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/(3 9HUWLFDO 7XQQHO 0RYHPHQWV _

/HVVRQV IRU )XWXUH &ROOLGHUV

5DLQHU 3LWWKDQ
�

,Q FROODERUDWLRQ ZLWK WKH &/,&�6WXG\ *URXS DQG WKH

6XUYH\ *URXS RI &(51� ���� *HQHYD ��� 6ZLW]HUODQG

$EVWUDFW� 7KH GDWD IURP �� \HDUV RI YHUWLFDO VXUYH\V YHULI\ IRU DOO RI /(3 WKH SUHYLRXV REVHU�

YDWLRQ� ORFDOL]HG WR UHJLRQ 3�� WKDW /(3 oRRU PRYHPHQWV DUH SUHGRPLQDQWO\ GHWHUPLQLVWLF� 7KLV

UXOHV RXW WKH $7/ PRGHO DV EHLQJ FRUUHFW IRU WKLV WXQQHO� ,I JHQHUDOL]HG� IRU \HDUO\ PRYHPHQWV
D UDQGRP $7/ PRGHO XQGHUHVWLPDWHV WKH SRVVLEOH PD[LPXP ORQJ�WHUP PRWLRQV� ,Q FRQWUDVW�

H[WUDSRODWLRQ RI WKH /(3 YHUWLFDO GDWD WR WKH VKRUW�WHUP �KRXUV DQG GD\V� WLPH�VFDOH VKRZV WKDW

WKH UDQGRP DSSURDFK SUHGLFWV ODUJHU VKRUW�WHUP PRYHPHQWV WKDQ WKH GHWHUPLQLVWLF PRGHO� 7KLV

PHDQV WKDW VLPXODWLRQV XVLQJ WKH $7/ K\SRWKHVLV DUH RYHUO\ SHVVLPLVWLF ZLWK UHJDUG WR WKH IUH�

TXHQF\ RI RSHUDWLRQDO UH�DOLJQPHQWV UHTXLUHG� 'HSHQGLQJ RQ WKH FRQVWDQWV FKRVHQ LQ WKH PRGHOV
WKHVH GLmHUHQFHV FDQ EH ODUJH� RI WKH RUGHU RI D PDJQLWXGH DQG PRUH�

7KLV SDSHU GHDOV VROHO\ ZLWK WKH GLUHFWO\ PHDVXUHG PRQWKV�WR�\HDUV WXQQHO PRWLRQV LQ URFN�
DQG WKH H[WUDSRODWLRQ RI VXFK JURXQG PRWLRQV WR KRXUO\ RU GDLO\ WLPH�VSDQV� ,W GRHV QRW DGGUHVV WKH

LPSRUWDQW TXHVWLRQ RI WKH FRQWULEXWLRQ RI KRXUO\�VFDOH PRYHPHQWV RI WKH DFFHOHUDWRU FRPSRQHQWV�

ZKLFK FRXOG KDYH D UDQGRP SDUW� WR WKH FRPELQHG PRWLRQ� 1RU GRHV LW DGGUHVV WKH TXHVWLRQ RI

PRYHPHQWV RI DFFHOHUDWRU WXQQHOV OLNH +(5$ RU 75,67$1 ZKLFK DUH EXLOW LQ ZDWHU DQG GHEULV�

DQG QRW LQ VROLG URFN�

, *(1(5$/

$ 3XUSRVH

$QDO\]LQJ WKH /(3 YHUWLFDO VXUYH\ GDWD LV PRUH WKDQ DFDGHPLF FXULRVLW\� &RVWV RI FLYLO
DQG PHFKDQLFDO FRQVWUXFWLRQ DQG RSHUDWLRQDO SHUIRUPDQFH RI DFFHOHUDWRUV GHSHQG WR D ODUJH
H[WHQW RQ KRZ WKH WXQQHO oRRU� RQ ZKLFK WKH DFFHOHUDWRUV DUH EXLOW� PRYHV� ,Q WKH �ROG�
PDFKLQHV WROHUDQFHV ZHUH RI WKH RUGHU RI ��� PP DQG PDFKLQHV ZHUH NHSW RSHUDWLRQDOO\
VPRRWK ZLWK FRUUHFWRU PDJQHWV� $FFHOHUDWRUV ZHUH UHDOLJQHG PHFKDQLFDOO\ ZLWK ZUHQFKHV
ZKHQHYHU WKH PHFKDQLFDO UPV PLVDOLJQPHQW EHFDPH ODUJHU WKDQ{� PP� 7KH �QHZ� PDFKLQHV
SODQQHG IRU WKH IXWXUH UHTXLUH DQ LQWUXVLYH PHFKDQLFDO EHDP�EDVHG UH�DOLJQPHQW ZKHQHYHU
WKH\ ZDQGHU Rm E\ {���� PP DQG HYHQ OHVV� VR WKH WLPH VFDOHV LQ ZKLFK WKRVH VKRUW�WHUP
PLVDOLJQPHQWV KDSSHQ LV YHU\ LPSRUWDQW� 7KH 6/& DV D SURWRW\SH RI WKH QHZ PDFKLQHV
UHTXLUHG GHVLJQ PLVDOLJQPHQWV LQ WKH DUFV JHQXLQHO\ WR EH EHORZ ��� PP DQG OXFNLO\ EULGJHG
WKLV JDS ZLWK UHPRWH PDJQHW PRYHUV VR WKDW PHFKDQLFDO UH�DOLJQPHQW ZDV RQO\ UHTXLUHG HYHU\
VR RIWHQ� :KLOH EHDP�EDVHG DOLJQPHQW KDG EHHQ XVHG DV D VWRS�JDS PHDVXUH EHIRUH� WKLV LQ
D VHQVH ZDV WKH nUVW EHDP�EDVHG DOLJQPHQW SODQQHG LQ DGYDQFH�

�� SHUPDQHQW DGGUHVV� 6WDQIRUG /LQHDU $FF� &WU�� 0DLO 6WRS ��� 3�2�%R[ ����� 6WDQIRUG� &$ ������ 86$�

:RUN SDUWLDOO\ VXSSRUWHG E\ WKH 'HSDUWPHQW RI (QHUJ\� FRQWUDFW '(�$&�����6)������

(�PDLO� 5DLQHU#6/$&�6WDQIRUG�HGX



7KH VKRUW�WHUP PRYHPHQWV LPSDFW RQ WKH SHUIRUPDQFH _ ORQJ�WHUP PRYHPHQWV LPSDFW
RQ WKH PHFKDQLFDO HQJLQHHULQJ SURYLVLRQV QHHGHG IRU WKH DGMXVWPHQWV�

% 7KH /(3 'DWD

7KH /(3 VXUYH\ GDWD >�@ FRQVWLWXWH WKH ODUJHVW ERG\ RI SUHFLVLRQ VXUYH\ GDWD DYDLODEOH
ZKLFK LV DSSOLFDEOH WR DFFHOHUDWRU GHVLJQ DQG WXQQHO HQJLQHHULQJ SUREOHPV� 7KH RQO\ GH�
WUDFWLRQ LV WKDW WKH GDWD ZHUH WDNHQ GLUHFWO\ RQ WKH TXDGUXSROHV WKHPVHOYHV� DQG QRW RQ
SHUPDQHQW PRQXPHQWV HPEHGGHG LQ WKH WXQQHO oRRU RU ZDOOV� 3UHVHQW GD\ DFFHOHUDWRUV
UHSODFH WKH LQVWDOODWLRQ PRQXPHQW V\VWHP RQ WKH oRRU RU WKH ZDOOV ZLWK RQH EDVHG RQ WKH
PDJQHWV WKHPVHOYHV EHFDXVH WKH VPRRWKQHVV RI WKH PDJQHW SRVLWLRQV LV PXFK PRUH LPSRUWDQW
WKDQ WKH DEVROXWH SRVLWLRQV�

,Q WKH /(3 DUFV WKH GLVWDQFH EHWZHHQ TXDGUXSROHV LV ���� P� 7KHUHIRUH� WKH �IUHTXHQF\�
RI PHDVXUHPHQW LV {�� P LQ WKH DYHUDJH� VR nQHU GHWDLOV LQ WKH PRYHPHQW FDQQRW EH H[SORUHG�
+RZHYHU� WKHUH DUH HQRXJK WURXEOHVRPH TXHVWLRQV WR EH DQVZHUHG IRU WKH �� P WR VHYHUDO
NLORPHWHU VFDOH IRU ZKLFK WKH /(3 GDWD FDQ JLYH DQ DQVZHU�

6XUYH\ GDWD KDYH WKHLU RZQ VHW RI VWDWLVWLFDO DQG V\VWHPDWLF HUURUV ZKLFK DUH VRPHWLPHV
YHU\ GLmHUHQW IURP ZKDW SK\VLFLVWV DUH XVHG WR� DQG VR ZH ZLOO H[SHQG VRPH HmRUW RQ WKRVH�
7KLV SDSHU WDNHV WKH GDWD DV WKH\ DUH SUHSDUHG DQG SURSRVHG E\ WKH JHRGHVLVWV� DQG LW
DQDO\]HV WKHP IURP D SK\VLFV SRLQW RI YLHZ ZKLOH DW WKH VDPH WLPH DWWHPSWLQJ WR H[SODLQ
SDUWLFXODULWLHV RI VXUYH\LQJ WKHRU\ DQG SUD[LV� 6RPH RI WKH WHUPLQRORJ\ DQG PHWKRGV XVHG
KHUH DUH PRUH IURP WKH SK\VLFLVW
V SRLQW RI YLHZ DQG DUH QRW XVHG� RU QRW XVHG LQ WKLV ZD\�
LQ JHRGHV\� 7KDW PHDQV ZH nUVW WU\ WR H[WUDFW TXDQWLWDWLYH VWDWLVWLFDO UXOHV RI EHKDYLRU RI
WKH WXQQHO PRYHPHQWV EHIRUH ZH WU\ WR XQGHUVWDQG ZK\ LW PRYHV LQ D SDUWLFXODU IDVKLRQ LQ
JHQHUDO� DQG LQ SDUWLFXODU SODFHV�

1DWXUDOO\� LQ WKH HQG ZH WULHG WR FRUUHODWH GHYLDWLRQV IURP WKH �VPRRWKQHVV� RI WKH GDWD
ZLWK WKH JHRORJ\ RI WKH VLWH� 7KLV WXUQHG RXW WR EH GLpFXOW� 1HLWKHU NQRZQ DQG H[LVWLQJ
IDXOWV� QRU OD\HUV RI WURXEOHVRPH VRLO HQFRXQWHUHG LQ ERULQJ WKH WXQQHO VHHP WR UHDOO\ OLQH
XS ZLWK DUHDV RI FKDQJH LQ HOHYDWLRQ� LQ SDUWLFXODU GLG QRW H[SODLQ GLmHUHQFHV LQ PDJQLWXGH�
2QO\ ZKHQ DOVR FRQVLGHULQJ WKH XQGHUJURXQG K\GUR JHRORJ\ RI WKH EDVLQ RI WKH 3D\ GH *H[
GLG GDWD VWDUW WR PDNH VHQVH�

7KLV LQYHVWLJDWLRQ LQ LWVHOI VHHPV WR EH D ZRUWKZKLOH HQWHUSULVH� 7KH �� NP ORQJ /(3
WXQQHO LV FRPSOHWHO\ ERUHG XQGHUJURXQG LQ FRPSDFWHG JHRORJLFDO VWUDWD� %RUHG WXQQHOV�
FRPSDUHG WR FXW�DQG�nOO WHFKQLTXHV� RU EODVWHG WXQQHOV� KDYH VKRZQ WKH JUHDWHU PHFKDQLFDO
VWDELOLW\� 'HHS XQGHUJURXQG WXQQHOV� ZKLFK QHFHVVDULO\ QHHG WR EH ERUHG� DUH TXLHWHU ZLWK
UHVSHFW WR FXOWXUDO QRLVH >�@� &ROOLGHU WXQQHOV DOVR QHHG WR EH JHRPHWULFDOO\ VWUDLJKW� EHFDXVH
ZLWK WKH YHU\ VPDOO YHUWLFDO HPLWWDQFHV QHHGHG WR DFKLHYH D UHDVRQDEOH OXPLQRVLW\� WKH FRQ�
VWDQW V\VWHPDWLF NLFN QHHGHG IRU D FXUYDWXUH�RI�WKH�HDUWK IROORZLQJ EHDP LV WRR ODUJH LQ PRVW
FDVHV >�@� 7KH /(3 WXQQHO LV WKXV D JRRG PRGHO IRU WKH WXQQHOV QHHGHG IRU WKH {�� NP ORQJ
/LQHDU &ROOLGHUV SODQQHG IRU WKH IXWXUH�

$V DQ LQWURGXFWLRQ WR WKH GDWD ZH VKRZ DOO H[LVWLQJ GDWD IURP ���� � ����� DV UHVWRUHG
DQG SURFHVVHG E\ -LQ >�@� LQ )LJXUH �� EHIRUH ZH GHDO ZLWK DSSURSULDWH VXEVHWV RI WKHVH GDWD�
7KH FDSWLRQ RI )LJXUH �� OLNH PDQ\ FDSWLRQV ODWHU� FRQWDLQV PXFK LQIRUPDWLRQ� 1RWH WKDW WKLV
GDWD VHW ZDV FRUUHFWHG IRU DOO YROXQWDU\ PDJQHW PRYHPHQWV EHWZHHQ ���� DQG ����� EXW QRW
EHIRUH� 6LQFH ZH GLG FRUUHFW IRU HDUOLHU PRYHPHQWV LQ VHOHFWHG FDVHV RXUVHOYHV� WKH DWWHQWLYH
UHDGHU ZLOO QRWLFH D IHZ GLmHUHQFHV LQ WKH SURQRXQFHG VSLNHV RI WKH GDWD LQ GLmHUHQW nJXUHV�
EHFDXVH QDWXUDOO\ LW ZDV WKH PDJQHWV ZLWK WKH ODUJHVW PRYHPHQWV ZKLFK ZHUH UH�DOLJQHG
�LI GLVFRYHUHG DV PLVDOLJQHG� HDUO\ RQ� ,W LV DOVR LPSRUWDQW WR UHPHPEHU WKDW WKH RULJLQDO
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Elevation in LEP from 1993−1999
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),*85( �� /HYHOLQJ GDWD IRU DOO RI /(3� :H ZDQW WR SRLQW RXW IURP WKH EHJLQQLQJ WKDW GXH WR UDQGRP

ZDON WKHUH LV DERXW D h � PP oH[LELOLW\ LQ WKH VPRRWK IHDWXUHV RI WKH GDWD� 7KH KXPSV RI PDQ\ NP OHQJWK
DUH QRW QHFHVVDULO\ GXH WR D UHDO PRYHPHQW RI WKH WXQQHO� WKH\ PLJKW FRPH IURP UDQGRP ZDON LQ WKH VXUYH\

SURFHVV� 6RPH RI WKH FKDUDFWHULVWLFV ZKLFK DUH UHDO DUH LQ SDUWLFXODU WKH VKDUS ORFDO GRZQZDUG PRYHPHQWV

DURXQG ���� ���� �� �� DQG �� NP� $QRWKHU LQWHUHVWLQJ IHDWXUH LV WKH �oDW� DUHD EHWZHHQ �� DQG �� NP

�3��3��� ZKLFK ZH ZLOO XVH WR H[WUDFW �QRUPDO� PRYHPHQW FKDUDFWHULVWLFV� $OWKRXJK LQ WKLV SORW WKLV DUHD

VHHPV WR EH �VLQNLQJ�� RWKHU DVVXPSWLRQV LQ WKH SURFHVVLQJ RI WKH GDWD OHG WR UHVXOWV WKDW LW LV YHU\ VWDEOH�

PD\EH WKH PRVW VWDEOH LQ DOO RI /(3� VHH QH[W )LJXUH� %XW 3��3� GRHV VKRZ WKH SURQRXQFHG YDULDWLRQ RI

HOHYDWLRQ GLmHUHQFHV EHWZHHQ PDJQHWV IURP \HDU WR \HDU W\SLFDO IRU /(3 DV ZH ZLOO VHH�
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),*85( �� ,Q RUGHU WR H[WUDFW PRUH PHDQLQJIXO GDWD� YDULRXV DVVXPSWLRQV DUH EHLQJ PDGH DERXW WKH

YDULDWLRQ RI LQGLYLGXDO SRLQWV� 7KHVH DVVXPSWLRQV FDQ OHDG WR ORQJ ZDYHOHQJWK YDULDWLRQV LQ WKH UHVXOWLQJ

GDWD IURP RQH \HDU DQG GLmHUHQFHV LQ WKH FRPSDULVRQ EHWZHHQ GLmHUHQW \HDUV� 6R WKHVH SORW VKRZV WKH VDPH

GDWD DV LQ WKH SUHYLRXV )LJXUH� 2I SDUWLFXODU LQWHUHVW LV WKH FKDQJH LQ WKH UHVXOWV IRU WKH �oDW� DUHD EHWZHHQ

�� DQG �� NP�
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LQVWDOODWLRQ DOLJQPHQW ZDV WR D VPRRWKQHVV RI ��� xP RU EHWWHU EHWZHHQ DGMDFHQW PDJQHWV�
6LQFH GHWDLOV DUH GLpFXOW WR VHH LQ WKLV SLFWXUH� ZH ZLOO VKRZ ODWHU MXVW WKH ���� GDWD� IXOO\
FRUUHFWHG �)LJXUH ��� 7KH ���� GDWD DUH XQLTXH LQ WKH VHQVH WKDW IRU PRVW RI /(3 WKLV ZDV
WKH nUVW UHVXUYH\ DIWHU LQVWDOODWLRQ� 2QH FDQ� WKHUHIRUH� EH VXUH WKDW IRU WKHVH UHJLRQV WKHUH
KDG EHHQ QR YROXQWDU\ PRYHPHQWV�

6LQFH /(3 IRU JRRG UHDVRQV� PHQWLRQHG DERYH DQG GLVFXVVHG IXUWKHU ODWHU� GRHV QRW KDYH
D SHUPDQHQW PRQXPHQW V\VWHP� DOO PHDVXUHPHQWV DUH UHIHUHQFHG RQ WKH PDJQHWV� 6R WKH
WXQQHO PRYHPHQWV FDQ RQO\ LQGLUHFWO\ EH LQIHUUHG IURP WKH PDJQHW PRYHPHQWV� 7KLV HQWDLOV
DFFXUDWH ERRNNHHSLQJ� EHFDXVH WKH PRYHPHQWV IURP HDFK UH�DOLJQPHQW KDYH WR EH SURSDJDWHG
LQ WKH GDWDEDVH WR NHHS WUDFN RI WKH WRWDO PRYHPHQW RI D PDJQHW� 7KLV SURFHVV LV FDOOHG GDWD
UHVWRUDWLRQ >�@� $IWHU UHVWRUDWLRQ DQ HmRUW LV PDGH WR UHPRYH VRPH RI WKH VPRRWK IHDWXUHV�
ZKLFK DUH GXH WR UDQGRP ZDON� DQG WR nQG WKH VWDEOH DUHDV RI /(3� 7KLV SURFHVV GRHV QRW
QHFHVVDULO\ OHDG WR XQLTXH UHVXOWV � GLmHUHQW DVVXPSWLRQV GXULQJ WKH SURFHVV PD\ OHDG WR
VPRRWKO\ YDU\LQJ HOHYDWLRQV� DV VKRZQ LQ )LJXUH � DV FRPSDUHG WR )LJXUH �� )RU GHWDLOV ZH
UHIHU WR 5HIHUHQFH >�@ DQG UHIHUHQFHV WKHUHLQ�

7KH IROORZLQJ ZRUN IRFXVHV DJDLQ RQ YHUWLFDO PRYHPHQWV� (VVHQWLDOO\ DOO PRGHUQ HOHFWURQ
DFFHOHUDWRUV KDYH EHDPV PXFK VPDOOHU LQ WKH YHUWLFDO GLPHQVLRQ WKDQ LQ WKH KRUL]RQWDO� ZLWK
WKH FRQFXUUHQW PXFK WLJKWHU YHUWLFDO WROHUDQFHV� VR WKH IRFXV RQ WKH YHUWLFDO LV ZHOO MXVWLnHG�

7KLV SDSHU GHDOV RQO\ ZLWK PRWLRQV LQ WKH ORQJ�WHUP UHJLRQ DQG GRHV QRW DGGUHVV WKH ZLGH
DQG LPSRUWDQW nHOG RI YLEUDWLRQV ZLWK WLPH�VFDOHV RI � VHF RU OHVV� %XW ZH nQG QR UHDVRQ QRW
WR H[WUDSRODWH WKH W\SH RI PRWLRQ LQYHVWLJDWHG� ZKLFK LV FKDUDFWHUL]HG E\ D UHVXOWLQJ \HDUO\
FKDQJH LQ WHUPV RI UPV EHWZHHQ ���� DQG ���� PP�\HDU� WR WKH ORZ HQG RI YDOLGLW\� KRXUV RU
GD\V RU VRPH VXFK VLPLODU WLPH� 7KH H[WUDSRODWLRQ WR VKRUW WLPHV OHDGV WR VRPH LQWHUHVWLQJ
FRQFOXVLRQV�
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),*85( �� 7KH ���� GDWD VKRZ PDQ\ VKDUS GHYLDWLRQV IURP D VPRRWK DOLJQPHQW� 8QOLNH WKH GDWD LQ

WKH WZR SUHYLRXV )LJXUHV WKHVH GDWD KDYH EHHQ FRUUHFWHG IRU UH�DOLJQPHQW ZKLFK KDSSHQHG EHIRUH ����� ,Q

SDUWLFXODU YLVLEOH DUH VHYHUDO VKDUS XSZDUG VSLNHV LQ WKH YLFLQLW\ RI 3��� � WKH\ DUH GXH WR WKH ZHOO�NQRZQ

ZDWHU SUREOHPV �LQ WKH �5HQDUG�� XQGHU WKH -XUD� 7KHVH GDWD DOORZ WR FDWHJRUL]H /(3 URXJKO\ LQWR WKUHH

DUHDV� 5HJLRQ 3� WR 3� ZLWK UHODWLYH PRYHPHQWV DZD\ IURP VPRRWK DOLJQPHQW RI XS WR ��� PP� 5HJLRQ 3�

WR 3� ZLWK PRYHPHQWV LQ WKH ��� PP UHJLRQ� DQG 5HJLRQ � WR � ZKLFK FRQWDLQV WKH ELJJHVW �EUHDN�� ZLWK

DEVROXWH PRYHPHQWV RI XS WR �� PP LQ �����
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),*85( �� 0DS RI WKH /(3 DUHD� ZLWK 0LFKHO +XEOLQ
V HQKDQFHPHQWV� *HRJUDSKLFDO QRUWK SRLQWV LQ WKH

