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+ORCEV QH VGORGTCVWTG |
RTGEKRKVCVKQP CNVGTCVKQP C\
HQTGUV RTQFWEVKXKV[ CPF UQKI

HQTGUV GEQU[UVGOU KP %CPCF
UKOWNCVKQP CRRTQCEJ YKVJ VJC

20HJ &KHUWRWDU 6D@&HOWLDQGHU .RPDL
%LQJHQ 8QLYHUVLW\ RI $SSC
% HU®IWQ 6 %LQJHQ DP 5K
*HUPDQ\
&DQDGLDQ JRUHVW 6HUYLFH 1RUWK
6BWUHHW (GPRQWRQ $OEH!
&DQDGD
,QVWLWXWH RI 3K\WLFRFKHPLFDQ DBFE HQLFRO R
5XVVLDQ $FDGHP\ RILWKMH/QBMY ,QV  3XVK
5XVVLD

#DUVTCEVU

7KH UHVXOWV RI ORQJ WHUP (),0RN WLSPUSCFBMO. PQW LA QB DQG
DFN S2IQMXV EDOINPVELDOPUHVWY LQ &HQWUDO &DQDGD VKRZ WKD
KDUYHVWLQJ DQG LQVHFWV VLJQLILFD@WGXFMQLVXMQFH3INHW
UHVSLUDWLRQ 5K QHW HFRV\VWHP SURGRKFM\RQ QG(3/ RRQGRSBE
PDWWHU 620 7KH HIIHFWV Rl VOLY LFROL BIHW R QAKD QD W WG HQ P L O
WUHQGV RI 133 DQG VWDQG SURGXFWLYLW\J GHH WEHD/WHX U & DB
VWDQG SURGXFWLYLW\ VRLO RUJDQLF PDWWAMK B20LOQREHDYW
&2 HPLVVLRQ WR WKH DWPRVSKHUH G+RZHVYRU WKKMHDBWXRRGH
KDUYHVW DQG ILUH IOXFWXDWHG DURXQG |JHUR QHWWERW\RWBOI
DW D PRUH IUHTXHQW GLVWXUEDQEWHYHGXKPHQ@IL WK H RXHWU LRGHR W
&OLPDWH FKDQJH ZLWK WHPSHUDWXUH D Q G QFWHHFDL\SLLQWID RVIL RRQU
SURGXFWLYLW\ EXW LW UHGXFHV 620 SRRO WWWRPDWHFDQLE) DH [&
UHVXOWV IURP WKLV VWXG\ VKRZAH DKIEW GEKNXIHD Q BH FOH PIDRNV
VXEVWDQWLDOO\ FKDQJH WKH 13BDDODDIFE O UDHV WEKW L D QG BDMF
WKH & SRROV RI WKH YHJHW DWLRUX P9 GRWAHLMVW X Q 6 RIIUO ERRDFEIL W L
WKH SRWHQWLDO SURGXFWLYLW\ DV GHWHUPLQLQH EKDIHH 1 SF
DQG GLVWXUEDQFHV SRRU VRLOHW W RRIWRDMDMWH FHD@ML DI G-
FRQWUDULZLVH PRUH ULFK VRLGDPDWH\ DDAHGY POK R DHV HH FF\K DR)IJ H
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%WNKOCVG %JCPIG CPF 8CTKC

UHVXOWYV ZHUH REWDLQHG IRU VRPH HVWRXHWRWHDQ UMHRGE HWX V!
(),02" UXQV VKRZ WKDW DWPRVSKHULF QHWSRBHDO @G\H STMWLLW
VLOYLFXOWXUDO UHJLPHV VWURQBOLPDRNG | F KDKH HIVP RIF W RRJIH L
1LWURJHQ GHSRVLWLRQ FDQ PLWLIJDWH WKH R{QIDRUMWW RRDLO
ZKLOH RYHUH[SORLWDWLRQ KDV WKH VDPEQDGLDFW DV IRUHVW G

.H\ZRUGYWRUHDO IRUHVWY FOLPDWH FRDQHXGJFIHWRGCIAWLYIEWD
UHJLPHV GLVWXUEDQFHV DWPRR®KHULF QLWURJHQ GHSRVLW

+PVTQFWEVKQP

%RXQGHG EHWZHHQ WKH QRUWKHUQ WXQGUD DQG WKH VRXWKH
WKH ERUHDO RU QRUWKHUQ IRUHVW LV D YHUW D@G JHVERRPXSL
DERXW RI WKH WRWDO &DQDGLDQ DQG 5XVVLDQ ODQG DUHD
LQ ERWK FRXQWULHV )RUHVW ELRPQPE W RERDDYVH WKRIGW IGUHHER LP\C
FDUERQ LQ IRUHVW HFRV\VWHPWWHK®D @JER R IRUHVPD HFRWV G U L
G\QDPLFV RI WKH OLYLQJ ELRPDVM Q&FF 2P XKQ DOWVRWMURD R& VF
VLIQLILFDQWO\ LQ UHVSHFW WR IRUHVW GIHR'G O R RH W D\DVGE
GLVWXUEDQFHV VXFK DV ILUH )RQNMAWSUDPIBUK VXFRAMWVYORQ L
WUHH VSHFLHV WR ROG JURZWKVKOR®B Q WD JWGF FRIWNWVY. W Q D IQRGJ H V \
DIWHU GLVWXUEDQFHV DQG FXMMWIUMDVOHRGVRAR EBR @YHUWHRQW
%REURYVN\ 'LVWXUED @YNH& WR IHWWHUWXR PG VRLO &
LW GHFRPSRVHV DW YDULRXV EDQHW RH W WYWKHU E-DIQUAH | RQ G Q1L
IRUHVWY WKH GLVWXUEDQFH IUHTXHQF\ KDV LQFUHDVHG RYHU
DSSHDUV WR EH FRQVLVWHQW ZLWK WKDW HQSHWWHWVG KDRPFB® \
VLIQLILFDQW FKDQJHV LQ WKH QHW FDUERQ EDODQFH DW WKH
1XPHURXV LQYHVWLJDWRUV KDY HVU ORIRGH MDWPX QEIEQ WHW RIQI HFD U E
ZLWK SDUWLFXODU IRFXV DV WR ZKHWKHU WHKHMHXURISUNRH®Y W
DWPRVSKHUH $PLUR HW DO ‘HL HW DO +DWWHQ HW D
3URMHFWHG FOLPDWH FKDQJH VFHQBQHRAD ORV SMKHG [EFRW HADQ A
VRPHZKDW GULHU FRQGLWLRQV D QKH DALH/ WMKSHEDQIFE FRWAKDOQ
LQVHFW SUHGDWLRQ UHJLPHV IRU H[DPSOHHDIUMHGKRY W RIJSFBWE
WR FKDQJH FRQVLGHUDEO\ XQGHU JDBEDO ZD¥PWEUH®R\ERRDE
GLVWXUEDQFH UHJLPHV HVSHIFLHDTXHQLFQ F U HIHV B Q@ G.  FAYKHHLLUV \
VRLO & DW KLJKHU UDWHV :L OK BVXIH D HUW VEKIOMF W QR B RAXIFW L Y H
FOLPDWH FKDQJH DQG WKHUHE\ DFFHOHUDWH JOREDO ZDUPLQJ"
7ZR DVSHFWV RI WKH LPSDFW RV WOHPRWN WKPWYD D ® E HREHV W L (
GLUHFW LPSDFW RI WHPSHUDWXUH JURZWK DQG SUHFLSHWDWLR
WUHH JURZWK DQG VRLO G\QDPISDFW RI ERQWDNBMHRG K UM TLXH Q
HFRV\VWHP GLVWXUEDQFHV LQFUHDVHG ILUHGRR{D D@ BI\WGUP X
DWPRVSKHULF HYHQWYV H J VWRWRVHWEU U L+ODUQYHIW W QQ GUMOI L P
OLQNLQJ XS WKH VHFRQG DVSWFHW PRA\HWIQU WR DR/ASHVW VWWDQRG O
RQH 2 WR WKH ODQGVFDSH DQG UHJLRQDO OHYHO
7KH SULPDU\ REMHFWLYH Rl WKLVXDPW\LEZQVED (D,RQ'J ARIEBIRD WLR V
GLUHFW HIIHFWV RI WHPSHUDVWXUN D®GFSUPR B W WIOMQLRD RFK DV U
QHW SULPDU\ SURGXFWLYLW\ 133 VRLO & GWMSALUMMWRLERE VRL O
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+ORCEV QH VGORGTCVWTG KPETGCUGEMNKFORVGEKRKVCVKQP CNVGTCVKQT
EJCPIG QP HQTGUV RTQFWEVKXKV[ CPEQUJKNETIDQP KP DQTGCN HQTGU
KP %CPCFC CPF 4WUUKC UKOWNCVKQP ERRTQCEJ YKVJ VJG '(+/1& 0OQ

