Plant Producion ,QWHUQDWLRQDO -RXUQDO RI 30DQW 3URGXF 2FWREHU
661 3ULQW 2Q0LQH
ZZZ LMSS LQIR

P *8%$615

$ %D\HVLDQ GHFLWRRXY PR GPHD® DR H PG QW
LQUDLQIHG ZWRHLIRW VDB Q

$ 6D G RG @K D KD BEW6K H PN K

°%$VVRFLDWH :DWRHHYKEDBJHRHEDWWPHQW *RUJDQ 8QLYHUVLW\ Rl $JULFXOWXUDO 6FLHQF
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E3RVWD'GXDWHS$EMWZGRQW 0D HBEIHPHBOMQW *RUJDQ 8QLYHUVLW)\ DRV XU D OF XHOWWRXWIFGI \6 F L H Q
*RUJDQ ,UDQ

&RUUHVSRQGLOILUDXMKRDIGRGGLQ#JDX DF LU

S5HFHLYH&EHPEHU $FFHSWHG DIWHWH U HYXKFQRQK H G RIXYVIMW H

$SEVWUDFW

'"URXJKWD IHDWXUH RI FOLPQWHWBRID WO BH WRHNRKXH D Q
LQHYLW D EXKH XERERKHQ RPHIQIRFK UHTXLUHV WRROV WR SUHGLF\
RSWLRARS WIVEMMX WKLY UHVHDUFK WKH DME®WDLMNA LIDQG' HHF LWA\R QY
IHWZRUNV %'lV OGSBIRRRIQILQOQG GYRIPIMUBPHQWBRSWLRQV
UDLQ@KIBDW SURGXFWURQ BQLYREH MWD @ DIRY IGHPR QNM QDWHG
UHVXOWY UHYHDOHG WKDW G XRKIGDIVKEWRKI®W LFRQGK /G RKQ\ K M
RWMK FXORILYBHDRV PDQDJHPHQW YWEHERUVSREKIVKE IRUHFDVWE
SHURRGWKH EDVLV RI Z&R BMVHRKCHN UKBURY XOWYV RI VFHQDULF
ZLWK D %'l PREBWEBOLWQGLKBVBUREDELOLW\ RIGORZY HPOIG LLXQP VIFOI®

.RRKGDVKWDJURV DQG WKH RWKHU FXOWIRPSDWIHGK KDV D
VFHQDULR FREGLUWBYE WAE H\D\G L FDKIDIW W K HUGHL ILVF QW GLITHUH
EHWZMHMZR VFHQDULRV LRU OZKH DW GM\WWID@L. XP $GRSWLQJ
DS S U R FXIMMLY DUHI ZRYWHKRIX WUDEOE DQG DNADSRXBEWGLW\L RQV
SURYHG QVR | BHP\D QYDH HOPFHDMR B %'l DSSURDFK LPSOHPHQWHG LQ
VHUYHV DV DO'DMRXDESHHNRRW WKH V\VWHP DV D ZKROH WR
DQG H[SHUW MXGJPHQW WR HYDOXDWH WBNL@XWRRPHWRQF
FRPPXQLFDWH XQFHUWDLQW)\ Rl WKH SDUDPHWHUV LQ WKH PRG

H\ZRUSM LFXOW XU B@® \B)VY BRIFRY PREHO$SODQDIHPHQW VFHQDUL
5DLQIBEKHRWHVWDQ 3URYLQFH

 QWURGXFWLRQ

JRU FRXQWULHV VLWXEMKH B W GEHOOQLISF WHRILLERAOLKR QY
EHFRIPBIFUHDVLQJOW RO S RWRWDRHO W D'0Q RFPOIEKIN HWWH Q @/HT
SHULRWLRHKHQ D HHIHBEDRWQEHVLFLHQF\ LQ ZDWHU VXSSO\
VXEVWDQWLRD® WRSDAWRV\VWHP DQG DJULFXOWXUH RI Wl

&OLPDWH FKDQJH LV YHU\ OLNHO\ WR DH[WBHFRHWKH 1L
HYHQWYV VXFK DV GWRXUXWY FOL® BRRSER D@FNORGE D O
FOLPDWW WPREHH QWELD G X MRVGIHROQ * && & .RRFKHWLDO

XVHGEKH 8.0PRGW® QW LFWEBWHE KPOWOIG FOLRDWLF

8QLWHG .LQJGRP OHWHRURORJLFDO 2UJDQL]DWLRQ
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LGLFDWRUV IRU PHWHRURIKHR 3L 6D ® R/GHOMEGE[BUFE@\HID Q
L@ HPSHXSWXREH) QGUHGXFWLRQ LQ BDLQ|RQOLHREQWR\HD UV
IUHTXHQW DQG VKDM@ FXEDREQNWYH GDROQYHVRIQREWK H
DJULFXOMWVFXRIBOLW LV DQWLFLSDWHG WR ZRUSRMXDQ IXW XL
DQG *UDE UHSRUWHG WKDW ZDWHU BHIAMHIYWG X U L G
SURGXFLQJ DEDMODOVLQFUHDVH IURP LQ DQWR REHU E

$V D UNWKKHOWHDWK WROO REZDYQISVUWRWFGEHQUGHBLOGOLIH
$JULFXOWXUDO GURXJKW WFRDEUNWGAKCH @ RRRCAKRDIMY QR
PHHW WKH QHHGV RI D \6DHAEB HMEX RIU KE URISR BBAIRDND O
LV D GLIILFXOWKPROFEMSAULWRLQYROYHYV QRW RQO\ WKH
GHILFUHQMKH ZKREMNDOYRWHWKRUWDIH LQ UHDWHIRQ WR
GHPDQ®&H ZDWHU HPORGCLRIWXUQ GHSHQGV RQ LWV YDU
JURZWK :HEVWHU

