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$%675$&7

6LQFH#4<:3/#WUDIILF#YROXPHV#KDYH#PRUH#WKDQ#GRXEOHG#LQ#VRPH#DUHDV#QHDU
%XUOLQJWRQ/#971##'XULQJ#WKH#VDPH#SHULRG/#12[#HPLVVLRQV#IURP#PRWRU#YHKLFOHV
KDYH#EHHQ#UHGXFHG#E\#DSSUR[LPDWHO\#593(1##7KXV/#HPLVVLRQ#UDWH#LPSURYHPHQWV
RYHU#WKH#SDVW#53#\HDUV#KDYH#VXUSDVVHG#WKH#JURZWK#LQ#YHKLFOH#YROXPHV>#DOWKRXJK/
WKH#UDWH#RI#LPSURYHPHQWV#LQ#HPLVVLRQV#DUH#VORZLQJ1

8VLQJ#WUDYHO#GHPDQG#QHWZRUN#PRGHOV#LQWHJUDWHG#ZLWK#DLU#SROOXWLRQ
HPLVVLRQV#DQG#GLVSHUVLRQ#PRGHOV/#WKH#DQDO\VHV#LQ#WKLV#SDSHU#VRXJKW#WR
FKDUDFWHUL]H#GDLO\#12[#HPLVVLRQV#IURP#PRWRU#YHKLFOHV#DQG#IRUHFDVW#125#JURXQG

OHYHO#FRQFHQWUDWLRQV#IURP#PRWRU#YHKLFOHV#LQ#WKH#\HDU#53331
,W#ZDV#IRXQG#WKDW/#GHVSLWH#LQFUHDVLQJ#YHKLFOH0PLOHV0WUDYHOHG#+907,#DQG

FRQJHVWLRQ/#WKH#DYHUDJH#DQQXDO#125#FRQFHQWUDWLRQV#GXH#WR#PRWRU#YHKLFOHV#ZLOO

URXJKO\#KDOYH#E\#WKH#\HDU#53331##)XUWKHUPRUH/#IRU#VPDOO#FRPPXQLWLHV/#HPLVVLRQV
FDXVHG#E\#YHKLFOH#FRQJHVWLRQ#DUH#VKRZQ#WR#EH#D#PLQRU#SDUW#RI#RYHUDOO#HPLVVLRQV1
7KHUHIRUH/#DLU#SROOXWLRQ#PRGHOV#WKDW#GR#QRW#WDNH#LQWR#DFFRXQW#DGGHG#GHOD\V#GXH#WR
FRQJHVWLRQ#PD\#VWLOO#DFFXUDWHO\#SRUWUD\#PHVRVFDOH#125#FRQFHQWUDWLRQV1

,1752'8&7,21

7KH#4<:3#IHGHUDO#&OHDQ#$LU#$FW#+75#8161&1$#VHFWLRQV#:7340:975,#VHW#WKH
PD[LPXP#DLU#SROOXWLRQ#FRQFHQWUDWLRQ#WKDW#ZRXOG#EH#SHUPLWWHG#LQ#DQ\#RQH#DUHD1
7KHVH#´1DWLRQDO#$PELHQW#$LU#4XDOLW\#6WDQGDUGVµ#+1$$46,#ZHUH#EDVHG#RQ#WKH
PLQLPXP#GRVH#RI#D#SROOXWDQW#UHTXLUHG#WR#FDXVH#DGYHUVH#KHDOWK#HIIHFWV#RQ#WKH#PRVW
VHQVLWLYH#SRUWLRQ#RI#WKH#SRSXODWLRQ1##6KRUWO\#DIWHU#WKLV#OHJLVODWLRQ#ZDV#HQDFWHG/#WKH
6LHUUD#&OXE#VXHG#WKH#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\#+(3$,#WR#HQIRUFH#WKH
LQWHQW#RI#WKH#ODZ=#´WR#SURWHFW#DQG#HQKDQFH#WKH#TXDOLW\#RI#WKH#1DWLRQ·V#DLU
UHVRXUFHV1111µ##7KH#FRXUW#KHOG#WKDW#WKLV#SKUDVH#LQ#WKH#VWDWXWH#ZDV#LQWHQGHG#WR#PHDQ
WKDW#QR#VLJQLILFDQW#GHWHULRUDWLRQ#RI#WKH#H[LVWLQJ#DLU#TXDOLW\#LQ#D#VSHFLILF#DUHD#ZDV
SHUPLWWHG/#HYHQ#LI#SROOXWLRQ#RI#WKH#DPELHQW#DLU#ZDV#ZHOO#EHORZ#WKH#1$$461##7KLV
OHG#WR#WKH#IRUPDWLRQ#RI#WKH#3UHYHQWLRQ#RI#6LJQLILFDQW#'HWHULRUDWLRQ#+36',#UXOHV
DQG#VWDQGDUGV1

$Q\#PDMRU#VRXUFH#RI#125#EXLOW#RU#PRGLILHG#VLQFH#)HEUXDU\#;/#4<;;#RU#PLQRU

VRXUFH#EXLOW#RU#PRGLILHG#VLQFH#WKH#EDVHOLQH#GDWH#RI#)HEUXDU\#;/#4<;;+4,#FRQVXPHV
DLU#SROOXWLRQ#LQFUHPHQWV1##$ORQJ#WKH#VDPH#OLQHV/#DQ\#VRXUFH#WKDW#KDV#EHHQ#VKXW
GRZQ#VLQFH#WKRVH#GDWHV/#RU#KDV#UHGXFHG#HPLVVLRQV/#ZRXOG#PDNH#DYDLODEOH#DLU
SROOXWLRQ#LQFUHPHQWV#IRU#DQRWKHU#XVH1###,Q#WKH#FDVH#RI#125/#WKH#DQQXDO#1$$46#LV
VHW#DW#433#�J2P6/#ZKLOH#WKH#36'#LQFUHPHQW#LV#VHW#DW#58#�J2P61##7KLV#PHDQV#WKDW
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JURXQG0OHYHO#FRQFHQWUDWLRQV#PD\#QRW#H[FHHG#433#�J2P6/#DQG#FDQ#QRW#LQFUHDVH
PRUH#WKDQ#58#�J2P6#DERYH#WKH#FRQFHQWUDWLRQ#LQ#WKH#EDVHOLQH#\HDU1

2Q#-XQH#45/#4<<3/#WKH#(3$·V#1HZ#6RXUFH#5HYLHZ#6HFWLRQ#LVVXHG#GUDIW
JXLGDQFH#RQ#PRGHOLQJ#125#36'#LQFUHPHQWV15##7KLV#JXLGDQFH#VXJJHVWHG#WKDW

ZKHQ#PRGHOLQJ#WR#SHUPLW#QHZ#LQGXVWULDO#VRXUFHV/#WKH#LQFUHPHQW#FRQVXPHG#E\
PLQRU#VRXUFHV/#VXFK#DV#WUDQVSRUWDWLRQ#VRXUFHV/#EH#WDNHQ#LQWR#DFFRXQW=

´$UHD#DQG#PRELOH#VRXUFHV#DUH#PLQRU#VRXUFHV#DQG#WKXV/#OLNH
PLQRU#SRLQW#VRXUFHV/#DQ\#FKDQJHV#LQ#DFWXDO#12[#HPLVVLRQV
RFFXUULQJ#VLQFH#WKH#PLQRU#VRXUFH#EDVHOLQH#GDWH#FDQ#FRQVXPH#+RU
H[SDQG,#LQFUHPHQW1µ6

7KLV#PHDQV#WKDW#D#JURZWK#LQ#WUDIILF#YROXPHV#ZLWKRXW#VXEVHTXHQW
LPSURYHPHQWV#LQ#HPLVVLRQV#ZRXOG#FRQVXPH#LQFUHPHQW/#DQG#WKHUHIRUH#PD\#VHUYH
WR#LQGLUHFWO\#OLPLW#LQGXVWULDO#JURZWK#LQ#D#UHJLRQ1##2Q#WKH#RWKHU#KDQG/#LI#YHKLFOH
HPLVVLRQV#LPSURYH#DW#D#KLJKHU#UDWH#WKDQ#WUDIILF#JURZWK/#WKHQ#VRPH#LQFUHPHQW#PD\
EH#PDGH#DYDLODEOH/#PDNLQJ#ZD\#IRU#QHZ#LQFUHPHQW0FRQVXPLQJ#VRXUFHV#RU/#HYHQ
EHWWHU/#FOHDQHU#DLU1

7KLV#SDSHU#ZLOO#HYDOXDWH#D#SURFHGXUH##ZKLFK#HVWLPDWHV#12[#LQFUHPHQW
FRQVXPSWLRQ#IURP#PRELOH#VRXUFHV#LQ#VPDOO#DQG#PHGLXP#VL]HG#FRPPXQLWLHV#XVLQJ
DQ#LQWHJUDWLRQ#RI#WUDYHO#GHPDQG#QHWZRUN#PRGHOLQJ#DQG#*DXVVLDQ#SOXPH#DLU
SROOXWLRQ#GLVSHUVLRQ#PRGHOV1

%$&.*5281'

7+(#678'<#$5($

7KH#VWXG\#DUHD#HQFRPSDVVHV#&KLWWHQGHQ#&RXQW\/#9HUPRQW/#RI#ZKLFK#WKH
ODUJHVW#FLW\#LV#%XUOLQJWRQ1##7KLV#LV#WKH#ODUJHVW#FRXQW\#LQ#9HUPRQW/#ZLWK#D#4<<3
SRSXODWLRQ#RI#464/:94/#DQG#KDV#EHHQ#JURZLQJ#DW#D#UDWH#RI#416(#SHU#\HDU#VLQFH
4<;317

7KH#FRXQW\#FDQ#EH#GLYLGHG#LQWR#XUEDQ/#VXEXUEDQ/#DQG#UXUDO#SRUWLRQV/#ZLWK
WKH#XUEDQ#FHQWHU#H[SHULHQFLQJ#WKH#OHDVW#JURZWK#DQG#WKH#VXEXUEDQ#DQG#WKH#UXUDO
DUHDV#WKH#PRVW#JURZWK#VLQFH#4<;3#+7DEOH#4,1
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7$%/(#4=##3RSXODWLRQ#JURZWK#LQ#&KLWWHQGHQ#&RXQW\#VLQFH#4<;3#LQ#XUEDQ/
VXEXUEDQ#DQG#UXUDO#DUHDV#8

