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%RXYLEBU %DORXDLQG &D¥WHOOH

$SEVWUDFW

$FFXUDWH WRSR EDWK\PHWULF GDWD DQG YLGHR LPDJHU\ DQDO\WLV DUH FRF
LPSOHPHQWDWLRQ RI D NP ORQJ VXEPHUJHG EUHDNZDWHU RQ VDQGEDU DQG V
GRPLQDWHG EHDFK RI 6gWH 6( )UDQFH 7KH WRSR EDWK\PHWULF DQDO\VHV DUH .
PRUSKRORJLFDO FKDQJHY DQG WKH YLGHR LPDJHU\ LV XVHG WR DGGUHVV WKH KI
JHRPHWU\ :KLOH WKH VWUXFWXUH LV IRXQG WR UHGXFH HURVLRQ DQG VXEPHU\
VWUXFWXUH KDG D SURIRXQG LPSDFW RQ WKH FRXSOHG VKRUHOLQH VDQGEDU V\
LPSDFW FDVFDGHVY DORQJVKRUH DQG GHHSO\ PRGLILHG WKH QHDUVKRUH V\VWH
VWUXFWXUH $ SURJUHVVLYH URWDWLRQ DQG OLQHDUL]DWLRQ RI WKH VDQGEDU Z
7KLV UHVXOWHG LQ WKH VSOLWWLQJ RI WKH VDQGEDU DGMDFHQW WR WKH VWU XI
HYHQW 7KH W\SLFDO IRUPDWLRQ RI D VDOLHQW RU WRPEROR ZDV QRW REVHUY
JHRPHWU\ ZKLFK UHVXOWHG LQ D VOLJKW VHDZDUG PLJUDWLRQ RI WKH VKRUHOL

.H\ ZRU@NDUVKRUH VDQGEDUV VKRUHOLQH VXEPHUJHG VWUXFWXUH FRDVWDO P

,QWURGXFWLRQ

&RDVWDO SURWHFWLRQ KDUG VWUXFWXUHV VXFK DV JUR\QHV EUHDNZI
LPSOHPHQWHG ZRUOGZLGH WR OLPLW FRDVWDO HURVLRQ DQG WR SUR"
5DQDVLQJKH DQG 7XUQHU +RZHYHU WKLV WUDGLWLRQDO FRDVWDO
DV LW LV FRVWO\ DQG ODVWLQJO\ VFDUV WKH ODQGVFDSH &RDVWDO PD
VROHO\ RQ KDUG FRDVWDO GHIHQFH VWUXFWXUHV 6RIW RSWLRQV OLNH
HJ +DPP HW DO & KBODYMHOBW BW DO RU PRUH UDUHO\ XVLQJ
VWUXFWXUH 6KRUHIDFH QRXULVKPHQWY KDYH EHHQ VWXGLHG H[WHQVLY
LQ PDQ\ FRXQWULHV ZRUOGZLGH VXFK DV LQ WKH 1HWKHUODQG *UXQQ
GHVSLWH WKHLU ORJLF DQG EHQHILW WKH LQIOXHQFH RI VRIW VXEPHUJH
VFLHQWLILF OLWHUDWXUH %ODFN (YDQV DQG 5DQDVLQJKH
VXEPHUJHG VWUXFWXUHV LQFOXGLQJ ILHOG REVHUYDWLRQ DQG PRGHOO
UHVSRQVH DQG V\VWHPDWLFDOO\ RYHUORRNHG WKHLU LPSDFW RQ WKH Q
VFLHQWLILF LQWHUHVW VDQGEDUV SOD\ D NH\ UROH LQ FRDVWDO SURW
EHIRUH WKH\ UHDFK WKH VKRUH ORUHRYHU QHDUVKRUH VDQGEDUV SRW
YDULDELOLW\ DW WKH EHDFK XS WR WKH VKRUHOLQH DQG WKH FRDVW
IDIHZHJ H@ODNWW DO

ORUSKRORJLFDO FKDQJHV RQ ZDYH GRPLQDWHG EDUUHG EHDFKHV DUH
ZLGH UDQJH RI VSDWLDO DQG WHPSRUDO VFDOHV 6KDOORZ ZDWHU PRUS
KRXUV VWRUPV WR \HDUV WKURXJK VHDVRQV DQG PRQWKYV DUH SULPI
K\GURG\QDPLFV 7UDGLWLRQDO WRSR EDWK\PHWULF PHDVXUHPHQWYV FD¢

%5*0 2FFLWDQLH 3\UpQpHV OpGLWHUUDQpPH 6*5 /52 5XH GH 3LQYLOOH (
805 &156 (32& © (QYLURQQHPHQWY HW 3DOpRHQYLURQQHPHQWY 2FpDQLTXHV
6DLQW +LODLUH &6 3HVVDF &HGH[ )UDQFH

