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$VVHVVLQJ WKH 7URSLFDO 6RXWK $WOBDRMLFX@AHIR VGEIK\HW HQ FV\K HBUHIR G
7THPSHUDWXUH SDWWHUQYV

7KLDJR / 9 6LOYD 'RULV 9HOHGD 3DUILIVNEGHYHNORE WD $8OMHYGBIHGUR 7\D 1
/IRSHV [/pR $URXFKD

$IILOLDWLRQV

7KLDJR 6LOYD 3HUQDPEXFR :DW3H& D@® &ADEDIDHE $IJH GHFLIHH 3HUQDPEX
&HQWHU IRU 5HQHZDEOH (QHUJ\ IUBRRUWPRIRBEXBRH UHG 8YBUY HUWEMWM 2BHUQL

%UD]LO T7HO WKLDJRDBLO.] O[#JPDLO FRP

'RULY 9HOHGD 'HSDUWPHQW RI 2FHDQWRJIBDSKNQRADED HD QCGH USIH QUWRP WK
8QLYHUVLW\ 2] BHUQDPEXFR &(5 8)3( S5HFIGIRIUBWHYQDPEXHXISGUB]ILO ( PD

$OH[DQGUH &RVWD 5HQHZDEOH &HQRVHMKHRYHGHQEB®DEQHY QN UW\ IR 3 H
&(5 8)3( S5HFLIH 3HUQDPE YORRH[®QO L O FFRDAVOD # X ISH EU

&ODXGLD . 3DULVH /DERUDWRIRGROLALPBOSHIBAWR KQ@MHRIDZFGEH DQRJUDSKN\
JHGHUDO 8QLYHUVLW\ RI ODUDQKmMR 3RUX\XJIXHWDBI]$TH 6mR /
( PDIEWDXGLDNSDULVH#JPDLO FRP

5LWD & 0 $OYHV 6WDWH &HQWAWHRRIJIROREPRMHVEBPQ¥KQJBQBUIHO 8QLYHU)
GR 6X0O &(3650 8)5*6 SRUWR $O0OHIWH BPDHWE UUBDARP EU

BHGUR 7\DTXLom 'HSDUWPHQW RI 2FRHDIORIBRDS KN QHRAMBMH D@QHUEHIURP
8QLYHUVLW\ RI SBHUQDPEXFR &(5 8)3(0 5HFIMMDTXHEOQ BPEXIFR FRBD]L

JUDQFLV /RSHV 'HSDUWPHQW RI 2FHQWRUUDRSK\5HRAEDBO W QHKBI\ IURP
8QLYHUVLW\ RI 3BHUQDPEXFR &(5 8)3(0 5HFDIWMRIHYQBPEXER FRBD]L

/pR $URXFKD 'HSDUWPHQW RI 2FHDQRJUDBXHN Z DEEFOHD QQ HUJG | BRI WHKH IR
8QLYHUVLW\ RI 3BHUQDPEXFR &(5 8)3(0 5H P DIHR BHWRDPKEDHKRR WFULLQ FRP

&RUUHVSRQGLQJ $XWKRU
&RUUHVSRQGHQFH WR 7KLDJR 6LOYD

$EVWURRWEKHDVW %UDJLO 1(% LV DXVXVHOIBKN RE GHWIHIR R Q) BMLRQ MDIOHD RFYH
WHPSHUDWXUH 667 LV XVHG DV R@HLQBDRAKMR UHMAR ®WVHIGQ FVMKLLQ/J UHDM R ¢
7URSLFDO BRXWK $WODQWLF UHJERRQUM®GRR G DESOH G LR K W b D QWHNQ PHGV E
KHDW DQG KXPLGLW\ ZKLFK FUHRW HWVKBIWIRBRY S KH-ULFHL Q V WADKEH. OHDVAW H U Q
(1(% ZDV LQIOXHQFHG E\ KHDY\ UDLDOBOOD FOXULQHVORYKWIOHRRWKHU K|
WKH EHJLQQLQJ RI D SHULRG RI GURYJRWNDWRBEW ®% 18 FWHPE MUKCHVZKIROL Q
DQRPDORXV YDOXHV RI 7& 7& LDROWKRXJK WHVSEBAWLYH@WHQVH U
UHFRUGHG LQ (1(% HYHQ ZLWK LBWHQWHK QWID WRXIS BI6G DRHRPO GWP RV SK
6HGLPHQW 7UDQVSRUW &2%$:67 PRGHVR WFKPXOBWHRQWW ZHUHD®GGH DWI
FRQGLWLRQV PRGLI\LQJ WKH 6@ VL Q7SOHWI B D@/ [R IL @Y KERWZKRVINWIAD WR DV V H v
VIVWHPV WKDW RFFXUUHG LQ IH@® D O \ XML QD (RE WH B X O WWRIGD®D WD DV
FKDQJHV LQ DWPRVSKHULF LQVWDEHLWD LM\ GONMQFHY QR @K LIFK HDQMA &67 |
SHUIRUPHG IRXU FDVHV LQFOXGLQJ DDBETRRISEWNUAGRQGLWIZR®K E 66
LQ ZLWK ZHDWKHU FRQGLWLRQV RIZLWKF 667MHPWKWMUUFARBQIGQWLRQV C
LQ ZLWK DWPRVSKHULF FRQGLWLR@MGI WRRPDW 6$7BHWHRSKOWW XWK VL
LQIOXHQFHG WKH LQVWDEL O LM\HRU PFSHW WR URHORH LPFROUOH WY WHWIMAD QW LQ W



DWPRVSKHUH HVSHFLDOO\ LQ WKB YDRVWDEYDV WLKID/W $DH/MRG MR ZDR/Z FOBN

DWPRVSKHULF FRQGLWLRQV IDYRU ZVKH RE HP QL § @NDLLLOR. QR HVQ KVH W) \UW B B O¢
6$%:3

, QWURGXFWLRQ

1IRUWKHDVW %UD]JLO 1(% SUHVHQWVQDDSOORYRXQIFEHLE MSD BN VDL R V X |
IRUFLQJV 5DR HW DO +DVWHQUDWHKLOKR+HW BO HW D®BLQFH WKUBIUSR
LQ WKH WK FHQWXU\ WKH 1(% LV UHRBVUWD®JD B HDWD&XRQRU R P RQIXMQG
LQ VHPLDULG UHJLRQV ODUHQJR HPMQM®MOO L QOFARDVZWID®HD VHIWWFD @ OHD
ODQGVOLGHV ZLWK GHDWKY DQ8 KBORFRPLKUERWV MSD PR\RUOD GIX]H WLR Q
RI KLOOV RU VORSHV ZKLFK IDYRKMW DHR OR JLHRD/O6D@WWRD/EHDIL/O *RPHV
7KH VHPLDULG ZKLFK FRUUHVSRQGWNPNR WD Q@ D URIDYRIDDPER XMV WKH UHJ
YXOQHUDEOH WR GURXJKWY DQG GHV® UWL I LEDINIDFOX R HW KDHO 1 (% OD,WDHBR |
(DVWHUQ DQG 1RUWKHUQ 1RUWKHDVARDVYWLODRDE QRWARIDIDE D1KKLIK VX
LQWHQVH UDLQIDOO HSLVRGHV LQD G®WPDUGNV EDNOND \DKO VRRW &M PRMWUY VJ G
LQKDELWDQWYV LQ 1(% +RXQVRX JERHERDWROL HWH DKV HW BRGULJIXHV HW
7KH UDLQIDOO YDULDELOLW\ LQ WWKHG 1Y% JQR QW KN UIV B R EL B WQI\E UZLAV K H
&RQYHUJHQFH =RQH ,7&= QRUWK VRXWK PERGDWIRHN BIRW PODWL D Q &DVDA

ODUHQJR HW DO ,Q WKH WRY D& HIHYLREVWHUWK HD QG%F HQKH 6F
&RQYHUJHQFH =RQH 6$&= YDULDE LG W H FIRRQQV Y LLEXIVOH B OVRHW K B WAH RSO
DQG VXPPHU 3DHJOH DQG OR 83 S BQ XMURSRY S KHEW XXDEORQLF 9RUW
DUH SUHVHQW )HUHLUD DQG OHOR WKE WHHFHSNVWBHW QR D%V (RRE X O D
':DYHV 'LVWXUEDQFHV (:' G5DPRYV 7 RRXBIGLBR QW) BOUHLUD*RPHYV HW D
ZLWK PD[LPXP UDLQIDOO EHWZHHQ HDDJMHQ &UHFL\S LDKDAV DR® YOE®R YCHY P

6XUIDFH 7THPSHUDWXUH 667 DQRPDQUIHY R&$ UDDER 8Q FDLG R6 6 RW W KSHAUGDD @
(162 WKDW LQWHUDFW ZLWK JOREDOLBEUPX@DWORWKADAVH BHIPPWLER
$QGUHROL DQG .D\DQR BLMWD HWG DAHGHVORXUD HW DO
,Q WKH ZHVWHUQPRVW 76% UHJLRQ LBO:DRIMNG@RRQ DA% :BRXWKH UBE 75 WD L
FRUUHODWHG ZLWK WKH 1(% SUHFRSGWDWHLR@QYH MW KGDWHRWZD® HU YDSRU \
WR WKH ODQG &DYDOFDQWL HW BOFKDQJHDBIEWZHMH) RG 8 DRR DVWEXDWP RV !
OF3KDGHQ &LQWUD HW DO +RXQORX JER7THW GG DPLF 60\DWRF HIW
ZDUP ZDWHU LV WKH GHFUHDVLQJ \ODWMLEL Q1 VE\ \@ B U B M JKGHEQ K Y QUF K B WY I6 b1 W !
OD\HU DQG UHGXFH PRPHQWXP IURP WRE ROSHIW HERXQGHUYV RO DWHKWH ZEKUHPD
JHQHUDWH PRUH OHVV YDULDEGGYL WO RPBUHKDS LMROVML RIHY K H Y SWKH. DO
HW DO
7KH LQWHUDFWLRQ EHWZHHQ DGH DDV DQIEL QLV WHKVH H@W P D @/ LIR Y DXU L D
PRPHQWXP DQG PRLVWXUH H[FKD Q8D BIRXH $BAP RIWS IDHOUH % RXIKG DU\ /D\
YHUWLFDO VWUXFWXUH LV D FUXBUB®@ A B FRVRW QR 5 WALE LD FAMLLYQ W IWH\H \RFFF
3HQJ HW DO 2FHDQ VXUIDFH IOXR[G\QBDY GHW BB R LIIHIG WVEN FBSH UD W X |
ZLQG VSHHG DOO RI ZKLFK H[SOLSURPN\DAHY Ot@QHGWR OWKH 0$%KH ZDU
DQG ODUJHU VPDOOHU ZDUP SRR ®\DU HIMW B QN H RRWAHIFWIHRE WRR RRWUBIL FO
$WODQWLF :DQJ HW DO 7K HWGIWRLWDHD WHKH. B @: 3V RVHID®& HYAH PHWHRUR
(1(% OHDGLQJ WR YDULDELOLW\ DQW MBYHUH UDLQIDOO HSLVRGHV 6LOYL
&RQVLGHULQJ WKH DGYHUVH FRQGXWQRWV [RUGKHRKRQRBLFLGBYIFQGTO QF
FOLPDWH WKH 1(% EHFRPHV D SRV BXYHKWSR WO IQRDVDID FKKEIDQHHUDE G Y D |
&OLPDWH FKDQJHV DUH H[SHF®H® /DR V¥ XRQH WK BIQ(LI (% B3RS XXKOPWL R Q
FKDQJH RQ WKH FRDVW &RVWD HWFRQVHTXH@RHVRFDV® HE B Q RKL LQ
LQFUHDVH LQ KHDOWK LVVXHV XINB YHQ@XAH (ELNDQ® QEDRXKRQXQJ DQG Y
ZKLFK LPSO\ LQ LQFUHDVHG VRFL QW LGMHPTIXIHO WAR\ (D (U6 \PRRALHH WL JQLILFD
667 DQRPDO\ LV RQH RI WKH PRV WHOHYD QWREQGLBQRW RWHJIRRQIDXO F
%RMLQVNL HW DO "XH WR$VBKRIQVWKR @1 (%Q LQXWHIIHY IRDLAIDOO  &LC
+RXQVRX JER HW DO 6LOYD HWFRDXQGHUVMAD Q@ KRYHROMPDWH YDUL
$WODQWLF 667 FDQ OHDG W KH(% DLHYIDRO® YOWH RELORWK DW W®E ZHUH



