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OLFURFOLPDWH RI D SHDW ERJ DQG RI W
VWDWHYV RI GDPDJH LQ WKH aXPDYD

ODULD +RMA@PYUWLQ +DRV3RNRUQE&
J)DFXOW\ RI 6FLHQFH &KDUOHYV 8QLYHUVLW\ 58iGKEOWRY &

$SSOLHG (FRORJ\ /DERUDWRU\ )DFXOW\WRK $RKHXICON % WHK GBHQQY
&= YHVNpP %XG MRYLFH &]HFK 5HSXEOLF
(1., RSV ,QVWLWXWH RI /DQGVFDSH (FRORBE RS 6 &5 H'KK BB Y XE
KRMGRYD#JOL FDV F]

$EVWUDFW
7KH VWXG\ GHDOV ZLWK WKH FRWSIDRILZR® DRIHG KHQBLRKHRPWIK\ |R
1IDWLRQDO 3DUN LQ FRQQHFWIBRQQXIW K DW HKIH E IHGWHOUHY H QR VR D L
FOHDULQJ DQG SHDW ERJ WHEBWXDW X OHVRV DVRE D DHIGH WHER U G H
YHIJHWDWLRQ VHDVRQV DQG 7KBIQWGNDMUL RRFLGHWH Y QW XD W
OGROt YDOOH\ DQG FORVH WR 1RYRKX WNR B G-IDW D 810D W ERW WK H
WLRQV DUH ORZHVW LQ WKH OLYLQUDWUHWW PTSKCH. WX (G R X.R) G\ O
f& DERYH WKH KHUEDO ARRMWDWQ RR & WAKDI\UW W R M\ H RSHHMYX U
KLJKHU + LQ WKH GU\ IRUHVW RQ DYYHUDJHEEDQG F& W &HVKMHDHD
7KH KLJKHVW GDLO\ WHPSHUBWEV H DYE® VW OGH RQR/PZDY Q. @/ KV K H
DQG f& LQ OH DV X UHHPUHH) W X SIS@ WRWDQ/GH/G Z LW K MUDDAUHHGEO L
VFDOH WR VKRZ WKH GLVWULEXW URIQ RMWWH B BHHQ WX BHV 71kH WIRHR
SHDU WR EH WKH DUHDV RI OLYLQUHNRW HDWUM RADH O ¥ H QR R/ QDANQUED W/\K
PHDVXUHG GDWD DUH GLVFXVVHG LQ WHUPV RI UDGLDWLRQ EDOT
H\ ZRUGW.QJ IRUHVW PLFURFOLPDWH SHDW SRUIWXIBRRWH VHQVL

,1752'8&7,21

7HPSHUDWXUH DPSOLWXGHV DUHQEQGRRDRIRW K HR D VG V
UDWXUH UHAHFWY WKHHQHUJHW UP SUR AMH\R\OH ¥ Y\DXSFRAWDW/T
RQ WKH FRQWUDU\ ZDWHU FRQG HIDY® \WHRQ EIIHONH B RHW
WXUH DPSOLWXGHV UHAHFW ORZ RQDERGDMOLR WRB S RWR
F\FOH L H ODFN RI ZDWHU LQ WXSIKWRMOPRR\G B 8 V I R/LLAR (
WUDU\ ORZ DPSOLWXGHV UHAH F \WR\QXDWR WE HRRIRW WORQ VIR
ZDWHU LQWR YDSRU +HDW UHP D LQ@VFIRR ®AK IG\R DD \WHRQWF
DQG WKHQ LV UHOHDVHG GXULQHWIKLH F B QUGWXQG/AD BVELAR)XQ
FRXUVHV LQ WKH ODQGVFED&H: ZDV HOWD BAKUHD BEHNAWENRA 5

7KH PDLQ JRDO RI RXU PRQLWRULQUQZWY PSR DIYW K VW \I
GLW\ DW VWDWLRQV ZLWK IRUHWRLQQGWKHUIXPD WDN DIV
VXFK PRQLWRULQJ LV SHUIRU FIR® W R @ WD Q HPR\Q MKRIUW BV
ULVRQ RI IRUHVW LQ GLIIHUHQW EWRDWKNYRI GROW EHH Q
+RZHYHU WKH\ JLYH DQ LQIRU P D@ MR QQMMEHRXY\H @/\K HRH) VHI