&ODVVLILFDWLRQ 4<;3 4<<3
3HUFHQW#&KDQJH

SHU#\HDU

8UEDQ 87/:43 8;/8;8 319<(
6XEXUEDQ 68/;97 74/<;: 418<(
5XUDO 57/<93 64/4;< 5158(

7RWDO 448/867 464/:94 4165(

)LJXUH#4#VKRZV#IXUWKHU#WKDW#WKH#GLVWULEXWLRQ#RI#QHZ#UHVLGHQFHV#DOVR#KHDYLO\
IDYRUV#UXUDO#DQG#VXEXUEDQ#ORFDWLRQV1##7KLV#WUHQG#LQ#SRSXODWLRQ#JURZWK#UHIOHFWV#WKH
´VXEXUEDQL]DWLRQµ#RI#$PHULFDQ#FLWLHV1##$V#SRSXODWLRQ#FHQWHUV#EHFRPH#PRUH
FRQJHVWHG/#UHVLGHQWLDO#DQG#FRPPHUFLDO#GHYHORSPHQW#KDV#FHQWHUHG#RQ#PDMRU
DUWHULDOV#OHDGLQJ#LQWR#WKH#FLWLHV/#DQG#RWKHU#OHVV0GHYHORSHG#DUHDV1

),*85(#4=#'LVWULEXWLRQ#RI#QHZ#UHVLGHQFHV#EHWZHHQ#4<;3#DQG#4<<3#9������������������������������������������
������������������������������������������
������������������������������������������
������������������������������������������
������������������������������������������
������������������������������������������
������������������������������������������
������������������������������������������
������������������������������������������
������������������������������������������
������������������������������������������
������������������������������������������

57(#
8UEDQ6;(#

5XUDO

6;(#
6XEXUEDQ

*52:7+#,1#75$)),&#92/80(6

$V#D#GLUHFW#UHVXOW#RI#SRSXODWLRQ#JURZWK#DQG#WKH#GLVSHUVLRQ#RI#HFRQRPLF
DFWLYLW\/#WUDIILF#YROXPHV#KDYH#DOVR#EHHQ#JURZLQJ1##:KLOH#WKH#LQWHUVWDWH#V\VWHP#KDV
DEVRUEHG#PRVW#RI#WKH#DGGLWLRQDO#WUDIILF/#PDMRU#VXEXUEDQ#DUWHULDOV#DUH#DOVR
H[KLELWLQJ#KLJK#WUDIILF#JURZWK#UDWHV1##$V#VKRZQ#LQ#)LJXUH#5/#VXEXUEDQ#DUWHULDOV
KDYH#VKRZQ#D#8;(#JURZWK#VLQFH#4<;3#DQG#D#433(#JURZWK#VLQFH#4<:31##7KLV
WUDQVODWHV#LQWR#D#JURZWK#UDWH#RI#619(#SHU#\HDU#VLQFH#4<:3#RU#71:(#SHU#\HDU#VLQFH
4<;31

$V#WKH#SRSXODWLRQ#GDWD#DOVR#VXJJHVW/#PXFK#RI#WKH#JURZWK#LQ#WKH#VWXG\#DUHD
URDGV#KDV#WDNHQ#SODFH#LQ#WKH#VXEXUEV/#ZKHUH#WKH#SURSHU#LQIUDVWUXFWXUH#LV#RIWHQ#QRW
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LQ#SODFH#WR#KDQGOH#ODUJH#WUDIILF#YROXPH#LQFUHDVHV1##7KHUHIRUH/#DV#VXEXUEDQL]DWLRQ
LQFUHDVHV/#FRQJHVWLRQ#DORQJ#VXEXUEDQ#DUWHULDOV#DOVR#LQFUHDVHV1

$,5#32//87,21

'XH#WR#LPSOHPHQWDWLRQ#RI#WKH#&OHDQ#$LU#$FW#RI#4<:3#DQG#ODWHU#DPHQGPHQWV/
HPLVVLRQV#RI#12[/#FDUERQ#PRQR[LGH#+&2,/#DQG#K\GURFDUERQV#++&,#IURP#WKH
YHKLFOH#IOHHW#+L1H1/#WKH#FRPSRVLWH#HPLVVLRQV#IURP#DOO#YHKLFOHV#RQ#WKH#URDG#LQ
SURSRUWLRQ#WR#WKHLU#907,#KDYH#EHHQ#UDSLGO\#GHFUHDVLQJ1##$V#VKRZQ#ZLWK#WKH
(3$·V#02%,/(#714#FRPSXWHU#SURJUDP/:#IOHHW#HPLVVLRQV#RI#12[#KDYH#GHFUHDVHG
E\#94(/#ZKLOH#&2#HPLVVLRQV#KDYH#GHFUHDVHG#E\#9<(/#DQG#+&#HPLVVLRQV#KDYH

),*85(#5=## *URZWK#LQ#WUDIILF#YROXPHV#DW#FRQWLQXRXV#FRXQWHUV#LQ#&KLWWHQGHQ#
&RXQW\#VLQFH#4<:3#;
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6XEXUEDQ

GHFUHDVHG#E\#:4(#VLQFH#4<:;#+)LJXUH#6,1##+RZHYHU/#OHJLVODWHG#YHKLFOH#HPLVVLRQ
VWDQGDUGV#IRU#12[#DQG#&2#KDYH#QRW#VXEVWDQWLDOO\#FKDQJHG#VLQFH#4<;41##7KHUHIRUH/
DV#WKH#YHKLFOH#IOHHW#DJHV#DQG#FDUV#ROGHU#WKDQ#4<;4#PRGHO#\HDUV#OHDYH#WKH#IOHHW/
HPLVVLRQV#LPSURYHPHQWV#PD\#QR#ORQJHU#RIIVHW#WKH#SURMHFWHG#ULVH#LQ#907#LQ#D
VSHFLILF#UHJLRQ1##7KLV#LV#VKRZQ#LQ#)LJXUH#6/#ZKHUH#02%,/(#714#SUHGLFWV#QDWLRQDO
IOHHW#HPLVVLRQV#OHYHOLQJ#RXW#VWDUWLQJ#LQ#4<<8/#DQG#FRQWLQXLQJ#WKURXJK#53331

2QH#ZRXOG#H[SHFW#WKHVH#HPLVVLRQV#LPSURYHPHQWV#WR#EH#UHIOHFWHG#LQ#DPELHQW
DLU#PRQLWRULQJ#GDWD#FROOHFWHG#LQ#WKH#UHJLRQ1##125#GDWD#LQ#&KLWWHQGHQ#&RXQW\#KDV

EHHQ#FROOHFWHG#RQO\#VLQFH#4<;9>#KRZHYHU/#VLQFH#WKDW#WLPH/#QR#FOHDU#WUHQG#LQ
DPELHQW#FRQFHQWUDWLRQV#KDV#EHHQ#HVWDEOLVKHG#+)LJXUH#7,1##7KLV#LV#VLPLODU#WR#125
PRQLWRULQJ#RQ#D#QDWLRQDO#VFDOH1##7KH#(3$#UHSRUWV#WKDW#´QDWLRQDOO\/#FRPSRVLWH
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DQQXDO#DYHUDJH#125#OHYHOV#GHFUHDVHG#IURP#4<;3#WR#4<;6/#DQG#UHPDLQHG

HVVHQWLDOO\#FRQVWDQW#VLQFH#4<;71µ<#$#VLPLODU#WUHQG#LV#H[SHULHQFHG#ZKHQ
PHWURSROLWDQ#VWDWLVWLFDO#DUHDV#+06$,#RI#OHVV#WKDQ#583/333#DUH#LVRODWHG>#LQ#WKLV#FDVH/
DQ#RYHUDOO#GHFOLQH#RI#DSSUR[LPDWHO\#:(#KDV#EHHQ#REVHUYHG#VLQFH#4<;3/#DOWKRXJK
WKH#RYHUDOO#WUHQG#LV#IDLUO\#IODW143

7KHUH#DUH#WZR#SRVVLEOH#UHDVRQV#IRU#WKH#JHQHUDOO\#IODW#WUHQG1#)LUVW/#DOWKRXJK
IOHHW##HPLVVLRQV#KDYH#GHFUHDVHG#E\#DSSUR[LPDWHO\#8;(#VLQFH#4<;3/#WUDIILF#YROXPHV
KDYH#JURZQ#E\#8;(#GXULQJ#WKDW#WLPH1##,PSURYHPHQWV#ZH#KDYH#VHHQ#LQ#YHKLFOH
HPLVVLRQV#KDYH#EHHQ#FDQFHOOHG#RXW#E\#LQFUHDVHV#LQ#YHKLFOH#XVH1

),*85(#6=####9HKLFOH#IOHHW#HPLVVLRQ#WUHQGV44
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6HFRQGO\/#DW#D#QDWLRQDO#OHYHO/#12[#HPLVVLRQV#IURP#PRWRU#YHKLFOHV#DUH#73(#RI
WKH#WRWDO#HPLVVLRQV#IURP#DOO#VRXUFHV145##7KLV#LV#D#GHFOLQH#IURP#83(#VLQFH#4<;31
+RZHYHU/#JURZWK#LQ#RWKHU#VHFWRUV/#HVSHFLDOO\#IXHO#FRPEXVWLRQ#VLQFH#4<;3/#KDV#DOVR
VRPHZKDW#RIIVHW#WKH#LPSURYHPHQWV#LQ#PRWRU#YHKLFOH#12[#HPLVVLRQV1

&20387(5#02'(/,1*

*LYHQ#WKH#KLJK#JURZWK#UDWHV#LQ#WKH#VWXG\#UHJLRQ/#WKH#GHFOLQLQJ#HPLVVLRQ#UDWHV
IRU#PRWRU#YHKLFOHV/#DQG#SURSRVHG#(3$#UXOHV#RQ#LQFUHPHQW#FRQVXPSWLRQ
PRGHOLQJ/#LW#KDV#EHFRPH#QHFHVVDU\#WR#GHYHORS#D#FRQVLVWHQW#VHW#RI#WHFKQLTXHV#WKDW
FDQ#EH#XVHG#WR#HVWLPDWH#12[#FRQFHQWUDWLRQV#ERWK#IRU#WKH#EDVHOLQH#\HDU#DQG#IRU
IXWXUH#\HDUV1##&RPSXWHU#PRGHOLQJ#LV#DQ#LGHDO#DSSOLFDWLRQ#IRU#LQFUHPHQW
GHWHUPLQDWLRQ/#VR#ORQJ#DV#D#FRQVLVWHQW#VHW#RI#LQSXW#SDUDPHWHUV#LV#XVHG#DQG
DVVXPSWLRQV#LQFOXGHG#LQ#WKH#PRGHOLQJ#FDQ#EH#ZHOO#MXVWLILHG1##7KH#IROORZLQJ
VHFWLRQ#ZLOO#IRUPXODWH#D#FRPSXWHU#PRGHOLQJ#WHFKQLTXH/#DSSO\#LW#WR#D#SDUWLFXODU
H[DPSOH/#DQG#GLVFXVV#WKH#DVVXPSWLRQV#DQG#UHVXOWV1

