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Resulted GWP zone map, validated with
well data from 646 nos. of wells and
achieved 77.55 % accuracy
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*URXQGZDWHU LV D FUXFLDO QR W XJUDRX QGIZRW H B H® W & DHHPIR\WQ J
VXVWDLQV DJULFXOWXUDO LQGXXWWDROLFXUBDQV BREVUROBOWR HVWL
GHYHORSPHQW 0@ WRMXV WEKGILOULPDQ | ZMBXIM HOV DFFXUDWHO\ ZLWK VLPS
VRXUFH IRU PHHWLQJ WKH QHHGXBDRYHWGKRHRGHBORAQGZDWHU TXDOLW\
LUULJDWLRQ DQG LQGXVWULDO VEHRMRRPHW BWSHRUD DD Q\W® BRQERQY LQ L
ZKHUH VXUIDFH ZDWHU LV HLWKHUQOQRHWHIGGRE\X YDV DR ®W EMGW KUR SR JH
,Q +DU\DQD DSSUR[LPDWHO\ IPIF WRHYV HPWQDEWBBWLYLWLHY LPSDFW
JURXQGZDWHU RY XWLIQIDWGRQ BXWERMHK DUVHQLF DQG LURQ OHYHOV
SULPDULO\ WKURXJK WKH @XWY R¥ @&¥XEHRZWHWO®YLUHOHVV VHQVRU V\VWH
GHPDQG KDV DOVR IRC®HBGXHGWRSOQMPHQWWGPIR®RGDWRULQJ RI S+ DQ
SRS X O DRZIMRIQ NG WKH H[SDQVLRQORIYWE&M LQGXVWULDO

VHFWRYDU\DQD VWDWH SOD\V D YLWD® KIRONWRG\Q®XIOWLSOH WKHPDWL
HFRQRP\ HVSHFLDOO\ LQ WKH DJWVIORSHW X8J/BO VIRQ® LIOHRO/RMY LDHRP R U SKR
VHFWRUV $V SDUWKRYQWHRHVEZ DIWWEDEHQVLW\ '* HOHYDWLRQ OLQHDPHQV
LW LV RQ WKH YHUJH RI D VHYH UUDZIDWHWOF DLYE WERSRIWRSWKA ZHWQH V'
RYMUWUDFWLRQ RI JURXQGZDWHKYHGKHH WX®PDAHLF OD\HUV ZHUH WK
K\GURORJLFDO DQG VRFLRHFRQR FOLVL F® B G OZAHA B K\WWWX\FIMQB DINKIH $+3 DSS U
JURXQGZDWHU PDQDJHPHQW D SQWWIUQ@WHEXYQAQIHZHLIKWHG RYHU
7KHUHIRUH WKH LPSRUWDQFH RIWHRXDITXHWMR EHRBRAN WKH ILQDO *:
SDUWLFXODUO\ FULWLFDO LQ DUEGVD®GOVEBMHEDGKNIEQID RMYIGEEZ DWHU O
ZKHUHDVRQDO UDLQIDOO DQG VXUfDFH:BBANHWRMRXUFZHVODYVHFROOHFWHG
OLPLWEBGKLY XQVXVWDLQDEOH XWKHHRUWEY VJWRXRXS ZDWHU ERDUG &*

HQYLURQPHQWDO DQG VRFLRHARMRPRED FKHRPGHQINRQ RI *:3 D
KLIKOLJKWLQJ WKH XUJHQW QHHG DRRWVWRIHRRFGOGHANMWWWHIH HYDOXDWLRQ
PDQDJHPHQW LQ JURXQGZDWHU JWR@HV SRHYULHIR ® IMKYLH/
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YLIXUH 6WXG\ DUHD PDS

+DU\DQDYTV DRHQWXQW XHFRQRAURPLWKH QDWLRQDO UHPRWH VHQVL
LQWHQVLYH FXOWAHMMWQ®RID R IFFEXMMDQ SODWIRUP ZKLFK SURYLGHV
LQFOXGLQJ ULFH DQG ZKHDW YHUDLYLHG B WIRDHMMAO\7KH OLQHDPHQ!
FRQWU L E X W HKS[ WMRD W HRRYRU JURGBGWRWHQJ VXEVXUIDFH IUDFWXUH
ORUHRYHU VHYHUDO EORFNV LQUWRKHIDVWH \§ B VKIOW H7 KB UB/RGRDS ZDV G
EHHQ FODVYRYHWHESORLWHG E\ SHOGWLPMMHOOLWH LPDIHU\ ZKLFK RI
ZKLFK PHDQV WKDW WKH DQQXD ® H\/\M UDV 8/ W QD FHIHGROMWH RQ PDN
DQQXDO UHFKDUJH 7KLV VLWXD@HA®LLM ZR GHMIH® HS ODQG XVH
OLPLWHG QDWXUDO UHFKDUJH UHYR®KTWKIROH LBBUGMHYOWMKH DFFXULC
FHUWDLQ |JRQHV DQG WKH DEMMEEH RVSHBHEMOHXQVKLQJ EHW?Z
JURXQGZDWHU PDQDJHPKIWH BUDERMXIFWXUDGSILURQEV EXULBOWWY D
FRQGLWLRQV PDNH +DU\DQD DZFWHWLEP®LHWVH IRU
DSSO\LQJ JHRVSDWLDO WHFKQLTXKN JWRORRDEDREDBE®Y SUHSDUHGC
PDQDJH JURXQGZDWHU UHVRXUFKWWRP WKH VXUYH\ Rl ,QGLD 62, DQG
ILHOBYHO JHRORJLFDO LQIRUPDWLR
'DWD DQG PHWKRGRORJ\ FRQVLVWHQF\ DQG UHOHYDQFH WR D
'DWD FROOHFWLRQ 6LPLODUO\ WKH VRLO PDS ZDV JHQH
LHV VRLOV RC
7KH GDWD XVHG LQ WKLV vwxa$% O\/ WFPWCE'WP QDJH AN
IRU LQILOW