OLPDWH DQG FRXOG EH KHOSIXO IRU WKH ODQDJHPHQW

&RQWLQXDO UHFRUGLQJ RI WHPSWHDW XV HV/GEDQODW H (
LW UHFRUGVY WKH GHYLDWLRQAW FROXV KDBGE\QUX @ KKV QAS R/
FRPSOHWHG ZLWK UHPRWH VHQVLQHH UWR XUHHHV W.KQH OMmLUVI\
VDWHOOLWH SLFWXUH IURP W KBPWDOIIRQ ODB\RHX Y\D §/E& YA DWYt
WULEXWLRQ DW D P 7KH UHVXORWY HIRQMN RE XGAHD MCF
VFDOH IRUHVW GDPDJH WR GLVVLSDWLRQ RI VRODU HQF

0(7+2'6

/IDQG EDVHG PHDVXUHPHQWY ZHUH FED U U LLHG WRKKHV ALXQP DWW
JRUHVW ODQDJHPHQW ORGUDYD 7HPGH WK XDHY KNP HGU
RQH YHJHWDWLRQ VHDVRQ (YHUSHUY IRW PMHHED B WU HRPXHIQ WA
VWDWLRQV ZHUH WKH VDPH GXULQDWRKKDBQMG W SHU L7
WLRQV ZHUH VLWXDWHG DW WQJR RIR FDMOLGRH)\V DIEGR XW\K H |
IURP ORGUDYD DQG FORVH WRJ1RERXX'VNYP6OLRP 9% HHD)
VFKHPDWLF PDS RI WKH DUHD LV JLYHQ LQ )LJ

LOCATION.2' /'
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)L 0DS RI WKH REVHUYHG DUHD /) + OLYLQJ IRUHVW & = FOHDU
+ SHDW ERJ



$W WKH ORFDWLRQV WKUHH VWDWLRQMN ZHWW | BUWH V R/
FOHDULQJ DQG RQH VWDWLRQ LQWLBA W ER JDZWUIH PLH
OHDVW DQRG DW WKH VDPH WLPH DOPRVW W R HWKD H IV @
WXGH AXFWXDWLQJDURXQG PDEDRWHSWKB QE WBHYH @I
DUH VKRZQ LQ 7DEOH

7TDEOBWDWLRQ W\SHV DQG WKHLU FRRUGLQDWHV

ORFDWLRQ ORFDWLRQ
/IX]JHQVNp OGROt YDIRIRKX"VNp 60D SHD\
GU\ IRUHVW 1f f ( f 1 f (
FOHDULQJ ¥ f ( f 1 f (
+ G\LQJ WUHHY 1 f ( f 1 f (
+ OLYLQJ IRUHVW
SHDW ERJ L7 ( f 1 f (

7KH VWDWLRQV ZHUH DOVR VWEHFMWHGE QLWHKKH WD DG
VSRQGV ZLWK WKH VL]H RI WKH VP DMKMHH\PD G LE[KIDQR H/® G
%HFDXVH RI IDLOXUH RI WKH D E RWH HPWWODAWLRWYR & WHD \@ B §
QDWLYH /DQGVDW 70 ,WV SL[ts® MMWHOV 1 P |/

7HPSHUDWXUH DQG KXPLGLW)\ ZBVW H RIFMHFR UDGQHGS ER\ GV
0 LQ WKH GU\ IRUHVW DQG LQ WKE&tSHDW ERJ 1HP SWHK
ZHUH PHDVXUHG E\ D SODWLQXP UHVWWHMDYW XEHHR IPR PH
W\ OHQJWK FD PP GLDPHWHU PR HGKHQVIHQ WG D
ORJLFDO VFUHHQ LQ RUGHU WRHDOD®RIZDMERQ QIGIGRJI HON
WHPSHUDWXUHV ZLWKLQ WKH VWDQG )RUZEDXPXGH® \ RI