*(1(5$/#352&('85(

7R#GHWHUPLQH#DYHUDJH#GDLO\#12[#FRQFHQWUDWLRQV#IRU#ERWK#WKH#FXUUHQW#\HDU
DQG#IXWXUH#\HDUV/#D#IRXU0VWHS#SURFHVV#ZDV#FDUULHG#RXW=

4, $#VXUYH\#ZDV#FRQGXFWHG#RQ#&KLWWHQGHQ#&RXQW\#UHVLGHQWV#WR#GHWHUPLQH
GDLO\#WULS0PDNLQJ#EHKDYLRU1

5, $#QHWZRUN#PRGHO#ZDV#GHVLJQHG#DQG#FDOLEUDWHG#IRU#WKH#EDVHOLQH#\HDU/
4<;<1##0RGHO#UXQV#IRU#IXWXUH#\HDUV#ZHUH#PDGH#XVLQJ#UHJLRQDO#ODQG0XVH
IRUHFDVWV1

6, 5HVXOWDQW#OLQN#+URDG,#RSHUDWLQJ#VSHHGV#DQG#LGOLQJ#WLPH#ZHUH#FRQYHUWHG
LQWR#12[#HPLVVLRQV#XVLQJ#02%,/(#714#HPLVVLRQ#IDFWRUV1

7, $Q#DUHD#VRXUFH#PRGHO/#(3$·V#&'0#513/46##DQG#HPLVVLRQ#UDWHV#IURP#6WHS#6
ZHUH#XVHG#WR#FDOFXODWH#JURXQG#OHYHO#12[#FRQFHQWUDWLRQV1

7+(#6859(<

,Q#4<;</#D#FRPSUHKHQVLYH#WUDYHO#GLDU\#VXUYH\#ZDV#FRQGXFWHG#RI#4/533
KRXVHKROGV#LQ#&KLWWHQGHQ#&RXQW\47#E\#WKH#&KLWWHQGHQ#&RXQW\#5HJLRQDO#3ODQQLQJ
&RPPLVVLRQ#+&&53&,#DQG#5HVRXUFHý6\VWHPVý*URXS/#,QF1

7KH#UHVSRQVH#UDWH#WR#WKH#VXUYH\#ZDV#6;(/#DFFRXQWLQJ#IRU#DSSUR[LPDWHO\
6/833#GDLO\#YHKLFOH#WULSV1##2I#WKHVH/#58(#ZHUH#KRPH0EDVHG#ZRUN#WULSV/#74(#ZHUH
KRPH0EDVHG#QRQ0ZRUN#+1:,#WULSV/#DQG#WKH#UHPDLQLQJ#67(#ZHUH#QRQ0KRPH#EDVHG
WULSV#+1+%,1
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$V#H[SHFWHG/#D#GDLO\#GLVWULEXWLRQ#RI#WULSV#VKRZLQJ#WKUHH#SHDNV#²#PRUQLQJ/
QRRQ/#DQG#HYHQLQJ#²#ZDV#GHULYHG#IURP#WKH#VXUYH\#GDWD#+)LJXUH#8,1##7KH#PRUQLQJ
SHDN#ZDV#FKDUDFWHUL]HG#E\#LWV#VKRUW#GXUDWLRQ#DQG#UHODWLYHO\#ODUJH#SHUFHQWDJH#RI
KRPH0WR0ZRUN#WULSV1##7KH#QRRQ0WLPH#SHDN#ZDV#OHVV#SURQRXQFHG#DQG#FRPSULVHG
PDLQO\#QRQ0KRPH0EDVHG#WULSV1##7KH#HYHQLQJ#SHDN#ZDV#VSUHDG#RYHU#WZR#WR#WKUHH
KRXUV/#DQG#LV#FKDUDFWHUL]HG#E\#D#VRPHZKDW#HYHQ#GLVWULEXWLRQ#RI#KRPH0EDVHG
ZRUN/#KRPH0EDVHG#QRQ0ZRUN/#DQG#QRQ0KRPH0EDVHG#WULSV1
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7+(#1(7:25.#02'(/

%DVHG#RQ#WKH#VXUYH\#GDWD#GHWDLOHG#DERYH#DQG#ODQG#XVH#GDWD#VXSSOLHG#E\#WKH
&&53&/#D#QHWZRUN#PRGHO#ZDV#FDOLEUDWHG#WR#WKH#URDG#V\VWHP#RI#&KLWWHQGHQ
&RXQW\1##7KH#PRGHO#FRQVLVWV#RI#<87#OLQNV#DFFRXQWLQJ#IRU#4/4:7#ODQH0PLOHV1##7KH
QHWZRUN#ZDV#FUHDWHG#XVLQJ#WKH#702'(/548#PRGHOLQJ#SDFNDJH1##,W#ZDV#FDOLEUDWHG
WR#ZLWKLQ#417(#RI#WKH#WRWDO#FRXQWHG#QHWZRUN#YROXPH#GXULQJ#WKH#4<;<#GHVLJQ
KRXU49/#ZLWK#D#FRUUHODWLRQ#FRHIILFLHQW#RI#31<3#DQG#DQ#DYHUDJH#OLQN#HUURU#RI#5;(14:

7KH#PRGHO#ZDV#FDOLEUDWHG#WR#UHIOHFW#GHVLJQ#KRXU#FRQGLWLRQV#DQG#QRW#WKH
DYHUDJH#KRXU1##6LQFH#125#VWDQGDUGV#DUH#EDVHG#RQ#WKH#DYHUDJH#DQQXDO

FRQFHQWUDWLRQ/#WKH#PRGHO#ZDV#DOWHUHG#WR#UHIOHFW#WKH#DQQXDO#DYHUDJH#KRXU1##7KLV
ZDV#DFFRPSOLVKHG#E\#UXQQLQJ#WKH#PRGHO#IRU#HDFK#RI#WKH#57#KRXUV#RI#WKH#GD\4;#DQG
GHWHUPLQLQJ#WKH#DYHUDJH#KRXU#LQ#WHUPV#RI#907#DQG#12[#HPLVVLRQV1##7KH#UHVXOWV
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RI#WKLV#PRGHOLQJ#DUH#VKRZQ#LQ#)LJXUH#9/#ZKHUH#907#DQG#12[#HPLVVLRQV#DUH
REVHUYHG#WR#IROORZ#HDFK#RWKHU#YHU\#FORVHO\1##8VLQJ#WKLV#JUDSK/#WKH#´DYHUDJHµ#RU
´W\SLFDOµ#KRXU#ZDV#GHWHUPLQHG#WR#VWDUW#DW#43=33#$01

),*85(#9=#####907#DQG#12[#HPLVVLRQ#WUHQGV#RYHU#WKH#FRXUVH#RI#WKH#GD\/#XVLQJ
QHWZRUN#PRGHOLQJ
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907

❍ 7RWDO#(PLVVLRQV

$V#VKRZQ#DERYH#LQ#)LJXUH#9/#907#DQG#12[#HPLVVLRQ#WUHQGV#GXULQJ#WKH#GD\
IROORZ#D#VLPLODU#FRXUVH1##7KLV#LV#WKH#FDVH#GHVSLWH#WKH#KHDY\#FRQJHVWLRQ#GXULQJ#WKH
$0#DQG#30#SHDN#KRXUV1##,Q#RUGHU#WR#WUDFN#VXFK#FRQJHVWLRQ#GXULQJ#WKH#FRXUVH#RI
WKH#GD\/#D#´FRQJHVWLRQ#LQGH[µ#ZDV#IRUPXODWHG#WR#DSSO\#WR#WKH#ORDGHG#OLQN#ILOH=

&RQJHVWLRQ#LQGH[# #∑



9RO/#∞#'LVW/

6SG/
#0#
9RO/#∞#'LVW/
))6SG/

###

ZKHUH=
9RO/#  #WKH#ORDGHG#YHKLFOH#YROXPH#RQ#OLQN#/>
'LVW/#  #WKH#OHQJWK#RI#OLQN#/>
6SG/#  #WKH#DFWXDO#RSHUDWLQJ#VSHHG#RQ#OLQN#/>#DQG/
))6SG/#  #WKH#SRVWHG#VSHHG#OLPLW#RQ#OLQN#/1

7KH#UHVXOWV#RI#FRQJHVWLRQ#LQGH[#WUDFNLQJ#DUH#VKRZQ#LQ#)LJXUH#:1##,W#LV
LQWHUHVWLQJ#WR#QRWH#WKDW#WKH#FRQJHVWLRQ##LQGH[#LV#VLJQLILFDQWO\#KLJKHU#GXULQJ#WKH
PRUQLQJ#SHDN#KRXU#WKDQ#GXULQJ#WKH#HYHQLQJ#SHDN#KRXU#GHVSLWH#WKH#IDFW#WKDW#PRUH
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YHKLFOHV#DUH#RQ#WKH#URDG#GXULQJ#WKH#HYHQLQJ#SHDN#KRXU#+)LJXUH#8,1##12[#DQG#907
HPLVVLRQV#DUH#DOVR#JUHDWHU#LQ#WKH#PRUQLQJ#SHDN#KRXU#+)LJXUH#9,/#EXW#H[KLELW#PRUH
RI#DQ#HYHQLQJ#SHDN#WKDQ#GRHV#FRQJHVWLRQ1