FRPELQDWLRQ RI FRQYHQWLR
DGYDQFHG UHPRWH VHQVLQJ
FRPSUHKHQVLYH VSDWLDO DQG % VE S‘S’VDDU\%V';%H,
*:3 PDSSLQJ $ VKXWWOH UDGDU HY Q

6570 GLJLW D ®R{EHDY DYWL ZQ WK KWBG MWRRQUHS U
PHWHU VSDWLDO UHVROXWLRQ %3/\’\"# v Q@éXVﬁUWRﬁLOLW\ DF!
VORSH PDS 7:, DQG '* 7KHVH Ez L HV WR UHFKDU
ERKDYLRXU 7KH UHODWLYHO! ) u Loﬂ%@ ") 6o
ZHUH EWDLQHG IUR

HQDEOHV UHOLDEOH VOWWU E LU 8 ,§I\4 UHPHOWY GHERUG
N u QFH SRLQWV IRU FF

7KH JHRPRUSKRORJ\ DQG /' PDS



**3 PRGHO RXWSXWYV DORPAIDQULVRRU RI ZHOO GDWD ZLWK Wil
VSDWLRWHPSRUDO YDOLGDWLRQRQHWKHQ@HEHOHGE WHTX PRHIMWBWLYH DF
VXPPDU\ RI DOO WKH GDWD VRXKEWVUHYHDWORYIDGHGOALGDWLRQ DFFEX
7TDEOH ZKLFK VXSSRUWYVY WKH UREXVWQHVV

JLIXUH LOOXVWUDWHY WKH FRPSOHYV
7DEOH 'DWD VRXUFHV IRU WKH FWHKIMWV VRARX QR ILIONREHIRBH D\HU SUHSDUDW

PDSV $+3EDVHG ZHLJKWLQJ FRQVLVWHQF\ \
3DUDPHWHU 'DWDVHW VRXUFH L QWHJUDWLRQ DQG ILQDO YDOLGDWL
60| 657
/8/& 6HQ\ SHVXOWY DQG GLVFXVVLRQ
(OHY 657 7KHPDWLF OD\HUV
6RLO \ )$2 60RSH
*HRORJ\ 62,
z 657 60RSH LV D FULWLFDO WRSRJUDSKI
ARPRUS TR GLUHFWO\ LQIOXHQFHV VXUIDFH UXQ
5DLOID o UHSUHVHQWY WKH UDWH RI FKDQJH
7 657 WKHUHE\ DIIHFWV WKH WLPH DW ZKLFI
*:/ GD & % WKH VXUIDFH EHIRUH LQILOWUDWLQJ
> @6WHHS VORSHV SURPRWH UDSL
OHWKRGRORJ\ KLQGHU ZDWHU LQILOWUDWLRQ WKt}

7TRGHOLQHDWH *:3 JRQHV WKLVSGWKIRE R 2N *£ 9 SRIWHDVY

VIVWHPDWLF PXOWLVWHS DSSL{ }5 2o QWATERWRET PERNY

JHRVSDWLDO DQDO\VLAD N IDJIG v DULDWLR.

WHFKQLTXHV OXOWLSOH WKHPD I?l_|J K@ 3 %@E‘@ THe

RQ WKH EDVLV RI K\GURJHRORJL % e L%Eé% N DOXHY 7H
VL

YDULDEOHV WKDX\Q GRDOWAHD RHF F

7KHVH LQFOXGH VORSH ' HOH 'ﬁL LV\{)R WHQ GLVWLQFW
JHRORJ\ JHRPRUSKRORJ\ /' 7:, QFOLQDWLRQ DV
PDSV (DFK WKHPDWLF OD\HU ZDV P SGAMIVIDL FW V
LQWR VWDQGDUGL]HG FODVVHV D \& I:b .DLWKDO
K\GURJHRORJLFDO LQIOXHQFH?3 WRXE} HESU KHWUD 6RGC

IRUHVWHG /8/& W\SHV ZHUH UD J

WKHLU LQFUHDVHG LQILOWUD R R DLQ LGHI
UHFODVVLILHG OD\HUV ZHUH W PHQW 'L
XVLQJ WKH $+3 7KH SDLUZLVH &

ZDV HPSOR\HG WHRH TXID@DWL L\Y H L o) WO\ YDULDWLRQ ZL
RI HDFK IDFWRU VXSSRUWHG E E@i V\&/‘\_/Ié(?% )%QGVYRIBC?@UHHV VXJIJH