7HPSHUDWXUH VHQVRUV ZHUH (6 O\OKFHH G RL\WO  RGUWEKBHN J
DERYH WKH KHUEDO ARRUDQG P DERY RARXKN HVRRA Q\H /S
DW LQGLYLGXDO OHYHOV DUH FRPSDUHG LQ WKH JUDSK

7KH VHQVRU RQ WKH JURXQG VXUIDFH ZDW 2BDW SRDHFbIK
YHIJHWDWLRQ 7KH VHQVRU DERY HHW KEH KBDUED BRI WRAHUI DL
JHWDWLRQ 7KH VHQVRU DW HPZDERSEDWHKBE JURXFG® O\
FRQWUDVW WR VHQVRUV LQ PHW HRIM &/KHUFIDI® WV B O/H. B
WUDU\ WR WKH UDLQ RU FORXG\ SKDVH

7HPSHUDWXUHV ZHUH UHFRUG HBX WRIGW LOKRXE O\ H Y
UHFRUGHG RQ HDFK VHQVRU +XPLHWVW RH WHKH EDLQ) XK
VDPH IUHTXHQF\ DV WKH WHPSHUDWXUHYV

)RU SDUDPHWHUYV DQG GDWDUO®R D GW®RJ 318 RW KHKHUR D WD
ZDV XVHG DQG IRU GDWD ORJJHU &RKHI W RWIRID PUHRRULD P
RI & RPHW GDWD ORJJHU LV DERXW W LG WDV IQH RKWVBI
WKH GDWD HYHU\ VL[ ZHHNYV

'‘DWD SURFHVVLQJ

,Q WKLV VWXG\ WKUHH GDLOMBRK WWAHDAMR.IRW HPSH V R RIZ
DQ H[DPSOH ZH VKRZ WHPSHUDWOJM ERW K WL\ KWW H R 3 8K
WXGH 7KHUH LV WKH KLJKHVW VXX W IGW J NHLUQHFQRAPHV DEQH
VWDWLRQV DUH ZHOO HYLGHQW



sensor 4

temperature data logger

v

humidity data logger

sensor 3

sensor 2

sensor 1

)L 6FKHPDWLF SLFWXUH RI D GDWD ORJJHU

15 Jul 2003

T (°C)
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—— 15 cm in the soil —=— on the ground surface
—— above the herbal floor —x— 2 m above the ground

)L 'DLO\ FRXUVHV RI WHPSHUDWXUH PHDVXUHG DW IRXU OHYHO



7HPSHUDWXUH DPSOLWXGHV |RBX.QY/GH & LIGRIP OVWAK DR\DL
PLQLPXP YDOXHV IRU WKH HQWLUH REVHUYDWLRQ SHUL

$00 GDWD ZHUH VWDWLVWLEDO O\ $DUDXIHWGHLG | B U\M R FA
SHUDWXUHV EHWZHHQ WKH VWWMQRHOW RZHW H PFSRMUDMHKG T
FRPSDUHG

,Q KXPLGLW\ RI WKH DLU ¥YD¥ ® OVRWKHD VX O B'® L ¥HS
VWXG\ WKH FRXUVH Rl UHODWLYH KXPLGR@W LG XKRZD W |

6DWHOOLWH SLFWXUHYV

$Q DHULDO SKRWR DQG D VDWHORKRRWQ® IRIF WSO KVIWWUDW
WLRQ RI WHPSHUDWXUHY KHDW Q RWHWKH VOW HGOOWH J

S5HFWL{;HG DHULDO SKRWRYV ZHUH D @QD/SWHIKEQAXR/H BV R/B U
PDWLRQ RI WKH /DQGVDW 70 VDWHOOYRWHRBUBW® D W W NK
5DGLRPHWULF YDOXHV IURP WHHWIIP G OV RKOD QG G-\R ZHL
XVLQJ PRGXOH $R&25ad8BHF25%7+0 X)(5(1&( 7THPSHUDWXUH)
WKHQ FDOLEUDWHG DFFRUGL®J MAR SYHDWXW X PHMD WK B R G G
OLWH ALJKW RQ WKHYHJHWDWLRQ VNIl ®® Bl"RS HROQVM 5 RI.D X\H
DV FDOLEUDWLRQ YDOXHV XRURY DWSH QOHQ WUWHR G DAD B DSM. @VJ
WHPSHUDWXUH ZHUH PHDVXUHG ZHH\UVH\L\ADIA(&BQFHG’IE@BH
IURP QHLJKERXULQJ IRUHVW ZBWWWHGDDGY WHHRBHQBW
WRUHG RQ WKH KHUEDO ARRU QR RIQ Y\DUIHXH W WZRIAIHVQ B ¢
FDOLEUDWLRQ RI VDWHOOLWH SLFWXUHYV

