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6 XPDU\

$UFKDHRORJLF DS RN B B K WILE B\AWUDX FMRLQG H W H AWK R(G G/HRI
JURXQG VWG X AW WBHIMERQ VLGBUNG @VBHDOMIUMHPHQW IF
HYHMUFKDHRORJLF D ODQKY HYDQLA K FOUQRMW HEW PRQRPHQW
WKLV UHNSIOOEH#EEHFWULFDO 5HVLVWL YPLHW KKR® RRNHDLS IG\L
IHUHQW DUFKDHRORJLFDO VLWIHN W@ DHYGH D Q O CRRK QWK
IURP HRD FKKWXWXNBW H X E @ )YGUHIWOUIFKH PDGH RP W HHUBIQW
VXFK DV VWRQIHF NEDRBGP X G E URLAFFMW X B H BB UEEKLID & H W H F
WLRQ RI VWREHLFQG/ BXKF®/ XUHV ZLWK WHHH 57 ZFCHAVEF
VROLG UHWHK B UFHKWRFOERF RITHDWXUHV LQ WKH VXUUR
PHWKRGLW ZDV VXJJHVWHG WKDNQRPOVIOLWMYYDYE WDKK
HU\ VRLO ZKLFK DUH PDGH RI K{H K®PWLB QGDYRRD & HWV
DEOH ZKLFK , WULHG WR UHFWLI\ DQPP\GEWR\RUEW D W L F
RSWLWIK#H OLPLWDWLRQ VRKHVKQ Y RIRMMLKB®WHRW PDWHUL
GLIIHUHQW FRXQWULHY DQG DUHDV

7KHUVW DWWWRBWLRI@® PXGEWKN (5D R WRGAN QH

VHDIFIKQ 8U &KIKSHWAHRIXOG GHWH FW9%D § UREQ EM®! A XKE U
KRXWMRQJIHWIQYHHWRRGY VFRRWWPBY¥YRGHQ WR EH W
PRVW VXK®RDEWMWKLY FDWHK WKXGLQIRUPDWWRQVREMD L ¢
FRYHUZDV DEKQN BOD®$SFKDHPHQLG PXGEULFNHRRIISOH[ L
&KDSWHU ,Q, RMX\WPDHVK BBWEUD QG SW B AWSLRFADWOLE\L B U R
WKH GHWHFWLRQ UWHVPXGWE K LW KHI H DIWBRFXWVKR G WIKWMKGB Q
FDWRR@KH VRLO 7KH HRKEWUEIMLWR QRRWWKW BRPSOH[ D
YLDELOLW\ RI WKGHY WHRERG PRIGE UL YN Ul DWHED HV WK X
PHWKRG®LGHDO WRRO IRU WKH LQYHVWLJDWLRQ RI W



[LY

. VKRZHG WKDW WKH (57 PHWKRG LV IFWN 8 [DEQDGH KO UEHRW H FW @
8U , ¥BFHVVIXO L@ Q/ RHD BRHRWRWWHL ORFDWLRQ LQVLGH WKH
QRW \HW KRRIENKH (57 PWRKX-RGKMIBBIIQWMMIRSURY HG

WKH SUHVHQFH RI LW LQ WKDW DUHD ,Q SHMWMLR&EDSWHU
PHWKRGV ZDRMWERBGONR GHWHFW GHKSWH RF W KKIOFDHQ DQGE X W
, F R X)OQBF RMUHDUG/MDEL PHQW DW L R R LG B\ K DRSYSHHQD JARE PUHD T L
XUGLWWKDS WMKRYXIKLQO\ IRFXVHG @R IWHKHOOWWHFWGE LWLR
D OGM WG FWDRHOV RI VWWKXPWXWKH PDJQHWRPHWHU UHVXOW
VKRZ D BKQYBIWWOHPHQW ODSHMU\ULRP B KWAKKEHER
UHVXOMWYHDOHG DQRWKHU VHWWOHPHQW OD\HU EHQHDWK
IURP &KBIUFFRDU®W\ %URQ]H DJH SHULRG

,Q <HKD &KDPRAGHHLD OH ® M\@PWIWMWIXFWXUHIBREBENR|I VWRQH
VXPLWH BRGXPUM H OBHW RMKHE H[WHQVLRQ RI WKH DQFLHQW
\RXWZHKKLFKXYBE®VKH ORFDO DIB\P IDQSWHR/RDOIDRNION X U B D
KHULWDMM3HLWLQJ &RIPSWIEIEYVXOWYV RI WKHJIJURXQG SHQH
UDGDU DQG (57 )XKRZHG RMRUHRXWFRPH Rl WKH GLITHUHQW
ULWKPV RYHU G\DRMD REQUD MHG S RV WLKEH. GIRW L \R L RE®! R H FWKLHQ U
PRYHG ZDOOV DQG VWUXFWXUHV E\ D RSWKEQ GWWIB FRUUHFW
7KLV ILRBQQUQDOO\ OHDG XVDWR KD KR @RS DFHFW D DWRQ R
WKH VW UKFK\ROMWHER EWDLQHG E\ HIFDYDWLRQ



1 QWURGXFWLRQ

$SSOLHG JHRSK\VLFV LV WKH SURFHVV RI WDNMWX QG
SK\WLFDO FKDUDFWHULVWLFV LQ RUGHU WR RRBRHQWLI\
PHUFLDO RU VFLHQWLILF JRDOV DQG LW FRYHUV D ZL
H[SHULPHQAMYD WK R Q W KNHQ RAVBIERHKQDAPWR YW X G\ DQG
LQYHVWLIJDWH VKDOORZ IHDWXUHV $UFKDHRORJLFDO
SKXALFV DQG SURYLGHV XV ZLWK D O BBUHMWWXE W RH \PXLW
WWUDFH DQG PDS \DWBEXPWRORVLEQG PRQXPHRMK EHQF
RQH RI WKHVH PHWKRGAS HY URFXYK\WDRFBOG BQRBKMWH S
HUWDH G WKH GHWHEHWHQ@HVKBE® PDS DQG PRGHO WKH
DQRPDOLHYV DQG IHDWXUHV ORGHUQ DUFKDHRORJLFDC
ZLVBK LURRSK\WVLFDO SURVSHFWLRQ WR PLQLPL]JH GHVW!
1DPHO\81RA&2 :RUOG KHULWDJH VLWHV DQG *OREDO &F
WLRQ Rl &XOWXUDO +HULWDJH EXW DOVR IRU WKH QD
WHFWLRQ RI PRQXPHQW YV PHWX RDEWR@M V WHRK S KAV Y. IF DROH W
SOD\ DQ LQGURGHQVDEOH

)R @ D WD O W W QYIIVLRIDH RIGIRBLKAN O F D O/ PHIN R R G N
WRPHWHW ADRXHS 3HQHWUDWLQJ 5VDEIEU WX5 US VRV WIDR
VXUYBIWHKLWDEOH WRROV WRGGMQLRQURK P BWORILRQO ||
ODU HW BDSDGRSRXORV HW DO 7ULQNV HW DO
KDV LWV RZ28\VDDB {0 QBN B DXGHY O § B/MIMUHK DH FSQURMFHFON L R Q
PHWKRGR Q VLG HMHVBHDVP HRRVR/G R [BEWR AP®R Q WKKDHD V
ORZHU VXENOAJ BEWXQURW DEOH WR GHWHFW WKH GHHSI

JRU D ODUJH VFDOH D Q GPO[NDHOWRFYHHWSAURY B BRAWN. RIKD P R
XVHIXO PHWKRGYVY WR JHW GHWDLOHG LQIRUPDWLRQ RI
2Q WKH RVMEGKHW KL D SRWHQWLDO ILHOG PHWKRG DQC
ORFDWH DUFKDHRORJLFDO IHDWXUHVY DW GHHSHU SDU



HIDFW LQIRUNPKOHV GRIG VRIQ RR I MVIKXW X\UW UV ORAULW K B SIKD [L P X P
GHSWKW WKVWWEDH WR LQWHUSUHW E\ WKLV PHWKRG LV P )

2FFDVLRQDOO\ V SHIFK DLFKDODIDBHZ KHQRQPHQWDO DQG JHRFKH
FRQGLWLRQV VXFK DV WHPSRUDU\ YDULDWLRQV RI WKH X
ZLWK D GLRNRDXQHWRQF PLQHUDOV LQ VHGLPHQWYV DQG VRL
RI DUFKDHRORJLFDO REMHFWY DQG WKH DGMDFHQW VRLO |
RI DUFKDHRORJLFDO VWUXFWXUHV )DVVELQGHU 0DJ«
PHWKRG ZKLFKDRHBMYWH. QJ PDJQHWLE ILHOG $00 RWKHU
JUDYLW\ PHWKRG DUH D$MNY D DKV EXQIDHOUBHYB\WRIDNY X UH WK
WIRW

&RPSOHPH®WDUN WRP HWMKHYX3BYAHWKRG FDQ EH XVHG WR ¢
WUDFH D U F KIDHR O RK Y ADWVZ b DG OOV BBEKRLY LSBULHDFLVH L Q

IRUPDWLRQ DERXW WKH GHSWK RI WKH XQGHUHDERXQG VWU
RSWLPXP UHVXOWY LQ SUHVHQFH RI VWRQH VWUXFWXUHYV
FOHDU PDWHEHW@HHRD WUDNWHQW VWUXFWXUHV IHDWXUHYV
WLRQ GHSWK DQG UHVROXWLRQ RI WKH IHDWXUHV DUH UHV
XVXDOO\ EHWZHHQ DQG 0+] DQG WKH FRQGXFWLYLW
UDGDU SURVBHFRZHJXHQWKDQWHQQD FRXOG EH XVHG IRU G
PHWKRG LV OLPLWHG E\ WKH DEXQGDQFH RI FOD\ PLQHUDC
HOHFWULFDO FRQGXFWLYLW\ Rl WKH VRLO WKH *35 VLJQD
SUHYHQWYV XFWURP PRIXEGRHVVIXO *35 PHDVXUHPHQW ORUH
EH DIIHFWHG EQ ® RENMSRIUHD U\ FKDQJHV VIQW KW ZGIHDIGH U FF
VRPH VSHFLILF VXWRFK BR @GLWYRKHWMNIRDAH ZLWK WKH *3¢
PHWKRG GHWDIHORUL@WHSH IBDWXUHY RI DUAKDHRORJLFDO
PRXQGV DV ZHO®GNDVHPXWGXUHYV GLWFKHV DWRKDOBR/LRQ FKD
ORJLFDO FRQGLWLRQV UHPDLQ KLGGHQ DQG XQVHHQ EHQF

'LWK WKNFODWMK UHVLVRDWRKR@HMXQ YAHIHWHFW WKH DQRPDC
EDVHG RQ WKHLU GLIITHUHQFH LQ UH®LMWR ® HWR IYWDIOKK HIYV WO
HVIWRHORRAWWER VW SSRMH PD[LPXP GHWHFWDEOH GHSWK ZLW



FRQVLGHULGODBEWRREAWUNWAIRYPRPFD QG ISW RRYLWGGEO \
DQ\ GHSWK LQIRUPDWLRQ DERXW HDFK RQH RI WKH DQ

,Q EHWZHHQ VHLW RIHA LPHAWKLRRGV V H L M P IDFVR. M WE® R G HAVDN W
FRPSDUWRIGVKH UHIOHFWLRQ PHWKRG LQ DUFKDHRORJLF
NHQ 5HIUDFWWVRSHWIHRRKQEHRX W Z KLWVQ XV IGH. WIWKEY KX k
DQG WDWHEYBDORFLWLHY WKDW LQFUHDVH ZLWK GHSWK
VLRQV LQRALKPROLY H X CBWYX R ODBUWNWXFWY VXFK DV EXU
VWRQH IRXQGDWLRQV WKH DSSURDFK EHFRPHV OHVYV
UDWIRHPBOH[ :\QQQ FRQWVUDU\ VHLVPLF UHIOHFWLRQ L
VKLSZUHFNWK N Z®WWHU DQG WR GHWHFW WKH FDYLWLF
FDYLWLHV L1Q SWHPLBGHOW *L]D LQ (J\SW OF*KHH HW
'ROSKLQORUHRYHU IRU W KIQ GHHIWRHEANHHERIQY RK L S
ZUHPM®R QPHW KDRIGDSSOLFDWLRQ RY D PRXW\SHED ERNEH\D O
DV ZHOO

'XH WR VSHFLILF FKDUDFWHUYYWHNV \RUI QV & H HBRU FIKQW R
SK\WLFDO PHWKRGWEHEGH %XUNDUDMH&GW BI@W DO

1.1. (OHFWULFDOD ™RPRIMMISKAW (57

7KH.UVW DS S@GUFDMYLIRGEMSWHPEHU E\ &RQUDG 6FK
LQ ZKLFK KH LQMHEQM R WK B RDIBRREMEU $EEH\ YUDQFH
JHQHUDW H5GJ DZIODEGXHSULQWHAK@RPWE KH JHHWV XOW +XOLC

(57 LV D SURPLVLQJ JHRSK\VLFDO PHWKRG WR LPDJH V
GHWDLO DQG KLJK UHVROXWLRQ ,W JLYHV XV LQIRUPL
WKH PDWHULDO WKDVEHP® K HR GRHURIIRW K H P IKEEMN SP HW KR
WKH YHUWLFDO VRNBYWEMXDIEEHAKQDSBU WL DQWEKEHR
ORJLFDO RULJLQ



,Q UHFHQW \HDUV WKH DSSOLFDWLRQ RI (57 EHFDPH PRUH |
JDS EHWDHBEWR P HWHIG VKJ&/DU SURVSHFWLRQ PHWKRGYV
FRPSXWHU SURJUDPV WR WULJJHU WKH PXOWLFKDQQHO HC
DQ@LPHQVLRQDO DQDO\VLV VRIWZDUH DOORZ WUDFLQJ W
JUHDW GHWDLO HYHRQ W& HHBBXQGY HRWHRQWN DO

2QH RH WRRD OWWRB7PHWKRG LQ DUFKDH RIOR W XQ FSRIYRHS H F W
WKH GHWDLOV ZKLFK DUH QRW DFFHVVLEOH E\ RWKHU PHW
GHWHWRIQGHUJG RUHVLVWLY IBWK BILE W RICEDRW WRHQ LD O V
ZKLFK DUH FDUU\LQJ HOHFWULFDO FXUUHQWY DUH JRRG W
LV WKH EBVIRUP KQVKIRLO L QJ WWK I X LEQWX i Bl @ DVOX BOXIRK W R1 N X U
LDO PRXREWLFN Z DSDMHKBQ® HO V

JLUVW E\ FRHY¥EMIBGK\VLFDO/RARBIEIWRPHWHU VXUYH\
DQG DQMXKHHYNXWWDEOH WBWRWSHWIBMRBRFDWHG $OWHU
QDWLYHO\ LWXNMW ISHR WWUEBHHVWRR R O GY D WH IREDMRWHR JILRDA H[F
DIRUHPHQWLRQHG WDUJHWYV

JRU (57 PHDVXUHPHQWY HOHFWURGHV DUNSHFUDKFIHG DOR
VSDFLQJL¥KRNK Q UHHDIHEWK WEG VLIH RI WKHVIHDW XUHV
ORFDWHG LQ JUHDWHID G HEWXDO W KH DRGVKDDW RR 4 HOUVW K H
VLIH Rl WKH WOUWMWWWQWVNBROHGE VBDFRDQBKIDHRORJLFDO SX
WKH EHVW VSDFLQJ LV EHWZHHXQPEHD @QRG WRHORWHR HIOW FWK
YDUDHNRUGLQJ VWS MVHK KR IWWKKH | MDWMIXRILHQ LP XP QXPEHU IRU R
DSSOLFDWLRQREGHYV IPBXHNKM BDIOWR W U RIGWH VARRDRWK K V\AMBEU X F
WXDHW O olHHEaR W WKH VL]H RI WKHWRD USHBDWKLW KR DD OROR G Q
UHV R @XWQAINHRGK R BHHO H F WAOKRGWR W KH WHOKRAWSIRBEAHR D O O

,Q WKLV PHRMHKRGFXUUHQW SHQHWUDWHY LQWR WKH JURXQC
WKH YROWDJH LV PHDHMRWHER ENW ZK RS BHE WHIDBW IRRQ GHS\
WHK W\SH RI WKH HD¥HERKMR GH CHWRBDEH PR VWON G WR
UHFRQVWUMWRYK ERRUHUIBFH VWUXFWRWHW WOBREDWY JURXHKS Z
QHOVID@BM™M (57PHWKRBZHYWHRBRUH DFFXUDWH FRPSDUHG WF



DQG KHQFH PRUH VXLWDE®G WRDRFEWDHUMKKDIHEORJLFDC
DQW LQGZIFDW PR UH DAFXIMIHEDN ODRU IXUWKHU LQYHVWL
HW DO 7VRXUGOHRH BV DO HWMKRIGY OVR DFTXLUH D
EDVHG RQ (52ZQHWNOWE PRIWKRXEW LV WR PHDVXUH GH
VXUYH\ OLQHVY DQG FROODWH WKH W VOIH DV WHHUDY Bl USD
VXUYH\DURIHEHE HUWRHOMHGWHWDLOHG LPDJRARRIHWKH
oOMQBUH QHFHVVDU\

JLIXUHLOOX WWKWD W@HVHUHQW HOHFWURGH BRORANUDW
'HQQHU DQG 6FKOXPEHUJHU ZKLFK DUH XVHIXO IRU (5
VLWEBWFK Rl WKHVH FRQILIXUDWLRQV KDV LWV DGYDQW
WRUV VXFK DVHWDHQNWWLW UWEWIRUEDFNJURXQG QRLVHI
WKH SHQHWUDWLRQ GHSWK SOD\ D UROH LQ FKRRVLC
OHVKLQ&KL $VO 7KH GIQSR{OH DG B\LER®H D KLJK
QRLVH @ BFWERRBD LRW RIQUWRU U DDV HWKKH ARRAWH SRSXODU F
LQ DUFKDHRORJLFDO JBRSROWH. FRQTIKHXGDSR @R LV PRU
HUDO YDULDWLRQ DQG LV VXLWDEOH WR GHWHFW IHDYV
DUUD\ FRYHUV D JUHDW HIUWGN 8 WWRDYOHU WL PPIRQ HY VIO
%DUNHU2IWHQ WKH EHVW FRYHUDJH IRU DUFKMXHHRORJL
FRPELQDWLRQ RI :H@QSRQHEXUHVKIRZROWKH VFKBPDWLF
VXUYHLO®LSRLQW FRQILIXUDWLRQ

,Q ¥B Rl WKH H[LVWHQFH RI WWRERIQGBKY LM KL QRW KX !
XULQJ REHIIBLUHFNSMD\ WKH WRSRJUDSK\ LQ RXU PRGH
PHDVXUHPHQWYV ZDW®& 5(6 "MPIWZDRIKDYH D EHWWHU Y|
WLRQ RI XQTHUXNKRHKOQR[OHU BKWIKSKYFDO SURJUDP
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1.2. ORWLYDWLRQV IRU WKLYV 'LVVHUWDW

ODJQHWLF DQG *35 PHWKRGV DUH WK R ®RYW X G RWS
WLRQ IKHAXPEHU Rl WKH WHHH P b RKKR/G XML ERQML G H U
FRPSDUHG WR WK HV 8 HW RE)CHON WRSIREPAF G I H R/Q. RVJH. W D O

LQFOXRUDEG KH U WOBBISTALRIHR I WKH (57 BHW K R GHOQMME

7KHUHR WKLY VELR AW®/® K57 PHWEKRGSSQR@GLITHUHQW
DUFKDHRORJLFDO VLWHVULWQKGLDIGR PO AR XOGHLR N G
ULDOV W RDKISY B CGHDXIBAVBOW O \YARPRMBU H W K R ULMNKX O W V
SXUSRKBIYH BMRHQHUDO FRXQWULHV WR FROOHEW GDW
UHOGWR D BUDGGHMORVSURYLGH DQ D GMR X DWW HDPAREK QXA
UHVHDLFEKBWRMHFWYV

,Q WKH GHWHFMDLIRRORU L FIOMDZ HXIHO GR BBVKIHW HCER XW W
GHWHFWWR@ HODO BENHGN ZDWEBH7ZEPWWRREHUWKHOHYV
WKH AR/ VROLG UHVHDUFK DERXW W KHAL®/HWWHKMWL R WK
,Q VRPH UHW. HEDWQ KLJKO\ GURMAR WKIHIKHEY PHWKRG IRU
WHFWEPR QG ERIDMIKH\ DWKIWWGLY SK\VLFDOO\ LPSRVVLEOF
IHDMMXEDVHG RQ WKHLU UMV W XGIEW L RDIKCEIDIDWY/G B & BNV
VREDLRDRKLIWQPLODU '*HDNS MMKHD/AH QHIDWLYLWLHV |, G
SDUW RI WKH IRFXV RI WKLV GLVVHUWDRMAKRIMWHKG WKH
VXFFHVVIXO UHVXOWMIDRKD SWRIAUY L@GQGEWDLO

$QRWKHU JRQL ¥ VR UWDIWR RIQDWIEKWH W RS R GW B IQG MORHIR Q
FRUUHFW LQY HUWKRHQ GRHHMHERRAGL RRIY IR NRW WKKEHWUHHW | H D\
PDGH RIHRWIRD®YHWURUBRYWRKREZKDW LQ VRPH FDVH VW
SO\LQJ VHYHUDO LQYHUVLRQ PHWKRGV FDQ \KHDS WR
VX U | BVAHX FDVX® IFRQVH T XE RDEI\ W R @ EHIDV R/IHW KLH) WIS UL
VKDSH Rl WKRBQIE WBRMW XKKEBQKBIYSWRBW WDYFHH WKHQ



/KH ORVOKWIGR®URMHFWY LQ IRU WKHZ$SXUWHSRVH RI WKLV GLV

a.