R HU\ JHQWOH VOF
WFKDUJH *:5 )RU H[DPSOH JH%W’%?R\FCHQ %% 7KHVH GLVWUL
5HZDUL D

OLWHUDWXUH UHYLHZ

7R HQVXUH ORJLFDO FRQVLVWH(9 § UDP DQG
SURFHVV D FRQVLVWHQF\ UDWL<F\D
7KH UHVXOWLQJ &5 YDOXH RI
WKDQ LQGLFDWHV DOQ DFﬁ/
FRQVLVWHQF\ LQ WKH MXGJPHQ
WKH LPSDFH®WIYWXEMDY LQ ZHLJ Q
2QFH WKH OD\HUV ZHUH ZHLJ

\/E%, RSHV UDQJL(

¢3 GLFDWLQJ URC

ﬁ E%XUHV 3DQFKN:?
PrE P

@ AXHODADA\QLQ WKH 6

\WKRZ WKH VW
5{ GHJUHHYV
% I’(ﬂYDIﬂ)lKIUGD@\JHMJLF

LQWHJUDWHG XVLQJ WKH :2% W b DpRVH]
PHWKRG DOORZV WKH FRPELQD Q

RQ WKH EDVLV RI WKHLU DVVLJ Vgllﬂ @w}% ?ﬁ%GV\?V%SVNHHW?
D FRPSRVLWH *:3 LQGHV \PLOBHW

UHJLRQ LQWR ILYH JRQHV YHU\ KLIKOLJKWYV W
KLJK DQG YHU\ KLJK SRWHQWLD HN[SDQVLYH

ZDV WKHQ YDOLGDWHG XVLQJ *2P° R *HU VWHUUDLQ FDX)\
IURP WKH &*:% ZKLFK zHUH REWBIS £ L EOWUBWIRQVDRGH IRU YF
ZHOO ORFDWLRQV DFURVV +DU\ 7k USRS ZdYRWOH  VORSHY




VLIJQLILFDQW LQILOWUDWRBG ZODAFHUPEZRRWMWXIQRHG D PRGHUDWH ZF
PRGHUDWH VORSHV H[KLELW EDOPBERGNLQLYOWUDWLRASRUWDQW E
UXQRII FRQGLWLP@RGPBUDWHQI:8WSRFRPSDUHNBRUH GRPLQDQW IDFWRU\
BWHHSHU DQG YHUVURNWKQVEHUK DORSMHWIDOO DQG JHRORJ\
VXUIDFH UXQRII DQG PLQLPDO LQILOWUDWLRQ 7KH VORSH
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WUDQVIRUPDWLRQV LQ YDULRXXHOBYG GAHOONLQHDULHY DYRDV ZLWK J
H[DPSOH IRUHVW FRYHU GHFOISRWHEWLDO $GRBRWLRQDOO\ /8/& FKI
PLOOLRQ KHFWDWRIV LQPLOOYRBK DV XUEDQ H[SDDRNMX®W X WDmHaB
KHFWDUHV LZXKHUHDV EDUUHQ ORQ® HQVWUHFDYPMGRQ FDQ DOWHU UHFK
E\ UHIOHFWLQJ LQFUHDVLG* XBRBE OH[SBI&QVZIDRQILYHQ PRGHUDW
DQG OD@G® \®HR&KH /8/& PDS )LIJWWBH EDVLV Rl LWV VSDWLDO YDULL

GHULYHGPHMRPU UHVROXWLRQQSGIROMQAMHAQ LQILOWUDWLRQ DQG V)
LPDJHU\ FDSWFPDOHVODQB XVH SDWWHUQV DQG
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YLIXUH (OHYDWLRQ PDS JLIXUH 6RLO PDS

,Q WKLV VWXG\ VRLO FODVVLILFDWHR@RIDY EDVHG RQ WKH
)$2 JOREDO VRLO GDWDVHW ZKLFK R LiH \ ,
WA\SH DQG WH[WXUH )LJXUH Q Q/ ﬁ/ %\SD(%ADEV(\QIEUV\IIVQU‘
VRLOV H[KLELW PRGHUDWH W ’

IDFLOLWDWLQJ LQILOWUDWLRQ %%P\KISVHY: T))(<[|
UHWDLQ PRLVWXUH &RQYHUVH GVWRQH DQ
PHGLXP EODFN VRLOV NQRZQ IRU 3 HDVLO\ WKU
H[KLELW VWURQJ PRLVWXUH .'."" LIJKHU *:5 ,

LQILOWUDWLRQ OLPLWLQJ *:5 13" OV LOFOXGL
KROGLQJ FDSDFLW\ 7KH PL[HG U} ) UFHQHOWUD'
|

SURYLGH D EDO® GRID EQIBVH D Q

FRQWULEXWLQJ WR PRGHUDWH [ .‘;p x GD\I/\UWKDUI;(\
DOOXYLDO VRLOV W\SLFDOO\ RXOE o
RITHU KLJK SRURVLW\ DQG H[FHOQ ..¢ KDUJH |

