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0DUVKDOO#DQG#/DZH#³#5

$%675$&7

/LQNLQJ#ODQG#XVH#DOORFDWLRQ#PRGHOV#ZLWK#WUDQVSRUWDWLRQ#PRGHOV#ZDV#ILUVW#DFFRPSOLVKHG#LQ#WKH
4<:3V1#7KHUH#KDV#EHHQ#DQ#LQFUHDVH#LQ#WKH#QXPEHU#RI#DSSOLFDWLRQV#RYHU#WKH#SDVW#VHYHUDO#\HDUV#DV#UHJLRQ
SODQQHUV#KDYH#LQWHQVLILHG#WKHLU#SODQQLQJ#HIIRUWV#WR#FRSH#ZLWK#QHZ#GHPDQGV#IURP#,67($#DQG#IURP#WKHLU
ORFDO#FRQVWLWXHQWV1#3ODQQHUV#LQ#PDQ\#RWKHU#UHJLRQV#DUH#TXHVWLRQLQJ#ZKHWKHU#D#ODQG#XVH#DOORFDWLRQ#PRGHO
ZRXOG#KHOS#LQ#WKHLU#SODQQLQJ#DFWLYLWLHV1#6RPH#TXHVWLRQV#LQYROYH#DSSOLFDWLRQ#RI#WKH#PRGHOV/#JLYHQ#WKH
LQFUHDVLQJO\#PXOWL0FHQWULF#QDWXUH#RI#RXU#XUEDQ#UHJLRQV1

:H#KDYH#GHYHORSHG#ODQG#XVH#DOORFDWLRQ#PRGHOV#IRU#WKUHH#UHJLRQV=#&KLWWHQGHQ#&RXQW\#+%XUOLQJWRQ,
9HUPRQW/#WKH#IRXU0FRXQW\#7DPSD#%D\#UHJLRQ#LQ#)ORULGD/#DQG#WKH#WKUHH0FRXQW\#VHDFRDVW#UHJLRQ#RI#1HZ
+DPSVKLUH#DQG#0DLQH1#7KHVH#WKUHH#DUHDV#UHSUHVHQW#WKUHH#GLIIHUHQW#UHJLRQDO#IRUPV1#%XUOLQJWRQ#LV#D
WUDGLWLRQDO#XQL0FHQWULF#XUEDQ#DUHD1#7DPSD#LV#D#PXOWL0FHQWULF#UHJLRQDO#FHQWHU1#7KH#1HZ#+DPSVKLUH20DLQH
6HDFRDVW#UHJLRQ#LV#D#VOLFH#RI#WKH#(DVWHUQ#VHDERDUG#PHJDORSROLV/#EXW#LV#GZDUIHG#E\#%RVWRQ#WR#WKH#VRXWK1

:H#KDYH#VXFFHVVIXOO\#DSSOLHG#WKH#VDPH#EDVLF#ODQG#XVH#DOORFDWLRQ#PRGHO#WR#DOO#WKUHH#DUHDV1#7KH
PRGHO#FDQ#EH#XVHG#LQ#XQL0FHQWULF#UHJLRQV1#,W#LV#HVSHFLDOO\#KHOSIXO#LQ#PXOWL0FHQWULF#UHJLRQV#ZKHUH#LQ0ILOO#LV
VLJQLILFDQW1#:LWK#FDUH#SDLG#WR#H[WHUQDO#FRQGLWLRQV/#WKH#PRGHO#FDQ#EH#VXFFHVVIXOO\#DSSOLHG#WR#XUEDQ
VXEUHJLRQV#VXFK#DV#WKH#1HZ#+DPSVKLUH20DLQH#6HDFRDVW#UHJLRQ1#$#VLPSOLILHG#YHUVLRQ#RI#WKH#PRGHO#KDV
DOVR#EHHQ#LQWHJUDWHG#ZLWKLQ#*,60EDVHG/#OLQNHG#ODQG#XVH/#DLU#TXDOLW\#DQG#WUDQVSRUWDWLRQ#SODQQLQJ#PRGHO
GHYHORSHG#DW#6DQGLD#1DWLRQDO#/DERUDWRULHV1

7KH#HVWLPDWHG#PRGHOV#KDYH#EHHQ#XVHG#WR#HYDOXDWH#WKH#HIIHFWV#RI#KLJKZD\/#WUDQVLW/#7'0/#DQG#ODQG
XVH#SROLF\#DOWHUQDWLYHV1#7KH#WUDQVLW#DOWHUQDWLYHV#HYDOXDWHG#LQFOXGH=#EXV/#OLJKW#UDLO/#DQG#FRPPXWHU#UDLO1#7KH
7'0#DOWHUQDWLYHV#LQFOXGH=#SUHIHUHQWLDO#SDUNLQJ/#SDUNLQJ#IHHV/#DQG#JDV#WD[HV1#7KH#ODQG#XVH#SROLFLHV#LQFOXGH
ORFDO#DQG#UHJLRQDO#JURZWK#FHQWHUV1



0DUVKDOO#DQG#/DZH#³#6

,1752'8&7,21

:H#KDYH#VXFFHVVIXOO\#LQWHJUDWHG#ODQG#XVH#DOORFDWLRQ#PRGHOV#ZLWK#WUDQVSRUWDWLRQ#SODQQLQJ#PRGHOV
LQ#WZR#UHJLRQV/#DQG#DUH#LQ#WKH#SURFHVV#RI#FRPSOHWLQJ#D#WKLUG#LPSOHPHQWDWLRQ14#5#:H#KDYH#UHFHQWO\#H[WHQGHG
WKH#ILUVW#FRPSOHWHG#PRGHO#WR#D#ZLGHU#JHRJUDSKLF#UHJLRQ1#7KHVH#ODQG#XVH#DOORFDWLRQ#PRGHOV#VHUYH#WZR
LQWHUUHODWHG#SXUSRVHV=

4, WR#FDOFXODWH#ODQG#XVH#VFHQDULRV#WKDW#DUH#UHDOLVWLF/#LQWHUQDOO\#FRQVLVWHQW/#DQG#FDQ#EH#HDVLO\
XSGDWHG>#DQG

5, WR#FDOFXODWH#ODQG#XVH#VFHQDULRV#WKDW#DUH#UHDOLVWLFDOO\#LQIOXHQFHG#E\#WUDQVSRUWDWLRQ#PHDVXUHV
LQFOXGLQJ#KLJKZD\#LPSURYHPHQWV/#WUDQVLW#LPSURYHPHQWV/#WUDQVSRUWDWLRQ#GHPDQG
PDQDJHPHQW#+7'0,#VWUDWHJLHV/#DQG#ODQG#XVH#SROLF\#GHFLVLRQV1

/DQG#XVH#IRUHFDVWV#DUH#WUDGLWLRQDOO\#GHYHORSHG#E\#ODQG#XVH#SODQQHUV#LQ#D#ERWWRP0XS#DSSURDFK1
)XWXUH#ODQG#XVH#LV#DVVLJQHG#PDQXDOO\#WR#HDFK#WUDQVSRUWDWLRQ#DQDO\VLV#]RQH#+7$=,1#'HOSKL#PHWKRGV#DUH#DOVR
XVHG#ZKHUH#WKH#WKLQNLQJ#RI#D#JURXS#RI#H[SHUWV#DUH#FRPELQHG/#ZLWK#LWHUDWLRQ#XQWLO#FRQVHQVXV#LV#UHDFKHG1
:LWKLQ#WKLV#SDSHU/#DOO#PHWKRGV#QRW#XVLQJ#D#VHW#RI#FDOFXODWLRQ#UXOHV#ZLOO#EH#FDOOHG#´PDQXDO1µ

6HYHUDO#SUREOHPV#DUH#LQKHUHQW#LQ#PDQXDO#PHWKRGV1#)LUVW/#WKH#SURFHVV#LV#YHU\#WLPH#FRQVXPLQJ#ZKHQ
DSSOLHG#WR#D#ILQH#]RQH#VWUXFWXUH1#6HFRQG/#LW#LV#GLIILFXOW#WR#DFKLHYH#FRQVLVWHQF\#LQ#IRUHFDVWV1#*HQHUDOO\/
GLIIHUHQW#LQGLYLGXDOV#KDYH#SULPDU\#UHVSRQVLELOLW\#IRU#GLIIHUHQW#VXEDUHDV1#7KHVH#LQGLYLGXDOV#KDYH#GLIIHUHQW
SHUVSHFWLYHV#DQG#GLIIHUHQW#JRDOV#DQG#DVVLJQ#JURZWK#GLIIHUHQWO\1#7KLUG/#WKH#VXP#RI#WKH#ERWWRP0XS#7$=
IRUHFDVWV#PD\#EH#XQUHDOLVWLF#DW#WKH#UHJLRQDO#OHYHO1#)RU#H[DPSOH/#WKHUH#LV#RIWHQ#D#PLVPDWFK#EHWZHHQ#IXWXUH
SURMHFWHG#MREV#DQG#IXWXUH#KRXVLQJ1#)RXUWK/#WKHUH#LV#QR#VLPSOH#ZD\#WR#XSGDWH#WKH#IRUHFDVWV#LQ#UHVSRQVH#WR
FKDQJLQJ#FRQGLWLRQV1