*XPEDWL 6DDNOHPR *HRUJLD D QMRIKQAW VUWWXIGD UEKL 5K RN
EHW 2MIKIQV WRLIMAWDN WsHBER DHR QBEHRSK\VLFVRIQVWLWXWH
/08 IXQGHG E\R®H RILWMQKHRPDV ZDV WR VRIXWKMWKH LQIO>
$FKDHPHBEL@®B WKH PROQXFKDQWBWRXUHDW KBV K
PHWKRBLQO\ IRFXVHG RQ WKH GHWHFWLRQWKH XGEULFN
PDWLFDO DQG SUD FWULHD)OOMS-BUHEIKAEERHD/N DHAPFRK LV
SUHVHWBGWIU RI WKLV GLVVHUWDWLRQ LV RQH RI V
WKURXJKV LQ WKH UHFH®PWWKR G IDUFEHW IRW YQGH 5T HY L
-RXDQ Rl $SBEABKEVLEFV

8U ,UDRIB1(6&2 ZRUOG +HDNMMDIRQKM WHWEHORRVW
NQREQWLGNVRISRWBB DE GO R FREBFIDR/G W@ XK LHK
SHULPHQWIHE P5VDVXURPHQWLIIHUHQW DUAK®HRORJILEDO
IRU WKH ILU\B7 WHRWK R GRARHVKR Q W. GAHRUOD/GL BBIWHFW D
PXGEULFN XQGHUJWRXQGHYW O WFRAXEMDLYWHWXGRI WKLV
GLVVHUWDWLRQ DQGUNYSKFEGVKRIGIHQHIRBHHMRXUQDO X
S5HY HQQIOWKH +LGGHQ 6WUXFWXUH Rl WKH $QFLHQW &LW\ &
VLVWLYLW\ 7RPRYUWDW\D O VD 7M RAHR DA F W
EHWZHB GWRQRBRLYHDYGWAQLYHUVLW\ BESHQQV\OYDQLD
*HUPD ZLWK WKHWBIRFMD FQAWLQJ *HLEHQVWHWWHQ 6V
*RFKVKHLP 7KHVH UHVHDUFEKHV ZHUH DOO LQ FROOD
IDQGHVDPW leU '"HQNP ROQH RHIHK 6 PIRVW LPRRKHWWDQW UHV
(57 PHWKREZEHEDYRB D FDVH WWRGIRB@EBBIQ YLOOD ZKLFK
ZIV SXEOLVKHGHYVHZSEHR QIHUHQF H:-SIDIKHDUW KA KU W K H
WKH SRWHQWLDO RI ' (57 E\ FRPSDULQJ LWV UHVXOWYV 2
PDS RI D 5RPDQ3DXIVMAGH\W JD O ,FR PS\D K H\GXMWEHM U H
RWEKS5 DQG (57 PHWKRGM® QYE&H HIITHFW. RQ GHWHKRHGEMW LQY
RE\UHVXOWYV DQG LKW M H SWHMWXDWIMR QVH SUHVHQWHG LQ
GLVVHUWDWLRQ

. XUGLVWDIXLM BPWXGFRDODER UWWH R Q FEXH\WZ WRR QN K H

DQG MWKAH WDIKHER SK\VLFV LQVWLAOXYMWEHWEHWHFWLRQ R



TDQDWYV O RQ\GRWARU XVEZWWKE7 PHWKRG LQ WKLV DUHD
LV SXEODV&WBYLIQWARNXG QDO X GEHRIRWKHYWRWO N/ HG L
PHQW DQDO\VLV LQ WKH %RUD SODLQ 7KH (O
(57 VXUBBUVL DQG )DVVEKDQWHRIBWIXQGHG-ER*HUGD
NHO W& WQJ

<HKDWKLRRIWDWK LV \FROQ/ W KM BG(6&2 ZRUO,E KHUQLW D JH
IRFXVHG RQ DQDO\]LQJ WKH (57 UHVXOWV LQ RUGHU
FLWWERNVXPLWHSBENGY X P LW H7 BiHWH R XS OWWARRS N\ K B
IRUPHIGDSWHU RI W IDIQG GLLW LIV U MOD SWKERIE DRWRHE @ R |
DUWLGGHU WW/IRHR NMEQN@DHD WK <HKD (WKLRSLD $ ' PR
OD\HUHG VXEVWUXFWXUH ZLWK (OHFWULFD®USHVL\
VFKXQJHQ DP Q|UGOLFKBAVHDWF MKO RNRUNWKHUQ +R
ULNPUFKIRORREXKIQIHQ LQ $IULNDV KN WRPDSHG \HDU
SXEOLFDWLRQV ZRUN RO U DLER UWD WH BP®DIX BAKR O R J
LFDO LQVWLWXWH '$,

BUXN ,UDT ,Q S8UXN 3K ROHEHMME HWAKEZ PG W K R G

, IRFXVHG ROH¥FKH.BQ RI D® POWLRQWKADQBOXOW LV
FKDSWHU DQG LV SHHOYLNEHG ERQDHEMIQFEH SDSHU
39HQLFH LQ WKH GHVHHURS KIR/QRERIURIBR GEHABVA R SRO LV
SUXPUNDKHWLLQILOIJDPHMKT)DVVELQGHU HWWK D\O
ZRUN GRQ®BROODERUWWHBPDZL WKFKDHRORSLFDO LQV
6KRU]JKD $URHQLDNXG\ ZD W K5 OURFAEMKHGE WRL DO PR X G
ZLWBJQHWRPHW WD VW UW RS D RMMSE L DH D VIXQ G PHR W Q G
IXUWKHU SRWHQWLDO WDUKHWYREBN K57 GSTERSMESHHEHVE L
UHYLHZHX®E®KNU QAR WEWODIV\ RI *ROG ODJQHWRPH\
IRU WKH 8VKNLDQL 3UPMBFMWL D@ G PLH) ZBYODIER U D
WLRQ EHWZHHQ /03 VDHU 0DEW HRDVQ W\



7TKHVGD RI WKH EHORZEHIFBEH GOWORIHN\G KEDW QRW FRQVWUXFW
D SDSHU \HW

h.

.DNKHWL *HRUJLD RYYHD WXKH F5pOV@WDMRR) LHYOVLPDWH WKH
GHSWK DQG WKH VL]H Rl WKH EXULDO FKDPBHU XQGHU W
FROODERUDWLRQ ZLWK *HUPD® $UFX DNKRD RD WAIR®M D Q VAKL
VHXP RI *HRUJLD

.DUDFDPLUOL 3BRHUWMGMDVKH SUHVHQFHI RIQS MKKOLWP HQL G
DUBRWR G HWSHIFM. SIKKKW DO ODUJH JDUGHQWHRDWEKH SDODF
XUHPHOQOWN EHHQ GRQHKLYQ NMVEDVMRLIQI \SHHR MHKFHV E H

LQV W L WHONH WHEF®DHROWKHRS&\VLFV LQVWIQBXWH RI /08
ZDV 1)XGQBMH

3DVDUJDDERYHULI\ WKH ZDWH WYKRDOAUKNQIDODFHV EH
ORIQQVWIHAKDHPHQLG (PSLUH DQ (57 SURVSHEWNLRQ ZDV FR
ZDV D MRLQW S/IDRMHFGV /ERIQV Z GHOH WVZBM I'YQGHG E\
DQGSWKBAFH 1IDWLRQDO GH OD 5HFKHUFKH $15

7KH GDWD VHWV REWDLQHG GXULQJ WKH H[FXUVLRQV DQG

ULFK LQ YDULHW\ UHJDUGLQJ WKH GLITHUHQFHYV LQ EXLOGL
JHRORJLFDO IHDWXUHW®GL|W KHQBSHVWR) BPRPRSBPDJHLHY GXH WR
UHVLVWLYLW\ YDOXHV RU FRQWUDVWY DQG SURYLGHV D E
PHWKRGY DQG WKHLU DSSOLFDWLRQ ZLWK UHVSHFW WR WK



2 OOXPLQDWLQJ 7UDFHV RI L
$SFKDHPWQLREQ X P R@RW BOH [
LQ WKH 6RXWKHUQ &DXFDV:
5SHVLVWLYLW\ 7RPRJUDSK\

7KH IROORZLQADUWKID SWHQ V V&EPHYWREGQWHS SRKLH 6
*HRSK\WVLFV DQG LW LV XQGHU UHYLHZ

$SEVWUDFW

7KH $FKDHPHQLG (PSLUH FROQ\WDQRODMHEGPEDK W EHHAWZHHUH®
%& %\ VRPH HVWLPDWHV LWV VXEMHFW SHRSOHV PDC
ODWLRQ ,Q UHFHQW \HDUV VWXGLHV KDYH PRYHG IU
ORFDWHG LQ WKH SURYLQFH RRQDRNLPSBIQ L VMR WKOH L
SHQGHQW UHJLRQV 6LQFH $FKDHPHQLG F H\QWXNUQYRZH U
HDV\ WR UHFRUQG|HWLRQDO DUFKDHRORJLFDO PHWKRG
LPSRUWDQW UROH LQ WKLV UHWKDWAK R KLY/ LSDERIYUD WH
FDO 5HVLVWLYLW\ 7TRPRJUDSK\ (57 VWXG\ XQGHUWDN]|
WKH .DNKHWL 3URYLQFH 5HSXEOLF Rl *HRUJLD DQG \
SK\WLFDO PHWKRGV LQ WKH GHWHFWLRQ Rl WKH DUFK!

Q WKUHH DUHDV Rl WKLV DQFLHQW VLWH EHWZHHQ

VXUYH\ DQG PDJQHWRPHWH U GLPRMBHRQIDRY VHSHPDHO
PHQWV FRPSRVHG R|I GHRWGVSRQDOOHOWRFRJIJUDSKLH
GLSROHUFRWILRIX ZHUH FDUULHG RXW 7R UHFRQVWUXF
VXEVXUIDFH ZH XVHBR®WYXW WPIRRWKQDBIYNUVLRQ PHWKR
VXEVWUXFWXUH ZDV PDGH RI PXGEULFN DQG WKXV U}



ZHUH FORNWHEDMNRWRXQG DQRPDO\ 7KHRQNRWHD ZQWE& V@ RR
YHUVLRQ ZH FRXOG GHWHFW AMKH ZHOLLFSOW MUBHY GXW LW RW\ C
GHQVLW\ GLIIHUHQKHW P B QFROREGREIEHNL BWWHVH DQRPDOLHYV

,Q DUHRL WWW WIUPH ZLWKZB7ZZAHKWKREFHVVIXO LQ GLVFRYF
HIWHQVLYH PXGEULFN SDUWO\ EXUQW VXEVWUXFWXUH DW
O\][LQJ WKH PDIJQHWLF GDWD DQG D " PRGHO RI WKLV VXEV
D ODUJH H[FDYOWREWRRZDQERQPXGEULFN VXWXWWORONXUH Z
VKDSHG FROXPQ EDVHYV ZDV GLVFRYHUHG ZKLFK ZDV GHVW
DQG WKH DUFKLWHFWXUDO WHFKQLTXHV XVHG IRU WKLV EX
WXUH Z2DG/PDQLVWOBW OQVHWEH G IRU UHSUHVHQWDWLYH SXU:!
SUHVXPHG PXGEULFN VWUXFWXUHYV ZHUH GHWHFWHG LQ W
PHWKRG EXW WHRHHCOMHFDRIW HG

21. QWURGXFWLRQ
211.+LVWRULFDO DQG *HRORJLFDO %DFNJURXQG

7KH $FKDHPHQLOS (PSLU4& DV DQ DQFLHQW 3HUVLDQ (PSLL
E\ &\UXV WKH *UHDW ,W H[WHQGHG IURP WKH %DONDQV WR
LQJ WR VRPH HVWLPDWLRQV LQ LWV KHYGIRSKOOTHVLRQHG R
+LVWRULFDO LQIREBMMERQHR@SPKIQW LV PRVWO\ GHULYHC
DXWKRUV ZKR SHUFHLYHG WKHLU HDVWHUQ QHLJKERUV DV
WLRQ E\ $OH[DQGHU WKH *UHDW LQ %& VKGBMB UHSRUW
DQG IDU IURP EHLQJ REMBMWLYH RU LQGHSH

JRU D ORQJ WLPH DUFKDHRORJLVWYV FRQFHQWUDWHG RQ W
3bvbuJDGDH DQG 3HUVHSROLY LQ WKHLU WUHDWPHQW RI
WKHLU DUFKLWHFWXUH DQG WKH LFRQRJUDSWWURI LWV LPDJ
GLWLRQ PRVW QRWDEO\ LQ WKH XVH RI HODERUDWH VWRQF
XPHQWDO EXLOGLQJY 7KHVH WHFKQLTXHV XOWLPDWHO\ GI
WDNH URRW LQ WKH SURYLQFHVY VR WKH $FKDHPHQLG (PSL!
SHOXVIPYSHL BB QFHHIWGHQEXUR2QO\ WKURXJK FDUHIXO ILHOGZ



XQGHU WKH GHSOR\PHQW RI GLYHUVH DUFKDHRORJLFL
RI $FKDHPHQLG LPSDFW LQ LWV GHSHQGHQW WHUULWEF

7KH WBPWLRQ RI D PXGEULFN DOVR NQRZQ DV PXGVWR
PLUOL 5HS RI $JHUEDLMDQ EXLOW WX HRPDFNW BQ
VWLWXWHG D QHZ GHSDUWXUH IRU $FKDHPHQLG VWXG
DO KH@EWH RI WKLY GLVFRYHU\ H[WHQVLYH VWXG
ERULQJ *HRUJLD FRPELQLQJ DUFKDHRORJLFDO DQG Jt

7KH FRXQWU\ *HRUJLD LV GRPLQDWHG BV W R HPOWKH DV
GLYHUVH VLQFH MXHW URSALFWAGRQ@HWRW SMXHSERRQ G
DULG UHJLRQ DQG FRQWLQHQWDO KLJKODQG &DXFDV]
VHDUFK DUHD IRU WKLY SURMHFW KDV D GU\ VXEWUR:
WRULFDO HYLGHQFH IKRIWIVKDW QK HEBOBDVKRUWDJ
FHSWLEOH WR GURXJKW OHOLNDG]H HW DO 7KH
FDQDOV SURYLGHG D SHUIHFW FRQGLWLRQ IRU IDPHG
DWHG JDUGHQV 6LPLORQVHPQ ESKRFDOURBGEHLWGO .C
UDFDPLUOL .QD X% )DVVELQGHU HW DO

$OUHDG\ LQ WKH H[FDYDWLRQ RI WKH UHPDLQV RI
LQ HDVWHUQ *HRUJLD RQ WKH WK FHQWXU\ %& VLWH
GHQRWM DQ $FKDHPHQLG SUHVHQFH LQ THRAKILIDR ORD X KL
LOQYHVWLIJDWLRQV ZHUH UHVWDUWHG DW *XPEDWL DQ
VLWH RI 6DDNOHPR NP WR WKH QRUWK HDRE KVM R LIQ\D
SURMHOG WEAKDHRHQLG UHVLGHQFHWKD®/GZW K HX Q GG DR
\HDUV E\ WKH '"HXWVFKH JRUVFKXQJVJHPHLQVFKDIW ')
SHFKHUFKH $15

7KLV SURMHFW DLPV WR IREFXV RQ WKH FXOWXUDO K|
*HRUJLD DQG WKH HIIHFW Rl WKH $FKDHPHQLG (PSLUH
WKLV UHJLRQ LQ WKH ILUVW PLOOHQQLXP %& 7HFKQL
RI DUFKDHRORJLFDO VXUYH\ ZRUN JHRSK\VLFDO SUR\
WD YLGDWH UHVXOWY DQG DVVLVW LQ WKH GHYHORSP



212.*HRSK\VLFDO %DFNJURXQG

$UFKDHRORJLFDO JHRSK\VLFO/HSWRIEGHW H [WIRA O M QWR OREJ X
PDWLRQ UHODWHG WR DUFKDHRORJLFDO PRQGPHQWY DQG |
WKLV LQIRUPDWLRQ WR PDS DQG PRGHO WKHVH VWUXFWXU
REWDLQ LQIRUPDWLRQ DERXW WKH HQYLURQPHQWDO FRQCGC
DUFKDHRORJ\ JHRSK\VLFDO PHWKRGV DUH ZLGHO\ XVHG X
SUHFLVHO\ WDUJHW IXUWKHU ILHOGZRUN DQG WR PLQLPL]
H[EDYDWLRQ DQG HQKDQFH WKH UHVXOWV RI WKH SURMHF\
HW DO 6DUULV )DVVELQGIHUW VL HW DO

