWLFOHV�
PHDVXUHG� LQ� D� URDG� WXQQHO� LQ� 6WRFNKROP�� 6ZHGHQ��
$WPRV��(QYLURQ���������±�����

/LX�� +��� %DUWK�� 0��� 6FRUD�� *��� 'DYLV�� 1�� DQG� /HQWV�� -��
�������� 8VLQJ� SRUWDEOH� HPLVVLRQ� PHDVXUHPHQW� V\VWHPV�
IRU� WUDQVSRUWDWLRQ� HPLVVLRQV� VWXGLHV�� 7UDQVS�� 5HV�� 5HF��
��������±����

/LYLQJVWRQ��&���5LHJHU��3��DQG�:LQHU��$����������$PPRQLD�
HPLVVLRQV�IURP�D�UHSUHVHQWDWLYH�LQ�XVH�IOHHW�RI�OLJKW�DQG�
PHGLXP�GXW\�YHKLFOHV�LQ�WKH�&DOLIRUQLD�6RXWK�&RDVW�$LU�
%DVLQ��$WPRV��(QYLURQ����������±������

/RXLV��&���/LX��<���7DVVHO��3���3HUUHW��3���&KDXPRQG��$��DQG�
$QGUp�� 0�� �������� 3$+�� %7(;�� FDUERQ\O� FRPSRXQG��
EODFN�FDUERQ�� 12�� DQG� XOWUDILQH� SDUWLFOH� G\QDPRPHWHU�
EHQFK� HPLVVLRQV� IRU� (XUR� �� DQG� (XUR� �� GLHVHO� DQG�
JDVROLQH�SDVVHQJHU�FDUV��$WPRV��(QYLURQ���������±����

0DURWWD�� $��� 3DYORYLF�� -��� &LXIIR�� %��� 6HUUD�� 6�� DQG�
)RQWDUDV��*����������*DVHRXV�HPLVVLRQV�IURP�OLJKW�GXW\�
YHKLFOHV�� 0RYLQJ� IURP� 1('&� WR� WKH� QHZ� :/73� WHVW�
SURFHGXUH��(QYLURQ��6FL��7HFKQRO�����������±�������

1W]LDFKULVWRV��/���*NDW]RIOLDV��'���.RXULGLV��&��DQG�6DPDUDV��
=����������&23(57��$�(XURSHDQ�URDG�WUDQVSRUW�HPLVVLRQ�
LQYHQWRU\� PRGHO�� ,Q� ,QIRUPDWLRQ� 7HFKQRORJLHV� LQ�
(QYLURQPHQWDO�(QJLQHHULQJ��(QYLURQPHQWDO�6FLHQFH�DQG�
(QJLQHHULQJ��$WKDQDVVLDOLV�� ,�1��� 5L]]ROL��$�(���0LWNDV��
3�$�� DQG� *yPH]�� -�$�� �(GV���� 6SULQJHU�9HUODJ�� %HUOLQ�
+HLGHOEHUJ��SS�����±�����

1W]LDFKULVWRV�� /��� 3DSDGLPLWULRX�� *��� /LJWHULQN�� 1�� DQG�
+DXVEHUJHU��6�� �������� ,PSOLFDWLRQV�RI�GLHVHO�HPLVVLRQV�
FRQWURO� IDLOXUHV� WR� HPLVVLRQ� IDFWRUV� DQG� URDG� WUDQVSRUW�
12[�HYROXWLRQ��$WPRV��(QYLURQ����������±�����

2¶'ULVFROO�� 5��� $S6LPRQ�� +�0��� 2[OH\�� 7��� 0ROGHQ�� 1���
6WHWWOHU��0�(�-��DQG�7KL\DJDUDMDK��$����������$�3RUWDEOH�
(PLVVLRQV�0HDVXUHPHQW� 6\VWHP� �3(06�� VWXG\�RI�12[

DQG�SULPDU\�12��HPLVVLRQV�IURP�(XUR���GLHVHO�SDVVHQJHU�
FDUV� DQG� FRPSDULVRQ� ZLWK� &23(57� HPLVVLRQ� IDFWRUV��
$WPRV��(QYLURQ���������±�����

3DYORYLF�� -��� 0DURWWD�� $�� DQG� &LXIIR�� %�� �������� &2�

HPLVVLRQV�DQG�HQHUJ\�GHPDQGV�RI�YHKLFOHV� WHVWHG�XQGHU�
WKH� 1('&� DQG� WKH� QHZ� :/73� W\SH� DSSURYDO� WHVW�
SURFHGXUHV��$SSO��(QHUJ\���������±������

5H[HLV��0����������8SGDWH�RI�(PLVVLRQ�)DFWRUV�IRU�(852�
�� DQG� (852� �� YHKLFOHV� IRU� WKH� +%()$� 9HUVLRQ� �����
5HSRUW� 1R�� ,���������� 5H[� (0�,� ������������ IURP�
������������

5XELQR��/���%RQQHO��3���&DUULHUR��0�� DQG�.UDVHQEULQN��$��
��������3RUWDEOH�HPLVVLRQ�PHDVXUHPHQW�V\VWHP��3(06��
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IRU� KHDY\� GXW\� GLHVHO� YHKLFOH� 30� PHDVXUHPHQW�� 7KH�
(XURSHDQ� 30� 3(06� SURJUDP� 6$(� ,QW�� -�� (QJLQHV� ���
���±�����

6FKPLW]�� 7��� +DVVHO�� '�� DQG� :HEHU�� )�-�� ��������
'HWHUPLQDWLRQ� RI� 92&�FRPSRQHQWV� LQ� WKH� H[KDXVW� RI�
JDVROLQH�DQG�GLHVHO�SDVVHQJHU�FDUV��$WPRV��(QYLURQ������
����±�������

6KRUVKDQL��)�0���$QGUp��0���%RQKRPPH��&��DQG�6HLJQHXU��
&����������0RGHOOLQJ�FKDLQ�IRU�WKH�HIIHFW�RI�URDG�WUDIILF�
RQ�DLU�DQG�ZDWHU�TXDOLW\��7HFKQLTXHV��FXUUHQW�VWDWXV�DQG�
IXWXUH� SURVSHFWV�� (QYLURQ�� 0RGHOO�� 6RIWZDUH� ���� ���±
������

6PLW�� 5��� 1W]LDFKULVWRV�� /�� DQG� %RXOWHU�� 3�� ��������
9DOLGDWLRQ�RI�URDG�YHKLFOH�DQG�WUDIILF�HPLVVLRQ�PRGHOV�±�
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