),*85(#:=#####'DLO\#WUHQGV#LQ#FRQJHVWLRQ

3 4 5 6 7 8 9 : ; < 43 44 45 46 47 48 49 4: 4; 4< 53 54 55 56
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0RGHOLQJ#ZDV#DOVR#SHUIRUPHG#IRU#D#\HDU#5333#VFHQDULR1##/DQG#XVH#IRUHFDVWV
ZHUH#SURYLGHG#E\#WKH#&&53&1##7KHVH#IRUHFDVWV#UHSUHVHQW#DQ#LQFUHDVH#RI#417(#SHU
\HDU#LQ#UHVLGHQWLDO#GHYHORSPHQW#DQG#814(#SHU#\HDU#LQ#FRPPHUFLDO#DQG#UHWDLO
GHYHORSPHQW1

<HDU#5333#PRGHO#UXQV#ZHUH#SHUIRUPHG#DVVXPLQJ#QR#DGGLWLRQDO#URDGZD\
LQIUDVWUXFWXUH1##7KH#UXQV#VKRZHG#DQ#LQFUHDVH#RI#54(#LQ#GDLO\#907#+413(2\HDU,
DQG#;8(#LQ#WKH#GDLO\#FRQJHVWLRQ#LQGH[#+81;(2\HDU,1

7+(#,17(*5$7,21#02'(/

,Q#RUGHU#WR#FRQYHUW#WKH#QHWZRUN#PRGHOLQJ#UHVXOWV#WR#D#IRUP#DSSURSULDWH#IRU
DQ#DLU#SROOXWLRQ#GLVSHUVLRQ#PRGHO/#DQ#LQWHJUDWLRQ#PRGHO#ZDV#GHYHORSHG1##7KLV
PRGHO#WRRN#OLQN#RXWSXWV/#LQ#WHUPV#RI#DFWXDO#UXQQLQJ#VSHHGV/#WUDYHO#WLPHV/#DQG
LGOLQJ#GHOD\V/#DQG#FRQYHUWHG#WKHVH#WR#12[#HPLVVLRQV#XVLQJ#RXWSXW#IURP#WKH
(3$·V#PRELOH0VRXUFH#HPLVVLRQV#PRGHO/#02%,/(#7141##$V#D#UHVXOW/#HDFK#OLQN#LV
DVVRFLDWHG#ZLWK#UXQQLQJ#12[#HPLVVLRQV/#DQG#WZR#VHWV#RI#LGOLQJ#HPLVVLRQV#²#RQH
IRU#HDFK#HQG1

7KH#HPLVVLRQ#UDWHV#IURP#02%,/(#714#ZHUH#FDOFXODWHG#XVLQJ#WKH#IROORZLQJ
SURJUDP#SDUDPHWHUV=
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4, 433(#KRW#VWDELOL]HG#+L1H1/#ZDUPHG0XS,#HPLVVLRQV#RQ#WKH#,QWHUVWDWH
KLJKZD\V#DQG#RWKHU#IUHHZD\V>

5, 5319(#FROG#VWDUW/#5:(#KRW#VWDUW#RQ#DOO#RWKHU#URDGV>

6, 1DWLRQDO#YHKLFOH#IOHHW#DJLQJ#GLVWULEXWLRQ>

7, /RFDO#YHKLFOH#PL[#GLVWULEXWLRQ#EDVHG#RQ#D#VXEXUEDQ#DUWHULDO#FODVVLILFDWLRQ
FRXQW>#DQG/

8, $QQXDO#DYHUDJH#%XUOLQJWRQ#WHPSHUDWXUH#RI#851:�)1

7KH#HPLVVLRQ#UDWHV#WKDW#UHVXOWHG#ZHUH#GLVWULEXWHG#LQ#D#´8µ#VKDSHG#FXUYH
ZKHQ#SORWWHG#DJDLQVW#VSHHG#+)LJXUH#;,1##$V#VSHHG#LQFUHDVHV#XS#WR#63#PSK/#12[
HPLVVLRQV#GHFUHDVH1##$IWHU#68#PSK/#HPLVVLRQV#LQFUHDVH#H[SRQHQWLDOO\1##+RZHYHU/
ZKHQ#FRPSDUHG#WR#WKH#4<;<#HPLVVLRQ#∞ VSHHG#FXUYH/#WKH#5333#FXUYH#GRHV#QRW#ULVH
DV#VWHHSO\#ZLWK#KLJKHU#VSHHGV1##,QGHHG#WKH#ODUJHVW#LPSURYHPHQW#LQ#HPLVVLRQ#UDWHV
EHWZHHQ#4<;<#DQG#5333#LV#LQ#WKH#93#DQG#98#PSK#FDWHJRULHV1

),*85(#;=#####(PLVVLRQ#UDWH#E\#VSHHG#LQ#4<;<#DQG#5333

6SHHG
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318
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418
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518

6

618

7

8 43 48 53 58 63 68 73 78 83 88 93 98

4<;<#(PLVVLRQ#5DWHV 5333#(PLVVLRQ#5DWHV

$IWHU#HDFK#OLQN#ZDV#DVVLJQHG#UXQQLQJ#DQG#LGOH#HPLVVLRQ#OHYHOV/#WKH#&RXQW\
ZDV#GLYLGHG#LQWR#JULGGHG#VTXDUHV/#ZLWK#WKH#VLGH#RI#HDFK#JULG#PHDVXULQJ#413#PLOH1
7KH#WRWDO#HPLVVLRQV#IRU#HDFK#JULG#ZHUH#WKHQ#FDOFXODWHG/#EDVHG#RQ#WKH
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),*85(#<=#####6DPSOH#FDOFXODWLRQV#RI#JULGGHG#HPLVVLRQV#IURP#D#ORDGHG#QHWZRUN
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6FDOH#0#83#XQLWV# #4#PLOH
,Q#WKLV#H[DPSOH/#DOO#OLQNV#UHSUHVHQW#RQH0ZD\#URDGV/#$0!%1
7KH#63#PSK#12[#HPLVVLRQ#UDWH#LV#41<6#J2PLOH#DQG#WKH#78#PSK#12[#HPLVVLRQ

UDWH#LV#5134#J2PLOH1##7KH#LGOH#HPLVVLRQ#UDWH#LV#9167#J2KRXU1

/LQN
$0!%

$YJ
VSHHG 9ROXPH 'LVWDQFH

5XQQLQ
J#12[

6WRSSHG
GHOD\

,GOH
12[

427 63#PSK 583#YSK 516#PLOHV 3164#J2V 58#VHF 313364
526 78 483 418 3146 3 3
627 78 483 417 3144 43 31333:
728 63 583 319 313; 3 3
72: 78 583 419 3155 3 3
829 63 483 413 313; 3 3

5XQQLQJ#12[# #12[#HPLVVLRQ#UDWH#IRU#VSHHG#∞#YROXPH#∞#GLVWDQFH#2#6933#V2K
,GOH#12[# #12[#LGOH#HPLVVLRQ#UDWH#∞#YROXPH#∞#VWRSSHG#GHOD\#2#+6933#V2K,A5

7RW1#HPLVVLRQV#IRU#JULG#4332783# #5XQQLQJ#12[#+433(#RI#OLQN#728#.#63(#RI#OLQN#829#.
:3(#RI#OLQN#627#.#43(#RI#OLQN#427#.#68(#RI#OLQN#72:
.#,GOH#12[#+OLQN#627#DW#QRGH#7#.#OLQN#427#DW#QRGH#7,



.$/,6.,/#2FWREHU#44/#4<<4
3DJH#47

%

RYHUODSSLQJ#SRUWLRQV#RI#OLQNV#LQ#WKH#QHWZRUN1##)LJXUH#<#VKRZV#D#WKHRUHWLFDO#OLQN
QHWZRUN#RYHUODLG#RQ#D#JULG#VLPLODU#WR#WKDW#XVHG#LQ#WKLV#DQDO\VLV1

,Q#WKH#DERYH#H[DPSOH/#HDFK#OLQN#UHSUHVHQWV#D#URDG#VHJPHQW#LQ#RXU#QHWZRUN1
7KH#OLQN#LV#FKDUDFWHUL]HG#E\#D#GLVWDQFH/#VSHHG#OLPLW/#DFWXDO#WUDYHO#VSHHG/#DQG
WUDIILF#YROXPH>#WKH#ODWWHU#WZR#DUH#GHWHUPLQHG#E\#WKH#VLPXODWLRQ#PRGHO#UHVXOWV1##$W
HDFK#HQG#RI#WKH#OLQN#DUH#QRGHV/#ZKLFK#PD\#UHSUHVHQW#LQWHUVHFWLRQV#DQG#WKXV#PD\
DOVR#KDYH#DVVRFLDWHG#VWRSSHG#GHOD\V1

7R#GHWHUPLQH#12[#HPLVVLRQV#IRU#WKH#OLQN/#WKH#YROXPH#RI#YHKLFOHV#RQ#WKH#OLQN
LV#PXOWLSOLHG#E\#WKH#OLQN#OHQJWK#DQG#WKH#DSSURSULDWH#12[#HPLVVLRQ#UDWH#IRU#WKH
VSHHG#FODVV1##)XUWKHUPRUH/#LGOLQJ#HPLVVLRQV#IRU#HDFK#QRGH#DUH#DVVLJQHG#EDVHG#RQ
WKH#YROXPH#RI#YHKLFOHV#PXOWLSOLHG#E\#WKH#VWRSSHG#GHOD\#DQG#LGOLQJ#HPLVVLRQ#UDWHV1

$IWHU#OLQN#HPLVVLRQV#ZHUH#FDOFXODWHG/#WKH\#ZHUH#DVVLJQHG#WR#D#JULG#VTXDUH#LQ
SURSRUWLRQ#WR#WKH#OLQN#LQ#WKDW#JULG#VTXDUH1##)RU#H[DPSOH/#LQ#)LJXUH#</#73(#RI#OLQN
72:#ZRXOG#EH#DVVLJQHG#WR#JULG#4332783/#43(#ZRXOG#EH#DVVLJQHG#WR#JULG#4832783/
DQG#83(#ZRXOG#EH#DVVLJQHG#WR#JULG#48327331##)XUWKHUPRUH/#LGOLQJ#HPLVVLRQV#IURP
QRGH#:#ZRXOG#EH#DVVLJQHG#WR#JULG#48327331

