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Abstract²2YHUUHFHQW\HDUVPXFKSURJUHVVKDVEHH

QDFKLHYHGLQ WKH ILHOGV RI QXPHULFDO PRGHOLQJ 

VKRUHOLQH SURFHVVHV ZDYHV 

FXUUHQWVZDYHVDQGFXUUHQW+RZHYHUWKHUHDUH

VWLOOVRPHSUREOHPV 

LQWKHH[LVWLQJPRGHOVWROLQNWKHRQWKHILUVW

WKHK\GURG\QDPLFVRI 

ZDYHVDQGFXUUHQWVDQGVHFRQGO\WKHVHGLPHQW

WUDQVSRUWSURFHVVHV 

DQGGXHWRWKHYDULDELOLW\LQWLPHVSDFHDQGLQW

HUDFWLRQDQGWKH 

VLPXOWDQHRXVDFWLRQRIZDYHFXUUHQWQHDUWKH

VKRUH7KLVSDSHULVWKH 

HVWDEOLVKPHQWRIDQXPHULFDOPRGHOLQJWRIRUHF

DVWWKHVHGLPHQW WUDQVSRUW 

IURPGHYHORSPHQW VFHQDULRV RI KDUERU 

VWUXFWXUH ,W LV 

HVWDEOLVKHGRQWKHEDVLVRIDQXPHULFDOVLPXOD

WLRQRIDZDWHU 

VHGLPHQWPRGHOYLDD'PRGHOXVLQJDVHWRIFRGHVFD

OFXODWLRQ 

0,.('+,VRIWZDUH7KLVLVWRH[DPLQHWKHHIIHFWRIWKH

VHGLPHQW WUDQVSRUW GULYHUV IROORZLQJ WKH 

GRPLQDQW LQFLGHQW ZDYH LQ WKH 

GLUHFWLRQWRSDVVLQSXWKDUERUZRUNXQGHUGLIIH

UHQWYDULDQWVSODQQLQJ 

VWXGLHVWRILQGWKHWHFKQLFDODQGHFRQRPLFOLP

LWDWLRQVWRWKHVHGLPHQW 

WUDQVSRUWDQGSURWHFWLRQRIWKHKDUERUVWUXF

WXUHRSWLPXPVROXWLRQ 

 

Keywords²6ZHOO FXUUHQW UDGLDWLRQ VWUHVV 
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257VWUXFWXUHVFDQEHVHWXSE\WKHQDWXUDOFR

