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( [ HFXWYH 6 XP P DU

& DFKP HQAVFD®! QAMHQNP RGHY DUH IQFUIHDMQI® EHQI XVHG E\ UHJ IRQDOFRXQAL® DQG
XQUBY DXWRUMAV \R LOYHMM DWW WH P SDFW R LQIMOVYH OIQG XVH RQ WH HOMLRGP HOADQG R
GHYHBS SRR\ \R P DQDIH \WHVH HIHFW

7KH REMPAIYHV R \WH Z ROWKRS KHG1Q:  HBI\RQIQ- X® Z HUH \R WDIVH SRWQUIDCHQG
XVHUXQGHYABQAQJ R \WWHVH P RGHY  VKDUH VRP H BMVRQY BDURADQG SURP RM FLRW GVFAISTH
QVFXWIRQ ( P SKDVIV Z DV DOR RQ P SURYIQ) FRIDERIDIRQ EHE HHQ FRXQA® DQG UHVHDUK
SURVIGHY DQG\R IGHQM DRURQY \R [P SURYH WH XQGHYABIQAQ) DQG XSVINH R \WHVH P RGHY

7KLY UHSRWBURYIGHV DQRYHWIHZ R FDWKP HQAP RGHE FRFHSW RX\IHV SRIQV \R
FROVIGHUZ KHQ HADEQ/KIQ) D P RGH@Q SURVMPAWWHBIRI) P RGHY DQG XVIQ) \WH UHVXOV W
DOR FRQBIQV VXP P DU IQRWP DIRQ RQ\WH WDQIH R P RGHY FXUWHQ® XVHG IQ1 HZ =HDDQG
7 KH UHSRWDOR FDSWUHV \WH |HHGEDFN DQG UHFRP P HQEDURQY IURP \WH Z RIWKRS

7 KUHH FDWKP HQAWFD®! QAMHONP RGHY Z HUH SUHVHQMG DV FDVH VWYAHV R WWH Z RINVKRS

527%$1 +/DNH5RRXD 1,; $ DQG( QMURQP HQWMD R 3 BIQW
$TXUHGIP + &DQMEXY 30IQV ,5%$3 DQG( QVLRGP HOA& DQMEXY
&/ 8(6 +8SSHU: DINDWR 1,; $ DQG( QMRP HQN DINDWR

6XP P DU [QIRUP DURQ RQ\KHVH \WUHH P RGHY' 1V UHSRUIMG DQG IQRUP DIRQ IV SURYIGHG RQ
DGAMRQDCP RGHY Z KIFK RSHUDW DWRKHUVFDBN

' IVPXVWIRQ GXUQ) \WH Z RIWKRS EURXI KWRXWKHVH NH. SRION
' HIQQ) WH SUREGP DQG \WH A VWP 1V \KH ILANKH \AMS DV IVZ @ XIGH \WH SRWQIDO
XVH DQGWSH R P RGHOHTXILHG
7KHMH VD OFNR RYHWIHZ DQG pXVHUIUHQEDTIQIRP DIRQ RQP RGHY Z KIEK P DNH
FRP SDUVRQ EHEZHHQ\WHP  GLILEXOV
&KRRVQJ D P RGHODQG WHQ DSSOLQ) WO D UREXWZ D\ FDQ EH D GLIEEX®EURFHW DQG
VRP HIRP R \ABQEDS J XIGHIH FRX@ DWIMAKH SURFHW DQG [P SURYH FRQIGHQRH 1O
UHVXQV
8MVQ) BVXOV R P RGHE) IRUSRIA GHYHBSP HQADQG HQJDULQI D FRP P XQW 1Q KLY
SURFHW FDQ EH FKD@IQI Q) 6 RP H FRXQFLSY KDYH GDUAD GWQ\KLY DUHD [Q UHFHQW
\ HDY/ 7 KHUH Z RX@ EH YDOH 1Q FDSWUIQ) DQG VKDUQ) WHVH BDURIQIV IRURKHU

5 HIIRQV

,GHDV Z HH VRXIJKWURP Z RUNWKRS SDIFISDQV RQKRZ \R P SURYH \WH XSVINH DQG XVH R
FDWKP HOWP RGHY' 7 KHVH KDYH EHHQ J UIRXSHG IQR 1LYH P DIQ\KHP HV

&HONDCP RGHATEWDY R UHVRXUFH P DIMUDO

P SUIRYHG CDWI VHW

3 URGXPYH FRIDERIIRQ

( GXFDIRQRQ 0 RGHY

, QMBIFMDCB URSHW

7 KH MVXHV DQG EDUIHY DUH RAIHG XQGEHUHDRK WHP H DQG UHFRP P HQEDUMRQY P DCH \R

1P SURYH \WH J HCHIDOXSVIINH DQG XVH Rl FDWKP HQAWWFDGI P RGHY 7 KHVH ICFOGH GHYHBSIQ)
IXUKHUUAVRXUFHV R P HHWHQG XVHUGHHGY HABEQUKP HOAR D FHQRDCP RGHOTEWDY  1RWP DIRQ
Rl D VSHALLE FDWKP HQWP RGHE JURXS DQG SURP RIQY DQ jRSHQ VRXUFHTDSSURDFK \R

P RGH® DQG AW

7KH RXARRP HV R KLY Z RIWKRS DQG \WH UHFRP P HQEDMRQY DUH VHHQ\R EH Z HODD QHG Z W
\WH JRD® DQG REMPIYHV R 5 HJ IRQDO& RXQALY + 5 HVHDURK IRUWH ( QVURQP HOMGWDWI\ 5 &
+ 6$* VY \WHUH RUH SURSRVHG R SUAVHQWKHVH 11QAQ)V VR WH 5 HI IRQDCR RXQRLY

5 HVRXUHH 0 DQDIHWY * URXS DQG 6 FIHQFH $ GYMRY * URXS
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$ FNQRZ ®GI HP HQW

+ ROIQJ WH Z RIWKRS DQG SUHSDUQ] WLV UHSRWZ DV P DCH SRWIE®! WURXJ K \WH DWMBGQFH RI
D QXP EHUR SHRSGI

) IIA® \WDQN\ RX \R WH Z RIWKRS SUHVHOMY 9 IQFH %4GZ HOY/ 1QED / IBXWUH 5D\ P RQG) RWG
6DQ0 ( @RWYS HHFH + 1@, W6 X\WWHURSG DQG$ Q0 %XHMH < RXUICBXWBURYIGHG ERW \WH
EDVY IRUD SURGXRIYH Z RIWKRS DQG IQIRUP DIRQ |RUKLY UHSRWY

7KDQN\ RX DOR R \WH |SDQQQ) WDP R ' RXJID@ REDQ / IQED/ IEXWH 71QD YRQ3HQ &DD
+DQVRQ . DKBHQ&UMBA 5 HHFH + (@ DQG 9 LY 6 P W IRUKHUIQSXVWR GHYHBSIQI \WH
ZRUWKRS ) IODO® * BDWU; HBJWRQ ' RXJ 0 F$ QAMU IRUDMMBGRH IQ KRAD) \WH

Z RUIWKRS LV DFNQRZ BIGTHG

7KLY Z RIWKRS DQG UHSRWWZ HIH P DGH SRWE®! WURXIK (| QYILRTIN IXQAQ)
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%DFNJ LIRXQG

7 KLY UHSRWWKDV EHHQ SUHSDUHG DV SDIWR! DQ (| QVILRTON I XQGHG SURMPWT7 KH SURMPWCFOIGHG D
Z RUWKRS RQ FDWKP HQAWFDG! QAHQNP RGHE@Y 1RUS HIIRQDCR: RXGACDQG 8 QU $ XWWRUNW
VAHQFH DQG SRIF W1 7KV Z RIWKRS ZDV KHGDW UHDIMU: - HBQ)\RQI RIIFHIQ: - HERIRQ
RO "-XO®

7 KH REMPIYHV [RUKH Z RIWKRS Z HIH R
,QRP SRNMQIDONVHY R WH FDWKP HQAWFDG! QXAMHQNP RGHER) \RRY DQG Z KDVWKH\
FDQ DQG FDQWWER
,GHOM BGM/RQV GDUDNQWH XVH R P RGHY \R CDW
,QUDW FLRW QVASTDY GVFXWIRQY DERXWH MG P RGHE \RRY DQGKRZ \WH FDQ
EH XVHG\R GHYHBS SRR
,P SURYH FRIDERIDWYH GNV EHE HHQ DQG DP RQJ UHI IRQDOFRXQRLYY DQG UHVHDUFK
SURVIGHY

,GHOM Z KDAHHGY \R KDSSHQ QH VR EXIC XQGHIAMIQAQ) DQG XSVINH R FDWKP HQW
P RGHY

7KH SXUBRVH Rl KLY UHSRWAY \R FDSWUH WH GVEXVWIRQ DQG \KIGNQ) 1URP \WH Z RIWKRS
IQFOAQ] \WH FDVH VWYEHY SUHVHQMG DQG \R SURYIGH VRP H ELRDGHUGVFXWIRQ DQG

EDFNJ URXQG RQ P RGHY DQG WHUXVH 1Q P DQDIIQ) GLIXVH QVFKDUH |, WDOR J LYHV

UHFRP P HQEDMRQY \KDWARX@ 1P SURYH WH XQGHYABQAQ) DQG [P SBP HQBMRQR P RGHY 1Q
UHVRXUFH P DQDI HP HQWGHAMIRQY

VW QRWZ WKIQ \WH VFRSH R WKLY UHSRWAR XQGHWINH GHVBABIG FRP SDUVRQY Rl GLLIHUIHQWP RGHY
DYDIDE®I RUR FODU® GHIGH D IREXWBURFHW IRUSUIREGP  GHIIQURQ FROFHSWDOVDMRQ DQG
P RGHOMHBRMRYQ 7 KHVH M/XHV Z HIH FEDUD UDIVHG DWKH Z RIWKRS DQG GHHG IX\MUH DIRIQIRQ
EXVWDUH RAMGH R \WH REMPYHV DQG UHVRXUAQ) Rl \KLY UHSRW

JQARGXPURQ

$ P RGHQV D P DIHP DWFDOHSUMVHQIMRQ R DM VWP D VP SQLHG DEWDPWIHZ R \KH

FRP SBf UHDDV 0 RGHY DUH WSLED@ XVHG Z KHQ Ml H\WHUIP SRME®! RUIP SUDRWFDOR FUHDWM
H SHUP HQBCFRQGMRQY 1Q Z KIFK VFHQIAV FDQ QUHAV® P HDVXUH RARRP HV $Q

HQYILRQP HQBCP RGHOHSUHVHQW HP SILIFDCREMIFW DQG SK\ VIEDCBURFHWHVY 1Q D ®JIFDCY. D\
DQG LV LOMQGHG \R VP XOW WH FKDQJ HV 1Q QDWDCSUIRFHWWHY RYHUMP H DQG SUHGAEWDQ
RXWFRP H IRUDQ DUHD RUMVXH Rl IQMUIAW: - KHQ SUHGRW) RXRRP HY P RGHY X\VH

DWXP SWRQV Z KIBI P HOVXUHP HQW GR QRS V \WH QXP EHURI DWXP SURQV IQD P RGHO
IQFUDVHV \WH DFFXUDR\ DQG UHBIYDQFH R \WH P RGHOGP IQVKHV

&DFKP HQAVFD®! P RGHY KDYH EHHQ XVHG IRUGHFDGHV \R WG, DQG [P SURYH UMVRXUFH

P DQDUHP HQAR FDWKP HQW ,Q1 HZ =HDOQG \WH. KDYH EHHQ SUP DUD XVHG R P DQDIH

Z DM\ IHG 1URP UYHWY DQG J URXQEZ DIMUDQG | RUIBRAQ) DQG VHAP HOWFRQIRAQ UYHWY 0 RUH
UHFHQU® \WHUH KDV EHHQ FROVUGHIDE®! IRFXV RQ WH QHHG R GHYHBS DQG XVH P RGHY \R KHS
P DQDU H QAUHQARMWHY IURP GRQ SRIQAGVAKDU HV DWRFIDIMG Z W LQMQLYH OQG XVH

& RQUGHDE®! UAVHDUFK HIIRWKDV RFFXUWIHG DQG LV FRQIOXIQ) R GHYHEB'S P RGH® DSSURSUDM

\R 1 HZ =HDDQG FRQAMRQY 0 RAWNR \WH UHVHDUFK HIRWKDV EHHQ XQGHWINHQ B\ & URZ Q
5 HVHDURK $ JHGALHV Z W LOSXWDQG RUFRMERIMRQ Z MW HQG XVHY 3 &(

* HQHD® HQG XVHY DUH 5 HI IRQDO& RXQAA DQG 8 QUMY $ XWWRUMAV Z KR KDYH UHVSRQUELDW
IRUP DQDIIQ) OQG DQG Z DWUUHVRXUFHY XQGHUH 5 HVRXUFH 0 DQDIHP HQ$ FW50 $  / DQG
DQG Z DMUUHVRXUFHV R D FDWRKP HQADUH VWIRQJ © IQMUUHDWG DQG P RGHT) \RRY FDQ EH
XVHG R XQEHYABQG ERIK FXWHQANDQG SRIMQIDAXWUH DIHAW R ©QG XVH P DQDI HP HQW
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SWDRIFHY RQ VRICKHDEN Z DIMUTXDMV DQG Z DIMUTXDQMY ) LIXUH  BHSUMVHQN SRMQIDO
RSSRWYQMAV Z KHQW 1Q) VR DFKIHYH \WH RXWWRP H R VYVBICDE®! OQG DQG Z DWU
P DQDIHP HQW

) URP \WHVH P RGHE RSSRUNMQUAV SUVHOMG Q) LIXUH WKLY UHSRIWRFXVHY RQD RQ QXANHQWN
GWHV DQG VXEVHTXHQMDQVSRWAYID J URXQGZ DIMU VWHDP V' DQG UYHWY RQ D FDWKP HQWFDGI

Regional Council Outcome:Sustainable management of land and water resources

Modelling required to better understand how land use, both current and
potential future change , affects the land and water resources

[ land E — == - Water Use

| Management - Recharge - N Water
Quantity

\_  Practices
3 ? 4

- Nutrient Loss - Nutrient Loss
- Soil Brosion - Soil Erosion
- Contaminants :

- Dilution effects
- Ecological flows

'

Lahd e ) . W Water
Quality . Nutrfent Retention Quality

YLUIXWH 3 RMQIDCRSSRWMQUAV |RUP RGHER) FKDQIHV 1Q @QG DQG Z DWUUHVRXUFHV

0 RGHIQJ 7RRY IRU/ DQGDQG: DWUO DQDI HP HOW

0 RGHTD) \RRY DUH IQFUDMQI® EHQJ XVHGE\ & RXQALY IRUWH GHYHBSP HQADQG

IP SGP HQBMRQR! 50 $ SRIFHV IRUVXBICDE®! OQG P DQDIHP HOV7KH5 0 $ SRTR
GHYHBSP HOWBURFHW ) LIXUH IV QRUP DO EDVHG RQ UAVSRQAQ) \R H MIQ RUHP HJLQY

P DQDU HP HQAM/XHV WDWDUH LGHQMHG WWURX K HOYIURGP HQBICP RQMRUQ) DQG UHSRMQ)  7KH
QH WAMS  SDUFEXOUD 1RUZ DWUTXDDW M/XHY FDQ EH \WH GHYHESP HQAR D SDWMEXOUMIA HW
SDUDP HAMUVR UHDFK DQ RXWRRP H VHVE. \WH FRP P XQW 7 KLY \BU HWKHQ IRUP VV \WH EDVIV IRU
GHYHBSIQ) SRIP\ RSURQY DQG \RRE R DEGUHW WH UHVRXURH MUXH V