)LJXUH#43#VKRZV#WKH#DFWXDO#&KLWWHQGHQ#&RXQW\#OLQN#QHWZRUN#WKDW#ZDV#XVHG
LQ#WKH#PRGHOLQJ1##7KH#VKDGHG#DUHDV#VKRZ#WKH#JULG#VTXDUHV#ZLWK#KLJKHU#WRWDO#12[
HPLVVLRQV1##$V#LV#VKRZQ/#WKH#KLJKHVW#HPLVVLRQV#WHQG#WR#RFFXU#DURXQG#WKH
LQWHUVWDWHV/#DQG#WR#VRPH#GHJUHH#LQ#WKH#%XUOLQJWRQ#VWUHHW#QHWZRUN1##7KH#GDUNHVW
DUHD/#WKDW#LV#WKH#JULGV#ZLWK#WKH#KLJKHVW#HPLVVLRQV/#LV#VHHQ#RQ#,QWHUVWDWH#;<#EHWZHHQ
,04;<#DQG#WKH#%XUOLQJWRQ#H[LW1##7KLV#VHFWLRQ#FDUULHV#D#KHDY\#YROXPH#RI#WUDIILF/
WUDYHOLQJ#DW#KLJK#VSHHGV1##$V#)LJXUH#;#KDV#VKRZQ/#YHKLFOHV#WUDYHOLQJ#DW#KLJKHU
VSHHGV#FDQ#KDYH#DQ#RYHUDOO#HPLVVLRQ#UDWH#XS#WR#99(#KLJKHU#WKDQ#WKRVH#DW#ORZHU
VSHHGV1

7KH#LQWHJUDWLRQ#PRGHO#WKHQ#FUHDWHG#DQ#LQSXW#ILOH#IRU#XVH#LQ#WKH#&'0#513
GLVSHUVLRQ#PRGHO/#GHVFULEHG#LQ#WKH#IROORZLQJ#VHFWLRQ1

7KH#LQWHJUDWLRQ#PRGHO#ZDV#DOVR#XVHG#LQ#PRGHOLQJ#12[#HPLVVLRQV#IRU#HYHU\
KRXU#RI#DQ#DYHUDJH#GD\1##3DUW#RI#WKHVH#UHVXOWV#KDYH#DOUHDG\#EHHQ#GLVFXVVHG#LQ#WKH
1(7:25.ý02'(/ýVHFWLRQ#RI#WKLV#SDSHU/#+VHH#VSHFLILFDOO\#)LJXUH#9,1##,Q#DGGLWLRQ
WR#FDOFXODWLRQV#RI#FRXQW\0ZLGH#12[#HPLVVLRQV/#WZR#RWKHU#FRXQW\0ZLGH
SDUDPHWHUV#ZHUH#GHWHUPLQHG=##4,#WKH#SHUFHQWDJH#RI#WRWDO#HPLVVLRQV#GXH#WR#LGOLQJ>
DQG#5,#WKH#SHUFHQWDJH#RI#HPLVVLRQV#GXH#WR#FRQJHVWLRQ1##7KHVH#WZR#SDUDPHWHUV#DUH
VLPLODU#LQ#WKDW#WKH#WRWDO#FRQJHVWLRQ#HPLVVLRQV#LQFOXGH#LGOLQJ#HPLVVLRQV1##+RZHYHU/
FRQJHVWLRQ#HPLVVLRQV#DOVR#LQFOXGH#FKDQJHV#LQ#HPLVVLRQV#GXH#WR#WKH#VORZLQJ#RI
YHKLFOHV#RQ#FRQJHVWHG#URDGZD\V1##7KHUHIRUH=

&RQJHVWLRQ#HPLVVLRQV  # ,GOLQJ#HPLVVLRQV
. (PLVVLRQV#RQ#ORDGHG#+FRQJHVWHG,#OLQNV
0 (PLVVLRQV#RQ#VDPH#OLQNV#DW#IUHHIORZ#VSHHGV1
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),*85(#43=####&KLWWHQGHQ#&RXQW\#OLQN#QHWZRUN#VKRZLQJ#DUHDV#RI#KLJK#12[#
FRQFHQWUDWLRQV

%XUOLQJWRQ

,;<

,;<

,4;<

54

55

56

64
65

66

84

85

86

127(= /LJKW#JUD\#LV#58(#WR#83(#RI#KLJKHVW#DUHD0ZLGH#12[#HPLVVLRQV1
'DUN#JUD\#LV#83(#WR#433(#LI#KLJKHVW#DUHD0ZLGH#12[#HPLVVLRQV
5/#6/#DQG#8#UHIHU#WR#UHFHSWRU#ORFDWLRQV#XVHG#LQ#WKH#&'0#513
PRGHOLQJ/#DV#GHVFULEHG#LQ#WKH#QH[W#VHFWLRQ1

)LJXUH#44#VKRZV#WKH#SHUFHQWDJH#RI#WRWDO#HPLVVLRQV#IURP#WKH#HQWLUH#QHWZRUN
WKDW#LV#FDXVHG#E\#LGOLQJ#YHKLFOHV#DQG#YHKLFOHV#VORZLQJ#GRZQ#GXH#WR#FRQJHVWLRQ1
'XULQJ#SHULRGV#RI#KLJK#FRQJHVWLRQ/#LGOLQJ#HPLVVLRQV#LQFUHDVH#VRPHZKDW#EXW#WKH
VORZLQJ#RI#YHKLFOHV#DFWXDOO\#GHFUHDVHV#WRWDO#12[#HPLVVLRQV1##&RQJHVWLRQ#LV#VKRZQ
UHGXFLQJ#12[#HPLVVLRQV#E\#DV#PXFK#DV#9(#GXULQJ#WKH#PRUQLQJ#SHDN#KRXU1
'XULQJ#WKH#´DYHUDJHµ#KRXU#EHJLQQLQJ#DW#43#$0/#FRQJHVWLRQ#SOD\V#OLWWOH#UROH#LQ
HPLVVLRQV1
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),*85(#44=##4<;<#HPLVVLRQV#IURP#LGOLQJ#YHKLFOHV#DQG#IURP#YHKLFOHV#VORZHG#
GXH#WR#FRQJHVWLRQ#RYHU#WKH#FRXUVH#RI#DQ#DYHUDJH#GD\
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(#,GOLQJ#HPLVVLRQV
�������
������� (#/LQN#&RQJHVWLRQ#(PLVVLRQV#

7+(#$,5#32//87,21#',63(56,21#02'(/

7KH#(3$·V#&'05/#RU#WKH#&OLPDWRORJLFDO#'LVSHUVLRQ#0RGHO/#LV#D#*DXVVLDQ
SOXPH#GLVSHUVLRQ#PRGHO/#WKDW#IRUHFDVWV#JURXQG#OHYHO#FRQFHQWUDWLRQV#EDVHG#RQ#DUHD
DQG#SRLQW#VRXUFH#HPLVVLRQV1##$UHD#VRXUFH#HPLVVLRQV#LQFOXGH#WKH#JULG#VTXDUHV/
ZKLFK#ZHUH#GHILQHG#DERYH/#ZKLOH#SRLQW#VRXUFH#HPLVVLRQV#WHQG#WR#LQFOXGH
LQGXVWULDO#VRXUFHV1##,QGXVWULDO#VRXUFHV#ZHUH#QRW#LQFOXGHG#LQ#WKLV#PRGHOLQJ#HIIRUW1

6LQFH#&'05#FDQ#SUHGLFW#JURXQG#OHYHO#FRQFHQWUDWLRQV#IURP#PXOWLSOH#DUHD#DQG
SRLQW#VRXUFHV/#LW#LV#LGHDO#IRU#FDOFXODWLQJ#LQFUHPHQW#FRQVXPSWLRQ1##7KLV#LV#GRQH#E\
PRGHOLQJ#ERWK#WKH#GHVLJQ#\HDU#RI#D#SURMHFW/#DQG#WKH#EDVHOLQH#\HDU#+4<;<#LQ
9HUPRQW,/#DQG#VXEWUDFWLQJ#WKH#WZR#UHVXOWV1##,I#JURXQG#OHYHO#FRQFHQWUDWLRQV#DUH
KLJKHU#LQ#WKH#GHVLJQ#\HDU/#WKHQ#LQFUHPHQW#LV#FRQVXPHG1##/LNHZLVH/#LI#DPELHQW
FRQFHQWUDWLRQV#LPSURYH/#LQFUHPHQW#LV#H[SDQGHG1

1LQH#UHFHSWRUV#ZHUH#FKRVHQ#IRU#LQFUHPHQW#PRGHOLQJ#LQ#WKLV#FDVH#VWXG\>#WKUHH
LQ#XUEDQ#DUHDV#+WKH#$15#12[#PRQLWRU#QHDU#%DQN#6WUHHW#LQ#GRZQWRZQ#%XUOLQJWRQ/
'RUVHW#)#:LOOLVWRQ#LQ#6RXWK#%XUOLQJWRQ/#DQG#GRZQWRZQ#:LQRRVNL,/#WKUHH#LQ
VXEXUEDQ#DUHDV#+7DIW#&RUQHUV#LQ#:LOOLVWRQ/#&&53&#RIILFHV#LQ#(VVH[/#DQG#WKH#,0;<
([LW#49#DUHD#LQ#&ROFKHVWHU,/#DQG#WKUHH#LQ#UXUDO#DUHDV#+YLOODJH#FHQWHUV#RI#0LOWRQ/
-HULFKR/#DQG#+LQHVEXUJ,1##)LJXUH#43#VKRZV#WKH#ORFDWLRQV#RI#HDFK#UHFHSWRU1
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7KH#PRGHO#ZDV#UXQ#DVVXPLQJ#GD\WLPH#HPLVVLRQV#ZHUH#88(#RYHU#WKH#DYHUDJH
GDLO\#HPLVVLRQ#UDWH/#DQG#QLJKW#WLPH#HPLVVLRQV#ZHUH#VLPLODUO\#88(#EHORZ#WKH
DYHUDJH#GDLO\#HPLVVLRQ#UDWH1##7KHVH#SHUFHQWDJHV#ZHUH#EDVHG#RQ#WKH#GDLO\#HPLVVLRQ
WUHQG#GDWD#VKRZQ#LQ#)LJXUH#91

7KH#&'0#UHVXOWV#VKRZHG#GHFUHDVHV#LQ#JURXQG0OHYHO#12[#FRQFHQWUDWLRQV#RI
XS#WR#7;(#LQ#WKH#\HDU#5333#LQ#XUEDQ#DUHDV#+7DEOH#5,1##7KH#WKUHH#VXEXUEDQ#UHFHSWRUV
VKRZHG#WKH#ZLGHVW#VSUHDG/#H[KLELWLQJ#D#55(#WR#7<(#GHFUHDVH#LQ#12[
FRQFHQWUDWLRQV1##7KH#UXUDO#UHFHSWRUV#VKRZHG#FRQFHQWUDWLRQ#GHFOLQHV#EHWZHHQ#76(
DQG#83(1