E\ HDVWHUO\ ZDYHV RYHU WKH 6$:3 OIJYRPQYLERWOZWNK, G LI H USHQUN LD 9
XS WR 7& UHFRUGY SUHFHGHG H[W U HPRIWKM.LD KIDAYA HY® QW V QM DWW %Y 12 @ 6
ZHUH FRPPRQO\ UHFRUGHG LQ WKZHUWRW KFHDBHE R R '@ KQIWRD DVQR\H. P Q& S U R
GURXJKW LQ WKH 1(% 6LOYD DQG *XHGHWH GURMIJKMQBIR HQW DO IHFWHG U
ZHUH QRW FRPPRQO\ DIIHFWHG E\FKMKDLW MK%HUH UDLQIDOO GHILFLW VX

'XH WR WKH ODFN RI REVHUYDWHRYDORGBWQW DQ G MQTH HPHHGN | RAL Y L
VWUDWHJILF SODQQLQJ WHUUHVWKHDRF N DQNBIR PRR/GHKE U H LIOFOX SWKKHE PRS |
IUHTXHQF\ WXUEXOHQFH DQG UDG HIWWXH HFEEGDQ M FRPRSRMGIW VE AMWZK |
WLPH VWHS +\SRWKHVLV WHYWDWLHFQOE®W W KKWQW RNVKGMQWILIKWOLQIOXHQFH
DGYHUVH ZHDWKHU VFHQDULRV VK BOD®® §HYY W B \P DWILHE B RKHUW K H RHU | X B B/D/
DQG PLQLPL]JH VRFLDO LPSDFW Y AIWMHN FIKWRDWLRQ RI SRWHQWLDO FO

‘H SHUIRUPHG VLPXODWLRQV ZLWH VML E H LB ) HVGI® WHKHDIHI LRQBEO 2FF
6\WWHP 5206 LQ D WZR ZD\ FRXS QWG DRR G WO RMIKK &R XBOHD QG 6HGLPH
&2%$:67 PRGHOLQJ V\WWHP :DUQHU HWDOO 7KH BISQLXOWQMW FRQV
FKDQJLQJ WKH 667 LQSXW GDWD LD W KRG PRIEQH®H PV NLIQUL BVEKGIH6 BRU W K H \
SHUIRUPHG IRXU FDVHV LQFOXGLQJ LDWPRPSPONYUMHGR@GLWILZRWK LL 66"

ZLWK ZHDWKHU FRQGLWLRQV RI ZLWIK 667 ZPHDIWKHIH G RQQGLWLRQV
PHDVXUHG LQ ZLWK DWPRVSKHULF FRQGLWLRQV IURP

7KH REMHFWLYH RI WKLV ZRUN LV WWHRWHRNGORWHFWEKHYHQWYGLQ WK
GLIIHUHQW 667 DQRPDOLHV RYHU WH I RS VA EGIH LIRS D\FIWP RO DMKLHD B $¥3 R Q
UDLQIDOO DW WKH (1(% UHJDUGLQJ FOLPDWH FKDQJH VFHQDULRV

OHWKRGYV
7KH VWXG\ DUHD Z: z: 26 ZHVWRYRBUBR ED/BEW/ RRSLKBO $WODQWL
6RXWK $WODQWLF :DUP 3RRO 6%$:3 ZHOOZDV WEKE6 (DA¥6NHUWQZ1IRUWKHDVW
Z: Z: Z6 26 )LIXUH VKRZBDODWKHPWWRBERRUDKHN VMQBXODWLRQ GRP

D 2EVHUYDWLRQDO 'DWDVHW

‘H XVHG VDWHOOLWH LPDJHV IURPYtLHWROWBQYWPD@DEDWEBHODLWHRODG@ U
2FHDQLF DQG $WPRVSKHULF $GPLRUVWUDWRRRURS$D D QGIDAWHWLRQ IRL
RI OHWHRURORJLFDO 6DWHOOLWK®Q G(I8QJ7SBRILOMFRRIKHHWELIFIWR 3( 6DOYD
51 DQG )HUQDQGR GH 1RURQKD 3( IURRUMKH ZWRIPLB GROMW HBUH®LSIWDWL
$JrQFLD 3HUQDPEXFDQD GHS$RIXDPMI¥UKBOLPBEHOORDFKAPWNVYHFWWHYD *HVWmR
EJXDV GD 3BWBBtEPLIXUH SXUSOQMSGRWN G @GEWKHVD $JUtFROD GR 5LR *
(03$51 )LIXUH EOXH GRWYV

‘H SHUIRUPHG WUHQGV LQ WKH QWPVEHRQRL QWVDH QY BMVYVIRQ \&BIHF\&DW H V
(1(% IROORZLQJ *UHHQH HW DO PP EHLQJPR 3UHF (YHQW PP LLL
3UHF (YHQW PP LY 3UHF (YH@GWQVLVRPY RKHS GIDOXDR/EMHUYHG UDLQI

DQG ZDV SURYLGHG E\ ,10(7

5DGLRVRQGH GDWD IURP WKH 8QLYHUVHRW RG \RWP LEGRWE DAHDEADVHHU ZHD X/ H K
SRLQWV LQ WKH (1(% 7KH JRDOLE W QARVIDELIOW WL JOXH QWWRVFHHWLR G R
WKH PHWHRURORJLFDO V\VWHPVFR®®HWFWKE LRUGWRMWRQGBOGDIW ZHUH
UHI 6%)1 /DW /RQ BS5HFLIH UHI/RQ DQG 6DWYDGRU UHI
/DW /IRQ IRU DQG 1DWDW UHI B6RQ7IRU 7KH FKDQJH RI WKL
ZDV GXH WR WKH DEVHQFH Rl UDGLRVRQGH RQ WKDW VSHFLILF GD\
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), * BWXG\ DUHD &URVVKDWFKHGFV:DXLPUARIRO W&K$t 36 RKWIK REW OSCRIOMR U H C
ZHDWKHU VWDWLRQV FRPLQJ |UR P JHIQFLLRIXV D\QWED RAH B & WEEKARY R O FOILNF DO X
*UHHQ 3,5$7$ %XR\V G5HG ,10(7 <HOKKRE¥ $IFIE KLDWB@DUH WKH SRVL
UDGLRVRQGHV :\RPLQJ 8QLYHUVLW\

E 5HDQDO\VLV DQG 5HJLRQDO ORGHOLQJ

,Q RUGHU WR GHWHUPLQH WKH1$% HUFH S$ILRWD WIRR @$ LBH ¥ & RQ VAH RIV\M B HS U
GDWD IURP WKH &OLPDWH 3UHGLEMG R Q XIHQMWDINH G 3& DD\REP R BQLUO\ 3UH
HW DO LQ WKH SHULRG IURRGDWDWIRIRP WIXWH ZR®® (PWHQGHG 5HFRQV)
+XDQJ HW DO IRU WKH VDPH SHURBEGGDHOS FHWIRBIPHG DA HRQ PHIWH F
DFFRUGLQJ WR WKH GD\ ZLWK RUWY BDW KRXFR WOHQ I BORL ORG WWKH{ 1L @WHN D W
UHJLVWHUHG HYHQW ILOWHU ZH \UBS®ICH® WK H PR @X AW QODQ | BDOHE X P
WUHDWPHQW GDLO\ UDLQIDOO DDV6RKOWMK BWOORQWYHUWWHEGMREUN SHU|
DOJRULWKPV Rl *UHHQH HW DO O IUPGIQADW O QHSWKRIGWMUIHD G\ RQ & SB)
$WODQWLF 667 WUHQGV IRU WKH SHULRG

YRU WKH :5) FRPSRQHQW WKH LQVWAHIDH DIQ & PERXGIGDI8 PRQBOWLSRH UD V
$QDO\VLV 'DWD )1/ 1&(3 ZLWEKRID KRUL]RQW DO JJRWWR®X 5206 PRGHO
RI WHPSHUDWXUH VDOLQRW\WKGGRFHNDQHOWRGHO ZHUH WH REHB\QWKH +
ORGHO +<&20 ZLWK D KRUL]JRQWDO URHMR /XMW RO® R | fl f :DOO

7KH FRXSOHG PRGHO GRPDLQ FRQWLYMVFRRWE&HQDWHV W QRFWY® HO BWHRPRYV S

(7$ OHYHOV LQ WKH RFHDQLF PREHCS WRH OPVWKRQGREDW® BRIQVLVWYV
GLVWULEXWHG LQ ORQJLWXGH DRB Rl BRYRWXWLR Q@ DR WXKGH: 5XLAPRIGHO 7
LV SRLQWYV LQ ORQJLWXGH LQ ODWLWXGH DQG NP UHVROXWLRQ

‘H SHUIRUPHG IRXU FRXSOHG PRGHRQ®J 6H6[/S HQBSKMQ @MW RLMRK GLARH\HD
FOLPDWH FRQGLWLRQV DQG

L UXQ ZLWK 667 RI 667 IRU -XKQHU L F  DOQEG RIFOIO @UVFPIRR/GG LW L R
SHULRG

LL UXQ ZLWK 667 RI VDPH PHWRQGRWRRQRDRIDQG RFFHBW. WRH 6
LV IRU  -XQH ZKHQ WKH DYHUDUHWKD Rl WKH UHJLRQ ZDV FROGH

LLL UXQ ZLWK 667 RI 667 IRU -XKQHU L F  DOQQEG RIFOIO @UVFPRR/GG LW L R
SHULRG

LY UXQ ZLWK 667 RI VDPH PHWRQGRWRRQRDRIDQG RFFHHBW. WRKH 6

LV IRU -XQH ZKHQ WKH DYHUDHUGBWKMIRQ WKH UHJLRQ ZDV ZDUP



‘H SHUIRUPHG VLPXODWLRQV IRU WKH SHUDRDRG EHWZHH®R WRKH
VLPXODWLRQV ZHUH FRQILJXUHG ZLOYX BWWRYBWHGHHDRKD QFIHDIQ LRRBUIP [
PLQXWHV RI WLPH VWHSV

