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JOH SFQISBTJOH BOEJNQSPWJOHDMBSJUZ
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)ZESPMPHJDBM NPEFMJOH USBEJUJMOBRMMMIFUM BT ROJMF D) BEZAJ
DBMMZ JOUFSQSFUBCMF TUSVHHMFBWR DB ® G \WFORMIISPAORNTND LUBAVB T
UFNT %BUB ESJWFO BQ®SPBBDEBWVDABIBM O BB RBSLUP N/BT
JDBMMZ EJTDPWFS QBUUFSOT JO PCAWSO/B U YRGB VPESBYBS BB SN BC
CVUUZQJDBMMZ PQFSBUF BT CMBDL CPYBT M IBUFNBZ| D PLDBEM DPFRO
TUSBJOUT 51JT EJTTFSWBBIP/O %O USBEVDERFE 3BJOGBMM 3VOPE&
DJBM /FVSBM /FRJBGNSIMZ EJEFSFOUJBCMF BOE BYDINDEDUVSEFCVU
GPS SBJOGBMM SV®Ba'NPBPWIORUT PG UXP DPNQPOFOUT B TQB!
USJCVUFE SBJOGBMM SVOP&é NPEFM BQESBHSB®IPOBTSEMVIWES IS
DIBSHF NPEFM UIBUDBQUVSFT bPX EZO BAN\SID B BAMSBID G IB-VEM VBV ® k
DPNQPOFOU VTFT TQFDJBMJ[FE DP OWRNVXILP @B KT P VESGE DIINFE
JOEVDUJWF CJBTFTUP NPEFM MBUF SBQPXBBOSTQS BBEB HBW QB® BDE
5IF EJTDIBSHF DPNQPOFOU FNQMPZT B H SEFQIQFEBWSBWI © BB RPFIDU
UJWJUZ PG HBVHJOH TUBUJPOT 5I1JTWPENGB $ B SO EPRDUUNS F 5D
VTJOHTQBSTFEJTDIBSHF NFBTVSFNFOUDEMRFMEBTOUBMOUDHIGI
BSDIJUFDUVSBM DPOTUSBJOUT 5IF N FEMB\E BN W8 \D\BRIWDE E FRoU Ut
APVUIXFTU (FSNBOZ VTJOH EBUB GSPN43HBVMEFORTUBEBBE DT
JNQSPWFE QFSGPSNBODF OPIRBESHFE WHPBEF"'XBSFOFTT 4ZTUFN &
BDSPTT NVMUJQMF NFUSJDT 5IF GVWMWSFEI@B S MG U JDANFS 6 S B UBU
BOBMZTJT UISPVHI HSBEJFOU CBTFE BRUBDCVIRWVIOTNFRNPE T U 5B
UIFBCJMJUZ UP SFDPOTUSVDU QI1ZTJIDGRMWYENBFSEIG T QH B FYD B O DUNS
TPOBCMF DPSSFTQPOEFODF XJU| UPQSHIFEJ I BDIMZA EXB UWEFE X
UIENPEFM MFBSOT JOUFSQSFUBCMFTRBWDEB M TB WB MIE B U-JFFBONVEY
JNFOUT FWBMVBUF UIF NPEFMrT BCIJMBEZBF HFOXSBMIJJF B D8 OB
JDBM SFRVJSFNFOU GPS QSBDUJDBM"ZES R MPHS B\B MBVIIQIMNXDMABS
JOTJHIUT'"BICROWVUBWJIPS JO FOWJSPONFOUBM NPEFMPM®H 51F NPEF
QFSGPSNBODF QBSUMZ CZVTJOH FMFIVBEJI®I® EBWIF B UQRT FY HAVOIE
bPX SPVUJOH XIJDIFYQMBJOT CPUI JUFTURREDOUIONFBREN B X0 B QI JW
TQBUJBM HFOFSBMJ[BUJPO DIBMMFO$HHAT COBXBEM O SISBHEFUBFI
DVSBDZBOE QIZTJDBM QMBVTJCIMJBEBNUTUID NPEF K WO DD BMD/IR
DPSSFTQPOEJOH UP UIPTF XJUI PQUJNBAZ GIRSIEDBUU RS GE@BSNME B
EFQFOEFODZ PO BDDVSBUF QSFDJQPOBIFIPFSGPSFERPUST TEO/BMN
OFUXPSL BOESFTPMVUJPODPOTUSBJI®OM™ENB EB UNZNEMBEMBVEH TBROM



JJ

UPDBQUVSF SBQJE IZESPMPHJ D&M SAKMGPSIERNB X JIMBEEG RRVBUF M Z
SFQSFTFOU aOF TDBMF QSPDFTTFT '"WWWSEFXPSUDIRNFOE GBBYT JX
IJHIFSUFNQPSBM SFTPMVUJPO EBUPBIDOET GBS MM BBN KHBE § E HBIPQ
OWFSBMM UIJT XPSLBEWBODFT UIF aFOM CGHENSPNEBEBDBOH B EF
DBSFGVMMZ'"EF THSIDIFNEFDUVSFT DBO BDIJFWF CPUI IJEI QSFEJDU.
QIZTIJDBM JOUFSQSFUBCJMJUZ P QFRIPIOMFEFX @B T D PORASIIT TZERS
PHZ XIJMF IJHIMJHIUJOH UIF JNQPSUB BIDDF® QBNBI B UO P M@K $GIF
QIZTJDBM SFBMJTN

,FZXPSEBSBJOGBMM SVOPé& NPEFMJOH SJIJWFBFabBJBM BEFNE BN OEID U
XPSLT EBUB ESIJWFONPEFMJOH EJEBSEQPEFCGNOE NPEFWRODMS FUR
NBDIJOF MFBSOJOH TQBUJP UFNQPSBM NPEFMJOH
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%JF IZESPMPHJTDIF .PEFMMJFSVOH VGANFI BODTUSBE URJ JPEFWNAE
EJF[XBSQIZTJLBMJTDIJOUFSQSFUJ%SHKIBES UFO®H BICHEP [E1J4DA XD FU N
FBSF %ZOBNJL WPO 6NXFMUTZTUFNFO [VRSRG'BOMMAWD F%¥BE EQGBFTU
TUMJDIF OFVSPOBMF /FU[F LOOOFO BVURNBOHIMEIBVFOFSI1BGEGPQO
VOE FS[JFMFOPGU FIJOF CFSMFHFOFEFDTUV ERSG¥E EMIPNDT B S1BC
#PYFT EJF QIZTJLBMJTDIF #FTDISAOLV®BHFDFWFEISSMFS [FBULUG O ARG
%33"J// %JTUSIJCVUFE3BJOGBMM 3VOPé&"SWPESDFBOIFRWESBWTBARE
EJEFSFO[JFSCBSFVOEWPMMTUA O ESIMONBRVGRU'BIM U FIGUOVTSUGID B BRI 6 |
"CbVTT .PEFMM®BSVIOHCFTUFIU BVT [XFJ ,PNQPOFOUFO FJOFN S,
WFSUFJMUFO3FHFO "CbVTT .PEFMM E® [JRNUG BBBFN-S B EMWAEB H
HSBQICBTJFSUFO 'MVTTBCbVTTNPEFMM LEBOTUBME G § 6 N WWOHTTTEZFOL
[FTFSGBTTU %JF/JFEFSTDIMBHT "CbEFU T, RN QFMMFUP\® AVPHAOU J
SFLVSSFOUF /FU[XFSLFNJUQIZTJLBMIIWFOQE B FENSIF\SQH Q) O/ENVN B
FSBMF 8BTTFSBVTCSFJUVOHT VOE &WHJV WPEFGE VMQUIFSUIFIP 04 JFS'E|
bVTTLPNQPOFOUFWFSXFOEFUFJO HSBRUDGTILF EBAFTEOF YBS®OBIMF -
UJWJUAU EFS .FTTTUBUJPOFO CFSZDBEDIDUB LMY S% SINTTFHWPIEM M B S
&OEF [V &0EF OQUJIJNJFSVOHVOUFS 7F 8 XFDENDHVIOHFSM XAIBSE OE
EJFQIZTJLBMJTDIF1IMBVTJCIMJUAIDH\DS SAREDV QWFQ BIFXBTHRUCM F
%BT.PEFMM XJSEBN/FDLBS &JO[VHTHFNMBPE YO 4UF B XFBXEP\EW DM
WPO %BUFO BVT .FTTTUBU%B®'R0O/ FFNBM\VINBRSHM&VUBP[V N

QFBO ' MPPE"XBSFOFTT4RJQUFRCESMFHFOF-FIJTUVOHCFJNFISFSF
%JF WPMMTUAOEJH EJEFSFO[JFSCBSPFDOUEBRQSBFSY FBSIOBIIIWT
ZTFEVSDIHSBEJFOUFOCBTJFSUF "UFrSSFOVOJPPJ I$FU PROETRUS VWA BB T
FSGPMHSFJDIQIZTJLBMJTDITJOOWPMMFANIS VR QRPHGSBRUDHBEGF
FUFO 8BTTFSTDIFJEFO GCFSFJOTUJNNFOEV¥OM[FOUFS9QEBUJIFERCTE
SAVNMJIDIF .VTUFS MFSOU -FBWF POFWF P ES,BFRV)WB I¢ FKXFRINOHE .
‘AIJHLFJU EFT .PEFMMT BVG 0JDIU HF NF WFR®MSMMHFNHIHFLA FX B
FIJOFFOUTDIFJEFOEF7PSBVTTFU[VOBTIE B QEAQBEV O HFIZ E B MPIHF
"OBMZTFMJFGFSU XJDIUJHF &SLFOOQBOIJTUMIDCFS BT IF S BBWRSH®
JOEFS 6NXFMUNPEFMMJFSVOH %BT .PEFMMWPBS[JFOIUARS B6 HEBBN
EVSDIEJF7FSXFOEVOHWPO)OIFOEBUFB BOTWPN MFIPIDTFLSPEY G BIV |
'MVTTG@ISVOH XBTTPXPIM TFJOF 8JS LSTERINDLIFJH TICOFCSHS IIBINT B K F TBS/
TFJOF)FSBVTGPSEFSVOHFOCFJEFS SAVSM VMAIFO (FOFSBVJT JRBV
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CFNFSLFOTXFSUFS ,PNQSPNJTT [XJTDIFQU N E MEB A FIHFNDBMIIHIS
1IMBVTJCIJMJUAU XPCFJEJF QIZTJLEBAWINMI DO BF B ® PAQ OUDITUNDJI.BF
NJUPQUJNBMFS 7PSIFSTBHFMFJTUVOH®CFBFUOAQ ENRFDIS¥ EEDC
HFO[AIMFOEJF"CIAOHJHLFJU WP O HF OBSVIFEH/H 6 EF BFTHA MBIKLTAWR § IC
EFS #FXFSUVOH BVG FJO FJO[JHFT 'MVTAO F1J VJDH &M ODDESESOVV C
bOTVOH %JFUAHMJIDIF %BUFOBVbOTVOBIDFNMBS UZEIFPABSFGBITTVM |
3FBLUJPOFO FJO XAISFOEKmBIKEBNTQUWFEWABSXFIJTFLFJOF GFJONB"
HFO 1SP[FTTF BOHFNFTTFO EBSTUFMMMM UFIOZTI®U BVFG"BEEF 5$BO(
JOHNJUNFISFSFO &JO[VHTHFCJFUF O D%BU'R® ATV OM ¥ ESTEUBNJ
MIJUFOHFTUQU[UF"OTAU[F G@S OJDIUMFSIFISF® F* ®FHHIFPTGB MQ LAPS[(
EJFTF"SCFJUEBT (FCJFUEFS IZESPMP$BODJPE FNERN NIB FI$SYV OCBBW 1
TPSHGAMUJH FOUXPSGFOF LZOTUMJDUF OFWSP® B RXP AW FXPSLIBS E
7PSIFSTBHFHFOBVJHLFJU BMT BVDI R3SZBILENM UTHS B F DI FHQSFWAQ
%BNJU FSOEOFU TJF OFVF .OHMJDILFJUF 5 GRGOAIGJTFXRO® 00 G H W
YZESPMPHJF VOE VOUFSTUSFJDIU HMBOFITRMFIH EHFXIDE BT U X OH
DIFO-FJTUVOHTPQUJNJFSVOH VOE QIZTJLBMJTDIFN 3FBMJTNVT

ADIM@TTFMXGEBESDIMBH "CbVTT .PEFMMJFSVGHFUPRO EBMFDIF O
HFUSJFCFOF .PEFMMJFSVOH EJEFSHFDCIRNECBBEFRBRVEY PV OGU |
QSFUJFSCBSFTNBTDIJOFMMFT -FS CGBFOM M ANVSWODID | [FIUMJIDIF .P
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-JTUPG 'JHVSFT YW
-JTUPG 5BCMFT YYJJJ
(MPTTBSZ YYWJ
"DSPOZNT YYY

*OUSPEVDUJPO
.PUJWBUJPO
1SPCMFENTUBUFNFOU
$POUSJIJCVUJIPO
SFTFBSDIRVFTUJPOT
"VUIPSITrTQVCMJDBUJPOTBOE SFTFBSDIDPOUSJCVUJPOT
OVUMJIOF

#BDLHSPVOE
)ZESPMPHJDBM NPEFMJOH GVOEBNFOUBMT
5FSNJOPMPHZ
4QBUJBM TDBMF MVNQFEWT EJTUSJCVUFE NPEFMT
5SBEJUJPOBM BQQSPBDIFT NFDIBOJTUJD NPEFMT
&YBNQMFT
-JNJUBUJPOTBOE DIBMMFOHFT
%BUB ESIWFOBQQSPBDIFT
"SUJaDJBM OFVSBM OFUXPSLT
"SUJaDJBM OFVSBM OFUXPSLTJOIZESPMPHZ
3FDVSSFOU OFVSBM OFUXPSLTBOE TUPSBHF FRVBUJPC
&YBNQMFT
-JNJUBUJPOT BOEDIBMMFOHFT
)ZCSJE BOE EJEFSFOUJBCMF NPEFMJOH
&YBNQMFT
-JNJUBUJPOT BOEDIBMMFOHFT
)ZESPMPHJDBM NPEFM MBOETDBQF
4QBUJBM HFOFSBMJ[BUJPO
.PEFM JOUFSQSFUBUJPOBOEFYQMBJOBCJMJUZ
AVNNBSZ

JY
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.FUIPE
.PEFM
"SDIJUFDUVSBM OWFSWJFEX
3BJOGBMM 3VOP& NPEFM
%JTDIBSHF NPEFM
% BUB
4UVEZ TJUF
&YQFSJIJNFOUBM TFUVQ
#FODINBSL NPEFM &VSPQFBO 'MPPE "XBSFOFTT4ZTUFN
&WBMVBUJPO
*NQSPWFNFOUTPWFS QSFWJPVT XPSL
*NQMFNFOUBUJPO BOE SFQSPEVDJCJMJUZ

3FTVMUT

)ZESPHSBQIT

1SFEJDUJWF QFSGPSNBODF

$BUDINFOU BSFBJOGFSFODF

3PMF PG UIFFMFWBUJPO NBQ
ONJUUJOH UIF FMFWBUJPO NBQ
1SPWJEJOH B SPUBUFE FMFWBUJPO NBQ

3PMFPG UFNQFSBUVSF
ONJUUJOH UFNQFSBUVSF
1SPWJEJOH TPMBS SBEJBUJPO JOTUFBE PG UFNQFSBU\
1SPWJEJOH UFNQFSBUVSFBOE TPMBS SBEJBUJPO

"SDIJUFDUVSBM EFTJHO DIPJDFT
4AFQBSBUJPO PG MPDBM BOE TQBUJBMMZ FYUFOEFE QS|
3PMFPGIZQFSOFUXPSLT

4QBUJBM HFOFSBMJ[BUJPO
$BUDINFOU TJ[F CBTFEEJTDIBSHF TUBOEBSEJ[BUJPO
1SFEJDUJPO JO VOHBVHFE CBTJOT

%JTDVTTJIPO

4UBUJPO TQFDJaD QFSGPSNBODF WBSJBCJMJUZ

$BUDINFOU BSFB JOGFSFODF

"DDVSBDZ QMBVTJCJIJMJUZ USBEF Pé

3PMFPGJOQVU WBSJBCMFT

"SDIJUFDUVSBM EFTJHO DIPJDFT

4QBUJBM HFOFSBMJ[BUJPO

5FDIOJDBM DPOTJEFSBUJPOT
5FNQPSBM BOE TQBUJBM SFTPMVUJPO
4QBUJBM BOE UFNQPSBM TDPQF
%BUB TQBSTJUZBOE JOGSBTUSVDUVSF SFRVJSFNFOUT



"EEJUJPOBMJOQVU WBSJBCMFT

$PNQVUBUJPOBM FEDJFODZBOE TDBMBCJMJUZ
'VUVSF XPSL

SPXBSEPQFSBUJPOBMVTF

"QQMJIDBUJPOTCFZPOE SIWFS EJTDIBSHF
$POOFDUJPOT UP FWPMVUJPOBSZDPHOJUJPOBOE BEPSEBC
,FZJOTIJHIUT GPS EJEFSFOUDPNNVOJUJFT
$PODMVTJIPO

#JCMJIPHSBQIZ

"DLOPXMFEHFNFOUT

YJ
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"O PWFSWJFX PG %33"J// 5IF HSJEEFE S BQCBBBNBYVOIPEé NPEF
QSFDJQJUBUJPOBDSPTTUIFMBOETBBENPBPEBNMIEFIOBQUP FMFW
PUSBOTQJSBUJPO CBTFE PO UFNQFSBUBSHF BIFFEHFSB QI CBTFE
UIFOSFDFJWFTUIFSBJOGBMM SVOPEINREWNDIBWBIFCBIUBHOEEY HJ O
QSPDFTTFT JU UPHFUIFS XJUI UIF QSBWEBPVEIJTIPIBEGBIJBMMZ F
SIJTQSPDFTTJOHDPOTIJEFSTTUBUFRSFBPBPKEDBEODB 20BNF3JUVEF
TUBUJPO SIWFSTFHNFOU MFOHUIT S5SDARVBQYRQAQT EJTDIBSHF

5|F 64(4 XBUFS DZDMF EJBHSBN 60JUNBWWBUFT (FPMPHJDBN\
"OPOMJOF WFSTJPO XJUI[PPN GVODU?JIROB MHUZDIXBO CF GPVOE
ri2 /i Xmb;bX;QpfpBbm HBx iBQMbfr i2 @ +v+HEBM/2tX?IKHOf
BHSBN EFNPOTUSBUFT UIF DPNQMFYJUZPOMEMKIUFSISFTUSIBM
NBOZ TUPSBHFT BOE QSPDFTTFT *O UIJFXRETRFXGMM GPDV
UIF XBUFS DZDMF UIBU JT TJUVBUFE PO BWOE TF¥FUPKWIF HSPVC
CFUXFFOQSFDJQJUBUJPOBOE SIWFSOHH FIWWIBGHESRQOMFIDPOTJ
SBUJPO BOE JHOPSJOH IVNBO JOUFSWHWOWOBRMHIWFIGE IDBQJUBU.
XFXIJMM OPUNPEFMBUNPTQIFSIJD NPJTUVSF

-BOETDBQF PG SBJOGBMM SVOPé NPEFNBBIFHPQ QG PBOFET .PE
CZUIFJSEFHSFF PG NFDIBOJTUJD WT BEYBIUB EEGEBWEB8 NPEFMJO
UJBM SFQSFTFOUBUJPO GSPN MVNQFBUB/EPDIDSOCVUFE Z BY
QJFT B VOJRVF QPTJUJPO BT B GVMMZEQSBPBDCXUBE EBUB E!
QIZzTJDT JOGPSNFEJOEVDUJWF CIJBTNFTIBSBNBFHSHBTIJPO 1B
UJPO #501 #MPDL 8JTFG6TFPG501.0%&- BOW&&-UFOTJIPO PG 5(
XJUI .VTLIOHVN $VOHF SPVUJOH 5BLFVDTWRWBMN .$ .
$VOHF SPVUJOH 6& 6ODFSUBJOUZ FTUWBBULUI® 54 .BTT DPC
5JNF TDBMFT 13.4 1SFDJQJUBUJPO 3VOPRIBPEFMI®H 4ZTUFN
TFNJ EJTUSJCVUFE NPEFM .BSLTUSPN FU BM

YW


https://labs.waterdata.usgs.gov/visualizations/water-cycle/index.html#/
https://labs.waterdata.usgs.gov/visualizations/water-cycle/index.html#/
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4DIFNBUJD PWFSWJFX PG UIF %33"J// BEEPEIBBDOG@BMMS5IF HSJ
SVOPé NPEFM IBT UXP NBJO UBTLT NPEANMIOB\WQBIFDIQJUBUJ
BDSPTT UIF MBOETDBQF BOE NPEFMJOH &b SCBOTFBEVMFA UFNQFSI
QSFDJQJUBUJPO BT JOQVU UP B QPTIJWFIPRBXJITIEFE-MPOH TIPSU |
45. XIPTFIJEEFO TUBUFT CVU OPU DFMNIOHW B$PD BSF VQEBL
W/FOU#MPDL 5IF$POW/FO9U#MPDL XFJH REBRIFEEZOBNIJDBMMZ |
QFSOFUXPSLT JOEJDBUFECZ SFEBSSEXBIBEBORSIUIBO CFJOH
XJTFDPOWPMVUJPO %8$%$POW IBOEMFRMBOESBMKXBMUFE QSPQE
JUT XFJHIUT GSPNB $//UIBUUBLFT FMFWBTURBIROBIBOQVU BOE |
UJBM FYUFOU BT UIF %8$POW LFSOFM BSJIFP@PTIBIPO XJTF DF
$POW BOE 18$POW NPEFM MPDBM &5 QSBIXFFOUHRUBOE SFDFJW
GSPN BO .-1 UIBU UBLFT UFNQFSBUVSF BT JOBRBYRIJITBIF -45. IJEI
QSPDFTTFECZBMJOFBS MBZFS CFGP SSHERIPEFMB BTFE UP UIF E
HSBQI CBTFE EJTDIBSHF NPEFM BHHSFHBUH TUBGPFESINBUJPO B
JODPSQPSBUJOH UIF QSFWJPVT QPTWBUMETORGVWRVWEBIEOQTDIE
EJEFSFODFTCFUXFFO TUBUJPOT BOEFSRWF@VIFBINEOTU MFOHU
DIBSHFBUFBDITUBUJPO

*MMVTUSBUJPO PG UIF IZQFSOFUXPSLUI\QIBFEFMT %B38FJ// *O C
EBSLHSBZDFMMT SFQSFTFOU MPDBUMXEBXIPH EBIEFEFO TUBU
POJOGPSNBUJPO GSPNUIFMJHIUHSBZIDYNEMBUBTFBXSHRIHIUT GF
HFOFSBUFE CZTQFDJBMJ[FE "//T UIBU QS FDEBMEWBESSFOU FOV
BCMFT -FGU " $//UBLFTFMFWBUJPO BT WWIQGFRISBOIEFE QSPEVDF"
EFQUI XJTF DPOWPMVUJPO %8$POW XFEDQ SIPEBMB MBUFSBM
UJPO 5IF$//IBTUIFTBNF TQBUJBM FYUFOU3BHIWIF %8%POW LF
"O.-1UBLFTUFNQFSBUVSFBTJOQVUBOEBEQ@EPIEIVWOPOXFIHIUT G
XJTFDPOWPMVUJPO 18%$POW XIJDINPEFMT MPDBMJ[FE &5

5IFTUVEZBSFBVTFEJOUIJTXPSLJT FIFURDLAPS/3IWFEBSWBUD IN
(FSNBOZ

JZESPHSBQITTIPXJOHPCTFSWFEEJTOOBIPOTWPS WFBESFEJ

UJNFT VS Q BJBPZT BOE &'"4 TINVMBUJPOT 5IFTJY QBOFMT TIPX
XJUI UIF MPXFTU B BOE IJHIFTU C NFBOHRESHBPIBSHF TUBUJF
3"J// D BOE &'"4 E BDIJFWFUIFCFTU ,(& QFBGPSOIBODF BOE
XIFSF %33"J// F BOE&'4 G BDIJFWF UIF XPODIFUP,0& QFSGPSNB
BWFSBHF "MM SFTVMUT BSF GSPN UIF OBFWXTBUUTFPXJOH UIF
I JHIFTUEJTDIBSHF WBSJBODF UP SFQ®RIIIFP@UTEDB CBBMABMPFPOHJOH

1IFSGPSNBODF PG aWF %33"J// JOTUBODFIPDPNQBBFE UP &'"4
IZESPMPHIJDBM QFSGPSNBODF NFWB8 EBY GPS-NMV¥BIE UBSFT VQ Ul
BWFSBHFEBDSPTTTUBUJPOT 'PS %33'RIX/JOBSBWIBNBEBWOU MJO|
NPEFM JOTUBODFT XIJMF UIF PQBRVF MBOFBIOEXNKIF FOTFENC
TIBEFEBSFBTIPXTUIFTUBOEBSE EFWJBUJPOBDSPTTJOTUBO
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1FSGPSNBODF PG %33"J// BOE &'"4 BU POF EBZIMABE UJNF BDSI
ESPMPHIJDBM QFSGPSNBODF NFUSJDARSEFESFEEZINEOBIO 4UBUJP
EJTDIBSHF MPH TDBMF BOE MBCFMFE BSJUTIBX-FUSFOBNFT &S
TUBOEBSEEFWJBUJPOBDSPTT %33"J// NPEFMRI@SRJIBFWJFT 4PNV
MJOFBS SFHSFTTJPOTaUUFEUPFBDITNPHEMPMrURW-CTEBIBOD F B
NFBO EJTDIBSHF

1SFDJQJUBUJPOBUUSJCVUJPO NB/GDDIPRG@SBEDIQQYBBUBRMUO!
PO EJTDIBSHF FTUIJNBUJPO BU TFMFDB EBZ UBUFBWBNBWFSBHF
BOE BMM UFTU TFU TFRVFODFT %BSLFSIBSMPSFDOEIDBUF HS
UBUJPO IBT TUSPOHFS JObVFODF PO FPSBFEQPOEIDMH BSHF B
TUBUJPO 5SBEJUJPOBM DBUDINFO BRISPBTEBRMIBFBRVE GSPN
MJOFE JO SFEGPSDPNQBSJTPO

1IFSGPSNBODFPG aWF %33"J//JOTUBODEWBBNQBSFEUP &'"4 BC(
XJUIPVUFMEBBBBDGPTT ,(8 BOE/4& NFUSJDTS®PS MFBE UJNFT
EBZT 5IFWBSJBOU XJUIPVU FMFWBUJPBEBOBEBRIPOPU SFDF
UIFIZQFSOFUXPSLPG UIF %8%$POW 3FTVBNM BSBBWFRSBHFE BL
'PS %33"J//WBSJBOUT USBOTQBSFOU MEIEKM-JAOTRB OOEIWJIEVBNM
XIIMFUIFPQBRVFMJIOFTIPXTUIFFOTFNC3HBNHBRBOE UIF TIBE
UIFTUBOEBSE EFWJBUJPOBDSPTTJOTUBODFT

BTTFSTUFJOEJTUBODFT CFUXFEFRPM@ISFOUIBERBOEPYBULUESRCV
FMFWBUJPO EFMJOFBUFE DBUDINFOU BSIFBXHBPS %33"J// BOE
PVU FMFVEBUBPQJHIFS EJTUBODFT JOEJDBUF HSFBUFS EJTUJC
BUUSJCVUIJPOT XJUIJO WFSTVT PVUuOBBbB MNFROVWBLURVYOEEFMJIOF
BSJFT *OEJWJEVBM CBST TIPX SFTVMXT WGIPTAUBMEBNFEFM JOT
EFWJBUJPOT DPNQVUFEBDSPTTHBVHIJOH TUBUJPOT

1IFSGPSNBODFPG aWF %33"J//JOTUBODEWBBNQBSFEUP &'"4 BC(
XJUSPUBUFE FNEBWBWBIPSPTT ,(& BOE/4& NFUSJDT GPS MFBE UJI
UBOEBZT 5IFSPUBUFEFMFWBUJPO WBSUBOBEE%RFBWFT B TQBU
JOQVUUPUIFIZQFSOFUXPSLPG UIF %8$E®BWUSPHTWVWMM BSF BW
TUBUJPOT 'PS %33"J//WBSJBOUT USBIOMIEB/BAVONRAMEFM-T TIPX .
JOTUBODFT XIJMFUIFPQBRVF MJOF TIPXTRUOTFBEEFEFNCMF NF B (
BSFBTIPXTUIFTUBOEBSE EFWJBUJPOBDSPTTJOTUBODFT

SBTTFSTUFJOEJTUBODFT CFUXFEP@ISFDOIUIBERBOEPY BUUESRCV
FMFWBUJPO EFMJOFBUFE DBUDINFOU BSHBKXGW®PIS %33"J// BOE
SPUBUFE FMEBWBUJRBIFS EJTUBODFT JOEJDBUF HSFBUFS EJT
UXFFOBUUSJCVUJPOT XJUIJO WF S TRVBIUPREUD'B & B iINVFFONWBOPI\P@E E F
BSJFT *OEJWJEVBM CBST TIPX SFTVMXT WGIPTAUBMEBNFEFM JOT
EFWJBUJPOT DPNQVUFEBDSPTTHBVHIJOH TUBUJPOT



YWJJJ -*450''*(63&4

1FSGPSNBODFPG aWF %33"J//JOTUBODEWBBNQBSFE UP &'"4 B(
XJUIPVUUFNQEFBBRIBBSEPTT , (& BOE/4& NFUSJDT GPS MFBE UJNF
50EBZT S5IFWBSJBOU XJUIPVU UFNQFSBUVWEREBY®B EPFT OPU
UVSFBTJOQVUUPUIFIZQFSOFUXPSLT PEBMWF$B$HFEWT 3FTVI
BDSPTTBMMTUBUJPOT 'PS %33"J// WBISTIBPXWD BISBIETQBSFOU
VBM NPEFMJOTUBODFT XIJMFUIF PQBRVWRMBI@BOEPXT UIF FOT
UIFTIBEFEBSFBTIPXTUIFTUBOEBSE BFFIWJBUJPO BDSPTT JOT

1IFSGPSNBODFPGaWF %33"J//JOTUBO DETYORBNO/BSFE UP &'"4 B
XJUSBEJBUJPO JOTUFBE EBUB BQBSPHUTIVESEFBOE /4& NFUSJIDT
GPS MFBE UJEBY D WARF WBSJBOU XJUI SBEJBUJPO EBUB SFDFJ
UJPOJOTUFBEPGUFNQFSBUVSFBT JOQVRIBBROMWIZQFSOFUXP
SFTVMUT BSF BWFSBHFEBDSPTTBMM TOBUJBSBOTREB®33"J// W
FOUMIJOFTTIPXJOEJWJEVBM NPEFM JOMUIWEODPEXTXYJUMF UIF PQ
FOTFNCMF NFBO BOE UIF TIBEFE BSFB TIPPXO BBDSEFUBOEBSE EF
JOTUBODFT

1IFSGPSNBODFPG aWF %33"J//JOTUBO DETVORBNO/BSFE UP &'"4 B
XJUSBEJBUJPO BOE UEBIQEFES8B3YP3IHF ,($ BOE/4& NFUSJIJDT GPS MF
UINFT \5QBBZT 5IF WBSJBOU XJUI SBEJBUJPO BOE UFNQFSBU"
DFIWFT SBEJBUJPOBOEUFNQFSBUVSFEBT PGQMB U UIFIZQFS
$POWT 3FTVMUT BSF BWFSBHFE BDSPTTWBBSIBOBRIJIPOT 'PS
USBOTQBSFOU MJOFT TIPX JOEJWJEV BMPNPBERRWVF NDJTAUBB ODFT X
TIPXT UIF FOTFNCMF NFBO BOE UIF TIBEFEEBBSEFWBJBPXT UIF TUB
UJPOBDSPTTJOTUBODFT

1IFSGPSNBODFPG aWF %33"J//JOTUBO DETYORBNO/BSFE UP &'"4 B
XJUBMM JOQVUT GFE UP UIF QFPDORTXJT& BOXE /4& NFUSJIDT

GPS MFBE UJBOFHBZQ UPIF WBSJBOU XJUI BMM JOQVUT GFE UP U
XJTF -45. SFDFIWFT QSFDJQJUBUJPOJREGERBBBUEIS AHAE FMF!
JOQVUUPUIF18-45. JOTUFBEPGVTJOH EQFBWFSBEKRBET 3FTVNMN
BDSPTTBMMTUBUJPOT 'PS %33"J// WBISTIBPXUWD BNSBIETQBSFOU
VBM NPEFM JOTUBODFT XIJMF UIF PQBRVWRMBI@WBOEPXT UIF FOT
UIFTIBEFEBSFB TIPXTUIFTUBOEBSE BFIWJBUJPO BDSPTT JOT

BTTFSTUFJOEJTUBODFT CFUXFFIPQIRHDIQEFBOIP P\BWIUEFC V
FMFWBUJPO EFMJOFBUFE DBUDINFOU BSFHBKXGW®PIS %33"J// BOE
BMMJOQVUT GFEUP UIF QRIROIFXETDFUBRODFT JOEJDBUF HSFBL
EJTUJODUJPOCFUXFFOBUUSJCVUJIJPWB XJROJE MVRISOTRBIUAREU T J |
DBUDINFOUCPVOEBSJFT *OEJWJEVBN\WEBBTOIPXBSFONMUT GP.
XJUITUBOEBSE EFWJBUJPOTDPNQVUFEBDSPTTHBVHJOH TUB



1FSGPSNBODFPG aWF %33"J//JOTUBO DETYORBNOD/BSFE UP &'"4 B
XJUIPVU IZQFSOFWXPBSLJ(& BOE /4& NFUSJDT GPS MFBE UJNFT?
50EBZT 5IFWBSJBOU XJUIPVU IZQFSOFWBPWBIACEEBBEBUMZ GFF
JOUP UIF %8$POW BOE UFNQFSBUVSF EBUE PGUWTUIF 18$POWT
JOHIZQFSOFUXPSLT UP HFOFSBUF DPOVEBM BWIHSBKFEHIUT 3F
BDSPTTBMMTUBUJPOT 'PS %33"J// WBISTIBPXWD BUSBIETQBSFOU
VBM NPEFMJOTUBODFT XIJMFUIF PQBRVWRMB@BOEPXT UIF FOT
UIFTIBEFEBSFB TIPXTUIFTUBOEBSE BFFIWJBUJPO BDSPTT JOT L

8BTTFSTUFJOEJTUBODFT CFUXF¥FIPOQIRDIQEWBUOIFP P\BWIUWEFC V
FMFWBUJPO EFMJOFBUFE DBUDINFOU BSIFBXXPS %33"J// BOE
PVUIZQFSOFUXRBASEJTUBODFT JOEJDBUF HSFBUFS EJTUJOD!I
BUUSJCVUJPOT XJUIJO WFSTVT PVUDOBEB MNROWBLWRIVOEEFMJIOF
BSJFT *OEJWJEVBM CBST TIPX SFTVMXT WGIPTAUBMEBNFEFM JOT I
EFWJBUJPOTDPNQVUFEBDSPTTHBVHIJOH TUBUJPOT

SFMBUJPOTIJQ CFUXFFO FMFWBUUPBEDSSEBNBIDEFBEEG BBUDINFO
TFSWFEEJTDIBSHFBDSPTTBMM HBVHISDWMFIUBRHURPILIO UIF /F
&BDI QPJOU SFQSFTFOUT POF HBVHJOBWR BB $BRG MBIFJIPUEP OH
EFNPOTUSBUFTUIBUDBUDINFOUBSFHEZFHVSENIB D BBSHETP OB C |
NBHOJUVEF KVTUJGZJOHJUT VTF GPHBFEUBBTEBSEQ(BWJIPO JO V
DBUJPOT

1IFSGPSNBODFPG aWF %33"J//JOTUBO DETYORBNO/BSFE UP &'"4 B
XJUDBUDINFOU TJ[F TUBOEBSHI$PH EJRBOBBEHE& NFUSJIDT

GPS MFBE UJBOFEBZQ UPIF DBUDINFOU TUBOEBSEJ[FE WBSJBOU
EJTDIBSHF CZ UIF TUBUJPOrT DBUDINR®WO E B[FEQ FESWPPISFFOBQ QM Z
VTJOH MPH USBOTGPSNFE NFBO BOE TUBGBEBSEEBWMBUJIPO D
HBVHFE TUBUJPOT 3FTVMUT BSF BWFBBHWFEBIDSPTT BMM TUB
WBSJBOUT USBOTQBSFOUMJOFTTIFXIOBWIBYPPRREFMJIOT
MIJOF TIPXTUIFFOTFNCMFNFBOBOEUIF TOEBSEBSEFB TIPXT UIF
WJIJBUJPO BDSPTTJOTUBODFT

1IFSGPSNBODFPG aWF %33"J//JOTUBO DETYORBNO/BSFE UP &'"4 B
GPASOHBVHFE BBBPOMT FIHIUIZESPMPHIDBM QFSGPSNBODF NFU
UJNFT \BQBBZT 'PS VOHBVHFE CBTJO QSFEJDUJPO %33"J//JT
VTJOH MFBWF POF PVUDSPTT WBMJBB WHEFB UFIESH WDl TUBU
HBVHFE EVSJOH USBJOJOH BOE OFWFBSSHFDEBWBE BTJTOPSJDBM
QvU 3FTVMUTBSFBWFSBHFEBDSPTT BB\ BMBOQBUJIJP®BOTPS % 33"
QBSFOUMJIOFTTIPXJOEJWIJEVBM NPERMBM™MTOBADHFRT XIJMF Ul
UIFFOTFNCMFNFBOBOEUIFTIBEFE BSFBUPXO BDEPUBOEBSEE
JOTUBODFT

YJY
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1FSGPSNBODF PG %33"J// BOE &'"4 BU PBFTEBIHMWFEBZEZ UJNF BDS
ESPMPHJIJDBM QFSGPSNBODF NOUSEOH BEOESHEBD URG ©J O

&BDI TUBUJPOTIT %33"J// QFSGPSNBODF JMFWBBYBREE VTIJOH
XJululBU TUBUJPO USFBUFE BT VOHBVEHANFBOBEUWIPOT BSF PS
DIBSHF MPHTDBMF BOE MBCFMFE XJUIPXIBJE DBBNET &SSPS C
EBSEEFWJBUJPOBDSPTT %33"J//NPEFERBRQSEBO®FEMIOP MIE M.
FBSSFHSFTTIJPOT aUUFE UP FBDI NPEPMIU B-CGTERERINNBOED F BHB .
NFBO EJTDIBSHF
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$PNQBSJTPOPG SBJOGBMM SVOPé& NAHEFM.DO B BEDQUSFPRITIFT BD
UJDT 5IFUBCMF TZTUFNBUJDBMMZ DPOBGBEBERETARBHOU NPEF
JObVFODFUIFJSBQQMJDBCJIJMJUZBOE Q@ $EPBWNEG OR\FF %33"J//
QPTJUJPOBTBEBUB ESIWFOEJTUSJTVORDBOREPEDVRIUI QIZ
UJWF CJBTFT 3FH 3FHSFTTJPO 1BSBN #MBBNRBUFBJ[BUJPO
6TFPG501.0%&- BOFYUFOTJPOPG501.0%&- ®HFI .VTLIJOHVN §
SPVUJOH 5BLFVDIJFUBMEJEFSFOUJBCMF .VTLJOHVN $VOHF
SPVUJOH 6& 60DFSUBJOUZ FTUJNBUJBOG54$5JBFT DPOTFSW|
TDBMFT 13.4 1SFDJQJUBUJPO 3VOPé .PEFMUIIH FENUFN B NF
EJTUSJCVUFE NPEFM .BSLTUSPN FUBM

55VODBUJPO MFOHUITDIFEVMF JO PEXBHBRI BRC VOPBWHIE CBDL
UJNF

1IFSGPSNBODF NFUSJDT PG %33"J// BOE &UUP@FFBBZ TUBUJPO |
MFBE UJNFT JODMVEJOH TUBUJPO UUBEJSBDDTIPOSBE®PRIOEJL
UJNBM QFSGPSNBODF INAKWBKWEE WBMVFTBQQSPBDIJOH
[FSP 0
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BVUPSFHSFTTIWFFBVUPSFHSFTTIJQFNPEFM

BVUPSFHSFTTIWEFPNEFBWMIBU VTFT JUT PXO QSFWJIJPVT PVWEOWTOBSIFEQQ V
uJpoqQqyyYwJlJd

GVMMZ EJTUSJCVUFREEVMMZ EJTUSJCQUME NPEFMv
GVMMZ EJTUSJCV.PEEMPEBM PQFSBUFT PO B TQBUJBM HBBIM SNB POIYRIIIC
XJUIPVUBHHSFHBUJPOBDSPTT UQV XWEBEMJIOH EPNBJO

IZQFSOFUXPSL /FVSBMOFUXPSLUIBUHFOFSBUFT XFJHIIFTS PF Y 8B B NOH
XPSL FOBCMJOHEZOBNJD DPOUFYU EFQ¥FOWEFOW NPE|

JOEVDUJWF CJBT4FUPGBTTVNQUJPOTPSDPOTUSBJOSIUWINIMBU GV P BFN
UPXBSEDFSUBJO TPMVUJPOTBOE FORGHBPFMTF@HEBMB[
YW YYJJJ v

MVNQFE TFRMVNQFE NPEF¥FW % %
MVNQFE NPEFM .PEFMUIBUQSPDFTTFTTQBUJBMMZ BHH § bBRWHE IO QV

TFNJ EJTUSJCVUFEFFNJ EJTUSIJCVUFE NPEFM

TFNJ EJTUSJCVUFEEFRMEBMBU EJWJIEFT B DBUDINFOU JOUPBMGEBQROTHF
VOJUT QSPDFTTJOH TQBUJBMMZ BHHWORHBYYWE JDQVUT
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QFSDFOU CJBTJO bPXEVSBUJPODVSWF IVHI TFHNFOU WPMVNF
QFSDFOU CJBTJO bPX EVSBUJPO DVSVOF MPX TFHNFOU WPMVNE
QFSDFOUCJBTJO bPXEVSBUJPO DVSWRKNJEVIFHNFOU TMPQF
QFSDFOUCJBTJO PWFS®@MM SVOPé& SBUJP

BSUJaDJBM OFVSBNM QBFBUWWIL v v % v
\' \' \'

DPOWPMVUJPOBM OFRMSBM OFUXPSLYV
EJHIJUBM FMFWBQYWANPEFM \%

EJTUSJCVUFETQBUJP UFNQPSBM BRWFIDUBIFOFVSBM OFUXPSL
%JTUSJCVUFE 3BJOGBMM 3VOPEé "SUQaDW M WWSB M YEBUXPSL

\' \' \% \% \% \' \'

EFQUI XJTF DPOWRMNUYWAJ YJY v Vv

&VSPQFBO 'MPPE "XBSFOAFIT W ZYTWFNY YYJJJ
\' \% \'

FWBQPUSBOTQYSWBUJPO v v
bPX EVSBUJPODVSWF

HSBQIOFVSBM QFUXPSL
HBUFE SFDVSSFOW VOJU

,MJOH (VQUB FEQYRADYJY v \%
MPOH TIPSU UFSNQNWNPS®WJJJ v

NFBOBCTPMVWF FSSPS

YYYJ



.- NBDIJOF MFBG@OJOH

-1 NVMUJ MBZFS QRPYDFIQUSPO

48 NFBO TRVBSFEFSSPS

14 & /IBTI 4VUDMJEF FOVEDIDE JY v
1#. QSPDFTT CBTF@ NPEFM

1$% 1FBSTPOrTDPSSFMBUQPO DPR&EDJIFOU
16# QSFEJDUJPO JOVOHEBNHFE CBTJOT

18$POW QPTJUJPO XJTF DROWRMYWJIBD YJY v
18-45. QPTJUJPO XJTF MPOH TIPS WBSXNWFINPSZ

311 SFDVSSFOUOFVS®M OFUXPSL
364-& SFWJTFEVOJWFSTBM TRRMVWMPTT FRVBUJPO

4J-6 TIJHNPJE MJOKBS VOJU

5%/ UFNQPSBM DPOWPMVQ@JPO OFUXPSL
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&BSMZ XBSOJOHT BOEWBDUJPO TBW
6/ 4FDSFUBSZ (FOFSBM "OUDBOJP (VUF
8PSME .FUFPSPMPHJDBM %BZ

.PUJWBUJPO

$MIJNBUF DIBOHF SFQSFTFOUT POF PG BNFINRBO QSF GBDFH DOBNM M
SFBTPOGPSUIJTJTUIFJOUFOTJaDBWNROPEWLEFKXKBBMS DZDMF
)VOUJOHUP®BSHBT (PEPZ FU B HMPCBMBWFSBHF UFNQFSBU"
129 C BCPWF UIF Ul DFOUVS'Z BBAUFISBHM $FOUFST GPS &0OWJSPON
*OGPSNBUJP®JUIIVNBO BDUJWJUJFTBT UIF QSINBISZESIJWFS PG
OBTFUBM "DDPSEJOHUPUIF$MBVTJVT $MBQRZESPrSKMBESPO U
IPMEJOH DBQBDJUZWGPSHFBMESZSEOCFSUVBSHBT (PEPZ FU BM
51JTBEEJUJPOBM BUNPTQIFSJD NP BOUWSIRJZCPIGSGBFBT @B B
7BSHBT (PEPZFUB®E JOUFOTJaFT TUPSN FWFOUT UBTSFCZ TVCTL
JOH bPPE SJWIMIZ FUBMSFOCFSUI 4JNVMUBOFPVTMZ 1JHIFS UFNQ
UVSFTTIJGUQSFDJQJUBUJPO GSPN DPKXXE RN SBGU BOIE B BDNROWHSEZL
bPPE SJF8FOCFSUI 5IFTF QSPDFTTFTDPMMFDUJWFMZ SFTVMU JO
DIJQJUBUJPOEVSJOHXFUTFBTPOT BOEBRHBPIORESEFUBRNF FWFO
$POWFSTFMZ SFEVDFETOPXQBDL BWBB®R B CH MPINENFENITY NG F.
DSFBTFE FWBQPSBUJPO SBUFT BOE TXSGBBH EBSP@MZFFRYBDFSCB!
7BSHBT (PEPZ F UORN % 5IFTFDIBOHFTIBWFNBOJGFTUFEJO
CMJOHPGHMPCBMESPVHIU9BEBDDPEBRBORFEIIXXIEFTQSFBE HSP
XBUFSEFQMFUJR®BEMNPWIOMH SFEBRVIJGFSTBOEEFDMJOJOH TUSH
XPSMEXOES% .PSFPWFS ESPVHIUDPOEJUJPOTDSRBUFDBTDB
JOUFOTF SBJOGBMM GPMMPXT FYUFORWFEXISA SFEYPEE J8 SHEEUGBE
DBQBDJUZHFOFSBUFFYDFTTJWF TVYGBBFBYO®® SFIFEBFTH QBSBE
$PMMFDUJWFMZ UIFTFIZESPMPHJFBW FEJGRIOIJG 5 BVMFIDIB MGG S FB F
(MPCBMMZ JO ZFBS hBPETMMSFO UFF®QMFIMFS FU BM
*UJT FTUINBI%P G IBIFTF QFPQMF MJWF JO MPX BOE NJEEMF JOI



*OUSPEVDUJPO

XIJDINBLFTUIFNFTQFDJBMMZ WVMOFBBCLCMIBNCoIJTBU UFSOWESBC
%FMGPSHF FUSBAWP IBF EIJMMIPO QFPQMF BEFDUFE CZ bPPET HMP
5883EFBUITIBOEIMMIPO 64% JOFDPOPNJIPOBRINMUDPLOQBFMBSBIMXFSF
BEFDUFECZESPY3®RIWIMMIRO 64% JOFDPOPNIJDMPTTFT "EEJUJPO!
456 NJMMJPO JOUFSOBM EJTQMBDFNFOUURESVEKXKUES UIBWUHBOF SB
XJU®LNIJMMIPOPGUIPTF CFJOH SBV®UFEIOM SHFAVEBTUBFEBJP ESPVHIL
*OUFSOBM %JTQMBDFNFOU .POBUPBIORBEBUSEFDPOPNJID SJTL |
BQQSPYIJBBUBVWMMIPO 64% XIJD2A%G P G RVHHWZP CBMO(WIID IMF S
FUBM
5lFSFGPSF FEFDUJWF bPPE QSFEJDU FNO BEW H B EDMEZNKB SO0 SHBITZ®
JOHMZ DSJUJDBM 5IFSFJTCSPBE TDEEFBENZIXBBOTO6E TNZT U FBNU [SF
EVDFUIFSJTLTQPTEEMZOPHEIMFS 1FSFSBFUBIMNMSFSBFUBM
51JTJODMVEFTUIF SFEVDUJPO PG YUBMOI¥NBBESSPENEBUBMJIUJ
FUBM 8PSME .FUFPSPMPHJDBM 0SB®©O BEBRAPKNDI D EBWNMH F
HBUUF 51 JFMFO EFM 1P[P EB@BMFOCFSHFS BPBMT FU BM
.PSFDPODSFUFMZ JUJT FTUJNBUFE UDBWWBWPBE NYVMUBGQGMETVY6
ESFEGBUBMJUJFTBOE SFEVDF UIF BB NUW R GRIORITMMEIP @ &BBST CZ
QFS ZFBS JO MMEHBUUFOPUIFS TUVEZFTUJNBUFTUIBU GPS FWF
WFTUFEJOUPbObPPEFBSMZ XBSOJOH T ZU0KFGNTLBQRDEBCF&UB BT BOP V!
BM 5|/F FEFDUJWFOFTT PG UIFTF TZTUFN TPG\BDEBNSBUUWFBAMM Z EF
UFSbPX GPSFDBTUJOH XIJDI QMBZT@HDTS PEID B MSS\P IVAFPIED I N UBIHWB
'PS FYBNQMF TIJNVMBUJOH SIJWFS EJA® bBPFPHFIDIVED € B B3 F R WIPTH RV
JOHVOUFS FUBMS5IFTF DIBMMFOHFT OFDFTTJUBUF BEGWNBODFE TZ
BDDVSBUF SIWFSEJTDIBSHF QSFEJDUJPO