7$%/(#5=##&KDQJHV#LQ#JURXQG#OHYHO#FRQFHQWUDWLRQV

5HFHSWRU 4<;<#FRQF1
+�J2P6,

5333#FRQF1
+�J2P6,

3HUFHQW
GLIIHUHQFH

8UEDQ#4 816 51; 07:(
8UEDQ#5 <1; 816 079(
8UEDQ#6 819 51< 07;(

8UEDQ#$YHUDJH 91< 61: 07:(

6XEXUEDQ#4 516 41; 055(
6XEXUEDQ#5 619 514 075(
6XEXUEDQ#6 818 51; 07<(

6XEXUEDQ
$YHUDJH

61; 515 074(

5XUDO#4 415 319 083(
5XUDO#4 31: 317 076(
5XUDO#6 31: 317 076(

5XUDO#$YHUDJH 31< 318 079(

&RXQW\
$YHUDJH

61< 514 078(

7KH#DYHUDJH#DQQXDO#125#FRQFHQWUDWLRQ#IRXQG#DW#WKH#%XUOLQJWRQ#PRQLWRULQJ

VWDWLRQ#+UHFHSWRU#XUEDQ04,#ZDV#6819#�J2P61##6LQFH#125#IURP#PRWRU#YHKLFOHV

VKRXOG#FRPSULVH#DSSUR[LPDWHO\#73(#RI#WKH#WRWDO#HPLVVLRQV#IURP#DOO#VRXUFHV/#RQH
ZRXOG#H[SHFW#WKH#PRGHOHG#FRQFHQWUDWLRQV#WR#EH#VRPHZKHUH#QHDU#47#�J2P61##,W
VKRXOG#EH#QRWHG/#KRZHYHU/#WKDW#WKH#PRQLWRULQJ#VLWH#LV#LPPHGLDWHO\#DGMDFHQW#WR
:LQRRVNL#$YHQXH/#DQG#WKHUHIRUH#ZRXOG#SLFN#XS#KLJKHU#FRQFHQWUDWLRQV#RI#125
WKDQ#ZRXOG#WKH#PRGHOLQJ#RI#HPLVVLRQV#DYHUDJHG#RYHU#40PLOH#JULG#VTXDUHV1
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',6&866,21

7KHUH#DUH#IRXU#PDMRU#ILQGLQJV#LQ#WKLV#VWXG\#WKDW#PHULW#IXUWKHU#GLVFXVVLRQ=

4, 907/#FRQJHVWLRQ/#DQG#12[#HPLVVLRQV#DUH#JUHDWHU#LQ#WKH#PRUQLQJ#WKDQ#LQ
WKH#HYHQLQJ/#GHVSLWH#WKH#JUHDWHU#QXPEHU#RI#YHKLFOHV#RQ#WKH#URDG#LQ#WKH
HYHQLQJ1

5, ,GOLQJ#HPLVVLRQV#DFFRXQW#IRU#D#YHU\#VPDOO#SDUW#RI#WRWDO#12[#HPLVVLRQV/
HYHQ#LQ#WKH#DYHUDJH#SHDN#KRXUV1

6, 0RGHUDWH#LQFUHDVHV#LQ#FRQJHVWLRQ#DUH#VKRZQ#WR#LPSURYH#DPELHQW#12[
FRQFHQWUDWLRQV1

7, 12[#GXH#WR#PRWRU#YHKLFOHV#ZLOO#GHFUHDVH#E\#DSSUR[LPDWHO\#78(
EHWZHHQ#4<;<#DQG#5333/#GHVSLWH#LQFUHDVHV#LQ#WUDIILF#YROXPH1

570+285#02'(/,1*#5(68/76

7KH#570KRXU#QHWZRUN#PRGHOLQJ#HIIRUW#ZDV#SHUIRUPHG#LQ#RUGHU#WR#FDOFXODWHG
WKH#KRXU#RI#WKH#GD\#ZKLFK#UHSUHVHQWHG#´DYHUDJHµ#WUDIILF#FRQGLWLRQV1##,Q#WKH#FRXUVH
RI#WKLV#PRGHOLQJ/#LW#ZDV#GLVFRYHUHG#WKDW#GHVSLWH#WKH#IDFW#WKDW#WKH#WRWDO#QXPEHU#RI
WULSV#GXULQJ#WKH#PRUQLQJ#SHDN#KRXU#LV#DSSUR[LPDWHO\#43(#OHVV#WKDQ#WKH#HYHQLQJ
SHDN#KRXU/#WRWDO#907/#FRQJHVWLRQ/#DQG#12[#HPLVVLRQV#LV#KLJKHU#LQ#WKH#PRUQLQJ
SHDN#KRXU1

7KLV#EHKDYLRU#LV#OLNHO\#GXH#WR#WKH#FRPSRVLWLRQ#RI#WULS#W\SHV#GXULQJ#ERWK
SHULRGV1##'XULQJ#WKH#PRUQLQJ#SHDN#KRXU/#;7(#RI#WKH#WULSV#DUH#KRPH0EDVHG0ZRUN1
7KHVH#WULSV#WHQG#WR#EH#ORQJHU/#VLQJOH#SXUSRVH#WULSV/#KLJKO\#FRQFHQWUDWHG#EHWZHHQ
:=33#$0#DQG#;=33#$01##7KH#HYHQLQJ#SHDN#KRXU#LV#FKDUDFWHUL]HG#E\#DQ#HYHQ
GLVWULEXWLRQ#RI#KRPH0EDVHG0ZRUN/#KRPH0EDVHG0QRQZRUN/#DQG#QRQ0KRPH0EDVHG
WULSV1##7KH#ODWWHU#WZR#W\SHV#RI#WULSV#WHQG#WR#EH#VKRUWHU/#PXOWL0SXUSRVHG#WULSV1##7KH
HYHQLQJ#SHDN#LV#VSUHDG#RYHU#VHYHUDO#KRXUV#RZLQJ#WR#WKH#IDFW#WKDW#D#ZRUN#WR#KRPH
WULS#WDNHV#ORQJHU#LI#RQH#RU#PRUH#VKRSSLQJ#RU#RWKHU#QRQ0KRPH#WULS#LV#PDGH#LQ
EHWZHHQ1

7KHUHIRUH/#ZKLOH#WKH#$0#SHDN#KRXU#PD\#KDYH#D#KLJKHU#907/#LI#WKH#HQWLUH
HYHQLQJ#SHDN#SHULRG#LV#WDNHQ#LQWR#DFFRXQW/#WKH#HYHQLQJ#SHDN#SHULRG#907#ZRXOG
H[FHHG#WKH#$0#SHDN#SHULRGï

)RU#H[DPSOH/#LI#D#53#PLOH#KRPH0WR0ZRUN#WULS#WDNHV#SODFH#LQ#WKH#$0#SHDN
KRXU/#WKH#VDPH#ZRUN0WR0KRPH#WULS#LQ#WKH#HYHQLQJ#SHDN#SHULRG#PD\#EH#SXQFWXDWHG
E\#WULSV#WR#D#VXSHUPDUNHW/#UHSDLU#VKRS/#RU#VFKRRO1##7KXV/#WKH#QXPEHU#RI#WULSV
LQFUHDVHV/#WKH#DYHUDJH#WULS#OHQJWK#GHFUHDVHV/#DQG#WKH#WRWDO#ZRUN0WR0KRPH#WLPH
LQFUHDVHV1##7KLV#OHDGV#WR#D#ORQJHU#HYHQLQJ#SHDN#SHULRG/#ZLWK#D#VKRUWHU#907#SHU
KRXU1

6LQFH#907#LV#JUHDWHU#LQ#WKH#PRUQLQJ#SHDN#KRXU/#12[#HPLVVLRQV#DQG
FRQJHVWLRQ#DUH#DOVR#JUHDWHU1##+RZHYHU/#WKH#FRQJHVWLRQ#LQGH[#LV#IRXU#WLPHV#KLJKHU
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LQ#WKH#PRUQLQJ#SHDN#KRXU#WKDQ#WKH#HYHQLQJ#SHDN#KRXU/#ZKLOH#12[#HPLVVLRQV#DUH
RQO\#46(#KLJKHU1##7KLV#LV#OLNHO\#GXH#WR#WKH#IDFW#WKDW#FRQJHVWLRQ#LQFUHDVHV
H[SRQHQWLDOO\#ZLWK#KLJKHU#WUDIILF#YROXPHV1##:KLOH#WKH#PRUQLQJ#SHDN#KDV#ORZHU
WUDIILF#YROXPHV#WKDQ#WKH#HYHQLQJ#SHDN#KRXU/#WKH#PRUQLQJ#WUDIILF#WHQGV#WR#EH#PRUH
FRQFHQWUDWHG#LQ#UHVLGHQWLDO#DQG#FRPPHUFLDO#DUHDV#ZLWK#D#KLJK#GHJUHH#RI
GLUHFWLRQDOLW\#GXH#WR#WKH#OLPLWHG#WULS#SXUSRVH1

7KH#FRQFHSW#RI#DQ#H[SRQHQWLDOO\#LQFUHDVLQJ#FRQJHVWLRQ#ZLWK#WUDIILF#YROXPH#LV
DOVR#VXSSRUWHG#E\#D#FRPSDULVRQ#EHWZHHQ#4<;<#DQG#5333#QHWZRUN#PRGHOLQJ
UHVXOWV1##:KLOH#WKH#5333#907#LV#54(#KLJKHU#WKDQ#4<;</#FRQJHVWLRQ#LV#LQFUHDVHG#E\
;8(1##)XUWKHUPRUH/#WKH#PRUQLQJ#SHDN#KRXU#FRQJHVWLRQ#LQGH[#LQ#5333#LV#VWLOO#IRXU
WLPHV#WKDW#LQ#WKH#HYHQLQJ#SHDN#KRXU1

,'/,1*#(0,66,216

$V#SDUW#RI#WKH#QHZ#JXLGDQFH#RQ#125#LQFUHPHQW/#DQG#RWKHU#GUDIW#JXLGDQFH

UHODWHG#WR#WKH#&OHDQ#$LU#$FW#$PHQGPHQWV#RI#4<<3/#VWDWHV#ZLOO#EH#UHTXLUHG#WR#WUDFN
907#JURZWK#LQ/#DW#OHDVW/#QRQ0DWWDLQPHQW#DUHDV#IRU#R]RQH#DQG#&21##)XUWKHUPRUH/
907#WUDFNLQJ#PD\#DOVR#EH#UHTXLUHG#IRU#125#DWWDLQPHQW#DUHDV1##,Q#RUGHU#WR#PHHW