,Q WKLV SDSHU DWKBGISSHEBR SRERADLFDW %DOH R L D)
'HFLVLR@YZR¥WN PRGHODJULFXOWXUDO G UR XGHWF WPEQIBIHP
% 1 PRGHOV ZKLFK FRPH IURP D PDUULDJH KHWEHRQ\SUR
-RUGDQ SUR YWD U NIDEW K UHXLWR WK WMKH FRPSOH[LW\ RI
VIVWIDR G ZLWK WKH OQMKSE FLRDRQYSREGRYSVWH VFLHQW L
XQFHUW DDADFVWEORWGIN QRBOHGJH % RWN DN DSKQ PRGHO
% 1 VWUXPWOHUBURBOH® RQ D FRQFHSWXDO PRGHO IUDPH
VI\VWWRLW LV YLVXDOO\ LQW H UGS GHGWLREIHIREDY V \§ DHNH KIRVO G E

,Q DRALML UHVXOWV DD IS UREHERQWHIBY IQYH DQ

H[SOLFLW UHSUHVHQWDWLRQ RTKX¢®)HEHNODALAYWY LQFR XG Hi
JUDSKLFDO VRRRPPGIHONRIG NH\ YDULDEOHV LQ D V\VWHP DVV
SUREDELOLW\ GLVW U LEMDWLRIWE DOMD LYQIG BARPKPIYW LR Q
EHHQ DSSOLHG WR D YDULHW\ Rl QDMRXUB[® RBSYDPRIVUFH PL
HW DO HPSORVHGWR %VVHVV WKH LPSDFRRYQRN D RXIFFHD)
SROOXWLRQ RQ D 6EDWFESHQ W VEHNX®ID B SFHIBN RHBFOHQ W
%1 WR DVVHVV WKH HFRORJLFDO LPSDFWV RI GU\ODQG V
DQG VWDNHKROGHU LQYROYHBMIQW | RGX&HR L \BIURRM R BDW MVQG
%URPOH\ HW DDOQG +HQGULNVH@DHWRGIELQXVLQJI %'1V
SHGLFWKIE \HFRLRRPLF DQG ELRSK\VLFDO LPSDFWV RI EL
VDOLQLW)\ PIRQD WWKHH QLVYIWORK BERMIS X VW BRI LDLP R1 WKLV
SDSHW WR GHPRQVW UDMFH WIRREGID HIY V. D TG DLSSAUHREDIFTKW
DJULF®OGRIIKW PD@ RHDHIPM QRVY *RURMNLVE BEALWY RQH R
WKH PHRN ZKHDW SURGXFWLRQ DVKHM WPRDBSOHLVRRGHGQ

HVWLPDWH WKH SUREDELOLW)\ R \IUBEHLFW ORN XAWIDHD *GRUDRIN/.
3URFHDQG HVWLPDWH WKH SUREDELOLGRARRH FIKNREJI H K HRIW
FXOWLYDUV XQGHU WZR PDQDJHPHQW VFHQDULRYV

ODWHVWRQAHWKRGV
'"HVFULS WDR®\ BIUWD

*ROHVWDQLMRAYOLWHAB LQ WKH MR KWK HIQV W URID, BD @ E R X \
NP DQG JHRJOOEBRMAHHQDQG (DVORQJILWXEH DOE

f 1R UGDKW LOVRAGHH W KD @F U RISR/DOW LY D WSHIR YLIDQIAKHHLDAN
EDUOHAFH  F RWRWERHDERXGV RI UDLQIHG ZKHDWMDUPODQG
HDVW HYRQ) WHKHWS ZRWWEEROLWLFDO ERX\MRIMER @ EFDIG
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.DODOHKGDV®R DQG ¥ YKIBKQE )LJXKH G R FZKHDQW
FXOW LYWDKIN VW X B U PRK®D EWU R V
DQG 1LNGBMQKHGLFXB®MAXKHIMHU F K
SUHFLSLWDWRRQPFDQ LBINF® L P D WRWDRMRR Q
W D WQIREEDQ Q X\DHOP S H U D WRXW AL YQ R U GSHHUWV WWRAGO R X JKW
FRQWIR QFOLP D WR\ORELR/EY Q D QrG FIL@ LWRKM X G \ ZIHWHHD

FRQVLGHORE D WWREGVDRV L\RKRZ Q YHJI X U H

,QWHUQDWLRQDO -RXUQDO RI 30DQW 3URGXFWLRQ
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ORGHO GHYHORSPHQW XVLQJ D

% 1V FD @ EWMHJRARGDIOMMUIK® GDPHQWDO PRGHOOLQJ WRI
PDNLQJ DQG PDQDJHPHQW ZKHUH XQFHDWRGEDW\ LV D NH
1IRGHV LQ WKH FRQFHSWXDO |UDPHEZ®MRINK O LW\l RUH 5 RSV
YDULDEOHV ZKRUDHO IBRNWREIMQ QRGHV UHSUHVHQW FRQG
GLVWULEXWHRRRY HLGHPDQSHODWLRQVKLSV mIRRENV YDULD
DUH FRQQHFWHG E\ DUURZV WKDW UHSUHVHQW FDXVDO G
FRPSOH[ DVVRFLDWLRQV 5HFNKRZ