1SPCMEFEN TUBUFNFOU

JPXFWFS QSFEJDUJWF BDDVSBDZ BMPXRIZE $6 MPED) DFBCMJ NGFPES- IVIEJFO
11ZTJDBMMZ CBTFEIZESPMPHJDBM NWEBVWTEGC DBQBLIBUEBHFDESI
WIJEF WBMVBCMF JOTJHIUT JOUP XBUF S \DBWBNEMU WQISADESH FTTE
UJBM GPSBEWBODJOHTDJFOUJaD VOEBSTUUBBEMIXBUBC BN BOBPENF
TUSBUHHBOTFU BM TVDI BT EBN PQFEBWR$IBIOP FUBNPMJIE
VOEFSTUBOEJOH PG UIFEZOBNJDT PG XBR FSUZNBWEFN U UF JONKLBFOTU T
PG FOWJSPONFOUBM QMBOOJOH BOE UPIHNDA BIRWE FOBIBTUSVDU)
#IBSBUJFUBMJUISFDFOUFWJEFODFTIPXJOHUIBBTVEDOWBEBQUBU
TVDDFTTGVMMZ SFEVDFE bB®™E VR NBOFSBTUKMVEBR QCE TBODF
QSPUOZ FUBMAFTQJUF UIF JODSFBTJOH NPEFMJOH GBBFMMFOHFT
RVFOU FYUSFNF FWFOUT QIZTIJDBMMZTIGORIBRMEGWBSE-MT S FNBHJA
UVSFDMIJNBUF DIBOHFJNQBDUT POB-NDWHZ FURBNMECZ UBINBED T U

BM "M )PTTBJO FUBMEEJUJPOBMMZ NPEFMT UIBU SFTQFDU QIZ7
CFVTFEUPJOGFSUIFPSIJHIJOTPGPCVBSIWFEE&BD DVMBYHBR JOHIRE E
PQNFOUPG QPMJDJFTUIBU NJUJHBUF bBNERESNBHEBDUSWHN B OBBWDJ



1SPCMFN TUBUFNFOU

EJTDIBSHF QSFEJDUJPO NPEFMT NVTUCGFBBE QF &€& P $NOXUF D BIMIIOS |
TQBSTF PCTFSWBUJPOBM EBUB B DPNDNIBGBPAPOSBPGUARD SYSF
UIFSNPSF UIFZTIPVMEPQFSBUF FEDISGPER XC 4 MBBVMD §BNTF EB W/ &
IZESPMPHJDBM DPOEJUJPOT "DIJFWTOHNWWW B OHTHHFVIMRZVQ S FINIFC
TIJHOJaDBOUDIBMMFOHFT
$VSSFOU NPEFMJOH BQQSPBDIFT GBDF BXGAFODEBINNAHE WPPECNK D3 B EW FPI
QBSUJDVMBSMZ SFHBSEJOH JOUFS®@SFUBIC BWJ b5 BDEURPDBMBD Z
IZESPMPHJDBM NPEFMT OBUVSBMMZJUZPB\AIE 5 FJKIFIDOM FBWEBEN BT
QIZTIJDBM QS860DUOMFIU)PXFWFS UIFZ TVEFS GSPN FYQFOTJWF B
QMFYDBMJCSBUJRORDSPODEBRVBE MONJUFEBCIMIJUZUPFYQMPJU MB!
FEFDUIWFRFUBM BOEQPPSHFOFSBMJ[BUJPODBQBTJOITUJFTBD:
)SBDIPXJU[ FU BBMBSJOH FUBM*O DPOUSBTU NPEFSO EBUB ESJW
QSPBDIFT EFNPOTUSBUF TVQFSJPS QSBFEPDBSUIWE BIISGPSNBODF
/IFBSJOH FUBMVDI FUBM CZBVUPNBUJDBMMZ EJTDPWFSJOH
QBUUFSOTJO MBSHF EBUBTFUT )PXFREFGPB IFQ BSEFFURG BIFBOT BEME
CPYFTtUIBU QSPWJEF MINJUFE QIZTJDBGIVIOEENMFO BB¥ QBZTWIB |
QSJODJ@WHIT FUBM %FTQJUF UIFBCVOEBODFPG FOWJSPONFOU
BQQSPBDIFT PGUFO GBJM UP FYUSBD8 MNMBMEIXOOHS DM FBUBFOH BabB
SIJDICVUJOTIHIU QPPS TJUVBUJPO ®IBUJBMVIFIOSENQOUBRHE EA |
UBUJPOT S5IFWBTUNBKPSJUZ PG FYJFU FOKQ HMPU B G5 U WEND M EREHP
HBUFE CBTJO TDBMF SFQSFTFOUBUMROTZ KRJIDH MUWS P a QOFFDBS BNC
JOUFS CBTJO QSPDFTTFT
SIFTF GVOEBNFOUBM MIJNJUBUJPOT NFBQ QS$PB [ MJIT UU S W HNPNEF M
TINVMUBOFPVTMZ NFFUBMM SFRVISHNPBWMTQESHFEFBED P OVBOIEZ B8
BHFNFOU 5SBEJUJPOBM NPEFMT GBJMUUB M D BJFMWEIJUEIFQ B FEEY 12V L
DPOTJTUFOUMZ IJHIFS BDDVSBDZ PG, EBUBFES FWFBNBRMUFSOBUJW
,SBU[FSUFUBMBSJOH FUBMVDIFUBM MJNJUJOHUIFRVBMJU?Z
PGQSFEJDUJPOTBWBJMBCMF GPS FQ§ PP DEBUBE G | M FIE-S BT
DBQRBCIJMJUJFTINQMZ UIBUUIFZ IBWHU®G TFQBIBEBIBBNPABEBUP FBDI
FUBM /FBSJOH FUBMXJUIUIFTF MJNJUBUJPOT QBSUJDVMBSMZ .
BOENJEEMF JODPNFSFHJPOT XIFSF D FONEQPVUTERSIW BBMWOBTWEBSDEB T
TDBSDF #PUIUSBEJUJPOBM BOE EBUBOESBWNG XPEF MO DO WM FS/
JOHDPOEJUJPOTUIBUFYDFFE UIFJS B BINPXS BB JIPROOIBFGHOFET BIM TN
DIBOHFJODSFBTFTUIFGSFRVFODZ P ®@BMGEINFDIET U IF B PANECSNP YR
PG EBUB ESIWFO BQQSPBDIFT PO UIF PP IIKBUIBEES NB UFFJIJIIBCSE
XPSLJOHT )PXFWFS JOUFSQSFUBCUMQVPMIDZINEGPSUBOWTGBH B I
UJaD BEWBOPENFBB MV FUBMYF[FUBM 5IF MBDL PG BEFRVBUF
DPOTUSBJOUT JO EBUB ESIJWFO NPEFNPEMPMTF WMBBSOJTQWI BRVUII B
MBUJPOTIJQT UIBU EP OPU SFMBUF URP\SFBAW BRISMRD BV CEINMDFTTF
BHHSFHBUFE SFQSFTFOUBUJPOTEJFSFSBSBSEORNQPS (SB-OE F Q BUH B)
MFTTQIZTJDBMMZ BMJKBDFEIBIAU BMBIMZWBMTP QSFWFOU VOEFSTUE
JOHPG XBUFSTPVSDFPSJHJOTBOE WPIFSFCGP SEMIMNRE D PFOBICSINCML
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BSFBTGPSUBSHFUFE NBOBHFNFO U J®ORSVOS®PCIMPIONTE 3 J DTAWPIND M E
DIBOHFBEBQUBUJPO XIFSFVOEFSTUBOBFG® D PEEHRIOHSTNOFBBWR B F(
CFDPNFTDSJUJDBM GPS JOGSBTUSVIDIWFORUQMBOOJOH BOE SJTL E
5P BEESFTT UIFTF GVOEBNFOUBM M J BB JIRWTF SKISFALBIBMML B
UIF SFMJBODF PO TQBUJBMMZ BHHSF HBWAREP QFR) SPTWFMUBPEF®TC
BQQSPBDI UIBU CSJEHFT UIF HBQ C F U X FOFDCF BBROUEBQE 3 T WOFBOMQUFOSLGARSS
QSFUBCJMJUZ O0VS BQQSPBDI DPNCJOFJORYISBYSGEUXE SWF QPKIF .
QIZTJDT JOTQJSFEBSDIJUFDUVSBWIFE JD\WNM N D BJ@ ¥ B MZ EIEUS B C
XPSLUIBU SFRVJSFTPOMZ TQBSTF EJSBIBSBHPCTFSWBUJPOT GP

$POUSJICVUJIPO

Rainfall-runo model
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"JHVSF "O PWFSWWBX"BG 5|F HSJEEFE SBJOGBMM SVOP& NPREFM QSPQBI
BDSPTT UIF MBOETDBQF BDDP SEJOPUSBPMBRWSRIU POOBOETN EEFM T FN\QBRES
HSBQI CBTFE EJTDIBSHF NPEFM UOP® BPEF YWIFUBWIF BB HBE B MMHSMI B U JF
BOE QSPDFTTFTJU UPHFUIFS XJUUWNBQ EEWIPNOI BEREF 6 UWIBMIWDFT TJO
TUBUJPO BEKBDFODZ BMUJUVEF £IWFSFATDHNTF BWEBOMBET TEEURPUQV U
BUFBDITUBUJPO

BFQSFT%®3J// IJTUSIJICVUFE3BJOGBMM 3VOPEéE"SWB*@VIBWEZ/FVSBI
EJEFSFOUJBCMF GVMMZ EJTUSJCVUBNEBEIOGBMBEIMIOPE NPEFM
3"J// DPNCJOFT EBUB ESJWFO NPEFMJOH XJUFQ IZVISBN D OPTIDISIF
UPBEESFTTUIFDIBMMFOHFT PG QSFEVUBYIJWE BMDDMSBOD FGIZIBEDE
BOE MBUFOU WBSJBCMF JOGFSFOEERUJavS BN BEFYES BV NDFRXBPN L
BSDIJUFDUVSF FTUJNBUFT SJWFS EJT@®I B NHIFSB B BEHEE/Q 3 © Bl JTQUIBIBIF
UFNQFSBUVSF FMFWBUJPO%BQGEIQBTGEMMABSHBSICVUFE JO UIF



FTFBSDIRVFTUJPOT

UIBUJUJOUFSOBMMZPQFSBUFT PO BSFSYEJQRIXE WIHSS JWF BEU DN B
NFBTVSFNFOUT BU HIWFO HBVHJOH TUBESPOWIBTBEVIRA B MM P GV
EJFOUTUPbBPX TFBNMFTTMZ UISPVHI HF®B WIS FOETPUFRN NI B 0 MR
PGBMMJUT DPNQPOFOUT XJUI TQBSTF \QSFINOAD X T TFE ODTHDUBS AP M|
UBSHFU WBSJBCMF 5P BWPJE PWFS a USFIDBC BWIE B B O HFFOFS B O
UJPO XFJODPSQPSBUFETFWFCSBWIQUZIWKENVBODHFDBEERED UP

%33"J// 5IFTFJODMVEFUIFNPEVMBSJ[BUJPTOUBJCR BARESBJG ® BIN
SVOP& NPEFM BOE UIF VUJMJ[BUJPO PGBESHSB@IEE BITFE BIWRPD B M
BSDIJUFDUVSBM DIPJP:RBB QS APPROEDRPEPEJTUJODU QSPDFTTFT T\
FSBM QSPQBHBUJPO PG XBUFS BDSP T TQUPI B 9/BBOTEJTIISBQRE BOE MPDB
%VF ®WR3"J/fTGVMMZ EJTUSIJCVUFE BOE GVMMZBU3FQPTUJIBOIMF B
UPBOTXFSTQBUJBMMZ FYQMJDJU RVFUBYF®B ULVINIFEOU 8IFSF QB U
PO UIFPCTFSWFE IZESPMPHJDBM EZO833JD/F O® €M FFSTPRSDIF
BMMPDBUJPOT VTJOH HSBEJFOU CBFRPBBUSBOVHE XIBHEFUORET M
EBSBSBKBO FUBIMTF UFDIOJRVFTDBO IFMQ UP FYBNJIBAVBOE VOEF
NPEFM EZOBNJDT FOBCMJOH LOPXMFEHF/ E BIDPIWPHRIV FTTDBSFTV
USBOTJUJPO GSPN CMBDL CPY NPEFMF WPXBSETN PIRFGIFOSNFEQNSFE
FMT "OBQQSPQSJBUF NPEFMEFTJHO DB® € DG B SD P H GVEFIMWFNIPRQ
OFOUT UIBU DPSSFTQPOE UP TVCQSP PSME Q 8BDFFTP V8 FBSBMM SF
XPSLJOHT DBO CF JOUFSSPHBUFE XJUT WOURBR IFRIB CJMISJE TNFU I
NBUJPOTBSF CBTFE PO

&NQJSJDBMFWBMVBUJPO PO UIF/FDLBSFIIWB8'OFDROSLIEFNPOTU
UFOUMZ PVUQRSGPINBOIMPPE "XBSFOFTBDBPUIAN WB'GAEBSE |1Z
ESPMPHJDBM FWBM%BY'IPMRFOSBDOTUIJTTVQFSIJPSOQFSGPSNBO
EBZ GPSFDBTUIPSJ[POTEFTQJUF CFPORNBSBT W E EEEBEZ®SZDBTU B
EFNPOTUSBUJOH UIF QPUFOUJB'M P8 SD ZITUPDUMSGE R SNPFED I JFWF D
QFUJUJWF QFSGPSNBODF XJUI PQF S B PXVEMPIZESIMP FQ DEBOVD R E |
JOUFSQSFUBCJMJUZ

SFTFBSDIRVFTUJPOT

(IWPB3"J/FTVOJRVFDPNCJOBUJPOPGDBQBCIHBWRYFTMBERBROWFTU
UIBUFYBNJORGBPUNKYT QSBDUIJDBM QFSGPSNBODF BOE JUT QPUFOU
IZESPMPHJDBM VOEFSTUBOEJOH

32 $B0O6033"J//BDIJFWF QFSGPSNBODF DPNQBSBCMBJIFFOBWBUF PG
NPEFMT FWFOJG USBJOFETPMFMZPOTQBSTFEJTDIBSHF EBU

32 %P QBUUFSOTPGEJTDIBSHF QSFEJDUDBM HMZEBNVIPIZIWBYHTOT
TUBUJPOT BOE XIBUGBDUPST NJHIURFYN)DBMBOOWBSTB UQBOTB M

32 $BO HSBEJFOU CBTFE BUUSJCVUWW3X3 NFUT REVIVBUZQBMIERE B ©
UJBCMFBSDIJUFDUVSFSFDPOTUS\WDUNADTUIOBWINEBNEBE O XA H G
PVUSFRVISIOHQSFDPNQVUFE XBUFSTIFEEFMJOFBUJPOT
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32 8IBUJTUIFSFMBUJPOTIJQCFUXFFO QZFEDBWVIQWFBEBOIDCS BID B B
%33"J//

32 )PXEPEJEFSFOUJOQVUWBSJBCMFT BGE DFQYNLRFSWBIPCS F- NDPWB
USIJICVWFUP/FTQFSGPSNBODFBOEQIZTIDBM QMBNHTICIMJIUZ E
BCMBUJPO TUVEJFTBOEHSBEJFOU CBTFEBUUSJCVUJPOT

32 81JDIQIZTJIJDT JOTQJSFEBSDIJUFDUNBNMXINE® 3P WTFNPTEWF MG DI
GPSNBODFBOEJOUFSQSFUBCJIMJUZ

32 )PXFéFDUIJWPMZIEPIFHHFOFSBMJ[F UP VOHBVHFE CBTJOT

"VUIPSITrTQVCMJDBUJPOT BOE SFTFBSDIDPOU:

1vCMJIDBUJPOT

u'FEPS4DIPM[FUBM 'FC S*OGFSIFO'DDRB® FEPIPBGP T B
USPM JO 4IJNVMBUFESPGOUARST*X® /FVSPRBPCPINIITDIM#QIi X

Kykk X33ReEBIS9 KWyk X RR8jkpj (+bX7 2)iT,ff "tBpXQ ;f #bf

kkyk XRR8jkpj
u'FEPS4DIPM[FUBM E s2VJDL BOE-"MEBCEBIHESPPSEBODF
DFFEJOHT PG UIF "OOVBM .FFUJOH PBUIZI F<¥FPHODLUIWF 4DIJFOD
2b+?QH "b?BTXQ ;fm+fBi2KfkR#eTeii

u'FEPS4DIPM[FUBM .BS B s'VMWMZBEFSEOOWVBEBMEBGOGE
3VOPé .PEFMJIO&I6 TQIFSF QQ v "BYX8RN9f2;mbT?2 2@
KykO@9RRMNIiTh,ff/QBXQ ;fRYX8RNI9f2;,mbT?2BD® FYXKOR@EORRN

$POGFSFODF QSFTFOUBUJPOT

u .BOVFM 5SBVC FU BM "QS B s)JH I1%&ELB] $ PDQ SBTDIFEM M
6TJOH #JOBSJ[FE $SPOWPMVUJPOR W "(FOFSGBMPEHASINCK Z
7JFOOB "VTUSJB &(6 VRYX8B8RINOfF2,mbT?2'2@2;mkK9@RRde3
2iiTh,ff/QBXQ ;fRYX8RNI9f2;mbT?2 ' 2@2;, mk9@RRde3

u'FEPS 4DIPM[ FUBM "QS D s*OUSFBPVUDBCGN B GWNNMWZ EDE
USJCVUFE 3BJOGBMM 3P EFOESBIM *TOT FNTIWNMD OB "VT
UusJB &(6 v RYHB8RNOf2; mbT?2 2@ 2<iikA@BkN3QB X
Q ;fRYX8RNI9f2;mbT?2 2@2;mk9@8kN3

u'FEPS 4DIPM[ FU BM "QS C s*0 G KBFBADG-SAPEl INBPEDB MNFFED U
EJTDIBSHF EZOBRD(MROFSBM "TTFNCMDOB "VTUSJB &(6 vV

"S3(RYX8RNOIf2;mbT?2 2@ 2 avkBI@RNYBRABXQ ;fRYyX8RNOf
2:mbT?2 2@2;mk8@RNy8d

4PGUXBSFBOEEBUB

U 'FEPS4DIPM[FUBM 'UBRIMZ EJBFSFOUJBCMF GVMMZEJTUSJCV
1SFEJDUJP'G (MPEFK3IRFx2MQ/Q X RGN.RkFBj, ffx2MQ/Q X Q : f
*2+Q /bfR8939y83


https://doi.org/10.3389/fnbot.2022.881673
https://doi.org/10.3389/fnbot.2022.881673
https://arxiv.org/abs/2202.11532v3
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https://escholarship.org/uc/item/21b6p6tt
https://doi.org/10.5194/egusphere-2024-4119
https://doi.org/10.5194/egusphere-2024-4119
https://doi.org/10.5194/egusphere-2024-4119
https://doi.org/10.5194/egusphere-egu24-11768
https://doi.org/10.5194/egusphere-egu24-11768
https://doi.org/10.5194/egusphere-egu24-5298
https://doi.org/10.5194/egusphere-egu24-5298
https://doi.org/10.5194/egusphere-egu24-5298
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https://doi.org/10.5194/egusphere-egu25-19057
https://doi.org/10.5281/zenodo.13992583
https://zenodo.org/records/15484058
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OVUMJIOF

u'FEPS4DIPM[FUBM 'UBMMZ EJEFSFOUJBCMF GVMMZEJTUSJCV
1SFEJDUJPO "BERYB FHIRTX2MQ/Q X RjNAUyBHB fx2MQ/QXQ ; f
"2+Q /bfR893KRN3

51JTEJTTFSUBUJPO CVIMET VQPO BOEEVYOBOEBV[WFIFXMSL QB8FTFO
XJUIQPSUJPOTPGUFYUBEBQUFE BOEJPFONSTF B GSPNOU KB VEM J
WBODFTUIFPSJHIJOBMBQQSPBDI UISPAVHRNRQ B PWF ESFOQVE GPEDB
BSDIJUFDUVSF BOE FOIBODFE USBJ®JOKREBBE ENEFED DIUIRWMQHB
NBODF BOE NPSF SPCVTU NPEFM CFIBWJPKSUEHJB OP@BMAIZE FUTI B (
FYUFOEFE BOBMZTJT JODMVEJOH BEE QWBIFPEIBDN FRACB MY/ B O HBO/ NIFE
CBTJOT 1B®E JO EFQUI EJTDVTTJIJPO PG UIF SFTVBOE FY¥IFTF JNQ
UFOTJPOTBSFEFDBJWNWGE JO

OVUMJIOF

5[F NBJODPOUSJCVUIJPOPGUIJTUIFTIWBMYVBUBB®'MPNEP QNFOU BO
BGVMMZ EJEFSFOUJBCMF/GBNMMB3 EWFB EICVUBEEHF NPEFMJOH 81,
XPSLJT MBSHFMZ UFDIOJDBM XF BMT PFQCSSHPVB.EEFS DVABCOLEFNYDB ® FUR @
SBJOGBMM SVOPé NPEFMBIHIBERBSPSPBEOHFB MIJUFSBUVSF SFWJFX C
JOMW33"J//XIJUIJODVSSFOUNPEFMJOH QBSBEJHIBV MEBMNFSIOH IZEC
UBMT MVNQFE BOE EJTUSJCVUFE DPORNPEBMBE MEBQUB (ESSRIDWTO BB
QSPBDIFT BOE IZCSJE EJEFSFOUJBCMFNPEPMBOBHDBMFGRBCMB U .
GP®33"J/fT BSDIJURDBYSFEBSFUBWMMI"I/FT UFDIOJDBM BSDIJUFDUV
XIJDIDPNCJOFTEJTUSJCVUFE SBJOGEMK | SO/EOTPFEENERIHPNB O HHIEXQ B F
EJDUJPO 51JTDIBQUFSEFTDSJCBDBVE QIZMRNDAMEBNQOEBRE JP O
EFUBIJMT FWBMVBUJPONFUSJDT BB NSBERBEDQGPCBETFEFEUTUG HCM
JDBM QMB VHIBCIWFRIWAB MVBUFT/FT QFSGPSNBOBF BBIB3IPTU

50 EBZ MFBEUJNFTBOEBOBMZ[FT TUBUJPENPQFD $BL W B SIBIDIBPNDNI
NFBOJOHGVM DBUDINFOU SFDPOTUSWOFWIPE UIBPENIJBRHUTUQBLVEBJ
HFOFSBMJ[BUJPO UISPVHI MFBWF ROWPVUIMHBRTFTFYBMJIE B GINPFRU |
MPHIJDBMBOETUBUJDJOQVUT BOERSGIGHBUBLBBIIIRE DUV EBMTD
QPOFGUBQUHASNNBSIJ[FTUIFSFTVMUT BEESFTTFDEBWUEFTFBSDI
VBMMZ BDLOPXMFEHFTNPEFM MINJRGBTCFOXFFO@WHMHORTUD WE A PO |
BOEFOWJSPONFOUBM NPEFMJOH BOBINGBMPGSGET EJSFDUJPOT GP


https://doi.org/10.5281/zenodo.13970575
https://zenodo.org/records/15482198
https://zenodo.org/records/15482198
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"MM NPEFMTBSFBQQSPYJIJNBUJPOXSRODHFCGCVUBINMNE BIFAWNF B NI
(FPSHF & 1 #PY

)ZESPMPHJDBM NPEFMJOH GVOEBNFOUBMT

JZESPMPHZ DPODFSOTJUTFMG XJUI UTHF E L8 BYROWE BMYWSBBUG S FBL
PDDVS XJUIJO UIF FEBESYWIUTTBIRBEANSPHFUIFS UIFTF QSPDFTTFT NBL
UIF XBUFS DZDMF BT'IMMYHA BSBNMBEB® DZDMF SFQSFTFOUT B DP N(
UFSDPOOFDUFE TZTUFN XIFSF XBUFS D PROUIFBWUNPTIMY NPRV MIBOREU
TVSGBDF BOE TVCTVSGBDF VOEFSHPOQDBWSBSUPMYVMSEBONGE HBE
BOEUFNQPSBM TDBMFT

8BUFSWBQPSTJUVBUFE JO UIF BUNPT QI E®RAMBROEETNCEIG-B IBFORESGEBVUN
CPEJFTBTQSFDJQJUBUJPO JO WBSIPKTEBE®EPE NV EBEBED MOWED P § SBO OC
JUBUJPO SFBDIFT UIF MBOE TVSGBDHXBXZD BOPGIFNKBRX SIWRBD CEM F
JOUFSDFQUFECZWFHFUBUJPO XIJVMGWPRTPIKRPSDMEREOVIIOMVMRIGB U
SVOPé PS BDDVNVMBUF BT TOPX BOE JIDRUPRBRFE TUNBUEZ CE&EaMUPSHE-E
UFNQPSBSIJMZ BT TPIJM NPJTUVSF UBLFOPWBUECZEZGNMB@PIY P BBDIPS
HSPVOEXBUFSBRVJGFST 4VSGBDF SKE SGPW B &M NFRFWOTUMB MWSZBNXT
UPXBSE MBLFT XFUMBOET PS UIF PDFBIOXBZBOZBIUFSHIFBIO IJABYVE C
UPUIFBUNPTHWSRWUBBOTQJSHBDIPONRIOFE QSPDFTT PG FWBQP
GSPN XBUFSBOETPIJMTVSGBDFT BOE US®B HAPQMEBS B0 F 6 KA PNSWHH
UIFNBJOESIJWFSPGUIFXBUFSDZDMF TQ 8B \RBGHIXI M B HSFBBOWFB.HZ O F
ESIWFTUIFNPWFNFOU PG XBUFS UISPVIRIBIWMISBBDF BOE TVCTVSGI
5lFHMPCBM TDBMF PG UIFTF QSPDFTTFTJF SEINWRIFBLIMF 8P SME X
DJQJUBUJPOOQBSUMBBS 0G U#UBEIOKkm FWFOUVBMMZ SFBDIUIF PDFBC
SIWFST XJUIBNFBO SFTJEFODF UJNF PSTXBG B Q@G R2ENPEBEIRME S J
XFFLT 5IF SFN6BIOOKM® HBOE UIFSFGPSF NPSF UIRG I'BMBVWVOWEFSHP

JOH GBBT UIFSFGPSFDSVDJBM GPS NPTUIZESPMPHJDBM NPEFMT

5lF EJEFSFOU LJOET PG bPX DBO CF CS P B&BIYFDBBAH AP S J MECBDUF
bPXT#SVUTBFSU4VSGBDF bPXJODMVEFT PWFSMBOE bIFFX PDDV SSJC(
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ZUSGS

o chnpig o

Pools and Fluxes

Atmospheric moisture
over ocean

'JHVSF5IF64(4 XBUFS DZD ME&ERBIBHSBNUFT (FPMPHJDEPNOMIDWRZFSTIPO
XJUI [PPN GVODUJPOBMI2UZIDB® GHBPMOEIBXmb;bX;QpfpBbm HBx iBQMb
ri2@+v+H2fBM/2tXBIRIEOBHSBN EFNPOTUSBUFT UIF BIRXNBQ¥ BEDIADZMFG U | F
XJUIJUT NBOZ TUPSBHFT BOE QSPDHIVITFP O*Ol B MMCXIHFILP KERUXB MB UGS D Z
JT TIJUVBUFE PO BOE CFMPX UIF HSPYSEDJQIUBUR F U GTTFHRJ SCIMURKFEDT D | E
DPOTJEFSJOH FWBQPUSBOTQJSBUWC®ROIFPOH JHOPHIQHIIB/UWBPMD P>AIWAS O/F H
XIMM OPUNPEFMBUNPTQIFSID NPJTUVSF

MBOE TVSGBDF BT SIWFS TUSFBN PS XIBODMWMBRIXIJGQVESNVEXGBDF
DVSSIJOHEJSFDUMZCFMPXUIFTVSGBEBBGIEHBBVO ERBUFBE RGDOM
45500kn? EJTDIBSHF QFS ZF B 95B00 MZ BRSPTV\OEP O UIF TVSGBDF XIJMF L
SFNBJOEFS UBLFT QMBDF JO UIF GPINPBUTKIZ T VUD®RIBF SVOPé
PGUIFTVCTVSGBDF bPX HP JOUP UIF PDFBIO/$GBIPNW U4ABWBE UFFT B
bPXTBSFTJUVBUFE XJUIJO EJEFSFOU NGB EHZ Q@BNJZPBY I 3BOIWWFBE RS
GPS FYBNQMF JT BMNPTU POF EJNFOBIJPP BlMBFRM WIIFG PG/HFSMBB
bPX

SFSNJOPMPHZ

*O UIJT TUVEZ EIFTDFB®HR SFBNEFGES UP UIF TBNF DPODFQU OB
UIF BNPVOU PG XBUFS UIBU bPXT UISPVHIJWIFSDRSS T U STHFEONU BRIOBP (
HIJWFO QPJOU JO B aYFE UJNF JOUFSWBEWMhFES B&/PPE PODIT NFBT
UIF PUIFSIBOE SFGFSTUP UIFBNPVOWRM® XBUKF SOWTBERB BYWSEPBC
DBUDIN®BOW®"J//PVUQVUT SIWFSEJTDIBSHF POMZ BU TRMD JaD QPJC
XIFSFUIFHBVHIJOH TUBUJPOT BSF MPIDBBEHFN\BPLEJONH B B B I INWRGFE
UIJT IPXPVBBSI//BMTP NPEFMT IPX QSFDJQJUBUJPO JT DPOWFSUF
IPXSVOPéENPWFTBDSPTTUIF MBOETDB QR 35U0F BFGPSEFIJRAESBMGIFS U
SVOPENPEFM FWFOUIPVHIJUJT B D P N®ENPEP\VOBPWEBBSBIITG B SINIF
NPEFM

" SIWFS DBUDINERBGUOBSHFBESBBOBHBFGHERIOUP UIFBSFB GSPN XI1J


https://labs.waterdata.usgs.gov/visualizations/water-cycle/index.html#/
https://labs.waterdata.usgs.gov/visualizations/water-cycle/index.html#/

JZESPMPHIJDBM NPEFMJOH GVOEBNFOUBMT

QSFDJQJUBUJPOFWFOUVBMMZ SFBDIBTDEHDWNBOAPB OB &EWFTQJUT IEG
FWFSZ QPJOU PO UIF MBOETDBQF UIFFE P® BOIWSEBN WPBVBIMMM-S MR
UIJTTUVEZ XFBSFJOUFSFTUFEJO UIFWHBUPINFOBEBFBH UIUBWAP
SFHBSEJOHEJEFSFOUNPEFMJOHBQQ SBPHEDIFU XFFONEIEFEPED DB C
HSPVQTPGUIFIZESPMPHJDBM DPNNVO FUWZ 8B DIBO XPWHID XPEFMU
GPS BOZIZESPMPHJDBM NPEFM UIBU RYEFSWZIOMZNFEQBETFROTUP C
BIZESPMPHIJDBM TZTUFN UISPVHI DPNQ ROF® D P BOETSIHFPNOEUUP S FF B
XPSMERVBOUJUJFTBOEQSPDFTTFT PEBREAQUSBDWD ROTILEESB PES J
NPEFMT UIBU MFBSO QBUUFSOT BVUPNBEDUBODBVN 3 XQ8 FAVFIO BBQ VB
SFSFHBPODFQUVBMINDRSFQEFTFOUIZESPMPHIJDBMVOEFSTUBOEJ
QMJaFE TUSVDUVSFT TVDI BT TUPSBIHFTS FO B BRMEPDNPECBITFE F
NFDIBOJTNTUISPVHIQIZTJDBM FRVBUJPIOU JDINIFVEFIMUT PG NFDIE
*O UNNBDIJOF MFBSODBNNMOJUZ UQOSBESDNUPEBQMFO VTFE GPS UIF
PVUQVU PG B NPEFM SFHBSEMFTT PG UJRS& |BOEZEBSPIMPIHDO PO Ul
SFTFSWFE GPS NPEFM PVUQVUT (BBDINFUFBIND UG GMURNSEFQV U
EPFTOPUMJFJOUIF GVIWNWSMVFBTUVFBE SN IZESPMPABIDBM UFSNT
UIFSFGPSF QIINEWBRIDAFTXF QSPWIJEFPCTFSWFENFUFPSPMPHJD
UIF XIPMF UJNF TFSJFT #FDMFROSEU @MolBB"J//JT BO FY QPTU GPSF
DBTUJOHNPEFM VOEFSM%¥0B3QHW/ BFPOGEBWBTUEBUDIBSHF PCTFSWBU.
UPTPNFUJIJNFTUFQBOEGSPNUIFO PO FDRUWINBBLHTFOBOME S BA THITT
NFOU PG NPEFM QFSGPSNBODF VOEFS DPORIS® M MEB ESFFOVERIR I P BOM
JOQVUT UIPVHIPQFSBUJPOBM GPSFDBIJQWH XHE XIPYAVBE SHFR @ $F E DI
UJPONPEFMT OVSBQQSPBDIJTEFTBSEDOBPOO NPSFEFUBJIJM JO

4Q0BUJBM TDBMF MVNQFEWT EJTUSJCVUFE NPEFMT

%JEFSFOUIZESPMPHJDBM NPEFMT XIFABFWREDIBOBIDUIP® /BB UE
TQBUJBM TEBMBFE*OP XFMD | SFQSFTFOU UIF TINQMFTUDBTF JOQ\
HBUFE PWFS TQBDFBUUIFCBTJO TDBMF EFN PE B TFOO M GEET DWBU
BUUSJCVUFT MJLF FMFWBUJPO BOEM®BFP $6 MPBHU DB BIXPES DB A |
UVSF 5IF GBDU UIBU UXP TQBUJBM EJNFIOFTNPEORFNPGBSF SORQNWF B
NBLFTUIFTFNPEFMTDPNQVUBUJPOBMMYZEDNBBQ BHE D5 ® B P NCE\BUFJ
UIFTQBUJBMMZ BWFSBHFE RV B O UJUNBD U PN BWEIMBE UM O B PIOWUI
RVJSFNFOU 51JT CPVOEBSZ JT VTVBMWZZI@EFIS BE ENB MM P® BWINIT
NPEFM %&.

5IFMVNQREEFMJOH BQQSPBDI JT CBTFE PO UIF TWFPOHOPTTVNQU.
MBUFSBM TVCTVSGBDF JObPX JOUP PS PYUBEPSJOHIUAG W BFS € B DEO
30200kn? PG UIF PW5BGOKMMEJTDIBSHF QFS ZFBS JT TJUVBUFE CFMPX |
UIJTDBO CF B QSPCMFNMMW\SQHE SNNPESBOP U EJTUJOHVJITI CFUXFFO
GFSFOU MPDBUJPOT XJUIJO UIF DBUDINGIOUT GBUSBEMBBEEFSAHHABK
51JT DBO CFBQSPCMFN BT XFMM FTQFDU BE MDD J©®RVTBESENFFOB TLBFT
DJQJUBUJPO UIBUPDDVST GVSUIFS \iQ TU B BN O B IPRST MORIFISFS U © |
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QSFDJQJUBUJPO PDDVSJOH SJHIUBU UIFQPJOUPGJOUFSFTU
4FNJ EJTUSIJCVUBENPBFMUFQ UPXBSETQBUJBM NPEFMJOHCZ MF
OFUXPSLUPQPMPHZ )FSF BO PWFSBMW QBRI DOVIOCRBIW DETFXIJ O UBPS
DPOOFDUFE WJB B USFF MJLF HSBQI THSYDMUV SV OCBU JO TBEFWAFG N
OFDUJWJUZ &BDI TVCCBTJO JT NP EFMBE ESBQBISBUTF B1Z FBNXDHEE B MFB
CZB SPVUJOH NPEFM UIBU BMMPXT MJNJBFEPVQBO BBW EG MRASB\D U
BMMZBHHSFHBUFT UIF PVUQVU TUFNNJOBI GG P NBUHIBFJIBOEGBWNIE 2 BINI
QPUFOUJBM FYDIBOHF PG XBUFS CFUXFFHFODIPNOINBHY GP VIPXGWIFB S
QPTTILAMNR EJTUSJCV DBEONFEEMJIUFS BU EFBMJOH XJUITQBUJBM
XIFSFUIFFEFDUJWFOFTTMBSHFMZEFQFEHWBDJPE 40 B PHEIRFCGHB
TVCCBTJOTIJT
'"VMMZEJTUSIJCBFRESKRFEEMUIFNPTUDPNQSFIFOTIWFITQBUJBM NF
5IFFZPQFSBUF XJUIPVUQSFEFUFSNJOFDB BBUE INFBOYIEPMOIEBBUEYV
UVSFT UP NPEFM CPUI XBUFS DPOUFOU KEZIQ BNIBVMAWTD BEDXEHFTR/ G M
XBUFS CFUXFFODFMMT 8IJMF UIFZ EP OV BIPHFJ I BESIMZIWNWTFPWH
GPSNBODF DPNQBSEEBIJRPEEFMMUFFOLJTUF FUIBKIPEFS VOJRVF
BEWBOUBHFT GPS TQBUJBM TDFOBSJPQMNDY/IWBTQ B O JIBBVO @ BQSPRSJ
TUBUFWBSJBCMFTUIBUDBO FOIBODBERGFDBM 3/BAEFSTUUBOEJOH
SFMZJOH PO aYFE DBUDINFOU EFMJOFBRUJRQMWM JD IRVTMVZNIFOEFAVET D B W
NFOUCPVOEBSJFTGSPNPCTFSWFE EZ®BNI ¥ D PCH & 5 WBIBWRAWZOER
HSPVOEDbPXTUIBUUIFPUIFSBQQSPBDDAFTHIBEQGCSPOBFRERPEBGM T X
FSBUF POBEBUB TUSVDUVSF XJUI UXPIPEOHIJDBRQ BBIFIEQUBAE JBM EJN
BQQSPBDIFT UIFTFNPEFMTDBO CF WHSGEHSWQVEOTIWF UP DBMJCSI

SSBEJUJPOBMBQQSPBDIFT NFDIBOJTUJD NPE

5SBEJUJPOBMMZ IZESPMPHJDBM NPEARNOGHNHDNEGFOUB EBBENSFEHM
UIBUFODPEFEPNBJOLOPXMFEHF JO TP NFOXBWY BESUBEMWMZ BJO E E RAFE
UJPOTJOUIFTF NPEFMT EJSFDUMZ SFMBBJFEU@ SSHHBRM KPS RE R BLDS
UJPOTUIFSFPG 5IJT SFOEFST NFDIBOOUWBIISF BB M B OBRVIVFROXUIND.
TFBSDIFSTUPBTLTQFDJaD RVFTUJIJPOTFEZIQ&SPCNBH UPIOND BOFWHB(
CFVTFEUPBEWBODF PVS TDJFOUJaD VGEFRNFMEB G MMPHK P S AINFFFIVFFE
UPBTTFTT IPX IZQPUIFUJDBM TJUVBUJPRSIFXORNM®BE QOUBUZXAAD BF E&
DFQUVBM NPESMDBOE CBTFE NPEFMT 1#.T

$PODFQUVBM NPEFMT VTVBMMZ DPOURDQRWP BB FATT FFSGNUFRICE D BUI|
SFMBUFUP SFBM XPSME TUPSBHFT P GTXBRM}-BSTN\PLD MBN RUI'FWBWFH G UF
TUPSBHFTBSFVTVBMMZ DPOOFDUFEUCIBUINSAVMBPE SMEI8BTF B PIA
JOUVJUJWF QIZTJDBM VOEFSTUBORPXDHJIQPAXFBAFBMUIFFTIF EBNMBE J
NPSFDPNQMFY QIZTIJDBM FRVBUJPOT MRJBFRYVB M RNYPUERFOITTI WA
CSBUJPOUPBDIJFWFBDDFQUBCMF @ BSGEPINEA IO WP MVDRBTVBIECKS\BT
NPEFM QBSBNFUFST UP PQUJINJ[F UIF aU TFSYWHREOEBINB/ MBUME BC
OFDFTTBSZ GPS NPEFM QFSGPSNBODHKF DBMWMFEBHEP O1BB 6 NPUWFSS
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NBZ UBLF PO VOSFBMJTUJD WBMVFT UIBNPEFNQRGVEUWRN S P S JKSBWP
EBUB PSPUIFS QBSBNFUMS B/@MYBTIJT QBSBNFUFS aUUJOH QSPEL
DBO JOBEWFSUFOUMZ JOUSPEVDF CMBIOE CO Y FMFIFWDRAIMPON P EPR
BTDBMJCSBUFE QBSBNFUFST NBZ OP W$BHWRFT BDUVBM QIZTIJDBM
*OL#.T FODPEFE EPNBJO LOPXMFEHFJTFYQMIDDOBMZERBVBSEFODUF
PGUFO EJEFSFOUJBM FRVBUJPOT 5 UDIEFVN® § F DA TEFAFTTDXSUCI FNGIZT
FNBUJDBM FRVBUJPOT EFSJWFE GSPN QPO®PBM BBST BOE PCTF
A4PNF DPNQPOE®UNBGCF JOGFSSFE GSPN FYQFSJNFOUT JO B MB (
BT %BSDZr% MBXZ OUIFST BSF CBTFE PO TINQMJaDBUJPOT PG |
QIZTIJDT FRVBUJPOT 'PSFYBNQMF UIF DBEMOFPXPSEIWAEFRVBRG B D
JOUFHSBUJOHUIFNPSFHFOFSBM /BIWMISEFORLRATIFRVFBBYBO T
UJPOT SFMZ PO UIFBTTVNQUJPO UIBU XRUEBS BFRIPISIJ] RO D BMNBYM N
UFOU BOE UIBU WFSUJDBM WFMPDJUJTTRISIQWFS PISBIMMIF% BFS E
FBTJFSUP IBOEMF BOE DBO CF VTFE UP NPEFNFSBBNPQSPRUBIHB U J P
4)JODF.TBSF HSPVOEFE JO QIZTJDBM QSJODJ@WFIBMIESBBRNOSF
XJUlI QBSBNFUFST EJSFDUMZ DPSSFTQFIEM QIS OBNEDBIFUSBCMF Q
B M

#PUI DPODFQUVBMINPEFBId BPENQMFNF O UFBMWTNAME EITIF S
USJCVUFE TQBUJBMNBONSHNEMFNFOQBUJPOT FBDIUZQF PG TUPS
DFTTJT SFQSFTFOUFE PODF GPS UIF §6 U JB F Q\EBTSIIB GHHIZHBIUIRD
TDBMF QBSBNEVNIZ EOTUSQU¥NFBDUBUJPOT FBDI TUPSBHF UZQ|
DFTTFYJTUT GPS FWFSZ HSJE DFMMJ BWIWROXROG A G B Q VBIND J IFUSTFSPSH
BDSPTT UIF MBOETDBQE. T™SFUSIKYVYBBUIJPOBMMZ JOUFOTJWF B
DBMMZ TPMWFEJEFSFOUJBMFRVBUPRED IO BER BIZHS PE DB 8 KITBHG P(
MPDBUJPOT )PXFWFS NPEFSODPNQ®UN®H BB BESISRRBETTNBLF
JODSFBTJOHMZ GFBTJCMF FOBCMJO ANPSFEFUBFIMAEUT® BULIBND
QSFWJPVTMZ QSBDUJDBM

&YBNQMFT

*OUIFGPMMPXJOH XFQSPWJEF BO PWFSWIBXNREFMO P YIBIC WHR NE I
CZOPNFBOTDPNQMFUFBOEJUTPSEFSJTBSCJUSBSZ

-VNQFE NPEFMT

5F)#7 NPEFM SFQSFTFOUT B DMBTTJD BN ®H DDVF@QNW K B WBSBMHFPSE |
WPJSTUP SFQSFTFOUTOPXBDDVNVMBWMPPWUBOE UPBM NPBODTGESE
SVOPé& JOUP EMMMIBIHEON %FTQJUF UIJT TINQMJIDJUZ )#7 IBT E
TUSBUFEFEFDUJWFOFTTBDSPTT EJWRSEFMZYH FEJFOR GRSBIRIRE
GPSFDBTUJOH TZTUFNT UISPVEFEVWFYEBBVO EPABWBBBIFS WFEFSTIJPOT
PG )#7 XFSF FRVJQQFE XJUI B SPVUJOH SPB/UXOIF GF S EJI@HSHF®GU
NPEFM JOERIBEJTUPDRFHETUSON

5/F 4ABDSBNFOUP 4PJM .PJTUVSF "DDPVOUIMP AT HB AV MNREWH B ZH\6
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TPIMSFQSFTFOUBUJPO XJUITFQBSBVESVSGCBOFHBREBIO/ES GBDF B
OBTI 51JT NPEFM XBT IJTUPSJDBMMZ VTFEQK BPQGEBDBROBMTG
CZUIF/BUJPOBM 8FBUIFS 4FSWJDWJIRG BUFBGMBOE SFNBJOT BO
JNQPSUBOU CFODINBSLNPEFMJO IZESPMPHJDBM SFTFBSDI

5IF (3 + NPEFM FYFNQMJaFT UIF QVSTVJUIBG6WUZPEH 2 RNBGHU NP DEF |
QFSGPSNBODFXJUIPOMZGPVS QBSBNEFUFGTOFRSEEPBRBDJIOR HSHPE
XBUFS FYDIBOHF SPVUJOH TUPSF DBQRBRDNFZC BPESUOJRUU BBEISPHSE

Y#7 4"$ 4." BOE (3 + EFNPOTUSBUF UIB & ¥ &PEWNRERF §1B ODGEBEVOMC F
BDIJFWFE XJUIPVUDPNQMFY QSPDFTTSSAQOPFBMMRG RIOHF T IF ANF-BAF
BSFDPODFQUVBMNPEFMTDPOUBJOJCGH DBBEMWMFBAY BB CBWFB SIB OV
PSBVUPNBUJD DBMJCSBUJPO PG UIFTFNPEFMTJT FTTFOUJBM

%JTUSJCVUFE NPEFMT

501.0%&-MFWFSBHFTUPQPHSBQIJDJOGBEBNRBIPLOFG® Q & GETIFDIMTN,
UVSFBOE SVOPéEHFOFSBUJPOJO TVCCB BIPIVWIBAHBNEFEEFAMO OFDUF
FUBM SIJTNBLFTS501.0%RNBEJTUSIJCMUBENPDPEQPSBUFT TPNF
EFHSFFPGTQBUJBMIFUFSPHFOFJUZ XUIRPVOBNWBREODUIFIODIOH DPNQYV
48"5 4PJM BOE 8BUFS"TTFTTNFOU 5PPM X8B EFRNOHEW QRFERBV BIB B (
QSPWIJEFT DPNCJOFE SFQSFTFOUBUJP GB © & QM3NF SBIOFEX O VRJESIINFEX
DZDMJOH XJU|I MBOE VTF BOE NBOSBGIFMEGW @¥BSD B NOPFETF M
DPOUBJOT B SPVUJOH SPVUJOF UIBU BBWMPWKC ABTUP P @ 53B3UE DO K
SFOEFSTIBNIJEBEIJTUPEEWMME EJTUSIJCVUFE

4)& SFQSFTEOMWMBEJTNBREEMUCGHBQQSPBDIUIBUDPVQMFT TVSGBI
VOTBUVSBUFE[POFQSPDFTTFT BHSPYOENBYFSHPXVBQEZTIDBM FF
UJPOOCCPUUFUBMCCPUBJ FUBMSIJTDPNQSFIFOTIWF GSBNFXPSL BI
EFUBIMFEJOWFTUJHBUJPO PG XBUNS DD MFURQUTRISBHOEBBEB8 BOE D
QVUBUJPOBM SFTPVSDFT 4)& IBTCFFOPEEMFOIFQWBLIPWRET IRD
BT .*,&4)&FGTIBBSE FUBM

501.0%&- 48"5 BOE 4)& BSF QIZTJDT CBTFE BREBWMST IPOKERBS
NFBTVSFE PS FTUIJNBUFE GSPN SFBM XBDFHMEI P OFFEWEPSEIBB W JBWI
UJPOBOEBMMPXJOHUIFNPEFMTUPCFBQQMJFE UP VOHBVHFE CB
5lF 7TBSJBCMF *OaMUSBUJPO &B/QBWA BZ2TSBIOCNBEM SVOPEé NPEFNM
UIBU XBT EFTJHOFE GPS MBSHF TDBMFEZET PINDIDHPS B O 5 BDIWIIONB U W (
HSJEWBSJBCIJMJUZJO TPIM NPJTUVESBUOUPGC BHE DEMBOHITUBDE W
FUBM 7*$rTENQIBTJT PO FOFSHZ BOE XBUF S\CBMEGIPFSNODBMFT JU
NBUF DIBOHFJNQBDU TUVEJFT BOE HMPC BN FZAEFRS B M-PGHS) IDTBAVD ND - BPF3
QBSBNFUFSTJO 7*$ UIBU EP OPUDPSSFIQPROITE DBSFBMBXBBR P B W
NPEFMJT OFDFTTBSZ