$PRQJ D ZLGRHl UBRSK\VLFDO PHWKRGV ZKLFK KDYH EHHQ
SXUSRVH PDJQHWLF SURVSHFWLRQ *URXQG 3HQHWUDWL(
PHWKRGV DUH WKH PRVW I[UHTXHQWO\ XVHG 7KHVH WKUHH
VFDOH SURVSHFWLRQVWRQSRRXW HVIKH KRS HUJURXQG VXEV
HW DO 3buvL HW DO ,Q DGGLWLRQ ZH XVH (OHF
(57 LQ "DQG RU ' WR REWDLQ GHWDLOHG LQIRUPDWLRQ V
DQG WKH PDWHU LWIOHRIHBDDWVMAKURYHORIUHRYHU LQ FRPSOH[ FLC
LQJ WKH DUFKDHRORJLFDO DQG JHRORJLFDO OD\HUV LV PR

(57 LV D SURPLQHQW PHWKRG IRU DUFKDHRORJLFDO JHRSK\
RI WKH VXEVXUIDFH HOHKWURB®D @ KLHFKLKMWQ S Y VWK\VGW RWAH W H
VWUXFWXU&KDHBEHXOYWHNW DO **QWKHU HW DO 3D

7TVRNDV HW DO 6FKPLGW )RU MKHWWRKQ SRV HD OW K I
DSSOLFDWLRQ RI (57 EHFDFPHWEDRUWH WRE PREIHLWEH JDS EHV
QHWRPHWU\ DQG *35 SURVSHFWLRQ PHWKRGV LQ SDUWLFX
WHQXDWHYV WKH VLIQDO DQG PDNHV WKH UDGDU SURVSHFW

'LIIHUHQW JHRORJLFDO SDUDPHWHUV\DIQG WRXOLFRSHILW LR

PHDELOLW\ VRLO PRLVWXUH FRQWHQW DQG VRLO WHPSHU

XQGHUJURXQG UHVLVWLYLW\ 7KH ILQDO LPDJH LV FUHDWI

EDVHG RQ WKH VROXWLRQ RI WKH | R U ZRINHG DG % MUYNHHIWY H U
D /RNH DQG %DUNHU E



7TKH FRPELQDWLRQ DQG FRPSDULVRQ RI WKH UHVXOWYV
XQGHUVWDQGLQJ RI WKH VXEVXUIDFH DQG HQKDQFHYV
DV WKH DUFKDHRORJRBHEOY DHIDLW WUV HW WIKDEEH LQ FRPSIL
YHQWLRQDO JHRORJLFDO VWUXFWXUHY DQG HDFK IHELC
6ROODU HW DO 6DUULYV

,Q WKH I[UDPHZRUN RI WKH 3DUDWKNM H FSWHRR® GMFDNPH G

HIWHQY PDIQHWRPHWHU SURVSHFWLRQV DQG (57 PHD)
$JHUEDLMDQ .DUDFDPLUOL DQG *HRUJLD *XPEDWL DC
WKH $FKDHPHQLG (PSLUH LQ WKHVH UHJLRQV ,Q WKLYV
6DDNOHPRVOIHBSKYXUYH\ ZLWK D IRFXV RQ WKH (57 PHYV
FLILF SK\VLFDO SURSHUWLHV RQ WKH (57 PHDVXUHPHC

22. ODWHULDOV DQG OHWKRGYV
221.0DIJQHWLF 'DWD $FTXLVLWLRQ DQG 3URFH

6LQFH PDJQHWLF SURVSHFWLRQ LVDRYH OROHNBEH PF
FKDHRORJLFDO JHRSK\VLFV SURVSHFWLRQ WR ILQG IF
6 FRIOW DO )DVVERWD &HHW SXUSRVH RI WKLV S
6FLQWUH[ 6PDUBRELBO DQG WKH *HRHPHYXE RPBHIQHW
WHUV LEDWIOHVSHOXRU FRQILIJXUDWLRQ WR DWWDLQ D F
WLRQ DQG WKH KLJKHVW SRVVLEOH VHQVLWLYLW\ %H
KLJK VSDWLDO UHVROXWLRQ FRPELQHG ZLWHK ®&KH KLJ
FDHVLXP PDJQHWRPHWHU ZH XVHG D VDPSOLQJ UDWH
FP %\ UHVDPSOLQJ DQG LQWHUSRODWLRQ ZH JHQHUI
FP UHVROXWLRQ :H IL[HG WKH SUREHV RQ D QRQPDJC
DURXQRP DERYH WKH JURXQG LQ D [ P JULG

,Q WKH VKRUW WLPH IRU WKH PHDWXQHPAK W VWVIXREHW
GLXUQDO YDULDWLRQ WR EH OLQHDU DQG WKH VRODU
GXFHG WKH GLXUQDO YDHJRDWDRQGW R/ WV RH HPIAKQ JUDL G XI
ZH DSSO\ WKH GHVORSH IXQFWLRQ WR UHPRYH D OLQH
GHU DQG *RUND 7KLV DOORZV XV QRW RQO\ WR F



WKH IXO0 UDQJH EXW DORR WKH G XN SIHJ RBWDDRDYWL RI WKH VR
PHQWLRQLQJ WKDW PDJQHWLF SURVSHFWLRQ DOORZV YLVI
GHSWK RI DURXQG P ZLWKRXW LQIRUPDWLRQ RQ WKH GHS

222. (57 'DWD $FTXLVLWLRQ DQG 3URFHVVLQJ

7KH T5LQVWUXPHQW XVHG BRL QM LOL SKRMHFEVWE\LWDFK /LSSP
/LSSPDQQ *HRSK\VLNDOLVFKH OHVVJHUIWH *HUPDQ\ ZKLF
LQJ IURP FP XS WR P 7KH WZR HOHFWURGH FRQILJXUDW
UHVHDUFLKSBIOBROH DQG :HQQHU DUGDSWR O K LIHIWK HVG\LIS @ Ol
WLYH WR ODWHUDO YDULDWLRQ WKH :HQQHU DUUD\ LV PRL
ILWKV DQG %DUNHU 7KH PDLQ LQYHUVLRQ PHWKRG IRL
FROQVMWG&DRYHUVLRQ PHWKRG DQG WKH IRUZDUG UHVLVWLY
WKH IHQHWHQW PHWKRG /RNH DQG 'DKOLQ &RQVWDEO]!

JRU WKLV ZRUN DIWHU FKRRVLQJ WDUJHW DUHDV EDVHG R
SURVSHFWLR®GZWKHFNSPHRWKRG DQG SURGXFHG PXOWLSOH

EDVHG RQ WKH (57 GDWD 7R UHGXFH WKH WLPH DQG SRZH
E\ DV D UHSODFHPHQW IRU WKH FRQYHQWLRQDO ' LQYH
RI WKH GHQVH SDYBOP IO WDNR@PBRIIVJDRFHVVHG WKH GDWD E
SDGRSRXORV HW DO

23. SHVXOWY DQG 'LVFXVVLRQ RI WKH 'DWD

,Q *HRUJLDF DOWIADIQHWLF SURVSHFWLRQ KDV EHHQ FRQG
UDNHELV 'LGL *RUD DQG 6DDNOHPR )RBF(6VHSURQSHFWLF
*XPEDWL DQG 6DDNOHPR DV LQ *XPEDWL VHYHUDO FR
GLVFRYHUHG RQ WKH VXUIDFH LQ D UHVEFXH H[FDYDWLRQ

DO )XUWZIQJOHU HW DO 7KLHVVR@®® DO )
LQ 6DDNOHPR RQH FROXPQ EDVH ZLWK $FKDHPHQLG FDUYLQ
JLIXURWWKRZV WKH SURVSHFWLRQ DUHDV LQ WKH $OD]DQL YL
SLFWXUH Rl WZR Rl WKHVH FROXPQ EDVHV ZLWK UHVSHEW \
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JLIXUHBURVSHFWLRQ DUHDV LQ HDVW *HRUJLD $UHDO PDS
JLD ZLWK SLFWXUHV RI WZR RI WKH $FKDHPHQLG FROXPQ E

6DDNOHPR LV ORFP\QHRG P FIWILYHOG EHFDPH RXU DI
LOQWHUHVW DIWHU WKKDGHG RROXP ) | HR\PH G R G RFKH
SRWWHU\ ZKLFEGZBMEUGEKDHRORJILEDO VXUYH\ DQG Z
$FKDHPHQLGIWHULW &L \D GCLDVIFRIORUR D J SHW RS HRWHIUR Q Z I
FDUULH® RXW P )LIOUHX VW UDWHNM GHW RJBD BV RH W
DUHD



80 m
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om 40m 80 m
JLIXUH3DUW RI WKH PDJQHWRJUDP RI 6DDNOHPR 7KH FXWRXW ¢

DUHIRU WKH (57 SURVSHFWLRQ 7KH OHIW UHG OLQH LV WKH ILUV
ODVW SURILOH 7KH \HOORZ DUURZ VKRZV WKH GLUHFWLRQ RI WK

$FFRUGLQJ WR WKH PDJQHWRPHWHULWH\RXOMKH B HL V WHIGIF/H\
RI DQ XQGHUJURXQG VXEVW UXRWXDH GP D G FIKR W P K &K WIHF NZ |
QRUPDOO\ HDV\ WR GHWHFW EL\P DDPHRW R/PIHYWH IV L[SEIRV § B FWK
QHWRJIHWBPRQO\ SDUWV FOHDUO\ GHWHRWLEMDH B UHKLBEK E X
PDJQHWLF FRQWUDVW ZKLOH WKH PDJQHWLF VXVFHSWLEL:
DQWKH DGMDF KQ\8 MRLMIITPRYPO QHJOLILPAHE RDW[WUHPHO
ELQGHU HW DO

7R REWDLQ P R UGHMWDVIOIK G/ DY BVUPDXWFVRQUR Q 2ZMKRMDVXUHG V
SDIRWWKLV DUHD Q@ IFWR WD G L F WLXR Q HW\R/ KFBB\RS\HVOH FW L Q J
PXGEULFN ZDOOV LQ WKH VXUURXQGLQJ PXG ZLWK (57 LV Q



KLJKO\ VLPLODU EPD/WKHPDQERYDEWURBMBK SURYH WKF
SRVVLELOLW\ RI GHWHFWLQJ WKHP ZLWK UHVLVWLYLW

7KH UHODWLRQVKLS EHWZHHQ UHVLVWLYLW\ DQG WKH
$UFKLH DV IROORZV

4, L =4, 178528 (TXDWLRQ

,Q ZKBEK WKH UHVLVWLYLW\ RI BtHN WRKHN UH WK/ WA X L @
IOXLG DMW WEIH WRUVBXRWLWH IDEBRRUILWK D QGXLG VDW X
ORUHRFMIEMUD FRQVWDQW UHODWHG WR WKH FHPHQWDW

DQG Q LV D SDUDPHWHU WKDW LVLG KW XD ®DQ HGQHK[SI
FORVH WR  $UFKLH

7KLY HTXDWLRQ VKRZV WKDW ZLWKYWWHN KHMHF WHKMH W HRQ
WR LQFUHDVH

JURP WKH GHILQLWLRQ RI WKH SRURVLW\ ZH NQRZ

(TXDWLRQ

,Q ZKI9FIKY WKH YROXPH RI WKH SDUWLEDWH WREHREBHH V V H
RI WKH EXON ZLWK WKH VBREVRDIWYXW K® U B RH HY RED X |
GHILQLWLRQ RI GHQVLW\ ZH ZLOO FRQVHTXHQWO\ UHL

T LsE- (TXDWLRQ

,Q ZKLF&LWKMKH EXONsGW QWK AVS DQW L &0 & GSHRARWG
LQJ WR WKLV HTXDWLRQ WKH SRURVLW\ DQG EXON GH



)LQDOO\ E\ FRPSDULQJ HTXDWLRQV DQG ZH GHGXFH WKTEL
GLUHFW UHODWLRQVKLS ZLWK LQFUHDVLQILEBRYKL®W\ WKH
VKRZV XV WKH SRVVLELOLW\ RI WKH GHWHFWLRQ RI WKH F
PXG (YHQ LI WKH\ DUH PDGH RI KLJKO\ VLPLODU PDWHULD
WKH EXON GHQVLW\ LQFUHDVHVY WKH UHVLVWLYLW\ LQFUHI

%DVHG RQ WKHXOWIQRWWKIWHBUHD WKH SRVLWLRQ RI WKH
PHDVXUHPHQW KDV EHHQ FKRVHQ :H PHDVXUHG VHYHUDO ¢
D ' PRGHO EDVHG RQ WWHK GHR IEQW.IR QIO WRNWUMLIRQ JLYH\
DQG PRUH UHMXEREFEH ULV RQ G MQKH. RAQTRD HRRXWHU
QRUWKNZHWMHDVW SDUDOOHO VXUYH\ OLQHV ZLWK  HOHFW
HOHFWURGH VS\DIFRELQJ KPY<H EHHQ PHDVXUHG LQ D WRWDC
GLSBOSROH FRQILJNG MDQIGRBDEAMDOREWDLQLGRDQOMAW R G
SHU VXUYH\ OLQH D WRWDO RI GDWD SRLQWV IRU WKH
ZLWK VPRRRUK\OMYNLQHG LQYHUVLRQ PHWKRG WR UHFRQVW
WLRQ RI WKH,QXEVN IRQPMKMW KR 8 RIQHWRJIJUDP ZH LOOXVWL
SRVLWWRE& RIUVW (57 SURVSHFWLRQ DUHD

JLIXUWKRZV D IHZ VHOHFWLYH UHVXOWYV RItWKH ' PRGHO:
SODQHV G HSKKWY B BKW QHVD 36 QWO LQWHUSUHWDWLRQ |
WKHVH UBWXIOMWKRUL]JRQWDO YLHZ HDFK VHFWLRQ UHSUHV#H
LQ WKH YHUWLFDO YLHZ HDFK SDQHO UHSUHVHQWYV D GLIII
,Q 6DDNOHPR WKH DHULD® P QREQHZDM VRKQWIDEW B ARUL\WS7 P
PHQW DQG ZH KDG SURSHU FRQWDFW UHVLVWDQFH IRU HOH
SHUFHQWDJH ZKLFK LV DQ LPSRUWDQRR@ELW LIRG W FOH DRSU
XV WR DFRKXDKOHO LW\ (5R U WIS VHW WK BZBI/6 THKUW WRU

ORZ PD[LPXP RI IRU ILYH LWHUDWLRQV $IWHU FRQVL
ZKLFK LV DURXQG FP LQ WKLV DUHD ZH FDQ GHGXFH WK!
DURXQG FP EHORZ WKH VXQWIF® DOQRXQ\G Y FFDLERHHXS U Z
REVHUYH VRPH DQWRDRSRYHQLWR P

7KH UHVLVWLYLW\ YDOXHV RI WKHVH DQRPDWLHV DUH LQ D
DQG WKH DQRPDOLHVY DUH LQ DQ DOPRVW SHUSHQGLFXOD



RWKHLQ RPH SDUW W VG K HYMRMUME MV WH DUH FORVH Wi
VRLO WKH EDFNJURXQG UHVLVYLYXHW\DYDGMKE XIPH BMHKAD
VXEVWUXFWXUH LV PDGH R DRORPWRHY \WRWE BVAXPARU R DAMH)L
VLWRSDUMRE WKH SHULSKHU\ VRLO +RZHYHU WKH UHV
PDWLFDOO\ LQ GLIIHUHQW SDUWYV OKHYV DV I DRIR SQG W
DQG DW RVDKHRXG@PUWYDO\]LQJ WKHVH DQRPDOLHV U
FKDQJHW WHWLVWLYLW\ YDOXHV GR QRW KDYH D VSHF
KDSSHQLQJ UDWKHU LQ D UD QBRI N HTUMWMBIFM W K H VE K D
LQJ ZDV QRWEBXHGIWF B VWK WWKIHWKHX DDW R F R QEXCULQ E
ILUH 7KHUHIRUH EDVHG RQ WKLV LQIRUPDWLRQ ZH \
PXGEULRNWEXGN | IHVHQVEGCHQUAIHLQ GLIIHUHQW SDUWYV
GXH WR D FRQIODJUDWLRQ ,Q WSLW H VRK DNKXE NDWZ WV
REVHUYH WKH SDWWHUQ RI D VIO LYK B/ADH VGXLP DHEWDH QWK N V
WKEXLOGLQJ ZKLFK LV EDVHG RQ WKH UHVLVWLYLW\ Y

%DVHG RQPW&HW ZH VNHWHKHGHD SERHWER BNYRIX EW XUH
JLIXUH 7KLV ' PRGHO LQGLFDWHV WKDW WKH EXULHC
FRPSGHJ RDV D KLJK BRQEDLRHXDWWL\RR)I LQHDO O G5 WMRHWW L
PHDVXUHPHQW DUHD

,Q DGGLWLRQ ZH PHDVXUHG WX H RRRGEX MWXIUYH. WW HRR SW K)
RYMZRRQVHFXWIQYWIGDAADUHD WR PRQLWRU WKH VWDEI
LVWLFV RQ GLIIHUHQW GD\V ,Q WKHVH WZR GD\V WK}
ZDV WKH PD[LPXP FKDQJH ZQWKH f&RDQ GNW R 8§ HRI
PXP FRQGXFWLYLW\ FKDQJH RI WKH WRSVRLO ZDV

DILTHFW WKAHUHNVQ@ GEW VWK BRQGVEWWHQF\ RI WKH GDWD

%DVHG RQ RXU JHRSK\VLFDO DWAIVK® WDV DEH IRQ AR DR U W
ZLWK WRWDO FRXHBUDRHVRILLV SRR RRZV D GURQH SKRWF
H[FDYDWH GKBIUMIDF R Q & WWAKE WXRWKW HW 7KH H[FDYDWL
FRQILWKHGJHRSK\WVLFDOQ®WHYBEDBWOG WLIRH) UMPDLQV
PXGEULFN PRQXPHQWDO KXIDBGIGQ FRZQMKQ VED \EHNO QQ \
WKHVH FROXPQ EDVHYFRKRIWM RMKH QRBAVKBHI VG WKH OLPFH



KHDYLO\ EXUQW DQG WKH GH&%R/PDWORQHFHASRWDHQ¥F KO FDHG |
KD&VMHHQ PDGH DW WKH VRXWKZHVW RI WKH H[FDYDWLRQ ZK
RI WKH $FKDHPHQLG @ MWK IRGCGSBDRIFB EDMIW DURXQG FP
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JLIXUH57 UHVXOWYV DQG WEWH® RO YSUBD W LIROUHD +RU
DQG YHUWLFDO YLHZV Rl WKH ' PRGHO EDVHG RQ WKH (57
LQJ ,Q WKH KRUL]JRQWDO YLHZ HOBK H HRF WIX®J P B SVKR B\ D E
GHSWKYV DQG WKH YHUW LKH £= YIS BIZ QHIWR ZAK VD 1) E HYUHQUW S U H
WKH PXGEULFN ZDOOV LQ GLIIHUHQW GHSWKV VRPH SDUW\
IRU WKLV ILIJIXUH VKRZ WKH FOHDUHVW YLHZ Rl WKLV PRQXF



‘H RYHUODSSHG WKH LQWHUSUHW®QWW R ® FEAD\RHIG RR QN (6L
WXUH )LIXBRPH RI WKKRZIEOIOQH ZHUH GHWHFWHG E\ U
VXEWMHUH QRW GLVFRYHUHG LQ WKH H[FDYDWLRQ 7Kl
WHFWLRQ RI WKHVH DQRPDOLHV DW HPROIOWD WQ RR7 WM \F
HLWKHU EHFDXVH WKH DQRPDOLHV LQLWLDOO\ EHORQ.
ODSVHG DQG IRUPHG LQ D ZD\ WKDW LQ UHVLVWLYLW\
ZDOOV ZHUH QRW GHWHFWHG LQ WKH H[FDYDWLRQ