&RUUHVSRQGHL @RDOKIWHKIREUJIP U
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PRVWO\ EHFDXVH RI WKH FRVW DQG WKH SUDFWLFDO GLIILFXOWLHV WR V
ZKLFK RSWLFDOO\ UHPRWHO\ VHQVH WKH EUHDNLQJ ZDYHV DQG WKH EHDF
WKH VKRUHOLQH WKURXJK WKH KLJK FRORU FRQWUDVW EHWZHHQ ZDWH!
LOQWHQVLW)GERB®WKEUHDNLQJ ZDYH SDWWHUQV $OWKRXJK LW KDV UDL
OLWHUDWXUH WKH FRPEL@DWLKRBH RIU LGFX FGHDUMRDX VD Q@GR SRLGHR PRQLWRULC
RXWVWDQGLQJ LQVLIJKW LQWR WKH QHDUVKRUH V\WWHP EHKDYLRU 7KH
GHVFULEH WKH LQIOXHQFH RI D UHFHQWO\ GHSOR\HG VXEPHUJHG EUHDN?2
D PLFURWLGPRLIDWHG VDQG\ EHDFK 6qWH DO K\PBQRH F GiD Y\DH WRRR SR V F |
PRUSKRORJLFDO FKDQJHV IROORZLQJ EUHDNZDWHU GHSOR\PHQW DQG \
DIWHU WKH GHSOR\PHQWHTWRH Q B\GUHYYRQKWDRIGERH VKRUHPD L Q H

JLHOG VLWH

7KH /LGR Rl 6gWH LV D QDUURZ FRDVWDO EDUULHU IDFLQJ WKH OHGLWHUL
*XOl Rl /LRQV ILJXUH D 7KH VWXGLHG FRDVW EHWZHHQ &DS GT$JGH I
HQYLURQPHQW ZIHVQK WDJ\PRREGDOWHYH FOLPDWH DQG HSLVRGLF VHYHUH
H[SRVHG WR GRPLQDQW RIIVKRUH ZLQGV 2QVKRUH ZLQGV DUH RFFDVLF
GXULQJ PDULQH VWRUPV BWRUP HYHQWY DUH W\SLFDOO\ FKDUDFWHUL]H
SHDN ZDYH SHULRG DURXQG V ZLWK DQ (6( GLUHFWLRQ DOWKRXJK VHYH

7KH OLGR RI 6qWH LV FKDUDFWHUL]JHG E\ D GRXEIOIR EMD B XMWHWHED 7 KN U |
ORFDWHG EHWZHHQ P DQG P IURP WKH VKRUH ZLWK LWV FUHVW LQ C
7KH LQQHU EDU LV PDLQO\ FUHVFHQWLF ZLWK DQ REOLTXH FRQILJXUDWLF
LQ WKH QRUWKHDVWHUQ VHFWRU DQG SURJUHVVLYHO\ GHWDFKLQJ VRXW}#
PIURP WKH VKRUH DW WKH HQG Rl WKH VRXWKZHVWHUQ VHFWRU 7KH W\S
VHD OHYHO 7KH DYHUDJHG PHDQ VKRUHIDFH VORSH LV ZLWK D PHD(
&HUWDLQ 7KH VKR XHQLRBPLY ORRYWEBRQR G XH WR SURWUXGLQJ PHJI
WKH RIIVKRUH EDU ZLWK D PHDQ ZDYHOHQJWK RI P %DORXLQ

| Sete
£
N y ;
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i . . va
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JLIXUH 0DS RI WKH VWXG\ VLWH LQFOXGLQJ WKH SRVLWLRQ RI VXEPHUJHG EUHI
FDPHUDVY DUH LQVWDOOHG D 'LPHQVLRQ DQG DHULDO YLHZV RI WKH VXEPHUJHG
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7KH /LGR RI 6qgWH KDV H[SHULHQFHG FKURQLF PDULQH HURVLRQ GXULC
UHWUHDW LQ OHVV WKDQ \HDUV &HUWDLQ DQG %DUXVVHDX 7KLV
VI\VWHP LV Rl PDMRU LQWHUHVW IURP WKH SHUVSHFWLYH RI VRFLR HFRQR
QDWLRQDO WRXULVP GHVWLQDWLRQ ZLWK EHDFK DWWHQGDQFH XS WR F
PDQDJHPHQW SURJUDP ZDV GHYHORSHG LQ WKH /LGR WR ILJKW DJDLQVV
SURJUDP LQYROYHG UHORFDWLQJ WKH FRDVWDO URDG VHYHUDO KXQGU
EXLOGLQJ DQ DUWLILFLDO GXQH 6LPXOWDQHRXVO\ D VXEPHUJHG EUH
EUHDNZDWHU ZDV LPSOHPHQWHG LQ HDUO\ RQ WKH VXEGXHG RXWHU I
E 7KH EUHDNZDWHU FRQVLVWV LQ P ORQJ DQG P ZLGH URZV RI V
HIWHQGLQJ PDQG P LQ WKH DORQJVKRUH DQG FURVV VKRUH GLUHFV
ZLWK LWV FUHVW LQ DSSUR[LPDWHO\ P GHSWK 7R ILQDOL]JH FRDVWDO PI
P RI VDQG KDV EHHQ UHDOL]HG LQ 'HFHPEHU EHKLQG WKH JHRWXEH Z
LQ 2FWREHU