QVWUXFWLRQRI 

RQHRUVHYHUDOGLNHVRUMHWWLHV$ZURQJFDOFX

ODWLRQLQWKH 

GHVLJQRISRUWVWUXFWXUHVFDQOHDGWRSUREOH

PVRISHQHWUDWLRQRI 

ORQJZDYHVIROORZHGE\IRUPDWLRQRIFXUUHQWVL

QWKHEDVLQ$V 

DUHVXOWODUJHDPRXQWVRIVHGLPHQWVPD\EHWU

DQVSRUWHGVLOWXS DFFXPXODWHG IRU WKH 

KDUERU EDVLQ 7KLV SURFHVV UHVXOWV IURP WKH 

VHGLPHQW PRYHPHQW LQVKRUH DUHDV LQ IDFW 

FRQVLGHUDEOH DPRXQWV RI VDQG DQG 

QRQFRKHVLYH VXVSHQGHG VHGLPHQW DUH 

WUDQVSRUWHG E\ WKH DFWLRQ RI ZDYHV DQG 

FXUUHQWV :KHQ WKH 

ZDYHVUHDFKWKHFRDVWDQGEUHDNRQWKHEHDFK

WKH\JHQHUDWH FRDVWDO FXUUHQWV WKDW 

LQWHUDFW ZLWK WKH ZDYH¶V LQFLGHQW WR 

WUDQVSRUW VHGLPHQW >@ :DYHV DUH 

HVVHQWLDO PRYHPHQWV RI VHGLPHQWV LQ WKH 

QHDUVKRUH GXULQJ WKH EUHDNLQJ WKH ZDYH 

HQHUJ\ IURP LV GLVSHOOHG DQG WUDQVIRUPHG 

PDLQO\ WXUEXOHQFH 

WKDWSXWVPRYLQJVHGLPHQWVZKLFKDUHWUDQV

SRUWHGE\FXUUHQWV LW SURGXFHV DQGRU WKRVH 

GXH WR WLGHV DQG ZLQGV >@ >@ 6HYHUDO 

DXWKRUV DJUHH RQ WKH LPSRUWDQFH RI WKH 

DFWLYLW\ RI LQWHUDFWLRQV EHWZHHQ 

VHGLPHQW DQG ZDWHU ZKLFK DFWLYDWH LQ 

VZDVK ]RQH DQG LW LV WKH SODFH IRU H[FKDQJH 

DQG VHGLPHQW 

WUDQVSRUWDWLRQ>@>@7KHUHIRUHLWLVLPSRUW

DQWWRIRUHFDVWWKH GHYHORSPHQW RI 

VHGLPHQW PRYHPHQW LQFOXGLQJ WKH 

GHWHFWLQJ 

 
0.0LKRXELLVD3URIHVVRUDW/DERUDWRU\0RELOL]DWLRQD

QG9DOXDWLRQRI 

:DWHU5HVVRXUFH/095RI+LJK1DWLRQDO6FKRROIRU+\GUDXOL

F(16+ 32 %R[  %OLGD $OJHULDSKRQH  ID[ 

HPDLOPLKNDP#HQVKG] 
+'DKPDQLLVD3K'VWXGHQWDW/DERUDWRU\0RELOL]DWLRQ

DQG9DOXDWLRQRI 

:DWHU5HVVRXUFH/095RI+LJK1DWLRQDO6FKRROIRU+\GUDXOL
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HPDLOKGDKPDQL#HQVKG] 

DQGORFDOL]DWLRQRIDUHDVRIHURVLRQDQGGHSRV

LWLRQDWRUQHDU 

WKHVKRUHVRIFRDVWDOVWUXFWXUHVDUUDQJHP

HQWVDQGKDUERUEDVLQ ,W LV TXLWH FOHDU 

WKDW FHUWDLQ FRDVWDO FKDQJH LV OLQNHG WR 

DQWKURSRJHQLF DFWLRQ VXFK DV FRQGXFWLQJ RI 

WKH H[LVWLQJ 

HQJLQHHULQJVWUXFWXUHVZLWKRXWWDNLQJLQ

WRDFFRXQWWKHPDULQH V\VWHP DQG 

LQWHUDFWLRQV ZLWK WKH GLIIHUHQW WKH 

IDFWRUV OLVWHG DERYH 

7KLVVWXG\LVGHYHORSLQJIRUHFDVWVWKHVHGL

PHQWPRYHPHQW 

IURPSODQQLQJVFHQDULRVKDUERUEDVLQRQWKH$

OJHULDQFRDVWV,W 

LV EDVHG RQ D VHW RI QXPHULFDO VLPXODWLRQV 

ZLWK D K\GUR 

VHGLPHQWDU\PRGHOLQDELGLPHQVLRQDOPRGHOX

VLQJFRPSXWHU 

FRGHV0,.('+,6RIWZDUH,W¶VFRQVLVWLQJRIIRXUPRG
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XOHV LQFOXGLQJ WZR SHUIHFWO\ FRPSOHPHQWDU\ 

PRGXOHV FRQFHUQLQJ 

K\GURG\QDPLFVDQGWKHVWXG\DUHDRIVKRDOLQJ0,
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DQG0,.(306DPRGXOHWKDWSURYLGHVLQIRUPDWLRQ

