8VH RI ODUNRY &KDLQ ORQWH &DUOR 6DPSOLQJ OHWKRGV WR
$VVHVV DQG ,PSURYH 9DULDWLRQDO 02',6 &0ORXG 5HWULHYDOV

'HUHN 3RVVHOW 7ULVWDQ / (FX\HU DQG *UDHPH 6 WHSKHQV
'HSDUWPHQW RI $WPRVSKHULF 6 FLHQFH &R®RUDGR 6WDWH 8QLYHU

,QWURGXFWLRQ
MODIS 0.6 Micron
0DQ\ UHFHQWO\ SURSRVHG 3SK\VLFDO KWHMWUL HYos T
DQG GDWD DVVLPLODWLRQ WHFKQLTXHV C :
%D\HVLDQ HVWLPDWLRQ RSWLPDO HGMEPDWLF [%
QHFHVVLW\ DVVXPH PHDQ JHUR *DXVVLDIMQ HUUF80
$V D UHVXOW D *DXVVLDQ SUREDEDXWIVRQGHC
LV LPSRVHG RQ WKH HVWLPDWHG VWBWH D(Q
WKH HUURU VWDWLVWLFV LV UHVWULFWHC |
FR YDULDQFH DORQH ,I WKH HVWLPDW@WORQ S*®°
SRVHG DQG ZHOO FRQVWUDLQHG VXFK WKDW
GHILQHG SUREDELOLW\ PD[LPXP H[LVWV WKH .
HVWLPDWLRQ PHWKRG FDQ EH TXLWH HIHFW, | 4
WKHUH LV QR ZD\ WR NQRZ ZKHWKHU WKH 3') &
LV WUXO\ *DXVVLDQ LQ IRUP DQG KHQFH
YDULDWLRQDO PHWKRG KDV SURGXFHGI@® URE:
UHOHYDQW REVHUYDWLRQV DQG D UDQRURI Ut*
HDFK HVWLPDWHG SDUDPHWHU ODUNRY FKDL( 4
0&0& DOJRULWKPV FDQ EH XVHG WR VDPSC ¢
MRLQW FRQGLWLRQDO GLVWULEXWURZ RBN FL]| ol
RI UHODWLYHO\ KLJK SUREDELOLWWHDMXWHTXD
RI WKH ILW EHWZHHQ REVHUYDWLRQV DQ
YDULDEOHV 2QFH D VXILFLHQW QXPEHU RI Vi,
EHHQ REWDLQHG WKH UHVXOWLQJ 3')V FDGC [
TXDQWLWDWLYHO\ DVVHVV WKH UREXRQUD@HVV
VROXWLRQ IRU HDFK HVWLPDWHG YDULDEOH

MODIS 2.13 Micron

,Q WKLV SDSHU WKH SURSHUWLHV RIDNKH 0&C
GHPRQVWUDWHG XVLQJ D UHODWLYHO\ VWUL
SDUDPHWHU 02',6 FORXG UHWULHYDO YBVHUYIs
Rl 02',6 UHIOHFWDQFHV LQ YLVLEOH DQG Q |
FKDQQHOV DQG D SK\VLFDOO\ UHDOE®QWLF Ul
YDOXHV RI FORXG SDUWLFOH HIHFWLYH UDC,|
RSWLFDO GHSWK LV XVHG WR GHILGHH W#H SL |
EH VDPSOHG 5HVXOWV IURP D 0&0& EDVHG Ut
TXDQWLWDWLYHO\ FRPSDUHG ZLWK UHWXOWV [ —
HVWLPDWLRQ UHWULHYDO DQG WKHWWRGLW\ »
LV H[SORUHG ,W LV IRXQG WKDW WKWK3') RI |
REWDLQHG IURP 0&0& LV GHFLGHGO\ GFRDQRUP
GHSWKV JUHDWHU WKDQ DSSUR[LPDWR®@Y OF ‘ pagac== ,

Rl VHQVLWLYLW\ WR ODUJH RSWLHMD®D FRWRV L ° 1 » * 0 0 (b)
D *DXVVLDQ 3') LV DVVXPHG :KHQ WKH YDly. A

UHWULHYDO LV PRGLILHG VXEK WK[R\SN\WKBOQDFI.gure 1. MODIS qbserved reflectance for 0.6
SDWK LV HVWLPDWHG LQ SODFH RI VOKH RS,mlcron(a) and 2.13 micron (b) changels. Scene was

GLUHFW LPSURYHPHQWV LQ WKH YDUXDWLRQIObserV?d over the northeast Pacific ocean at

‘H FRQFOXGH WKDW WKH 0&0& PHWKRG FD(approximately 2130 UTC 4 July 2001.

XQLTXH DQG YDOXDEOH LQIRUPDWLRQ RC(

FKDUDFWHULVWLFV Rl UHWULHYHG YRVHGEOHYV WiISWDVHYHEAUDQVIHU ORGHO DQG 9DULDWLRQDO
WR LPSURYH WKH SHUIRUPDQFH RI DQ FRSNWUIBWIYRODO

YDULDWLRQDO UHWULHYDO

D 'HVFULSWLRQ RI WKH 5DGLDQW 5DGLDWLYH 7UDQ

&RUUHVSRQGLQJ DXWKRU DGGUHVV ORGHO

'"HUHN 3RVVHOW

&RORUDGR 6WDWH 8QLYHUVLW\ 7KH IRUzZDUG UDGLDWLYH WUDQVIHU PRGHO XVHC
JRUW &ROOLQV &2 UHWULHYDO LV D VLPSOLILHG YHUVLREORI WKH 5D