F &OLPDWH 3URMHFWLRQ 'DWDVHW

7KH FOLPDWH SURMHFWLRQV G D WD R} UMKIH R R X\8IOH GL DRIG D@ GQWALHW R RPKS
&0,3 DQG &0,3 RQ WKH :RUOG &OLPD®HSBHWHRUPK 3V RMDP WIKH 5HSL
&RQFHQWUDWLRQ 3DWKZD\V 5&3 SRIRGLEOLPRWH N FHDEDDMRLQYMRIBUHAHV
WKH HQG RI WKH VW FHQWXUP RGHDNORR QVLWAWLHUIDRI EQRXFDBDILA FRQGL\
WKH PRGHO L DV ZHOO DV WIDWWHX B E WVMHH & DLVQDW BH 7 & HWMIFOWNZIDV YD O L C
663 H[SHULPHQW DQ XSGDWH RDESRHBYV X¥URBMAHEQW LKK\HH @ DRIL SURMHF W F
PRQWKO\ SUHFLSLWDWLRQ XVLQJ FELPDWW&RJ\ IFDQGD F W RVR U |
6$:3 DUHD DV ZHOO DV IURP (1(% DUHD

7KH DQDO\VLV LQ WKLV ZRUN ZDV3SHWEUPHG PXDOAN PR GBHIROP HESHULF
SHUIRUPHG FROOHFWLRQV Rl WK H PWPXID D\ WE UCOOOAMH R IDRIE[LW KA DB BSP
VLPXODWLRQV OHDGLQJ WR DQ DQ@RB\NKR VRIQWHK[IS FSWLRPE-DEW H RWF B Q R M HFE W\
WKH PLGGOH RI WKH URDG WKDRSMLPRWWHE QRIURSWMKYWPLVVWHLWKHU D

SHVXOWYV
D &OLPDWH 2YHUYLHZ

7KH (1(% LV D QDUURZ FRDVWD OEY RRH D Y& V) GX.DIGI WR\Y DIOHWU P VQRD O O
VHPLDULG DUHDV RI WKH 1(% 7KH (3(U% GRPILEDQOW RKIOH PEWBHUVRAQIEPRW |
WKHUPDO DPSOLWXGHV RQ DYHUDJH D/MIH DFRQR/ZIQMHQ W R &R VUG SR\ KRR
SRSXORXV PXQLFLSDOLWLHV OR MPWHP S MAKLS IFRDWWRQ@ BIFXOIN 7IKM -X Q |
VHDVRQ EHWZHHQ $SULO DQG VXU OP ZDY®V GHXH WHRU B\CKHF H\DV 7KH UDL
FRUUHODWHG ZLWK KLJK 667 LQ WK HLEDE WO\ MWRKQ B HWPKR Q WKV IV D\GHSHIQR L



350 . . . . . . 28.5

300
28
)
250 S
i o
£ 2
S 4275 ©
= 200 Qo
5 5
S [
Q. O
2150
o 27 &
o =}
w
100 @
w
26.5
50
0 26
1 2 3 4 5 6 7 8 9 10 11 12
Month
), * ORQWKO\ DFFXPXODWHG UDLQVROO FOLRDWRDRHUDURK DUHD EDU

PRQWKO\ VHD VXUIDFH WHPSHUDWXRJ} PQOAHDWRORJ\ RYHU 6%$:3 UH

7KH UDLQIDOO UHJLPH LQ WKH (K (MQUWK S RKWEO/D O\W LW KIHQ 66 3DEFRW. F R F
6KXNOD $QGUHROL DQG .D\DQRGHYV BLOWD WY @ OX H ORXUD HW
7KH UHOHDVH Rl ODWHQW KHDW WZDOM HRR QY S RIU HQ B B QLWSSRRUIM W D QIO R REIRW |
UHJLPH RI WKH (1(% )ROW] DQG OFSRD@BQW PHWKRPRYRILFDO V\VWHPV
DV WKH (' DQG GLVWXUEDQFHV SRQEBKELWHBWB\ZWQGNVKH GGR SOMAMN HUQV
6LOYD HW DO

7KH GHILQLWLRQ RI ZDUP SRROV FR QA& GE UVK66 D DO ¥R WHECHRBHQQ L F
WUDGH ZLQGY UHVXOWDQW GHHS/RRQOHRWQRQ : IDQUGHND DY @ G LV WLIQH \§6V |
IRU WKH 6%$:3 UHJLRQ VKRZV WKDW VXGKOYDPKHYRRFNXW SUG GRR/ILOILY W C
\HDUV WKH 6%$:3 PD\ DSSHDU PRQWKWENIRWH DQG PRQGLVK PHRIDWWKV LAD W
ZD\ LQ QHJDWLYHO\ \HDUV WKH 64UB]ADB\ QR VE HWBEQHEH FKDQBFW \HDUV

7KH 6$:3 KDV DQ LPSRUWDQW LQIOMHQWVH \RRDWKRFPKW HRU R/GRIJ IURHD
PHWHRURORJLFDO HYHQWYV VXVFHSWIMKHHODRY HQWQK MDKWM IZRZP ERRMWQ EQ
DW ORZ OHYHOV ZKLFK LQFUHDVBWWEKH SUREDELOLW\ RI H{WUHPH HYH

JLIXUH VKRZV WKH FRKHUHQFH L ®6ZDY®I® MWK HE FWRAWD@® MR QBWHIKLOHAD( 1 (% |
UHVXOWYVY VKRZ D KLJK ODJJHG HRIKIRGHBHW ZLHH Q O ON\RY D URRIQVWK H$® VR L
WR PRQWKVY ZH UHFRUG D KLJK FRKMUHQFWREHWZHKB UHVWAW VKRZQ
ZDYHOHWVY FRKHUHQFH LQGLFRWKILS WKW DK OH 66 D LDAHD W KIHH OUBWLRQ V S
WKLV LW FDQ SURMHFW WKDQ WKHYVLDEKWD FRKQQ 66iD COWRI @ RIUM\ MLIQLIL
LQ FRDVWDO UHJLRQV LQ WKH (1(%
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Years

), * :DYHOHW FRKHUHQFH EHWZHHDQ&6 WRHMHLR @WKO$DF BYFHOODWHG SU
WR

JLIXUH VKRZV RQ D QRUPDOUQHN G UWHFLH WD WVH. RAQUH §IBQRVVGDW GLIIHUI
VKRZV DQ LQFUHDVH GDLO\ WUH®B WV ZEWKREW LUD WX B QO (¥R U+ RDHOY MW DW
UDLQIDOO HYHQWYV RI LQWHUYDDOQ/GEIWRPHHQ R DQ@ P IRPNGDO DUH GHFUF
H[FHSW IRU 1DWDO ZKHUH UDLQUDROOHDYHGW YRIERYHQ | PREGDEBR YN DPP (

LQFUHDVH LQ WKH FDSLWDOV DWHYRBW K DRY GVKHHF (1 H% DIDGND @G H-RUHD VH LG
DQG ODFHLyYy )LJXUH G



Trend Prec. <1 mm.dia™ Trend 1 <= Prec. < 30 mm.dia™
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Years Years
), * 1RUPDOL]HG WUHQGV IRU GCIDOOZEWWRXWQUDRARWRO PP HBDWLWPLAQII

PP WR PP F DQG DERYH PP GNKHKBIDQ QOB OUWSHIQGH/QMR U (1(% VW
,10(7 UDLQIDOO JDXJHV IURP W R

JLIXUH VKRZV WKH VSDWLDOEWVHQ®RQI!*&B& A3 DIWHB VWA Q| D 0D 6HY
KDYH VKRZHG WUHQGV RI LQFUHDDIQ®J U DRR) @RI D ERMXOWR GDUHH ZLWK
UHVXOWYV ZKLFK VKRZHG PRUH VRIQUDLRDDWOSBQGRIGYFAHWKLDJODEWHQV
1IRUWKHDVWHUQ %UD]LO FRUURERODWYQUWZDWK FOLPDWH SURMHFWLRQV



Tren Prec. < L'n:nn'l.t:l_a)ﬁ1 ) Tren 1 <=Prec. < 30 m_m_.(‘:lay'1

o) R

e
)3

6°S

Latitude
Latitude

-

DR 2 5 =
54°W  48°W  42°W  36°W

48°W  42°W  36°W

Longitude Longitude

Tren Prec. >=100 mm.t:lagqr'1
Ty =

Latitude
Latitude

RS i A
54°W  48°W  42°W  36°W
Longitude Longitude

18°W  42°W 36°W

), * 6SDWLDO WUHQGV IRU GD\VDALWWBRR®WEHWWEZGHP®OPPDWRGDIP® E G
EHWZHHQ PP WR PP F DQG DERYHGH® FE\ 7IOR BDW D ZOV 8SQLRIYHG *D X J
$QDO\VLV RI 3UHFLSLWDWLRQ 3URMHBWQHMPHSUMPRIQW WKH BRIGWR PO V
WUDQVLWLRQ EHWZHHQ SRVLWLY B HV UBIR\GL WILHGI MG DOWLIDH LW H HQGH D
GD\V ZLWK SUHFLSLWDWLRQ LQUBDVSBBLIGHFUKDNYRBROG/ KBEUGRMQ¥VHG |
VLIQLILFDQFH

6LPLODUO\ )LIJXUH VKRZV WKH VS DMKLID O7% UHNQL® R P REWKQR REIDAVD | UF
UHDQDQ[V4RI VSDWLDO UHVROXWLRQ 7KH QRUWKWHKQP R\DWH7RIUHJER CBH
\HDU IURP WR +RZHYHU WKH UHJIMRKQH ROYRHKUV W K T X\DRWKRAUKHD DQ & B W I G
KDV D FRROLQJ WUHQG XS WR VW& PDKH B6ZDWPHQDGRKIWKRE VHILRQV DGM
WKH 1(% LQFOXGLQJ WKH 6$:3 UMR PRUBKLOK HEVIHD YSRAHFEGHWDWLRQ U
HYHQWY DW WKH (1(%



°c

1 0.5

Latitude

1 -0.5

Longitude

6HD VXUIDFH WHPSHUDW XULH BV 18 R W K. @ WMAKIHQ VAVRV HIK®I BUBIRIE RG F R
WR DQG WKH WUHQG LV WKHDNRWWRHRU SHIQIRGFO®RHAHGRWWHG DU