0DQXDO#ODQG#XVH#IRUHFDVWV#GR#QRW#LQFOXGH#FRQVLGHUDWLRQ#RI#LPSRUWDQW#IHHGEDFN#IRUFHV#EHWZHHQ
ODQG#XVH#DQG#WUDQVSRUWDWLRQ1#&ULWLFV#RI#WUDGLWLRQDO#WUDQVSRUWDWLRQ#SODQQLQJ#KDYH#KLJKOLJKWHG#WKHVH
GHILFLHQFLHV1#7KH#QHZ#UHTXLUHPHQWV#RI#WKH#,QWHUPRGDO#6XUIDFH#7UDQVSRUWDWLRQ#(IILFLHQF\#DFW#RI#4<<4
+,67($,#DQG#WKH#&OHDQ#$LU#$FW#$PHQGPHQWV#RI#4<<3#DUH#IRFXVLQJ#LQFUHDVHG#DWWHQWLRQ#WR#WKHVH
LQWHUUHODWLRQVKLSV1

/DQG#XVH#DOORFDWLRQ#PRGHOV#FDQ#DGGUHVV#DOO#RI#WKHVH#GHILFLHQFLHV1#$IWHU#GHYHORSPHQW/#VFHQDULR
DQDO\VHV#DQG#XSGDWHG#IRUHFDVWV#FDQ#EH#JHQHUDWHG#TXLFNO\1#7KHVH#IRUHFDVWV#ZLOO#EH#LQWHUQDOO\#FRQVLVWHQW1
7KH\#ZLOO#EH#EDODQFHG#UHJLRQDOO\1#7KH\#ZLOO#LQFOXGH#WKH#HIIHFWV#RI#WUDQVSRUWDWLRQ#LPSURYHPHQWV#DQG#ODQG
XVH#SROLF\1

$UH#ODQG#XVH#DOORFDWLRQ#PRGHOV#DSSURSULDWH#IRU#DOO#UHJLRQV"#7KLV#LV#D#TXHVWLRQ#WKDW#KDV#PDQ\
GLPHQVLRQV#LQFOXGLQJ#HFRQRPLF#DQG#SROLWLFDO#FRQVLGHUDWLRQV1#6RPH#RI#WKH#PRUH#VXEVWDQWLYH#LVVXHV#LQYROYH
WKH#LQFUHDVLQJO\#PXOWL0FHQWULF#QDWXUH#RI#RXU#XUEDQ#UHJLRQV1#,W#KDV#EHHQ#DUJXHG#WKDW#WKH#EHVW#UHJLRQV#IRU
DSSOLFDWLRQ#RI#ODQG#XVH#DOORFDWLRQ#PRGHOV#DUH#WUDGLWLRQDO#LVRODWHG#XQL0FHQWULF#UHJLRQV1

*LYHQ#WKH#LVVXH#RI#H[WHUQDO#HIIHFWV/#LW#ZRXOG#VHHP#WKDW#WKH#LGHDO#ORFDWLRQ#IRU
LPSOHPHQWDWLRQ#RI#D#ODQG#XVH#DOORFDWLRQ#PRGHO#ZRXOG#EH#D#UHODWLYHO\#LVRODWHG#XUEDQ#DUHD
VXFK#DV#3RUWODQG/#2UHJRQ/#RU#&ROXPEXV/#2KLR1#6XFK#DQ#DUHD#ZRXOG#QRW#RQO\#KDYH#IHZ
H[WHUQDO#LPSDFWV/#EXW#ZRXOG#DOVR#EH#FDSDEOH#RI#SURYLGLQJ#PRUH#DFFXUDWH#UHJLRQDO#FRQWURO
IRUHFDVWV16



0DUVKDOO#DQG#/DZH#³#7

:H#DJUHH#WKDW#ODQG#XVH#IRUHFDVWLQJ#LV#PRUH#FRPSOH[#LQ#PXOWL0FHQWULF#UHJLRQV#WKDQ#LQ#XQL0FHQWULF
UHJLRQV1#+RZHYHU/#WKHUH#LV#JUHDWHU#FRPSOH[LW\#ZKHWKHU#PDQXDO#PHWKRGV#DUH#XVHG#RU#ZKHWKHU#D#ODQG#XVH
DOORFDWLRQ#PRGHO#LV#XVHG1

,Q#DQ\#W\SH#RI#DQDO\VLV/#LW#LV#JHQHUDOO\#WKH#FDVH#WKDW#FRPSOH[LW\#FDXVHV#JUHDWHU#GLIILFXOWLHV#LQ
PDQXDO#PHWKRGV#WKDQ#LQ#FRPSXWHU#PHWKRGV1#/DQG#XVH#IRUHFDVWLQJ#LV#QR#H[FHSWLRQ1#7KH#UHJLRQDO#FRQWURO
WRWDOV#SUREOHP#LV#LGHQWLFDO#LQ#ERWK#FDVHV/#EXW#WKH#PXOWL0FHQWULF#HIIHFWV#SUREOHP#FDQ#EH#PXFK#EHWWHU
DGGUHVVHG#LQ#D#FRPSXWHU#PRGHO#WKDQ#XVLQJ#PDQXDO#PHWKRGV1#+XPDQ#EHLQJV#GR#D#JRRG#MRE#RI#YLVXDOL]LQJ
D#VPDOO#QXPEHU#RI#UHODWLRQVKLSV/#DQG#D#IDLU#MRE#RI#IRUHFDVWLQJ#EDVHG#RQ#WKHP1#7KH\#DUH#XQDEOH#WR#FRQVLGHU
WKH#LPSOLFDWLRQV#RI#WKRXVDQGV#RI#LQWHUDFWLRQV#DPRQJ#IDFWRUV#DFWLQJ#RYHU#D#ORQJ#SHULRG#RI#WLPH1

/DQG#XVH#IRUHFDVWV#DUH#UHTXLUHG#IRU#ORQJ0WHUP#WUDQVSRUWDWLRQ#DQDO\VHV1#,I#H[LVWLQJ#PRGHOV#IDOO#VKRUW
RI#GHVLUHG#FDSDELOLW\#RI#PRGHOLQJ#LQ#PXOWL0FHQWULF#UHJLRQV/#WKHQ#LPSURYHG#PRGHOV#DUH#QHHGHG1#7KLV#SDSHU
GHVFULEHV#D#PRGHO#WKDW#ZDV#GHYHORSHG#IRU#DOORFDWLQJ#ODQG#XVH#LQ#PXOWL0FHQWULF#UHJLRQV#DQG#WKH#DSSOLFDWLRQ
RI#WKLV#PRGHO1

29(59,(:#2)#7+(#02'(/

7KHUH#LV#D#ODUJH#OLWHUDWXUH#GHVFULELQJ#FRPSXWHUL]HG#ODQG#XVH#DOORFDWLRQ#PRGHOV1#$#ZLGH#UDQJH#RI
PRGHOV#DUH#GHVFULEHG/#VRPH#RI#ZKLFK#KDYH#QRW#\HW#EHHQ#DSSOLHG#FRPSOHWHO\#WR#UHDO#XUEDQ#DUHDV1#$#UHYLHZ
RI#ODQG#XVH#DOORFDWLRQ#PRGHOV#ZLWK#D#IRFXV#WRZDUGV#DSSOLFDWLRQ#WR#JURZWK#DUHDV#KDV#EHHQ#GRQH#E\
%HUHFKPDQ#DQG#6PDOO17#$QRWKHU#UHYLHZ#ZDV#FRQGXFWHG#E\#&DPEULGJH#6\VWHPDWLFV#DQG#+DJXH#&RQVXOWLQJ
*URXS#IRU#WKH#0DNLQJ#WKH#/DQG#8VH#7UDQVSRUWDWLRQ#$LU#4XDOLW\#&RQQHFWLRQ#+/875$4,#SURMHFW#VSRQVRUHG
E\#4333#)ULHQGV#RI#2UHJRQ18##/DQG#XVH#DOORFDWLRQ#PRGHOV#KDYH#DOVR#EHHQ#GLVFXVVHG#LQ#UHFHQW#WUDQVSRUWDWLRQ
PRGHOLQJ#JXLGHV#WR#´EHVW#SUDFWLFHV1µ9#:

2SHUDWLRQDO#ODQG#XVH#DOORFDWLRQ#PRGHOV#ZHUH#ILUVW#GHYHORSHG#E\#/RZU\#LQ#WKH#4<93V1;#,Q#D#/RZU\0
W\SH#PRGHO/#EDVLF#HPSOR\PHQW#LV#FRQVLGHUHG#WKH#IXQGDPHQWDO#HQJLQH#RI#JURZWK1#3XWPDQ#LQWHJUDWHG#ODQG
XVH#DOORFDWLRQ#PRGHOV#DQG#WUDQVSRUWDWLRQ#SODQQLQJ#PRGHOV1<##3XWPDQ0W\SH#PRGHOV#KDYH#EHHQ#DSSOLHG#LQ#D
QXPEHU#RI#ODUJH#PHWURSROLWDQ#DUHDV143#6RPH#RI#WKHVH#HIIRUWV#LQFOXGH#VLJQLILFDQW#H[WHQVLRQV#WR#WKH#EDVLF
PRGHO1#)RU#H[DPSOH/#WZR#PDMRU#H[WHQVLRQV#PDGH#E\#WKH#3XJHW#6RXQG#&RXQFLO#RI#*RYHUQPHQWV#DUH#4,
LQFOXVLRQ#RI#D#JHQHUDOL]HG#DFFHVVLELOLW\#YDULDEOH#WR#DOO#HPSOR\PHQW#DQG#KRXVHKROG#ORFDWLRQV#LQ#WKH#UHJLRQ/
DQG#5,#XVH#RI#D#FRPSRVLWH#PXOWL0PRGDO#FRVW#LPSHGDQFH#PHDVXUH/#UDWKHU#WKDQ#DXWRPRELOH#WUDYHO#WLPH144

:H#KDYH#XSGDWHG#WKH#/RZU\23XWPDQ#PRGHO#VWUXFWXUH#WR#EHWWHU#UHSUHVHQW#VXEXUEDQ#JURZWK#DUHDV
LQ#WKH#4<<3V1#,QVWHDG#RI#GHVLJQDWLQJ#HPSOR\PHQW#DV#%SULPDU\%#DQG#%VHFRQGDU\/%#LW#LV#FDWHJRUL]HG#DV#XVLQJ
W\SLFDO#WUDQVSRUWDWLRQ#PRGHOLQJ#FDWHJRULHV#VXFK#DV#´UHWDLOµ/#´FRPPHUFLDOµ/#RU#´LQGXVWULDO1µ#,QVWHDG#RI
KRXVLQJ#ORFDWLRQ#EHLQJ#GHWHUPLQHG#E\#WKH#ZRUNSODFH#RI#WKH#%SULPDU\#ZRUNHU/%#ORFDWLRQDO#FKRLFH#LV#EDVHG
RQ#WKH#JHQHUDOL]HG#DFFHVVLELOLW\#WR#DOO#GHVWLQDWLRQV1#*HQHUDOL]HG#DFFHVVLELOLW\#LV#FDOFXODWHG#XVLQJ#D#QHVWHG
ORJLW#IRUPXODWLRQ45/#VR#WKDW#ODQG#XVH#DOORFDWLRQ#LQFRUSRUDWHV#WUDQVLW#DFFHVVLELOLW\1#7KH##HIIHFWV#RI#UHJXODWLRQ
RQ#ODQG#XVH#GHYHORSPHQW#DUH#H[SOLFLWO\#LQFRUSRUDWHG#LQWR#WKH#PRGHO#VWUXFWXUH1

$Q#RYHUYLHZ#RI#WKH#ODQG#XVH#DOORFDWLRQ#PRGHO#LV#SUHVHQWHG#LQ#)LJXUH#41#7KH#LQFUHPHQWDO#FKDQJH#LQ
UHJLRQDO#IXWXUH#FRQWURO#WRWDOV#LV#DOORFDWHG#WR#WKH#WUDQVSRUWDWLRQ#DQDO\VLV#]RQH#+7$=,#OHYHO#EDVHG#RQ#FXUUHQW
ODQG#XVH/#WKH#UHPDLQLQJ#SRWHQWLDO#ODQG#XVH/#DQG#DFFHVVLELOLW\1



0DUVKDOO#DQG#/DZH#³#8

)LJXUH#4#³#2YHUYLHZ#RI#/DQG#8VH#$OORFDWLRQ#0RGHO

Zoning,Physical 
Constraints Current 

Land Use

Land Use 

Allocation

Transportation  

4-Step Model

Remaining 

Potential 

Land Use Accessibility

Regional 
Future 
Control 
Totals

Travel 
Demand

7KH#GHYHORSPHQW#SRWHQWLDO#LV#EDVHG#RQ#ERWK#SK\VLFDO#DQG#UHJXODWRU\#FRQVWUDLQWV1#,Q#DOO#WKUHH
SURMHFWV/#GHYHORSPHQW#SRWHQWLDO#ZDV#FDOFXODWHG#DW#WKH#7$=#OHYHO#ZLWK#WKH#DVVLVWDQFH#RI#JHRJUDSKLFDO
LQIRUPDWLRQ#V\VWHPV#+*,6,#VRIWZDUH1#$#W\SLFDO#SURFHVV#ZRXOG#EH#DV#IROORZV=

4, RYHUOD\#7$=#E\#]RQLQJ#GLVWULFW#+]RQLQJ#FDQ#EH#PRGLILHG#IRU#DOWHUQDWLYH#IXWXUH#VFHQDULRV,

5, RYHUOD\#UHVXOW#E\#H[LVWLQJ#ODQG#XVH#FRYHUDJH

6, RYHUOD\#UHVXOW#E\#VHZDJH#FRYHUDJH

7, RYHUOD\#UHVXOW#E\#VRLOV#+DQG#VORSHV,#FRYHUDJH

8, RYHUOD\#UHVXOW#E\#SURWHFWHG#ODQG#OD\HU

9, FDOFXODWH#GHYHORSPHQW#SRWHQWLDO#IRU#HDFK#UHVXOWLQJ#SRO\JRQ

:, VXP#GHYHORSPHQW#SRWHQWLDO#IRU#7$=

,Q#DOO#WKUHH#LPSOHPHQWDWLRQV/#ZH#KDYH#HPSKDVL]HG#FRQVLVWHQF\#EHWZHHQ#WKH#DFFHVVLELOLW\
IRUPXODWLRQ#XVHG#LQ#WKH#ODQG#XVH#DOORFDWLRQ#PRGHO#DQG#WKH#DFFHVVLELOLW\#IRUPXODWLRQ#XVHG#LQ#WKH
WUDQVSRUWDWLRQ#PRGHO1#,Q#WZR#RI#WKH#LPSOHPHQWDWLRQV/#WKH#VDPH#HVWLPDWHG#QHVWHG#ORJLW#HTXDWLRQ#ZDV#XVHG
ZLWKLQ#WKH#GLVWULEXWLRQ/#PRGH#VSOLW/#DQG#ODQG#XVH#DOORFDWLRQ#PRGHOV1#,Q#WKH#WKLUG#LPSOHPHQWDWLRQ/
FRPSRVLWH#LPSHGDQFH#PDWULFHV#DUH#FDOFXODWHG#ZLWKLQ#WKH#WUDQVSRUWDWLRQ#PRGHO#DQG#XVHG#GLUHFWO\#LQ#WKH
ODQG#XVH#DOORFDWLRQ#PRGHO1

7KH#PRGHO#HTXDWLRQV#DUH#YDU\##VOLJKWO\#DPRQJ#WKH#LPSOHPHQWDWLRQV1#$#UHSUHVHQWDWLYH#VHW#RI
HTXDWLRQV#LV#GHVFULEHG#EHORZ1

7KH#FRPSRVLWH#XWLOLW\#IXQFWLRQ#8QPLM#IRU#ODQG#XVH#W\SH#Q#LQ#]RQH#L#DV#D#IXQFWLRQ#RI#ODQG#XVH#W\SH#P

LQ#]RQH#M#LV#D#IXQFWLRQ#RI#DQ#HVWLPDWHG#FRHIILFLHQW#α#DQG#WKH#PRGH#VSHFLILF#XWLOLW\#IXQFWLRQV1#(TXDWLRQ#4
VKRZV#WKH#IXQFWLRQDO#IRUP#IRU#D#QHVWHG#ORJLW#FDVH1



0DUVKDOO#DQG#/DZH#³#9

(TXDWLRQ#4=#&RPSRVLWH#8WLOLW\#)XQFWLRQ#³#QHVWHG#ORJLW#IXQFWLRQ

ýý8QPLM = H
αOQ H

θOQ H9DXWR.H9FDUSRRO( ).H9EXV.H9ZDON 
 
  

 
 

 

 
  

 
 

$Q#DFFHVVLELOLW\#IXQFWLRQ/#$QPL/#LV#D#IXQFWLRQ#RI#WKH#H[LVWLQJ#ODQG#XVH#RI#W\SH#P#LQ#]RQH#M#+/PM,/
DQG#WKH#FRPSRVLWH#XWLOLW\#IXQFWLRQ#8QPLM1#7KLV#UHODWLRQVKLS#LV#VKRZQ#DV#(TXDWLRQ#51

(TXDWLRQ#5=#$FFHVVLELOLW\#)XQFWLRQ

ýý
$QPL = + PM/ - QPLM8

PM
∑ ,

7KH#JHQHUDOL]HG#DFFHVVLELOLW\#*Q#IRU#ODQG#XVH#W\SH#Q#LV#D#IXQFWLRQ#RI#WKH#ZHLJKW#SDUDPHWHUV#ZQP
DQG#WKH#SDLUHG#DFFHVVLELOLW\#IXQFWLRQV#$QP/#VXPPHG#RYHU#DOO#ODQG#XVH#W\SHV#P#DV#VKRZQ#LQ#(TXDWLRQ#61