RQWKH 

FXUUHQWSDWWHUQVZLWK0,.(+'DQGFDQEHLQWHJU

DWHGLQWR D PRGXOH ZKLFK 

FDOFXODWHVQRQFRKHVLYH VXVSHQGHG 

VHGLPHQW WUDQVSRUWZLWK0,.(67 

,,02'(/'(6&5,37,21 

A.Model of Wave Agitation  

3UHGLFWLRQ PRGHOV ZDYHV DUH JHQHUDOO\ 

EDVHG RQ WKH 

HTXDWLRQIRUHQHUJ\ZKHUHWKHHQHUJ\GHQVLW\I

URPWKHZDYH 
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WKHIXQFWLRQSXOVDWLRQDQGWKHZDYHGLUHFW

LRQYDULHV 

VORZO\ZLWKVSDFH[\DQGWKHWHPSRUDOYDULDEO
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,Q WKH SUHVHQFH RI WKH FXUUHQW LW LV PRUH 

SHUWLQHQW WR VLPXODWH WKH GHQVLW\ RI ZDYH 

DFWLRQ 1V T  LQVWHDG RI WKH 

HQHUJ\GHQVLW\RIWKHZDYH'HQVLW\RIZDYHDFWLR

QLVGHILQHG 
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7KHUHODWLYHIUHTXHQF\RIWKHZDYHLVHTXDOW
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8QGHU VWHDG\ FRQGLWLRQV LH ZKHQ WKH 

FXUUHQW DQG ZDYH 

SDUDPHWHUVDUHLQYDULDQWRYHUWLPHUHODWL

YHWRWKHWLPHVFDOHRI WKH ZDYH SHULRG WKH 

HTXDWLRQ IRU WKH FRQVHUYDWLRQ RI WKH 

ZDYHLVH[SUHVVHGE\ 
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F[F\FTDUHDUHDVFRPSRQHQWRIJURXSYHORFLW\GLU

HFWLRQWKH WHUP 6 LV WKH VSULQJ IXQFWLRQ 

YDULHV ,W UHSUHVHQWV WKH FRPELQHG HIIHFW 

RI WKH JHQHUDWLRQ DQG GLVVLSDWLRQ RI ZDYH 

DFWLRQ1LVWKHGHQVLW\ZDYHDFWLRQ 

0,.(306  LV D OLQHDU PRGHO RI UHIUDFWLRQ DQG 

GLIIUDFWLRQ EDVHG XSRQ D SDUDEROLF 

DSSUR[LPDWLRQ RI WKH 
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B.Sediment Transport Model  

7KH SURSRVHG PRGHO UHOLHV RQ WKH 

IRUPXODWLRQ RI WKH 6HGLPHQW 7UDQVSRUW 

3URJUDP EDVHG RQ D WZRGLPHQVLRQDO DSSURDFK 

WR FRPSXWLQJ KRUL]RQWDO'+ LQ ZKLFK WKH 

VHGLPHQW WUDQVSRUW UDWH LV FDOFXODWHG 

LQ WKH GLUHFWLRQ RI WKH 

PHDQFXUUHQWZLWKDUHVXOWLQJWUDQVYHUVHF

RPSRQHQWRIERWWRP VORSH 

7KH DYHUDJH YHUWLFDO SURILOHV DUH 

FDOFXODWHG E\ LQWHJUDWLQJ 

WKHVWUHVVRIWXUEXOHQWIULFWLRQ 
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w
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7KH WRWDO UDWH RI WUDQVSRUW RI 

QRQFRKHVLYH VHGLPHQWV TW LV 

FDOFXODWHGE\DGGLQJUDWHRIVHGLPHQWWUDQV

SRUWTVVXVSHQVLRQ 

ORDGDQGEHGORDGTE 

 

 TW TV  TE  

 

(DFK UDWH LV FDOFXODWHG VHSDUDWHO\ 

%UDFNHWV LQGLFDWH WKDW VXFK UDWHV DUH 

DYHUDJHG GXULQJ WKH SHULRG RI WKH ZDYH 7KH 

WUDQVSRUWUDWHTE LV FDOFXODWHG DFFRUGLQJ 

WR WKH GLPHQVLRQOHVV 

QXPEHU)E\UHODWLQJVKHDULQJVWUHVVLQWKHER

WWRP 
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ZKHUHVLVWKHUHODWLYHGHQVLW\RIWKHVHGLPH

QWJDFFHOHUDWLRQ 

RIJUDYLW\'GLDPHWHURIWKHJUDLQVL]H8 

ILVLQVWDQWDQHRXV 

YHORFLW\VKHDULQJDVVRFLDWHGZLWKWKHVNLQI

ULFWLRQ7KHUDWHRI WUDQVSRUW RI WKH 

VHGLPHQW VXVSHQGHG TV LQVWDQWDQHRXV LV 

FDOFXODWHGE\ 

 

 qGs ³d u z t c z t dzG    

 