7KH DQDO\VLV IRU 5&3 DQG 663 LBD®&WHRUWFIUR@W N KRZW OHVEY:GLE 67V
GHFDGHV )LJXUH 7KH 667 XQWHLO 7& ZLHORD LQIFQYH DWKH DERMR XW WKH
GHFDGHV WKH YDOXHV RI 7& KADKYUHH ¥ RR @G Q KD ® DQ H RFHONGDWHKHD JHG Y |
GHFDGH IURP W R GXULQJ WKBHWXVWRPDO ZMORVHU  HYY KWK MV IGHH FPOL
WKUHVKROG H[FHHGV WKH YDOXHV RUH WK MXH B¥BF$PKDUDTRKWHHLV WL
XQGHUJR D VLIQLILFDQW FKDQJH GRUMMPWO\ A@QUPHWERPIRII WKH (1(%

),*
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). * SURMHFWLRQV E\ &0,3 UFS [SHUQE®RDOWYVY WHIB VXWHDFH WHPSHUDW
DUHD LQ QHDU IXWXUH SUHVHQW FWHQ BEOXHRWKDGHWR 6%$:3 SWHRMM ¢
SURMHFWHG 667 IRU + LQ UHG %BOOHAHNDOH@MIHFPD RO RUKHEBSZHA B S$:

E 6\QRSWLF FRQGLWLRQV IRU WKH DQG HYHQWV

JLIXUH VKRZV WKH LQLWLDO 6BWFR QGLIWLRD ¥RXE® N& VHPRODQYHRQV
FDVHV Rl 667 RI DQG DWPRVSKHUH RV IURPRQG IDIICRQWPRVIKHU B | UR
JLIXUH E 667 RI DQG DWPRVSKHRH RI DQG)DWKRRIV SKHBG7RI YL J X
'DWD VKRZ WKDW WKH 6$:3 DUHD UHFRUGWEDIKQLLIQHU WISPYRUDW XGRNVQ W

7& LVRWKHUP LQGLFDWLQJ WKH \WENHQREM RUMKRI6:DQJUHW.RQ E\ 7
ZLWK SRVLWLYH DQRPDOLHV DERRWHUERWXKWY HVT XRY DWKID VG V¥R GHK RITW  \
PHDQV WKH &2%$:67 VLPXODWLRQV DHWK 6458 FLDQF WHSHODUH@®WRD FOLPDWH
EH DOUHDG\ LQIOXHQFLQJ XV

Q JLIXUH D WKHUH ZDV K DREKDVIIQH.DWX/G LR BY ERRANK HW) NDU RFHE
FRDVW SUHVHQWLQJ VOLJKW GL3DWXYUEDWHHF D WURBDK W REVKHUYH G
UHJLRQ LQGLFDWLQJ D ZDYH GL\AHMPQEWQ EB UKD W KMHRFRIGW UR IR QMK HZ RH Q
H WKH KLJK LQWHQVLW\ HDVVKZD US3J HOHR[Z \ZW QD V/RFWDIW RQWDL W KLJK S|
ODUJH DPRXQW Rl ZDWHU YDSRU WK QWSPRUNSKHHAMR LQ PLGGOH OHYHOV F

,Q FRXQWHUSDUW LQ LW Z RV EFRMAHHWY B IGWAKR X MVIKNHHDWY & HQ @V GR.IV WD L W
JLIXUH E $W K3D )LIJXUH IGQ WKWLGRNWONURURNVHEQ@WZLWK ZHDNHU Z
DW K3D )LIJXUH | WKH VRXWHKBYRUSGUWKRI VB UKLSIKL Q Il HRV VRRILWV W X U H

LPSRUWDQW KLIJKOLJKW WKDW GLRWXWKEDQ RV KDG VPDOOHU XSZDUG
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25 —

e S iyt e epum——t
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Latitude
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), * ,QLWLDO GDWD IURP VLPX®WRWQRQRU D ,QDWGLMUBHQRARQIGQHYV DW

, QLWLDO 667 FRQGLWLRQV IRU ZIBWK FRQBWWRROKHUMHG F DWWRDSOKH L
$WPRVSKHULF &RQGLWLRQV ZLWK P®7 DW P RV SKHRIZLF VBK Q VP WK LR DV
ERWK LQ DQG OHDYLQJ WKH 667 DV DQ LQGHSHQGHQW YDULDEOH

7KH PHWHRURORJLFDO V\VWHPV REPKODH&DYH GLPQYGEUED ®PKVVLQ DW
OHYHOV 7KH VLPXODWHG SHULRG RRPISHVYWHDGFWXRMX PR QWKVUDLWKDWR |R
-XQH 7KH (:'V DUH WKH ZHDWKWW VRP\S\WHEWVRZL W R LVPKBO@DDBAXPXODWLRQ
DXVWUDO ZLQWHU 5DPRYV 7RUUHV D.RE DG UR HHW DO *RPHWLQJ
PHWHRURORJLFDO HYHD@EESWMPHHDW-HK® O RZ OHYHO LQVWMDMEKQIMWLHY UH
SUHVVXUH LQ WKH 6RXWK $WODYWIHU QKLEEGYD L.RUH GKWE H7WKWW RQ U A0 D V
WKH WUDQVSRUW RI ZDWHU Y K$R &R MXVRRHL@MDUFRISLW DUOH $MRIDWQRILW WR WK
HW DO VXSSRUWLQJ DWPRVBEE HKDBORQYHFWRRAVK B URMEKNKQH
DWPRVSKHUH VKRZHG GLVWXUEDQGHNDDWLWKSG B LMKV D BXVEG JH TR D F2AL@D
ZKLOH DW K3D DQ HDVWZDUG IORW NMKRRPZ MWXH ZIR\HNL © Bl § RWU WARU WY & W SARF
DO

7KH UHVXOWV IURP UDGLRVRQGHNVWLIRRAHGURB P \PDLW PRR SWHULODARQE +
ZHUH KLJK KXPLGLW\ SDWWHUQV DW MACHH)NXQDRBAGGEIJYRURQKD ZQW
VXEVLGHQFH LQ 6DOYDGRU WKH WYRYXWSCHUWRB QW KR(2V Q\REDVW LWKH 7ZHD
UHVWULFWHG LQ WKH QRUWKHUQPRVMWUSDOWE RR G HL (I9R URKQHK IJ V& IRZWR I GHi W
WKH VXUIDFH QHDU WR K3D OHYHO DV ZHOO DV LQ 5HFLIH

)R U UDGLRVRQGHV WKH UHVXQOWQV LMKRZM ® MROH B/URN KR FHGR WD WH

K3D OHYHO IRU )HUQDQGR GH 1WZRB®MRIGH DWOOHORPRWRGHHLRUR:
LQ 5HFLIH WKHUH ZDV D VLPLODU FXIDAUI FOVRE ULX/MLIGFL WR DS UH ® 3DRD QG D
DERYH K3D DQG K3D



), * 5DGLRVRQGH IURP 1RUWKHDVWHW %UBMHQWXULDRJ )WKBRDQGR GH

UDGLRVRQGHDW = RQ E 5DGLRVROBE RI )HUQDB GRDG HRIVRRIRGHK [
S5HFLIH RQ DW = G 5DGIRRRQGH RI 5HFLBHDGMRVRQGH IRU 6DOY
RQ | 5DGLRVRQGH IRU 1DWDO DW = RQ

7KH LQVWDELOLW\ LQGH[ YDOXHV FRPLQJ IGRPHWYXKUHBBQRMWR QG RY
FRPSDULVRQ Rl WKH SUREDELOLW\GRHSDMRRMEMHILRE FRQG LW WKV YIRW)
PHGLDQ . LQGH[ YDOXHV DV ZHO\W ,DGHK$EIODRBV7 RRXWOD7 RWDJIJH DPRXQW F
PDLQO\ LQ )HUQDQGR GH 1RURQKD DD/ & K H RLDIG L RV R § GIHR WHIR RQ WK \WKID W



-XQH DW = ZKLOH WKH PRVW VK& VRMDD QW HD OWKRRWH F¥ LRIQL R FPOAUX Q G H
LQGH[ YDOXHV

Q WKHUH DUH ORZ YDOXHV RIODQOHL Q F RDEWOR WS U HFELLSHWD EEXNV Z [
PHDVXUHG H[FHSW IRU JHUQDQGR GHL.IIRURQRI® RKLPFR EHWYHOWHG DDQ
5DGLRVRQGH PHDVXUHPHQWY IRWKH-$®KHLRG FRLOEUB HD EWWKLW\ ZHDWKH
WKH DWPRVSKHULF FRQGLWLRQV GXULQJ WKH HYHQW

'KHQ FRPSDULQJWKH LQVWDELOLWG LIHEG LIEW VL & HRAEZ/HHHIQY HAGK M/ K B VU W KA/
SUHVHQWHG KLJKHU LQWHQVLILRDWLIR®D WKY FRQMMWRYWY H KDXR \ K SKHQ
WKH FORXG IRUPDWLRQ FKDUDFWHUWLRMAF . QO\LQJ) IGIKKNS FRQYHFW VKD OC
JLJXUH E DFFRUGLQJ WR WKH *2(6 VDWHOOLWH LPDJH

JLIXUH D VKRZV WKH *2(6 ,5P(DRXKEOW RW HV HPSHHM WIXWHK HQKDQFHPHQ
YDOXHV VKRZ LQWHQVH YHUWLFZO GRNG BGWWHHPR S WH QW MOOVHV WIR HGK B\ W
DWPRVSKHUH LQVWDELOLW\ D WKUR®IK H DPRIQDW WILZQWHW YDERL IWUG
UHJLRQ GXH WR WKH KLJK LQWHQWIGN\ ZLQG VSHHG IURP RFHDQ WR O

+RZHYHU )LJXUH E VKRZV WK DWL FDKH GH ZHDYRS R HAQW HTKWH SYCHUW H U Q
ZLWK JUH\ WRQHV RI FORXGV L Q @/IKIOQVWKIHHVV ZRQ WHKAHWLR\Y W AW L YW WG LV V
LQVWDELOLW)\ LQGLFHV ZKLFK ZAWKH SOR¥ZAHS IL\YD E O HDXDIWHIO DIMG ZDWHU
ZLQGVY ZHUH OHVV LQWHQVH LQFOXGWQ@DWGUIORIHDW KEBD SDAWKRXIK W]
RI ZDUP FRQYHFWLYH FORXGV LQ MR HYBHRKM @ IW K H \O K N G50 \RF O S MPHIBE D
DUHDV RI WKH OHWURSROLWDQ 5HFLIH 5HJLRQ

). * 6DWHOOLWH LPDJHV IURP *2(® O*KH®YMIIRQIPRH@QMNUD O2 $ B WHWIOR QW H |
I1DWLRQDO ,QVWLWXWH IRU 6SDFH 5BIWHDUFKQG3E RQ D DW = T7TKH .
VFDOH VKRZV FORXGV ZLWK WHR'$H UDRALXUW HPH\HWU DWW R QH WKH $EERS FORXC
LQ WKH ERWWRP RI ILIXUH