WRWDO FDUERQ EXGJHW QHW HFRV\WWHP SURGXFWLYLRN 1(3 |
&HQWUDO &DQDGD DQG (XURSHDQWWXVED QFKIN HIRMHHWW RIL UHV
VLOYLFXOWXUDO UHJLPHVY ZHUH DOVR WDNHQ LQWR DFFRXQW

'(+/1& OQFGN

Indial enput data: number and dis ion of trees, inftial
parameters for each tree, SOM and N poois, soil
climate scenaro, nitrogen input from the atmosphere

|

Calculate of areas of nuiritian and
available nitrogen for each tree i

Delermine shadowing
coefficient for eaach trea

{

— rrj"t“
4
Run SPE sub Er-c] 3rg)
misded for 158
fresd wilh tres
paramaters
calculated ai
the end of

pPrEvIous yaar —|-

| Determnine tree mortality |

.

Run sofl sub-model for changes of soil organic
matter and nitrogen for simulation plot

Re-distribule SPE afaas of
nutrition for next year

Simukation of thinming,

Forest cutting or forest fire
manager ‘
End of annual
slep
yLJ JORZ FKDUW RI WKH (),02' PRGHO
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%WNKOCVG %JCPIG CPF 8CTKC

7KH PRGHO RI IRUHVW JURZWK DRGHN®HRRARWYV VENPYL QJORQ &KH
DO .RPDURY HW DO LV DQ LQGLYLGXDO EDVHG \
WUHH VRLO V\VWHP WKDW FDOFR® DW H\E DSIDUDAH \BQ GV VRVD DD
LQYHQWRU\ FKDUDFWHULVWLFV 133 5K WRILHH DDY@pE& ODAEIDGIG QE M
WUHH FRPSDUWPHQWY VRLO RUJD@ICFV PFWWGG GRQVIDWQ\G KHEB
JURZLQJ VWRFN DQG VRPH RWKHW \SOLUD PRWHO V52,08 /LDF MQG HP S
FRPSRQHQW &KHUWRY HW DO WKDW LV GULYHQ E\ VRL
SDUDPHWHUV 7KH (),02' DOORZV HRIHPWFRDNXOPWLDRMVWKEO RS
"IRUHVW PDQDJHUp DQG IRUHVW ILUHV “ILUH VLPXODWRUp
7KHUH LV D SRVLWLYH SURPLVLQJ H[SHULHQFH IRU WKH LPSOF
(),02' DW D ZLGH UDQJH IURP (DVSPHXURBH QWE®® ELRAUDMKLRQ ZLW
IRUHVW GDWDEDVHV IRU WKH HVWLPDWLRQ RI WKHW DPSRQHQW\

1DGSRUR]KVND\D HW DO 6KDZ HW DO .RPDURY HYV
<XURYD HW DO 7KH\ ZHUH DOVR LPSOHPHQWHG IRU *
SURMHFW 5(&2*1,7,21 .RPDURY HWDDO TRHOMSHMLDO YHUVL
(),02" PRGHO ,03%&7 &KHUWRY HW DO LV QRZ LPSOHPF

HFRORJLFDO FHUWLILFDWLRQ RDWH HVW BQRGHNBEWYJIW R RADHRX
HFRV\WVWHPV GXH WR IRUHVW H[SORLWDWLRQ UKHYQD®2DWDR®P @
WKH GLIITHUHQW IRUHVWU\ UHJLPHV LQ WHUPWRDQMKHRUHNVMS
SURGXFWLYLW\ OLNKDLORY HW DO DQG.RPDPRGHMODQJ FDUEF
LQ D IUDPH RI WKH 3URJUDP RI 5XVVLDQ $FDGHP\ RI 6FLHQFHYV
&OLPDWHp

%RWK WKH 620 PRGHO 5208/ DQG WKHORTFRWWHV R HFPYREK® O(
FRPSUHKHQVLYHO\ FDOLEUDWHG DQRUMD O LBQG MEH PR U U X WRS HRD
IUDPH Rl WKH (XURSHDQ )RUHVW ,QVWLWXWH,7(R1 SODROHFMW (
DO DQG ODWHU IRU &DQDGLDQ ERUHDO IRUHVWY 6KDZ HW
HW DO