1 XWHQAP RGHY FDQ EH XVHG\R IQRP \WH50 $ SRIA SURFHW IQVHYHIDADUDV ) UIXKH  $W
\KH @ H FDWKP HOADQG VXE FDWKP HQAVFDGI P RGH® FDQEH YHY XVHIXAQ DAVHWIQ)

WV QUEDGFH R OQG XVH HIHAW RQ Z DWUT XD RUFDQ EH XVHG \R LQYHMM DWW \WH [P STFDURQY
R [Z KDWIVFHCDURY $ VWKLY VFDB! QXAHQAP RGHY FDQ DOR EH XVHG \R GHMUP IQH \WH H \WMQW
R FKDQIHV \R OQG P DQDIHP HQAKDWP Di EH UHTXIUHG \R P HAWD VSHFLLE Z DIMUT XDV \BU HW
DQG RX\FRP H

$VWKH VP DUIDWP RUSDGGREN VDB QXAMHQANP RGHY FDQ EH XVHG [Q FROMGQAIRQ Z WY
FDWKP HQWP RGHY VR DWHW WH HIHRIYHQHW DQG I HDVELDV RN VSHALLE SRIF\ RSURQY DW
P HHA) \WH UHTXIUHG HQYILRGP HQBIGRXWWRP HV' 7 KHVH FDQ DOR EH XVHG R DWHW \WH
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IHDVIELOWV R [P SBP HQBMRQ DQG FRP SIDQFH Z W VSHFLLIE SRIFIHV ) DUP DQG SDGGRAN VFD®I
P RGHY SURYIGH XVH XOGEDW LOSXWDQG RUFDIEUDMRQ | RUFDWKP HOWP RGHY

7KH - X® Z RIWKRS |RFXVHG RQ FDWKP HQAVFDG!I P RGHY EXW/RP H UHHUHQRH Z LQEH P DGH 1Q
\KLY UHSRWAR SDEGRAN DQG 1D VFDB! QANHQNP RGHY

Used as part of the "rule framework”
to measure individual compliance

Compliance and
Monitoring

’ Operative

Plan

Implementation
- feasibility Assessing

=]
L
el
= 7)) - reactions feasibility of use o
JE % 7 ; in implementatioﬂ\ g
ega

Q 8 Process m

= = =
c Physical 0. g‘
o > £
.I- () Policy development process —
> T L (Objectives/Methods) [7]
c Social ° - options : i 5

- tools Developing an .
w a assessing effectiveness f B O
- Economic < of policy options E
Q E it
: 3
I— M Determining the extent [ 5
o Target(s) of changes — -
- (outcomes) required b
l- ASSESSING SIGNIMICANCE p— 3
of issues and =
"what if" scenarios
Issue v
identification & K=
\ Monitoring and assessment ]—
Reporting
Scope of July

‘. workshop /

YLUXWH  7KHUHDMRQVKIS EHZ HHQ50 $ SRTF\ SURFHWV DQG 1 XWIHWP RGH@J

4 XHWARQV IRUO RGHY R $ QvZ HU
0 RGHY FDQ EH XVHG R DQVZ HUERW J HQHUE TXHVIRQY RUFDQ EH GHYHBSHG R DQVZ HUP RUA
VSHALLIE TXHWIRQY W/ [P SRUBQWR EH FEDUGKUQ) WH SURMIPNGHYHBSP HOABSURFHW Z KDW

\KH TXHWRQY \WH P RGHAHHGY \RR DQVZ HU DQG W EH DZ DUH Rl Z KDVWIH @P MMRQV R \KH
P RGH®DUWH 6 RP HH DP SGV W \WHVH DUH SIRYIGHG

4 XHIRQ FDWKP HQAFD®! QANHQNP RGHY FDQ KHS \R DQVZ HU
. $UHP RQRUQ) UHVXOV BHSUAMVHQEAMYH R DQ M/XH!
- KDWY FDXVIQ) \WH DXH!
© KIFK DUHDV DUH FRQUEXUQ) WH P RWV  VSDUDOYDUDELDW SUR] 1P W [KRAWSRWA
© KDWZ RX@ KDSSHQIQIXMUWHIL ZH« *  WDQIH R VFHQDURY
0 ' IGQRWIQ
0  &DSSHG QAUHQABIVHY QRZ
0 %4UQ) DERXWDQG XVH P DQDIHP HQWFKDQIH QRZ. RUDWRP H RIHUVSHALLHG
P H LO\WH IXVUMUH
+RZ P XFK FKDQIH 1Q @QG XVH LV UHTXILHG \R P HAWSDWEXOUVILI HWV RURXWRP HV'
- KIFK DUHDV DQG RUFKDQI HV Z RX@ JLYH XV \KH EHVWEDQ) |RURXUEXFN!

0 RUH VSHFLLE TXHWIRQY VKRX@ EH FROVIGHUHG IRUHDFK SURVIPWGHSHQAQ) RQ\WH A VWP
EHQ) WWXGHG DQG DVSHAW RUIQMUGNDI HY R LQMUHWY

4 XHVIRQV FDWRKP HQM/FDG! QXOMHQNP RGHY DUH XQDE®! \R DQVZ HU

;. KDWYV DQ DFFHSWRE®! \BL) HWRUIXWUH Z DIMUT XDV + DAKRXIK P RGHOWHVXOV DIH
XVHXQQ XQEHIINQI D FRP P XQW GVFXWIRQ W HMIDEQK \DAJ HW
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( FRQRP [E IP STFDMRQY LH HIHPWR OQG XVH FKDQIHRQHP SB P HQW 7( W * IRW
5 HJ IRQDCB URGXPW=: DENRXJ K HFRGRP E P RGHY FDQ EH GNHG IQR FDWKP HQAWP RGHY
\R SURYIGH KLY WSH R IQRUP DIRQ 6 HH &/ 8 ( 6 + 6 HAIRQ

6HAIRY  SURYIGHV P RUH VSHALLLE IQIRUP DMRQ DERXWFDWKP HQAVFD®! P RGHY \WDWDUH FXUHQ®
DYDIDE® DQG EHQI XVHG

8VIQJ 0 RGHOb HVXAWV

0 RGHTR) UHVX@OV FDQ EH XVHG IQ D IDQIH R URBIV \WURXI K \WH SRTF\ GHYHBISP HOABUIRFHW
%HQ) FEDUDERXVWKH W MMP  DQG TXHWIRQY IRUP RGHE Z LOIQI OHQFH \WH XVHIXQHW R \KH
UHVXOV 7KLY KHSV \R IGHQM \WH [P SRUBQASDUDP HMY \R EH P RGHDIG |RUP HDQIQJ IXOHVXAV
DQG KHGV R FOU\ TP MAMRQY DQG DWXP SURQV VR \KDWHVX@V FDQ EH XVHG IQ\KH WKW
FRQOM W& DWKP HQAVFDGI P RGHY KDYH VW QUEDQAYDOH 1Q KHSIQ) XQGHYARIQG Z KDWY
KDSSHQQJ Z WILQ D J URXQGEZ DWURUFDWKP HOVA VWP \R KHS IQRWP  ERIK FRP P XQW
QAVFXWIRQ DQG SRIF\ RUSROFDOGHAMRQP DNQJ SURFHWHY

&RP P XQEDIY \WH UVX@V RN P RGHERY 1Q DQ DFFXUWM DQG P HDQQIIXCZ D\ IV SUREDE® RCH

R \KH FKDOIQILQ) WMSV \ FWDFKIHYIQ) \KLY KDV D J UDWEHDUQ) RQWH XVHIXQHW R \KH

P RGH@Y SURFHW 1Q DRKIHYIQ) \WH UHTXIUHG HQYILRGP HQBCRXRRP HV ,Q XWDMQ) DQG

FRPPXQ_FD\NQ] DQ P RGH@Y UHVXOV VRP HNH DVSHPW \R FROUGHUDWA
I.G—QMFDNZQD(ISPEIDJI—PI—Q/N \WH XQFHUBIQW DWRFIDMG Z W VSHFLLE P RGHO

WD\M(PS\MQ/DQGGP MIMRQV VKRX@ EH FDUHX@® H SOICHG R WINHKRTGHUDQG
GHAMRQ P DNHY \R SXVWKH UHDMYH DFFXUDR. R P RGHBIG UHVXOV LOR FROM W

' HYHESIQI D WQIH R P HDQQJ IXO/FHQDURY IR RXUM WP \KDWADQ EH P RGH®IG FDQEH D
YHY XVHXCRXWRP H Rl FDWKP HOWP RGHTY) 7 KH UHVXOV IURP P RGH@QJ \MHVH VFHQDURY FDQ
EH XVHG\R VKRZ  UHDMYH FKDQJ HV 1Q RXVWRP HY IDIHUWKDQ D VSHALLE H SHAMG RARRP H 7KLY

SURYIGHV XVH XQQIRUP DIRQ |RURL DQYDMRGDADQG FRP P XQW GVFXVWIRQ DQG VAMDWMI\
GHYHBSP HQW

&DVH 6 \ MG HV

$ QXP EHUR P RGH® KDYH DOHDG. EHHQXVHG B\ GLIHWHQVS HI IRQDCS RXQFLY 1Q GHYHBSIQ
SRR\ R P DQDUH\WH HIHRW R OQG XVH 7 KUHH & DVH \AXGAHV Z HUH SUVHQMG DVWKH
EHIIQQQ) R \WHZRIWKRS 527$1 +/DNHSRRUD . $ ( QMURP HQNWD R 3GQONG
$TXUHG P + &DQMEXY 30QV>5$3 ( QMURGP HOARDQMEXY DQG&/ 8( 6 + 8 SSHU

. DINDR&DWKP HOML ,;: $ ( QMURQP HQNV DINDR

3 UVHQIMRQY IRUKHVH FDVH WYAHV DIH IQ6 HAIRY  $SSHQE[  6HAIRQ  SURYIGHV P RWH
VSHALLIE LQIRUP DMRQ DERXWFDWRKP HQWFD®! P RGH® \WDWDUH DYDIDE®! DQG EHQJ XVHG DQG
SURVIGHV VRP H I XIGDQRH RQ \WH FDSDEIMMAY R \WHVH P RGHY

6\ WWP LV GHICHG DV WH LOMUEGINHG J HRSK\ MEDMWIEXWV RN \WH OQGVFDSH WDWHHG R EH

TXDQMHG DQG XQEHIMYRG DV SDWRI \WH P RGH@Y LH GQYHWH OQG XVH SDWHLD OUIH P XAE®!
DIXUHY VSUQJ IHGVWHDP V. ONHV UHFKDUH] RQHV
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2 YHXYHZ Rl &DWKP HQA6 FDB 1 XWIHQWD RGHIXY

YdDFNJ URXQG DQG 2 YHYYIHZ

7 KLV VHRIRQ SURYIGHV DQRYHWIHZ R WH WSHV Rl FDWKP HQAWFD®! P RGHY WDWDUH DYDIDE®!
DQG SURYIGHV VRP H VSHALLE LQIRUP DURQ DERXVKH P DIQ FDVWKP HQAVFDGI P RGHY FXUWHO®
EHQ) XVHGIQ1 HZ =HDDQG

& DWWKP HQAVFDO! QANHQNP RGHY FDBXOW QAUHQAR 1URP \WH @QG VXUDFH DQG URX\M KLY
\KURX K \KH FDWWKP HQAMO RGHBIG UHVXOV FDQ GHSIEWBDGY Rt QXMHQKURXJ K \KDWFDVRKP HQWY
DQG FRFHOMMRQY Rn QXAHQADVBRIQN R IQMHVAKURXI KRXWD FDWKP HQAMO RGH® FDQ EH
XVHG R P RGHORQH RUP RUH FRP SRQHON R \WH K\ GIRBJ IEDAGZ. DQG DWRFIDIMG QAHQN
GGV \WURXI KRAD FDRKP HOW) LUXUH  * URXQGZ DWUP RGH Z W VSUQ) RXANBZ V
SAVFKDUH@LH $TXUIHG P DUHFRP P RQD XVHG\R P RGHODU H J URXQGZ DIMUM VWP V VXFK
DV IQ&DQMEXY 6 XUDFH Z DIMUP RGHY DUH XVHG \R P RGHOQXWHQNBRA DQG WDQVSRW
WURXIK WHDP DQG UYHUM MMP V LH &/8( 6 0 RUHFRP SB[ P RGHY RWQFRQMIDI R
QN\HG FRP SRQHQN FDQ EH XVHG \R P RGHOMHYHUDONSH Rt Z DIMULQ D FDWKP HQMWXFK DV
JURXQEZ DIMU WHDP DQGONH LH 52 7$1

-
"‘
-
-

Percolation
" Recharge

Recharge, /=
Discharge.

—Discharge
Discharge

JUXWH +\GRARIFDA®ZV ' HFIGQI Z KDWR P RGHO

' R\RXQHHG D P RGHO

9%H RUH DQVZ HUQ) \KLY TXHIRQ IV Z R FROVGHUIQ) WH GHIQURQR D P RGHO0 DQ\

DWXP H WA/ VRP H FRP SB[ VRI\E DUH SURTDP P H \WWDWOHHGY H SHWWGQSXWDQG D \KIEN P DQXDO
ZKIEK IVWKH QP DQ. FDVHV + RZ HYHU D P RGHOFDQ DOR EH DV VP SGI DV D FRP SX\MU
VSUHDOVKHHWR GDWI Z W VRP H @NHG HTXDURQY

© RUNQ) WURXJ K \WH DQVZ HUMR KLY TXHVIRQ LV \WH | IANAI QUEDQUNAMS \WDVWKRX@ EH
FDUH X@ XQGHWINHQ EHIRWH SIRFHHAQ)  7KH IRBZ 1Q) SRIQW SURYIGH VRP H I XIGDGFH R
DQVZ HUQ) WH TXHWIRQ
. $ UREXWBLRVIPWIFRQFHSWWDOQ/DMRQTSURFHW IV D B SRIQW7 KLY VKRX@ FODUD
GHIQH WH MXHV SUIREGP V' WH DWRFIDMG TXHMVIRQY WDWOHHG \R EH DQVZ HIHG \R
VROH \WH SIREGP  DQG GHILQH \WH Vi VWPV \R EH P RGHBIG

( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



7 KLV SURFHW VKRX@ SURYLGH FOUMW RQ SRIQW VXFK DV

0 : KDAQIRWP DIRQL WHTXILHG \R DEAHW RUDQVZ HAKHVH'

0 +RZ P XFK GHBICDQG FHUBIQN 1O \WH UHVXOW UHTXILHG'

0 +RZ FRP SB[ IV\WHW VWP XQGHUIQYHN DIRQY'

0 +RZ ZHOER\ RX XQGHABQG WH A VWP V'

0 : KDAQRWP DIRQL DOHDG DYDIME®! DERXVKH MXHV DQG \WH A VAP ™
+DYIQ) D FBDUXQGHYARQEQ] R \WH QDWMUDOA MP 1V DOR P SRUBQADV KLY LV
UHTXWUHG VR HDEQUK \KH UJ KWP RGHOV IRUDGGAUHWMQ) WH P DQDIHP HQW
MVXH SUREGP V
,QVRP H FDVHV GHYHBSIQI D (EDFN R \WH HQYHBSHIP RGH IOKHS \R IGHQMA \WH
H \WQAR DQIAXHY IGHQM IXUKHUIQIRUP DURQ QHHGV DQG DG \R \WH
FROFHSWDQ/DUMRQ SURFHW UHTXIUHG IRUD P RGHOFRP SB[ P RGHO

+RZ O RGHY: RWN

0 RGHY DUH D P DINHP DWFDOHSUMVHQIMRQ R DM VWP 7KLY UHSUAVHQUBMRQ LY RIWQ YIVXDD®
SRWAD\ HG DV D ILDP HZ RWR! ER[ HV DQG DURZ V' 7 KH ER[ HV FDQ EH VHHQ \R UHSUAVHQAMARUAM
R Z DIMUDQG FRQIBP LQDQW 1Q GLIHHQASDWR WH VA WP V' DQG \WH DUIRZ \/ UHSUHVHQUMKH
IEZ TRUP RYHP HQAR Z DIMUDQG FRQIDP IQDQW IURP RQ SDWR WH VA VWP \R\KH QH W $
JHQHUE UHSUAVHQEMRQ R WKLY FRGFHSWY VKRZ Q1Q) LIXUH