GHUHN SRVVHOW#DWPRY FRORVWDWH HGX *DEULHO HW DO ZKLFK LV D PXDWL VWUHDP



SDUDOOHO VROYHU DSSOLFDEOH WRUERWK YWKILE DRORQGRDQBHSHQGY ODUJHO\ RRERWK WKH V
SRUWLRQV RI WKH HOHFWURPDJQHWLF VSHRMKIXFRUBIRG®PBIQLWXGH Rl HUARDQERYDULDQFHV
HPSORW D PXOWLSOH VFDWWHULQJ VROXWLRR NEDVBN/XESWRRQV PXVW EH PDGH  PDJQLWX:
FRPELQDWLRQ Rl WKH ZHOO NQRZQ L @@EUDFWWRE FHRYDELIMHFHY DQG LPSRVLWLRQ RI D *D
WKH HLJHQPDWUL[ PHWKRG DQG SURYLGHV DQKIFSHUDQHWVEBIGQHW VHFWLRQ ZH GHVFULEH KRZ
FRPSXWDWLRQDOO\ HILFLHQW VROXVARWK IRU RINGL BAFHWHEG WR REWDLQ WKH IXOO XQDSSU
FORXG\ DQG FOHDU FRQGLWLRQV )RU RXU WROGUWIRGDOZH') DQG KRZ WKLV 3') FDQ EH XV
UHWULHYH FORXG RSWLFDO SDWK DRB HIHFWUWHPDDGLXHUURUV WKDW UHVXOW IURP WKH
PHDVXUHG UHIOHFWDQFHV LQ DQG FRQFWRIDL QW
ZDYHOHQJWKV LQ D PDQQHU DQDORJRXV WR WKH PHWKRG
GHVFULEHG LQ 1DNDMLPD DQG .LQJ 7KH ;
LQWHUHVW ZDV REVHUYHG DW DSSUR[LPDWHO\ LR Tt
X0\ E\ WKH 02',6 LQVWUXPHQW RQ (26 7HU
FRQVLVWHG RI ORZ EURNHQ VWUDWXV DQG —
FORXGV RYHU WKH QRUWKHDVW 3DFLILF 2FHDQ | micms

Run

Parameter Set
SUREDELOLW\ WKDW WKH VWDWH IWHHILXYBHQ WF
WKH DYDLODEOH REVHUYDWLRQV DQGIUNKH
PRGHO )RU RXU SXUSRVHV WKH VWBDB FRQ MCMC Random
WKLFNQHVV DQG FORXG SDUWLFOH WMKRAWLYH Walk
REVHUYDWLRQV DUH 02',6 UHIOHFWDQFHV DW
PLFURQV %HFDXVH WKH VWDWH DQG REVH
SUREDELOLW\ GHQVLW\ GLVWULEXWEZRQV.VDUH
LV FRPPRQ WR DVVXPH WKDW WKH\ WDNH D *[ m
7KLV LV ERWK XVHIXO DQG DSSURSULHIWH ZKH!
DQG YDULDQFH DUH NQRZQ DV WKH FKDUDFW

Randomly Perturb
(Randomly Chosen)
Parameter

E 9DULDWLRQDO 5HWULHYDO OHWKRG

*LYHQ D PRGHOWKDW UHODWHVY D VHW RI F
UHIOHFWDQ®HR/ D VHW RI VWDWH[ SAHJZRXOE UV
OLNH WR HVWLPDWH WKH WUXH DWPRVSK
SURGXFHV WKHVH REVHUYDWLRQV 7KH VRO
SUREOHP FDQ EH REWDLQHG E\ PD[LPL]OQJ WK

Compute Likelihood
(cost function) and
Accept or Reject New
State

(a)

First Guess

Accepted

*DXVVLDQ 3') DUH IXOO\ GHWHUPLQHG E\ Perturb gl Toriuct [ Perturb
SDUDPHWHUV 'HYRUH *DXVVLDQ GHVWULE ;

DOVR DOJHEUDLFDOO\ HDV\ WR PDQLSXODWF S g | i
DGGHG EHQHILW WKDW WKH PRVW SUREDE
LGHQWLFDOO\ WKDW ZKLFK PLQLPLJHV WKH

GLIHUHQFH EHWZHHQ VWDWH DQG REVHUY Acteplel Rejocted
VROXWLRQ LV WKHQ REWDLQHG E\ PWQRRPLILQ ‘wm
WKDW FRQVLVWV Rl WKH QHJDWLYH GRQVRI WiI

SUREDELOLW\ GLVWULEXWLRQ ®)

Rejected | Accepled

() = =2 nP(xly) = [F() = 1" 8" [F(x) =y + be =l 8, b= xa] + € Figure 2: Schematic depiction of the MCMC iterative process. (a) A single

MCMC iteration and (b) a portion of the MCMC random walk depicting the

ZKHUHp LV WIKBULRMRO XH RI WK 8\, \D/ABA/ B UH accept/reject sequence.

WKH REVHUYDWDRRRQULBQIBJRU FRYDULDQFH PDWIL

UHVSHFWLYHO\ DQG & LV WKH QRUARDOWIRMWLRQ ERO\WDBIVLQJ 3URFHGXUH

*DXVVLDQ SUREDELOLW\ GLVWULEXWLRQ 7KH PD[LPXP

SUREDELOLW\ PLQLPXP YDULDQFH VROXWLR® WKHRMWUIENYDO SURFHVV ZKDW KHRGHVLUH LV
PLQLPLILQJ WKH JUDGLHQW RI WKHHRBHFWX Q FWKRIQSHRHOELOLW\ VSDFH IRU WKH PRVKWH OLNHO\ Y
WR WKH VHW RI KQNDRRZQV FDVH ZH VHW WKUBHWRNWYHG VWDWH JLYHQ D VHW RIREOHMUYDWLRQ
IXQFWLRQ JUDGLHQW HTXDO WR [WURURRIK VRONRHHRKDOXDWH WKH UREXVWQHVV RIQVIDW UHWULHY

D 1HZWRQLDQ LWHUDWLYH VROXWLRDWWRQWKWKHVNIAFMQYHHTDQIRUPDWLRQ FRQWHQW RI WKH RE

5RGJHUV WKH IXOO MRLQW FRQGLWLRQDO 3HYHR® WKH VHW
VWDWH SDUDPHWHUV LV UHTXLUHG H, REHOYLVK WR L
Kipr =%+ (S + KTS/TK,) [KFS;l(y—F(ﬁq))—sgl(&;—xa)} RQH RU WZR SDUDPHWHUV VXFK WKDWQ¥KH VWDWH

RU WZR GLPHQVLRQDO WKHQ LW ZRXSG EH IHDVL
+HUH[L. LV WKH FXUUHQW [HVWYPDWH SULRWKURXJK WKH UDQJH RI SRVVLEOH YDOXHV IR
HVWLPDWHY WKH PDWUL[ Rl SDUWLDO GHULYBWUPARYWWHUWKE VPDOO LQFUHPHQWVY FRPSXWLQJ
IRUZDUG PRGHO ZLWK UHWEHFVYDRRELDQ PDWUIZHLIKWHG GLVWDQFH EHWZHHQ VWDWHGDQG REVHW
DQG’ LV LWV WUDQVSRVH (TXDWLRQ PDNHWVRRASRGWHRY WKBW3') LQ WKH SURFHVV H+RZHYHU IR