5lF&VSPQFBO '"MPPE "XBSFOFTQAPWIFEF RDROUJOFOUBM TDBMF b
DBTUJOHCZDPNCJOJOHNFUFPSPMPH-IODBIMVMEGPBEDBYURFEXDIAHIRF -
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MPHIJDBM NIBEMMO FUBM'""4EFNPOTUSBUFT UIF BQ@MBDBUJPO PG
PQFSBUJPOBM TDBMFT QSPWJEJOH FBESNMQBPREOCBSXORNQHMNB VS P
&'"4BT B CFODINBSL NPEFMJO UIJT XPSL XF Q&FAWIEE BIN®SFOE FU
4FDUJPQMP'"4 (MPCBM 'MPPE "XBSFOFTT 42TU4BR QFRYWBA BJPU I F

HMPCBMDPWFSBHF DPVQMJOHUIF)5&44&*MBODBTMSGBPOW NEPFE F M
XPSMEXJEF bPPE GPSFDBTUN ®&HSD BFQUUBEOMMJITJIFKZITUFN JMMVTUSBU I
IPXNFDIBOJTUJD NPEFMJOH BQQSPBDIHATHMROCBMTXBEM-ISENBRO B HE S
NFOUDIBMMFOHFT &80 PVOMRSBERRJIPOPU SFRVIJSFDBMJCSBUJPO

-JNJUBUJPOTBOEDIBMMFOHFT

.FDIBOJTUJD IZESPMPHJDBM NPEFMT &BNFUBFWRFSBMUGEB O BBFNDHOQIS
UIFJSFEFDUIJWFOFTTJOBEESFTTJOHMNIP BFSNORNNHEFIB ODAHADIBMME C
FMT PEFS WBMVBCMF JOUFSQSFUB CJMJH 2UB BES QBESFEDRIIID\BMVMEFQ @ I
UJPO FODPVOUFST TJHOJaDBOU CBSIBIM3INQBBPWMINJIU UIFJS QPU
JZESPMPHJDBM QSPDFTTFTBSF JOIF®OAMNFEP DP NQWFYB DO WPHIWB
BCMFTUIBUDSFBUFIFUFSPHFOFPVT ORIBR/IRBIBDSPEM TQBDF BO
S5IF JOWPMWFE QSPDFTTFT BOE UIFJS JBMMZBDOERPIITTUREIE B O NNAP T
DBTH¥BDIPXJU[ FUBWFBEJOH UP IJHI VODFSUBJOUZ BOE TZTUFN
NPEFM QSFEJDUJPOT 5I1JT JODPNQMFWOEGEFSZ UBFOGBOH UTHLP |
NBOZLFZQSPDFTTFTPDDVS BU TDBMBETBBE NBWIEJ&FASCITNFGSWHBEOWA B M
DPOUSPMMFE MBCPSBBYBSZPXRO E U JRENDFTO /IFBSJOH FU BM

81 JMF EBUBBTTIJNJMBUJPO UFDIOJRWFBUUIBOTIODWE Q7 SBU B IR OI'PI
FMIVRJPOH -JVFUBMU[LBFUBMBNQPSFTF FU BBWF TIPXO
QSPNJTFGPSSFEVDIJOHVODFSUBJOUZBOEWNVNIFWIBH JOJUJIBMJ
LIBOJFUBMVRJPOH -JV FUBWRJPOH -JV FU BBOE EJTUSJCVUFE
NPEFMBLPWFD FUBMVOEBNFOUBMDIBMMFOHFT SFNBJO

&WFO XIFO QSPDFTTFT BSF XFMM V O E RISBTAMHRITENB 3 ORI 6 RCATTFREWW
BCMF PS EJEDVMU UP NFBTVSF EJSFDUMZGBGS EFFRBHNIPAWR ET UIPQ PG
JDBOUMZ JObVFODFTTVCTVSGBDF bPX DBYRE BPN CYRI PG DIONPRIMIZ
BDSPTTFOUJSFDBUDINFOUT 51JTDBBFBOFTG WO EBMKBSBM MJINSU
UJPOBOEWBMJEBUJPO BTLFZESIJWBSFRGIDHIEHNMPH GZPM E 5 SB-\U
PCTFSWBUJPO

FTQJUFUIF SBQJEMZJODSFBTJO HBBMWEBIWE EUMBM R PGIIZESPMPH
BOJTUJD NPEFMT TUSVHHMF UP GVMMZ B% 8 NPU B 3JDBTVIE BBILEIBUDBL
DBMMZ SFMJFTPO MIJNJUFEEBUBTVCYREBYTB GEESWRNBI®@SPEDMFDHU |
FUBM 51JTNBOVBM DBMJCSBUJPOBQQSPBMMWPGE POBRZSWENIJUT
UJPOUIBUDBOCFFEFDUJWFMZ JODPT QPSBW € B ECTVRIBEVTTWPCIKORDS RIE
JUZJOUPUIFNPEFMJOH QSPDFTT

%IJTUSIJCH.URREWF TIJHOJaDBOU DPNQ VU & IBJRPLOBW BEENFANSBSTFESB

FUBM UIBUMJIJNJUUIFJS QSBDUIMBAMOB ¢ QNSM BFCTIFMNREFM T
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NVTUTPMWFEJEFSFOUJBM FRVBUJPOURGURBMNISU EPYHNBKd BD BB T
UuJBM MPDBUJPOTBOE MPOH UJNF TAHESRNQVVBREPOB MM PTYTOTUBIFU
NFSIJDBM TPMVUJPO PG DPVQMFE QB SUJIBAD BB &ARVEZ XOIF 10B B/DFORPWBIULD
GPS DPNQMFY CPVOEBSZ DPOEJUJPOT BOE PFRONVWIQEBB Q3P DWH W
FYQFOTIJWF GPS SFBM UJNF BOQQMJFBU BR OTT IPRENNDB/VHBRU TG BV TV
EFOJTQSPCMFNBUJD GPSPQFSBUJPOWSMRIZRBSIFBEBTQUEONPEFMIFNHL
UJPO BOEGPSFOTFNCMFTINVMBUJPOB®MUFFFEAEUGEPO Y YEODBHMUBJIO L

1IFSIBQT NPTUDSJUJDBMMZ DPODFQUWBFBOMMBNPE FIMQIFD 4 @D IDBNWM Z SH
UP BDIJFWF BDDFQUBCMF QFSGPSNBGPKS PIBSEEBFUG FSTCLE K KPS |
HFOFSBMJ[F XFMM UP PUIFS CBTJOT XDUS EDEFSFOWFDIBEBDUFSJT
/IFBSJOHFUBMIJT MINJUBUJPO TFWFSFMZDPOGUWIBTPNREFBQQM
FMT QBSUJDVMBSMZ JO EBUB TQBSTE®RFIBINWMA BDNUFSFEEMEB RVIO |
JO UIF (MPCBM 4PVUI XIFSF EFUBJMFE BBP NAFNBGBENFEOWH BBET
PGUFO VOBWBJMBCMF ZFU JOUFMMIAHHIFUT XBU FCSF NNEPA BJHVFSNH-FOOUU™M
OFFEFE

51FTF MIJNJUBUJPOT DPMMFDUJWFMZ MHOM B Q SR B D FAFEUGRS NP
CFUUFS FYQMPJU BWBJMBCMF EBUB R UNMFONELUBLE MILUVIZHBOQIZ DFPIN
uBuUJPOBM FéDJFODZ S5I1JTDIBMMFOH®G BBEHIWBYFFH BIQR EBBBIETS.
FYQMPSFEJOTVCTFRVFOUTFDUJPOT

%»BUB ESIWFOBQQSPBDIFT

$PNQMFNFOUBSZ UP NFDIBOBOEJDBUBEESITWFO BQQSPBDIFT IBWF
TIJHOJaDBOU USBDUJPO JO IZESPMPHZIBOGPBSFBTUIJDABBEW BH B1I BB G
PGIZESPMPHAOIBM-EBWMB 60OMJILF NFDIBOJTUJD NPEFMT UIBU FODP
LOPXMFEHF FYOMPEFMMIZBVUPNBUJDBMMZ MFBSO DPNQMFY QBUU
TIJQT EJSFDUMZ GSPN(MBEBFEMBBRBRTFRUBMT GVOEBNFOUBM EJéFS
FODFJOBQQSPBDINBLFTEBUB RVBOUUPSBEO® RYB NESU XVE & WNPIEBRV
QFSGPSNBODFUZQJDBMMZ TDBMFT XPUWd BWBRWVBCWFUZSEAD RYIB ¥
JPXFWFS UIFZTUSVHHMF XJUIJOBDDMWMSBREBUBOBBNQMFLIFD BS N FE
UPTQVSJPVT DPSSFMBUJPOTBOE QPPS HFOFSBMJ[BUJPO

"SUJaDJBM OFVSBM OFUXPSLT

"SUJabDJBM OFVSBM OFSEKRSIETFOUIB QPXFSGVM DMBTT PG EBUB
FMT MPPTFMZ JOTQJSFE CZ CJP MPRHRIDGBAWMMPKSBW BIVHU XPSLT

DPOTJTUPGJOUFSDPOOFDUFE BSUJBBDIBNW OBV SPOBMSMBTBT SNOQ
XFIHIUFE JOQVUT BQQMZ B OPOMJOFB R SPEVIWEB BYRQ GWD DAIPX
WIJEVBM OFVSPOT BSF SFNBSLBCMZ TJN Q\BEZ FAAHUBXIEF O PGB BDU HH
JO OFUXPSLT UIFZ QPTTFTT UIF BCIJMBSZ DP BULIOS/APWIING V6 B3R
J)PSOJL FUBM 51JT VOIWFSTBM BQQSPYJINBUUO/FAOTYSRBEMUFZ NBLF
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GPSDBQUVSJOHUIFDPNQMFY OPOMIWFEG SZEFRNBIPIHIDBIMQTZ JO FAN
"O"/l UZQJDBMMZDPOTJTUTPGBOJOQVUMNMBNPSHIBRUEFFKDMBWFT E
FSTUIBUQFSGPSN DPNQVUBUJPOT BONBPTPYIERBEIDMBZEYT ULBD I
DPOOFDUJPO CFUXFFO OFVSPOT IBT BOWBAS PDEB EFE KEBKHOFQBSE
TUSFOHUIPGUIFDPOOFDUJPO BOE FBDU®BVEWIDBPR M UFPTIEDAJB P E
OPOMJOFBSJUZJOUP UIF NPEFM 5IF DPNCNM 6 P QFE®G B GPNOBTOEZDTSVOTI
NVMUIJQMF MBZFSTNVRMOTUMBXRUFDBSDBQEFPBCMFT JU UP MFBSO
DSFBTJOHMZDPNQMFY SFQSFTFOUBUJPOT PG UIFJOQVUEBUB
55BJOJOH BOOWPMWFT aOEJOH UIF PQUJNBM TFU PEXFJHIUT UIB
UJPOFSSPSTPOUIFUSBJOJOH EBUB 5TMIZRXQ D BNVINE O PAIMONFEPLL G P
HSBEJFOU EFTDFOU BOJUFSBUJWF BMHFSUUAREUSBD BEKOY/ PG TT X
FTUEFDSFBTF PG B MFPHH GGAWOMDRIIPO BM- MPTT GVODUJPO RVBOUJ
UIFEJEFSFODFCFUXFFOUIF NPEFMIT B@SHEIDW BMYTF B OESWPIW JESICF
TDBMBS NFBTVSF PG NPEFM QFSGPSNBODFUIBUDBO CFPQUJNIJI[F
'PSEFFQOFUXPSLT XJUINBOZMBZFSTBGEKBBBR®6UBB W MPNIMNIIRD
HSBEJFOUT FEDIJFOUMZ SFRVIJSFT CBOLNOBRQBKHBUUWRP D5BJD ESWHII
PG DBMDVMVT UP QSPQBHBUF FSSPS HEBEOFONP £IBG & R BIFPETUDNP
UP XFJHIUT BOE QPUFOQRBBMMMNPRVUBBDLQSPQBHBUJPO FOBCM
UIFDBMDVMBUJPO PG HSBEJFOUT GPRESBNBE E)BS B CBWDAXBSEG BBIO
UISPVHIUIF OFUXPSL NBLJOHMUTBO®NQWWBUMBSBMMZ GFBTJCMF
.PEFSO JNQMFNFOUBUJPOT SFMZ |IFBW J¥ D PROOBIBPNNBXARIDL E & IB3U
DBO DPNQVUF FYBDU HSBEJFOUT PG DPN@MB FF DEPWIDHBEMBNUZI POBM +
GFMMPX FU BMIFTF GSBNFXPSLT USBDL BMM NBUIPISBIBEDBM PQF S
EVSIJOHUIFGPSXBSEQBTTBOE BVUPNBUQBBRVMIHIF OB B BRFUWDP N
QVUBUJPOT GPS UIFCBDLXBSE QBTT 5/1DT7B®NWM QGBS IM F LS8 (BIECEHVOF
PONFOUBOEBEPQUJPOPGJODSFBTBGCHVMWAITFDQENIBIDBUFE

5F USBJOJOH QS/PDFOBOCGES MFOHUIZ BOE DPNQVUBUJPOBMMZ F
UFO SFRVJSJOHTQFDJBMJ[FE IBSEXBSBOIUJIBIMD R NGV B BEJPVOBMW
TPVSDFT 5SBJOJOH UJNF EFQFOET P OLGIBIDR PESBIUBITFWUVIE] B HBMHEL
DPOWFSHFODF DSJUFSJB BOE NBZ SBOHFSEPERN NT QN\NPUEBZGPSST J
XFFLT GPS MBSHF TDBMF BQQMJDBUJPIOTU §B X6 WEF SI PODFFED F J
NBLJOH QSFEJDUJPOT PO OFX EBUB JT BUQPROBMMZ GBHYQBFMET DR
NBLIJOHUSBJOFE NPEFMT TVJUBCMF GPS SFBM UIJNFBQQMJDBUJF

"SUJaDJBM OFVSBM OFUXPSLTJOIZESPMPHZ

5|F BQQMJIDBUJIPOOPIZESPMPHZ IBT HBJOFE TJHOJaDBOU NPNFOU
ZFBST ESJWFO CZ UIF TUFBEJMZ JO ESSHEBMRB B HDBWIBEBABEB MM JU Z P

%»BUB ESIWFO NPEFMT DBO CFUSBJOFEBRWIWBEWM EBPBMWIEP
BVUPNBUJDBMMZJOGFSDPNQMFY SFMBWIWP OPFIFRQJIHABRONI RYW TR
JONFDIBOJTUJD NPEFMT 5I1JT DBQBCJINJIIZE BBPIMPFHRW B M WABTMMBNC
XIFSFOVNFSPVTIJOUFSBDUJOH QSPDRBOFBTSHESFMNVEBURIE PN QINDH YU IR
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DIBMMFOHJOHUPDBQUVSFUISPVHI UBBIEFJJUJPOBM NPEFMJOH BQ(
81 JMF PUIFS &BSUI TDJFODFT IBWF SB@IBNMZIBPERYBFEIEBSBNVEFSHX
IBT CFFO TPNFXIBU TMPXFS UP FNCSBAOFWIFTFSBOEMBRFST
BEPQUJPO TUFNT GSPN TFWFSBM GBDBRSYVOIWZMLEDWH OJIHKD VD
XBSE OPO QIZTJDBMWM QAPEFWFU B\OE DPODFSOT BCPVU JOUFSQSFI
BOEQIZTJDBM QMBVTJCIMJUZ PG QVSFMZEEBRUBCESMWE QUBR) KZERSEP
MPHIJDBM DPNNVOJUZ GBDFE QSBDUJDB™MID BVMBIFrEOWBMJIE BIWPEFM
UIF aFME IJTUPSJDBMMZ MBDLFE TUB QEBEBSEGHEIS OFNQBS8SLACGOC
UXFFOEJEFSFOUNPEFMJ)CSHBBIPRSEBBPURBINU FUBMFBSJOH

FUBM UIPVHISFDFOUFéPSUTIBWFCFHVOSBIPBEESETBIMIIIT HBQ
%FTQJUF UIFTFJOJUJBM DIBMMFOHBT JQ 8FW UMZTESFFINTHFB WS BRIF B
.- BQQSPBDIFTPGUFO PVUQFSGPSN USBBJYUSPEEMINWEHIBRE D\ OB
BDSPTT EJWFSTF IZESPMPHSIBBM-BQ GMJIBNBRLJPOTSBU[FSU

FUBM /IFESJOH FUBWVDI FUBM(BVDI FUBM 5IFTF TVD
DFTTFTIBWF FTUBCBIIOFESGVM UPPMT GPSIZESPMPHJDBM NPEF
BDIJFWIJOH TVQFSJPS QFSGPSNBODFWFSMBE B \QUBRING-SIDITBIMMIY PENJQ
EBUBTFUT 5IF HSPXJOH SFDPHOJUJPOE PIOPB B X FLD BEBRCBIMMDEDTRBD
BEESFTTJOHQIZTIJDBMDPOTUSBJOWHSBIOIE JUHAS QY F UBEU M IRJG DN
UFOUJBM PG EBUB ESIWFOBQQSPBDHAMODVDOUBMNBFEZ SFNBJOT M
/[FBSJOH FU BM

'PS B DPNQSFIFOTIWF PWFSWJFX PG .- BR QMWIDBARP SFEOFIZESP M
41FO BOEJU FU BM

3FDVSSFOUOFVSBM OFUXPSLTBOETUPSBHF FRVBUJP ¢

*O PSEFY/GPSP CFBCMF UP NPEFM UJNF TFSJFT UIFZBSFFRVJQQ
DBMMFE UIF IJEEFO TUBUFSFDI¥ S5 A®UDBRMMEMBE O RUSHPSATIT 3//T
UJNFTFSJFTJOBTFRVFOUJBMNBOORUNQEBEE®D UIFMBTHEFOEF
TUBUF BOE UIF DVSSFOU JOQVWPSNIUPBMBIGRNFNPSJ[F JOGPSNB
BDSPTT NVMUJQMF UJNF TPRIXHT T I'PTSRJ DB AINEF NIHF SBZ T 45D J B M
UZQRP/GUIBUNBJOUBJOTUXP TUBUFT UIFIJEEPR® DUBURBOE UIF D
FUBM 5IFDFMMTUBUFJTTIJFMEFE GSPN VOEMNFISBOVDEBUFT C
BMMPXJOH5UUP NFNPSJ[FJOGPSNBUJPO BDSPTT MPOHFS UJNF JO
GPSHFB HEBBOQ\WUBHBEBE DBOEJEBUF6JBEFDFMAB U NREB UF E
JOUIF GPMMPXJRHNRERQDFS "HBUFE SFDVSSFOUTWVBOPR UIFES
UZQF3P/IG XIJDIEPFT OPUNBJOUBJO BDFMM TUBTUWB UMWBVQEBUFT
TINJMBS NBOOFS W JBIBEDOVEQEEBB® EBEBFU F BIBEFOUT BBIUF

c=1 ¢c10t1 1° 6

"TEFTDSJCSEU[FSU FUBMFSF BSF TUSJLJOH QBSBMMFMT CFUXFF
TUPSBHF CBTFE NPEABDBOEPS UIBY3NBUAPAS BSF EFTJHOFE UP
QSPDFTT UJNF TFSJFT JO B TFRVFOUJB W R 8 DBXFNFAZ VO BVTDYPCSH A
CBTFE NPEFM UIF VQEBUF FRV BRI\ POBOPASBZUBFTTWIFSBMHFMPXJOH G



%BUB ESIWFOBQQSPBDIFT

BE=B1 711 G 2 XIFSEFOPUFTUIF JR@OVEBFRSFTFOU QBSBNFUFST
UIBUEFUFSNJOFIPXUIFTUBUFJT VQEBABFE BLJO UP UIFHBUFT JC
"OJNQPSUBOU EJEFSFODF CFUXFFO UIFHF CBEFE INPEBPWMBIU UOFT U
QBSBNRPUBOGERE BSFCBTFEPOBQIZTIDBMVOEFSTUBOBJIOIHPG UIF V!
BOEUVOFENBOVBMMZ CZ-4bFk TBFOEBMFSE FI@QH EBUB ESJWFO NPEFN
UIFQBSBNFUFSTUIBUEFUFSNIJOFUIFVMRFSBEHEBGGPN PCHIFBWBTUB S
S5IJTNFBOTUIBUUIFIJS QBSBNFUFST E®OV BN RDATTIIBEM Q5 B RiFSMIL

&YBNQMFT

5lFBQQMIJDBUJPOPGEBUB ESJWFO NREFHEBIDISPIZE S PAFSHDOIB T @ BAY
TDBMFTMGORFQQSPBDIFT UFNRVEHITU Y IEVMME EJTNBUCVUFE
PET

-VNQFE NPEFMT

*OUIFJSTFNJOBM XPSL ,SBU[FSUFWBBM5TOPDXHIIGSE RM$MZ BIOGBIMFN
SVOPé& NPEFMJOH BU UIEBBTR®OUTEPBBEBFNPOTUSBUJOH UIBU QVSF
EBUB ESIWFONPEFMTDBO FYDFFE UIBRASFGHABSEBODBPB ISBEL U.
CSFBLJOH TUVEZ FAUBBEMBTWEBCMF BMUFSOBUJWF UP DPODFQUYV
TQBSLFE XJEFTQSFBE/JBBORBWILDBIIPOT GPS IZESPMPHZ 'PMMPX
UJBM TVDDFTT OVNFSPVT TUVEJFT IBWFH FINNSMNBECBQOMZIOH ME
BSDIJUFDUVSFT UP WBSJPVT EBUBTUFBN BIPEKEESWHSPODIJHOJaDBOU
NFUIPEPMPHJDBM BEWBODFNFOUT UP UIHOTNGEB N b XIPIS1.O B W ¥ BBAVIT F
UIFJODPSQPSBUJPOPGQIZTJDBM DWBTDUBBIQBS WBUBNBTT DR OT
JPFEUFUBM ) 8BOHFUBM VODFSUBJOUZFTUJNBUJPO UP RVBOL
UJPODPOaBfFROOFU BMFBSJOHFUBMBOE UIFFYUFOTJPOPG NPEFM
UPNVMUJQMF UBNPTEBMMT'DY ™B & TQJOP[B FU BM

%JTUSJCVUFE NPEFMT

AFWFBBWIJ EJTUSUGBWHFHIFT FYJTU GPS JODPSQPSBWAOH DPOOFI
CBTJOT OOF NJHIU BSHVF UIBU UIFTF NPEGMF BBP OFADSIBEW REFNV
CBTFEPOQIZTIJDT /FWFSUIFMFTT XFXESMW NG BQIEGEPBIFIN BT EGI
UIFZJODPSQPSBUF POMZ CBTJD TU SABOUNVFSSEMTIE B @WE RO B WF SWZs X
CSJEtGPS NPEFMTUIBUJOUFHSBUF BPRUUQBIFOU T THYP 06 DFIUSH
UPQPMPHZ

"TINQMF NFUIPEJT UP CVJME B EJEFSFOU NPE BVWWEFRSSC-BDA PTSUB U
XIFSF FBDI NPEFM SFDFIWFT JOGPSNBUTPR 6 WBGJSPRONT BIM $1PWIHF I VIG-TUBS
SBUFJOQVU DBIBBOOFMIBM)ZESP/FUT FOGPSDFT XFJHIU TIBSJOH C
TVCCBTJOT XIJMF NBJOUBJOJOH TPNF CRBOBOUTQ ABEah NPH BMCB K
BODF CFUXFFO HFOFSBMJ[BUJPO. BDIF WB BBM BEBRQRUBEBBPHZ
SFWFBMFE UIBU JODPSQPSBUJOH SIWEHEHA SEEVDDNVNBHF BN QMEIPP NC
QMFYJUZ BOE FOBCMFT NPSF BDDVSBUFAZEBSP MBNJDB M B$EFOIICE



#BDLHSPVOE

EBUB "MJNJUBUJPOPGCPUIPG UIFTFB®MMEECBBFBEJMUZ IBQQMBE B
BEJEFSFOUSIJWFS OFUXPSLEVFUPUI®UUBUJPO TQFDJaDDPNQP
"OBMUFSOBUJWFBQQSPBDITFHNFO BTSIIONPASPGEF$VE § FEZ XWIS$ B E
TQFDJaD SFQSFTFOUBUJPOTPG VQTWSFBNBMWJIE BUVFEERIBE UVRU D |
NBJOUBJOJOH XFJHIU TIBSJOH UISPVHI| BWSGIFFEXB FFEFBIMBSDIJUF
SFTVMUT TIPX UIBUBT  TQBUJBM S F TPAVG\GWPJIANB DDIFSIABIFAWIR P
EVFUPNPSFHSBOVMBSIZESPMPHJDBWI FOBANVOWABRUIGER O UBVQ @B 6B J
NPEFBIOE NPUJWBUJOB VUVRAVNWZTEFIFGBTVUFE
(SBQI OFVSBM OFUXPBEFS(B/NPSF bFYJCMF TPMVUJPO UP UIJT US
DIBMMFBBHEBHMIBFUWY/BMSFQSFTFOU SIWFSOFUXPSLTBTHSBQIT
SFQSFTFOUJOH TVCCBTJOT PS HBVHJIQ$FTEFBWIPMTD BO G FEMHFW J
5|1 JT HSBQI TUSVDUVSF FOBCMFT UIF TBMNAF B\PE W MFESWDR JEURF S ¥ O
SIWFS OFUXPSLT XJUIPVU NPEJaD B U P NBBIULIFF® PTOFRGFIDRIE ME) U U
HSBQI SBUIFS UIBO IBSE DPEFE JO UIF NBREFFMWFBISINB UFB3UNS [E BB
UIFTFHFT BSF JOUFHSBUFE XJUI UFNQPSBM NPEFMBAOHI BSDIJUFDU\
FUBM -45.T4 $IFOFUBM BOEFNQPSBMDPOWPMVUJPO OFUXPSLT
4VO FUBMS8BO FUBM
%FTQJUFDBMBYV BRI EPHEHBUB \EISBHAVFO NPEFMT JO SBJOGBMM SVC
/IFBSJOHFUBMPTU FYJTUJOHNFUIPET GBDF TJHON@BBOU MJNJU
NJTFUIFJSBCJMJUZ UP SFQSFTFOU MZER D B NIMYB M RSN XD - Q@ DAVIBST
EJTUSJCVUFE NPEFMT-BEBILQBMBMATUFDUVSFTUIBU QSPDFTT TFRVFO
EFEJOQVU EBUBUISPVHI TFQBSBUFE TOBUJB NI BEHEFRBFN@P SBM Q ¢
FUBM 1 -JFUBMY9 -JFUBMG6FEBFUBMIPLIBSFMFUBM
YFSF UIFPVUQWYUTPSFWBUUFOFECFGPSF CRFOBE®MBQRFBEOB BO
51JT BSDIJUFDUVSBM DIPJDF EFTUSRYSIPTTQ BUUNFMTEFQA O B 56 I/ FFOT
UIFNPEFM GSPNNBJOUBJOJOH TQBUJBMFDMVPIRSEOP®G JO JUT UFNQ|
APNF SFTFBSDIFSTIBWF BUUFNQUFE UZBHBE®MHTFPWOWAFISBINIUBUJIP
FUBM X1JDIDBO KPJOUMZ NPEFM TQBUJBMBCKE FRNIQWPIBR IS FME
$//T JO U4E5.rT HBUFT 3FDFOU XPSL IBTBQQMJFE $POW-45.T UP
UJPUFNQPSBMEFQFOEFODJFT UIGPVMFRVEUMUI DPREFWXBSEWFO
UIFTFINQSPWFENFUIPET PGUFO SFTPSIBWEF HVPTC® NGEHHF SNFBH B D I
OBMEJTDIBSHFQSFEJDUJPOT 5IFPYBQUVEJ PEJIBEMN IBS IO B VNFNGT B
WFDUPS BOE QBTTFE UISPVHI GVMMZ D®® O FOU® BE WIBAF T U SN UN/B
UIF DSVDJBM QSFEJDUJPO TUBHF 4 UNBWES HMPE G @ FBE-SHSIFSHPB/UHA F
UIF MJUFSBWWSEFM :IVFUBM 5ZTPO FUBMPLIBSFM FUBM
#OSHFM FUBM
"OPUBCMF FYDFQUJPO UIBU NPWFT DMPZ FB UPDFIQ T XPBM Q MBRINVI B
CJOFE $POW-45.T XJUI SJEHF SFHSFTTJ®MU P MPRAB\SE DR OJISHIEMUF|
EJTDIBSHF FTUJNBUJPO BU FBP DHEBIDHOFHUTRINB LUJTPBQ QSPBD |
FOBCMFE UIF SFDPOTUSVDUJPO PG QMBNTIOFFWKNPERYIEEBTOE T F
EFNPOTUSBUJOH UIF QPUFOUJBM GPE EPTU 8BIDDMBBANFEFMETD DB IF
BOE QIZTJDBMMZ JOUFSQSFUBCMF JOATUHH O TQSIFIMDBEYMBTU BMU VOB



%BUB ESIWFOBQQSPBDIFT

IZESPMPHJDBM QSPDFTTFT

-JNJUBUJPOTBOEDIBMMFOHFT

%FTQJUF BDIJFWJOH TUSPOH QSFEJD UE®FNFHIIFESW B Q Q M J DB\LBI
"//T GBDFJIJNQPSUBOUMJINJUBUJPOT XIF OTB @M UFPEUI F 58 VIDEWZT
EBUB ESJWFO/ OBUB/SFFNFUFST BOE JOUFSOBM TUBUFT UZQJDBMM:
EJSFDUMZ UP NFBTVSBCMF QIZTJDBMMRYBODBUAEEPESMPXYFSQSFI
B M 51JT CMBDL CPY OBUV'$SFTNNBD MEBBO® TQVSJPVT DPSSFMB
JOUIFUSBJOJOH EBUB SBUIFS UIBO HFQVJQF QAR UIBBIM 3 FWFBEJI R
QPPS QFSGPSNBODF XIFOBQQMJFE PVWOTJEF UIFJS USBJOJOH EPN
.PSFPWF/S EP OPU JOIFSFOUMZ SFTQFDU QIZTJDBMWMEXT TVDI BT
FOFSHZCBMBODF PSUIFSNPEZOBNJD DP\OZESBIRWAE/DMER T FE YE)
DBOSFTVMUJOQIZTJDBMMZ JNQMBWESNH B @5 F¥E$BQPMBIU JPESTD!
PSFYUSFNF DPOEJUJPOT OPU XFMM SERSFTEOMBEFJORDIBOSBUO]
NPEFMT UIBU DBO JODPSQPSBUF DPOVWESQWRSREMD ERY B EJPIWFBJIR
QSPBDIFTNBZMFBSO UP QSFEJDU EJT I [BESNHW ZVB\\Q\PFTTT U CBVLF BTS/D Q
HFOFSBUJOHNPSFXBUFSUIBO XBT JOQRS @SS E Y B UQ &FBIDIRHIBABIN F
SBUFT 51JTMJNJUBUJPO IBT NPUJWBWHFE IZITHOJTaDBERISNFEBSDI |
BOE IZCSJENPEFMJOHBQQSPBDIFT UIBUSDANCIWFIUFFQIEYJCJIMJIU
JDBM DPOTJTUFODZ PG NFDIBOJTUJD NPEFMT

"//T FYDFM BU JEFOUJGZJOH TUBUJTU FDBAVMEIASSPMBUTPBHF WD
DBVTBM SFMBUJPOTIJQT GSPN TQV SRIE®NHFGUJ B M INFBEFINP.DOTH * 0180 W,
JUBUJPO JT DPODFSOJOH CFDBVTF NPERKEFINBZOEIDBQ P8 TSEHUI |
UIBO VOEFSMZJOH QIZTJDBM QSPDFTTHNU MEBSBNQRIF DEFSBBEFO B
NPTQIFSJD QBUUFSOTDPJODJEF XJU| BERBHOWMH K QUZAVD B EFST U
BOJTNT MJOLJOH QSFDJQJUBUJPO BREVISVRIFFA/MBEEFSBQPMSBRIIZ
DPSSFMBUJPO CBTFE MFBSOJOH DB® MFBE UFF QRBI HFOJTSBW $ [
UJPOTIJQTDIBOHF EVF UP DMJNBUF WBSIBCUMIDEZTPS BOUISPQPH
5IF GVOEBNFOUBM QSPCMFN XJUI NP TUSP/ED LFIOHT BUIBWSU (FZUFHE E
HSFHBUF TQBUJBMPVUQVUTHMPCBMWMMN XUBB FBUXSPNHIAE RO NF
CJOBUJPOT 5IJTEFTJHO DIPJDF FMJWNIFONBREAMEOEZ QSPDBUBWF G B
UFS BDSPTT UIF MBOETDBQF JO B QIZTODB MBI RGEFEB $SONE i B 6 BN
UJD bPX QBUUFSOT UIBU SFTQFDU UP QSHSBQQMEJ E WDIFED F ANPVE B W,
DBO BDIJFWF HPPE QSFEJDUJWF QFS GRSSIBOBEIRISPIVET TWBUJINI
OPU HFOFSBMJ[F CFZPOE UIFJS USBJOBUHF® QJEHIMIMOTT BIDS MU
HBQ JO DVGB\SWIOY EJTEBUBVESIJBNFO BQQSPBDIFT 8IJMF UIFZ QPT1
DIJUFDUVSBM DBQBDJUZ UP SFQ S F OFI0 UQDIP NQRIFSYETFJ B H OBWEZ §F I E
QSFWFOUT UIFN GSPN MFBSOJOH UIF GYBEBWTF O LBBMHPN\X F SIBXB D F
NPWFNFOUBDSPTT MBOETDBQFT

"SFMBUFEDIBMMFOHF TUFNT GSPN'UIF B®DIS UFIDBASE T BS PG PIURK
EPNBJOT UP IZESPMPHJDBM QSPCMFNT BUUPRY/ BG Véb WXOAFBMD T



#BDLHSPVOE

JOH QIZTJDBM DPOTUSBJOUT 'PS JO TUBRNGZU AP NP BQWRIE $RBWF
45.T UP IZESPMPHJDBM GPSFDBTUJO 8 PNOHO@BSH B JDRILUBW TP 6 EB
.PJTIJOFUBMXIFSFUIF TQBUJBM DPOWPMVUJPO AMQFSBUJPOT M
UJBM TUSVDUVSFUP PQFSBUF PO 4VOBRQWSMEFDMFTVEF RO QWU SBL
PGEBUB ESJWFONFUIPETJO IZESPMMEHZBBRFN QPG DIFSF G V MDBROC
UVSF PG UIF QSPCMFN BOE BQQSPQSJBUIFB D BQEDUQSEBEEOUIRN
PG UFDIOJRVFTUIBU XPSL XFMMJO PUIFS aFMET

5IFTEFMJNJUBUJPOTDPMMFDUJWFMZ ESN®E DBRBUFPBIBIF X IRAFSES
FSGVM QBUUFSO SFDPHOJUJPO DBQBBUVHISRB ¥ O EU COFH ® SIBEDWFTGT Q|
DBOUPCTUBDMFTGPS SFMJBCMF IZETS®MRMH B D B B NBRVEVFRVOIOHT UEE S
IZCSJEBQQSPBDIFTUIBUDPNCJOF EBQBZE SDW FOBFFEJCRMT U Z BIQ
SFQSFTFOUTB QSPNJTJOH QBUI GPSXBSE GPS BEWBODJOH UIF aF

)ZCSJEBOE EJEFSFOUJBCMF NPEFMJOH

)ZCSJE NPEFMJOH BQQSPBDIFT SFQSFTGEPY BEESEN ITT DHHUT B SB/ADF
EBNFOUBM MJNJUBUJPOTPG CPUINFDFBOREUCE BO K E BOBOESIIW § &
DPNQMFNFOUBSZTUSFOHUIT 3BUIFS HNBGBW JNRUMBMMEFFQE S B &\
BMUFSOBUJWFT IZCSJE NPEFMT JOUFHSBUEIQIK KIDT EBUF E B OW
MFBSOJOHDBQBCJMJUJFTUPBDIJFNERY MUNQOWEEFHB S B W E FIQIS P
EJDUJWFQFSGPSNBODFUISPVHIBVUPIEBUDBNBOUFSQERT B E WS
FYQMJDJUQSPDFTTSFQSFTFOUBUSPUHS BCATIDH FOB BRI PEULPE
BOE EBUB FEDJFODZ UISPVHIJOGPSNFE NPEFM TUSVDUVSF

51JT JOUFHSBUJPO CFDPNFT QBSUJD VIMB\S MEZ QPKG 5 G VM XS$FE B &RV
FOUJBCMF FOBCMJOH XIBU JT UFSNFE 4 BR@ FSMBMW PBIAFSNPEFMJC
FOUJBCMF NPEFMJOH SFGFST UP B G S BNEFX®@$LNXI[FBSUF) R © BDERIE © B XC
TFBNMFTTMZ UISPVHICPUIEBUB ESJWFY BOEQPDTFIDUTCBWMEP X P E
UIF FOUJSF IZCSJE TZTUFN UP CF USBJ @FP DB EBIPIFO B UEJOHIEE
NBUJD EJEFSFOUJBUJPO

%JEFSFOUJBCMF NPEFMJOH DBO CF BQQS®B BSZEQFESHIQ BIXE JMANC
FBDI PEFSJOH EJTUJODU BEWBOUBHFTEGMS 6 B DS BMMPMHFGF DIRE
UIFQIZTJDT JOGPSNFE QFSTQFDUJIWFNBEBEJTUFSOMBAVBN AD FB®R Y O
UJPO XJUI EJEFS$FODRBQCMEFOUT JOUFHSBUFE UP BEESFTT TQFD.
HBQT PSDPNQVUBUJPOBM CPUUMFOF ODEB SD UFSEQPSWY B0 B BIMNPXT
JOUFSQSFUBCMF TUSVDUVSF BOE QIRTTDBN DPOAN T XFDNDEZ M BVINAFS
JOH/T UP IBOEMF QPPSMZ VOEFSTUPPE QSPPFNABETVSFWBNBUF E
SBNFUFST PS SFQMBDF DPNQVUBUJPO®BMWE ST Q FPCSTH WENMWNF B
USBEJUJPOBM SBJOGBMM SVOP&"NPEEER RTIHINBOPARGRSBMMZ W
BCMF TPJM QBSBNFUFST GSPN MINJUFE®PEC DPREBSFIYPEOTTPS UP SF
UIBU BSF EJEDVMU UP NPEFM FYQMJDJUMZQFORNWEBBERUB ESJWF
UFDUVSFTTFSWFBTUIFQSJNBSZ NPEFMID K BBBINEGP %M PEHHA 02
DPSQPSBUFE BT BSDIJUFDUVSBM D PBJaDSEIIPIGITE VST TWH/ OD U JP |



J)ZCSJEBOE EJEFSFOUJBCMF NPEFMJOH

BTFTBVDI FU BM 3PCFSUT #VU[ FUBM *OEVDUJWFF ODPERFT

QSJPS BTTVNQUJPOT BCPVU UIF VOEFSHMZEDUJIQWZNWZDIBAVD DS BB FJ .
UIF NPEFMrT TPMVUJPO TQBDF UP GBWR® PR W \QUZ P OITBM EXLS BOID Bi ¢
QMFT 5IFTFCJBTFTDBO UBLF WBSJPRJDGHSNBUBFDHFNEDORISBNMZ
UFNTUSVDUVSF TVDIBTDPOTFSWBUJWOWZB XTI F-SVIMBESU J B M JIPROOUDR
UIBUQFOBMJ[FQIZTJDBMMZ JNQMBWIQGMB FPWS/ATI P (BIU PC BBQ O
QIZTJDBM DPOTUSBJOUT #Z SFTUSJDRMOBIPIGFTTQMB D FPAIG Q P OTIC
XJUI QIZTJDBM VOEFSTUBOEJOH UIFTERIBNEF[BRGPE OFINIGOMW FJ (
UFSQSFUBCJMJUZ BOE JODSFBTFEBUB FEDJFODZ

&YBNQMFT
#JBT DPSSFDUJPO

AFWFSBM BQQSPBDIFT DPNCJOF NFDIBOB MHRBESKORBDBHMIZXE R BNJB2DH
NFDIBOJTUJD NPEFM PVUQVUT JOUP EBUBPRFIMREMNPEMMTFEXCJB
DPSSFDUJPO PS SFTJEVBM QFF EIPRDOPOT FAIJODFFPWVIFQV U PG UIF NF
OJTUIJD NPEFM SBUIFSUIBOCFJOH JOIBEHIBUPDHDRNDBOBOUTIEM®G |
SFRVIJSFEJEFSFOUJBCIMJIUZGPS BQIUWINITEGYMOGBBIFNEFS QFDIB
NPEFMTBTUIFSFJTOPOFFEUP SFINQMFEFF$ BORN BO BROOBY IPNMB
XPSL OOF TUVEZ EFNPOTUSBUFE UIJT BQWTSEB DB MWNRFEEJOH PV
(3 + DPODFQUVBM NPEFM/JOUP WB$BBUMHMBOE BEEJUJPOBMMZ QFS
GPSNFE VODFSUBJOUZ RVBQU/JDPBNQIFPO@EXOBDIRUBM 51F
SFTVMUT TIPXFEUIBU UIFJOUFHSBUFE RFEENWMT B B OJOFRVE E N BIFSE
UP FJUIFS QVSF DPODFQUVBM PS QVSF EBWBEEBINMWMDO MPREFWMB S/TN
QSPWFNFOUT IBWF CFFO SHMYURQBUEEBOBPWBHRSJ BM[FO FU BM
BOEEJTUSIOWBIFEU BMNPEFMJOHDBTFT XIFSFUIJTIZCSJE BQ
DPOTJTUFOUMZ PVUQFSGPSNT CPUI QWBFENFDNVNB O NREDBDMIOE QVSF

1BSBNFUFSJ[BUJPO OFUXPSLT

5lFFQJIQFMJOFDBOBMTP CF SFWGSPEEDFIFBFFB@MBSBNFUFST GPS B |
BOJTUJD NPEFM BOBQQSPBDI TPNFUJNATOOD@MNMPE B QEDSUBIN F UDBS'
UIFNFDIBOJTUJD NPEFMOFFETUP CF EDAFSFFDABBGVEBNE U N MK
GFSFOUJBUJPO GSBNFXPSL UP BMMPX IFGISFPNSFIDIIB O B M JUDPNoRPEXF M| S
BOE PQUJNJ[F UIF EBUB ESJWFO DPNQPOMPSL BB E¥XFBWN-QWK) FF D
BEJEFSFOUJBCMF .VTLJOHVN $VOHF SFVURO@ H NPEC® WM WS B B NlPHPES
QSFEJDUJFENIE BTUSFUOWFDEIEBT FUBM5IF QBSBNFUFST PG UIF
SPVUJOH NPEFM BSF QSFEJDUREBIZWBBLFNQMWBUJIJD BUUSJCVUFT X
TDSIJCFUIFJOEJWJEVBM SIJWFS SFBBTHBWRERIVMBEBUU FEEUWBS BNV E
[BUJPO OFUXIPRENLI EPTSU SIPEFWMREOH BQQSPBDIFTUIBUQSPEVDF CPL
BOETUBUJD QBSBNFUFST GPS DPODFQUYBMISBG R&ENPEIFMTHB/OIE E
$VOHF SPVUJOH IWWOEFMJ BM ;IPOB1 FU BM JPXFWFEFS UIJT BQ



#BDLHSPVOE

QSPBDIIBTTIPXONJYFESFTVMUT XJUIOTHNRBYFOFGBBEQUVIBNFRB
FMTEPOPUTFSWFBTFéEFDUJWF SFHYO'BSII[BOEPW BB/FIIFBSBNFUF ¢
DPNQPOFOU QSIJNBSIJMZ DPNQFOTBUFT SSIEESNEFPHMM FBDJIFE UOBWI F
QSPWJEJOH TZOFSHIOVYB GHFQBOWPTB FUBINIMF TPNF EFHSFF PG

JOUFSQSFUBCJIJMJUZJT SFUBJOFE DBNQBSSHFHEDUPTQVWSF EBEBUEB OW
DPODFQUVBM NPEFM DPNQPOFOUT EPF TBIOPDUFBIMRQEBARPTWMRNEFBOURF QF <

OUIFSBQQSPBDIFT

OUIFSIZCSJENPEFMJOHTUSBUFHNNFNOB@UYERB DIFPXVESF O U
SFDFIJWF CPUI NFUFPSPMPHJDBM EBUB BOE PRWERWUTIGYMUREDP I
PVTMZ SBUIFS UIBO-YOFUFRRWFOIV® 1 QIZTIJDT JOGPSNFE IZCSJE NP
DBO QSFTFOU JNQSPWFE QFSGPSNBODF JOSEHFES N U PR3 MBREEEDBVCBIBIDH
BOEHFOFSBMJ[BUJPODBQBCJIJMJUZ GUFCHE HQFIEEQHAEBWINE @DRJ
BDDVSBDZ PG UIF VOEFSMZJOH QIZTJD FNBNREQ@RE SRPOIFCU "OP
WPMWFT OFVSBM PSEJOBSZ EJEFSFOUIJBMAFRVBIRIEODEF SFOYBE N
FRVBUJR@TTBSGF SFQMBDFEXCZMF NBJOUBJOJOH UIF PWFSBMM NPE
UVSFOHF FUBM 5I1JT BMMPXT GPS NPSF bFYJCMF SF@BM FOUBUJF
QSPDFTTFT XIJMF QSFTFSWJOH TPNE GIZNNFFDIBMEJO U 63 QBEFEEB CJI M.
CSIJEBQQSPBDIFT DPNCJOH EDEPNSFOOURBCEMEPS CBTJO TDBMF NP
XJUIOPO EJEFSFOUJBCMF SPVUJOH NPRENNJESEFRMIG JTOIS BB RIB SMI
UIFNPEFM DPNQPOB BGWT

11ZT7TJDT DPOTUSBJOFE EJTUSJCVUFE NPEFMT

4PNF IZCSJE BQQSPBDIFT GPDVT PO JODBSBPGBUION R EATTIDHIN D
"/ BSDIJUFDUVSFT 'PSFYBNQMF DFSUBJIOVNPEFIMISE DB DEUWARVP C
DFMM DPNNVOJDBUJPO UP UIF EJSF DOUBROOHHF® BUW FEBFOH EFTDFO L
FUBM )VZOIFUBM 5IJTTUSPOHBTTVNQUJPO FEFDUJWFMZUSBO
JOUP B EJSFDUFE HSBQI FYDMVEJOHSHZ3PYOEVMNXDVBVPUIEME JC(
SFDUJPOT 8IJMFUIJTDPOTUSBIJOULUOPPNRESBBEE NBRQ BPNQB BRWH
DPNQVUBUJPOBM FéDJFODZ JU MIJNJWINVE HFW P EPMVWWM B NNDMIZYU B .
EJTUSIJCVUFE XBUFS NPWFNFOUBDSPTTUIF MBOETDBQF

-JNJUBUJPOTBOEDIBMMFOHFT

5|lF bDFOUSBM DIBMMFOHF JO IZCSJE NPEFMGEBINBM KB MBOD & @CHEJ
UXFFOQIZTJDBM DPOTUSBJOUT BOE EBMBSHSNWIRODICFYREQMIBD F.1
aDJFOU QIZTJIJDT CBTFE TUSVDUVSF UPHEO/IW SF IBNLTB B BB\DM ZSIR EB/(
HFOFSBMJ[BUJPO XIJMFQSFTFSWIOMGPPYHI EPNQPEOTFP® GSFFE
UPEJTDPWFSOPWFMSFMBUJPOTIJQOTB ORVEESBIQZLS B PWIPIIDBM W F QEZ
CBTFEDPOTUSBJOUT DBO QSFWFOU UIRUBPBEFYVBAIFS UF BSGEICGB U
UIF EBUB XIJMF JOTVéEDJFOU DPOTUSBJCOWFBISBZTEIWNE B RWI B NRE |
UJPOTIJQT UIBU MBDL QIZTJDBM NFBOJD® | BMMFMHI OH T EBBNBTCHT



JZESPMPHIJDBM NPEFM MBOETDBQF

SFRVIJSFTEPNBJOFYQFSUJTF JO CPUISAB NOEFHSBAZE O R A 3 DJDB M
DIJOF MFBSOJOH UFDIOJRVFT 4VDDFXTJDR QFDTEIIDBM™ JEFIODIIBYM K
BSFNPTUGVOEBNFOUBMUP QSFTFSWF XUMYI XSWW VOEFTSBSPRPEA&
DPOTUSBJO FYQMJDJUMZ BOE XI1JDI| B TCHDAATU NG DUFGTZPNU EB XP V
ESIWFOMFBSOJOH

