Oo~0o A#15'5 241, %6

R AMSE S “UDQW $JUHHPHQW Qf

92 WNKOCVG EJCPIG UEGPCT

CIINQOGTCVKQPU

&

#IINQOGTCVKQP UECNG WTDCP E

SWCNKV[ RTQLGEVKQPU

4GHGTGPEGEHG®BEG '

7KH ZRUN OHDGLQJ WR WKHVH UHY XWOR\PV VKK
(XURSHDQ &RPPXQLW\ V 6HYHQWK )UDPHUZRC
$JUHHPHQW 1R SURMHFW 5%$06

T

KQU

NKOC

'HG IXQGL
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2TQLGEV #E BWB Q6

2TQLGEV BK¥RQFLOLQJ $GDSWDWLRQ OLWLJDWBREQW G
&LWLHYV

%QPVTCEV OWODGT

ROXVWDL

6KVNG QH TGR®IJVORPHUDWLRQ VFDOH XUED_QVFSURWI\MFIWL)LQ?GQDLU

AGHGTGPEGSEQG(G

5JQTV &GUETKRVKQP

‘H GHVFULEH WKH PHWKRGV XVHG WRHJBQBUDWWHB TUEDIQN\FO

SURMHFWLRQV DQG WKHLU UHVXOWYV

#WVJIQTU CPF EQ+HDWWI@RB\EHUJKYV 'LUN /DXZDHW :RXWHU /HIH

ODLKHX .RHQ 'H 5LGGHU *RQ20$PDW[H R -XDQ $QJIH
ODGGDOHQ OHQGL]DEDO 7(&1$/,$

2CTVPGTU QYFIRPI 7(&1$/,$
%QPVTKDWVKQPU

/ICFG CXCKNCBXNEOYR

O $FHUF

8GTUKQPKPI

9HUVLRQ 'DWH 1DPH RUJDQL]DWLRQ

+DQV +RR\EHUJKV 9,72

.RHQ 'H 5LGGHU 9,72

.RHQ 'H 5LGGHU 9,72

.RHQ 'H 5LGGHU 9,72

SWCNKV[ EJGEM

,QWHUQDO 5#NKHYBKY (QTF 70'9 $KP <JQW 2+-
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6CDNG QH EQPVGPVU

'ZGEWVKXG 5WOOCT]
+PVTQFWEVKQP

7TDCP ENKOCVG RTQLGEVKQPU
7KH 8UE&OLP PRGHO
8+, LQGLFDWRUV GHILQLWLRQ
7TDUIJHW FLWLHYV

7TRZDUGYV WKH JOREDO DSSOLFDELOLW\ RI WKH SB8UE&OLP PRG
(YDOXDWLRQ R/ SBUE&L&OLP ZLWK WKH QHZ LQSXW GDWD
"HPRQVWUDWLRQ

&RXSOLQJ WR *&0 RXWSXW ILHOGYV
,QSXW I URP WKH *&0V IRU FOLPDWH SURMHFWLRQV
LDV FRUUHFWLRQ
THFKQLFDO LVVXHV SUREOHPV HQFRXQWHUHG

BUEDQ FOLPDWH SURMHFWLRQ UHVXOWYV
6NRSMH
&RPSDULVRQ RI UHVXOWV REWDL®WHG IRU WKH GLITHUHQW FLWL
"LVFXVVLRQ UHJDUGLQJ WKH 8+, LOQOWHQVLWI FKDQJHV

&ERQQHFWLRQV WR RWKHU ZRUN SDFNDJHV
6QRFQYP GZGTEKHBKVKGU 7*+ UKOWNCVKQP

9KPF ENKOCVG KP EKVKGU
BUE&OLP ZLQG VSHHG VLPXODWLRQV
SBUEDQ WR UXUDO ZLQG VSHHG FRMMYHKUVLRQ HPSLULFDO DS

'LXUQDO ZLQG VWDWLVWLFV IURP GDLO\ YDOXHYV
OHWKRG
S5HvVXOWYV

#KT SWCNKV]
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L QWURGXFWLRQ
'DWD DQG PHWKRGRORJ\

5HVXOWY DQG GLVFXVVLRQV
SURMHFWHG PHWHRURORJLFDO FKDQJHV
30 IXWXUH YDULDELOLWI
ERQFOXVLRQV UHJDUGLQJ IXWXUH B0 FRQFHQWUDWLRQV OHYF

%QPENWUKQPU

4GHGTGPEGU
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KUV QH (KIWTGU

J)LIXUH SURMHFWHG PHDQ LQFUHDSHURWXMIHOWRZDPEY WKR H
RI WKH FHQWXU\ FRPSDUHG WR WKHVKH PR QMK IRR G XUIKVW IR
, 3&& VFHQDULR 5&3 6RXUFH .10, ROLPINMSHNRYWO MO KWWS

J)LIXUH SBUEDQ UXUDO P DLU WHPBHURWGCREY GRUHWHKGFH
PHDVXUHPHQWY EODFN DQG WKH 8S8UEBOSRUBRGHOD\UHG |
6HSWHPEHU (UURU VWDWLVWLR/Q RFREBOHEHDVR WURRWG F
FRUUHODWLRQ FRHIILFLHQW DUWAKH SORWEY WKH WRS OHIW R

J)LIXUH 7THPSHUDWXUH LQGLFDWRULRG $QWZHUS IRU WKH

J)LIXUH +HDW ZDYH GD\ LQGLFDWSHULRWG $QW ZH U S1L RRAUH WAKKD W
DUHDV RYHU ZDWHU KDYH EHHQ RPLWWHG

JLIXUH *ORE&RYHU ODQG XVH GDWBLRRIG Hb6RDQWIDU RO HJ W K BVQ
<HOORZ FRORXUV LQGLFDWH VKUXEWODQG ZRIRIG@D @R O DW\G |
DUWLILFLDO VWUXFWXUHY DUH LQ UHG

J)LIXUH 02',6 ODQG XVH GDWD DURXQGGCGHRIDRWDUR®HW.IK/DG
&RORXU FRGLQJ LV WKH VDPH DV LQ )LJXUH

J)LIXUH &RPELQDWLRQ RI *ORE&RYHU WQGDOURXQ O®DQRR XWHH G
-DQHLUR <HOORZ FRORXUV LQGLRBIWW NRUMBNODQ& Z RRKHDD @
DQG DUWLILFLDO VWUXFWXUHYV DB K UWRBGQ APWHHDGE LEH lUHIG O Z LK\
UHG DQG XUEDQ DUHDV GDUN UHG