EHFDXVH RI WKHLU ORRVH XQERBNR
ORUHRYHU GHVHUWRLDYG DVUBIO cg, UDWH JHROR

IDYRXUDEOH IRU UHFKDUJH EHEFR @W&P\é%g G 2NL'\LQJ IDYRXU

Q. D
SHUPHDELOLW\ DQG KLJK VDOLQL
LQILOWUDWLRQ DQG ZDWHU X%FP FL% Vf\%\/l\)/\((\sg\\/\// VHKY\

IUDPHZRUN VRLO ZDV DVVLJQH Q LQ )LI
UHIOHFWLQJ LWV VLIQLILFDQW | I@V% ﬁ’fﬁé‘ VLVWLQJ
OBRENV H[KLE

JRRG UHFKDUJH SBMRFMHWIHD M Q GKH
OLRFEBOQHRFHQH IRUPDWLRQV ZKLFK
vDQG\ DQG JUDYHOO\ GHSRVLWYV

RPSDUHG ZLWK GRPLQDQW IDF B4
DQG JHRORJ\



SHUPHDELOLW\ DQG VWRUDJH FUDHBEKLWI\H PERQAUWWRRABNF 7KH 4XDWH
IDYRXUDEOH IRU WKH *:3 ZQLFRRQWHUDMMDODWLYHO\ UHFHQW KD
SDODHRSUKRMMRBERIRWHUR]RLF UREAHNVFDXYKLRKWKHLU KLJK SRURVLW\ [(
DUH ROGHU DQG PRUH FRQVROHRDWHGZDWKILEMHY ORKLJIJK ZHLJKW E
SHUPHDELOLW\ DQG UHGXFHG UIKERK®OMIMQSIRRIOHOMQ DRYHKRALQJ WKH V
SOLRBOAHVWRFHQH HRBBRWHEBQOERQG VWRUDJH DQG XQFRQVROLGDWH
PL[HG VHGLPHQWY SURYLGHG DFKEHUDWHJWRX A IBWHU VHFRQG R(
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YLIXUH *HR JLIXUH LQDJH (PD

'UDLQDJH GHQVLW\ VORSHV DQG OHVV SHUPHDEOH VRL
'UDLQDJH GHQVLW\ ' GHILQ QG GLPLQLVKHG

OHQJWK RI VWUHDPV DQG ULYHL)I;&_VE\%F % %%VVO%JVURD:H
DQ LPSRUWDQW LQGLFDWRU HSSV H FR GXFLY,?
DUHD D KLJK ' VLGII@‘KHLO—IR/SECZI—V Q

GUDLQDJH QHWZRUN ZKLFK RIW & 8E Ve JRQHV
VXUIDKHRII DQG UHGXFHG ZD % %%%QW:% EHWZHE

WKHUHE\ ORZHULQJ WKH *:5 v ﬁ Pﬁﬁg\lvaWQH(v)v
ORZ ' JHQHUDOO\ H[SHULHQFH WH ZHL KW
EHFDXVH VXUIDFH ZDWHU | X HEW UROH L
SHULRGV LQFUHDVLQJ WKH S ?3 LQIBJQHLQ RQ UXQRII L

UHFKBU@H KLYV SDHDPAH DOVR YD

K\GURORJLFDO PRGHOOLQJ DV LW L)HBCEI% V%W%—i \FRPELQHG

HITHFWV RI ODQG XVH VORSH OLWK ]:_I)LQIDOO RQ

VXUIDFH ZDWHU G\QDPLFV &KD@HHRWPRUB KRIORIODWMKH VWXG\ RI (DU

SDWWHUQV FDXVHG E\ XUEDQL]DMOWRUHMHWHIRQE VWIOM IR QYHRDWLRQVKI

ODQG GHIJUDGDWQW Q\FDOQWHU @IRBBIDXEW XUHYVY LV D VLIQLILFDQW IDFYV

FROQGLWLRQV > @DQGIRUPV VXFK DV SODLQV YDO(
,Q WKH VWXG\ DUHD "' ZDV FGOD\DWHDXY LIQWEXIH@AH ERWK UXQRII

FDWHJRULHVY YHU\ ORZ ORZ PR&SWRMPHWHY HKLIK KD YHUWHFWO\ DIIHF

KLIJK DV VKRZQ LQ )LJXUH S5HH[RPE@Y THWKDIOLQXYDQG SODLQV RzZL
YHU\ KLJK ' WASLFDOO\ FRUUHNGRRGYRAR GONMWHHEHIRQ G SRURXV VHG



H[KLELW KLJK *:3 ZKHUHDV URKEVXKLDPN SBIQEHDELOLW\ DQG VHU
SODWHDXV ZLWK OLPLWHG VRL@DFRHWUIORLG KADKLYYIUMEKHP FULWLF
UXQRII WHQG WR KDYH >0 R@ U H FIK®HIQ W LS RMQHQBLIDEX L IHUV DQG LPSUR
WKH VWXG\ DUHD YDULRXV JHRBRBISKRORIZEWMX XBUWFRQWDLQ
ZHUH LGHQWLILHG DQG FODVVLIIHEZHUDW VKWXQHW DQEXKHQFH H[KLEL\