 

ZKHUHWLVWKHWLPHGGHSWKRIZDWHUFYROXPHFR

QFHQWUDWLRQ RI VXVSHQGHG VHGLPHQW X 

YHORFLW\ RI WKH FRPELQHG IORZ RI 

FXUUHQWVDQGZDYHV 

7KHLQVWDQWDQHRXVFRQFHQWUDWLRQRIWKHVH

GLPHQWVXVSHQGHG 
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C.Study of Harbour Facility  

7KHSURMHFWLVH[WHQGLQJRIWKHVKHOWHULQ.K

HPLVWLILVKLQJ 

KDUERULWLVORFDWHGNPIURPWKHSURYLQFHRI7LS

D]DDQGLW 

KDVLQUHFHQW\HDUVYHU\DFWLYHLQWKHILVKHUL

HVVHFWRU,QRUGHU 

WRPHHWFRQFHUQVRIWKHUHJLRQDQH[WHQVLRQV

WXG\WKHVKHOWHU 

.KHPLVWLILVKLQJLQWKHILVKLQJKDUERUZDVLQLW

LDWHG 

7KHGHVLJQLVSURWHFWHGE\WZRMHWWLHVDPDL

QQRUWKHDVWIRU D GLVWDQFH RI  P DQG WKH 

ZHVW VLGH RI  P ZLWK D SDVVZRUG LQSXW VLGH 

IDFLQJ ZHVW $OO DORQJ WKH FRDVWOLQH RI 

.KHPLVWLLVGHYHORSLQJDVKRUHOLQHRIHORQJDW

HGVKDSHDOPRVW 

NPLQOHQJWKZKLFKUXQVIURPWKHPRXWKRIWZRVP

DOOHU 

ZDGLV)LJ 

 

 

)LJ*HRJUDSKLFDOORFDWLRQSRUW.KHPLVWL6FDOH 

 

)RU FRPSDULQJ WKH UHVXOWV RI WKH VWXGLHV 

RI WKH UHGXFHG 

PRGHOZHKDYHXVHGWKHFRGHFDOFXODWLRQV0,.(

WRVWXG\ YDULRXV DOWHUQDWLYHV IRU WKH 

LPSOHPHQWDWLRQ LQVWHDG MHWWLHV RI 

WKHKDUERUZRUN 

,Q RUGHU WR DQDO\]H WKH HYROXWLRQ RI WKH 

ILHOG RI UDGLDWLRQ VWUHVVHV DQG VHGLPHQW 

IORZ WKH VWXG\ DUHD KDV EHHQ GLYLGHG LQWR 

WR HLJKW SURILOHV LQ ORQJLWXGLQDO DQG 

WKUHH LQ WUDQVYHUVDO )LJ 

$QDO\VLV RI WKH EDWK\PHWULF FKDUW 

UHYHDOV DQ LUUHJXODU 

PRUSKRORJ\LQWKH1DY\EHWZHHQWKHFRDVWOLQH

DQGWKHGHSWK 

FRQWRXUP0LQLPXPDOWLWXGHVDYHUDJHPD[LPXPY

DOXHV FRUUHVSRQGWRPPP 

,WVKRXOGEHQRWHGWKDWDFFRUGLQJWRWKHVX

UYH\UHVXOWVZLWK 

WKHODQFHWKHSUHVHQFHRIDURFN\DUHDZKLFKH[

WHQGVIURPWKH 

VKRUHOLQHWRRUPLVREDWKLQWKH:HVWDQG&HQ

WUDOSDUWRIWKH 

VLWHZKHUHDVLQ:HVWSDUW\WKHODWWHUUHDFK

HVPLVREDWK 
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)LJ'LDJUDPRIWKHYDULRXVKDUERUGHYHORSPHQWDOWHUQDWLYHVD$OWHUQDWLYHE$OWHU