JLIXUH  (($ VRLO VHDOLQJ OMRL D YBDDHRRIQ WWILKAF WIHRE $QWZF
JLJXUH S5HFRQVWUXFWHG VRLGMHDQHQURHIUHH IRU 5LR

J)LIXUH OHDQ WHPSHUDWXUH DW XIARYWQ $QWEKHUSS BRHW $
ILJIXUH VKRZV WKH UHVXOWYV IRU DQJSUE&ORIPOVLRBODWIL PQ &
&25,1( ODQG FRYHU GDWD ZKLOH WKHKRRYRAHWDQBIXYZHG6XVHYV -
ODQG XVH GDWD DQG UHFRQVWUXFWHG VRLO VHDOLQJ GDWD

JLIXUH 8+, LQWHQVLW\ DW 87&/MQ $QWAH WX HR&2$ XX UHG
DQG *ORE&RYHU 02',6 EOXH UXQV

J)LIXUH 7THPSHUDWXUH LQGLFDWRUDXBSGEHD $QGHEDWRG KHIAM
SDQHO IRU 5LR GH -DQHLUR IRU WRHLOXPRHWKHRSHBERG

J)LIXUH $YHUDJH WHPSHUDWXUHKBW XK BR BBBWWHFFEHURU W
R LQ 'RKD LQ 4DWDU
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J)LIXUH THPSHUDWXUH 8+, LOQGLRD®MRELORP NGOGV MBBEDGHR E\ W
&150 &0 PRGHO

J)LIXUH THPSHUDWXUH 8+, LQGIKKRDWRRPHUN ‘RUOEDR |RIR W
BUE&OLP VLPXODWLRQV FRXSOHG WRSCG@GHQWBQGP WERD WEB H X ¢
,36/ &0 $ 05 JOREDO FOLPDWH PRGHO ORZHU SDQHO

J)LIXUH THPSHUDWXUH 8+, LQGIKKRDWRRPHUN ‘RUOEDR |RIRW
WKH ELDV FRUUHFWHG 8UE&OLP VLPXODWIOBQVYORERSOHG W
FOLPDWH PRGHO

J)LIXUH +\EULG VLIJPD SUHVVXUH OHYHOV
J)LIXUH XGHMM WKH QHXUDO QHWZRUNYV

J)LIXUH SHUWLFDO WHPSHUDWX\WUHUBR REICOHV TWRBHWXEHQ ZLW|
UHFRQVWUXFWHG LQWHUSRODWHG SURILOHV UHG

J)LIXUH 6LPXODWHG P DLU WHPSRUDMWXWZHD® DYHBDI&HG IR
WKH PRQWK RI -XQH REWDLQHGQALBE DR WHUXE®DIR U KRXU
OHIW DQG ZLWK D KRXUO\ IRUFL QK RKRIFOS OHPW B WHREO 2 WWM K
SURILOHV ULJKW

J)LIXUH 6WDWLVWLFDO UHODWLR@Y BQWDE®DH VEWEUIEMHWZH
SUHFLSLWDWLRQ IRU FRQYHFWLWH BQG\ WSRIWP OS ISW B WILRLQN D
ULIJKW

J)LIXUH SBUHFLSLWDWLRQ WLPH VGDU&HM MERP DWKHUO VR B (
SURFHVVLQJ VWHS GHVFULEHG LQ WKH PDLQ WH[W

YLIXUH 3UHVVXUH DW P FDORBKQD®W HKG DAKMVD J LD KHRR WLK H %
(60 PRGHO

J)LIXUH BUHVVXUH DW P FDOFPXM B PWHG KNLIKIWVIKIOHF RRU WKH
(60 PRGHO

J)LIXUH 2YHUDOO GLIITHUHQFH HHWWZH BDQ GV VHK HR FIRIWQHOWVIKI G K
IRU WKH %18 (60 PRGHO

JLIXUH 7THUUDLQ KHLJKW LQ PHWWGRPIOLYWKHRXQAE® %RIRWD

J)LIXUH (YROXWLRQ RI WKH UXWH®G JWHP®H WDNGEX M HEDXGLFDW
6NRSMH XSSHU SDQHO DQG WKH QXPERAUHRBISKHIIMWMD ZOXKH GD
WKLFN OLQHV VKRZV WKH HQVHPEOH PHDW LDIGLEGB WH M KK D G
WR UDQJH EDVHG RQ DVVXPLQJ D QRWRBIOHGQNVNWHWBOEXWLF
'RWWHG OLQHYV LQGLFDWH WKH UQGKOMOG/XREWRDQRGFALIQNK WK
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J)LIXUH 8SSHU SDQHO HYROXWLSRQ IRQ GMLIKB WWRHP & Q UONNRSWHH 8
LQWHQVLW\ L H DYHUDJH XUEDQQUWXUD ORZ\HUP SHIQHW X WHK B L
HYROXWLRQ RI XUEDQ UXUDO GLIIHKHQWHZ D® HWE&BI\\Q XPKHH U
GLITHUHQW W\SHV RI OLQHVY DQGHVKDGLQJVY DUH DV LQ )LJXU

JLIXUH 7HPSHUDWXUH XSSHU SDQO®RZPQ G KOPW ZQGH FOIMUR |
IRU WKH UHIHUHQFH SHULRG WKH HODHE VR BBGW RW\
5&3 VFHQDULR ULJKW )RQRWKLH K S\BKH GIDIQHWDH QW FRC
OHJHQGYV

JLIXUH 1XPEHU RI KHDW ZDYH GD\V IRU DD}HGEW U EXKW HB QG
RI FHQW XU\ 53 FRQGUWMICREDMVLRY VHOHF
YLIXUH (IHIHFW Rl HQKDQFHG GRZ@AMIORY R ORQH 2D PISHID G W X

SURILOH RYHU WKH FLW\ RI %UXWIVBIBD\WVUXOUHD® DLAH® RYIHIKW Q
EODFN OLQH FRUUHVSRQGV WR WKNQMW | FNUKHQ B H G/ I0RXQCHD VWKLARA
UHVXOW RI WKH VLPXODWLRQ ZLWKRHRKDQFHG ORQJZDYH UDG