(TXDWLRQ#5=#*HQHUDOL]HG#$FFHVVLELOLW\#)XQFWLRQ

##*Q =ZQ5HVLGHQWLDO - $Q5HVLGHQWLDO +ZQ5HWDLO -$Q5HWDLO +ZQ1RQUHWDLO -$Q1RQUHWDLO

$OORFDWLRQ#LV#GRQH#SURSRUWLRQDOO\#WR#WKH#SURGXFW#RI#JHQHUDOL]HG#DFFHVVLELOLW\#DQG#UHPDLQLQJ
SRWHQWLDO#ODQG#XVH1

(VWLPDWLRQ#RI#ODQG#XVH#DOORFDWLRQ#PRGHO#SDUDPHWHUV#ZDV#EDVHG#RQ#WKH#KLVWRULFDO#FKDQJHV#LQ
DFWLYLW\#SDWWHUQV1#2QH#RI#WKH#JUHDWHVW#FKDOOHQJHV#LQ#GHYHORSLQJ#WKHVH#PRGHOV#KDV#EHHQ#WR#GHYHORS#DFFXUDWH
KLVWRULFDO#GDWD#ZLWK#WKH#VDPH#JHRJUDSKLFDO#EUHDNGRZQ#DV#WKH#FXUUHQW#\HDU#GDWD1

0RGHO#YDOLGDWLRQ#DFWLYLWLHV#KDYH#LQFOXGHG=

� FRPSDULQJ#PRGHO#RXWSXW#WR#KLVWRU\#RYHU#WKH#HVWLPDWLRQ#SHULRG/

� UHYLHZ#RI#PRGHO#RXWSXW#E\#ORFDO#H[SHUWV/#DQG

� VHQVLWLYLW\#WHVWV1

$Q#LPSRUWDQW#WHVW#RI#D#PRGHO#LV#ZKHWKHU#LW#LV#DEOH#WR#UHSURGXFH#KLVWRULFDO#EHKDYLRU1#,W#LV#DQ
HVSHFLDOO\#VWURQJ#WHVW#ZKHQ#WKH#YDOLGDWLRQ#GDWD#VHW#LV#GLIIHUHQW#IURP#WKH#HVWLPDWLRQ#GDWD#VHW1#8QIRUWXQDWHO\/
LW#KDV##QRW#DOZD\V#EHHQ#SRVVLEOH#WR#FRQVWUXFW#LQGHSHQGHQW#GDWD#VHWV1#7KHUHIRUH/#WKH#RWKHU#WZR#RWKHU
YDOLGDWLRQ#HIIRUWV#DUH#LPSRUWDQW1#3UHVHQWLQJ#GUDIW#IXWXUH#IRUHFDVWV#WR#ORFDO#SODQQHUV#IRU#UHYLHZ#KHOSV#DOO
SDUWLHV#WR#JDLQ#FRQILGHQFH#LQ#WKH#PRGHO#DQG#LWV#RXWSXWV/#DQG#FDQ#KHOS#XQFRYHU#GDWD#HUURUV1

6HQVLWLYLW\#DQDO\VHV#DUH#DOVR#XVHIXO1#7KH#UHVXOWV#RI#RQH#RI#WKHVH#VHQVLWLYLW\#DQDO\VHV#LV#SUHVHQWHG
KHUH1#,Q#RUGHU#WR#WHVW#WKH#LPSRUWDQFH#RI#IHHGEDFN#IURP#WKH#ODQG#XVH#DOORFDWLRQ#PRGHO#RQ#IXWXUH
WUDQVSRUWDWLRQ#GHPDQG/#VHQVLWLYLW\#DQDO\VHV#ZHUH#FRQGXFWHG#XVLQJ#WKH#%XUOLQJWRQ#9HUPRQW#UHJLRQDO
PRGHO1#7KH#%XUOLQJWRQ#UHJLRQDO#PRGHO#ZLWK#LWV#´ILYH0VWHSµ#VWUXFWXUH#LQFOXGHV#IHHGEDFN#WKURXJK#ODQG#XVH
DOORFDWLRQ/#WULS#JHQHUDWLRQ/#WULS#GLVWULEXWLRQ/#DQG#PRGH#VSOLW1#)HHGEDFN#WKURXJK#WULS#GLVWULEXWLRQ#LV
HVSHFLDOO\#VLJQLILFDQW1#,W#PRGHOV#EHKDYLRU#ZKLFK#DGMXVWV#WKH#SDLULQJ#RI#RULJLQV#DQG#GHVWLQDWLRQV#LQ#UHVSRQVH
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WR#FKDQJHV#LQ#WUDQVSRUWDWLRQ#VHUYLFH#OHYHOV1#)RU#H[DPSOH/#LI#D#QHZ#URDG#PDNHV#WUDYHOLQJ#WR#D#SDUWLFXODU
VKRSSLQJ#FHQWHU#PXFK#IDVWHU/#LW#ZLOO#EH#PRUH#OLNHO\#WKDW#WKLV#WULS#ZLOO#EH#PDGH1

7KHVH#VFHQDULR#DQDO\VHV#LQYROYHG#WHVWV#ZLWK#D#SURSRVHG#FRPPXWHU#UDLO#SURMHFW#DQG#WKH#SURSRVHG
&LUFXPIHUHQWLDO#+LJKZD\1#7KH#SURSRVHG#FRPPXWHU#UDLO#SURMHFW#LV#D#PRGHVW#VLQJOH#OLQH#V\VWHP#UXQQLQJ#46
PLOHV#IURP#WKH#%XUOLQJWRQ#&%'#WR#WKH#VRXWK#SDUDOOHOLQJ#WKH#6KHOEXUQH#5RDG25RXWH#:#FRUULGRU1#,W#ZRXOG
UXQ#RQ#H[LVWLQJ#WUDFN1#7KH#IUHTXHQF\#ZRXOG#EH#WZR#SHU#KRXU#GXULQJ#SHDN#SHULRGV1

6HUYLFH#ZDV#DVVXPHG#WR#EH#LPSOHPHQWHG#LQ#4<<;#DQG#ULGHUVKLS#IRU#WKH#\HDU#5346#ZDV#IRUHFDVW#ERWK
ZLWK#IHHGEDFN#DQG#ZLWKRXW#IHHGEDFN1#)RUHFDVW#ULGHUVKLS#LV#PRGHVW#LQ#ERWK#FDVHV#EXW#LV#WZR#SHUFHQW#KLJKHU
LQ#WKH#FDVH#ZLWK#IHHGEDFN#7KLV#UHVXOW#LV#UHDVRQDEOH#IRU#WKLV#VFHQDULR1#7KH#LQFUHDVH#LQ#DFFHVVLELOLW\#RI#D#VLQJOH
UDLO#OLQH#LV#OLPLWHG/#DQG#DXWRPRELOH#DFFHVV#DQG#PRELOLW\#LV#YHU\#KLJK#LQ#WKH#VXEXUEDQ#DUHD#VHUYHG1

7KH#SURSRVHG#&LUFXPIHUHQWLDO#+LJKZD\#LV#D#OLPLWHG#DFFHVV#SDUWLDO#EHOWZD\#WR#WKH#QRUWKHDVW#RI#WKH
&LW\#RI#%XUOLQJWRQ1#,W#ZRXOG#SURYLGH#D#E\SDVV#WR#WKH#XUEDQ#VHFWLRQ#RI#,0;<#DQG#FRQJHVWHG#DUWHULDOV/#DQG
SURYLGH#LPSURYHG#UDGLDO#DFFHVV#WR#VXEXUEDQ#JURZWK#DUHDV1

7KLV#KLJKZD\#ZDV#LPSOHPHQWHG#LQ#WKH#PRGHO#LQ#5336#DQG#WUDIILF#YROXPHV#ZHUH#IRUHFDVW#ZLWK#DQG
ZLWKRXW#PRGHO#IHHGEDFN1#6HJPHQW#YROXPHV#ZLWK#IHHGEDFN#ZHUH#43#0#63#SHUFHQW#KLJKHU#WKDQ#ZLWKRXW
IHHGEDFN/#ZLWK#DQ#DYHUDJH#RI#DERXW#53#SHUFHQW1#7KHUH#ZDV#FRQVLGHUDEOH#YDULDWLRQ#DPRQJ#VHJPHQWV/#EXW
DERXW#;3#SHUFHQW#RI#WKH#GLIIHUHQFH#ZDV#GXH#WR#WULS#GLVWULEXWLRQ#IHHGEDFN#ZLWK#WKH#UHPDLQLQJ#53#SHUFHQW
GXH#WR#ODQG#XVH#DOORFDWLRQ1