XVXDO GLUHFWLRQ� VWUDLJKW WR WKH WRS RI WKH PDS� 7KH $OORQGRQ IDXOW LV FORVH WR 3�� WKH )HUQH\ IDXOW EHWZHHQ

3� DQG 3�� $QRWKHU LPSRUWDQW IDXOW �RU IDXOWV�� ZKLFK LV QRW VKRZQ KHUH� FURVVHV /(3 DW 3���� ,W UXQV

VWULFWO\ ZHVW WR HDVW GRZQ IURP WKH &UuHW GH OD 1HLJH� 7KHUH DUH DOVR WKH �)DXOW RI WKH &DODPH� DQG�RU WKH

�)DXOW RI WKH 7UHPEODQH�� $V ZLWK PDQ\ SLFWXUHV LQ WKLV UHSRUW FRORU YLHZLQJ RU SULQWLQJ IURP WKH SRVW

VFULSW RU SGI nOHV LV KLJKO\ UHFRPPHQGHG�

�



& /(3
V 3K\VLFDO (QYLURQPHQW

/(3 FRQVWUXFWLRQ EHJDQ ����� LW EHFDPH RSHUDWLRQDO ����� %HIRUH FRQVWUXFWLRQ EHJDQ
PXFK H[SORUDWLRQ DQG WKRXJKW ZHQW LQWR WKH VLWLQJ RI WKH WXQQHO >�@� %HFDXVH RI FRQFHUQV
DERXW WKH /LPHVWRQH DQG WKH 0RUDLQH� WKH VL]H� ORFDWLRQ� DQG KRUL]RQWDO LQFOLQDWLRQ RI WKH
/(3 WXQQHO ZDV FKDQJHG VHYHUDO WLPHV� VR WKDW QRZ PRVW RI WKH WXQQHO LV ZLWKLQ WKH 0RODVVH
DW WKH VRXWKHUQ HQG RI WKH 6ZLVV 0RODVVLF %DVLQ ZKLFK IRUPV D ODUJH ERZO� LQFOXGLQJ /DNH
*HQHYD� ,W LV D IRUPDWLRQ VLPLODU WR WKH FRPSDFWHG VDQG VWRQH 6/$& LV EXLOW LQ� ,Q IDFW
0RODVVH LV D FDWFKZRUG IRU D YDULHW\ RI VDQG VWRQHV� KHWHURJHQRXV ORFDOO\ EXW ZLWK KRPRJHQRXV
SURSHUWLHV OLNH WHQVLOH VWUHQJWK DQG KDUGQHVV RYHU ODUJH GLVWDQFHV� ,Q VRPH VHQVH LW LV DQ LGHDO
URFN IRU WXQQHOLQJ�

2QO\ � NP RI /(3 DUH XQGHU WKH -XUD LQ WKH /LPHVWRQH >�@� 0RODVVH DQG /LPHVWRQH LQ
WKH IRRWKLOOV DUH EXULHG XQGHU UHFHQW � WKH ODVW RQH PLOOLRQ \HDUV� +RORFHQH� 4XDWHUQDLUH�
GHSRVLWV IURP HURVLYH IRUFHV� LQ SDUWLFXODU JODFLHUV LQ WKLV DUHD FORVH WR WKH +LJK $OSHV� 7KH
JODFLHUV JDYH ULVH WR GHSRVLWV FDOOHG 0RUDLQH� EXW WKHUH DUH RWKHU GHSRVLWV� 7KLV 4XDWHUQDLUH
RYHUEXUGHQ RYHU WKH 0RODVVH LV YDULHG� ORRVH DQG SHUPHDEOH DQG SRVHV SUREOHPV ZKHQ RQH
FRQVWUXFWV H[SHULPHQWDO KDOOV LQ LW DQG DFFHVV VKDIWV WKURXJK LW�

$V WKH (QYLURQPHQWDO ,PSDFW 5HSRUW IRU /+& SKUDVHG LW UHFHQWO\ >�@� WKH WXQQHO ZDV
FRQVWUXFWHG LQ D UHODWLYHO\ VLPSOH JHRORJLFDO FRQWH[W� %XW ZKDW LV QRW �UHODWLYHO\ VLPSOH�
LV WKDW UHODWLYHO\ GHHS YDOOH\V KDYH EHHQ FDUYHG LQWR WKH �URRI� RI WKH 0RODVVH XQGHU WKH
0RUDLQH� ,Q WKH )UHQFK ODQJXDJH OLWHUDWXUH WKHVH XQGHUJURXQG YDOOH\V DUH FDOOHG �6LOORQ��
ZKLFK WUDQVODWHV DV WUHQFK� EXW VHHPV WR EH XVHG PRUH OLNH GHVFULELQJ DQ �XQGHUJURXQG�
ZDWHUVKHG� DV LQ DTXLIHU �� 7KLV LV WUXH LQ SDUWLFXODU LI WKH YDOOH\V KDYH EHHQ SOXJJHG DW WKH
H[LW DQG XQGHUJURXQG ODNHV KDYH IRUPHG� $QG WKH VLWXDWLRQ LV DOVR PRUH FRPSOLFDWHG WKDQ
VWDWHG >�@ WKURXJK D QXPEHU RI IDXOW OLQHV ZKLFK UXQ PRVWO\ SHUSHQGLFXODU WR WKH -XUD LQ 1:
WR 6( GLUHFWLRQ� 6RPH RI WKH IDXOW OLQHV DUH LPPHGLDWHO\ UHFRJQL]DEOH RQ DQ RUGLQDU\ PDS�

%HFDXVH WKH 4XDWHUQDU\ GHSRVLWV DUH SHUPHDEOH� WKH ZDWHU FROOHFWV RQ WRS RI WKH 0RODVVH�
,W LV GUDLQHG PRVWO\ WR WKH VRXWK WKURXJK WKH 6LOORQ GH 6W� *HQLV� DQG WKH VRXWKHDVW WKURXJK
WKH 6LOORQ GH 0RQWoHXU\�)HUQH\� ,W LV EHOLHYHG WKDW WKHVH XQGHUJURXQG YDOOH\V IROORZ IDXOW
OLQHV� HYHQ LI WKRVH DUH LQDFWLYH IRU WKH PRPHQW� 7KH oRZ RI ZDWHU XQGHU JURXQG QRZ GRHV
QRW DOZD\V FRLQFLGH ZLWK WKH DERYH JURXQG FUHHNV DQG ULYHUV�

2Q WKH YHUWLFDO ERXQGDU\ EHWZHHQ WKH 0RODVVH SODLQ DQG WKH -XUD PRXQWDLQ� ZKLFK LV
DOVR WKH ERXQGDU\ EHWZHHQ /LPHVWRQH DQG 0RODVVH IRU /(3� D OD\HU RI D PL[HG �FOD\ OLNH"�
VHGLPHQW �*RPSKROLWH� ZDV HQFRXQWHUHG LQ WXQQHOLQJ�

*RPSKROLWH� OLNH %XWDQR LQ &DOLIRUQLD� LV NQRZQ WR XQGHUJR ODUJH VZHOOLQJ LI XQFRQ�
VWUDLQHG DQG ZHW� ERWK RI ZKLFK LV SURPSWHG E\ WXQQHOLQJ �� 7KHUH LV QR FOHDU FRQQHFWLRQ WR
DQ\ SDUWLFXODU ODUJH XSOLIW EHWZHHQ WKH VXUYH\ GDWD DQG WKH *RPSKROLWH OD\HU RQ WKH VRXWK RI
WKH -XUD VHFWLRQ RI /(3 �3����� RQ WKH QRUWK DURXQG 3��� WKHUH LV DQ DEUXSW XSOLIW SUREDEO\
GXH WR WKH DYDLODELOLW\ RI ZDWHU WKURXJK WKH $OORQGRQ IDXOW�

6LQFH WKLV LV D YHUWLFDO ERXQGDU\� GLpFXOW WR nQG ZLWK YHUWLFDO ERUH KROHV DORQH� LW LV
QRW FOHDU LI WKH H[LVWHQFH RI WKH *RPSKROLWH OD\HU ZDV NQRZQ EHIRUH FRQVWUXFWLRQ� *RPSKR�
OLWH KDV PDQ\ GLmHUHQW FRPSRQHQWV� PDNLQJ LW GLpFXOW WR LGHQWLI\ DQG LV� WKHUHIRUH� JLYHQ
GLmHUHQW LQWHUSUHWDWLRQV DQG HYHQ GLmHUHQW QDPHV LQ WKH OLWHUDWXUH >�@� 2WKHU FOD\�W\SH IRU�
PDWLRQV �*RPSKROLWH DQG 0RQWPRULRQLWH� ZHUH HQFRXQWHUHG LQ WKH FRQVWUXFWLRQ RI WKH 636

�� 7KHUH LV JHQHUDOO\ PXFK FRQIXVLRQ RYHU WKH QDPLQJ RI GLmHUHQW JHRORJLFDO HYHQWV� 7KLV PD\ H[SODLQ WKH

FU\SWLF UHPDUN HQFRXQWHUHG� ���� QDPHV DV XVHG LQ WKH &DQWRQ RI *HQHYD��
�� 7KH %XWDQR� ZKHQ SHQHWUDWHG LQ WKH WXQQHOLQJ RI WKH 1RUWK $UF IRU 6/&� VZHOOHG VR PXFK GXH WR WKH

ZDWHU FRPLQJ RXW RI WKH ZDOOV WKDW WKH WXQQHO GLDPHWHU RYHUQLJKW VKUXQN IURP �� WR � IHHW VXFK WKDW WKH

WXQQHOLQJ HTXLSPHQW ZDV QRW DEOH WR HQWHU WKH WXQQHO WKH QH[W GD\�
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DQG FDXVHG XSOLIWV ODWHU >�@� VHH� H�J� )LJXUH �� LQ 5HIHUHQFH >�@�

&(51 FRPPLVVLRQHG RYHU ��� GULOO KROHV RI YDU\LQJ GHSWK DQG DQ H[SORUDWLRQ JDOOHU\
IURP WKH �SODLQV� WRZDUG WKH -XUD PRXQWDLQ UDQJH� ,Q WKH GHVLJQ UHSRUW WKHUH ZDV PHQWLRQ
RI RQO\ RQH JHRORJLFDO IDXOW� WKH $OORQGRQ )DXOW � � LQ ZKLFK WKH 6RXUFH G
$OORQGRQ �D FUHHN�
UXQV GRZQ WKH -XUD IURP (FKHQHYH[ DQG FURVVHV /(3 EHWZHHQ 3� DQG 3� �DW 3����� 4XRWH�
�7R WKH EHVW RI RXU SUHVHQW NQRZOHGJH� RQO\ RQH RI WKH NQRZQ JHRORJLFDO IDXOWV RI WKH -XUD
�WKH $OORQGRQ IDXOW� ZLOO EH LQWHUFHSWHG� >�@� $ FXUVRU\ ORRN DW )LJXUH � VKRZV WKDW WKHUH LV
LQGHHG D GLS DW 3����

'XULQJ WXQQHOLQJ LW ZDV YHU\ FOHDU ZKHQ WKH QRUWKZHVW SDUW RI WKH $OORQGRQ IDXOW ZDV
FURVVHG� 'HVSLWH YHU\ FORVH VFUXWLQ\ WKH NQRZQ VRXWKHDVW FURVVLQJ FORVH WR 3��� FRXOG QRW EH
LGHQWLnHG LQ WKH WXQQHO� 6HHPLQJO\ WKH IDXOW SHWHUHG RXW LQ WKH 0RODVVH� %XW LW LV QRZ FOHDU
IURP WXQQHO VXUYH\LQJ WKDW ZKDW LV DSSDUHQW RQ WKH VXUIDFH GRHV QRW DOZD\V YHUWLFDOO\ PDWFK
XS ZLWK ZKDW LV IRXQG EHORZ� DQG YLFH YHUVD� 7KLV PDNHV LQWHUSUHWDWLRQ GLpFXOW H[FHSW IRU
WKH PRVW SURQRXQFHG IHDWXUHV�

7KH DUHD RI WKH ODUJHVW GRZQZDUG PRYHPHQW� EHWZHHQ 3� DQG 3� FORVH WR )HUQH\�9ROWDLUH�
LV RQO\ PHQWLRQHG LQ SDVVLQJ LQ WKH 'HVLJQ 5HSRUW >�@ DV KDYLQJ RQH RI WKH WKUHH PRVW LPSRU�
WDQW IHDWXUHV GLVFRYHUHG E\ WKH H[SORUDWRU\ GULOOLQJ� D VWURQJ VORSH RI WKH PRODVVH�PRUDLQH
LQWHUIDFH ZKLFK OLPLWHG WKH HDVWZDUGV PRYH DZD\ IURP WKH -XUD RI WKH PDFKLQH SRVLWLRQ� $V
PHQWLRQHG EHIRUH� PRUDLQH
V GHEULV IURP WKH LFH DJH LV OD\HUHG DERYH WKH PRODVVH DQG RQH
WULHV WR DYRLG EXLOGLQJ WKH WXQQHO� DQG LQ SDUWLFXODU WKH FDYHUQV IRU WKH H[SHULPHQWDO KDOOV�
LQ WKH PRUDLQH�

7KH WZR RWKHU �PRVW LPSRUWDQW IHDWXUHV� PHQWLRQHG LQ >�@ ZHUH WZR ORFDO XQGHUJURXQG
YDOOH\V FORVH WR 6W� *HQLV �3�� DQG &HVV\ �3��� 7KHVH XQGHUJURXQG ZDWHUVKHGV KDYH PXFK
LQoXHQFH RQ WKH VWDELOLW\ RI /(3 ZKHQ WKH\ FURVV WKH WXQQHO� LQ SDUWLFXODU LI WKH\ UXQ LQ
QHZ RU ROG IDXOW OLQHV OLNH WKH 6LOORQ GH 0RQWoHXU\�)HUQH\� ZKLFK FURVVHV /(3 DW 3���� ,W LV
QRW FOHDU ZKDW WKH SUHFLVH PHFKDQLVP LV ZKLFK OHDGV WR WKH GRZQZDUG PRYHPHQW� 7KH PRVW
ORJLFDO ZRXOG EH WKDW WKH VRLO ZDV ZHW DQG VZROOHQ WKURXJK WKH IDXOWV DQG WKDW WKH WXQQHO
GUDLQDJH V\VWHP GULHG LW RXW� 6R WKH VRLO VKUDQN�

7KHUH DUH VHYHUDO XSZDUG VSLNHV LQ WKH YLFLQLW\ RI 3��� � WKH\ DUH GXH WR VZHOOLQJ WKURXJK
WKH ZHOO�NQRZQ ZDWHU EUHDN�LQ XQGHU WKH -XUD� LQ DQ DUHD FDOOHG �5HQDUG�� +HUH PDJQHWV
PRYHG XSZDUGV E\ DERXW � PP DW WKH YHU\ EHJLQQLQJ� 7KH ZDWHU SUREOHP ZDV NQRZQ�
SUREOHPV ZHUH H[SHFWHG KHUH� KHQFH WKH DUHD ZDV UHJXODUO\ VXUYH\HG� 7KHVH PRYHPHQWV
VWRSSHG DIWHU D IHZ \HDUV � LW LV QRW FOHDU LI GXH WR SXPSLQJ JURXW LQWR WKH JURXQG RU GXH
WR WKH VHOI�KHDOLQJ RI WKH &DOFDLUH >�@� :H ZLOO VKRZ ODWHU D nJXUH RI WKLV DUHD DW D ODUJHU
VFDOH EHFDXVH LW FRQWDLQV PRYHPHQWV GXH WR WKH 5HQDUG ZDWHU oRRGLQJ� DQG /(3 FURVVLQJ
WKH $OORQGRQ )DXOW� DQG WKH *RPSKROLWH� DOO WKUHH YHU\ FOHDUO\ VHSDUDWHG LQ WKH HmHFWV RQ
WKH WXQQHO�

6LQFH WKH WLPH RI WKH /(3 H[SORUDWLRQ� PRVWO\ GXH WR *(26$7 PHDVXUHPHQWV� � PRUH
KDV EHFRPH NQRZQ DERXW JHRWHFWRQLF IDXOWV� EXULHG RU QRW� )LJXUH � DV PDUNHG XS E\ 0LFKHO
+XEOLQ IURP WKH &(51 6XUYH\ *URXS VKRZV PDQ\ IDXOW OLQHV� 2QH ZKLFK OLQHV XS ZLWK D
ODUJH PRYHPHQW LQ WKH WXQQHO LV WKH RQH FORVH WR )HUQH\� %XW RWKHUV FURVV WKH /(3 WXQQHO
ZLWKRXW HmHFWLQJ PLVDOLJQPHQWV�

:H VXVSHFW� DV VWDWHG EHIRUH� WKDW LW LV PRUH WKH DYDLODELOLW\ RI ZDWHU ORFDOO\ WKHQ WKH IDXOW
LWVHOI� RU WKH ZLWKGUDZDO RI ZDWHU WKURXJK WKH WXQQHO GUDLQDJH V\VWHP� ZKLFK LV FDXVLQJ WKH

�� 7KLV IDXOW LV DOVR FDOOHG WKH �'uHFKURFKHPHQW GX &RLQ� LQ JHRORJLFDO PDSV� 7KH $OORQGRQ FUHHN RQO\ UXQV

LQ LW LQ WKH YHU\ EHJLQQLQJ�
�� , WKDQN 0LFKHO +XEOLQ IRU PDUNLQJ XS LQ FRORU� EDVHG RQ KLV YDVW NQRZOHGJH� D PDS RI WKH DUHD �)LJXUH ��

ZKLFK VKRZV IDXOW OLQHV HVWDEOLVKHG E\ FODVVLFDO JHRORJLFDO PHDQV DQG E\ VDWHOOLWH VXUYH\LQJ�
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GLmHUHQFHV� 7KLV VXVSLFLRQ LV YHULnHG E\ WKH ORFDWLRQ RI 3���� WKH VHFRQG ODUJHVW GLVFRQWLQXLW\
LQ WKH WXQQHO� +HUH /(3 LV FURVVHG E\ D ZHVW�HDVW IDXOW �RU IDXOWV"� FRPLQJ GRZQ IURP WKH
&UAHW GH OD 1HLJH �QRW PDUNHG LQ )LJXUH �� DQG E\ WKH 6LOORQ GH 6HUJ\ ZKLFK HPSWLHV LQWR
WKH 6LOORQ G
$OORQGRQ� 3DUWLFXODU XVHIXO IRU XQGHUVWDQGLQJ LV D ORQJLWXGLQDO FXW DORQJ /(3
LQ 5HIHUHQFH >��@�

7KH FRQVWUXFWLRQ RI WKH WXQQHO oRRU� KHUH UHJDUGHG DV SDUW RI WKH HQYLURQPHQW� WRRN
SODFH LQ ���� P VHFWLRQV� VHSDUDWHG E\ SRO\VWHULQH H[SDQVLRQ MRLQW� 7KH LQGLYLGXDO VHJPHQWV
ZHUH QRW FRQQHFWHG E\ UHEDU RU RWKHU DQFKRUV� QHLWKHU GLG WKH oRRU LWVHOI FRQWDLQ UHEDU� 7KH
FRQVWUXFWLRQ RI WKH oRRU XQGHU WKH -XUD LV VRPHZKDW GLmHUHQW IURP WKH FRQVWUXFWLRQ LQ WKH
SODLQ� RZLQJ WR WKH GLmHUHQFH LQ WXQQHOLQJ PHWKRG� %XW WKH HVVHQWLDO SDUW LV WKDW LQ ERWK
FDVH WKH oRRU ZDV SRXUHG LQ WZR SKDVHV� HDFK RI FRQVLGHUDEOH WKLFNQHVV VXFK WKDW WKH WRWDO
WKLFNQHVV DW WKH WKLFNHVW SRLQW� DSSUR[LPDWHO\ XQGHU WKH EHDP OLQH LV DERXW ���� P �� IHHW��
,W LV DOVR LPSRUWDQW WR NQRZ WKDW WKH FRQFUHWH ZDV SRXUHG RQ XQGLVWXUEHG VROLG URFN�

)RU FRPSOHWHQHVV ZH PHQWLRQ KHUH WKH FRQVWUXFWLRQ RI WKH WXQQHO ZDOOV� 7KH GLDPHWHU
RI WKH H[FDYDWLRQ ZDV ���� P� VRPHZKDW ODUJHU WKDQ QHHGHG� 7KLV DOORZHG IRU D FRQFUHWH
OLQLQJ RI �� FP WKLFNQHVV ZLWK �� FP RI WROHUDQFH IRU DOLJQPHQW HUURUV RI WKH ERULQJ PDFKLQH�
7KH WXQQHO OLQLQJ LV PDGH RI SUHFDVW ZDWHUSURRI VHJPHQWV RI ����� P OHQJWK� NH\HG WRJHWKHU
DQG UHQGHUHG ZDWHUWLJKW E\ SUHIRUPHG VHDOLQJ VWULSV DQG D PDVWLF VHDO� 7KH OLQLQJ ZDV WKHQ
DWWDFKHG WR WKH URFN ZDOOV E\ LQMHFWLRQ JURXWLQJ� $ GUDLQDJH V\VWHP EHKLQG WKH ZDOOV LV
GHVLJQHG WR SUHYHQW DQ\ ZDWHU SUHVVXUH RQ WKHP�

)LJXUH � VKRZV WKDW IURP WKH PDJQLWXGH RI PLVDOLJQPHQWV /(3 FDQ EH URXJKO\ GLYLGHG
LQWR � UHJLRQV�

q 5HJLRQV � WR � ZLWK PRYHPHQWV XS WR ��� PP LQ ����
q 5HJLRQV � WR � ZLWK PRYHPHQWV LQ WKH ��� PP UHJLRQ LQ ����
q 5HJLRQV � WR � ZKLFK FRQWDLQ WKH ELJJHVW �EUHDN� �IDXOW� LQ )HUQH\�9ROWDLUH FORVH WR
WKH *HQHYD $LUSRUW� ZLWK DFFXPXODWHG DEVROXWH PRYHPHQWV RI �� PP LQ ����� L�H�
� PP�\HDU�

7KHVH UHJLRQV EHFRPH HYHQ PRUH YLVLEOH LI RQH SORWV WKH PRYHPHQW RI D PDJQHW ZLWK
UHVSHFW WR LWV QHLJKERU� UDWKHU WKDQ WKH DEVROXWH HOHYDWLRQ� DV ODWHU LQ )LJXUH ��� 'LmHUHQWO\
H[SUHVVHG� WKH QRUWKHUQ KDOI RI /(3� ZLWK WKH H[FHSWLRQ RI WKH SDUW XQGHU WKH -XUD LQ WKH
&DOFDLUH� LV PRUH VWDEOH WKDQ WKH VRXWKHUQ KDOI� 6LQFH WKH ZDWHU LQ WKH 3D\V GH *H[ JHQHUDOO\
GUDLQV WR WKH VRXWK� WKLV VXSSRUWV WKH WKHVLV WKDW WKH SUHVHQFH� DEVHQFH RU UHPRYDO RI ZDWHU
LV LPSRUWDQW IRU WXQQHO VWDELOLW\�

0XFK FRQFHUQ URVH GXULQJ WKH WXQQHOLQJ EHFDXVH RQH HQFRXQWHUHG OD\HU DIWHU OD\HU RI
GLmHUHQW VDQG VWRQHV� 7KH IHDU ZDV WKHVH ZRXOG JLYH ULVH WR EUHDNV� 1RQH RI WKLV KDV
PDWHULDOL]HG DQG WKH WXQQHO LV YHU\ VWDEOH LQ JHQHUDO�

' $ERXW 0RGHOV� �/DZV�� DQG 3ULQFLSOHV

$ SUHYLRXV SDSHU >�@ VKRZHG WKDW WKH PDJQHW PRYHPHQWV DW HDFK SRLQW VXUYH\HG LQ WKH
/(3 WXQQHO ZHUH SUHGRPLQDQWO\ V\VWHPDWLF � GHWHUPLQLVWLF� �� DQG QRW UDQGRP� LQ QDWXUH�
([SUHVVHG GLmHUHQWO\� WKH WHUP GHWHUPLQLVWLF PHDQV KHUH� LI D PDJQHW PRYHV WKH GLVWDQFH \�

�� 7KH SURSHU WHUPLQRORJ\ IURP WKH +DQGERRN RI 6XUIDFH 0HWURORJ\ >��@ ZRXOG EH GHWHUPLQLVWLF DQG QRW
V\VWHPDWLF� DV LQWURGXFHG SUHYLRXVO\ >�@� ZKLFK ZH ZLOO XVH IURP QRZ RQ� :H ZLOO NHHS WKH XVH RI V\VWHPDWLF

WR XVHV OLNH �V\VWHPDWLF HUURU�� , DP WKDQNLQJ *RUGRQ %RZGHQ RI PDNLQJ PH DZDUH RI 5HIHUHQFH >��@� D WUXH

JHP�
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LQ WKH WLPH W�� LW ZLOO PRYH �\� LQ WKH WLPH �W�� 7KH WULJJHU IRU WKLV FRQFOXVLRQ LQ 5HIHUHQFH >�@
ZDV WKH REVHUYDWLRQ WKDW �RXWOLHUV�� NQRZQ WR KDSSHQ LQ DFFHOHUDWRU VXUYH\LQJ VLQFH D ORQJ
WLPH� ZHUH QRW WUXH RXWOLHUV GXH WR PHDVXUHPHQW RU DGMXVWPHQW HUURUV DV KDG EHHQ DVVXPHG
EXW FRXOG EH WUDFHG EDFN WR GHWHUPLQLVWLF PRYHPHQWV RI VSHFLnF SRLQWV� )LJXUH � VKRZV D
KLVWRULFDO H[DPSOH >��@� 2EVHUYHG LQ PDQ\ DFFHOHUDWRUV� WKHVH PRYHPHQWV JHQHUDOO\ VHHP WR
JR RQ XQDEDWHG IRU � RU PRUH \HDUV� DQG RQO\ VORZ GRZQ VRPHZKDW LQ ODWHU \HDUV�
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),*85( �� +LVWRJUDP RI KRUL]RQWDO DGMXVWPHQWV UHTXLUHG GXULQJ WKH LQVWDOODWLRQ RI ��� DOWHUQDWH JUDGLHQW

PDJQHWV LQ WKH 6/& 6RXWK $UF� 2XWOLHUV DUH IRXQG XS WR � VWDQGDUG GHYLDWLRQV� 1RWH WKDW WKH RULJLQDO nJXUH

FDSWLRQ PDNHV UHIHUHQFH WR D �VPRRWK EHDP OLQH��

7KH FRQFOXVLRQ WKDW LQ PDFKLQHV LQVWDOOHG LQ VROLG URFN WKH GRPLQDQW ORQJ�WHUP PLV�
DOLJQPHQWV DUH GHWHUPLQLVWLF �V\VWHPDWLF� LQ QDWXUH� IURP 5HIHUHQFH >�@� FRQWUDVWV VKDUSO\ WR
WKH FRQFOXVLRQ GUDZQ IURP WKH $7/�K\SRWKHVLV WKDW WKH �JURXQG SRLQWV SHUIRUP %URZQLDQ
PRWLRQ FKDUDFWHUL]HG E\ WKH YDULDQFH RI WKH UHODWLYH GLVSODFHPHQW ZKLFK VFDOHV DV D SURGXFW
RI WHPSRUDO DQG VSDWLDO LQWHUYDOV� >��@� ,Q RWKHU ZRUGV� WKH /(3 GDWD VKRZ WKDW ORQJ�WHUP
PLVDOLJQPHQWV IURP JURXQG PRWLRQ DUH GHWHUPLQLVWLF DQG QRW UDQGRP� 7KLV GRHV QRW H[�
FOXGH UDQGRP FRQWULEXWLRQV WR WKH FRPELQHG PRWLRQ RI PDJQHWV DQG DFFHOHUDWRU HOHPHQWV
IURP RWKHU VRXUFHV OLNH FRROLQJ ZDWHU DQG DLU�FRQGLWLRQLQJ HTXLSPHQW� RU YLEUDWLRQDO JURXQG
GLVSODFHPHQWV RQ D PXFK GLmHUHQW WLPH VFDOH�

5HIHUHQFH >�@ KDG EHHQ LQWHUSUHWHG LQ WKH VHQVH WKDW LW VKRXOG EH EHWWHU WR EXLOG DFFHOHU�
DWRUV LQ ORRVH JURXQG� 7KLV LV RQO\ FRUUHFW LI RQH IRFXVHV VROHO\ RQ WKH ORQJ�WHUP PRYHPHQWV�
)RU WKH GDLO\ VWDELOLW\� LPSRUWDQW IRU RSHUDWLRQ� VROLG URFN WXUQV RXW WR EH WKH EHWWHU PDWHULDO�
7R UHVHDUFK WKLV WRSLF LQ JUHDWHU GHSWK ZH ZLOO HYDOXDWH DQG SORW ORQJ�WHUP UPV�YDOXHV IRU
YDULRXV DUHDV LQ /(3� FRPSDUH WKHP WR GHWHUPLQLVWLF DQG UDQGRP PRGHOV� DQG WKHQ WU\ WR
XVH WKHVH YDOXHV IRU VKRUW�WHUP �KRXUV� SUHGLFWLRQV IRU IXWXUH DFFHOHUDWRUV� ,W KDV DOVR EHHQ
IRXQG WKDW GHHS WXQQHOV LQ VROLG URFN DUH TXLHWHU ZLWK UHVSHFW WR YLEUDWLRQV LQ WKH PDQ\ +]
UHJLRQ >�@�

%XW nUVW ZH PXVW GLVFXVV UDQGRP ZDON� 7KH UDQGRP ZDON SUREOHP LV LPSRUWDQW IRU
XQGHUVWDQGLQJ ZKDW PLJKW EH D �UHDO� FKDQJH LQ HOHYDWLRQ YHUVXV WKH SRVVLEOH PDJQLWXGH RI
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UDQGRP ZDON�LQGXFHG �DSSDUHQW� FKDQJH� 7KH UDQGRP ZDON ZLOO SOD\ D UROH LQ WKH DOLJQPHQW
RI IXWXUH DFFHOHUDWRUV QR PDWWHU ZKDW WKH VXUYH\ DQG DOLJQPHQW PHWKRG� ,W GLG QRW SOD\ D
UROH LQ WKH 6/& OLQDF EHFDXVH RI WKH H[LVWHQFH DQG XVH RI WKH 6/$& ODVHU DOLJQPHQW V\VWHP
ZKLFK JDYH D VWUDLJKW UHIHUHQFH OLQH ZLWKLQ WKH ��xP UHVROXWLRQ RI WKLV V\VWHP >��@� 7KH
ODWWHU ZDV XVHG DV D UHIHUHQFH HYHQ ZKHQ WKH EHDP EDVHG DOLJQPHQW ZDV QHHGHG WR HVWDEOLVK
DFFXUDFLHV VPDOOHU WKDQ ���xP EHWZHHQ WKH OLQDF TXDGUXSROHV DQG WKH ODVHU V\VWHP >��@�

$W WLPHV WKH UDQGRP ZDON KDV EHHQ FRQIXVHG LQ WKH OLWHUDWXUH >��@ ZLWK DQ DFWXDO PRYH�
PHQW� DV VKRZQ LQ 5HIHUHQFH >��@� DQG D FRQVWDQW $/(3 GHVLJQHG WR GHVFULEH WKH PRYHPHQW
LQ /(3 KDV EHHQ GHULYHG IURP LW >��@�

6LQFH WKH PRVW FRPSOHWH VHW RI GDWD LV DYDLODEOH IRU /(3 UHJLRQ 3�� PRUH GHWDLOHG DQDO\VLV
DQG PRGHOLQJ ZLOO IRFXV RQ 3�� 7KH �oDW� UHJLRQ LQ 3��3� ZLOO VHUYH WR JHW D PLQLPXP
EDVHOLQH YDOXH IRU PRYHPHQWV ZKHQ QRWKLQJ VSHFLDO VHHPV WR RFFXU�

7KH UPV�YDOXHV VR GHULYHG ZLOO EH FRPSDUHG WR WZR PRGHOV� WKH GHWHUPLQLVWLF 37 PRGHO
>�@ DQG WKH UDQGRP $7/PRGHO >��@� WKHVH PRGHOV WKHQ LQ WXUQ ZLOO EH XVHG WR SUHGLFW SRVVLEOH
JURXQG PRWLRQ EHKDYLRU RI IXWXUH FROOLGHUV DQG WKH LPSDFW WKLV ZRXOG KDYH RQ DOLJQPHQW
UHTXLUHPHQWV�

7KH GHWHUPLQLVWLF PRGHO KDV EHHQ H[SODLQHG LQ 5HIHUHQFH >�@� LW LV SDUDPHWHUL]HG KHUH
ZLWK WKH HTXDWLRQ

5PV  3 c 7 ���

ZLWK 7  WLPH SDVVHG DQG ZLWK WKH SURSRUWLRQDOLW\ FRQVWDQW� LI GHULYHG IURP WKH GDWD LQ 3��
33 �  ��� c��b�xP�VHF� 2WKHU DUHDV DW /(3 KDYH WR EH GHVFULEHG E\ RWKHU SURSRUWLRQDOLW\
FRQVWDQWV� 7KDW LV WR VD\� WKH FRQVWDQWV DUH ORFDO DQG SUREDEO\ GHSHQG RQ WKH JHRORJ\ RI WKH
ORFDWLRQ LQ WKH WXQQHO� H[FDYDWLRQ PHWKRGV� FRQVWUXFWLRQ PHWKRGV� FRQVWUXFWLRQ TXDOLW\� DQG
VR RQ�

1RWH WKDW XQOLNH WKH $7/ PRGHO� WKLV $QVDW] GRHV QRW GHSHQG RQ WKH GLVWDQFH EHWZHHQ
WZR SRLQWV DW DOO� 6LQFH ZH EHOLHYH� EDVHG RQ WKH HPSLULFDO HYLGHQFH� WKDW HDFK ORFDWLRQ
LQ DQ DFFHOHUDWRU WXQQHO �LQ IDFW� RQ HDUWK� KDV LWV RZQ KLVWRU\� LWV PRYHPHQWV LQ JHQHUDO
FDQQRW GHSHQG UDQGRPO\ RQ WKH GLVWDQFH IURP DQRWKHU IDU DZD\ ORFDWLRQ� 1DWXUDOO\ WKHUH
DUH FRUUHODWLRQV EHWZHHQ ORFDWLRQV FORVH WRJHWKHU� 7KH H[LVWHQFH RI WKRVH FRUUHODWLRQV LV
REYLRXV LQ WKH /(3 GDWD�

7KH UDQGRP K\SRWKHVLV >��@� LV SDUDPHWHUL]HG XVXDOO\ DV

5PV�  $ c 7 c / ���

ZLWK WKH SURSRUWLRQDOLW\ FRQVWDQW $ IRU /(3 GHULYHG E\ 5HIHUHQFH >��@ DV $/(3  
�c��b�xP���VHF c P�� 7 WLPH SDVVHG� DQG /  GLVWDQFH EHWZHHQ WZR ORFDWLRQV ZKRVH 5PV
LV GHVFULEHG ��

7R JHW D IHHO IRU WKH PRYHPHQWV LQYROYHG� ZH UHZULWH WKH SURSRUWLRQDOLW\ IDFWRUV IRU ERWK
PRGHOV� 3 DQG $� IRU WKH EHVW GRFXPHQWHG DUHD RI /(3� 3RLQW 3�� WKH LQVHUWLRQ DUHD� ,Q
XQLWV PRUH REYLRXV IRU ORQJ�WHUP DSSOLFDWLRQV WKHVH FRQVWDQWV FDQ EH H[SUHVVHG DV

33�  �����PP \HDU ���

�� 6RPHWLPHV LQVWHDG RI WKH DFWXDO GLVWDQFH WKH EHWDWURQ ZDYHOHQJWK LV XVHG >��@� EHFDXVH WKH LPSDFW RI

JURXQG PRWLRQV ZLWK ORQJHU ZDYHOHQJWK RQ WKH PDJQHWLF HOHPHQWV LV VXSSUHVVHG �VRPHWLPHV FDOOHG FRUUHODWHG

PRYHPHQWV��

��



DQG

$/(3 c /3�  �����PP� \HDU ���

ZKHUHE\ WKH KDOI RI WKH OHQJWK RI 3�� ��� P� ZDV XVHG LQ WKH ODVW HTXDWLRQ�

,Q 5HIHUHQFH >�@ WKH )LVFKHU 3ULQFLSOH ZDV LQYRNHG� �(YHU\ *URXQG 0RWLRQ KDV D 'HnQLWH
([SODQDWLRQ� >��@� )ROORZLQJ WKLV SULQFLSOH RQH KDV WR nUVW IROORZ PDQ\ VSHFLnF ORFDWLRQV LQ
WXQQHOV RYHU D ORQJ WLPH EHIRUH RQH FDQ PDNH DQ\ VWDWHPHQW DERXW WKH VWDWLVWLFDO EHKDYLRU
RI WKH DVVHPEO\ RI DOO ORFDWLRQV� 3URSRQHQWV RI WKH UDQGRP PRGHO >��@ KDYH FRPSODLQHG WKDW
HDFK DFFHOHUDWRU EXLOGHU FODLPV WKDW KLV RU KHU WXQQHO LV VSHFLDO� 6XFK VWDWHPHQWV PLVV WKH
SRLQW� ,W LV QRW RQO\ HDFK WXQQHO ZKLFK� GXH WR JHRORJLFDO RU FRQVWUXFWLRQ XQLTXHQHVV� LV
SDUWLFXODU� LW LV HDFK SRLQW LQ HDFK WXQQHO ZKLFK LV VSHFLDO EHFDXVH RI LWV KLVWRU\ >�@�

( 3UREOHPV LQ WKH $QDO\VLV RI /RQJ 6XUYH\ 5XQV

8VLQJ WKH /(3 ���� GDWD� )LJXUH � VKRZV ZKDW FDQ KDSSHQ ZLWK DQ DSSHDUDQFH RI
FRPSRQHQW PRYHPHQW� ZKHQ WKHUH LV QRQH� DQG KRZ FDUHIXO RQH PXVW EH ZKHQ LQWHUSUHWLQJ
GDWD� /HYHOLQJ GLVWDQFHV LQ /(3 DUH W\SLFDOO\ ����� P �KDOI WKH 4XDGUXSROH VSDFLQJ LQ WKH
DUFV�� VR WKDW OHYHOLQJ VHW�XSV ZHUH PDGH HYHU\ ���� P� 7KXV WKH QXPEHU RI WRWDO VHW�XSV LV
DERXW ����

)RU FRVW UHDVRQV QR FRPSOHWH /(3 VXUYH\ KDG EHHQ GRQH XQWLO ����� DIWHU FRQVWUXFWLRQ
ZDV FRPSOHWHG LQ ����� )RU PRVW RI /(3 WKLV VXUYH\ ZDV WKH nUVW SRVW�FRQVWUXFWLRQ ORRN�
,W ZDV IRXQG WKDW WKH /(3 PDJQHWV KDG EHHQ LQVWDOOHG LQ D ZDUSHG SODQH �)LJXUH ��� 7KLV
KDSSHQHG EHFDXVH WKH DXWRPDWLF FRPSHQVDWLRQ RI WKH OHYHO ZDV VXVFHSWLEOH WR WKH HDUWK
V
PDJQHWLF nHOG� SURGXFLQJ D VLQXV HUURU ZKHQ PDNLQJ RQH FRPSOHWH WXUQ ZLWK WKH OHYHO LQ WKH
PDJQHWLF nHOG RI WKH HDUWK� 2QH HDVLO\ FRQFOXGHV IURP )LJXUH � WKDW WKH VKDUS VSLNHV LQ WKH
GDWD DUH PRVW OLNHO\ WUXH PLVDOLJQPHQWV�

7KH TXHVWLRQ DULVHV� LV WKH EURDG KXPS EHWZHHQ �� DQG �� NP DOVR GXH WR D WUXH
PRYHPHQW RI WKH WXQQHO oRRU" 3UREDEO\ LW LV GXH WR UDQGRP ZDON GXULQJ WKH LQVWDOODWLRQ
VXUYH\ ZKLFK FRXOG QRW XQDPELJXRXVO\ EH UHPRYHG E\ WKH DQDO\VLV� :H ZLOO PDNH WKH FDVH
WKDW LW LV QRW D WUXH PRYHPHQW WKURXJK D VHULHV RI VLPXODWLRQV DQG FRPSDULVRQ WR GLmHUHQFHV
RI GDWD E\ \HDU� EXW LW LV GLpFXOW WR EH DEVROXWHO\ VXUH�

6R LQ DGGLWLRQ WR V\VWHPDWLF HmHFWV RI VXUYH\ LQVWUXPHQWV� WKHUH LV WKH UDQGRP ZDON
SUREOHP RQH KDV WR GHDO ZLWK� 8QOLNH PRVW PHDVXUHPHQW SURFHVVHV LQ SK\VLFV WKDW ZH DUH
XVHG WR� VXUYH\ PHDVXUHPHQWV SURJUHVV IURP ORFDWLRQ WR ORFDWLRQ� ZKHUHE\ WKH UHVXOWV IURP DOO
SUHYLRXV PHDVXUHPHQWV LPSDFW RQ WKH QH[W RQH� $ FDVH LQ SRLQW LV WKH ZHOO�NQRZQ SUREOHP
RI DQJOH PHDVXUHPHQWV ZLWK D WKHRGROLWH LQ D WXQQHO� ZKHUH YHU\ VPDOO V\VWHPDWLF HUURUV GXH
WR WKH WUDQVYHUVH WHPSHUDWXUH JUDGLHQW RI WKH DLU LQ HDFK PHDVXUHPHQW FDQ DGG XS WR KXJH
DFFXPXODWHG HUURUV� LI QRW UHVWUDLQHG E\ RWKHU PHWKRGV �� )RU OHYHOLQJ WKH UDQGRP ZDON LV
PRUH WURXEOHVRPH WKDQ WKH V\VWHPDWLF HUURUV� DOWKRXJK WKH ODWWHU KDYH WR EH ZDWFKHG�

)RU D UDQGRP ZDON ZLWK DQ HUURU q LQ HDFK VWHS �WKH DVVXPHG VHW�XS HUURU LQ OHYHOLQJ�
WKH H[SHFWHG PHDQ VTXDUH HUURU DIWHU VWHS L LV

5PV  
S
L c q ���

�� )RU WKH UHODWLYHO\ VKRUW 6/& DUFV WKH HVWLPDWHG KRUL]RQWDO FORVXUH HUURU ZLWKRXW RXWVLGH FRQVWUDLQW ZDV D

VWDJJHULQJ ��� PP� ZKHQ WKH WROHUDQFH JLYHQ ZDV � PP� 7KH KRUL]RQWDO FRRUGLQDWH KDG WR EH FRQVWUDLQHG

E\ �� SHQHWUDWLRQV >��@ WR JHW WKH FORVXUH HUURU GRZQ WR � PP�

��
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),*85( �� 7KH VLQXVRLGDO UDJJHG FXUYH VKRZV WKH UDZ GDWD DV PHDVXUHG 
��� ,W ZDV LGHQWLnHG DV EHLQJ

DURXQG D VNHZHG FXUYH �WKH VHFRQG� VPRRWK VLQXVRLGDO FXUYH� FDXVHG E\ D V\VWHPDWLF HUURU RI WKH OHYHOLQJ

LQVWUXPHQW ZLWK ZKLFK WKH RULJLQDO LQVWDOODWLRQ ZDV GRQH� 7KDW PHDQV /(3 DFWXDOO\ LV EXLOW LQ D ZDUSHG

SODQH ZLWK DERXW h�PP DPSOLWXGH� 7KH WKLUG GHULYHG FXUYH� WKH GLmHUHQFH EHWZHHQ WKH WZR� nQDOO\ VKRZV

WKH GHULYHG SRVLWLRQ RI PDJQHWV LQ /(3 LQ ����� ,QWHUYHQLQJ UH�DOLJQPHQWV KDYH QRW EHHQ WDNHQ LQWR DFFRXQW

KHUH� +RZHYHU� WKH GHULYHG SRVLWLRQV DUH DOVR QRW TXLWH ULJKW GXH WR UDQGRP ZDON� DV ZH ZLOO VKRZ� 'RHV

UDQGRP ZDON PDWWHU IRU WKH SHUIRUPDQFH RI /(3� SUREDEO\ QRW� 'RHV LW PDWWHU IRU FRQFOXVLRQV RWKHU SHRSOH

KDYH GUDZQ IURP WKH GDWD� \HV� 2QH VKRXOG HPSKDVL]H KHUH WKDW WKH DJUHHPHQW RI WKH GHULYHG FXUYH ZLWK

YHUWLFDO ]HUR �WKH KRUL]RQWDO D[LV� LV QR DFFLGHQW� WKHUH LV PXFK HmRUW DQG VNLOO EHKLQG LW� IRU IXUWKHU UHDGLQJ

VHH 5HIHUHQFH >�@�
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),*85( �� )LYH K\SRWKHWLFDO OHYHO UXQV DURXQG /(3 ZLWK RSHQ HQG� 7KLV VKRXOG EH LQWHUSUHWHG DV

PRGHOLQJ WKH YDULDWLRQV LQ D \HDUO\ VXUYH\ RI D SHUIHFWO\ DOLJQHG PDFKLQH ZKLFK GRHV QRW PRYH DW DOO� 7KH

VPRRWK OLQH VKRZV WKH �} H[SHFWHG HUURU FXUYH� IRU D �� xP VHW�XS HUURU IRU HDFK PHDVXUHPHQW� LI RQH VWDUWV

WKH OHYHO SURFHVV IURP FRRUGLQDWH ]HUR� 1RWH LQ SDUWLFXODU ZLWK WKH WRS FXUYH KRZ PXFK D UDQGRP ZDON FDQ

VWUD\ IURP WKH H[SHFWHG� ,Q )LJXUH � ZH VKRZ KRZ ZHOO WKLV FDQ EH FRUUHFWHG ZLWK DQ HQG�SRLQW DGMXVWPHQW�

��
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),*85( �� 7KLV VKRZV WKH LGHQWLFDO � �VLPXODWHG� PHDVXUHPHQWV RI )LJXUH �� 7KH HQG�SRLQW HUURU RI