JLIXUH 0DS ZLWK D VXEVHW RI WKHRWHVXGUWVLRY 8VIEKROL
ZZZ XUEDQ FOLPDWH HX VHUYLFHV HXBBLYLHVKHRZKWKRRH RDS
(XURSH

J)LIXUH ODSV FRQWDLQLQJ WKH PHRQ WXRP IHB BWL GHUHRNFL W L
IRU WKH \HDU

YLIXUH 7KH DYHUDJH 8+, LQWHGRISWXODW IDR X GFH\WYVRY\RDQG Pt
ZLQG VSHHG

YLIXUH 6LPXODWHG VROLG OLQODJIVQGLRE/MNSMHG IRUURKH XU
DQG UXUDO VLWHV LQ WKH $QWZHXDGRPDAU\QW IRU WKH SHULR

YLIXUH 6LPXODWHG PHDQ ZLQG VRPDGE QRUXWKBXIFWHHUS G
7KH VITXDUHV GHQRWH WKH SRVLWLRQW RLWKWY ZIKHGGMHINV KO}
DUHD DSSUR[LPDWHO\ KRUVH VKRH VKDWKB GRPDWRH PLG
FRUUHVSRQGY WR WKH PRVW GHQWH®MNEXLOW XS DUHDV RI Wk

YLIXUH 5DWLR RI WKH ZLQG VSHMG LDWH W R R SH[SH G LW R QWKH
ZLQG VSHHG REVHUYHG DW ODQFKHQWRIUKB L UISW UWME RYW IV KXQ |
FDQ\RQ IORRU UHVS P 7KH NYXDKH MDPEKODWHG UH
DVVXPLQJ D VWUHHW FDQ\RQ KHLJKRD RIEDWV DB SUWKH QWW WK
YDULDELOLW\ UHODWHG WR WKHENQYEZHHWDL®WO RQHVKH @ G IRL.
WKH EDU DQG P XSSHU HQG 7KHUBDW\SRQGVWR/ \PERDYY AR
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YDOXHV 7KH OHIW SDQHO VKRZVHJBY¥XBRWUREWDRQHG @& WKK
ULJKW SDQHO ZLWKRXW WKLV FRUUHFWLRQ

J)LIXUH "HLEXOO VKDSH SDUDPHWHURK RDOFKHDRNWWERDY D [XQ
VROLG OLQH 7KH GDVKHG OLQ@QW WHSUWMR HQKNHV HVIXKFHWF X B O X W L

J)LIXUH ORGHOOHG KRULJRQWD3X BHUW LYRADWV OVLREWYBDOXH YV R
GDLO\ PHDQ RI WKH FXEH RI WKH BHLRIGOROHBE |IRU WEKFHHULW
OHIW DQG P XSSHU ULJKW WRUW CROWXWMU $ORZGIW @WHN ORZ
ULJKW

J)LIXUH SURMHFWHG PHDQ DLU WHBBEWU DW®SUWD ISIHW L RG KKD Q
IRU IXWXUH SHULRGYV ZLS\KHVH@ ®H & WUWRGW K H

IRU VXPPHU

J)LIXUH OHWHRURORJLFDO H[SHFWSHHQW IFK®WJHV [IRU EXWXUH
UHVSHFW WR WKH SUHVHQW SHUWRG IRU ZLQWH
J)LIXUH 30 SUHGLFWHG IXWXUH SEPMHBEWRQWKH UHJLRQDO

FOLPDWH PRGHOV VHOHFWHG IRU WHKPWVPRIQV OHUWKW QG ZLQWHLU
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KUV QH 6CDNGU

7TDEOH 6SHFLILFDWLRQ RI WKH GRERADHGVKHQ@GE SHULRGV FRQVL
7TDEOH /ILVW RI UHTXLUHG PHWHRURORJLFDO LQSXW GDWD
7DEOH /ILVW RI| *&0V XVHG WR GUIZYWKVKH SB8UE&OLP PRGHO

7DEOH 2YHUYLHZ RI WKH UHTXLUBKXQG F&3\8 XOMH3G IVORW R BIHVU PIX & D W
RI WKH XUEDQ FOLPDWH SURMHFWLRQV

7TDEOH OHDQ WHPSHUDWXUH FKDQIJBHHHWGHHQ WRBREAQHIHUHQFL
WKH HQG RI WKH FHQWXBEDVHG RQ WKH *&0V FRQVLGHUHG
IRU DOO FLWLHV

7DEOH &KDQJH LQ WKH WHPSHUDWRUW K& ,U HQHEUW IF Q AHR LS HEWHLYRZ
DQG WKH HQG RI WKH FHQWXUWXQGMKMYUB&3
FRQGLWLRQV 7KH ILUVW WZR FROOXP QY WHESEHLUFFDHDNY IMKHH RIQ F U
WKH XUEDQ DQG UXUDO PLQLPDO WHBSHROX\PQ HY GEZ RDW/H W Wi
FKDQJH LQ WKH 8+, WHPSHUDWXUHNV L Q& L\FIDIM)R UQ EILRDKN DQ $ RD
LQFUHDVH LQ WKH WHPSHUDWXUH 8WW VAROK® W KL Y H Y HW K HJ k
HVWLPDWHG HUURU RQ WKH FKDQJHGLEDMWKRUS8+, WHPSHUDWXU

7TDEOH &KDQJH LQ WKH KHDW ZDYH QGDWKBH, ULHIGUFADQFRUSEHHWR E

DQG WKH HQG RI WKH FHQWKULUVW FROXPQ LQGLFDW

WKH UHODWLYH FKDQJH LQ WKH KHDWKEBYWHBRQ GQFER-GRRR U
LQGLFDWHYVY WKH HUURU RQ WKLV TXDQWLW\

7TDEOH /ILVW RI WKH FLWLHVQWKRMW HHWH IRRQVLGHUHG L

7DEOH 6XPPHU DQG ZLQWHU GLVDJJURORWILEDIO RFKWRKBHWYH\
H[SHFWHG FKDQJHV LQWR WKUHH Wa R/HH OHHFRVHHV/GIRU HDFK PRG/|
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KUV QH #DDTGXKCVKQPU

FRXSOHG PRGHO LQWHU FRPSDULVRQ SURMHFW SKEL

IRU

, 3 &

&0,3
&25'(; FRRUGLQDWHG UHJLRQDO FOIPH\@W GRZQVFDOLQJ H
&38 FHQWUDO SURFHVVLQJ XQLW FRPSXWHU SURFHVVR
(&0:) (XURSHDQ FHQWUH IRU PHGLXP WIL@IH ZHDWKHU