GLPHQVLRQV JUHDWHU WKDQ RQH RWW#IR WEKNUWMRUWRIGEIDZQ IURPD WKHRSUREDELOLWA\

IRUFH VDPSOLQJ TXLFNO\ EHFRPHV LQWUDFWDEOMWUWENLRQ $V LV FRPPRQ SUDFWIFH ZH XVH
EDVHG RQ WKH IDFW WKDW PRVW YDOXHV RBMHMHRG/VWQWHAKDREK! VDPSOLQJ LV GRQH EXW QR V
DVVRFLDWHG ZLWK YHU\ ORZ SUREDHHMOLW\ WKM/RWIWHRUSWKH SXUSRVH RI 3IIRUYBWWHQIQ WKH LC

ODUJHO\ HPSW\ 7DUDQWROD ,Q IDFW WKW MKHQ 6LPLODU WR WKH PHWKRG HPSO
GLPHQVLRQV Rl WKH HVWLPDWLRQ SUREOHP 7DREZLQWHH MQ;MBW\UROD DQG ODWHU PRGLILHC
VSDFH WHQGV WR EHFRPH LQFUHDVLQJO\ HHBSWPLQ&P& ZH DOORZ WKH DOJRULWKP WR DGDS

H[SORLWV WKLV IDFW VHDUFKLQJ RXWHBUHDVFRDGREFMBWUDWHS OHQJWK GXULQJ WKH EXUQ |
SUREDELOLW\ ZLWKLQ WKH VWDWH VSDFH DQTXYDPBOWKH WKHS OHQJWK GXULQJ EXUQ LQ OHD
YLD D JXLGHG UDQGRP ZDON ,Q WKIRUBDSHU HEHFXNW®W VDPSOLQJ RI WKH VWDWH KMBWFH RQFH E
Rl 0&0& VLPLODU WR WKH ZHOO NQRZQ\HWURSRRIMKHBVVBIMHU EXUQ LQ DGDSWLYE RDPSOLQJ L\
DOJRULWKP OHWURSROLV HW DO  )RUDVWL@KR/ HQVXUH VDPSOLQJ IURP WKH FRUUHFW S
WKRURXJK DQG DFFHVVLEOH GLVFXVVEIRDV RIGVRMVWKRVIHR@L ,W ZDV IRXQG WKDW D EXUQ LQ Of
XQGHUSLQQLQJV RI WKH 0&0& DOJRULWKP  WIOR SOHYGHIDV.VIJHQHUDOO\ VXILFLHQW WR FRQY}
UHIHUUHG WR ORVHJDDUG DQG 7DUDQWROD VDPSBQOD® VWDWLRQDU\ 3')

HW DO DQG 7DUDQWROD

T T T T T
200 Samples 500 Samples

7KH ODUNRY FKDLQ LV VWDUWHG IURP D V
SDUDPHWHUV GUDZQ IURP D ERXQGHG 8QLIRU,
ERXQGV VHW WR SK\LFDOO\ UHDOLVWLF Y% L
SDUDPHWHU ,Q HDFK 0&0& VHDUFK LWHUDWLR° 75 33 J
FKRVHQ VWDWH SDUDPHWHU LV SHUWXUEHG £ [ .78 : 7. ]
HTXDO WR D XQLIRUP UDQGRP YDULDEOH PX e oL

DOORZDEOH SDUDPHWHU UDQJH DQG PRGLILF
IDFWRU GHWHUPLQHG GXULQJ WKH DGDSWL [ . ... . @ e W
GLVFXVVLRQ EHDRKH QHZO\ SHUWXUEHG SDU optcalpath T T opcat pah '
YDOXH H[FHHGV LWV DOORZDEOH UDQJH WK/ s [T
GLVFDUGHG DQG DQRWKHU UDQGRP SBUWXUE e S e
7KLV SURFHVV LV UHSHDWHG XQWLO DWMHDFFHS
YDOXH KDV EHHQ REWDLQHG DW ZKLFK SRL(Z “
REVHUYDWLRQV DUH FRPSXWHG DQG WKH GL\Z
VWDWH DQG REVHUYDWLRQV LV FDOFXRDWHG
WKH SUHYLRXV YDOXH )RU WKH FXUUHQW
HPSOR\ D *DXVVLD@LNHOLKRRG IXQFWLRQ (

0 %0 o

cli
¥
08°$
Effcctive Radius

Effcctive Radius

Elflcclive

LGHQWLFDOO\ WR WKH *DXVVLDQ FR®QW IXQFWL © :
H[FHSW WKDW 0&0& QHBGSBUIRRNHUP )RU L L L B
FRQVLVWHQF\ WKH REVHUYDWLRQ HUURU e B

VSHFLILHG DV LQ WKH RSWLPDO HVWLPDV = ‘ T o E NSRS
DFFRUGLQJ WR LQVWUXPHQW HUURU FKDUI T

IRUZDUG UDGLDWLYH WUDQVIHU PRGHOWHHJURU
LV DFFHSWHG DQG VWRUHG LI WKH QHZ OLNIa T
WKH ROG RU LI WKH QHZ YDOXH LWRVWIUFFLHM)
SUHYLRXV YDOXH DV GHWHUPLQHG L@LDV\B.[FU\AQ
PDQQHU )LJ BKREDELOLVWLF DFFHSWDQF” il
LPSRUWDQW LQ WKDW LW HQFRXUBJHV W
VDPSOH UHJLRQV FORVH WR DUHDV RI UH( U]
SUREDELOLW\ DQG DOORZV WKHDDORRDDWK = éilﬁcalp:ih T O Oiﬁmi C
SUREDELOLW\ PD[LPXP ’Q WKH FXUUHQN‘QDSS( Figure 3: Example of convergence of MCMC to sampling a stationary distribution-
VWDWH LV SUREDELOLVWLFDOO\ DWHBW LI -in this case samples of the joint conditional probability of optical path and
OLNHOLKRRG WR WKH ROG LV JUHDy‘E-w—{WKDQ effective radius for pixel number 19,19. Progressively greater numbers of samples
EHWZHHQ DQG %HFDXVH ZH KDYH FRPSXW} are shown in (a) tl‘lrough‘ (e), while the resu!t of bfute 'force integration in

increments of 0.1 in optical path and effective radius is shown in (f) for

OLNHOLKRRG WKH QHZ VWDWH LV DFFHSWHG comparison.