)LJXUH UHSUHVHQWV \WH

/ DQGVFDSH ®AWHV 1Q D P RGHOKH GQGVFDSH IV GYIGHG IQR D JUIG DQG HDFK VTXDURV IV
FDEXOWG 1Q\WH P RGHG: RQD RCH JUGVIXDUH IV VKRZ QIQ) LUXWH  \WH P RGHIZ RXG
FDEXOW WH Z DMUBMHY XQRII GIDICDIH 1URP HDFK @QGVFDSH XQWDQG \WHVH

Z RX@ EH WDQVI HUHG \R WH QH WWMRUHT UWYHUIGZ  VXEVXUDFHIBZ  $ QOUHQNRW

P RGHOLH 2 YHWHHJ? IV XVHG \R FDEXOW WH DWRFIDMG IGZ R QAUHQW \KDVW RXG
RAFXUZ W \WH XCQRII DQG GIDIQDIH 7 KHVH QXP EHLY DUH WHQ FDULHUWURX K \WH UHWRI
WH P RGH@) R SURYIGH IGZ  QANHQNFRGFHQRIDIIRQ DQG KHQFH QXWHQNBDG GO\

contaminant

4 | [eoncentratio
evaporation rainfall e.g.[N]
top sail layer + , river flow
L drainage-| nutrientloss [FTEIUNT OfH _} + + }_ inflow _ I Lo
Ti— T —T. .
bottom soil layer rodel Q& [N n

A

= [—

(LANDSCAPE UNIT: The landscape or area to be | recharge
modeled is divided into distinct units (i.e. 1 ha or
1 km' blacks) and the model will calculate the ) spring flow
\stock and flows for each unit at every time step. —drai nage—"sub-surface flow
* spring flow
drainage
Key
aquifer 1 A
! N —}T‘_—b- +T2+ ~I—T+ li
"Stores
| aquifer 2
e Lt

)UXWH  &RQFHSWDO0 RGH@MY 3 WIRFHWHV
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6 XUDFHIGZ R VROWM Z DIMUDQG GMWRIHG QAUHQN IV FRIBIPMG DQG URXWMG DBQJ \WH
QUDICDI H QHE RIN DWHDFK WP H\AMS 7 KH P RGHAY DOR DEGH\R WDQUHUIURP \WH UYHU
ARUH LOR HWKHUD ONH RUJ URXQGZ DIMUMRUH \R UHSUAVHONQ BZ V' RUBHFKDUH
UHVSHRAYHD WDWP D\ RFFXUZ IWLQ WH A VAP

* URXQEZ DIMUUHFHYHV GIDIQDI H IURP VIXEVXUDFH 1GZ. RUBHFKDUH IURP \XUDFH
WHUIGZ $ P RGHOIFDQ UHSUHVHQAP RUH \MDQ RQH DTXUHUDQG FDQ EH GHIGHG R
EHVHSUVHOAKH A MP V EHQ) WYAHG 7KLY FDQIQFOIGHG LR VROWM
DRQ) DQG EHE HHQ DTXUHWY DWHDFK WP H \AMS EDVHG RQWH DTXUHUSDUDP HWY
DQG \WH QVFKDU H Rl VROMM \R VXUDFH Z DIMU ONHV DQG UYHLY  YID VSUQIV

5 HVXOV IURP \WH P RGH@L FDQ EH SUIAVHOMG DVIQD IDQIHR ZD\V ILRP WP H VHUHY
JUDSKV IRUSRONVRUIURXSHG @D LH XQRI YRGP HV R\ R RUKUHH @GP HOVRCDO
UHSUAVHQEMRQV R D VSHALLE SDUDP HMU LH QAMHQABRW GIYHY DRURW D OQGVFDSH
> ' @GRUQMUIHONFRGFHOADIRQY WURXIK DQDTXUHU> ' @ 7KHWSH R UHVXQV Z LOEH
GHSHQEDQARQ WH A WMP EHQJ P RGHBIG DQG \WH WSH DQG FRP SB[ W R \WH P RGHO
XVHG

&KRRVIQJ DO RGHO

: KHQ\ RX KDYH FRP SOMYG \WH SOQQQ) SURFHW DQG FRP H \IR WH FRQFGMRQ WDV RX UHTXIUH
D P RGHOR DWIMAKQ D UMVRXUFH P DQDJ HP HQARUSRTR\ GHYHBSP HABUIRFHW \KH QH W
FKD@IQIH LV VR GHAGH Z KIFK P RGHOV  Z RX@ EHVW/XIVY RXUQHHGY

7 KLV SURFHW FDQ UHT XILH IXURHUUAVHDURK. DQG IQYHM DMRQ 7 DNQJ \WH MVXH GHIIQUIRQ
TXHWRQY DQG A VMP - FKDUDPMUMIF |RU\ RXUMMWDMRQ \WH SURFHW FDQ ABWAZ [\ D

FRP SDUVRQR! \WH UHDMYH VWHQI WY @ MIMRQY DQG GO HTXILHP HQW IRUD IDQIH R P RGHY
\KDWARX@ P RGHO RXUM WP V' LH JURXQGZ DIWU UYHLY ONHV 7KLY FDQEH IRTRZ HG XS Z WK
VRP HH SHWWDGYIEH IURP SHHLY Z KR KDYH XQGHWINHQ P RGH@ RUP RGHOGHYHBSHWY

2 WHUI DRRY \KDVWKRX@ EH FROUGHUHG DUH 1Q \WH VHBOIPIRQ SURFHW
' DI FRP SXWY DQG \WFKQEDAHT XILHP HQW \R LXQ D P RGHO
© KDWY IQWH [EOFNER]
$ UH \WH DWXP SURQV DFFHS\DE®
- KDWBIYHCR! FHUBIQW 1V UHTXIUH 1O WH RXSXW
+RZ VHQUMYH DUH SDUDP HWMY/

8 VDELOV R P RGHOLQMUDFHY RXABX\W

6 XSSRIWRUP RGHO: GREXP HQEMRQ FDVH WYAHY

1 HHG IRUP X@IBGI FRP SRQHOW JURXQG Z DMU VWMDP V' FDQ\ RX [IQGWWHP IQ RCH
P RGHO

71P H DQG VSDWO/FDBV

$ UH WHUH VLI QUIFDQWI URXQG Z DIMUDI V

7 KHUH DUH D QXP EHUR' QXAHQAP RGHY FXUHQU® XVHG \WDVWKDYH EHHQ GHYHBSHG ERW IQ 1 HZ
=HDDQGDQGRYHWHDV ) UXWH  7KH DQIH IRP RQH AP HOVRQDCSDGAERAN VFDB! W
UHJIRQDCP RGHY 6 RP H R WH @ H VFDGI P RGHY IQFRISRIDM DV SDWR! \WHUGHVLI Q RKHU
H DI P RGHY VXK DV IDUP RUSDGGERAN VFDG! QXAMHQABRA P RGHY Z KRVH UHVX@V DUH

DP DO DP DWIG LOR \WH @UHUVFDBI P RGHOHJ $TXUHBIP &/ 8( 6
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The Modelling "Spectrum™

New Zealand Overseas

SPASMO

GLEAMS/
Overseer CREAMS |

LUCI

FarmSim

NPLAS

| Input/output |
Tables

MODFLOW

S ——————

AquiferSim
“ SPARROW

\ CLUES

Key

m =~~~ Model presented at workshop
- ‘-.' Model is used within another

YLWUXWH ([ DP SGV RI WH GUITHHVFDBN Rl QXWIHMWP RGHY

&RP SDUDIWH IQRWP DIRQRQD IDQJIH R P RGHY IV SIRYIGHGIQ 7DE®I - 0 RUH VSHHLIE
IQARWP DIRQ LV SURYIGHG RQ \WH FDVH VWXG. P RGHEY SUHVHQMG DWKH Z RIWKRS  VHH 6 HRIRQ

$ @& DIFKP HQM FD®I P RGHY KDYH D |QOMHQAVXE P RGHYIZ KIEK GHWMUP IGHV \KH TXDQUWP R
QAMHQW BMNURP \WH OQGVFDSH 7KLY 1V GRCH JHQHUD@® DD SDEGRAN RUIDP VFDB! VR \WHUH
DUH GUHPWENDI HY EHE HHQ WH VP DAIUVFD®! P RGHY DQG FDWKP HQAVFD®! ) LIXUA

6 RP H P RGHY DUH GHYHBSHG | RUVSHHLLE MVXHY DQG BFDMRQV VXFK DV5 2 7$1  GHYHBSHG IRU
5 RRUXD DQG 7DXSR ONHY DQG$ TXIUHB [P GHYHBRSHG \R P RGHQJ URXQGEZ DIWMUXQGHUD@XYIDO
SOIQV HJ &DQMEXY 7KLY GRHV QRWP HDQ\WWDWKH  FDQ GRWEH DSSTHG HOHZ KHUH \WH\

Z RX@ RQD QHHG R EH VSHFLLIFD@® VHWXS DQG FDIEWDWG IRUD QHZ DUHD &/ 8 ( 6 RQ\KH RKHU
KDQG LV D P RUH |9 HQHUEY| P RGHOKDWDQ EH DSSIHG QDURQDM RUUHI IRQDE XMQ) OU HUVFD®
VSDUWDOEDW VHW W/ KRZ HYHU SUP DU® D VXUDFH Z DWUP RGHOKDWERHY QRWDRRUIQ
JURXQG Z DIMUSUIRFHWHY DQG @) EXWNY GHWLI QHG Z MY D XVHUIUHQRD IQMUDFH WDWD@BRZ V
IRUYIVXDCRX\SXW R VSDUDAUHVX@V
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1PH 0001= 6SDOMAB  7HPSRIDD  &RADPICHON =RHR \SH

HYHBSHU \FDB! SUHERRY
/ XFL 30QV )RRG 3DGERAN ' DO IXWHQN  S5RRYRH  3URFHW
EDVHG
) DP 6P 5$3 ) DP DI® IXMHON  S5RRWRH  3URFHW
EDVHG
6SDVP R 30QN )RRG ) DWP ' DO IXMHON  S5RRWRH 3URFHW
EDVHG
13/$6 1, $ ) DUP 0 HDQ IXWHQN 6 XUDFH
DQQXDO ZDMJ
2YHWVHHU  $JSHWDUK ) DWP 0 HDQ QMHQV  5RRWRH (P SWEDO
DQQXDO
527$1 1, $ &DFKP HQNV ' DI® IXWHQN ~ 6XUDFHDQG  6HPL
JURXQZDMJ P HFKDQMIF
63$552: 1, $ &DWKP HQV 0 HDQ IXWHQN 6 XUDFH ( P SIUFDO
1DWRQDO  DQXDO  PIFREHV  ZDMU
VHGEP HQWV
$TXUHGBIP  5$3 &DWKP HQV 0 HDQ IXUHQN ~ * IRXQZDWU 3 URFHW
5HIRDO  DQQXDO VSUQIV EDVHG
&/ 8(6 0$) 1, $ &DEKPHQN 0 HDQ IXWHQN 6 XUDFH ( P SIWEDO
1DWRQDO  DQXDO  PIFREHV  ZDMU
VHGEP HQWV
*/($06 3DEGRAN DI® IXMHON  S5RRWRH 3URFHW
&5($06 EDVHG
02' IBZ &DFKP HON ' DI® IXWHQN  * IRXQZDWU 3 URFHW
5 HJIRCDO VSUQIV EDVHG

7DE®I 6XPPDU IQRWP DARQRQDWQIHRI P RGHY

© KHQ\ RX KDYH FKRVHQ D P RGHCORUP RGH® \R XVH \KH QH WBURFHW IV \R VHVXS \WH P RGHOR
UHSUHVHQUY RXUFDWKP HOW7 KLY FDQ LQYRH VHWIRQ) WH FDWKP HONERXQEDUHY DQG ERXQEDY
FROAMRQY GHIQQI OQGXVH VRICDQG DTXUHUSURSHWAY DQG VRXUAQ) RNHUGDI VHW VXFK
DV F@P DM UHFRUGY DQG Z DIMUTXDON P RQURUQ) GOV | RUMH VHBIRMG FDWKP HQW/

7KH SURFHW R KLY VHWKS DQG FDIEUMRQ R \WH P RGHOFDQ EH D WIRKQFDOXQGHUBNQ)
UHTXWUQ) HWHUP RGHE H SHUHQRH RUH, SHWWDGYIFH

7KHIR((RZIQ] SRIQN Z HIH UDIVHG DVWKH Z ROWKRS [RUFRQVUGHIDIRQ Z KHQ DSSOIQ) P RGHY
7 KH DWXP SWRQV IQFRUSRUDWG LOR \WH P RGHOQHHG \R EH FODWD GHIQHG DQG
H SUHWWHG Z W RAGXWIHVX AV
7KH P RGHOKRX@ QRAEH RSHUDWG RXAMGH W @ MMRQ LH \RR IDUEH RQG
FDIEWDIRQ CDWD
7 KH RASXWQ RUP DIRQ Z LOQHHG \R VXV SXISRVH 0 RGHY FDQ EH ERIW GHRAMRQ
VXSSRWWRRY DQG P DQDIHP HQARRY' 5 HVXOWR EH XVHG Z W FRP P XQU¥V DV SDWR D
GHAMRQ SURFHW Z LOQHHG \R EH SUHAVHQNMG \R VXIVWKH DXAHQRH DQG VXSSRUMG Z W
LQIRUP DMRQ DERXVKRZ \WH P RGHZ RUW DQG Z K\
9 DEEDW UAVX@V DQG SURYIAQJ IQRUP DUMRQ RQ\WH BIYHAR XQFHABIQW Z WIQ WH
P RGHOQHHG \R EH XQGHWINHQ DQG FBD® VKRZ Q RUFRP P XQFDWIG Z KHQ XVIQJ \KH
UHVXQV

( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



527%1

1DPH 0DQ1= 6 SDIWDOVDB!  7HP SRUDO &RQEP ICDQN  =RCHRI 7\ SH

HYHBSHU VDB SHARIRY
527$1 1,: % &DWKP HQWV ' DI® IXWHQN 6 XUDFH 6HPL
ZDMUDQG P HEKDQWE
JURXQEZ DIWMU
6 WHQI \RV / [P \NDMRQY " DWD'5 HTXILHP HOV
VG QDP IF DQG WP H \WMS DE®I R 5HTXWHYD52 7$1 3H SHW 5 DIQDO
EH DIMUHG \R VHKH P RGHOXS FRUMA® / DQGXVH
,QFOIGHV JURXQGZ DU DQG XQIW 6 RONSHV
$FFRXQWV IRWP H QJV IQH SRWR 3 RONRXUFHV VSDUDO
QAUHQV IQARUP DUIRQ DQG DP RXQM
$ E®I\R DFFRXQWRUERWK \MP SRIDO R QAOMHQN SRWWURP
DQG VSDUDAFKDQI HV 1Q OQG XVH HDFK
VEDWHGIQ$ U™ 6
&RGH UHDA® DFFHVMEG

527$1 52 WRXD DQG 7$XSR 1 MRIHQ P RGHO FDWKP HQWVFD®! P RGHOL D GDI® WP H
VWMS  FRQFHSWMDOWIQ DOXQRI JURXQGZ DIMUP RGHO 7KH P RGHOXQV Z WIQ $UF* ,6 XVIQJ
0 IFIRVRWS FFHWS GDWEDVHY 5 X\WHURWG  HADO 5 XFIQUNL HADO Q527%1
WHUWH IV D MQIGI @QG XVH O\ HUFRP SUMQJ D QXP EHUR! IXQFURQDOXQW ) 8 ZKIEK LV
XQGHUDIOQ E\ DTXUHU@\ HY ) LUXH ) 8V DWH GHIIQHG B\ IQMYHAID * ,6 O HY R