'DWD DFTXLVLWLRQV
:DYH GDWD

,QFLGHQW ZDYH FRQGLWLRQV ZHUH FROOHFWHG HYHU\ PLQ IURP D GLI!
6gWH :DYH %XR\ LQ ILJXUH D ZKLFK zZDV PRRUHG LQ P GHSWK LQ -DQ
WKHQ %HFDXVH WKH PHDVXUHG WLPH VHULHV LV LQWHUVSHUVHG GXH V
GDWDVHW ZDV FRPELQHG ZLWK QXPHULFDO PRGHO RXWSXWV 'LFFD ORC
IRUHFDVWLQJ VI\VWHP GHYHORSHG E\ 3 XHUWRV 'HO (VWDGR *RPH] /DKR]
XVHG EHIRUH DQG DIWHU UHVSHFWLYHO\ &RPSDUHG WR PHDVXUHG G
ZDYH KHLJKW +V DQG SHDN ZDYH SHULRG 7S LV VPDOOHU WKDQ P DQG
RI WKH PRGHUDWH WR KLJK HQHUJ\ HYHQWYV LV DOVR ZHOO UHSURGXFH
HQHUJ\ IOX[ SHU XQLW OHQJWK RI EHDFK ZDV FDOFXODWHG ZLWK WKH
VKRUH QRUPDO DQG 3 WKH DYDLODEOH ZDYH SRZHU SHU XQLW OHQJWK
XVLQJ WKH PHDVXUHG VSHFWUDO +V /RQJXHW +LJJLQV

3o 3VLQ FRV >N: P@
7TRSRIJUDSKLF DQG EDWK\PHWULF VXUYH\

7KH WKUHH WRSR EDWK\PHWULF VXUYH\V 1RYHPEHU DQG 'HFHPEHU -
VRXQGLQJ GDWD VSDFHG DW DQ DORQJVKRUH GLVWDQFH RI DSSUR[LPDWL
KDYH D YHUWLFDO DQG KRUL]JRQWDO DFFXUDF\ RI * FP DQG P UHVSHFW
FUHDWHG IRU HDFK VXUYH\ E\ LQWHUSRODWLRQ RI WKH EHG OHYHO PHI
LOWHUSRODWLRQ 7KH EDWK\PHWULF GDWD LV FRPSOHWHG E\ WKUHH

LPDJHULHYV DQG 7KH EDWK\PHWULF EHDP IUHTXHQF\ LV +] IRU D

UHVROXWLRQ DURXQG P DQG D YHWKW LFFDM@O B FMXHD B\DRV DD HRXMQ G FPRP W
VWDFNV SRVLWLRQHG RQ WKH GXQH IRRW WR P ZDWHU GHSWK LQ WK
DORQJVKRUH $ WRWDO RI DFFXUDWH WRSR EDWK\PHWULHYV LV WKHUHIR!

9LGHR GDWD

$Q $UJIXV YLGHR PRQLWRULQJ VIVWHP +ROPDQ DQG 6WDQOH\ FRQVL
P KLJK NP VSDFHG KDV EHHQ FROOHFWLQJ GDWD VLQFH PLG $SULO
FDPHUDV ZHUH FRPELQHG DQG WUDQVIRUPHG WR UHDO ZRUOG SODQ YLH?Z
JULG IURP $SULO WR $SULO 7KH UHFWLILHG LPDJHV H[WHQG P
NP LQ WKH DORQJVKRUH <DUJXV GLUHFWLRQ ILJXUH ,Q WKH EDU DUH
DQG <DUJXV WKH PD[LPXP SL[HO IRRWSULQW LV DQG P LQ
GLUHFWLRQV UHVSHFWLYHO\ 7KHVH DFFXUDFLHV ZRUVHQ WR DERXW D
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VLWH ORUSKRORJLFDO IHDWXUHV EDU VKRUHOLQH ZHUH H[WUDFWHG X\

3DSH WKURXJK WKH VDPSOLQJ RI SL[HO OXPLQRVLW\ LQWHQVLW
PD[LPXP SL[HO LQWHQVLW\ LV D JRRG SUR[\ IRU WKB YWUDPHBIHG VDQG
VDQGEDU SRVLWLRQV ZHUH FRPSXWHG LQ WZR GLORIQHQWVHFRURD SKLF \
ORFDWHG LQ IURQW RI VXEPHUJHG VWUXFWXUH <DRQX\6: <DUJRV P DQ

W R P 7KH DORQJVKRUH VHFWLRQV OHQJWK ZHOO H[FHHGV WKH
VDQGEDU DQG PHJDFXVSV ZKLFK LQIOXHQFH LV WKHDHHRDHHEOWHUHG
SDUDPHWHWKR WBH BRVLWLRQV ZHUH FRPSXWHG IURP WKH ZRRGHQ VWDFNV
FRQVWLWXWHY D IL[HG UHIHUH QG HP HQQIGRE@IO R WO ZHXLW F RRSSX WK G HIH) W K
<DUJXV WR P IDFLQJ VXEPHUJHG VWUXFWXUH 2EOLTXLW\ ZDV H\
ZRRGHQ VWDFN OLQH DQG WKH OLQHDLP HGVURIYNORWY \R I WIOH/ FIRQG K D/UH G7 K
WKH DORQJVKRUH VWDQGDUG GHYLDWLRQ EHWZHHQ WKH VDQGEDU DQG L
H[WUDFWHG DSSUR[LPDWH®\QHUHUYDYE&DRR QB UWLRDMNVAMRG RERGW WKH ZD"
HUURUV %HDFK ZLGWK ZDV FRPSXWHG IURP WKH GXQH IRRW

- ""S"L‘J't':merged breakwater
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JLIXUH S3ODAYSRVZXWHPIHPDJH 2FWREHU