$ NH\ VWHS LQ PRGHO GHYHORSPHQW LV WKH VSHFLILFI
WKH PRGHO /HWFKHU D @GGFRIQEBHPWRRO PRGHO LV D GHVI
RI D VIVWHP EDVHG RQ TXDQWLWDWLYH DQG TXDOLWD\
YDULDEDMNYUHODWLRQVKLSY DQG V\WWHP ERXQGDULHV
LQYHVWLIJDWH WKH LQW H3 FRWBRQ HEHMAZ HRH QD WPHOHD DOILHOPNHH
JLIXUH  VKRZV WKH FRQFHSWXDO IUDPHZRUN XQGHUO\
DJULFXOWXUDO GURXJKW PDQDJHBUWRYL.QOHWRKKLYWOVWPRE
LQFRUSRUDWHY WKH YDULDEOMHY @ IZ K BDM SO\R &Y B & LGRUR X

JLIXUH &RQFHISWXPDHZRRNCHQ LFXOWXUDO G UMRKKDRAW FRO QR IDHPHADIND |
3URYLQFH

7KH %'l PRGHO ZDV GHYHER 5RE KWKBHRSNEKY MRS PH QW
RI WRBFHSWXDO PRGHOGH®WHZRYN SURADEOH PDQDJHPF

XDQWLI\LQJ WKH WHWW HIPQ SID UDPRE XELQUVWBEHFR QW H [
%DUDQ DQG -DQWXQHQ W LV HDV\ WR GHILQH 3 $_
SUREDELOLWIXD W KR Q

3% % 3%$133% 3%
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'KHWH$ LVSWKRU SUREBEISMIMAU LQ WKEWH@QVERHY QRW
LQWR DFFRXQW DQ\ YR URWDEDN %R QNREWVEHW LRQDRISUREDE|
$ JLYHQ % ,W LV DROVRHEDLAOHSFRBEGELQMVLY GHULYHG
GHSHQGVY XSRQ WKH YBHERERONMS ¥ DIOKMWIRH FRQGLWLRQDC
RI % JLYHQ $ ,W LVODONGDREROHG/ WKHI SULRU SUREDE
DQG DFWQRDWIOARQVWRQWLWLRQDO S URFBNHDIOOINE\O M D E ¢
LQIRUPDWLRQ FDQ EH XVHG LQ %D\HVY UXOH WR PDNH
YDULDEOHV LQ WKH %'1 PRGHO

7R HVWLPDWH WKH SUREDELOLW\ RI ZKHDW \LHOG GXL
GXULWKH GURXJKW FRQGLWLRQ WZR PDQDJHPHQW VFHQ
RI ZKHDW FXOWLYDU SURSRUWLRQV 6FHQDULR UHIHUV

LGHILQHGREOWLYDU S URRSIRGIWIKRY RI =DJURV DQG W
F X DW MY

7R TXDQWLI\ WKH SDUDPHWHHV ORVW@EH WH 1FRRGEKE W H G

X $SSO\WXKH *XQGWKBHO02 6FHQDULR WR SUHGLFW WKH SUR
FOLPDWH FKDQJH RQ SUHFLSLWDWLRQ DQG WHPSHUDWX

X )RUHFDVWLQJ WKH D P RX@QGAV W HRR SSHUUHAXK X UW DDARISRBAQ. QJ D 6
IRIRXU \HDUVWKUWGQJIDIQ® P

X &KDUDFWHULVLQJ DJULFWQW2 LBBQ REBRQRXIE KW KRGO J
HOLFLWDWLRQ RI HISHUW NQRZOHGJH

/7LPH VHULHV

$ WLPH VHULHV LV VW KRR URDEMHIGY BMLRQR ORJLFDO O\
DQDO\WLV WKH RUGHU RI RFIPX FUN® BBORH R EWHH YDIVQRQ
YDULHW\ RI GLIIHWH@ENQUHERIHW D DVOOKE CCH/ MWAD W LR QD
SHULR ®LFEWW KH®G LA WIHPG RFDWHJRULHY LQWHUSUHWF
VWDWLVWLFDD MWXDROLRILXPWHUSUHWDWLRQ SXUSRVHYV
SORWOHXWRFRUMBOWWRRQ $&) DJDLQVW ODJ WLPH 7KH P
V H U DK)\D O\V LNR U H F D V W HQ Bl YWANQNED YX B/IXV VO LYK BRUBE®G 'HVDL

,Q RUGHU WR IRUHFDVW WKH DJULFXOWXUDO GURX.
DPRX®W IRXVIURPU RQZDKIEEHEHHQ IRUHFDVWHG XVLQJ 6%$5,
VHHXDWLRQ

Iy %ls W' 5, T %, X0,

ZKH U HWSKQHRADH D V R QUDHO) DXWARL Y H VEHBHLUIHM HG ALY @HKHUHH T
QRVYHDVRQDO PRYLQJWXWHDDRHDA DXWR UHJUMKMNLYH G}
VHOD\DRO GLIIHUHQFWHKEHDVRBD® PRYLQJ DYHUDJH DQG V L
,Q RUGHU WR FKRRVH WKH EHVW 6$5,05 PRGHO WKH 6$5,!

ZDV IROORZHG
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JLIXUH 6$5,0$ GDWD DERXOQDAHHW WWMI DWHJ\

7TKH 6%$5,0$ PROWOHYD @LWKKIGE BXWKFOLIIH 16 FRHIILF]
/IKRPPH $ YDOXBHIXWB.PSOWHKDW SUHGLFWHG DQG REVH
LGHUIHFW1IPMWHKQG 6 XWHOKIDM/LREOF X OD W X W\FIOH | L1HD V K
HIITLFLHQF\

&s 60 L% 6 %L %

ZKHYHD QG DUH SWKHGLFWHG D QG URHBASHHYKHOH SUDHWIH Q W V
WKRHDQ RI REVHU YIHG CROWIDHEIOREIQREVHUYDWLRQV

&EDOFXODWURFXA®RWOUDO GURXJKW

7KH Y$PHQPDRGWK PHWKRG ZDV XVHG WR FDOFXODWH W
FROQGLWDRQ 7KLV PHWKRG LV VLPLODU WR WKH &URS
FROQVLGHULQJ WKH DPHRXQWWRLVRRIOWHKRIG/VEMUKDYH XVHG
HITHFWLYH UDLQIDOO LQVKH$®G 3RO PHORE WLHBLINGRM/ L R Q
&R QVH U BBUNMIRFG! \P HZ\M K R GXFVIHGHFXMRIR W HQWLDO HYDSRWUD
DQBIIHFWLY K H\DSIDFVQ. T H O\