J)LIXUH$ GURQH SLFWXUH Rl WKH H[FDYDWLRQ LQ 6DDU
WKH H[FDYDWHG VWUXFWXUH <« /08 6DDNOHPR 3URMH



JLIXUH, QWHUSUHWR® KRQ BDWHBNY RYHUODSSHG RQ WKH U
WKH VWUXFWXUH 7KH UHG OLQHV LOOXVWUDWH WKH ZDOC
HIFDYDWLRQ DQG WKH EOXH OLQHV VKRZ WKH ZDOOV REVH
HIFDYDWLR

$V D ILQDOKSIRLGWWRWMWW ZH RYHUODLG D GHSWK OD\HU R
PDJQHWRJUDP DQG ILQRQ QR\I WKH WEKKERQMMXEWBRWH RYHU LW
%\ FRPSDULQJ WKH UHFRQVWUXFWLRQ PRGHO ZLWK WKH JH
JUDP ZH MXXKWJREVHXVY®WHG SDUWV RI WKH VXEVWUXFWXUI
UHVXOW E\ DSSO\LQJ GLITHUHQW W\SHV RI GDWD SURFHVVL
DEOH WR GHWHFW WKH HQWLUH VWUXFWXUH

7KH H[FDYDWLRQ RI D GHHS SURILOH PKX@&HDMK 2D PRQ XF
JLYHV XV PRUH LQIRUPDWLRQ DERXW WKH VXEVRLO DQG VX
WKH ZKROH SURIEGH URGAR NRUWWKNDEQD PHDVXUHPHQWYV DQ
XUHG PDIJQHWLF VXVFHSWLELOLW\ LQ W&MH FNMDSMEHU RI HDFK
PHWHUXUH 7KH UHVXOW DQGHUWIDANNYZWHEGHPRWEODO\



IURP WKH VDPH XQGHUO\LQJ DQG QHLJKERULQJ PDWHL
LFDQW FRQWUDVW MRIURPD J0QWWHEIFQEWHRN B WFD O

JLIXUHS5HFRQVWUXFWLRQ RI WKH H[FDYDWHG ZDOOV R
OD\HU DQG WKH PDIJQHWRJUDP ZLWK WKH G\QDPLFV R

adobe mud brick
7 wall

fossil soil horizon
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JLIXUHODJQHWKIVFHSWLELOLW\ PHDVXUHPHQW ODJQHW
PHQW RI D GHHS WUHQFK RI DUHD J)DVVELQGHU HW D



7R FRQWLQXH WKH LQYHVWLJDWLRQ ZH FKRVH D VHFRQG
EDVHG RQ WKH B BWIHWLRFQL R WM ISIH $W B WK BIQYRUHH

VKREDUW RI WKH PQGQABMRUQDRVK B USHFD/ L WR B QVR H WKH
SURVSHRWMIRRI® D ' PRGHO EDVHG RQ (57 GDMRXWZH PHDVXU|
HDRWWKZHVW SDUDOOHO VXSDH\QGEL (MIRWS D EW®BJ Z LRV K
GLSBOSROH FRQILJXUDWLRQ 7K@ \DH WPRMD B ® URHIP IHRQXW VG DKW X O !
REWDDQVHW RI GDWD SRLQWVY SHU VXUYH\ OLQH GD
VHW DQG DOO ZHUH L@FRQWWH® LEQ /PR RR® Q YA VR/Q
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JLIXUH7KH FXWRXW SDUW RI WKH PDJQHWRJUDP RI DUHD
7KH OHIW UHG OLQH LV WKH SRVLWLRQ RI WKH ILUVW SURIL
RI WKH ODVW SURILOH

JLIXUHOOXVWUDWHY VHYHUDO GHSWK OD\HUV RI WKH ' PR
DUHDURP DURXQXNLOP 2PHCRHEBWHKJYH WKH SUHVHQFH RI D V>



ZLWK UHVLVWLYLW\ YDOXHV ¥P WX H RIMSDIVL E R QY 2R @/ K
WKLV BDUROLWEDXEAHHRAXGEAOVF O BDVVVGH[SRRH GVWRVI UKD V |
ZHPRVWBM YDOXHV RI UHVLVWLYLW\ DQRPDYDLGHHXHNORYV |
HIFHSW WKH YHU\ VKDOORZ SDEHWW K LRLKEKHRNQIHIEPWHUHV L
SUHVXPDEO\ EDVHG RQ WKH YDOXHV DQG WKH RULHQV
JUDP WKLV VKDODR X KK BANMAPWHXYIBHAWWHI WKH PDIJQHWR
RYHU DOO RI WKH ZDOOV LQ WKLY DUHD DUHNRRVWO\
HDFK RWKHRWHKHNMNSW\ VKDOORZ SDUW

7TKH VKDOORZHU VXEVWUXFWXUH IURP WIKHYK LFK LV
QHWRJUDP LV VOLIJKWO\ LQ D GLIITHUHQW GLUHFWLRQ
7KLV EULQJV XV WR WARIKNSERHWWOKRDQVIHNVWR D GLITHUHQW |
H[SODLQ WKH GLIITIHUHQW RULHQWDWLRQ DQG WKH UHV
EXWWKIDMORZHU SDUWZKYFEDHMVODEGQUYQOWKH FKDQJHYV |
+RZHYHU LQ WKHQRIWD OORZHDODD/UDWH LQ WKH VDPH R
DUH DOPRVW WKH VDPH 2YHUDOO FRQVLGHULQJ DOC
ROQH VXEVWUXFWXUH ZLWK WZR GLIITHUHQW RULHQWD\
WDWLRQ ZH FRPWB\SUNGRVIBYREFBUVHG GDWD Q@RG GUH:
WKLV VXEVWUXFWXUH )LJXUH

,Q WKH ILUVW SDUDOOHO VXUYH\ OLQHV VWDUWLQJ
D VTMXUDEBPH) RPDO\ XS WR XQWLO P GHSWK IDVHG F
VXJIJHVW WKH SUHVHQFH RI D KLJKO\ UHVLVWLYH DQR
VWRQHV ‘H FDQQRW H[FOXGH WKH SRVVLELOLW\ RI W
KRZHYHU EDVHG RQ WKH VKDSH DQG WKH RULHQWDWL
WKH VXEVWUXFWXUH ZH KLJKO\ VXJJHVW WKDW LW KD
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JLIXUH(57 UHVXOWY DQG WKH LQWHUSUHWDWLRQ EDVHG R

OD\HUV RI WKH

" PRGHO EDDHELIRQ WKLH (A0 XCWHVDHRKRWHVHQ

PXGEULFN ZDOOV LQ GLIITHUHQW GHSWKV DW VRPH SRVLWL



7KH WKLUG DUHD FKRVHQ IRU WKH (57 SURVSHFWLRQ
JLIXUH %DVHG RQ WKH PDJQHWLF UHVXOWNKHZSUREMBB
Rl D IHZ SDUDOOHO XZODO W WQ XWRHKUHFWDQJ

L ONKLY DUHD |RU ZWKPH(B Y MXHE XWZ 6 R WRAXVZ KN BNV W SD U I
OHO VXUYH\ OLQHV ZLWK P HOSHFMLIQR GZH GETR-Q §R O
FRQILJX WIKWEHRQX OREMEDLIQ GDWD SRLQWYV SHU OLQH

IRU WKH ' GDWD VHW DQG ZHBRQQWHD WHECZILQNKHUR R
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JLIXUH 7KH FXWRXW SDUW RI| WKB PLCRW MVKRIIWBIOPSRIRY S
7KH OHIW UHG OLQH LV WKH ILUVW SURILOH DQG WKH
DUURZ VKRZV WKH GLUHFWLRQ RI WKH HIWHQVLRQ RI \

JLIXUHLOOXVWUDWHY D IHZ GHSWKQODKHIK R AIKQ\VGE
WUDFHV RI VRPH VXEVWUXFWXUHV %DVHG R® WKH U}
ZH FDQ GHGXFH WKH SRVVLELOLW\ Rl WKH SUHVHQFH |
DURXQG P DQG UH\WPLYMWLKLMWR RQRPIDIMW ZHUERNQAG L ¢



DV D EXUQW SDUW ZLWKHDHRERQ GW\Z LIQUHWKH LQWHUSUF
GDWD VHW ZDV PR U$DEWBOWKI RWKHWRRQHY DV WKH UHVL)
WKH VXEVWUXFWXUH LV TXLWH RE&RIVSHW RRRKHR\MHRILLO/ W L Y L\
ZH FRXOG REVHUYH VRPH GIRWKGXBWDR IMLHVVRPRXOGFH R
GLVWXUWBDWRHWHDVXULQJ DUHD WKHPKXPDIVFEO R W UY WAKLHEUOH Z1
VRPH PHDVXULQJ PLVWDNHYV

JRU WKLV RUSBSRWBLQ DV PXFK ZUHWDSGW VHBY ERRWK/ UBREEHK VW
VPRRWKRGVWUDLQHG LQYHUVLRQ PHWKRGY DQG IRU WKH U
IHUHQRM I FIDWWRUV D @REP $DYBHGOD @® HB H\MXIDAW VQWHU SUHW D W L
WKLV VXEVWOOEKWWWHDWHG LQ )LIXUH

$vV D ILQDO SDUW ZH RYHUODLG DOO WKUHH UHVXOWYV RYH
RI WKH UHVXOWY DQGUMKISBHEFW W.R G\ B KV RVRKABWWEKKJI X U H
DUHD ZH FKRVH D GLIIHUHQWRGHMERAK WIONHEH\DW GH DALR HD'
WKH PRVW SRVVLEOH YLVLEOHHVYXBDWNENEHKNERHVHW KBHADVHG R
RULHQWDWLRWWRIXAWNKVHWKEY WKH VDPH ,Q WKH DUHD W
DOQWKHUH DUH PRUH VLIQV RIGGKHD PLHMJI DLQE FRBRSDWHD
REVGMRRH DQRPDORMNY WHK®GXWFHAHDOV EXUQHG PDWHULDO
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Iteration 5 data misfit 6.70%

Interpretation

PRGHO EDVHG RQ WKH

JLIXUH'HSWK OD\HUV RI WKH

LOQOWHUSUHWDWH RUH SUKHWHRIWX WKH SRVVLELOLW\ RI W

ZDOOV LQ GLIITHUHQW GHSWKYV



JLIXUH (57 GHSWK OD\HUV RI DUHD P P DQG F
JUDP G\QDPLFV “ 1Q/7 D@ & RR UW K

%DVHG RQ WKHVH UHVXOWY DQG FRQVLGHULQJ WKH H[FDYL
JHVW WKDW WKHVH DQRPDOLHVY EHORQJ WR D ELJ FRPSOH]
RI WKHVH YDOXHV ZKLFK FDQ EH D VLMKRI EXUOHELHQAW GH
UHYHDO WKDW LQ WKLV FRPSOH[ WKH VRXWK SDUW ZDV PF
WKH QRUWK SDUW )XUWKHU H[FDYDWLRQV IRU DUHD DQG

24. &RQFOXVLRQ

$OWKRXJIK PDIQHWLF SURVSHFWLRRGVVLQQMHJ RK DWHKR-O R RMMAD
JHRSK\VLFV SURVSHFWLRQ DQG KDV VHYHUDO DGYDQWDJH)
XQGHUJURXQG PXGEULFN IHDWXUHVY ORUHRYHU LW FDQQR
GHSWK RI WKH VXEVWUXFWXUH 7KHUNMWVRHOHN DO @D \DWR FR
REWDLQ WKH EHVW DQG WKH PRVW DFFXUDWH UHVXOWYV )
(57 PHWKRG LQ WKLV SURMHFW



,Q 6DDNOWMKRRXQGHUJURXQG WK N FONPWHD ® RR/SKRIL DHEVX U
LQJ PDGH RI PXGEULFNV 71KWHPYXABRURXQAAXIOVRQG ZHU
RI WKH VDPH PDWHULDO 7KHUHIRUH LQ RUGHU WR GH
PHWKRG ZH DSSOLHG VHYHUDO GLITHUHQW W\SHV RI G
VLW GLITHUHQFHV RI WK HAH XHGHW U RXQ @ [HHHFFWXW K M
XHYRU GHWHFWLQJ WKHVH PXGEUEFRQVW\WXQHE® LQRHK
PHWKRG ZDV WKH PRVIW KHO §KKRY Y WKKIRGPRRWK YDUL
WLYLW\ D QRH LG MXEIBND RCHPRPHIHW Y HPB KB \VIIPPSIRUWDQF
RI DSSO\LQJ GLIITHUHQW W\SHV RI GDWD SURFHVVLQJ "
IRUPV

7KH XQGHUJURXQG VWUXFWXUH LQ DUHD ZDV SDUWO
EXUQW PDWHULDO DW VRPH SDUWV ZHUH GRPLQDWLQ
ZDOOV +RZHYHU ZLWK VRPH FRQVLGHUDWLRQV ZH 2z
PRQX®WDO EXLOGLQJ 7KLV UHVXOW LQGLFDWHYV WKD'
EHWZHHQ P D@G IRUPHG SDUW RI D ELJJHU FRPSOH[ D
WR FRQWLQXH LQ DOO GLUHFWLRQV LQ RXU PHDVXUHP

7KH H[FDYDWLRQ UHWHK@MHV RV KRZGWKHFSUZDOOV DQG E
GHSWK EHORZ DURXQEKDSER® DROWH E HD OHVHS\DL W LD O
DUFKLWHFWXUDO WHEKQLTXHY DQG RUQDPHQWYV XVHC
RIILFLDO EXLOGLQJ WRXOGD@RKW HERIFOKLFKILHG GXH W
ODFN RIQULQ@KH PRVW SUREDEOH K\SRWKHVLV LV WKDW
UHSUHVHQWDWLYH EXLOGLQJ HLWKHU D SDODFH RU T
WKH PDLQ H[FRWIXWMBHF BDBRWQZEDVHV FRXOG KDYH EHHC
KDORH EXLOGLQJ ZDV GHVWUR\HG LQ D FRQIODJUDWL!
GLIIHUHOMWUEXQWDJH ZKLFK ZBY REVVOWHG E\ WKH

‘H PHDVXUHG WZR PRUH DUHDV LQ 16Q DMNOHVR WEZIRP DUD
GHWHFWHG VRPH XQGHUJURXQG P XG HEWHW RHWW UDXERXXQ

DQG +RZHYHU LQ WKHVH WZR DUHDV WKH VWUXF\
M XWA\L J KW @\UEOU QW7 KH FRPSDULVRQVKIHWKH RWW H Q MND\V
EHWZHHQ WKHVH WZR VWUXFWXUHYV ZLWK WKH XQGHU



WKHVH DQRPDOLHVY DOO EHORQJ WR DQ LPPHQVH FRPSOH]
KLIJKHU UHVLVWLYH DQRPDO\ DQG WKWVYEDGSHWR IRV RNHPH HIH
LVWHQFH RI DQ DQWKURSRJHQLF VWRQH OD\HU

7TKH GHWHFWLRQ DQG HYDOXDWLRQ RI WKLV PRQXPHQWD
PHWKRG LV RQH RI WKH PRVW LPSRUWDQW EUHDNWKURXJK
UHJDUGLQJ PXGEULKN YROUXEZNMMELHWD /IQRBQNVLQ DUHD RlI WK
XPHQWDO EXLOGLQJ FDQ VWDUW D QHZ FKDSWHU LQ WKH S|
WKLY PHWKRG 7KHVH UHVXOWY LQGLFDWH WKDW IRU WKH
FLDIO@ WRMHWEKHUQ &DXHDQVXGHEG WNRRO HYHQ ZKHQ WKHVH I
ORFDWHG LQ WKH VXUURXQGLQJ PXG PDGH RI KLJKO\ VLPI
PDWKHPDWLFDO SURSRUWLRQ SURYHG LQ WKH SDSHU WKH
FUHDVHV WKH EXON GHQVIMILVYQELKMR QNDHONXKHI\Q WIO0 ONVIKGIFUH L

$FNQRZOHGJPHQW

7KH *HUPD Q*%¥KDP RIQQLG UHVLGHQFHHWRNYBPMKER® SDUDGL\
E\ WKH '"HXWVFKH )RUVFKX®@JWURB B LEHAMKDUWK )RXQGDWLRQ
GHU )$ DQG .$

ORUHRYHU 0D/QGUGIDWDY DSSUHFLDW HW HAUKH VIKIGHELWQLU | RF K |
PLVVLRQ 6760 LQ WKH ,QVWLWXW57 +RIUQOHGHMFHUE\DW KB Q ¢
(XURSHDQ &RRSHUDWLRQ LQ 6FLHQFHUDQ® H7 HPXFRERIQR J\
&$



35HYHDOLQJ WKH {UKGEBHY/ KM
SQFLHQW &LW\ 8UOHBWIULEID
5HVLVWLYLW\ 7TRPRJUDSK\

7KH IROORZLYDUWPKIDEBWIHYOLQ VOLJIKW 6 X DOMNEKHHEG IR UP
JOREDO SHUVSHKBHRERJRBDDDD W BIRQIMFVRIROD &RQIHU|
FOEHRORJLFDO 3URVSHFEWLRQ

31. +LVWRULFDO %DFNJURXQG

8U WKH FLW\ RISPRRB BR &ERADG/DIR XQGH & E\QVW W OMHKJ
PLOOHQQLXP %& 7 XUHH® ORIV K/H BVUBHR F D WNHRB R XRWAKD J K

GDIBQ G NPDZDWURW KBH UWIXIDQURQH RI WKH PRVW SURPLQH
OHVRSRWDPLD :RROHKHUH LV HYLGHQFH WHO®HWKH R
E\DI O R RR5U P HDUWOW UWERXE RG 6V F U IOEHDG ¥ OW K REHKIWAX

PXFKPDOOHU WKD® [8WXMN U WRERBVOWLF SHULRG 8U EHF
VRXWKHUQ OHVRWRWPRUDRD®EHQJIJV Rl WKH VW G\QDV!
WXU\ %& 7KH ODVW NLQJ ZKR OHIW KLV WUDFHV ERW
&\UXV WKH *UHDW ZKRWHFNYVFDM SRXAG RQ UHFHQW t
FLWLHV VXUYLYHG XQWLO WKH UHLJQ RI $UWD[HU[HV
(XSKUDWHV FKDQJHG LWV FRXUVH :LWK WKH EUHDNGH
8U LWV ILHOGV UHGXBHG LR ®OG HD\EHDUME DQIEGZ H

32. )LHOG 6XUYH\

,Q VSULQJ DQG ZH DSSOLHG ODUJH VFDOH PDJG
WKH FLW\ S\ ONVY ERIQEBHU HWHO®R WKH VDOW\ DQG FOD
SURVSHFWDS$QNFQEQH WR UHFHLYH LQIRUPDWLRQ RQ