5HVXOWYV
2YHUDOO VDRWGCHEDIWQH EHKDYLRU EHIRUH DQG DIWHU WKH EUHDNZDWHU

%HIRUH WKH EUHDNZDWHU LPSOHPHQWDWLRQ LQ WZR QHDUVKRUH ED
DQG E 7KH OLQHDU RXWGEHMYHDWR SHG EQ X\DKH ZIHOMHFWRU <DUJXV WR
VORZO\ GHFD\LQJ GHFD\LQJ LQ WKH VHDZDUG UHJLRQ RI WKH QHDUVKRUF
P 7KH RXWHU EDU ZDV ORFDWHG EHWZHHQ WR P IURP WKH VKRUH
P EHORZ PHDQ VHD OHYHO ,Q WKH 1( VHFWRU WKHGHYRERSHDBGU ZDV FC(
FUHVFHQWLF SDWWHUQV DOPRVW DWWDFKHG WR WKH EHDFK ZLWK D PHD
VHFWRU WKH LQQHU EDU ZDV ORFDWHG DSSUR[LPDWHO\ P IURP WKH
DORQJIJXRKRRIRHJP VKDSH 7KH LQQHU EDU FUHVW UHDFKHG P EHOORZ PHD
VHFWRU ZKLOH FUHVW LQ 6: VHPWRHBWBRY 'XQ LMSISWRH MDWHOSHULRG WKt
VKRZHG TXLWH KPWHH QGRVORQIJVKRUHNWDINQGEDBHLERMWSOBRBRWHDXLDBVR REV
ZLWK VKRUHOLQH PHJDFXVS HPED\PHQWYV IDFLQJ WKH VDQGEDU ED\V

7KH LPSOHPHQWDWLRQ RI WKH VWUXFWXUH LQ HDWORRUSKRGRI\SURIRX
$ SURJUHVVLYH OLQHDUL]DWLRQ DQG URWDWLRQ RI WKH LQQHU EDU EHF
1( VHFWRU ILJXUH F G H DQG | ,Q WKH 6: VHFWRU WKH LQQHU EDU
FRPELOQDWLRQ RI ERWK \DKC(RRUHI RO W DRSQVURVRYH WKH VSOLW RI WKH VE
ILIXUH G 7KH VWURQJ RIIVKRUH PLJUDWLRQ RI WKH VDQGEDU LQ WKI
IRUPDWLRQ RI D QHZ LQQHU EDU FORVH WR WKH VKWOHO LWQKDWHW 211\
VXEVHTXHQWO\ UDSLGO\ UHDOLJQHG WR WKH LQQHU EVRDQBIEWKH 1( VHFW
FRXSOLQJ ZzDV VWLOO REVHUYHG DIWHU WKH LPSOHPHQWDWLRQ RI WKH
RI' VKRUHOLQH UK\WKPLFLW\ DVVRFLDWHG WR WKH LQQHU VDQGEDU O
PRUSKRORJ\ PROWKY DIWHU WKH EHDFK QRXULVKPHQW 7KH VDQG ZDV
VXEPHUJHG EUHDNZDWHU DUHD EXW DQ LPSRUWDQW YROXPH UDSLGO\ PL
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JLIXUH 30DQ YLHZ RI WKH QHDUVKRUH EDWK\PHWU\ D $XJXVW E 6HSWHPE
H 2FWREHU DQG | -XQH ,Q DOO SDQHOV WKH EODFN OLQHV LQGLFDWH

7R FRPSOHWH WKH DQDO\VLV RQ WKH EHDFK UHVSRQVH WR WKH VXEPHU
SORW LQ EDWK\PHWWEHWEEHBRYZWWH B BHSOR\PHQW GDWD LV JLYHQ LQ |
ZLWK 6HSWHPEHU /IDUJH HURVLRQ DFPUHWHRREY BIW WHG Q\W REVH W@ +
DQG DFFUHWLRQ SDWWHUQV DW WKH LQQHU EDU DOWHUQDWH DORQJVKRI
D UHDVRQDEOX®@ORQPVKHRGHH RI VDQG ,PSRUWDQW VFRXULQJ ZDV REV
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EUHDNZDWHU $W WKH 1( VLGH RI WKH JHRWXEH DFFUHWLRQ ZDV REVHI
VDQGEDU WR WKH JHRWXEH $FFUHWLRQ ZDV DOVR REVHUYHG PRUH RQVK
WR P ZKLFK UHIOHFWY DQ RIIVKRUH PLJUDWLRQ RI WKH LQQHU EDU D
WKH 6: VHFWRU UHDWRQDEWR BORPURRORWAHUHWLRQ SDWWHUQV UHIOHFW
WKH RXWHU EDU 2YHUDOO WKH GLIIHUHQFH SORW VKRZQ LQ ILJXUH I
FKDQJHV RFFXUUHG LQ WKH QHDUVKRUH ZLWK PXFK PRUH VXEWOH FKDQJ
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Yargus [m]
JLIXUH 'LITHUHQFH EDWK\PHWULF SORW EHIRUH DQG DIWHU VXEPHUJHG EUHI
1RYHPEHU