5(68/76

7\SLFDO FRXUVHV RI WHPSHUDWXUH

$V DQ H[DPSOH RI WHPSHUDW XGHVKRXQU VGIDA \Z HZ K Bl QH WK-
H[SRVHG WR KLJK VRODU UDIG IHIQMIURQ LDAFGR B HWWHR K U1
EHWZHHQ WKH VWDWLRQV DUH FURDWHBV KL®D B D WHPISWMK
HUHQFHV EHWZHHQ WKH VWDWLRQV DUH YHU\ VPDOO
2QH VXQQ\ GD\ KDV EHHQ FKRVHQ IURRQWKHJERJW®B LR
DQG RQH IURP WKH HQG 'DLO\ WHP8H U D WHKRISH ERX\VH
IRU RQH OHYHO IURP HDFK VWDWLRQ DUH FRPSDUHG LQ
7KH ORZHVW WHPSHUDWXUHV WKURXHKEKW. QXK HRG BV Iy
PXP WHPSHUDWXUH UHDFKHG V W&HSRDWRD RWUKH UF R/

KLIKHU f& LQ WKH SHDW ERJ f&fIRQLWY KWHKGE UROIRD U |
UHG RQ WKH JURXQG VXUIDFH
2Q VXPPHU VXQQ\ GD\V -XO HVSXWHPSHWRW XWBKD F

PD[LPXP WHPSHUDWXUHV ZHUH PHDWOXUHGE 3 Q W KHKSHHD V
UDWXUH DPSOLWXGH DQG PD[LPD LUNWAKKH SHD WKER G Z T
VLPLODU WR WKH FOHDULQJ 7KIL2HHY IWHFIWQ N B KO BWELR B [E
VFLQJ OHDYHV RI KHUEV LQ WKH FOHDULQJ DQG LQ WKF

&RXUVHV RI WHPSHUDWXUH DPSOLWXGH

THPSHUDWXUH DPSOLWXGHY ZHUH FERWWIHEG IURPQGOO |
LQ 7KH FRXUVHV RI DPSOLWXGHDBUN BRORDQVLQKRZD
SOLWXGH FRXUVHYV DW LQGLY IDEZPI0A WWEOMM.- PERY HKWY H |
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J)LJ 7\SLFDO GDLO\ FRXUVHV RI WHPSHUDWXUH PHDVXUHG GXULQ
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)L 7KH FRXUVH RI WHPSHUDWXUH DPSOLWXGHY DERYH WKH KHU



SOLWXGH FRXUVHV DW LQGLY LDGPSI00. WWEOMAM RER Y HKW K H |

P DERYH WKH JURXQG %HFDXVH RDWB FRIUFDOL UREE
UHVW WKH GDWD DW P DERYH WKH JURXQG DUH VKRZ:

7KH VWDWLRQ LQ WKH OLYL QB URIQNW WLYKRED DP BBVHN HA
KDYH KLJKHU WHPSHUDWXUH DPSOLWXGBNMWQG WKHLU

7KH PD[LPXP GDLO\ DPSOLWXGH LQ QWKH>XQYLQDERVYH\
KHUEDO ARRU 7KHELJJHVW GLIIHWBK R B WEKHW DHREK@ & K X |
UH WKH DPSOLWXGH LQ WKH FOHD UH) JLDD W KRHY G®LY\H LRI
f& DQG LQ WKH SHDW ERJ E\ f& KLIJKHU

,Q ERWK \HDUV WKH KLJKHVW WRKRSH UQ WHXUHH SN EW
UHFRUGHG H[WUHPHO\ KLJK AXFW XWW S FOPYHEUSKDERE P -
VWDQG 3W WKHUPRPHWHU ORFRDWDB G KR XIJE B W VKON VX
DPSOLWXGHV ZHUH PDLQO\ DERYHf&RB KMXEDO ABRU (
WHPSHUDWXUH DPSOLWXGHV LQ WKH&SRI® W $XRJ ZH U H HD
WKH JURXQG