1DLGEVU CPF OGVJQFU QH UKOWNCVKQP

7KH REMHFWV RI (),02' VLPXODW LRIQF IQRLP [B\W M HFKPIQI BIWH.IR QF W V
IRUHVWVY ZHUH &HQWUDO &DQDG lYDRU RO HRQ HRW HYWDQ DRV WV K
%)7&6 RI &DQDGLDQ )RUHVW 6HUNDLFFSHO H/ BPR V8 ¥ LD QHVQW (X U R
SDUW RI IRUHVW HQWHUSULVH LQ (XURSHDQ 5XVVLD 'XH WR
HFRQRPLF FRQGLWLRQV LQ 1RUWK $PPXQBWVLIRNG V(KHW@ERSHL RAK H R
FKDQJH LQ &DQDGD DQG (XURSH D W DWUR W OR G KIDIQDIE@WD PR K |
LPSRUWDQFH RI IRUHVW ILUHVFRQ &WDYW FRX \BW WDIF NW JZIPMK W K
(XURSH DQG &HQWUDO (XURSHDQ 5XWRXM FKRSKDY.L]H HWIKRH W DI
GHSRVLWLRQ IURP WKH DWPRVS\KHRW GDIPDKRXW ILUH DQG LQ
&DQDGLDQ'KHWHU2' PRGHO ZDV SDUDPHWHUR]W & DN LSADQH. EUD \
EDQNVDPED DQG EODRNPHIURBMLDOBU@ IRUHVWY DORQJ %)7&

%KDWWL HW DO &KKHWR YW DD HYWDEDLVKHG ZLWK
JRDO Rl XQGHUVWDQGLQJ WKH UHVSRQVH RW HRAKDIU H RV VK R
WKLV LV DIIHFWHG E\ QDWXUDO DQG DQWKBBSRIJHQLFKH VWXUE
NP WUDQVHFW KDV D VHW RI SHUPDQHQW VLWHYV
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+ORCEV QH VGORGTCVWTG KPETGCUGEMNKFORVGEKRKVCVKQP CNVGTCVKQT
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KP %CPCFC CPF 4WUUKC UKOWNCVKQP ERRTQCEJ YKVJ VJG '(+/1& 0OQ

-DFN SLQH LV D W\SLFDO SRVWHM UMK BWR QRIHRN WSKHHH WS\HFQ G
SURGXFWLYLW\ RQ GU\ VLWHV 7KH MDFN SLQH VUG DRRP®J W
VRLO ZLWK UDSLGO\ GUDLQHG FRQGLWLRQV ZLWK D WKLQ U
FRQFHQWUDWLRQ LQ PLQHUDO WRSVRLO %ODFN VSUXFH LV
HFRUHJLRQV ZKHUH LW IRUPV ODWH VXFFHVVLRQ IRUHVWV *RZF
IRUHVW EODFN VSUXFH RFFXSLH® ERWHKVXXRPPR @M GL W RIAORYY
VWDQGY RQ RUJDQLF VRLOV DQG D@ VRLHO& VVWDWE&N BRBVPARQFHU
DFFXPXODWLRQ RI RUJDQLF PDW®RRUI ROUR M UD GVRIRLL FOND \WRHCH EW | H [
DQG VSKDJQXP 2HFKHO 9DQ &OHYH
,QLWLDO IRUHVW VWDQG SDUDPHWHUV |IRDOD GOV DVKG G/HBXOWW
WUHHMRKD MDFN SLQH DQG IRU BQBIHY KDUXFH DJH RI VHHC
\HDUV WKHLU KHLJKW V G P ZLWK LQLWLDOO\ UDQGRF
VLPXODWHG SORW 7KH VDPH FKIRWDVFWAXNONWLREY RHURUMHWMG U
DIWHU KDUYHVWLQJ LQVHFW DQG ILUH GLVWXUEDQFHYV
7KH PRGHO YDOLGDWLRQ ZDV SHW&UWRL® S\DIUDIPWWH WWRQG DD
DW %)7&6 VLWHV DV DQ H[SHULPHQWDO GDMRIVHAH XRHGDWPRXE

UHSRUWHG E\ 6KDZ HW DO \HDWV$ G G LNILRD@D &K\ WKH SXEOLVI
133 5K DQG 1(3 HVWLPDWHG E\ 1DNDQH HW DO %RQG /DP
HW DO :DQJ HW DO DQG =KD HW DO ZHUH

7R VWXG\ WKH HITHFWV RI FOLPQ®MHV F KMX@J N LIPXG DN VRVWQXW EZBl U H
ZLWK LQLWLDO VRLO & DQG 1 GDWWBLWR P/ &W R D\WH G/ DN UR [71876D
FHOQWUH RI WKLV WUDQVHFW
JRU WKH FOLPDWH FKDQJH VLPXODWLRQV ZHOX\VGHB\WKHFH HNMDL
ZLWK WKUHH *HQHUDO &LUFXODWLRQ ORGHOV *&0V WK F
ORGHOOLQJ DQG $QDO\VLV &*&0 W K+D @ & Or D @MMHE WK @ WBXH W U L
&6,52 0ODUN *&0 )RU HDFK *&0 VFHQDULR ZH XVHG WZR ,3&&
HPLVVLRQV VFHQDULRV $ DQG % IRU AMAKOHD BIHRNL RWKH GDWDQR
DUH LGHQWLFDO DQG ZHUH H[WUDFWHG IRU WKH %)7&6 V
GDWDEDVH GHVFULEHG DW KWWS ZZZ JOIF HBPRGHD¥BIH K\ PG
7KH FOLPDWH FKDQJH VFHQDULRV ZHWKXWXOW HUHGE S/UDHORUS\L VRD V

RQO\ LQ RQO\ $GGLWLRQDOO\ D FRQVWDQW FOLPDWH VFHC
KXPDQ LQGXFHG FOLPDWH FKDQJH ZDV FRPSLOHG IURP WKH GE
ZDV UHSHDWHG WZLFH WR UHDFK D \HDU WLPH VHULHV ,W \

*&0V VKRZHG LQFUHDVLQJ WUHQGV RI PRQWKO\ DLU WHPSHUDW:
8. PRGHO KDG WKH ORZHVW UDWH RI LQFUHDVH LQ WKHVH SDUD
KLIKHVW 7KH GDWD IURP WKHVH D&ORD®R® FPQ W KPD @ IDW & PP SH U
SUHFLSLWDWLRQ IRU \HDU SHULRG VWDUWLMWDIWRPWLF Z® FiD
JHQHUDWRU 6&/,66 %\NKRYHWV DQG .RPDURYWLPH WIRUERRS VR
WHPSHUDWXUH DQG PRLVWXUH IRU RUJDIHLIF B @® \P UM XD O H\GR |
(),02' UXQV )LQDOO\ D VHW RIFWIQDHQRAMR ZO W BERMDLOHG FRQV
&*&0 $ &*&0 % 6&,52 $ 6&,52 % +$'&O P +$°