7KH UDGLRVRQGH GDWD FRPSOHPH@WHGSWRIH COHMD ®\V WK HE \D WKPRRALSK H
VIVWHPV $WPRVSKHULF LQVWD-EL®DH WLHWHYSHQOMW FK D & HG JKIHWUK YW RN HV W
LQGLFDWLQJ DQ LQFUHDVHG SUREDHE MMV RE XK M HUGIRH FRY FRQHY B AR R\
LQ FXOPLQDWHG LQ DQ LQWHQ YH PR QFDHF VBIHYH GIR 8§ DRQ WL W K DD FDHD |
LPDJHU\ 7HPSHUDWXUH HQKDQFHPBAGQWF DWHW KMKW RSU RV MAKFHH FRO RXX @ H V R
VIVWHP DFWLQJ GXULQJ WKH SHDW ®RHYWHOR SPMMRURRRHYFADO VA¥ RHEL Q J
DQDO\]HV DQG UDGLRVRQGH PHDVXUH PSIW\R GF @KX6QEDG] @RS P& W QR/¥H
FRQYHFWLYH DFWLYLWLHV &ORGBYFIORSPHQMU RY WIKD/O O® G LFDRKHO XWK IF O |



FROGHU VPDOO FRUHV +RZHYHU UZDUP 2HUH IPEOVVHUYHGD QG@ CELWSVRDLQO\
ZHDWKHU VWDWLRQV ZKLFK UHFRUG YDOXHV FORVH WR PP GD\

F 6LPXODWLRQV RI WKH DQG (YHQWV

$Q DYHUDJH RYHU WKH 6%$:3 $UHD 7: SHUARUPHI WRZ6DDBPXODWH WK
EHWZHHQ 667 DQG DLU WHPRSHUDW XDHEDWRRFLWLYH JUDGLMQWRPDOXHV L
WKH RFHDQ WR WKH DWPRVSKIRWH 7KHVPRYSBWUYL KN ERQGLWILRQY )LIXUFE
JUDGLHQWY RVFLOODWLQJ EHWZHHQYDGEHVQBLWE WIKWMK KL6KHA USDUIDHIL H G
E ZHDWKHU FRQGLWLRQV DQG ZLWKGLH6N D OXHVX WUGDSWH GRRBKQ D QW

JLIXUH F G VKRZV WKH ODW HHW WKIHD W $t @ XJUWIDP XTKIHWWG RQM URMYQ FH LQ
F LOQGLFDWHV WKDW WKH VLPPROUWWVBRY LYK WKPH 65T HY/IHWWHI G KLJIKH !
IOX] FRPSDUHG WR WKRVH VLPXOBOMHG YLWXOWMHRQ BBIXYURU W LW SUFL
YDOXHV ZLWK 667 FRPSDUHG WR WKHZDV ¥ PGRXHVVERZHYADQW KGLV FU
ILUVW PRPHQWYV RI WKH VLPXODWHRQ W LPKKHIDHN WRKGV GUZHIMFMHHF H DEAMPWY K H
HQG RI WKH VLPXODWLRQ WKLV GLIIHUHQFH GURSSHG WR © P

7KH ZDUP SRROV DUH HLWKHU FWRHDWRRK VBHK HMOLFL ¥ K B G DF RAHRULG/IWDLIF W
DWPRVSKHUH RYHU D ZDUP 667 |RWKH[DPSHDVHG DWDWWRHFQWKIEBD WL 10 X[
DWPRVSKHUH JHQHUDWLQJ WKH GHPHDWH FRRAFPX KN ZQUP SRR ® QAKX A DREP D\
WKH ODWHQW KHDW IOX[ ORVVHV WKQURXNWKHHXDS R WBIRRIOR QQDWHD ¥ HID MM Q H
FORXGLQHVV FRQYHFWLYH DFWLYLIWRQD @& HR XWS R UQD Q WQIIZMW RIUUIRGL B D
PDLQWHQDQFH DQG GHPLVH :DQJ DQG (QILHOG &OHPHQW HW DO

7KH ZDUP 667 PDLQWHQDQFH LV DWOGREHMWHLU M WRKSRKSKEDBP HUH G X F |
OHYHO SUHVVXUH 6/3 DQG ZHDNHQ HDNWW UPD @ VEEW UEXQ/GDDH/IRNE RZBU L
DLU 'XULQJ \HDUV ZLWK D ZHOO GROHALRSHR® VZDHD G RRRO ZWWMAML VXPF
$PHULFDQ 6HD ,$6 &HQWUDO $PHULF@G :WMLQDMAO (QHHPEY LQ WKH :H
%URZQ DQG =KMKMIRSSRVLWH DOVR RFFXUUHG %URZIQHIDEG =KDQLWK I
FROG ZDWHU JHQHUDWLQJ GU\ VXPPHUV LQ WKHVH UHJLRQV

7KH FRROLQJ SDWWHUQ RI WKH W68QWHKWHW Q EPVHY L\R GWH DG @B 3K
FRLQFLGHV ZLWK WKH KLJKHVWUDDHWIDOO SHU IZKG FIXWD UIH %0 O&CRQ WL UHF W C
DQRPDOLHV LQ WKHVH DUHDV ORXUD DRWGDEHKRNOD $QGHBIR GIWDIMIE .D\DC

ORXUD HW DO 6LOYD DQG *XHGHV 6LOYD HW DO

JLIXUH H | VKRZV WKH DYHUDUHGVRWIR RREIKWKHF6¥ XU BWHD S7KH VLPX
SUHVVXUH SUHVHQWHG GLIITHUHQW6IDIWMVBNH WYYV UHDNORBQGLQJ)LWRUGIL IIH Utk
VXUIDFH SUHVVXUH IRU VL PX® DWW DRZW U 7EHHWHEDN K OWXW IIDYFIHG S QHV V X U H
VLPXODWLRQ SHULRGYV ZLWK DQ LERGHRNVVQBXORWY WRKHY PL(G Q/&KH WRUWRB
PHWHRURORJLFDO V\VWHP -XQHFUHDWHKGE VRUIDFHLIMHWVXIUHRNGH VXU I
VKRZHG D SDWWHUQ ZLWK ZHDNHU XYDDEBESOHWY X Do @W-xMHQHDVLQJ
&RPSDULQJ ZLWK WKH ORZHIL G LDHOY XUHH GW M FRIHHGIH G1 WK HSO VR W
VKRZV VOLJKWO\ ORZ YDOXHV ZKHQ XVLQJ KLJK 667 LQSXW



), * 7LPH VHULHV RI1 'LIIHUHGQFH EWHWZHPSG BBW OO OW P IRU D DC

/IDWHQW +HDW )OX[ IRU F DRGH IRUG 6XUIDPKE 3UHVIV 7KH YDOXHV U
DYHUDJH RI 6$:3 DUHD GXULQJ &2$:B/RPLPXODWWRQYV LQ SHEHDKG ZLW
667 UHG ZLWK 667 Rl WKH VHDVRQJUHHQ WRBRLWK 667 RI
\HOORZ ZLWK 667 Rl WKH WLPH

7KH (1(% YLUWXDO WHPSHUDWXUBORIRWIHIEH W)R JXGHQWR IE 0EWUMKHUP |
GXULQJ ERWK ZHDWKHU HYHQWV -XQKOWYV D/EKRZHGXQBIUPHU DE#/UHKHQ
WK H 667 DV D ERXQGDU\ FRQ G LAMRRGL WLR BV HQW R0 DAVRIDG BOVVPDOO ZD |

YHUWLFDO SURILOH 7KXV XQGHWWURSRBRYBKRQEGLWERGDYV WK HEXORDIPF\ DV

JLIXUH F G VKRZVY WKH YHUWLFDO PIRWVHLRYKXK EIDHWH 2 RIQJB P 8 J ) HS U HAWK
Rl FKDQJH RI SUHVVXUH LQ D SDVUFRLURERHBW LWRIOMDHO R GWH XKIURMKLEDO PR
EDODQFH 7KHUH ZHUH XSZDUG PARYEQPHRAWRLROHDYHDVYLEFKBDKIWUIRGVW YD
OHYHOV XS WR DURXQG K3D VWRAH PARY W FHDMHQ RN XSZDHNGH PRYHPHQW |
PRGHO KDG WKH 667 DV LQSXW HGN XR KQLR W HOZRYUHVORA WKKHWY HOUW L F D O
FORVH WR JHUR +RZHYHU WKH VLPXODWLRERANQGDX\QERQYGWWHRGESE RLY
XSZDUG PRYHPHQWYV WKURXJKRXW WKH DWPRVSKHUH



), * 9HUWLFDO SURILOH RI BRWXHQ@WEROLQIOUSHCOND DIHPISHWUWNVY D DQG
SRWHQWLDO 9LUWXDO 7HPSHUDKWMXDWHHRIDWH HR IH3 & MUHLGPW IO PALLQIXWXWO 7HP .
RI DFWLYLW\ E F DQG G LV WKI®RBIPM\ EXK\H | & JULRRHEI R 1Y HIURXKICHIDVOL R V

DQG -XQH 7KH H[SHULPHQWY DUH DMWWKRVSKHEIMHXHRUDWPRVWKHGBT |
DQG 667 IRU UHG DWPRVSKHUHIJURHQ DWW 8 ROWIKIHRWH IR U DQG 66
\HOORZ

7KH JRQDO DQG PHULGLRQDO ZDWHUW WDISH B RLYVMXWSREIRQR MHUHQFH VK]
'KHQ REVHUYLQJ WKH JRQDO WUDQVWRUMS HQWXUHD GLVBEWDAHBRY WL EWDRP
ORZ PLG OHYHOV ZLWK KLJKHU LQWRIQWDLWLRIVDRREQ® K K3DQI®RU V DV
FRQGLWLRQV +RZHYHU WKH PRVWQVLJQFE LW GWJWHWD @63 RIMVRRRXXW DBEG
DOWHUDWLRQ IRU ERWK VLPXODWRRQY RDWHUS B WVS\WRHU QAU DTS PHW L GLJ
KLJKHU YDOXHV LQ ORZHU OD\HUV RALR/GW PWPRV®OKMOHIKW WEKHUNMDRXO
WUDQVSRUW ZLWK WKH 667 RI F RIXFOQED B HWNUHDLQLY SIRG W+ REZ B XHV KFDHAU DGV |
RYHU ZDUPHU 667 7KH UHVXOW L&@WFDBMNUNVKDIR UQNV UD QWERIUKL FKR QW U
VRXWKHUQPRVW UHJLRQV RI WKH BW®D QWL IV KHK V R VP K IFR\Q W KIHE K WIHKGH
PRLVWXUH LQ WKH (1(%