BURILOH UHVSRQVH

$Q LOOXVWUDWLRQ RI WKH GHWDLOHG PRUSKRORJLFDO FKDQJHV EHDF
DGMDFHQW FRDVW LV VKRZQ LQ ILJXUH 7KH VXEPHUJHG EUHDNZDWHU
RXWHU EDU FUHVW ILJXUH D &OHDUO\ WKH VDQGEDU GLVDSSHDUHG DI
P HURVLRQ LPPHGLDWHO\ RIIVKRUH RI WKH EUHDNZDWHU ZKLOH PRVW R
IRUP D ODUJH VDQGEDU VIKBXWBHL@QHUOKWDRWBGEYDW SRVLWLRQ UHPDLQHG UF
QRXULVKPHQW ZKHQ WKH VDQGEDU HQODUJHG DQG PLJUDWHG DOPRVW
FKURQLF VKRUHOLQH HURVLRQ ZDV REVHUYHG EXW WKLV WUHQG UHYHUYV
LQ \HDU 2Q VKRUWHU WLPHVFDOHV WKH EHDFK UDSLGO\ HQODUJHG E\ I
'"HFHPEHU 7KLV DFFUHWLRQ ZDV XQH[SHFWHG JLYHQ WKDW EHWZHHQ
EHDFK ZDV VXEPLWWHGRWR BIWH#WN QRXULVKPHQW LQ 'HFHPEHU D VKI

P DQG D VXEVWDQWLDO GHFUHDVH LQ EHDFK VORSH ZDV REVHUYHG

2Q WKH DGMDFHQW FRDVW DQ RIIVKRUH PLIJUDWLRQ DQG LQFUHDVH LC
REVHUYHG WKURXJKRXW WKH VWXG\ SHULRG ILJXUH E $W WKH HQG R
ORFDWHG P IXUWKHU RIITVKRUH IURP LWV LQLWLDO SRVLWLRQ DQG ZC
VDQGEDU ZDV FUHDWHG LQ P VRRFKQOUHQW HMWHKDWY ZKLFK PLJUDWH
SURJUHVVLYHO\ UHSODFH WKH IRUPHU

Yargus =0m
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JLIXUH '"HSWK YHUVXV FURVVKRWHBWVYRQEPHMIXWUH VKRDQ GRIRWRDUJXV P
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:DYH IRUFLQJIDQGXKIQKS HUGHHRG PRUSKRORJLFDO HYROXWLRQ

\HDU FRQWLQXRXV YLGHR PRQLWRULQJ \HDUV SULRU DQG \HDUV DI
XQLTXH GDWDVHW WRBHAKMHSQFH WHK D W KDOKVLY RI WKH PRUSKRORJLFDO UH
VIVWHP WR D VLJQLILFDQW DQWKURSLF SHUWXUEDWLRQ LQWURGXFHG E
SRVLWLRQV ZHUH H[WUDFWHG EHIRUH DQG DIWHU HYHU\ VLIQLILFDQW H«
OHDVW K LWK VXFK HYHQWY UHFRUGHG IURP -DQXDU\ WR $SUL
VWRUP HYHQW YLGHR LPDJHV ZHUH DQDO\JHG EHFDXVH RI FDPHUD PDO
H[DPSOH RI WLPH[ LPDJH LV JLYHQ DW WKH EHJLQQLQJ RI VXEPHUJHG EU
IRU VDPH +V FRQGLWLRQV ILJXUH $V GHVFULEHG ZLWK WKH EDWK\PH
URWDWLRQ OLQHDUL]DWLRQ EHKLQG EUHDNZDWHU RIIVKRUH PLIJUDWLRQ

/RQIJVKRUH VDQGEDU UHVSRQVH EHKLQG VXEPHUJHG VWUXFWXUH
7KH\HDU WLPH VHULHV Rl WKH DORQJVKRUH VDQGEDU SRVLWLRQ LQ WKH
WKGBHRHQVLRQDOLW\ DQG VDQGEDU REOLTXLW\ FRPSXWHG ZLWK YLGHR P
H DQG | UHVSHFWLYHO\ :DYH FRQGLWLRQV +V 7S WRWDO HQHUJ\ 3 DQG
RUGHU WR DVVRFLDWH PRUSKRORJLFDO HYROXWLRQ WR K\GURG\QDPLF F
DQG F $W WKH EHJLQQLQJ RI WKH VWXG\ VDQGEDU ZDV DWWDFKHG WR
DQG SURJUHVVLYHQHGWWDFEGHBH U B XYDKIXVGHYHORSHW KFEHOPHQWY ZLW
ZDYH OHQJWK RI P 7KH EDU EHKLQG WKH VXEPHUJHG EUHDNZDWHU E|
GXQH RI DSSUR[LPDWLYHO\ f ILJXUH | 6DQGEDU REOLTXLW\ UHPDLQHG
EXW ORQJVKRUH PLJUDWLRQ RI WKH VDQGEDU VLQXRVLW\ DFFRUGLQJ W
ZDYHV FDQ EH REVHUYHG ILJXUH G BRWHIPIEHW RI 6D YWRUPSHIQL REWRBEH L