QDWLYHF$OWHUQDWLYH 

 

D. Validation Testing  

)RU JHQHUDWLQJ WKH VLPXODWLRQ ZH KDYH 

DGRSWHG IRXU 

FODVVHVRIWKHPRVWIUHTXHQWDQGPRVWLPSRUW

DQWZDYHVWKHLU HIIHFW LV SUHGRPLQDQW 

7KHVH ZDYHV UHVXOW IURP VKLS REVHUYDWLRQV 

IURP  WR  E\ WKH 8QLWHG 6WDWHV 1DYDO 

:HDWKHU&RPPDQG 

7R YHULI\ WKH UHOLDELOLW\ RI QXPHULFDO 

FRPSXWLQJ FRGHV 

0,.(DFRPSDUDWLYHVWXG\ZDVPDGHEDVHGWHVWVF

DUULHG 

RXW7KHZDYHIOXPHLVPORQJPZLGHZLWKDGHSWKRI 

P,WLVILWWHGZLWKDUDQGRPJHQHUDWRUZDYHV*H

QHUDWLRQ ZDYHV REWDLQHG E\ XVLQJ D 

FRPSXWHU DVVRFLDWHG ZLWK D UHFRUGLQJ WDSH 

LQ QDWXUH DQG ZDYH FRQYHUWHG LQWR WUDLQV 

RI ZDYHV -216:$3 W\SH (DFK WHVW LV SHUIRUPHG 

ZLWK D ZDYH 

SURJUHVVLYHO\LQFUHDVLQJLQFUHPHQWV 

$EHDULQJRIWKHZDYHLVFKDUDFWHUL]HGE\VLJQ

LILFDQWZDYH KHLJKW SDLU+V DQG ZDYH SHULRG7S 

7KH UHFRPPHQGHG 

GXUDWLRQIRUHDFKWHVWLVPLQXWHVPRGHOZKLF

KFRUUHVSRQGV 

WRDVHFVWRUPQDWXUHGXUDWLRQRIWKHHQGXU

DQFHVHULHVLV KRXUV LQ WKH PRGHO 

FRUUHVSRQGLQJ WR D SHULRG RI  KRXUV VWRUP 

DW WKH VLWH 7KH GLVWULEXWLRQ VKRZV WKDW 

SHOLWHV DOO 

VDPSOHVKDVORZFRQFHQWUDWLRQVWKLVIUDFWL

RQWKHVHOHYHOVYDU\ EHWZHHQ  DQG  7KLV ORZ 

SHUFHQWDJH LQGLFDWHV WKDW WKH VHGLPHQWV 

IURP WKH $UHD DUH LQ SHUSHWXDO UHZRUNLQJ ,Q 

WKH 

VWXG\DUHDWKHPHGLDQJUDLQGLDPHWHU'LVEHWZ

HHQWR 

P 
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'LUHFWLRQ 3HULRG7V +HLJKW+6P 
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7KH ZDYH SURSDJDWLRQ LV UHIOHFWHG LQ WKH 