*&0 JOREDO FOLPDWH PRGHO

,3&& LQWHUJRYHUQPHQWDO SDQHO ®RIQ FOLPDW|H FKDQJt
1'9, QRUPDOL]HG GLIIHUHQFH YHJHWDWLRQ LQGH]

5&3 UHSUHVHQWDWLYH FRQFHQWUDWRHR@DSDRKZD\

6: | 6KRUW DQG /RQJZDYH UDGLDWLRQ

8+, XUEDQ KHDW LVODQG

BUE&OLP XUEDQ ERXQGDU\ OD\HU FOLPDWH PRGH|O
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'"ZGEWVKXG 5WOO0OCT]

7KHUH LV LQFUHDVLQJ FRQFHUQ URIBDO GIOQLPD\WWH ERSRQBEW RQ JOV
7RIJHWKHU ZLWK GURXJKW DQG |IORRGLQJISHAHILHAHG KD IV & WRIEHC
WKDW PD\ LQFUHDVH FRQVLGHUDEOGHHG®RFDERDWE SV RWIHFAQ |
LQGLFDWH WKDW H[WUHPH KHDW ZRFRXUUKBKLRV W KIHQ RQH RSKID'
DUH H[SHFWHG WR EHFRPH PRUH FRPPR @8 WIKAFH PMRIDUGY WKH H

$GGLWLRQDOO\ FLWLHV H[SHULHQFRHADKXEHKDRIFX H HOM D\OW K H D \
LVODQG 8+, SKHQRPHQRQ &RQVLEGREHEHQW RVKDWW FPLDMWRHWL DU R |
KXPDQV LQ SDUWLFXODU LQ (XURSH LHW® UHYSRUWONRO DMKED
YXOQHUDEOH EHFDXVH Rl WKH FRQAHQQE® MW RR® MRUFL Q FIWLWW W X F
LV DOO WKH PRUH UHOHYDQW

<HW OLWWOH RU QR LQIRUPDW ILRW®W XLWH DXUDELED® E@H. PR B U GLSHF
FOLPDWH SURMHEWLRQV DW WKH V&Y OH R IODFERD Q JD JIKOLRRKH UD V
SDUW UHODWHG WR WKH FRPSXW D WLARIGPIDW A RFR/GHIDL QWM | DG H(
,Q RUGHU WR UHPHG\ WKLV D QHZ X\DHPQ ZID\ FBSHW H CPRRSH 8UE

"XULQJ WKH ILUVW \HDU RI WKH 5$0BQ6HSWR NHFPW X B RUHN WIOH/ 83U E &
PRGHO IRU D QXPEHU RI WDUJHW FLRQGRQ VRRIC DAL R HJUEBR P
WKLY ZH OHDUQHG WKDW WKH PRGMSDDPBEKOHYW®R MK DWFXIUB R\ VR
WUDGLWLRQDO PRGHOV EXW DW D VS&HHEG WKPWVLXK LRRUY WKDDQ
UHVXOW 8UE&OLP LV RQH RI WKH 9 A\QXWEKB Q: FFWQ 8 DRDIS DPERASHH
FRYHULQJ SHULRGYV ORQJ HOQRXJKFWHRUHYD@YURO VPR VBH XV D W L

'XULQJ WKH VHFRQG SURMHFW \HDU VWRENVFRGHD WEHORELVZ B §
FRXSOLQJ WKH 8UE&OLP PRGHO WR ®AKH* &0 R E BRQACILIPMMGH LAR B/H
,3&& &0,3 DUFKLYH DQG FRQGXFWLQHORQWLQLP SOBWHRQYV UHS

DQG IXWXUH FOLPDWH FRQWGLGHIR@M WRIE 5&3
FOLPDWH VFHQDULR 7KLV ZDV GROQRIQGRD $6WZHUS - DQIBEDR
+\GHUDEDG 1HZ <RUN DQG 6NRSMH M QG ®IOWIRR DRQVEIGHIUHD J WH
DQG $OPDGD LQ 3RUWXJDO

7KLV ZDV D PDMRU FRPSXWDWLRQDO KOG HILRW DHNYLKYU\ RRE VR IGW K E
FLWLHV ZH VLPXODWHG WZR SHUVWVRKINFRRYRUHRY MZ HDOW R4 DW K
VLPXODWLRQV ZHUH UXQ WLPHV GUMLIQUHIGW FLEOMW LQRPUGHU W
DFFRXQW IRU WKH XQFHUWDLQW)\ UMBBPWLHRG W R, QV KX PPPMIUR D \D &
VLPXODWLRQV WDNHQ WRJHWKHU UHTHDLUM G RUWWQDWHQQZH KX
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DFFHVVWAMAMHUDO KXQGUHG &38 V VLPXOWDQRRXWO\ DQG JHQI
*LJDE\WHV RI VLPXODWLRQ GDWD

%DVHG RQ WKH UHVXOWV IRU WKH RXWQHV HOKD V8 H RIYRIG® D Q@ 700X
FRQVLVWHQWO\ ZLWKLQ WKH PULWDCWPDESGBUFRBQZRGAKGREG VYKE
OCP[ JGCV YCXG FC[U VJCP VJGKT T¥KLENL VWSUTREDRMPKOPVLF DV
PRVW FRXQWRODBGI®HG/RKHDW KHDOWK DFWLRQ SOMMPMWO DUH WU
WHPSHUDWXUH IRUHFDVWYV RQO\ %RQYHURHQWOXUWBRE SARISWOD V
XQGHUJR VHYHUDO KHDW ZDYH GD\VDSIH® \HDU ZLWK QR DFWLRQ

BXEVHTXHQWO\ ZKHQ DQDO\VLQJ WKIQVXUEDZFOLURXWYE BUKDMH
WRZDUGV WKH HQG RYJ\BKMWROHDBAXQMH JGCV YCXG FC[U KU GZRG
KPETGCUG D[ C HCEVQT7®HVPBETHDPUNGRAR EH WKH FDVH LQ ERWHF
UXUDO DUHDV EXW JLYHQ WKH KLJEKBIYHQXPEH W R V YWUDEDAD Z<FDKWV |
PHDQV WKDW PDQ\ FLWLHV ZLOO EH IRFK®DWQAD PR PRI RIUNPR Q]
HDFK \HDU