,Q WKH FOHDULQJ DQG LQ WKH GW X GRIWHZNW W IRHD PADK H P:

,Q WKH GU\ IRUHVW LW ZDV f& RQ f&RD -X@ WKH:!
P DERYH WKH JURXQG WKH PD[LPXPKMPSOLWRGHWWZH U
6HS DQG LQ WKH FOHDULQJ f& RQ -XQ

'LIIHUHQFHV Rl WHPSHUDWXUH DFNSORYXERVK®GRAU W
WKH FOHDULQJ DUH YHU\ VPDOORQ WH H I URK\D\G ¥ X B WDXB
ULQJ LW ZDV f& RQ  $XJ XQGHU WKH G\LQJ WUF

5HODWLYH KXPLGLW\ RI WKH DLU

7KH KXPLGLW\ RI WKH DLU ZDV PRYLWRYH®IURUHVD/WGA
SHDW ERJ +XPLGLW\ FRXUVHV LQ MPGR\JG DSK OFURHP S/IKE
KXPLGLW\ RI LQGLYLGXDO VWDWLR®W KXRIRXUIWR XDVWK
WKH OLYLQJ IRUHVW 7KH KLIJIKHVW&XXRMWGEZWY ZHW \GWIUA
VWDWLRQV

15 Jul 2003
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5HPRWH VHQVLQJ

7KLV VWXG\ SUHVHQWY DQ DHUISRGVWWXBRM R LJLJI | DRFG C
$W WKH DHULDO SKRWR DOO VWDV WRQYLE WEK KHIJKIDE U KW
DV WKH DHULDO SKRWR EXW LW IMBHQUWAWWWEH.L Y HRIUII
WKH ODQGVFDSH 'DWD WKDWBHEBWID QR EDVKIE IIHAR
SLFWXUH DUH SUHVHQWHG IRU LQGLYLGXDO VWDWLRQYV

'LWK UHJDUG WR WKH WHPSHUDWKRHHGL VWKWLE RWH RWY
UHV ZHUH HYLGHQWO\ LQ WKH DBHWKH. WIKJRKHY WQW HRWSH
FOHDULQJ DQG DOVR LQ WKH GU\ IRUHVW

&RPSDULVRQ EHWZHHQ GDWD PHDNMY WHG DERX Q GMKHGK
VDWHOOLWH SLFWXUHV LV VKRZEGA QQLWKH SHP®HRRDIWD
EDO ARRU ZHUH f& GDWD IURP VDOWHDQQ IQW H\8 LZ[BI\D ff&
f& UHVSHFWLYHO\ 7KH WHPSHUDNWXZHVHLQRWKPHD VYXLUG
FURZQV 2ZKKDWKHWGR QRW FRUUHVSRQG ZLWkK VOQMWIHO /L
JURXQG f& TURP WKH VDWHH/MW B @& [HO fERD QMK H
VSHFWLYHO\ IRU WKH GU\ IRUHVW

,6&866,21

7KH PDLQ JRDO RI RXU PRQLW RULHQFHNVLY RVEWVMHVAU R/
IRUHVW LQ GLITHUHQW VWDWHV LK WHKHH LAQX\W B YUY H@ W ORE
EHHWOH IRU FRPSDULVRQ ZH DOVR PRQLWRUHG D SHD\

7KH ORZHVW WHPSHUDWXUH DPSOUWWGHWY FARKKH VPR \DV
WHPSHUDWXUH GDPSLQJ GXULQJDWKB X RE H K H QHW DKV C
PD[LPXWHPSHUDWXUHYV DW WKH RWKHU MWBD@RLRQ B ZRIQH
ZHUH LQ FRQWUDVW WR WKH OLYL QW KR WKHVWH W\M UN H/PS
WUHPHV ZHUH IRXQG LQ WKH SHDW ERJ