VXUDFH FDWKP HQAERXQGDUHY  YHJ HVBMRQ FRYHU @QG XVH VRIOGIDIQD] H DQG WDIQI DD

: DIMUEDDQFH FDBXOMRQY DUH SHURWP HGRQHDFK ) 8 DQG WH UHVX®V FRP ELQHG \R HP DM
WIHDP 1&Z V DQG GUDIGDI H DMV IQR DQ. XQGHWDLQI DTXUHY ( DFK) 8 KDV D FKDUDPMUMIE

VHAR FRHIFHQN \KDWIXDQM IQMFHSVIRQ LQIGMRQ GIDICDIH DQG HYDSRWDQVSILDIRY ) 8

FRHILELHQN GR QRWDW RYHUMP H EXWDQG XVH FKDQI HV DUH VIP XOWG B\ DEBZ IQ) \WH VSDUDO
QAWIEXWRQR! ) 8 V\R FKDQIH

© MIQHDFK) 8 WHUHDUH VXEO\HY ) UXUH  7KHWRS VXE O HY HQFRP SDW WH UIRRW

] RQH LQ Z KIFK DUH VIP XOWG LOMUFHSWRQ LQIIGADIRQ HYDSRWDQVSILDWRQ DQG GUDIQDIH
6 XUDFH IXQRII LV VIP XOWG B\ LQIGDWRQ H FHW DQG VDWUDMRQ H] FHW XQRIT GXUQ
KHDY\ WDIQ 7KHERWRP  VXE @\ HY DUH FROFHSWDOHVHUYRILY WDWHSUHVHQAT XIEN | &Z

Y]l WKD@Z VXE VXUDFH I&Z \RMUHDP VZ W DW HVWDBIR GD\V DQGVBZ IBZ Y1}
VXE VXUDFH I&Z \R VWHDP V Z W D WP H VFDOI Rl Z HH\V P ROV 5 XWHURWG HWDO

( DFK) 8 1V DWLJQHG D QWRI HQ H SRIWWDW HWIP DIMG XVIQJ 2 YHWHHSE 1 MIRIHQ FDQ EH
H SRUMGIURP HDFK R WH  VXE @\ HY 7KHUDW R UHBDVH Rl QUWRIHQ HYDSRADQVSILDIRQ
WE @ HU RQD GUDIQDIH DQG KGRI GHWP LOHV \WH QMR HQ FRFHQRDWRQ LQ Z DMU

H SRUMG IURP HDFK VXE @\ HU % VXE QYIAQ) WH \RIBOQMRI HQ H SRWEHE HHQ VXE

O\ HY \WH P RGHOVP XOWMV GlLIHHQASDWZ D\ V \R \WH ONH DQG GlLIHUHOAGHDYHY WP HV

7 KHUHIRWH QURIHQ JHQHIDIMG IQVXE @\ HU ) LUXWH  UHDFKHV \WH VAHDP  DQG KHQFH \WH
UHFHYIQ) ZDIMUERG HJ ONH VRRQ DIWUMY JHQHIDMG YID TXIENGZ IRTRZ IQJ UDIQ DO
Z KHUHDV QMRI HQ J HQHUDWIG [Q VXE @\ HY \WDWAELDIQ \R J URXQGZ DWUUHDFKHY WH UHFHIYIQJ
Z DIMUERG. \ HDW GHFDGHV DIVMUMBY JHQHIDWMG 1 R \MDVWKLY H| HUFLVH FRX@ DOR EH GRQH
IRUSKRVSKRUXV Ll UHTXILHG
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) LIXWH

v
L C 2
1 ]
g e c 3
]
h 4 c 1
r
v
c c
1 = top scil layer a = rainfall b = evapotranspiration
2 = bottom soil laver c = drainage d = runoff
3 = quickflow reservoir e, f = macropore flow
4 = slowflow reservoir g = quick flow h = slow flow
FU1 FU2 FU...
- -— -
gy M p Al p Ml
1 [ — -
L L Ll
SP1 - AQ1
sP2 - AQ2
SP3 - AQ3

ACH, AQ2, AQS = aquifers
FLM, FUZ, FU... = functicnal units
SP1, SP2, 5P3 = spring flows

52 7$1 FRQFHSWDCP RGHONDWRSHIDMY 1Q HDFK ) XQRIRQDGB QW) 8 DQG
FRQUHAIRQY EHIZHHQ) 8V $TXUHY $4V DQG6SUQIV 63V VRXUH 5 XWHURG
HWDO

7KH DSSTFDMRQ R WH 52 7$1 P RGHOR \WH / DNH 5 RIRUXD FDWRKP HQAKDV EH VXSSRUWMG E\
JURXQEZ DWUUHVHDUFK DQG P RGH@) XQGHUBNHQ B\ \WH , QAMAW R * HR®J IFDCDQG 1 XFODU

6 FIHQFHV

*16 *16 KDYH DSS@HG WH ) (0: $7(5 PRGHOW WH /DN\H 5RRXD

&DWRKP HQW6 HH VHRIRQ
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$TXUHSB P

1DPH 0DOQl=  6SDIOFDB 7HPSRDO  &ROBPIDON  =RHR 7\SH
" HYHBSHU VDB SHARIRY
$TXUHBIP  5$3 &DWKP HQNV  6\MDG $Q * URXQEZ DMU 3 URFHW
91QPH WIIRDO  \\DW FROHYDIYH — GHSW EDVHG
U HD VP XODMY  VROW WAV YDUDIRQ KHWMURI HQHRXV
/ IGFRQ JURXQEZ DMU  REBHUGHD\ JURXQEZ DIMU  DTXIHY
9 HQMUHV DIH WH  GHQMIFDIRQ GVFKDUH\R
/\@ ™ VXUDFH
/ 1QED Z DY
/ EXUH
/ DQGFDWH
5 HVHDUFK
6 WHQI \RV / [P MDMRQY " DWW 5 HTXWHP HQW
&DWKP HQW XS \R NP &XUWHO® @NHG\R $ U |6 0 HDQ DQQXDOQMDW
DW KD O@QGVXUDFH UHVROMRQ QR WDQUHQWP RGHO QVFKDUH YDOHV IRU
) DVWP RGHOXQWP H IRU GHVILHG OQG XVHV
VAHQDUR DQG XQPHIBIQW / DQG XVH DQG VRIGD\ HY
ANGHV +\ GIRBJ IFDONQRZ BIGIH
8 VHULQMUDFH DQG YIVXDO DERXVDTXILHUERXQEDY
RXABXW FRQAMRQY * URXQEZ DMU
2 XVBXW DQG ICBXW FDQEH UHFKDU H GQVRKDU H
PXRP VHGIQ$ U ,6 TXDQMHV DQG BFDURQ
$ TXUHUSUIRSHWAY QIFH \R
KDYH EXWORWAWHQIDO

$TXUHBIP 1V D UHIIRCDOVFDG! P RGHOR QWD WDQVSRWIQ JURXQGEZ DWUDQG LV SDWRI \WH
UHVHDURK SIRIWDP P H , QI UDWMG 5 HVHDUFK IRUS TXUHU3 IRMAIRD 5$3  ZKRVH P HP EHWY/
DU / IQFRQ 9HQXUAV /\& / DQEFDUH 5 HVHDUK  ( QVILRQP HOV&DQMEXY 30QN ) RRG
$J5 HVHDUK ' H FHO ( 65 DQG$ TXDIF

7KH P RGHOSUHAEW WH Q) WP HIHFW R DI UEX@MUDODIQG XVH RQ JURXQEZ DWMUTXDOW [Q
WH XQGHWDIQ) DTXUHY DQG JURXQEZ DWU GVFKDUH VR VXUDFH ZDMY 7KH DP IV \R KHS

IQRWP GHAMIRQV DERXVWKH I XWUH Rl @QG XVH DQG Z DWMUUHVRXUFH SOQQQI DD QDMIRGDOBIYHO

$TXUIHGIP ZRUW 1Q \BQGHP Z W DQRKHU P RGHOXQGHU GHYHBSP HOAE\ / LOFR® 9 HQXUAV
FDOBIG) DP6IP VHH$SSHQA[  Z KIFK SUHAFW WH HIHPWR GlLIHIHQADI UEXGMUDODIQG XVHY
DVKH URRW RQH BIYHO Z KIB! $ TXUHB IP @RV DWKH FXP XOMYH HIHPWRQ \WH J URXQGZ DIMUDV

DZKR®! ) UXH  7KH URRW RQH QUDW FROFHQADMRQ DQG UHRKDU H LQIRWP DIRQ FDQ DOR EH
VXSSOHGE\ RKMHUP RGHY HJ 2 YHWHHU 6 SDPP R

How data and models are combined
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$STXUHG P 1V IOMQGHG \R DAWMMADQVZ HAEZR P DIQ TXHWIRQY

. KDWY \KH @Q) \MP HIHPWR D @QG XVH FKDQIH VXFK DV D FRQYHWRQIWRP VKHHS \R
A RQJURXQGEZ DWULQ YDURXY SDW R DM VWP ™

+RZ BQ) Z LOWINH \R DFKIHYH WY @Q) WP HIHAW

3UHARMRQR WH ' SDIWAD R QUDW FROFHQADMRQ 1O J URXQGZ DIMULHTXILHV \KH * ,6 QUMD
QVFKDUH P DS 1Q FROMQAIRQ Z W NQRZ BIGIH Rl WYHUUWHRKDUH  VXUDFH Z DIMUGVAKDUH DQG
DTXUHUSURSHWAY SURYIGHG B\ \WWH JURXQEZ DIMUIBZ. P RGHO 7 KHVH DUH FRP EICQHG 1Q D QMIDWM
WDQVSRWWP RGHO'$ TXILHG [P~ \KDWKDV EHHQ GHYHBSHG VSHALLED@® |IRUWDSIG FRP SXYIMRQR
WHBQ WP SDWHQ R J URXQEZ DIWMUQUMDM FROFHQADMRQ | RUD VSHALLIHG SDIHD R OQG XVH
7 KH FXUHQANABNYY R \WH P RGHAY \WDWANVFDQ SUHGIEVWNH VSDUDCSDIWAD R J URXQGZ DIMUQMIDAM
FRQFHORDMRQ DW/SHALLIHG GHSWY  YHMFDOYIHZ V VP IDUR ) XU %GZ HODQG* RRG

DQG QUDW GDGV R J URXQEZ DIMUIHG VSUQIV

&/ 8(6

1DPH 0DQ1="' HYHBSHU  6SDWOFDBI 7HPSRDO &RQNP DOV =RHR 7\SH

\FDOI SUHARIRQ
&/8(6 0%$) 1, $ &DWKP HOW 0 HDQ IXWHON 6 XUDFH ( P SIUFDO
$ISHHDUK +DUV QDIRQDO  DQXDO ( &RD ZDWJ
&RQVXQQY VHAP HQW
/ DQGDWAH
5 HVHDUK 3 @QW
DG) RRG
6 WHQI \RV / [P MDMRQY " DW'5 HTXIWHP HQW
9 IVXDCRX\EXW " RHV QRADFFRXQARUP H 1 DIRCDOEDIVHW DUH
8 VHUIQMUDFH ©IV 1Q FDWKP HONHVSRQWH SWRYIGHG Z W \KH
1 DURQDOCDWVHW SURYIGHG \R OQG XVH FKDQIH SWRIWDP P H IQFAQ)
0 RGHOFDIEWDWG \R QDMRQDOCDW 6 SDUDOHVROMRQ TP WG R &XWHOANDQG XVH XVHU
$@ZVVFHDURV R EHIQHAMDWG  VXEFDWKP HQNV WSIED® FDQ HOMUWHURZ Q
2 XVEXW DQG ICBXW FDQEH NP Z W SIRSRMRQVR OQG 6WHDP CHERW
PXRP VHGIQ$ U 6 XVH Z \IQ VXEFDWP HQW &P DW $QXDO
5 XQV TXIEND ) [ HGVRY OQG XVHWSHV WIQDD
0 RGHYERK 1 DQG3 VRO 6 ®SH
&XUHO® @NHG\R $ U |6 6 RCRUGHUDQG GDICDIH
FOW
3 RONVRXUFHV DG
ONHV
0 HDQDQXDA®Z D\
( (RVIRQ WUIDIQV

&/ 8( 6 &DFKP HQN DQG8 VH IRU( QVURQP HQEIE XBICDEIOW 1V D FDWRKP HQARU
UHJ IRQD® P RGHAWDP HZ RUN IRUQMIRTHQ SKRVSKRIXV ( FRQ DQG VHAP HOANBDGY 1Q
DQ VAWHDP V QDMRQD® XQGHUGLIHHQADIQG XVH VFHQDURY / IO\ R VRAR HFRQRP IE
P RGHY P HDQ WDVWKH HIHFW R D FKDQIH IQOQG XVH VD ILRP JWD)] 1Q) QYHWREN R
YMEX@MUH RQ @FDOFRP P XQUHV FDQ DOR EH SUHAFWG 5 HFHQ® SUHARIRQY IRU

QAMHONFRGFHOMMRQY KDYH DOR EHHQ LGFRERIDMG QR \WH P RGHO
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&/ 8 ( 6 XVHUIQMUDFH &/ 8( 6 GDWEDWH
&KRFH R UYHUUHDFKHY & XUWHQNDQG XWH
— &M@ DM
/ DQG XVH FKDQIH VFHQDURY SR
&KRFHR HHVXOEVSD\ & DWKP HOADQG GUDICDIH CHE RWN
(BXV QWRIHQ GBDHKIQ) UMN
v _— 29(56( (5% SDWMWH1 DQG3
&/ 8( 6 P RGHOMM
|__—— 63%$602 KRWIFXAMUH DQG RURSV 1
& 7 63%$552: P IRIREHV VHAEP HQWNVL DQG3
IURP  RKHUVRXURHV
$ FFXP XOMRQ DQG BWHV IQ\WH WIHDP GHEIRUIN“" FROBP COOMECUSRI
( FRQRP IFV DQGHP S®& P HQW +$55,6 WSO ERWP @HHIHFW

&RP SRCHON) RGHY

JUXWH &/ 8(6 PREGHAWP HZRW 6 HP DGHQL' DYIHV HADO

&/ 8( 6 @NV VHYHDOFRP SRCHONP RGHY \RJ HWHUDQG SURYIGHV D 1B LEGI XVHU
IOMUIDFH

7KH&/ 8 ( 6 SIRWPNGFOGHG \WH GHYHBSP HQAR D VSDUWDOEDWEDVH Rt OQG XVH
VRO F@P DW WIHDP QHE RN DQG ONHV DQG GNQJ \R WLV \R FRP SRCHOWP RGHOY' IRU
SUHARIRQ R FRQBP ICDQMWVRXUFHY / DQG XVH WSHV Z KIFK FDQ EH DQDOVHG IQFOGH
DUDE®I KRMFX@MUH IRUMN  DQG VHYHIDCSDMRDADUP Q) YDUDMRQY

,QRUP DIRQRQ&/ 8( 6 \WH XVHUP DQXDODQG G\ \R GRZ QBDG WMV DUH DYDIDE® DW
KW8 ZZZ P D JRW P DIGHWXWDOY VXMBICDE®! UVRXUH XVH FOHV