ZDOOV FDQDOV RU WKH KDUERXU 2QH RI PRVW VXLWDEOH
S5HVLVWRPRWADSK\ (57 VKRILUKWRZHWKH ILUVW WLPH WKDW (57
JHRSK\WLFDO PHWKRG WR GHWHFW DQG LPDJH VKDOORZ D
PDGH IURP VXQGULHG PXGEULFNV LQ WKH DGMDFHQW PXG |
WLRQ E\ GHWHUPLQLQJ W IGH \XWQGLHEXW RKQ G6BKFLBWLYLW)\ Q
\HDUV WKH DSSOLFDWLRQ RI (57 EHFDPH PRUH DQG PRUH L
WZHHQ PDJQHWRP HWRUH VWQBWLLRIXQBGDU SURVSHFWLRQ L
SOHWLQJ DQG LQWHJUDWLQJ WEH W QHR BIPPNW RRGRFR G\ 8 KW V
FDWHG FRPSXWHU SURJUDPV WR WULJJHU WKH PXOWLFKDC
YHUVLRQ BQBHQKURBD®O\VLY VRIWZDUH DOORZ IRU WKH V
HQW HOHFWULFDO UHVLVWLY LW W.KHWXE Y BAB QDS IDF FRB B
WLRQ RI XQGHUJIVRNXRG IOW)BOWKH (57 PHDVXUHPHQWYV ZH
SOLHG WKH (DUWK SRYDWVDYUWW PHWHIBESPDQQ *HRSK\VLI
OHVVJHUIWH *HUPDQ\ 7KH GHVLJQ Rl WKHVBBDWILQH HOHFV
RI WR P WRJHWKHU ZLWK VKRUW WKLQ DQG HDV\ WR
UHDGRXW XQLW RI RQO\ J WKH LQVWUXPHQW LV HDV\ WR
RORJSBFROSHFWLRQ

JLIXUH=LJJXUDW WKH WHPSOH IRU WKH *RG RI WKH PRRQ L



33. SHVXOWYV

7KH ILUVW REMHFWLYH RI WKUWZRHW\WHDDIWDW RRAR RS IWOK-
UHVLVWLYLW\ UHODWHG WR DQ DDHDD RQVWQ GBH D LRXGU |
WUWCGRQEDOO\ PDGH IURP DGREH EULFNV ,Q WRWDO S
ZLWK D SURILOH DQG HOHFWURGH VSDFDQPRVW RDLA) E
WKH KRXVH VKRXVHVKH KRUL]J]RQWDO GHSWHKVVWWHH\ M |
LOQYHUVLRQ PRGHO RYHU WKH DUHD RI WKH KRXVH 7K
YLVXDOL]H WKH RXWHU ZDOOV RI WKH KRXVH 7KH PDS
DQG D ELJJHU URRP RQ WKH OHIW VLGH $FFRQGLQJ W
GHGXFH WKDW WKH ZDOOV KDYH EHHQ PDGH IURP PXC
WRPHWHU PHDYVX U@ R HIWOQBRHPYD ORUDWKH ZDOOV RI WK
LY DOVR DQ LQGLFDWRU IRU PWGANQGN A/EHH IWNWKSDRIGW
WKHDPRKHDSSUR[LPDWHO\ P GRZQZDUG 7KLV LV RQH RI
PX&@ULFN ZDOOV E\ (57 PHWKRG

12nT
8nT
4nT
-0nT
4nT
-8nT

20T

JLIXUH7KH OHIW SLFW»XW®RGMRORZIVWOKH KRXVH 7KH OLJK)
FDWHRXWKHU ZDOOV RI WKH KBRRYQW(DL LIQW W U X6l QR U F
P [ P 2Q WKH ULJKW D PDJQHWRJUDP RI WKH VDF



7KH OLJKW EOXH OLQHV LQGLFDWH WKH ZDRORBHRI WKH KR
DQG WKH JUWRQWLQXNMWURDY RI WKH ZDOOV RI WKH KRXVH
PDJQHWRPHWHU *HRPHWRIQFPARY FRQILIJXUDWLRQ VSDWLDC
FP [ FP

2QH RWKHU REMHFWLYH Rl WKH JHRSK\VLFDO VXUYH\ LQ 8U
RI WKH FLMMVZFBOWLFDO GLPHQVLRQV DQG WR DFTXLUH LQ
LJUDSKLF OD\HULQJ EHW X¥NHX FIG0ET W\ R IBIHDR WD O O

SHUSH Q & RAGD D RWLKRIDZ® L KIDBO U EBIGQ UHYHDOHG WKURXJ
PDIJQHWBPRWSIHWFWLRQ FRQGXKWHGBHSULRU WR WKH (57

7KH" YHUWLFDO UHVLVWLYLW\ LQYHUVLRQ VHFWLRQ VKRZV
D KHLIJKW RI DURXQG P ZKLFK FRUUHVSRQGV WR WKH DUFI
E\ :RROOH\ 7TKH ZRIGWKH LQQHU DQG RXWHU ZDOO LV DU
UHVSHFWLYMOMHDVHWWHKH EODFN FLUFOHV VKRZ WKH SRVLWL
ORUHRWKH ULJKW SDUW RIXWKH QHNVXWHKH UHILOOHG DUFKDH
I[URP WKH WK FHQWRROPHOWMRKQBG ERPSDUDEOH GHSWK
UHVSHFWLYH ZDOO DQG LW LV PDUNHG ZLWK D EODFN UHFW
PDLQ ZDOOV DUH GLVSOD\HG ZLWK SLQN FLUFOHYV

7 K B D WFHRLD W GVGXARLLYDO L P L MD IE QURDRW H GFWR IXEDIGAF K19 W H U
SUHWPRMWIRYXOWY 7KH PRLVWXUH FRQWHQW ZDV PRQLWRUI
XUHPHQWY RYHU WKH VDPH SURILOH IRU D ZKROH GD\ DQG
VXSSRUWHG E\ WKH FROOHFWLRQ RI GLUHFWLWRLO PRLVW X
PHDVXUHPHQWY RYHU WKH FLW\ ZDOO ZLWK D 7LPH 'RPDLQ
PHOQMKISUHOLPLQDU\ UHVXOWV VKRZ D PD[LPXP PRLVWXUH



Unit electrode spacing 1.08 n.

JLIXUHD (57 SURILOAH.WWYHEDOMKHQ 8U HOHFWURGH VS
GLSROH FRQILIJXUDWLRQ 7KH EODFN FLUFOHV LQGLFL
VKRZ WKH ZDOOV LQ EHWZHHQ DQG W HH HI® D F B WIHFQV
ZKLFK ZIHILOOHG DIWDSZRUBKH KDUERU P HOHFWUR
QHU FRQILIXUDWLRQ

$Q (57 VXUYH\ FRQVLVWLQJ RI VHYHUDO SURILOHV ZL
FRPSOHWHG RYHU WKH ORFDWLRQ Rl WKH KDUERXU WR
PDSSHG WHKURBJ®QHMWRP HMKHUOWX WYWLGH RI WKEH PDS L
VKRZV WKH ZDOO 7KH ZLGWK Rl WKH KDUERBRUHN DUR}
RYHW FDQ REVHUYH WK HD\QHG WKHHOM. QWO R®HBS® K VR W K
ZDV DURX®BFRPWBER QUKH UHVXOMKRIZDRB (57 PDGH RXW
EULFNV DQG WKLV LQIRUPDWLRQ PDWEFKHV WKH DUFK
)XUWKHU LQWHUSUHWDWLRQV ZLOO EH DGGHG WR WK
IURP RXU $PHULFDQ FROOHDJXHYV

3.4. &RQFOXVLRQ

(57 PHDVXUHPHQWY WXUQHG RXW WR SURYLGH D VX
PHWKRG ,W GHOLYHUV QRW RQO\ UHOLDEOH LQIRUPD\
WXUHV WKDW DUH VLWXDWHG LQ FOD\H\ VD®UWR DQG .
VSHFWLQJ PHWKRG WKDW FDQ GHWHFW DGREH EULFENYV



$FNQRZOHGJHPHQWYV

, JUHDWO\ DSSUHFLDWH WK R X\QFGIHMMWR | LFE\ KRR Q 6760
,QVWLWXWH IRU 0HG257H ULUD OWHIDKF BWEAGLKN (MQQURSHDQ &RR
LQ 6FLHQFH DQG 7THFKQRORJ\ &267 XQGHU WKH QXPEHU &
)257+ ODE IRU EHLQJ D JUHDW KRVW 7KH3ZRMHEW SDUWO)
S$FKDHPHQLGLVFKH 5HVLGHQ®ISE PLO® WKKIMHQNVUW 8 LSHHHO K H L
/08 (OLVOWR®Q®K DQG WKH 8QLYHUVLW\ RI 3HQQV\OYDQLD J



4 +LIJKOLIJKWLQJ WKH SRWHOQ\
E\ FRPSDULQJ LWV UHBXOW
WKH H[FDYDWLRQ PDS RI D
EXLOGLQJ

7KH IROORZLQADUKID BEWHMOS XEBBRBWHKYKGE G DUFKpRPpWUI

41. +LVWRULFDO %DFNJURXQG

7KH YLOOD UXVWLFD QHDU 3HLWLQJ S® D WHIHD V WHPU P D
DERYH WKH /HFK ULYHIUQ XK H K HVWREDMREZRBEDQ URDG F
GLD 7KH ILGRWXRERIQFR QF H U @I MIQWXUF K DHRMDHRQ E AD C
OHWWHU IURP 8QWLO ERXOGHUV DERYH WKH
EXLOGLQJY DQG OHG WKH %DYDULDQ 6WDWH 'HSW RI
RI WKH VLWH /DWHU WKH H[FDYDWLRSY RDY UHILOOHG

,Q WKH IUDPHZRUN Rl URDG FRQVWUXFWLRQ LQ DQ
IXUWKHU H[FDYDWLRQV RI WKH EDWKKRXVH ZHUH XQG
WKH YLOOD ZDV IS89NQ@WeXL\OMW [EQI WRKH QNG ADHE 5 IHO/W W
WKH PLGGOFHRQIWXKHN $

7KH VLWH OLNH DOO W\SLFDO 5RPDQ YLOOD FRPSOH[}
OD\RXW PRUH FRPPRQEBRW KKHROQWWBID @ HWBDODO IXUWKHU
DJH KRXVHV LQ WKH RRXKMW MG ZRQ @ QK B TEXQL\W & HESX L O
ZLWK D 5RPDQ KHDWLQJ VIVWHP WKH K\SRFDXVW 7KH
WEHQWXU\ $' ZKHQ WKH 5RPDQV OHIW WKH SURYLQFH



42. )LHOG 6XUYH\

-lUJ )DVVELQGHU FRQ&SK\WWHGBOWKUHRMIHAMWIRR UHVLVWLYLYV
*HRVBDQ LQ WKLV DUHD LQ ,Q VXPPHU ZH UHYLVL)
SOLHG IXUWKHU SURVSHFWLRQY PBIOMKBGOGRYV SHVFW DR B GWKKJ
SHQHWUDWLQJ UDGDU *BbQFXKN WRFKRPW SAUISHOXDPH HOHFW
FDEOH DQG WKH SUHVHQFH RI WZR PDLQ VWUHHWY QH[W W
VSHFWLRQ ZDV QRW DQ RSWLRQ IRU XV )RU D GHWDLOHG U
WKH PDLQ EXLOGLQJ IRU D VXUYH\ ZLWK ' (57

,Q WKLV SDSHU ZH IRFXV RQ *35 DQG (57 SURVSHFWLRQ 7K
UHVHDWE&, BUSH ZLWK D 0+] DQWHQQD IRUSREQMG /LSSPL
OLJKW : IRU (57 7KH SXUSWRH RP SMXUN WKWHIDBAKEL® LW LH
WR PHWKRGV )XUWKHUPRUH ZH DLPHG WR YHULI\ WKH ' (&
H[FDYDWLRQ PDS DQG WR GLVFRYHU WKH DFFXUDF\ DQG WK
WKLV LQVWUXPHQW

ORUHRYHU WR PRQLWRU WKH VRLO WHPBSQUBWXUMKUPRLVW,;
YH\ ZH HPSOR\HG D SRUWDEOH 7LPH 'RPDLQ 5HIOHFWRPHW

43. S HVXOWYV

YRU *35 PHDVXUHPHQW ZH XVHG D 0+] DQWHQQD WR REW
UHVROXWLRQ DQG SHQHWUDWLRQ LQ DQ [ P JULG LQ V
EDWKH *35 UHVXOW VKRZV VLJQLILFDQW VXEVWUXFWXUHV F
PDLQ EXLOGLQJ Rl WKH 5REORVVLOMWHYLDXSIMHUW RI WKH PH
WKLV DUHD %DVHG RQ WKH *35 UHVXOWVWEH BSKRWS HFV XL\
WLRIQVK ' (57

,Q WKH (57 PHWKRG E\ HPLWWLQJ WKH '& FXUUHQW ZH PHD
UHVLVWLYLW\ GLVWULEXWLRQ RI WKH VXEVXUIDFH 6FKPLG
ZH GHFLGHG WR PHDVXUH VHYHUDO SDUDREWHDL Q BWKRIILOHV



PRVW DFFXUDWH UHVXOW ZH XVHRQERWR LWWORHESK VY BHQ(
WKH IRUZDUG UHVLVWLYLW\ FD O HOMHPW IQR\Q ¥ HHWKIRIGE D V

JRU WKLV SXUSRVH ZLWKLQ WZR GD\V ZH PHDW XUHG

GLSBOSHROH FRQILIXUDWLRQ DQG P OHQJWK ,Q HDI
HOHFWURGHYV ZDV P )XUWKHUPRUH IRU D EHWWHU
VSDFLQJ EHWZHHQ WKH SDUDOOHO 8§0RMNNOMYDWRYV WK
GHSWK OD\HUV DQG WKH FRUUHVSRQGLQJ *35 GHSWK

Depth: 60-80 cm
rellection
amplitude

high

10 0 10 20 30m

J)LIXUH*35 GHSWK VOLFH RI WKH 5RPDQ ERLO@KHQJUIHG H
UHFWDQJOH VKRZV WKH FKRVHQ DUHD ZRWK57 URVSH
DQWHQQD VDPSOH LQWHUYDO [ FP LQWHUSRODWHC

%RWK LQVWUXPHQWY VKRZ ZDOOV DQG SDUW RI WKH |
RI VWRQH LQ HDFK GHSWK OD\HU 7KHVH ZDOOV DUH O
DSSOLHG WZR GLIIHUHQW W\SHV RI GDWD SURFHVVLQ



WREXVW LQYHUVLRQ / QRUP DV ZH ZHUH H[SHFWLQJ VKDU
7KH DEVROXWH HUURU IRU WKLV W\SH RI LQYHUVLRQ IRU W

ORUHRYHU WR GHWHFW WKH VPRRWK YDULDWLRQ RI
VRRWKERHYWWUDLQHG LQYHUVLRQ / QRUP 7KH 506 HUURU
WKUHH LWHUDWLRQV ZDV IDWWHU KHOSHG WR GHWHF
DUH FRPSUHVVHG E\ WKH ZDOOV 7KHUHIRUH DOWKRXJK VR
DEWR GWWHEWUHPQDQWYV E\ WKLV PHWKRG

Depth layer
ERT L2) ' ERT L1) 30-50 cm

L\’ L

GPR Interpretation

i A A\ ‘
HEEEEEEECESEESOES DN N NN
13.1 214 349 56.9 928 151 246 402 low

Resistivity in Ohm.m Reflection amplitude

high

JLIXUH &RPSDULVRQ RI WKH GHSWK OD\HUVSRLQ@W DQG ' (5
OLJKW GLI®OSROH FRQILIXUDWLRQ VDPSOHKKYWWHUYDO |
UHVXOW RI WKH UREXVW LQYHUVLRQ DQGERQ¥WUDLMWEGH UH
LQYHUVLRQ 5(6 ',19 VRIWZDUH ZDV XVHG IRU WKH FDOFXO
OLQHV LOOXVWUDWHY WKH VRLO FRPSUHVVLRQV GXH WR &
ROHV LQ (57 UHVXOWYVY 7KH ODVW FROXPQ LOOXVWUDWHV W
JHRSK\VLFDO GDWD DQG H[FDYDWLRQ



ORUHRYHU DV VRPH VRLO FKDUDFWHULVWLF FKDQJHYV
DQG (57 SURVSHFWLRQ ZH PRRSEWRILH G ROLVEGLWIHR QDD
DQG FRQGXFWLYLW\ ZLWK WKH 7'5 LQVWUXPHQW 7KH

UDQJH RI ZLWK WKH PD[LPXP FKDQJH RI WKH
FKDQJH ZDV f& DQG WKH WRSVRLCPBR@PPRPFRAKDQ N -
R G6 P

J)LIXUHLQDO LQWHUSUHWDWLRQ RI WKH VXEVWUXFWXL
SUHWDWLRQ OLQHVY FRORU EOXH LOOXVWUDWHYV WKH
WLRQV SDUWO\ GHWHFWHG WKHLU UHPQDQUW\S EM JHR S
VHQWYV WKMRPWOEWYHY ZKLFK KDYH EHHQ GHWHFWHG E\
VLGH RI WKH *35 JULG DQG LW ZDV PHDVXUHG RXWVLG

JLIXUHVKRZV WKH ILQDO LQWHUSUHWDWLRQ EDVHG R
*35 50 DQG (57 QUBNBXKBGWNKR ,Q WKLV )LIXUH UH
HUDO LQWHUSUHWDWLRQ OLQHV RI WKH VXEVWUXFW XL



GHWHFWHG E\ JHRSK\VLFDO PHWKRGVY WKH\ ZHUH GHVWUR
VWUXFWLRQ ZRUN RVXOUWH\RBWWDGH RG WKHHQ OLQHV LOO.
VWUXFWXUHYVY GHWHFWHG E\ 50

44, 'LVFXVVLRQ DQG &RQFOXVLRQ

" (57 SURYLGHV WKH VDPH HI[FHOOHQW UHVXOW DV *35 SUR)
LQ VRPH DUHDV WKDW GXH WR WKH ftBEQGE BRIRW SRWW DRGH V
" (57 LV D WUXVWDEOH VXEVWLWXWLRQ

%RWK LOQVWUXPHQWY KDYH VRPH OLPLWDWLRQV LQ ILHOG \
GHWHFWDGWR@BWXUHY EXW LWV VLIQDO ZLOO EH GDPSHQ
SUHVHQFH RI(BDODVHD WURHHHGOLDEOH LQVWUXPHQW WR PDS WKH
WXUH LQ GHWDLO QHYHUWKHOHVV LW LV WLPH FRQVXPLQJ
RI VRLO PRLVWXUH WKH (57 HOHFWURGHV VRPHWLPHV KDY
IRUH WKH PHDYQJIRWPHH WRER)GXFWHG HIILFLHQWO\

&RQVHTXHQWO\ D 7'5 PHDVXUHPHQW LV LPSRUWDQW DV ZF
FHQWDJH GXULQJ WKH (57 PHDVXUHPHQW ,Q WKLV UHVHDU
VXLWDEOH VRLO FRQGLWLRQ GXULQJ WKH GD\

7TKH UHVXOMWW RIUKRWE®WYV L OO XVWWIEWHV B BOHNFWXCFOWIXWOHD 7 LW
VRPH LQQHU URRPV 7KLV XQGHUJURXQG IHDWXUH LV ORFD
ZDOOV ZHUH GHVWUR\HG RU UHPRYHG GXULQJ WKH ILUVW }
WKH UHPQD QW WRWXUWHKRYHWWKH VRLO EHQHDWK LW DV WKH
WKH SHULSKHYVHWVRHPQ D QWKR/RY WHI'RDIEBAHEW KH\ PRVW OLNHC
UHPDLQ RYHUORRNHG LQ WKH QRUPDO SUDFWLFH RI DQ H[F

,Q WKH GDWD SYRPAMKNVYBJIHRWXUHY DUH PRFWRMD\ YLVLEOH
VWUDLQHG LQYHUVLRQ 7KLV IDFW SURYHV WKH QHFHVVLW\
PHWKRGV IRU RQH GDWD VHW