1 * !
7. 5 N 8 H H
tJ 8

ZKHUR LWKHHIHUHQFH HYDSFRPNGDQRESMUDWWRQDGLDWLR
WKH FURSOVXUI®IFH* LV VRLO KHDW- I®X3 DG HQNVVYW\HD Q
GDLO\ DLU iWBDRSHUWPDKEXKBIKW ZLQG VSHHG PW WWHLJKW
VDWXYDWRRUHVNIDHLY DAVDSBRUMHVNIDH BHLY VDWXUDWLRC(
YDSRSUHVVXUMN3GH IIMFRK/M RRI HY D SSRIKHWV V X UNH3 BX UDYHIG V
WISHF\FKURPHWUNBRBRQVWDQW
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(7

5DLQ1,5 5DLQ u

ZKHBBLEY HIITHFWLYH PRQWK OS5 DSUDM FR.B QW HKW L SQ HPPSLV
PP (7 LV PROWEORWUD QR SHLWRBQWYQEULIJDWKRQ GHSW
FDORER@BEWH FDU U LHS&5 R3®7 XWRIQWZ D U Hs ISIDVF K D J H

SHVXOW
6$5,0BRGHO

$V PHQWHRQEDMNHG RQ $&) DQG 3$&DQ WQ\RM VHIDEFIKH V
PHWHRURORJLFD O PRWBW ERE® BIDW/IREVIHER R SSULIDAOWKH D QG
PLQLPRADQ VTXDUWKHUBPRUW FREMBRZBKH QH[W VWHS
FRPSDULVRQ RI REVHUYHG ZD@® G GQLENY MaX WO D H
FRHIILF QHRWVWRAHWHR UROR JLFPDV R @D BMIR QM DX ®WHY H G
7DEOBQG 7DEF®HLQFRUSRUDWH WKH SUREDEQW RF O\ W F
UHVX\ORM 6$5,0$ UHVXOWYV ZHUH DGMXVWHG XQGHU WKH 8.

7TDEOHKH DPRXQWQBI ERHIIVARBQ WG IPFRMQMGK O\ S U HDFALLSRI VIRJE DR\Q
FOPDWRORJ\ VWDWLRQV

&OLPDWRDWIRQ 5 16

$UDINRXVHK
*DOLNHVK
*RQEDG
ID]JRUHK
1RGHK
7DQJHUDK
7LODEDG

7TDEOHKH DPRXQDVMQ 8I11% FRWIR®E HIE@FYWHMG\P SH RD WRKQEDG FOLPDWROR:
VWDWLRQ

6WDWLRQ 9DULDEOH 5 16

PLQLPWRPSHUDWXUH
*RQEDG
PD[LPXWHPSHUDWXUH

%DVHG RIG WWOKH FRUGURIIDVMRRQWO DWHRWQRIQWDQW DW
FRQILGHQSHPRUGLQJIDWRHWKH FHVW 16 K& b HW\E RIQGW
WKB]RUHKDWLWRYDOXH BIQG WKH ZRIHOD VR IQPE QAR HWKKH
6WDWILVWRYDOXH7KIL\R QVDFFROJQWIIRVHU YDULDELOLW)\ RI Sl
W KWWDQWV ERR P S BVIRHRG WWRIH RWKHU FOLPBW® VRGN WHAED WQ R\W
UHVHDWKKHY WR VKRZ WKHPRIGWOMDAEFIJRIKES$SERMSD ULV
EHW 2M IRKE V H IDYQHSG S U B 6 W NREGHVKD \B VRID P S O H
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JLIXUH 6WDUHYDLGADWVHWG $&) RI
FOLPDWRORJ\ VWDWLRQ

UHVLGXD®@R[ DVQNGD & INDVDLXAH | RRIU WM K C

JLIXUH IRURBBR)4IDQG $&) SORWYV IRU WKH 1RGHK FOLPDWRORJ\ VWI

B3UHGLFWHG 3UHFLS

2EVHUYHG SUHFLSL

— /LQH
—  FRQILGDQFH

LQWHUYDO

JLIXUH 2EVHUYHG DQG SUHGLFWHG D®RXQPR QIL S HBFHSLQ\ WL RDOG

1RGHK FOLPDWRORJ\ VWDWLRQ
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BUHFLSLWBWLRQ

TLPRRQWK 3UHGLFWHG
——2EVHUYHG

JLIXUH &RPSDULVRQ RI 6$5,0$ UHVXOWYV YHUVXV REVHUYHG GDWD
FOLPDWRORJ\ VWDWLRQ

$IJULFXOWXUDO GURXJKW

VLK H23IHQPODRQWHLWKWKHHIEKBRBWHAXLUHPHQW KDV EHHQ
IRERWHKIH D O XPHNVLRGWR EDVHWKRHQREVHUYHG PHWHRUROI
DQBOVRU WXEHVHTRKQWHDUWR XVLYKXKGDWIHFEVWHG
6$5,0PRGHQV VKRXOG EH IRRW BG\DWHIDW WHHQ DGMXVWH (
FOLPDWH FKDQJH VFHQDULRYV EDVHGRRRX8.OBEREFOE MOIIPMAL R
RIGLITHUHQW DVW DRKEDW B URRW KKWVW XG\ DUHD ZDV GHWHU
RFFXUUH QF HRS WRENKREGHBEWDRXZIKWOD)XOFDWHG WR EH DQG
UHVSHFWHKHNHO\FXUUHQ F& RUFPODED ERMIGVERWRNQGHUHG WR EH