Elfcctive Radius

X < exp(Phew — Pota) 7KH 0&0& DOJRULWKP LV UXQ IRU PDQ\ VXFFHV'
LWHUDWLRQV WR DOORZ D WKRURXJKHVDPSOLQJ
VSDFH DQG D SRVWHULRU SUREDEMILRY GHMQVLW\ C
EXLOW IRU HDFK VWDWH SDUDPHWHUSWRE8 WKH VHW
7KH ERXQGHG XQLIRUP 3') LV DSSURSULDWHVMDWHIH %DVHG RQ LQLWLDO WHVWYPSOHZDV IRXQ
UHWULHYDO FRQWH[W DV LW UHSUHVHQWV WKHHPIRQLPXP SFOWL¥EAHFLHQW WR FKDUDFWHUL]H
SULRU LQIRUPDWLRQ RQ WKH VWDWH DQG DZRRPQWORIRMWKHERVWHULRU 3') 7R HIIVXUH IXOO
LQIRUPDWLRQ DVLGH IURP D UHDVRQDEOH U JWKRH ¥DORHYDFK SL[HO ZH FKRVH WHRPUXQ WKH T
IRU HDFK UHWULHYHG SDUDPHWHU VDPSOHV ZHUH DFFXPXODWHG IRU HDFK




'HSHQGLQJ RQ WKH HUURU FKDUDFWHUWLVWLFWRB® WUHRYROZHY [RU WKH SXUSRVH RI VSDQQI
RI WKH DFWXDO MRLQW FRQGLWLRQDQ 3') UWQWRRNWIRSMIHDO SDWK DQG HIHF®LY® UDGLXV |
DQG LWHUDWLRQV DIWHU WHKI) RGDSWRHWEXH WR DQG  WR UHVSHFWLYHO\ '
WR REWDLQ D VDPSOH VHW DVVXPHG IRU VLPSOLFLW\ WKDW REVHUYDWLRQ H
XQFRUUHODWHG EHWZHHQ FK DQSULEULURY\ZHUH
$Q LOOXVWUDWLRQ RI WKH FRQYHUJHQFH RQGVRRQVK®UOEZHQFH WR D VROXWLRQ WRWWKH VFHQF
DOJRULWKP WR VDPSOLQJ D VWDWLRQDU\ ZBVVWQLRURICRQREWDLQHG ZLWKLQ  KLWHUDWLRQ
SUHVHQWHG LQ ILJIXUH ZKLFK GHSLAWV VDP&GH\WW@EBWHRER FDVHV ZH FRPSDUH ERWK UHWULHY
IURP WKH MRLQW 3') RI RSWLFDO SDBIKXVQG NIMFXWWH QG 3')V DV ZHOO DV WKH LQIRUPDWLRQ
IRU SL[HO LQ WKH 02',6 GDWDWH\IW, ¥\ LV FQG IRRPSDUH WKH YDULDWLRQDO UHWQIGHYDO ZLWK
DV HDUO\ DV VDPSOHV )LJ D WHKI3B') LVPREBBURI WKH GLVWULEXWLRQ REWDLQHG IURP 0&C
WR WDNH VKDSH DQG WKDW E\ VBAKSOHV 3)J L\G WUXO\ *DXVVLDQ RU DW OHDVW FHQWHL
3') LV ZHOO FKDUDFWHUL]JHG )RU FRPSDULVREQLRIRED) WKH PHDQ DQG PRGH UHWULHYHG YDO:
REWDLQHG IURP VDPSOHV )LJ HEHYGHQWLFDO
FRQWUDVWHG ZLWK WKH UHVXOW RI EUXWH IRUFH VDPSOLQJ
DFURVV WKH UDQJH RI YDOXHV IRU RSWILFPO SBMIXUDREE@HBI RSWLFDO SDWK DQG HIHFWH®H UDGLX\
UDGLXV )LJ | %UXWH IRUFH VDPSOGQE\ ZDV SRIWIREAHYDULDWLRQDO UHWULHYDOIRWQWKIKUHV D |
VWHSSLQJ WKURXJK WKH UDQJH RI REBMLWADO SPRHDRIGVKEH 0&0& 3') LQ ILJXUHV F DQG G DQG
UDGLXV LQ LQFUHPHQWYV RI UXQQEIO WKHWRHZPHG@®RI WKH 0&0& 3') LQ H DQG | ([DPLQDWL
DQG FRPSXWLQJ WKH OLNHOLKRRG MWOQR®LRQ RIQVKBFKHWHIHYHG RSWLFDO SDWK VWRZV LPPHGI
7KRXJK WKH RSWLFDO SDWK 3') KDV DL UOLQK WOK RREIHO® HVWLPDWHV UHFRYHU RXG UHODWLY
WKH 0&0& UHVXOW WKH 3')V DUH UHPDUNDB®GVEGHODWUHDY ZHQEWULHYDO RI ODUJHU YDOX}
GHPRQVWUDWLQJ WKH HIHFWLYHQHVV Rl RO&BNLAND GHSWK YDULHV VLJQLILADEQ®\ DFURVV

FKDUDFWHULILQJ WKH WUXH 3") UHWULHYDOV 7KLV LV DQ HDUO\ LQGDFOWLRQ RI W
Rl VHQVLWLYLW\ LQ WKH YLVLEOH BRRIQQHO WR F
S5HVXOWV JUHDWHU WKDQ DSSUR[LPDWHO\ S5SHWULHYHG F

UDGLXV H[KLELWVY DOPRVW H[DFW VLPLODULW\ |
,Q WKLV VHFWLRQ ZH SUHVHQW UHW@WV IURPWVWZRYGOWHWZLWK WKH RQO\ VLJIBRAILAD@WY GLIHUH
FRPSDULVRQV EHWZHHQ D 0&0& DQG D YDURDVHR®R® RI FOHDU DLU RU ZKHUHORORXGV DUt
UHWULHYDO (UURUV LQ HDFK FKDQQHO ZHUH WEBHGLILHG DV
Rl WKH REVHUYHG UH$OBBMRBRIBVH FDO SDWK DQG
HIHFWLYH UDGLXV IRU ERWK FDVHV ZHUH VHW HTXDO WR
SK\VLFDOO\ UHDVRQDEOH YDOXHV IRKGULTXLG VWUDWXV FOR
DQG PLFURQV UHVSHFWLYHO\ OLOHV HW DO
(UURU YDULDQFHV RI HAPQ@HUH DVVLJQHG WR