63$552: 63$WD® 5 HHHQFHGS5 HILWIRQV2 Q:  DMYKHG DMIEX\MV 1V D Z DIMYKHG

P RGH@) WRKQTXH GHYHBSHGE\ 86* 6 VAHQINWG3$552: IV XVHG DV D VXE P RGHZ IKIQ
&/ 8( 6 KRZHYHUMKDV EHHQ XVHG RQ D CDMRCDOFD®! 1Q 1 HZ =HDOQG W SUHAEWXWHON
MDQVSRW( @RVHWDO 7KH FRIH R \WH P RGHOFRQIWW Rl D QRQEHDUUHI UAWIRQ
HTXDMRQ GHVFUELQ] \WH QRQ FRQVHYDWYH WDQVSRWR FRQBP ICDQWV IURP SRIQADQG QRQ SRIQW
RUPALIXVH  VRXUFHV RQ @QG R UYHLY DQG WURXI K WH VWHDP  DQG UYHUGHE RUN

7KH P RGHCHIP DMV FRQIP LODQWFRQFHORDMRQY 1G] HV RUEP DWW~ Z KIFK 1V \WH SURGXFWR
FROFHOADWRQ DQGWIHDP [BZ  DQG\ HOV IQWHDP V' P DW Rl QXANHQN HOMUQ) D \AWDP
SHUDFULHR OQG  DQG HYDODWV \WH FRQMEXURQY Rl VHBIRMG FRQBP ICDQMRXUFHY DQG

Z DIMYKHG SURSHAV WDWARQAROMDQVSRWYKURXI KRXWDLI H UYHUGHE RIW WP SILFD®
HVP DWWV \WH RULQ DQG IDWM R FRQIEP IQDQW 1Q \WHDP V DQG UHFHIYIQ) ERGHV  DQG TXDQMHV

XQPHUBAQMAV 1Q WHVH HP DWWV EDVHG RQ FRHI I LFIHQWHURUDQG XQH SOIQHG YDUDELDN 1Q \WH
REVHYHG D\

) RUP RHIQRUWP DBMRQRQ63$552 :
KWB Z DIMUXVIVJIRY QDZ TD VSDUWIRZ ) $4 VIDT KW O
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2 \WHUO RGHY

02')/2:

02')/2: WV\WH8 6 * HRBILFDGXYH P RGXOUIIQW QLIHHQFHI®Z PRGHO02' )/ 2:

IV D WWUHH QP HOURQDAIQWM GLIHHGRH J URXQG Z DIMUP RGHOKDVWEZ DV [ IIMBXEQKHG 1Q

VKDV D P RGX@UVIKPNUH WDVWDEBZ V IVWR EH HOVI® P RAULHG R DEDSVWKH FRGH |RUD SDMEXOU
DSSTFDMRQ 0 DQ QHZ FDSDELMIAV KDYH EHHQ DEGHG \R \WH RUW ICDCP RGHO

02')/2: VP XOWV WWMDG. DQG QRQ WD, 1BZ 1Q DQ ILIHI XD VKDSHG IGZ A MP
1Q Z KIFK DTXIHUO\ HY FDQ EH FRQIGHG XQFRQIICHG RUD FRP EIQDURQ R FRQIIGHG DQG
XQFRQIGHG ) B&Z IWRP H WALDOAMWHY VXFK DV IGZ \R Z HW DUHDOUHFKDUH
HYDSRIDQVSIMRY IGZ \R GDIQV DQG IGZ WURXIK UYHUEHGY FDQEH VIP XOWG

,Q DCAMRQ R VIP XOMZYJ JURXQG ZDMUIGZ \WHVFRSHR 02" )/ 2: KDV EHHQ
H SDQGHG W IQFRUBRUIDW UHOWMG FDSDELQAHY VXFK DV VRAMW WDQVSRWDQG J URXQG Z DU

P DI HP HQW

) RUP RH IQRWP DIRQRQO 2" )/ 2:
KWS  Z DMUX\JV JRY QS JZ VR\EDUH P RABZ P RAGZ KW O

)(0: $7(5
)(0: $7(5 VD WUH AP HOMRQDAIQW HBP HQAJ URXQG Z DIMUP RGHO ,WADQ EH XVHG\R
VP XOW IGZ DQG WDQVSRWIQ ERKN \WH VDWUDMG DQG WH XQUDWUDIMG | RQH

) XOWHP R WH 1GZ DQG WDQUSRWFDQ EH FRXSBIG \R VP XOW GHOVW GHSHQGHOWV

SUREGP V VXK DV VDIQW IQUKMRQ ) (0: $7( 5 IVDP RGHDIP SBP HOBMRQR \WH R
ROHUPRGHY ' )(0: $7(5 I®Z DQG ' /(: $67( WDQUSRW

)(0: $7(5 KDVEHHQXVHGE\ * 16 IQ\WH/ DNH 5 RIRXD FDWKP HQMR VXSSRWWKH
GHYHBSP HONRI 52 7$1 5 XWHURWG HWDO

) RUP R IQRWP DIRQRQ) (0: $7(5 MSJIWILP IWRYJIPVJIPVIPV CGREVIHPZUH SA
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,P SIRYLQJ WH 8 SWINH DQG 8 VHRI 0 RGHXYJ 7RRY

" XUQI WH Z ROWKRS D QXP EHUR! EDUWIHLY Z HUH LGHQMHG \WDWEDMALSDQN WRXI KW
KDG DIHRMG WH XSVBNH DQG XVH Rl FDUWKP HQAVFDG!I QAMHOWP RGHY $ QXP EHUR
DRURQY Z HIH IGHQMHG B\ Z RIWKRS SDMFLSDON \R P SURYH IXUMUH XSVINH Rl FDWRKP HQWV
QAHQNP RGHY DQG IRUIP SURYIQ) WHURX\WFRP HY 7 KH EDWIHY DQG UHFRP P HQGDMRQY KDYH
EHHQ J URXSHG IQR IRXUP DIQWHP HV

&HOADCP RGHAEWDY R UHVRXUFH P DIMUDO

,P SURYHG CDI VHWV

3 URGXPYH FRDERIDWRQ

( GXFDIRQRQ0 RGHY
, QMDBPWDCB URSHW

6 HAIRQ RXVERHV DEAMRGDOVXI J HIRQY \KDVWZ HUH FDSUMUHG ILRP Z RIWKRS SDMFLSDQNV
2 QD WH SURIM VXJ JHVIRQY XQGHUKH P DIQ RX\RRP H DUHDV KDYH EHHQ SUAVHQMG

7KHZ RINEHQ] XQGHMUNHQE\ 5 HI IRQDC& RXCHOAMI T Z KR DWHMQGHG WL Z RINVKRS LIV VWIRQI ©
DO QHG Z W \KH UHVHDURK VWIDWI\  \KDVWKDV EHHQ GHYHBSHG E\ 5 HIIRQDORRXQALY 5 & +

6%* 1Q SDWFXOU \WH HQKDQAHP HOAR VFIHQAH GHOYHY  DQG | DAMIMD) \KH XS\BNH RI
VFLHQFH
5 HFRP P HQADWRQV

7KLV Z ROWKRS UHSRWDQG VSHALIED® W UHFRP P HQEDRQY DUH SUAVHQNMG \R \WH
5 HJ LRQDCR RXQFIOY 5 HVRXUFH 0 DQDIHWY * URXS DQG 6 FIHQRH $ GYVRY * LRXS

7 KDVWKH UHFRP P HQEDMRQ EHBZ. 1Q\KLY UHSRWEH SXWRZ DU | RUIGFGMRQ IQR \WH
5 HVHDUFK 6 WDMJ\ + $ QXD SHIDWY) 3 @QZ KHUH DSSURSUDW

&DWKP HQW) RGHO' LEWDY
( WREQ/KP HOAR D FHOADAD RGHO IEWDY Z W D UDQIH RI Z HE EDVHG UHVRXUFHV Z DV WH P RWV
VWIRQI® VXSSRUMG VXIJHWIRQ 7 KLY FRXG LQFAGH P RGHORIE DUH GRAEXP HOBMRQ FDWH

VIXGHY DQG IQMDPH IRUKP

6 XFK D GEWDY Z I@QHHG D FRREQDMG HIRWWR EUQ) \RI HWHUVXMDE®! P DIMIDARUWH Z IGH
WDQIH R SRMQIDOIEWDY XVHY 7KLY UHSRWY D RG] SRQARUD EUH RYHYIHZ R P RGHG
DQG P RGHIDSSTFDMRQ 1 HZ =HDDQG Z KIFK Z I@EH XVHXARUWDIMQI \WH DZ DUHQHW DQG
XQGHYAMRQAQ] R P RGHEY) 7 KHWH Z DV KRZ HYHU FROVGHDE®! IQMHWURP D QXP EHUR

Z RUWKRS SDWFSDQW \R KDYH P RUH GHVBABIG UHSRMQ) RQ SUREGP FRQFHSWDQVDIRQ P RGHO
VHBRIRQ P RGHOFRP SDUVRQ DQG GHBIBIG FDVH WYAEHY 0 RWIR WH P DWUDCSURGXFHG E\

P RGHOGHYHESHULY JHQHD® LQWH IRP R FIHQAHSRW FRQHWHGFH RUDFDGHP I SDSHWY

Z KIFK DUH CRADE D\ V UHDA® XS \BNHQE\ & RXQRIOAMI

7KHNA UHFRP P HQEDVRQY IRUD P RGHOIEWDY DUH
5 HTXHWAKURXI K \WH 5 HVRXUFH 0 DQDUHU* UIRXS 50 *  \KDVD |( HBEQK DQG
VXSSRWWH GHYHBSP HQAR D Z HE EDVHG GEUDY R P RGHE@R UHVRXUFHV KLY VKRXG
EH IQUWDMG E\ SIRVIGAQ) VXSSRIWRUGHYHEBSIQ) D EXVIGHW SOQ Z KIEK RAMIEHY KRZ
VXFK D UAVRXUFH UHSRMRY  Z LOEH \WIKPMUHG GHYHBISHG XVHG DQG XSCDIMG

6 HHN IXUWKHUIXQAQ) BAVRXUFHV ( QMUREEN 60) 6))  RUS HIIRQDOFRQNEXIRYY \R
GHYHES WH IRTBZ IQ) NH UVRXUFHV Z KIEK Z RX@ EH P RMXVHXOR [P SIRYIQ) P RGHO

XSWNH DQG FDQ EHFRP H SDWR D @EWDY  Z KHQ HDEQVKHG

* XIGHIH GREXP HONRQ SIRMPWFRQFHSWDO/DMRQ P RGHOMHBIPIRQ DQG
FDIEWDIRQ VP [DUR \WH * URXQGEZ DIMUO RGHOBXAW XIGHIHV 3' 3
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' H\BAGIG P RGHOGHVFUSMIRQY DQG FRP SDIVRYY  IQFOAQ) Z KDWKH. GR DQG
R QRAGR DWW ICBXVDQG RKHURSHUDIZ) UHTXIUHP HQN' DGYDQMU HV
DWXP SUIRQXVHG @ MMRQY DQG FRQBPWRU DQVDIRQ SHYRQ
&DVHWYAHV R P RGHOX\WH IQFOIGQ) DSSTFDMRQ\R D WDQIH RN VFHQDURY
DQGH SODQDMRQR P RGHOMKPMUH DQG VHQUMYLW

6LIQDOR) 567 WDVKHUA LV D J DS EHE HHQ HQG XVHUH SHRABMRQY | RUIHVRXUFHV RQ
FDWKP HQWP RGHTR) DQG \WH RXABXW IDYRXUHG B\ UAVHDUFKHWY LH FOHQABHSRWWV DQG
SDSHY  $ OR UHTXHWAKH [ XWUH HQG XVHURXEXW IURP P RGH@R UHVHDURK VKRXG DIP
\R DGG YDOH \R \WH P RGHOIEWDY

' DB LP SLRYHP HOW

$ YDUDELDW DQG DFFHW R UHT XILHG GOV VHW \R WXQ FDWRKP HQWP RGHY FDQ EH D VW QUIEDQW
@ MMRQWR P RGHOX\VH 7 KHUH LV DOR XQFHUBIQW DERXWEDWY UHTXIUHP HQW | RUSDMFXOU

P RGHY 7 KH FXUHQMSHY DQG TXDOV R GO VHW Z HUH VHHQ DV DQ P SHAP HOMR SURGXPYH
XVHR PDQ P RGHY

7KHNA UFRP P HQEDURQY | RUGDW [P SURYHP HQW DUH
$GYRFDW \MURXIK 50 * VR FHQADQ) RYHP HQWRUIP SURYHG QDMRQDOCDW VHW
SDWFXOUD OQG XVH
7KUWRXJIK [P SBP HQBMRQR! UHFRP P HEGDIRQ |, P SURYH WH XQGHYABIQAQ) R \WH NH\
LOSXVBDUDP HMY DQG CDBVHW UHTXILHG |RUVSHALLE P RGHY

0 RUH & RADERUIDWRQ EHE HHQ 5 HI LRQDOE RXQFLYY DQG Z LW &5,V
7KHWH LV D WIRQI GHP DQGIURP 5 HI LRQDCE: RXQFLOABA | VR XQGHYABIQG DQG XVH FDWKP HQWV
VFDBI QAUHNP RGHY' $ P RUH RKPWUHG DSSURDFK \R FRIDERIDIRQ ERW EHE HHQ UHJ IRQDO
FRXQAL® DQG Z W UMHDUFKHWY IURP &5, Z DV FRMGHIHG B\ Z RUWKRS SDIMFSDQN R EH
KLIK® EHQHIFIDOLH 1L\ RX GRWWQRZ Z KHUH\ RXIH JRQ) \ RXOQHYHUIHWKHMH  $
MKPMUHG DSSURDFK Z RX@ [P SURYH VKDUHG BDWIQ)  EH P RUH UAVRXURH HILELHQWDQG FUHDWM

P RUH FROIMMQADSSTFDMRQ DQG GHYHBSP HOAR P RGHY

7KHNA UHFRP P HQEDURQV |RULP SURYHG FRIDERUDIRQ DUA
( WIEQK D QHZ 5 HIIRQDCR RXGALOVSHADAQMMHAWILRXS 6,*  IRUFDIRKP HQWV
PRGHEY $ XVHW JURXS Rl [UHJ IRCDOFKDP SIRQVT 3 OQQHWY DQG 6 FHQIWAN DQG
0 RGHBLY \BVN\HG Z WK [P SURYIQ) FRIDERIDIRQ DQG P RGH@R) RXARRP HV
5 HTXHAKDVO 1( VBNH RQ D URBI DV D CDMRQDAFKDP SIRQ W [P SURYH FRIDERIMRQ DQG
HQG XVHUXS\WINH |RUFDWRKP HOWP RGH@  LH KR DQQXDCH FKDQIHV RN FXUWHQWY
SWDAWH FR FRREGDWY) ERG. IRUXVH SIRRFRY I XIGHIHY DQG I XUWWHUVRRO
GHYHBSP HONBUIRIWDP  Z1\W) 567
&DFKP HQN) RGH@Y 6,* GHYHBSV D WIKPMUHG SOQR! VSHALLE DRIRQY IRUIP SURYIQ)
FROIDERDMRQ EHE HHQ UHJ IRQDOFRXQFIOABAT  DQG Z W UHVHDURKHLY 7 KLY FRX@ IGFOIGH
. RUWKRSVRUIRXP |RUP RGHOBDWIQ) DQG GHYHBSP HOW
,GHOM 1Q) FRDERIDIWH P RGHTR) SURMPWRSSRUNMQMAY IRUXVIQ) DQG
GHYHBSIQJ P RGHY EDVHG DURXQG TXHWIRQY \WDWDUH Z IGHO DSSTFDE®!
$ GYRFDUQY WDW QYUREN IXQAQ) 1V DYDIDE®! R IRUVHFRQEP HON VKRW
WP EHE HHQ UHI IRQDOFRXQRIOAMT VR \KRVH FRXQA®Y Z W H SHUHQRHV
FDQ VKDUH Z WK \WRVH WDWDUH IRGRZ 1QJ)
© RUWKRSV \WDWEUG) H WH J DS EHE HHQ P RGH@R DQG 5 HIIRQDCE: RXQFIO
DSSURDFKHV \R QXMHQAP DQDI HP HQNSRTR