7KH ZDWHU YDSRU FRQWHQW LQ WK H @RUMPDWSHCH UQFVQ P XHWD WV FQR\D ¥ L @/
JLIXUH F 7KH YDSRU FRQWHQVRVE WHK®D W (R QMKILR @ LKADK VDKFHOP RLV W X |
BRXWK $WODQWLF ZKHUH ZDUPHWWR ZDWHKIH \Z D BVHRIU M B SW K HF R Q AUHHDY %
VLPXODWLRQV SUHVHQWHG KLJKHU ¥YDRXODWDRERY FRQXHOWGW KDL W KM |
WKH KLJKHU 667V UHSRUWHG LRI ZDWHWRYDGR P ROHWKHRORZHU DWPRVSE
UHVXOW LPSOLHV WKDW WKH ZD WFSHRW \N QY LERIQPHQWH ZALVOK G B QHU DWID @
ZDWHU YDSRU FRQWHQW OHDGLQTIKWR WKH N UPKRMXWPLHRQ R | ZWU BVIKQ WDKOHD Z D |
KLJKHU SUHFLSLWDWLRQ ZKLFKQOHIGIY W R H[MIGH PIHF B © WQIWMFLLGH BAKHHV (L (%



). * 9HUWLFDO SURILOH RI =RQDHU :BWBHN DPWRYLWUDNGVVBERQWIRZHDWK
9HUWLFDO SURILOH RI OHULGLRRODOY LEMOHBURIERHY RUDDWHRIUNW SRU FRQW

F DQG IRU G 7KH SHULRG (RH VLPRQDWLRQXWHY IRUVKK H[SHULPH
DWPRVSKHUH IRU ZLWK 667 ZUWKIRU EOX@G ®NPRWSKH UHG DWPR
DQG 667 IRU JUHHQ DWPRVSKHUHOBGRZ DQG 667 IRU \

7KH VLPXODWLRQV IRU DFFXPXOIDWKI& GD\L Q| DDIOH HYKQW VKRBZHGQN KD\
FROQWULEXWHG WR LQWHQVLI\ WKHVWRWBO6BURFLSLWRDWLROWHG WRQ@LIL
UDLQIDOO GXULQJ WKH HYHQWYV $¥$D8B WHPXOWW W& HZ LVPKOWKBFHYV &6 7WK
LQGLFDWH WKDW HYHQ PHWHRUR®RILWDDOVWRVHAB X VAL W KDY K i ZHPID GOV
PD\ OHDG WR XUEDQ DQG VRFLDO SID®YHG VR WIUHKF L DIOHURO B 667 LQWHQVL
ZHDWKHU V\VWHPV +RZHYHU VWY®LHV OLDNGGWKFOMD RHW RPMHV HW VKRZ!
GRHV QRW GLUHFWO\ FDXVH PHWH RKHR GRIQ RDLA) WDWWW P \R | ZBGLTF IR Q/ KARKZH
GLVWXUEDQFHVY DOWKRXJK LW QQWHQWVLHY WKRVH H[WUHPH UDLQIDO



), * $FFXPXODWHG UDLQIDOO PP VXPKODWDRQ GXULQUWK BOWRI VDK H
E -XQH DQG ZLWK 667 F WK@H7 DQGG -XQHZL DQG Z
667

7KH UHVXOWV VKRZ WKDW WK H KHDW RQOSKKNPALGHWH ORVYVHY WRHQY W
667V +RZHYHU WKH ORVV RI WH P HDWDRRXSHK HU R PZ VK H DR/FAHHDUD LV RVWK KK
667V ,W LQGLFDWHG WKDW WKH DRVPRMSKRBB LY RI WKHRVKGIDFWWR FHD
WKH WHPSHUDWXUH ORVV ZDW KH{ IPMDH Q WHQIFGFWKREZ K LWKDW7 DQRPDO
GXH WR WKH DLU VHD G\QDPLFV DV VXJeBWWHGQGWEHWDDA DQG (QILHOG
,Q DGGLWLRQ WKH ORZHU VXWDWHK B UKHNHWH 65DV CONNHRIALDIWHLGN K : D ¢
7KH KLJK 6%$:3 667 YDOXHV DORRSINRY HRY DUZOLYRHAR DWW WKDQ WKF
667 $OVR WKH 667 FKDQJHV G LHIHEODON U\Q PIXWBFAHBWWRRN SEKRZH LQFUFL
YHORFLW\ 7KH RPHJD ZLWK WKH XSZB&T/ WHKRRFIGVD KRBEBUHG WR WK
667V LQFOXGLQJ XSZDUG PRYHPHQWQWKHKH XJKRIW) VZKW KD W P RE/6K/H L
XSZDUG YHORFLW\ GHFUHDVHG UHGXFLQJ WKH GHHS FRQYHFWLRQ
7KH UHVXOWYV FRQILUP WKH SWHWHHRQ E$: R L K LIEHWHIQYW W, IVE V ® LIWHAHVY W
ZDWHUV LQ WKH 6%$:3 UHJLRQ D UHMQ®R PLLRDDAVR @ RIL WHKIN RIQWHIRH RQR/JLFD O
(1(% 7KH UHVXOWYV DOVR VXJJHWW RMKBMUG63DI P /RO W ILRLAWKHU RFHDQ
LQ ZRUNV VXFK DV %URZQ DQG =KDQJ . DINQ JDHMVE DQILHOG DQG :DQJ
/HH 7KH LQFUHDVH LQ 667 IDYR SHE UHKBW DURZL Q Bl YRH OWK E\ DWKRHR V H Q
KHDW IOX[HV LQFUHDVLQJ WKH YHUWW.IFDIOOR RW RR QV KIHQ BW.RRFAUSKOHMLID J W K

G 3URMHFWLRQV

(SLVRGHV Rl LQWHQVH UDLQID®OW K MW 6 CHIHDLG\RBDHPHQ W BIO L 8 WAHDMAGH L Q
GD\V LQ 6DOYDGRU LDQ6BDBHSK LQ 5HFLIH
LQ -RmR 3HVVRD DQG W Q DLQWSIRA W KK AR GABXKVKEPDQ HFRQ
VHFXULW\ SUREOHPV 7KH UHVX®WWKHUEW DHERGWROW KIW ZAQUN DQSRGUL.
VKRZ WKDW WKH FOLPDWH IRU (1(B RRUIHQLDIMHQVH SDMKZL\WDWILWQV LC
XUEDQ VLWHV OHDGLQJ WR PRUH FRQVWDQW VRFLDO LPSDFWV FDVHYV



7KH DVVHVVPHQW RI 6$:3 667V LP SDF WY HQWVW KR H[IW% HFHDUPWURFDR DO I
GHFLVLRQ PDNLQJ SROLFLHV LQFPILWDHNVE®D QX0 QN HREWKIRWUIKVWWR UH
FRDVWDO VWULS WKH QXPEHU RUHUQRDELW KQWWKY VX HDMWHUWE H. QV RWKD @
UHJLRQV RI WKH (1(% FRPELQHGZKNFRORRAHUWWRSRQGPLOVRLRGSUR[LPDWHO!
SRSXODWLRQ RI 1(% ,*%(

&OLPDWH SURMHFWLRQV H[SHF\WQ® WHKESWDIMMX DV LIQF WHDHV BI$LR RHJILR
RYHU $WODQWLF UHJLRQV VKRZVVWKDW $H{BLREQ E\HRWIHHY )HE DXDU\ DQC
SRVLWLYH DQRPDOLHV DUH KLJKHU QUBH ZEWIKQ W K R® H-FOUHCDAH  WWR DDA L @J
+RZHYHU WKH FOLPDWH SURMHFWLRQWMWIGR ZU R/K [EW L6%I 3D USIR VR QEYOBIUBIS
EHFRPH D FRQVWDQW SUHVHQFH L QOWKFHWQIHD D IOXRQXIU K W K i) ® DWUALHRQ MDDLAR X\

$V VKRZQ LQ SUHYLRXV UHVXOW\ QW K H D5\$H3 LQHBE RR ¥ HFFDLGNH B R VDLQY L W\
RI WKH 1(% (YHQ ZKHQ WKH V\QR SMIER i RQRS LSWLHFQ S LMUHNV QR® DWW R Q
DQRPDOLHYV LQ WKH 6$:3 UHJLRQ RMHAX QWKW L(Q(% D 1@ DDA YLH) FUHCPVEHD L H \
UHGXFWLRQ LQ WKH WRWDO SUHFLSLWDWLRQ

7KHUHIRUH LW PLJKW EH H[SHFWH GRNQWKIFN HPSI® LLHV A\Q P KEDIO EMK:
LOQWHQVLW\ +RZHYHU WKH UHVXOQLVM URGQ® XJH &3EVHBREQDODALON R 3UH
PHDVXUHG GDWD WUHQGV DOVR RXWZUDQQLQAUNDVHVIX® W D\V ZOWR ZRU
K\GURORJLFDO F\FOH LQ SRSXORXWKWHBHRQM SRCHL ZBW RD\VEB SE®SDQUHG
SRSXODWLRQ DQG GHFUHDVHG WRWDO DFFXPXODWHG UDLQIDOO

7KH UHODWLRQVKLS IRXQG LQ WKHE RXZIAA Q IBBXD B PQ G HIYWOWPH UD
WKH (1(% VKRZV D KLJKHU SRW H@W UDRP Ml D W»QDE0 WWHIFRSHIIHIWOX DWW H R W D Q
WR WKH DWPRVSKHUH 7KH NH\ I'DFRVWR D QR W QFPH DLLIQYI BOG BDEH@WW. V
DWPRVSKHUH LQ UHWDLQLQJ PRURQ@PMQW YKSERK ERQDEZDUHRB UHVNQUWH G
YLUWXDO WHPSHUDWXUH )XUWKHWRRAIHQ WKEGWSRMVELXWMLEY W RH W& EIDEDNUIRIL € §
WKH GHHSHQLQJ RI WKH RFHDQ VWWHJ DOPFRX Q W\ IRW \K HD®W RU R® FW K B VRLFGHID Q
DUHDV

7KH DLU VHD WKHUPRG\QDPLFV D/QVQLH[EDQWQ¥DWRD@W] WRKHVRR UMW P R’
DPRXQW RI ZDWHU YDSRU QHDU @ K/ WIDWFIHD ZH Q BQ\GS MHKG! ®IBDF WX\ E LW W k
DQG ODWHQW KHDW IOX[HV 'XUL QJHPHBWIUROGWX DKHIU BEHB QW \I B R WSHKIHW®! W
KHDW IOX[HV GHFUHDVH FDXVHV ZHY HQFUKBQYHIUQ GASH O W6EHFRPHYV KLJKH
KLJKHU ODWHQW DQG VHQVLW L QN KIHD &UR RIH\F WAKG. FKE L @ DPLRARWWEWKHDVGH L Q
VXJIJHVWV PRUH DFWLYLW\ Rl 6$:3 IRU WKH (1(% UDLQIDOOV

ORUHRYHU FOLPDWH PRGHOV FRMDRI\DH B LVNVRIOXWILRRDNVU E RDVDIGR @ HRO GW |
FOLPDWRORJ\ LQ WKH HDVW RV H\QML BQOY LD\ LW & HQ RIU W KKHDO/GWL Il D QDU U R
VWURQJ RFHDQLF LQIOXHQFH LQ WRHLFDIOQV\VHONRY WE W KHQUDIDID N HWWR
WKH HDVWHUOLHV ZDYH GLVW X BEKIH@AR-PVH § B RZINGK L) RMHMRNV ERON HIWHH Q VL
QRW ZHOO UHVROYHG ZLWK F@QRICPOMHR @R GHO\D @OW KZ FRDXUNH WS YRU | X W X
GRZQVFDOLQJ RI FOLPDWH PRGH®VLWE8DF@G R U ¥O DRIBNW KHJ B MHIFRLIFFDQ V
UHVROXWLRQ RYHUYLHZ