&RQGLWLRQDO SWUREDELOLW\ WDEOH

7KH LQIR WMDWWWHEROER QWWH XSFUREDELOLW\ WDEMRURI UDLC
WKH VWXG\ DVHI® INMRFHGHWREDELOLW\ RR BWHRKYIK @/ LFR QUKL
SDUQEV VR FZEWDH\E \Y.BIOIERFOW LY DO N

TDEORRQGLWLRQDO SUREDELOLW\ DAFVERYM HRU HODN. Q3 H 8 X2 K MWD WR QLGILOWX
ZKHDW FXOWMHHEHMDRIV*RQHVWDQ 3URYLQFH ,UDQ

:KHDW \LHOG

~

'"URXJKW FRQGLWIKRHDW FXOW L-YBU-V

IRZ OHGLXP +LJK

6HYHUH .RRKGDVKW

6HYHUH =DJURYV

6HYHUH 2WKHUV

OLOG .RRKGDVKW

OLOG =DJURYV

OLOG 2WKHUV

1RUPDO .RRKGDVKW

1RUPDO =DJURYV

1RUPDO 2WKHUV

+LJK \LHOG PRUH WKDQ NJ KDNOHK@L X/RZLHBOGG OHVV WKDQ N

/ILQH $ 7DMDQ BURUDQGOUEQHMDG ZKHDW FXOWLYDUV
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7DEOH VKRZV WKH FRQGLWLRQDO SUREDELOLW\ WD
GLIIHUHQW FRQGLWLRQV Rl HYDSRWUDQVSLUDWLRQ DQC
VHDVREHRDW LQ WKH HDVW RI *ROHVWDQ 3URYLQFH

7DEOH &RQGLWLRQDO SUREDELOLW\ WDEOH RI BRQIGDWLROWD ®RI G
HYDSRWUDQVSLUDWLRQDQE W KHPW R RHHENW K@ VW Rl *ROHVWDQ 3URYI
,UDQ

$IJULRXIDAV R URXJIKW
(YDSRWUDQVSLUDW LIRRFMRQY G L WBHREG
1RUPDO O0OLOG 6HYHUH

IRZ IRZ
OHGLXP IRZ
+LJK IRZ
IRZ +LJK
OHGLXP +LJK
+LJK +LJK
(YDSRWUDQ OSIYHDWLR/@ZPPSHULREB GLXP PP SHULRG DQG +LJK
! PP SHULRG
(IHFWLYH UDLQ OHYHOV [/RZ PP DQG +LJK ! PP

TRWVEDREDELOLW\ GLVWULEXWLRQ

8VLQ@DEWHDQGW MHR SMDROEDELOLWR GEZWWDWE X \M DREQZDV FDO|
XVLQJ %OXHOHQGHU GLIITHUHQW GVRBPIKOH7KRIQ G QW DR\DLW
LGLFDW HRUWKIOMV PLOG DQG QR UPW BHERFORERGEER QHEQ AH. R G
RI ZKHDW LRDBIEXFWW D W H. YU HDWENWED W IR U WOKRZ \DRQIBW H V |
KLJ)JQ FRQWUDVW RNKRFBXREBDEGEBDLRV\ZNH B WWEKUR G/X\FDWLR Q
RORZ LEDWKHHHRYHUH GURXJKW FRQGLWLRQ

TDEOHRWSAREDELOLW)\ GWDMWZBHEXW LIRHORBRILQ GLITHUHQW GURXJKW FR(

5DLQIHG\ZKBBHW FHQW
IRZ OHGLXP +LJK

'"URXJKW FRQGLWLR®Q

6HYHUH
OLG
1RUPDO

$WKRZQ 7DBOKH FKDWQOHNIHD LK RFR® RIQMGHXP DQG +LJK
\LHOG MXGHRXJKW FRQGLWERNZRE\RLIOQOWL DQMHIXLKRRG |
\LHOG XQ G H® FOX YKW HUGG [DKQR UPHBIOQHAKH.G F MY VBMLILHG
E\WKH GHILQLWLRQ Rl WKH OHGLXP DQG +LJK \LHOG LQ WK
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JLIXUHOOXVWUDWHYV WKH V\VWHP SDUDRHWR UG HRSI

,QWHUQDWLRQDO -RXUQDO RI 30DQW 3URGXFWLRQ

%'1

WKH SDRW IWHKHN KQIR U DIEWHRWBEMHEYW R DJULEGXVORHX VW X G\

DUHD
( Precipitation ) E
Temperature WheatCultivar
A Vv Kohdasht 43
— Zagros 25
EffectiveRain Evapotransplrau?n Others P
Low g Low 11 !
High 39 . Medium 80
: High 9
AgriculturalDrought Yield m—
hoﬂﬁgmum g:’; o | Medium 52_5F 7800139 R
Severe 19 17 | High LU

Cost
6500870 R

JLIXUPBb'l VAIVWHP SDUDPHWHUV EDVHEQR X VURIF RIUGE IMFX K \IY ¥UXHID\ QBEU H D
&RVWYV DQG UHYID@XIIN BUSHU KHFWDUH

7KHDQDO\WLWWDWXWH RI DJULF XEDWVHN GRH G IWDPHAR U N
LQG L AVDMOMY WEH 8 BRWs W L@ D Q GDRIU LWFEKOHWMHUD O GUR X JK
RFFXUQHGD VW RI *ROHVVODMERXRW LQRH FDVHYV