JZESPMPHJIJDBM NPEFM MBOETDBQF

)BWJOHFYBNJOFEJOEJWJEVBMNPEFMJORTQESBIEIHMBR XS DX FI
UPVOEFSTUBOEUIFJS SFMBUJPOTIJYBBPEUEPEENIDHBMBOETDE
'"JHVSFQPTJUJPOTFYJTUJOHSBJOGBMM S WVORANKPEFWIBDBNEFDQ S P E
UBM EJNFOTJPOT 5IFIPSJ[POUBM BYFFOSESFORNBUTIROFTQEPDST
GSPN QVSF EBUB ESJWFO NFUIPET MPG WP WIBSWHEFBEMOJBUR NEOT
BOJTUJD NPEFMT SJHIU CBTFE PO QIZUJDBM BOBXMFEHRDB USIFQBR
EJTDSFUJ[BUJPO 3B0EEE NBEMBW USFBUDBUDINFOUT BT TJOHMF |
UPN GFMMZ EJTUSJCRNQUFEBURIBMHVWIO SFHVMBS HSJET UPQ
.PEFS@5. BQQSPBD3BT[FSU FU BB/SF QPTJUJPOFE BT EBUB ESJWF
MVNQPEJMF DPODFQUVBM NPEFMITMBLFNBSF NFDIBOJTUJD BOE
MVNQPRECSJE BQQSPBWAFU BM#JOEBT FUBMRDDVQZ UIF DFOUFS
SFHJPOCZDPNCJOJOHQIZTJDBMDORRMBPE®R XJU I
.BOZPTUFOTJCMZ SEJTUSJCVUFEt BQMISMBOIE TOBINBMPEPTE 8
4FNJ EJTUSJCVUFETNPEBMM 4 $IFO FUBMBHHSFHBUF JOQVUT
XJUIJOTVCCBTJOT XIJMFTPNFHSJE SBTUE E BIWSERPWBHOS NTPRIRN F S U
TUFFQFTUEFTDFOOU BEOSIFDWUBMOIBOH FUBMPS QFSGPSN HMPCBM
TQBUJBM BHHSFHBUJPO CFGPSEREEDF BIBBMF RSHEBDH JPOBM

5S\G'VMMZ EJTNBEEMUGE XJUIPVU TQBUJBM BHHSFHBUJPO P S
TUSJDUJPOTJTQSIJNBSIJMZ GPVOE JONEDIBWEOFLUDBBPEFMT MJLF
7*$ -JBOH FUBM
%33"J/fTQPTIJUJPOJOHIJHIMJIHIUT B SFMBUJM E DIPBIEDIDFZ PG BQQ
bFYJCIJMJUZ XJUlaOF TDBMF TQB UJBMGUFRISFITFH BB WB PES JAV FIDAVN
JOH DBQBCQAMIUINDDPSQPSBUFT QIZTOEN DO GR B KSHBVIHIT
PVUJUT GVMMZ EJTUSJCVUFE BSDIFRMWDPUBBJSNQSFODROPUUDA B Q
FYQMPSFE SFHJPOPG UIF NPEFMJOH MBOETDBQF
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4FNJ EJTUSJCVUFE

-VNQFE

%BUB ESJWFO )JZCSJE .FDIBO

.PEFM 3FGFSFODFT

-45.,SBU[FSU FUBM $POW-45.-1 4 $IFOFUBM #5001 -VNQFE -45JNBJFUBM
-45. 6& MPU[FUBM -45. .$ ,SBU[FSUFUBM C %33"J//4DIPM[FUBM B
-45. 6&/FBSJOH FU BM -45. .$ )PFEUFUBM YH#T#FSHTUSON

(/1 .PTIFFUBM -45. .$ : ) 8BOHFUBM 4"$ 4 ."#VSOBTI

(/I 1FS PSE¥EFCXB FUBM -45. 54(BVDIFUBM (3 HFSSJOFUBM

(/' 1FS TUBYJIPOH FU BM -45. 54'DV™B &TQJOP[BFUBM 7*$JBOHFUBM

(/1 (36 4JUFUBM (/1Y -45.X EFTDFLBOH FUBM &'™451JFMFO FU BM

(/I -45. 4 $1FO FUBM .$ #JOEBTFUBM 501.0%&#FWFO FU BM

(/1 58/ 4VO FUBM 1BSBN.$ ;IPOHFUBM B 48"5"SOPME FU BM

(/1 58/ 8BO FUBM -45.! 3PVUJORUBM 1BSBN X EF¥D8BMH FU BM
$// -45. 6FEB FU BM (3 + 3// 5JBOFUBM 1BSBN X EFMYZROWFU BM
$// -45. 1PLIBSFM FUBM 4"$ 4." -45. ,POBQBMB FUBM 4)& CCPUUFUBM B
$// -45.1 -JFUBM 13.4 -45.-VFUBM (MP'™4MaFSJ FUBM

$POW-453FHPOHZBOH FUBM /IFVSBM 0)%&F FU BM

"JHVSF -BOETDBQF PG SBJOGBMM SVOP& NPFEGRTDHIPQEE EEDUFT) S EEFIE
NFDIBOJTUJDWT EBUB ESJWFO NPEFMPIDRD VBRNRIPES E N BIMBRE Z
BYJ%33"J//PDDVQJFT B VOJR\GFVQOMMIZ BJFEBHE ESEWFO BQQSPBDI XJUI QI
JOGPSNEEDUJWFFGIBFHSFTTIJPO 1BSBN 1BSBNFURSHBRUBBGOA501 #M
0%&- BOFYUFOTJPOPG501.0%&- XJUI .V HIDHWND SIVFOHENS PV U J
.VTLJOHVN $VOHF SPVUJOH 6& 60DF.SUBJDRETFSWBBURI® 054$5INF TD

13.4 1SFDJQJUBUJPO 3VOPé .PEFMJIONMZTEIAN SB CL\BBEE UHTHEN B U
BM
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#BDLHSPVOE

5BCMFRQSPWJEFTB TZTUFNBUJD DPNQBSJTPOIFG BDSIPFTNREEMJIOH
DIBSBDUFSJTUJDTUIBU JObVFODF G PFRINBBIDFMIDBIERGAOZUBIDREOQH

4QBUJBM HFOFSBMJ[BUJPO

OOFPGUIFNPTUDIBMMFOHJOH BTQFDUHDP® IFESSPMPE O BB/MNHPHED-|
BMJ[BUJPO JF UIFBCIJMJUZ UP BEG®WVY NP B6GNEB U B BIJJXDHE F 8 DO
BSFBT XIFSFPCTFSWBUJPOTBSF TDBEORJPBUFOVWDEFG X BRCXFEOME (
SFNBJOT JOBEFRVBUFMZ FRVIJQQFE XBHEHFOFPIUURKBIFIODHHIWFISTEHIE
QBCIMJUZJT DSVDJBM GPS HMPCBM X8V NBOBHFWEIOHB 68 UDK
IZESPMPHJDBM MJUFSBUVSF UIJT DIBT)MFDBHFUUP G R®ON\BMHVEZV IHE [
CBTJOT 163WBQBMBOGWIFTDPQFPGUIJTQSPCMENJTWBTU &BSUIr
SFNBJOT MBSHFMZ VOHBVHFE PS QPPSKZ EBWHMEP GJOQH D PEIDOM 3B J
XIFSFIVNBOJNQBDUT PO IZESPMPHIJDBMTIZIWEBEQBMBO PGUFO HSF
JPXFWFS UIF GVOEBNFOUBAMMEYEBUYNEMUZIPGPOE EBUB TDBSDJUZ 4
VOEFSTUBOEJOHPGCBTIJOSFTQPOTFOSEFMNBUGYUSCSBRPMBRIUP GBS
HBVHFEUPVOHBVHFEEGBYVBTWBSUIJDVMBSMZHIWFOVOQSFDFEFC
JOEVDFEMBOEVTFBOEDMJNBUJD DIBIQHETJIBO6 BEIIPED EM\E F MPRX
PWFSTFWFSBMEFDBEFT IBWFNFU XJUUOHNWVIRNBEQQSPBBETANKIBUOF
BTPQUINBMEFTQJUF FYUFO)JBWB S8MTFBSDIFEPSUT
.PSFSFDFOUFéEPSUTIBWFBUUFNQUFEURBEEVHITQIZMTRDFIDIBEMEN
BQQSPBDIFT 5IF .VMUJTDBMF 1BSBNNBXBSIE-NBPOBENH BEUJBPND GSE
BOE TDBMBCMF USBOTGFS &GV ODIPEPROUBBEMIGPBYTHTO JN

QSPWJOH QBSBNFUFSJ[BUJPO BOE DBRQUYSJD B FIYIBWIIBMTIGBBIB
EJTUSIJCVUFEQBSBNFUFSTGSPN PCFBSWBIIMAMSPEH DBIBFODONIBESS
UJPOT 4VDIBQQSPBDIFTBIJNUP SFEWOPOBRKET@FIMR DN BBMIEX
JOH QIZTJDBM DPOTJTUFODZ )PXFWHSIRIOBMH [BIZIB DTN EB THETSSF
NBJO DPOTUSBJOFE CZUIF BDDVSBDZ PGJVROXEIFBUEIOH DBBOQWGBE
OFTTPGFODPEFEQIZTIJDBM SFMBUJPOTIJQT
51JTQFSTJTUFOUDIBMMFOHF MFE WROUWIRZESPMPBUDPBK UIlBRSIMNIT
NPEFMT XFSF MBSHFMZ JOBEFRVBUF GPGBQ3®HEBD IPIPIQT 5O VOHB
BM 5|F DPNNVOJUZ SFDPHOJ[FE UIBU NFBIORIEOHIGEMJIDSPEBFTT
DVT GSPN QBSBNFUFS aUUJOH UPXBSE QGFPEDARM TYDEFSTVYSB K EJBGH
OPTUJDT B QBSBEJHN TIJGU FNQIBTT[RWHRHUFNRIBU DB BIMDBIMIIICS B
BQQSPBPSBDIPXJU[ FUBMFDFOU EFWFMPQNFOUTJO NBDIJOF MFB
PQFOFE OFX BWFOVFT GRBREBIBMIMWHAOHEH %BUB ESIWFOBQQSPBDI
UPNBUJDBMMZ FYUSBDU QBUUFSOT GEBN MBS HFPN\FDOUJ BEDNBM D DN
JOHIZESPMPHJDBM TJNJMBSJUJF TBUBRIOUNBEIRETP N BM S RHIFMYBSI



.PEFMJOUFSQSFUBUJPOBOE FYQMBJOBCJIJMJUZ

TVMUT IBWF CFFO FODPVSBHJ{HTODEUO P\GUDESGMEN CPUI DPODFQ
NPEFMT DBMJCSBUFE JOEFQFOEFOUMAUGPC\FBEEXDIBAWBONFOU BOE
QMIJFEUPVOHBVHFEWBSUVGEU BMIJT TWDDFTTIBTMFETPNF SFTFBS
UP DPODMVERIUIBUQFDIJBMMZ FEFDUJWF BU GPSFD/FBWIOH JO VOI
JOHFUBM TVHHFTUJOH UIBU UIF QBUUFSO SFOPHOBIAUGFO DBQBC.
XFMM TVJUFEUPJEFOUJGZJOH USBWOWIRXFSIBQWBDSEFSIPMFMERIEFBBU IS E
NFOUT

4QBUJBM JOGPSNBUJPO BOE IZCSJE NPPENFAM FOGPBI PX @QBFRWJION MBS
HBVHFE CBTJO QSFEJDU4AP.OXIWBLISBIDEIKMWMHSFHBUFE EJTUSJCVUFE
TIHOJaDBOUMZ IJNQSPWFT NPEFM BDD WNEIBSHFEWUADE@ VU TUBUJF
QSPBDI¥MFCXBFUBM XIJMFQIZTIDT JOGP4HN NP EAVSIIEFNP O
TUSBUF TVQFSJPS PVU PG EJTUSJICIWUUI PO BEFEIPWBRPO PBQBCJIM
QIZTIDT JOGPSANFENFXPSLTVTIJOHTQBUJBMEJTDSHMBJZBUJPO XJL
ESPMPHIJDBM NPEFMT IBWF BDIJFWFE SEFBIBGREB T MM BWZ VIO LETP X80 F
TUSFBN TUBUJPOT UIFZPVUQFSGPNWYEBHEEJJBJIUEGBMUEIFIUSGICTH B |
VQTUSFBN VOHBVHFKERORDBWBRIOT B

51FTF BEWBODFT IBWF JNQPSUBOU JNR VZESBRMP BDIDGRSNFPIHRNGJICF
SIFTVDDFTTPGEBUB ESIWFOBQQSPBPKATUWIBNMOMHBY MFBEBTJOT
USBOTGFSBCMF IZESPMPHJDBM SFNQBEDJRD DIBQ D IWBQUILIEBG BRI
UuJbT 51JTDBQEBCIMJIUZJIT QBSUJNVMVUMB SINE W™ \XB CMMANGH S BFIQES
TFOUTQBUJBMIFUFSPHFOFJUZ BOE bPXDIBRQIFOPD BSWEB U BDNEPH M
DBMDBMJCSBUJPO EBUBBSFPGUF@WIBWMEBEINBCMBTFIEDOOFHSB
XJUIEBUB ESIWFOMFBSOJOHJT FTQFRDHI@BMUZFESSPSIBD PO JDBRO L
CIMJUJFTXJUIGVOEBNFOUBMQIZTIDBWFE®IZES@MPHUDBWTA P MW
SFHBSEMFTT PG MPDBUJPO

.PEFMJOUFSQSFUBUJPOBOEFYQMBJOBCJMJL

*UJT PGUFO DSJUJDJ[FE UIBU EFWFMIPRF®PB® FB U E¥YBWFOPS P
JOUP UIFJOUFSQSFUBUJPO PG UIFJZEBNNMNPO @ R THBIILFB T FWIBFSE
EFSTUBOEJOHPGUIFTZTUFN r IVJORJFSEOBQMFEOBOBNERXTF W F S

SFDFOU SFTFBSDIIBT CFHVO UR E BNBROOJQEBREFQSBWIEF NFBOJOH
JOTJHIUT JOUP IZESPMPHJDBM QSPBTFIMBIWHF TIFPXBRIBBIODF TUVEJ
UFSOBMMZ MFBSO UP SFQSFTFOU QBBWRYIBT DWB VIOEFOW R OENP
IZESPMPHJDBMSIEZO[FESNTFU BBIOE DBEO EFWFMPQ SFQSFTFOUBUJPO
NJUUFOU TUBUFTMJLF TPJIJM NPJTUVBEIRIBI QI B FOOHBAPFS TOVH IOMBRSYJ(
-FFTFUBM S5IFTFaOEJOHT TVHHFTU UIBU EBUB ESPWMZ BQQSPE
BDIJFWF TVQFSJPS QSFEJDUJWF QFSGP SRBIMDFCQCVUaBWICPEBFBOUB
JOHCZMFBSOJOHIZESPMPHJIJDBM QSWBRNTPEOBMISEBOBMZ GSPN PC
OOFQSPNJTJOHBWFOVFIJOWPMWFT MPBBESBHUP BHEBGES MEBU VIO \B
BCMFT UIBUBSF PUIFSXJTF JOBDDFTTUCMIFPOPTEES 5B G MIF B PSRN
PG UPUBM EJTDIBSHF PSJHJOBUFT GSRNPUVECHVIBIGBOF P KEJBFD U



#BDLHSPVOE

NFBTVSF TVCTVSGBDF bPX 5I1JT SFOEFSMTZ\BOMBESHSB\EGEHWP® P&
IZESPMPHJDBM4CFOBWIP3FDFOU DPOUJOFOUBM TDBMF TUVEJFT \
CBTFEEJTUSJCVUFE NPEFMT IBWF SFWFBMIAESWPNCGE DF O O PBUJIFFG
‘BOHFUBM 5IFZTIPXUIBUHSPVOEXBUFSDBO USBVM6AHMFVWOESFET
GPSFFNFSHIJOHBTTUSFBNbPXBOE UIBU BFPM BIEPW BHE KB EJFNSF®SPT!
DPOUSJCVUFT NPSF UIBO IBMG PG UIF CBBEBBPX TU IF PRBOTWICOEEDT J
UBM 60JUFE 4UBUFT 5IFTF aOEJOHT VOBIRZTD® SN CPUSGBEBEPRR
QBUUFSOTBOE UIF MINJUBUJPOT P@BQREBEPBIIFORNBABNBZS \OCBEHX
FTUINBUFJOUFS CBTJO HSPVOEXB U F SPERIXBE/E RIYPQOPRSQUDQ/ SRS FOTUT F
5|[FTF MBUFOU WBSJBCMFT MJLFMZ DPSBRBJCBALUIFPOPBQBPJI TNEE F I
%BUB ESIWFOBQQSPB'DIFTDBMMADIBMMZIZESPMPHIDBM NPEFMJ
DBTFT CFDBVTF UIFZBMMPX MBUF O U S\FBISQBEZWIRA FUWPZ GRS PONGFFGTSHS
UJPO EZOBNJOTU BMOUUF FUBM 51JT DBQBCJIJMJUZ NPUJWBUFT
RVFTUJPO XFBEESFTTJO UIJT XPSL (JWFOJOIKIBOTBSWBE EXEOBN
QSFDJQJUBUJPODPOUSJCVUFUPUIBERFPTIWSFEVEXHDBEBRKX 4JNJN
OPUCFEJSFDUMZNFBTVSFEBOENVTUCRKRFOGFSIREDBD U® 5 SHOABNEZ
BOBMZTFNMTPGEBMVBCMF UPPMT GPS FYUFOEJOH PVDVOMFSTUBOE
4JU FU BM

S5IFTFMBUFOUIZESPMPHJDBM QS P BEBIDFGH P Q BBWILASNOB SBMYETREF DU
DBUDINFOUCPVOEBSJFT DBO CF JOWHIUBJXJHBUFEBO 8 RMVH FIMPULEF SR
“IIT "OTXFSJOHTVDITQBUJBM BUUSJCVWHEPOQFAUBIAIN DUTZSNFRRWI PE
UIBUDBO SFWFBM XIJDI TQBUJBM JOQV ET INPIRQIO "'\ WPOMMHFFNB E BM
JOH JOUFSQSFUBCJIJMJUZ BQQSPBDURP CHI$ BEUFFEOTUBGE T¢-ESBIID Y M2
XFMM TVJUFEGPSUIFTFTQBUJBM RVMZ DPIN®DIV BA IPDFXK PBOM-BB UF
QVUT SFTQPOE UPDIBOHFTBDSPTT TRBUBB M M E EIIOTIRVIFCTVIUTEM DE
TBMJIJFODZ NBQT XIJDI DPNQVUF UIF HSBBUHGUY PGFDREEF R PO/QQW
GFBUVSFT BOEJOUFHSBUFEHSBEJFOMHF BXJU B I4VEIPENRIEEEFSNBP SF T U |
KBOFUBM 'PSEJTUSJCVUFE IZESPMPHJDBM NANEFRMP QBMBHTTJOFL
JDBM EBUB UIFTF NFUIPET DBO JEFOUPGZ BIAD WBFPIBEBMFHTIN BFL
TUSPOHMZ JObVFODF TUSFBNbPX QSPPEOIDUPBROIYBNQREDJaD MPD
FUBM EFNPOTUSBUFEIPXTQBUJBMJOQVYTIFODBOUEKFOWIBDOBMZ
BQQSPYIJNBUF DBUDINFOU MPDBUJPO MGO®H XKBEIINUHTSQ & JBOAMIMCTZUS |
NPEFM GPDVTFT PO GPS EJTDIBSHF Q89BEODQUBEBORSRXRITUNIQSFOR QI
TUSPOHFTUTQBUJBMDPIFSFODF XJUIRD PBAOTOIBBUYE N F K UUCZPE/JSHE-BX
BEESFTTFT RVFTUJPOT BCPVU QSFDBYQJPBWBED FKIJH OWE-S HWF BBMUIESE
PG XIFUIFS NPEFMT GPDVT PO IZESPMPBM DBMMESNGBOJOHGVM TQ!
8IJMF HSBEJFOU CBTFE NFUIPET BSF RIXBADBBMM Z MITTF WV MZGPFRQT
TFOUKVTUPOFDBUFHPSZ XJUIJOUIFQSPBEE $INIBXZEBIOPBRHBEDGE BD L
TFBSDIFST IBWF EFWFMPQFE WBSJPWODTREDURIWBEO ECGIJIVBIWZHEFEQ B
JOUPNPEFM BHOPTUJDBOEHSBEJFOWEBUFE BEQ BPEBID |.FPFIEXMSBB.
QFSUVSCJOHJOQVUTPSBOBMZ[JOHNBHEM BUDOVTD UK NPIPANW 51
EJFOUT JODMVEJOH 4)"1 4IBQMFZ "EEBJ& JVPD BV INOBFBQPHIFUB CM |



4VNNBSZ

.PEFM BHOPTUJD &YQMBOBUJPOT BQPRFBAOVBEBBBEUINBBESE-BUVSFJ
5|FTFBSFVTFGVM GPS MFHBDZ NPEFMNBLURD EN@ MFNEGDJIB-E .
UJPO GSBNFXPSLT UIPVHIUIFZ BSF HF OB SEMWNHM RBIURSIV @ 8 U G
JOEJTUSJCVUFE NPEFMT
SIFTF CBTFEJOUFSQSFUBCJIJMJUZ BQQSP BM FAESSAPPNMPMBIRB®IWOS
GFSFODF NFUIPET UIBU UBDLMF TINJMBSPF RVFTBT P OF SBREYPB/NUQNHB-L
TUVEJFT BOBMZ[F EJTDIBSHF NFBTVSFNFID BRVPGEOPSBEBODOKEU SWI
BOETUPSBHF DIBSBDUFSKIVICFXFWIBVBREESFTTIJOH TPNF PG UIF
TBNF MBUFOU WBSJBCMF RVFT/UXBWJISUBAWNPOBOBWZTFT 5IF JO
UJPOPGJOUFSQSFUBCIMJUZ NFUIPEBIXJ UOPYXMIFFEHIBEAMIIFFEEGB ]
QSPNJTJOHBWFOVFGPSBEWBODJOH CPUIZNERSEPIMWWOE B B TTWDRIG B DG

4VNNBSZ

51 JTSFWIFXSFWFBMTBDSJUJDBM HB@Q@HMWBIG EZ D BRNM P 8/ IJ00VBAVNNF D E
BOJTUJD NPEFMT QSPWJEF QI1ZTJ D BHWHNORUX BU DRBIMICCISVBIULIZP OVBLOTEU
FSBMJ[BUJPO EBUB ESIJIWFOBQQSPBIDDPIWBIQF®EPISNEGODPE QS F
QIZTJDBM HSPVOEJOGHV MMU ERIVHISICWNYFEUNREFMGBMM JOUP UXP
FHPSJFT .FDIBOJTUJD NPEFMT UIBU RBJXOWBGB OK B UK B K BB B SH-
MINJUBUJPOT PG QIZTIJDBM NPEFMT BROE/EBE B ERBNE FEO/OEBRNW D L
UBMBSDIJUFDUVSBM DbBXT MJLF SFTFFHBIWIH OFCIHK P S B B J'TCDE B $BIHA
EJDUJPO FMJIJNJOBUJOH TQBUJBM E RKIFFORFIONDRTF U PEMOHBSION® M T O
QMBVTIJCMF XBUFS NPWFNFOU QBUUFBDFYIMUJDOHNEBBB JFI) Q& DBV
QSPBDIFTGSPNBEESFTTIOHTQBUIJBEMMEZFYQMPDB BV RNRJIB CP B¢
BSJFT TVCTVSGBDFbPX QBUIT BOEOQSFPURRVBUUPOCBIUBRASRHDVOU
UupPp BEWBODJOHIZESPMPHIJDBM VOEFSTUBOEJOH

%33"J//BEESFTTFT UIFTF MIJNJUBUJPOT UISPVEVEB N EWFRAVEBONCJ(
ujBCiJmMJuz GVMM TQBUJBM EJTUSECB/SDIROFPON SBKTEDTJIHOG #Z
FSBUJOH PO HSJET XIJMF QSFTFSWJOMVIHQBUYUBMEGRBRESFIODJIFT
3"J// DBOMFBSOUPJNQMJDJUMZ JOGFS F éRDIWFSVAEBRYID BIF OOJTB S |
*UT NPEVMBSBSDIJUFDUVSF TFQBSBRIFG SBN @ G BM B SSMOSREVQS B BHF
DPSQPSBUJOH QIZTJDBM VOEFSTUBOECOMIIZNP NEB J O B B/FC5IJMAHN]
QBUUFSOT 11ZTJDO BENOGPISWHREUBHBTF NPEFM UPXBSE QIZTJDBMM:
JOHGVM TPMVUJPOT XJUIPVU PWFSMEZDODORZATUSBJOJOH MFBSOJOH
%33"J/FT GVMM EJEFSFOUJBCJIJMJUZ FOB CMFI NHFSWBIP EFTOWP BBOT FE E
TXFSTQBUJBMMZ FYQMJDJU RVFTUJP GDC¥IFBFHEP PUER XBIBRBSTF BA
UVBMMZ PSJHJOBUF )PXEP FEFDUJWF P3 G B PNNIORQPAHVSBER $DBME
EFSIWFE XBUFSTIFET XIFO TVCTVSGBD FDhPXTC BBIFOHPORVEF I8 FOE- W
XPSL bFYJCIMJIJUZ XJUI QIZTJDT JOTQBSE®EHBIFDADUHSBY ®IMTTXIB MFBN
PMVUIBG"J//SFQSFTFOUT B QSPNJTJOH TUFQ UPXBSEFEGFTPMWJO
BDDVSBDZ JOUFSQSFUBCJIJMJUZ BDESPIMPHIBPBN) MBEFWNADNMHIUZ J
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CH'3"

SIFCFTUUIJOHBCPVUCFJOH B TUBBIZJTO FWBIXZPOWIE LBV HE D
+P1O 5VLFZ

5|1F MJUFSBUVSF SFWJFX SFWFBMFE RSPBIDBRMBBITLS FF VUG EO |
EBUB ESJWFO NPEFMT FJUIFS SFTP S U JFFOHVSPEBM TUFBN B B ®IUBBHIIDS
UJBM DPIFSFODF UISPVHIPVU DPNQV UNBIUWIFPWI PSPTB KERBFSTHTE IFT F M
3"J// BTQBUJP UFN@EIPBEMUFDUVSFUIBUNBJOUBJOTTQBUJBMDPI
PVUJUTDPNQVUBUJPO XIJMF JODP S @FPSBIUISEUQ LZT UP F T O BN\PESUNF
EJTDIBSHF GSPN TUBUJD BUUSJCVUBHBOE REUFPSBRYVUED BIN GO
8F FWBM%B®'R /T FTUJNBUJPO BCIJMJUJFT QIZTJD® MUJMBESV TJICJIM.
DIJUFDUVSBM EFTJHO DIPJDFT 8F EFNPO BBFBUF IPSWMESEPSNBIE
UIF /FDLBS 3JWFS JO 4PVUIXFTU (FSNBOB WPNDJBEIANE B LFUP TINV
QFBO 'MPPE "XBSFOF'T44.BT[FANUJ FU BM633"J//BDIJFWFT CFU

UFS QFSGPSNRUODGRSBAFBE UJNBOTEFBZVBOP QSPWJEFT JOUFSQSFI
TPVSDF BUUSJCVUJPOT UIBU FOBC M RJUWF SFEWPI NF SWUDRIS PET PGS |
NPEFMFE EZOBNJDT

.PEFM

%33"J/fT TUSVDUVSFJT HSPVOEFE JO UIF GP WMMP)GIFROSNBRBUB @O E
TPVSDFT S5IF MPDEBHFPP®AS FTUIJNBUJPOT PG EJTDIBSHF JO UIF S
BSFEFUFSNJOFECZEJTDIBSHF HBVHJOHFSVBUE BE BERGEEBEHE SP W J E |
UIXCBMAhQFSJPET 5IFDPOOFDUJWJUZ PG TUBWBBOFUWBHBASNIOFE
FODPEFEJOBOBEKBREFODE WBIRHBYE NFUFPSPMPHIDBM GPSDJOFH
GPSIPVSMZ UXNBFSGHFIXDPIEFE PO B HSJE UIBU PYU.FEOESSTIWFEP OE U IF
DBUDINFOU CPVOEBSJFTUPFOTVSF DPSPMFNHFOCBAMM-SEB PIG P &SI
BSFB (JWFO TUBUNB WBREIPMPHJDBM;6 PSMIFBOHIF XIPMF EVSBUJPO
1Gee*@)°JOIPVST BOE QBT&Y kg F VESSHIF UV O PGk @RVIPEZ T

%33"J//FTUIJNBUFT BBIgR¢B PWFS B UFNQPSBM GV)WUEBATITWSB[PO PG
BGVODUSFQSFTFOUJOH UIF MFBSOFE TQBUJPFORNE@FCZBWMINBQ QJ
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NPEFM
&8—51':1:(3_;1') = 52— =—g@) — &’

"SDIJUFDUVSBM OWFSWJFX

5|F NBUIFNBUJDBM GSBNFXPSLBCPWF JTBFBHWOIEFE&ENHALE BGDI BUFIEZ
UVSFUIBU EJTUJOHVIJTIFT CFUXFFO GE/SOFEMBMHFCDUBBW QZ PRI FBFD W
GBDFBOETVCTVSGBDFbPXFYIJCJU EOUUBNERUIFY BIBRTFEBMANP WE.
QSINBSIMZCZUPQPHSBQIJD HSBEJPBOBKSIHFOOWPMYEB TW A WFG LES
bPXUISPVHIFTUBCMJTIFEDIBOOFMT HV$BIOHZEOBNE DETFEBEE D D RE |
OFDUJWJUZ QBUUFSOT

51JTQIZTIJDBM VOEFSTUBWEI'QOHIN NPEVBIWBRSTEFTIHO XI1JDI TFQBSHE
UIFTFQSPDFTTFTJOUP UXP DPVQMFEMCPRENNFPEFMORIOE B £B J O GEBSVH\F
NPEFM 5IF SBJOGBMM SVOPé& NPEFM POQFFBHBQRVEBP BISHISVUBS
DBUDINFOU QSPDFTTFT XIJMFUIF EJTDCBISHE $SFREWM VHG T BUHFEQ
TINVMBUF bPX UISPVHIUIF SIWFS OFUXPSL
4FWFSBMENDUIWHYIBARBTIT BSDIJUFDUVSF

ulSPDFTTTFQBSBUJPOUNPEFMIJOHPGTQBUIJBMMEFY UFOEFE
TVT DPODFOUSBUFE SIJWFS DIBOOFM bPX QSPDFTTFT

u4dQBUJIJBM DPIFBSIKIODHFOBODF PG TQBUJBM SFMBUJPOTIJQT UISF
UJPO XJUIPVUQSFNBUVSFBHHSFHBUJPO

ullZzTJDBM DP O OFDDRNWNIRIZBUIPO PG SIWFS OFUXPSL UPQPMPH
TUSVDUVSF

u%ZOBNJD QBSBNFUFTFIRBUIZRBSOFUXPSLTUPBEBQUNPEFMCFI
POMPDBMFOWIJSPONFOUBM DPOEJUJPOT

'JHVSFQSPWJEFTBTDIFNBUJD PWFSWIJFX PG URPXTUBSEDFIWAND UV SF
QPOFOUTJOUFSBDU XJUIJOUIF PWFS BN NPPEFMARGAHIG/SBNFXPSL
QSPDFTTFT UIF TF BWRPDBFBOMPEIQWE aSTU JOWPLJOH UIF SBJOGB
NPEFM GPMMPXFE CZUIF EJTDIBSHF NRPEWMM53FBBIWGB NM EF PH
TUBUJO BEDXEINFUFPSPMPHJIBBN GRBEDUCPHNIPEFM UIFDBUDINFOU PC
*UJT QSINFE UP EJTUJOHVITI CFUXFFOrBXPAOBINPND BYSGCIBACRBC®E
TVCTVSGBDFbPX XIJDIJTNBIJOMZESKXBKOXM UPQBBHCGHEQ EZS BWEO
CZUFNQFSBUVSF *UQSPEVDFT B MB UFOWFSNIOSHT FOUBRBEPO®H X 1J
FYUSBDUFEBU TUBUJPO MPDBUJPOT BGHN NPEBWM J®EG VQ JUP-LC F IO
UIFNBJOESIJWFSPGEJTDIBSHF JUDBPORU EFERSEVEMPR JOUREG
PSHBOJ[JOH OBUVSF 5IF EJTDIBSHF NWHH RBVWBEBEEJIRD PO B X ME 8FDyF
UIBUEFTDSJCFTUIFDPOOFDUJWJUMWHSUKXFHNFIOUBGBBOVSTFUBBOE
QPUFOUJBMMZ FTUJNBd FES EN DDFBBFHWIPVT UJNF TUFQ *U UIFO
EJTDIBSGFS FBDI TUBUJPO GSPN XIJDIUIFUSBJOJOH MPTTJTDPN
*OUIFGPMMPXJOH XF QSPWJEF B NP S% EF'UBJIMFENEFAFOBRAOQUJIPO |
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Rainfall-Runo model

Elevation [h, W] ————]

CNN

MLP

DWConv

Temperature [h, w] <

MLP

PWConvl

Precipitation  [h, w] ———]

PWConv2

hidden ™

[h, w, c]

PWLSTM

il

onvNeXtBlock

Discharge model

Altitude, Length,
Adj matrix

i

Linear

embedded runo [s]

[s, s]——{SegmentGRY

[StationGRU

Observed

Estimated

+

o [S] /Q\K
- T~

[s]

Discharge

"JHVSF 4DIFNBUJD PWF%®3'EX/BSDUIRFDUVSF 5IF HSJEEFE SBJOGBMM S
UXP NBJO UBTLT NPEFMJOH QSFPJIQN UBEUN B O SFEB Q& SEEE/RD P 6 N8 DCSH
*USFDFJWFT Q8FDUQR 0 BUTFFOVEPTOO DRIV U FUBE SN NFNPSZ
XIPTF IJEEFO TUBUFT CVU OPU DFM I PFQ\B UFFITU #B\BFEDVLQ BB E B P & WJ DHUE M |
XFJHIUT BSFEZOBNJDBMME 8 F OJRBBIDAEUEE CZ SFEBSSPXT SBUIFS UIBO
S5IFEFQUI XJTFDPOWPMVYBOEBRF% &EPUORBBM XBUFS QSPQBHBIPIN O BOE SFI
B$// UIBUUBLFTFMFWBUJPOBTJOQVUBODBABIFPULNSBNRMPRIFUIBM FYUFO
XJTFDPOWHRRBYROWOESSPOWPEFMABOSPMFTTFT BOE SFDFJWF UIFJS XFJ
BO-1 UIBU UBLFT UFNQFSBUYSFIBEERWVWBGFFIT QSPDFTTFE CZ B MJOFB
CFJOHQBTTFEUPUIFEJTDIBSHF NPEHMN B EINMBIB IS FO-BETFETENT®P SNB U JF
TUBUJPOT JODPSQPSBUJOH UIlFEISHWESNF WEMV BT MF2MFONERSISFEEJEF S
TUBUJPOT BOE SIJWFS TFHNFOU MFBHWEDBETRBYUR® U JT EJTDIBSH

UFNQFSBUVSF
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3BJOGBMM 3VOPé NPEFM

5lF SBJOGBMM SVOPé NPEPMIWROGODIXUTHFMPOH TIPSU UFSN NFENP S
45. BOE®¥/ UIBUBSF DBMMFE JO FBDI UJNF TUFQ SYIOP&SFOEFST
NPEFM MPDBM JO TQBDF BOE UJNF O0OMZENB D DENFWI RMPD BOIGEGHEN
UJPOJTVTFEUPVQEBUFJOUFSOBM TUBUFT

51F18-45.JT SFTQPOTJCMF GPS NPEFMJOH UIF UFEBEBBMEFMBUJ
UIFSFGPSF NBJOUBJOTB IJEEFO BOE BMOM MbNMFTRHIBW FOGPNHTBIB IOH $ M
SFHVMBUFT XIFO BOE IPX UIF DFMM TUBWBMNFPIE¥WJBBRUSEUB VMM PSR J (
GPSNBUJPOPWFSFYUFOEFEUJNFQFSJREMINJUMB QN EERMTFGH MM
IZESPMPHIJDBM QSPDFTTFTTVDIBT TPSMMWBWVIVSRKPSHEPM® E NBL
HSBEVBMMZ UIBO PWF$&8-BO6 ESHDF BWFT QSFDJQJUBUJPO BT JOQVL
JUT IJEEFOBOE DFMM TUBUFT 4USBTXE 0318 BRF @PSGIIBFABGS F
TIBSFEUISPVHIPVUUIFHSJEEFE BSFBL8-"EB. BRITWBLOJ HKSJIE B BMAV
NBJOUBJOT JOEJWJEVBM IJEEFO BOE PEMM QEPRDF WBINDWHFQ S VOB U
JTIJEFOUJDBM FWFSZXIFSF S5IFBTTVNOGHUMBRTIF @ (B U TUIETVEOSHF MIE
TBNF FWFSZXIFSF BMUIPVHIUIFZNBZ GF MPDBMMZ QBSBNFUFSJ|

51F$// NPEFMT TQBUJBM SFMBUJPOTIJQT TVDHBHIRXBRSPOQBHBUJ
UIF MBOETDBRYFWBOEDFIWFT BOE VQEBUFTROQRJIISEESFQUPUBUF
NPEFM TQBUJBM JOUFSBDUJRB-ASXITWMFMMBWBUKF UMOUPVDIFE UF
TFSWFUFNQPSBMNFNPSZ 4VSGBDFBOEMMEZFYSEBEFBRSBOFTOH
XIFSF8ITQSINBSIMZBMPDBMQIFOPNFOPO BEBUSISSOEHDPMMQ F(
5P SFbFDU UIJT EJTUJODUJBO rXRUSHF@RINFWRIWIGE UIFTF QSPDFTTF
EJEFSFOUDPOWPMVUJPO UZQFT BOE YOGV BIPWSEDFNGXRIBT JOUS|
UIFBSDIJUFDUVSF

.PSFQSFDIJT$¥MZIUCBTFE POB NPEJaFE $POWINFUBWP DL

$POW/FOUJTBSNFEWBOIJBOUUIBUBDIJFWFTCFUUFSIFEIDIJFODZ UIB(
XIIMFNBJOUBJOJOHTUSPOHQFSGPSNBBOQBI| RO W DRFPOQMCAMWPADLLITPAO
%8$POWXIIJDIQSPDFTTTQBUJBM QBUUFSOTKIJTHQB $FBOF B EBENIS F
MPXFEQ®ZIJUJPO XJTFDPOWPMVXIIPDO NJYSFOCOGMSINBUIJPO BDSPTTCLC
OFMT 4QFDJaDBMMZ B $POW/F9U CMP DB%BPROAIXWMWITLFS QHBIFF MB.
TIJ[F 7 GPMMPXFE CZB QPTJUJPO XJTF JOWF SUM B CCARBBUN B OFDIL H
18$POWMOESSPOW 5IJTEFTIJHO EFDPVQMFT TQBUJBM BOE DIBOOF|
UJPO bPX NBLJOHUIFBSDIJUFDUVSFSH MW TRWAQUBB GPGTWRKBEQBO
TUSVDUVSFE EBUB 5P TUBCJMJ[F USBIFBJS®MH B ESFPOBNCMFUF26D B ¢
QPSBUFT MBZFS OPSNBMJ[BUJPO BOEBHH UEVN P8 IHROGNMDIA®@ VT U
UIF QSPDFTTFE PVUQVUTIFNBPQEWZ OFBS BOUUWBIUEGPO GVODUJP
JFOESZDLT FUBWUFS UIFDPOWPMVUJPOBMBOE CFUXFFO UIF MJ
*ODPOUSBTUUPJUTPSJHJOBM GPSNNVOMAFPRIOC MPDXBISHOPRBGBE
CVUMPDBUJPO EFQFOEFOU 5IFZBSF QBSBWNFOUFSH [FIETDPUKPSL
DPNQPOFO UZXIDABROB- U XBPISWUL B M 513JTNFBOTUIBUUIF$POW/F9U CM|
DBOCFIBWFEJEFSFOUMZBUFBDI MP DBIUFIW®HBROOT MIB-IHISPIEB M S BBURI®
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BTTVNQU3$P/O JHBM MBI OSFTVMUT JO UIF GPMMPXJOH PQFSBUJPC

G O
H_ o3 Fg_9-<—=—&§ <—§=—2>

<= 3== 3
XIFSHJIJT UIF PVWQIVWUORWBBF UIF XFJHIUT QS P EX@FECTFAUXIFS L
2JTUIFDPOTJEFSFE ®BREBSMDPO®BSEJOBUFT 8F DBO TUJMM DBM N
UJPOBDPOWPMVUJPOJG XF SFHBSE WFUIOQ ¥ X MIBHS WBIEMI-A SUBRIHIFOU
OFUXPSLTBTUIFLFIBFMOBEONERBYOGVEFTVMUT JO UIF GPMMPXJOH F
BUJPO

o]
Fe-0p25  F8-9p2@0 3-953

250

&BDI MBZFS PG UIF $POW/F9U CMPDL JT QBREBNBOFSXBELCZ B EJT
MPSFE UPUIFUZQF PG QSPDFTT JU SHQSFOR®ORIQ S B EFV)DFFIEHCUZ TBP G
$// UIBUIBTUIF TBNF TQBUJBM FYUF®Q885FRBEWAGWONB BFFXEIHBITUT
GPIS$POVBOESSPOVMSF QSPEVDFE CZ QP-LJU Y XUAOW EJEFSFOU
JOQVUWBSJBCMFT GRQRSPEUHFSB6G0 EJTUJOHVITI CFUXFFO MPD
TQBUJBMMZ FYUFOEFE QSPDFTTFT )PXKBMB® DREPER)XBHBEBREFBDTS
NBIJOMZ PO UIFUPQPHSBQIZ XIJDIJT XIZXPBFHPOSBEPN FINF XFIHIU
FWBUJPO #FGPSFGFFEJOH UIRFEPWBXBBEVAOSBMURIFFMFWBUJ
PGUIFDFOUFSDFMM GSPNUIF FMFWBO FBODT 8 BAVON B W H-s5F DFEMUMPT
DVT POMPDBM FMFWBUJPO HSBEJF O OTBEDCSEP TN (BES B WFHOROFIE BW B[U
SBOHFT 4JODF UIJT NPEJaFT UIF TUBBTVMUDD HXIF NBVEM F DQM 2X U UA
UP IBWF B TUBOEBSH BHWXBUR®G WHGPUIFS IBOE JT B MPDBM QSPD
JTUIFSFGPSF CFTUDBQUVSFE CZ UIF QPITIJUIPXOIXIFHPPRQBOF O
UIF XFIHIUB&SPEWBOESSPOWSPN UFNQFSBUWYBSFGIPIS BO JM
MVTUSBUJPOZGFSIOH BMXPBQFDJaDBMMZ QBSBNFUFSJ[F B $POW/F9
FNOQOMPZFE CFGPSFGPS TVDDFTH SEWCIEBFBWMIUZ UGSGBDLJOH
-BTUMZ UIFSVOPé@FNCFEEJOHTBSF DYBUSIBPIDUF EBB UI§ AYIBIUB P DO
MJOFBS MBZFS BOE TFOU UP UIF SIWF B EJH WIB-SIH E BNAFPE F M B UHF Al $F
BMMDFMMT PO UIFDPSSFTQPOEJOH VETRUSFBE SO WE B8 HF PMNB@QU T
QSFMINJOBSZFYQFSJIJNFOUT

%JTDIBSHF NPEFM

OVSEJTDIBSHF NPEFMJT B UZQFFGDBEDMMEESF O'EHTBRICVUFE
TQBUJP UFNQPSBM BSUJaDJBM OF V&5sBWCBNESH3LEBBWIIJUFDUVSF
HSBQI TUSVDUVSFEFaOFECZUIFBDUVBMIRIWES'"O'RBXOGSL BOE UII
UBJOTUXP UZQFT PG SFDVSSFOU VOJUM T UBRIUJIPINBOMENFEONFE B 1
(36TXJUIBIJEEFOS8TA3WBRGEGPO LFSOFMTBSFQMBDFEBU UIFHBVHJO
TFHNFOU LFSOFMT BSF MPDBUFE PO TFHRFOUFSTCFRNKFBPOC NNB UJP
OJDBUF XJUI FBDI PUIFS WJB MB Y MBS B 0 MWPVDTO FDURPDITUXINFITUF Q
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'"JHVSF *MMVTUSBUZ@PSFOF-F VIHFEW®3"J// *O CPUI QBOFMT UIF EBSL HSBZ
SFQSFTFOU MPDBUJPOT XIPTF |1JE BFIDGWPEBWBIUB 8B \GGEPBUFIE MBHFEB RSB Z
XFIJHIUT GPS UIFTF VQEBUFT BSHF/HFOIBYBUFEDFTTERNRFBMOUFEOWISPON|
BCMFT $HGUBLFTFMFWBUJPO BT JOQVU B@EQUIPENDHFD PXGWH NI WIPD U 04
$POWKIIJDINPEFMT MBUFSBM XBU/F $BJISWPIG BTHBBIEFJTPEB bl Bod FPYQAMW OU BT UIF
LFSOFM 3JHIWPEBIOFT UFNQFSBUVSF BT JOQVU BO@QETQEB B YDEITXAIMHOWIP®HR
UJPO 18$POWI NPEFMT&NPDBMJI[FE

TFHNFOULFSOFMTBSFVQEBUFE aSTUSGFMW PXBP CZI|B O HTUBINBW
UIFEJTD&BEBSWHBIFIJS SFTQFDUJWF MPDBUJPOT S5OBUFBRBRBOBULFSOF
QSFWJPVT PVUQVU PG UIF VQTUSFBN TSUBWRSP DFIH-NFOOFWM B KU 8J GV E
TQFDJaDBMMZ UIF BMUJUVEF EJEFSFOBBRQMZEFEBRROEFMFOHUI
PVUQVUJT NVMUJOMIFECZ UIF BEKBDFEOG3MNN UBHEIWHEP DFUKPS]
UPQPMPHZBOETUBUJPO QPTJUJPOT TN NAHNIFGOGPLSINSBOFRIN DG E BT
VQTUSFBNTUBUJPOLFSOFMT 5IFPVUQNIWKTBIFIJTCGRWEGP ERIP T
UJPOLFSOFMT 5IFTUBUJPOLFSOFMDRPSHIBUFOBWIESME N BHAD aPSVTU
PGUIFTFHNFOULFSOFMT XJUIUIF MBTEJTOPRSFOR BB MWZAF VYU RBE U
PG UIF SBJOGBMM SVOPé NPEFM6"GUF B\B@WEZIJDHQ@NBU JOUP UIF
NBUFEEJT&® I BGHPIFIJOQVU GPSUIFTFHNFOULFSOFMTJO UIFOFY

"MUIPWA3I3"J//SFDFIWFT IPVSMZ NFUFPSPMPHSPBWDGEGEHR FIJTMHBE SHF
FTUJNBUFT BU B EBIJMZ SFTPMVUWIFEBZ WVOFOHOUQFBITGFIBGBAMB DI T
RVFODF XFGFFEUIFTBNFPCTFWFEUE3IDI/BGAHE WBBIMVYFVSMZ
TUFQ XJUIJOUIF EBZ

"LFZBEWBOUBHFPGUIJTNPEVMBS BP®BIN USBOVESHFISBLEUMUIUEZP SFI
UIF SVOPé& NPEFM PQFSBUFT POXSEB'VMEBQBIBIPBEDECIUSBSZ SJV
OFUXPSLUPQPMPHJIFT UISPVHI UIF BE KRB3IBF O/DZONBJBIDIDF BRGBJO
UIFPSFUJDBMMZ CF BQQMJFE UP BOZ C BYNBOG UXPFPLOGRAEBS PNBF
HBVHJOH TUBUJPOT PS OFUXPSLDPO®SFDPOWIWAFIOFXNBEWHSEOR!
XPSLUPQPMPHZ TUBUJPO DPPSEJOBHBDBBOEPSIIIEBFTE G B PSP E
EPNBJO )PXFWFS UIFBDUVBM QFSGPSNBED R ODOUDF X ENPINVBRI ®JTUEZF
PGIZESPMPHJDBM QSPDFTTFT UP UIPOFCHODPVOUFSFE EVSJOH U S¢S