HDFK FXUYH LV OLQHDUO\ GLVWULEXWHG RYHU WKH UXQ RI WKH VXUYH\� 7KH �} FXUYHV VKRZ WKDW ��� RI WKH HQG�SRLQW

FRUUHFWHG PHDVXUHPHQWV IDOO ZLWKLQ WKH FXUYHV�

)LJXUH � VKRZV D VLPXODWLRQ RI � K\SRWKHWLFDO OHYHOLQJ UXQV DURXQG /(3� DVVXPHG WR EH
LQGHSHQGHQW ZRUN GRQH DW GLmHUHQW WLPHV� IRU H[DPSOH ���� � ��� /HW XV DOVR DVVXPH WKDW ZH
KDYH nUPO\ LQVWDOOHG PRQXPHQWV LQ WKH oRRU VR WKDW DUELWUDU\ DQG ZLOOIXO PRYHPHQWV RI WKH
PDJQHWV KDYH QR LQoXHQFH RQ WKH UHVXOW� 7KH VLPXODWHG GDWD VKRZQ DUH QRW FRUUHFWHG IRU
WKH FORVLQJ �HQG�SRLQW� HUURU� ZH ZLOO VKRZ WKH HQG�SRLQW�FRUUHFWHG GDWD LQ )LJXUH �� 7KLV
H[SHFWHG �WKHRUHWLFDO� HQG�SRLQW HUURU FDQ EH FDOFXODWHG IURP HTXDWLRQ ��� DQG ZLWK ���
VHW�XSV DQG D VHW�XS HUURU RI �� xP LV ��� PP DW WKH �} OHYHO� 7KH GDVKHG FXUYH VKRZV WKH
H[SHFWHG �} HUURU DW HDFK SRLQW LI WKH OHYHOLQJ VWDUWV DW FRRUGLQDWH ]HUR�

7KH VLPXODWLRQV ZHUH GRQH ZLWK WKH UDQGRP QXPEHU JHQHUDWRU LQ 0$7/$% ZKLFK SUR�
GXFHG SVHXGR�UDQGRP QXPEHUV GUDZQ IURP D QRUPDO GLVWULEXWLRQ ZLWK D PHDQ RI ]HUR DQG D
YDULDQFH RI RQH� 7KH VWDWH RI WKH JHQHUDWRU ZDV FRXSOHG WR WKH FORFN RI WKH FRPSXWHU� PDNLQJ
VXUH WKDW D GLmHUHQW VHTXHQFH RI UDQGRP QXPEHUV �VHHG� ZDV JHQHUDWHG HDFK WLPH WKH JHQHU�
DWRU ZDV XVHG� 7KH UHODWLRQ EHWZHHQ WKH YDULDQFH DQG } �VWDQGDUG YDULDWLRQ� LV HVWDEOLVKHG
E\ QRUPDOL]LQJ WKH VXP RI VTXDUH GHYLDWLRQV E\ �1���� ZKHUH 1 LV WKH WRWDO QXPEHU RI WKH
VHTXHQFH� 7KLV PDNHV }� WKH EHVW XQELDVHG HVWLPDWH RI WKH YDULDQFH LI WKH GDWD DUH D VDPSOH
IURP D QRUPDO GLVWULEXWLRQ�

/HYHOLQJ D FLUFXODU PDFKLQH KDV WKH DGYDQWDJHRXV IHDWXUH WKDW ZLWK WKH ODVW SRLQW RQH
FRPHV EDFN WR WKH SRLQW RI RULJLQ� 7KH FORVXUH HUURU WKHQ FDQ EH OLQHDUO\ GLVWULEXWHG RYHU WKH
OHYHOLQJ UXQ� )LJXUH � PLJKW RQH PDNH EHOLHYH WKDW WKH WXQQHO oRRU PRQXPHQWV KDYH PRYHG�
XS WR DQ DPSOLWXGH RI { h���PP� ZKHQ LQ IDFW WKH\ KDYH QRW�

7R UHWXUQ WR )LJXUH �� WKH EURDG YDULDWLRQ EHWZHHQ �� DQG �� NP LV SUREDEO\ D UHPQDQW RI
WKH UDQGRP ZDON GXULQJ WKH LQVWDOODWLRQ VXUYH\� ,V WKHUH DQ\ ZD\ WR DYRLG WKLV UDQGRP ZDON"
2QO\ LI RQH LV ZLOOLQJ WR VSHQG WKH PRQH\ DQG HmRUW WR EULQJ LQ LQGHSHQGHQW PHDVXUHPHQWV
IURP WKH VXUIDFH WKURXJK SHQHWUDWLRQV� 5HSHDWLQJ WKH VXUYH\LQJ ZRXOG MXVW KDYH OHG WR
DQRWKHU UDQGRP ZDON� %ULQJLQJ LQ LQGHSHQGHQW PHDVXUHPHQWV LQ WKH YHUWLFDO � ZDV QRW

�� 7R OLPLW WKH KRUL]RQWDO V\VWHPDWLF GHYLDWLRQV� ZKHUH RXWVLGH UHIHUHQFHV ZHUH QHHGHG� D J\UR WKHRGROLWH

ZDV XVHG IRU /(3�

��



QHHGHG IRU WKH GHPDQGV RI /(3� EXW LW ZLOO SUREDEO\ EH QHFHVVDU\ IRU WKH OLQHDU FROOLGHUV \HW WR
EH EXLOW� )LIWHHQ \HDUV DJR WKLV ZRXOG KDYH EHHQ D YHU\ H[SHQVLYH SURSRVLWLRQ� +RZHYHU� WKH
DGYHQW RI *36 WHFKQRORJ\ PHDQV WKDW VXE�PLOOLPHWHU DFFXUDF\ FDQ EH DFKLHYHG KRUL]RQWDOO\
DQG YHUWLFDOO\ DW D ORZ SULFH� XVLQJ SHQHWUDWLRQV WR WKH VXUIDFH� %XW WKHUH VWLOO ZLOO EH UDQGRP
ZDON� DOEHLW ZLWK D UHGXFHG DPSOLWXGH�

$OWKRXJK WKHUH LV QR GLUHFW PHWKRG WR LQYHVWLJDWH DQG SUHYHQW WKH UDQGRP ZDON IURP
KDSSHQLQJ� RQH FDQ JHW D IHHO IRU LWV PDJQLWXGH H[SHULPHQWDOO\ E\ FRPSDULQJ WKH \HDUO\
PHDVXUHG GLmHUHQFHV� VLQFH GLmHUHQFHV EHWZHHQ UDQGRP ZDONV DUH UDQGRP ZDONV WKHPVHOYHV
�H[FHSW IRU D

S
� LQ WKH H[SHFWHG HUURU�� )LJXUH � VKRZV WKH IRXU GLmHUHQFH FXUYHV IRU WKH

nYH VLPXODWHG FXUYHV RI )LJXUH �� $V D UHDOLW\ FKHFN )LJXUH �� WKHQ VKRZV WKH IRXU GLmHUHQFH
FXUYHV IRU WKH nYH DFWXDO PHDVXUHPHQWV IURP WKH \HDUV ���� WR �����
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−−− 2*sqrt(2)* σ curve

),*85( �� 7KH IRXU GLmHUHQFHV EHWZHHQ WKH � VLPXODWHG PHDVXUHPHQWV RI )LJXUH �� 7KH �}c
S
� FXUYH

VKRZV WKDW ��� RI WKH GLmHUHQFHV IDOO ZLWKLQ� MXVW OLNH WKH RULJLQDO UDQGRP ZDON�

7KH DJUHHPHQW EHWZHHQ )LJXUHV � DQG �� LV JRRG� 0D\EH WKH DPSOLWXGHV RI WKH VPRRWK
SDUWV RI WKH FXUYHV LQ )LJXUH �� DUH VRPHZKDW ODUJHU WKDQ WKH VLPXODWLRQ LQ )LJXUH �� SRLQWLQJ
WR D VHW�XS HUURU ODUJHU WKDQ �� xP� EXW WKDW LV GLpFXOW WR MXGJH ZLWK WKH VPDOO GDWD VDPSOH RI
MXVW IRXU FXUYHV� 2QH FDQ LGHQWLI\ TXLWH FOHDUO\ WKH PDMRU UHDO� VSLNH�OLNH� PRYHPHQWV� ZKLOH
WKH PRUH JUDGXDO FKDQJHV DUH VXVSHFW IRU UDQGRP ZDON HmHFWV� :H ZLOO ORRN DW D PHWKRG WR
JHW DURXQG WKLV DPELJXLW\ IRU D TXDQWLWDWLYH FRPSDULVRQ WR PRGHOV� IXUWKHU EHORZ�

:KDW GRHV WKH UDQGRP ZDON RI /(3 VXUYH\LQJ RYHU WKH \HDUV KDYH WR GR ZLWK RQH RI
WKH WRSLFV RI WKLV SDSHU� QDPHO\ WR LQYHVWLJDWH WKH VKRUW�WHUP PRYHPHQWV" $V GHVFULEHG
SUHYLRXVO\� WKH $7/ PRGHO IRU /(3 >��@ KDV EHHQ nWWHG XVLQJ WKH UDQGRP ZDON RI WKH VXUYH\
LQVWUXPHQW WR JHW D /(3 VSHFLnF QXPEHU IRU $/(3 � DQG KDG QRW EHHQ nWWHG WR WKH DFWXDO
PRYHPHQWV RI WKH PDJQHWV� 2QH RI WKH WDVNV EHORZ ZLOO EH WR LGHQWLI\ WKH DFWXDO PRYHPHQWV
DQG WKHQ WR FRQVWUXFW D PRGHO�

$V QRWHG HDUOLHU� QRW DOO RI /(3 ZDV PHDVXUHG DQQXDOO\ EHIRUH ����� %XW WKH LQMHFWLRQ
DUHD �3�� ZDV VXUYH\HG HDFK \HDU IURP WKH EHJLQQLQJ DQG KDV WKH PRVW FRPSOHWH VHW RI GDWD�
7KHUHIRUH� WKH DQDO\VLV IURP 5HIHUHQFH >�@ LV H[WHQGHG EHORZ WR LQFOXGH DOO WKH GDWD DYDLODEOH
IRU UHJLRQ 3� WKURXJK �����

��
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),*85( ��� 7KH IRXU GLmHUHQFHV EHWZHHQ � DFWXDO OHYHO UXQV DURXQG /(3 LQ WKH \HDUV ���� WR �����

'LmHUHQFHV EHWZHHQ UDQGRP ZDONV DUH DJDLQ UDQGRP ZDONV EXW ZLWK WKH HUURU ODUJHU E\
S
�� 2QH FDQ

LGHQWLI\ TXLWH FOHDUO\ WKH PDMRU UHDO VSLNH�OLNH PRYHPHQWV� ZKLOH WKH PRUH JUDGXDO FKDQJHV DUH VXVSHFW IRU

UDQGRP ZDON HmHFWV�

) :K\ DFFHOHUDWRU PLVDOLJQPHQWV ORRN UDQGRP
�ZKHQ LQ IDFW WKH\ DUH QRW�

6LQFH LWV LQYHQWLRQ LQ ���� E\ &RXUDQW DQG 6Q\GHU >��@� VWURQJ IRFXVLQJ KDV EHHQ WKH
EDVLV IRU PXFK RI WKH LPSURYHPHQW LQ WKH SHUIRUPDQFH RI DFFHOHUDWRUV DQG VWRUDJH ULQJV�
7KHUH ZHUH FRQFXUUHQW LQFUHDVHG GHPDQGV RQ DOLJQPHQW WROHUDQFHV� EXW RYHU WKH \HDUV LW
ZDV UHFRJQL]HG WKDW DEVROXWH SRVLWLRQLQJ RI PDJQHWLF HOHPHQWV LV QRW HVVHQWLDO� WKDW PDLQO\
UHODWLYH �HOHPHQW WR HOHPHQW� VPRRWKQHVV LV LPSRUWDQW� �VHH H�J�� WKH GLVFXVVLRQ RI VPRRWKLQJ
FRQFHSWV LQ >��@ DQG >��@��

,Q WKH FRQWH[W RI VPRRWKLQJ� WKH DOLJQPHQW UPV GHYLDWLRQ IURP DQ LGHDO RU VPRRWK UHIHU�
HQFH RUELW EHFDPH WKH LPSRUWDQW SDUDPHWHU IRU PDFKLQH SK\VLFLVWV� $FFHOHUDWRU VLPXODWLRQV
ZHUH GHVLJQHG WR LQYHVWLJDWH ZKDW UPV� LQGHSHQGHQW RI VRXUFH� ZRXOG EH VXpFLHQW IRU VDW�
LVIDFWRU\ RSHUDWLRQ� 1R SDUWLFXODU HmRUW ZDV PDGH WR XQGHUVWDQG WKH URRW FDXVHV IRU WKH
PRYHPHQW
V XQGHUO\LQJ GHYLDWLRQV�

7XQQHO PRYHPHQWV DUH LQWHUSUHWHG DV UDQGRP EHFDXVH WKH PLVDOLJQPHQWV DUH PHDVXUHG
DV GHYLDWLRQV IURP D VPRRWK PHDQ FXUYH �GHnQHG E\ WKH PHDVXUHPHQWV WKHPVHOYHV�� DQG
QRW IURP VRPH DEVROXWH LGHDO OLQH�

7KXV� E\ WKHLU YHU\ QDWXUH� VPRRWKLQJ PHWKRGV SURGXFH GHYLDWLRQV �IURP WKH WKXV
GHnQHG PHDQ� ZKLFK ORRN *DXVVLDQ �WKDW LV QRUPDO� GLVWULEXWHG� 7KH GHYLDWLRQV VHHPLQJO\
DUH WKH UHVXOW RI D UDQGRP XQGHUO\LQJ SURFHVV �WKH PRYHPHQW�� ZKHQ LQ IDFW WKH\ DUH QRW�

)LJXUH � LV D SHUIHFW H[DPSOH IRU WKDW HmHFW� 7KLV SDSHU ZLOO DJDLQ VKRZ� ZLWK WKH
HQODUJHG /(3 GDWD VHW� WKDW LQGLYLGXDO ORFDWLRQV LQ DFFHOHUDWRU WXQQHOV IRU WKH PRVW SDUW
GR QRW PRYH LQ D UDQGRP EXW UDWKHU LQ D GHWHUPLQLVWLF ZD\ RQ HDFK SRLQW� SUREDEO\ GXH WR
FRQFUHWH oRRU VHWWOHPHQW DQG SHUVLVWHQW JHRORJLFDO DQG K\GURVWDWLF IRUFHV�

��
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$ (YDOXDWLRQ RI 3� 'DWD IURP ���� WR ����

:H ZLOO nUVW GHDO ZLWK WKH 3� GDWD EHIRUH H[WHQGLQJ WKH DQDO\VLV WR DOO RI /(3� 7R
XQGHUVWDQG VRPH RI WKH DUJXPHQWV ZKLFK IROORZ ODWHU RQH KDV NHHS nUPO\ LQ PLQG WKDW WKHVH
OHYHOLQJ �GDWD� DUH UHVWRUHG GDWD >�@� L�H�� IRU HDFK \HDU WKH SORWWHG GDWD KDYH EHHQ FRUUHFWHG
IRU DOO ZLOOIXO PDJQHW PRYHPHQWV �LQFOXGLQJ VPRRWKLQJ UH�DOLJQPHQW� NQRZQ IURP SUHYLRXV
\HDUV� 5HIHUHQFH >�@ UHVWRUHG WKH VXUYH\ GDWD IRU DOO WKH /(3 PDJQHW PRYHPHQWV IRU WKH ����
� �� SHULRG� &RUUHFWLRQV WR WKH GDWD IRU WKH SUHYLRXV WLPH ZHUH WDNHQ IURP 5HIHUHQFH >�@ DQG
XSGDWHG WDNLQJ WKH GDWD IURP >��@ RI DOO NQRZQ YROXQWDU\ PRYHPHQWV EHIRUH ����� LQFOXGLQJ
UHJLRQV RXWVLGH RI 3�� WKLV PDGH D FRPSOHWH \HDUO\ VHW RI GDWD IRU 3� DQG EURXJKW DOO RI WKH
/(3 GDWD WR WKH EHVW SRVVLEOH VWDWH�

:H WULHG WR OLQH XS WKH � SURPLQHQW GRZQZDUG DQG WKH � XSZDUG PRYHPHQWV LQ 3� ZLWK
NQRZQ IDXOW OLQHV �VHH )LJXUH �� 7KH\ GRQ
W OLQH XS� 6LQFH 3� LV WKH LQMHFWLRQ DUHD IRU /(3
WKH WXQQHO FURVV VHFWLRQ FKDQJHV RQ ERWK VLGHV ZKHQ WKH LQMHFWLRQ WXQQHOV FRPH LQ� 7KHVH
ORFDWLRQV GR QRW OLQH XS HLWKHU ZLWK WKH FKDQJHV LQ HOHYDWLRQ�
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),*85( ��� (OHPHQWDU\ SURFHVVLQJ RI GDWD LQ 3�� VKRZQ KHUH IRU WKH ���� PHDVXUHPHQWV� 6KRZQ DUH �D�

WKH RULJLQDO GDWD DQG WKHLU nW� �E� WKH VXEWUDFWHG HOHYDWLRQ� �F� D KLVWRJUDP RI WKHVH HOHYDWLRQV� DQG �G� D

KLVWRJUDP RI WKH VLPSOH GLmHUHQFHV EHWZHHQ DGMDFHQW PDJQHWV� 1RWH WKDW WKH UPV�YDOXHV IRU WKH GLmHUHQFHV

IURP D VPRRWK FXUYH DQG WKH GLmHUHQFHV EHWZHHQ DGMDFHQW PDJQHWV DUH YHU\ FORVH�

)LJXUH �� VKRZV� XVLQJ WKH H[DPSOH RI WKH ���� GDWD� KRZ WKH 3� UHVXOWV ZHUH KDQGOHG�
7KH GDWD IRU HDFK \HDU ZHUH nWWHG ZLWK D �QG RUGHU SRO\QRPLDO WR UHGXFH UDQGRP ZDON
ELDV IURP WKH OHYHOLQJ SURFHVV� 7KLV LV QRW FRPSOHWHO\ DFFXUDWH� DV LQ DOO nWV WKH H[WUHPH

��



SRLQWV FDUU\ H[WUD ZHLJKW DQG ELDV WKH DYHUDJH nW� +RZHYHU� LW LV QRW EDG IRU 3RLQW � GDWD LQ
SDUWLFXODU� VLQFH XSZDUGV DQG GRZQZDUGV PRYHPHQWV DUH VRPHZKDW EDODQFHG� $W WKH VDPH
WLPH� GLmHUHQFHV EHWZHHQ DGMDFHQW PDJQHWV ZHUH HYDOXDWHG �VXEnJXUH �G��� :H XVH KHUH� DQG
RQO\ KHUH LQ WKLV SDSHU� WKH GDWD ZLWK WKH nW VXEWUDFWHG EHFDXVH WKLV GLVSOD\ VKRZV PRUH
FOHDUO\ WKH GHWHUPLQLVWLF FKDUDFWHULVWLFV RI WKH PRYHPHQWV�
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),*85( ��� (OHYDWLRQ LQ 3�� DIWHU VXEWUDFWLRQ RI �QG RUGHU nW� IRU WKH \HDUV ���� � ����� 7KH VHTXHQFH

RI FXUYHV LQ WKH YHUWLFDO IROORZV E\ DQG ODUJH WKH \HDUV WKH GDWD ZHUH WDNHQ� 7KHUH DUH VHYHUDO IHDWXUHV LQ WKH

SORW ZKLFK VKRZ WKDW WKH HOHYDWLRQV IDOO LQWR WZR JURXSV� RQH IRU WKH \HDUV ������ DQG RQH IRU ������ 7KLV LV

SDUWLFXODUO\ HYLGHQW DURXQG ����P� ���P� ����P� DQG ���P� 7KH GDWD ZHUH QRUPDOL]HG WR WKH VDPH YDOXH

�]HUR� DW ���� P�

)LUVW� ZH ZLOO SORW WKH 3� GDWD IRU DOO �� \HDUV DYDLODEOH LQ )LJXUH ��� 7KH SRVLWLRQV
IDOO LQWR WZR JURXSV E\ \HDUV� RQH IURP ���� WR ����� DQG DQRWKHU IURP ���� WR ����� )RU
JXLGDQFH� VHH WKH FDSWLRQ RI )LJXUH ��� :KDW KDSSHQHG EHWZHHQ WKH WZR VHTXHQFHV" 7KHUH
LV VWLOO PRUH ZRUN WR GR EHIRUH RQH FDQ DGGUHVV WKLV TXHVWLRQ�

(YHQ ZLWK WKH PHWKRG RI nWWLQJ D SRO\QRPLDO DQG VXEWUDFWLQJ WKH nWWHG FXUYH� WKHUH LV
VWLOO D TXHVWLRQ RI PRGHO ELDV IURP WKH OHYHOLQJ SURFHVV� 7R HOLPLQDWH WKDW SRWHQWLDO ELDV�
D QH[W VWHS LQ WKH HYDOXDWLRQ LV WR H[DPLQH WKH GLmHUHQFHV EHWZHHQ RQH PDJQHW DQG LW
V
QHLJKERU �VLPSOH GLmHUHQFH�� 7KLV KDV WKH DGYDQWDJH RI HOLPLQDWLQJ UDQGRP ZDON RI WKH
OHYHOLQJ SURFHVV DV ZHOO DV EHLQJ LGHQWLFDO WR WKH RULJLQDO PHWKRG RI PHDVXULQJ HOHYDWLRQV
GLUHFWO\ IURP PDJQHW WR PDJQHW� 7KXV� LI D UDQGRP FRPSRQHQW VKRXOG EH IRXQG LQ WKH GDWD�
LW FRXOG EH DWWULEXWHG WR WKH DFWXDO PRYHPHQWV RI WKH oRRU� $Q H[DPSOH IRU WKH GLVWULEXWLRQ
RI GLmHUHQFHV ZDV VKRZQ LQ )LJXUH ��� VXEnJXUH G� 7KLV VXEnJXUH DOVR VKRZHG WKDW WKH
UPV YDOXH FDOFXODWHG IURP WKH GHYLDWLRQV IURP D VPRRWK nW DQG WKH UPV FDOFXODWHG IURP WKH
GLmHUHQFHV DUH YHU\ FORVH� VR WKDW IRU WKH SXUSRVHV RI UPV HYDOXDWLRQ ERWK PHWKRGV FDQ EH
XVHG LQWHUFKDQJHDEO\�

8VLQJ WKLV DSSURDFK� )LJXUH �� LV EDVHG RQ WKH VDPH GDWD DV )LJXUH ��� EXW LQVWHDG RI
nWWLQJ DQG VXEWUDFWLQJ D VPRRWK FXUYH� D GLUHFW VXEWUDFWLRQ RI WKH HOHYDWLRQV RI DGMDFHQW
PDJQHWV ZDV GRQH� )LJXUH �� YHULnHV WKDW WKH FKDQJH RI GLmHUHQFHV IDOOV LQWR WZR JURXSV E\
\HDUV� DOWKRXJK QRW DV FOHDUO\ DV )LJXUH ��� :H ZLOO UHWXUQ WR WKLV WRSLF IXUWKHU EHORZ LQ
FRQQHFWLRQ ZLWK HYDOXDWLQJ WKH UPV GHYLDWLRQ IRU 3��

2QH UHFXUULQJ TXHVWLRQ LV KRZ WR HQVXUH WKDW WKH PRYHPHQWV LQ HDFK ORFDWLRQ DUH GH�

��
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),*85( ��� 6LPSOH GLmHUHQFHV EHWZHHQ DGMDFHQW PDJQHWV LQ 3�� 7KH VKDUSQHVV RI WKH GLmHUHQFH SHDNV