7KH VWDWXV RI DJULFXOW XIROWD \ B\DVE X U MM QIR KDIWE B VW H G
EHHRUHVHQWHG LQKHVHMUMWHVXOWY VXSSRUW WKH FDOFX!
GURXJKW R¥VXWUXHQFH PRGHO XQGHU WKH WZR VFHQDULR

Meteorological Stations

Class

Year Code Gonbad Nodeh Arazkouseh Lazoreh Tangerah Tilabad Galikesh

0 ]|
2008 1 1 1 1 1 1
2 e
0 o Key guide for drought classes
e ; ! . ! ! _ Drought Class
0 Condition Code
2010 1 1 1 1 1 1 il
2 === e vid 1
0 Severe
2011 1 1 1 1
_ » I s

JLIXUH $IJULFXOWXUDO GBHRWZK\W @QG VY WVFIRUHARDMWHERQYV ORFDW
LQ WKH VWXG\ DUHD

7KH UHVXOWV Rl VFHQDULR DQD®RR KB DL\QGABD WRIV W KD W
DQG WKH RWKHU FXOWLYDUV VKRZV D EHWWHU S
FXUUHQW ERQEBRWRBRS \LHOG
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Scenario 1 (current wheat cultivar) Scenario 2 (alternative wheat cultivar)
Precipitation Temperature Temperatu
A ¢ ) ( : ) WheatCultivar B (C ) ( ) WheatCultivar
Kohdasht a8 fe— Kohdasht 70—
Zagros 25 - Zagros 20 =
Eff Evapotrans Others 27 p—- Eff Others 108
Low 57 |w— : Low [} Low 57— : Low 0
High 43 [w— Medium ) High 43 [w— Medium 0
1 High 100 J' High 100
AgriculturalDrought i T AgriculturalDrought Yild _
= Low 26 TeA800k T Low 24 h —>( Revenue
Normal 10 edim 49— Normal Ui i Medium  se. 002816
Mild | High 25 Mild 14 High 2070wl
Sy 72 [u—— Severe 72— T
Precipitation Temperature G ) T t
C ( ) ( ) WheatCultivar D ( - ) WheatCultivar
Kohdasht 48 f— l l Kohdasht 70—
= R Zagros 25 Zagros 20 =
Eff vapotranspiration Oﬁ?ers 27 f- EffectiveRain Oﬂ?evs 108
Low 57 (W= Low 0 Low 57 (- | Low 0
High a3 i | | Medum 0 High 43w | | Medum 0
‘[ 1 High ) l High 100
J' Yed | ~——| | [ AgrculturaiDrought Yield
AgriculturalDrought T ria== Reverte g — Ty Revenue
Optimum 145 1 2 128380R Optimum - —>| 9244456 R
Mild 5 e Medum 46— Mid 58— r"r’""m :f -
Severe 28 . High 6.4 Severe 28 W= 9
Precipitation Temperature P Te it
E C ) ( L ) WheatCultivar F ( ) ( - ) WheatCultivar
l Kohdasht 48— 1 l Kohdasht 70 f—
Zagros 25 . 5 Zagros 20 =
Eff Elayokamt Others 27 p- Eff Others 108
Low 43w | | Low 0 Low 43w Low 0
High 57 H Medium 0 High 57 | Medium 0
— High 100 — High 100
Agﬂculturaleugh( Yied — Revenue i Revenue
Optimum 0 Ih.ﬂoewdmm 235: 7979840 Optimum 0 — k::;lum :; 5ll 15620300 R
Mid 71 j— High 35k Miid 71— High 25 -
Severe 29 B Severe 29 jwm D8
Precipitation Temperature P i T it
G ( ) ( ) WheatCultivar H ( ) ( - ) WheatCultivar
Kohdasht 43 p— l l Kohdasht 70 p—
Zagros 25 p- Zagros 20 =
EffectiveR Evapotranspiration Ongers 27 p=- EffectiveR mﬂe,s 108
Low 43 = E E Low 0 Low 43 o= E i Low 0
High 57 1 Medium 0 High 57 |W— Medium 0
‘[ — High 100 1 — High 100
AgriculturalDrought Yield Revenva AgriculturalDrought Yield Havenve
Mid 57 jmm Hgh 15 . 57— Wh SSP
Severe 43— ig . Severe 43 o 9 -
JLXUH %'l SDRIBP6HMHQDW LR EDVHG RQ IRUH®BBYWEORDULIRULPEQOHGE ||

RQ IRUHFDVWHG YRUIBBFEHQBWURU EDVHG RQ IRUHFDWWHGDYDRBRLDEOH
EDVHG RQ IRUHFDVWHG ¢BPHIQDEIDRHIVGIRQ IRUHFDVWHG 6WFHQLUIDEGRHYV IR L