%BUB

%BUB

5IFJOQVUE®BBB'GPBPOTIJTUTPG SBEBS CBTFEQSFDJ@JUBUJPO F
HSPVOE UPQPHSBQIZ UFNQFSBUVSF BOE SJWFSEJTDIBSHF EBUB
'PS QSFDJQJUBUJPO XFVTF UIF SBE B S \BU B'E4DS F/IQYRWBEEBE O Q
CZ UIF %FVUTDIF 8FBU%GEJFO TUO03 5|F EBUB EPNBJO JT B
900km 900km QJYFM HSJE XJU| B SKAT PIMW UJPO PBWFST BMM PG (FSNB
BOE B UFNQPSBM SHTPM%OJPEBGB JT MPH TUBOEBSEJ[FE CFGPS
TFOU UP UIF NPEFM EVF UP JUT MPOH WB\ZM ER BEE 0B UB ROF 4QFD
MPHBSJUIN UIFODPNQVUF UIF NFBO B OIF TUSHBMEEPES KF\E FBULIEP 0 F
TUBOEBSEJ[FJU 8F SFQMBDFONJXTJDHIWBMNVFUBKQBBSEJ[FE NFBO
'PSTUBUJD UPQPHSBQIZ JOGPSHBIBINW OMFWB B UREENREFM % & .
W QSPWJEFECZUIF $PQFSOJDVT -BOEIFPOUSPSEB® &6B\SBPBO PC
NFOU"HFRB 26 &. W 8FBMTP VHRUIP DPNQVUF UIF EJEFSFODFT
BMUJUVEFT CFUXFFO BEKBDFOU EJT B VBEBWIPHOBW B MV T B B B JIPRST
EJEFSFODFTBSFTUBOEBSEJ[FECFGPSFCKFOIWTRGBDPE UIF NPEFB
BOEEJWJEFCZUIFJS TUBOEBSE EFWJBUJPO
'PS UFNQFSBUVSF XFVTFUIF OFBS TVSGPMNFUUF NQF SBBUEFFU N
)FSTCBDIFUBMPS TPMBS SBEJBUJPO FYQFSJIJNFOUTXBYWR/ TF UIF T\
EPXOXBSE SBEJBUJPO 443% GSPNUIF TBBS&BC MBUBPINUX B U \
BUFNQPSBM SFIPRIVE BPSFRMGUJWFMZ DPBSTFORRBOZBM SFTPMVU
5FNQFSBUVSFBOE TPMBS SBEJBUJPO BGIF TEGBO EPIEFRP EFIGPSF
XF TVCUSBDU UIFJS SFTQFDUJWF NFBOB SEOEFEMMWBILEIFP OZ U 8FN\STFU
SBTURSMPMJIFT FU BULW USBOTGPSN BOE®BEQSFKRFSBUNSF BOE
TPMBS SBEJBUJPO EBUB UP NBUDI UIF 3"@uDF"TDPPPPFNEJOBUF SFGFS
5/1F UPQPHSBQIZPGPVS SIWFS OFUXPSL JTEBRBFISNIMMFEIEZ UIF "8
%JHJUBMFT 8BTTFSXJSUTDIBGUMJDIFBEFRKAFTTE @ MPNGBYUF UIF
BEKBDFODZ NBUSJY UIBU EFTDSJCFT KEJW I B \$B WFSOTFBISNFDP T B P
UIFDPSSFTQPOEJOH SIWFS TFHNFOU MFOHUIT
'JOBMMZ XFVTFEJTDIBSHF NFBTVSFN FWOIP BB UEP GJS/FONF H BVIHIFCED T
DIBSHF NPEFM BOE BT UIF POMZ UBSHFUFVB®X G MFUUPVISS\BR BF W |
8F VITFEBUBDPMMFDUFE BOE QSPWJEFEXRVWIFRESE B S PNVEPRHEBWM JE
UIF (MPCBM 3VOPé& %BWHBCHFM BBEPé %BUB BIFOEBIFB TFU DPOUBJOT
PCTFSWFE EBJMZ SJWFS EJTDIBSHF G XRE FH B\OHINHETD OBIUJIFPOF X E
(FSNBOZ 4JODFUIF MPDBUJPO JOGPSMBUOPO BBWIFET T D (BBHEFIH
XSPOH XF DPSSFDU UIFN NBOVBMMZ 8FIBEBORMIHP UIF OBBSB P
SJWFS TFHNFOU TOBQQJOH *G UIF DRSBENUSFDIPWIEFUEF BUBSF
UJPOJTFYDMVEFE 8IFO UXP TUBUJP OB BISFUMP® BPUOFEJT PSF DM WFE |
UP TBUJTGZ UIF $PVSBOUV'SJFESJDIT\DF®E J$SPPROFBIOVWFSIHB WD F
51JT DPOEJUJPO SFRVJSFT UIBU UFNQPSBN BGE R\QBWRIBMFS |
HFUIFS GPS UIF NPEFM UP DPOWFSHF FaFJIBW S/FTVP2M 8 UF) ROF B IFI&EQ
UIFUFNQPSBM SFTPMVUJPONVTU CF "XBWF®KS TUABLME B BEJISB WH \
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JOHTUBUJPOUPUIFOFYUJOMFTTUIBOYPOFEJORBPTH RQ BD@IOOBRPTFEF
EJTDIBSHF NPEFM *ODPOUSBTU XIFO JRITUBRFTUNFASIFBW EG PBN U
QFOTBUFE UP TPNF FYUFOU UISPVHIUIF NFN®GSFDVESQPOF VO BTF
%VFUPJUT MPOH UBJMEJTUSJCVUB®GDBBEETDHEB PIOFBEBRB 70 MPH D
TITCFGPSFCFJOHTFOU UPIBIGENPBEEMUSF BEBBSJUIN UIFO TUBOI
UIFEBUBVTJOHTUBUJPO XJTF NFBO TSROFEFQUMEIEBNS ETHEW HBVUB KA O F
XJWwm XIJDIJTUIFTUBOEBSEJ[FENFBO PGRIOF DPSSFTQPOEJOH T
OVSDIPIDFPGJOQVUEBUBTFUT XBT H\WJXE FHBUB WFR\PN\PFRSBBVODH-T BIND
QSBDUJDBM BWBJIMERC'UNOMPMUEERYHIGPS QSFDJQJUBUJPOJOQVL
GPS3"%0-"/EVFUPJNQPSUBOUEJEFSFODF®&h &F0O PR&RSPB BROEST
JTIJOUFSQPMBUFE GSPNTQBSTF TUBOJ'POTEBIGE DIW DBPEBLSS 6 B U REP
PCTFSWBUJPOT "MUIPVHI XFFYQFDU PEOMZPNINBRCEDEJECG SPA B AT UC
UJOHT SBEBS EFSJWFE EBUBTFUT MIJLRBYJIBM'BOQESBPWNREP aBM S
PMVUJPO XIJDIJTBEWBOUBHFPVT GPSMBITMB JXH DHET IR REBF MGP & .
UFNQFSBUVSFEBUBEVFUPJUTHSJEERBEBO® SNMBUWFEOMSB IWPWEME BSUFE P
TVDIBTUIPTFQSPWJEFECZ %8% BSF FBUFE@WBTMBRONMZEBYD B-
X1JDI MBDL UIF SFRVJSFE HSJE GPSNBU HBUBE NSORHNME EBIUBIBH |
EPFT OPUNFFU PVS UFNQPSBM SFRVJSFN&ECGHITNBZBIMED EBGBTFU
TVCEBIJMZ UFNQPSBM QBUUFSOT BSFFRIPPEEESFRYBSBBEMZIUGNO
QSFQSPDFTTJOH "USBOTJUJPO UPXBSBORAXPYBEIQNBPPH GPFPSFBT
JNQPSUBODF PO UIFDIPJDF PG QSFDJ@MIBUI P BP SNIPE TRU@BI/P E \

6MUIJNBUFMZ BMM EBUB QSPEVDUUJHFIOUBAKMRP®IPSHFOBO/EPWS
DIPJDFT SFbFDUBCBMBODF CFUXFFB8 ¥ BB BMBWBUJMBL BOBEUIPDFRE
SFRVIJSFNFOUT PG PVS NPEFM

4UVEZ TJUF

51F/FDLBS SIWFSOFUXPSLJO 4PVUIXFTURGBEMBBEBBIPGBOT B DBUDI
XJUIBNFBO FMRBBUIPOPPSEJOH UP &3" UFNQFSBUVSFTJOUIJT SF
GSPRECUR CEVSJOHPVS USBJOJOH QFSJPE XJU0MB BFBO UFNQF:
EVSJOH XJOWPSBOESIOH TVNNFS OVSEBUBTFUJODMVEFT NFBTV
17HBVHJOH TUBUJPOTEJTUSJCVUFE BDSRVB N IFIBUWFSRORU XPSL
EPXOTUSFBN TUBUJPO JO 3PDLFOBYV EJOBHIGESFPEVSBEOHRE GEBR
295m3s ! UB90nPs ! XJUI B NFREIGSs ¢
5/lFDBUDINFOUGFBUVSFTBIJHIMZ | F IOASNPHEDGFHP © B SIBRXEBOB ABEJ
WBMMFZT EJWFSTF HFPMPHZ F H EMSIVWPOTUWPROIAM UBPBVSFOFF IBJ
NBSM BOETVCTVSGBDFTUSVDUVSFTPSWDXBURABBRGEIEBSFNT BOE
5/1JTNBLFTUIF NPEFMJOH PG UIF /FD L BISG3HWHS FOOFEIPEVER B D |
5PHIWFBDPODSFUFFYBNQMF UIFSF B SHFG/ DERFS[HBPNV OB PSPTVIUPRY
XBUFS UPXBSE UIF FBTU XIJMF UIF FMFWSBRSPOUNPEF MIJBSFIDRBPOT
6GSFDIU 51JT SFMBUJPOTIJQDBOOPU&ELBMP®RFSSBERGGP NBEFS
HSPVOE UPQPMPHZ SPVUFT UIF XBUFS OCFBIE WERSJHFOOUBEM B 6 B X PR/



&YQFSINFOUBM TFUVQ

TVHHFTU

#Z SFTUSJDUJOH UIF EPNBJO UP UIF /FDIVESXSIWB® GBBSEBASL TAFFF C
200km 200km 'PMMPXJOH UIFUSBOTGPSNBUJPOT EETEBIUBCFE BCPW
SFEVDFE GIBWPNBn HSJE UhB4km HSJE CZUBLJOH UIF NFBO 5I1JT SFT
JO® 50HSJE DPWFSJOH UIF TUVEZ BSFB 8F USBDBNMYSEBNFEFM PC
2006 UR015 WBMJEBUWGURPI8 BOE UFZDIBPFUFPSPMPHJIDBBISGPSDJOHT
QSPWJEFEBUIPVSMZ SFTPMVUJPO XBWEBREIMDSSBIPMYTUQBOWJIEF

49.65

1000

800

600

Latitude
Elevation (m)

400

200

River network
® Gauging station
B2 { % . ® Landmark
47.94 PN 4 MR o /A CORAAL ST\ w
8.09 10.62
Longitude

'JHVSFS5IFTUVEZBSFBVTFEJOUIJT XPSLJT VORADUWLKXE BUWFSNBQD INF

&YQFSINFOUBMTFUVQ

BF USBWXB"J//POTFRVFQDEBAB® IPVSMZ TUFQT VTOEGBAUINF aSTU

BTBXBSN VQQIBTF %VSJOHUIJT QIBTF W E EB E DIIB-S\HFFEW BIMP\CFTTF
upPp JOJUJBMIJ[F BOE BMJHO JUT IJEEFQ® EUBBNITXIUBUWIF QSRBF ZT
EVSF SFTFNCMFT EBUBBTTIJNIJMBUJD@G VONPEBMIUXAPESMRZHE & B ME
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UJPOTBSF VTFE UP VQEBUF NPEFM TUB U¥J- BOESSNFE WD FTVIDFADF S U B
SFTQPOETUP UFBDIFSGPSDJOH 5IF XBENGBG® RQIBVPB & DMPNXJ ROF S
P@33"J//UPJOGFS MBUFOU IZESPMPHJDBM TSBHEPIVOERBBFSPJIM
TUPSBHF UISPVHIJUTIJEEFO TUBUF SFQSFTFOUBUJPOT

"GUFS UIF XBSN W3 ®1BTESBOTIJUIJPOTJOUP PQFO MPPQ NPEF GP S
JOIWEBZT PG FBDITFRVFODF *O UIJT QSFEJDWPVWFIRWEMBDDF NPEF
UPPCTFSWFEHSPVOE USVUIEJTDIBSBFBSBHE\NPTE FId GEFER JWIF EX
QSFWJPVTEJTDIBSHF FTUJNBUFT BT JOFWOUT BIFS TYTX FZRYVFDRMN
JUBOUPSFHSFTT®BVF SIPEFGBMM SVOP& NPEFM JO DRARUSBTU DP
PCTFSWFE QSFDJQJUBUJPO BOE UFNQHASB LFVBFRVIF.DDFV 8 TIMIFS PO +
GPSNBUJWF UIJTTFUVQEPFTOPU SFbPDE SFEBMIT GPS EQFS EBBIPK
DBTUJOH 1SFDJQJUBUJPO GPSFDBT BJIOEK B® mMIBMMWDIV/HIB S5 \6FNEB
OPBMHPSJUINDBO BDDVSBUFMBP BBEE BDRBEBADBE § QBRIUJBROSFTP M
P&m 4km )PXFWFS UIJTTFUVQJT XFMM TVJUF EDRPRODESONMHEHF E
IZESPMPHJD QSPDFTTFT XIJDIJTUIF QSSNBESRBWP DVA BW RMVBXRS
PG33"J//VOEFS SFBMJTUJD GPSFDBTU CBTREDPOEJUJPOTGPS G
8F VTF WFBO TRVBSFE FSBPSIQVMEFE PO TUBUJPO XJTF TUBOEBSE
DIBSHF EBUBBT CPUIUIFUSBJOJOH BGEWBWJIEG BDAY SIPTUIRBUBC
UJPOT XJUI MBSHFS EJTDIBSHF WBMV F TQSP BPUJORMB CBWRB O IDFF &
MFBSOJOH BDSPTT BMM TUBUJPOT 5SBOOBUHFETCGPSGB8RNBEBTJ
UISPVHI UJNF 5#155 XIFSF UIF USVODBQSP & SFTOH WIFMYDBWBS R
DPVSTF PG USBJOJOH *OJUJBMMZ XFICBBL QSROBGIBENFUIF MPTT
TUFQT URBBMIQ/GPDVTPOTIPSU UFSNUFNQPSBM SFAVMBBSLIPOTIJQT
JOH OWFSUIFDPVSTFPGUSBJOJOH XFOMWSFBJTBEUVEOBWOPEDBEF
UP MFBSO MPOHFS UFSN EFQFOEFODJPTFEBYMBSYOBEBXYORO MFOH
CMF 8F BEBQU UIF CBUDI TJ[F UP aU UIF NPEFMUSRUIOO TUPRGNBEN P S
TIJOHMF /7*%*" (F'PSDF (59 5J

SBCMF5SVODBUJPO MFOHUITDIFEVMF JOHEBZJIP®PSI BBVBDBINE CBDL
&QPDIT 5SVODBUJPO MFOHUI #BUDITJ[F

10 1 256
4 2 128
2 4 64
1 10 32
1 20 32

S5SPINQSPWFHFOFSBMJ[BUJPO BOE BDDPVYI© UFRGPBONEHEN MOWB $B BIC P
UJPO XFUSBJO aWF JOEFQ POEBF O/UQRSTIB@BFIINF® U FBDIJOJUJBI
XJUI B EJEFSFOU TFFE 8F VTF FBSMZ TUPRQSBHOJOBWIIFIDAWBR D IFE
GRGFQPDITCVUVTFUIFDIFDLQPJOU XJUIUIBMAXFIRDWFEMIEBUTJP
BOQOOQMIJFEDPOTIJTUFOUMZ UP CPUI UIF QBONBBZIBPOEFM 8O ¥ TBAMWM B
S3BOHFS PQUISIJHFS XJUI B MFBSOJWEBRSBR PR GIN3Q600 | F

QBSBNFU%S3"J0O/ 5P TUBCIJMJ[FUSBJOJOH XFDMJQUFEHSBEJFOU
1 UIFSFCZQSFWFOUJOH MBSHF QBSBNFUFG VOEEBP FTEHROI®EBEBR SF



#FODINBSL NPEFM &VSPQFBO 'MPPE "XBSFOFTT4ZTUFN

DBOV FU BM

5PJODSFBTFUIFTIJ[FPG UIFUSBJOJO HSBBIRBBWUPEO KB BQ MY FEB K
BVHNFOUBUJPO 5IFTZNNFUSZHSPVQ PRUWMANRNVBESTF DABGUBBFOT |
UJUZ UISFFIPUBUB®ED BOEGPVS SFbFDUJPOT IPSJ[POUBM WI
UXP EJBHPOBMT 'PSFBDIUSBJOJOH TERMEO BN QMAEQTZMA B V8 C
UP UIFTQBUJBM WBSJBCMFT JO FBDI UJWMNFPIQUFY UFFOPQTC/AS B B DD
JOUP UIF SVOPé FNCFEEJOHTBU UIF UPBATGPSSFEHRIBUTPI@BBIRD
NPEFMrTHSBQI TUSVDUVSF SENBJOT VODIBOHFE CZUIJT BVHNFO!

#FODINBSL NPEFM &VSPQFBO '"MPPE "XBSFOF]

5P QSPWIJEF DPEBBFYUYTGRBESGPSNBODF XF DRNGPFBWUR RPIE
"XBSFOFTT4ZTUFB&XFRBUBCMJTIFE BOE PQFSBUJPOBM®E EJTUSJCVI
NPEFMIJFMFO FUBM8BF VTF QVCMJDM&' ' BASEBOBGMAIT EBUB XIJDI
FMINJOBUFT UIFOFFEUP UVOFUIFCFODINBSIPNEERN BVSUBBMWE"
BTFT UIBUDPVME BSJTF GSPN BMMP D BRJ UOH CG/FOOFIRIWNBN IUNPEPM F é
WFESTVT PVS PXO NPBEBM'JIBIBMIRFWFT IJHIFS QFSGPSANNEDXODF UIBO
NBOZTDFOBSJPT PVSQSINBSZBJIJNJT UBMPGPROTWSBOCN UFEEQPUF
GPS SIWFSEJTDIBSHF FTUIJNBUJPO B8B8NJIB®SHAUIBO NFSFMZ PVUQFS
&""4ATINVMBUFT SVOPé& PO BQAB@Q SPRMINBUEFXZXUI B UFNQPSBM SFT
PMVUJFNO PNCPOH PUIFST JU SFDFIWFT BT JOQVUPQPBEBRINBQT EF
SIWFS OFUXPSLTJODMVEJOH MBLFT ESHT F B YW JB5O E BAOFEHIEF LBBOQIPND
XFMMBTNFUFPSPMPHIDBM GPSDJORF$BDVEBTF QBEFD Q@ UFFBHWIBM E
PSBUJPO

BIJMF"ATFSWFTBTBVTFGVMCFODINBSA3¥U'IFH OFNO@BRSIAP@©RDAUM Z
GBJSEVFUPGVOEBNFOUBMEJéFSFODFISJBXWIFTI G® VYU NBROEFARNTUSFV
DFIWFHSJEEFE NFUFPSPMPW8BDB/VNBEESDIJOAGBMMWAUSFDFIWFT EJTI
NFBTVSFNFOUTEVSJOHUIFUVOF JOQFSJIPEUXGIROFNBTBITOH BI6 EHR
#FWFO FUBM*ODPOWSBEBFT OPUVTF EJTDIBSHF NFBTVSFNFOUT
CVU SFMJFT PO UIFN GPS PiJOF NPEFM OB NUGSBINWVWMBRAOMD SNFGOE
UIFSNPBF3"J//QSPEVDFT EJTDIBSHF FTUIJNBUFT PONE®U HBVHJOI
XIFSF8T4A4HFOFSBUFTEJTDIBSHF QSFEJDUJPEBBBE SAFSBEHGPPBSGUJISI
JUJTOFDFTTBSZ UP FYU&S'BAHEBE DEWVMITAWIBN DPSSFTQPOE UP UIF
DBUJPOT JO PSEFS UP NBLF NFBO X@33GV¥M & PANBMTIRI BFOTRIPP O
BEEJUJPOBM JOQVU WBS%BGMFET DWNI BTFEPGK UZQF WFHFUBUJP(
QFSBUVSF BOEOBUFORUIUBM BBUBTQPXFSGVM UPPM JUBMTP MJN
BQQMJIDBCJIMJUZ JO SFHIJPOT MBDLJO' FV DA SE E VBRSAEDIFON V/RIT BJE
UIF QSFDJQJUBUJRO'EB8EMBIFTFEO &0 QSPEVDU JOUFSQPMBUFE G-
XFBUIFS TUBUJPO EBBB"IXI¥SFBB"%0-"/ B SBEBS CBTFE EBUBTFU
GFSJOHIJHIFSTQBUJBMBOE UFNQP $8BBV S F D RNDWWIPES J'THBOSEH ¥V XR
&'"4BO®33"J//JT OPUWBMJE /ROBUFSWAHTTTBT B CBTFMJOF UP DPOL
BMIJ[FUIFFYQFDUFE QFSCGFPENBO BF §BOHFN@IBTIJ[F UIBUPVS HPB
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JTOPUUPEJSFDUMZDPNQBSFQFSGPSINEODBUOBWMMPRENFWUPRBIE
UIFQSJODIJQMF® RY'BMIUZRPIEPSNBODF XJUISFTQFDUUPBMUFSO
UIF BSUGPSFDBTUJOHBQQSPBDIFT

&WBMVBUJPO

#FTIJEFTWJTVBMJ[JOHIZESPHSBQITXROSITRKM F@VE/BBVHIOH TUB
VTIJIOHUIFGPMMPXJOHNFUSJDT DPNNWIOMZ WIGFER DdXEEGMP H Z
(VQUB FUBM/BTI 4VUDMJéF FARIJBAODEU BM 1FBSTPOrT DPSSF
MBUJPO DPFéDJN¥N®PBIO BESTPMVUF FSEESUJROBMMZ XFXIJMMENQMP
GPMMPXJOH CIJBIMNBY §UDBIMQFSDFOU CJBT JO PWFSBMM SVOPEé Si
BT33QFSDFOU CJBT JO bPX EVSBUJPO DVSWF'NAJE QFFFIINFF@OW TMP Q
CJBTJObPXEVSBUJPODVSWF MPX TFHNFRREFWPMONEJBHTIBOD BP X
EVSBUJPO DVSWF IJHI TFHNFOU VFMFIQPSHIBVMM PG UIFTF NFUSJI
DBVTFFBDIPOFIJHIMIJHIUTEJEFSFOUBOQ FDRQA B GMNPEFHMFFNSREPS
JTGSFF GSPN MJWQ@UB & UPBOM

"& JT QBSUJDVMBSMZ JOUVJUJWF BT IJWHEHTFEXIDABTHE BO B IEFJTB
SFDUMZ RVBOUJaFT UIF BWFSBHF EFVW BBE PO THFINXEEOPO@IFEJDUJ

G

TN

"& = j&s &g

g1
JPXFWFS CFDBVTF JU MBDLT OPSNBMHFBUEFPTD I'BS BB INPECHTOX] LU/ ENF I

DPOUSJCVUFEJTQSPQPSUJP&OBISHBRY G WIEFPWHEFBMEFOHUI PG M.
BTTPDJBUJPO CFUXFFOUIFPCTFSWFEBOE FTUJNBUFE EJTDIBSHF

81 JMF JU DBQUVSFT TIBSFE WBSJBCZMUBENMBUUDTEJOFEPODEITWP UE
PSCJBT 5PBMTP DBQUV&&XBIFEPBNMMPQIFE XI1JDIDBARXCFTFFOBT
UIBUJT XFJHIUFECZ UIFWBSJBODFPGUIFPCTFSWFEEJTDIBSHF
I
,'gzll&fi &802

/4 &=1 = >

a1'&8 &

5|F/F4&JODPSQPSBUFTCJBTJO OPSNBMJ[FE GEPRANJBWBIM BEPGZUU FF T
UBSHFU WBSJBCMF 5IJTDBO NBTL JOEIEN SEOVBRM-BBO 8§ §PONQPIFRO!
S5IFSFGPSF&XIFT EFWFMPQFE UP KPJOUMZ FWBMVBUB OV FMBUJI
BT TFQBSBUFDPNQPOFOUT
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&WBMVBUJPO

8IFODPNQVUWUIEBWOEA&WBMVFT XFVTFTUBUJPO XJTF NFBOTBOE W
DVMBUFE GSPNUIFUSBJOJOH EBUB TPUS BPMEB XJLUOEHWIF BQQSP B!
(& /4& BOE$S$ IJHIFS WBMVFT JOEJDBUF CFUUFS QFSBBSNBODF >
1SFQSFTFOUJOH B QFSGFDU NBUDI *O.D& B8 6 BCTHU UWRRSX XS WIB MV |
JOEJDBUJOHB QFSGFDU aU

5IF CJBT NFUSJDT JOGPSN VT BCPVU TZTEMNIBQ $B EJJBU FAOJO U IF
XIFUIFS UIFZ DPOTJTUFOUMZ VOEFS:IMSNBWFS BTMJJJNBUF bPX
NFUSJDTBSFICBIYEEPBUIPO DVSWFIDIBSF GVOEBNFOUBM EJBHOF
UPPMT JO IZESPMPHZ UIBU SBOL BMM ETDU WIMB B KX WBM QTP &I EBNQ &
QSPCBCJIJMJUZ CBTFEDIBSBDUFSJ[BNRIPO P 8 JUNF 6 WEPHDEERURIAPXOS F H .
FU BM #Z BOBMZ[JOH EJEFSFOU 'VFEHNHRFOWBFTCR8 UNFUSJDT FOBCI
TZTUFENBUJD FWBMVBUJPO PG NPEFM Q FAEPSNBIDEBIDEBPO E HUIR
SIFDMPTFS UIFTF NFUSFOMPXFBS WRF CIJBT JOIBITFRPEGMIaFT
UIFPWFSBMM SFMBUJWF CJBT BDSPB HB W MSEBWIB RBPTMBFTP @ X PRAUJIE
UIFNPEFMTZTUFNBUJDBMMZ PWFS PSS VOEFSFTUJIJNBUFT EJTDIBS

#JIBT 3 5*1!&?
él&S

- &
128 100

#IJBT'.#WBMVBUFTUIFCJBTJOUIFTMPQF PG LHRWPREWVSIFEUJPO D
NJETFHNFOUCFUXFFO FYDFFEBODF QSPXCBXIUMISMIFT BGB TBOEB
UVSFJOEFYPGUIF XBUFSTIFErT WFSMIDBIM 8% E FBUWSEICRX)SF D @ROI
DIBSBDUFSJTUJDT

Nog'& .1° l0gl& .»,%° 1 l0g'&<1° l0gl& <%

#JBT'.4
00'& <1° logt& < 2°

100-

XIFSFAL=02BO€E2=07BSFFYDFFEBODF QSPCBCJMJUJFT "TUFFQ NJE
JOEJDBUFT sbBTIZt XBUFSTIFE CFIBW HAFFSD>8JQUB O NBAMB/OTEPQ Bl FTELPANSIE
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XIFSFSFQSFTFOUT bPXT XJUI FYDF FE®Q DA DISPREEEIBIUJLRE PG CJIBS
FWBMVBUJPOBDSPTTEJEFSFOU bPX SFBIONGHGVMESEPBYHB NBHE MI
PGUFO FYIJCJUEJEFSFOU QFSGP SN B\VBBR B VESBPXUIFISQEUUDRF QYO EF
JOTUBODF BNPEFM NJHIUBDDVSBUFMIZQBFEBDU WEQPMZB/NDEFSTF
NBUF FYUSFNF bPPETPS PWFSFTUJNBUFBMPX bPXT EVSJOHESZ QF

%VSIJOHPQFO MPPQJOGFSFODF XF ZVGBPNGVEBUWDH NEBB8JP D BOEBPSBR
MPPQ TUFQ XIFSF UIFaSTU TUFQ DPQBUJIPWVU KT M RSTPRE MPHPUSB T
BSF DPNQVUFE PWFS UIF CBUDI EJNFOTJPPTHAMX NBRMEMF MIXQPSH VT |
GPSNBODF EFHSBEFT XJUIJODSFBTJOHSWEB/BEMBEINHF GYNICEQ P&P |
TBNQMFTPWFS XIJDIFBDINFUSJDJT DPNQYBSFB T)XIB WIBCSRIG ¢ FNB EUY
UIFSFTVMUT QBSUJDVMBSMZIBPIS. UXFIDIBTYBNUSGFDTUIF TMPQF P (
UIFNJETFHNFOU JT QBSUJDVMBSMZITIWTHRFFEMDIFCTMABUWDAR O BJUDA D W
TVNNBSZTUBUJTUJDT CFGPSF DPNQ WIBBO H IXET RM®QE U'S\BU PR/EHE |
POTFRVFODFT2IBRZTQEP FWBMVBUHEBEZUHRVFODFT UP JOWFTUJHB
BCIJMJUZ UP HFOFSBMJ[F CFZPOE UIFQUEBMNZIRHXBEBM RMPUEBJIP IX
GPSNBODF PG UIF NPEFMT PO EBZ BIFBENGSPEEDDIDIBGHB RBIODITU |
EJEFSFOU TUBUJPOT UP JEFOUJGZ QPWF DRI 6 MUDXZTRLFbBX B EHE Q |
UVEF BOE NPEFM BDDVSBDZ *O BMM DBITUEBZXFUFWDMYE R BESEH B B J
CFGPSFDBMDVMBUJOHNFUSJDTBOE QSPEVDJOH QMPUT

"T EJTDVTTFE BCPWF XF BSF JOUFSFTUFES®PSNBO D FBIOKWHSINHP
PG NBUDIJOHIZESPHSBQITBOE GBWPSEGVMENFDBWESZ8OBI QD RIXF
NBJONPUJWBUJPO PG UIJT¥WPSL/MFPEMIIZ UFOBM QMBVTJICIMJIUZ *
JDBMMZ JNQMBVTJCMF NPEFM NJHIU @MFBG @ MOEBUBV TUSBERBMEP G
FYBNQMF FY®@KRRURJAUBPEF MPDBM CJBTFTUIBUMFBE UPHBJOTPS
ESJWFO CZNFUFPSPMPHJDBM GPSDFSBJIOHDBRWS R F Q B BEIABHMZ
PCTFSWFE EZOBNJDT XFBTTFTT XIFUIFEFMIF\IBIOTEMW I8 ¥ QF& §
HBUFT XBUFS BDSPTT UIF MBOETDBQF T5|FQUSFDF BEYSKBEBDBPM
XFDPNQVUF TBMJFODZ NBQT CZ UBLJOH UDH BISSHE B F O UNFBGU B IDFJ40 B
SFTQFDUUPBMM QSFDJQJUBUJPO JO QN URY B FROTUF WIB-QNTP & IF M MTVPTVU
QVU EFQFOET PO UIF QSFDJQJUBUJPO JEEBBF NSYMUDEOME BQJE U.
HSBEJFOU CZ UIF QSFDJQJUBUJPO JO DFWAITR G XDIMT QIFFDIRN 2 BJ
PDDVSSFE 5PFYBNJOFIPX UIFBUUSJC/VUTDPIDIWUBP HFRPWNEFCEDUF JINDRL
TVCTFRVFODFT PG aWF EBZT PWFS XIJDI XFTUBPS BBDNFBBUSF &P
TEFQBSBUFMZ BOE WJTVBMJ[F UIF SFOVUNMGEZ XHIBUB S FE YV DFPAUTSU R \
NPTU UP EJTDIBSHF FTUJNBUJPO BU FBD IXFUBRQPEU BPJTFESYDIFFTH
BDSPTT BMM UFTU TFRVFODFT BOE BWEBBHBQMF $BTRVEDU JJAUH B DR
XFETFUUIFNBYJNVN WBMVF UPY®RYBOUIME P68 UIBU TUBUJPOTIT WE



*NQSPWFNFOUTPWFS QSFWJPVT XPSL

CFUUFSWJTVBMJ[BUJPO

SFDPNQBSFUIFSFTVMUJOH BUUSJCV IEFRAVIOXBW HEBBG DR N FOIUF B/SBHRU
EBUB XIJDI BSF XJEFMZ VTFE JO UIF aF ME N O RVWRB/NBOBU B B URJSFB/
XFFEFNQMPZUIF GPMMPXJOH NFBT%SB ' XI/FOPPWINGBBESMBWHFE NPEFMT
'PS FBDI TUBUJPO UIF BUUSJCVUIJPOTNUBSFXFORERTBBOBBBEMBHBE
BOE EJWJEF CZ UIF TUBOEBSE EFWJBUJPET BIMJNXBAB S BOF DU BPWI |
UIFPWFSBMM NFUSJD 8FUIFODPNQVWFRFIUFEBFAO BEH BBUG EAVUBP
WBMVFTJOTJEFUIFEFMJOFBUFE DBUBFNROUIB HFBSBEBH UFBETRFYO
EJTUBODF JOEJDBUFT CFUUFS BMIJHRPWF B O KB URXP B O INFFBOUUBI ER
EFMJOFBUFE GSPN FMFWBUJPO EBUB DPINDRV¥FREOUUTBUBWKN BHB D
UIWFDPNQBSJTPO QSPWJEJOH TUSPOHEGC AWJIEFOD @ SPQ BPH/EUNP
UFSBDSPTTUIFMBOETDBQF JO B QIZ TIRDEBNWNWZ QIMBMIE LIVBRUX-B ZU UK
NPEFMIBTINQMJDJUMZ MFBSOFE UIFR}EIFSHDBII RO TUS VD LBABXBU
HFOFSBMMZ bPXT EPXOIJMM TPMFMZ GOEBAN P T T f& WIF ENEJH DU B DHJFL
BDLOPXMFEHF UIBU UIJT FWBMVBUJP COPBQERWBD®HBUARE BNBT B MNFHRVD
BSFBT SFQSFTFOU UIF USVF IZESPMPBBEDBMIEBPRSGERSE ORJITC BUKS
NPEFM BUUSJCVUJPOT BOE FMFWBUJPBOT EFPWJIOFB B'FEBGR WJZ BB EIH
QPPS NPEFM QFSGPSNBODF CVUDPVMETIFWOBRPW IZECBWVMPHED TE N F
QPHSBQIJD BOBMZTJT BMPOF

*NQSPWFENFOUT PWFS QSFWJPVT XPSL

51JT XPSLBEWBODFTPVS QSFADIPVIT QYW B8MODBRIRIP®BM LFZ BSFBT

*OQVU GFBUVSF SFBFQOMB®MEE TPMBS SBEJBUJPO XJUI UFNQFSBU
WBSJBCMF XI1JDI QSPWJEFT CFUUFSSASREEBMJIWA JOIGMENFPMPD
SBEJBUJPO SFQSFTFOUT UIF QSJNBS ZFRIESHZSESENR § B$ S CP U |
BUVSF FYIJCJUT B NPSF EJSFDU &53BBUFJIP XTI.DQ BP@DOE/BO® BUNP
TQIFSJD WBQPS QSFTTVSF EFaDJUT BQREGINFB QU BU DPIPIFMEIDB NF
DMPTFMZ XJUIBJSUFNQFSBUVSFUIB®RFWMIMPMBISERESHZ JOQV U |
EJUJPOBMMZ UFNQFSBUVSF PEFST DVQEFSOF $ TIUFEIDIA B PINFBFSSEEH
TPMBS SBEJBUJPO NFBTVSFNFOUT 5IFFRFTNSNBRIODFESSFSYBNBD B
JAFDUJPO

.PEFM BSDIJUBDUUS\N3SGP& FNCFEEJOH EJNFOTJPO XBT JODSFBTFE G
MPXJOH UIF NPEFM UP DBQUVSF NPSF DFENQBEWAOSFIFAIBIFPTFO UG U J
UIBUDPOOFDUTUIF SBJOGBMM SVOPE BIJE EYDBIGSHE DPNRFPTAFO0
UBUJPOBM DBQBMIVIFOBENBPEF SIDIFSTQBUJBM BOE UFNQPSB
UIFUSBOTJUJPO GSPNEJTUSJCVUFRIZESP MPHEEBWDQB8BF DISHFIEL
UJPOT JNQSPWJOH UIF NPEFMrT BCJR.BJZ2 UPFEIT U P& HHF.OTH SOEFUDER
NFDIBOJTNT
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5SBJOJOH QS PIFRFBEWEBWFNFOUFEBO JNQSPWFEDIFDLQ/PJOU TFMFD
JOHUIFCFTUWBMJEBUJPO FQPDI GPS ©BWIIFSaBOBEWP N SFFFEJSOBHURR P D
51F QSFWJPVT BQQSPBDI SFMJFE PO DMHNTODMFEVOIR B OFEGWWBW MV BB
JOHCBTFE PO aOBM QFSGPSNBODF XI1JD IPEFWME @QH ¥ 0RO WIBIUBM
FOQPDIT 51JTNPEJaDBUJPO FOTVSFT DEESSPHDEQOEBTBPOWBLBPEPHUD
UJBMJ[BUJPOTBOECFUUFSHFOFSBWEBBWICK QIFSEGMFDVRAB D CL @
NPEFM TUBUFT MFBEJOH UP NPSF SPCYTSRERIOBE $SFOIDBCMF EJTDIB

*NOQOMFNFOUBUJPO BOE SFQSPEVDJCJIMJUZ

5P FOTVSF SFQSPEVDJCIMJUZ BOE GBIVUMBEB B E EBYBSF/IFERBXSU
XPSLBSFQVCMJIDMZBWBJINBCGMF/INEMFNROEBBIPO JODMVEJOH
BSDIJUFDUVSF USBJOJOH QSPDFEVSBT BBAOBEIME B MV BUIPQFTD B P
TPGUXBSHFM[ FUBM 5IF @SFQSPDFTTFE EBUBTFUT GPS UIF /FDLB
JODMVEJOHQSFDJQJUBWIROG VRNQRMWB UBBE OB/ @EBMJITIFEBMPOHTJEF
4DIPM[FUBM XIIJMF EJTDIBSHF NFBTVSFNFOUTNVZGSPRCUBJOFE
UIF(MPCBM 3VOPé %BUB $FOUSF (3%$ GFPIMMPSPRIMAEVISFRIS EBUB B
SIFIJNQMFNFOUBUJPO CVIMET PO TFWF SBAb R BIBITPIGFUXBBM MJCSB

BOE 1Z5PSDI -JHBWMDIFOOHFU BBPS NPEFM EFWFMPQNFOU BOE U
JOH )ZESBEBO GPS DPOaHVSBUJPO NBOBHRFINMOUZ BB @WVE\MV

GPSHSBEJFOU CBTFEBUUSJCVWMWNINAWFIPBRISIBFRFQBP
UJBM EBUB QSPDFTTIOMBBUOPH 1BPAITFEKBUFSTIFE EFMJOFBUJPO 5S
SFRVIJSFTBQQ3MPINBUOFMEIMF /7*%*" (F'PSDF (59 SJPSBQQSPY.
8hPOBTJOHMF /7*%*"" "GPSXBSEOTERXY VBRNVNPOPFPRWBBLFTBQQSP
JN B U4sM Z
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1SFEJDUJPOJTWFSZEJéDVMU FB®&FDJIBMMZ JC
I[JEMT #P1S

5P FWBMAEBBUF// XFQSFTFOUIZESPHSBQITBOEDPNQSBSH QFSGPSNE
UPDPOUFYABBBWIMFSFTVMUT 8F BM%BI'IPXODBBBFUSPTQFDUJWFM
JOGFSDBUDINFOU MJLFTUSVDUVSFVYMM ¥ T EFNFAOUNIBIBIWIIAQH. IMPKQ
QIZTJDBMJOUFSQSFUBCJMJUZ 8F UF®WBIOMVFRNQIFB B B Y EN R\B B
USIJCVUFUPNPEFMQFSGPSNBODF S5IFRFBHIIBXEFEMBEIRQRFBVEODTF KX
TFQBSBUJOH MPDBMBOE TQBUJBMMBFYUFSEME QSRDEHF I BTF UBXIPSI
JOUIFBSDIJUFDUVSF '"JOBNMMZIXARBBWEBBIFOFSBMJ[BUJPO DBC
XJUIJOIBHEGSBNFXPSL

JZESPHSBQIT

#PU%33"J//BOR'"4QSPEVDF IZESPHSBQIT UIBU MBSHFMZ NBUDI U
NBHOJUVEF PG PCTFSWFE EJTDIBSHF BHDFISPD B NUFF SBFEONHFOPT® EBUD
UIFJS TUSPOH QFSBPSNB®ODFJODMVEFT CPUJIMPXMPEO E
[IJHIbPXTHVSK XJUICPUINPEFMTHFOFSBMMZ DBQBRY¥KBBOH UIF U.
FWFOUT XFMM )PXFWFS UIF QFSGP S B OBDIFIWB/IS/JITRI SBBOJSHETJ ZT I B NIC
JOHFBDINPEFMHIVGHOWE BOE XR$FHMEHF G QFSGPSNJOHDBTFT OWE
BMM UIFIZESPHSBQI&' TMHHFEUWABRWEFSFTUJIJNBYF'BPXT XIIJMF
UFOET UP PWFSFTUJNBUF MPX bPXAd330JQ/BS BB WVMBEH3BDDFWF
NPEFMSSPSTDBO BDDVNVMBUF PWFS UJNFMFBEDVBHBIIPZHBB EWB M
JEFOUJOJUT CFTU DBTF QFSGPSNBODEFBU 6BOFBHEMFTTFJN JT
OPUBCMFIBIBIWEFNPOTUSBUFT SPCVTUFYUSBQPMBUWEZIPB@BQBCJN
UVSIOHQFBLTFWFS®BGYTFSEFMRBPUB CFJOH20SBRIOFERFNDFD
)BWJIJOH FYBNJOFE UIF RVBMJUBUJWF QB XBFSRXTUWOSWI BPZEEBPNSB
QSFIFOTJWF RVBOUJUBUWIWF FWBUNSBGEGRPBABPGDF BDSPTT NVMUJQ
SJDT
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'JHVSF )ZESPHSBQIT TIPXJOH POAFSWHREREDDBIRAOT GPSSMMFBE UJNFT \
EBZT &8O£LTJIJNVMBUJPOT SIFTJY QBOFMT TIPXBOBUJWRIFTXMIOI NFBRP XF
EJTDIBSHF TUBUBBPOTXIB®FE 4 E BDIJFWF,UARMESTW SNBODF BOE TUBUJF
XIFS433"J// F BQE'4 G BDIJFWF U& QPSGBSNBODF PO BWFSBHF "MM SF
GSPNUIFUFTUTFU TIPXJOH UIF TFIBGHFD¥FBESIIB QD F WM BFIQUSEIJFOU B D
QSFEJDUJPO TDFOBSJP
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1SFEJDUIJWF QFSGPSNBODF

OWFSBMB"J//PVUQFSGP'EIND NPTU DPOTJEFSFE NFUSJDT BDSPTT |
JUZ PG MFBEIHYISFT 4JODFAEPFT OPU JODPSQPSBUF EJTDIBSHF WE
JOH JOGFSFODF XF SFQPSUJUT QFSGRIFBECIDMNBT D*¥0OD P 6 0 5 BBl
%33"J/FIBVUPSFHOBIUVSFDBVTFT FSSPSTUP BDDVNVMBUF PWFS
HSBEVBM QFSGPSNBODF EFDMJOsBB WM KOSPMFIERF RS BDNFF NFUSJ
GPS POF EBZ MFBE UJNFT

5|F,(& QMPUHVSMB SFWFBMBYITBUNBIJOUBJOT TUSPOH QFSGPSNBOL
UJNF BUBQQSPINBBFMZDPOTIJTUFOUMZ RBVYWQRS GOBE N T
UISPVHIPVU USF EBUUSFI[PO EFTQJUF CFJQHBEEBBTPRYREIVZTP O
5/F/4&QMPUHVSFC TIPXT UIF FYRWDRFEH EFHISBEBUJPO EFDMJOJO
GSPNM3IU®E8 ZFU TUJMM TVCTUB QRU'UYBEMSE P%NBBREIMHAO BGUFS
50EBZT 3IF$QMPUHVSHM EFNPOTUSBUFTTUSPOH MJOFBS SFMBUJP
BOWOBOE EFDMJOJOH P@®B8Z DRNKBBSEE WP PO TWBB O8UF"&
QMPOUHVSFE SFWFBMT TVQFSJPG3BDIDMVSBOBPBWFSBHF FSSPS P(
390m*s 1 JOUIFCFHJIO®WOH BB EBIFEBZT DP NQ RS'HBEILPEs 1
5/lFCIJBTNFUBYBHF | QSPWJEFBEEJUJPOBMJOTJHIUTTOUP NPEFN
EJEFSFOUDbBPX SFHANFITISBIPIHVSHF TIPXTUIBUCPUINPEFMTJOJUJ
FYIJCIJUTJINIJMBS TMJHIUMZ OFHB WIMF CRHBAABBSI WITSBIMBM SVOP é ¢
JODSFBTFTTUFBEJMZPWFS UJNF BORFWSEOUUFDBM @ B CFBD P NBRSTBORJT
UJDFSSPSBDDVNVMBIMPROSFHEBEFOUPSIPESMEIJDUJPO FSSPSTQ
BHBUF BOE DPNQPVOE PWFS MPOHFS#IIBIF.EABTRUP\SIFEOT 5IF
TIPXTDPOTJEFSBCMF %33S JB/CN MURNZGEP\SF UP UIF MIJNJUFE EBUB B
GPS DPNQVUJOHDbPX EVSBUJPO DVSWF TMHA @RIQ A B %FVPFSY ITEU U NB
OFHBUJWF CJBT TVHHFTUJOH UIBU UIFZP@SF¥S WE 5 BPOFST WA R @ WV
TFSWFE 51JTNBZJOEJDBUF UIBU UIF NBEFBTIFWFSFARUM NBPUFWVYS
TUPSBHF DBQBDJUZBOE QSFEJDU NPEPNVOBRFEREP HSPVOQEXBUT
XIFOUIFBDUVBM XBUFSTIFE CFIBWJPS BITNESSEBIETSX B PE IDHSNF@GR F
OFOUT 'PSMPX RIBT ' WMPUHVSMH SFWFBMBR'IBUWFOFSBMMZ
NBJOUBJOTDMPTFS UP [FSRP"QGJBOHIPBYBOHETWV®MFSIJPS SFQSFTFO
MPX bPXDPOEJUJROAVBERASF TUINBUF®%BPXHPWIFSFTUIJNBUFT
UIFN '"JOBMMIBUIMMPUHVSH TIPXTUIBUCPUINPEFMTTZTUFNBU.
VOEFSFTUJNBUF IJHI BPGTIUFPWBHCIUT MFTT TFWFSF CJBT TVHHF"
UFS SFQSFTFOUBUJPO PG bPPE QFBLTY B BFANFCOEPKSTFIITUB B B ™ NP P C
MIJNJUBUJPOJOIZESPMPHJDBM NP E FRJ®HBIG &M FAOMFHI G B D DFVS®G |
QSFEJDUJOH SBSF IJHI NBHOJUVEFSWFPESUNBBBISHFTDS¥DUBM G
&'"4QFSGPSNBODFPOUIFUFTU ZFBS JT QPPG DPPINQBSG E INRIQD AV E
XIFSFUIF EJAFSFODF CFUXFFO NPEFMT XBTZRB 5 INBYBMNBSF TFIEG W F
DIBMMFOHJOH DPSOEAJBOEOINERPFSGPSNBODF HBQ PCTFSWFE IFSF



SFTVMUT

SFQSFTFOUBUJWF PG UZQJDBM QFSGBENB@QFFRIBASIFODFT CFUX!
5IF QFSGPSNBODF QMPUT SFWFBM TZTWFNBUJID DBRQUFSDUTKOESF |
UP QFSGPSN TINJMBSMZ BU TQFDJaD MEBEJUBNIEZ BEBEODUSITB ICE MB
CIJBT JOIFSFOU JO UIF TJO HBOFEBZBBFRNTFWDFT X&WFOUT PDDVSSJ(
JOUIFUFTU ZBEBZASBBF VOEFSSFQSFTFOUFEBU MPQ@HFS MFBE U
DBO POMZ BQQFBS JO TFRVFODFT UIBUNVBE UFEN BSWMFBDW¥BUTF
PDDVSSJOH MBUF JO UWOEBETURSMBBOBBSEFQSFTFOUFEBU TIPSUF.
CFDBVTFUIFZPOMZBQQFBS JO TFRVFORZFBY I BPOUBSWFEUNEU B U
NFUFPSPMPHJDBMDIBSBDUFSJTUJDU PRBEJEFSUIFFNBQB 5B WM MG WO |
QFSGPSNBODFBU TQFDJaD MFBE UJNFSBR EFRUFIDEFBQQBBFOU UF
1FSGPSNBODF WBSJFTDPOTJEFSHB\CIFZ EDITP TTIQBWBWRBOMZ UISFF
PSEFSTPGNBHOJUVEF JO EUPROBSEF GSPIN TUBUJPOTBSFIBSEFS
UP FTUIJNBUF IPXFWFS EJ&FST BDD P SIDJO 5 BIPFWDIFJEIH S F @ U TNRU
TFOTJUJWJUJFTFBDINFUSJDIBT BS EJTDNVEFAE QCSP¥BJPVTMZ 'P
3"J// BOE"4TIPXTIJNJMBS WBSJBCJIJMJUZ BB SPTUT/HEBESBOMMI PV H
BDIJFWFTIJHIFSWBMVFT BU NMRTQBUPBBOIBET SFAWFBM B TUSJL
JOHEJEFIFIBDF//FYIJCIJUT NVDI MPXFS WS SUBCHE MYUDRBBEEXP SNT
&'"4BUBMM TUBU&P'@TIPKXIMEFSBNBUJD TQSFBE XJUI TPNF TUBUJPC
WFSZ MPX PS FWF ©ONFBHBYE W HM JINSEM BISMZAD EFNPOTUSBUFT UIBU
%33"J//NBJOUBJOT DPOTJTUFOUMZ IJHI DPSGFWBIZIDONQXBBF K P X
UR'4 XIJDI FYIJCJUT HSFBUFS TQSFBE"RD SIHIVISFEBICPROT 'PS
NPEFMT TIPX TZTUFNBUJD JODSFBTFT XBU IFE/JJPD B & H FGW B HBMIB W ER
MVUF FSSPS NFUSJD XJUICPUIGPMMPRODH DINGBBY ST DBMJIOH SF
HFOFSBMMZ NBJOUBJOT MPXFS BCTPMVUF FSSPST
#PU%33"J//BOR'4TIPX BHSFFNFOU PO TUBUJPO EJEDVMUZ SBOLJ(
EJDBUFT UIBU CPUI NPEFMT TUSVHHM®XURUTENS EBSFBEBWIVOE
MZJOH BQQSPBDIFT )PXFWFS UIF TUSBOMHUT PBQTJE BIESEWK BOS |
NFUSJDTL$BIFPSSFMBUYIBP®SFTFOUT XFBL BHSFEFNEO®P SXIIJMF UIF
SFMBUOPDIFG/OTVSQSJITIJOH TIODF BCTPMVUF FESISP$ESHFUV SBM
NBHOJUVEF NBLJOH CPUI NPEFMT FYIJXCUBOIRTW BS$FFSSPE BBHR
TQFDUSVN .PSFNFBOJOHGVM BHSHEND®SSHFWBIFFEWBE JO
SFTFOUJOH NPEFSBUF BH&& PN FDIUT IPGE JOSPOH DRORODPSEBODF B
4QFDJaDBMMZ TUBUJPOT MJLF "M U ADPTQJIFUTHJ G UME PZS)G MEEOIE HHU F
QFSGPSNBODF XIJMFOQQFOXFJMFS #BECUN OBB/M BIG B HFT SGRPFSQCSHL
BQQSPBDIFT 5IF TUBOEBSE EFWJ®B B3 PIQ/T BPSXITSSFAWIFBEIM W FBWZ DP O
TJTUFOU WBSJBCJMJUZBDSPTTNPEFM JOTUBODFT