7 KHVH UHFRP P HQEDMRQV Z RXG VWIRQI ® VXSSRWWKH J RDO DQG REMIPWYHV R \WH URVHDURK

WD\ 5& + 6$* * RDO 7R FDW®OWH DQG HQKDQFH VFIHQFH GHIYHY * RDO 7R
| DRLOBMM VAHQRH XSVEINH
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( GXFDWRQ RQ 0 RGHY DQG WHU$ SSTFDARQ
7KHUH LV D SUHWIQI QHHG IRUP RUH HGXFDMRQ RQ \WH GLIHHQMVSHY R| P RGHY DQG \WHUXVH
$ FKIHYHP HQAR! \WH UHTXIUHG HGXFDVIRQ DRIRQY DVHG B\ SDMFISDQN Z RX@ UHT XIUH \WH
UHFRP P HQEDMIRQV XQGHUE: DIFKP HQM RGHO IEDN ] 1R DQG |& RMERDIRYY 1 R
VI—FWQQ\/\R EH DGYDQRHG 7 KH HOXFDIRQWWHP H IV VHHQ\R KDYH \& R DXGHQFHV
FRXQFIOABH Z KR QHHG \R XQGHUABIQG HQRXJ K DERXWP RGH® \IR EH DEGI \R XVH \WHP
DQG \WHUUHVXOV HIHAYHO DQG
GHAMRQP DNHY RUNH BNHKRGHLY Z KR QHHG \R XQGHYARIQG Z KDWKH UHVXEV P HDQ
DQGKRZ WH Z HIH GHYHBSHG DQG Z KDAWDWXP SWIRQ @ WIMRQY DQG KHQFH UHDMYH
IFHUBLQIMTDUH DWRFIDWMG Z W P RGHEG RX\BXW

7KHNA UHFRP P HQEDVRQY | RUHGXFDIRQ RQ P RGH® DUH
' HYHBS D JXIGHIH GRAXP HONRQ XVIQ) P RGH@R UHVXOV \WDVWSURYIGHY SUHVHQIMRQ
DQG FRP P XQEDMRQY DGYIEH \R J HVWKH EFVWURP P RGHORX\BXW , QFOGH BDWIQIV
IURP RWHWATH SHUHQFHV ( QVILRQP HQAV DINDWR ( %2 3 YID FDVH WXGAHV VKRZ IQ)
KRZ P RGHY KDYH IQRWP HG SRIP  DQGKRZ \WH\ FRXG EHWHUIQRWP SRIR
' HYHBS DQG SURYIGH VSHALLIE FRXWHV RQ IQAYIGXDCP RGHY DQG WHUXVH
,QVHVA DWW WWH XVH R (| QVILREN IXQEQ) R WDQVIHUP RGHONQ [RUD SDMEXGUNH
MXH

, QMIBIFDCB LRSHUWV
MXHV ZIW 3 Z HUIH VHHQ VR DITHPWERW \WH XS\BNH R P RGHY DQG FRMERIMRQ IQ P RGHO

GHYHBSP HQNDQG [QMI IDIRQ 0 RGHOFRGH VKRX@ EH RSHQ VRXUFH RURSHQ R VXD
HVSHAD® Z KHQ UHVX@V R P RGHER Z HUH XVHG \R GHYHES [BHIPYHT OQG XVH SRTAHY

$ P RYH WZ DUG UHGXAIQJ ,3 UMINFIRQY DQG\EN.QJ D P RUH (RSHQ VRXUFHIDSSURDFK VHHQ DV
\WH EHVMDSSURDFK \R UHGXFH \KLY EDWIHU $ GKRXJK VSHALLE H DP S®V RUMYXHV Z HIH QRW
IGHQMHG RUGVFXWWHG DVKH Z RIWKRS IVWZ DV VHHQ DV DQ IM/XH VR EH DGGUHWHG SUP DUD E\

FHORDQJ RYHLGP HOAVHDURK IXQGHY
7KHNA UFRP P HQEDURQY | RUIQMBIPXDCSURSHWY DUH

$ GYRFDW R UMVHDURK 1XQGHLY DQG DIHGAHY WDW3  UHAEMIRQ RQ GO VHWDQG P RGHY
DUH UHP RYHG \R | DFLOIAM \KH XVH Rl WIHVH UHVRXUFHV
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5 H HUHQFHV DQG 8 VH XOIONV

5 HHHOFHV

WUFZ HD9 - DQG* RRG - 0 ' HYHBSP HOAR WH$ TXUHB P 0 RGHOR &XP XOWYH
( IIHAWRQ* URXQEZ DWUR! 1 IMDW' IVFKDUH IURP -+ HMURIHGHRXV / DQG 8 VH RYHU/ DUH
S5HIIRQ ,Q2[G\ / DQG. XOMW' HAV 02' 6,0 , QMEDIRQDCE RQI AW RQ

0 RGH@Y DQG6 [P XOMRQ 0 RGHMY DQG 6 IP XOMRQ 6 RAHW R $ XWDID DQG 1 HZ =HDDQG
' HRHP EHU ss 694

KW§ ZZZ PWDQJ DXPRGIP  3DSHY

WUZHD9 - /IBXWH/ 5 DUG*RRG - 0 6WDWI\ [RUGHYHBSIQJ * ,6
EDVHG 7 RRY IRUP DQDIHP HOAR \WH HIHPW RQ J URXQGEZ DIMUQWDW GDFKIQ)

IURP $JUFX@UDO DQG 8 VH  SDSHUSUHVHQIMG DWKH , QMIDMRGDCE: RQJ UHW

RQO RGH@Y DQG6IP XOMRQ 0 HERXWH $ XD ' HFHP EHU

777 @FRODFQ VRYBPDUHV  BPRGAP BV Sd

(@RWS + $O[DQEHUS % 6FKZDY * ( 6KDQNHUS 6XNV - 36 DQGO PAICH * %

( VAP DIRQ R QXAWHQAWRXUFHY DQG WDQVSRWRUL HZ =HDOQG XMIQ) \WH K\ EUG
P HFKDQMIF WIMYAFDCP RGH63$552: - RXUDCR +\ GRBI\ 1=

( QVLRGP HQN DINDR 3URSRVHG: DINDIR 5 HJIRCDCB @QO DUDMRQ  + / DNH7DXSR

&DWFKP HQN+ HDUQIV & RP P WH 5 HFRP P HQEDURQY 9 HWRQ (QYLLRQDI-QN DINDIR 3 RTR\
6 HUHV KWB_ ZZZ HZ JRWJ 3DUH) BV

*RRG - - WKW $ Q REMPARUHQMG VR DUH ILDP HZ RUN IRUWH IDUP \FD®I
VP XOMRQ R QUMIDW GDFKIQJ 1URP DJ UEX@MUDODQG XVHY ,5$3 ) DWP 6P ,Q=HJHU$ DG
$UHOWS5 0 HOV 02' 6,0  QMIDUMRQDCE: RQI AW RQO RGHE DQG 6 [P XOMRQ
0 RGHT DQG 6 IP XOMRQ 6 RAHW R $ XVADID DQG 1 HZ =HDDQG ' HHP EHU Sss
694

JIBXUH /| %WUKW- ) DAY * &®WMH 0 %UFZHD9 6QRZ 9 7KRURG % &UMBA 9
DQGP W 9 7KH ,5$3 SURMPW3 UHGRYH IDUP DQG UHJ LRQDOVFDG! \WRY | RUDWHWIQ)
OQG XVH [P SDAW RQ JURXQEZ DMUTXDDW 2 FFDMRQDCGE HSRWL R ) HWMIVHUDQG/ [P H
5 HVHDUK & HQWH 3 DB HWQ1 RWK 3S

3&( * URZIQ) IRUJRRG ,QMQUYH IDWP 1Q) VXMBICDELONV DQG 1 HZ =HDDQGV
HQVILRQP HQW3 DUIDP HQB & RP P MIRQHUIRUWH ( QVMURGP HQW

3'3 * URXQGZ DIMUO RGHCH XAW XIGHIHY 3 UHSDUHGIRUO ) ( 3DWBI' HOP RUA
3DUGHY / \@

5& + 6$* 5 HVHDURK [RUMH ( QYILRQP HOWS 5 HVHDUFK 6 FIHQFH DQG 7 HFKQR®BJ\
6WDMI\ 1RUS HIIRQDOS RXGA® 5 HI LRQDCE: RXQAGE FIHQFH $ GMMVRY * LRXS
KW8 ZZZ HOVILREONJRW) WWDWI\ KW+ HDAQ)

SXHOML' : DAXZD 6 5XWHIRG - & 527$1 8VHY* XICH+ 9HMRQ 1, $
7HFKQEFDG HSRW- XO

SXWHURG . 3D@HU& : DAKZD 6 1 MRIHQH SRWIURP \WH/ DNH 5 RRXD
FDWKP HQV FDIEUDWRQR WH52 7$1 PRGHOL,: $ &@HQN HSRW+$0

6HPDQEHQL' DYV $ 6KDQNHUS  ( GRWG 7KH&/ 8 ( 6 3 URWIFW7 X\RUDCP DQXDARU
&/8(6 1, $ &M HSRW$0
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[ 1ONV
$TXUHSBLP
KWB ZZZ OCFRQ QHZV DTXIHWP GHP RK\WR O

KWB 777 WDS RJ G SXEGDMROV SKS
KWB ZZZ FDQMEXY Z DWMURJ G EDANIURXQG GREXP HONV

&/ 8(6

ZZZ PD JRWY) P DICHWXUDOY VXMIICDE®! UHVRXUFH XVH FHV
ZZZ PO JRYW) P DICHWXUWDOY VXMBICDE®! UHVRXUFH XVH FBHV P DOXDO

63$552:
KWB Z DMUXVIV JIRY CDZ TD VSDUIRZ
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$ SSHQGIEHV

$SSHQGA] 1RWMVIWRP : RIWKRS+ . X0 * UHDWU
. HOQIWRQ : HAOQI\RQ

: RUNVKRS $ JHQGD

, QURGXAIRQY DQG Z RINWKRS SXUSRVH
3 UAVHQIMRQ R \KUHH FDWKP HQAVFD®! QAUHQWP RGHY' 1URP ERW P RGHOGHYHBSHWY

DQG HQG XVHY/
$TXUHS P
&/8(6
527$1

,QMDRYH Z RIWKRS QVFXWIRQ
D 3RMA 4 XHWRQY : KDWDUH \WH TXHIRQY WDWOHHG \R EH DQVZ HUHG DQG Z KDWADQ
DQG FDQWP RGHY DQVZHJ
E ,\WxXHVDQG/ P MMRQV Z KHQ XVIQJ P RGHY : KDWDUHWH DQGKRZ FDQ\WH EH
P IQIP IVHG RURYHUFRP H'
F / HWRQV GDUQNR GDW B\ UHVHDUFKHWY DQG HQG XVHWY
G ,P SIRVIQ) P RGHOXQGHWABQAQ)  XVH DQG FRIDERIDIRQ 1Q I X\WMUH

2 EVHYDURQY DQG SHYSHAYHVILRP 01( 0 $)

5 HYIHZ Z RUWKRS RXWRP HV' DRIRQ SRIQN DQG Z KHUH \R QH W

7 KH Z KMERDUG CRMV VBNHQ GXUCY WH Z RIWKRS KDYH EHHQ VXP P DUMHG DQG J URXSHG IQR
NH \RSIF DUV

/ HWRQV / HDUDWIWRP 8 VIQJ & DWKP HQW) RGHY

HLOIQJ \WH SUREGP DG TXHRQY \R DOVZ HU
7 KH [YANAMS VKRX@ EH D Z HOKRXJ KWRXVE. RGFHSUDO/DMRQN SURFHW \KDWEHILGHV +
© KDWAAXHV TXHIRQY DUH\ RX W LQJ \R DAGUHW Z KDAQIRWP DIRQ LY UHTXILHG \R
DGGUHW RUDQVZ HIWHVH' +RZ. P XFK FHUBIQW 1Q \WH UHVX@W BHTXILHG' ' R\ RX
DRXD® GHHG D FRP SB[ P RGHOR JHWKLY IQRIP DIRQY'
W&/ DOR [P SRUDQMAR FRGFHSWDQ@ H\ RXUQDWMUDOA VMP 7 KLV 1V UHTXIUHG \R HADEQAK
\WH W KWP RGHOV IRUDGEHWMQ) WH P DQDI HP HQMA/XH SUREGP V

. ORZIQ) WH \RRY
VW [P SRUBOQR UHVHDURK DQG XQGHUARIQG \WH GlLIHHQAP RGHTR) \RRY \KDVWDUH DYDIDE®!
7KLV IQFOGHY FROVIGHUQ
. LIHUHQAP RGHO KDYH GLIHHQWHDWUHY + QGHHG\R NQRZ. EHCQHIW Z HDNGHWHV R
QLIHHQAWP RGHY DQG @ MIMRQY DQG DSSTFDEIMN VR GlLI HHQWHNLI V
,QRUP DIRQ UHTXIUHP HQN YD DQG QHHG\R EH GHICHG 5 XQQQ) DP RGHP D\ KHS
IGHQM \WHVH DV'\ RX FDQWBWWXQQQ] P RGHZ W @ WG IQRWP DIRQ
1 HHG\R P DWK P RGHOZ W \WH TXHWIRQ
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8 QGHYABQAQ) \WH @ MMRQY
7 KH UREXWWEHW DQG XVH Rl \WH UHVXOV Z LOEH VWIRQI ® IQOHQFHG B\ \WH @ MMRQV R ERK \KH
PRGI{DQBGJNVI-W & ROVIGHIDIRQ GHHGV R EH J LYHQ \R
$ YDIDE®I CDW WSHV DQG TXDOV XVHG E\ \WH P RGHO
YDOGAQ) VIP STFW Z M XQFHUIBIQWN 0 RUH FRP SB[ P RGHCKDV KL KHUIQ RWP DIRQ
UHTXWWHP HQN DQG P RUH FRP SB[ P RGHOBNHY BQJ HUR GHYHES DQG \WWDQG\ RX P D\
KDYH \R DRVWRRQHU 6 R WFDQ EH [P SRUBQAR ILWAMGHWUP [QH Z KDWBIYHCR FHMBIQW
\ RX FDQ @/H Z W DQG SOQIURP \KDW
$ SSUHFIDWM \WH VSHFLLE @ MMRQV Rl D P RGHODQGNQRZ Z KDWIH.  DFFRXQWRUDQG
QAW
0 RGH@ FDQEH YHY UHVRXUFH GHP DQAQ)  ERW 1Q GROLY DQG WP H

) WD) IORWH50 $ SURFHW.