,Q DOQRWKHU H[SHULPHQW WKH S8UE&OLP FRRAH® KW % BCROHG
(XURSH %DVHG RQ WKH UHVXOW\D YHW ZIH 8K R DWW WE DMV W R H W K
FLWLHV LV ZHOO H[SODLQHG E\ SRISKOD LURHY LKRH@\OL T L DG & SM H
7KH PDLQ FRQFOXVLRQEKWKGBULXPWKBWVTCN CPF 'CUVGTP 'WT
GURGEKCNN[ CV TKUM HQT GPJTHIBGH VI@OO UWKBURRUH UHOF
FRQVLGHULQJ WKDW WKHVH DUH DPDARHWKRIG BIONDYURMH E ML BK YF
ODUJH VXPPHU WHPSHUDWXUH LQFUHDVH

)LQDOO\ ZH LQYHVWLIJDWHG WKH L RS DFMWP RV SKOIURBWSR G R X QYLH
JREXVLQJ RQ WKH XUEDQ DUHD RI %LOEBROMQQGD®W BOKH KL
SDUWLFXODWH PDWWHU ZH GH YHi CORSHNG @E REWFHEY MVWDLVE DROQ V F K
WR FOLPDWLF SDUDPHWHUYV UHDG LPW IDR'@\. O DEPH H \PWHDELPLDML H G
SUHVHQW GD\ FRQGLWLRQV WKHWHR WREKOBX MR QR B HUG HDS\EIOR EIGH
UHJLRQDO FOLPDWH VLPXODWLRQ UHVXOWYV

JURP WKLV LW ZDV IRXQG WKDW GEVL\QKHVIKE GV RP PMKH WFRIZDAUX |
ENKOCVG EJCPIG KU GZRGEVGF EQPEBPVMICY® CKFPU 2D [ | O

RZLQJ WR LQFUHDVHG WHPSHUDWXUBVRQG XIXPE OLIVM\H ® @¢® XU
&RQYHUVHO\ WHKHGHBEHRKWHKP CGFIGETGCUG D[ C XCNWG QH |
PDLQO\ FDXVHG E\ HQKDQFHG SUHF LERWIO L R HUR GG \WKTPP H B
WKH HQVHPEOH YDULDQFH LV ODUJPMHDWKDIQOWHKW FKDQJH RI WKH



5306(6 SURMHFW *UDQW $JUHHPHQW Qf

+PVTQFWEVKQP

*OREDO &0OLPDWH ORGHOV *&0V SIMHGLPWDDQ WMRE B0 DWXQUFH HZ |
IRU (XURSH LQ VXPPHU LV H[SHFWHI W R SEHFRRH RHUWR B US& 3

VFHQDULR XVHG DV VKRZQ LQ )LY®DH WKIRVW[WH HBHSW H WS FU D\
LQFUHDVH RYHU SRUWLRQV RI &HQWUDW Z X0 & SEH B R/SHWXS-5 BoUDHDQ\
WKLV ZLOO KDYH LPSOLFDWLRQVVHREWBLROG\ RRHUWKMHR BMWX @ K
RQH RI WKH 5%$06(6 WDUJHW FLWLHV

&RQVLVWHQW ZLWK WKLV LQFUHDWHR I* &\OK/HD@XHRRE S U H GUIH WX BQUL
DQG LQWHQVLW\ RI KHDW ZDYHV OHHKBQEQ®JKRLERGGLLRUJL '
6FKIU HW DAHVWLPDWH WKDW LQ WKH IXQEBXWHRBMDWPHO\
RFFXUULQJ LQ (XURSH GXULQJ WKHEWFRPHUPRIUH FRRRRG LQ
WKH IXWXUH
mean rcp85 Tmax 2081-2100 minus 1986-2005 Aug AR5 CMIP5 subset

__ NN TN

2-151-050051152 3 4 56 7 9 11
J)LIXUH 3URMHFWHG PHDQ LQFUHDVH WX GPB LUDR PIDY GR/XW KWHR S B U
RI WKH FHOQWXU| FRPSDUHG WR WKWKH PRQSHMURRGXIRUW IRU
,38& VFHQDULR 5&3 6RXUFH .18, &OLUFIHIS! ISQRID@OK W W

&LWLHV H[SHULHQFH DQ DGGLWLR QDIH K¥HDBED ¢ VKHIDW LEHADXS H 8
HITHFW ORUHRYHU WKH 8+, LQWHQV¥UWD VW \GKQILQ S SKHOUN Z\DRY H \
GHPRQVWUDWHG E\ 'H 5LGGHU HW D) /L DQGRYWRIDOEHYGDQG
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IRU WKH :DVKLQJWRQ PHWURSROLWLYWRRG EAKW Y H DEDF B/H WXKDGN
FRQGLWLRQV JLYLQJ ULVH WR VWUNRBY KOOIV ZIL\DGED Y SMNHEO B D
JHQHUDOO\ WKH VDPH DV WKRVH WKW+ RBFXU \8KH U JL K HTDX \ZHD \
FRQFHUQ UHJDUGLQJ WKH XUEDQ HIHY¥MO W QRIVKBSMY IV WUMX/WY|
SDUWLFXODUO\ DV D ODUJH VKDUH RISMRIDWXBRSEGDHD Q® XUREH
DUHDV <HW ZKLOH VWXGLHV RQ JOHREW® PB® G DWHIW R QKD QH HW
DERXQG QRW PXFK UHVHDUFK KDV PBHHWIIGIRWRWHG WR WKH XUE

'LWKLQ 7DVN RI 5$06(6 DJJORPHUDRILRE YRISO D LYUERDOE®/\
SURMHFWLRQV ZH DGGUHVV WKLVRRQREZOM GRQ BDISQ WXHO BDQ D
VWDJHV RI WKH 5%$06(6 SURMHFW ZKLEKUREXRIHGUR R QWKGIL FD WI
PRGHOV WR FRUUHFWO\ UHSURGXBPI® REDQUNA W W& FOURD R HIDU
ZH KDYH WDNHQ WKH UHVHDUFK D VWKHIE DXQU RGKLHALD W/\H HS/WRIMEFORLW K
7KLV ZDV DFKLHYHG E\ FRXSOLQJ WKH BREBOLWRXBRI/G X\WLEHO G
*&0V DQG E\ FRQGXFWLQJ HQVHPEOHQW PXQ® WX RV H RAO ISRIHW
FRQGLWLRQV XVLQJ WKH ,3&& 5&36LQFHHQRULIRAMXKY GR RR KXPD
H[SRVXUH WR KHDW VWUHVV ZH KD®HUB®BROWAH G QWWH UPL\P RO DNV
QXPEHU RI KHDW ZDYH GD\V ORUHRYWW VZ\MRGWE \VBI Y 8 UDOND DD
WKH ZLQG UHGXFWLRQ IDFWRU R YW QW E D QV@RLBYHDUW D/OU \U RO HAWVR