LQ ILJXUH F GURYH ORQJVKRUH PLJUDWLRQ RI ' SDWWHUQ WRZDUG 6
REOLTXLW\ VKRZV D VLJQLILFDQW GHFD\ DIWHU WKH VWUXFWXUH GHSOTF
VDQGEDU SURJUHVVLYHO\ URWDWHG FORFNZLVH WR ILQDOO\ EHFRPH SDU
PRQWKY DIWHU GHSOR\PHQW 7KH SURFHVV RI VDQGEDU URWDWLRQ LV
PLJUDWLRQ OWWVWHKK QFRERXKQGDU\ RI WKH VWUXFWXUH <DUJXV P WR
ORFDWLRQ WKH VDQGEDU PLJUDWHG RIIVKRUH GXULQJ VWRUP HYHQWYV
7KLV DORQJVKRUH YDUKRDHLOLWDRMLRQRSVRFHVVHYV LQGXFHG WKH SURFI
GHVFULEHG LQ WKH ILUVW D QD OGVYPW QWLHRI® D 0 D WA HY R LRRIQWLKW BRW R E
H WKH WLPHVWDFN LQ ILJXUH G FOHDUO\ VKRZV WKDW WKH LQLWLD
GHSOR\PHQW 6RPH DORQJVKRUH YDULDELOLW\ FRXOG RFFDVLRQDOO\
EUHDNZDWHU QHDU <DUJXV P IRU PRGHUDWH ZDYH LQ $SULO ZK
WKGBHRHQVLRQDOLW\ 7KH P +V VWRUP LQ 'HFHPEHU LQGXFHG D UHEL
WKH FRPSOHWH VDQGEDU OLQHDUL]DWLRQ DQG DQ DSSDUHQW RIIVKRUH F
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JLIXUH 7THPSRUDO HYROXWLRQ RI ZDYH FKDUDFWHULVWLFV RIIVKRUH D +V ZD)
G 7HPSRUDO HYRBXW IDROR ®JVIKRQJHHUSRVLWLRQ LQ WKH 1( VHFWRU H 7HPSRUD(
GLPHQVLRQDOLW\ DQG | REOLTXLW\ %ODFN VKDGHG OLQH UHSUHVHQWYV WKH HI\

&URVVKRUH VDQGEDU UHVSRQVH RQ WKH DGMDFHQW FRDVW
JLIXUH E SUHVHQWY WKH WHPSRDFB UDURIGXWLRQE RIUWSKRH [DVD IRRYQY \ZH.RWKH G L
Rl WKH VHFWRUV EHKLQG EUHDNZDWHU DQG RQ WKH DGMDFHQW FRDVW
ZDYH KHLJKW $OWKRXJK DW D GLIIHUHQW PHDQ GLVWDQFH WR WKH VKR!
VKRZ VLPLODU EHKDYLRU SULRU WR WKH GHSOR\PHQW 7KH RYHUDOO VD(
VHFWRUV VKRAHUP KWKKHW YDULDELOLW\ GXULQJ VWRUP HYHQWV $IW
GHSOR\PHQW D VHULHV Rl VWRUPV LQ ODUFK OHG WR D VWURQJ RIIV}
+RZHYHU LQ FRQWUDVW ZLWK SULRU WR WKH GHSOR\PHQW WKH RIIVKRU
LQ WKH 1( VHFWRU E\ DSSUR[LPDWHO\ D IDFWRU ZLWK WKH LQQHU EDU
VDPH ORFDWLRQ GXULQJ WKH VXEVHTXHQW PRQWKYV 'XULQJ WKH VXEVHT
SHDNLQJ DW P RFFXUUHG LQ 'HFHPEHU DQG GURYH DQRWKHU OD!
PLJUDWLRQ HYHQW LQ WKH 1( VHFWRU ZKLFK ZDV LQFUHDVHG WR DSSUR
GURYH WKH VSOLWWLQJ Rl WKH VDQGEDU EHWZHHQ WKH VHFWRUV $V V
DSSUR[LPDWHO\ P IURP WKH VKRUH DQG LQFUHDVHG VXEVWDQWLDOO
EDU IRUPHG VKRUHZDUG LQ WKH 6: VHFWRU 7KLV QHZ LQQHU EDU ZHOGH*
FRQWLQXRXV DQG UHBQRQRUEFOVDQRBDVKRUMRYY WKH HQWLUH GRPDLQ
OHDQ EHDFK ZLGWK ZDV DOVR FRPSXWHG EHKLQG WKH VXEPHUJHG EUHL
P 7KH WHPSRUDO HYROXWLRQ LV JLYHQ LQ ILJXUH E %HIRUH WKH V
UHWUHDWLQJ DW D PHDQ UDWH RI P \HDU VKRUHZDUG RI WKH VXEPHL
VWUXFWXUH GHSOR\PHQW QHDU $SULO EHDFK ZLGHQLQJ RI P LQ F
SRVLWLRQV UHPDLQHG UHDVRQDEO\ VWDEOH XQWLO EHDFK QRXULVKPHQV
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JLIXUH 7THPSRUDO HYROXWLRQ RI D WKH RIIVKRUH +V ZDYH KHLJKWV DQG E
ZLWK LQGLFDWLRQ WKH GHSOR\PHQW RI WKH VXEPHUJHG VWUXFWXUH LQ EODFN V

'LVFXVVLRQ DQG FRQFOXVLRQ

$W WKH OLGR RI 6HWH UHODWLYHO\ VORZ 120 F\FOH KDV EHHQ REVHUY
EHFDXVH RI ORZ WHPSRUDO UHVROXWLRQ WKH UROH RI VLQJOH VWRU

TXDQWLILHG SUHFLVHO\ *HUYDLV HW DO +HUH D YHU\ IDVW QDW)>
EHHQ REVHUYHG LQ WKH 6: VHFWRU RQ 'HFHPEHU ZLWK DQ RIIVKRUH
ZLWK D SUHYLRXV VWXG\ 5XHVVLQN HW DO RXU LOYHVWLIJDWLRQ X