EHFRPHV LQFUHDVLQJO\ DFWLYH OLPRWLQJ WKH ¢
ODUJH FORXG GURSOHWV2SDUWLFXODYH LQ OLTXL
WKH RFHDQ &RRSHU HW DO

7R PRUH FOHDUO\ GHPRQVWUDWH WKH VLPLODU
GLIHUHQFHV EHWZHHQ YDULDWLRQDO DQG 0&0& U
3)V WDQG; WRP WZR VHOHFWHG SL[HOV DUH VKF
HQODUJHG DW WKH ULJKW VLGH RIDQIXUFH  )LIXUH
GHSLFW RSWLFDO SDWK 3')V IRU SL[@®Z ZLWK UHC
DQG UHODWLYHOM KLJRSWLFDO SDWK
UHVSHFWLYHO\ ZKLOH ILJXUHV H DQGI | GHSLFW
HIHFWLYH UDGLXV LQ WKHVH VDPH SIHMAWV ,Q WKH
FDQ EH VHHQ WKDW WKH REVHUYDWLRQV FRQWULE
LQIRUPDWLRQ WR HIHFWLYHO\ FRQYRAUUDIRZ WKH UH\
RSWLFDO SDWKV )LJ F WKH 0&0& DQG YDULL
VROXWLRQV DUH QHDUO\ LGHQWLFDOULQ WKLV FI
ZLWK LQFUHDVLQJ RSWLFDO SDWK )Q¥ E WKH
GLYHUJH DQG WKH YDULDWLRQDO 3') SURYLGHV
DSSUR[LPDWLRQ WR WKH VROXWLRQ MK RXJK SL[HO
UHODWLYHO\ VPDOO )LJ H DQG GDMLMH )LJ | F
UDGLL DSSHDU WR EH ZHOO FKDUDFWHUL]JHG E\ D
3') FDUHIXO H[DPLQDWLRQ RI DOO IRXAKDRWKUHV UH\
HDFK RI WKH 0&0& 3')V KDV D WDLO QRQH DUH SHL
*DXVVLDQ 7KLV WDLO LV XQLIRUPO\KHKFK VPDOOI
HIHFWLYH UDGLXV WKDQ IRU RSWLADD EBDWK WKR>
PRUH FOHDUO\ VHHQ LQ WKH SL[HO ZLWK UHODV
HIHFWLYH UDGLXV )LJ |

AXDQWLWDWLYH $VVHVVPHQW DQG ,PSURYHPHQW I
9DULDWLRQDO 5HWULHYDO

D ,QIRUPDWLRQ &RQWHQW DQG $VVHVVPHQW RI
9DULDWLRQDO 5HWULHYDO

7R EH DEOH WR HIHFWLYHO\ UHWULHMMEBHVWDLQ V\
IURP REVHUYDWLRQV WKH REVHUYDWLRQV PXVW

5HWULHYHG RSWLFDO SDWK DQG HIHRWLYH ug\é 'L{</F\/L Y/ 'RHUPV%V(‘SLX'WLISS WVCHL\%%\GVEW;
ERWK 0&0& DQG YDULDWLRQDO WHFKQLTXHV YRR UPDWLRG FROWHOW MHOVXUHY WR
LQ ILJXUH IRU D [ SL[HO VXEUHJLRQ RXW i

ZKLWH ER[ LQ ILJXUHV F DQG | ,Q JHQHUD gUPL%V(\Q-L%(EGFXRDQOWU'F;E)\%VU'““Y@DHV’\\/TRV(S’KHRB\
VHHQ WKDW DOO 0&0& 3')V DUH PRQR PRGDO W@ QaY SRBLLS LU W Do
WKDW D TXDGUDWLF PLQLPL]JDWLRQ WHFK UXOH Rl LOIRUPDWLRG LV WKH 6K
H[SHFWHG WR SHUIRUP ZHOO ,Q DGGLWLRQ S{D VD WHOW Lo ZKLER WaW RQIRUDDWLE
UDGLXV 3)V )LJ G DV zHOO DV 39V LQ <ff

ZKLFK RSWLFDO GHSWK| LV DSYNDWKWR EH ZHO Vh YDWLRQ RU VHW Rl REVHUYDWLRQV LV Fi

FKDUDFWHUL]HG E\ D *DXVVLDQ GLVWlDIVEXWLIﬁ_ KH FWLRQRPLQRE\nyVxBSVSl_\RQGVXHG%%QVggH Lg‘
RSWLFDO SDWKV LQFUHDVH EH\RQG WKHF w HQ GHILQHG DV WKHKGLIHUHQFH E
I

L
3')V LQFUHDVLQJO\ GHSDUW IURP *DXWLDQ
RSWLFDO SDWKV JUHDWHU WKDQ SL[HOV H RS D\\;Vvi\flgLVsHWN[Z)x\:_HFKDSSQV\éﬁHnggﬁhxhg\/

. H
DQG WKH 0&0& 3') HIKLELWV OLWWOHLé KH QXPEHU RI DOORZDEOHE\VWDWHV LV

WKH REVHUYDWLROY KDYH FROWULEBWHEOYHU 20, RI LQIRUPDWLRQ IURPIALKH PHDVX U}
Q Q Q O FDVH ERWKSHM®LFDWHG DQG

DQG WKH 0&0& 3')V DSSHDU WR EH ORJ Q (FX(\DH?J Y_Y\l/(vHDlC')QIRUPDWLRQ FRQWHQW
VKDSH ZLWK D PRGH WKDW LV LQFUHRFRLQJO\ FHG {
WKH YDULDWLRQDO PRGH ZLWK LQFUKBIVLQJ RSWLFDO SDWK
IDFW WKDW WKH 3')V IRU HIHFWLYH UDGLXV DUH QRW DV
VNHZHG DV WKRVH IRU RSWLFDO SDWRKVKM FR IQVIAMH WL%’L UHVVLRQ LV SUHGLFDWMG RQ WKH
SK\WWVLFDO OLPLWDWLRQV LPSRVHG RQ WKE L DWLVWLEV D TXDOWLWEWLYH DVVH:
GLVWULEXWLRQ E\ WKH FROOLVLRQ BRDOHVF Q
\% \4 Rl WKH *DXVVLDQ DVVXPSWLRQ F