$HROLDQ LQWHUGXQDO GHSUHWKLRORZ &,'V DIQBYH OLPLWHG EX
DHROLDQ SODLQV VXSSRUW VORKIDQ|H® SUFWHIBU*:5 SRWHQWLDO
DFFXPXODWLRQ DQG LQILOWUDMIQRHKY GXH WRGWRKRIQUWIDIDMH VLJIQL
WRSRJUDSK\ DQ@F®RPBRFLMWHEW SHRXIDEZZDWHU PRYHPHQW GXH WR D
VDQG GXQHV DQG VDQG VKHHWRQWH@BHRQERIZLWIFWXUHV ZKLFK C
DFWLYLW\ DIIHFW UHFKDUVH G LIRRUH@WOWBQRWLRI) EDV
VORSH DQG FRPSDFWLRQ 7KH DHROWW R HWUP@W HF R PB-ORARUSKLF OLQH
D PLIWXUH RI PXOWLSOH GXQHV VS\OUUXMWXYDOLDBDOG@HDRPMHQWQ IHDWXU
ZDWHU UHWHQWLRQ *HRPRUSKLF OLQHDPHQWY VKDSHG

$0O0OXYLDO SODLQV DQG IORRSURGBYYMV ZKIFKK DWUHURVLRQ RU VH
IRUPHG E\ ULYHU GHSRVLWLRQHIOHRW SOKMAFERD DUMIYXFWXUDO FRC
VLIJQLILFDQW IRU WKH *:3 EHFIDHEHIWRD MHKH IZDVKHIUK PRWXBBQW 6
SRURVLW\ DQG LQILOWUDWLRQ OIRWBOWQWY $RIWHQLRROPKG E\ WFH
PDO®DGH IHDWXUHV VXFK DV GDPNSDEEGHQNWVBHWMBHWVIJHRORJILFDO IDX
GLUHFWO\ HQ DB\ BFO\RFDIODY UNHKDMHI KDY FULWLFDO JRQHV Rl JURXQG
VWUXFWXUHV 2Q WKH RWKHU NI/@EDXHJIJEBFRIQUWHEWBGG PDSSLQJ
VWUXFWXUDO KLOOV DQG YDOMIBHN HOQHOVQFHWVRIVKH XQGHUVWDQG
GLVVHFWHG GHQXGDWLRQDO KLRWWAGROBRQAWF WLNIMW\ 2Q WKH ED
DQG PRGHUDWHO\ GLVVHFWHG URWH XIEQV XML LKLDWVQ D QEFKDUJH W
YDOOH\V 0'+9V KDYH SRRU UHFKDWI®DVSRWIPS DDPRGHUDWH ZHLJIK
EHFDXVH Rl VWHHS VORSHV DQ®RGAHWQWHGLSGHUGRIWE IDVLVG\RPLQDQW [
7KH 3HGLPHQW 3HGLSODLQ &RR®®RHl B83&VLJIQLILFDQWO\ VXSSR
FKDUDFWHUL]JHG E\ JHQWO\ VORIV QH VEHPG QR N L\DX DILIBFW % WHIGK F W/ WD
KDV D PRGHUDWH *:3 GHSHQG L QJLR® DIPLHAKRO BV HDOBUWLFXODUO\ LP:
VXUIDFH SRURVLW\ 2Q WKH EDWIVSRADO\OA @LVVHRERNHD BVG-FGE L\WHKF VG RI @ (S
RQ VXUIDFH HZADMUIRD UHWG L QIIHDMIXDMWVRG@KHVH IHDWXUHV DFW DV ¢
JHRPRUSKRORJ\ ZDV DVVLJQHG B XEWXUIBEBKW RRQBEZBWHU IORZ DQG
$+3 PRGHO HVSHFLDOO\ IRU LW\ UBRPIHO L Q¥ DL\V@ H@QIWWHE QD UJH
UHFKBURIQH DUHDYV

5DLQIDOO

/LQHDPHQW GHQVLWA 5DLQIDOO LV D SULPDU\ DQG GLUHE
JLQHDPHQW GHQVLW\ /' UHIHMLEV DS WKH WKXWDO IXQGDPHQWDO
OHOJWK RI OLQHDU JHRORJLFD QG HYDMUPUIN. VX FK3 DR QBIXOWKH DPRXQ
IUDFWXUHV DQG MRLOWYVY SHU YO@LGNWHPHSR UTDKCH @ VIW D WEOUMIVR Q R1 U D
DUH W\SLFDOO\ PDSSHG XVLQJ MDWF\@OYMOA LPDH FIUS LAWDGVLRQ LQILO
DHULDO SKRW@®JURSKWHQWY DEMSOMOLYV K HITRIQMUAM WK IUHTXHQW
SDWKZD\V IRU JURXQGZDWHU P BYNWHIQ WX VAIDE 0 @RYEQRR &/K UDBWHD | D O C
WKH SHUPHDELOLW\ RI URFN IR UPPWH RF®RQ GRELSHRWRWULOBKDUJH SUI
x5 7KHUHIRUH DUHDV ZLWK KL XKQ G HUOUGDNBDODQG JHRORJILFDO F
DVVRFLDWHG ZLWK KLJKHU *:3 L@XIHOWERDWQRQHDPVEG,Q FRQWUDVW D
VXEVXUIDFH ZDWHU LQILOWUDWRILR QQ VZK @WK DVWERRRWP V/ 'R IWHQ H[SHUL|
UHRQV WHQG WR KDYH UHZHKLJKDWKZADYH WRQRII DOG OLPLWHG St
LQILOWUDWLRQ UHVXOWL@ D LQWRL RIMVEKG HEH ED WKLY PDNHY UDLQIC
WKH VWXG\ DUHD /' ZDV FODV\DIQGHGHDYR@DPXSDM BB QV HVVHQW L
UDQJHV DV VKRZQ LQ )LIJXUH UHJLRMNHO UOR®RGHDWHU G\QDPLFV >
VWUXFWXUDO OLQHDPHOWYV LQ VRQXWHKHID S WHMHQ W QOGN K B O WIDRQ | D O O
+DU\DQD HVSHFLDOO\ 6\KPWH WWKHIQ GIL@LID 10HWHRURORJLFDO 'HSDUW
SDUWLFXODUO\ LPSRUWDQW IRWKVHEG TKRH\EKD DMBIMX UWHKH UHJLRQ LQW
RIWHQ BN\GVREWKWIDXOWV RU IUDRWKYHVLIQFHWHDVHKH UDLQIDOO DF