$SDUW IURP WKH LPSDFW RI FOLPDWH QK K PH (R & HCHDWK V W H \
HJ 3DW] HW DO IRU D UHFKDQWI W HYLBQ@VRF O [POMMHHG WR |
DQ LPSDFW RQ DLU TXDOLW\ WKURXIKRMRBOHYBEGW ERIHVHRE
DWPRVSKHULF SROOXWDQW FRQFHQWU MMYRIQRSAR NB/G®WHLWW LV
UHODWLRQVKLSY WR H[SODLQ FWG@FPRQWWEBWLRQNHRQSDRIWLWERQ C
PHWHRURORJLFDO YDULDEOHV LQRGX®WLQJIZLVQHEP SHSHHEX UB Q &K
SUHFLSLWDWLRQ DPRQJ RWKHUV DEB®HHEHYRWLRE\D W iHUSHU W K@i
IURP DQ HQVHPEOH RI UHJLRQDO FOLPDWH PRGHOV IRU %LOEDR

7KH UHPDLQGHU RI WKLV UHSRUW LY RHNRWRRTHG DYQ IROHRZA Z
JLYHQ RI WKH XUEDQ FOLPDWH SURIMMFRKH. POIW KR IGROWRLIE LDV R
PDLQ UHVXOWY 5HODWHG WR WKLWIQ\QGHVFWLEE D 2H. AXCOOMRWE
H[SHULPHQW ZH FRQGXFWHG LQ WK&H RRERZI WD RW MYK RV 50 6
FRQVLGHULQJ PRUH WKDQ KXQGUHHRG»LMILHR Q @V KHUIR[SH DIDDGV L R ¢
WKH GLIITHUHQFHV LQ 8+, LQWHQNBWN RENFWYRG LOQ GGKIHN VBV
ZLQG FOLPDWH LQ FLWLHV DQG Ks MAMWL RPS DAW HRY) 66 DRIVWZAH. WK D
RQ DLU TXDOLW\ :H WKHQ FORVRIQW R KXWV LLRHB\R UBM ZWWRKQW KH &
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(TDCP ENKOCVG RTQLGEVKQPU

6JG 7/7TDWNKO OQFGN

BUE&OLP LV DQ XUEDQ FOLPDWH PR @HUG GHWX G MK KV R WAIPX KDI\Y
LVODQG HIIHWFRMWG BRW,KHU XUEDQ FOLPDWH YDULDEOBW ZLQG VSHI
VSDWLDO UHVROXWLRQ RI D IHZ KXQ®WUHIB PHWUHRWKH 'RRELHG HU
VFDOHV ODUJH VFDOH ZHDWKHU FRQDWWRR QA BRHE D Q&R RIBORW
WKH LPSDFW Rl XUEDQ GHYHORSPHQWHR® K\HIH SFIRVIWP H WSRIWW U R
DV WHPSHUDWXUH DQG KXPLGLW\ 8UHR®G&PVXVIFRP SRAKHP HRI [
GHVFULELQJ WKH SK\VLFV RI HQHUJ\ ZHH® ZADR\HH V RH.[FF KID®RG HW K H
DWPRVSKHUH LQ WKH FLW\ FRXSOHZBQWR W ODWBRFSEXWH F 7EKR
DWPRVSKHULF FRQGLWLRQV IDU DZDB\ IIIURB WK R HW WR UFRIGORV U A DE
LQSXW GDWD ZKLOH ORFDO WHUUDLQWERA GKNEWIDBPX[IGWD WD G Q
HYDSRUDWLRQ ZLWKLQ WKH XUEDQ ERXNQGRQVHVWHIKR | SKROPDQ\ [
WHPSHUDWXUH DQG DSSDUHQW DLU WHIPIS® WHW R O VWPIDRBY RLWK H
RU P 7KH VLPXODWHG GRPDLQ D@HSWKIGHEWRRIWLRED PLMA
XQGHU LQYHVWLJDWLRQ EXW DUH DOZDLWXPIORWMHED G/RFBL QKL
FRPSULVHV WKH FLW\ DQG LWV LPPHGLDWH VXUURXQGLQJV

7KH B8UE&OLP PRGHO KDV EHHQ VX DWH B\W WGE RDR GIRIGHXOV WH Y K OW V
EHHQ FRPSDUHG ZLWK KRXUO\ WHP SHU DRQGRIQP HOL\OXEDHRP HXYWKW QR
$OPDGD 7RXORXVH %HUOLQ $QWZHUS GGHOQWWDmM®G 3DULH °
5LGGHU DQG 6DUNDU .HUDPLWVEWLEX. \HWWD O O .R%V DG
H[DPSOH )LJXUH VKRZV D FRPSDUDMWRRXBEHWZEHHWRBHRORJILF
REVHUYDWLRQV IRU /RQGRQ IRU WKHRYXPPHU 0D\ 6HSWHPEHU

i LT i r i : m.
i&r‘”fﬁ Wh j;lir ,_r',TEI-.I.-L_,}.r'Fs;;lw:;}mﬁ.r_;ﬂl ﬂt,ﬂf'r,]g",w:fﬁWﬂ'u‘t‘ﬁq\*\\ﬁpﬁﬂ J Ixfrf T» ﬁlr i 'F‘fﬂj'lu 1|~'-r|.'%4’1

JLIXUH SUEDQ UXUDO P DLU WHPSHRQPGRQY HIREGLIWVKHIQFH IRU
PHDVXUHPHQWV EODFN DQEG WKH SBUE&OBPURRGHODIUHG IRU WK
6HSWHPEHU (VURU VWDWLVWLFV WRAEHH BFHWWYRUUPRW PHDQ

FRUUHODWLRQ FRHIILFLHQW DUWKHLEBLRWY WKH WRS OHIW R/

7KH PDLQ DGYDQWDJH RI WKH XUEDQ ERXQGIDW W®&D W U VW Q.LVP DDAVF
WKDQ KLJK UHVROXWLRQ PHVRVFDOH FrOWPDWYR RRGHOV R\ D
PDIQLWXGH %HFDXVH RI WKDW WKW CPRGHWILRFHZHQW HIXIDMWHR Q
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SDUWLFXODU IRU DSSOLFDWLRQV LQSXBRNMMHEWLARFPD WBHQ D GRS W
GHSOR\PHQW LQYROYLQJ D ODUJH OQAXKREWUDRFRASVUIHKWH QYR WHH
GHVFULSWLRQ RI WKH S8UE&OLP PRGBOUWHWURXYLGHG LQ 'H