7KH UHVXOWYV Rl RXU PRQLWRULQJLIWR @RFW RXXQNS WLK/!
WUHH WUDQVSLUDWLRQ 7KH HJHHWLR HAYW G @& '@ S\ UCRMDLVR
FHG WUDQVSLUDWLRQ LQ WKH G UPSIRWW DWW FHQRSI MQU IV & ¥
WKH VXUURXQGLQJ HQYLUR®P MWW SH.UHDWOQU WK HD Q 8 JKOOH
VXUURXQGLQJ 7KH SODQW EHKDGHW LRENHXRD 3 H U, \Q HW KR
FOHDULQJ DQG LQ WKH GU\ IRUFVIQW K/HK DG UQRREQ @/LUMLR
O\ PLVVLQJ

‘H H[SODLQHG WKH ORZ DPSOLWXBS$LVQUQRWEHBLOL YALIY L
QLJKW PLQLPD PDLQO\ E\ HYDSRWHOG RN LB QWURLHE M LI
DW QLJKW DQG FUHDWLRQ RI GHZ \QGRWKBU ERIKGV D @&/l
PDLQ SDUW RI VRODU HQHUJ\ LV ERWGRI® SHR DWW KD
WKXV GDPSHG 2Q WKH FRQWUDUD VI & DFKIWE W K R QEEIHD
WKH WHPSHUDWXUH PLQLPXP LV W®XV R RKHGV RR Q JWZR
GDPSHG E\ YHJHWDWLRQ DQG KLJKHAK ARKD/GHQW [RM BDW
YHU\ OLPLWHG LQ WKH RWKHU WKUHH W\SHV RI IRUHVW

JRU WKH ¢UVW DSSUR[LPDWLRQ ZHHWNKYLROWRIG VO P LVD\S b
,Q WKH SHDW ERJ OLJKW DEVRUSWLRRZARXEG Bfd. KLIKF
081 JLYHV YDOXHV RI DOEHGR IRIR ERGIUIHWRWY R R UZH.
KHDWKHU + DQG IRU ZHW PHRGRWKH F OHDEDIX HQYJ HRLW
ERJ DUH XQIRUWXQDWHO\ QRW DX BHODEBFHW M GJK® W KIH
7KDW LV ZK\ RXU VWDWHPHQW LV R@Q\URW®R BAKGHWW IHFDAD P
PHQW LQ WKH GU\ DQG OLYLQJ IRUHVW



AODYTMAMA HIXIM OHHZMHI OHAT

Nasddd ndl \odH
NdHHNM HYIMOXZHMAEBDNAAMY /0 IHM HIM HAYIA SHNXAAHA OOHZ

AA XMTZ 908 S AHMALEMROD HWHIOHANINZ MAHNYE!I COTATO 904 \N9O ddN|

OMNTEX OHNTHD HMAMMO d 4 NOHKIBAA HATdHNS HNYd + ANHM

YHHNC @ ¥MT1Z NHON AN H O M FOMOMAING dEHHAEHNHIANAMWM A D MYAQOA 901¥H% OHOOAMd4 odd
¥MIT1Z ACHYI MAHS AOMAYO WY WXAND 3 &\ TEHMMNEW AWWIBEO OMAJOA HNEIH% MIHO HXM Od DZYUMA
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IRWLFHDEO\ KLIJK WHPSHUDW XQUW K SEB DWXBRIY ERWK
HIWUHPHO\ KLJK SUHFLSLWDW LR QAL IKQW H.RS WK Bl WHWH \G
WKH YyYHUYHQpPp %ODWR SHDW EZ&i2#HUH DQN RHLOH F RRKGRIG

7KH VXUIDFH RI JURZLQJ SHDWDERD VG BURBSKRYH U |
QXPRVV GRHV QRW SRVVHVV HLWKHW KHR R QW LRIH FZRDQNGK
UXQV RQO\ E\ VORZ GLIIXVLRQ ,Q RXKW SXAPHILWDWLRE
GLDWLRQ ZHDW KoHBlX DWEEHPK S GIVOFEEIHGR LQFUHDVHV WK
(FDQWO\DQG WKHWHPSHUDW X Uo@blsB U WKH JURXQG LQF