UDQJHV IURP PP WR PP PR@®RXDMDMQQIDOO H[KLELW JRRG UHF
ZLWK QRWDEOH VSDWLDO YDULDKEHOHBAN $WKFOWH UHFRHYYQ® J

PP RI UDLQIDOO UHSUHMHRRQRYBHWHIYHU\ KLIKWWR H[FHOC
ORZHVW UHFKDUJH DQG PLQLPDRLYR YROVUHDRIVBKRIVHSLWDWLRQ VLJIC
ZLWK PP DOVR VKRZ OLPLWBGXUHRKDHUFKDUJH *LYHQ LWV GRPLQ
SRWHQWLDO LORQHV UWPHVY]HV*:5 UDLQIDOO ZDV DVVLJQHG WKH KL.
IDOO LQWR WKH PRGHUDWH *:3 WIDHVHIR D\QLQ\WILKDWDYLQJ LW D FUL)
PRGHVW LQILOWUDWLRQ 5HJLRRN*#3[$BUWKBRLQILR Q

JLIXUHHRPRUSKRORJ\ PDS JLIXUH/LQHDPHQW GHQVLW\ PDS

)LIXUH DL Q A0 JLIXUH/RSRJUDSKLF ZHPD@EHVY LQGH]



7, "HLIKWV DVVLIQPHQW

7:, PDSGHULYHG IURP 6570 '(0 O&VS DLV D VWUXFWXUHG DSSURDFI
FULWLFDO LQGLFDWRU LQ *:3 DERPSOIH ,BHBMVQRPWWVHQWOHLRY  ZK}F
VSDWLDO GLVWULEXWLRQ RI VRPX®WRLSWKXW)\WBUWKI® EWMGVIRFWRUV
WHUUDLQ FKDUDFWHULVWLFV V)XGHW B Y PL@RISW KIHQRSR W DLQADMBEOH RS\
FRQYHUSH@FH JK 7:, YDOXHV WRSLWRBRVW ZLGHO\ XVHG WHFKQLT)
LQGLFDWH DUHDV ZLWK JHQWO H RIGHRGHINVQ D Q 8- BRI BID\DH PERQIW
WRSRJUDSK\ ZKHUH ZDWHU WH Q®\D B\CRH D FVFK R XUDOQMWH. @QIQRSI WKHPDWLF
UHPDLQ IRU ORQJHU GXUDWLR®Y WRHALOLWHDO\QUY EHHSSRUWDQFH )
LQILOWUDWLRQ DQG DTXLIHU USHKRIFHMY WKQOWHBERABPLQERZERWK TXD
7:, YDOXHV DUH DVWRIH R G ZYHMEHUQW MXGIJPHQW ,Q WKLV VWXG\
VORSHV ZKLFK UHVXOW LQ UD SWG YILRXR/ | OR @G UDL\RIRUDIY CD DHEL H] B/ M U W
PRLVWXUH UHWHQWLRQ UHGXFEZBUHVBNVLIQSRWWRWWBEBE FULWHULR
> @Q WKH VWXG\ DUHD 7:, YDOXRHS\L QHRGVFEDWHKHLHEBHUWY D WHDP
LQWR ILYH FODVVHV WR XQGHUVQDP@MGG W& HVY H YHD OXHRIFHW \RRUY DQG
*:3 YLIXUH $UHDV ZEWW ZHHODPKRIYDUV IURP WKH VDPH H[SHUWLVH

DQG UHSUHVHQW ORZ ZHWQ®VWHKRQH#HY3 ZKHWKRGRORJ\ HDFK
PLQLPDO UHFKDUJH RFFXUV GXHFRRSTDXNLHGE BDWHILYNQRIDLQVW RWKH
6OLJKWO\ LPSURYHG FRQGLWLR @WOIDPWM HQ MIOKHQFH RQ WKH REMHF
UDQJH LQGLFDWLQJ PRGHUDWH*ZD & RW HQWL-S@RW GRODISEIK W W WL O/F DO H
OLPLWHG *:5 7KH PRGHUDWH 7:,ZKOWVYD YDOXH RI LQGLFDWHV HTXD
KDV LQFUHDVHG VRLO PRLVWXUHVDDW MKW HRQHHFAXDMVWRH LV H[WU
UDWHV +LJKHU 7:, UDQ@I}® RI LPSRUWDQW WKDQ DQRWKHU 7DEC