7+ KPFKECVQTU FGHKPKVKQP

+HUH ZH GHILQH WZR LQGLFDWRGV RKWKHVD3OEYVE\ SURH QHWM 7 K
ILUVW LQGLFDWRU TXDQWLILHV AKHWV& UIHHEJHHWQ Z H HIQQ WDKK XAUHERDS)
WKH UXUDO SDUW WKH GHILQLQERIQ RZ HRIWWKKIKH GROO LEX JZXHO R
VHFRQG LQGLFDWRU LV UHODWHG VE®\W K HQ QEXFPWE K UF RY HK\\H DWVK H D8+
LQGLFDWRU GHSHQGV RQO\ RQ WKHHFRVVYD LRJI WHEPGSE HWIHMGU B Q & |
UHODWLYH KXPLGLW\ DUH QRW WRNH G K\YIWRO RAFFRDXQ W W XGW
LQGLFDWH WKDW ERWK WKHVH SDUDWPMKHUM BDHW V R H.IP\® RVUNMLL
RQ KXPDQV WKH ,3&& $5 UHSRUW V,3KHLU WUXBDWPHRW LQ *&
HVSHFLDOO\ ZKHQ ORRNLQJ DW ORFODE6VFRQWMRUWILWRL@DQVKH
DJUHHPHQW ZDV UHDFKHG WR XVH RQ@HPQHBUPMXRBIY EDVHG RQ

,Q FRQWUDVW ZLWK PDQ\ RWKHU 8+, VVINXIE LXWH @ LLIQ WWHPSG LRD \
VXUIDFH WHPSHUDWXUHV :KLOH WXUWHGDX\WW AU DHRRWBHVVEQ P H(
GDWD WKH LPSDFW RI KHDW VWUHVR DVUP RGP FHOURDM OV K HORDWMH
ZKLOH WKH VXUIDFH 8+, HIIHFW LV OMXHI DLW &XPISGIU BVBXW HP B!
HIITHFW UHDFEKHV D PD[LPXP LQ WKH QDKWH HXHQHQRUDQ & H MR
FDUH WR LQFOXGH WKH QRFWXUQDQ WPKLK LG FADAWPRSHW D W X U H V

7KH ILUVW LQGLFDWRU TXDQWLILNVYPWRDBWH® W RADURYYV X VILQ JWW
WHPSHUDWXUH GXULQJ ZDUP VXPPHUOQLJAKWWVRQRUGHWYSWIKLHLF

WHPSRUB®O®HUFHQWLOH RI WKH PLQLPXP WHMSHGSBWXRIG VLIRU WK
WKH PLQLPXP WHPSHUDWXUH WKDW IWRH[PAHHGHG HDE KD YN B P B
FRQVLGHULQJ WKDW VXPPHU H[WH®EY WHMHEHW KHRIHBLREHM L Q
KLOO\ HQYLURQPHQW WKH 8+, HIIMNFWRSERJBRDW K IQF CEGD XHJI UWHHFEW \¢
7TKHUHIRUH DOO DLU WHPSHUDWXWHING DRH WHQRHIRQY VKK LBR WU
UHVFDOLQJ WKHP WR WKH DYHUDJH; HUWR I KWK BIKW/H [\ WWH W IDRSILIE
LV UHIHUUHG WR DV WKH WHPSHUBWXUMWRQGKHDWRBS BDQLBWZXH
HITHF$W DQ H[DPSOH )LJXUH VKRZV WLIQHG UFDAX R W HRD WHG- IR @ @ C
BUE&OLP VLPXODWLRQ IRU $QWZHUS IRU WKH SHULRG

7KH 8+, HIIHFW LV TXDQWLILHG DV WWKKH XGJLH DHU B Q B HWEKHHWIZ XIBIDO Y
RI WKH WHPSHUDWXUH LQGLFDWRRO ¥ HZRI ®H SLDQH FWHW HWX D V
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VSDWLBOSHUFHQWLOH RI WKH FRQFHUQHG SDNOQBHWHU LQ V
LOQYHVWLIJDWLRQ $QDORJRXVO\ WEHXXUGDQWXBOWSDWVYDGHILQ
SHUFHQWLOH ,Q RUGHU WR RQO\ ARERWLG ©D G® UDR HIWHH O HFD X\
JULG FHOOV DERYH ZDWHU LQ FDOFXODWLQJ WKH SHUFHQWLOHYV

JLIXUH THPSHUDWXUH LQGLFDWRUIRERU $QWZHUS IRU WKH SHU

7KH VHFRQG LQGLFDWRU GHDOV ZLWIGCDAKHRBKREHIUQR | LIQH D W LA/DHY
\HDU ,Q WKH OLWHUDWXUH D ODHJHVYXPEXW RDCOIMKRYUW LVRIQH C
RI WKH GLIIHUHQW LQGLFDWRUV DDBOXWXDYG\ WRRH BRPWRQF
SURSHUWLHY 6LQFH KHDOWK HIIMAWN GEXBREOB SIWSERDDEG\SWHUL
RI KRW ZHDWKHU PRVW KHDW ZDYH ®XO&/H 8 OMH V¥ RRYW PR IG H
RI HIWUHPH ZHDWKHU ORVWO\ W K#H WK RLIQQIPLXPQN Q0 N B [ IGR-DOFO

WHPSHUDWXUHV VLQFH ODFN RI ER@L QB SFRUINDQ W KBF QYIRIK WQ |
HITHFWV UHODWHG WR KHDW VWHUMNVWYD QO POONH &M H. QL WIREDW L V
GHWHUPLQHG WKUHVKROGYV :LWKLQKWKH BE®6/(6QSWRMEHW QBHD
KHDW ZDYH GD\ DV D GD\ GXULQJ ZKLFR LERWKY WWBlJW KPUKH. RIDO.
DQG WKUHH GD\ UXQQLQJ DYHUDJH P D [ PADKOU WAHKPFBEGIG DW X UH H[FH

&RQFUHWHO\ D KHDW ZDYH GD\ LMIREVHUYHG LQ D JULG FHOO
WKH WKUHH GD\ PRYLQJ DYHUDJH PLQURAO0FKNBPSIHWU BWIXUHU F
WKDQ WKKBHUFHQWLOH RI WKH UXUDO PLQLPWRHWHPSHUD\
VXPPHU SHULRG DQG
