7KH#UHVXOWV#DJDLQ#DSSHDU#UHDVRQDEOH1#7KH#ODQG#XVH#DOORFDWLRQ#LPSDFW#RI#53#SHUFHQW#RI#WKH#DYHUDJH
FKDQJH#GXH#WR#IHHGEDFN#+53#SHUFHQW,#RU#DERXW#IRXU#SHUFHQW#RI#WUDIILF#YROXPHV#LV#VLJQLILFDQW#EXW#IDLUO\#VPDOO1
7KLV#UHVXOW#ZDV#REWDLQHG#DIWHU#43#\HDUV#RI#ODQG#XVH#HIIHFWV#DQG#ZRXOG#EH#H[SHFWHG#WR#JURZ#ODUJHU#RYHU
WLPH1#7KH#WULS#GLVWULEXWLRQ#HIIHFW#RI#49#SHUFHQW#+;3#SHUFHQW#RI#53#SHUFHQW,#LV#YHU\#VLJQLILFDQW#DQG#DOVR
DSSHDUV#SODXVLEOH1#7ULS#GLVWULEXWLRQ#IHHGEDFN#LV#LQFOXGHG#LQ#PDQ\#XUEDQ#PRGHOV/#DQG#VKRXOG#EH#LQFOXGHG
LQ#DOO#XUEDQ#PRGHOV1

$33/,&$7,21#2)#7+(#/$1'#86(#$//2&$7,21#02'(/

:H#KDYH#LQWHJUDWHG#ODQG#XVH#DOORFDWLRQ#PRGHOV#ZLWK#WUDQVSRUWDWLRQ#SODQQLQJ#PRGHOV#LQ
&KLWWHQGHQ#&RXQW\#+%XUOLQJWRQ,#9HUPRQW#DQG#WKH#WKUHH0FRXQW\#VHDFRDVW#UHJLRQ#RI#1HZ#+DPSVKLUH#DQG
0DLQH1#,PSOHPHQWDWLRQ#RI#D#ODQG#XVH#DOORFDWLRQ#PRGHO#LQ#WKH#IRXU0FRXQW\#7DPSD#%D\#UHJLRQ#LV#XQGHUZD\1
%HORZ/#HDFK#SURMHFW#LV#GHVFULEHG#LQFOXGLQJ#WKH#FRQWH[W#IRU#WKH#ZRUN/#WKH#IRUP#RI#WKH#LPSOHPHQWDWLRQ/#DQG
SURMHFW#UHVXOWV1#7KH#PRGHO#ZDV#RULJLQDOO\#GHYHORSHG#IRU#DSSOLFDWLRQ#WR#PXOWL0FHQWULF#UHJLRQV1#7KH
%XUOLQJWRQ#ZRUN#LV#SUHVHQWHG#ILUVW#EHFDXVH#LW#LV#WKH#OHDVW#FRPSOH[1

%85/,1*721#9(50217#5(*,21

,Q#WKH#%XUOLQJWRQ/#9HUPRQW#UHJLRQ/#WKH#&KLWWHQGHQ#&RXQW\#5HJLRQDO#3ODQQLQJ
&RPPLVVLRQ2&KLWWHQGHQ#&RXQW\#032#GHFLGHG#WR#PDNH#PDMRU#PRGHO#LPSURYHPHQWV#DV#D#EDVLV#IRU#LWV
ORQJ0WHUP#SODQQLQJ#ZRUN1#,Q#SDUWLFXODU#WKHUH#ZDV#D#VWURQJ#LQWHUHVW#LQ#WUDQVLW#DQG#LQ#WKH#UHODWLRQVKLS
EHWZHHQ#ODQG#XVH#DQG#WUDYHO#GHPDQG1

$#´ILYH0VWHSµ#LQWHJUDWHG#PRGHO#ZDV#LPSOHPHQWHG#ZLWK#IHHGEDFN#WKURXJKRXW#WKH#PRGHOLQJ#FKDLQ1
'HYHORSPHQW#FRQVWUDLQWV#GDWD#ZHUH#GHYHORSHG#XVLQJ#WKH#UHJLRQDO#SODQQLQJ#FRPPLVVLRQ·V#*,6#GDWD#DQG
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FDSDELOLWLHV1#/DQG#XVH#DOORFDWLRQ#PRGHO#SDUDPHWHUV#ZHUH#HVWLPDWHG#EDVHG#RQ#KLVWRULFDO#GDWD#RYHU#WKH
SHULRG#4<;3#0#4<<61

$Q#LQWHUHVWLQJ#IHDWXUH#RI#WKLV#SURMHFW#ZDV#WKH#FRPELQDWLRQ#RI#ERWK#SUHGLFWLYH#DQG#QRUPDWLYH#ODQG
XVH#PRGHOLQJ1#+HUH/#´QRUPDWLYHµ#LV#XVHG#WR#GHVFULEH#PRGHOLQJ#ZKDW#ZRXOG#KDSSHQ#LI#D#GHVLUHG#UHVXOW
FRXOG#EH#DFKLHYHG1#,Q#WKLV#FDVH/#WKH#LPSOHPHQWDWLRQ#RI#WKH#UHJLRQDO#SODQ#ZDV#SHUIRUPHG#RXWVLGH#RI#WKH
PRGHO/#DQG#GLIIHUHG#VXEVWDQWLDOO\#IURP#ERWK#FXUUHQW#H[SHULHQFH#DQG#IXWXUH#SUHGLFWLYH#PRGHO#IRUHFDVWV1
7KLV#W\SH#RI#PRGHOLQJ#LV#FXUUHQWO\#EHLQJ#GRQH#ZLWKLQ#PDQ\#XUEDQ#DUHDV#LQ#RUGHU#WR#HYDOXDWLYH#WKH
WUDQVSRUWDWLRQ#LPSOLFDWLRQV#RI#DOWHUQDWLYH#ODQG#XVH#VFHQDULRV1#2QFH#D#GHVLUDEOH#IXWXUH#LV#IRXQG/#WKH
SUHGLFWLYH#PRGHO#FDQ#FRPH#EDFN#LQWR#SOD\#DQG#DGGUHVV#WKH#LPSRUWDQW#TXHVWLRQ#RI#KRZ#WKLV#IXWXUH#PLJKW#EH
UHDFKHG1#:KDW#FRPELQDWLRQ#RI#SROLFLHV#VXFK#DV#]RQLQJ/#WUDQVLW#LQYHVWPHQW/#WROOV/#DQG#VR#IRUWK#PLJKW#ZRUN"

7KH#WZR#ODQG#XVH#IXWXUHV#WHVWHG#LQ#WKLV#SURMHFW#ZHUH=

� PDLQWHQDQFH#RI#H[LVWLQJ#ORFDO#]RQLQJ#+\HDU#5346#/RFDO#=RQLQJ,/#DQG

� LPSOHPHQWDWLRQ#RI#WKH#UHJLRQDO#SODQ#HPSKDVL]LQJ#WKH#UROH#RI#JURZWK#FHQWHUV#DW#WKH#UHJLRQDO/
VXEUHJLRQDO/#DQG#ORFDO#OHYHOV+\HDU#5346#5HJLRQDO#3ODQ,1

$OWHUQDWLYH#WUDQVSRUWDWLRQ#IXWXUHV#ZHUH#DOVR#GHILQHG1#7KH#SXUSRVH#RI#WKHVH#ZDV#WR#IXOO\#UHSUHVHQW
IXQGDPHQWDOO\#GLIIHUHQW#DSSURDFKHV#UDWKHU#WKDQ#WR#GHILQH#DFWXDO#SRVVLEOH#FRXUVHV#RI#IXWXUH#DFWLRQ1##7KUHH
DOWHUQDWLYHV#ZHUH#H[DPLQHG=

4, D#´PDLQWHQDQFH#RQO\µ#IXWXUH#LQFRUSRUDWLQJ#QR#QHZ#LPSURYHPHQWV#EXW#PDLQWDLQLQJ#WKH
H[LVWLQJ#V\VWHP#+´PDLQWHQDQFHµ,>

5, DQ#6292KLJKZD\0EDVHG#IXWXUH#GHSHQGLQJ#RQ#H[SDQVLRQV#RI#KLJKZD\#FDSDFLW\1##7KHVH
LQFOXGHG#FDSDFLW\#H[SDQVLRQV#WR#H[LVWLQJ#DUWHULDO#URXWHV#DQG#FRPSOHWLRQ#RI#D#SURSRVHG
FLUFXPIHUHQWLDO#KLJKZD\#IRU#WKH#UHJLRQ#+´!#KLJKZD\µ,>#DQG/

6, D#WUDQVLW0EDVHG#V\VWHP/#XWLOL]LQJ#WKH#H[LVWLQJ#KLJKZD\#QHWZRUN#EXW#ZLWK#GUDPDWLFDOO\
H[SDQGHG#WUDQVLW#VHUYLFH#+´!#WUDQVLWµ,1

7KHVH#WUDQVSRUWDWLRQ#FKDQJHV#ZHUH#FRGHG#LQWR#WKH#QHWZRUN#DQG#FRPELQHG#ZLWK#WKH#ODQG#XVH
DOWHUQDWLYHV#WR#\LHOG#VL[#EDVLF#DOWHUQDWLYHV#IRU#DQDO\VLV1