'"U\6SKDJEXMDWHVY D WKLQ OD\HU DQG ORZ GRRYRMD U IS
WKH JURXQG ZDWHU WDIEIOH ZDWGH BDQYBAWVKRKJIK WKH ¢
ZDWHU LWV QDUURZ VXUIDFH OD\$HID@&UQHNHXD DQG FRY
6SKDJQXFERYHUV DJDLQ RQ WKH KRQ\VE0OD @W D DW & /W L
GHFRPSRVH

,Q DGGLWLRQ WRHWKPVW FDERFXW\OD\HU DQGYHWYV K
ORZ ,Q FRPSDULVRQ ZLWK WKH FRAWUY QW WRIHWRL OV LOF
PH RI KHDW IURP WKH VRLO WR W H FFRRRRIOL @ X RIIDW K HD WX
SHDW ERJ

,Q SHDW ERJV FRYHUHG E\ GZDHDEKQH GHR WX HR V B/KBI.
FDQ OHDG ZDWHU IRU WUDQVSLUDMWDRG H 7IX NR XQS HIRW HE
WHPSHUDWXUH FLUFXPVWDQFHY DUH QRW VR H[WUHPH

&RQWLQXDO UHFRUGLQJ RI WRPSWUDHDXXHNH PMQIV VL Y. N
EHFDXVH WKH GHYLDWLRQV FDX V8 EQEWUMWVIKRQ HR | ROK
VXUIDFH LQ WKH OLYLQJ IRUHVW RU E\ VKDGLQJ DUH U}

2Q WKH FRQWUDU\ GLVWULEXWLRY \RdRZIQPISG! WVDW/ X DHD
&RPSDULVRQ EHWZHHQ GDWD PHDNXY WHG DERX & GAWKH KDH
I[URP VDWHOOLWH SLFW X UHWU NVOIWS)LUDWLERLQRW R X\ \G I
WHPSHUDWXUHY DQG KXPLGLWHN IDQ 1D GHRENXQU B -6 VWS U X
DXWKRU KDV FRPSDUHG VDWHOOL\EHHADWD FIDRPP LW\ B.H
SDUW Rl WKH %RKHPLDQ )RUHVW VWDUWHG ZLWK GDWI

$QRWKHU SRVVLELOLW\ LV WR W DHNWDU HIEWR K G.MQWJ K ZQ B
SRVVLEOH WR FUHDWH D WHPSH UDRWXUIHY $RS GRLIQW KKHR JOU
WHPSHUDWXUH GLIIHUHQFHY DUH FUHDWHG

&21&/86,216

7KH UHVXOWY RI RXU ZRUN VKRZ WWRMW WHHMS & UDIMDX UIR L
DQG VR GLIIHUV IURP WKH RWHMHWL QW DSHIRY \E RG U \7IRH 1D\
ERWK WKH GDLO\ PD[LPD DQG WIOH QULH R ®HRDW >PWH PHIH

OLYLQJ IRUHVW ZDV f& LQ  WLRR®WIKDHU HAMR KM KRD]
DWH DURXQG f& f& LQ WKH GRY IROBIVW [& LR&WK
ULQJ

7KH KLIKHVW WHPSHUDWXUH DP SO LW GHW L\@ KW KRIWGKIHW
WKH DPSOLWXGH YDOXHV ZHUH P XK KJKHMM D DIEL WKIOMI
IRUHVW ZHUH RQ WKH JURXQG VXUIDFH LQfBKHQFOHDQ
ZHUH f& DQG f& LQ WKH VDPH \HDUYV

$W ERWK VWDWLRQV WKH FOLP DKH P HY LHFIW ARU HAVUH W/\K
HQHUJ\ LV ERXQG WR ZDWHU YDSRRQBGHLFKDWL RY DQ GK
WHPSHUDWXUH GHFUHDVH ,Q DQRGLBDBRW RN K QRU B @ IAD



GHV $W WKH RWKHU VWDWLRQVFW K B UICPRXRZW & | DZOGN B
HQHUJ\ LV FRQYHUWHG WR VHQVWKGHGKHDRUHYXW PQIGP D
TXLWH VLPLODU 7KH WHPSH U DRUHMNDPGOG LVOXW KM EQ H
VLPLODU HVSHFLDOO\ LQ WEKKH®P GMWIHPHWANY DEWYH I
RQ DYHUDJH f& LQ DQG LQ WKHf @URKB GS VIXH U
KLJKHU & LQ DQG f& LQ