WKH#UHTXLUHPHQWV#RI#WKHVH#QHZ#UHJXODWLRQV/#PDQ\#VWDWHV#KDYH#EHJXQ#WR#LPSOHPHQW
WUDFNLQJ#SURJUDPV/4<#DQG#FUHDWH#FRPSXWHU#SURJUDPV#WR#LQWHJUDWH#WUDFNLQJ#DQG#DLU
SROOXWLRQ#PRGHOLQJ1##2QH#RI#WKH#PDLQ#GUDZEDFNV#WR#WKLV#PHWKRG/#KRZHYHU/#KDV
EHHQ#WKDW#WKHVH#PRGHOV#GR#QRW#WHQG#WR#WDNH#LQWR#DFFRXQW#VWRSSHG#GHOD\V/#DQG
WKHUHIRUH#LGOLQJ#HPLVVLRQV1##6LQFH#ZH#KDYH#DOUHDG\#GHWHUPLQHG#WKDW#FRQJHVWLRQ
VLJQLILFDQWO\#LQFUHDVHV#LQ#WKH#HOHYHQ#\HDUV#EHWZHHQ#4<;<#DQG#5333/#WKH#TXHVWLRQ
WKDW#UHPDLQV#LV#ZKHWKHU#FRQJHVWLRQ#FDQ#VLJQLILFDQWO\#FRQWULEXWH#WR#12[#HPLVVLRQV1

%DVHG#RQ#WKH#570KRXU#PRGHO#DQG#LQWHJUDWLRQ#PRGHO#UHVXOWV/#LW#ZDV#VKRZQ
WKDW#LGOLQJ#HPLVVLRQV#RQO\#DFFRXQW#IRU#3165(#RI#WRWDO#QHWZRUN#HPLVVLRQV#LQ#4<;<1
7KH#ILJXUH#LQFUHDVHV#E\#55(#LQ#5333/#EXW#LV#VWLOO#RQO\#316<(#RI#WKH#WRWDO#DUHD0ZLGH
12[#HPLVVLRQV1

)RU#WKLV#W\SH#RI#FRXQW\/#ZLWK#D#FRQFHQWUDWHG#XUEDQ#DUHD#DQG#YDVW#VXEXUEDQ
DQG#UXUDO#FRPSRQHQW/#VWRSSHG#GHOD\V#GR#QRW#VLJQLILFDQWO\#DGG#WR#WKH#RYHUDOO
PHVRVFDOH#HPLVVLRQ#UDWH1##7KHUHIRUH/#VWDWH#12[#PRGHOV#ZKLFK#GR#QRW#IDFWRU#LQ
LGOLQJ#HPLVVLRQV#PD\#EH#DSSURSULDWH#IRU#XVH#LQ#FRXQWLHV#VLPLODU#WR#&KLWWHQGHQ
&RXQW\#RU#WKRVH#ZLWK#PRUH#VSDUVH#GHYHORSPHQW#GLVWULEXWLRQV1

5811,1*#&21*(67,21#(0,66,216

5XQQLQJ#FRQJHVWLRQV#HPLVVLRQV#DUH#WKDW#VHJPHQW#RI#HPLVVLRQV#FDXVHG#E\
YHKLFOHV#VORZLQJ#GRZQ#LQ#FRQJHVWHG#DUHDV1##'XULQJ#WKH#´DYHUDJHµ#43#$0#KRXU/
WKHUH#LV#YHU\#OLWWOH#FRQJHVWLRQ/#DQG#WKHUHIRUH#YHU\#ORZ#UXQQLQJ#FRQJHVWLRQ
HPLVVLRQV1##+RZHYHU/#GXULQJ#WKH#PRUQLQJ#SHDN#KRXU/#WKHVH#HPLVVLRQV#KDYH#EHHQ
VKRZQ#WR#GHFUHDVH#WRWDO#HPLVVLRQV#E\#XS#WR#915(#LQ#4<;</#DQG#615(#LQ#53331



.$/,6.,/#2FWREHU#44/#4<<4
3DJH#53

%

7KLV#GHFUHDVH#LQ#HPLVVLRQV#LV#OLNHO\#GXH#WR#WKH#VORZLQJ#RI#YHKLFOHV/#WR#D
FHUWDLQ#H[WHQW1##$V#VKRZQ#LQ#)LJXUH#;/#12[#HPLVVLRQV#GHFUHDVH#ZLWK#VSHHG#WR
DSSUR[LPDWHO\#68#PSK1##7KH#DYHUDJH#XQFRQJHVWHG#VSHHG#RQ#WKH#QHWZRUN#LV#73
PSK/#ZKLFK#LV#UHGXFHG#WR#68#PSK#GXULQJ#WKH#4<;<#PRUQLQJ#SHDN#KRXU/#DQG#66
PSK#GXULQJ#WKH#5333#PRUQLQJ#SHDN#KRXU1

:LWK#LQFUHDVLQJ#FRQJHVWLRQ/#KRZHYHU/#VSHHGV#ZLOO#GURS#EHORZ#68#PSK1##$V
VKRZQ#RQ#)LJXUH#;/#HPLVVLRQV#DOVR#LQFUHDVH#DV#VSHHGV#GURS#EHORZ#63068#PSK1
7KLV#WUHQG#LV#HYHQ#PRUH#H[DJJHUDWHG#ZLWK#WKH#5333#YHKLFOH#IOHHW1##7KLV#WUHQG
ZRXOG#H[SODLQ#ZK\#WKH#UXQQLQJ#FRQJHVWLRQ#HPLVVLRQV#GHFUHDVHG#E\#DOPRVW#83(
EHWZHHQ#4<;<#DQG#53331##,Q#WKDW#SHULRG/#FRQJHVWLRQ#KDV#GRXEOHG/#DYHUDJH#YHKLFOH
VSHHGV#KDYH#GHFUHDVHG#EHORZ#68#PSK#/#DQG#DV#D#UHVXOW#UXQQLQJ#HPLVVLRQV#VWLOO
GHFUHDVH#WRWDO#12[#FRQFHQWUDWLRQV/#EXW#WR#D#OHVVHU#H[WHQW1##,W#LV#OLNHO\#WKDW#ZLWK
LQFUHDVHG#FRQJHVWLRQ#RQ#WKH#QHWZRUN/#UXQQLQJ#FRQJHVWLRQ#HPLVVLRQV#ZLOO#VWDUW#WR
LQFUHDVH#WKH#WRWDO#PHVRVFDOH#12[#FRQWULEXWLRQ#WR#DLU#SROOXWLRQ1

7KHVH#HPLVVLRQV#DUH#RQO\#VLJQLILFDQW#ZKHQ#PRGHOLQJ#D#VKRUW0WHUP#SHDN0KRXU
DYHUDJLQJ#SHULRG1##7KHUHIRUH#PRGHOV#VKRXOG#QRW#KDYH#WR#WDNH#UXQQLQJ#FRQJHVWLRQ
HPLVVLRQV#LQWR#DFFRXQW#LQ#IRUHFDVWLQJ#DQQXDO#DYHUDJH#12[#LQFUHPHQW1##7KLV#PD\
QRW#EH#WKH#FDVH#IRU#ODUJHU#FRPPXQLWLHV#ZKHUH#FRQJHVWLRQ#PD\#FRQWULEXWH
VLJQLILFDQWO\#WR#WKH#WRWDO#GDLO\#12[#HPLVVLRQV1

<($5#5333#,1&5(0(17#(;3$16,21

)RU#XUEDQ/#VXEXUEDQ/#DQG#UXUDO#UHFHSWRUV/#PLFURVFDOH#DUHD0VRXUFH#PRGHOLQJ
UHYHDOHG#GHFUHDVHV#LQ#12[#FRQFHQWUDWLRQV#GXH#WR#PRWRU#YHKLFOHV#LQ#WKH#\HDU#5333
RQ#WKH#RUGHU#RI#78(1##,I/#DV#(3$#KDV#FODLPHG/#WKDW#PRELOH#VRXUFHV#DFFRXQW#IRU#73(
RI#WRWDO#125#HPLVVLRQV/#WKH#´FOHDQVLQJµ#RI#WKH#YHKLFOH#IOHHW#PD\#ILQDOO\#KDYH#DQ
LPSDFW#RQ#RYHUDOO#DPELHQW#125#FRQFHQWUDWLRQV1

:KHUHDV#JURXQG#OHYHO#HPLVVLRQ#FKDQJHV#GLG#QRW#VLJQLILFDQWO\#DSSHDU#RYHU
WKH#ODVW#WHQ#\HDUV#GHVSLWH#VLJQLILFDQWO\#ORZHU#HPLVVLRQV/#WKH#QH[W#WHQ#\HDUV#PD\#VHH
VRPH#DFWXDO#UHGXFWLRQV1##7KH#GHFOLQH#LQ#WUDIILF#JURZWK#UDWHV#LV#WKH#SULPDU\#IDFWRU
EHKLQG#WKHVH#GHFUHDVLQJ#HPLVVLRQV1##7UDIILF#JURZWK#UDWH#LV#H[SHFWHG#WR
VLJQLILFDQWO\#GHFOLQH#WKURXJK#53331##%DVHG#RQ#WKH#ODQG0XVH#PRGHOLQJ#SHUIRUPHG/
WKH#716(2\HDU#WUDIILF#JURZWK#UDWH#RI#WKH#4<;3·V#LV#H[SHFWHG#WR#GHFOLQH#WR#4(2\HDU
GXULQJ#WKH#4<<3·V/#DVVXPLQJ#QR#FKDQJH#LQ#WKH#WULS#JHQHUDWLRQ#FKDUDFWHULVWLFV#RI#WKH
DYHUDJH#KRXVHKROG1