GURS UDGLL LQFUHDVHPPEHWRQG GUL]IOH SURFHNEWDLQHG E\ FRPSDULQJ LQIRUPDWLRQ FRQWHQW

WR WKH VROXWLRQ )RU SL[HOV ZLWKHRSWLF



YDULDWLRQDO UHWULHYDO ZLWK WKDRP FRPSXWHEDESODLFRIWO\ WR UHSUHVHQW D QHJIOLJ
WKH 0&0& 3')V GLIHUHQFH EHWZHHQ YDULDWLRQDO DQG 0&0& 3")V
YDOXHV DERYH UHSUHVHQW UHODWHYHO\ ODUJH (

E 8VH RI 0&0& 5HVXOWV WR ORGLIN DQG ,PSURYH
WKH 9DULDWLRQDO 5HWULHYDO

7KH SUHFHGLQJ VHFWLRQ SURYLGHV H[DPSOH
GLDJQRVWLFV WKDW FDQ EH XVHG WRITXDQWLN WK
*DXVVLDQ EDVHG YDULDWLRQDO UHWJLHYDO RQFH
LV NQRZQ 7KH JUHDWHU WKH LQWHJUDWHG Gl
EHWZHHQ 376 DQG FRQVHTXHQW GLIHUHQFHV
LQIRUPDWLRQ FRQWHQW WKH PRUH QRQ *DXVV
VWDWLVWLFV DUH DQG WKH SRRUHU ,WKHVUHWULH
ORJLFDO WR DVN ZKHWKHU WKLV L@RUEFDWLRQ FD(
XVHG WR LPSURYH WKH YDULDWLRQD® \UMVOLQHYDO
D GHVLUDEOH PHWKRG E\ YLUWXH RISIHM@ FRPSXWDV
DQG LWV EDVLV LQ WKH SK\WLFV RIIMKH UDGLDW
SUREOHP

,Q WKHRU\ YLVLEOH UHIOHFWDQFH WWRXOG EH V
RSWLFDO SDWKV XS WR KRZHYHUWWIKHY YO UL DWLF
GHPRQVWUDWHG ORVV Rl VHQVLWLYERYHDW RSWLFD
LI 7KH IDFW WKDW WKH 0&0& MOHIRULWKP UH
ORJ QRUPDO 3'WDIRG UQ ERWK &75/ DQG (55
FDVHV VXJJHVWV WKDW WKLV SUREOHP FRXOG EI
PLWLJDWHG E\ UHWULHYLQJ WKH Q®EYKDO ORJ R
&RPSDULVRQ RI LQIRUPDWLRQ FRQWHQID EHWZBIGHIQ NMIHMMWAHRQDGLXV $ ORJ QRUPD@HE) LV WKXV
DQG 0&0& UHWULHYDOV )LJ LQGLFDWHRQWHIR, WKdG EHFDXVH WKH QDWXUDO ORJ RI D
YDULDWLRQDO VROXWLRQ RYHU HVWLPDWHYV QKD O@IRGPPWUREXWHG UDQGRP YDULDEOH LV
FRQWHQW RI WKH REVHUYDWLRQV OHDQW LQIRUPOWLRID FRWIHDQ UHWDLQ WKH *DXVVLDQ YDUI
IRU RSWLFDO SDWK ZDV ELWV KLURGDORU WKPIHYRUNDWKH RQO\ IXQGDPHQWDO FKDQJH LV W
HVWLPDWH ZKLOH PHDQ LQIRUPDWLRQH-RQWHSEREEHRYQHINFRRPSXWHG ZLWK UHVSHRKHVR YDULDV
UDGLXV ZDV ELWV KLJKHU 5HFDOO WKDW)DMKUIESRQ RIDQG WKSULRULURU YDULDQFH LV
UHWULHYHG 3WD®E BRU WKH FRQWURO FDVH NEHFLILHG VXFK WKDW WKH YDULDQFHD RI WKH OR
ZHUH GHFLGHGO\ ORJ QRURDDQ®RUNRRWIOHVVHULRUELVWULEXWLMR@YDGRWY LGHQWLFDO WR WKH
HWHQW7KLYV VXJIJHVWV WKDW O DMZHDOYRDXHVYBULDQFH RI WKH 1D SUMBOEY
D KLJKHU SUREDELOLW\ Rl RFFXUUL@IYDQ WKH 0&0& UHWUL
7KH DEVHQFH RI VXFK D *WDLO " LQ XWKIEREDULBWEBRQDD VRWULHYDO RI WKH ORJ RIWHIHFWLYH U
IDOVHO\ OHDGV RQH WR EHOLHYH WKBWD WKH HREMHMWDBORQWL. GHQWLFDO WR WKHFRUYH QDO UH
EHWWHU MRE RI FRQVWUDLQLQJ WKHAMWBR@XWL RID BIKOQ GRW\\DXUSULVLQJI JLYHQ VIKI® WIRQDWLYHO\
GR 7KH IDFW WKDW WKHUH LV D JUHDWHU WKWFEHSDRRIHRIRFXV RQ WKH UHVXOWYV RI WKH UHV
RSWLFDO SDWK DV FRPSDUHG WR HIHMWR YH UWDG@RVR¥RPSHULVRQ RI UHWULHYHG RSWLFDO SD\
WKH IDFW WKDW 0&0& UHWULHYHG RSWLFDQ\/KQDW&LJ@'Q\DO YDULDWLRQDO UHWRQBYDO DQG
HIKLELWHG D FRQVLVWHQWO\ JUHDWHU Gi&RWKYBoVRRBWEKH FRQWURO FDVH )LJV D DQG
*DXVVLDQ GHPRQVWUDWHYV UHVWRUHG VHQVLWLRLW\ WR ODL
RSWLFDO SDWK IRW UMMMILERDO S5HWULHYHG RSWL
$ PRUH TXDQWLWDWLYH PHDVXUH RI WKHS@\NWO%FHXFK PRUH FORVHO\ UHVHPEOHV WKH F
EHWZHHQ YDULDWLRQDO DQG 0&0& VROXWLRQY BHWULHYDO )LJ D DQG WKH LQIRU
REWDLQHG E\ FRPSXWLQJ WKH LQWHJUD WEHEMRRXWRH YDULDWLRQDO UHVRULEHYDO )LJ
GLIHUHQFH ,$ EHWZHHQ WKH WZR UHMWLHYHESRVMOVDSSUR[LPDWHY WKDW RI WKH 0&0& HVWLP
PHDVXUH LV FRPSXWHG E\ FDOFXODWLQJ WKH PEVRGXWEXPWI RQ LQWHIJUDWHG GLIHUHQFHV
Rl WKH GLIHUHQFH EHWZHHQ WKH YDULDWLRRRSWPR DWKIDQG 0&0& 39V DUH UHGXFHG
0&0& 3') LQ HDFK GLVFUHWH ELQ WKHQ VXRyQk HO\ LQ UHJLRQV ZKHUH RSWLFDO €
UHVXOW 6LQFH HDFK 3') XVHV WKH VDPH EL@WV\%\Q )LV F DQG | 7KRXJK IDLUO\
DQG VLQFH WKH 3"V DUH QRUPDOLJHG VR WKBWHWKBERNPRAVLOO HILVW LQ UHBNREDRRGUHODWLY