DSSURDFK WR WKH VKRUH E\ D PRGLILFDWLRQ RI 

WKHVH FKDUDFWHULVWLFV LH GHFUHDVHG ZDYH 

KHLJKW DQG GHYLDWLRQ RI WKH DQJOH RI 

LQFLGHQFH UHVXOWV 

IURPWKHSKHQRPHQRQRIUHIUDFWLRQ1XPHULFDOP

RGHOLQJZDV 

XVHGWRH[DPLQHWKHLQLWLDOFRQGLWLRQRIWKH

VLWHDQGKLJKOLJKW 

WKHK\GURG\QDPLFIDFWRUVWKDWDUHEHKLQGVD

QGHQFURDFKPHQW 

RIWKHH[LVWLQJKDUERUGHYHORSPHQW)LJ 

$ FRPSDUDWLYH VWXG\ EHWZHHQ WKH UHVXOWV 

RI WHVWV RQ D 

UHGXFHG:DYH)OXPHPRGHODQGWKDWUHVXOWLQJI

URPQXPHULFDO VLPXODWLRQ E\ 0,.(6:FRGH IRU 

UHIUDFWLRQ DUH UHODWLYHO\ 

FRPSDUDEOH5LJKWO\WKHPD[LPXPUHODWLYHHUUR

UEHWZHHQWKH YDOXHV REWDLQHG LQ ERWK 

WHVWV GRHV QRW H[FHHG HLJKW SHUFHQW 

FRQILUPLQJ WKH UHOLDELOLW\ DQG FRQVLVWHQF\ 

RI FDOFXODWLRQ 

UHVXOWVREWDLQHGUHIUDFWLYHVLPXODWLRQ 

7KH VHW RI YDOXHV RI FRPSDUDWLYH 

SDUDPHWHUV LV VKRZQ LQ 7DEOHV,,DQG,,, 

 
7$%/(,, 

&203$5$7,9(29(59,(:0($1,1*)8/+(,*+7%(7:((17+(5('8&(' 

$1'7+(180(5,&$/02'(/%$6('217+('(37+2):$7(5 
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'LUHFWLRQRIZDYHV 3HULRGV 