ORGHO VLPXODWLRQV ZHUH FDUULHGWRX\EDIREHVWOQRBHON KD
ILUH DQG LQVHFW GLVWXUEDQFHV DV GHHWMGQ E\U.KIJ HIAM QD/DV
WKLQQLQJ DW WKH DJH RI RI VWDQG HLRIP DW DRDHW W L 3 O
UHVLGXHV IURP WKH PLG URWDWLRQ WKLQQLQJ UHPDLQHG RQ W
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%WNKOCVG %JCPIG CPF 8CTKC

WK H RI VWHP ZRRG DQG IRU EUDQFKH VRPQW KG HIRUHW \EH T B
URWDWLRQV ZHUH VLPXODWHG

7KH LQWHQVLW\ RI FURZQ FDQRS\ IRUHVW IDUH ERVWEWXW LIRQ
GXULQJ ILUH IROLDJH WZLJV ZRRG ILIRQ URRWRUH VMR L
IORRU ) + KRUL]JRQV

,Q WKH VLPXODWLRQ RI LQVHFW L Q\GHMF HREOGDVYMW XDEDWYED Q VI HRI
IRUHVW IORRU DV LQVHFW H[FUHRHQW DQ®WR LJVNFWUBIQRAD V\
H[SHQVHV IRU UHVSLUDWLRQ

7UHHV NLOOHG E\ ILUH DQG LQVHFW DWWDFN ZHUH QRW UHPRYF
LQVHFW DWWDFN ZH VLPXODWHGUDMEREGVYVUXBD YRDHV W ROHRE
GLVWXUEDQFHV 6LPXODWLRQV ZHUHI FRIQYGXFWHIGHXE G WU G VW
UHJLPHV UHVXOWLQJ LQ D PDWWL[RRI 7KWLBRODWHWR® UM RQE ED
WR DQDO\WVHV RI WKH VLPXODWIGRQQ HWVSOMP\D Z\K SFKR G R FW X GIHW
GHDGZRRG UHVSLUDWLRQ DQG ORVOWRH®WWHBPZBRGWENEDABEBEHW
IRUHVW IORRU 7KH & EDODQFH \ZIWH PDSOUFRK®DAWHGE DV QHW HFRYV
1(3 133 2 >5K ',67@ ZKHUH 1(3 138 QBRBK PHIGQ,67 LV & OR\
GLVWXUEDQFHV :H GLG QRW FDOFXODWH VWD@GVDGXBW YRDM L
VWURQJO\ YDULDEOH GXH WR GLVWXUEDQF H \HW X QED\Q FBIQ KD WIK
SXOVDWLQJ FKDUDFWHU

6LPXODWLRQV ZHUH FRQGXFWHG XQGHU D WRWDO RI GLII
GLVWXUEDQFH IRU \HDUV 7ZR KDUYHVWV DW DQG \HD U\
JRXU ILUHV DW DQG \HDUV 2QH KDUYHVWLQJ DW [
ILUH DW DQG RQH KDUYHVWLQJ DW \HDUV 2QH LQVHFW DW

\HDUV HDFK LQ FRPELQDWLRQ ZLWRQW GIOALP\WW WFHJIRULRVDQF
&6,52 $ DQG % +$'&0 $ DQG %

(XURSHDQ7KHWIHXWVLDQ )LQQLVK DQG :HVW GOUWRES HDUR P [\WHKH L @8t
5(&2*1,7,21 3URMHFW ZHUH XVHG ORU PP OH EYUDOLIGRQV RR @) M2' P
&KHUWRY HW DO .RPDURY HW DO 9DQ 2LMHQ HW I
LPSOHPHQWHG IRU WKH DQDO\VLV RIPLBS$DE® FRRPEDQBDWRQ
DWPRVSKHULF 1 GHSRVLWLRQ LQ D IUDPH RI 5(&2*1,7@MWRURMHF
JURZWK WUHQGYV LQ (XURSHDQ IRUHVWV W RN VISGHFFU H\D NDLFQM RRIIV | R
SURGXFWLYLW\ LQ WKHWKWVHHEW® G\ KOO (XRIRSH .DKOH HW®O

BHYHQ VLWHV ZLWK ORQJ WHUP H[BHUZAWK @QMDE 8B WIBFR® GV U H6
3LQXV V\O/YHVQ\GJLVIRUZD)\3LSHRFBEEHDUVW @ IURP )LQODQG
6ZHGHQ IURP *HUPDQ\ DQG IURP 6FRWODQG WR UHSUHVH
&HQWUDO :HVW (XURSHDQ IRUHVWY 7KH SRUHVWVDDRBWH RUHEK
FRQLIHURXV WUHHVY RQ ZHOO &UDK RGOV R LFORWZKL WX IR K M/UI O R
WRSVRLO :H DQDO\]HG D VHW Rl VFHQDULRYV IRU \HDUV VLI
GHYHORSPHQW QR WKLQQLQJ DQG PDQDJHG IRUHVW ZLWK WK
7KH FOLPDWLF VFHQDULRV IRU WKH VAWXDOWLRP XWMHHDOE X
GHSRVLWLR®QRBUWFHQWXULHYV 2 PHDVXUHG DQG S UHD®IFAWXD® E\ |
FOLPDWH DWVFWIXP®HILQLWLDO FOLPDWHROQ ®Y DWMDWRH DRZLD GHS.
FHQWRBY FOLPDWNWORDH LQLWLDO FOLPDWH RD G MFRDXDHD D FoA
1 DFWXDO LQLWLDO FOLPDWH @ RQBWXDDEPGIL P REAFERSIRVLW L R
ZH XVHG WLPH FRXUVHV RI ZHDWK HQV Y\IDXQ EE QHKWH | HRG OH\PXIOQW
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8. XVLQJ WKH +DG&0 *&O0 OLWFKHOO HW DO YDMLRHMHQ H
ZHUH XVHG DQG WR FRYHU SHULRGV ZLWK GLIITHUHQ
QLWURJHQ GHSRVLWLRQ IRU WZR FHQWXULHYV

7KH LQLWLDO WUHH SDUDPHWHHD WHUKHDVYKWOORY VG DJH P LQ
GHQVLW\ ZDV WUHH SHU KD IRU *HUPDQ MIWKHWLWHYVIRIJQ&GZH C
IRU )LQQLVK VLWHV 7KH LQSWUDBRHWHMNWMH ZHURH IWK H R/IDBPH TRU
GLITIHUHQW VWDUW WLPH