LQWHJUDWH WR RQH WKLV PHDVXUH QV LQGHENQEHRIW BREGLIHUHQFHY ODUJHU HWKDQ o
VLIH 6LQFH HDFK 3') LQWHJUDWHV WR' D YAXPgI &l
Rl LQGLFDWHV D GLIHUHQFH EHWZHHQ WKH 3')

JRU LOOXVWUDWLRQ YDOXHV RI ,$' ')JRU RSWLFDO GHSWK 3
DUH SULQWHG LQ WKH XSSHU ULJKWSKBQG FRUQHU RI HDFK
LQ )LIXUHV D F )URP WKLV ILIXUH KWWDQ EH VHHQ W



,PSURYHG FRUUHVSRQGHQFH EHWZHHQ W&0& UBVWHMYEGLQ WKH YDULDWLRQDO UHWMWKIHYDO UHYFH
DQG WKHWORWULHYDO LV IXUWKHU LOOXVWUBANGIRY) ERWKDWMMWULHYHG YDULDEOHW ZHUH ORJ C
SORW Rl YDULDWLRQDO RSWLFDO BR®BM RV WHRWP URKRYIK WKH HIHFWLYH UDGLXV 3')V H[KLEL
WKH 0&0& 3') )LJ LQ ZKLFK LW L\H FOHDW XFKDWP INKOHU WDLO FRPSDUHG ZLWKIMKRVH IURP
YDULDWLRQDO HVWLPDWH ORVHV VHWKWLYLWOWK RSWR FBYEHGYDULDWLRQDO UHWBKHYDO LV Pl
JUHDWHU WKDQ IRU WKH *DXVVLDQ JFDVH ZIVKIMWVWWKHO R DWX U@ QCGR IWUHRI UHWULHYHG ~ WKH
UHWULHYDO UHWDLQV D FORVHU PDWHRUWR WKHWIRGRY kG VXRDQXHY Rl HIHFWLYH UDBXWV FKDQJH
ODUJHU RSWLFDO SDWKV 1RWH KRZHMHU WKYMQFHWLXVW\WR ODUJH RSWLFDO $DWKNVLV UHVWI
SULRRSWLFDO SDWK LV VWLOO VHW DW Db REWL R X3PWIRIXS WR ~ FDQ EH RRWDLQHG ,C
RSWLFDO SDWK VWLOO WHQG WR H[KLELW DV\OWAWLRY RO ORKYRUPDO HUURUV OHDGV WR
YDULDWLRQDO UHWULHYDOV 7KLV HKQKIOWIKWEHWEHHQGEKIE BVVXPHG 3')V LQ WKH DODULDWLRQD(
Rl WKH 0&0& WHFKQLTXHV WKH\ GR QRW UPQ& RGKRY REWDLQHG IURP 0&0& DQG LQIRUP
DVVXPH®B SULRUIRUPDWLRQ %HFDXVH WKH LQFRPEBMOWQLY PRUH FRQVLVWHQW EHWZHHQ WKH 0¢
IJURP WKH YLVLEOH FKDQQHO VDWXWDWHV DW DYe YdH RIDULDWLRQDO

UHVXOWV DUH FRPSDUNGQR®@RM IRDQJH RI JHUR WR

1L WA 7KH UHODWLYHO\ VWUDLJKWIRUZDUG &DSSOLFDWLRQ
DOJRULWKP LQ WKLV SDSHU GHPRQVWUDWHV WK
&RQFOXVLRQV 0&0& IRU HYDOXDWLQJ YDULDWLRQDO HQWLPDWLRQ

SULQFLSOH WKH WHFKQLTXH FDQ EH H[WHQGHG

*LYHQ D VHW Rl REVHUYDWLRQV DQG B PRGHRRHDW YMHRWLRQ SUREOHPV HVSKFLDOO\ RQH
REVHUYDWLRQV WR D VHW RI GHVLUBGNRYDWHZYDBISHEOHWKEW WKH 3')V PD\ EH KLJKO\ QRQ *DXV
FKDLQ ORQWH &DUOR PHWKRGV FDQ EH XVHG'WRPWM@DO GLILFXOWLHV FDQ EH RYHUFRI
WKH IXOO MRLQW FRQGLWLRQDO SR®WEQLRU BYVRU RBEYLRXV DSSOLFDWLRQV IRU HYDOXI
VWDWH ,Q WKLV SDSHU ZH KDYH XVHG 0&0DXWRYLREWHRYXPSWLRQV  XVHG LQ DWPRVSKHUL
3')V IRU RSWLFDO SDWK DQG HIHFWL®H UDGRXVLRIHWRWHRR VIVWHPV  %HFDXVH 0&0& LV DC
IURP YLVLEOH DQG QHDU LQIUDUHG 0ZK6 UHIO MEWRTYHREOH IRU VPDOO GLPHQVLRQDOJSDUDPHWHU
UHVXOWV KDYH EHHQ XVHG WR HYDOXIMNH D PRUH- QBRI RISHULPHQWY LQYROYKRJ HVWLPDW
YDULDWLRQDO UWWQGHWEDWRIDVVXPHV *DXVVLBQY RI VHPL HPSLULFDO QXPHULFDO PRGHO SK
HUURU FKDUDFWHULVWLFV ,W ZDV IRXRIG WKPWUBPYVBEHY| ¥YRXOG FXUUHQWO\ EH SRVVLEOH 7
*DXVVLDQ HUURUV OHDGV WR D ORWHRI VHELRAEYIREWELE LQIRUPDWLRQ RQ WKH VHQVLWI
UHWULHYDO WR RSWLFDO GHSWKV JUMDRU WLRQ WR VSHFLILHG FRQWWDQW SDUL

0 H\(é—';
DVVXPSWLRQ RI *DXVVLDQ HUURUV OHDGV WRRB §VL\Y\W@|6V\}X'—GDQFH RQ ZD\V WRUUHGXFH PRC
RYHUHVWLPDWH RI WKH LQIRUPDWLRQ FRQWH RF WRMR EH QRWHG WKDW 0&0& FRXOG LC