$V LQ DQ HPBRRDW LRRDWQYQRW EH GHWHFWHG WR PRGH
VXEVWUXFWXUHV HVSHFLDOO\ ZKHQ WKH\ DUH RQO\ S
QDWLRQ RI GLIIHUHQW JHRSK\VLFDO PHWKRGV LV QHF






55HPRWH VHQVLQJ DQG VHGI
LQ WKH %RUD BIODLQ
(OHFWULFDO7RRRLIVMKLY L W\
(57 WX H\

7KH IROORZLQD FKIDBHWBU)DVVIHIQQEBGEUIKWO\IXEWHUHG
OLVBEYW® FKDSYWHPRWHWHKIHQVLQJ DQ G/MWKIWG 330D Q\\BUR M +
SXEOLFDWLRQ

51.  QWURGXFWLRQ

%HWZHHQ $SULO DQGIBPWWULFDO B8 VIOVW(BYLWWXURPRJL
YH\ ZDV FRQGXFWHG LQ WKH %RUD 30DLQ ZLWK WZR P
WLQXH WKH LQYHVWLJDWLRQ RI WKH TDQDW V\VWHP W
ILUVW LGHQWLILHG RQ XWKWWKHUU LN VW L JOOMEIEZ H® O
7KH VHFRQG JRDO ZDV WR LQYHVWLJDWH DW D JLU
WXUHV Rl WKH 'LQND 6HWWOHPHQW &RPSOH[ ZKLFK EF
YH\V FRQGXFWHGELQUJ )DVVBIGQGIIV)WMBELQGHU DQG $\
GXOHVHL )DVVELQGHU HW DO )DVVELQGHU H

,Q WKH IROOR ZIHQ 2 L\OHOF & IPRIGMCRIGIRYXKRXIOWY DQG WKH LG
WLRQ RI WKH GDWD DIWHU D EULHI LODWUWRGXFWLRQ D

17KH DXWKRUV ZRXOG GENXH LVER MANHUN 6BURRPOLK $KPHG &DMH)
GUHD 6TXLWLHUL IRU WKHRXW LKBPRNYLIQH C08Q L OB\ VOIW R G JW K H



JLIXUH7KH (53RLQW OLJKW : LQVWUXPHQW D DQG WKH FK
XVHG GXULQJ WKH VSULQJ FDPSDLJQ 7KH LQVWUXPHQW
(ULFK /LSSPDQQ *i8BRD XN KOWIWIFVG HZZZ3BRWRYV E\ -|UJ )DVV
ELQGHU

52. OHWKRGRORJ\

(OHFWULFDO 5HVLVWLYLW\ 7TRPRJUDSK\ (57 LV DQ HIIHFW
JHRSK\VLFLVWYVY WR UHFHLYH GHWDLOHG LQIRUPDWLRQ QRYV
EXW DOVRHDERKXWKWK WKH XQGHUJURHY® VXVFIXIFYWHXZBYV L
6FKPLGW)RU WKLV SXUSRVH WKH D3SUOIURDDIVBELROQ@CRI (57 EH
SRUWDQW WR EULGJH WKH JDS EHWZHHQ PDJQHWRPHWU\ I
SDUWLFXODU ZKHQL2HAVR QQIGWHBRPWHWPDR HY *35 SURVSHFWLQ
VLE®BIUVL HW DO

6RSKLVWLFDWHG FRPSXWHU SURJUDPV WR WULJJHU WKH F
ZLWK LQYHUVILRHQRDMOQEBQDO DQDO\WVLYV VRIWZDUH DOORZ WU
WULF UHVQVGWHWDWO HYHQ LQ GHHSHU VHFWLRQV RI WKH .



FKRRVLQJ WKH WDUJHW DUHD IURP RXU PDJQHWRJUDP
GXFHG PXOWLSOH ' DQG ' PRGRNOLLHW D®DJIJHV RIDBE

Qalat-i Dinka

|

24

J)LIXUH%LQJ VDWHOOLWH LPDJH RI WKH %RUD 30DLQ
WKH /RZHU 7RZQ DQ@QGIDDERWUDWHG E\ - )DVVELQGHU
VTXDUHV VKRZ WKH JRQHV WDUJHWBE& ZE O WXHHV ( ¥ K R/ZLLC
SURILOHV EAWHBSDUHG 6 TXLWLHUL

‘'LITHUHQW JHRORJLFDO SDUDPHWHUYV RU DUFKDHRORJ
VLVWLYLW\ 3RURVLW\ K\GUDXOLF SHUPHDELOLW\ PR
DOVR WKHWDBWHRBW WHKWLVWLYLW\ 7KH UHVLVWLYLW\
2KMv ODZ 7KLV ODZ H[SODLQV WKH UHODWLRQVKLS EH'
7TKHUH DUH WZR GLIIHUHQW PHWKRGRWWIQGV IZD W/ K63/ K1
LQG XFRIGDLRQDW % RWK PHWKRGV DUH VXLWDEOH IRU
FKDHRORJLFDO SXUSRVHV ,3 LV WKH PDLQ PHWKRG (



DUUDQJHPHQWY RI HOHFWURGHYV ZKLFK KHOS XV WR IRFXV
HITLFLHOQMAM Q7KK WPYDOLQ FRQILIXUDWLERIWKDW JHR XK H LY D
DUH GASRR@WH ‘HQQHU DQG LQ VRPH FDVHV 6FKOXPEHUJHU
WKHVH DUUD\V IRXU HOHFWURGHY DUH LQYROYHG $ DQG %
HUV

,Q GLESR®RH FRQILIJXUDWLRQ WKH HPLWWHUV DUH DW RQH V
RFD WKH UHFHLYHUV DUH DW WKH RIWRBG WIGH EILWWKDWRH
EHWZHHQ IRUPHQTDTXA O BW@IHUXIMDWLRQ KHOSV XV WR KDY
LQFROUWWLRQ RI WKH VKDOORZHU VXEVWUXFWXUHV ,Q :HQQH
WLRQV HPLWWHUV DUH WKH WZR RXWHU HOHFWURGHV DQCGC
,Q WKH :HQQHU FRQILJXUDWLRQ WKH HOHFWURGH VSDFLQ.
S{DDQLE 6FKOXPEHUJHU RQO\ WKH HOHFWWRIBHGWMEB UDWLR G
UHVBWED 7KH :HQQHU FRQILJXUDWLRQ KHOSV XV WR KDYH JR
SDUWV DQG ZLWK 6FKOXPEHUJHU FRQILIXUDWLRQ ZH JHQ
JHRORWWKH VXEVXUIDFH

JRU PHDVXULQJ D ORQJHU SURILOH ZLWK D VSHFLILF DPRX
XVH WKMHOBH BRQWHFKQLTXH ,Q WKLV PHWKRG DIWHU PHDVX
XVH WKH ILUVW VHW RI HOHFWURGG@YV UFRGLEOMHEDQRG BW N IOHC
PHDVXUH DJDLQ ‘H FDQ UHSHDW WKLV SURFHVYV DV PXFK L
SURFHVVLQJ ZH DUH DEOH WR FRPELQH WKH GDWD WR SUR
XUHPHQWYV

JRU WKH VXUYH\ ZH XVHG WHKHV(BLXPHRL YWRIZIQIKQ ) LI XL

D ZKLOH )LIXUH E VKRZV WKH FKDLQ RI HOHFWURGHYV
ZLWK WKH HOHFWURQLF ER[HV RQNWR SI HRQ HWUKDHOP P PLS) XRU HWV K
VXUYH\HG DUHD ZLWK WKH PDIJQHWRJIBDBYM®QOGHVKHHRVLW
ORZ OLQHYV

'XULQJ WKH PHDVXUHPHQW ZH XVH *HRVRIW VRIWZDUH ZKI
WLYLW\ YDOXHV RI WKH XQGHUJURXQG $IWHWDUG IRU GL



5(6 ',19 DQG 5(6 ',19 VRIWZDUH 7KHVH OBWWH WWKH IJHR/.
WLYLW\ GLVWULEXWLRQ RI XQGHUJURXQG 5HVLVWLYL)
RI UHVLVWLYLW\ YDOXHV UHSUHVHQW RQH RU PRUH IH
GHQFH ZH FDQ GHFLGH ZKDW W\SH RUMWEKH DHDGN XK Hk
PDWHULDO LW LV PDGH RI

53. 4DQDWV LQ WKH OLGGOH (DVW

4DQDWYV RFFXU PDLQO\ LQ WKH OLGGOH (DVW EXW WKH
SUREDEO\ LQ PDQ\ RWKHU GU\ DUHDV RI WKH ZRUOG 17
DIJULFXOWRUGBUERWLRQOVZDWHU IRU KXPDQV DQG DQLP
TDQDWYV FRQVLVWY RI WXQQHOV IURP D UHODWLYHO\ K
DTXLIHUV RU EULQJLQJ ZDWHU )ILIXR RMQKWHRIPMISBIV L ILF
WKH\ DUH VHWAHWDW ONRQRW XQQHOV ZLWK VKIPIWV DORC
WHUV H J 3DVDUJDGDH LQ ,UDQ TKHVH ZHUH XVHG

WKH VDPH WLPH DV ZHOOV DQG DV DQ HQWUDQFH WR |
VKDWKWH EXGAKRWESRMIW WKH H[REZXD®WKH 6 DINHGL PWHKAGWH KRO
YLVLEOH RQ WKH JURXQG DQG ZKHQ GHVWUR\HG DQG L
RQ VDWHOOLWH RU DHULDO SKRWRJUDSKYV

8VLQJ JUDYLW\ IORZ WKH WXQQHOV VWD QQKRUKM UNKH
SRVLWLYH VLGH HIIHFW SUHYHQWY WKH ZDWHU HIITHFV
QRW DQ\RRWHKHWH TDQDWYV DQG VKDIWV ZLOO VRRQ FR
E\ VHGLPHQWY DQG UHPDLQ KLGGHQ LQ WKH XQGHUJU
VHHPV DW ILUVW VLJKW DQ HDV\ DWWHPSW EXW WXUQ
NQRZ LWXX®BHOV RU VKDIWV FROODSVHG DQG UHILOO}
VWLOO IORZV WKURXJK WKH VWRQHV 7KH (57 GDWD |
SDORKDQQHOV KHQFH WKH LOQWHUSUHWDWLRQ LV QR\
GLVFXVVLRQ
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JLIXUH6FKHPDWLF YLHZ RI D W\SLFDO TDQDW G/ WHP ZLWK
WKH DHULDOS$YWHZ KEW IGRRRAY L J

5.4. (57 VXUYH\WG@IRXWKHDVWWHKE SRUWWD R I
30DLQ

7KLMFWLRQ GHDOV ZLWK WKH PHDVXUHPHQWY WKDW ZHUH
WUDFHV Rl WKH TDQDWWD\ORIFDQ 56 LW RIKWKHR ¥WRKD 30DLQ
VRXWK RI WKH /RZHU 7RZQ RRWXGHDQANDY 6 HWINQH P HQ W
TDQDW V\VWHP ZDV LGHQWLILHG E\ WKH 3HVKGDU 30DLQ 3U
LPDJHV DQ@UXNWXQGJ DV VRPHIRS MK TV QW VWDV YLVLI
GD\ RQ WKWRGDIWMH HHO DQG 60CEVMKI XHQWO\H (57 PHDV XU
PHQWYV ZHUH ILUVW FR@GXEWXKBQLQ WHKQE\NIS DD P

IURP WKH 6XOD\PD@QL VHRB8QUY HUSRWWPHQW XQGHU WKH VX
3URI %DNKWLDU 4DGHU $]LU D WHDP IURP WKH 8QLYHUVLYV
YLVLRQOIUN $OWTKAIHHOUHVXOWY KLJKOLJKWHG D SRVVLEO
PRVW SDUDOOHO WR WRHWKMBYW G DUGIRWWRQHYYWHUVHFW
UXQQLQJ LZH BW HDFSMIMRIZ HH ®W WKH SRLQW ZKHUH WKH WZF
PHHW HRPRGILVK SRQGWRI)DH XSUHHVHQW



JLIXUH%LQJ VDWHOOLWH LPDJH Rl WKH VRXWKHDVWHU
RSHQLQJV RI TDQDW VKDIWV DUH VWL GOWX I LSR\EIOML RIR
WKH (57 SURILOHV QRWHQ W KBWHSYRUOMHOIVRVH WR RQH
WKBISSHDU DV D VLQJOH OLQHILQKWSHKHKBELNJIW K H IOHR DD
RI ILVK SRQGV WKDW ZHUH FUHDWH G DN W® UWKKIN X/1DWM
DOUHDG\ LQ XVH LQ ZKHQ 333 VWDUWHG ZRUN LQ
6TXLWLHUL

,Q VSULQJ (3L IXWRHILBBYRZ OLQHV ZHUH PHDVXL
XVLQJ WKH WHKWHRQFRABQINUDGEFKOXEBROIH U W 8 XL S|
SRVH WKH PR HUXFMUYRQ SUR@H® OHR) ERUMKH GLS|
LOOXVWUDWHY WKH (57 UHVXOW RI SURILOH ZKLFK L
VLIQLILFDQW UHVXOWV 7KH WKZBRWMWKH RV W KEW \8 KR
ZDV ORFDVWID® RD WXEK XUIDFH ZTHSRIORV ARWKIHI GUB R QR (
IRU RXU LQWHUSUHWDWLRQ 7KH HOHFWURGH VSDFLQ

P )J2JXUH WKH KRULJRQWD D LOIHFMWVRQZWDMEIWK RI
DQG YHUWLFDO GLUHFWLRQ LOOXVWUDWHY WKH GHSW



D VSHFELILF UHVLVWLYLW\ YDOXH WKH FRORU VFDOH ORFD
VFULEHVY WKH FRUUHVSRQBUHQFBA WKQXHSBERHIAK EH GHWHF)
RI DQRPDOLHVVKDO®HGSVIRIDADOJHY WKDW DUH ILOOHG ZLWK
LQLIJXUH DQG DQ HOKOSWRLUGBDWXUH ILOOHG ZLWK PDWHUL
JUDYHO DQG VDQGLBODFN K UFOIOHFBB VKRZYV DQ DQRPDO\ V
FRXOG EH FDXVHG E\ WKH UHPDLQV RI D FROODSVHG VKDIW
DW WKH PLGGOH Rl WKH SURILOH 2WKHU LQWHUSUHWDWLF
DOVR EH WKH UHP®D QKRR Q QHWH IZIOW EG®DFN UHFWDQJOH EH
WUDWHV WKH SRVVLEOH DFWLYH TDQDW WXQQHO ZLWK ZDW
RI D ZDWHU WDEOH ERWK DW D GHSWK RI DURXQG P 2Q )
WKH WRS GH BPKM HFIWHXUHY WKDW FDQ EH LQWHUSUHWHG I
EULQJ ZDWHU WR WKH VXUIDFH :H KDYH WR PHQWLRQ WKDYV
LV P ZH FRXOG QRW GRFXPHQW IHDWXUHYV VPDOOHU WKE
SURFHVWKB SORILOHV RI WKLV DUHD E\ XVLQJ D :HQQHU FRC
VSDFLQJ RI PDQG P WR JHW LQIRUPDWLRQ IURP WKH G
%\ LQFUHDVLQJ WKH HOHFWURGH VHSDUDWLRQ ZH ILOWHU
VPDO®HKDQ WKH VSDFLQJ 7KH RXWFRPHV KRZHYHU GLG QF
DQG WKHUHIRUH WKH\ DUH QRW SUHVHQWHG KHUH

Depth Iteration & RMS error - 2.
o0
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JLIXUH(57 SURILDBHFWLRQ QRRMXWKKHEIHXWD F/NK FNVUBFQH VKRZ
DQRPDO\ WKDW PD\ EH WKH UHPDLQV RI D FROODSVHG TDQ
P 7KH EODFN UHFWDQJOH EHQHDWK LW LOOXVWUDWHY WK}
WHU IRQMUIMEH:KLOH WKH EODFN UHFWDQJOH RQHWIXXW D HIW VK
GHSWK RI DURXQG P B3UHSDUHG E\ ODQGDQD 3DUVL



55. (57 VXUYH)HQRUW WKH /RZWKHRKED RI
BHWWOHPHQW &RPSOH]

ORYLQJ FORVHU WR WKH /RZHU 7RZQ RI WKH 'LQND 6HV
SURILOHV WVWHOWKHRVRXWKRZRUUMRZ Q7RBYQHDVIHQSURILO

J)LIXUHV DQKGH DLP ZDV WR XQGHUVWDQG ZKHWK
RI TDQDWY FORVR2ZQRWKIORHV/RBHKDYH SURYLGHG ZDWH
IXUWKHU WUDFHV RI WKH FRQWLQXDWLRQ RI WKH VHW

Fig. B1.7

J)LIXUH%LQJ VDWHOOLWH LPDJH RYHUODLG EQ WKH PDJ
WKH 'LQND 6HWWOHPHQW &RPSOH[ VKRZLQJ ZLWK \HO
SURILOHVY DQG ZLWK D \HOORZ GRW WKH ORFDWLRQ RI
WKH VHWMNUHSEPDHRGW E\ $QGUHD 6 TXLWLHUL



JLIXUH&ORXH LPDJH VKRZLQJ WKH ORFDWLR@GWKH (57 3U
WR WKHIMRYWK WKH /RZHU 7RZQ 3UHSDUHG E\ $QGUHD 6TX

,QLIXUH WKH WKUHH SDUDOOHO SURILOHYV DQG VKRZV
DOMHWK WKH ILUVW WZR SURILOHVY UXQQLQJ SDUDOOHO W
HIWHQVLRQ ZKLOH WKH WKLUG HIWHQGVYLLRRUHWR WKH ZH)\
DQRG VKWRWKH UHVXOWYV IURP SURILOHV DQG UHVSHFWLYH
WZRURILOHV LV P %RWK SURILE&BVW HUH IOBW GRRX V¥ LMPKW K

HOHFWURGH VHSDUDWLRQ D WRWDO GHSRWK RRQIPJXQG P
UDWLRQ

Depth .l.ltrlthm 4 RMS error =172 %

Unit electrode spacing 0.750 n.

JLIXUH(57 BURILIOUHFWLRHD VAHVIKH EODFN FLUFOH VKRZV W
RI DQ DUWLILFLDO DQRPDO\ ZKLOH WKH EODFN UHFWDQJO
FRDUVH JUDYHO SHUKDSV FRPLQJ IURP D SDYHPHQW RU D
EOXH LRIOLBERARUAIBWIURIG B\ 0ODQGDQD 3DUVL



— e — — - =

Inverse Model Resistivity Section
I T [ (. ) [ T ...
7.1 10.9 15.4 21.7 30.6 43.2 61.0 86.90
Resistivity in ohn.m Unit electrode spacing 8.750 nm.