5IF CJBT NFUSIVSF | EFNPOTUSBUF TZTUFNBUJD QBUUFSOTJO IP
CFIBWF BDSPTTEJEFSFOU TUBARIFP OMNBORII4AIBRXEOR®PSSFMB
UJPOBDSPTTUIFTUBUJPOT 'P% PRVRSB MM I YNBRIOIBUIPT SFMB
UJWFMZDPOTJTUFOUCJBT BRSRETTTQUBBIPEPSKFIESPBPVODFE TUE
TQFDJaD QBUUFSOT DPOTJTUF O UMZBUWOTEF\GF M B DNBRJU POH XJ T FBFS,
FTUJNBUJOH BUHRSIFFST#PUI NPEFMT TIPX TVCTUBO®WJBM WBSJBC
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Mean of stations' discharges

Mean of stations' discharges

® EFAS
—— EFAS reg

® DRRAINN
= DRRAINN reg

'JHVSF1FSGPSN®BO®RPBOE' "4BU POFEBZMFBEUJNFBDSPTT FJHIUIZESP

NBODF NFUSJDT BOE TUBUJPOT 4UBUBREGTF BMFHPSEBBIFEECENWBOEMTFE °

OBNFT &SSPSCBSTTIPXUIFTUB®FBSEEFAMAM BOTBBBDSPTIPMIE MIJOFT ¢
MJOFBS SFHSFTTJPOT aUUFE UP FBODMVYHEBBBODJPEPCREENBIGBP EEHB DOB SH



SFTVMUT

BT'.4TQBOOJOHCPUIQPTJUJWF BOE OFHBJUNWBRUJPETERE BDSPTT EJ
'PSMPXbPXIBT'-7%33"J//EFNPOTUSBUFTTUBCMFQFSGPSNBODF OF
XIJMBF"4FYIJCJUT DPOTJTUFOU VOEFSFTUJNBULAONBDBSE®TTAIMT U T
BOE .PTCBDI CFJOH FYB¥QBIJPOPIUF UIBU UIF MPH TQBDF DBMDVM
#IJBT'-BMMPXT GPS WBME% T)CIHFMFPXX CIBIBT')7QBUUFSOT TIPX
UIBU CPUI NPEFMT TZTUFNBUJDBMMZ VOEFS OTFBIEWVEUBMM BU BB 3R
XJU|l %FOLFOEPSG CFJOH UIF TP&MFPWFSFT UFO IXUESIF

51F DPSSFMBUJPB B FUMFRFE"4CIJBT QBUUFSOT JT TUSPOHFTU GPS
DPOEJUJPOT

51F SFHSFTTJPO MJOFT SFWFBM TU SPOEFIZXFFNBUTDI 8 5 M B &BRHDT
UVEF BOE QFSGPSNBODF %VF UP UIF MPHESMUONBS % BYIATTDB &
BQQFBS DVSWF&E /4RSBOE$S$ 'JHVSFB D CPUI NPEFMT FYIJCJU JN
QSPWFE QFSGPSNBODF BU IJHIFS EJPBIB'IHEFNBOTRGBUFMPE H |
NPSF HSBEVBM JNQSPWFNFOU TMPQF JOEGPBUNBOW NBSSEBMB CH
EJTDIBSHF TQFDUSVN"&POWWVSHEFNM@DSFBTFT TVCTUBOUJBMMZ X,
DIBSHF NBHOJUVEFGPSCPUINPEFMT"® BFYDEDUBEABEWVORSBW I F
UIBO SFMBUJWF RSIBASIFVBFB M% 3BI'BIW/ TZTUFNBUJDBMMZ VOEFSF]
NBUFT EJTDIBSHF BU TUBUJPOT XJU | Ta BAN MAST DCBRJ D MNFBCS USTF M BJ M
UJPOTIJQ XJUI DBUDIMNF®MB TIPS bPX EVSBUJPO DVSWF TMPQF DIB¢
UJD6133"J//NBJOUBJOTSFMBUJWBWMZ QBSIGPHPFEODFBDSPTTEJTDIB
NBHOJUVEFT &TRSFBJCJUT JODSFBTJOHMZ OFHBUJWEEJBT BU IJH
UJPQUHVSFK "MUIP¥MT'-SFNBJOTHFOFSBMMZTUBCMFBDSPTTEJ
OJUVEFT GPS CPUHNBEFMCPUIFYIJCJUBTZTUFNBUJD USFOE UPXE
OFHBUJWF CJBT DMPTFSUP[FSP BUDPNGB ST DPESRFFSUBUTD B ¢
MPDBUJPKIBEP S JHVSH

51F SFBTPOT GPS UIFTF TZTUFNBUJD QFESIGRPENFEGEDD DB U0 PBQD I T
NFOUTJ[F MBOEDPWFS EBN QSFTFODSFUVROVUNEES BBNQMESFBN
HBVHJOH TUBUJPOT DPVME CF BOBMZ[FEUFSOVUBSF SRQP S HIFTE
QSBDUJDBMJIJNQMJIDBUJPOT 4NBMMEBSIFBIUDNREG MT OB B S OB\PBIA
PSBEEJUJPOBMJOQVU WBSJBCMFT XIBMKBBHFSSRBHW QFESTPSEB
UIB%33"J//JT XFMM TVJUFE GPS NBKPS SIJWFS GPS$SBEDBIHUWH BQQ
BMTP TVHHFTU UIBU TUBUJPO TQFDRRD IPEMDES$BERIGRE TYBT DP
JNQSPWFNFOUT QBSUJDVMBSMZ GRS HMFUBRAPDTTUFOUMZ DIBMMF
#FZPOE QSFEJDUJWF BDDVSBDZ3B"UFEZTBEWBWL BHEFFRGEOUJBCMF B
UFDUVSFJTJUTQPUFOUJBM GPS QOPXIDBBWNIOF XS DS IFRLSBLL FNNFUEZF M
DBO SFUSPTQFDUJWFMZ JOGFS NFRROJOHGVM TQBUJBM SFMBUJPC

$BUDINFOUBSFB JOGFSFODF

8F PCTFSWHBEIBU/INQMIDIUMZ JOGFST QIZTIJDBMMZ QMBVTJCMF
TIPXOJIJMVSF %BSLFS BSFBT JOEJDBUF SFHIJPOT XJEDJIHIFS INQF
JUBUJPO GPS FTUJNBUJOH EJTDIBSHFPE®U BIFTDFPEGE S QPOEIRDMH QF



$BUDINFOUBSFBJOGFSFODF

'JHVSF 1SFDJQJUBUJPO BUUSJCVUJP O N BIFTPIGRXIOH Q URUBQ B B @BAMVD JEDJON
FTUJNBUJPO BU TFMFDUFB THEBAUIPOARSWWMS BF-OFEBPMWM-F B FTU TFU TFRVFO
JOEJDBUFHSJEDFMMT XIFSFQSHODIMROBEUUBNBRFEESFPDHBSHFOBOWEBIF DP
TUBUJPO 5SBEJUJPOBM DBUDINBQUBGEBTU B BN FARBIM-ECGEERIN BFNFEW P S



SFTVMUT

UFSOT TIPXTQBUJBM PWFSMBQ XJUI UILFFEBIUIPN FMEFWSBEB P E BN
EFQJDUFE JO SFE EFNPOTUSBUJOH UIBIZTIBBINWHEE M FBTD VFEIBG ©
TQBUJBM SFMBUJPOTIJQT GSPNEJTDIBSHF PCTFSWBUJPOT
5lFaSTUGPVS DPMVNOT WJTVBMJ[F BWRJISB G\aWIFPEBZG RIP TIWCM \FRWY
UFNQPSBM DIBOHFTJO TQBUJBM JObVFODBFFNBRUBBSBB M JODSBFBT
XIFOMPPLIJOHGVSUIFSJOUP UIF QBTUI BIWMGHIXB % ELWD M X NJIDTB MXA ¥ |
QFDUBUJPOT 1SFDJQJUBUJPO GSPNNBBEF HPOUHHFGUWINEBIVEMIPB DNF
SFBDIUIF HBVHJOH TUBUJPO 5I1JT UFNQP S®EN RYQBQMIDO TVHHF
JUMZ BDDPVOUT GPS bPX SPVUJOH BOEDKSSBWHRM RJ MBI E J DBRIFC \VoU |
SIHIUNPTUDPMVNO TIPXTBUUSJCVUJPO EBWHFEBMFEPBWIFS DPNQ N
.PTUTUBUJPOT FYIJCIUTTHSYDDNEMTPEOUFSFE PO UIFTUBUJPO
BDUMZ NBUDIJOH UIF $POW/FO9U LFSOFNFBM PABBFI/FFNBUUFSOT SF
QMPZTBIZCSJEBQQSPBDI 8IJMF JU DBCQWKBSBTU QIIX F 0L B MNMFM BN
FODFT JUBMTP SFMJFT PO QSFDJQJOBWIZ PG H®B VHR OMNREIWBIFOW .
IFVSJTUJD GPS EJTDIBSHF FTUJNBUBR@EJSFPDBRSPRAFTDHIRG BIP DB BM
QFOEFODF SFbFDUT TUBUJTUJDBM DPQ@IFBIBIPIP QBUORFHD BB B M
QVSFQIZTIJDBM SPVUJOH

*OUIFDBTF PG 1GBS[JFIINPOTJTUFOUMZ BTTJHOT MPX JNQPSUBO
JOUIF TPVUIFBTUFSO QBSU EFTQJURJBD EFNMMOFBRJ B M B UMD FWA
BSFB 51 JTQBUUFSODPVME SFMBUF UPRBPQB N FIOQURBESVIGEEFST HFSIRV C
6GSFDIU %VF UP UIF QSFTFODF PG UIFTF VOEFSHIBRVOE bPX Q
XPVMEFOEVQJO1GPS[IFINBDDPSEJONPWETRPMBWYWBT UPOTIFOVIWIF |
FBTU FOUFSJOH UIF /FDLBS 3JWFS OFRXBEL BB B OVWWUWUIFB\OHBHIREV
UIBW33"J//NBZ IBWF EFUFDUFEUIFTF VOPCTFSWBCMFSWFOEFSHSPYV
DJQJUBUJPO BOE EJTDIBSHF EZOBNJMNB U)PXF WIFIS B UOJIT TQROF\ENDE
BOE XPVME SFRVIJSF EFEJDBUFE IZES® HFUWP WP B WO B M OORNYBTNLIM B E
IPXFMFWBUJPO EFMJOFBUFE DBUDINNM®UTEB&MFGPG/OFENBSEBM™ I ZE S
51FFTF SFTVMUT EFNPOTUSBUF UIF Q RYSFFoUBIBMG B 3 NOZOR D BBMI U
MPHIJDBM NPEFMT 8IJMF BUUSJCVUJECGMWRVYBWMUB D WBTS JUIT BDIVEHBIS
DBTFTIPX%B3BLU/DBOJOGFS QIZTIJDBMMZNFBOJOHGUMSIQBUJBM ¢
FTUJOHMZ UIJTNPEFMJOTUBODF ERETPGR&WE MINCRHTU UOEIIHBETO H
BUSBEF PECFUXFFOBDDVSBDZBOEQMBVTJCJIMJUZ
*UJTINQPSUBOU UP LPE®3JO/NJTOESBIBQUJFE PO EBIMZ EJTDIBSHF NF
NFOUT -FBSOJOHTIBSQ DBUDINFOU EFMJI6 EBWE DHUXPFK MEGBRY
TFRVFODFT JO XI1JDIJU SBJOFE XJUIJO  BG-FBEMBNEY U IGHY BY O UJIH
B24Ah QFSJPE "TQSFDJQJUBUJPOJT WFSZ EZIGEONBD BBPTUGPTSUUINF T
UPIBQQFOBUBMMDBUDINFOU CPVOEBBOFTZES8E SFNIBUFWF MA@ MIF
GVUVSF XFFYQFDUTIBSQFS SFTVMUTZ 6 XIFODHP SGHHPERBEBIMZBYTP
NPSF EBUB

5/F DBUDINFOU JOGFSFODF SFTVMUT OB BGCP/VVARBNFOUBM RVFT
QSPDFTTFT TQBUJBM JOGPSNBUJPO SF NO EFITUFS0 K RJ OFPTDE TNZFD |
UFNBUJDBMMZFYBNJOFUIF SPMF PG E B&SHS B0 BDORSBIMIBPSNIB E MH-C



3PMFPGUIFFMFWBUJPO NBQ

'PSFBDIWBSJBOU XFUSBJO aWFJOEFQFREBSBWPRIE EWNeFSTROBIOIDEC
EPNTFFET GPMMPXJOHUIFUSBJOJOIHF QB PP6BEVMSFOHIRNTIFSICIBRJI O

FBDIDPOaHVSBUJPOJT PQUJINJ[FE TQBEMRDBMAMZGEFESWIDF Q DIQYVRIL
SBUIFSUIBONFSFMZUFTUJOH B TJOH MR FSSF 0 8 BERDFEIJNVREPM VOE

SPMFPGUIFFMFWBUJPO NBQ

5P CFUUFS VO®BSTUBOEBQBCJIJMJUJFTBOE MJNJUBUJPOT JUJTD
IPXUIFNPEFMQSPDFTTFTTQBUJBM JO GFIBNBUUEBO %@®FIBJA MN BDEZ
DBMSFMBUJPOTIJQTUIBUDPVME FO BPGMEFPFQBUJIBSVNBG FE B M & NBRJS
MPDBUJPO TQFDJaD TUBUJTUJDBM QBUUFSOT

ONJUUJOHUIFFMFWBUJPO NBQ

"TBaSTUUFTU XFBENFPOWFRSHMZ GSPNUIFJOQVU 8JUIPVUFMFWB
IZQFSOFUXPSLDBOOPUQSPEVDFTQBUWBGMZ WE EFJ0H DXETE NP BF
WPMVUJPO GPSDJOHUIFNPEFM UP 9BWEBOWR BB BT VIEOUHI BB@B M
JEFOUJDBM MBUFSBMbPX QBUUFSO UFWHRSIZRIBFSFT DIFTEOPPTAOTE S Bl
UPQPHSBQIJDBMMZ HVJEFE XBUFS SPWRIVOBGEBERNVITUEOH B M- QP ED I
JOH

(a) KGE (b) NSE

0:75
0:75

ZN o TN = =

0:70 +

0:70 +
0:65

KGE
NSE

0:65 0:60

0:55

0:60

Day Day
= DRRAINN = No DEM - EFAS

'JHVSF 1FSGPSNBO®BBFP'G/AVOH UBODFT D&NOBGHBB3IP//XIJUIPVU

FMFWBEWBIPBEOBD&EBOHE &NFUSJIDT GPS MBBEBZIINBFTVWBRPFIBOU XJUIPVU FMF\
EBUBEPFT O®R&.BFRDPIQWR UPUIFIZQFSGPORPEYMBTUBSF BWFSBHFE BDSF
TUBUJP®B3"BEWBSJIJBOUT USBOTQBSFOU MJOFTFMPXIJ®EJUNB POBNMRWXP EF
MIJOF TIPXTUIFFOTFNCMF NFBO BOE OEBBIBEFW BEBE BPTQ BXOISE MFTTIWBT UB O

51F QFSGPSNBODF JNQBDU JT NFBTVSBCMFIEIWSHVS&QSITIJIOHMZ
3"J// XJUIPVUFMFWBUJPO TIPXT MBSHFS(Q®FSEGRFSMBODEOTQSFBE J
JO4& 'IJHVSK UIPVHICPUINFUSIJDT SFNBJ@DRORFWFWHACOMU BEZBIKCIPW
PVUBAOEBZ GPSFDBTUIPSJ[PO 5I1JT SFMBURVPHBUHRFNBMWEHBIBEFE
FMFWBUJPO JOGPSNBUWAIPID JTFO BFNIBAMO TBUF TVCTUBOUJBMMZ
PUIFS NFDIBOJTNT TVDIBT MFBSOJOBIGESHFBNQPSB MIFIA Q BBBHFSEY
OBNJDT



SFTVMUT

Attribsutions within vs outside of DEM-delineated catchment

123
124
. 125
I 126
. 127

N w »

Wasserstein distance

[

DRRAINN

No DEM
Model

'JHVSF 8BTTFSTUFJO EJTUBODFT CFUXFFQ @SR BOEBRMPTI BB FMIFONR
EFMJOFBUFE DBUBRINFOUBBEEBIN G/IPSAIUVUIPVU FMEWBBJPIHIFS EJTUBODFT
JOEJDBUF HSFBUFS EJTUJODUJP® EFTNKFF O BTUESFIOWRM BOTPXA WEIBRMIOFE
CPVOEBSJFT *OEJWJEVBM CBST TBROOSHTXMUITTEB® B BIYMENPHRFMBUAQPO T
BDSPTT HBVHJOH TUBUJPOT

JPXFWFS UIFJNQBDU PO QIZTJDBM JOURBS8W®S BUBEE MURZTUIFT O T
UBODFBOBMZTJT SFWFBMT UIBUX3B'1TPVUFXFWBOTPOFRSBTWE SF
EVDFEBCJIJMJUZ UP JOGFS QIZTJDBMWMZIGIMB¥ TSCMEIDRBODINFOU B
NFUSJD EFDSFBTFT OPUBCMZ JOEJDBQJOBUW PBAJBJI B SNFB/SIIPE S
XFBLFSBMJHONFOU XJUI FMFWBUJPO BEBSIIOFFBUFE DBUDINFOU C|
51JTDPOUSBTU CFUXFFO NPEFTU QFS G RINEBOF MPBC JNBIOLEZSTRVE-MLF
UIBUFMFWBUJPOJOGPSNBUJPO TFSMNFEHHEMBMSFHENM B U JWHBFWBIE B
XIJIMFDPOUSJCVUJOH TVCTUBOUJBNMMOBR OBKTEDB SMA/NBB O DB
5lFF NPEFMrTBCIMJUZUP NBJOUBJO SBBTPOBXNMEFIPVTIDRFBMEMBQIPE
bFDUTJUT DBQBDJUZ UP MFBSO TU BRWBFDUIPIBNE S FR® EIFOTBBIHTF ®
MBUJPOT FWFO XJUIPVUFYQMJDJU bPX SPVUJOHHVJEBODF

1SPWJEJOHB SPUBUFEFMFWBUJPO NBQ

8F OPXJOWFTUJHBUF UIF®¥V'RO/V UPTXHAHMFWBUJIJPO BT QPTJUJPOBN
JOHWFSTVTUPQPHSBQIJD bPX SPVUJO®BBOERBINIONTUIIT XF USB
JOHFMFWBUJPO EBUOBXSIRDBOQBETCEZSWFT UIF TUBUJTUJDBM EJTUSJ
UJBM TUSVDUVSF PG FMFWBUJPO WBMVWFH MIFNBP DV RN NUPWQPPNHES B (
SFMBUJPOTIJQT

5l[FSFTVMUT SFWFBMNJOJNBM QF SIGIFVSNFB,QH WBMVFBEHBRYB O
TJHOJaDBOU EJERGSEBD BIOE&AWBMVFT BSF OFBSMZWUEREOUJIJDBM
SFNBSLBCMZ POFJOTUBOQIXRFWBAFIM BRWEBUHESGPSNT XFMM BCPWF
JOBMJOTUBODFT EFNPOTUSBUJOH MBBJI P B % BIKDIUBWBHQIPAHE B DT F D
GPSBDIJFWJOHIJHI QFSGPSNBODF

&WFO NPSF SFNBSLBCMZ UIF NPEFM NBPIOTWEBMDIUJQMZE CD B MWZ WAV
TICMF DBUDINFOU BSFBT XJUI SPPUBVEBE FMFVBUOIPOTIORIWVUEI T
UBODFTBSFTUBUJTUJDBMMZ JOEXDRN GBOEIJIISPBEMFEFMEKWBQ BB O



3PMFPGUIFFMFWBUJPO NBQ

(a) KGE (b) NSE

Day Day
—— DRRAINN —— Rotated DEM - EFAS

'JHVSF1FSGPSNBODPFIPG/AWFUBODFT D&P NABEROIRBEB UR /XIJWBIPUBUFE
FMFWBEBIWPEOBR&BOR &NFUSIJDT GPS MBBEBIZNKBITNVQRIPBUFE FMFWBUJP O \
SFDFIJWFT B TQBAUS BBMMD QRUBWH BIF 1 Z Q P&8PWARPFSILVRMG) U IFSF BWFSBHFE
BDSPTT BMM TAWBUJIPWBSPEBEOUT USBOTQBSFOU MJOFTHTPXIJMEIJWJIEVBI
UIF PQBRVF MJOF TIPXT UIF FOTFNCMP XFBOFBIQUUBOBBBSIBEFEVBBSEBPTO BD
TUBODFT

Attribsuitions within vs outside of DEM-delineated catchment

123
124
. 125
I 126
. 127

N w B

Wasserstein distance

[a

o

DRRAINN Rotated DEM
Model

'JHVSF 8BTTFSTUFJO EJTUBODFT CFUXFFQ @SR BOEBRMPTI BB FMIFONR
EFMJOFBUFE DBUD®WSBOWU/BOBBB'GP/IXJUlI SPUBUFE FEMBRAMBB UJPOF S
EJTUBODFT JOEJDBUF HSFBUFS EOTWIIUDUORC-FSFYX PRV BUBRSBE UMY WB U J|
DBUDINFOU CPVOEBSJFT *OEJWJENBEBF GBIOITUIPXDSFIT VM UT TGLPESOENB M E E
DPNQVUFEBDSPTTHBVHJOH TUBUJPOT



SFTVMUT

JOEJDBUJOHUIBUUPQPHSBQIJD DFFSSMPBE®EITHBQRSFEFOEEBUB BN
BUUSJCVUJPO QBUUFSOT

5IFTFDPVOUFSJOUVJUJWF a%@EIJ'THTBIIVMAHESOREB® JOGFS DBUD I N
TUSVDUVSFQSJNBSJMZ GSPN UIF TWBRFJ BJDB SUSANFEIPOFDIQT
QBUUFSOTBOEPCTFSWFEEJTDIBSHMNSHT@WIDIRUIU 8B HSBI BID G S
JOH 5%R.BQQFBST UP GVODUJPO NPSF BT B TQB UWRBBICIMFPISEJOB L
MPDBUJPO TQFDJaD QBSBNFUFS BEBQUBUDPI® XBRIG 8B NBWNVNEO GF
51JT aOEJOH IBTQSPGPVOE JNQMJD B [BIPIPTOGBEET BWH B MTHFO F S B
UIBUBDDVSBUF UPQPHSBQIJD EBUB NBZFOFTMIZTBITD § NUFED B R\WBIE F
TVEDJFOU QSFDJQJUBUJPO EJTDIBSIFRIPABREEDS O H EFBWBEIFTSBWZB OMI
UJBM SFMBUJPOTIJQT )PXFWFS UIPVBNTPISBEFMT R FZITU.IPBOM JBX
QSFUBCJMJUZ 8IJMF UIF MFBSOFE QBMBNSOCNBR QAB 2 §BZTS BIBMM
TUBUJTUJDBM SBUIFS UIBO NFDIBOJAMPDB YIDEM QBPEHFEIGH PG I ZE
)BWJOH FYBNJOFEBIBXVTFT UPQPHSBQIJD JOGPSNBUJPO XF OFY
UIFSPMFPG UFNQFSBUVSF

SPMFPGUFNQFSBUVSF

5FNQFSBUVSFBOE TPMBS SBEJBUJP FTG Q VUIEBSFFUBB\ODNIBING B B $PC
&5 QSPDFTTFT XIJDITJHOJaDBOUMZ BéF PH XBRW S ZBZBMBODF JO |
SFNPWFT XBUFS GSPN UIF DBUDINFOU SFEWD G®IS 'S MFOBPN: PHVFGDLF B B/
UJPO #ZJODPSQPSBUJOH UFNQ BESBUYSUFFFEBUEBMIB FOMZBIFDPVOU
UIFTFMPTTFTBOE CFUUFS QSFEJDUBYMB SIEHEE WBBIB X BRSO T B
XIF&5SBUFTBSF IJHIFTU

*OPVS QSFWJPVTMZ Q¥GBMITIVFEPEPBRMBS SBEJBUJPO JOTUFBE PG
UVSF CBTFEPO UIFSBUJPOBMF UIBUBPMBSINEEIBG IFPQUJTBNQES
UVSFROEMMFO FUBMFSF XFTZTUFNBUJDBMMZ FYBNJOF XIFUIFS |
QSPWJEFTTVQFSJPSJOGPSNBUJPO BEPNEFDREDENOWFITAH BBUFJ
QVUT

ONJUUJOH UFNQFSBUVSF

SFNPWJOH CPUI UFNQFSBUVSF BOE TP NBSI9BBEIGBTUROWIBOMNQFSG
NBODF EFHSBHBWVS$FO )PXFWFS UIF NPEFM NBJOUBJOT DPNQFUJU
NBODF XJUAGPS UIF aSTU aWREBBAVS& BOE VIDHEBZT/3G&

'JHVSFKC TVHHFTUJOHUIBU QSFDJQJUBUJVR O TUBBLURBMI BIMHEAP C
UIWFJOGPSNBUJPO GPS TIPSU UFSNGPSFDBTUJOH

5lF QFSGPSNBODF EFHSBEBUJPOJT NP BEQSRGPVODAFEVEWNWDPB WTF
&5FEFDUT BDDVNVMBUF PWFS UJNF %VSIXBENUFBEPPDESZIQFSJ
JOBCJMJUZ UP BDDPVOU GPS XBUFS MPISAEWM ENFBDWPNFGROESFBTEE
QSFEJDUJPO BDDVSBDZ 'VUVSF %BSLIDPVMEQTQWEBWJUUZBIFUFNQF
BUVSFJOQVUEVSJOHEJEFSFOUTFBTPOT



3PMFPGUFNQFSBUVSF

(b) NSE

0:75 - _
— N ey g

0:70

0:65

KGE

0:60

0:55

0:50 -

Day Day
= DRRAINN = No Temp. -~ EFAS

'JHVSF 1FSGPSNBO®BBFP'G/AVODH UBODFT DE&NOBGHBB3IP//XIJUIPVU
UFNQFSEBVYSFBO&8MBORM&NFUSIDT GPS MF®EEBZNF TS MQWBSJBOU XJUIPVL
UFNQFSBUVSFEBUBEPFT OPU SF DF UZV)HF 3 ONQXPBH N PWETVMQVTWBSE Ul
BWFSBHFEBDSPTTYB3WBMJIT WBBBIFBATU TPEBSBOTQBSFOU MJOFTFTIPX JOEJWJI
XIIMFUIFPQBRVF MIJOF TIPXT UIF FO BFBCOMFEXNTFBIG BOBOQOEBSEBEFE BBUJP
JOTUBODEFT

1SPWJEJOHTPMBS SBEJBUJPOJOTUFBE PG UFNQFSBU\

(a) KGE (b) NSE

0:75 +

0:70

KGE

0:65

0:60

Day Day
= DRRAINN - Radiation - EFAS

'JHVSF 1FSGPSNBOBEF3IP G/ AWFUBODFT D& NABBOSF-EIUF /XIWBEJ

BUJPO JOTUFBE PGHBAUNBQFBSBUERKR NFUSIDT GPS MFBEBIANF5IVQ UP
WBSJBOU XJUI SBEJBUJPO EBUB SHDGRB SB-UVSSHEEBB U0V UQPUBIBEIPQGRE O |
UIEB$POWFTVMUTBSFBWFSBHFE BBSPI/TVBBSIBOBUTIBOBOPEBSFOU MJO
JOEJWJEVBM NPEFMJOTUBODFT X FMFWNIGEMROMBRE/G BIOD BTHHRXBBARE BSF|
UIFTUBOEBSE EFWJBUJPO BDSPTTJOTUBODFT

SP EFUFSNJOF UIF PQUIJNBM NFUFPSPMPFNQOFBEM UV BHBE ®PW Q BF
TPMBS SBEJBUJPOVTFEJOPVS QSFWIPSFWFS8M TVAUIBRDUFINENGB 8§ J
QSPWIJEFTTVQFSIJPSQSFEJDUJWK&O GH\BESIBR BPAERO' UHFSNT PG
VSF C DPNQBSFEUP TPMBS SBEJBUJPO 8IJHMMIQ BEFPRINBODF SF
MFWFMT UIJT aOEJOH EFNPOTUSBUFT IFIB N PPE/FSMQLS - WalHPW I BAZI®@ D
XBTTVCPQUJINBM

5lFTVQFSIJPS QFSGPSNBODF PG UFN Q BFBWVSHVEEWLFDQT JQ UR BIR
&5SBUFT XIJDIEFQFOE OPUPOMZ PO TPMBEBUINOHTSHEIODWBQVSE B!
QSFTTVSFEFaDJUTBOE QMBOU QIZT BAVFRMHBIDBNWPSSHTOMPROTTHFM 2UXB U



SFTVMUT

UFNQFSB'WMWHO FU BM

1SPWJEJOHUFNQFSBUVSFBOETPMBS SBEJBUJPO

(a) KGE (b) NSE

0:75
0:70
Lu .
g 0:65

0:60

0:55 +

Day Day
= DRRAINN - Temp. + Radiation - EFAS

'JHVSF 1FSGPSNBOBEF3IP G/ AWFUBODFT D& NABBOH-EIUF /XIWBEJ

BUJPO BOE UFNEBRSBRYVSBDO &NFUSIDT GPS MFEFBERZNFIFI¥FQVBBJIBOU
XJUI'SBEJBUJPOBOE UFNQFSBUV SUFAENBQUBS 8RD/BIBRITISOERIB U PROBITE) F S C
UIEB$POWFTVMUTBSFBWFSBHFE BBSPI/TVBBSIBOBUIBOBOPEBSFOU MJO
JOEJWIJEVBM NPEFMJOTUBODFT X FMHFWNIGMRONBRE/G BIOD BTHHRXBBAHRE BSF|
UIFTUBOEBSE EFWJBUJPO BDSPTTJOTUBODFT

1SPWJEJOH CPUI UFNQFSBUVSF BOE TP MM3 ZEEMBU NFG AL 1$ ¥ MVIB
GPS CREBI'JHVSFB BOR& 'JHVSFC 8IJMF TPNF NPEFM JOTUBOD!
BDIJFWF QFSGPSNBODFDPNQBSBCMF §PJPIG WPANDSTEBE S SP PN W
TUBOUJBMMZ&PSBFRUQBOUFSO TVHHFTUTUIBU QSPWJEJOH CPUI L
TPMBS SBEJBUJPO TINVMUBOFPVTMEBNQBESIZSPIE\WMBISHFTOFBTF
NBODF WBSJBCJMJUZ BDSPTT EJEFSFOU SBOEPN JOJUJBMJ[BUJPC
5IFTFaOEJOHTIJHIMJHIUUIFJNQPSUBDDFPROGIJIDBGHF\GIBMIZE S B M P
DBMNPEFMT 6TJOHNPSFJOQVU GFBUWY/SSFBYOPRBMNXBGEF TNFRIWFF
DBOEFHSBEFSBUIFSUIBO JNQSPWF Q BRMNINDBWD P O'P UF SIBF$ B
BMPOF QSPWJEFT UIF PQREINBH EBBIBIPOFXRIE IPVU JOUSPEVDJOH I
EVOEBODZ

OVS JOWFTUJHBUJPO PG JOQVU WBSJIBIEMGEF SRWEBM T B SRKIFSSIN\BLFP
BOE JOUIFDB®&.PGIUTRDBM QMBVTJCIMJIUZ 8F OPXFYBNJOF IPX"
UFDUVSBMEFTJHO DIP2RFI D/ArO DBIXBVIIMUB IJFT

"SDIJUFDUVSBM EFTJHO DIPJDFT

5P BTTFTT UIF DPOUSJCVIWDIP\ODITUR®/ BQEBISHDI JUFDUVSBM DIPJDFT
DPOEVDUFEBTFSIJFTR&3BCMBUIPROAYROFSINFOUTIFMQEFUFSNJOT
EFTIHOEFDJTIJPOTBSFDSVDIJBMGPBEBOE@SEEJDBNWOORFSGBEEWN
JuZz



"SDIJUFDUVSBM EFTJHO DIPJDFT

4FQBSBUJPO PG MPDBMBOETQBUJBMMZ FYUFOEFE QS|

"LFZO0EVDUJIJW®%EGIBIVN/IJTUIFFYQMJIDIJUTFQBSBUJPO CFUXFFOTQB
QSPDFTTFT BOE MPDBM QSPDFTTFT -BURSIBEMVBBOUEARD ERWBENBODB
UIJBMMZ FYUFOEFE QSPDFTT QSJNB SJMWO RBSIWHFOWRSHWMW BB O
MPDBM QSPDFTT MBSHFMZ JObVFODF&EXUMP O B MQ\BFUWRMBDS/AWBFSHAID
QFSBUVSF

8FFODPEFUIJTEJTUJODUJPO CZBTTIJHGFEFOUIPFNQRE®PG DT FPTGUP
$POW/FO9U CMPPDES BOBT QBSBNFUFSY//FE BAUBSFDFIWFT FMFWBUJP (
JOQVU XBEWEOWOES$SPOWMSF QBSBNFUFS-JJFEIBUBFDFIJWF UFN

QFSBUVSF 5PUFTUUIJTEFTJIHO DIPJIPRO KE SFNEWG® H) FMFIW BUBISBA
UFNQFSBUVSF UPHFUIFS XJUI QSFIF1Q J4B USP@QTERSFDUMZ JOIFP L
SFMBUJWJUZ CJBT SFBMJ[FE CZ TVIRUGCBOWRE® B RN M FGVEFRMNBWIFPFROMA
UIJPOTPGBMMPUIFSDFMMT XJUIJO FBB ODFRXP@U J WIFBaNF MAE SPFONWP W H

(a) KGE (b) NSE
0:75 ~

ZN o TN = =

0:55 +

Day Day
= DRRAINN - No separation - EFAS

'JHVSF 1FSGPSNBO®BFG/AMPHUBODFT D@ NOBGHE E3UP//XIJWEMM

JOQVUT GFE UP UIF43P BD$ KE8BOE&NFUSIDT GPS MBBERZNFTIFQ UP
WBSJBOU XJUI BMM JOQV UT46 FEFWDAF UWF D BFWD XJTEBUJIJPO UFNQFSBUV!
EBUB BT EJSFDW 8@V UOUIRIBBE PG VTJOH IZQFSOFUXPSLT B #MVMUT BS
TUBUJP®B3"RSWBSJBOUT USBOTQBSFOU MJOFTFIMPXIJ®EJUVE PQBWM WP EF
MJOF TIPXT UIFFOTEFNCMF NFBO BOE OEBBIBEF® BSE BPTO BYOTS B MFT TIDST U B O

SFNPWIJOHQSPDFTTTFQBSBUJPO SFNEFOMINA B OHS/ECHBMIFPBIBM QF S C
11ZTIDBMJOUFSQSFUBCIMJUZTVEFSTESBOBUTODBMMZT ESPIBRIJ |
TUBOUJBHWWMSBA JOEJDBUJOH UIBU UIF NPEFM MPTFTQMF BCIJMJU
DBUDINFOU CPVOEBSJFT

5IFTF SFTVMUT EFNPOTUSBUF UIBU E¥QMNEB OUMYBEJIBWINH FY U RO
BOE MPDBM QSPDFTTFT JA3@BVOEBNVODBEWMTUPSIF BSDIJUFDUVSBM
SBUJPO OPUPOMZ JNQSPWFT QSFEJDRNEP 8 NBVOBBZCVWHIQ IZTU
JOUFSQSFUBCJIJMJUZ TVHEVDTUWIDE@UBBRTHFOVIOF IZESPMPHJIDB
DIQMFT



SFTVMUT

Attrib5utions within vs outside of DEM-delineated catchment

123
124
125
126
127

N w »

Wasserstein distance

[a

DRRAINN No separation
Model

'JHVSF 8BTTFSTUFJO EJTUBODFT CFUXFTFOGSEFIBO B BPWIPIQ BR B Bl FOW
EFMJOFBUFE DBUDWIRBOU /BOEBI3GHLEXIJUI BMM JOQVUT GFE UP UIF QPJ
XJTH5. )JHIFS EJTUBODFT JOEJDBUF HSEBUEYWEIFQT & D U IIFCOVWCHSITAFTF P\
FMFWBUJPO EFMJOFBUFE DBUDIBBO U (PXVOFEB/SMEBT GROEEBWNMBEWVBEF M JO T
TUBOEBSE EFWJBUJPOTDPNQVUFEBDSPTT HBVHJOH TUBUJPOT

SPMFPGIZQFSOFUXPSLT

#FZPOE QSPDFTT TFQBSBUJPO BOPABIFIUBZI DPNYPEPGUALFS
OFUXPSLT GPS MPDBUJPO TQFDJaD BHBE@BUECBBRPIO/UZKRESOFUXPS
OBNJDBMMZ BEBQUJUT QSPDFTTJOHEBTHEPDWFPFDS M D OEICN B (
XFUSBBG"J//XJUIPVUIZQFSOFUXPSLT XIJMF QSFTPFSAWIOH UIF TFC
TQBUIJBMMZ FYUFOEFEBOE MPDBM QSPDFTTFT

*OUlJT BCMBUJPO FMFWBUJPO JT DPODBUFOBBHRE KB UIl RN HJ BBE
QPTIJUJPO XJTF MJOFBSBRMBIAWBXIBD BOBRGFEAWUPTWIEF
QSPDFTTJOHJT OFD E4BBRPONCFWVBSFTFFRVBM JOQVU BOE PVUQVUD
NFOTJPOT 5FNQFSBUVSFJT DPODBUFGUBRIGFE GEBIEUISFFDEREQ OU
18$POWXJUI JOQVU DIBOOFMT BEKVTUFE BRKTRS8EJAOHIMWAN PSNIFEB F M|
TIODFJUEFQFOETPOUIFIZQFSOFUXPSLBSDIJUFDUVSF

SFNPWIJOHIZQFSOFUXPSLTSFTVMUT FEFODCFBBETBFBMOQFSGPSNB
SIFIJNQBDU PO QIZTIJDBMIJOUFSQSFUBTIUMBWESHKF NFBO QSPOMF T WVE
BSBUJPHOVSF

5IFTF SFTVMUT JOEJDBUF UIBU IZQFS OFUMKESIOTF @S P \@ Z BFOBERI D
MPDBUJPO TQFDJaD QBSBNFUFS BEBQUBSIRAO DB M VUHB @ LFIE BS/FOR
NFOUBM TFQBSBUJPO PG IZESPMPHJDRBRISQ S BIRIAEFS URIFOZRFGS P
UIFNPEFMrTBCJMJUZ UP BEBQU JU TRXSP DFPTOTUSHCWRINI®B B D P O Ef
GPSNBODFBOE QIZTJDBM QMBVTJCJIMJIUZ

5/F BSDIJUFDUVSBM BCMBUJPOT DPAB8B8SHN/ UTHBEXREFTSUBO DP RG

QPOFOUT GPS BDDVSBDZ BOE QI1ZTJD BMFBM BIV FSCRINVEW B U JPXOF WG
NFOWUIFDUIJPSGFWFBMFE UIBU UIFNPEFM NBZ SFMZOQPYSFBERM TUBUJT
QIZTIJDBM QSPDFTTFT 51JT SBJTFTJNQBSUBK Bl ROUFJB VR OBIUR® PV
CIMIJUJFT XIJDI XFOPXFYBNJOFUISPVBILWMEGBOBVHFE CBTJO QSFE.



"SDIJUFDUVSBM EFTJHO DIPJDFT

(a) KGE (b) NSE

0:75
0:75
0:70

0:65

KGE
NSE

0:60

0:55 +

0:55 - _

0:50 -

Day Day
= DRRAINN - No hypernetworks - EFAS

'JHVSF 1FSGPSNBOBBFG/AMDHUBODFT D& NOBGE E3UP//XIJUIPVU
IZQFSOFUBPSHE&EBOMRB&ENFUSIDT GPS MBBEBIZINKBITNYBLIBOU XIJUIPVU IZQ
OFUXPSLTEJSFDUMZ GFFE%SFWHFBBE UF QN @ BYBUW\OSIBEHB B BWIIOWRPBLE F

PG VTIJOHIZQFSOFUXPSLT UP HFOFF2MBDBOWBWVSBHROEXBDISRUIT BAM T
%33"J// WBSJBOUT USBOTQBSFOU MJOFTHTP X IJMEIW FERVBB/RN FBEVFNM FOTT E
UIFFOTFNCMF NFBO BOEUIF TIBEFE BYBPOIPXSRITIF TJOBOEGBETEFWJ

Attributions within vs outside of DEM-delineated catchment
5,

123
124
125
126
. 127

ISy

w

N

Wasserstein distance

-

o

DRRAINN No hypernetworks
Model

'JHVSF 8BTTFSTUFJO EJTUBODFT CFUXFTFOGSEFIBO B BPWIPIQ BR B B FOW
EFMJOFBUFE DBU®IBNF O/VBERBBTI XSUIPVUIZQFSOFIHXFPFSIEEDTUBODFT
JOEJDBUF HSFBUFS EJTUJODUJPW®W EFTNKFF O BUESFIFOWRM BOTRPXA EIBRMIOFE
CPVOEBSJFT *OEJWJEVBM CBST TBROOSHATXMUITT&EB® B BIYMENPREFMUAQPO T
BDSPTTHBVHJOH TUBUJPOT



SFTVMUT

4QBUJBM HFOFSBMJ[BUJPO

*O UIJT TFDUJPO %E3FYQWMMFOFSBMJI[BUJPO DBGEBCDODMJIPOFIOGPS
VOHBVHFE CBTJOJUWG#UIF /FDLBS SJWFS OFUXPSL 8F FNQMPZ M
DSPTT WBMJEBUJPO 'PS FBDI TUBU PR3 X'F L/SBI&F8W6 USGBOBODF
EPNTFFET XIJMF USFBUJOH UIBU TUBUBPOQJ®HYV GBBBNFE E VT 8BO H
UJPOT OFWFS SFDFJWF IJTUPSJDBM P OIS BSWEFEBR B IBF-TM TNV VDA
EVSJOH USBJOJOH %VSJOH UFTUJOH MRFWESSXMBOWB B VBWF NF
XJUIIFME TUBUJPOT UP BTTFTT TQBMJIBN FHFXOFSIBERJBRUTBRMDBRB
NFOUTZTUFN "MM SFTVMUTBSFDPNCJDBBFEDDUJBO PRPNFTUBIR
NPEFM JOTUBODFT UIBUUSFBUFE JUBT VOHBVHFE
51JTBQQSPBDISFQSFTFOUTBOJOUFSORBYBIGFE TBAFQWPSEEH NSVH
8IJMF UIF TUBUJPOT BSF USFBUFE BT VOHZVIHNEBE®SIIH 0SB I J
TBNF SJWFS OFUXPSL XIFSF PUIFS TUB WBP GT JJ SPAWIEF WFSTBUD UOH
NPEFMrT BCJMJUZ UP JOUFSQPMBUF HE\SHPREPMBDBM JPFIBWJB 8] 0|
LOPXO TZTUFN SBUIFSUIBO FYUSBQP®BOHBEA W 8 DWPRQMFWFRSA JC
AUBOEBSEJ[BUJPO'JT DSYBIBMEFSIBCIMIUZ QBSUIJDVMBSMZ XI|
WBSJBCMFT TQBOOJOH NVMUJQMF PSHEFISTDPBSNEH O YSVFEFIMJIOB I8
%33"J//JNQMFNFOUBUJPO TUBOEBSEJ[FT F E0SIBTWMBMZ F D3 D B TIBIB
TUBUJPOrTMPH USBOTGPSNFE NFBO KGR FSBOWIEE IE BBWRB UTJPRD .
JOGPSNBUJPO XPVME CF VOBWBJMBCMF GPGPEFVYIPDERBEYEABE
UIF BDU¥BMNVBMVBUJPO XF aSTU UFTU BO BM URSIPBDIWROTUBOE!
UIF GVMM EBUBTFU XJUI BMM TUBUJP GFBBNHRNE UZP EFUIFISNYBDF
BO JOEJDBUJPO PG UIF SFMBUJWF DPRQB IEVKNEP @& P S TWIB\OEBB\EH |
CBTJO QSFEJDUJPO UP PWFSBMM QFSGPSNBODF MPTTFT

$BUDINFOU TJ[F CBTFEEJTDIBSHF TUBOEBSEJ[BUJPO

'PSVOHBVHFECBTJOBQQMJDBUJPOT EETEFREMWANGHODB Q5P Y ZBG
DBO CF EFUFSNJOFE XJUIPVU IJTUPSJDBMMWPWBNFETY EFVMRIOEB U B
DBUDINFOUBSFB PG B TUBUJPO QSPWJEFINQADU BEQES®$IPBT FWB B
GPSVOHBVHFE TUBUJPOT "MUIPVHI PQBNBURWBDUVBN DB WDIN KX
BSFBTDBOOPUBMXBZTCFSFMJBCMZZDFO GBYDAECEP NHMFWBWNPEG
BTBSFBTPOBCMF IFVSJTUJD GPS B TUBUUPBRIVEFBO EJTDIBSHF N
*O PVS DBUDINFOU TJ[F CBTFE TUB O EBSBEJEBS ER OFBRB@S A BB U XFOT
EJTDIBSHF CZaSTUEJWJEJOH JU CZ BIFDAM FOB BSHF® EF[WJ O FlBQ B €
QMZJOHMPH USBOTGPSNFE NFBO BOE FEBDSPIH BRMWIIBEN R DD PW
UJPOT 5IF DBUDINFOU TJ[F CBTFE TUBBERISIGBS IO BFEWVDFT N
'JHVSFB BOE& 'JHVSFC 8IJMFTPNFJOEJWJEVBMNPEFMJOTUBO
QFSGPSNBODF MFWFMT DPNQBSBCMP U#DBIEIRSPHIPBSMIRBUIP O
GPSNTVCTUBOUJBMMZ XPSTF DSFBUBDBBSPEISHFIEOSFBE S@OED
TFFET %FTQJUF UIJT QFSGPSNBODF EWBSEBEU VRO B XE JCSPOFHF



4QBUJBM HFOFSBMJ[BUJPO

Catchment size vs mean discharge (r = 0.998)

102 -

101 4

Mean Discharge [m?3/s]

109 -

o T

Catchment Size [km 2]

'JHVSF 3FMBUJPOTIJQ CFUXFFO FMFWBUB BO ENWMB O PECURE W/E B OEINTF3O B
BDSPTT BMM HBVHJOH TUBUJPOT B® UQR/IFDU BB @S WIHFSOWHUPXPFISHB& HJO
5[F TUSPOH QPTJUJWF DPSSFMB U ORIOBEF®BPITFEWSHBIUET B ISSRBD B O B ONFF Q S
DIBSHF NBHOJUVEF KVTUJGZJO HJVO B \FHFESCIBUBIOQEBFEE M JEBIPIP O T



SFTVMUT

(a) KGE (b) NSE
0:75 -
0:70 -

0:65

KGE

0:60

0:55 +

0:50 -

Day Day
= DRRAINN - Catchment size - EFAS

'JHVSF 1FSGPSNBORFIPG/AAWFUBODFT D NABEIRBB UR /XJWBUDI

NFOU TJ[F TUBOEBSEHDBEERMBDEBSNFUSIDT GPS MFBEBANFSI¥Q UP
DBUDINFOU TUBOEBSEJ[FE WBSJB®BW ERWWITEFB UEED MDA B SHRN (FZAHEHASF BQ
EBSEJ[BUJPO VTJOH MPH USBOTGPBSUNFE DFE Q \BUWHE TBIBSPETBISEEMEMF WB B H F
BFTVMUT BSF BWFSBHFE BDRD:SBTI/BWBM ITBBUITPOFSBOPTNBSFOU MIJOFT TIP;
NPEFMJOTUBODFT XIJMFUIFPQBRBE BOGRITFPIXBEHFE BGFBNCRXTNFIF TU
EFWJBUJPO BDSPTTJOTUBODFT

XJUIUIJT TUBOEBSEJ[BUJPO BQQSPBDW®BMRS/B LR Y O HCB-\DHBFVET € B U JSOF
SFTFOUTUIFPOMZWJBCMFBMUFSOBUJWY U[(BADEBRAPTEOPD IBBRIVITSF
uJbT

1SFEJDUJPOJO VOHBVHFE CBTJOT

5lFFUSBOTIABLHHETMWMUT JOTVCTUBOUJBM QFSGPSNBOPBEFHSBEB
SJDIHVSF %33"J//NBJOUBJOTDPNKQFURVIWE BMCFJUTMJHIUMZ
XPSTFQFSGPSNBOBF' &FMBIIKIWEFHBVHFE TFUUJOH CVUTIPXT MBS
JO4& 1$$BOE'& 'JHVSFC E SBVUPSFHSHISIGRMWIFNBODF EFHSBEB
UJPOPCTFSWFEJOUIFHBVHFE TFUUJOH UT MAENH IQBWPDIFOVIOWEQ F
TIPXJOHTMJHIUJNQSPWFNROYAONBS BIJNFNBZ JOEJDBUF UIBU MP
UVOF JO QFSJPET DPVME JNQSPWF QFS GPBNBROIN-BUZ R)C B\W 3BJIC|
NPEFM UP BEBQU UP UIF VOHBVHFE MP BBREWHSJMUIZIES e MERI P ENM H
OJOHBVUPOPNPVT QSFEJDUJPO
5lFCIJBTNFUSIJDTSFWFBMBEEJUJPO BN DOENWEIHFISBO VOHBVHFI
#JBT3BIPXTDPOTJEFSBCMF TQSFBEBDSPTTWEEEFDNINOTUBEGBFT N
UFSNJOFTZTUFNBUJD QBUUFSOTDPN BBOEFHUPHMEPRSIHIOBM NP
#JBT'.5SFWFBMT B MBSHFS OFHBUJWF CJBT DPNRBESMBOE CPUI U
&"4 TVHHFTUJOH VOEFSFTUJNBUJPO PG bPXYHEBEBUIPROSDVSWF TI
MPX bPXAJBT'-7 UIF NPEFM TIPXT MBSHFS QPTJUJWF EJBT UIBO Ul
DBUJOHTZTUFNBUJD PWFSFTUJNBUJROSFGIMP I HPXPWRCMBNFT
#JBT')7SFWFBMT MBSHFS OFHBUJWF CJBT XJUJIOVECBOBPUJBMTQ
HFTUJOHJODPOTJTUFOUVOEFSFIHYSBUJBOFAHG QFBT QBXUFSOT
JOEJDBUFUIBU VOHBVHFE CBTJO QS F EFXIBWIN 6 PWSBOM LY REB/NDTFF
USPEVDFT TZTUFNBUJD EJTUPSUJPOFBDSPTT EJEFSFOU bPX SFH.