$W WKH DQDO\VLV RI WKH UHVXGWIVHZH SRV B/EK\W D MHIEG WKW VN Ik

DQG LQ UHIOHFWYV WKH HIITHFWV RI LQFUHDVLQJ QLWURJ
VWLOO VWURQJ WHPSHUDWXUH FKDQJHWL® KMKISDFBRHDWHRYV E/HK
VFHQDULRYVY VWDUWLQJ LQ DQG LQ GHPRQVWUDWHY WKF

EHFDXVH ERWK VFHQDULRY KDYH UDWKHU KLJK QLWURJHQ GHSI
7KH FRPSDULVRQ RI WKH HFRV\WVWHP SDUDPHWHUV EHWZHHQ VI
VKRZV WKH FXPXODWLYH HIITHFWV RIH@IS\WMU R WXV B H RFEVUIHVDVR Q D C
ZHUH DJJUHJDWHG LQ WZR FOXVWHUV 1RUWK (XURSH )LQODQGC
DQG WKH UHVW RI (XURSH *HUPDQ\ RBGH6FIRWOBQG ~6RXWKpH RC
7KH 5XVVLDQ VLWH IRU IRUHVW PDRWHHPKDRW M WIWREV D) ® FQG!
OLNKDLORY HW DO .RPDURY HW DO UHSUHVHQW)\
ORFDWHG NP VRXWK RI ORVFRZ RQ WKH \(BVWHYXDRBRIQW L RO
FOLPDWH DQG FRQWDLQV ERWK WR/YLIBIUNRKILORG RW[H® IR UH
BWDWH YRUHVW "5XVVN\ /HVp RFRXXSL W DVEHY BH WL WBEQWDR G\ D«
ZHOO GUDLQHG VRLOV $OILVROAWQVKWNE\IR[SORWWEBRWKQFEH W
DQG RYHUH[SORMFH® WEUNKBHFRQGDU\ IRUHVWY DUH QRZ ZLGH!
JHVH 6LOY HAHBIXUAK/SH@ERWEBISQROW V\QY HDVQMBULR U Z D\ 3LFWHOF H
DEUHVDUVW PL[HG VWDQGV GRPLOQVWBQWGKH IRUHBWY R4RXIH] R
RI WKH HQWHUSULVH DUHD PHDQ DJHG VWDQGV 2 \HDUV
VWDQGY 2 \HDUV FRYHU *HQHUDOO\ WXISURGMNVFWVYHLDWH
YRXU PDQDJHPHQW EORFNV LQ W KHV W XZHUNA VHIDIH KW 1D @&/ HIRIR W K F
7KH\ FRQWDLQ IRUHVW FRPSDUWPHQWY VWDQGV FRPSULVL
W\SLFDO DPRQJ IRUHVW HQWHUSA PRP\S ZYMKLREIJDRGHWR DWH (
&XUUHQW LQYHQWRU\ GDWD ZHMWHDRWMG] DV ILRIL WIKHOVI®@ X OW VL R
JRXU VLPXODWLRQ VFHQDULRMWKUBOFRBPIBORGPHYWVFHQDULF
SUHYHQWY FXWWLQJ LQ DOO 3RVWNVINQ FRH BB® W FRUQMPAY FHQD U LF
SHUPLWV PDQDJHG IRUHVWV ZLWK |IPXQWGWKLWHQIULWYJ DDMLQDO FOH
\HDU DJH IRU FRQLIHU DQG RDN \HDU DJH IRU ELUFK DQG O
WKH WDUJHW VSHFLHV ZLWK D PHVYW XQWRHGHARRGKRXW VEEBRDU |
IROORZHG E\ REOLJDWRU\ IR U QDW WD 8 QHUDHVWLUIRI@ Z WIKWRUW UR U H
BHOHFWLYH FX8&ELQIKYWWHIRQDULR FUHDWH VWY R DAKOLIGEL QR ULHC
\RXQJ DQG PHDQ DJHG VWDQGV DQG WKW I8 G HFWDLFK-H ¥ XKML
\HDUV HDFK \HDUV LQ XQHYHQ DJHG VWDQGYV LQWHQVLW\ I
,O0OHJDO SUDRFWLWHUHSUHVHQWY KHDY\ XSSHU WKLQQLQJ DQG
DQG FOHDU FXWWLQJ ZLWKRXW FDUHIXO QDW XU DRLGXRM\QHUD
VWDQGYV $00 UHVLGXHV DIWHWU D/IGH EIUD Q BPKKINU YIQVAE 8 MIBY H / \
DUH UHPRYHG EXUQLQJ RQ FOHDU FXW DUHD 7KLV WEMDWPHQ
FDXVHV D ORVV Rl FDUERQ DQG QRWWRNHP TRV MW KH HRDH YR\
H[LVWLQJ DQG WKHRUHWLFDOO\ SRVVIVE® KN OLL\DM GF XOMAXWD O U H
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%WNKOCVG %JCPIG CPF 8CTKC

SHULRG ZDV VHOHFWHG EHFDXWDQWHIGV P BRDIRG: 2KHH® \DRIHG |
EH WUDQVIRUPHG LQWR TFORVH WR QDWXURHQQHYHQ DIJHG IRUI
7KH PRGHO:V UXQV ZHUH SHUIRUPHG ZLWK FXUUHQW FOLPDWH
\HDUV XVLQJ %ULWLVK *&0 +$'&0 $ )L OLWFKHOO HW DO
DERXW f& LQFUHDVH RI PHDQ DOWKQWXWHPSHUDWXUH IRU

4GUWNVU

(),02' YDOLGDWLRQ IRU &DQBGHDQOVLWIKHY YDOLGDWLRQV LQF
5(&2*1,7,21 SURMHFW GHPRQVWUDWHG D JRROVWREG WDHXED WH B QXE
GHQGURPHWULF SDUDPHWHUV VRLEW D@G 1 SRRPVURXHUWR O
7KH UHVXOWV RI YDOLGDWLRQ DW &FRUDGVBR IORQE D RV P WERX
FDOFXODWHG GHQGURPHWULF SDUDPHWHUV 6KDIXQHFWLRQDO
HFRV\WVWHPV FKDUDFWHULVW L RAKH UHBUHDWWHLQRQHR D/AWPX.ODWHG D¢
YDOXHV LV D UHVXOW RI YDULDWLRQ BRR®ID @& G DXUDNPHRAZIU V \
KLVWRU\ DW WKH XVHG H[SHULPHQWDO GDWDVHW

*HQHUDO LPSDFW RI FOLPDWH FKDQJH RQEBERUBH B OD QRAU X W WLLG
&DQDGD DQG7KHVMHNXOWYV R \HDU VLPXODWLRQ Rl WUHH JU]
FRQVWDQW DQG FKDQJLQJ FOLPDWH DUH UHSUHVHQWHG LQ 7DE