DW ���P XQGHUOLQHV WKH DEUXSWQHVV RI WKH PRYHPHQW� LWV SLWFK� 7KH UHVROXWLRQ RI WKH SLWFK LV OLPLWHG E\

WKH GLVWDQFH EHWZHHQ PDJQHWV� WKDW LV WR VD\ WKLV PRYHPHQW FRXOG LQ DFWXDOLW\ EH HYHQ PRUH DEUXSW WKDQ

PHDVXUHG�
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),*85( ��� )URP WKH GDWD RI )LJXUH �� DUH GHULYHG WKH VORSHV RI PRYHPHQWV LQ PP�\HDU IRU DOO PDJQHWV

ZLWK DYHUDJH PRYHPHQWV RI PRUH WKDQ �� xP�\HDU�

��



WHUPLQLVWLF DQG QRW UDQGRP� DQG LQ SDUWLFXODU KRZ WR PDNH WKLV JUDSKLFDOO\ DSSDUHQW ��
)LJXUH �� VKRZV WKH PHDVXUHG GLmHUHQFHV LQ HOHYDWLRQ EHWZHHQ DGMDFHQW PDJQHWV DV D IXQF�
WLRQ RI WKH \HDU PHDVXUHG� 2QO\ PRYHPHQWV ZLWK DQ DYHUDJH VORSH RI ODUJHU WKDQ �� xP�\HDU
DUH VKRZQ� EHFDXVH WKH VLQJOH VHW�XS HUURU RI D PHDVXUHPHQW LQ RQH \HDU LV DERXW WZLFH WKDW�
5DQGRP PRYHPHQWV ZRXOG EH LQGLFDWHG E\ FXUYHV JRLQJ XS DQG GRZQ LQ WKH SORW� ZKLFK WKH\
GRQ
W� ,Q SDUWLFXODU� LW LV VWULNLQJ WKDW OLQHV GR QRW VHHP WR FURVV ]HUR� :H ZLOO VKRZ ODWHU
WKDW WKLV LV D JHQHUDO IHDWXUH RI DOO RI /(3� ZKLFK PHDQV DOO RI /(3 EHKDYHV LQ D GHWHUPLQLVWLF
PDQQHU�

,Q WKH QH[W VWHS ZH ZLOO FDOFXODWH DQG SORW UPV�YDOXHV �LQ )LJXUH ��� IRU 3RLQW � IRU WKH
GLmHUHQFHV VKRZQ LQ )LJXUH ��� 2QH FRXOG XVH WKH UPV�YDOXHV IRU WKH HOHYDWLRQV WKHPVHOYHV�
WKHVH IROORZ WKH VDPH WUHQG� DOEHLW WKH\ DUH LQ JHQHUDO VRPHZKDW KLJKHU� DV VKRXOG EH H[�
SHFWHG� %XW XVLQJ WKH HOHYDWLRQV WKHPVHOYHV EULQJV DJDLQ WKH UDQGRP ZDON ELDV LQ� 7KHVH
GLmHUHQFH UPV�YDOXHV WKHQ ZLOO EH FRPSDUHG WR WKH WZR PRGHOV PHQWLRQHG� WKH GHWHUPLQLVWLF
PRGHO DQG WKH UDQGRP $7/ PRGHO�

(DUOLHU ZH GHnQHG $/(3 c/3�  �����PP��\HDU �LQ (TXDWLRQ��� ZKLFK ZDV FDOFXODWHG
E\ XVLQJ IRU / RQH KDOI RI WKH OHQJWK RI WKH 3� GDWD LQ PHWHUV� ���P�

6LQFH 5HIHUHQFH >��@ nWWHG $/(3 WR WKH UDQGRP ZDON HUURU RI WKH VXUYH\ PHDVXUH�
PHQW WKLV FRQVWDQW LV WRR ODUJH� $ EHWWHU YDOXH IRU WKH &(51 HQYLURQPHQW SUREDEO\
ZRXOG EH WKH RQH GHULYHG IURP WKH PRWLRQV RI WKH LQYHUWHG 3HQGXOXP LQ WKH 36 DW &(51�
$36c/3 � �����PP��\HDU� 2U WKH YDOXH IURP WKH ='5� $='5c/3� �����PP��\HDU >��@�
)LJXUH �� VKRZV FXUYHV ZLWK WKH WZR KLJKHU YDOXHV� 1HLWKHU nW WKH GDWD�

7R VXPPDUL]H WKH FRQFOXVLRQV IURP WKH GDWD LQ )LJXUH �� DQG )LJXUH ��� D UDQGRP
PRGHO GRHV QRW GHVFULEH JURXQG PRYHPHQWV RQ WKH PRQWK�WR�\HDU VFDOH�

% (YDOXDWLRQ RI GDWD IURP DOO RI /(3

7KH QH[W nJXUHV ZLOO VKRZ GDWD IRU DOO RI /(3� EXW D FRPSOHWH VHW LV RQO\ DYDLODEOH IRU
WKH \HDUV ���� WR ����� :H ZLOO WDNH WKH UHVXOWV IURP 3� IRU JXLGDQFH� ,Q JHQHUDO RQH FDQ
VD\ WKDW WKH ODUJH PRYHPHQWV IRU /(3 GLG QRW RFFXU ZKHUH H[SHFWHG >�@� LQ WKH $OORQGRQ
IDXOW UHJLRQ �6RXUFH G
$OORQGRQ�� EXW DW ORFDWLRQV ZKLFK ZHUH QRW oDJJHG DV WURXEOHVRPH DW
WKH WLPH RI FRQVWUXFWLRQ�

)LJXUH �� VKRZV WKH PDJQHW�WR�PDJQHW GLmHUHQFH RI WKH GDWD RI )LJXUH �� 6LPLODU WR
WKH UHJLRQ DURXQG 3� VKRZQ LQ )LJXUH ��� D SORW RI WKH GLmHUHQFHV EHWZHHQ PDJQHWV LV YHU\
LQVWUXFWLYH� )HDWXUHV RI WKH PRYHPHQWV� ZKLFK RWKHUZLVH ZRXOG EH FRYHUHG E\ WKH FRPSOH[LW\
RI WKH UDZ OHYHOLQJ GDWD� DUH PRUH YLVLEOH�

(YHQ PRUH FOHDUO\ WKDQ )LJXUH �� IRU WKH OLPLWHG GDWD VDPSOH RI 3�� )LJXUH �� VKRZV
IRU DOO RI /(3 WKH GHWHUPLQLVWLF QDWXUH RI WKH UHODWLYH PRYHPHQWV� 0RUH WKDQ KDOI RI WKH
TXDGUXSROHV LQ /(3 KDYH DQ DYHUDJH UHODWLYH PRWLRQ RI !����PP�\HDU DQG DSSDUHQWO\ RQO\
RQH RI WKHVH� DIWHU WKH ���� HDUWKTXDNH� UHYHUVHG GLUHFWLRQ DFFRUGLQJ WR WKH ERRNNHHSLQJ
GRQH E\ WKH VXUYH\ JURXS DQG FURVVHG WKH KRUL]RQWDO D[LV�

)LJXUH �� WKHQ VKRZV D KLVWRJUDP RI WKH GLmHUHQFHV EHWZHHQ DOO TXDGUXSROHV LQ ����� ,W
VKRZV YHU\ FOHDUO\ WKDW LQ DGGLWLRQ WR D QDUURZ *DXVVLDQ GLVWULEXWLRQ WKHUH LV D ZLGHU RQH
ZLWK WDLOV� ([SUHVVHG LQ QXPEHUV IRU ���� )LJXUH �� VD\V� ��� RI WKH PRYHPHQWV EHORQJ WR
D GLVWULEXWLRQ ZLWK } {��� PP DQG ��� WR D ZLGHU GLVWULEXWLRQ ZLWK } {��� PP� ,W LV
DSSDUHQW WKDW WKH GDWD FRXOG EH GHVFULEHG ZLWK PRUH WKDQ WZR *DXVVLDQ FXUYHV� EXW PRUH

�� , WKDQN 'DQLHO 6FKXOWH IRU SUHVVLQJ PH RQ WKLV SRLQW� +H ZDV QRW VDWLVnHG ZLWK WKH LQGLUHFW FRQFOXVLRQ

ZKLFK )LJXUH �� DOORZV�

��
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year measured

<==estimated placement error

<== ATL with PS value

<== Aravis Earthquake
Dec 14, 1994

deterministic model
P⋅T with P=5.5 10−6 µm/s ==>

random model
A⋅T⋅L with A=8 10−6 µm2/(s m) ==>

o = uncorrected after earthquake
∇ = corrected after earthquake with 6% /year

),*85( ��� 7HQ�\HDU WLPH GHSHQGHQFH IRU WKH DFFXPXODWHG UPV RI PDJQHW Rm�VHWV IURP HDFK RWKHU LQ

3�� 7KLV EXV\ SLFWXUH UHTXLUHV H[SODQDWLRQ� 7KH FLUFOHV DUH UPV�YDOXHV FDOFXODWHG E\ WDNLQJ WKH UHVWRUHG

GLmHUHQFH GDWD DV WKH\ DUH� 7KH VKDUS EHQG LQ WKH FXUYH IRU WKH FLUFOHV LQ ���� IRFXVHG DWWHQWLRQ RQ WKH WZR

JURXSV RI FXUYHV VHHQ LQ )LJXUHV �� DQG �� DQG ZDV XQH[SODLQDEOH� XQWLO WKH TXHVWLRQ RI DQ HDUWKTXDNH FDPH

XS� $ IDLUO\ ODUJH HDUWKTXDNH KDSSHQHG MXVW DW WKH ULJKW WLPH WR H[SODLQ WKH FKDQJH �'HFHPEHU ������ 7ZR

H[SODQDWLRQV IRU WKH PHFKDQLVP DUH SRVVLEOH� ��� WKH WHFWRQLF VSHHGV RI IDXOW OLQHV ZDV DFWXDOO\ FKDQJHG�

PDNLQJ WKH UPV � YDOXHV JURZ VORZHU� RU ��� D RQH WLPH FKDQJH LQ SRVLWLRQ RI VRPH PDJQHWV ZKLFK ZDV

QRW DFFRXQWHG IRU LQ WKH GDWDEDVH EHFDXVH WKH HDUWKTXDNH KDSSHQHG DIWHU WKH GDWD ZHUH WDNHQ� 7KH GDWD

RI )LJXUH �� VXSSRUW PRUH WKH VHFRQG SRVVLELOLW\� 5PV YDOXHV DUH FDOFXODWHG E\ GLmHUHQFHV LQ TXDGUDWXUH�

7KHUHIRUH� LQ nUVW RUGHU D PRGHO ���m�Q� Q \HDUV SDVVHG VLQFH WKH HDUWKTXDNH� VHHPV WR EH WKH ULJKW $QVDW]�

)URP WKH DFWXDO PDJQHW PRYHPHQWV E\ \HDU ��� ZDV HVWLPDWHG IRU m� D nW JDYH ���� UHVXOWLQJ LQ D FKDQJH

RI ����Q IRU WKH FKDQJH WR WKH UPV �U V\PEROV LQ WKH XSSHU ULJKW RI WKH SORW��

��
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),*85( ��� 7KH ODUJHVW GLmHUHQWLDO PRYHPHQWV EHWZHHQ QHLJKERULQJ PDJQHWV DUH FOHDUO\ YLVLEOH DQG DUH

QRW DOZD\V FRUUHODWHG ZLWK WKH UDZ WRWDO H[FXUVLRQV IURP D VPRRWK DOLJQPHQW �RU ]HUR�� 7KH QRUWKHUQ KDOI RI

/(3 QRW XQGHU WKH -XUD� 3� WKURXJK 3�� LV FOHDUO\ PRUH VWDEOH WKDQ WKH VRXWKHUQ SDUW� 7KH VSHFLDO QDWXUH RI

WKH PRYHPHQWV DURXQG �� NP LV DOVR HYLGHQW WKURXJK WKH VHTXHQFH RI PDQ\ GLmHUHQWLDO PRYHPHQWV ZLWK WKH

VDPH VLJQ� )URP WKLV nJXUH RQH FDQ FDOFXODWH WKH SLWFK� LI RQH GLYLGHV WKH HOHYDWLRQ E\ WKH DYHUDJH GLVWDQFH

RI �� P EHWZHHQ PDJQHWV�
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Difference Elevations in LEP by Year for 1999 > 0.5 mm
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Number of magnets shown: 346

),*85( ��� )URP WKH W\SH RI DQDO\VLV RI )LJXUH �� RQH GHULYHV WKH VORSHV RI PRYHPHQWV LQ PP�\HDU IRU

DOO PDJQHWV� KHUH OLPLWHG WR PDJQHWV ZLWK DYHUDJH PRYHPHQWV RI PRUH WKDQ �� x�\HDU�

��



LPSRUWDQW LV WKDW WKH\ FDQ QRW EH VDWLVIDFWRULO\ GHVFULEHG ZLWK OHVV WKDQ �� $OVR� EHFDXVH
RI WKH PLQLPDO VWUXFWXUH LQ WKH KLVWRJUDP GDWD� WKH nW HUURUV IRU FRUUHODWLRQV EHWZHHQ ZLGWK
DQG VWUHQJWK RI WKH WZR *DXVVLDQ FXUYHV DUH ODUJH� $ PRUH SUHFLVH QXPEHU ZLOO EH GHULYHG
ODWHU IURP D GHWHUPLQLVWLF PRGHO nW WR WKH YDULDWLRQ RI UPV RYHU WKH \HDUV ���������� )RU 3�
DQG �� \HDUV WKLV ZDV GRQH DOUHDG\ LQ )LJXUH ��� 7KHUH LV QR SDUWLFXODU GHHS SK\VLFV KLGGHQ
KHUH� ZH RQO\ WU\ WR JHW WKH TXDQWLWDWLYH LQIRUPDWLRQ IRU VLPXODWLRQV ODWHU�

,Q WKH VDPH YHLQ� ZH ODWHU ZLOO FRPSDUH GHWHUPLQLVWLF ��SDUDPHWHU VLPXODWLRQV EDVHG RQ
WKHVH QXPEHUV WR VLPXODWLRQV IURP UDQGRP $7/� 7KH ODWWHU KDV EHHQ XVHG LQ WKH SDVW WR
PDNH GHFLVLRQV DERXW H[SHFWHG PRYHPHQWV IRU )XWXUH /LQHDU &ROOLGHUV � >��@� >��@�� PDNLQJ
XQUHDOLVWLFDOO\ SHVVLPLVWLF SUHGLFWLRQV�
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),*85( ��� +LVWRJUDP RI 0RYHPHQWV XS WR ���� EHWZHHQ TXDGUXSROHV IRU DOO RI /(3 VKRZV � VHSDUDWH

GLVWULEXWLRQV� 7KH ��� LQ WKH FRUH KDYH D } ��� PP� WKH UHPDLQLQJ ��� D } ��� PP�

$V D SUHSDUDWLRQ ZH ZLOO ORRN DJDLQ ZKDW FRXOG EH H[SHFWHG LQ 3� XQGHU WKH $7/ PRGHO
DVVXPSWLRQ� EXW ZLWK WKH 36 FRQVWDQW� 7KH QH[W WZR )LJXUHV ���� ��� VKRZ KRZ HOHYDWLRQ
DQG GLmHUHQFH GLVWULEXWLRQV ZRXOG ORRN DORQJ 3��

& :KDW LV WKH 5LJKW 0RGHO &RQVWDQW" _

(YDOXDWLRQ RI 5HJLRQ �

)LJXUH �� VKRZHG JUDSKLFDOO\ WKH GHWHUPLQLVWLF QDWXUH RI WKH /(3 TXDGUXSROH PRYH�
PHQWV� 7KH PD[LPD RI WKH VLPXODWHG PRYHPHQWV VKRZQ LQ )LJXUH �� DUH LQ VKHHU QXPEHUV
FORVH WR WKH DPSOLWXGH RI WKH PHDVXUHG PRYHPHQWV LQ )LJXUH ��� EXW WKH\ GR QRW UHSOLFDWH
WKH SURQRXQFHG PLQLPD DQG PD[LPD� ,Q IDFW� WKH $7/ PRGHO ZLWK LWV UDQGRP ZDON DORQJ
WKH EHDP OLQH FDQ QRW SURGXFH VKDUS SHDNV E\ GHnQLWLRQ� :KLOH VRPHWLPHV WKH UDQGRP ZDON
OHDGV WR D SDWWHUQ RI HYHU LQFUHDVLQJ HOHYDWLRQ GLmHUHQFHV DV LQ WKH ��� WR ��� P UHJLRQ LQ
)LJXUH ��� JHQHUDOO\ WKH FXUYHV DUH DOO RYHU WKH SODFH� (YHQ PRUH LQVWUXFWLYH DUH WKH VLPXODWHG
GLmHUHQWLDO PRYHPHQWV EHWZHHQ TXDGUXSROHV VKRZQ LQ )LJXUH �� ZKLFK VKRXOG EH FRPSDUHG
ZLWK WKH PHDVXUHG GDWD LQ )LJXUH ��� 7KH GLmHUHQFHV EHWZHHQ PDJQHWV LQ WKH VLPXODWLRQ DUH
PXFK PRUH XQGHUHVWLPDWHG WKDQ WKH HOHYDWLRQV WKHPVHOYHV� QHDUO\ E\ DQ RUGHU RI PDJQLWXGH�
VRPHWKLQJ ZKLFK ZRXOG EH D PRVW XQZHOFRPH VXUSULVH IRU DFFHOHUDWRU RSHUDWLRQ�

��
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FRQVWDQW� &RPSDULVRQ ZLWK )LJXUH �� VKRZV WKDW WKH W\SLFDO XS DQG GRZQ SDWWHUQ RI WKH PHDVXUHG GDWD FDQ

QRW EH UHSURGXFHG ZLWK D UDQGRP $7/ PRGHO�
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),*85( ��� 6LPSOH GLmHUHQFHV EHWZHHQ WKH �PDJQHWV� VLPXODWHG LQ )LJXUH ��� 7KH GLmHUHQFH PD[LPD

DUH VPDOOHU WKDQ WKH PHDVXUHG PRYHPHQWV LQ )LJXUH �� E\ QHDUO\ DQ RUGHU RI PDJQLWXGH�

��



,W LV SUREDEO\ WUXH WKDW D RQH�SDUDPHWHU PRGHO FDQ QRW FRUUHFWO\ SUHGLFW RU PRGHO DQ
DFWXDO WXQQHO� )LJXUH �� VKRZHG WKDW IRU DOO RI /(3 WKHUH ZHUH WZR GLVWULEXWLRQV ZLWK D
GLmHUHQW }� (YHQ XVLQJ D PXOWL�SDUDPHWHU GHVFULSWLRQ� LW LV GLpFXOW WR UDQGRPO\ EXQFK WKH
ORFDWLRQV ZLWK WKH ODUJHU GHYLDWLRQV WRJHWKHU� DV QDWXUH GRHV �VHH )LJXUHV � DQG ����

7KH ='5 >��@ KDG PRGHOHG $7/ GLmXVLRQ DQG VWDWHG WKDW WKH VKRUW�WHUP DOLJQPHQW GULIWV
SUREDEO\ ZHUH RYHUO\ SHVVLPLVWLF� :H ZLOO XVH WKH IRUPDOLVP GHYHORSHG DERYH WR LQYHVWLJDWH
ZKDW KDSSHQV LQ WKH VKRUW�WHUP ZLWK DQ DOLJQHG PDFKLQH DQG VKRZ WKDW WKH ='5 VWDWHPHQW
LV WUXH� $7/ SUHGLFWLRQV DUH WRR SHVVLPLVWLF�

,Q )LJXUH �� UDQGRP DQG GHWHUPLQLVWLF FXUYHV IRU WKH GLmHUHQFH�UPV KDG EHHQ VKRZQ�
2QH VWULNLQJ IHDWXUH ZDV WKDW DW WKH ORZ HQG RI WKH WLPH�VFDOH WKH GHWHUPLQLVWLF PRGHO KDG
D PXFK VPDOOHU UDWH RI FKDQJH WKDQ WKH UDQGRP PRGHOV� SRWHQWLDOO\ RI JUHDW LPSRUWDQFH
IRU RSHUDWLRQV RI IXWXUH PDFKLQHV� 7KH H[DFW GLmHUHQFH GHSHQGV QDWXUDOO\ RQ WKH SDUWLFXODU
FRQVWDQWV XVHG�

7KH HTXDWLRQV XVHG LQ )LJXUH �� ZHUH

5G  
T
5�

� � 3 �

3�7
� ���

DQG

5U  
T
5�

� �$/(3/3�7 ���

ZLWK 5G WKH GHWHUPLQLVWLF UPV� 5U WKH UDQGRP UPV� 5� WKH SODFHPHQW �RU UH�DOLJQPHQW RU
H[LVWLQJ� UPV� 7 WLPH �LQ \HDUV LQ )LJXUH ���� 3 DQG $ c / ZHUH GHnQHG LQ HTXDWLRQV ��� DQG
����

7KH ='5 VLPXODWHG LQ LW
V )LJXUH ���� >��@ WKH �$7/�OLNH� GULIW DFFXPXODWHG LQ ��
PLQXWHV IURP D SHUIHFWO\ DOLJQHG PDFKLQH XVLQJ DQ $='5 � ��

b� xP��PcVHF� )LJXUH ��
UHSOLFDWHV WKLV VLPXODWLRQ DQG DGGV WZR PRUH RQH�KDOI KRXU LQWHUYDOV� ,Q VORZ GULIW DQG
DEVROXWH PDJQLWXGH WKH nUVW KDOI�KRXU FXUYH ORRNV YHU\ PXFK OLNH WKH FXUYH LQ )LJXUH ���� RI
WKH ='5� 8S WR WKH � NP SRLQW WKH QH[W WZR LQWHUYDOV EULQJ QRW PXFK FKDQJH� EXW EH\RQG
WKDW GLVWDQFH YHU\ PXFK ELJJHU GULIWV RFFXU UDQGRPO\� 7KLV LV QRW VXUSULVLQJ VLQFH WKH $7/
DSSURDFK XVHV IRU / WKH GLVWDQFH IURP WKH UHIHUHQFH SRLQW� 7KH FXUYHV KHUH DUH IDLUO\ W\SLFDO
IRU $7/ VLPXODWHG FXUYHV ZLWK WKH UDQGRP ZDON�OLNH DSSHDUDQFH�

7KH $�FRQVWDQW XVHG IRU WKH UDQGRP PRGHO LQ )LJXUH �� DQG LQ WKH ='5 � $='5� LV RQ
WKH ORZHU HQG RI FRQVWDQWV nWWHG ZLWK WKLV PRGHO LQ WKH OLWHUDWXUH >��@� ,W LV QRW FOHDU KRZ
UHDOLVWLF WKH ='5 FRQVWDQW XVHG IRU )LJXUH ���� LQ WKH ='5 LV DQG KRZ LW ZDV GHULYHG LQ WKH
='5� $SSHQGL[ & RI WKH ='5� IRU H[DPSOH� GHULYHV D YDOXH RI $='5 � ��

b� xP��PcVHF�
2WKHU $�YDOXHV IRU 6/$& LQ 5HIHUHQFH >��@ ZHUH JLYHQ DV WKH PXFK ODUJHU $6/& ��h�� DQG
$3(3 ��h� ��b� xP��PcVHF�

3� LV D UHJLRQ RI /(3 ZLWK SURQRXQFHG IHDWXUHV LQ PLVDOLJQPHQW� 7KDW PHDQV WKDW ZLWK
33 � DV FKRVHQ FRQVWDQW LQ WKH GHWHUPLQLVWLF PRGHO WKH VLPXODWHG UPV ZLOO EH ODUJHU WKDQ LQ
RWKHU SDUWV RI /(3� VR WKH PRGHO LV QRW JOREDOO\ DSSOLFDEOH� 7KLV DSSURDFK LV FRQVLVWHQW ZLWK
WKH XQGHUO\LQJ DVVXPSWLRQ RI WKH 37 PRGHO WKDW WKHUH LV QR JOREDO ODZ JRYHUQLQJ JURXQG
PRWLRQV DQG PLVDOLJQPHQWV�

,Q RUGHU WR REWDLQ D EHWWHU HVWLPDWH DV WR WKH QDUURZHU FRUH RI WKH GLVWULEXWLRQ LQ )LJ�
XUH ��� ZH ZLOO HYDOXDWH WKH �oDW� UHJLRQ IURP �� WR �� NP� LQ /(3 UHJLRQV 3� DQG 3�� WR JHW
DQ DGGLWLRQDO GDWD SRLQW IRU WKH GHWHUPLQLVWLF PRGHO� ZKLFK ZH FDOO 33 �� 7KLV IDFWRU VKRXOG
EH WKH ORZHVW RI 3
V GHVFULELQJ DQ\ VHFWLRQ RI /(3� )LUVW ZH ZLOO ORRN DW WKH HTXLYDOHQW RI
)LJXUHV �� DQG �� WR VHH LI WKH VORSH RI PRYHPHQW IRU WKLV UHJLRQ LV GHWHUPLQLVWLF� RU LI D
UDQGRP FRPSRQHQW LV SUHVHQW IRU VPDOOHU DPSOLWXGHV LQ PRYHPHQWV�

��
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IRU LQWHUYDOV RI ���� �� DQG ��� KRXUV� 7KH ����KRXU FXUYH RI WKLV VLPXODWLRQ FORVHO\ UHSOLFDWHV LQ VORZ GULIW

DQG PDJQLWXGH WKH FXUYH LQ )LJXUH ���� RI WKH ='5� %XW IXUWKHU VLPXODWLRQ LQ WLPH ���KRXU DQG � ����KRXU

OLQHV� VKRZ TXLWH GLmHUHQW UHVXOWV� UHoHFWLQJ WKH W\SLFDO KD]DUGV RI UDQGRP ZDON� 7R HDVH FRPSDULVRQ DOO

FXUYHV DUH QRUPDOL]HG WR ]HUR DW WKH EHJLQQLQJ�
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),*85( ��� (OHYDWLRQV RI ��� PDJQHWV LQ UHJLRQV 3��3�� 7KH HOHYDWLRQV DSSHDU WR FKDQJH IURP \HDU WR

\HDU LQ D UHJXODU IDVKLRQ �VLQNLQJ�� EXW DV H[SODLQHG HDUOLHU LQ WKH WH[W GLmHUHQW HYDOXDWLRQV LGHQWLI\ WKLV DUHD

DV SRVVLEO\ WKH PRVW VWDEOH LQ /(3� )RXULHU DQDO\VLV RI WKH DSSDUHQW UHJXODU XS�GRZQ SDWWHUQ DORQJ WKH EHDP

OLQH ZDV ZLWKRXW VXFFHVV� 6HH WKH WH[W IRU DGGLWLRQDO H[SODQDWLRQV�

��



)LJXUH �� VKRZV WKH YHU\ UHJXODU SDWWHUQ RI WKH HOHYDWLRQV LQ 3��3�� 7KH SDWWHUQ RI
PD[LPD DQG PLQLPD LQ 3� ORRNV VR UHJXODU WKDW ZH )RXULHU�DQDO\]HG DQ LQWHUSRODWHG VDPSOH
�LQWHUSRODWHG� EHFDXVH WKH SRVLWLRQV RI WKH PDJQHWV DUH QRW DOO HTXLGLVWDQW�� :H IRXQG WZR
VSLNHV LQ WKH )RXULHU VSHFWUXP DW {��� P DQG ���� P� 7KH nUVW QXPEHU ZDV PHQWLRQHG
HDUOLHU DV NQRZQ IURP FRQVWUXFWLRQ� WKH VKHOO RI WKH WXQQHO ZDV SUH�FDVW LQ ��� P VHFWLRQV
DQG JURXWHG WR WKH URFNV� +RZHYHU� VLQFH WKH �VDPSOLQJ UDWH�� {���� P� LV ODUJHU WKDQ WKH
�IUHTXHQF\� RI ��� P� ZH IHHO WKLV �DJUHHPHQW� LV LQWHUHVWLQJ� EXW SUREDEO\ PHDQLQJOHVV�

7KH oRRU LWVHOI ZDV FDVW LQ ���� P VHFWLRQV ZLWK H[SDQVLRQ MRLQWV RQ HLWKHU HQG� 7KH
GLmHUHQW FRQFUHWH VHJPHQWV ZHUH QRW DQFKRUHG WR HDFK RWKHU� 7KH GLPHQVLRQV FRUUHODWH
H[DFWO\ ZLWK WKH )2'2 FHOO�OHQJWK SDWWHUQ� VRPHWKLQJ RQH FOHDUO\ QHYHU VKRXOG GR�

,W LV XVHIXO WR VSHFXODWH ZKDW EURXJKW WKLV �UHJXODU� SDWWHUQ DERXW� :H WKLQN LW LV WKH
FRQVWUXFWLRQ GHFLVLRQ ZKLFK SODFHG HDFK /(3 DUF TXDGUXSROH RQ LWV RZQ ���� P FRQFUHWH
VODE� )XWXUH FROOLGHUV KDYH YHU\ VWULQJHQW VKRUW ZDYHOHQJWK DOLJQPHQW WROHUDQFHV� :H EHOLHYH
WKDW WKH YHUWLFDO PRYHPHQWV RFFXU DFURVV WKH MRLQWV ZLWK D YHU\ VKRUW ZDYHOHQJWK� 7R HQVXUH
JUHDWHU VPRRWKQHVV IRU IXWXUH PDFKLQHV RQH VKRXOG IRUHJR H[SDQVLRQ MRLQWV DQG FDVW D PRQR�
OLWKLF FRQFUHWH VODE ZLWK D FRQWLQXRXV VWURQJ UHEDU VNHOHWRQ LQ WKH oRRU� 7KLV PD\ OHDG WR
FUDFNV LQ WKH oRRU� EXW ZLOO NHHS WKH UHODWLYH DOLJQPHQW VPRRWK�

,I RQH LQVLVWV RQ H[SDQVLRQ MRLQWV RQH PXVW KDYH DQ LUUHJXODU H[SDQVLRQ MRLQW SDWWHUQ� RU
LQ DQ\ FDVH RQH ZKLFK LV QRW FRQQHFWHG WR WKH )2'2 FHOO OHQJWK� 1RW KDYLQJ H[SDQVLRQ MRLQWV
LV WKH VROXWLRQ FKRVHQ IRU PRGHUQ V\QFKURWURQ OLJKW VRXUFHV� 6\QFKURWURQ VRXUFHV� FODVVLnHG
E\ )LVFKHU DQG 0RUWRQ DV EHORQJLQJ WR WKH VDPH FODVV RI �RSHQ� PDFKLQHV DV OLQHDU FROOLGHUV
>��@� KDYH DOVR WD[LQJ DOLJQPHQW DQG VWDELOLW\ UHTXLUHPHQWV� IRU WKH $UJRQQH 1DWLRQDO /LJKW
6RXUFH� H�J�� VHH 5HIHUHQFH >��@�

)URP WKH GDWD RI )LJXUH �� ZH GHULYHG WKH VORSHV RI PRYHPHQWV LQ PP�\HDU IRU DOO
PDJQHWV ZLWK DYHUDJH PRYHPHQWV RI PRUH WKDQ �� xP�\HDU� VKRZQ LQ )LJXUH ��� WR DQVZHU
WKH GHWHUPLQLVWLF YV� UDQGRP TXHVWLRQ� 6HYHQW\�HLJKW RXW RI ��� PDJQHWV LQ WKLV VHFWLRQ
ZHUH DERYH WKH WKUHVKROG� ZKLOH QRQH FURVVHG WKH KRUL]RQWDO D[LV� $JDLQ� WKHUH LV QR VLJQ RI
UDQGRP PRYHPHQW�

,W LV DOVR LQWHUHVWLQJ WR ORRN DW WKH UPV YDOXH RI WKH GLmHUHQFHV LQ 3��3�� ,Q 3��3� WKH
5PV RI WKH GLmHUHQFHV LQ ���� ZDV ���� PP� 7KLV FRPSDUHV ZHOO ZLWK WKH ��� PP HVWLPDWHG
IURP )LJXUH �� IRU DOO RI /(3 IRU WKH QDUURZHU RI WKH WZR GLVWULEXWLRQV� � :H FRQMHFWXUH WKDW
IRU /(3 WKHUH LV D �QRUPDO� GLmHUHQWLDO WXQQHO PRYHPHQW� ZKLFK LQ nYH \HDUV DFFXPXODWHV
UPV GHYLDWLRQV RI WKH RUGHU RI {��� PP� DQG WKHQ WKHUH LV D PRYHPHQW� EDVHG RQ SDUWLFXODU
IRUFHV LQ SDUWLFXODU SODFHV �WHFWRQLF IDXOW OLQHV DQG K\GURVWDWLF SUHVVXUH DPRQJ RWKHUV� IRU
VXUH�� DFFXPXODWLQJ WRWDO UPV
 LQ � \HDUV RI WKH RUGHU RI ���� PP� IRUFHV ZKLFK DUH DSSDUHQWO\
QRW DW ZRUN LQ 3��3��

$ KLVWRJUDP RI WKH UHODWLYH PRWLRQV LQ 3��3� EHWZHHQ TXDGUXSROHV� )LJXUH �� EHDUV WKLV
RXW� 7KHUH LV QR XQGHUO\LQJ ZLGHU GLVWULEXWLRQ� QRU WDLOV RI DQ\ NLQG� )URP WKH JURZWK RI WKH
UPV YDOXHV RI WKH GLmHUHQFHV EHWZHHQ QHLJKERULQJ TXDGUXSROHV IRU ��������� �� \HDUV� FXUYH
QRW VKRZQ� ZH GHULYH WKH SDUDPHWHU IRU �QRUPDO� PRYHPHQW QHHGHG IRU VLPXODWLRQ� 33�
 ��� ��b� xP�VHF� ZKLFK LQ WKH SUDFWLFDO XQLWV XVHG EHIRUH WUDQVODWHV LQWR �����PP�\HDU�
DERXW ��� RI WKH YDOXH IRXQG IRU 3��

�� )RU WKH UHJLRQ 3��3� ZH HTXDWH 5PV DQG }� D JRRG HQRXJK DSSUR[LPDWLRQ IRU 1 ����

��
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),*85( ��� 'LmHUHQWLDO \HDUO\ PRYHPHQW RI �� WKH ��� PDJQHWV LQ UHJLRQV 3��3�� $V LQ RWKHU FDVHV

LQ /(3 WKHUH LV QR LQGLFDWLRQ RI DQ\ UDQGRP PRYHPHQW� ZKLFK ZRXOG PDNH PDJQHWV FKDQJH WKH VORSH� LQ

SDUWLFXODU QR PDJQHW FURVVHV WKH KRUL]RQWDO D[LV� 7KH FXW�Rm ZDV VHW WR DQ DYHUDJH VSHHG RI ��xP�\HDU� KDOI

WKH VLQJOH VHW�XS DFFXUDF\� ZKLFK ZH WKRXJKW ZDV D VHQVLEOH WKUHVKROG WR SUHYHQW IDNH�UDQGRP PRYHPHQWV WR

FUHHS LQWR WKH GDWD VDPSOH�
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VKRZV RQO\ RQH GLVWULEXWLRQ� DQG QR WDLOV IRU UHJLRQ 3��3�� 7KH } RI WKH GLVWULEXWLRQ LV ���� PP�
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,,, &21&/86,21

$ 6KRUW�WHUP 3DUDPHWHUL]HG 6LPXODWLRQV

7KHUH LV D IXQGDPHQWDO SUREOHP LQ GRLQJ DQ\ VXFK VLPXODWLRQV DW DOO� 7KH GHWHUPLQLVWLF
PRGHO KDV DV D EXLOW�LQ DVVXPSWLRQ WKDW WKHUH LV QR JHQHUDO ODZ JRYHUQLQJ PRWLRQV� IROORZLQJ
WKH )LVFKHU 3ULQFLSOH >��@ HYHU\WKLQJ GHSHQGV RQ ORFDO FRQGLWLRQ DQG KLVWRU\� (YHQ SUR�
SRQHQWV RI D UDQGRP PRGHO DFNQRZOHGJH WKLV LPSOLFLWO\ E\ JLYLQJ GLmHUHQW $�FRQVWDQWV IRU
GLmHUHQW DFFHOHUDWRUV� ZKLFK RIWHQ� DV LQ WKH FDVH RI 6/$&� DUH ORFDWHG LQ WKH VDPH VRLO DQG
DW WKH VDPH GHSWK >��@�

6R LQ SULQFLSOH RQH FRXOG� DQG PD\EH VKRXOG� MXVW WDNH WKH DFWXDO /(3 GDWD DV DQ
H[HPSODU\ VDPSOH DQG XVH LW WR SUHGLFW DFFHOHUDWRU EHKDYLRU� 'HVSLWH WKHVH UHVHUYDWLRQV ZH
WULHG KHUH WR H[WUDFW VRPH JHQHUDO UXOHV IURP WKH /(3 JURXQG PRWLRQV� DQG FRGLI\ LW LQ
QXPEHUV EHFDXVH WKLV HQDEOHV WR GR VLPXODWLRQV WDLORUHG WR )XWXUH /& UHTXLUHPHQWV�

7KH PDLQ UHDVRQ IRU WU\LQJ WR H[WUDFW JHQHUDO UXOHV FRPHV IURP WKH GDWD WKHPVHOYHV� ,Q
DGGLWLRQ WR VRPH FOHDUO\ YHU\ VSHFLDO ORFDO WHFWRQLF PRYHPHQWV� PDLQO\ LQ 3��� DQG 3����
EXW DOVR DURXQG 3���� DW ZKLFK ZH ZLOO ORRN ODWHU� WKHUH DUH IHDWXUHV RI /(3 PLVDOLJQ�
PHQWV�PRYHPHQWV ZKLFK DUH PRUH JHQHUDO� DQG ZKLFK KDYH EHHQ VHHQ LQ RWKHU DFFHOHUDWRUV
>�@� 7KHVH PRYHPHQWV DUH DSSDUHQW LQ DQ DFFHOHUDWRU WXQQHO IURP WKH YHU\ nUVW GD\ D oRRU
KDV EHHQ SRXUHG� 6R WKH VWUDWHJ\ IRU D QHZ WXQQHO VKRXOG EH WR PHDVXUH D WXQQHO oRRU
YHU\ HDUO\ RQ DIWHU EHQHnFLDO RFFXSDQF\ DQG DGMXVW PHFKDQLFDO DQG FRQFHSWXDO DOLJQPHQW
SUHSDUDWLRQV WR WKH SUHGLFWHG oRRU PRYHPHQWV DW HDFK SRLQW�

:H ZLOO QRZ VKRZ VLPXODWLRQV IRU DOLJQPHQW GULIWV� XVLQJ WKH IHDWXUHV RI /(3 UHFRJQL]HG
DV JHQHUDO� 7KLV WKHQ PLJKW EH DSSOLFDEOH IRU )XWXUH /LQHDU &ROOLGHUV� XVLQJ WKH GHWHUPLQLVWLF
PRGHO DQG WKH YDOXHV IRU 3 GHULYHG IURP WKH /(3 GDWD� :H ZLOO FRPSDUH D RQH� DQG D WZR�
SDUDPHWHU VLPXODWLRQ� 7KH MXPS RI IDLWK RQH KDV WR GR LV WR EHOLHYH WKDW PRYHPHQWV ZKLFK
KDYH EHHQ PHDVXUHG RQ WKH VFDOH RI PRQWKV ZLWK JHRGHWLF PHDQV DUH DOVR KDSSHQLQJ RQ WKH
VFDOHV RI GD\V >��@� 7KHUH DUH VWLOO QR EHOLHYDEOH GLUHFW SUHFLVLRQ PHDVXUHPHQWV RI PRYHPHQWV
RQ WKH KRXUV�WR�GD\V VFDOH�

7KHUH KDYH EHHQ HmRUWV WR PHDVXUH WRWDO VKRUW�WHUP PRWLRQ � RI VWRUDJH ULQJ DFFHOHUDWRU
FRPSRQHQWV �PRVWO\ TXDGUXSROHV� E\ WKH HmHFWV WKH\ KDYH RQ WKH FORVHG RUELW >��@� >��@�
7KHVH DUH GLpFXOW H[SHULPHQWV WR GR ZLWK UHVXOWV GLpFXOW WR LQWHUSUHW� 0HDVXUHPHQWV WDNHQ
DW GLmHUHQW WLPHV IRU WKH VDPH WLPH�VFDOHV �KRXUV�WR�GD\V� \LHOG TXLWH GLmHUHQW UHVXOWV �VHH�
H�J�� )LJXUHV � DQG � LQ >��@�� ,Q DGGLWLRQ� LQVWHDG RI PHDVXULQJ JURXQG PRWLRQV� WKH\
PHDVXUH D FRPELQHG PRWLRQ RI PDQ\ WKLQJV� 7KLV LQFOXGHV PRWLRQ RI TXDGUXSROHV DQG WKHLU
FRROLQJ DQG VXSSRUW V\VWHPV� ZKLFK LV D YHU\ LPSRUWDQW TXDQWLW\ WR PHDVXUH� EXW LW GRHV
QRW KHOS WR GLVHQWDQJOH WKH URRW FDXVHV RI PRYHPHQW� ,W DOVR LQFOXGHV WKH HmHFWV RI EHDP
SRVLWLRQ PRQLWRUV DQG WKHLU HOHFWURQLF GULIWV� $V D FRQVHTXHQFH WKHVH UHVXOWV KDYH D XQLTXH
LQWHUSUHWDWLRQ IRU WLPH�VFDOHV EHORZ ���� VHF �WKH XVXDO ��I�ODZ SOXV FXOWXUDO QRLVH�� EXW WKH\
DUH FRPSDWLEOH ZLWK PDQ\ LQWHUSUHWDWLRQV IRU WKH ORQJ�WHUP SDUW� SUREDEO\ EHFDXVH WKHUH DUH
MXVW WRR PDQ\ GHSHQGHQFLHV RQ WRR PDQ\ SDUDPHWHUV LQ WKH RSHUDWLRQ RI WKH PDFKLQH�

)LJXUH �� VKRZV D VLPXODWLRQ ZLWK RQH SDUDPHWHU XQGHU WKH GHWHUPLQLVWLF DVVXPSWLRQV
XVLQJ WKH 3�SDUDPHWHU GHULYHG IURP /(3 DUHD 3��3�� 7KLV FRYHUV WKH nUVW WKUHH ��� KRXU
SHULRGV DIWHU SHUIHFW UH�DOLJQPHQW RI D �� NP ORQJ DFFHOHUDWRU �EHDP� OLQH�

7KHVH VLPXODWLRQV KDYH WR EH FRPSDUHG WR )LJXUH ��� ZKLFK ZDV FDOFXODWHG ZLWK WKH $7/
PRGHO ZLWK WKH FRQVWDQW WDNHQ IURP WKH LQYHUWHG SHQGXOXP DW WKH FHQWHU RI WKH 36� UDWKHU

�� 2QH KDV WR EH FDUHIXO ZLWK WKH QRPHQFODWXUH� :KLOH KHUH VKRUW�WHUP PHDQV GD\V DQG ORQJ�WHUP PHDQV

PRQWKV DQG \HDUV� VKRUW�WHUP LQ WKH OLWHUDWXUH RIWHQ PHDQV YLEUDWLRQV EHORZ �+]� DQG ORQJ�WHUP PHDQV

KRXUO\ GULIWV RI WKH RUELW�

��
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P⋅T with P = 2.0 10−6 µm/sec

),*85( ��� 2QH�SDUDPHWHU DOLJQPHQW GULIWV EDVHG RQ WKH GHWHUPLQLVWLF 37 PRGHO� IRU LQWHUYDOV RI ���� ��

DQG ��� KRXUV IRU &/,&�-/&�1/& W\SH DFFHOHUDWRUV� 7KH FRQVWDQW 3  ���� PP�\HDU IURP UHJLRQ 3��3�

ZDV XVHG IRU WKH VLPXODWLRQ� 7KLV ZRXOG FRQVWLWXWH D EDVHOLQH VFHQDULR IRU WKH OHDVW PLVDOLJQPHQWV LQ WKLV

WLPH VSDQ RQH VKRXOG H[SHFW� :KHQ FRPSDUHG WR )LJXUH �� WKH PD[LPXP HOHYDWLRQ GLmHUHQFH DIWHU ��� KRXUV

LV DERXW D IDFWRU RI ��� VPDOOHU�

WKDQ WKH SDUDPHWHU GHULYHG VSHFLnFDOO\ IRU /(3 >��@� IRU WKH UHDVRQV GHWDLOHG HDUOLHU >��@�
,QGHSHQGHQW RI WKH DEVROXWH PDJQLWXGH WKH VKHHU DSSHDUDQFH RI WKH GHWHUPLQLVWLF VLPXODWLRQ
RI )LJXUH �� ORRNV EHWWHU WKDQ WKH $7/ VLPXODWLRQV VKRZQ LQ )LJXUH ��� ,W KDV PRUH WKH
DSSHDUDQFH RI UHDO PLVDOLJQPHQWV DV ZH HQFRXQWHU WKHP LQ WKH nHOG�

%XW LW LV QRW \HW TXLWH JRRG HQRXJK� 7KDW LV WR VD\� WKH VLPXODWLRQV ZRXOG GHVFULEH DQ
DFFHOHUDWRU ZKLFK ORRNV OLNH 3��3�� EXW QRW RQH ZKLFK LQFOXGHV 3�� 7KLV FRPHV IURP XVLQJ D
FRPSOHWHO\ UDQGRP DSSURDFK IRU GLVWULEXWLQJ WKH PLVDOLJQPHQWV WR WKH LQGLYLGXDO SRLQWV LQ
WKH WXQQHO �KHUH� PDJQHWV�� DOWKRXJK HDFK SRLQW DFWV LQ D GHWHUPLQLVWLF ZD\� 'HWHUPLQLVWLF�
EHFDXVH LI D PDJQHW KDV PRYHG WKH GLVWDQFH \� LQ WKH WLPH W�� LW ZLOO PRYH �\� LQ WKH WLPH �W��
EXW UDQGRP� EHFDXVH WKH QH[W PDJQHW PD\ EH KDYLQJ WKH RSSRVLWH GLUHFWLRQ RI PRYHPHQW�

$ ORRN DW DQ\ RI WKH nJXUHV ZKLFK VKRZ /(3 GDWD LQ WKLV SDSHU VKRZV WKDW ZKLOH LW LV WUXH
WKDW WKH PRYHPHQW RI PDQ\ QHLJKERULQJ SRLQWV ZLWK UHVSHFW WR RQH DQRWKHU LV UDQGRPO\ XS RU
GRZQ� LW LV QRW WUXH IRU DOO SRLQWV� 7KHUH DUH FHUWDLQ FRUUHODWLRQV EHWZHHQ QHLJKERULQJ SRLQWV�
7KHVH FRUUHODWLRQV JHQHUDOO\ H[WHQG QRW IXUWKHU WKDQ ��� TXDGUXSROHV� WKDW LV ��� � ��� PHWHUV�
6LQFH WKLV OHQJWK LV WKH W\SLFDO EHWDWURQ ZDYHOHQJWK XVHG LQ VLPXODWLRQV LQ WKH ='5 >��@ WKHVH
FRUUHODWLRQV VKRXOG KHOS UHGXFH WKH LPSDFW RI PLVDOLJQPHQWV RQ WKH DFFHOHUDWRUV� :H KDYH
QRW WULHG WR LQFRUSRUDWH WKHP LQWR WKH PRGHO� 'RLQJ VR ZRXOG LQFRUSRUDWH $7/ EHKDYLRU
RYHU D GLVWDQFH RI ��� TXDGUXSROHV LQWR WKH GHWHUPLQLVWLF PRGHO� ZKLFK PD\ EH WKH ULJKW
WKLQJ WR GR LQ WKH IXWXUH� EXW LW JRHV EH\RQG WKH VFRSH RI WKLV SDSHU�

:LWK WKH PRGHOV XVHG WKH RYHUDOO PDJQLWXGH LQ WKH GHWHUPLQLVWLF FDVH LV VPDOOHU E\ WZR
RUGHUV RI PDJQLWXGH EXW WKH VWUXFWXUH EHWZHHQ DGMDFHQW SRLQWV LV PRUH SURQRXQFHG WKDQ LQ
WKH UDQGRP FDVH �� 7KLV GLmHUHQFH LQ PDJQLWXGH IRU VPDOO WLPH VSDQV RQH FRXOG KDYH JXHVVHG

�� 2QH VKRXOG EHDU LQ PLQG WKDW WKH TXDQWLWDWLYH DVSHFWV RI WKH PRGHOLQJ GHSHQG RQ WKH FRQVWDQWV XVHG�
:H ZHUH QRW DEOH WR PDNH D UDWLRQDO FKRLFH EHWZHHQ WKH PDQ\ $�SDUDPHWHUV JLYHQ LQ WKH OLWHUDWXUH �VHH� H�J��

5HIHUHQFH >��@�� ,Q WKH /(3 FDVH� ZKHUH ZH FRXOG KDYH D JRRG ORRN DW WKH RULJLQDO GDWD� WKH GHWHUPLQDWLRQ

RI $/(3 LV FOHDUO\ ZURQJ�

��
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),*85( ��� 5PV YDOXHV H[SHFWHG IURP H[WUDSRODWLRQ RI JURXQG PRWLRQ DORQH� DFFUXHG WR D PDFKLQH

DOLJQHG WR �xP DW 7 �� 7KH VROLG FXUYHV VWDUWLQJ ZLWK DQ LQnQLWH VORSH DUH 5U
V FDOFXODWHG IURP HTXDWLRQ

��� ZLWK $ HTXDO WR $/(3 � $36 DQG $='5� IURP WRS WR ERWWRP� UHVSHFWLYHO\� DV GHnQHG SUHYLRXVO\ LQ WKH

WH[W ZLWK / � NP� KDOI WKH OHQJWK RI WKH VLPXODWHG DFFHOHUDWRU LQ )LJXUH ��� 7KH GDVKHG FXUYHV DUH $7/

FDOFXODWLRQV ZLWK WKH OHQJWK RI RQH EHWDWURQ RVFLOODWLRQ {��� P FKRVHQ LQVWHDG IRU /� 7KH OLQH RQ WKH ERWWRP
UHSUHVHQWV 5G GHnQHG LQ HTXDWLRQ ��� ZLWK 3 IURP WKH DQDO\VLV RI UHJLRQ 3�� WKH ODUJHVW 3�FRQVWDQW ZH FRXOG

LGHQWLI\ LQ /(3� D ZRUVW FDVH VFHQDULR LQ RXU RSLQLRQ�

IURP )LJXUH ��� KHUH ZH HQODUJH WKH ORZ HQG RI WKLV nJXUH DQG UHSORW LW ZLWK PRUH FXUYHV LQ
D VHPLORJ SORW LQ )LJXUH ���

:H KDYH SORWWHG LQ )LJXUH �� WKH $7/ UHVXOWV IRU WZR FKRLFHV RI /� 2QH FKRLFH LV�
IROORZLQJ RXU HDUOLHU SUDFWLFH LQ 3�� WKH KDOI OHQJWK RI WKH EHDP OLQH� / � NP� 7KH RWKHU
FKRLFH LV� IROORZLQJ WKH DUJXPHQWV RI 5HIHUHQFH >��@ �EXW VHH DOVR >��@ �� WKH OHQJWK RI RQH
EHWDWURQ RVFLOODWLRQ wn  {��� P� 7KH DUJXPHQW LV WKDW WKH HmHFWV RI JURXQG PRWLRQV ZLWK
D ZDYHOHQJWK ODUJHU WKDQ wn DUH HmHFWLYHO\ VXSSUHVVHG� )LJXUH �� VKRZV� DV VXVSHFWHG LQ WKH
='5� WKDW WKH $7/ DSSURDFK LV RYHUO\ SHVVLPLVWLF ZLWK UHJDUG WR VKRUW�WHUP PLVDOLJQPHQWV�
HYHQ ZLWK WKH YHU\ VPDOO YDOXH IRU $='5�

7KH QH[W WKUHH )LJXUHV ���� ��� DQG ���� XVH D WZR�SDUDPHWHU PRGHO ZLWK WZR SDUDPHWHUV
3� DQG 3�� 7KH SDUDPHWHUV DUH VHW WR 3�  �����PP�\HDU �IURP 5HJLRQ 3��3��� IRU WKH
FHQWUDO GLVWULEXWLRQ ZKLFK FRPSULVHV ��� RI WKH �GDWD�� DQG 3�  �����PP�\HDU �IURP UHJLRQ
3��� IRU WKH ZLGHU GLVWULEXWLRQ ZLWK WDLOV ZKLFK PDNHV XS WKH UHPDLQLQJ ���� 7KH YDOXHV
ZHUH QRW WDNHQ IURP )LJXUH ��� 5DWKHU 3� DQG 3�� ZKLFK GHWHUPLQH WKH ZLGWKV� ZHUH� DV
H[SODLQHG EHIRUH� WDNHQ IURP WKH FKDQJH RI UPV RYHU WKH \HDUV XVLQJ WKH GHWHUPLQLVWLF PRGHO�
:LWK LQIRUPDWLRQ WKDW LQ WKH DYHUDJH WKH /(3 TXDGUXSROHV LQ ���� KDG EHHQ LQ SODFH IRU �
\HDUV WKLV OHDGV WR }
V RI ��� DQG ��� PP� ��� VPDOOHU WKDQ WKRVH GHULYHG IURP )LJXUH ���
6LQFH )LJXUH �� JUDSKHG GDWD IURP DOO RI /(3� LQFOXGLQJ WKH SURPLQHQW �EUHDNV�� WKH\ DJUHH
ZHOO HQRXJK� LQ SDUWLFXODU LI RQH FRQVLGHUV WKH UDWKHU ODUJH FRUUHODWLRQ EHWZHHQ VWUHQJWK DQG
ZLGWK LQ )LJXUH ��� 1RWH DOVR WKDW WKH UDWLR EHWZHHQ WKH WZR VHW RI ZLGWKV LV DERXW WKH VDPH�

7KH SRLQWV ZLWK PRYHPHQWV GHVFULEHG E\ 3� ZHUH IRUFHG WR EXQFK WRJHWKHU LQ WZR

�� ,Q IDFW� WKHUH LV YHU\ OLWWOH FRQFHUQLQJ JURXQG PRWLRQV WKH ODWH *HUU\ )LVFKHU KDV QRW WKRXJKW DQG WDONHG

DERXW� HYHQ LI QRW HYHU\WKLQJ ZDV SXW GRZQ RQ ZULWLQJ�

��
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),*85( ��� +LVWRJUDP RI GHWHUPLQLVWLF WZR�SDUDPHWHU PRGHO FDOFXODWLRQ IRU &/,&�-/&�1/&� ZLWK

3� IURP UHJLRQ 3� RI /(3� ����PP�\HDU� IRU WKH FHQWUDO GLVWULEXWLRQ� DQG D 3� IURP UHJLRQ 3� ZLWK

�����PP�\HDU� 7KDW LV� WKH KLVWRJUDP VKRZV E\ GHVLJQ WDLOV DV LQ )LJXUH ���

SODFHV� MXVW EHIRUH � DQG �� NP� UHVSHFWLYHO\� %XW HYHQ WKH FDVH ZLWK WKH 3�IDFWRU IURP
3�� �����PP�\HDU� WKH �QRUPDO� ZRUVW FDVH PRYHPHQW LQ /(3� ZLOO EH PRUH WKDQ WZR RUGHUV
RI PDJQLWXGH VPDOOHU WKDQ WKH HTXLYDOHQW VLPXODWLRQ IURP $7/� :H FDOO WKLV WKH �QRUPDO�
ZRUVW FDVH EHFDXVH ZH ZLOO ORRN LQ WKH QH[W VHFWLRQ LQ GHWDLO DW WKH HYHQ ODUJHU �EUHDNV� LQ
WKH oRRU LQ 3��� DQG 3���� +RZHYHU� DV VWDWHG EHIRUH� WKHUH DUH HDV\ VWUDWHJLHV WR GHDO ZLWK
WKH YHU\ ODUJH PRYHPHQWV ZKLFK DUH OLPLWHG WR MXVW D IHZ SODFHV� VLPLODU WR WKH �5XQQLQJ
:LWK WKH :LQG� VWUDWHJ\ XVHG DW /(3� EXW RQ D GDLO\ UDWKHU WKDQ D \HDUO\ EDVLV ��

% /RQJ�WHUP FRQVLGHUDWLRQV

7KH XSVKRW RI WKH SUHYLRXV VHFWLRQ ZDV WKDW WKH UDQGRP $7/ PRGHO RYHUHVWLPDWHV

WKH DFWXDO VKRUW�WHUP PLVDOLJQPHQWV RI D PDFKLQH GXH WR JURXQG PRWLRQ DORQH E\ D
ODUJH DPRXQW� EHFDXVH WKH DFWXDO JURXQG PRWLRQV DUH QRW UDQGRP� $ FDXWLRQDU\ VWDWHPHQW
ZDV PDGH WKDW WKHUH PLJKW EH RWKHU UDQGRP FRQWULEXWLRQV WR WKH PRYHPHQW RI TXDGUXSROHV
DQG DFFHOHUDWLRQ VWUXFWXUHV ZKLFK FDQ FKDQJH WKH WRWDO SLFWXUH� 1HYHUWKHOHVV� �RUGLQDU\�
PRYHPHQWV ZKLFK LPSDFW RQ WKH VKRUW�WHUP PLVDOLJQPHQW SUREOHP FDQ EH SDUDPHWHUL]HG�
7KH �H[FHSWLRQDO� PRYHPHQWV FDQ QRW EH SDUDPHWHUL]HG DQG ZH ZLOO GLVFXVV WKHP E\ ORFDWLRQ
LQ /(3 LQ WKLV VHFWLRQ�

,I RQH H[WHQGV WKH FDOFXODWLRQV RI )LJXUH �� �RU VHH )LJXUH �� IRU WKH DFWXDO PHDVXUHPHQWV
WR �� \HDUV� WR ����� \HDUV� DVVXPHG WR EH WKH W\SLFDO OLIH�WLPH RI D )XWXUH /LQHDU &ROOLGHU�
WKH UDQGRP PRGHO QRZ XQGHUHVWLPDWHV WKH ORQJ�WHUP PRYHPHQWV E\ XS WR DQ RUGHU RI
PDJQLWXGH�

7KH SUREOHP FUHDWHG LV WKDW WKH UDQJH RI EXLOW�LQ DGMXVWPHQWV IRU UH�DOLJQPHQW� LI GH�
VLJQHG IROORZLQJ WKH $7/ PRGHO� ZLOO QRW EH ODUJH HQRXJK DQG WKH GHOLFDWH VHW�XS ZLOO KDYH
WR EH GLVWXUEHG DW D ODWHU WLPH ZLWK MDFN�KDPPHU ZRUN WR PDNH URRP LQ WKH oRRU IRU WKH

�� 5XQQLQJ :LWK WKH :LQG� &(51 &RXULHU� ���� ������ S� ��

��
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),*85( ��� 'HWHUPLQLVWLF � SDUDPHWHU PRGHO FDOFXODWLRQ IRU &/,&�-/&�1/&� ZLWK WKH SDUDPHWHUV DQG

WKH GLVWULEXWLRQV IURP )LJXUH ��� 7KH PLVDOLJQPHQWV KDYH WKH ORRN DQG IHHO RI WKH /(3 3� PRYHPHQWV� DV

WKH\ VKRXOG� EHFDXVH WKH PRGHO ZDV WXQHG XS RQ 3�� $V LQ SUHYLRXV )LJXUHV WKH FXUYHV ZHUH QRUPDOL]HG

WR ]HUR DW WKH FRRUGLQDWH RULJLQ� LQ WKLV FDVH LW UHVXOWHG LQ PRVW SRLQWV EHLQJ QHJDWLYH� 3� ZDV XVHG IRU

VLPXODWLRQ RI WKH ��� RI WKH PDJQHWV EHWZHHQ ��� NP� DQG ���� NP� FUHDWLQJ D �QRUPDO� ZRUVW FDVH IRU

PLVDOLJQPHQW�
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∆T = 1/2 hour
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),*85( ��� 'HWHUPLQLVWLF � SDUDPHWHU PRGHO FDOFXODWLRQ RI WKH GLmHUHQWLDO PRYHPHQWV EHWZHHQ QHLJK�

ERULQJ PDJQHWV IRU &/,&�-/&�1/&� ZLWK WKH SDUDPHWHUV DQG WKH GLVWULEXWLRQV IURP )LJXUH ���

��



VXSSRUW LI WKH oRRU JRHV XS� 2U WKH VXSSRUW ZLOO QHHG WR EH GLVPDQWOHG WR SXW LQ ORQJHU DG�
MXVWPHQW EROWV LI WKH oRRU JRHV GRZQ� 2QH WULHV WR NHHS WKH DGMXVWPHQW PHFKDQLVPV DV VKRUW
DV UHDVRQDEOH WR NHHS WKH HLJHQ�IUHTXHQFLHV RI WKH VXSSRUW KLJK� 6R RQH ZDQWV WR SURSHUO\
RSWLPL]H WKH EROWV IRU WKH ORFDO FRQGLWLRQV�

2QH FRXOG GHFODUH E\ nDW WKDW WKHUH ZLOO EH QR WHFWRQLF IDXOWV RQ D IXWXUH FROOLGHU VLWH�
%XW LQ UHDOLW\ WKHUH VHHPV WR EH IDXOWV QHDUO\ HYHU\ZKHUH RQ HDUWK� &(51 ZDV QRW NQRZQ
WR EH DQ HVSHFLDOO\ VHLVPLF DFWLYH SODFH� DQG HYHQ WKH TXLHW )HUPLODE VLWH KDV VLGH EUDQFKHV
RI WKH 1HZ 0DGULG )DXOW� $QG &DOLIRUQLD DQG -DSDQ���"

$QG VLPLODU WR WKH /(3 VLWH� LW PD\ QRW EH UHDO WHFWRQLF PRYHPHQWV RI DFWLYH IDXOWV
ZKLFK GULYHV WXQQHO PRYHPHQWV EXW UDWKHU ZDWHU SHQHWUDWLQJ WKURXJK IDXOW JHQHUDWHG FUDFNV
LQ WKH URFN� RU WKH UHPRYDO RI WKLV ZDWHU� 6R RQH KDV WR ZDWFK RXW IRU WKH FRPELQDWLRQ RI
DTXLIHUV DQG �ROG RU QHZ� IDXOW OLQHV�

� 7KH 6XEVLGHQFH DW 3RLQW 3��� ^ )HUQH\

7R UHVWDWH� 7KH ORQJ�WHUP �KHUH� \HDUV� FRQVLGHUDWLRQV DUH GHSHQGHQW RQ WKH IDVWHVW
PRYHPHQWV� 7KH PRVW SURPLQHQW IHDWXUH RI /(3 WXQQHO oRRU PRYHPHQWV LV REYLRXVO\ �VHH
)LJXUHV � DQG �� WKH VXEVLGHQFH FORVH WR )HUQH\�9ROWDLUH� LQ 3���� )LJXUH �� VKRZV WKH HOHYD�
WLRQV PHDVXUHG LQ ����� 7KLV IDXOW DUHD ZDV QRW VXVSHFWHG EHIRUH FRQVWUXFWLRQ DV VRPHWKLQJ
WR ZDWFK RXW IRU� 2QH VKRXOG UHPHPEHU WKDW )LJXUH �� GHVFULEHV WKH PRYHPHQW RI D ��� P
WKLFN WXQQHO oRRU� FDVW LQ WZR OD\HUV� HDFK DERXW �� FP WKLFN� VR WKH IRUFHV DW ZRUN DUH
FRQVLGHUDEOH�

%XW 3��� VLWV DW D SRLQW ZKHUH DQ XQGHUJURXQG YDOOH\� WKH ZDWHU�FDUU\LQJ 6LOORQ GH
0RQWoHXU\�)HUQH\� FURVVHV /(3 DQG WKH *HQHYD $LUSRUW� 3UHVXPDEO\ WKH ZDWHU SHQHWUDWHV
WKURXJK WKH IDXOW WR WKH WXQQHO OHYHO� RU LQ SDVW WLPH WKH ZDWHU IROORZHG WKH IDXOW ZHDNHQLQJ
WKH VWUXFWXUH RI WKH 0RODVVH� RU WKH JURXQG ZDV ZHW DQG WKH /(3 GUDLQDJH V\VWHP GULHG WKH
VRLO RXW� +RZHYHU� WKH 6LOORQ GH 0RQWoHXU\�)HUQH\ LV D YHU\ ZLGH VWUXFWXUH � >��@� S� ���
>��@� VR WKDW WKH LPSDFW RQ WKH /(3 WXQQHO LV PRUH OLNH WKDW RI D FUDFN LQ WKH URFN� DQG OHVV
RI D WUHQFK DV LQ 3��� �VHH QH[W VHFWLRQ��
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),*85( ��� 7KH VWURQJ VXEVLGHQFH RI /(3 FORVH WR )HUQH\�9ROWDLUH JLYHV ULVH WR D FKDQJH RI {��� PP�\HDU
RYHU D GLVWDQFH RI ��� P�

,W LV HDV\ WR FDOFXODWH IURP WKLV PD[LPXP PRYHPHQW� {� PP�\HDU� WKDW WKH GDLO\
��



PD[LPXP PRYHPHQWV DUH �xP�GD\� RU ����xP SHU KRXU� 7KXV WKH VLPXODWLRQ LQ )LJXUH ��
XQGHUHVWLPDWHV WKH PD[LPXP PRYHPHQW E\ D ODUJH IDFWRU� :H H[SODLQHG HDUOLHU WKDW SDUW RI
VXFK GLmHUHQFH FRPHV IURP WKH ODFN RI VSDFLDO VKRUW�UDQJH FRUUHODWLRQV LQ WKH PRGHO�

+RZHYHU� WKH JHQHUDO PRGHO XVHG WR SUHGLFW W\SLFDO PRYHPHQWV VKRXOG LQ IDFW XQGHU�
HVWLPDWH WKH PRYHPHQWV� $V WKH PD[LPXP PRYHPHQWV ZLOO EH UDUH� WKH\ ZLOO EH HDV\ WR
KDQGOH LQ GDLO\ RSHUDWLRQ EHFDXVH RI WKHLU SUHGLFWDELOLW\� 7KXV� WKH\ ZLOO KDYH QR LPSDFW RQ
KRXU�WR�KRXU RSHUDWLRQV LI KDQGOHG ULJKW�
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↓P7.2 ↓P7.4 ↓P7.6 ↓P7.8 ↓P8.0 ↓P8.2

),*85( ��� 'LmHUHQFH PRYHPHQWV LQ WKH )HUQH\ IDXOW� &RPSDULQJ WKH WZR )LJXUHV GHVFULELQJ WKH )HUQH\

IDXOW� RQH VKRXOG QRWLFH WKDW WKH GLmHUHQFHV DUH VLJQHG GLmHUHQFHV� PRUH OLNH D SLWFK� 7KDW ZD\ PRYHPHQWV

DUH PRUH DFFHQWXDWHG LQ WKH JUDSKLFDO UHSUHVHQWDWLRQ�

,Q ���� *HUU\ )LVFKHU VLQJOHG RXW WKH IDVWHVW UHJXODU PRYHPHQW RI 6/$&� /,1$&�6HFWRU
��� ZLWK c\ ���xP�PRQWK �PHDVXUHG�� DV VRPHWKLQJ WR ZDWFK RXW IRU� UHTXLULQJ PD\EH
GDLO\ FRUUHFWLRQV RI �xP�GD\ �LQIHUUHG� >��@� 7KH )HUQH\ IDXOW JLYHV ULVH WR D PRYHPHQW RI
� WLPHV WKDW QXPEHU� {�xP�GD\� RYHU DERXW ��� P GLVWDQFH� 7KLV KDV WR EH FRPSDUHG WR
D W\SLFDO WUDQVYHUVH YHUWLFDO WROHUDQFH RI D IHZ PLFURQ IRU D ��� HPLWWDQFH JURZWK RYHU D
EHWDWURQ ZDYHOHQJWK DW WKH HQG RI )XWXUH &ROOLGHUV RI WKH VDPH ��� P �VHH� H�J�� )LJXUH ����
RI 5HIHUHQFH >��@ ��� 6R WKLV PRYHPHQW ZRXOG KDYH WR EH WDNHQ FDUH RI DERXW WZR WLPHV D GD\
WR SUHYHQW HPLWWDQFH EORZ�XS� +RZHYHU� VLQFH WKLV LV D UHJXODU PRYHPHQW� GHWHUPLQLVWLF DV ZH
FDOOHG LW� LW HDVLO\ FDQ EH WDNHQ FDUH ZLWK WKH GDWD IURP WKH SUHYHQWLYH VXUYH\ PHDVXUHPHQWV
LPPHGLDWHO\ DIWHU FRQVWUXFWLRQ� DV H[SODLQHG LQ WKH SUHYLRXV VHFWLRQ�

'HVSLWH WKLV VWULNLQJ DEVROXWH HOHYDWLRQ FKDQJH� )LJXUH �� GHPRQVWUDWHV WKDW WKH OR�
FDO GLmHUHQWLDO PRYHPHQWV EHWZHHQ QHLJKERULQJ PDJQHWV DUH TXLWH QRUPDO DQG ZLWKLQ WKH
ERXQGDULHV PHQWLRQHG EHIRUH� DQ DFFXPXODWHG ��� PP RYHU D nYH \HDU WLPH VSDQ� ZLWK D IHZ
H[FHSWLRQV� 7KLV RQFH PRUH VSHDNV IRU WKH KLJK TXDOLW\ RI WKH /(3 WXQQHO oRRU FRQVWUXFWLRQ�

� 7KH 6XEVLGHQFH DW 3RLQW 3��� ^ 9LOOHQHXYH

7KLV WXQQHO PRYHPHQW LV GXH WR DQRWKHU LPSRUWDQW IDXOW �RU IDXOWV� ZKLFK FURVVHV /(3
DW 3��� DQG FUHDWHV WKH VHFRQG ODUJHVW DEVROXWH PRYHPHQW� :KLOH PRVW IDXOWV RULJLQDWLQJ LQ
WKH -XUD UXQ IURP 1: WR 6(� WKLV UXQV VWULFWO\ ZHVW WR HDVW GRZQ IURP WKH &UuHW GH OD 1HLJH�
,Q WKH RULJLQDO GRFXPHQWDWLRQ IRU /(3 >��@ WKH DUHD LV GHVFULEHG DV WKH FURVVLQJ RI WKH �)DLOOH

�� 7KH YHUWLFDO VFDOH ODEHO LQ )LJXUH ���� RI WKH ='5 KDV WR EH UHDG DV xP DQG QRW PP�

��



GH OD &DODPH� DQG WKH �)DLOOH GH OD 7UHPEODLQH�� LW ZDV DOVR QRWHG WKDW VHYHUDO YLVLEOH HDUWK
PRYHPHQWV DUH FRQQHFWHG ZLWK LW DQG WKDW LW LV DQ LPSRUWDQW ZDWHU GUDLQDJH ]RQH�

7KLV PDNHV DOO WKH LQJUHGLHQWV RI ODUJH WXQQHO PRYHPHQWV DV H[SODLQHG EHIRUH� IDXOW
OLQHV DQG DYDLODELOLW\ RI ZDWHU� 7KH FRUUHVSRQGLQJ XQGHUJURXQG YDOOH\ ��6LOORQ GH 6HUJ\�� LV
NQRZQ WR KDYH D ZLGWK RI ��� P� LQ JRRG DJUHHPHQW ZLWK WKH VXEVLGHQFH RI /(3 VKRZQ LQ
)LJXUH ��� )URP WKH DSSHDUDQFH RI WKH VXEVLGHQFH LW LV SRVVLEOH� EXW QRW SURYHQ� WKDW LW LV
LQGHHG FUHDWHG WKURXJK WZR IDXOWV FORVH WRJHWKHU� SDUWLFXODU LI FRPSDUHG WR 3���� WKH 6LOORQ
GH 0RQWoHXU\�)HUQH\�
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↓P2.6 ↓P2.7 ↓P2.8

),*85( ��� 6XEVLGHQFH LQ /(3 3RLQW ���� WKH FURVVLQJ RI /(3 ZLWK SUREDEO\ WZR JHRORJLFDO IDXOWV DQG

WKH 6LOORQ GH 6HUJ\� 7KH FXUYHV ZHUH QRUPDOL]HG WR WKH DYHUDJH RI WKH KLJKHVW SRLQWV QH[W WR WKH EUHDN �����

DQG ���� P�� 7KH ZLGWK RI WKH VXEVLGHQFH DJUHHV ZLWK WKH NQRZQ ZLGWK RI WKH XQGHUJURXQG YDOOH\�

)LJXUH �� VKRZV WKDW WKH GLmHUHQWLDO PRYHPHQW EHORQJV WR WKH nYH ODUJHVW VXFK JURXSV
LQ /(3� VHH DOVR )LJXUH ���

5000 5100 5200 5300 5400 5500 5600 5700 5800 5900 6000
−5

−4

−3

−2

−1

0

1

2

3
Lower Allondon Elevation Differences 93−99

location [m]

ele
va

tio
n d

iffe
ren

ce
 [m

m]
 

↓P2.6 ↓P2.7 ↓P2.8

),*85( ��� 'LmHUHQFH LQ (OHYDWLRQ EHWZHHQ QHLJKERULQJ PDJQHWV LQ 3���� 'HVSLWH WKH VSHFLDO QDWXUH RI

WKLV EUHDN WKH GLmHUHQFHV IDOO LQWR WKH JHQHUDO PDJQLWXGHV RI VXFK GLmHUHQFHV DW /(3�

��



� 3��� 7KUHH 'LmHUHQW (mHFWV

7KH HmHFWV DURXQG 3��� FRXOG VHUYH DV D VFKRROERRN H[DPSOH KRZ LPSRUWDQW LW LV WR
NQRZ WKH DFWXDO KLVWRU\ RI HDFK SRLQW PHDVXUHG LQ WKH WXQQHO� DQG DOVR WR NQRZ WKH JHRORJ\
RI WKH HQYLURQPHQW�

)URP OHIW WR ULJKW LQ )LJXUH �� ZH VHH�

q WKUHH VKDUS SHDNV DURXQG ����� ���� DQG ���� P�

q D VXEVLGHQFH DURXQG ���� P�

q D EURDGHU SHDN DW ���� P�
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),*85( ��� &RQoXHQFH RI WKUHH GLmHUHQW HmHFWV OHDGLQJ WR DFFXPXODWHG WXQQHO PRYHPHQWV LQ ����� $OO

HmHFWV GHSHQG RQ WKH DYDLODELOLW\ RI ZDWHU� $V LQ )LJXUH � WKHVH GDWD KDYH EHHQ FRUUHFWHG IRU UH�DOLJQPHQW

DFWLRQV EHIRUH ����� 7KH WKUHH VKDUS SHDNV DURXQG ����� ���� DQG ���� P DUH GXH WR ZDWHU LQWUXVLRQ LQWR

WKH WXQQHO DQG LW
V HQYLURQPHQW GXULQJ WXQQHOLQJ� WKH VXEVLGHQFH DURXQG ���� P LV GXH WR WKH $OORQGRQ

IDXOW� DQG WKH EURDGHU SHDN DW ���� P GXH WR WKH *RPSKROLWH OD\HU WUDYHUVHG KHUH LQ WXQQHOLQJ�

-XVW QDLYHO\ ORRNLQJ DW WKH GDWD RQH FRXOG HDVLO\ DQG MXVWLnDEO\ FRQFOXGH WKDW {� PP LV
WKH QRUPDO WXQQHO KHLJKW DQG WKDW HYHU\WKLQJ EHORZ DUH SODFHV ZKHUH WKH WXQQHO oRRU VDJJHG
WR D YDU\LQJ GHJUHH� 3XWWLQJ DOO WKH LQIRUPDWLRQ WRJHWKHU WKH IROORZLQJ SLFWXUH GHYHORSV�

�� $V UHSRUWHG HDUOLHU WKH �5HQDUG� LV WKH DUHD ZKHUH WKH WXQQHOLQJ KLW ZDWHU FDUU\LQJ
VWUDWD� ,W WRRN D ZKLOH WR VWRS WKH ZDWHU DQG WR FRQWLQXH ZLWK WXQQHOLQJ� PDLQO\ E\ LQMHFWLQJ
FHPHQW LQWR WKH VRLO� 6WLOO� DIWHU WKH oRRU KDG EHHQ SRXUHG DQG WKH PDJQHWV KDG EHHQ LQVWDOOHG
DQG DOLJQHG� WKH\ URVH \HDUO\ IRU D QXPEHU RI \HDUV XQWLO WKH PRYHPHQW VWRSSHG� 7KLV LV WKH
UHDVRQ IRU WKH WKUHH VKDUS SHDNV�

�� 7KH $OORQGRQ )DXOW FURVVHV /(3 DW ���� P� 7KLV IDXOW FDUULHV SOHQW\ RI ZDWHU� WKH
6RXUFH G
$OORQGRQ� PDNLQJ WKH WZR LQJUHGLHQWV ZH WKLQN DUH QHFHVVDU\ IRU FUHDWLQJ D VLQNLQJ�

�� $W WKH SODFH ZKHUH /(3 FURVVHV WKH ERXQGDU\ EHWZHHQ 0RODVVH DQG /LPHVWRQH� DW
{���� P� D OD\HU RI *RPSKROLWH LV ORFDWHG� 6LQFH *RPSKROLWH VZHOOV ZKHQ LW EHFRPHV ZHW�
WKH ZDWHU IURP WKH $OORQGRQ PDGH WKH WXQQHO JR XS� ,QWHUHVWLQJO\ HQRXJK� WKH FRUUHVSRQGLQJ
*RPSKROLWH OD\HU RQ WKH VRXWKHUQ HQG RI WKH -XUD VHFWLRQ RI /(3� DW 3���� GRHV QRW VKRZ
DQ\ VLJQV RI XS�OLIW�

��



& 6XPPDU\ RI &RQFOXVLRQV

1R VLJQ RI UDQGRP PRYHPHQWV RI WKH $7/�W\SH RI WKH /(3 WXQQHO oRRUV ZHUH IRXQG LQ
\HDUO\ YHUWLFDO VXUYH\V RYHU �� \HDUV� ,W LV SRVVLEOH WKDW EHORZ WKH FRQFUHWH oRRU WKH PRXQWDLQ
GRHV �6SDFH�7LPH *URXQG 'LmXVLRQ� �$7/�PRGHO�� EXW WKHVH PRYHPHQWV KDYH QRW EHHQ DEOH
WR SHQHWUDWH WKURXJK WKH FRQFUHWH oRRU LQ DQ\ REVHUYDEOH ZD\�

,W LV LPSRUWDQW WR NHHS WKH IROORZLQJ SRLQWV LQ PLQG ZKLOH WU\LQJ WR XQGHUVWDQG WKH GDWD�

q �� 'LVWLQJXLVK EHWZHHQ WKH UDQGRP ZDON RI WKH VXUYH\ SURFHVV DQG WKH VHDUFK IRU UDQGRP
PRYHPHQWV RI WKH oRRU WKURXJK WKH PRYHPHQWV RI WKH TXDGUXSROHV DWWDFKHG WR WKH oRRU�

q �� :H XVHG D nW WR VXSSUHVV UDQGRP ZDON RI WKH VXUYH\ SURFHVV RQO\ LQ 3�� 2WKHUZLVH
GLmHUHQFHV ZHUH XVHG EHFDXVH D nW IRU DOO RI /(3 ZRXOG KDYH UHTXLUHG DUELWUDU\ FKRLFHV
RQ ZKLFK GDWD WR H[FOXGH IURP WKH nW�

q �� 'LmHUHQW DUHDV LQ DQ DFFHOHUDWRU KDYH GLmHUHQW PRGHO FRQVWDQWV� :H IRXQG ZH QHHGHG
DW OHDVW WZR� D PRUH UHnQHG DQDO\VLV PLJKW GHFLGH PRUH DUH QHHGHG�

q �� 7KH HYLGHQFH LV RYHUZKHOPLQJ WKDW WKHUH LV QR WUDFH RI UDQGRP PRYHPHQWV RI TXD�
GUXSROHV RYHU WKH \HDUV�

q �� :H FRQFOXGH �RU FRQMHFWXUH� DV WKH VNHSWLF PLJKW SUHIHU� WKDW WKH $7/ PRGHO RYHUHVWL�
PDWHV WKH VKRUW�WHUP PRYHPHQW RQ WKH VFDOH RI KRXUV� EXW XQGHUHVWLPDWHV WKH ORQJ�WHUP
PRYHPHQW RQ WKH VFDOH RI \HDUV�

:H H[SDQG VRPHZKDW RQ WKH ODVW SRLQW DERYH LQFOXGLQJ VRPH UHFRPPHQGDWLRQ IRU FRQ�
VWUXFWLRQ DQG GUDLQDJH EHORZ�

� 7KH /RQJ�WHUP (mHFWV

/RQJ�WHUP HmHFWV RQ WKH DFFHOHUDWRU DUH GHWHUPLQHG E\ WKH PD[LPXP H[FXUVLRQV GXH
WR VZHOOLQJ FOD\� WHFWRQLF IDXOWV� XQGHUJURXQG YDOOH\V� HWF� 7KLV SDSHU KDV VKRZQ WKDW WKH
�PD[LPXP H[FXUVLRQ� HmHFWV� HYHQ ZKHQ H[WUDSRODWHG WR VKRUW�WHUP WLPH�VFDOHV� FDQ HDVLO\
EH KDQGOHG LQ GDLO\ RSHUDWLRQ RI WKH PDFKLQH VLQFH WKH\ DUH GHWHUPLQLVWLF DQG� WKHUHIRUH�
SUHGLFWDEOH� &DUH KDV WR EH WDNHQ LQ WKH PHFKDQLFDO GHVLJQ WR EH DEOH WR DFFRPPRGDWH
UHDVRQDEOH PD[LPXP H[FXUVLRQ RYHU \HDUV ZLWKRXW KDYLQJ WR GLVPDQWOH D GHOLFDWH VHW�XS�

:H VXVSHFW FHUWDLQ W\SLFDO ��QRUPDO�� /(3 PRYHPHQWV WR EH GXH WR WKH ZD\ WKH oRRU
ZDV FRQVWUXFWHG LQ GLVMRLQWHG VODEV� DV GLVFXVVHG HDUOLHU� +HUH LV ZKDW ZH ZRXOG UHFRPPHQG
IRU WKH FRQVWUXFWLRQ RI )XWXUH /LQHDU &ROOLGHU WXQQHO oRRUV� ZLWK YHUWLFDO WROHUDQFHV RI D IHZ
PHWHU OHQJWKV�

q )RUHJR H[SDQVLRQ MRLQWV DQG FDVW D PRQROLWKLF FRQFUHWH VODE ZLWK D FRQWLQXRXV VWURQJ
UHEDU VNHOHWRQ LQ WKH oRRU� 7KLV PD\ OHDG WR FUDFNV LQ WKH oRRUV EXW ZLOO NHHS WKH
DOLJQPHQW VPRRWKHU� EHFDXVH LW LV DVVXPHG WKDW PRYHPHQWV KDSSHQ DFURVV WKH MRLQWV�

q (VWDEOLVK D SHUPDQHQW PRQXPHQW V\VWHP DQG PHDVXUH HDUO\ WR FDOLEUDWH PD[LPXP
PRYHPHQWV� 0DLQWDLQ WKDW PRQXPHQW V\VWHP WKURXJK WKH OLIH RI WKH PDFKLQH� .HHS
UDQGRP ZDON EHORZ DFFHSWDEOH WROHUDQFHV�

q $GMXVW WKH GHVLJQ RI WKH PHFKDQLFDO VXSSRUW V\VWHPV ORFDOO\ WR PD[LPXP H[SHFWHG
H[FXUVLRQV� RWKHUZLVH PLQLPL]H EROW OHQJWK�

��



q 7XQQHOV DFW OLNH ZHOOV ZKLFK FROOHFW ZDWHU� 7KLV ZRUNV ERWK ZD\V� 2Q WKH RQH KDQG
LW LV LPSRUWDQW WR KDYH D GUDLQDJH V\VWHP VLPLODU LQ TXDOLW\ WR /(3
V� ZKLFK NHHSV WKH
WXQQHO GU\ DQG NHHSV VXUSOXV ZDWHU ORZ LQ LWV HQYLURQPHQW� 2Q WKH RWKHU KDQG LI WKH
URFN ZDV ZHW ZKHQ ERUHG RU ZKHQ WKH FRQFUHWH ZDV SRXUHG� LW VKRXOG VWD\ ZHW WR SUHYHQW
VKULQNDJH� :LWK RWKHU ZRUGV� WKH GUDLQDJH V\VWHP KDV WR EH LQWHOOLJHQW�

� 7KH 6KRUW�WHUP (mHFWV

6KRUW�WHUP HmHFWV RQ WKH DFFHOHUDWRU DOLJQPHQW XQGHU WKH GHWHUPLQLVWLF EHKDYLRU KDYH
EHHQ VKRZQ WR EH PRUH EHQLJQ WKDQ XQGHU D UDQGRP PRGHO� 6WURQJHU IRFXVLQJ �D VKRUWHU
)2'2 FHOO OHQJWK� UHVXOWV LQ D WLJKWHU WROHUDQFH IRU TXDGUXSROHV EXW LQ D ORRVHU WROHUDQFH
IRU DFFHOHUDWLQJ VWUXFWXUHV� DQG YLFH YHUVD� 7KH WROHUDQFHV ZH KDYH SLFNHG LQ WKH WDEOH EHORZ
DUH DQ DUELWUDU\ FRPSURPLVH EHWZHHQ WKH WZR� EXW WKH UHVXOWV FDQ HDVLO\ EH UH�FDOFXODWHG
E\ DQ\ERG\ QRW VDWLVnHG ZLWK WKH FKRLFH� )RU WKH $7/ PRGHO DOVR D OHQJWK / QHHGHG WR EH
FKRVHQ� :H FKRRVH KHUH WKH W\SLFDO OHQJWK RI D )2'2 FHOO� UDWKHU WKDQ WKH DYHUDJH OHQJWK RI
DQ DFFHOHUDWRU� 7KLV GRHV IDYRU WKH $7/ PRGHO E\ ��

S
/ LQ FRPSDULVRQ � QHYHUWKHOHVV $7/

UHDFKHV WKH DOLJQPHQW OLPLW E\ DQ RUGHU RI PDJQLWXGH HDUOLHU WKDQ WKH 37 PRGHO� DV LW GRHV
LQ DQ\ UHDVRQDEOH FRPELQDWLRQ RI SDUDPHWHUV�

,Q WDEXODU IRUP�

&/,& -/&;�1/& -/&&
wn �PHWHUV �� ��� ���
c\

4XDG � xP � � ��
~$7/ � KRXUV ��� �� ��
~37 � KRXUV �� ��� ���

7DEOH RI VKRUW�WHUP WLPH WROHUDQFHV� c\
4XDG GHQRWHV WKH DFFHSWDEOH UPV PRWLRQ RI WKH PDJQHWV IURP

WKH ODVW EHDP EDVHG DOLJQPHQW� ~$7/ DQG ~37 DUH WKH WLPHV LQ KRXUV XQWLO WKH PLVDOLJQPHQW UHDFKHV WKLV UPV

DOLJQPHQW OLPLW� WKH VR FDOOHG VWDEOH WLPH� XQGHU WKH UDQGRP DQG WKH GHWHUPLQLVWLF DVVXPSWLRQ� UHVSHFWLYHO\�

7KH FRQVWDQWV XVHG ZHUH $36 �c��b�xP���VHF c P� IRU WKH $7/ PRGHO �IURP WKH LQYHUWHG SHQGXOXP LQ

WKH 36� D PLGUDQJH YDOXH IURP WKH OLWHUDWXUH�� DQG 33�  ��� c��b�xP�VHF IRU WKH 37 PRGHO �IURP RXU

HYDOXDWLRQ RI /(3 3�� D �QRUPDO� ZRUVW FDVH�� UHVSHFWLYHO\�

:H KDYH QRW IRXQG DQ\ PRYHPHQWV ZLWK WKLV VWXG\ RI /(3 ZKLFK FRXOG QRW EH KDQGOHG
ZLWK SURSHU FDUH DQG IRUHVLJKW�

$FNQRZOHGJPHQWV 0\ FRQQHFWLRQ ZLWK WKH &(51 6XUYH\ *URXS� WKHQ VWLOO XQGHU -HDQ
*HUYDLVH� JRHV EDFN WR D 6/& SUH�FRQVWUXFWLRQ YLVLW KHUH LQ ����� ZKHQ WKH\ NLQGO\ KHOSHG
WKH 6/$& DOLJQPHQW JUHHQKRUQ WR JHW JRLQJ� 7KH IRXQGDWLRQ RI WKLV SDUWLFXODU ZRUN KHUH LQ
WKH IRUP RI D FROODERUDWLRQ ZLWK WKH &(51 0HWURORJ\ *URXS ZDV ODLG GXULQJ D VDEEDWLFDO
VWD\ LQ WKH 636�/(3 $FFHOHUDWRU 3K\VLFV *URXS DW &(51 LQ ����� ,W ZDV FRQWLQXHG LQ WKH
LQWHULP DQG ZDV DJDLQ LQWHQVLnHG GXULQJ P\ SUHVHQW VWD\ ZLWK WKH &/,& 6WXG\ *URXS� 0\
JUDWLWXGH JRHV WR P\ ROG &(51 FROOHDJXHV LQ 0HWURORJ\ 0LFKHO +XEOLQ� 0LFKHO 0D\RXG�
-HDQ�3LHUUH 4XHVQHO� DQG QHZO\ DOVR )HQJ[LDQJ -LQ� ZKR ZHUH YHU\ JHQHURXV LQ GLVFXVVLQJ
DQG VKDULQJ WKHLU SDLQVWDNLQJO\ FROOHFWHG DQG GRFXPHQWHG GDWD� , WKDQN %XUW 5LFKWHU IRU KLV
HQFRXUDJHPHQW WR FRQWLQXH WKLV ZRUN�

0DQ\ GLVFXVVLRQV DQG H[FKDQJHV ZLWK *RUGRQ %RZGHQ DERXW DOLJQPHQW SUREOHPV RYHU
PRUH WKDQ �� \HDUV KDYH KHOSHG WR VKDUSHQ P\ IRFXV DQG XQGHUVWDQGLQJ� , WKDQN *LOEHUW
*XLJQDUG DQG $QGUuH 9HUGLHU IRU SURSRVDOV ZKLFK FRQWULEXWHG JUHDWO\ WR WKH FODULW\ RI SUH�
VHQWDWLRQ �MXVW LPDJLQH KRZ EDG LW ZDV EHIRUH�� , DP LQGHEWHG WR &ULV 2SSHQKHLPHU DQG
)UDQN =LPPHUPDQQ IRU H[FHOOHQW HGLWLQJ DQG SURRIUHDGLQJ�

��



5()(5(1&(6

�� 0LFKHO 0D\RXG� -HDQ�3LHUUH 4XHVQHO� )HQJ[LDQJ -LQ� �'HIRUPDWLRQ $QDO\VLV RI /(3�� ��WK

,QWHUQDWLRQDO :RUNVKRS RQ $FFHOHUDWRU $OLJQPHQW�� *UHQREOH� )UDQFH� ����� DQG ��WK ),*

,QWHUQDWLRQDO 6\PSRVLXP RQ 'HIRUPDWLRQ 0HDVXUHPHQWV�� 2OV]W\Q�$OOHQVWHLQ� 3RODQG� �����

�� 9�0� -XUDYOHY� $�$� 6HU\� $�,� 6OHSWVRY� :� &RRVHPDQV� *� 5DPVHLHU� DQG ,� :LOVRQ� �,QYHV�

WLJDWLRQ RI 3RZHU DQG 6SDWLDO &RUUHODWLRQ &KDUDFWHULVWLFV RI 6HLVPLF 9LEUDWLRQV LQ WKH &(51

/(3 7XQQHO IRU /LQHDU &ROOLGHU 6WXGLHV�� &(51�6/������ DQG &/,&�1RWH ���� �����

�� 5DLQHU 3LWWKDQ� WR EH SXEOLVKHG�

�� )HQJ[LDQJ -LQ� �'HIRUPDWLRQ $QDO\VLV RI /(3
V 7XQQHO�� ,QWHUQDO 5HSRUW� 3RVLWLRQLQJ 0HWURO�
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