&RQFOXVLRQ

7KLV ZRUN HYDOXDWHV WKH W&B (1(% RGO G IH YHODHNMWLES7 DQRP |
BRXWK $WODQWLF :DUP 3RRO UHJLR QW 7K@ R XDIEGDE O L\VPHDIV H RSXUSFOMHHEF WILRYQO
SRVVLEOH WR TXDQWLI\ WKH DQRP D QRXN DADA X @6 H W FOH PAOXWH X IMZRH HWF

7KLV ZRUN UHYHDOV D VKLIW LQDWDMQK B OHD WW\N BIIURH STOULW DRM RW RBI\ % U
FKDUDFWHUL]HG E\ DQ LQFUHDVHKIHQ | GIBTX HAQ M KRIX WQ WHIQ/ D 080 HDRLGS LW [
PP GD\ $W WKH VDPH WLPH WNKHIWDH QM OOGHFURP®\GHD\LQRFAFXUUHQFH 71
LQVWDELOLWLHY DW WKH (1(% FRQVBUMHRWEHG KN WKHMUSRWLWDYE D Q
WHPSHUDWXUH

ORUHRYHU WKLV VWXG\ LQGLFDWHYV IWKMDMQ WXH L Q% CBX MMHPHB\H UADKAHX UL I
PHWHRURORJLFDO V\VWHPV LQ WKHJQLPhF DNV LIRS DVAVHY OZRZUHH FORAURR V B K H
WKH YDULDEOHV WKDW OHDG WK H RY PRIWSIOHUQ ¥ VW BRBICO WV IRHOR BDWRU W K
NHHS ZDUPHU UHWDLQLQJ WKH XQVWDKED H 2BRE7G EWKB QM GRRRIGHW KWL B X ¢



HYLGHQFH WKDW PHWHRURORJLFORWHYMQWDY WKW W DIDH B 8 Q WH DH Q@ ARD/O (D
HIWUHPH UDLQIDOO HYHQWYV ZKHQ FRPEERYG 2N WKQVQRIPWRR6\S:3 GXH W
SRWHQWLDO LQGXFHG E\ WKLV UHJLRQ

&OLPDWH SURMHFWLRQV LQGLFDBWWHIDR® WBFHRWGLAY HWRWIOB, 6D QG &
ZDUPLQJ FDQ OHDG IURP D FRQGLWLRE@ VRHUYWHREE VRGHD \6 BB DRV RDWIHRR! S|
IURP W R FRQVLGHULQJ WKH MRRGHRD®G SURMHFWHG WKH *PLGGOH

7KH FOLPDWH YDULDELOLW)\ L\WURQDPLOWPQDMRHIGY MHRD DWW R PROILWHW LQ W k
RFHDQV )XUWKHU DERXW P KQ @ LIRHDJ LR IQ WDKLHH STRVE X/OKOHW V RIQD \RH W D S
ZKLFK DOVR SUHVHQWYV KLJK VRFMDRO QI)W XX DO LGL VDY NYV FM X WK BDL\O LOWD
DQG VHD OHYHO ULVH 7KHUHDIRHYHWVKW AVLRDWHQ AKLID@I W R PHEWIFG/W VF R Q F H L
RFFXUULQJ LQ WKH HQWLUH %UD]L @ QIX® UHR@W KYHODVQWH U DXEL @RV WHNH — ZIH %K
FUXFLDO WR IRUPXODWH DQG JXDUIDH) WRSIDSWEORF \8RBY A\ MR UGHPIHO HALHAL
HVSHFLDOO\ XQGHU WKLV FOLP DMKH A KBNXIHH VERUHROWDHA\R L B VL RGL ROKW M U H J

$FNQRZOHGJIJHPHQWYV

$XWKMRW UHVHDUFK OHDGLQJ WR WKHMHMR P HWKID WXURB WY DUH BB RIQ VI X-REL
3URJUDPPH + DQG IURP % U Bi]Q PH D @ HFK@IR/ORU\ BIQ6FEBGRYDWLRQ
1IDFLRQDO GH (QVLGR3H BOIGAKLWKH +3& ( SURMHFW KWWHHPHRIVKSF H

7KLV ZRUN LV D FRQWULEXWLRQZWRNWK® 9%REDOLO@LBBWHD & K
5HGH &/,0% ),1(3 *UDQWYV DREG SWRMWKW 75KSFK KDV UH
IXQGLQJ IURP WKH (XURSHDQ 8QLRQ VQORYIOWQRQ SURVHDPRFXQDE
DJUHHPHQW 1R 7KH ILUVW DOFWR KR W MK DQIEVE&WK A DMK GDREF\
LWV UHVHDUFK HQFRXUDJH $00 SQRIXS GVEDBRNLSLRAD & 8 R @ CGROB/DID S
12$$ 2$5 (65/ 36/ %RXOGHU &RORUDGR 868 VLIUARP  DWK H L
KWWSV SVO QRDD JRY GDWD JPIOG GHIG BENVIR ES H G OHR EW RIS U HRAUL S GK
5HVHDUFK 3URJUDPPH ZKLFK WKURXJIXOHW V0 RRGCUHOLLGY] * FRRI) GRLQD [3
SURPRWHG &0,3 DQG &0,3 :H WKDQNX\SWHIROLSDR/GXPREGHDIQW®EI R
DYDLODEOH WKHLU PRGHO RXWSXW L RMX H(§TD U WRU 6 DWW K PY LWQLIG W) K 16
SURYLGLQJ DFFHVV DQG WKH PXOWIUSAD K 08Q &I0DQ3) DIHN KEH)YV Z KR
ZRXOG OLNH WR WKDQN WKH )RXQQBM LIR®MG IRHFWBRORXYS SRIUWKRI
BHUQDPEXFR )$&(3( IRU WKH JUD @WNVN®LRI WKH UHVHDUFKHU VEKF

'"HFODUDWLRQYV
)XQGLWKH UHVHDUFK OHDGLQJ WR WKHVHWKH XOWRS KDY 8EERQY MG RXQ FR(

3URJUDPPH + DQG IURP %UD]LOHPRQRQRYWILQ R |, GBRIPMHL RQ WKUR
1DFLRQDO GH (QVL5IR HXRIG\HIK MMITH +3& ( SURMHFW KWWBPHAXE KSF H HX

&RQIOLFWYV RI LQWHUHVW &R RISHWML QB G Q WHBIHYIWEFLG QRWVOHDG WR DQ\ F
UHJDUGLQJ WKH SXEOLFDWLRQ RI WKLV PDQXVFULSW

$YDLODELOLW)\ RI GDWMD QW P DXWHGLD® WKLY UHVHDUFK DUH IUHHO\ DFF}
&RGH DYDLOTKELBRWH XVHG LQ WKLV UHYTHCHMK FIROW KE-H FIRYUDULHOVESERIDHS RQ J |
$XWKRUV FROQWUWBLERWLRFERQFHLYHG WKH LGHD $& &KRIUPHROWKH/ GPWDQG
DFTXLVLWLRQ DQG DQDO\VLV DQGIOO® R ¥WK K RIUQMWHRIBW b MEDAWVLHRGD HY V&l @\
DQG WKH SURGXFWLRQ RI WKH ILQDO PDQXVFULSW

(WKLFV DSSBRRWDOSOLHG

&RQVHQW WR BERPW VDISFELGIDHNGH



&RQVHQW WR $XPOMRBEWRMKRUYVY KDYH FRQVHQWHG WR SXEOLVK WKLV UH



SHIHUHQFHYV

$OYHV /0 &KDGZLFN 5 ORLVH $ HW D®O YDWVNVNNHVY¥PMQWORS IXIMOQIH FKDQ.
DFURVVY PXOWLSOH WLPHVFDOHYV K®W S V& O GRDLWRA ( MRF

$QGUHROL 59 .D\DQR 07 7URSDRMC IS BIFLHEW D RE® UFDX VP KDDWOY DU LD E L ¢
EUD]LO ,QW - &0OLPDWRO + MREWWSV GRL RUJ

$QGUHROL 59 .D\DQR 07 $ L P SRIWARK®Y EIRES UAHDOD WX & DH GSRD PIWLAFKRQ &/H V W H
GH SUHFLSLWDOmMR GR 1RUGHVWH GR %UMDWB® S5GRLYRUIV OHWHBRURO

$UDJMR -25 GH 2 ,PSDFWR GR (16R BRGRRUSRVRVB R RWOKDWLIOF %X0O0 |,
GIpWXGHV $QGLQ +

%RMLQVNL 6 9HUVWUDHWH 0 3HWHUWR/GQ@WLB®W POLPDWH KD B RDEFCGIISW LK)
FOLPDWH UHVHDUFK DSSOLFDWLRQV DQ& SROLF\ %XOO $P OHWHRURGC
KWWSV GRL RUJ %$06 '

%RXUUDV ' BHYHUGLQ * *LRUGDQL + WRRUDWPRVSKHUBHN ERQAQYE RU\ OD\HU
PHVRVFDOH RFHDQLF HGG\ LQ WKBHMWMEIWKRKRWVW $WODQWLF - *HRSK\V
KWWSV GRL RUJ -

%URZQ 5* =KDQJ & 9DULDELOLW\ RIQGL GVWU R SHRAAE KRHU KD R R GVINVWRWSUHH L J

'LVWULEXWLRQ GXULQJ 72*$ &2%$5( - $WPRWRBERUJ + KWW S
9200%,! &2

&DUYDOKR $$ 'H ORQWHQHJIUR $$'$ 6LORD UBLQRBEY DQG WHPHGIGDW X UH
%UD]LO 7THQGrQFLDV GD SUHFLSLQM dRR GH\XW HDEU B VG D MLHMRS FHUHY WK WDV
$PELHQW +

&DYDOFDQWL (3 *DQGX $: $]HYHGR 3%Q@ER GH MDIBQRWS 8 i\ X DHDEADRCRD/ [ p UL FR
QRUGHVWH GR EUDVLO 5HY %UDV OHWHRURO +

&KHOWRQ '( ;LH 6 3 &RXSOHG 2IFRI@ @ \WVWFERDRKHFUHVRWHADOHRW 2FHDQ]

+

&LQWUD 00 /HQWLQL &$' 6HUYDLQ VVHW WKDW G WKAMLWRB SHB¥RQDO HYR

BRXWKZHVWHUQ 7URSLFDO $WODQWLF+:DUP 3RRO '\Q $WPRV 2FHDQ

KWWSV GRL RUJ M G\QDWPRFH
&OHPHQW $& 6HDJHU 5 OXUWXJXGGH 5 SRROVDU R WIKHUH WHRSLFDO ZD
KWWSV GRL RUJ -&/,

&RVWD 0%6) ODOOPDQQ '/% 3RQWHYV 3®LMWA\DXM®R IOPSDF VWX UGBDMEHG WR W
OHYHO LQ WKH OHWURSROLWDQ &HMMDIRU BTEEHWLBHFLIRUWKHDVW %UD]L