7KH#UHVXOWV#RI#WKHVH#DQDO\VHV#DUH#LOOXVWUDWHG#LQ#7DEOHV#4#0#6#EHORZ146

7DEOH#4#³#/DQG#8VH#$OORFDWLRQ##6XPPDU\#IRU#$OWHUQDWLYH#6FHQDULRV

/DQG#8VH
5HJXODWLRQ

7UDQVSRUWDWLRQ
6\VWHP

(#1HZ
'HYHORSPHQW
LQ#5HJLRQDO

#*URZWK#&HQWHUV

(#1HZ
'HYHORSPHQW
LQ#6XE05HJLRQDO
#*URZWK#&HQWHUV

(#1HZ#'HYHORS1
LQ#/RFDO#*URZWK
&HQWHUV#)

2XWO\LQJ#$UHDV
4<<6#%DVH ([LVWLQJ 5:18( 581;( 791;(

5346#/RFDO
=RQLQJ

0DLQWHQDQFH
!+LJKZD\
!7UDQVLW

#4417(
4416(
#441<(

571<(
5814(
581<(

961;(
9619(
9515(

5346#5HJ1
=RQLQJ

0DLQWHQDQFH
!+LJKZD\
!7UDQVLW

6319(
5;13(
5;19(

7817(
7715(
7713(

5713(
5:1:(
5:17(
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7DEOH#5#³#5HJLRQDO#0RGH#6KDUHV#IRU#$OWHUQDWLYH#6FHQDULRV

/DQG#8VH
5HJXODWLRQ

7UDQVSRUWDWLRQ
6\VWHP

3HUVRQ
7ULSV

6LQJOH
2FFXSDQF\

&DU#3RRO :DON2
%LNH

7UDQVLW

4<<6#%DVH ([LVWLQJ :5/<95 :319( 5916( 518( 319(

5346#/RFDO
=RQLQJ

0DLQWHQDQFH
!+LJKZD\
!7UDQVLW

<8/444
<8/43<
#<8/449

:31;(
:319(
9:16(

5919(
591:(
571<(

515(
515(
513(

318(
318(
81;(

5346#5HJ1
=RQLQJ

0DLQWHQDQFH
!+LJKZD\
!7UDQVLW

<8/595
<7/83<
#<7/846

:316(
:318(
991<(

591;(
5919(
571<(

516(
516(
514(

319(
319(
913(

7DEOH#6#³#9HKLFOH#0LOHV#RI#7UDYHO#+907,#6XPPDU\#IRU#$OWHUQDWLYH#6FHQDULRV

/DQG#8VH
5HJXODWLRQ

7UDQVSRUWDWLRQ
6\VWHP

3HDN#+RXU#907 90723HUVRQ#7ULS

4<<6#%DVH ([LVWLQJ 746/7;7 819:

5346#/RFDO
=RQLQJ

0DLQWHQDQFH
!+LJKZD\
!7UDQVLW

894/8<:
8:7/5<6
877/79;

81<3
9137
81:5

5346#5HJ1
=RQLQJ

0DLQWHQDQFH
!+LJKZD\
!7UDQVLW

874/4<3
888/763
857/766

819;
81;;
8188

7KH#UHJLRQDO#WUDQVSRUWDWLRQ#SODQ#KDV#EHHQ#GHYHORSHG#EDVHG#RQ#WKHVH#JHQHUDO#VFHQDULR#UHVXOWV#DQG
DQDO\VHV#RI#VSHFLILF#SRWHQWLDO#SURMHFWV1#7KH#PRGHO#LV#QRZ#EHLQJ#XVHG#IRU#VWXGLHV#RI#SURSRVHG#OLJKW#UDLO#DQG
FRPPXWHU#UDLO#SURMHFWV1

1(:#+$036+,5(20$,1(#6($&2$67#5(*,21

7KH#3HDVH26HDFRDVW#032#7UDQVSRUWDWLRQ#0RGHO#ZDV#GHYHORSHG#IROORZLQJ#WKH#FORVXUH#RI#WKH
3HDVH#$LU#)RUFH#%DVH/#DQG#LWV#SODQQHG#UH0GHYHORSPHQW1#7KH#UH0GHYHORSPHQW#SODQ#ZDV#RSSRVHG#E\#D
FRQVRUWLXP#RI#HQYLURQPHQWDO#JURXSV#FRQFHUQHG#ZLWK#JURZWK#LPSDFWV/#HVSHFLDOO\#RQ#DLU#TXDOLW\1#7KHVH
JURXSV#VXHG#WR#EORFN#WKH#GHYHORSPHQW#SODQV/#DQG#DOVR#WR#PDNH#LQYDOLG#WKH#WUDQVIHU#RI#ODQG#WR#WKH#VWDWH#RI
1HZ#+DPSVKLUH1#7KH#WZR#PXQLFLSDOLWLHV#ZKHUH#WKH#UH0GHYHORSPHQW#ZDV#SODQQHG#DOVR#H[SUHVVHG
FRQFHUQV1

7KH#VWDWH#RI#1HZ#+DPSVKLUH#ZRUNHG#WR#UHVSRQG#WR#WKHVH#LVVXHV#E\#GHYHORSLQJ#D#FRPSUHKHQVLYH
WUDQVSRUWDWLRQ#DQG#DLU#TXDOLW\#VWXG\1#$#UHJLRQDO#PRGHO#ZDV#GHYHORSHG#DV#WKH#IRXQGDWLRQ#IRU#WKHVH
DQDO\VHV1#7KH#7HFKQLFDO#$GYLVRU\#&RPPLWWHH#IRU#WKH#SURMHFW#LQFOXGHG#7KH#3HDVH#'HYHORSPHQW#$XWKRULW\/
WKH#1HZ#+DPSVKLUH#'HSDUWPHQW#RI#7UDQVSRUWDWLRQ/#DQG#VWDII#IURP#WKH#WKUHH#UHJLRQDO#SODQQLQJ
FRPPLVVLRQV#+RQH#LQ#0DLQH,#WKDW#FRPSULVH#WKH#6HDFRDVW#0321#7KH#ODQG#XVH#DOORFDWLRQ#PRGHO#ZDV
SURSRVHG#WR#WKHVH#FOLHQWV#DV#DQ#RSWLRQ1#7KLV#RSWLRQ#ZDV#HQWKXVLDVWLFDOO\#VXSSRUWHG#E\#WKH#UHJLRQDO
SODQQLQJ#FRPPLVVLRQV#ZKR#VDZ#WKLV#DV#DQ#H[SHGLHQW#ZD\#WR#GHYHORS#LQWHUQDOO\#FRQVLVWHQW#ODQG#XVH
IRUHFDVWV#WKDW#ZHUH#UHVSRQVLYH#WR#WKH#UH0GHYHORSPHQW#SODQV1
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7KH#PRGHO#ZDV#LPSOHPHQWHG#DV#D#PHQX0GULYHQ#´ILYH0VWHSµ#PRGHO#WKDW#VHTXHQFHV#PRGXOHV/
PDQDJHV#ILOHV/#DQG#DOVR#SURGXFHV#DLU#TXDOLW\#DQDO\VHV1#'HYHORSPHQW#FRQVWUDLQWV#ZHUH#GHYHORSHG#EDVHG#RQ
WKH#VWDWH#RI#1HZ#+DPSVKLUH·V#*,6#V\VWHP1#3DUDPHWHUV#ZHUH#HVWLPDWHG#EDVHG#RQ#REVHUYHG#ODQG#XVH
FKDQJHV#RYHU#WKH#SHULRG#4<;3#0#4<<31

7KH#PRGHO/#LQFOXGLQJ#IHHGEDFN#IURP#WKH#ODQG#XVH#DOORFDWLRQ#PRGHO/#ZDV#XVHG#IRU#DOO#VFHQDULRV1
0DQ\#VFHQDULRV#ZHUH#WHVWHG#LQFOXGLQJ#YDULRXV#ODQG#XVH/#KLJKZD\#LPSURYHPHQW/#WUDQVSRUWDWLRQ
LPSURYHPHQW/#DQG#7'0#VFHQDULRV1#$Q#H[DPSOH#VFHQDULR#LQFRUSRUDWLQJ#DOO#FRPSRQHQWV#LV=

• 5344#IXOO#GHYHORSPHQW#DW#3HDVH/

• ZLGHQLQJ#6SDXOGLQJ#7XUQSLNH/#5RXWH#4/#5RXWH#434/

• LQFUHDVHG#EXV#VHUYLFH#DUHD#DQG#VHUYLFH#IUHTXHQF\/#DQG

• JUHDWO\#LQFUHDVHG#SDUNLQJ#FRVWV1

7KH#PRGHO#UHVXOWV#SDVVHG#WKH#SODXVLELOLW\#WHVW#RI#ORFDO#DQG#UHJLRQDO#SODQQHUV1#7KH#UH0GHYHORSPHQW
DFWLYLW\#ZDV#DQG#UHPDLQV#YHU\#FRQWURYHUVLDO1#7KHUH#ZDV#VRPH#TXHVWLRQLQJ#RI#IRUHFDVW#WUDIILF#YROXPHV/#EXW
WKHUH#ZDV#JHQHUDO#DFFHSWDQFH#RI#WKH#ODQG#XVH#IRUHFDVWV1