4QBUJBM HFOFSBMJ[BUJPO

KGE

%

0:75

0:70 +

0:65

0:60

0:55

0:50 +

0:90 +
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0:78 4
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50 -
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(g) %BiasFLV
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NSE
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0:7 +

0:6

(b) NSE

i ——

7/

—— e ——

Day

- EFAS

'JHVSF 1FSGPSNBODRBPIL/AOWFUBODFT DXP'NMN@ B&BB'UP/GR/OHBVHFE

CBTIHBDSPTT FIHIUIZESPMPHJIDBM QFFGRSNEBRZF NPS YIDHBEMF M EBH LA
QSFEJDPWBBPO//IJT USBJOFE VTJOH MFBWF POF PVNUTIUSRJUP W BMUSBBUFEG B
VOHBVHFE EVSJOH USBJOJOH BOEMWBWHSE EBDBIBMRIOIQVUP SFOBM ET B SF
BDSPTT BMM TTRABUJIP/BSPEBEOUT USBOTQBSFOU MIJOFTHTPXIJOEIJWIEVBI
UIF PQBRVF MJOF TIPXT UIF FOTFNCMP XFBOFBIQUUBOBBSIBEFEVBBSEBPTO BD

TUBODFT



SFTVMUT

5/F MBSHFS TQSFBE JO QFSGPSNBODHFEDSHITWBIIM G FWSUD TBOKB
NPEFM JOTUBODFT TVHHFTUJOH UIBU VP HBVHFIEMZ BFIOT QB S\VEP 8§
SBOEPN JOJUJBMJ[BUJPO

4UBUJPO MFWFMBOBMZTJT SFWFBNBMIHAERESBWESPUHFROFPYE GOS8
'JHVSF 1FSGPSNBODF EFHSBEBUJPO WBSJBUESGNBURRNBMMZ |
TUBUJPOTFYQFSJFODFDBUBTUSPGHBQMPEOBTF SHSJFADFXYBC XA BN
PUIFSTTIPXNJOJNBMJNQBDUPSFWFOHNQ@SREBENNOILCTI UDUSIIAY .
(& WBMVFT JO UIF VOHBVHFE TFUUJOH UIPVBPUIEYUNQBRWFNF
PUIFS NFUSHDSFB 'P/SI& UIF VOHBVHFE TFUUJOH TIPXT NPSF ES
QFSGPSNBODF MPTTFT XJUI TFWFSBMXBCECFEGTE QB SWUBQWB B M
ESPQQJOH UP OFBS [FSP PS OFHBUJW B SWEB\O\DFFTF ¥ Q EIBIDEBUIIPHD Q P |
VSF C 1$$TIPXT TINJMBS ESBNBUJD QFSGPSNBOSBMPTURBFT UP /4
UJPOT FYQFSJFODJOH TVCTUBOUJBN BEI$IGF DO.D® SEFWMBUJIPO Wi
UFSOT SFWFBM UIBUBCTPMVUF FSSPETFIVDISERAFEVETUBOW JB M
TPNF TUBUJPOTTIPXJOH FSSPST D P N&QBISBFOWFMINPSFFEFYDFFEJOH
5/F CJBT NFUSJDT SFWFBM BEEJUJPOEMCBANQ MSY¥EJUDAUN PO BOISE
TUBUJROBT3RPXT MBSHFS TQSFBEBDSPTT TUBUJRONIPEEENVQBSFE U
XJUI %FOLFOEPSG #BE *NOBV .VSS 60 FSIMSTIFPKFON MBXSHEGP S
QPTJUJWF CJBT JOEJDBUJOH TZTURNBUBD BWH$FMPBBBUBPO PG
VSF F #JBT'.ZIPXTMBSHFSTQSFBEBDSPTTTUBUJPWIWRJUINPSF
BOEQPTJUJWFWBMVFTDPNQBSFE UPJORHBUVRPE TFURNQ O A TUJ E B
PG bPX EVSBUJPO DVBIWRFBP@EET'-3T TMJHIUMZ MBSHFS UIBO JC
PSJHJOBM NPEFM NPTUMZ EVF UP "M UR QMBSAHIH @RTE! (BJIWFE ® BBEST | BT
HFTUJOH TZTUFNBUJD PWFSFTUJNBUJPIF HQ MPXaDPTXUW P MRKOIFT B L
VSF H #JBT')TIPXTTIJNJMBSTQSFBEBDSPTTTUBUXBOTBTUIFPS
WBSZJOH EFHSFFT PG VOEFSFTUJNB WMZPOFWIBRAFBIJMFEAN COUBB O D
'JHVSFI 5IFTF CJBT QBUUFSOT TVHHFTU UIBUPGDORBY RPOBMZBTJIO
SFEVDFTPWFSBMMBDDVSBDZ CVUBMFPFTZOUSRBYDB E LJHIRZUN B 9.
EFQFOE TUSPOHMZ PO CPUI TUBUJPO MBRIJPWIPO BOE NPEFM JOJU.
5/F SFHSFTTJPO BOBMZTLF#Q® 5 EIPBWBOWIBEFHSBEBUJPO JT OPU V
EJTUSJCVUFEBDSPTTEJTDIBSHF NBRORWNE FINNF SFMBUJWF JNQSF
NFOU JO TUBUJPOT XJUIIJHIFS EJTD | B\SGHFST VG VOM ¥ S F B NCHBY HF@
TUBUJPOTBWBJMBCMFEVSJOH USBJOBOH BB[FIFS BJEB D IBEHFMIZBBDIE
OJUVEF 4UBUJPOTXJUIGFXFSVQTUSPBNOGRMXPSPEJ Q6 RSRBSRIIA
MBSMZ WVMOFSBCMF UP VOHBVHFE USBBEENPQQ FESTUYIG NFZEFRMN B E
VQTUSFBN EPXOTUSFBN bPX SFMBUJPOSFEJDUIRPODBVYMER GGPIS
IFME MPDBUJPO $POWFSTFMZ TUBUNRGBXOUONVMBUQME TVQFOE
GSPNUIFNPEFMrTBCJMJUZ UP QS P Q BHBSUIRMFSGIPSUEABIP G O BSAWIH
CFUUFS TQBUJBM JOUFSQPMBUJPO FMW F® & FIOVWO A BA\BHSHHEE Us TUTBAJQ
JOH TVHHFTLBFQABGPSNBODF EFQFOET DSJUJDBMMDPGUIF TQBU
UIFHBVHJOH OFUXPSLBOE UIFDPOOFDEIWESHZROFMRPBO UBGT OlJE
MJHIUJOH UIF INQPSUBODF PG OFUXPSISBRQBWRRD GO ETVBIIGW
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'JHVSF 1FSGPSN®BQOGB®RPBO&"4BU POF EBZ MFBE UJNF BDSPTT FIJHIU IZE¢
GPSNBODF NFUSJDVBOGBVHBEITHIEHIDQWJIPO &BBI TURFEBREIPINBODF

JT FWBMVBUFE VTJOH NPEFMT USBEOVDNBYVHEB UWUBBUPPO BSFPBEESF
EJTDIBSHF MPH TDBMF BOE MBCFNHFH KRX UUFFISBOENKSTE %ESVE PEBUCIFP O B L
3"J// NPEFM JOTUBODFT 4PMJE MJOFTaSRUFEFUF B MJIOFBSMYHFHSFSGRB B
BHBJOTU MPH USBOTGPSNFE NFBO EJTDIBSHF



SFTVMUT

IZESPMPHJDBM NPEFMT
5IFTFTQBUJBMHFOFSBMJ[BUJPODIBMMEQ®KEBPTRBIEFKAXVOEBNFOL
QSPDFTTFT TQBUJBM JOGPSNBUJPO WNE EBEBMTTUSBTQIHBRNYI® K &
WBSJBODF UISPVHI IZQFSOFUXPSLT HEBCMIPHIAD GF NB-BBROOWK
CFUXFFO QSFDJQJUBUJPO QBUUFSOT B®E EBNP BEHIEYIFTIXPOTFT
UJPOUIFNPEFMVTFTFMFWBUJPO EBUBMBIRBQPTNEBBOBMPOBBERBOF
TQFDJaDTUBUJTUJDBM SFMBUJP@BUQFSOUBOEOEQIEDERHIEBHIT B!
4VDIMPDBUJPO TQFDJaD MFBSOJOH MR BIEDMBIFAESBRMWE HIBASH/HEHNY
DBUJPOT XIFSFUIFTUBUJTUJDBM S FMBABIW PH ENQSII IBMWE SSBRIW T B HO
S5I/FTF SFTVMUT IJHIMJHIU CPUI UIF QSP3BT ¥/ BOFESWINHBBHBEBOT P
CBTJO QSFEJDUJPO 8IJMFUIF NPEFM BFNPORSBB UBIUTP O A BB
JUZ NBJOUBJOJOH SFBTPOBCMF QFS6GP3NBIO/ICH BB O BWHEI3 BMAMB T U B ¢
JOPVUDPNFTTVHHFTUT UIBU BEEJU JPSOPBMWFINOCCEHPESVWN-BALE] € B TRIRVQIFES
GPSNB®BB"J//XBTOFJUIFSCVJIJMU OPSLBQWINIOEE MFBWJOH SPPN
GPSJINQSPWFNFOU



% (8 <88(31

8IBUXFPCTFSWFJT OPU OBUVSFJIJUSTHNWG IEE B ® BWV S B FPrQIOTHF
8FSOFS )FJTFOCFSH

OV%JIJTUSIJCVUFE 3BJOGBMM 3VOPé "SU*aDJBMS/IFYSBTVFFUKXKBSL 9
GVMMZ EJTUSJCVUFE BSUJaDJBBSOFYSBMIVSFXPISIU FTUINBUFT S.
DIBSHF GSPN QBTU EJTDIBSHF PCTFSWRB B QH OB O SUEFFE EMFPW B U
PSPMPHJDBM GPSDJOHT QSFDJQJUBYEPOMBIOTEQSPNQIEFBRIYBXF S5
UIF SFTFBSDI RVFTU4PDTJPRAIE JOBDIJFWFT TVQFSJPS QFSGPSNE
DPNQBSFE&WPSPIGFBO 'MPPE "XBSFOFTTGASTMFEBE&INFT FYUFOEJC
VQ BPEBZB2 %33"J//XBTUSBJOFEFYRMEBIWFRYPODFT JODMVE
JOHIBEBZ XBSN VQ QFSJPE EFNPOTUSBUJOR SIROVMPEBHRBGESBMJ
QSFEJDUJPO IPSJ[POT

4UBUJPO TQFDJaD QFSGPSNBODF WBSJBCJMJ

8F PCTFSWF IFUFSPHFOFJUZ JO EJTDIB®ISP FT WEWBU.IDAHD TEUE DA
32 %33"J//BOR'4UFOE UP QFSGPSN QPPSMZ BU UIF TBNF TVCTF
TVHHFTUJOH UIBU NPEFMJOH EJ&DVMWIFSTW 8B TNPEFM O QrRDFI:Da D
AFWFSBM GBDUPST MJLFMZ DPOUSJTCVWRBUPPOTT \BSUBEIW B K B
TVSGBDF RVBOUJUJFT TVDIBT T TPJM \DBIT UYVISE B®B 8 8 MZADYE BB
EJTDIBSHF XJUIPVU CFJOH DBQUVSFE BO '\HEJRW B O BIGNF B O QNP
QPHFOJD JOUFSWFOUJPOT TVDI BT E B NPRQJF PBUMPOF O XBGRS E U\
UVSF DSFBUF EZOBNJDT UIBU BSF DIBMB FOEOMBWPI NPESRHF O § §
NBZ OPU CF BEFRVBUFMZ4Bw TPHOWSE BSEHTPMVUJPO%BQMPZFE CZ
3"J// *OQVUEBUBRVBMJUZ SFQSFTFO U TWBROAUWIFS BEBDO0PBTBT JO
QSFDJQJUBUJPO BOE EJTDIBSHF NF B TUWJPRONEWORM ZDEPAVFND ) DFTSUSBRI@
UJPOT

'VUVSF SFTFBSDIFNQMPZJOH HSBEJFDIR\CBT BB BU B §BPWIEPFOWE)
BCMFJOTJHIUTJOUP UIFTF TUBUJBQ JIGH P D Q@B UBFES PN PHIDBWA
UPQPHSBQIJDGFBUVSFTNPTU TUSP OSIVMZMPONDE F DD FEBT DRBIH E® E
CVUJPO BOBMZTJT SFWFBMT UIBU D BB B BIMY BEEF D UFE TCESTFQTRZUNIBAM



%JTDVTTJIPO

DFTTFT OPUBEFRVBUFMZ DB @k S4kia HEGUBFSPYVBEBNOUPO UIJT DP\
NPUJWBUF JODPSQPSBUJOH IJHIFSWSHE POIWUSPONBOQUB BIW EBR B F'S
UJPOBMMZ DPNQSFIFOTJWF EBUBCBTIFHWI® 6 O U VTP BAHEBON) M RP E
UJPOTBOEDIBSBEPIOFSIHWBDMIPVME QSPWJEFWBMVBCMFDPOUFYL
TUBOEJOH T TUBUJPO TQFDJaD QFSGP PNBI@MHFNRIEFSBODFT @ 6 E UBIC
JUZJOIVNBO NPEJaFE XBUFSTIFET

$BUDINFOUBSFB JOGFSFODF

%33"J//DBOSFDPOTUSVDUQIZTIJDBMMZ NF B GJQAH SR WIH BISB IENFFW
CBTFEBUUSIZVWEPNPOTUSBUJOH UI'BUTEDBOSMEBRSGEQBUJIBM SFN
UJPOTIJQTGSPNNPEFMFE EJTDIBSHF EZFYBMBIDIT P50 PG BRIUSHTVIW
QBUUFSOTBTXFMPPLGVSUIFS CBDL JOUNAVEIDW B BN DB BUWSIFTNG
SPVUJOHBOE USBWFM UJNF FEFDUT

5IFTF BUUSJCVUJPO QBUUF 9BR"IPXFWRKS JEFBORSPBDI UIBU DPN
CJOFT QIZTJDBM VOEFSTUBOEJOH X PO E@ $F HESIOEN G S MBS
DPSSFMBUAFOUJPPBEIJT IZCSJE OBUVSF CFDPNFTBQQBSFOU JO Ul
NBQT XIFSFHSJE QBUUFSOT FNFSHF EJSFDUMZ D\PSEFTBW OE JOH
LFSOFM TJ[F %SBJIOIPOHNVMUIQMF SIWFSTZTUFNTDPVME SFEVDF
TQBUJBM QBUUFSOT CZ FODPVSBHJOH SIFFMURE E M FJ FHMIPEESBM NIZ S|
SFMBUJPOTIJQT SBUIFSUIBO SFHJPO TQFDJaD DPSSFMBUJPOT
OVS FWBMVBUJPO PG BUUSJCVUJP ORMBMIFBUFEMIET PIG! F 0B \B B BB
HSPVOE USVUI )PXFWFS UIJT SFGFSFWR FNUBRERPIE | BP DPIHFSEQ
EFMJOFBUJPO DBOOPU DBQUVSF TVCT\PSGB®FI P XP HFRSJUNRZEU
aDBUJPOT UP OBUVSBM ESBJOBHF QBUUSSOVU $PO NFR\SEO LBNFR W
DBSFGVM JOUFSQSFUBUJPO 8IJMFQJEHFNJNFEB S EUYBWH FNVFFONBTUN
JOEJDBUF QIZTJDBM QMBVTJCIJMJUDAMABSININBEIDBHEP QPO BN |
QFSGPSNBODF *OTUFBE JUNBZ SFWPRBMGSF NPT SIBWITICMF
5IF 1GPS[IFJN DBTF FYFNQMJaFT UIJT DRNQRMFTY EUWPSIFEGBE N S
FMFWBUJPO EFMJOFBUFE DBUDINFOWIF5NPEEMWF BEB K DEZSE B FEFW
LOPXO TVCTVSGBDF bPX QSPDFTTFT JO BIUFESMHBI ESJW¥ B HRIIWS DG
UJPO NBZ TPNFUJNFT QSPWJEF NPSF SFBMAFDUDVBF QSEHDANEBG U B
FBT UIBO QVSFMZ UPQPHSBQIJD BQQSPBDARFJIT SFORRWEE TWIYB U286
JOWFTUJHBUJPO UP FTUBCMJTI DBVA BRI JURAN FE §158D B UJ RG DKW
USBDFS TUVEJFTVTJOHBSUJaDJBMUISBBESSPB GBLDISBWH QFSPRK
FEFDUJWFGPSEFMJOFBUJOHTVCTVSGIBDHNPEFRUIRBESSE E BPX
DPOOFDYPPQFUBM,FOEBMM FU BM

"DDVSBDZ QMBVTJCIJMJUZ USBEF Pé

"TUSJLJOH aOEJOHGSPNPVSJOUFSQUYFEREEMVWOHOBKDTFIITIIHB)
JOHUIFNPTUQIZTIJDBMMZQMBVTICMPBSSYSTQROER®ENBRFEP KT



3PMFPGJOQVUWBSJBCMFT

PQUIJNBM QSFEJDUJWF QFSGPSNBODWKR F®ITIPRCC F B WBRQ RG SFNUF I
JOH GPSFDBTU BDDVSBDZBOE FOTVSJUOHGIBERVWIPBENKBIFEMITN JO N
JTBUSBEF Pé XJUITJHOJabBOU JNQ MIESPM P DID@MS NPREFIMBIUDIHP O E
51JT aOEJOH DIBMMFOHFT UIF DPOWFOBEBPDBMVETHYNQIBP D TUHB8 W
BT BTVéEDIJFOU QSPYZ GPS NPEFM RVBMUUPOOD | BEBMPMPWBE O B BISHQ
QFSGPSNBODFNFUSJDT FEFDUJWF VRZRMEQAQWIBEF RN 8 BF BMTZUDBLQI W\
XIFUIFS NPEFMT BEIFSF UP VOEFSMZJOIH TQ MIINIDBBW QRO CCO--DPNNATT
DPODFSOJOH XIFO NPEFMT BSF EFQMPZPENBBEOF GPES WITFRHE WK B OO J |
GPSNNBOBHFNFOUEFDJTJPOTUIBU EF QFEEOMESPFOVMNBAUABPOTTUBQ@EIBUI
UIBONFSFQSFEJDUJWFBTTPDJBUJPOT
5lFINQMIDBUJPOTFYUFOECFZPOE SPEREPSSIFIDBT B QFI$ B O EPXBRINE 5 |
TPVSDFNBOBHFNFOUSFRVIJSFNPEFMTNVEBB BPN2LOWPWBMTPSEGER W/
QIZTIDBMMZ NFBOJOHGVM JOTJHIUTJIO URPEIZE & RMNBRIH/IBDLBINY Q § PRDOVFN
UIFSFGPSF DPOTJEFS NVMUJ P CK F DRJIWM-ZBECBNMBBIAF FXSWIBIWD BY WY
XJulQlzTJbBM QMBVTJCJIMJUZ

SPMFPGJOQVUWBSJBCMFT

5F JOQVU WBSJBCMF FYQFSJIJNFOUT ZJFMEPEFMHQBIPBERV B OP X
WIJSPONFOUBM JGBPSNBHUBPDVMBSMZ SFWFBMJOH JT UIF EJTDPV
UJPO GVODUJPOT QSIJNBSIJMZ BT QPTABYRWEBIW FO DP% $ON $SBWHF S
3"J// MFEWFSBHFT FMFWBUJPO EBUB UP CFABQABJE BBI O BIPDFBARIN Q !
TQFDJaD BEBQUBUJPOT SBUIFSUIBMVMHABSBN@MSYODWEHTFBENMIEBB I
USBOTGFS BDSPTTTQBDF

51 JT TUBUJTUJDBM MFBSOJOH BQQ S PBIIMFIFBD BV BBWFBEFFES D tA
BOE JOUFSQSFUBCMF BUUSJCVUJPOT GYUIGO UEB NKG UG MM BVPINN
TQBUJBM HFOFSBMJ[BUJPO 5IF NPERBSBWBESUTUWADU IFG Q BRUU 8B B
DBUDINFOU MFBSOJOH MPDBUJPPROTTQFPD &B U UBSJU MB)AJ B B M ISFB/MBIL
IZESPMPHJIJDBM QSJODJQMFT 8IIJMF URNTQBIG Y S)PSHD OTBTG D BIQ UV 8§
EFSHSPVOE bPXT BT QPUFOUJBMMZ EFNROEHRFBTUFBEIBBWP YEPBENFJ|
QJSJDBM SFMBUJPOTIJQT SBUIFS UOBG JTSBBDOEIFKSBCMF QIZTJDBM
51JT MINJUBUJPO IBT JNQPSUBOU JNRMIDBWIPBUIIEC PRI PR 3B UNJFF
UlBW33"J//XPVME OFFE UP CF USBJOFE TFQBSBUFME BPS FBDI OF.
QMPZNFOU SFRVJSJOH MPDBM EJT B &OMNRMMUFSWBRUS PWHS ©IF-BJ0A
BDSPTT EJWFSTF SFHIPO4F BU FIOORVMEMIQFMZ SFEVDF UIJT PWH
UJOH CFIBWJPS GPSDJOH UIF NPEFM UPPISEMZMIBIM P O CFRVERVD BILBRIG
EFWFMPQ NPSFUSBOTGFSBCMF QIZTQRBRMBEFMBWIBO DIBQYW EOQWVES
UIF NPEFM UPXBSET PQFSBUJOH JO B QIBDIDBIMVMBAFNRIT B § MBRETJCO
4FDUJPO

SIFUFNQFSBUVSF FYQFSIJNFOUT SFJOBHKISDEM:Q & EZBNFOWBM IZES
DFTTFTBSFDSJUJDBM GPSBDDVSBURERKBQFSBBWS3POQE MK EEMII D
SIPSJOGPSNBUJPODPNQBSFE UP TPIMES 8 BBPEVWIPRKE G IZFSFEMOBEB



%JTDVTTJIPO

JOQVUT UFNQFSBUVSF TPMBS SBEJBTUIXPKONPSKROTUIBGEFBUMBE
EPFT OPUBVUPNBUJDBMMEBNESPWFOQVU TFMFDUJPO JT DSVDJB
QSPQSJBUF BSDIJUFDUYV$6 MVIDROTWEIBIOEBMNM OESOBUIJWFMZ HVJE
SFEVOEBOU JOGPSNBUJPOJT QSPDFTTHFEME BOBXCWMIF NPEEGWMF MB B
JOHGSPNDPSSFMBUFE FOWJSPONFO UWUB 8 MBRIS/IBFCIM-IBAUIPIG VU NE
5|FTF aOEJOHT VOEFSTDPSF UIF JNQPSQUBMHD FPXG VBSMGMMMZ FY |
EJEFSFOUJOQVUWBSJBCMFT "TTVNGUIPOH BEBPOPQBMXBBMIQBE
XJUIEJSFDUDPOTFRVFODFT GPS NPESQ FFOFGCBWIMJBUJPO BOE JO

"SDIJUFDUVSBM EFTJHO DIPJDFT

OVS BCMBUJPO TUVEJFT QSPWJEF DMFBBHWGEBOD FGGPSIUIFAM QI
UXFFO TQBUJBMMZ FYUFOEFE BOE MPXXBWMJDHES F MMPHFIMBBSQ $PDAHD
UVSF S5IFJODPSQPGBIAPOPEIEWFT CFOFaDJBM TVHHFTUJOH UIB
QBSBNFUFSJ[BUJPO FOIBODFT UIF NP BRMJOBICIZE $& X B A BIEBND D RJ
EJUJPOT 8IFOUIFTF BSDIJUFDUVSBM DPE®KMO RPWTPBSWZSHNI B &/ FU
EFHSBEFE QSFEJDUJWF QFSGPSNBODHRZLZMDBMWVIZ GBBM UTRJ B B ADMBS
NFOUCPVOEBSJFTJOBUUSJCVUJPOBBWBMZOBIU BIFT 5 BPNMOPFPOFO
FODPEF FTTFOUJBM IZESPMPHJD B MFQISPNDE WM TF K TQ BXBBSRISOV R B SXMVBA
NPWFNFOUBDSPTTIFUFSPHFOFPVT UPQPHSBQIJFT

SIFTFaOEJOHTEFNPOTUSBUF UIF DS JQR®BWMIINHEPRNEBID §F ®GPRISONDF
JOEVDUIWFCUBTFRBSUJDVMBSMZ XIFO MFBSOJOH @SPN TQBSTF
3"J// MFBSOT NFBOJOHGVM TQBUJBM QBUUHR®OHFEQI P FTCHEUFOMS JE
USBJOFE PO POMZ QPJOU XJTF EJT DIBEBVFHIOTH 5 WBWIIFPM®IT GB8RNF
UIBO SFMZJOH TPMFMZ PO EBUB ESIJWFB QEUUBIQCSFDPHOE BIHDC
UFDUVSBMDPOTUSBJOUTHVJEF UIF NCEFHCIWVANKSE 5 BUJPIDOOB MMIZXN
SFEVDJOH TVTDFQUJCJIMJUZ UP TQVEDPVT DPGSFMB U URPOGV G EBIN
UBM QSJODJQMFT BCPVU IPX FEFDUIJWFXMFBEOBIOAFDTUATUE RB EEFFRSW
JOTIJHIUT GSPNDPHOJUJWF TDJFODFBOE FWPMVUJPOBSZ CJPMPI

4QBUJBM HFOFSBMJ[BUJPO

5 IFMFBWF POF PVUDSPTT WBMJEB BIPRUXIPRSESUISGRKWFBENMTB8 S IWEFP
BOEMJIJNJUBUJPOTGPS VOHBVHFE @BI3ID EFNPIDIUWIFBUFT NFBO
JOHGVM TQBUJBM JOUFSQPMBUJPO ZEQB ®CIPWIWDBM KITUFN BOVOP!
IJHIMZ IFUFSPHFOFPVT QFSGP SN B O DRSSPI TDTPUINBIM P YOJTUNZ GPESF SW
UIJTJOUFSNFEJBUF HFOFSBMJ[BUJPO UBTL

8F BMTP GPVOE UIBU HFOFSBMJ[BUJP O EUEDEW B ZVMBXIFWIAEZ QG @ (
TUSFBNUSBJOJOHTUBUJPOT 4UBUJPEHE QFUHGEFXE S QI LUCSH B N BT
JOHBQQFBS NPSF WVMOFSBCMF UP QFSG-FYNDBO DA EF WS B NP EFMC
CFOFaUT GSPN MFBSOJOH VQTUSFBN KBNXOTOUJGHABJNISVFNBARP XA S L



SFDIOJDBM DPOTJEFSBUJPOT

51JT aOEJOH IBTJNQMJDBUJPOT GPS BJFRSBTMRBOBWEQQRIU T BS BR)
QMBDFNFOU PG TUBUJPOTDPVME JNQSBWBNOHBVHFE CBTJO QFS
*NQSPWJOH TQBUJBMHFOFSBMJ[BUJBMMFNBUFOJOB! B K SFENS N D BB k
SFHBS®BBPI// FYQBOEJOH USBJOJOH UP NVMUJQME&RMWFS TZTUF
UJPO XPVME JNQSPWF TQBUJBM HFOFSBMJ[BUTEG QESEEYDBOH |
PO DBUDINFOU TQFDJaD QPTJUJPOBMOMBE ST BODHE F® BOVWESTBG M
ESPMPHJDBMQSJODJQMFT )PXFWF N \BTGMIOFEBNLFORXBWFE P16 E U SBU |
PVUEJTDIBSHF EBUB GSPNB TQFDJaD DRUDIGIF®TUVOTHVEBBPY DBX
QBUITBOE MPDBM VOEFSHSPVOE UPQFMNRHIZSBEF PSEBURFBO® URF
NPEFMJOH TUSBUFHJFT 5SBJOJOH PO BIFNPEMMLPUDEBSOUB BN |
FODPEF DBUDINFOU TQFDJaD TVCTWSGBDFPIUSKG BWFSE BMOMHIU
DBM DPOEJUJPOT $POWFSTFMZ USBUOPOHBOGBBTTRBYUNBMMED DS
NFOUT SFRVJSFTBWPJEJOH TVDI PW PSALUIDOWI BOWVWIG NPEFVBSE @ ¢
BDIJFWF QFSGFDU QSFEJDUJPOT JO ®BXMVNEBBUJPOT XJUIPVU MPL
AFWFSBM UFDIOJDBM BQQSPBDIFT DBP@ | BMRY © BV D MB/EF U DIOT AUSSBH
SBUJOHFYQMJDJUQIZTJDBM DP O TSEBIOUTY BJ B TASBBITIB B E DPSOWE
YPFEU FUBM)BSEFS FUBMJFUBM PSBTTPGUDPOTUSBJOUTUIS
SFHVMBSJ[BUJPO UFDIOJRVET UIB USGIZMEP\OJFSWBMBRII POV OGS FB
bPX WFMPDJUJFT 4FNBOUJDBMMZ\Q®BRBAN B EF6JD H B BF ©BIWBIBAVIM
TVSGBDFBOETVCTVSGBDFDPNQPOFOUJIDPN WMESWHWYES FO/IYR EB
QSFEJDUJPO UBTLT EVSJOH USBJOJONH EDBDIFBIUG 8 FEN B 8§ JBEMOTU
TPJM NPJTUVSF PS FWBQPUSBOTQJSBEWFOG PAFNE PGDENZIB B B U
NFBOJOHGVM JOUFSOBMSFQSFTFOQ8BPBOTF b SPBY MERASFMABSSBHHIO
USBJOFE DPNQPOFOUT GSPN XFMM NP ONWSESE M BB 80 J K FHOJOT BLBRU
TQBSTF SFHJPOT SFEVDJOH UIF USBJBOQPX EGQ R BFRYVIBSEN FOIUM
EJTDIBSHF NFBTVSFNFOUT XJMM BMXBHTEGRG FDFJIWBSC K 8P 5N BB
WBODFTJO SFNPUFTFOTJOH UFDIOPMPHP BXRIRPYVIRBQQNBDIBE
SIWFS OFUXRSEU BM

SFDIOJDBM DPOTJEFSBUJPOT

5[FGPMMPXJOHTFDUJPOT FYBNJOF WIE PEDPBEIDBAMDPBOT UBBU OO
FODE33"J/FTDVSSFOUDBQBCJIJMJUJFTBOE GVUVSF EFWFMPQNFOL

SFNQPSBM BOETQBUJBM SFTPMVUJPO

5IFEBJMZUFNQPSBM SFTPMVUJPO PG/EBI'D/IBBHE ENBIUBZDPFOOBRG@ B J
UVSFSBQJEIZESPMPHJDBM SFTQPOTPG BGE MUNFQU O PN DIBEBERROFC
GFSFODF -FBSOJOH QSFDJTF TQBUJBM RBTFHIQVU BRIQA P & FFWWD B H
BSFTQBUJBMMZ DPOaOFE UP22IQ@EPSaAaPEBISFHBF RFVMIBOWIWF SBSJUZ P
FWFOUT SFEVDFTUIFTIJIHOBM BWBIMBEM¥FGCHBIUMFBIOJIJOH DBUDIN
.PWIOHUPIPVSMZ EJTDIBSHF EBUB UIMSEGEBEYPSHF QRE GRPGUNB S5BW Y
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%33"J/FTDBQBCIJMJIJUJFTGPSTIPSU UFSN @B3FEBDRNMF O TP PJB PRVMUE
FOIBODFCPUIQSFEJDUJWF QFSGPSNBD DFPRGD BUBIE MZ\VADIBPOVRIDI
NPEFMUPUSBDFUIFPSJHJOT PG JOEJWIENBIMPEIANH B SR Y MELT F
WBMVBCMF GPS bPPE GPSFDBTUJOH BQROMUIMBYOBA I DX BSH B3 LE
DBM )JHIFS UFNQPSBM SFTPMVUJPO XPRG HBVEHBPIMIZB C M$E PEMFRIHFI
DBM TJHOBUVSFT TVDI BT EJVSOBM RNSEOBRUSBOR & OBRWIFSIDD ZB ©
TOPXNFMU EZOBNJDT UIBU BSF TNPPUIFETP \&WID EBA BIZFEHBIGHE M B
TIJT XPVME CFDPNFQPTTJCMF BMMPXJQCHWXF N® EB &FASHF b UTUJRDFHN
UZQFTBOEUIFJSDIBSBDUFSJTUJD IZESPMPHJDBM SFTQPOTFT
J)PXFWFS USBOTJUJPOJOH UP IPVSMZEBMB @SHFTT FOIUW K 8 B BID B
EFTBOTUBMUG@ZS6NXFMU#BEFO 80SUBBNTSBNRGSPWGEES T UBWSIW
QSINBSJMZ PO TNBMMFS TUSFBNT JO UIFS¥B QBGSFDEE B ONFORU JH €
XJUICPUIIPVSMZBOEEBJMZEBUBJT WPMME BERSIISAOBRPTUSBIOU .
IBOEMF NJYFEUFNQPSBM SFTPMVUJPGBRBNEKXKIFSEEB TIXOFHBAS-DU SBB D J
UVSBMBQQSPBDIFTDPVME BEESFTT FiIQB DBBMMFOGFOEPQMPZIO
GPS FBDI UFNQP@®SB/NMTPBEM PS VUIJMI[JOHB. TBIOIHMBEFDUV SF
XJUI UFNQPSBM SFTPMVUJPO bBHT U IBUTDBAMMMW B'BFETIFIDWPIBFOU
FUBM 5|F MBUUFSBQQSPBDIPEFST UIF BEWBBWAIRORF ® D EPSTFE S
UFNQPSBM TDBMFT FOBCMJOH UIF NPEFFNVPUHR DMBB SEG M B O JB DU FIOI
USBOTGFSCFUXFFOIPVSMZBOEEBIJM2BDGBOOMF TA4FWFN RRVUHE
FOBCMFUSBJOJOHPOTVCTUBOUJBMMZ VFENSHIFBIBDH DFBINS EB BB
GSPNEJEFSFOUJOTUJUVUIJPOTUIBUWQFTBMVFBUPWESY VQH NBENRBN
QSPWJOH NPEFM SPCVTUOFTT BOE HFOFSBMJ[BUJPO DBQBCJMJU.
5/Hkm 4km HSJE SFTPMVUJPO NBZJOBEFRVBUFMZHDB@WMVEFPaOF TI
DFTTFT QBSUJDVMBSMZ JO TNBMMFSVBWUIBEU M INEZOIFIDRINNETF IMREL
UBOU )JHIFS SFTPMVUJPO EBUB TPN SPETFES BXSIBBEAMZ BWBJIMBC
TQBUJBM SFQSFTFOUBUJPO 3"%0-"/ QROWBAXKOhWBRWKIBSEGEBUB JT BW
PMVUJPO QSPWJEJOH GPVS UJIJNFT UIPDQBEJEBN EBWBIN B GNDN S S
BUNVDI aOFS SFTPMVUJPOT JODMVEJO B8 GoBF RVB@®FSOJDVT
QFBO 4Q0BDF "HFODZBOBWMWFO IJHIFS SFTPMVUJIRQ .-TBWR'SS EFSIWF
TQFDJaD SFHJPOT

BIJIMFIJHIFSTQBUJBM SFTPMVUJPO XROMEGBEEFOISBEO M R RITOISTH
TUBOUJBMDPNQVUBUJPOBMDIBMUMHQHFENFQRBS U DIPOMBSBICGBHBS
MIJNJU QSBDUJDBM NPEFMFDRQMBZMNFOVUSYFFS JOGPSNBUJPO PO D
UBUJPOBM DPOTJEFSBUJPOT

4Q0BUJBM BOE UFNQPSBM TDPQF

51F ZFBS USBJOJOH QFSJPE XIIJMF TW\CISR B OAUG B M MNBEZOMHUPIGBIC
ESPMPHIJDBM WBSJBCJIJMJUZ QBSUPDYYM B BNIZVAPYAQIFSHN & FFWWFSOOU Q' RUS
51 JT MINJUBUJPO SFbFDUT EBUB BWBOMBTUNMOUANFBFREG P8 B BIPAHUD BE
JOH EBUB CFDPNFT JODSFBTJOHMZ TQBUWFTEGPS FB 5 NUBBS Q FG B RE



SFDIOJDBM DPOTJEFSBUJPOT

SJPE XPVME SFRVJSFDBSFGVM QSFQSPBBOTETO®H UR BRAIIPKB &BWAB
DMINBUF QBUUFSOT

OVS FWBMVBUJPO JT SFTUSJDUFE UP UIFFV/FIXIFBTY) BSW K & SONFBIXXP S L
SFQSFTFOUJOHB TJOHMF DMJNBUF SFMHH NFSEBA B J DEHSBDFPAHTITD B MVIH
DBUDINFOUT XPVME QSFTVNBCMZ FODP®Q$BHDM®BMSFFHFBORIFPEOM I JE)
BOE SFEVDFUIFNPEFMIrTEFQFOEFODFMEOGNMFPFREBUHPOIBDQPIBE0L
TIOHMF OFUXPSLBQQSPBDI QSFWFOBT BMJWEZ BDS®U P & HFSF OB
NBUJD DPOEJUJPOT HFPMPHJDBM TBUBSOHIIDPES DBUDINFOU DIB S

&YQBOEJOH UP NVMUJ SFHIJPOBM USBFMFDH $FB DISSIAVTF B4 BUFNBC
SFQSFTFOUBUJWF DPWFSBHF PG IZEB@EMPEDMEMEITWHASDUUDH, BB
NFOUTUIBUTQBO EJEFSFOU DPOEJUJRPHHOIBSFHBISER K A HAM MBBOEV U
FOTVSIOHBEFRVBUFUFNQPSBMPWFSNBRAPDNFUIFREBMPHI B BTVDH |
BOEEFWFMPQJOH CPVOEBSZ DPOEJUJPEHFUEEWDRHIXIMFS P ® BBXDH M
NFOUT FYUFOE CFZPOE UIF HSJEEFE EPNBSOBDRFUMPEP MMEMVEIOH
ESFTT CPVOEBSZ DPOEJUJPOT CZ VTIGNMD RPSTFBWIFETRF IR\UA B B S
bVYFTGPSIJHIFS SFTPMVUJPO SFH BROGEBN EN[BWHER BGUSBPWIFPOOPTM £ U
CFOFDFTTBSZUPIBSNPOJ[FEBUB GSPXESEFSBPEHSNFPOJORSW B & JC
BUJPOTJONFBTVSFNFOUNFUIPET EBUBIRIOBNNDWZ BOE UFNQPSB!|

%»BUB TQBSTJUZBOEJOGSBTUSVDUVSF SFRVIJSFNFOU"

%FTQJGBGNVWMMZ EJTRSD AOVFEBBY'IF/SFRVISFT QPJOU XJTFEJTDIBSH
TFSWBUJPOT GPS USBJOJOH MJINJU XQH IBRQTQWWS LOVBIA J MB W2 O B U3
OFUXPSLT "MUIPVHIUIFNPEFMIT QFS GPGINBODUWBIIIPAPDOMZF ODPR
BHJOH UIJTTUBUJPO EFOTJUZ XJUIJOFY IDFF/FIBT B $BJBIUDU X O D BAVB!
BWBIJMBCMF JO NBOZ HMPCBM SFHJPOT F5BP YUB M N FEOFNFFGIAPCRRINDAH
DPVOUSJFT XIFSFIZESPMPHJDBM NP B0 URRBIDOH OF UKXPFPRQ U BCSFPR/
PS FOUJSFMZ BCTFOU 5SBOTGFS MFS8KEDU O H T WSIBNUJRHIRTP D ROVZME
USBJOB3BHI//PO EBUB SJDI SFHIJPOT BOE aOF UVOJGISPA TQBSTF |
UBSHFUDBUDINFOUT

JPXFWES&3"J/FT BSDIJUFDUVSF PEFST BEWBOUBHFIT GPFS EBUB TQ
NPEFM SFRVIJSFTPOMZ EJTDIBSHF OFFSSSIBNMDBUI-FEDRIV B QUJ UJIE B N BIE
TVSFNFOUT BT USBJOJOH UBSHFUT P\WMWE ENMIQOEZ BEOQ RFBMIFIT
HBVHF EBUB XJUI MPXFS RVBMJUZ QSPYZUNFBOV®RBNPOB TP CTVHHE \BE
UJPOT PS PQQPSUVOJTUJD NFBTVSFNEGBBTAUSSPMDUSBETQPBEBUJ
WBODFT JO TBUFMMJUF CBTFHERIBIBBEMBDPVWMEN@EBWOEF BEEJ
UJPOBM EBUB XIJDI XPASME FEFRXMWPZ NFOU JO VOHBVHFE SFHJPOT
NVMUJTQFDUSBM TBUFMMJUF JNBHFSEZTYISBEWBOMBGBMEF OPU HSIBYT
bFYJCIMIJUZTUFNT GSPNUIF NPEFMATBEU MB U X UPOVEFBZS DOSFMB UL
OBMTUIBUDPSSFMBUF XJUIEJTDIBSHRWVEZOBMN BIEETFSBODASUPIBO S
QIZTIJDBM VOJUT



%JTDVTTJIPO

"EEJUJPOBMJOQVU WBSJBCMFT

%33"J//IJODPSQPSBUFT GFXFSJOQVU WBSJBNMPEBRNQ@BBEQP U!
UJBMMZ NJTTJOH IJNQPSUBOU ESIJWBBZ P® IXESE RMIBIDBH BAEES UB
JOQVUWBSIJBCMFTTVDIBT MBOEDPWEF®SEBWFAPWBWRFIBMETPBY
QPUF&GBEBMB XPVME QSPWJEF SIJDIFS FOWJSP QMOBPPEEN BRPOUFY L
JOHNVMUJQMF DPSSFMBUFE JOQVUUBFRWBEFDBCGFGYBUIFECTZE
JOTUBCIJMJUZPCTFSWFE XIFODPNCJOSBHIBENQESBUSBB BHIEDTIFO\
TFMFDUJPO PS BSDIJUFDUVSBM NPEJAEBGU JROGSTP 8 NBBWU UBP@EWIS BYE
BQQSPQSIJBUF SFHVMBSJ[BUJPO XPVMBEBEOFDEHRIEB3NB QSFGBEER
GFBUVSFDPSSFMBUJPO

%33"J/FrTGVMMZ EJTRSDCOWFPBVSF FOBCMFT TQBUJBMITFOTJUJWJ
JOUFSQSFUBCJIJMJUZ NFUIPET SFWFBNMUOWBSIFBBIGH 3 OSHBIEF Q
EJDUJPOT 51JTDBQBCJIJMJUZ DPVME VN B P @W$ BETNFIOOLBIUC P OX FB-@ENS?
XPSMEIZESPMPHJIJDBM QSPDFTTFT BUEBBEIDIOBMEAHRDUBR D §PEJ
QFSGPSNBODF 'PSFYBNQMF BUUSJCVURPND BBYQUIVEHVINDD T FROXD IFP
EJTDIBSHF EVSJOHESPVHIUQFSJPET WBSDPPEPXFMBE® DB DPWFS Bé
$VSSFOMRBZI//SFRVISGFEBZ XBSN VQ QFSJPE GPS IJEEFO TUBUFT
UP DBUDINFOU EZOBNJDT 5IF SBJOGBZXIWTSEV QP &TDE MNSJIAPEFORJAVT LL
NBUF TPIM NPJTUVSFDPOEJUJPOT XIJDIlaMUWHBIEDB® Q BEZDPEDHVFO
DPSQPSBUJOH TPJM NPJTUVSF BT BOMECMJINIOBO R VYUIW KB IBBNC VI
SFRVIJSFNFOU SFEVDJOHDPNQVUBWPGEFVPPUIBERBOODEBEIOIOH
CBTFE TPIJM NPJTUVSF FTUJNBUJPO EPNXPWOITT BBAUFSWPIB-DG FB U YEJ M
IBWF TIPXO'UMBDBO FEFDUJWFMZ QSFEJDUTPJIJM NPJBSYSF GSPN N
BCMFTBOESFNPUF BF®OUOBOHABRMNPLBUIJ FUBMQSPWIEJOHUIF
TPIM NPJTUVSFJOQVUT OPFMBBFE/ UP XBISINMBQFSIPE "MUFSOBUJ\
DPNQSFTTFEQSFDJQJUBUJPO IJTUPSDPVY M@ RGOCPWIHEEBIN PEB XE EL
Fau9SBVC FUBM&ISFWBFU BM

$PNQVUBUJPOBM FEDIJFODZBOETDBMBCJMJUZ

%33"J/FTDPNQVUBUJPOBM SFRVJSFNFOUT QSWJINIUBORPROB EBWREBO
PQFSBUJPOBM EFQMPZNRBAUJ//'DMRNRBBITF TBFIHAMIB SBNFUFST

UIBVMMZ EJTBSDCMWFPEUVSF SFRVIJSFT TVCTUBOUMMGRS NFNPS.
UIFHSJEEFE SBJOGBMM SVOPé DPNQPOROB /EBEBBSDBHUDINN®E F
SFRVISFT BQQZPWWBNBBUFMIHMF /7*%*" (F'PSDF (59 5J PS BQQSES
NBUBM~PO B TIOHMF /7*%*" " %Q@RIMZIWMHB MBSHFS SFHJPO XJUI
NPSF TUBUJPOT XPVME OPU JODSFBTF UUFXPWMWMEFSPG YBSBNEUF
DSFBTFUIFOVNCFSPGBDUJWBUJPOTKXKIJBBEB BMW$ B BEZLRNQWD RZ O
EVSJOH USBJOJOH TJHOJaDBOUMZ SFEVZDFIBNERMDMS PINFRWU 5 B JHF(
GPS NFNPSZ )FSF JOUFSNFEJBUFBDUEMWSBOHPOFESBPEKBEBRQBUF
SBUIFSUIBOTUPSFE 5I1JTUFDIOJRYVFHEPWIE B CHIGWFMUFIFS IPOQRID N-ID
QPJOUJOH TUSBUFHJFT UIBUJEFOUSGAOSIRWIEGC WHS K FE UBNUFNNP BZ



'VUVSF XPSL

DPNQVUBUJPO USBIEF PBW

0OODF USBJOFE JOGFSFODF JT DPNQVICBUBBGP\EME BETFFOU SFR
RVFODF NBLJOH JU TVJUBCMF GPS P GIFESBQN B DB WMJPROPTE G PISTFDBN
QVUBUJPOBM F&EDJFODZ SFQSFTFOUT B BPHFJIAD 6 B UFEENMPEGFWEH F
X1JDIUZQJDBMMZ SFRVJSF NVDI MP O HRS\FFSHD\BWA PRMMWNFPTCER'G B.
GFSFOUJBMFRVBUJPOTBOE JUF SB 8] WFDBYREBBIPIPEMIZ EB P KPS
NPEFMT NBZ SFRVJSFIPVSTUPEBZT GP SEDRN@FY/DBEUDINFOU TJN
GFSFODF TQFFE FOBCMFT SFBM UJNF @ IQNFEBINEN B M NEG \DUWEPZ NPFADE
PWFSIFBE 51JT FEDJFODZ HBJO CFDPNF P WBNB/BLIMHTPEEB8 S FRT
XIFSFIVOESFET PG NPEFM SVOT NBZ CF SERVIPPEVDODREBB U0 G 2K,
BOEGPSTDFOBSJPBOBMZTJT BQQMJIPEURPG OV MIFEFN\SBIQB 8 B MBNA
BMUFSOBUJWFTJT OFFEFE

'VUVSF XPSL

5|F aOEJOHT QSFTFOUFE JO UABBXIF SATFE WBBNMWMFIBQQSPBDI GPS E
USJCVUFE SBJOGBMM SVOPé& NPEFMEBN FORUBWI RX B MU PPIFVBFRBEVIMG
JUBUJPOT UIBU XBSSBOU GVSUIFS JOAWFTIVIBHVBWHE@ OF T' KB SIMT S B Q ¥
BEWBODFTBDSPTTNVMUJQMF EIJNFOTEBOB REVSEPNNIINQBSIPEAVRIYOGHBIME
JOHTQBUJBM DPWFSBHF UP FOIBODUD B QEZATRWBWRQIUFSRGFEBOJ
EFQMPZNFOU TUSBUFHJFT S5IFTVCTFRVECGUAEFEPVIPISFPVUIRMOOD FQ
HSFTTIJOHGSPNJNNFEJBUF QSBDUJDBWMABMNOES E RUBDIPVCSTBWPJI D X(
UJPOT

SPXBSEPQFSBUJPOBMVTF

"LFZMJIJNJUBUJPOGPSPQFSBUJPOBNM B g O&a&DMNMWI PG P IZTUB UFOIMIHF
aDJFOUMZ BDDVSBUF I1JHI SFTPMVIWIPPWFSFBDYV Q@ UJBREBZRL O IBPES BD
51SPVHIPVU UIJT XPSL XF BTTVNFE QFS§OBDUTQGCENIQOWHBIUTRO 33
DBMPCTFSWBUJPOBMEBUB GPDVTJGH B Q NBBIFIFPOZSOMEBNIIEB T BGRJTF
GBDF /VNFSJDBM XFBUIFSQSFEJDUJHFEINPEFMH BB B BN Bl [JRE-FEYIWDSC
QSFDJQJUBUJPO FWFOUT BOE SFEVBBUH GYEBBBZUWYS AL WBBEU
XIFS®%33"J//EFNPOTUSBUFT TVQFSJPS QFSGPSNBOMWR MIIFZNP EFM
UIFSFGPSFEFQFOETIFBWIMZ PO QSHFDIRNIJTEFDFOEPSBZEBFWRYB
MBSHFMZ VOFYQMPSFE

AFWFSBM TUSBUFHJFT DPVME NJUJW@G D F SQSERI0DIWZA USBQUTPNDCBHSE B E
JUBUJPO GPSFDBTUJOH DPVMEBE3CF/JOR HESFSBE KDSBIPCBCIMITUJ
DIBSHF QSFEJDUJPOT QSPQBHBUJGCHHUNFU RR S P WP IHU OFBIM B/SFOMFRSHJ
DBM NPEFM )ZCSJEGPSFDBTUBRQQEBEPEHQPPWPERDFTTIOH UP C
DPSSFDUOVNFSJDBM XFBUIFS QSFE EPSHOBITOBFTSFREPREO 107U FRSTQEB
DBUDINEF®BTUQ FUBM "EBQUJIJWF GPSFDBTUJOHTUSBUFHRBGTDPVME E
QSFEJDUJPO DPOaEFODF CBTFE PO QM RISIFON UBIOIF QJE P DPOBREW O



%JTDVTTJIPO

EJTDIBSHF QSFEJDUJPOT XIFO QSF DM QB O B B BROCE BREFDBJ §IBRIFAVS
DFSUBJO QSFEJDUJPOT XIFO NFUFP SPOMBPENBBBFBM VYUNBEB RB/ B
TINJMBUJPO DPVME DPOUJOVPVTMZ VOESWF K B5F M JQBIBEUI P DIE
EJTDIBSHF UP NJOJNJ[F UIF JNQBDU PRE®RSIFDOBRJFRAFSSPST JO FBSI
*OUFHSBUJPO XJUIbPPE JOVOEBUJP OWSPEW MY O FEIRPSFTEOUT B O
DBQBCJMJUJFT G5IF NPEFMrT EJTDIB®WFBQ SFVIOEESD D PO K ME]PE
GPSIZESBVMJD NPEFMT UIBU TINVMBUPBP PP FFQMEBIBISE EFQUI |
FU BM 3FBM UJNF bPPE NBQQJOH DPVME CFY&BI'DFWIFE CZ DP V(
SBQJE JOGFSFODFDBQBCJMJUJFT X JAM T.PNQ BI T B E B OAESEBB/WIFION P
NPEFMT 51JTJOUFHSBUJPO XPVME F O BRCWM B P N QG I MTFZOTTUIRKFT bLPI B
QSPWJEF OPUPOMZEJTDIBSHF QSFEJD B GPLPPE\SU BIM TR DQP S U
FNFSHFODZ NBOBHFNFOU EFDJTJPOTBOE QVCMJD XBSOJOH TZTU
YPXFWFS UIFTFPQFSBUJPOBMBQQMJBM SFRYTIFBIFOB GYROEBNFY
DFSUBJOUZ RVBOUJaDBUJPO 8IFU |FGSPIBOEBIIDWADSFOUENIQBLB B ¢
QPSUJOH FNFSHFODZ NBOBHFNFOU EFDB FJRQJN BIFAVIIBEMFETDIFOQ 4
GPS TBGF EFQMPZNFOU 2VBOUJGZJOHSOSEEJB O UAOB\VIOIRS DB M
WBODFNFOU GPS IZESPMPHJDBM BQQMIDBWIPOT SEFEBRIBTI[FE
DIPXJU[FUBMBSJOH FUBMRVJIQ@®BGHI//XJUIVODFSUBJOUZ FTUJ
NBUJPO DBQBCJMJUJFT XPVME FOBCMF UOR OSWWNTIPMPFOHD B DR E
DIBSHF QSFEJDUJPOT FTTFOUJBM GORBSIJIDTERGRFE ESDUTDB® NBO.
AFWFSBM QSPNJTJOHBQQSPBDIFT OV B EROBW DB SHBBIFUFS I U
DPVME CFIJNQMFNFOUFE CZFYUFOEJO®E BEESDUFUFDW N BB QP )TSJ
UFSQSFUFE BT TUBOEBSE EFWJBUJPPRE]R BT RHBUD WP P HMURS
UJWF NFUIPEPMPHJFT JODMVEBMBZFT FRIOBM .POUF $BSMP
ESPQPMWM FUBM BOE WBSJBUJPOEBMWFUIPEBDIBQQSPBDIIBT
EJBFSFOU USBEF P8T CFUXFFO DPNQVUBUBROBN R¥BMIQZZ BOREV
JOHTZTUFNBUJD FWBMVBUJPO XJUIJD DPROIZEB®PMPHJIDBM NPEFM.