3.4.2 Demonstration

,Q WKH SUHYLRXV VHFWLRQ ZH L QWJUURIEXH G BERDORRQIRIX BVZW B O
ZLGH GHSOR\PHQW B6LQFH WKH 02',6 RIQSXEO B DDMD D UH VRRIDO\WILR

P WKH UHVROXWLRQ Rl WKH EWEQORPWH®RWRLWIOLBOMR SULQF
VPDOOHU JULG LQFUHPHQW LV SRXWLEHDHQ EXWQHQOSUDEWH Fi$V






























JLIXUH +IEULG VLIJPD SUHVVXUH OHYHOV

$ ILUVW VWHS LQ WKH FRQVWURX®GWLR] LBOIHVKRXWHG RIQUWKH KT
YHUWLFDO SURILOHV ZDV WR PDNH IWRKA WRFHOWEKHBH. DR X\
GLIITHUHQW W\SHV RI YHUWLFDORRWSNKW GBHWQLMLREW EQOWKH U
IRU PRVW PRGHOV WKH GDWLIEUNGSURNALLKBGHRYXUH OQHYHO VIV
WKHVH VA\VWHPV WKH RXWSXW GDWMHWLYXSBROHEHGVRQ\SEBDGE G\
SUHVVXUH RQ D OHYHO L GHSL (AR BL WK HAS DAKH D HE

DQG&G DUH OHYHO GHSHQGHQW §SID/UMWKHNVNNNVYIDBPRGSUHVVXUH
SDUDPHEMWH\WLFDOO\ GHFUHDVHV ZLWK WRHWHKH MW IDHQFWKHROF



,Q WKHVH K\EULG VLJPD SUHVVXUHRSRWHQWLDWH FKH LW RI
SUHVVXUH OHYHOV LV QRW SDUW RV WWHPRXWSWWHRHI\RKH E&
FDOFXODWHG XVLQJ WKH K\SVRPHWULF HTXDWLRQ

D LE 867 381 A3)
ZKHWH. QGLEDWHY WKH KHLJKWSMERHY 18 UNHK/H X/X I [BEWKWM K HK W
VXUIDFH SUHWKHBUD\HU PHDQ YL UW XDSOD Q@ B SIQRIWHX W K HD QIBY
FRQVWDQW IRU DLU DQG WKH JUDSHB\DMYLHRG)D Q WKEH bl CPHRIGDAD VR B
XVH RKIEULG KHLJKW OH&HQ ODVIHAWR WKH GHILQLWLRQ RI WK
K\EULG SUHVVXUH VIVWHPV WK HLQHGHDVKD Il XIQWW.IVR QRREZI GHKH W I
KHLJKW DQG VRPH FRQVWDQWYV VXFKORWKDO\ WRCHO R R 2MK/KV VOHHLY U
KHLJKW ZKLOH WKH KLJKHU OHYQWGAD QWHZ WK HUR Y SOHFW EFR WK |
VHD VXUIDFH KHLJKW ,Q WKHVH KVEV WG RALJRVX K HLLDHK W OB HRD
PRGHO OHYHOV LV QRW SURYLGHG UDB Gi TOHI¥ HR @ KV KRG F R PRHRA
XVHG WR SURYLGH D OLQN EHW ZH MK M/ IOH DHHQOY HK® LSIKWW V X UH D QG

,Q VXPPDU\ XVLQJ WKH K\SVRPHWULRIHD@&DWVLRK) YWHW ULRD® BBWWR
FDQ EH HTXDOL]HG 7KHVH UHVFDOHGOHWRDRWOWMREMWUWBE /A US
KXPLGLW\ DQG ZLQG YHORFLW\ FDQU WXKIH) WM DW HV BAL FLDQCE XW\R R
FRPSRVH KRXUO\ SURILOHV 7KH VAMWYIHWL QW WF B Q CD S)XSWUHR\D FAKK K R
KRXUO\ SURILOH EXW DOVR KR XWUPD \S U ¥ WIIDARHO O X DV MWVH. WAL XIWE >
HQHUJ\ DQG PRPHQWXP IOX[HV DUHRMWIKH \QHEOHHHRGN KK @B VI W K
YHUWLFDO SURILOH GDWD DUH DYDVYRXDIEDG-HH OWD QRARDWIICH VW IL QHF O/
WKH WXUEXOHQW VXUIDFH IOX[HY WOLWPHH /YY\DH.® D,BAO H VD 83U H K RKRH©@
HIWUD LQIRUPDWLRQ WKDW SURYLGAMMWKB Q DLW LIFD @ FSRARRQ VOVHNX B
KRXUO\ WLPH VWHSY LQ EHWZHHQ D SDLU RI KRXUO\ GDWD

JLIXUH XGHRUW WKH QHXUDO QHWZRUNYV





































































Z2Z XUEDQ FOLPDWH HX VHRIYLPHWY HRBSL WRMMULQJ WKH ZKROH RI
(XURSH

7KH 8+, HIIHFW IRU WKH FRQVLGHGH®VEQWLWKHLW HRSKDDW X
LQGLFDWRU “XSHUMMKMWLOH RI WKH PLQLPDO WHPRBGE WDWXUH G XL

6HSWHPEHU JLIXUH DQG )LIXVUKOWVKR®W VRFRIRWHFHDEOH
WKHUH LV D ODUJH UDQJH Rl GLRXQ8QMF BRY\W QUWKHQFLWLHADRS
FRQVLGHUHG ,Q RUGHU WR WU\ FOIE HJIS GELIGQ DNVKIHASO & LU IHHUWHHQY \
DQDO\VLV $V LQGHSHQGHQW YD ULDRESXOD WIR 6RNVQEHWHGD QG
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PM,,=-14.682+ 0.724(NO,)+ 0.0tqTemp)+ 0.004Solar) 295.9q)+ 0.49Qvspd)+ *0.07@vdir) * 0.0@5raffid

+1-5.44¢forW iner)+1 0.48fforWorkingday)# 0.@forDayime) +i 22.707forNorthwind)
i . .
10.QforSummer) 1" 0.759(forSaturday) 1" 5.GfprNighttime); ! 12.684forSouthwind)
i

i : 0.QforSunday) : : 6.824forEastwind)
. i

¥ i 1 T 1 0.Q(forWestwind)
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