'"HERUWROL 16 &DPDULQKD 3,0 ODUHQJRH[BRERGDJLOMV ¥X O QHUDE LQIGW\
LQFUHDVHV LQ QDWXUDO I0DVK QORRIG FRLD IVGIGEWO R IQ BV IOR_IBW HG IE K/ D @ YWH UL

+ KWWSV GRL RUJ v

'RV 6DQWRV &/ /LVWR )'/5 'D 6LOYD 2* HAPHWIRIGRBOHILFD GRIBYWXGRV UHI
HYHQWRV GH PRYLPHQWRY GH PDVVD H{HWR Yy RIFQR U 1$ LRSHRW K@RI5 RIG R U
DQDO\VLV RI VWXGLHV UHJDUGLQJ HY HREWXURILBD V\Q DAKCH HURRUAN R B DR/RAY |
%UD]LO &DG *HRJU - KWWSV GRY RWJS S

(EL ./ 1HDORQ - 'HQJXH LQ D FKDQJLQA FOLPDWH (QYLURQ 5HV
KWWSV GRL RUJ M HQYUHYV

JHUHLUD $* OHOR 1*'6 3ULQFLSDLQW.HW ¥R BV HD IV RIRN ILpnUR. FLARRWU G MAKW H
LQIOXrQFLD GRV 2FHDQRV 5HY %UDV &OLPDRFRILPD &% L KWWSV GRL RL

)ROW] *5 OF3KDGHQ O- 7KH URORIQRL R MHOD HY KGOWLRG YRIFWURSLFDO
$WODQWLF 667 DQRPDOLHV - &OLP -&/, KWWSV GRL RUJ

*RPHV +% $PEUL]]L 7 +HUGLHV '/ HW DOQFHV RXYWW HILROAW R M B VW % X D BL.0D
2EVHUYDWLRQDO $QDO\VLV $GY OHWHRURO + KWWSV GRL RUJ

*RPHV -+ 6LOYD 7/ GR 9 *XHUUD (5 'LBVUHD GH 5PWRBD®MRHNPL]DPHQWRYV
GR -HQLSDSR 5HFLIH 3HUQDPEXFR 5HY %UDV *HRJU )tVLFD +

+IQVHO 6 OHGHLURV '0 ODWVFKXO®RMRJIHQWM LDV DQG S\DULHDW I IDULDELOI
7HPSHUDWXUH DQG 3UHFLSLWDWLR@V8HUQH¥UDY LK HUKISA WD OW KR 6 AR U
KWWSV GRL RUJ IHDUW



+DVWHQUDWK 6 ([SORULQJ WKH FBYWHWKH SHREOHP&ORP %KD]JQOHYV 1RU

KWWSV GRL RUJ Y%
+RXQVRX JER *$ $UDXMR 0 %RXUOQqQD QWLHWKRQWULEXWRBQFMDWRS\WWURQJ 5
$ORQJ WKH 1RUWKHDVW %UD]LOLD® &RV VW R$GRUGHWHRURO K

+XDQJ % 7KRUQH 3: %DQJRQ 9) HW D@ 6HD Y {MHQEHGVHAERQUWXNFWS8HU
(5667Y 8SJUDGHV YDOLGDWLRQUV/LPDQG LOWHUFRPSDULVRQV - &
KWWSV GRL RUJ &1,

.RXDGLR <. 6HUYDLQ - ODFKDGR /$7 /HQWQQBI®8RGHYV L+H BK\H5 DDL\VOWIH U Q 1
%UD]LO /LQNHG WR /DUJH 6FDOH 2FHD @ SWPDROVSK B DB & RK GILGWYL BIQW H.RU!

KWWSV GRL RUJ

/ILX & =LSVHU (- ::DUP UDLQ  DQGWKHJWRAGBDFELVWDYRRWORQV EDVHG
GDWD - &OLP + KWWSV GRL RUJ -&1,

ODUHQJR -$ $OYHV /0 $OYDOD 5& RKWHWDIO/WLFVERILWEKWLFE FKDUDFRXJIKW LC
1IRUWKHDVW %UD]JLO UHJLRQ $Q $IFRGXUDV &LHQF * KWWSV GR
ORVFDWL 0& GH / *DQ 0% 5DLQIDUBDWRIL RE VAP D UQ GVIRHY B IRIQQ R U W K

1(% DQG LWV UHODWLRQ WR ZLQG UHKWWWISV, Q®WRL&OLPDWROMRF
ORXUD $' B6KXNOD - 2Q WKH G\Q D P PYURI] LGOU ROENKNUWY D @/ LLRQW KW NR U \
H[SHULPHQWYVY ZLWK D JHQHUDO FLUFXODWURW PRGBAL -REM PRV 6FL

ow 27'2', JW &2
ORXUD *% GH $ $UDJmR -25 GH OHO R1R6B QMV UHHAVDD®U HFL SERMMDDmM R GR OHVW
%UDVLO HD WHPSHUDWXUD GRV R$EPBIGHROW 5HY %UDV (QJ $JUtFROD H

KWWSV GRL RUJ 6

ORXUD *% GH $ %ULWR -,% GH B6RXNDLVWD $6UGMLGMLDD 'H *HRJUDILD )tVL
*HRJU )tVLFD Q +

1FHS 1&(3 )1/ 2SHUDWLRQDO ORGHO *®RENQ FXRBRMSKMHUXB\$QDO\VHYV

IHYHV ' $OFKkQWDUD &5 6RX]D (3 'H 'LVWVYUKIGR2®H 2ROVR/YOH KRBH /HVWH
(VWDGR GR 5LR *UDQGH GR 1RUWH  %@DH/ LIOV WIXVH BQFHG 2 RH WD G LD ¥V WHQ

1RUWH 6WDWH %UD]LO +

3DHJOH -1 OR .& JLQNDJHV EHW ZIHELQ BWPR RYW B BIRX\D R G PIPBWILFD DQG €
7HPSHUDWXUH $QRPDOLHV - &OLP + KWWSV GRL RUJ

/%65921 &2

3HQJ 6 =KX < +XDQJ . HW DO | 'PIDWHRML QW MROHS K WWIXFF W R X @ GRD U\ O D \F
1IRUWKHUQ 6RXWK &KLQD 6HD E\ VKUSIERDUG *36 VRQGHV $WPRV 6FL
KWWSV GRL RUJ DVO

5DPRV 53/ BUHFLSLWDWLRQ FKW WDUFW HO L&/WLEN JL @ QV K H* H R § KWK HTHW
KWWSV GRL RUJ & L S

5DR 9% /LPD 0& )UDQFKLWR 6+ 6FHDRREYIR) HMICY O W6 RDGIQX DY \& B WIQD
%UD]LO - &OLP + KWWSV GRL RUJ 6%$,925! &2

5HQDXOW / &KLJIJLDWR - :DUQHU VEKHWHDRFHDQ ZRXSOHG® OWPRLRQV RI D
RYHU WKH *XOIl Rl /LRQ DQG %DOMKDULF+t6HD - *HRSK\V 5HV 2FHD
KWWSV GRL RUJ -&

5RGULJXHV '7 *RQoDOYHV :$ 6S\ULWHNOO&6& VWWLEXWLRQ6BDWKH OHYHO R
SUHFLSLWDWLRQ HYHQWY LOQRDRUWKHDVW RKWWFNMO GRW REDLPDW MRF
5RGULJXHV 55 +DDUVPD 5- &DPSRVH-LPSPEWM]RI7ZLQWHUKO 1LxR YDULDEL
WURSLFDO $WODQWLF DQG QRUWKHHDVWWWBILO GFROLL RDWH - &OLR&/,
6LOYD 7/ GR 9 *XHGHV 596 $QIOLVHUERR:RP SSRRUWXD B Fh@WGRH $6MHFERYV I1HP D
DERUGDJHP 2SHUDFLRQDO SDUD 3HDQDPEXFR 5HY %UDV *HRJU )tVLF
6LOYD 7/ GR 9 9HOHGD ' $UDXMR 0 PRUDSKH&M 3HHGERFNDIXODMQJ H[WUHPH
HYHOQWYV LQ HDVWHUQ 1RUWKHDV® %UDJA+O0 -IKSWBGWVHWRRUWRD &OLPDWGE

7TRUUHV 55 )HUUHLUD 1- &DVH 6WEODGDRDHW\WRRHVUWIHIUONKBEDN WLWWR]LO ¢
ORGHO :HDWKHU )RUHFDVW * KWWSV GRL RUJ %)

:DOOFUDIW $- .DUD $% +XUOEXUW +DWHW BOSDUDPHDWMNHLRDWXRQAVKHRU RF
SUHGLFWLRQ - 0DU 6\VW * KWWSV GRL RUJ M MPDU



:DQJ & (QILHOG "% $ )XUWKHU 6WQ®GAHPIL WKKIHUWHR :LIF® G R RUWHHK\V 2FH

* KWWSV GRL RUJ KWWS G[ GRL RUJ
:DQJ & (QILHOG "% 7KH WURSLFPOS RRON HHQ SHHF LSAHS\K HRW W D U +
KWWSV GRL RUJ */

'DQJ & (QILHOG '% /HH 6. /DQGVHD &: ODQWOQFOZCHPFSRRRO WRH BWWHUQ K
VXPPHU UDLQIDOO DQG $WODQWLF KWWSMDGQRY RUSOLP  -&/#

'DQJ & /HH 6. $WODQWLF ZDUP SRRG \@RHLEEHDOHQRZ DG YIRS DMFRWR @
KXUULFDQHV *HRSK\V 5HV /HWW + KWWSV GRL RUJ *

‘DUQHU -& $UPVWURQJ % +H 5 =DPERQ -%G 2FHEPHOWBRMONMHEHD: BRXS O
BHGLPHQW 7UDQVSRUW &2$:67 ORGHOLQ: 6\WWHP 2FHDQ ORGHO
KWWSV GRL RUJ M RFHPRG

‘DUQHU -& 3HUOLQ 1 B6N\OOLQJVWDG (J 7RR®@NLQYJIWRK FRIMRSEHHO HORINSIO VOV V
(QYLURQ ORGHO 6RIWZ + KWWSV GRL RUJ M HQYVRIW

'LH 3 <DWDJDL $ &KHQ 0 HW DO V RI GCDDRISEBDNHSLWOQWQRQ RYHU (DVW
+\GURPHWHRURO + KWWSV GRL RUJ -+0

=HQJ ;% %UXQNH 0$ =KRX 0< HW DO G DOD U DQHHUS$ WHPLRIK S\WK R Y HI 9/ROKHQ( D V
3DFLILFx 'DWD $QDO\VLV DQG ORGHO (YDWOXDBWLRUJ- &OLP-&/, = K\