"QQMIDBUJPOT CFZPOE SIWFS EJTDIBSHF

%33"J/FTBSDIJUFDUVSFFOBCMFT PQQPS USRS E J TCFIBFSHIE QSEFE .
EJDUJPO OSIF NPEFMrT DBQBDJUZ GPUIBSBEIUBO® O @MBEPINEJDH\ESHOIRU
JUT EJTUSJCVUFE TQBUJBM QSPDFTTRBIUARTQOPAVDOIEFT PORMNKFPOQ @ MSN
JUPSJOH BOE XBUFSTIFE NBOBHFNFOWFOBIMID EBIJIEFEHFQU FPVOD
JEFOUJaDBUJPO

$VSSFOUBQQSPBDIFTUP FSPTJPO BOEJCH GBBEU U6 OamBErcW INIB
MFOHFTJODBQUVSJOHUIFDPNQMFY PN BRMPHIDBIMNGPCSBURHAO WHF
SBQIZ TPIMUZQFT BOELBBOEWBM 5SBEJUJPOBM FNQJSJDBM NP
MJIJBE64-&3FWITFEVOIJWFSTBM TBFRBFPEHEFFRBRRQBPWIEF TUBUJD FT
UINBUFTCVUNJIJTTUFNQPSBM EZ-OBEWBOMPIMRUS FL B C
TIPXQSPNJTFCVUUZQJDBMMZ USFBBEBJPOI BOVIUPBMNBRG EUPSROM
51JTBQQSPBDINJTTFTUIFTQBUJBM PEONFOU IUWBOZ Q®IFS@ORDPT



'VUVSF XPSL

BTEFNPOTUSBUFECZHMPCBM TFEJNF OWFYVIBHASB D BIP ®AVCHBINK E
FSPTJPO USBOTQPSU BOEEFQPTIJWPOXPSBRPE FUFBBMBDSPTT SJW|
S5IFTFOFUXPSL TDBMFEZOBNJDT FNQIBVUFEWBIGQFFELIFS BJBU B
DBQUVSFVQTUSFBN EPXOTUSFBN SFNMBUWJICKVY T DRIWSIEWIB-N N PEJ U
JOHQPJOUTJOJTPMBUJIPO
%33"J/FTBSDIJUFDUVSFQSFTFOUTQSPNJJPONPERMIONOCISBVYHLE
TFWFSBM BEBQUBUJPO QBUIXBZT 5IF NPESFFEDIPV ME SSFFIRPEB 2 aHFFSE
TFEIJNFOUDPODFOUSBUJPO® £-Z230VD@VYOPBBBEEHUIPOBM JOQVU W
UP FOIBODF FSPTJPO QPUFOUJBM FTUJNB VFR\G SBIFDF /BIQQSPBDI X
GVMMZEJTUSJCVUFEHSJE CBTFE®BDIBMMUYNQBEOHMVBIOIE 66 B CMH (
NPEFM UP DBQUVSFTVCDBUDINFOU IDIBVGRAEPMIWZ UTB & BISIBHES Ul
DFMM XPVME QSPDFTT MPDBM FSPTJPO ENBEBBNAOBUXAIMB RN HSB
OFOUXPVMENPEFMTFEJNFOUUSBOTQRILUMNB QRWISIDIH \GQ WE S FBAN
EPXOTUSFBN SFMBUJPOTIJQT

5/lF NPEFMrTHSBEJFOU CBTFEBUUSEHOYBOAGPER BSPWJIPORATBIDABW
NFOUGSPNSFBDUJWFNPOJUPSJOH UPBIBIAPED WIWEHR (PHUTQPIIN EWE
UIFTZTUFNDPVME CBDLQSPQBHBUF UISBYHIQFEFIXabUXPGU IJFCIMLFX
BSFBT SFTQPOTJCMFGPSTFEIJNFOU MPBHOBGHPUEBXOSIUSHAPN SIP
BUUSJCVUJPO DBQBCJIMJUZ XPVME OHWEMXBE®™ E EZ2FS E OTUUR ®RHTV
QSPDFTTFTBOEUIFIJSUFNQPSBMEZOBNJDT

4UVEJFT JO UIF "NNFS DBUDINFOU B USJEY UEB-S\NPBG W$B UFDIIPES 3
TFEIJNFOUTPVSDFTTIJGU XJUITFBTPOT:BAOK EUTEODMB $ISF DPOEJUJ
CBOBSFBTBOEJO TUSFBNQSPDFTTF TNONPFOBUNSR GV UTF X PISVFFEG/FSE) O H
BOECBOLFSPTJPOCFDPNF TIJHOJaDBOU POIMMEBECPWMFTRBDN&D bF
BOE bPX EFQFOEFOU TPVSDF USBOTJWE®DH PLHEM OHBINNJD 1B U M PGS\
UJPONFUIPBBYIBWT BSDIJUFDUVSFDBO QSPWJEF

5/F NPEFMrT UFNQPSBM QSPDFTTJOH BBBCUMIRJIEF ®WPINADEB BOBC
FSPTIJPO IPUTQPUTUIBUDIBOHF XJUI b8 X BXYE)DMBEPTIBI\B D PO H E.
OBNJD MBOE VTF EBUB UIFTZTUFN DPVMEEBENUEFEBPHVPDI QERPXFFD
BOEBOUISPQPHFOJD TPVSDFT GSPN PHOSIBWNDUWNEBRMBQ SBWUUDFT
NPEFMrT MPOH UFSN NFNPSZ DPVME TV@EBMZASIU T FBA P PBWMPRBRITII
WFHFUBUJPODIBOHFTBOEDMJINBUF QBEEEB OJRAB)PXEFEMDASF S PFTT
BQQMJIDBUJPOT SFNBJO IZQPUIFUJDB ¥ BIBEMXVYREAEVSEFRWVEBEBP QXN ET
BOEWBMJEBUJPO CFGPSFJINQMFNFOUBUJPO
#FZPOEFSPTIJPONWPERMJIOBISDIJUFDUVSFDPVMECFBEBQUFE GPS
XBUFS RVBEMJUZ BQQMJIDBUJPOT UIBUXPYQEIJDRIUFARVGOFNBTUQBU
UJPO /VUSJFOUNPEFMJOH SFQSFTBGEB BXDSS B UDB W BTQUE W JIDFRBVUM
USBDL OJUSPHFO BOE QIPTQIPSVT DP QBEPQUSBBIU PR W FBUWXIQ
EJTUJOHVITIJOHCFUXFFOBHSJDVMBVES M SHEBWN MO UFGNBBEXBH VY
4IJNIJMBSMZ UIF NPEFM DPVME NPOJURPG GSENTBEBWEMIEPE B 6 M B NBJGDH
QFTUJDJEFT NJBPREBVMBMDUBEP FU BMIBSNBDFVUJDBM DPNQPVOL
(MBTFS FUBMBOE CBDUFSJBM DPOUBNJOBUJPO NEUFSEM BOE D



%JTDVTTJIPO

TVDIBT XBUFS UFNQFSBUVSF Q) DPO MW B.DWPIOULYF GOEEUMVPGSPRP
BMTPCFQSFEJDUFE XJUITPVSDF JEH® NPEFITED DBRBOIWREB BT
UFDUVSF XPVME FOBCMF TINVMUB O FPYJOMVXIWI QBSB M FEKMSTNR/G
BUUSJCVUJPO GPS NVMUJQMF WB S JBROWNFYT UT R Q @ WS DD EFSJFFEM P
SFHVMBUPSZ DPNQMJBODF NPOJUPSJOH

*O QSBDUJDF UIJT NVMUJ QBSBNFUF SHRIUFEPGD F B BoRBOIEJOHJIN Q M
3"J//rT BSDIJUFDUVSF UP QSFEJDU NVMUJQEF PNTDQB SH¥FB $IB C M
NPEFM XPVME NBJOUBJO B TIBSFE SFQSHATUFROG B LFI® PUNXB SV HIPVDF
XBUFS TESWFT BT UIF DPNNPO USBOTQP SRIONFE O/AGEBE B8 BRIODA O
JOHJOUP QBSBNFUFS TQFDJaD PVUQW®UWIMFBIBSFE S FQSFEV OBBE B S
MFWFSBHFTUIFVOEFSMZJOH IZE S P MPHU DB WSEOPIPTSTE F @ BEVUVHPE
CPSOF TVCTUBODFT XIJMF BMMPXJOH QDB YNGR DS CQFDRED G LOE
aOBM QSFEJDUJPO TUFQT 5IF USBJOJBSIFGYRDMPT XEBMB GB RO
UXFFO EJTDIBSHF BOE XBUFS RVBMJUY TQBIBXFIH 8§ F EQPVUMOL UBN
MFBSOJOHBQQSPBDIFT TV.DBBTO(SBEB/MSN BDDPVOU GPS EJEFSFO
NFBTVSFNFOU TDBMFT GSFRVFODJATQBOENFRUFSSUBJOUJFT BDSH
AVDDFTTGVM JNQMFNFOUBUJPO PG U MJISFEOXPNDIEFEBEORF OW KPIVME
RVBMJUZEBUBTFUTUIBUFYUFOE CFZPOEJO/QRITPYSSFOEBUR TF
JOQVUT JODMVEFEZOBNJD MBOE VTF BEEWRIMMEE W EFE DOBSEHSINBR
UJDT BOE HFPMPHJDBM EBUB BOE FSPN PDUBRWRTURB G $BENBNXB S|
MJBE4-&'PS XBUFS RVBMJUZBQQMJDBUJPOE BPIDIB IRV SDESMPDE
BDUFSJTUJDT GSPN XBTUFXBUFS US BBIUNFIDIMQ M BFOTUX PB/OEEJOED $
GPSBDDVSBUFTPVSDFEBUUSJCVUJRIS BNXW KU B BPE B DB TUFBN F
QSPWJEFTWBMVBCMF XBUFS RVBMJUZ DB BW\ B ENFEOAHFDV D IFBNQEF S
UVSF UVSCJEJUZ BOEQ)EBUB GSPN NFENJFBBIOME FEBWEPEW B I V@
GSPN POMJOF NFBTVSENFOU TUBUJPODBODE BPANJDBWBNEBDWVSF
UIFUFNQPSBM SFTPMVUJPO PG DIFNJDBWBNEBIPWVSFENFER GP S BKB MO
BQQMJDBUJPOT (JWFO UIFTF EBUBPNWIOUBBOEOVBNOHEB UB MG F &R
XPVME CFOFaU GSPN TUBSUJOH XJU|I QBREBFT XBASE T2® YV MBIIIF
EBUBTFUT DBO QSPWJEF UIF EFOTF T QFEELFEP U RANSBRI ©BB/OEPRMVFES\B W B
NVMUJ QBIBINFUFNSPEFMT CFGPSFUSBOTJUJPOJOH UP SFBM XPS|
#FZPOE NPOJUPSJOH BQ®'MIDBEHIPRSIFOUIJBCMF BSDIJUFDUVSF F
SFDUJOGFSFODFPGPQUJNBM NBOBHFFNRO O BDAEIP QU JN $[B\WUH PHDSF
MBOE VTF JOQVUT 'PS FYBNQMF UP NJORBMDF CSPTERODIBSHG P
UJBMBU TQFDJaD NPOJUPSJOH MPDBMER®D LJERGBHBBE NBBE W
UISPVHI UIF OFUXPSL UP JEFOUJGZ X|JDXRBWE VA FWPEIRD BW B Rd
BDIJFWF UIFTF HPBMT 5IF NPEFMrT HESEOPG WD EGB € EMBDULFFTO G ©
JOHPOFTUBCMJTIFE GSBNFXPSLT GPBUHFBM BWSEFDUWMERTF IBWJIPS
BCMF TZTUFNBUJD FYQMPSBUJPO PG NBWBWFNF O BEGRFO BB M TXFO
JNQMFNFOUBUJPO *OJUJBM BQQMJD®BUJIRDN XPNHMEW LF MA NFFCD
XIFSF UIF NPEFM DBO TBGFMZ FYQMP SF ET &FCSEF R VUB\VOBII B ¥ TR FIISF
FEFDUT PO XBUFS RVBMJUZ QBSBNFUFAYE §SFPMNINR O EBEUN PEFTO®



$POOFDUJPOT UP FWPMVUJPOBSZDPHOJUJPO BOEBEPSEBODF

UBSHFUFEJOUFSWFOUJPOTUIBU BEEBFTPS®EPJIaPb Q PAMUM\QUPIPIO

$POOFDUJPOT UP FWPMVUJPOBSZDPHOJUJPO

S5IFEFWFMPQNFOU'PIG BEBDUVJUMFUVSFTGPS FOWJSPONFOUBMNPEHF
VQPO QSJODIJQMFT EJTDPWFSFE UIS ROV HIJDFEMNN B VFROHBIDB P PTHZA UL
IBWF VOEFSHPOF CIMMJPOT PG ZFBSTIPG PWRWEB VPGS 1) 8 QEIMI
FOWJSPONFOUBMEZOBNJDT DPHOJUJTWY SR PG BFS Q SFINFDEATSE B
TQJSBUJPOGPS TINVMBUJPO TDJFO P B F'$PIN@BESIT@QE DN BAFJ -/ RIM
DBO CFWJFXFEBTBFYUFOTJWF TF BBDH \QBSPIDNG BEEHFFEBCWMIN B M
PSHBOJTNT UP QSFEJDU GVUVSF XPSMEMIGBYSB JMH W F50 - © VTGN D J
BSDIJUFDUVSFT FNCPEZ TPMVUJPOT UBNMMBPEBNT O UBW TN NE MBI
TDJFODFBMTP GBDFT

5IFTVDDFTTPG CIPMPHIDBEMEZIUEGDQVSFE EFNPOTUSBUFT UIF WE
BQQSPBDT JOHFOFSBMESBXJOTQJSBUJPO GSHNPWIEIPAVSBS DIJDE
JDBM OFVSBM(@PEGCHFIMMPX FUBINMFT BSFTQFDJaDBMMZ JOTQJSF!
UIFIJFSBSDIJDBM QSPDFTTJOH PG UIF BWB®FWPMW\BW POTDYPFE BRON
QVUFSWITIJPIUBWIILZ FUBMINIJMBSMZ WBSJBUJPBBWHNFUIPET J
XJUIGSFFFOFSHZ QSJODJQMFT UlBUGNBZNBAUBEPOMI &P MRIKDID B M
UPO 4DIPM[FUBMSIFTF FYBNQMFT JMMVTUSBUF UIBU DPHOJUJ!
HVJEFUIFEFTIJHOPG FEFDUJWFDPNQVUBUJPOBM BSDIJUFDUVSF
$POUFNQPSBSZIFBSDIFTTFOUJBMMZ SFDBQJUS M8RFIFMWPP MV UJIP
EVDUJWF BMCIHHJIU UISPVHI FOHJOFFSFE SBUIRBUIBGC PBRVISBIM T F |
GBWPS BSDIJUFDUVSBM DPOTUSBXJOUM RUQEW G BO UNIO U BRUNFFN BB 80
TQVSIPVT QBUBBSOFTBTF QIZTJIJDT JOTQJSFECJBTFT TVDIBT |
BSBUJPO PG SBJOGBMM SVOPé BOE BIJDP B/SPW \VQUIFPODF @ BT FISQBIL
HSBQI CBTFE SIWFS OFUXPSL SFQSFYFGVBWDIRCP®D TTEB WW B K B MPH
DPHOJUJWF BEBQUBUJPOT
5I1JTBSDIJUFDUVSBMQIJMPTPQIZ DFSBOFD U TANF-TSIOEFISXDSLMDZP WP
QPOFOUT BOE UIF DPODFQU PG BEPSEBP D'FP 65BN DFHBORETD YFCFD
IPX PSHBOJTNT QFSDFJWF BOE JOUFSBUDDWVIHTFOB/TUBSE G NRO B B
GVODUJPOBM QPBBIC/IMIZDFTSOFUXPSLT FNCPEZ UIJT QSJODJQNM
TFDPOE PSEFS QBSBNFUFS BEBQUBUJRX WBIF X B DG BINSJIID\BUMINDZH NBFC
FWBQPUSBOTQJSBUJPO CFIBWJPST CHIYRE PROFFIQWEFSPEGENKOG EBM |
MFBSOUPQFSDFIJWFUIFsbPX BéPSEBQDF GtFBM® K S&HS K ORISE FFQIH-H\SE
UJPOHSBEJFOUTBEPSEEPXOIJMM XBUB®NRWFBIFILOAD B OFESE BB
PGEJEFSFOUUFNQFSBUVSFDPOEJUJBEBJIUJIPESIFBMPBSEM Q FIPSIN B M I
UFS MPTT SBUFT SIJTDSFBUFT DP@BUWREPO EBQEROEBQU\ETFRIFPETFQ
DJaDFOWJSPONFOUBMDPOaHVSBUJPEBTBBNMISE@BFTIBVMBESIEHY
IPXPSHBOJTNT FWPMWFE UP EFUFDU FOBEBPEO NG BLBaD BHOBILIVOHT
51JT DPODFQUVBM GSBNFXPSL BMJHOT XJ&aHR SEBD Q5 AWVFBPSOJROMS L
XIFSF XF EFNPOTUSBUFE IPX BSUJabDJB MBBHIFDR N BXBTO LHBW AANOP Q I



%JTDVTTJIPO

DPEFBDUJPO QPTTJCJIJMJUJFT JO MP 2B M M) WU SMONFTOUB™M DPOU |
CIJPMPHJDBM TZTUFNT MFBSO UP OBWBEFBPBBM CGCAFBBEWYISPEU JOB W 6 &R
NPWENFOUPQQPSUVOJUJFT 3G 3'QFDIUFRBSIHDPIOUPFSRMUF XBUFS bPX
EFUFDUJOH UPQPHSBQIJD GFBUVSFTRIOBTUTHE&P SHP IZIETSZTNUFF N JTDEBRV
WFMPQ JOUFSOBM SFQSFTFOUBUJP MTSFIB B WIBP@UIVYSE OFR BNOMD BC
SPONFOUBM TUSVDUVSFBOECFIBWJPBB B &R/3HEBRONDFH CIB/THHHEFM BB ©
JOHQSJODIJQMFTNBZQSPWJEFBHFOFGBKRIZIBNBXMILNFBIOBE DWW BN
"/l BSDIJUFDUVSFT

"OPUIFS DSVDJBM JOTJHIU GSPN DPHGJURWKF G FNXITPEEDRPODEF SO
MFBSOJOH XPSME NPEFMT b5IF sHPPERFBVMWMBUBSTWIBFRPETF Nt
UIBUBOZFéEFDUJWF SFHVMBUPS PG B T ZDIMMJAINT NAMPTR) NDPPEORIMB P G RSB E
TZTUFN S51JTINQMIJFTUIBU CIJPMPHFZEMDRFUOFS YV MINZ 8 6H\ENBE UH
TVSWIJWBM NVTUGPSNJOUFSOBM NPEFMQ PIODIFIKE FDOWH ISP DWIFO
FNCPEJFEJOUFSBDUJPO XJUIUIF FOWPISPRICBOMB R GDVBEOME B RTFIORNS
EFWFMPQ BOE SFaOFUIFTFJOUFSOBM XPSME NPEFMT

JPXFWFS TINVMBUJPO TDJFODF GBDHRT BIEGMBESENFST B BOM®POUT GS B
DIPPTFFOWJSPONFOUBMsBDUJPOT!t 8E O UFMNOEZQU I'BOUTUFBNEP HO WE 18
NFOUBM GPSDJOHT TVDIBT QSFDJQVEB WESI BBURJKFS GPTS AN QB S
BSFEFUFSNJOFECZVODPOUSPMMBCNM F WBJADASEN QBHPIMRHTET BL
EJEFSFODF CFUXFFODPHOJUJWF NPEFMMWNMNMBWBECBOFOWISPONFOUB
JPXFWFS JOUIF DPOUFYU PG TVSSPHB BB NREFWZI QR QXIMB B JJOJIAI
ESPMPHIJDBM TDJFODF B NPEFM DPVMERIWRSPONFRBMNMEFDI E FC
TIPVMECF GFEJOUP TINVMBUJPOT UPUHRNBFIBUFTUIB G®IWNHB HBRIC
HBJO 51JTBQQSPBDI DPVME BEBQUJWBWRZGEP DWIDBO JRID JRS N B
DPWFS UZQFT UIBU QSPWJEF UIF NPT U NGBRISINEUWIW B ¥ D WIIFSNP FOIDNUF
EBUB HFOFSBUJPO DPVME CF VOEFSTUPPEGOBPVHFUIBIMM BOURBA
QPTTIJCIMJIJUJFT UIBU FOWJSP QNEDRO PE B BF BBWPE QB FWJ
PVTMZ EFNPOTUSBUFE IPXBHFOUT DBO MNFRMPBBRSEBCIBHIHIBE@
JOGPSNBUJRDIRRAJ®U BM TVHHFTUJOH QBUIXBZT GPS JODPSQPS
NFDIBOJTNTJOUP FOWJSPONFOUBM NPEFMJOH GSBNFXPSLT

,FZJOTIJHIUT GPS EJEFSFOUDPNNVOJUJFT

5I1FF IZESPMPHJDBM DPNNVOJUZ NJHIU aQBSUCNVWH$SBE BHFOW N BT NP 1
TVSQSJTIJOH 8F DBO FYUSBDU NFBOJOHEMMDBMRIGITFON EEB 8B EBG
OFVSBM OFUXPSL XIFSF OP XBUFSTIFETEFMMRVFBREIPDOIBNHEBBEMU I |
MFBSOT TQBUJBM DPOOFDUJWJUZ G SRIN O BIMPFOEJI T)PDBFRVAFSP T F
POMZ XPSLT XIFO XF TBDSJaDF TPNF QSFEUDQR SWPEINDVHBNDRZE BMF
EPFT OPU QSPEVDF UIF NPTU QIZTJDBMBI@ TQ MBYOUTWHHEFOU S IXCFV U
OFFEUP SFUIJOLIPX XFFWBMVBUF NPEFNMWTF 'SSIHXEF BRQIWINJ[JOH G|
5IFVTFPGFMFWBUJPOBTQPTJUJPOBHMEGOBDRBFOH SFWFBG EJI BUSVC
IZESPMPHJDBM WBEFRM/MNABSOT MPDBUJPO TQFDJaD SFMBUJPOTI



$PODMVTJPO

USBOTGFSBCMF QIZTJDBM QSJODJQMFEUJFPOT GV © BB UIASQBIR 1B M
XJUISFBMDPOTFRVFODFT 8IFO UIF NP BRAD PNVFFGSAIUTTORE T B DJ BE
BDUFSJTUJDT JUDBO QPUFOUJBMME DBQYETMWIDPNYRFYSGEEF 6
QBUIXBZTUIBU XPVME OPUTIPXVQ JO B NPBE[HFIONFBB VSFEEFAM PH F
QBUUFSOTNJHIUCFBOFYBNQMF PG UIYT #WWDUNMPRBUTPEF TDP DN
MFBSOJOH EPFT OPUUSBOTGFS FMTFXI§GFD8FTIBWJB M HBROFCSB W
UJPOBOE UIFBCJMJUZUP MFBSO DBUB INFODQFDQBP®AD VOEFSHSP
'‘PSNBDIJOFMFBSOJOHSFTFBSDIFST EPNBXOST QBD F4 B IBENFIGRY
CJBTFT 11ZTJDT JOGPSNFE DPOTUSBXBWI POV DNQEEUQ B M [OFPTAr OTFD
JUZ NBTTDPOTFSWBUJPO SFEVDF UFSNPEWRAMIT LFFIGIMRIQTZU SRV
EP OPUKVTUJNQSPWF QFSGPSNBODF W IRRAUGAMG6 RPNEFOUNBABGOD | B
.BJOUBJOJOHTQBUJBMDPIFSFODF UI§ B \WH BROVIPIVANEXQY TUBDUHIB P 13 B |
SFQSFTFOUBUJPOTQSFTFSWFT JNQ PELUEAY SBGRDNBHIB OF SFRB
FOE UP FOEEJ&FSFOUJBCJMJIUZ MFUN PVETFUWSTBY IF G FR M ZEQ F B SITV
BEFRVBUF JOEVDUJWF CJBTFT &ODPEJOJR ES8N BIJLF DR SW DB-FOP
CFUUFSBQQSPBDIUIBOJODSFBTJOH NPEFM TJ[F

8BUFS SFTPVSDF NBOBHFST TIPVME L O PR BOBNBQHEV PEN 8 BDIFPRBEM
NPEFM RVBMJUZ GPS EJTDIBSHF GPSRFBTUIDEF BFBGMEJ N P XEFFQRL
UIFFMFQIBOUJO UIF SPPN JT QSFDJQBEIBRHRI®P SIBSEBW R WK M JIU
BQQMJIFT 5IF MFBWF POF PVU WBMJEBUWP DEFTVEBWI A FTOF S 81T |8
QSPCMFNT UIBUNBUUFS GPS VOHBVHF EOW P OCEFUDPQ@N P ZFEERWPTOTR R \
DBUDINFOUT XJUIPVU VOEFSTUBOEJOH UIFTF MIJNJUBUJPOT

$PODMVTJIPO

5JTXPSLTIPX3VWMBU EJTUSIES/DVIBEBFDUVSFTDBOBDIJFWFDPNQFL
GPSNBODF XJUI PQFSBUJPOBM IZESPMPHJI B EONP W P E RINDTT XHJI MF J)CBL
FOWJSPONFOUBMQSRDAVDDFTTGVMMZ MFBSOT NFBOJOHGVM TQ
TIJQT GSPNTQBSTFEJTDIBSHF PCTFSA¥BUJRMTMEBDSPOF YFBEBT
ulBU TVvVCTUBOUJBMMZ FYDFFEJUTUSBJOJOH TFRVFODFT
%33"J/FTIZCSJEBQQSPBDIDPNCJOFTHFOVIHFXQUZITODBWIVOEFST
DBM QBUUFSO SFDPHOJUJPO 5S5IF NPEFNMJD DBQBDNBAQWERBWVGEB S
BOE DBQUVSF USBWFM UJNF FEFDUT S FRQBSEN F OB IR GM MMFSP
SFMJBODF PO QSFDJQJUBUJPO EJHADUB SPNX D BDBOFMBWIPRPDU IZHIM
ESPMPHIJDBM VOEFSTUBOEJOH GSPN MJNJUFEPCTFSWBUJPOBM E
5lF BSDIJUFDUVSBM BCMBUJPOT VOEFTEBEODERDH UIWBICQGENEIDT JOTC
FTTFOUJBM XIFO MFBSOJOH GSPRIBOQBESTHVBBHFU EBBBUSBDUJ(
HSJEEFE TQBUJBM QBUUFSOT GSPN POMB3WBUOROXJEFNRO DUBBHI
IPX EPNBJO JOGPSNFE DPOMUSBBRRBIEHYUEAEIRIDBMMZ NFBOJOHGVI
UJPOT XIJMF BWPJEJOH TQVSJPVT DPISBVMBYDROWB®IBTIFVIDDFT
JMMVTUSBUFT IPX QSJODJQMFT GSPSIDPOIWISBRORADUBOINPEB® J
BSDIJUFDUVSFT



%JTDVTTJIPO

YPXFWFS PVS SFTVMUT SFWFBM JNQP/SU® 6 B DIF\TH CFIDAN JBI ORNKF O

UBM JOGPSNBUJPO 5IF SPMF PG FMFOH BB R OFEBTUQB O FUJPNDBM B I
SPVUJOH TVHHFTUT UIBU TVDDFTTGVM SP\GHGPESINBES DG N R E [FINBF S H
OJTNT UIBO JOJUJBMMZ BOUJDJQBUBEO 50 EF B WIPIKSMFBBEDNES (
XPSL .PSFEJWFSTFUSBJOJOH EBUB XP¥MWERBSFWFMBQNEGO PBV
HFOFSBMJ[BCMF QIZTJDBM SFMBUJPIQUIWROBIBOJIBS KUTB 6| F BRI |
XBSE PQFSBUJPOBM EFQMPZNFOU SFRBVJSPTGPEFIDMREITU 8 A @SFDHRQ
FYQBOEJOH TQBUJBMHFOFSBMJ[BUJPSLCFEPEE T UG HBE SIOHF S DG
VODFSUBJOUZ RVBOUJaDBUJPO

%FTQJUF UIFTF MABMMASHAOBFTFOUT B QSPNJTJOH BEWBODF JO E
IZESPMPHJDBM NPEFMJOH BNNVAMYTESBISDINFEEWY SFT DBO BDIJF!
CPUIQSFEJDUJWFBDDVSBDZ BOE QIEDJID\BIN § € \CZBMIEBBLTI MK
EVDUJWF CJBTFT






#( .(3&7 5'A

"CCPUU .JDIBFM # FUBM O0DU B SsFRYGPFBWOD)ZER® M P HIJ
DBM4ZTUFNwW4ZTUFNF )ZESPMPHJRVF &S BBQEFD SMPItPQIYIFGC B
QlzTJDBMMZ CBTFE EJTUSJCVUFE NPEEWMWMB MORHGTIZEWSPNMPHA *O

QQ Y (881 Ry XBRyRefyykk @ ReN9U3€e V¥ NYyRR9 @ N
ff/IQBXQ ;fRYyXRyRefyykk@ReN9U3eVNYRR9@N

"CCPUU .JDIBFM# FUBM O0DU C sSsFAQVOPRPQPEBUDDHBPNHRHIIDB N
4ZTUFNW4ZTUFNF )ZESPMPHJRVF &V SP®PROBs@)&TJD BMB Y DAB/TS E
EJTUSIJCVUFE NPEFMM3IBOMSIABM PN 1 Z@ S RMP H A (881

"3iiTbh ,ff/QBXQ ;fRYyYXRYyRefyykk @ ReNQUIEBVINYIRR8 @ ¥y
rrrXxb+B2M+2/B 2+iX+QKfb+B2M+2f "iB+H2fTBBfyykkReN93eNyRRS8Yy

"CFCF /JCSFU" 'SFE- OHEFO BOE /BXB 3 1SBEOBQUIWHIUZ BOE
VODFSUBJOUZBOBMZTJT PG UIFDPONPEFWBNMN®@MSBBWGBUMGEEC
SBNFUFS FTUJNBUYPWOVIOBM PG )ZESPMPHBQ \Y R'B K
RyRefDXD?v/ QHXKkyRynjiey e/ QBXQ ;fRYyXRyRefDXD?v/ " QHXKkyRYyX
yyd

"DVM™MB&TQJOP[B &EVBSEPFUBM +VOEP CVBEFCVDBENZESMHPUIF
QFSGPSNBODFBOE JOUFSQSFUBCJIJMPEEMG X2U$ EZ (VENSFIMPBIS B8 |
FUFSJ[BUJPQZEFSPMPHZ BOE &BSUI 4ZTUFN@RJFODRFT "3(

RYX8RNOf?2bb@k3@kAP8i@kyKOQBXQ ;fRYX8RNOf?2bb@k3@kdy8@ k)

"DV™B&TQJOP[B &EVBSEPFUBM .BS "O BQI5s$PBOJGRE BROEMJO F
NVMUJQMF UFNQPSBM GSFRVFODJFT QT ETEPSHFD UJID-OWRJ-B3N F
DFMMt FDES®PMPHZ BOE &BSUI 4ZTUFRN@DJFODFTRYKSRNOf
22bb@kN@RdHRNV@ kiyTK8 fI/QBXQ :fRYX8RNO9f?2bb@kN@RIIN@kyks8

"M)PTTBJO #IVJZB .E5BNJNFU BM BV B B 6 8BBUFSF YWNB J M
BCIMJUZJOUIF .FHIOBPBFFEIOGHET PG UIF Ul *OUFSOBUJPOBM $P
BOE 'MPPE .BOBHFNFOU *$8". %BALBV#ABOHMBEFTI

"MaFSJ - FUBM s(MP'"4 HMPCBM GPSFNBWMFIJDUHSEBGHE bPPE
FBSMZ XBSOJDESPMPHZ BOE &BSUI 4ZTWRN 4D M O D RE/(X
8RNOf?2bb@Rd@RRER @hyR[?2bbX+QT2 " MB+mbXQ :f "iB+H2bfRAfRF
KyRjf



%JTDVTTJIPO

"MMFO 3JDIBSE ( FUBM sS$SPQ PIWEGRMUSBD CPIESBRNP® YJO
DSPQ XBUFS SFRVJSFNFOUT "0 *SSJHBUUPOB® BBPSBJOBHF QBQF
Q %

"OEFSTPO 4 BOE7 3BEJA s & W B MBWUB B DPFOGBIDFEQMVD RIVE 8 Q SAEQB M
TIPSU UFSN NFNPSZ OFUXPSLT GPS SFHIR OBHitZZ BB MM A B BIDEM N P
&BSUI 4ZTUFN 4DJF@DF TV RYKSRNOIF?22bb @ ke GTNSI@ ky k k
ff22bbX+QT2 MB+mbXQ ;f "iB+H2bfkefdN8fkykkf

"SOPME +FéSFZ (FUBM s-BSHF BBE&IB BAESP MPRHTJINR BEFQB S |
*NPEFMEFWFMPONBOUWRVIOBM PG UIF"NFSJDBO 8BUFS 3FTPVSLEL
QQ v

"NUMJIDIFT %JHJUBMFT 8BTTFSXJSUS(DIBGUMXIIFTIFXATTFSOFU
rrrXHmM#rX# /12M@rm2 7 ii2K#2 ; X/2fr bb2 f r; M

#BSUPT .BUWZTIFET TINQMFBOE GBTU XBUFSIFEXBRKYMROFBUJPC
X2MQ/QXj3kkgNbBiTh,ff;Bi?m#X+QKfK/# iQbfTvb?2/b

#BO6B BP MV )BLBO FUBM s" 3FWIFOXPOYQUBE SQBEMB CIMFIaD .
*OUFMMJHFODF JO )ZESPDMJNBBUF SQQ&3DBUJP O TR B%0
jiNYfrROY3RKjH?iIiTh,ffrrirXK/ITBX+QKfikydj@999RfROf3fRK]jy

#BTIFS 3FJE S(MPCBMFBSMZ XBSGMIB [ESETF NTZGEP ENBWMD B (
QFPQMF DFOUISSMERAITP@QIJDBM USBOTBDUJPOT PUz D BAVS )2 B MIDABIMI F
BOEFOHJOFFSJOH TDQRODFTW

#BUUBHMJB 1FUFS 8 FUBM +VOF WF GBBVBUEFGEBMFBSWVOIOH |
HSBQI OFUXP®3BS2IJWOQSFQSJOU BSBIWRWye XyRkeRpj (+bXG:)
<7.?21iT,ff tBpXQ ;f #bfR3yeXyRkeRpj

#FSHTUSON 4U%BWFMPQNFOUBOEBQQMJDBUJPO RGBMPODFQU)
EJOBWJBO DBUDINFOUT
#FSHTUSON 4USIF )#7 NPEFMVJUT TUSVDUVSFBOEBQQMJDBUJPO

#FWFO ,FJUI+BOE .JDIBFM+ ,JSLCZ FE swW B $2BIIMAVDVFZOABST C V U
BSFBNPEFM PG CBTJO IZESPMPHZ 60 NPEAME¥BQRFMQVBBIRBCME
EF MrIZESPMPHJF EV CBTYZESWMEHBOBM TOIJFAOFT KPVSOBM

#FWFO ,FJUI+BOE1FUFS :PVOH s" BN IJDMPEARMBPEIKTBOBO
UJDT GPS BVUIPST BOBBYFGCGRFAPMSDG T SEGVFBSII

#I1BSBUJ -VOB FUBIM IJINQBDUT PG XBUFS JOGSBTUSVDRUVSF BOE D
IZESPMPHZ PG UIF6QQFS (BEOWHFT 3JWFS #BTJO

#JOEBT 5BEEFUBM S*NQSPWJOHBIIAFEF BRNBCMMH 6 VIQHABH VI
$VOHF .PEFM BOE 11ZTJDT *OGPSNFE BBIUPF 3IFBBOSDHT 3OTFBSI
F 83 83 F 83 "BiiTbh,ff/QBXQ ;fRy X



$PODMVTJPO

RYKNfkykjg_yjFQBPOUTb,ff ;mTm#bXQMHBM2HB# "vXrBH2vX+QKf/Q
RYyXRYkNfkykjg WBRdTb,ff  mTm#bXQMHBM2HB# "vXrBH2vX+QKTf/Q
RyXRykNfkykjqg_yj8jjd

#MOTDIM (QOUFS FU BM S5XFOWZFUNMSF& EBPMWW HEZ Q6SLR C
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FODFT QQ v RY(XSRNOf?2bb @ k3 @ kRyd i@ lyki9? 2bb X

+QT2 " MB+mbXQ :f "iB+H2bfk3fkRydfkykof

;BSb $ISJTUJBOFBOE'SBODFT& %VOBMBODS5REBEBWFIBBIFEGNF O L
*O4DJFODF QQ v RY(X RRkefb+B2M+2 X @SeAOBEkD ,
ffrrrXb+B2M+2XQ ;f/IQBfT/7fRy X RRke fb<BE2ZMHTDOX f#feMN3e
b+B2M+2XQ ;f/QBf #bfRyXRRkefb+B2M+2X #[eN3e

;IPOH -JBOHKJO )VIJNJO-FJ BOE+JOHKXEPQBIGFO®U P@BB BHRISICV!
QIZTIJDT JOGPSNFEEFFQMFBSOJOH IBESPBSHDHIDBHIABERPHIFE MG P S E
3FTPVSDFT 3FTFBSBI3

‘IPOH -JBOHKJO FU BM C s"EWBO DI OUSFBRALE X QBSBEF S
HIJPOTUISPVHIWFHFUBUJPO DPOTUSBB (AEES P MRISUIB/MN R P EFGISTXE
+PVSOBM PG )ZEGPMPHZ(881 2i13b,ff/QBXQ ;fRyXRyRef

DXD?v/ " QHXkyk9 XRXIREB,ffrrrXb+B2M+2/B 2+iX+QKfb+B2M+2f "iB+
TBBfayykkReN9k9yR8eRYy

;1V 4IVBOH FU BM S4QBUJPUFNQRBOSBNM MMFRVWPE SCCRISOADSE U
DPNCJOFE XJUISFNPUFTFOTJOH QSFBFQIDBBWREBIRIREBMUT JO M
PG)ZESPMRHZ



%JTDVTTJIPO




" -13?2.#"&#0#1:8

51JT EJTTFSUBUJPO XPVME OPU IBWF CRARDQ®BUT HOME XODFP \BWH |
FODPVSBHFNFOU PG NBOZ JOEJWJE V B MFIQBIYEHISBTURIGWN URPOBTM M B
DPOUSJCVUFE UP UIJT KPVSOFZ 'JSTUBREWGFSIFWNATBUJIBYEF QP
QSIJNBSZTVQFSWJTPS 1SPG %S .BSUJ®X7UPVAH BXT B UBOAHITWNEQ E
QSPWJEFE BOJOUFMMFDUVBMMZ T UOQMKVADBVUISOPHOZFRD Q F B.DTF GO XBX
WFSJOH CFMJFG JONZ XPSL FWFO CF GBIFIOT N JAWE DR BMJIDNZSJC
JOHUIJT SETFBSDIUP SFBMJ[BUJPO )OPNPOWZSTIIJREBTTHSQEE.
CVUBMTP NZBQQSPBDIUP TDJFOUJaD BORWUSANZ BN FREY B BIW Z THS
1SPG %S $1SJTUJBOF ;BShGPSIFS TVDBFSWIIRED RO E\DHIOQ BWIND
GFFECBDLUISPVHIPVUUIJT SFTEFBSDPHE 8 G E@PSWIBFQNFIG B B RIN [
FODFT QSPWJEFE FTTFOUJBM HVJEBO FPOJNOB®3SJE A MFHB B CFIBBIB O E
IZESPMPHZ .ZTJODFSFBQQSFDJBUJPOGIBPFEMWHPOLGPS | 34SI GTR N BU
GVM EJTDVTTJPOT BOE WBMVBCMF GFFEWBDE B UBUTFORSSID IEB B DE
UIBOL1SPG %S (FPSH.BSUJVTBOE 1SPGP®%I RHFWEBSH BO(RZ%BMNJ
TIT"EWJTPSZ $PNNJUUFF QSPWJEJOHBEYOBRIW GBBEE ¥ BB U JEHEEF
DVTTJPOTUIBU IFMQFE SFaOF UIF SFTEBYMI GBS NZUIPNMM E B N \H-STE
UIF $PHOJUJWF .PEFMJOH HSPVQ XIP GPGT UGBFHK B 6 FOWBN PU K FO
BOE HFOVJOF DPMMFHJBMJUZ 4QFDJBMWIBOOTUHP WPSLSPGU KIS
,BSMCBVFS .BOVFM 5SBVC +BOOJL 5|3NR¥MURBEET+BOTDYATI BE@?
JOPVS SEBEJOH HSPVQ FOUFSUBJOJOHVMAM®MNOFSTHBUR TBBEFUU FR
FYQFSUJTF .ZHSBUJUVEF FYUFOET UP QBFGEVFBMB % B UBEPMP PXABRE
DPNQMFY XPSMEPGBDBEFNJD CVSFBVIVBBQ 3 PNDEFLIJIFT BEN 0T aDB 9
NPSENBOBHFBCMF *XPVMEMJLF UP BD MWVBXAOWPFEHFIPIFBIGCDFSOQP
GSPNDPMMFBHVFTBUUIF ,BSMTSVIF*BTWISJBBMBGHSDUQOBOIP B %
%S 6XF &ISFUXFMDPNFE NFJOUP UIFJS SHFHG B SOF BRM\SFE D JBI B XFE
GPS NZ XPSL BOE QSPWJEFE JOWBM VB C\E B BWFPTUB O'MF XBOEG 8
%PMJDI DPOUSJCVUFE UISPVHI NFB O JOBHEROW ENIZDWO EFBO T RIOEU
JOHPGIZESPMPHJDBM NPEFMJOH 51JTVEFT FBR\DH IXB ONBIEFHQSI AN
UIF $SMVTUFS PG & YDFMMFODF s.BDIJOPMFB $® 504D JFFXDIFR SBIWD B DR
60JWFSTJUZ PG 5@3CJOHFO * BN BMT PCHE\B UB\G VIMIBLOPDW | FF¥TOFBSDO E
ADIPPM GPS *OUFMMJHFOU 4ZTUFNT DEBMED GRBIAIPMQE BOE BY
UFSJOHBO JOUFSOBUJPOBM SFTFBSDIPERRYPTU A S BO BVWEF UPX
GBNJMZ BOE GSJFOET XIP CFMJFWFE JO NAIEMBEQMH CIANFIFME 0C
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NZTFMG 5IFJS VOXBWFSJOH TVQQPSUNRG U JFSOPDNFJ BROE UF G FN\PS B
UJPOBM GPVOEBUJPO UIBUNBEF UIJT RB®PWARZ QN UFECMFU BPTBMIE
JOXBZT CPUI MBSHF BOE TNBMMwUIBOL ZPV
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