:HUH#IOHHW#HPLVVLRQV#WR#UHPDLQ#VWDWLF#RYHU#WKH#QH[W#43#\HDUV/#DPELHQW
FRQFHQWUDWLRQV#ZRXOG/#RI#FRXUVH/#LQFUHDVH1##7KHUHIRUH/#LW#LV#OLNHO\#WKDW/#LI#12[
HPLVVLRQ#VWDQGDUGV#IURP#PRWRU#YHKLFOHV#UHPDLQ#DV#WKH\#DUH/#DPELHQW#125
FRQFHQWUDWLRQV#ZLOO#VWDUW#WR#ULVH#DJDLQ#DV#WKH#YHKLFOH#IOHHW#DJHV1##7KLV#PD\#VWDUW#WR
RFFXU#VRPHZKHUH#EHWZHHQ#5338#DQG#5343/#EDVHG#RQ#02%,/(#714#IOHHW#HPLVVLRQ
UDWH#WUHQGV1
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6800$5<#$1'#&21&/86,216

:KLOH#VLJQLILFDQW#WUDIILF#JURZWK#KDV#KLW#WKH#%XUOLQJWRQ#DUHD#RYHU#WKH#ODVW#53
\HDUV/#KHDY\#FRQJHVWLRQ#UHPDLQV#OLPLWHG#WR#WKH#WZR#SHDN#SHULRGV#RI#WKH#GD\V1##7KH
PRUQLQJ#SHDN#LV#FKDUDFWHUL]HG#E\#KLJKHU#907/#KLJKHU#FRQJHVWLRQ/#KLJKHU
12[#HPLVVLRQV/#HYHQ#WKURXJK#WKHUH#DUH#IHZHU#YHKLFOHV#RQ#WKH#URDG#WKDQ#GXULQJ
WKH#HYHQLQJ#SHDN#KRXU1

2Q#DQ#DQQXDO#EDVLV/#FRQJHVWLRQ#HPLVVLRQV#RI#12[#GR#QRW#SOD\#D#PDMRU#UROH#LQ
WKH#RYHUDOO#FRQWULEXWLRQ#WR#DLU#SROOXWLRQ1##7KHUHIRUH/#PRGHOV#EHLQJ#GHYHORSHG#WR
GHWHUPLQH#LQFUHPHQW#FRQVXPSWLRQ#EDVHG#VLPSO\#RQ#DYHUDJH#DQQXDO#GDLO\#WUDIILF
RU#907#WKDW#GR#QRW#WDNH#FRQJHVWLRQ#DQG#LGOLQJ#HPLVVLRQV#LQWR#DFFRXQW/#PD\#EH
DSSURSULDWH#IRU#VPDOO#FRPPXQLWLHV#ZLWK#XUEDQ/#VXEXUEDQ/#DQG#UXUDO#FRPSRQHQWV/
VXFK#DV#&KLWWHQGHQ#&RXQW\1

,QFUHDVHV#LQ#FRQJHVWLRQ/#LQ#VRPH#UHVSHFWV#PD\#DOVR#GHFUHDVH#WRWDO#12[
HPLVVLRQV#E\#UHGXFLQJ#RYHUDOO#WUDYHO#VSHHGV1##+RZHYHU#WKLV#EHKDYLRU#LV#RQO\
VLJQLILFDQW#GXULQJ#WKH#SHDN#KRXUV#RI#WKH#GD\1

2YHUDOO/#WUDIILF#JURZWK#UDWHV#DUH#H[SHFWHG#WR#VLJQLILFDQWO\#GHFOLQH#RYHU#WKH
QH[W#43#\HDUV1##7KLV/#LQ#SDUW/#FRQWULEXWHV#WR#WKH#PRGHOHG#GHFOLQHV#LQ#12[#HPLVVLRQ
IURP#PRWRU#YHKLFOHV#RQ#WKH#RUGHU#RI#78(#EHWZHHQ#4<;<#DQG#53331##+RZHYHU/
JLYHQ#WKDW#IOHHW#HPLVVLRQV#PD\#EHJLQ#WR#OHYHO#RXW#E\#5338#WR#5343/#PRQLWRUHG#125
OHYHOV#PD\#HYHQWXDOO\#EHJLQ#DQRWKHU#XSZDUG#FOLPE1

$&.12:/('*(0(176

7KH#QHWZRUN#PRGHO#XVHG#LQ#WKLV#VWXG\#ZDV#GHYHORSHG#XQGHU#FRQWUDFW#IURP
WKH#&KLWWHQGHQ#&RXQW\#5HJLRQDO#3ODQQLQJ#&RPPLVVLRQ#DQG#0HWURSROLWDQ
3ODQQLQJ#2UJDQL]DWLRQ1##7KH#DXWKRU#DOVR#ZLVKHV#WR#DFNQRZOHGJH#WKH#YHU\#KHOSIXO
DVVLVWDQFH#RI#-RKQ#3HUUHDXOW#DQG#3DXO#:LVKLQVNL#RI#WKH#9HUPRQW#$JHQF\#RI
1DWXUDO#5HVRXUFHV/#DQG#WKH#VWDII#RI#5HVRXUFH#6\VWHPV#*URXS1
##########################################################
4##7KH#EDVHOLQH#GDWH#LV#VHW#DV#WKH#GDWH#WKDW#WKH#ILUVW#PDMRU#VRXUFH#DSSO\LQJ#IRU#D
SHUPLW#DIWHU#52;2;;#LV#GHWHUPLQHG#FRPSOHWH1##,Q#9HUPRQW/#WKH#EDVHOLQH#GDWH#LV
6HSWHPEHU#47/#4<;<1##+´6WDWH#RI#9HUPRQW#$LU#4XDOLW\#,PSOHPHQWDWLRQ#3ODQ=
3URSRVHGµ/#$JHQF\#RI#1DWXUDO#5HVRXUFHV/#$XJXVW/#4<<3,
5##1REOH/#(ULF/#´7HFKQLFDO#*XLGDQFH#RQ#(PLVVLRQ#,QYHQWRU\#DQG#0RGHOLQJ#IRU#WKH
125#36'#,QFUHPHQWV#+'UDIW,/µ#1HZ#6RXUFH#5HYLHZ#6HFWLRQ/#1RQFULWHULD
3ROOXWDQWV#3URJUDPV#%UDQFK/#8161#(131$1##-XQH#45/#4<<31
6##1REOH/#SDJH#451
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###############################################################################################################################################
7##´4<;3#&HQVXV#RI#3RSXODWLRQ#DQG#+RXVLQJµ#+FRUUHFWHG#GDWD,/#DQG#´4<<3#&HQVXV
RI#3RSXODWLRQ#DQG#+RXVLQJ/#7KDQN#\RX#$PHULFDµ#+XQFRUUHFWHG,/#8161#'HSDUWPHQW
RI#&RPPHUFH1
8##,%,'1
9##,%,'1
:##´02%,/(#714µ##8161#(3$#0RWRU#9HKLFOH#(PLVVLRQ#/DERUDWRU\/#2IILFH#RI#0RELOH
6RXUFHV/#$QQ#$UERU#0LFKLJDQ1
;##6RXUFH=##´$XWRPDWLF#7UDIILF#5HFRUGHU#*URXSLQJ#6WXG\#DQG#5HJUHVVLRQ#$QDO\VLV
%DVHG#RQ#4<<3#7UDIILF#'DWDµ#9HUPRQW#$JHQF\#RI#7UDQVSRUWDWLRQ/#$SULO#4<<41
8VHV#FRXQWHUV#'5#DQG#'73#+VXEXUEDQ,/#'4#DQG#'<<#+IUHHZD\,/#DQG#'<4#DQG#'<5
+LQWHUVWDWH,1
<##´1DWLRQDO#$LU#4XDOLW\#DQG#(PLVVLRQV#7UHQGV#5HSRUW/#4<;<µ#(QYLURQPHQWDO
3URWHFWLRQ#$JHQF\/#(3$0783270<40336/#)HEUXDU\/#4<<41##3DJH#60531
43##,%,'/#SDJH#6054/#ILJXUH#605:1
44##%DVHG#RQ#63#PSK/#KRW#VWDELOL]HG/#83�)
45##,%,'/#SDJH#6055/#ILJXUH#605;1
46##´&'0#513#+&OLPDWRORJLFDO#'LVSHUVLRQ#0RGHO,#8VHU·V#*XLGHµ##86#(3$/
0HWHRURORJ\#DQG#$VVHVVPHQW#'LYLVLRQ/#3%;90469879/#1RYHPEHU/#4<;81
47##´'HYHORSPHQW#RI#WKH#&KLWWHQGHQ#&RXQW\#5HJLRQDO#7UDYHO#'HPDQG#0RGHO=
3URMHFW#5HSRUWµ##SUHSDUHG#IRU#WKH#&KLWWHQGHQ#&RXQW\#5HJLRQDO#3ODQQLQJ
&RPPLVVLRQ#DQG#WKH#&KLWWHQGHQ#&RXQW\#0HWURSROLWDQ#3ODQQLQJ#2UJDQL]DWLRQ/
5HVRXUFH#6\VWHPV#*URXS/#,QF1/#$XJXVW#57/#4<;<1
48##¶702'(/5µ#702'(/#&RUSRUDWLRQ/#9DVKRQ/#:DVKLQJWRQ1
49##7KH#GHVLJQ0KRXU#LV#WKH#63WK#KLJKHVW#KRXU#RI#WKH#\HDU1
4:##´&KLWWHQGHQ#&RXQW\#7UDQVSRUWDWLRQ#'HPDQG#6XEDUHD#0RGHOLQJµ#SUHSDUHG#IRU
WKH#&KLWWHQGHQ#&RXQW\#5HJLRQDO#3ODQQLQJ#&RPPLVVLRQ#DQG#WKH#&KLWWHQGHQ
&RXQW\#0HWURSROLWDQ#3ODQQLQJ#2UJDQL]DWLRQ/#5HVRXUFH#6\VWHPV#*URXS/#,QF1/
6HSWHPEHU#9/#4<<41
4;##$FWXDOO\/#WKH#WLPH#EHWZHHQ#PLGQLJKW#DQG#8=8<#$0#ZHUH#DYHUDJHG#DQG
PRGHOHG#DV#RQH#KRXU1
4<##´907#IRU#$LU#4XDOLW\#3XUSRVHVµ##)OHHW/#&151#DQG#'H&RUOD06RX]D/#31/#)+:$/
SUHSULQW#IRU#SXEOLFDWLRQ#LQ#WKH#3URFHHGLQJV#WR#WKH#$6&(#7UDQVSRUWDWLRQ#DQG#$LU
4XDOLW\#1DWLRQDO#&RQIHUHQFH/#-XO\/#4<<41