RI FKDQJHV DW
7TUHH VSHFLHV &RQVWDQW FOLPDWKD Q J&IKGED ROHBDRMOHL. PD W

PHDQ V G PHDQ V G

%ODFN VSUXFH
1RUZD\ VSUXFH
-DFN SLQH
6FRWV SLQH

7TDEOH 6LPXODWHG JURRBRLDW VWRHBUY ZLWKRXW GLVWXUEDQ
ORQWH &DUOR VLPXODWLRQV

7KH GDWD RI VLPXODWLRQ FOHDUO\ VKRZ W KMRW WM DS HE MG W R |
LQFUHDVH RI IRUHVW VWDQG SURGXFWLYLWYQ&RNWWSHRUD @QRRE
JURZLQJ VWRFN 7DEOH BURSRUWLRQDO LQFUHERMKQ/SUREL
VSHFLHV LQ VSLWH RI VLJQLILRAIRQWD @ LS UHRGHKE MHWY LD\ WK RIWK V¢
ZHW VLWHV WKDW FDQ PLQLPLWH RQKRAKDIQH AW\ 8 | SROVWHALESIAV 2D V
WUHH JURZWK +RZHYHU JURZWK Rl $PHULFDQ DQG I(XUMRSWMDQ S
7KHUH LV D VWURQJ LQFUHDVHRRBIXFWNRZH M YRR BN QK KQPBQGV JL
FRQWLQHQWDO FOLPDWH RI &HQWUDO RDWIKWD SURRPX PVKIHY R WG]
IRUHVW RQ GU\ VDQG\ VLWH LQ (XURSHDQ 5XVVLD QHDU WKH
SUHGLFWHG WR ORVH MXVW DW ¥DUWBWHRFEDRZHQJ VWRFN D
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+ORCEV QH VGORGTCVWTG KPETGCUGEMNKFORVGEKRKVCVKQP CNVGTCVKQT
EJCPIG QP HQTGUV RTQFWEVKXKV[ CPEQUJKNETIDQP KP DQTGCN HQTGU
KP %CPCFC CPF 4WUUKC UKOWNCVKQP ERRTQCEJ YKVJ VJG '(+/1& 0OQ
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%WNKOCVG %JCPIG CPF 8CTKC

BRLO & SRROV UHVSRQG VLPLODUDLWKR BOQ D/GRDL M\Q G RBKIVYL R U JI
FOLPDWH FKDQJH ,Q &DQDGD WHKRQ/ ENOFRRS VRDBDO& URG XFODF
MDFN SLQH ,Q 5XVVLD WKH & QRWW LRQ1RHIE DX LWSHJ X FHUHRO D W L Y
LV YHU\ KLJK LQ WKH BFRWV SILRXO WRDJGIWRX V.0 RDWEHD WWURQ J
VWDQG SURGXFWLYLW\ GHWHUPLQLQJ WKH LQSXWI| RMIROOWAVHU

G\QDPLFV

R FKDQJHV DwW
7TUHH VSHFLHV &RQVWDQW FOLPDWKD Q J&IKGD ROHBDRMOHL. PD W

PHDQ V G PHDQ V G
%ODFN VSUXFH
1RUZD\ VSUXFH
-DFN SLQH

6FRWV SLQH
7DEOH 6LPXODWHG VRIIDN& SRRDVV NLWKRXW GLVWXWHEDQFHYV

&DUOR VLPXODWLRQV

7KH WHPSRUDO G\QDPLFV RI WUHH DQG VRLO & XQGHU FRQV\
VFHQDULRYV FDQ EH FRPISIBUFXE® V)R] WUHH ELRPDVV JURZWK D
W\V\SH ZKLOH VRLO G\QDPLFV G HRRIQNW URDXDHVVWIOL@GEY GHFUWR O
SURGXFWLRQ DW WKLV DJH &OHDU SRVLWDYHWR UGB RG VQRFIU HROUWH-
W\SLFDO IRU SRVW ILUH IRUHVW HFRV\VWHPV 7KHVHDMBXUHYV
FKDQJH EHFRPHV FOHDUO\ YLVLEQB RRGWIRUHYWWDQ DJHG

$
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+ORCEV QH VGORGTCVWTG KPETGCUGEMNKFORVGEKRKVCVKQP CNVGTCVKQT
EJCPIG QP HQTGUV RTQFWEVKXKV[ CPEQUQJKNETIDQP KP DQTGCN HQTGU
KP %CPCFC CPF 4WUUKC UKOWNCVKQP ERRTQCEJ YKVJ VJG '(+/1& 0OQ
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SLQH IRUHVW HFRV\VWHP ORFDWHI L Q) &2Q DIRID ORI G X \SVLHDV KA
DQG ORQWH &DUOR VLPXODWLRQV (UURU EDUV UHSUHVHQW WK
WKH ORQWH &DUOR SUHGLFWLRQV /DURFTXH HW DO 7TKH
LQ 5XVVLD LV WKH VDPH DV E O DUFHN RASH XZFHH GLRIQ &V (BIXG\D 1 RUKZD \
WKH JUDSK
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%WNKOCVG %JCPIG CPF 8CTKC

,Q FRQFOXVLRQ ZH VKRXOG SR UWPWVRXVYE DUKRDYJILIP\E DOV RNVE®H \
SRVLWLYH RQ PHVLF DQG ZHW IRHUMRMWOVLWRYXHAZIHVUK B Q RBENXNFMNQGE
LW FDQ OHDG WR D VWURQJ GHWMWYHIMHA WRLAREHYRROVRGXFWLY

&OLPDWH -DFN SLQH %ODFN VSUXFH
VFHQDULRYV *URZLQJ VWRFN *URZLQJ VWREFN
P KD FKDQJHY KD FKDQJHV

&RQVWDQW
&*&0 $
&*&0 %
&6,52 $
&6,52 %
+$'&0 $
+3$'&0 %

7TDEOH *URZLQJIJKOVDWIRWNKDRUYHVWLQJ ZLWKRXW GLNWKDRDRFHV
VFHQDULRV VXP RI WZR URWDWLRQV RYHU \HDUYV

7TUHH &OLPDWH +DUYHVWLQJ ILUHV ILUHVY +DUYHVW

VSHFLHV VFHQDULR ILUH KDUYHVW
-DFN
SLQH &RQVWDQW

&*&0

&6,52

+$'&0

%ODFN &RQVWDQW
VSUXFH &*&0
&6,52
+$'&0
7TDEOH OHDQ QHW SULPDU\ SURGXFWLYLW\ 133 RNBU \HD U\

,PSDFW Rl FOLPDWH FKDQJH RQ MDFN V8V @H WIQ & XBVO\WB EQ JV $UXHF H
DWWDFNV LQ &HQTKWHD O H/DX@MGD RI WKHVH VLPXODWMMRQVVVKRZ
GLIIHUHQW FOLPDWH FKDQJH VFHIQLWIIRY VBHIPR GV WRU DWWHDIE @ kSH
LQFUHDVMHQWXU\ 7DEOH 7KH KLIKSHWR\G XOWUNDWN RDVMRENE
$XVWUDOLDQ &6,52 *&0 WKH ORZHR/WS$REDH ZDV ZLWK %ULWL