1XPHULFDOPRGHO 

'LUHFWLRQRIZDYHV 3HULRGV 

 
7$%/(,,, 

&203$5$7,9(9$/8(62))$&72565()5$&7,21.U)253(5,2'7 6 

1XPHULFDOPRGHO 
'LUHFWLRQRIZDYHV 

.UG P .UG P .UG P 

 1�    

 1�    

 1�    

 1�    

 
'LUHFWLRQRIZDYHV 

.UG P .UG P .UG P 

1�    

1�    

1�    

1�    

,,, 5(68/76$1'',6&866,21 

)ROORZLQJ WKH UHYLHZ RI WKH VLWH 

DFFRUGLQJ WR WKH IRXU 

GLUHFWLRQVRIWKHLQFLGHQWZDYHVRIIVKRUHE\H

PSKDVL]LQJWKH HYROXWLRQ RI K\GURG\QDPLF 

IDFWRUV FDXVHG E\ VHGLPHQW 

WUDQVSRUW 

,W LV DSSDUHQW WKDW WKH ZDYH GLUHFWLRQ  

� 1 DUH WKH PRVW IDYRUDEOH IRU WKH 

IRUPDWLRQ RI ORQJVKRUH FXUUHQWV WKXV 

SURYLGLQJ D GULYLQJ IRUFH IRU VHGLPHQW 

WUDQVSRUW LQ WKH GLUHFWLRQ RI WKH 

RYHUORRNLQJ LQFLGHQW ZDYHV LQ WKH 

GLUHFWLRQ 

IURPZHVWWRHDVWRYHUWKHSDVVWRWKHKDUERU

HQWUDQFH 

7R VHDUFK IRU D PHFKDQLVP WR ILJKW DJDLQVW 

WKH VDQG HQFURDFKPHQW RI WKH KDUERU EDVLQ 

SKHQRPHQRQ LW LV SDUDPRXQW WR DFW GLUHFWO\ 

RQ WKH GLUHFWLRQ RI ORQJVKRUH FXUUHQWV 

JHQHUDWHG E\ WKH LQFLGHQW VZHOO IROORZLQJ 

WKH GLUHFWLRQ PHQWLRQHG DERYH )RU WKLV ZH 

SURSRVH WR H[DPLQH WKUHH VWUXFWXUDO 

YDULDQWV DLPHG DW PLWLJDWLQJ WKH HIIHFW RI 

WKH 

HIIHFWRIWKHPD[LPXPDORQJVKRUHFXUUHQWVRQW

KHSDVVDQGWKH 

KDUERUEDVLQ)LJ 

Characteristics of Alternative 1 (a): 0DLQ MHWW\  P 

VHFRQGDU\ MHWW\  P PDLQ MHWW\ RULHQWDWLRQ 

� DQG 

GLUHFWLRQVHFRQGDU\MHWW\� 

Characteristics of Alternative 2 (b): 0DLQ MHWW\  P 

VHFRQGDU\ MHWW\  P PDLQ MHWW\ RULHQWDWLRQ 

� DQG 

GLUHFWLRQVHFRQGDU\MHWW\� 

Characteristics of Alternative 3(c): 0DLQ MHWW\  P 

VHFRQGDU\ MHWW\  P PDLQ MHWW\ RULHQWDWLRQ 

� DQG GLUHFWLRQVHFRQGDU\MHWW\� 

7KHFRGH0,.(67FDQGHWHUPLQHWKHVHGLPHQWIO

X[EDVHG 

RQVHGLPHQWRORJLFDOGDWDIURPWKHVLWHDQGD

OORZVSURYLGHVDQ RSWLPDO VROXWLRQ IRU WKH 

FRQVWUXFWLRQ RI WKH DOWHUQDWLYHV 

VWXGLHG 

5HO\LQJ RQ WKH K\GURG\QDPLF DQG 

VHGLPHQWRORJLFDO GDWD 

IURPWKHVWXG\VLWHWKUHHDOWHUQDWLYHVZHU

HVXJJHVWHGWRH[WHQG 

WKHH[LVWLQJSRUWMHWWLHVFRQVWLWXWLQJWK

HEDVLQRIWKHQHZSRUW 

,WLVHYLGHQWWKDWORQJVKRUHFXUUHQWVUHS

UHVHQWWKHDELOLW\WR SXW PRYLQJ 

QRQFRKHVLYH VHGLPHQW SDUWLFOHV RQ WKH 

ZDYH 

DFWLRQV 

,WLVDSSURSULDWHO\QRWHGWKDWIRUZDYHPRV

WXQIDYRUDEOHLV 

GLUHFWLRQ�1RIZDYHVWKHDOWHUQDWLYHWZRK

DVUHODWLYHO\OHVV 

DIIHFWHGE\WKHVHGLPHQWIOX[RILWVORFDWLRQD

WWKHSDVVDQGWKH KDUERUEDVLQ 

7KH HYROXWLRQ RI VHGLPHQWDU\ IORZ LV 

QRUWKHDVW ZLWK DQ 

DYHUDJHVSHFLILFUDWHHTXDOWRP\HDU$FFRUGLQ

JWR WKH SURILOHV RI VHGLPHQW IOX[ GHSHQGLQJ 

RQ WKH FXPXODWLYH 

GLVWDQFHRIWKH:HVW&RDVWWRWKH(DVW/RFDOL

]DWLRQDWSURILOH 

1RDQGZHKDYHHVWLPDWHGWKHPD[DYHUDJHPLQ 

IOX[VHGLPHQWUHVSHFWLYHO\7KHIROORZLQJVHGL

 +VG P +VG P +VG P 

1�     

1�     

1�     

1�     

 +VG P +VG P +VG P 

1�     

1�    4,00  
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PHQWGLVFKDUJH PD[LPDO HTXDO  P \HDU WKDW 