0 RGHY FDQ SURYICGH YDODE®! LQIRWP DIRQ\R SRIF\ GHYHBSP HQADQG GHAMIRQ SIRFHWHY

6 RP H REVHYDMRQV Z HH
,GHOM LQJ DQG P DQDILQI \WH XQFHUBIQW DWRFIDWG Z M P RGHCRX\EXW LV GlLILEX@V
VW XVH XOR LQYROH \WRVH DIHAWG E\ P RGHOKHUGHYHBSP HQADQG DSSTFDIRQ
) RUSRTF\ GHYHBSP HQACHHG W IGHQM D XVHXADQIH RN VFHQDURY R HYDODWM XVIQJ
DP RGHO
& ROMGHUIWRUSXSRVHIP DOAD GXUQ) SRIF\ GHYHBRSP HOABURFHW 6 \BUWZ W
VIP S®! LQUDCP RGHOKHQP RYH\R P RUH FRP SB[ DV NQRZ BIGIH Rl M/XHV DQG SRTR
RSURQV GHYHBS
$ DDQIHR P RGHY FDQEH UHTXIWHG IURP @W H RUMI QUIEDQMAXHY & RYHUQ) ERM \WH
SRIF\ GHYHBSP HQNDQG \WHQ SRR\ [P SBP HQBMRQ SKDVHV RUVHYHID] RQHV R
P RGH@) P LJKWEH UHTXIUHG R XQEHUABIQG IMXHY  SDEGRAN WHDP  JURXQG Z DiMU
ONH

[ 1P MMRQV DQG 2 WHU,WXHV Z I 0 RGHGB VH

' DI

$ YDIDE®! DQG DFFXUDM GO VHW VHHQ DV D SUP DU @ MIMRQ R P RGHIDSSTFDIRQ |, WXHV

IQFOIGHG
. KHQ\ RX KDYH GD\B J DSV DQG RUQHHG GD\I XSCDMV + Z KHUH EHVR VSHQG IXQEQ)

1 HHG IRUDFFXUDIM FRUH CDVB VMW OQG XVH VRO FTP DM

/ DQGXVH CDB LV RWMQ @ M) GXH \R DFFXUDR\ DQG FOMLIEDURY 7 KHUH DUH GDWD

TXDQV DQG P DQDI HP HONMXHV Z W $ JUEDVH

* DWW DYDIDEIDW FDQ EH D EDUIHU

/ HDFKIQ) GDVD GlLILEX@WR EH FROMMOWV  LLIHUQ) RXASXW FDQ EH SURVIGHG 2 YHWHHU

YW/8&, 63$602 GHSHQAQI RQKRZ XQGHWDIQ) DWXP SURQV DUH VHW

 OMBPWDCB URSHW

WXHV DURXQG \WH H MMQFH DQG P DQDI HP HQAR! IQMBIPMDCSURSHWY DUH VHHQ R KRG XS \WH
XVH R P RGHY DQG W& FRQVXP H UAVRXUFHV IQ VR RXW3 ,3 MXHV IQFOGH ERI P RGHY
DQG GDW VHW

8 MQJ 5 HVXWV

7 KHUH DUH D QXP EHUR! FKD@IQIHV 1Q XVIQ) \WH UHVXQOV IURP P RGH@Y
2 WHUHFRA VP UMVSRQUHV \R DQ MVXHV DUH QRABHSUHVHQMG
/ HYHOR GHABAGUHTXILUHG \R P DNH SRTF\ GHAMRQV P D\ GLIHUILRP RXABXW DQG D
SURFHW R YHULIEDIRQ YDEEDMRQ DXGMZ] R P RGHIRXARRP HV P D\ EH WHTXILHG
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6 HQMYIMV DWXP SURQV 1Q P RGHOGHHG \R EH VSHIRXWDQG UHDMYH DFFXWDR R
P RGHCP D\ GLIHUILRP P RQWRUQY)

+RZ \R XVH WH UHVXOV DQG H SOIQWH P RGHY IXQRURQQ) Z KHQZ RINQJ Z W \KH
FRP P XQW \R GHYHBS \BU HW

1 HHG \R EH FDUH XOKDVWKH P RGHAY CRARSHUIDWG RAMGH W @ MMRQ + LH
FDIEUDMRQY

0 RGHY FDQ EH ERW GHAMRQ VXSSRWYRRY \WDWP [QP IVH XQFHUBIQW DQG DEGUHW
VSHFLLE TXHIRQY RUP DQDJ HP HQARRY WDVADFN RQ SURJ U RUFKDQIHV 1Q
DRYIMA

&RP P XQFDMRQ FRQFHSW DQG UHVXGMG \R FRP P XQWY DQG SRIMADQY

/ IYIQ) Z WK XQFHWBAQN + VHWI) DQG GHHQAQ) SRR

" HIQQ) 6\ WP

" HIQQ) WH TXHVIRQY DQG WH Vi WP VV \IR EH P RGHBIG DUH NH B SRIQNV IRUVXFFHWIXO

P RGHGY
. " HAGQ) RQUIKWP RGHORU RXUM WP DQG FDEEWDILY W

8 QCHIAWIQEQ) DQG CHIQQ] DWHMQXDIRQ

5 HSUAVHQUQY VHDVRQDOYDUDMRQ LQ SURFHWHY

/DI R HIHFWIWRP OQGXVH YV BQ) \MP \WMDG. \ADMM

. KDW6 KRX@ + DSSHQ 1 H WR $ GYDQFH 0 RGHOB VH

&DWKP HON RGHO' LELDY
7KHUH Z DV VWRQ) GHP DQG IRUD P RGHOIEWDY  RUFHQRDOMHSRVWRY [RUFDIRKP HQWP RGHY
7K CEDY Z RX@ QHHG \R EH VXSSRWAWG QDIRD® 0 I( DQG FRX@ XQGHWINH D URBI R
FRRUECDID] IXWHUP RGHOGHYHBSP HOADQG XVH 7KLY GEWDY FRX@ EH D Z HE EDVHG | DALOW
\KDVWBURYIGHV
,QURGXARY P DWUDCRQ FDWKP HQAP RGHY DQG WHUXVHV IQFOGEQI VXP P DY \BEGNV
\KDWARP SDUH DQG FRQADWP RGHY DQG P RGHG RSIRQY
$ P RUH GABIGIG GAVFUSWIRQ Rl HDFK P RGHO:  KDWWERHV DQG GRHV QRIWVER CDWI LGBXW
DQG RNHURSHIDILI UHTXIWHP HQNV DGYDQMU HV DQG @ MMRQY DQG FRQEFW
RU DQVDIRQ SHYRQ
&DVHWYEHV R P RGHOOWH IQFOIAQ) DSSTFDMRQ\R D WDQIH R VFHQDURY DQG
H SOQDIRQ R P RGHOAKFMUH DQG VHQUMYIW
$QIQOMDAIYH DUHD E®J RUZ INLSDIHV \R VKDUH H| SHUHQFHY RUTXHVIRQY RQ D
SDWFXOUP RGHIDQG IQMIDPWZ WK P RGHIFUHDRY
$ GEWDY DUHD FROIQIQ) GRZ QBDCEDEG! P DWUDARUDYDIDE®! P RGHY + VRIE DA
P DQXDY FDVH \WYGEH CDIVHW
$ UHSRVIRY | RUCDMRQDAEDD VHW WDWFDQ EH XVHG LQ FDWKP HQWP RGHE)  DQG
FROMMOQAGH DXOED VXFK GDFKIQ) DMV IURP VSHALLHG OQG XVHV
7KH CEWDY FRX@ DOR SURVIGH JXIGDQFH RQWH AV Rl P RGHOVXFK M H R
GHYHBSP HQMMANG VXFFHWIX® RQ VSHFLLE DSSTFDMRQ RUVRP H [FHMUHGTMENYY

' DB LP SLIRYHP HOW

$ YDIDEIDW DQG DFFHW \R UHT XILHG GDB VHVIR LXQ FDWKP HQAP RGH® FDQ EH D WL QUIEDQW

@ MIMRQ\R P RGHOXVH 7 KHUH 1V DOR XQFHWBIQWN DERXWED UHT XILHP HQNVRUSDWFXOU

P RGHY
,P SIRYHP HOAR GD\B VHW Z DV VHHQ DV D SURIW E\ Z RIWKRS SDMFASDQN 7KH
FXUHQMVSHY DQG TXDOWV Rl GDM VHW Z HIH VHHQ DV DQ IP SHAP HQMWR SURGXRIYH XVH
R PDQ PREHY
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$ SDWEXOUSURIN Z DV D QURCDODQG XVH CDWB VHWKDWZ RX@ EH UHI XOUD XSCDWG
P SURYIQI \WH XQEHIABQAQ) R WH NH\ IQSXVSDUDP HWLY DQG CDBVHW UHTXILHG IRU
VSHFLLE P RGH RX@ DOR DWAMP RGHOKSVEINH DQG XVH

0 RUH &RADERIDARQ EHVE HHQ 5 HJ LRQDOS RXQFLYY DQG Z LW &5,V
7KHWH LV D WIRQI GHP DQGIURP 5 HJ LRQDCE: RXQFLOAMA | VR XQGHYABIQG DQG XVH FDWKP HQWV
VFDB! QAUHQNP RGHY' $ P RUH VWKPWUH DSSURDFK R FRIDERUDMRQ ERW EHE HHQ UHI IRQDO
FRXQAL® DQG Z WY UMVHDUFKHWY IURP &5, Z RX@ EH KLIK® EHQHIIFIDO, W2 RX@ [P SURYH VKDUHG
GDQQI EH P RUH UNVRXUFH HIFHQADQG FUHDW P RUH FROVMMQNDSSTFDMRQ DQG GHYHBSP HQW
R P RGHY 7KL FRX@ EH DFKIHYHG WWURXI K
. +ROQI ZRIWKRSVRUIRXP P RIHUHIXOW EDVHG DIRXQG D SOQ Z MW FBDUJRDY
DQG REMPIYHV |RUP RGHOBDURIQ) DQG GHYHBSP HQA7 KLY FRX@ LQFOIGH VSHALLE
ZRINQJ JURXSV VHP IQDWY RUFRQHUHQRHV
( WBEQVKIQ) D QDMRQDCFDWKP HOAP RGHER) XVHY JURXS R (UHI LIRQDOFKDP SIRQA
3 OQCHY DQG 6 FHQIVW DQG 0 RGHBLY \BMNHG Z W [P SURYIQ) FRIDERIDIRQ DQG
P RGH@Y RXAERP HV
,GHOM 1Q) FRDERIDIWH P RGHTER) SURMPWRSSRUNMQMAY IRUXVIQ) DQG GHYHEBSIQ
P RGHY' EDVHG DURXQG TXHIRQY \WDWDUH Z LGH® DSSTFDE®!
$ GYRFDUQY WDW QYUREN IXQAQ) 1V DYDIDE®! R IRUVHFRQEP HON  VKRWAXMUP
EHE HHQ UHJ LRQDOFRXGAOA T VR WWRVH FRXQAY' Z W H SHUHQFHV FDQ VKDUH Z WK
\WRVH WDWDUH IRGZ 1Q)
( FRXWDIIQ) 0 I( R EH QDMRQDCFKDP SIRQ\R P SURYH FRIDERIDMRQ + LH KRAIDJ
DQQXDCH FKDQIH R FXUHQASUDAFH EHQ) FR RECDI ERG. IRUXVH SIRRFRY
IXIGHIHY DQG IXUMHUWRROGHYHBSP HOABWRIWDP ZIW) 567
$ ZRUWKRS VIP (DUVR \KLY Z W \WH\RSIE © KDWDUH 5 HI IRQDCE: RXQALY GRQJ RQ

QAUHQANP DQDI HP HNBRTR

( GXFDAWRQ RQ 0 RGHY DQG WHU$ SSTFDARQ
7 KHUH IV D SUHWIQI QHHG IRUP RUH HGXFDMIRQ RQ \WH GlLIHIHQMWASHY RN P RGHY DQG WHUXVH
$ FKIHYHP HQAR! \WH UHTXILHG HEXFDVIRQ DRVIRQY Z RX@ UHTXILH \WH RX\RRP HV XQaHU
1& DWKP HQN) RGHO' [EWDY 1DQG & RMERIDMRQNVHAIRQY \R EH DGYDQRHG 7 KH HGXFDIRQ\WHP H
IV VHHQ\R KDYH \® R DXAHQFHV FRXQRIOAI Z KR GHHG \R XQGHYABIQG HQRXJ K DERXWP RGHOR
EH DE®I R XVH\KHP DQG WH UHVXEOV HIHAYHO DQG GHAMRQ P DNHY RUNH ABNHKRTGHY Z KR
QHHG \R XQGHYABIQG KRZ \MH UHVX®Z HUH GHYHBSHG DQG Z KDWDWXP SURQ TP MIMRQY DQG
KHQFH UHDWWYH [FHUBIOMIDUH DWRADMG Z W P RGHE@R) RXABXW 7KLY FRX@ DOR EH H SUHWHG
DV QRZIQJ KRZ \R JHWHVX@V |RUD VSHFLLE M/XH RUTXHWIRIDQG 1 QRZ Q) KRZ R XVH
\WRVH UHVX@V DQG XQEHYABQG WHP 1 6 SHALLLE VXJJ HVWIRQY IGFOIGHG
' HYHBS D I XIGQ) GRAXP HQMKDWDWIMN \WH SURFHW Rl FRQFHSWDQ LQJ \WH
SIREGP CHIQQ) \WH QHHG IRUD P RGHOFRQUGHDIRQY IQ VHBIRIY) D P RGHORYHU
YIHZ R FXUHQAP RGHY DQG FDVH WAV
( IHAYHO HQIDJIQJ Z M \ABINHKRTHY VR VKRZ XVHXQHW R P RGHY DQG \WHU
RXEXW 1Q UHVRIQ) IMXHV 1Q SIDPIFH $ OR GHHG R BDUQKRZ \R FRQYH \R
VWINHKRGHUWH URGI DQG @ MMRQV R P RGHY LH FRQYH UHDIVDUMRQ WDVWKH RXGXY
QRW
3 RYIGH I XIGDQFH RQKRZ \R XVH P RGHORX\GXW / HDUQIQJ [URP RWHY H SHUHQFHV
( QLRGP HQV DINDR (92 3 +RU R H SBUH WURXIK FDVHWYAHY KRZ P RGHY
KDYH IQRWP HGSRIP  KRZ \MH FRG EHWUIQRP SRR
,QVHVAN DM \WH XVH Rl ( QYURTON IXQEQ) VR WDQUVHUP RGHONAY |RUD SDIMEXDUNH
MXH
' HYHBS DQG SURYIGH VSHALLIE FRXWHV RQ IQAYIGXDOP RGHY DQG WHUXVH \KLY FRXG
IRP WH EDVY Rl GHYHBSIQ) WDIQQ) |RUFHUMHGTRSHIDRYA
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+ RG DGYDQFHG P RGH@Y XQGHIABQAQ) \WWH EOFNER * Z RINVKRS + D@QP RGHY
\RIHKHU &/ 8 ( 6 2 YHWHHU 6 SDWP RHW

, QMIBIFDCB LRSHUWV
MXHV Z W 3 Z HUIH VHHQ VR DITHPWERW \WH XSVBNH R P RGHY DQG FRMERIMRQ IQ P RGHO
GHYHBSP HONDQG [QMI UMRQ $ GMRXI K VSHALLE H DP SBV RUM/XHV Z HIH QRAGHQMHG RU
QVFEXWHG IVWZ DV VHHQ DV DQ MXHV \IR EH DEAHWHG B\ FHQADQ) RYHUP HOW2 \IHU
VXJIHAIRQY Z HH
P SIRYH FRDERIDMRQ B\ UHITXIVKIQ) DQ. ,3 WKW DQG SXWP RGHAQ SXETE GRP DIQ
3 HWXDGH FHQRDQ) RYHUP HOAR IX@ 1XQG \RROGHYHBSP HQADQG GO VHW Rl OQG XVH
HW DQG P DNH [UHHO DYDIDE®!
0 RGHOFRGH \R EH RSHQ VRXUFH RURSHQWR VA HVSHAD@ Z KHQ UHVXOWV R
P RGHE@Y Z HH XVHG \R GHYHBS [LHIEYHT QG XVH SRIFIHV
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$SSHQGE[ ) DWP 6FDBI0 RGHY RYHWIHZ

7KHIR@Z 1QJ EUH VXP P DUHV R SDGERFN DQG IDWP VFD®! P RGHY DUH SIRIGHG IRU

FRP SGMQHW DQG SURYIGH VRP H IQIRUP DIRQ RQ\WH RIMHUP RGHY DQG NDIHV VKRZ Q1Q
) LIXUH

)$506,0

) DP 6P 1V HAWHQID® D CDI® P H AMS VIP XOMRQ R D VIQI B XQWRI DI UEXGMUDCEURGXRIRQ
RQ DOXYIDCBOIQY Z KHUH IXQ R WDQUHULY CRAD IHDWUH 7 KH VIP XOMRQ UHVSRQGY \R WP H
YDU IQJ IQBXW IURP \KH F@P DM DQG GDIO® 1D BIYHOP DQDIHP HOWGHAMRQY  7KH IDWP P RGHO
UHVSRQGV \R WHVH LOSXW DQG \KH ABAM FKDQIHV Rl WH YDURXY FRP SRQHQW FDQ EH DQDOVHG
2 1 \HVH B FKDQIHV \WH GDIO GUDIQDIH 10| DQG QUDWM FROFHQRDIRQ [URP \WH YDGRVH