7KH VDPH G\QDPLF WUHQGV H[KLELW 133 GDWD 7DEOFW RIORUHF
GLVWXUEDQFH UHJLPHV RQ IRUG\V@REZHI DW D\O @ LILQIH LVFHQAD U L |
IROG ORZHU DW WKH ILUHV VFHQDULR +RZHYHWHWEKGE GHFIRDWRUR
DWWDFNu LV WKH VDPH DV KDUYB®®& INLD BHEDWWYH HD @ O RPYDWYHGL
IURP WKH IRUHVW LQ WKHVH VFHQDULRY 7KH LPSRUWDQW DV
GLVWXUEDQFH HIITHFWV DUH VH JIGILFWNDRIWFD LIRIDML H UF IRD WIKIHR Q 1:

www.intechopen.com



+ORCEV QH VGORGTCVWTG KPETGCUGEMNKFORVGEKRKVCVKQP CNVGTCVKQT
EJCPIG QP HQTGUV RTQFWEVKXKV[ CPEQUUJKNETUDQP KP DQTGCN HQTGU
KP %CPCFC CPF 4WUUKC UKOWNCVKQP ERRTQCEJ YKVJ VJG '(+/1& 0OQ

7UHH &OLPDWHDUYHVWLQLIUHV ILUHV+DUYHVW QVHFW
VSHFLMFHQDULR ILUH JLUH KDUYHVW
-DFN &RQVWDQW
SLQH

&*&0

&6,52
+$'&0
%ODFNeRQVWDQW

VSUXFH
&*&0
&6,52

+$'&0

7TDEOH OHDQ & RHIFRALVMVLRQ 7RWDO & ORVV ZLWKXVEDQ HHPL RYIHR
\HDU VLPXODW\IWHDQ NJ P

+DUYHVW
7TUHH &OLPDWHDUYHVWLQIUHY ILUHYLUH ,QVHFW
VSHFLHVFHQDULR JLUH KDUYHVW

-DFN SLQH &RQVWDQW
&*&0
&6,52
+$'&0

%ODFN &RQVWDQW
VSUXFH &*&0

&6,52

+$'8&0

7TDEOH OHDQ QHW HFRV\VWHP SURGXFWODMWWLR Q (B\DRF HU \HL

&OLPDWH ZDUPLQJ KDV WKH VD RR LSD WHWHHIQRMQU B B RIDRL/R/QSIME D W
DV D PDLQ IHHGEDFN IURP HFRV\VADEP MR W KHEMFRR M 8 KIHELRX W
LQ D FDVH RI FOLPDWH FKDQUPISDEW IR) GO WWXQEROBAW RQ VRLO
VLPXODWHG KHUH

7KH YDOXHV RI WRWDO & ORVWXBRRI IRUBQ\E BFERRVWWHPYK [LUHYV
KDUYHVWHG ZRRG UHSHDW W KHK HB\L DI b HAQKEHH K LRIIK 51K/ V@& L\G DV FHQ D U
KDUYHVW EXW ORZHVW LQ ILUHRRBHQWMRDLRYVZK® WKEXRQHEW IRU
7KHUH LV RQH VHHPLQJ FRQWUPWDPWL PR\ WKH &BWQDRQRWZLYV
WZLFH ORZHU YDOXHV RI & OR\VHW LRQFRP\WE B XV R Q OZR.I. K DROMK WK L ¢
H[SHFW DQ RSSRVLWH SLFWXUH IRWUKID 8 SN QHHU B HFIDPXRAD WEI G LG
VWDQGYV ZLWK D ORZ WUHH ELRPDVV
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%WNKOCVG %JCPIG CPF 8CTKC

7KH GDWD RQ QHW HFRV\WWHP SURGMWHUUDMWH DIG® &DBRHV DQC
JHQHUDO & EXGJHW RI WKH HFROQ\WDIOKH$WD DH J OO RPBW KD WIOQJ |
+RZHYHU WKHUH LV LUUHJXODDWGL AKD® DH IV EHHQDAHHRY FOLYPW X UE
UHJLPH OHDGV WR PD[LPDO & ORVANDWR®B WIOHH W SIHF LEVD FQ
GRPLQDWLQJ

$GGLWLRQDO VLPXODWLRQV IR0 ZMD\ B 6 URBHVM\DIANHYL BIHWIXQYGDE L D W
1 SRROV VKRZHG WKDW VRLO FRUORGAXAVRIOWH B RBHHFL\D DO IGMW H U
SRRO PRGLI\ WKH HIIHFW RI| FOEBPQRHVFKERQUHVRQGVGERQYW UDV WL
FOLPDWH FKDRJH DQG GDPDJHV VRRQWUIMLUDIWHVPWRKH HLFEW R

FOLPDWH FKDRJH
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)LJ 'LITHUHQFHV LQ JURZLQJ @WRIFW HD FKIDIQH AWDHIEE EDW P RV S K H

6\PEROV RQ WKH ILJXUH KHUH DS EWIORIZRQIIPQBUWDRUIRQ® G 2 W
LQFUHDVLQJ 6XP 2 FXPXODWLYH HIQHPQGRW RQEBWHRIWRE UWGEGHBEQVUWI
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+ORCEV QH VGORGTCVWTG KPETGCUGEMNKFORVGEKRKVCVKQP CNVGTCVKQT
EJCPIG QP HQTGUV RTQFWEVKXKV[ CPEQUJKNGETUDQP KP DQTGCN HQTGU
KP %CPCFC CPF 4WUUKC UKOWNCVKQP ERRTQCEJ YKVJ VJG '(+/1& 0OQ