JLIXUH(57 3URILOH "LUHPFWAL RTKLAHYWRILOH VKRZV WK
SURILOH BUHSDUHG E\ ODQGDQD 3DUVL

7KH EGDBROHXQH SURILOKRZ RPDMDQ WKDWRRKERXU P
GHHS DQG LW JRHV GRZQ WR DURXQG P 7KH ZLGWK |
DV ZH GR QRW NQRZ WKH H[DFW GLUHFWLRQ RI WKH Sl
PHQWY DUH UHTXLUHG WR REWKHQVSYHFGVBPHWRUPBF
WR WKH UHVLVWLYLW\ YDOXHV ZH VXJJHVW WKDW W|
VWUXFWXUH QH[W WR VRPH ORZHU IHDWXUHV 7KH OR?Z
RI FRDUVH JUDYHO ZKLFK FDQ & HOLRRWH WKRHE\W H.G E\O I
WDQJXODU 'XH WR WKHLU VKDSH LW LV QRW FOHDU L
ODUJH DQRPDO\ LQ EOXH ORFDWHG EHORZ WKH WKUHF
JHRORJLFDO IRUPDWLRQ SHOKXYVXFKDWFYHRD DA RQ
JLIXUH \LHOGHG WKH VDPH JWHX X8 WD ®XWHUHROUMHBAK O W \
IURP SURILOH ZKLFK ZDV VOLJKWO\ VKLIWHG WR WKI
VKRZV WKH VDPH DQRPDOLHRVX WD S URIVDEHWVH Y IQL WKHIGSW |
Rl WKH SURILOH DQG EHORZ WKHP WEURDIOEHIXUKP DF|

ZIWHWDUO\ SDUDOOHCEWWR VORHFBWRE.GBY P QRUWK
UHYHDOHG JHRORJLFDO IRUPDWLRQV ZLWK QR DQRPD(
PHDQV WKDW KHUH ZH FRXOG QRW GHWHFW DQ\ FRQWL
WUDFHG LQ SURILOHV



Depth Iteration & RMS error -
e.0

n ohn.m . Unit electrode spacing .750 m.

JLIXUH (57 3URILOH "LUHIFWN. RDKIAHSBWRILOH VKRZV WKH VI
DV URILOHYV DQG SUHSDUHG E\ 0ODQGDQD 3DUVL

Depth Iteration 4 RMS error =1.64 %
8.9

0.1287
1.38
2.68
3.78
5.12

6.73 S mam—

8.68
9.80

Inverse Hode: es:
I N N T (S T ) (..
7.77 10.5 14.1 19.8 25.6 34.5 46.4 62.5
Resistivity in ohm.m Unit electrode spacing 8.750 m.

JLIXUH (57 RJULOH 'LUHHW VROQVITBHRW.OH VKRZV RQO\ JHRO
IHDWXUHVY 3UHSDUHG E\ ODQGDQD 3DUVL

7R WKH VRXWK RI SURILOH ZH PHDVXUHIGOBURUIHOH ZKR

7KLY 2ZMADWW SURILGKHZ LWK GHSRBYWHHFR QILIXUDWLRQ DQG
HOHFWURGH VHS DUHDWKIRRZD YHBN\WWXBODFN FAIKHFQHGEWIQG UHFW
RI WKH DQRPDO\ WR WKHPUMKW ZVGMKRRDQ@W KH PLGGOH DC
DURXQGP 7KH GHSWK RIDD&&E®REI WKAPRWG WKH GHHSHVW W
RQH JRHV GRZQ WR DURXQG P 7KH H[DFW VL]H RI WKH I
DV ZH QHHG PRUH LQIRUPDWLRQ DERXW WKH GLUHFWLRQ F
WKH IHDWXUH $V LQ WKHKXYHMHMWXWEDRIVWKHVH DQRPDOL
JHRORJLFDO IRUPDWLRQV EXW SRVVLEOH DFFXPXODWLRQV
UHFWDQJXODU DQG VRPH HOHYDWHG VWRQH IHDWXUHV VK
WR WKH VKDSH RI WKHVH D@RRDEGDRVEH WQAQWHYRBW HOHG W Y



Depth . l.tlraliun 4 RMS error

Unit electrode spacing 0.500 m.

JLIXUH (57 3URILOH 'LWIHFPWAL RDORAMWLUFOHY VKRZL
DQRG SRVLWLRQV RI DUWLILFLDO DQRPDOLHVH TXH DQF
SDYHPHQW RU IORRU 3UHSDUHG E\ ODQGDQD 3DUVL

7KH ODVW SURILOH PHDVXUHG LQ WKLY DUHD LV SURII
SUHYLRXV SURILOHV 7KH UHVXOWWQLIXRAHWKUW BURILO
QRUWNKRKWKHDWWZEWRIL HOHFWURIGSRUHBDHFRQULIKZUDK
DQG D WRWDO OHQJWK RI P 7KH EODFN FLUFOHYV VKF
ZKLFK DUH FRQQHFWHG WR RQH POQGRMHH I D\GDW K R \ VIXI
XS LQ SURILOKIYW EOMRFN UHFWDQJOHY EHORZ WKHP VKF
WKHLU UHVLVWLYLW\ YDOXHV PD\ FRQWDLQ Z®P@®Q/HU LQ
QHFWHG DQG WKH\ DUH EHWZHHQ WR P GHHS

Depth l.(en(hm 4 RMS error =2.0%
0.

Unit electrode spacing 9.500 m.

JLIXUH (57 3URILOH 'LUHFWRRWK IDRWW KZKIW W ODFN F
WKH SRVLWLRQV RI WKUHH DUWLILFLDO DQRPDOLHV Z}
UDWHG ZLWK ZDWHU $V LQ SUHYLRXV SURILOHV WKH C
DV D@BQ@HSDUHG E\ 0ODQGDQD 3DUVL



56. ,QYHVWLIJDWLQJ WKH /RZHU 7RZQ RI WKI
PHQW &RPSOH]

7KH VHFRQG JRDO RI WKH (57 VXUYH\ ZDV WR IXUWKHU L
IHDWXUHV Rl WKH 'LQND 6HWWOHPHQW &RPSOH[ ZKLFK FD
SWRXFHG E\ WKH PDJQHWRPHWHU VRGWH\D FR XKEXFWHBTPELQ

)DVVELQGHU DQG $VDQGXOHVHL )DVVEROGEH WD EWU H
DO

Unit electrode spacing 0.500 m.

JLIXUH (57 SURILQMHFWLRALDVAHVINQ WKH ULJKW WKH EODFN
VKRZV WKH EHG RI WKH DQFLHQW ZDGL RQFH FURVVLQJ WK
EODFN FLUFOHVY VKRZ D SRVVLEOH PXGEULFN EXLOGLQJ ORF
ZKLFISHOBU DV VPDOQHVYV PQRWPKH WRS OHIW 3UHSDUHG E\ 0D

,Q WKH /RZHU 7RZQ D P ORQJ SURILO I RDIOWMIHREQ SLWR ILOH
VKRZQVREJXUH )RU PHDVXULQJ WKLV S2RIMOHFKIH KXH G WK
VXLWDEOH WR FRYHW ®HERQRGHRISDALQKKEDV RI P DQG
ZDV LQ GLSROH FRQILJXUDWLRQ 7KH GHDOMWWEIZRE BHWKH ¢
VXOWV DUH VKRZQ LQ )LIJXUH 2Q WKH ULJKW VLGH RI W
VKRZV HYLGHQFH |RW KWKBHH IRMWDHR B RRIHQW ZDGL WRGD)\
\PRUH RQ WKH VXUIDFH 7KH H[LVWHQFH RI WKLV ZDGL ZKL
IRZHU 7RZQ LQ D WRXJKIO\GQBHPMLRQ )LJXUH ZDV DOU}
DIWHU WKH PDJQHWRPHWRQ | VXRK G \ED @GKOBWR YR JILFDO
%KDQQHO 1ARZBYRNWH G $*@ 3D*GQHU HW DO SURRI )LQDO
IRU LWV H[LVWHQFH FDPH IURP WKH B FXDIHWIGBRG L Q
WUHQFKHYV QDPHBKDSW UHYHDOHG XN LARYR D @ OH FXPF L H |



ZDGREDGQHU F 7TXH ($7 UHVXOWYV IURP SURILOH
WLRQDO HYLGHQFH IRU WKH H[LVWHQFH RI VXFK D ZDC(
RI LWV EHG

2Q WKH OHIW VLGH RI SURILOKW VAW KD IREQY HTUKYLH/ I\
SURILOH FURVVHV VRPH VWUXFWXUHV YLVLEOH LQ WK
UHJXODU DUWLILFLDO IHDWXUHV WKDW EHFRPH YLVLE
EODFNFOHYXU® ,Q WKH ILJIXNUFLUWEOH RQDWKH OHIW VF
DQRPDO\ WKDW SUREDEO\ UXQV SDUDOOHO WR WKH SL
DQRWKHU UHJXODU IHDWXUH WKDW VHHPV WR UXQ SH
DUH DURXQG P KLJK EWWHPKH HIRAWWF D H®W K BERHFD X V |
LW PRUH SUHFLVHO\ ZH QHHG WR NQRZ WKHLU H[DFW «
ILOH 7KHVH UHJXODU DQRPDOLHV ZKLAKWHGMKRZQ L
QRW FRUUHVSRQG WR KWK A D HQNMWXR HYD PL 7 IKEHO B HLDY/ RVQ L
QHWRBHWRWSHFWLRQ LV DGDSWHG IRU DUFKDHRORJLFL
IHDWXUHV QR GP ES QU WK @ KH JURXQG )RU VLPSOH S
IURP GHHSHU SDUWYV RIH®KBIQWR L Q GLNMRIFRH WO RRUWHR Y
LOQWHQVLW)\ LV GLPLQLWKH G LEAWDIQH HDIFMRRUREMHFW WF
2Q WKH RWKHU KDQG WKH (57 DOORZV XV WR UHDFK J
WRJUDP VKRZV WKH DUFKPHRORQLED SHDWKGE HHEGR Q
'LQND 6HWWOHPHQW &RPSOH[ ZKLFK GRP QRKWL OH DFKHC
UHJXODU IHDWXUHV KLJKOLJKWHG LQ WKH (57 SURILO
EHORZ WKH ,URQ $JH RQHV 'XHHVWRWA K H MY Y Bl QX6 DAH. W
DV UHPDLQV RI PXGEULFN EXLOGLQJV



41837 (4440,25)
68.2% probability

3307 (0.9%) 3304calBC

3265 (12.9%) 3241calBC

3105 (54.4%) 3022calBC

5.4% probability

329 (29.9%) 3217calBC

4600 |-

4400

4200}

Radiocarbon determination (BP)

4000 |-

. A P | Losoiag iy
3400 3300 3200 3100 3000 2900

J)LJXUH &aDOLEUDWHG UDGLRFDUERQ GDWHV IURP WKH FKDU
GHSWK RI FP IURP &RUH &7R 2QDRIHW KLIH) ' WMXNHD/ BAMWW OHPH Q'
SOH[ &DOLEUDWLRQ VRIWZDUH 2[&DO Y

&EXUUHQWO\ ZH KDYH QR GLUHFW HYLGHQFH IRU GDWLQJ W
KDV VKRZHG DV QR H[FDYDWLRQ ZDV FRQGXFWHG KRZHYH!
D FKDOFRDPSOH FRPLQJ IURP &RUH & WDNHQ DERXW

HIWUHPLW\ RI)JSIXKRIHOHKLY FRUH GHVFULEHG LQ GHWDLO EI
DYDLODEOH DW (RNFPOHKHIG D GHSWK RI DERXW P DQG \LHO
WKLQIRDWDWDFRDO VDPSOH UDGLRFIFOEREE GDWHGUNREDELOLW\
VHHIXUH 7KRKDUFRDO ZDV IRXQG DW D GHSWK RI DERXW

EXW LW FRXOG ZHOO KDYH RULJLQDWHG IURP D PXFK GHHS!
FODWHAMDOW LW PXVW KDYH RULJLQDWHG IURP VWUXFWXUHYV F
VXJIHVW WKDW WKH GHHS PXGEULFN VWUXFWXUH KLJKOLJ

27KLV SDUW ZDV GRQH E\' D FROODERUDWLQJ SDUWQHU



ROGHU SKDVH IURP ZKLFK WKH FKDUFRDO RI &RUH '
WLRQV @V RHO57 DQG FRULQJ DUH QHFHVVDU\ WR XU\
WKDQ WKH ,URQ $JH LQ WKH 'LQND 6HWWOHPHQW &RP
DUFKDHRORJLFDO SKDVHV EHORZ WKH ,URQ $JH IHDW X
WKH SRWWHRQEXEWHG LQ E\ - *LUDXG ZKLFK LGHC
DQG (DUO\ %URQJH $JH SRWWHU\ DFURVIWUDYX®E 'LQND 6
$OWRKH GLVFRYHU\ RI D &KDOFRO L WEKLFS MDHAE), O Q B/OKH
DWMTXLWLHUL HWK ®®RUWYV WKLV

57. 7KH (57 SURILOHV RQ WKH ZHVWHUQ
'LQND

7ZR (57 SURILOHV QDPHG SURILOHV DQG ZHUH PH
4DODWQND VRXWK Rl WKH WUHQFK FDOOHGEBLAXUHZKLFI
WKLY WUHQFK D ODUJH VWRQH IHDWXUH PHDVX!I
FKDUDFBHDLIHG/ORIZMDY LOQWHUSUHWHG D W ORBLIALYW,;
WXUH ZLWKSZHSHROWMAKHPL 7KH DLP RI SURILOHV DQG
YHUZKHWKHU WKH JODFLV FRQWLQXHG VR XMIK BRH WV U H (
DQG ZHRHDVXUHG IURP HDVW WR ZHVW IURP ULJK\
DUH SDUDOOHO WR HDFK RWKHU ZLWK WKH GLVWDQFH
ZHSUHVHQW WKH (57 UV SBWOM RR QIKBIX®DSRICRD 7KH WF
SURILOH LV P $W WKH PLGGOH RI ERWK SURILOHV Z
WKH H[LVWHQFH RI WKH JODFLV ZLWK D ZLGWSK Rl DUR
SURSRVHG IURP WKH H)EDYDHV WRKQH UBHOVXFONWFL UBOH WR
LV RQ WKH HDVW VLGH RI WKH JODFLV VKRZV WKH SR
P :H FDQQRW FDOFXODWH WKH H[DFW ZLBDWKLRQ WK F
DERXW WKH GLUHFWLRQ RI WKH ZDOO DQG WKH DQJOF
3URILOHJ DOKRZV WKH JODFLV KLJKOLJKWHG E\ D
WZR SURILOHV GHPRQVWUDWH WKDW WK H QXOH\F LWRV W
ZDUGV WKH VRXWK IRU DERXW P DQG WKH\ VXSSRU
JODBIDWGQHU DQG .UHSSQHU



J)LIXUH 7KH PDIQHWRJUDP RI WKHLZHMWBHHYIDV®RSH RI 4D
ELQGHU $4aDQGXOHVHL RYHUODLG E\ WUHQFK 4," H[FD
WDQJOH DQG WKH WZR (57 SURILOHV PHDVXUHG LQ \HO

6TXLWLHUL

Hodel resistivity with topography
Eleu. Iteration 5 Abs. error = 1.3
2.00

1.06:

-1.6
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-4.9
5.0
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JLIXUH (573URILOH PHDYXKVMGGLQY HPWMRBE ZOWKFRBLSROH
ILIXUDWLRQ DQG H FPOVEFDFEIQUFGK VKRZV D IHDWXUH WKDW
JODFLV VWUXFWXUH H[FDYDWHG LQ WUHQFK 4," 7KH EODFI
SDUHG E\ 0ODQGDQD 3DUVL



Model resistivity with topography
Eleu. Iteration 6 Abs. error = 0.93

.88
g 6.8

1.66
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JLIXH (573 URIH PHDV X ZHGE W (G HONFELLRIOVLAPLODU Ul
DV LQGBWRIL3BUHSDUHG E\ ODQGDQD 3DUVL

58. 'LVFXVVLRQ DQG FRQFOXVLRQV

7KH (57 PHDVXWHPNGWUWILHG RXWA @ XS WDL@Y ILUVW
WLJID WBIQRKMY KH3®RIUP® DQG VHFRQG WR REWDLQ DGGL
WKH DREIKBERAHDWXUHVORPWEW '&RMNDOGH W W

$V WR WKH ILUVW REM #H EWLEHHY XZGIWSW HIGHRR WK 5@ H D V
XUHG LQ WK HSWDRXW RHBANKWHORUD 30D LDD @EWUBIUMKH R
VWLOO YLVLEOH R Qr WXBN\QIORDORE DA & VRHBHW R G D\ WR V
PRGHUQDILRK7KH UH VX0 WV RIEWHEY_H)DHGRGWEE OH SUHVH
RI ROHG WKIDWWD GHSWKPR|®VRRQYERIQGLVFXVVHG WKH
RI WEKHSURILOHV PHDVXUHG FORVH QWD BIKRN-YEREHERPR Z
SOH[ ZKHUH DUW IWKPWD ® D QURHPPDIDH HVE WOWRK P DD Q W R/IU
WXZHVYH GHWHFWHG DOWKRXJK DR LEXQA@LBOMDIH LV X
WKDW WKHVH DQRRMALHNLDBSWMYKBDWXUHY VWDQGLQ
IHDWXKHNMK FRXOG EH WKH DFF X PIX@® WD RQEVRH UFRUICHIV/ HHC
SDYHPHQW RU IORRU

,Q UHJDUG WR WKH VHFRQG REM RFVEURHLG@HV BEWERDV
t . 7KLV SURILGKHPRYYHWRJIUDP Rl WKH /RZHU 7RZQ

HYLGHQFH IRU WKH H[LVWH QF®F R | FIU@ \D\QHPHIQWW  Z/RIGDV
URXJKOWRRAMMKFWLRQ 7KLV SURILOH D O$IRI WNWUDCFO H C
WXUHV Rl WKH /RZHU 7RZQ WSKHIKD BV HE HRODFGPIL @ W W RFV
OLWKLF (DUKJHY%EHRQRIGY 7KHVH ZQDOVEH JIDWMWEH Q |



VFKHGXOHG IRUIRSBWKQFK IX®WE&HQHUGP+HQNHO )RXQGDWLF
DOUHDG\ EHHIUBQRFEHUHERQDOO\ ZH GLVFXVWHB WKH UHVX
(57 SURILOHV PHDVXUHG RQ WK RBNWWH U WWORSFHWEIU 4D DD\
LGHQWLILHGWWKSBW W DV WKH FRQWLQXDWGRQLRIIJWKH JODF
WKH H[FDYDWLABK 4,07 GBI XOW YV S U RWUDG WX DM FRIQI I Q X H \
VRXWK RIRYU,'DW ®PHDWWE VKRZHG WKB BPERWERWOFGH QH[W

WR LW



6 /RRNLQJ EHQHDWK <HKD (W
PRGHO RI ODPRMOWG VXEVWU
ZLWK (OHFWULFDO 5HVLVWI
(57

7KH IROORZLQ@D UKD SWHO LL\Q XSUGHSWD SDWSERQDWLRQ
PLVVLRQHRGKI\VLFDO MRXUQDO DQ® ZEMSWWESP\E KBGO W H
SURFHVWKH SXBULFQ VLR BOFKDOPOHDGOLFKHQ +RUQ