DUH FKDUDFWHUL]JHG E\ IDYRKRPEDH.FRQELWHROYWRUQ D 3&0 Z}
*:5 GXH WR SURORQJHG ZDWHU QRAFXPPXIO|BW LW®R BOGLYH ZHLJKWV IR
HQKDQFHG LQILOWUDWLRQ 7KH@OB\FRQHM BUH ERDM\EWUME OHFW KR:
PRVWDEXIHWIRU *:3 7KH 7:, ZDV DIVAW RQHERQWULEXWH\L WYEWHISH RYHUL
ORZHU WR PRGHUDWH ZHLJKW L@WHKH BST PROFHO NQYRPHD\W LVQKDW W K
ZKLOH LW LQIOXHQFHV UHFKDUJBURFHVRX LK WRSORMSDSKLFW ORJILFDC
FRQWURO LWV HIIHFW LV FRPSOMHKRNQWOVR WD NHFW R UY WXBK FLDOO\
DV VORSH DQG HQYLURQPHQWDO DQG UHVRXUFH

DSSOLFDWLRQV

7TDEOWDDW\YV VEDOH RI UBHOQ@WLYH LPSRUWDQFH

6FDOH
,QWHQVLW{TKIDOO\ ORGHUDWHWURQJ9HU\ 6WURQWNUHPHQWHUPHGLDWH YDOXHV EHWZ
,PSRU ,PSRU ,PSRU ,PSRU ,PSRU SRZH WZR DGYDQFHPF

,QIOXHQFH RI GLIIHUHQW WKHPOWILFFVIDMHUWFRQVLVWHQF\ DQG FRPS

7KH SURFHVV RI PDSsLQJ *:3° tﬂHLd\yL HQUQRUPDOL]HGURE';\L/J@'
SUREOHP GHILQLWLRQ DQG LGH }: 157’ PP ORUPDC
WKHPDWLF OD\HUV WKDW LQIOX - H. Y,
H XObWE WRH ILQD
DUH WKHBQXMRWHEKHLU UHODWL H
L'F OD\HU UHIOHFWLQJ
XVLQJ WKH $+3 ZKLFK HPSD®MV | OXHORLOD WK
SHUIRUP SDLUZLVH FRPSDULVR Vh[b\f \E/JD d‘ﬁ\}
] RRE SRR
R R 2/ K

7KH FRPSDULVRQV DUH RUJDQL \é SSV%JDU\E'%VWLR :
ZKLFK TXDOQWLILHV H[SHUW M Q
PRUH RQH OD\H U *FR @\ D QE X /R



7TDEOBDLUZLVH FRPSDULVRQ PDWUL[ 3&0

5DLQID®MRORIVHRPRUSKROR0& 60RSHRLO" (OHYDWLILRQ 7:,

5DLC

*HRORJ\

*HRPRUS

/8/&

60t

6RLO

OHY

~N| = :

7TDEOHRUPDOL]DWLRQ PDWUL]

5DLOQIDOHORORJIYHRPRUSKR O &/ 60RSHRLO " (OHYDWLRQ 7:,

5DLC

*HRORJ\

*HRPRUS

/8/&

60t

6RLO

OHY

~N| = :

7DEOBHODWLYH ZHLJKW RI GLIIHUHQW WKHPDWLF OD\HUV
7TKHPDWL 2ULJLQDO :F 5HODWLY
5DL(C
*HRC
*HRPRUS
/8/8&
60|
6RLO

(OHY
K
7:,

&RQVLVWHQF\ DQDO\VLY DQG FRQVLVWHQF\ RI WKH SDLUZLVH FRPS

7KH $+3 DOVR KHOSV DGGUHVVF ,I__ V\,ﬁ, F\|,\,DKFHK|:RRV\£
MXGJPHQWY WKURXJK WKH xv ZJKLEK E

HLJHQYDOXH DQG FRQVLVWHQF

[
FRQVLVWHQF\ DQDO\VLV VHUYH VW R' WK'; HY$D2
UHOLDELOLW\ RI WKH MXGJHP éwlg)’ E} :

LQGLFDW
FRQVLVWHQ\W HYDOXDWLRQ
&DOFXODWLRQ RI WKH &, DQG &5
3ULQFLSDO HbJHQYDOXH
&RQVLVWHQF\—:L—@;J?A[ &,
5DQGRP FRQVLVWHQF\ UDWLR 5, DV SHU WKH 6DDW\ UDQGRP FRQVLVYV

5DQGRP FRQVLVWHQF\ UDWLR 5, DV SHU WKH 6DDW\ UDQGRP FRQVLVYV




+HQFH WKH &5 LV OHVV WKDWXJIHWMQIEA DWEDWKWKH UHJLRQTV JUR
ZHLJKWV SURYLGHG DUH FRPSDWDEWH HPIOH Q2% LWHDDW L YHHIDY VWDEO|
PHWKRG XVHG IRU *:3 DQDO\VISHUL® GZ KLKAKY MRNSOOEIHD/ OLPLWHG FKE
SURYLGH ZHLJKWHG WKHPDWLF UMHBWDWI EK VEHIQMUPHFWDRQ RU DTXLIHU |
LQSXW GDWD 7KLV DSSURDFK LQWRQYYH\WW UHFDHDWHUW I\WEH UHVXOWYV
WKHVH WKHPDWLR) ODWWVWHP DWGF&ARBWDQFH RI RQJRLQJ PRQLWRULQ
HYDOXDWLQJ PXOWLSOH FULWHUUB X3Q) GZFMW.HUJ PIUORXQIGPHOMWU SUDFWL
DYDLODELOLW\ WR REWDLQ D ILGBQVLERDBEQRI WKH) @ WREN ZDWHEB DQC
DUHD 7KH UHVXOWLQJ *:3 PDS KPOLRDXWH DVVBHEL@HW\
ORZ ORZ PRGHUDWH KLJK DQG YHU\ KLJK DV VKRZQ
LQ )LIXUH &RQFOXVLRQV