7KH VLPXODWHG UHVXOWV VKRZL34.DXGLERQV) & PB UFHKDWHM. QD FO
FRPSDUHG WR D FRQVWDQW FOLPBFWHD VM JUG \EWRQR DL WOV RQFAF O +
FOLPDWH FKDQJH 7KH GDWD REKMKH HMKHRRZW VGRIIIFOHPBWW DPR(
VFHQDULRV 7KH JUHDWHVW L8WVYHDWHRRINQ SHOFDRAH \)QIERH 1§ WRKEH  $ X \
VFHQDULRV ZKLOH WKH 8. VFHQIRZHRY HFREOV WHR FHKG YIHV 7KH!I
SURMHFWHG FOLPDWH FKDQJH WDRGEX PARLR@F UHDAHKL QD ZRRGE S WK
&6,52 $ VFHQDULRV 7KH VLPXDWWHG UHDAXON ¥R WKDWLRQ
&2 KLJK DW $ DQG WZLFH KLJKNB RRW KH G VW KGIL LLFIDEWQFH RI1 C
FOLPDWLF VFHQDULRV WKHPVHOWHSURGYA®DWLWRQ WR WKH IR
7KH HIIHFWV RI FOLPDWH FKDQRH) R@G ( QWU RSHRIVKEG RIWHSRODW L R Q
GDWD DW VHYHQ IRUHVW VDP S OH \SIORRAW WY DIVAKUHRY V. Q WWHW HXWRSQ J |
FRPSDUDWLYH HIIHFWV RI FOLPDWH HRKDB®SHRVLY/ERDWPRVSION U
LQGXVWULDO SROOXWLRQ &KHUWRY HW DO &KHUWRY .RF
DWWHQWLRQ WR WKH DEVHQFH RiFBYWWQFHBDOHBGSRIGWHD FIR UL C
GHYHORSHG DQG PDQDJHG IRUHVWYV ZLWK UHJXODU WKLQQLQJ
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%WNKOCVG %JCPIG CPF 8CTKC

JLUVW RI DOO ZH VKRXOG SRLQW RXW WKDWDWERB G UHBUMHOH MWR |
SRVLWLYH IRU DOO FRPSDULVRRBYVHHNOIBDFWIRQYN H VIKKHFWH RS RG/IL W LY
IURP WR %RWK VSHFLHV LQHRXOWKWWONHHFE LGH R RIXVHAU R ML
DOWKRXJK EDVBO DUHD KDV QR VROFOWMBPHK GKDRUHYF8QYHRS HEWR H
IRU ERWK VSHF%_HV DUH VLIQLREFIEPWOO KRUKB UF RD BHALV KW J

VRPH FDVHYV = 7KH HIITHFW LV WAMW RQEHUQIRIBR WADXWKSVKFH VW
QLWURJHQ UHVBRQVH ZDV IRXQG WRSHHUDWNXUFLHEWSOR QLHKHU R
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yLJ 'LIIHUHQFHV LQ WRWDO HAFVRWHPHHYU BRI G ZRREG DQG \

DV DITHFWHG E\ GLYHUVH HFR 6 RUIUAD/ S RMFEEGVRW R )6UPEROYV

7KH GLIITHUHQFHV RI 620 SRROV )MH WWKBYEVWIKH RRSSFDULVRQ
KHLJKW EDVDO DUHD DQG JURZLWQHKHV®R¥NW L7KH KRSBFHW RV WFH
JURZWK DQG 1 GHSRVLWLRQ WKH VWURQIBUWKH DVRIRY\GRH RWRJ
LQWHQVLYH VRLO & PLQHUDOL]DWLROQHF\W RIHWPRWY SRHUB20X WWHK L G
VWURQJHU RI WKH HIITHFW RI 1 GHSRVLWLRQ
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+ORCEV QH VGORGTCVWTG KPETGCUGEMNKFORVGEKRKVCVKQP CNVGTCVKQT
EJCPIG QP HQTGUV RTQFWEVKXKV[ CPEQUUJKNETUDQP KP DQTGCN HQTGU
KP %CPCFC CPF 4WUUKC UKOWNCVKQP ERRTQCEJ YKVJ VJG '(+/1& 0OQ

7KH UHVSRQVHV RI WRWDO HFRV\VWHP FDDEB QL SIRRIRWV WRL KQ LI
YHU\ H[SUHVVLYH )LJ .0 VRUWHRIRO WK HD GHF LPDDAVWHU DO«
DFFXPXODWH FDUERQ EHFDXVH VL\QDQGEDSIVRGX R WIKH W \U LAKH R3
DUH ODUJHU LQ PDQDJHG IRUHVW 6RXWK IRUHVRQN\WQBWHR U
VLIJQLILFDQWO\ KLJKHU UHVSRQVH WR WKH FOLPDWH ZDUPLQJ
6LPXODWLRQ RI FOLPDWH FKDQJH DQGV | RWH\OW QREDVFDIBHP HOHW
(XURSHDQ 5KWUBQHUDOLVHG GDWD RI \HDU (),02' UXQV IRU
IRUHVW FRPSDUWPHQWY UHSUHVHQWLQJ Y DOULHR YU\H IRRHFLWH GRE
yLJ DQG 7KH )LJ VKRZV WIKYDHNV LW KR ULAFRUM K DWWHOQAW UHJLF
GLIIHUHQFH RI & SRROV LQ WURMPSPURFRQVZDQYE® WRKIHL W Q FO X H\
FOLPDWH +RZHYHU WKH ULVH RHUNWHKH BIRRPDWRY GRLD KL DWW
UHJLPHV 7KH LQFUHDVH RI DW PQRMSKKHL P LW G HBWR M VWAL R QHJID\
IRUHVW RYHUH[SORLWDWLRQ RQ&VERLOD& FHRRIOE YIKH G IFVWB RO\
SRVLWLYH HIIHFW RI FOLPDWHLFXOW XH DOON UGILIIL PV Q WH O HEW L Y
5XVVLDQ OHJLVODWLYH VFHQDWLAWHKDQY H MMXVWQ W FHOULRP BVWEHD Z L W
1 GHSRVLWLRQ 7KRXJK WKH\ EHARPMY & WHAXHRDWWHH EGD QHH 7K
Rl OHJLVODWLRQ EUHDFK ZLWHKHRDHYW DR & RS BR IHYD\@LRW F O
ZLWK LQFUHDVH Rl IRUHVW SURGXFWLYLW\
7KH UHVXOWYV RI WKLV VLPXODWLRQPBQWD BKIRE WRKDW R W& KISRH.
KXPDQ JHQHUDWHG GLVWXUEDQFHM O\RRRFWUWKHILPISDFWWURI
FKDQJH RQ IRUHVW WHUULWRU\
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FOLPDWH LQ IRUHVW ODQGVFDSH WQWWRLQHXH®Y HO QQ & WNMRLIH Q
$ & DQG NOUK® '@ IRU WUHHV $ % DQGVVRLAORWHVW 6
PDQDJHPHQW QDWXUDO GHYHORSPHQW 5XWHQBPWQMWBLZRW\
PDQDJHPHQW OHJLVODWLRQ EUHDFK OLNKDLORY HW DO
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