] RQH P RGHOFRP SRCHQWFDQ \WHQ EH SDWHG \R WH $ TXUH LP

Climate l

Region
Farm (FarmSim)

‘ Crop Rotation

Irrigation Fertilizer Stock Cultivation Harvest

Farm Management (Farmer)

|
Paddock 1 Paddock 2 Paddock 3 Paddock 4
Plant Plant Plant Plant

Soil Soil Soil Soil

Paddockn = Farmn
Vadose Vadose Vadose Vadose ’ p

Groundwater System
(AquiferSim)

2 YHYHHJ®

2 YHYHHI® 1V D GHAMRQ VXSSRWYRRA RUQXMHQANP DQDIHP HQWV ,\WQFGIGHV

FROMGHDIRQR QUWRIHQ SKRVSKRXV SRIEWXP  VXGKXU FDBIXP P DICHVIXP

VRAXP DQG DFAIGW DQG J UHHQKRXVH J DV DQG HCHU\ DFFRXQIQY 2 YHWHHUJ® FDQ DFFRXQW
IRUSDARIDOFURSSIQI  DQG KRUMEXEMUH OQG XVHV EXVWKHUH 1V J UHDWUGHYHESP HOARQ WH
SDWRUDADQG XVH P RGXBV R \WH P RGHO 2 YHWHHU® FDBEXOWY QHQMKVH DQG IBZ V IURP
IHMD/HU HIGHQMWXSSEP HQNV WDQUHUE\ DQP D& DQG UHP RYDAQ SUIRGXFW 2 YHWHHU?
FDQ EH XVHG \R LQYHVM DWW P M DUWRQ RSWRQY 2 YHWHHU® IV GHMICHG R EH XVHGE\ IDWP HY
FRQUXGBIQN DQG VAHQIWAN $J5 HVHDUFK LV FXUHQ® 1Q WH SURFHW Rl SXEQKIQ) \WH VRHQME
EDVIV R 2 YHYHHJ 1Q SHHUUHYIHZ HG IRXIDY

*RRG- UKW

7KMXP PO VIURP ( QAURP HQV OINDR DOGLYSOWR WHVHAIRD  DEDOMVIRAKH/ DNH7DXSR
SRIA

( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



$ WXP SWRQV / [P MMRQV ) HDWUHV

+ 2 YHWHHS® HAP DMV &@Q) \WMUP DQQXDCDYHIDIHY VWY QRWGHWLI CHG \R SUHAIEVWNH
RX\WRP HV Z IWIQ D SDMEXOU\ HDURUUWHVXEIQ) 1URP H WHP H HYHQW Z MIQD\ HDU ' RF

3DIH

+ 7KH P RGHOHMV RQ WH XVHUVXSSOIQ) DAXDADQG WHDVRQDE®! IQSXW %HFDXVH 2 YHYHHU®
IV GHMI CHGWR EH XQE\ 1DUP HY DQG \WHUH 1V OB UIHWIEWRQ RQKRZ. IQBXW FDQ EH
HQMUHG TXDOW FROARCR \WWH IQSXW IV DQ [P SRUBQMAXH Q1P SBP HQIQ \KH 9 DUDURQ
2 YHWHHS® Z 10EH XQE\ & HMMHG & RQUXABIQW RU& RQADAWMG :  DINDWR 5 HI LIRQDO& RXQHIO
ABA | R HQVXUH FROMIMQR  DQG TXDOIV FRQRRO

+ 2 YHWHHUC IV DQHP SILFDGP RGHOKNDVWKDV EHHQ H \WQUYHO FDIEUDWG |RUD Z IGH IDQIH RI
FOP DWWV DQG VRIONSHV 7 KH TXDOW RN WH FDIEUDMRQ 1V GHSHQGHWRQ \WH GDV DYDIDE®
VR KDV IW J BHDMAMHIDELOW DQG DFFXWDR 1Q GAMUIP 1QQ) QAHOWNEZ V IRP FRQYHQURCDO
IDUP IQ) VA VAP V

T 2 YHWHHUS® FDQ QRWEH XVHG DV D P DQDJ HP HQARRARUZ WIQ VHDVRQ GHRAMRYY IRU
H DP S®I 2 YHYHHU® FDQ EH XVHG \R HVIP D\ DYHUDI H QUIRT HQ UHTXILHG |RUD FURS EXW
FDQQRWEH XVHG \R P DNH GHAMIRQV DERXWQIMIR] HQ UHTXILHG IRUD SDEXOU\ HDU

$ SSCFDWRQV
$2 YHYHHI? IV XVHG B\ \WH WUHH P DIRUIHMIYHUFRP SDQHV DV SDWR! \WH QAOMHONEXG) HUQY)

IRUWHUFQHON W/ \KH P RWIZ IGHO XVHG QXOMHQWP DQDIHP HOARRAQ 1 HZ =HDDQG
+$ YDIDE®! [HHR FKDUHIUWRP 0$) RUWH Z HEVIW

) XWH' HYHBRSP HQW

2 YHYHHI® 1V XQGHUFRQIXDOXSEDW XSIUDGH 1Q UHVSRQMH R XVHY GHHGY WY IOMQGHG \R
P DN\H P SURYHP HQW\R VRP H Rl \KH FDEEWDIRQY IRUVRP H R \WH FRP SRGHOW R \KWH P RGHO
\KDWDUH \KRXJ KVWR EH Z HDNHUDQG DGG P [MiJ DIRQ RSURQY \R \WH P RGHDV \MH. EHFRP H
DYDIDE®! DQG XQEHIARRG WMMG $V GHBIBIG DERYH $.J5 HVHDUFK KDV D P X@4 HDU
) RXQEDMRQ |IRU5 HVHDUFK 6 FIHQFH DQG 7HFKQRBJ\ ) 567 IXQGEHG SIRIWDP P HRQ BZ
QWRIHQ HP ) 1DUP LQJ VA VWP V DQG QMIRT HQ BDFKIQ) \WD® VR \WDV2 YHWHHI® FDQEH
UHLQHG IRUMKH 7 DXSR & DWRKP HQW

63%$602

63$60 2 1V DMVP XOMRQ P RGHX KIEK UHTXIUHV GDIO LQIRWP DURQ VR \WDWAWFDQ XQ RQ D GDI®

P H VAMS \WDWD@BZ V \WH LOYHN DIRQ R P 1Q) Z HDKHUIQMDRIRQY  7KH63$60 2 P RGHO

@R\ DWKH SIRFHWHV R Z DU SOQNURZ W DQG QURIHQ 7 KH P RGHOHXS 1V YHY 16 LEGH
VR IWFDQ EH XVHG VR DEAUHW D YHU Z IGH IDQIHR TXHWIRQY 63$60 2 1V SUP DU DSSTHG \R
KRUMFX@UDOA WMP \ EXWDQ DOR EH DSSMHG R FURSSIQ) DQG SDARDOAVMP Y 63$60 2 IV
GHMIQHG R EH LXQE\ + RWE HVHDURK VRLHQIWAN EXWFDQ EH VXS 1Q YDURXY Z D\ VR P DNH IW
P RUH JHCHD® DYDIDE®! IRUSXETE XVH

$WXP SURQV / [P MMRQV ) HDMUHV

+ 6 KRWMP DQGEQ WP YDUDEIDN IV HYIGHQAQ UHVXAV IURP \WH P RGHO

+ 7KH P RGHACSXW DUH VHVE\ + RWE HVHDUFK VALHQIVAN DQG \WHUH RUH DXVRP DIFD® FRP H Z WK
D TXDOV FRQAMRARQ XVH DQG IQBXW 7 KH [FRWIR! \KLY 1V \WDVWKH P RGHQAY QRADYDIDE®! \R
LQEAYIGXDOXVHY

+ 63$60 2 FRXG EH XVHG DV D P DQDIHP HQARRORUZ MIQ VHDVRQ GHRMRQV KRZ HYHUIQ
SUDFWFH \KLY Z RX@ EH \RR MBZ EHFDXVH Rl \WH QHHG \R HQJ DI H D VAHQIWAR WXQ HDFK

VIP XOMRQ

3RWIEG!) XWIH' HYHRSP HQW
$ 63$60 2 GHYHBSP HQNV DUH GUYHQE\ GHP DQGIURP XVHY W DQIFSDWG \WDVWKH P RGHO
Z IOFH GHYHBSHG \R IQFOGH P RIH FRSV P RUH VR DQG QLIHHQNDQG SUDRIFHY

7KMAKP P IV VIURP ( QALRP HQV ONDR DOGLYSOWR WHVHAIRD  DODOMYIRMH/ DNH7DXSR
SRIA

( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



13/ $6

13/ $6 KDV EHHQ GHVLI QHG \R \WML SURSRVHG OQG XVH FKDQI HV DURXQG \WH 5 RRUXD / DNHV
FRP SO Z W \WH 5 HI IRQDCB OQ UHI XOMRQ Z KIEK UHTXIUAV D FDS 1Q QWRI HQ RUSKRVSKRUXV
GDYIQ) \WH SURSHW 13/ $6 FDEXOWN \WH BQ) \MP DQXDIDYHIDIH BDG R QUWRIHQ DQG
SKRVSKRXV HQMUQ) WH VAHDP V RQ D SURSHWY RUGDYIQ) \WH SURSHW 1Q J URXQGZ DiMU
13/$6 VD ZHE EDVHG SUIRIWDP P H DQG KDV EHHQ GHMJ CHG\R EH IXQHDMO B\ DQ XVHU

Z MWRXW/SHALE WDIQQ) 7KH1 3/ $6 P RGHAY VSHALLE \R WH 5 RRUXD / DNHV GMUEWEX\WY DQ
H DP S®I Rl Z KDWFRX@ EH GHYHBSHG | RURKHUGFDURQY

$WXP SWRQV / IP MMRQV ) HDWUHV

+ 7KH13/$6 P RGHIFDQ DWHW SDARIDAQWRI HQ BDFKIQ) HVIP DWWV ILRP D EDVIE YHWIRQR
2 YHWYHHTO0  SDWRIDCBKRVSKRXY BW DQG RYHDIQG IBZ BW IRP * / ( $0 6 VIP XOMRQY
QUHAWDQP DOGHSRVMRQ\R Z DWLZ D\ V- QMIRT HQ DQG SKRVSKRUXY @DGV [URP
KRXVHV Z DAMZ DIMU 1 3/ $6 IQFOGHV D FROUGHIDIRQR WH HIHFW R THW/HU WDIQ VRO
QDIQDIH VBSH DQGZ IQMIQ) RIl

1 13/ $6 FDQDFFRXQNRURQ VWM P [MJ DIRQ \MURXI K SRQGV USDUDQ WISV DQG Z QG

+ $ @KHVH SUHARMRQV DUH VSHALLE VR \KH 5 RIRXXD / DNHV HQYILRQP HQW

) XWH' HYHBRSP HQW
T ' HYHBSP HONR \WH 13/ $6 P RGHAQWH [P P HADWM IX\MUH Z LOEH FHQUHG RQ UHIQHP HQWV
DQG MY R \WH P RGHO 7 KHUH IV DOR D SRMELDV [RUH WQAQ) WH A VP \R RIKHU

UBIIRQY

3 HHUHG 0 RGHO
2 YHWHHI® IV ( QVILRQP HQW  DINDWRIV SUHIHUHG P RGHORUP DQDUILQ) 1 XWHQW XQGHUWH
UHIXOMRQR \WH 9 DUDMRQ EHFDXVH MY \WH P RANGHBIBIG DQG DFFXUDW IDUP A VAMP V P RGHO
DQG \WH IQSXW IRUWH P RGHIDUH NGRZ Q B\ RUUHDA® DFFHVWE®! R IDWP HY :  DINDWR 5 HIIRQDO
& RXQFIO/RXI KWR HQVXUH | DUP HY KDG D \RROKDWEHVWP HAWKHURQ IDWP P DQDIHP HQAHHGY
EHFDXVH IWZ DV \WH DU P DQDI HP HOWA VAMP V \WDWZ HUH VR EH P RALHG ,Q DEGEMRQ WY/
UHFRI QVHG WDV2 YHWHHUJ GRHV KDYH \WH FDSDELDV \R LQFOIGH P 1M DIRQ P HDVXURV IQFEQ)
DIWHQXDMRQ R QUMIRT HQWWURXJ K Z HBQGY DQG $ J'5 HVHDURK DUH @RNQJ \R IQFOGH \KLY

LQIRUP DIRQ 1O WH P RGHAQ \WH QHDUIX\WXUH

VW QRWG WDWD FRP SDUVRQR! P RGHE RXABXW IURP 2 YHWHHU® DQG63$60 2 1QWH
7DXSR & DWKP HQAZ DV FRP P DMMRQHGE\ : DINDWR 5 HI IRQDGE RXQRICDQG + RWS HVHDUFK 7KH
UHVXOWR \KLY FRP SDUVRQ FRQFOGHG \WDVWKHUH 1V D UHDVRCDE®! DI UHHP HQNEHE HHQ \WH
SUHARIRQV ILRP \WH \BIR P RGHY

7KMAKP P IV VIURP ( QALRP HQV ONDR DOGLYSOWR WHVHAIRD  DODOMYIRMH/ DNH7DXSR
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$SSHQG]  &DVHG6WG 3UHVHQEMRQV ILRP : RINVKRS + ¥
- X®

&DMHGEWG D $TXIHGIP 5HHDUK 3 UVHOBMRQ + 9 IQFH %GZ HO)/ IGFRQ
9 HOMUAV / \@ / 1QED / IEXWH / DQGFDUH 5 HVHDUK / \@

&DHEWG ES$TXUIHGIP ( Q58 VHU3UHVHQBMRQ+ 5D P RQG) RG ( QMURP HOW
& DQMEXW

&DHG6WG D &/ 8(6 5HHDUKHU3 UAVHORMRQ+ 6DQ0. ( @RWL,: $
&DHBWO E&/ 8(6 ( Q58 VHU3UHVHIRMRQ+ 5 HHFH + I@( QVLRGP HQNV  DINDIR

&DWH6WGE D 527$1 +5HHDUKHU3 UAVHORMRQ+ . W6 XWHURWG 1,: $

&DHBWG E 527$1 + ( Q58 VHU3 UVHOIMRQ+ $Q8 %XHMH ( QMIRP HONWD R
3EQNV

( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



&DMHGEWGE D $TXUHBIP 5 HHDUK 3 UVHOIMRQ + 9IQFH UG HOY/ IQFRQ
9 HQMUHV / 1D/ IBXWH / DQGFDUH 5 HVHDUFK

( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



&DHBEWG ES$TXIHGIP ( Q58 VHU3UMVHQBMRQ+ 5D P RQG) RG ( QMURGP HQWV
& DQOMEXY

( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



&DWH6WGE D &/ 8(6 5HWHDUKHU3 UHHVHAMMRQ+ 6DQ6 ( @RWVL,: $

( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY




&DHBWO E&/ 8(6 ( Q58 VHU3UHVHIRMRQ+ 5 HHFH + I@( QLRGP HQNV  DINDIR

( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



&DWH6E6WGE D 527%1 +5HWHDURKHU3 UAWVHQIMRQ+ . W6 XWHURWG 1,: $

( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



&DHBWG E 527$1 + ( Q58 VHU3 UVHOIMRQ+ $Q8 %XHMH ( QMURP HQMWD R
30N

( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



( ONMUREN & DWKP HON FDBI 0 RCHMY + 2 YHHZ DQG: RUNWKRS 2 XWRP HY