7KH#PRGHO#SURYHG#SDUWLFXODUO\#XVHIXO#IRU#IRUHFDVWLQJ#JURZWK#LQ#LQ0ILOO#DUHDV#EHWZHHQ#HVWDEOLVKHG
FHQWHUV1#7KH#PRGHOHG#DUHD#FRQWDLQV#VHYHUDO#VPDOO#XUEDQ#DUHDV1#7KH#VWURQJHVW#JURZWK#LV#EHLQJ#H[SHULHQFHG
LQ#DUHDV#WKDW#OLH#EHWZHHQ#WKHVH#ROGHU#FHQWHUV1#:KLOH#WUHQG#H[WUDSRODWLRQ#LV#LQFDSDEOH#RI#IRUHFDVWLQJ#WKHVH
HIIHFWV/#WKH#ODQG#XVH#DOORFDWLRQ#PRGHO#DSSHDUV#WR#GR#WKLV#IDLUO\#ZHOO1

7KH#PRGHO/#FRPSOHWHG#LQ#4<<6/#KDV#UHFHQWO\#EHHQ#H[WHQGHG#WR#D#PXFK#ZLGHU#JHRJUDSKLF#UHJLRQ1
)LJXUH#5#LOOXVWUDWHV#WKH#RULJLQDO#PRGHO#ERXQGDU\/#WKH#QHZ#DUHD/#DQG#D#VSHFLDO#DUHD#RI#DJJUHJDWHG#]RQHV
UHSUHVHQWLQJ#QHLJKERULQJ#PXQLFLSDOLWLHV#LQ#0DVVDFKXVHWWV1#$#PDMRU#FKDOOHQJH#LQ#WKLV#SURMHFW#ZDV#KRZ#WR
PDQDJH#WKH#H[WHUQDO#ERXQGDU\#SUREOHP#ZLWK#0DVVDFKXVHWWV1#7KH#ERUGHU#DUHD#LV#XUEDQL]HG#RQ#ERWK#VLGHV
RI#WKH#ERUGHU1#)XOO#LQFOXVLRQ#RI#D#SRUWLRQ#RI#0DVVDFKXVHWWV#ZDV#LPSUDFWLFDO/#ERWK#EHFDXVH#RI#IXQGLQJ#LVVXHV
DQG#DOVR#WKDW#WKHUH#LV#QR#JRRG#SODFH#WR#GUDZ#WKH#OLQH1#,I#VRPH#RI#WKH#ERUGHU#PXQLFLSDOLWLHV#ZHUH#LQFOXGHG/
WKH#H[WHUQDO#ERXQGDU\#ZRXOG#WKHQ#OLH#FORVHU#WR#%RVWRQ#DQG#FUHDWH#QHZ#GLIILFXOWLHV1

7KH#DSSURDFK#WDNHQ#ZDV#WR#SDUWLDOO\#LQFOXGH#WKH#ERUGHU#FRPPXQLWLHV#LQ#WKH#PRGHO#VHW1#7KHVH
PXQLFLSDOLWLHV#ZHUH#PRGHOHG#DV#ODUJH#DJJUHJDWH#]RQHV#IRU#WKH#SXUSRVH#RI#WULS#JHQHUDWLRQ#DQG#WULS
GLVWULEXWLRQ1#7KH#GLVWULEXWLRQ#PRGHO#ZDV#YDOLGDWHG#DJDLQVW#DXWR#LQWHUFHSW#GDWD#FROOHFWHG#DW#WKH#VWDWH
ERUGHU1

)RU#WKH#ODQG#XVH#PRGHO/#WKH#0DVVDFKXVHWWV#]RQHV#ZHUH#WUHDWHG#DV#H[WHUQDO#DQG#ODQG#XVH#IRUHFDVWV
GHYHORSHG#E\#0DVVDFKXVHWWV#SODQQHUV#ZHUH#XVHG#IRU#IXWXUH#FRQGLWLRQV1#%HFDXVH#DQ#LGHQWLFDO#LPSHGDQFH
PRGHO#LV#XVHG#LQ#GLVWULEXWLRQ/#PRGH#VSOLW/#DQG#ODQG#XVH#DOORFDWLRQ/#WKH#´PDVVµ#LQ#´0DVVDFKXVHWWVµ#GRHV
DIIHFW#ODQG#XVH#DOORFDWLRQ#LQ#WKH#PRGHO1

7KH#VFRSH#RI#WKLV#IROORZ0RQ#SURMHFW#GLG#QRW#SHUPLW#D#QHZ#YDOLGDWLRQ#HIIRUW#IRU#WKH#ODQG#XVH
DOORFDWLRQ#PRGHO1#,QVWHDG/#WKH#RULJLQDO#HVWLPDWHG#DQG#YDOLGDWHG#PRGHO#SDUDPHWHUV#ZHUH#XVHG1#5HVXOWV
DSSHDU#UHDVRQDEOH/#EXW#LW#ZRXOG#EH#YHU\#GHVLUDEOH#WR#WHVW#WKLV#DSSURDFK#LQ#D#IXOO#PRGHO#GHYHORSPHQW
SURMHFW/#LQFOXGLQJ#SDUDPHWHU#HVWLPDWLRQ1
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)LJXUH#5#³#([SDQVLRQ#RI#WKH#6HDFRDVW#0RGHO

7$03$#%$<#5(*,21

7KH#7DPSD#%D\#5HJLRQ#SURMHFW#LQYROYHV#DQ#DUHD#ZLWK#D#PXFK#ODUJHU#SRSXODWLRQ#WKDQ#WKH#RWKHU#WZR
SURMHFWV/#DERXW#5#PLOOLRQ#SRSXODWLRQ1#7KH#LPPHGLDWH#FOLHQW#LV#WKH#)ORULGD#'HSDUWPHQW#RI#7UDQVSRUWDWLRQ/
EXW#HDFK#RI#WKH#IRXU#FRXQWLHV#DQG#WKH#&LW\#RI#7DPSD#DUH#DOVR#LPSRUWDQW#FRQVWLWXHQFLHV#IRU#WKH#ZRUN1#7KH
ZRUN#LV#SDUW#RI#D#PDMRU#PRGHO#LPSURYHPHQW#DFWLYLW\#ZKHUH#IRXU#VHSDUDWH#XUEDQ#PRGHOV#KDYH#EHHQ#PHUJHG
LQWR#D#VLQJOH#PRGHO#E\#WKH#SULPH#FRQWUDFWRU/#*DQQHWW#)OHPLQJ1

7KH#LQFRUSRUDWLRQ#RI#D#ODQG#XVH#DOORFDWLRQ#PRGHO#ZDV#VSHFLILHG#LQ#WKH#5)3#IRU#WKH#PRGHO
LPSURYHPHQW#SURJUDP1#7KH#7DPSD#%D\#UHJLRQ#KDV#JURZQ#H[SORVLYHO\1#0XFK#RI#WKH#JURZWK#KDV#EHHQ#LQ0
ILOO#JURZWK/#IRU#H[DPSOH#EHWZHHQ#7DPSD#DQG#6W1#3HWHUVEXUJ/#RU#HOVH#VXEXUEDQ#JURZWK1#+LJKZD\
LPSURYHPHQWV#DLPHG#DW#VDWLVI\LQJ#WKLV#JURZWK#KDYH#DSSHDUHG#WR#OHDG#WR#DGGLWLRQDO#JURZWK#SUHVVXUHV1
7KHVH#IRUFHV#DUH#DW#ZRUN#HYHU\ZKHUH/#EXW#RSHUDWH#DW#D#JUHDWHU#VSHHG#LQ#)ORULGD#WKDQ#LQ#PRVW#XUEDQ#DUHDV1

7KH#)ORULGD#'27#VHHV#D#QHHG#IRU#LQWHJUDWHG#SODQQLQJ/#EXW#WKLV#LQWHJUDWLRQ#LV#GLIILFXOW#WR#DFKLHYH1
7KH#WKUHH#UHJLRQDO#SODQQLQJ#FRPPLVVLRQV#LQ#WKH#1HZ#+DPSVKLUH20DLQH#6HDFRDVW#SURMHFW#VDZ#WKH#ODQG
XVH#DOORFDWLRQ#PRGHO#WR#EH#DQ#DGYDQWDJH#EHFDXVH#WKH\#KDG#QRW#GHYHORSHG#GHWDLOHG#ODQG#XVH#IRUHFDVWV#RI
WKHLU#RZQ1#,Q#FRQWUDVW/#WKH#SODQQLQJ#VWDIIV#LQ#WKH#7DPSD#%D\#UHJLRQ#DUH#PRUH#KHVLWDQW1#'HYHORSPHQW#RI
LQGHSHQGHQW#ODQG#XVH#IRUHFDVWV#KDV#EHHQ#DQG#FRQWLQXHV#WR#EH#D#VLJQLILFDQW#DFWLYLW\#ZLWKLQ#WKHVH#SODQQLQJ
RUJDQL]DWLRQV1