HSLVRGLF HYHQWY RQ WKH RQVHW RI 120 F\FOHV 2XU VWXG\ IXUWKHU
RIIVKRUH PLJUDWLRQ UDWHV DV D UHVXOW RI WKH EUHDNZDWHU LPSOH
GXULQJ VWRUP LQ 'HFHPEHU DQG LW LV K\SRWKHVL]HG WR EH FDXVH
WKURXJK ZDYH HQHUJ\ GLVNQGBEWH B QF WHKIINRXPIXK DGFHERWK WKH VWUXFWXU
RIIVKRUH PLJUDWLRQ RI WKH VDQGEDU LQ WKH 1( VHFWRU 7KLV ZLOO QF
PRGHOOLQJ
+RZHYHU HYHQ LI WKLV VSOLW ZDV FOHDUO\ JHQHUDWHG GXULQJ WKH
FORFNZLVH URWDWLRQ RI WKH LQLWLDO REOLTXH 1( VDQGEDU LV REVHU
SOD\HG D UROH LQ WKH GLVFRQQHFWLRQ ZLWK WKH EDU RQ WKH DGMDF#
UHVKDSLQJ RI WKH WULGLPHQVLRQDO DQ® IRE®WIXP! LIQ@RHBINORGHEDU LQ
ULGJH RI VDQG UHPDLQ XQEOMB G]R/®NVID/ADOHGEE BW RFRIWSKRG\QDPLF PRGH
LQFOXGLQJ WKH LPSOHPHQWDWLRQ Rl WKH VXEPHUJHG EUHDNZDWHU ZLO
PRUSKRORJLFDO FKDQJHV
7KH W\SLFDO IRUPDWLRQ RI D VDOLHQW RU WRPEROR ZDV QRW REVHUY
WKH LQQHU EDU DO WHORXGED W KH VWKHRR HBER@HW U\ ZDV GHHSO\ FKDQJHG
GHSOR\PHQW WKH PRUSKRORJ\ RI WKH LQQHU EDU KDV FKDQJHG GUD
DSSUR[LPDWHO\ P 7KHVH UHVXOWV VXJJHVW D SRVLWLYH UROH RI WKH
DHULDO EHDFK RQ WKH ORQJ WHUP ,Q DGGLWKXKBQZDWXUXDO®LWWRNWLPYWH 0D L
REVHUYHG WKURXJK YLGHR WLPHVWDFNV LQ WKH DOLJQPHQW RI WKH VXE
WKH OLGR Rl 6HWH EHPFYK DVRBZVWRDWOLQEHRDLQWDLQHG D FRPSOH[ UH
%DU FXVSV DQG FXVSDWH RISKIDNG L YH ZHDHCXEXGDHOA REWKH VKRUH
RI WKH EDU KRUQV EXW GHSHQGLQJ RI ZDYH HQHUJ\ DQG LQFLGHQFH FlI
PLJUDWH ORQJVKRUH DQG VKRUH CBLKDH/ HF XWISN © R R0 8 KRR HR BADHQUGYEDAJ L QK H
WKLV EHKDYLRU RQ WKH HURVLRQ RI WKH GXQH LV LQWHUHVWLQJ DVXQ
FRQGLWLRQV ORFDOL]JHG EHDFK DQG GXQH HURVLRQ FDQ EH HQIRUFHG
&DVWHOOH $IWHU WKH VWUXFWXUH GHSOR\PHQW ZH REVHUYHC
VKRUHOLQH ZLWK DEVHQFH RI DORQJVKRUH VXEV/WEFG WO DQDORQINKRUH
UHVXOWV LQGLFDWH WKDW WKH LQIOXHQFH RI WKH VXEPHUJHG VWUXFW
XQGHUVWDQG WKH FRPSOH[LILHG VKRUHOLQH UHVSRQVH %XW WKH PDLQ
EHDFKHV WKH UROH RI WKH VDQGEDU LV FULWLFDO WR VKRUHOLQH UHVS
D IHZ NLORPHWHUV DZD\ I[URP WKH VWUXFWXUH ZKLFK KDV EHHQ RYHUOR
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$FNQRZOHGJIJHPHQWYV

7KH YLGHR VA\VWHP XVHG LQ WKLV ZRUN DQG WRSR EDWK\PHWULF VXUYH\
:DYH DQG /L'$5 GDWD ZHUH SURYLGHG E\ WKH '5($/ /5 'LUHFWLRQ 5pJL
O1$PpQDIJHPHQW HW OH /RIHPHQW DQG DUH UHVSHFWLYHO\ SDUW RI W
DFNQRZOHGJHV ILQDQFLDO VXSSRUW IURP %5*0 '5($/ /5 DQG 7KDX $JJOR
IXQGHG E\ &+,32 JUDQW QXPEHU $15 $675 VXSSRUWHG E\ WKH
SHFKHUFKH $15 / 'HVELHQGUDV - 7HVVRQ 5 %HORQ 0 *LXVWL <
/IRQJXHYLOOH DQG $ /DWDS\ DUH JUHDWO\ DFNQRZOHGJHG IRU WKHLU KH(