REVHUYDWLRQV &RPSDULVRQ RI 08&0& 3")V ZLWKH@K MAFUHDWWKH HILFLHQF\ Rl VRPH UHWULHYD
PHWKRGV SDUWLFXODUO\ WKRVH WKW H[SOLFL



SUREDELOLWLHV RYHU D ODUJH GDWDEDVH RIHORPODXWISRQV %1 &DUOLQ + 6 6WHEL@ DQG ' % &
XPPHURZ HW DO ,Q WKHVH UHWULHYDOV WKHAD\HVLDQ 'DWD $QDQWELYG

GLIHUHQFH EHWZHHQ REVHUYDWLRQV BQG VWDWH LV&RBRBEROW DQG +DOO &5& 1HZ <RUN 1<

IRU HYHU\ VROXWLRQ LQ WKH GDWDEDWBQ@WHDGLQJ WR D FR

DQG ODUJH QXPEHU RI QXPHULFDO RSHUDWHEBRQWLRIV HDFK ORQWH &DUOR VDPSOLQJ PHWKRC
UHWULHYHG SURILOH ,W LV SRVVLEOH WKDW 0&0&\ARXDGDENRY FKDLQV DQG WKHLU DSSOLFDV
XVHG WR VDPSOH WKH VHW RI VROXWURQV UHWXUCQhRPBWQIL-D

LGHQWLFDO VROXWLRQ IRU D PXFK VPDOOHU QXPEHU RI

LWHUDWLRQV XPPHURZ & < +RQJ : 6 20VRQ 6 <DQJ 5 )
$GOHU - OF&ROOXP 5 )HUUDUR * 3HWW\ '
6KLQ DQG 7 7 :LOKHLW 7KH HYROXWLR

WKH *RGGDUG 3URILOLQJ $OJRULWKP *352) i
UDLQIDOO HVWLPDWLRQ IURP SDVVLYH PLFUR
VHQVRUV$SSO OHWHRU

/(FX\HU 7 6 3 0 *DEULHO . /HHVPDQ 6 -
&RRSHU DQG * / BWHSKHQV 2EMHFWL YH
$VVHVVPHQW Rl WKH ,QIRUPDWLRQ &RQWHQW
9LVLEOH DQG ,QIUDUHG 5DGLDQFH OHDVXUHP]
IRU &ORXG OLFURSK\VLFDO 3URSHUW\ 5HWULH
RYHU WKH *OREDO 2FHDQV 3DUW , /LTXLG &
- $SSO OHWHRU3UHVV

OHWURSROLVY 1 $ : 5RVHQEOXWK 0$1 5RVHQEO]
+ 7HOOHU DQG ( 7HOOHU (TXDWLRQV F
VWDWH RQ IDVW FRPSXWLQJ PDFKLQHV
&KHPLFDO 3K\VLFV

ORVHIJDDUG . DQG $ 7DUDQWROD ORQWH &DU
VDPSOLQJ RI VROXWLRQV WR LQYHUVH SUREC
*HRSK\WV 5HV

OLOOHU 6 ' * / BWHSKHQV & . 'UXPPRQG $

$FNQRZOHGJIPHQWV +HLGLQJHU DQG 3 7 3DUWDLQ $
PXOWLVHQVRU GLDJQRVWLF VDWHOOLWH FOR

7KLV ZRUN ZDV IXQGHG E\ 1$6$ 103 FRQWUDFW 1$6 UHWULHYDO VFKHR$K\V 5HV

OLFN &KULVWL 3KLOLS *DEULHO DOQG .\OH /HHVP

KHOSIXOO\ ILHOGHG TXHVWLRQV DERWWMKH 5DGLDQW UDGLD

WUDQVIHU PRGHO ZKLOH 6WHYH &RRSHU IBNRMWHEG 7.QDQG 0 ' .LQJ "HWHUPLQDWLRQ

HVWLPDWLQJ WKH HUURUV DVVRFLDWHG ZLWK QWD HRSWIGPO WKLFNQHVV DQG HIHFWLYH SD

DEVRUSWLRQ LQ WKH QHDULQIUDUHG 7RPL 9XNLFHRGEXYQRI FORXGV IURP UHIOHFWHG VRODU U

5LFKDUG 'DYLV SURYLGHG JXLGDQFH RQ WKH SPRBWYUHPHQWV 3DUW-, $\MRPRRUBGFL

DSSOLFDWLRQ Rl WKH 0&0& DOJRULWKP

S5HIHUHQFHV 5RGJHUV & ' ,QYHUVH OHWKRGV IRU $WPRVSKHULF
6RXQGLQJ 7KHRU\ DQG 3UBRBEWIGH
&RRSHU 6 - 7 6 /(FX\HU DQG * / BWHSKHQV 6FLHQWLILF 6LQJDSRUH
7KH LPSDFW RI H[SOLFLW FORXG ERXQGDU\
LQIRUPDWLRQ RQ LFH FORXG PLFURSK\VIPBBLQHP - DQG ( .\UROD %D\HYLDQ VROXWL
SURSHUW\ UHWULHYDOV IURP LQIUDUHG UDGLDHHRRQOLQHDU DQG QRQ *DXVVLDQ LQYHUVF
*HRSK\WV 5HV ‘2, SUREOHPV E\ 0DUNRY FKDLQ ORQWH &DUOR
o PHWKRG *HRSKW 5HV

'"HYRUH - 3UREDELOLW\ DQG 6WDWLVWLFV IRU
(QILQHHULQJ DQG WKH 6RMKQEHYV 7DPPLQHP - 9DOLGDWLRQ RI QRQOLQHDU LQY!
‘DGVZRUWK %HOPRQW &$ DOJRULWKPV ZLWK ODUNRY FKDLQ ORQWH &Dl
PHWKRG *HRSK\WV 5HV '
*DEULHO 3 0 0 &KULVWL DQG * / 6WHSKHQV GRL -
&DOFXODWLRQ RI -DFRELDQV IRU ,QYHUVH 5DGLDWLYH
7UDQVIHU $Q (ILFLHQW +\EULG OHWKRG 7DUDQWROD $,QYHUVH 3UREOHP 7KHRW DQG
4XDQW 6SHFW DQG 5DGQ TRIDIWV OHWKRGV IRU ORGHO 3DUDPHWHU (VWLPDWLRQ
6,50 3KLODGHOSKLD 3%