,Q#RUGHU#WR#VDWLVI\#WKH#QHHGV#RI#WKH#ORFDO#DQG#UHJLRQDO#SODQQHUV/#DGGLWLRQDO#IHDWXUHV#KDYH#EHHQ
LPSOHPHQWHG1#7KHVH#IHDWXUHV#LQFOXGH#WKH#DELOLW\#WR#VHW#FRQWURO#WRWDOV#DQG#PLQLPXP#RU#PD[LPXP#JURZWK#RU
SHUFHQW#JURZWK##E\#FRXQW\/#E\#VXSHU]RQH/#DQG#E\#7$=1#7KLV#UHVXOWV#LQ#JUHDWHU#FRQWURO#RYHU#WKH#DOORFDWLRQ
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DQG#DOOHYLDWHV#PDQ\#RI#WKH#SODQQHUV·#FRQFHUQV1#7KLV#IHDWXUH#LV#DOVR#XVHIXO#IRU#ODUJH#UHJLRQV#ZKHUH#D#VLQJOH
VHW#RI#FRQWURO#WRWDOV#PD\#EH#LQDSSURSULDWH1

,Q#WKLV#SURMHFW/#ZH#ZHUH#FRQVWUDLQHG#WR#ZRUNLQJ#ZLWK#WKH#VWDQGDUG#)ORULGD#6WDQGDUG#8UEDQ
7UDQVSRUWDWLRQ#0RGHOLQJ#6\VWHP#+)68706,#ZKLFK#XVHV#75$13/$11#7KH#ODQG#XVH#DOORFDWLRQ#PRGHO#KDV
EHHQ#LPSOHPHQWHG#DV#D#VHSDUDWH#H[HFXWDEOH#SURJUDP#RQ#WKH#,%0#5,6&#PDFKLQHV#XVHG#IRU#WKH#PRGHO1
&RPSRVLWH#LPSHGDQFH#ILOHV#DUH#SDVVHG#LQ#75$13/$1#IRUPDW#WR#WKH#ODQG#XVH#DOORFDWLRQ#PRGHO1#7KH#ODQG
XVH#DOORFDWLRQ#PRGHO#UHWXUQV#XSGDWHG#ODQG#XVH#ILOHV1

7KH#ODQG#XVH#DOORFDWLRQ#PRGHO#VRIWZDUH#KDV#EHHQ#FRPSOHWHG#DQG#WHVWHG1#7KH#EDVH#\HDU
WUDQVSRUWDWLRQ#PRGHO#KDV#UHFHQWO\#EHHQ#FRPSOHWHG1#:RUN#VWLOO#WR#EH#FRPSOHWHG#LQFOXGHV#ILQLVKLQJ
FRPSLODWLRQ#RI#KLVWRULFDO#GDWD/#HVWLPDWLQJ#SDUDPHWHUV/#DQG#YDOLGDWLQJ#WKH#PRGHO1

&21&/86,216

7KH#ODQG#XVH#DOORFDWLRQ#PRGHOV#KDYH#DFKLHYHG#WKH#PRGHO#SXUSRVHV1#7KH\#DUH#D#SUDFWLFDO#PHWKRG#RI
JHQHUDWLQJ#ODQG#XVH#IRUHFDVWV#WKDW#DUH#LQWHUQDOO\#FRQVLVWHQW#DQG#WKDW#FDQ#EH#HDVLO\#XSGDWHG1#7KH\#DOVR
JHQHUDWH#ODQG#XVH#IRUHFDVWV#WKDW#DUH#VHQVLWLYH#WR#WKH#IXOO#UDQJH#RI#SROLFLHV#WKDW#DUH#RI#LQWHUHVW#WRGD\=
KLJKZD\#LPSURYHPHQWV/#WUDQVLW#LPSURYHPHQWV/#WUDQVSRUWDWLRQ#GHPDQG#PDQDJHPHQW/#FRQJHVWLRQ#SULFLQJ/
DQG#ODQG#XVH#UHJXODWLRQ1

7KH#ODQG#XVH#DOORFDWLRQ#PRGHOV#KDYH#DOVR#SDVVHG#WKH#SODXVLELOLW\#WHVW1#%RWK#EDVH#FDVH#DQG#VFHQDULR
IRUHFDVWV#KDYH#EHHQ#DFFHSWDEOH#WR#ORFDO#DQG#UHJLRQDO#SODQQHUV1

7KH#PRGHOV#DUH#XVHIXO#IRU#WUDGLWLRQDO#XQL0FHQWULF#XUEDQ#DUHDV#EXW#DUH#HVSHFLDOO\#XVHIXO#IRU#PXOWL0
FHQWULF#DUHDV#ZKHUH#VXEXUEDQ#LQ0ILOO#LV#GLIILFXOW#WR#IRUHFDVW#XVLQJ#WUDGLWLRQDO#PHWKRGV1#7KH#PRGHOV#FDQ#DOVR
EH#H[WHQGHG#WR#DUHDV#ZKHUH#H[WHUQDO#ERXQGDU\#HIIHFWV#DUH#YHU\#LPSRUWDQW1

7KH#ODQG#XVH#DOORFDWLRQ#PRGHOV#GHVFULEHG#DUH#´SUHGLFWLYHµ/#WKH\#DWWHPSW#WR#IRUHFDVW#WKH#IXWXUH1
7KHVH#PRGHOV#FDQ#DOVR#EH#XVHG#HIIHFWLYHO\#ZLWK#´QRUPDWLYHµ#PRGHOLQJ#ZKHUH#WKH#FRQVHTXHQFHV#RI#DQ
LGHDOL]HG#ODQG#XVH#IXWXUH#DUH#SOD\HG#RXW1#,Q#WKLV#FDVH#WKH#UROH#RI#WKH#SUHGLFWLYH#ODQG#XVH#DOORFDWLRQ#PRGHO#LV
WR#ORRN#IRU#D#VHW#RI#WUDQVSRUWDWLRQ#DQG#ODQG#XVH#SROLFLHV#WKDW#ZLOO#DFKLHYH#WKH#LGHDOL]HG#IXWXUH1

5(&200(1'$7,216#)25#)857+(5#:25.

:H#EHOLHYH#WKDW#FXUUHQW#ODQG#XVH#DOORFDWLRQV#DUH#VXSHULRU#WR#PDQXDO#PHWKRGV1#+RZHYHU/#WKHVH
PRGHOV#FRXOG#EH#PXFK#EHWWHU#\HW1#$UHDV#ZKHUH#IXUWKHU#ZRUN#LV#QHHGHG#LQFOXGH=#IROORZ0XS#VWXGLHV
FRPSDULQJ#ODQG#XVH#IRUHFDVWV#WR#DFWXDO#ODQG#XVH#FKDQJHV#+IRU#ERWK#PDQXDO#DQG#PRGHO#IRUHFDVWV,/#PRGHO
DSSOLFDWLRQ#LQ#UHJLRQV#ERUGHUHG#E\#XUEDQ#DUHDV/#DQG#UHVHDUFK#LQWR#ODQG#XVH#DOORFDWLRQ#PRGHOV#IRU#ODUJHU
UHJLRQV1#7KHUH#LV#DOVR#D#QHHG#IRU#HDVLHU#WR#XVH#PRGHOV#DQG#EHWWHU#PRGHO#LQWHUIDFHV1

$V#D#ILUVW#VWHS#LQ#DGGUHVVLQJ#WKLV#ODVW#QHHG/#ZH#LQFRUSRUDWHG#D#VLPSOLILHG#YHUVLRQ#RI#WKH#ODQG#XVH
DOORFDWLRQ#PRGHO#LQWR#WKH#/DQG#8VH/#$LU#4XDOLW\/#DQG#7UDQVSRUWDWLRQ#,QWHJUDWHG#0RGHOLQJ#(QYLURQPHQW
+/$7,0(,/#GHYHORSHG#DW#6DQGLD#QDWLRQDO#ODERUDWRULHV147##48#/$7,0(#UHSUHVHQWV#DQ#LQWHJUDWHG#DSSURDFK#WR
FRPSXWHU#PRGHOLQJ#DQG#VLPXODWLRQ#RI#ODQG#XVH#DOORFDWLRQ/#WUDYHO#GHPDQG/#DQG#PRELOH#VRXUFH#HPLVVLRQV
IRU#WKH#$OEXTXHUTXH/#1HZ#0H[LFR/#DUHD1#7KLV#HQYLURQPHQW#SURYLGHV#SUHGLFWLYH#FDSDELOLW\#FRPELQHG#ZLWK
D#JUDSKLFDO#DQG#JHRJUDSKLFDO#LQWHUIDFH1
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7KH#XOWLPDWH#YLVLRQ#LV#IRU#D#VXLWH#RI#PRGXOHV#WKDW#RSHUDWH#WRJHWKHU#LQ#D#´3OXJ#DQG#3OD\µ
HQYLURQPHQW1#7KH#TXHVW#IRU#WKLV#HQYLURQPHQW#LV#FXUUHQWO\#IUXVWUDWHG#E\#LQFRQVLVWHQFLHV#EHWZHHQ#ILOH
IRUPDWV#DQG#RSHUDWLQJ#HQYLURQPHQWV/#EXW#WKHVH#REVWDFOHV#DUH#JUDGXDOO\#GLPLQLVKLQJ#ZLWK#DGYDQFHV#LQ
FRPSXWHU#VRIWZDUH1

##########################################################
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