VKRZ VLJQLILFDQW 

VHGLPHQWIOX[LQWKHYLFLQLW\RIIVKRUH 

7R RWKHU GLUHFWLRQV RI ZDYHV HQXPHUDWHG 

DERYH WKH VHGLPHQWV IOX[ LQGXFHG E\ 

ORQJVKRUH FXUUHQWV SURGXFHV QR 

HIIHFWRQWKHKDUERU)LJ 

)RUGLUHFWLRQ �1 WKHIORZRFFXUULQJDW WKH 

H[LW RI WKH 

FKDQQHORIWKHKDUERULVWREHFRQVWLWXWHGD

VVHULRXVKLQGHUVWR 

WKHWUDQVLWVKRUHOLQHIXQFWLRQLQJRIWKHSR

UW 

,Q YLHZ RI PLWLJDWLQJ WKH LPSDFW RI WKH 

FRDVWDO VWUHDPV 

1RUWK(VWGLUHFWLRQWRZDUGVDWWKHHQWU\RI

WKHSDVVSODFHRI 

FRQFHQWUDWLRQRIUDGLDWLRQVWUHVVHVIDYRU

LQJWUDQVSRUWDWLRQDQG 

GHSRVLWLRQRIWKHVHGLPHQWV 

:HFRQVLGHUHGLWXVHIXOWRSURYLGHDEUHDNZ

DWHUPLQ OHQJWK DW WKH HQWUDQFH WR WKH 

HQWUDQFH FKDQQHO RI WKH KDUERU 

EDVLQLQFDUU\LQJPRGLILFDWLRQVRQGLIIHUHQWM

HWWLHVDVIROORZV  P IRU WKH PDLQ MHWW\  P 

ZLWK WKH OHQJWK RI WKH SDVV HQWUDQFH 

KDUERU EDVLQ LV  P ,W VKRXOG EH QRWHG WKDW 

WKH RULHQWDWLRQV WKH MHWWLHV NHHS WKH 

VDPH YDOXHV DOWHUQDWLYH  

DERYHPHQWLRQHG)LJ 

,9 &21&/86,21 

$VIURPQXPHULFDOVLPXODWLRQLVREYLRXVWKD

WWKHFRPSXWHU 

FRGH0,.(+'WRGHWHUPLQHWKHIORZYHORFLWLHVIU

RPWKH 

ILHOGWHQVRURIUDGLDWLRQ7KH0,.(67FRGHWRGHW

HUPLQHWKH VHGLPHQW IOX[ DFFRUGLQJ WR 

VHGLPHQWRORJLFDO GDWD EDVHG RQ D 

K\GURVHGLPHQWDU\ PRGHO 7KH UHYLHZ RI WKH 

VWXG\ RI WKH 

HYROXWLRQRIWKHVHGLPHQWIOX[DVIURPFDOFXO

DWLRQRIWKHZDYH 

GLUHFWLRQDQGUHIUDFWLRQRIIIRUGHWHUPLQLQJ

WKHYHORFLW\ILHOG 

RI PDULQH FXUUHQWV SRVVLEOH WR LGHQWLI\ WKH RSWLPXP VROXWLRQ  

SODQQLQJDKDUERUVWUXFWXUHLQDFRPSDUDWLYHO\VKRUWWLPH 
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E  

)LJ6LPXODWLRQUHVXOWVIRUZDYHDJLWDWLRQIRUDOWHUQDWLYH0:'�1+VP7S 

VD)LHOGYHORFLWLHVSURGXFWVRIFXUUHQW:DYHVE (YROXWLRQRIWKHIORZRIVHGLPHQWWUDQVSRUW 
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E 

)LJ6LPXODWLRQUHVXOWVIRUZDYHDJLWDWLRQIRUDOWHUQDWLYHZLWKDEUHDNZDWHU0:'�1+VP7S 

V)LHOGYHORFLWLHVSURGXFWVRI 

FXUUHQWZDYHVE(YROXWLRQRIWKHIORZRIVHGLPHQWWUDQVSRUW 

 

7KH RSWLPDO YDULDQW FKRVHQ LV EDVHG RQ PLQLPL]LQJ WKH 

VKRDOLQJDQGUHIUDFWLRQIRUPDWLRQ+RZHYHUWKHUHVXOWVIURP IRUPDWLRQ RI ORZ UDGLDWLRQ 

VWUHVVHV UHVSRQVLEOH IRU WKH WKH FRPSXWHU FRGH PXVW DOZD\V EH VXSSRUWHG E\ UHGXFHG 

WUDQVSRUW RI QRQFRKHVLYH VHGLPHQWV IURP D FXUUHQWLQGXFHG PRGHO UHGXFHG PRGHO EHFDXVH 

RI WKH FRPSOH[LW\ RI VHGLPHQWDU\DQGK\GURG\QDPLFSKHQRPHQDLQVKDOORZZDWHU 

$&.12:/('*0(17 

7KHDXWKRUVWKDQNYHU\PXFKWRWKH'LUHFWR

UDQGHQJLQHHUV 

RIWKH0DULWLPH6WXGLHV/DERUDWRU\/(0RI$OJLHU

VIRUWKH IXOO FROODERUDWLRQ DQG VXSSRUW WR 

WKH LPSOHPHQWDWLRQ RI WKLV 

ZRUN 
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