SHIHUHQFHYV

$OHPDQ 1 B5RELQ 1 &HUWDLQ 5 %DUXVVHDX -3 *HUYDLV 0 1HW RII

UHJLRQDO VFDOH ,QWHU VLWH FRPSDURXR® D/® @I X&FRF\EAX MWL GI®RBK ) U D Q F H
,QWHUQDWLRQDO &RDOMWPHO 6SBSRVLXP

%DORXLQ < 7HVVRQ - *HUYDLV 0 &XVSDWH VKRUHOLQH UHODWLRQVKLS
HYHQWV * ILHOG REVHUYDWRR®QQ DAV Rolq 8RID EAAEDREKLEHY BIQERFH 1 R S

%DORXLQ < B5H\ 9DOHWWH + 3LFDQG 3 $ $XWRPDWLF DVVHVVPHQW DQG
LPDJHV DW WKH OLGR RFHE®WH &RID¥W DA DREBJIJHPHQW

% & (20 *HQHUDO VWXG\ IRU WKH SURWHFWLRQ DQG VXVWDLQDEOH PDQDJHF
*HQHUDO V\QWK 'HFHPEHU s 5HSRUW LQ )UHQFK

%HVLR * OHQWDVFKL / OD]JLQR $ ‘DYH HQHUJ\ UHVRXUFH DVVHVVPHQW |
RI' D \HDU KQBGRDVW

%ODFN . OHDG 6 '"HVLJQ RI WKH JROG FRDVW UHHI IRU VXUILQJ EHDFK I
DVSHRWWUQDO RI &R D VOSHIG LEHY/ H\DUEHK

&DVWHOOH % 7XUQHU ,/ %HUWLQ ; 7RPOLQVRQ 5 %HDFK QRXULVKPF

,PSDFWV D®QBDVAWNRQYJLQHHULQJ
&DVWHOOH % ODULHX 9 %XMDQ 6 6SOLQWHU .' B5RELQHW $ 6HQHFKDO
+ VHULHV Rl VHYHUH VWRUPV RQ D GRXEOH EDUUHG VDQG\ FRDVW EHI

HPED\PHBRRRUSKRORJ\+

&HUWDLQ 5 ORUSKRG\QDPLTXH GTXQH F{WH VDEOHXVH PLFURWLGDOH | E
5RXVVLOORQ 3HUSLJQDQ )UDQFH 8QLYHUVLW\ RI 3HUSLJQDQ 3K ' WKHVLV

&HUWDLQ 5 DQG %DUXVVHDX - 3 &RQFHSWXDO PRGHOLQJ RI VDQG EDUV PR
JUDQ®IX OO 6RFUDERB

*HUYDLV 0 %DORXLQ < %HORQ 5 ORUSKRORJLFDO UHVSRQVH DQG FRDVV
HYHQWY DORQJ WKH *XOIl RI /LRQV &RDVWOLQH )UDQFH *HRPRUSKRORJ\ +

*yPH] /IDKR] 0 DQG &DUUHWHUR $OELDFK - & - RXYUHQ DROU R F 3 WP RQY' B IOMU MK H ¢
2FHDQ 6FLHQFH

*UXQQHW 10 B5XHVVLQN % * ORUSKRG\QDPLF UHVSRQWHRRVWBOUVKRUH ED
(QJLQHHULQ# GRL M FRDVWDOHQJ

+DPP / &DSRELDQFR 0 'HWWH + + /HFKXJD $ 6SDQKRII 5 6WLYH 0 +)
H[SHULHQFH ZLWK V&RDWAWDRX UQ YIKPHIKQWL Q J

+ROODQG .7 +ROPDQQ 5% /LSSPDQQ 7 & 6WDQOH\ - $QG 30DQW 1
QHDUVKRUH RFHDQRJUDSRIE QIDHORBIV2AF KO QHY (FILQHHULQJ

+ROPDQ 5% DQG 6WDQOH\ - 7KH KLVWRU\ DQG WHFKQLFDO FDSDELOLW\ RI

/LSSPDQQ 7 & DQG +ROPDQ 5 §$ 4XDQWLILFDWLRQ RI VDQG EDU PRUSKROR
GLVVLSBWWARO RI *HRSK\VLFDO 5HVHDUFK

/IRQIXHW +LJJLQV 0 /IRQIJIVKRUH FXUUHQW JHQHRXD\WBG RV RERSEAXHEDOQFLC
5HVHDUFK +

5DQDVLQJKH 5 7XUQHU , / 6\PRQGV * 6KRUHOLQH UHVSRQVH WR PXOW
QXPHULFDO DQG SK\VL&R DVRRIEH O@ILQIHWW XGJ

5XHVVLQN % * 3DSH / 7XUQHU , / 'DLO\ WR LQWHUDQQXDO FURVV VKRUH
PXOWLSOH VD Q@R EW U 6\K\NIHPH ¥

7KRUQWRQ (% 6DOOHQJHU $ + DQG ODFODKDQ - + 5LS FXUUHQWYV FXV
ODULQH JHRORJ\

©, YDQ GH /DJHZHJ .5 %U\DQ * &RFR % * 5XHVVLQN 2EVHUYDWLRQ RI VI

HPED\HG EBDIFEH *HR O RIS +