EDVHG RQ IRUHFDVWHG* YORHQPEOHN IRADVHG RQ IRUHFDVWHG YD
+ 6FHQDULR EDVHG RQ IRUHFDVWHG YDULDEOHV IRU

'LVFXVVLRBRRQFQO®VLRQ

1DWXUDO UHVRKHGEWVGHD®NJZLWK FRPSOH[ DQG KHWHU
LV RIWSDXFARWLQIRUPDWLRQ DERXW RQH RU PRUH SURFF
VIVWHPV ORGHOV WKDW UHO\ RQ GDWD DORQH HJ W
PRGHOV DUH QRW VOOQLPMDEDH QV B URVFHH/WIAA SLLOR WLKGHH VDIV W
ZD\ WR RYHUFRPH GDWD OLPLWDWLRQV E\ LQFRUSRUDWI
7KHUHMRUWH DERIQV LG HKWHIGXDVWRROV IRU DGGUHIVWLQJ XQF
ZHOORPBRPELQD@BPR GIHPX ®DWLRQ DQG H[SHWLW NQRZOHGJH
,Q WKLV WMMWIB\HVGBGLWREOHODEOURMF® LQWHJIJUDWLYH
PDQDJHPH®DV WRIR® DSEHEHEWWRKH RXWFRPH RI LPSOHFP
ZKHDW FXOWLY DUGXKR FEBYVRWPHQERXOWXUDO GURXJKW
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RQ FURSDVLEEBGOIDWPRIQRFRARHUHVXOWY RI WKLWKHNXG\ L
6$5,03 PRGHO ZD\RIFDFSIDHEFKIAKWLQPRXQW RI PRQWKO\ SU
+RZHYHU WKH 6$5,03 PRGHO |R/UPSEARWGE B W MAERE BAK O\
PRQWKO\ SUHF L SIKWMDISLSRAL WBWEORIGORPDW H/ FKOQRQHR V
WKH D Q®LOBVEORRGENFMW DW LVMWIGAD ORD Q WL GG LWIKIK HUDH\HX O W V
6$5,03 IRUHFDVWY IRU WWRH FKUMLR®RBX® WR WKH VKRUW
RWKH SURMHF&E SHULKBE DO\WHYV LOQKIH BWREWEDWMLW\ RI G
RFFXUUW QMK K HUR WPKODOQ F R Q G/ WHL R/QV X G\ DIWVK O V ARKBHUAL RO H
FRQVLGHU WKH RDWHIUHGHERD ERUDAWWDLMWUDWHJILF DJULF
SUR G YSDW VOLG XOD®@J GURXJW G ROFUWY IHECQWMCLWOY WX GL W Z |
VFHQDULRIM | A ERIREN. Q DRV LRK HD WZ E XWIWILRDMNH U UHTXLUHPH
KDYH BHMEBORSHG DQG WWHLRVRXIWARPHVLHQG DQG UHYHQ
WR GLIIHUHQW GURXJKW FRQGLWLRQ KDYH EHHQ LQYHVW
D VLIQLILFDQW GLIIHUHQFH EHWZHHQ WKH WZR VFHQDULF
DQG PHGLXP VWODDDHEDHR ILQ MKG %'l QHMRZRIYM U3 LQ FDVH
WKH NMWBEWHH®BULWEKGMWH LV QR D VLIJQLILFDQW GLIIHUH
VFHQDUKRW LQGLKIMEHY VBKRWIKW FRQGLW LLRWQ \L VLY WALIOHD
SRVVLEOH WR UW8 XFIHDWHKHFXPS\DFUDO GURXJKW E\ SODQW
DUH PRUH WRKIHBRDXQKMWWRZGE L WH R B D U KO REKIN AR AH W K D W
WKHUH LV D QHHG WR LQWURGXFH DQGXAWHQBR XWBUR X\
H[WHQYWBBWLF MK D RR QB WIL/Q LSOERDHVW D Q7 R UR YIDJF H
EH DFKLHYHG ZLWKRXW DQ\ ILQDQFLDO KXUGOH RQ IDUP]
7KH VRFLDO DQG FXOW X\WSOD\DW VWDWIRGHYV RPOIHIRQPWKH V.
HIWHQVLRQ SHKDFRROEGIY EZKLFRQVLGHUS® NF PR KM VVIMX GUKI
UHJDUG ZLOO OHDG WR DQ HFRQRPLF LPSURYHPHQW DP
GHSHQGHQW RQ ZKHDW \LHOG

+RZHYMIKLY UHVHDUFK GRHV QRW SURYLGH WKH XOWLP
SEHPY JLYHQ WKH OLPLWDWLRQV RI WKH GDWD DQG
PDQDJHPHQW DQG LWV YRK@RXYVGIRQN HRTX MEXFHR XWFRPHV
PDQDJHPHQW RSWLRQV DUH UHFHLYHG WKH VWDWH RI W
WR R@QURPSURYHPHQWYV LQ WHRR PREHWOYWHFDGSDFEWXE® DJ
GURXJKW PDQRFHPHOMWKHU GULYLQBURSSERON QBGORK [OQG
VXSSOHPHQWDO LUULJDWLR QPRIGRIBIBRFHVYQFRUSRUDWHG
$V ZLWK DQ\ RW KHHY LFGRAGH@HMZRON LV D ILQLWH UHSUH
FRPSOH[ ZRUOG ERIVB@VROSHVIVRIQW $ NH\ VWHHRIQUVRIQ RI L
QHWZRUN LV WKH WUDQVSDUHQF\ KN DWW XW8WILLRDYW L71K
LQIRUPDWLRQ LQFORSHAHQQ WWHVRRGHHORUPPRIGR® H[FOX
5DVPXVVHQ HW DO

7KH GHYHORSPHQW RI D GHFLVLRQ DQDO\VLV WRRO XVL
DUHD KDV DGGUHVVHG WKH QHHG IRU DQ LQWHJUDWHG
HOQRQWHQI/@DIPPHQW RQGIJRQOBDDOPHQW RI DJULFXOWXUL
DUHD LQ YEUWARXD®SURDFK LPSOHPHQWHG LQ WKLV UHV
WRRO WR UHSUHVHQW WKH V\WVWHP DV D ZKROH WR LQV
MXGJPHQDVOXWR HHYWKH RXWFRPHW RNEGQY \DIQG WRRJ RRPPLVQI
XQFHUWDLQW\ RI WKH SDUDPHWHUV LQ WKH %'l PRGHO
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$FNQRZOHGJHPHQWYV