7KH KLJKHVW WHPSHUDWXUH DHRSDLQY X\GHVSHBW EQOD V
WKDW WKH SHDW ERJ ZHW PLUH XDWRRQ®Y\ZBDPEW RO
GHG ,Q WKH KLJKHVW DPSOLWXOGH ZDY& ,Q & PRSD U
ZLWK WKH FOHDULQJ WKH WHPSHUDMKUHL Q P8 IOH VB XI® MV
f& DQG E\ f& KLIJKHU UHVSHW®WWLWKB\O LY LFQRIP ROUH AR (
f& KLJKHU DERYH WKH KHUEDO ARRU DORHE\ f& KLJKF

$V ZH H[SHFWHG LQ WKH VDWHO O LREZH \SA PMWHKRISH ULDR\PX
HYLGHQWO\ LQ DUHDV ZLWK OLY LOKHRW HVMP SRHQJ DWK ¥ UF-
FOHDULQJ DQG DOVR LQ WKH GU\GRUERNH WKHGKEDN\EHD®
GU\ IRUHVW FRUUHVSRQG DSSUR[LPDWHEVZLWK WKH GI

NQRZOHGJHHPEIFQ)V\O,G OLNH WR WKDQN WKH 0D QD JHPR Q@ ORI Z&DCP |
WLUH UHVHDUFK DQG JDYH WKRIXRDWKREKRIYRRUBW8H Kk LRJ GG\S ¢
IRU OHQGLQJ WKH GDWD ORJIWHWVKIQVU S HBLROIO®S -7 KRH RFFRKQ MWDU >
XpHURYi D UDWHIXOO\ DEZNDYRZOHRIHWS H G KB WHK\HH ,BRUAKL W X'\
0 36 U (QHUJ\ RI 1DWXUDO DQG 7THFKQRORJLFDO 6\VV
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+$,6 0 LQ SUHVV &KDQJHV LQ ODBQKXFRGHW \ WSHDRISHUHDNWNHXUWH UHYY X O W L
GHFD\ LQ WKH FHQWUH RI WHKHOHXPOLYDH UVWWR Q@ D&ED BRION Q D H

+,/0811 & 7THPSHUDWXUHQ LQ =|QRVHQ D @\D OQGH NXONVGR IUXHIQ %4 M M WBLUF
:LUNXQJVIJUDGHYV (QHUJLHGLVN LSDWH RXQQX QGEH & PHAMHEBGOVHRXQDEL AW V H O O
GHU 7THFKQLVFKHQ 8QLYHUVLWIW NOHIHPLYAXKHQUODGQGHXNQRIBWRU GH
VFKDIWHQ 'U ,QJ JHQHKPLJWH 'KVVHUONDOIOW LRIQ OLHQVFKSEQG % XF

.2/08129E $ $XWRHNRORJLH URMRY QRNIX/BED KR DG/ REVSEWHR BERORF
WKHVLV &KDUOHV 8QLYHUVLWD BUBUXH\ RI SMSBKHWRAOTM B RLWELH C
3UDJXH

/681" 7 0 .55 :  &3081- : 5HPRWH 6HQVLQJ DQG ,PLIRIKIQ, QOHHY DU
6RQV 1HZ <RUN Ss

P .2516 - "'LVVLSDWLRQ RI VRODU HQHGJE\LRDQDQBRHAQWHRE ERQYWU
SHQHZDEOH (QHUJ\

53/ : ODQDJHPHQW RI ZDWHU F\FOLYW BB 6 R-OUHWRO AR K HRHDHHRV W
RQ (75 PRRRORJLFDO PRGHOOLQJ

53/ : B2s16 - 672960 5%/ 6 +ROLVWLFNE& S tVWXS NH VMHNMINVKX |

GHJUDGDFL >7KH KROLVWLF DSSU® RAKZ MAR ODIQHG V WX & WRKEHBLRIY @G J

MH]JHUQtFK HNRV\VWpP $(6 (R@L VWIGF N eH 8 O\DVWDXGSY ,QWHUQDWLRQDO 3.
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