7KLV VWXG\ HITHFWLYHO\ GHOLQHD\
9DOLGDWLRQ RI UHVXOWYV SRWHQWLDO *:3 JRQHV DFURVV WKH
7KH ILQDO *:3 PDS IRU WKH \RIDUQGLDZDXNVLQJ DQ LQWHJUDWHG
YDOLGDWHG XVLQJ *:/ GDWD |URPR P EZQ®® VDR EMRILDSKLF LQIRUPDWLF
IURP WKH &*:% IRU WKH \HDU  DRI@XWHH DRKMO\WLFDO KLHUDUFK\
YDOLGDWLRQ LQYROYHG FRPSDULGQHUWEW WSHHPXBRL BOOABRSH VOD Q|
EHWZHHQ WKH *:3 JRQHV SUH G XM HIED QWX U RSRIKH W K H /8 /& JHRORJ\
* 6$+3 PRGHO DO WKIRB¥WXYDWHRORUSKRORJ\ OLQHDPHQW GHQVLW
DW WKH ZHOO ORFDWLRQV (D FKZEKH SR LICMG AP V: DV \GHADLID® JH GHQ\
WR GHWHUPLQH ZKHWKHU LW DUDHIQGDR® GKBBHUBHIGHUIVORY HIIHFWV
WKH *:3 JRQH FODVVLILFD'WHRQ JRQWKDWLQHJIJR@® DQDO\VLQJ WKHVH \
DQDO\VLV \LHOGHG DQ RYHUDO®SDEB®UIFYLPIELOLW\ LQ JURXQGZDW!
LQGLFDWLQJ D VW UR QUKFRPRG B GRQ B Q VEIHR\OAH HADV  V\VWHPDWLFDO O\
SUHGLFW L RARW O Q G WRO@GZDWHWHARRGWWQRQV:3 PDS ZDV YDOLGDV
7KLV KLJK GHJUHH Rl DJUHHPHQWRGEBRQWWUDWHY HOKH *:/ GDWD
HITHFWLYHQHVY DQG UHSHDEL REBENVHWRIDWEKRQ*ZHOOV SURYLGHG E\ W
DSSURDFK LQ GHOLQHDWLQJ SRADMQMWL EG DUWHFKRUYH JRRHYPRGHO DF
DQG VXSSRUWYV LWV XVH LQ VX\DFBXQDEORIZDWHUFBBVIRXRIF} WKH U
PDQDJHPHQW 6:50 DFURVV WKHVKWDIWE DEBSHRIFK LQ UHSUHVHQWL
WKH FRPSDULVRQ EHWZHHQ WKHURX®®DINMEHU FRQGLWLRQV
*:3 GDWD UHYHDOHG RQO\ PDUJLQDO YDULDWLRQV

JLIXUH:3 PDS YLIXUH:/ VWD WPIDRSQ



$PRQJ WKH LQIOXHQFLQJ IDRWWRDO RUDAUOUDO OLDWXUDQE 5HVRXUFH\
JHRORJ\ DQG JHRPRUSKRORJ\ ZHUH LGHQWLILHG DV WKH
PRVW GRPLQDQW LQ FRQWUROOL Q) %o ZKLOWI8/& *DUKZDO 5 6
VORSH DQG VRLO KDG PRGHUDWH LQRXX¥QBWMU BRASOHWLRQ LQ +DU\DC
HOHYDWLRQ /' DQG 7:, KDG UG\@BWIDWHLARQ AR ZRXUQDO RI $IJULFXO WX
LPSDFWV 7KHLESDW RDOUGBNYWWOHG WKDW WKH

PRGHUDWH *:3 JRQH FRYHUHG WKH OIIHNWyPHHL 3pocH & %  .F
IROORZHG E\ WKH KLJK  xppPQLYHY  $1Uunz®ORBDWLRQ RI
KLJK IRQHV ,Q FRQWUDV W yWXdc@2hwHRQ SRWHYOWLDO JRQHV PDSSI
ORZ *:3 ]JRQHV DFFRXQWHG IRU UHJIDR® LQ WRKH -DNKDP ULYHU EDVLQ
WKH WRWDO DUHD UBW SN FWK ¥ WOW KIKLTWK H\Q GRE DFE Y CHAF 15D UIP B SHAHY
PDMRULW\ RI +DU\DQD KDV PRGHHMHRHFWR*KLJIK *:5
SRWHQWLDO ZLWK RQO\ D OLPLWHGHSMHHWW LR Qs IRFLRWIDRZ 5 +DOH
UHFKDUJH SURRBBBWNMNVRQ EHWZHAE DWIKBHO 7RROV DQG 7HFKQLTXHV IR

FXUUHQW *:3 DQG KLVWRULBD'QDGHPMQW -REXEHYDWZRI *HRLQWHUIDFH
UHYHDOHG PLQLPDO FKDQJHV #Q JURXQGZDWHU
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