7KH DXWHKR US/OHBDNHGVWWR U VLQF HUR) JUKDIDIQX GHIZ K D P
DQG YHOL[ $QRWHBHDEXOB LQVLIKWY LOMW B QWKL \Z LWHVWRU
WKDQMN6DLUDP RP® MLKH D Q RHZ\WPIRWAK WEHXW HIXO FRPPHQW YV
7KWHVHDUFK ZDV IXQGHG E\ WKH OLQLVWU\ Rl 6FLHQFHYV
WKURXJK *RUJDQ 8Q L YHWWDV & MHRIF$HIW DEXG WVIXW X UDO 5HVR X

SHIHUHQFHV

$PHV '3 1HLOVRQ % 7 B6WHYHQV '. /DOO 8 8VLQJ %D\HVL
PDQDJHPHQW GHFLVLRQV DQ (DVW &DQ\RQ &UHHN FDVH VWXG\ -

%DUDQ ( -DQWXQB6M)DNHKROGHU FRQVXOWDWLRQ IRU %D\HVLDQ C
HQYLURQPHQWDO PDQDJHPHQW 5HJLRQDO &RQIHUHQFH RQ (FRO
(&202' 3HQDQJ O0DOD\VLD SS

%RUVXN O 6WRZ & +LJGRQ '$ %BBWHDKRAXLHUDUFKLFDO PRGHO W
EHQWKLF R[\JHQ GHPDQG IURP RUJDQLF PDWWHU ORDGLQJ LQ HV

%URPOH\ - -DFNVRQ 1 &O\PHU 2 *LDFRPHOOR $ -HQVHQ )
%D\HVIHDMQZRUNYVY DV DQ DLG WR LOQOWHJUDWHG ZDWHU UHVRXUFH

&DL - /LR <3HAHHLUD / (VWLPDWLQJ UHIHUHQFH H¥DSRWUDQV
ORQWHLWKHTXDWLRQ XVLQJ GDBOUIZHIRWKNW IRRMWHERVYWOPHVVDJIHYV

'RUQHU 6 6KL - 6ZD\QREMHFWLYBIXPRAHOOLQJ DQG GHFLVLRQ VXS
QHWZRUN DSSUR[LPPIVORFWRKR MO RXRRWQRQ PRGHO (QYLURQ ORGHOO

+HQULNVHQ + - B5DVPXVVHQ 3 %UDQGW * 9RQ %<ORZ ' -HQVF
PRGHOOLQJ XVLQJ %D\HVLDQ QHWZRUNV LQ PDQDJHPHQW RI JURXC
6 RW Z

,3&& ,Q :DWVRQ 57 =LQ\RZHUD 0 & ORVV 5+ 'RNNHQ ' -
WKH UHJLRQDO LPSDFW RI FOLPDWH FKDQJH DQ DVVHVVPHQW RI
WKH 8.

-RUGDQ 0 *UDSKLEBOVPRRWDW 6FL

.RRFKHNL $ 1DVLUL O .DPDOL *3RWHQMLD®GHKSDFW RI FOLPDWI
DJUFRLPDWLF LQGLFDWRUVOD@DUDQ $ULG /DQG 5HV

/JHWFKHU 5 $ :HLGHPOR®HO®LQJ HFROMRAIFDO LPSDFWV LQ 16: F
FDWFKPIHQWIELOLW\ VWXG\ L&$0&OLHQW 5HSRUW

JKRPPH - %RXYLHU & 3HUULQ EDVHG JHSBRUSKRORIBFDO URXWL
XUEDQ FDWFKPHQWY - +\GURO

/L < &DPSEHOQ@BHOQ3' +®WHHXZW®DRO V- : 1 6WDWLVWLFDO IF
VRLO GU\QHVV LQGH[ LQ WKH VRXWKZHVW $XVWUDOLDQ )RUHVW (F

OHHNHUV : 4 &ODVV QRWHV IRU 6WDWLVWLFV DSSOLHG WLP

OLVKUD $ . 'HVDL 95 '"URXJKW IRUHFDVWLQJ XVLQJ VWRFKDV
6(55%

1DVK - ( B6XWFOLSLWHU IORZ IRUHFRQFHSWWEKO PRIKHOV SDUW , $ G
SULQFLS©OBVRO

3DOPHU : & OHWHRURORJLFDO GURXJKW 5& V8iBUEKDINDKSHWU 1R
% XUHD X

5DLQIHG 5HVHDUFK ,QVWLWXWH RI ,UDQ BHFKQLFDO JXLGHOLQH

SHEFNKREZ . %D\HVLDQ DSSURDBRBWY\WVQVHPRGRBREGRADIKMPA ,Q &
- - &ROH/DXHQURWK (GV \\OWE&FROANF LIQQHFRBULQFHWRQ 8QLYHUVLW

5RVKDQ5 *KUDE 6 : 5HIJLRQDO FOLPDWH FKDQJHDWH@®DULRYV
UHTXLUHPHQWYV IRU ZKHDW SURGXFWLRQ LQ ,UDQ - 30DQW 3URG

6DGRGGLWFKHU 5 $ -DAMHRD® $ 7 + $ %D\HVLDQ GHFLVLR
DSSURDFK IRU DVVHVVLQJ WKH HFRORJLFDO&RPSHMWDEIPXDOLQL\
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6DGRGGLQ $%D\HVLDQ QHWZRUN PRGHOVFIRWH LRMQDIUPWIQEY FRO WK
/$3 /$0% (57 $FDGHPLF 3XEOLVKLQJ *HUPDQ\

6P LW &523:$% FRPSXWHU SURJUDP IRU LUULJDWLRQ SODQC
)$2 ,UULJDWLRQ DQG 'UDLQDJH 3DSHU

8XVLWDOR /$GYDQWDJHV DQG FKDOOHQJHV RI %D\HVRORQQOHWZRUN
(FRO ORGHOO

"HEVWHU 1 "HEVWHU V QHZ W ZRAQONG B WK RHRQWXFU\8GBEFWLRQDU\