$IULNSDHVHDWFRWKH QRUWKHYU QUFRUROR D ISVB KIMD) R U V F K X
$IULNDURP $YFKHGKOMGRI| SXEOLFDWLRQ

$SEVWUDFW

$ ' (OHFWULFDO 5HVLVWLYLW\ 7RPRJUDSK\ @O VWXG
EDHDQ VHWWOHPHQW RI <HKD LQ QRUWKHDVWHUQ (W
LQYHVWLIJDWH YHULI\ DQBH RPSORPHQ WQIGP U XIEV \RU X\F
HIWHQVLRQ Rl WKS$INMIXWLMWWH IDEBB SNWXPLWH WLPHV HE
%& WK FHQWXU\ $' ZKLFK ZH SUHYLRXVO\ GHWHFWHCG
PRUH GHWDLO DQG WR SURYLGHRDEBSW LRRIQW OHDS K © H
81(6&2 ZRUOG KHULWDJH VLWH 7KH JHRSK\VLFDO VXU
SURVSHEWLRQ DOUHDG\ LQ ODJQHWRPHWU\ KDV VH
VRPH SUREOHPV VXFK DV ILHOG ERKYQ KDIKO\VPW KQMWI
DQRPDOLHV %DVDOWLF URFNV PRGHUQ LQIUDVWUXF\
JHRPDJQHWLF HTXDWRU FRPSOLFDWHG WKH LQWHUSUF
IHDWXUHV WKDW ZHUH QRW YLVLEOHHRAR RIQW H ¥ CPIKDIOX
PHQWY DQG SURYLGHG GHSWK LQIRUPDWLRQ RI WKH D



JXUWKHUPRUH ZH FRQGXFWHG VHYHUDO PHDVXUHPHQWYV Z
HWU\ LQVWUXPHQW ZKLFK KDV EHHQ GRQH WR PRQLWRU W
GXFWLYW.RH WRSVRLO %DVHG RQ WKH UHVXOW RI WKH PDJ
SUHYLRXV H[FDYDWLRQV ZH FKRVH D VXLWDEOH DQG DSSO|
WR UHDFK WKH PDLQ DUFKDHRORJLFDO SXUSRVH 7R REWL
JHQHUDWHRBR®HARY 'EDVHG RQ WKH (57 GDWD 7KHVH ' PRGF
OD\HUHG LQWHUFRQQWHRZWW& DVWKRIEBKDQRISURYHG WKH FRQ
WLQXDWLRQ RI WKLV VXEVWUXFWXUH DGMDFHQW WR WKH |
WKH VLWH RIKKBIEBB&&ZEV WKW DUHD RI 6KLODQDW DQG ZDV DQ
KHULWDJH DUHD E\ ORFDO DGPLQLVWUDWLRQYV

6.1. QWURGXFWLRQ
6.1.1. +LVWRULFDO DQG *HRORJLFDO %DFNJURXQG

<HKD LV ORFDWHG NP QRUWKHDVW RI WKH 81(6&2 ZRUOG
WKH PRVW SURRRQRQW DA WHV LQ (WKLRSLD DW DQ DO\
VHD OHYHO }XHKDHEDV WKH SROLWLFDO D@®®BMHOLQLRXV FH
FRPPXQLWDWD7KH6DWRHRQ HQWDW)\ LRI RIIH RN WKH 3UH
VXPLWHV FRPPXQLMUMVWKH $WH)G EWH SHULRG DQG GHYH
PLJUDWLRQ RI WKH 6DEHDQV W RWAKK IR SILFDU BV G WK B DURX W K M
RI WRGOALWUHD DQG WKH DFFXOWXUDWLRQ ZLWK WKH LQGL
EHHQ XQGHU LQYWKNLRISIWERQ PAHDP *HUODFK

&RPSDUHG WR WKH 6DEDHDQ .LQJGRP DQG LWV WHUULWRU
KLJKO\ FRPSOH[ LUULJDWLRQ V\VWHPV DQG HFRQRP\ ZKLF]
LQFHQVH DQG P\UUK WKH HFRQRPNG E\(\WEURBSXOWDWHFKD W
WHPSHUDWH KLJKODQGY DQG H[WHQVLYH DQLPDO KXVEDQG
FRQGLWLRQV LQ <HKDHG UBUPGBD ® QRBULWDKQG DGHTXDWH :
PDQV DQG FDWWOH EUHHGLQJ 1DWGV D/X FK DR XUERE DRWG E
KLJKXDOLW\ VWRQHY YROFDQLF DQG VDQGVWRQH DUH PRV

7KH ESHOVAW HUY BEBEOHKDLQR EXLOGLQJV D U mMQWXWI HB& 7HP SO
ZKLFK ZzDV GHGLFDWHG WR WKH PDLQ 6DEDHDQ JRG RI $OP



*UDWDBHLEEHQWXU\ %& LQOXYMWUDWHY WKHVH WZR P
LQJV 7KH *UHDW 7HPSOH ZKLFK LV D VDFUHG SODFH I
LGHQWLW)\ IRU (WKLRSLDQV LV D UHFWDQJXODU E\
RI P ,W ZDV EXLOW RQ D KLOOWRS XVLQJ WKH GU\ P]
WKH EORFN Rl VWRQHV HDFK XS WR P ORQJ %DVHG
LQVLGH Rl WKH WHPSOH LW ZDV FRQFOXGHG WKDW W
LVKHEHQW XU\ $

ERITREA

Akkele Guzay

Yeha

Hawelti

Addi ‘Akawsh

ETHIOPIA

= Modem sites
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JLIXUH$Q RYHUYLHZ RI WKH 7LJUD\ UNXDIDRGHGQDUWHKOL RS L
WUDWHV WKH SR\WIDW DRIQ R IHWWwHDWAY BLWIHU *HUODFK



JLIXUH7KH EHOMHWHUYBGEDHOLQ®R EXLOARQIMWLEUWIDWHEW DQG
WKH JUHDW WHPSOH RI <HKD ULJKW

7KH VHFRQG PRQXPHQWDO EXIPPMGLLEULQ LIWKREY D [LHDID ¥UPRWH

E\ PXOMWLRUH\ SDODFH ZLWK D PD[LPXP KHLJKW RI P
WKH ODUJHVWVDVRRLHH GWRQARRBX FWLRQ LQ (DVW $IULFD DQG
EHHQ DUFKDHRORJLFDOO\ YHULILHG WKDW D GHYDVWDWLQ.
LQJV LQ <WKK *HBQGUHD HW DO

7TKHUH LV QRW VR PXFK LQIRUPDWLRQ DYDLODEOH RQ WKH
Rl WKH FLYLOLDQ VHWWOHPHQWY IRU WKLY SHULRG 7KHUF
VXFK DV JHRORJLFDOSHGBRERYSKRWRQLFDO DQG JHRSK\VLFL
KDYH EHHQ XQGHUWDNHQ LQ WKH I UDPHZRUN RI WKH UHVH
*HUPDQ $UFKDHRORJLFDO ,QVWLWXWH '$,

6.1.2.* HRSK\VLFDO %DFNJURXQG

$UFKDHRORJLFDO JHRSK\VLFV SURY MXHW B E QH WRKUDWQDUJ1H)
DQG PDSSLQJ DUFKDHRORJLFDO IHDWXUHYV DQG PRQXPHQW
GHVWUXFWLYH ZD\ ,Q PRGHUQ DUFKDHRORJ\ H[FDYDWLRQ
JHRSK\VLFDO SURVSHFWLRQ WR PLQLPL]HF®/HVWWRABWURQ D
HW DO 3VSHW DS RXOR )DVVEHWIDGIHHK HW DO

7KH JHRSK\VLFDO SDUW JHQYHDD®G OS WRVZUBWW LZR.QVK) BUOW KU W
ZH XVH D PDJQHWRPHWHU *URXQG 3HQHWUBWHQ@J 5DGDU



TKHVH PHWKRGV SURYLGH LQIRUPDWLRQ RQ WKH EXON
DQG KHQFH WKH XQGHUJURXQG VWUXFWXUHYV DQG IHL

,Q PRVW FDVHV WKH *35 GDWD FRQWDLQ LQIRUPDWLR(
RI WVWWHVHQFH RI WKH FOD\ GXH WR WKH KLJK HOHFWU
VLIQDO LV DWWHQXDWHG DQG FRQVHTXHQWO\ LW SU
*35 PHDVXUHPHQW

‘H VKRXOG FRQVLGHU WKH IDFW WKDW WRHLHW\KIDM R
VKDSH DQG DUH PRUH FRPSOH[ LQ FRPSDULVRQ WR FR!
WKH\ DUH ORFDWHG DW GLIIHUHQW GHSWKV 6FROODU

(OHFWULFDO 5HVLVWLYLW\ 7RPRJUDSK\ (57 LV RQH RI
DJH XQGHUISBWXQEWWDUWLFXODUO\ FRQFHUQLQJ VRL(
PDWLRQ DERXW WKH GHSWK DQG WKH HOHFWULFDO U}
LQ WHUPV RI WKH JHRORJLFDO RU DUFKDHRORJLFDO P
ZD\ DV WR.WRSH ZRPSOH[ WRSRJUDSK\ <L HW DO
GLUHFW FXUUHQW '& LQWR WKH JURXQG DQG PHDVX
GLVWULEXWLRQ Rl WKH XQGHUJURXQG *«QWKHU HW
6FKPLGW HWLB®VRQ 7KH ILQDO LPDJHV DUH FUF
RI VHYHUDO KXQGUHG RU WKRXVDQGV RI WKH FROOH]I
IRNH %DUNHU E 7KH DSSOLFDWLRQ RI (57 LV JHW
SDUWLFXODUO\DLUW)VWWR 8RXWQFKNHDQG FRPSOHWH WKH
RWKHU PHWKRGV VXFK DV PDJQHWRPHWU\ 3DUVL HW
WKLV HTXLSPHQW LV XVHG WR VROYH SUREOHPV LQ Gl
PHQW JHRORJ\LINJIG SFRIHIDHHHDQ $W]HPRJORX H
JODU 'XYDUFL W D®KOLQ $DQ HW DO

,W LV SRVVLEOH WR WUDFH WKH HOHFWULFDO UHVLVW
WKH VWUDWLJUDSKLF FRP®PRNUW L RRURW KIQGSEHXUBRXA G
VLRQDOO\ GHVLIJQHG FRPSXWHU VRAMNWZQ@QQHO AKHW K SWD)
DXWRPDWLFDOO\ VZLWFKHV SDLUV RURIQUHDPEPRIEGW V L C
FRQILIXUDWLRQV 7VRNDV HW DO



+RZHYHULV50 WROWXPLQJ PHWKRG DV LQ WKLV PHWKRG VH
HDFK VHFWLRQ WDNHV ORQJHU FRPSDUHG WR RWKHU PHWK
EHU RI WKH GDWD SRLQWY DUH YDVWO\ PRUH WKDQ SUHYLI
LW DOORZW RWOQWKHR¥RDOOHU DUHDV 7R XQGHUVWDQG GLI
JHRORJLFDO OD\HUV ZH FDQ XVH ERWK '"RU ' PHDVXUHPHC

(57 PHWKRG DV D SDUW RI LQWHJUDWHG JHRSK\VLFDO PHYV
WR WUDFH DUFKDHRORJLF IO GHWWXWHE IDROEIH VRISWRMLGXAE
HOHFWULFDO UHVLVWLYLW\ GLVWULEXWLRQ ZKLFK KHOSV
DOO (57 DQG UHVLVWLYLW\ SURVSHFWLRQ LV DQ DFWLYH J
WKH PDLQ DGYDQWDJH RIDWHKBEVH PMHMRADKARR WK HQ DUKILQYRW Gl
PRGHUQ EXLOGLQJY RU RWKHU WHFKQLFDO LQVWDOODWLRC
HWU\ *URXQG 3HQHWUDWLQJ 5DGDU *35 SURVSHFWLQJ FI
ILUVW WULDO RI WKH PHWKRGVKKLEFKLLDYV GRQLHKWHQ <#HEBDYH
JURXQG DQG WKH FRYHUDJH RI WKH WRSVRLO ZLWK URXJK
SHEEOHVY SUHYHQWHG D VXFFHVVIXO VXUYH\ RI WKH DUHD

7KH DLP Rl WKLV UHVHDUFK ZDV WR XVH PDIJQHWRPHWHU D
ELQH IFRPP QG FRPSDUH WKH UHVXOW RI WKH WZR PHWKRC
WKH VXEVXUIDFH RI WKLY DUHD ORUHRYHU ZH GHVLUHG W
LQ DQFLHQW WLPHV WR WKH VRXWK DQG WR PDNH ' PRGHC
IRU IXVREDH G H[FDYDWLRQV

6.2 *HRSK\VLFDO VXUYH\
6.21.0DJQHWLF 'DWD $FTXLVLWLRQ DQG 3URFHVVL!

ODIQHWRPHWU\ LV RQH RI WKH PRVW XVHG PHWKRGV WR I
DQFLHQW DFWLYLWLHYV DV LW SURYLGHV LQIRUPDWLRQ DE
DV NDQ@VILUHSODFHV DV ZHOO DV WKH LQGXFHG PDJQHWL
Rl DVKHVY DQG PDJQHWLF PLQHUDOV LQ SLWV DQG GLWFKH\
ZH XVHG WKH 6FLQWUKBEBPDNO PQL 6W KH *&RPWHIWKWPLFV *

WRWDO |LRPBWRDU\Q HYOWKNWEHGRM RU FRQILIXUDWLRQ WR UHD
VHQVLWLYLW\ DQG D PD[LPXP VSHHG RI WKH SURVSHFWLRQ



UDWH RI V DQG D WUDYHUVH LQWHUYDO RI FP ZF
FP 7KH GLXD@RRQQWDU WKH JHRPDJQHWLE HTXDWRU
DOORZHG XV WR UHGXFH LW WR WKH PHDQ YDOXH RI D
*RUND ‘H IL[HG WKH SUREHV RQ D ZRRGHQ IUDP
FP DERYH WKHSMRGIDFHRMWKH PDJQHWLF FRQWUDVW
DOL]DWLRQ RI DUFKDHRORJLFDO IHDWXUHV WR D PDJ[L!
WKH LQIRUPDWLRQ RQ WKH GHSWK RI DQ REMHFW RU
PXOMDLHUHG VXEMWKU WKW X PFHWKRG LW LV UDUHO\ SRV
OD\HUHG DUFKDHRORJLFDO IHDWXUHV )DVVELQGHU
FDWLRQ DQG DUFKDHRORJLFDO LQWHUSUHWDWLRQ RI
LFDO DQG JHRADUIRONLE HFRY & KH JHRPDJQHWLF HTXD'
+DKQ HW DO LQ SUHSDUDWLRQ

6.2.2. (57 'DWD $FTXLVLWLRQ 3URVSHFWLQJ DQ

7KH (57 LQVWUXPHQW XV HS&SRIRUNWXKILIMN WH V H DEAFHU LIFK /
ILSSPDQQ *HWRIK\WKHHM OHVVIHUIWH *H)RRD @®\7 PHDXXH H
PHQWY ZH FRQGXFWHG VXUYH\V ZLWK HOHFWURGH!
LQWHUYDO VSDFLQJ RI D KLJK VSWR LD BKNRRA R/ILRFQ
LOWHUSUHWDWLRQ

7KH (57 PHDWMWHPR®QEH GRQH E\ GLIITIHUHQW HOHFWUR
WKHVH FRQILIXUDWLRQV KDV LWV DGYDQWDJHYV DQG C
JHW VWUXFWXUH VHQVLWLYLW\ WR EDFNJURXQG QRLYV
GHSWK SODFPORBROBIJLWKH VXLWDEOH FRQILIJXUDWLR(

7KH :HQQHU BQ&S8ROGHSBOUWD\V KDYH D KLJKHU VLJ(
FRPSDULVRQ WR RWKHU DUUD\V DQG DUH WKH PRVW S
JHRSK\VLFV GHKISRRGRIOKUDWLRQ LV PRUH VHQVLWLYH
LV VXLWDEOH WR GHWHFW IHDWXUHYVY VXFK DV ZDOOV
JUHDWHU GHSWK DQG LV PRUH VHQVLWLYH WR YHUWLF
WKLV UHVHDWFRR GEHWWRQWKDQG WKH DQRPDOLHV WK
DSSOHHHG MBR®RHOH FRQILIXUDWLRQ



JLIXUHHQHUDO ILHOG FRQGLWLRQV GXULQJ WKH (57 PHDVX
Rl <HKD ZLMRQWKH. JKW c LQVWUXPHQW

,Q " PRGHOOLQJ WKH UHVXOW VKRZV WKHGLHPWHIQ/ WLYLW\ G
VLRQDO SODQH +RZHYHU XQGHUJURXQG VXEVWUXFWXUHYV
LPDJH FDQ OHDG WR D ZURQJ LOQOWPRGHOAOWNMWIRIQHYEROQGHW ]
JHQHUDWH WKH EHVW DQG PRVW DFFXUDWH XQGHUJURXQG
IRU GDWD SURBHYMLDQREMM ',19DQG IRU IXUWKHU ' GDWD Yl
DOL]DOR[®BEY XVHG 7R REWDLQ WKH PRWXE DWRXEFMMXH HP\R G H
ZH DSSOLHG ERWKFREWWPRIRQHIGQBYGE UREXVW LQYHUVLRQ
FRQVWUDLQHG LQYHUVLRQ WHQGV WR GHWHFW WKH VPRRW
DQG WKH UREXVW LQYHUVLRQ PHWKRG RLYMPLY HW \WKXHO D EV
XHVY DbQG WKHUHIRUH SURGXFHV D PRGHO ZLWK VKDUS LQW
RQ ERWK LQYHUVLRQ PHWKRGYV EHQHILW XV WR REWDLQ D E
WKH PDWHULDO RI WKH 7X@ GHRWIADRIXD G HEQR M)A WH UFHD O F X C
EDVHG RQ WBHPHQWWRHWKRG /RNH '‘DKOLQ &RQVWD
*HWDQHK HW DO



6.23.7'5 OHDVXUHPHQWYV

'XH WR RFFDVLRQDO UDLQIDOOV GXULQJ RXU H[SHGLW
VWDELOLW\ RI (57 GDAWL DWW GQW KH 7TRR BRVFANVWK LY VWD |
'RPDLQ 5HIOHFWRPHWU\ 7'5 ZKLFK PHDVXUHYVY PRLVW
GXFWLYLW\ RI WKH WRSVRLO 7KLV LQVWUXPHQW LV EI
PDIJQHWLF 7'5 LPSXOVH RIHDV¥KULWILY QBVMWVNQSPLQFL S

WKH WUDQVPLVVLRQ REBDWZHRHAONWKROW DR HIB/REHRN) /LQ
GHU

6.3. SHVXOWYV

SULRU WR (57 SURWSHDFROMLQ D J Q HO\ADRRIHHW U\ SURVSHFWL|
<HKD LQ WHWDBRBULGY ZHUH PHDVXUHG WR JHW DQ LC
WKH DQFLHQW VHWWRRPY @QWVRYHIXYUHHZ RI <HKD ZLW
WLRQV RI DOO RI WKH PDIJQHWRJUDPV VKRZQ ZLWK ZK
WKH 6KLODQDW DUHWRDWKWKFUMRMKEYKH 'RHVHYHUDO G|
PRGHUQ EXLOGLQJY PHWDO LQVWDOODWLRQV SLSHV
QHWLF WKH PDIJQHWLF LQWHUSUHWDWLRQ EHFDPH D
SUREOHPV KLJKOLJKW HNQH FIHPS\RLWWY DRQ FW KRl FARPEL QD V
SURVSHFWLQJ PHWKRGYV

$ FDUHIXO VHOHFWLRQ RI WKH VWXG\ DUHD IRU (57 PH
DO\][LQJ PDIJQHWRJUDPV LQVSHFWLQJ DUFKDHRORJLEFCL
HIFDYDWLRQ UHSRUWVWKHGIARQVEG®ILW\ RI DSSO\LQJ
SRVVLEOH SDUWV WKHKBVHD RRBLKXOWRBW FORVSHFW]
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JLIXUH2YHUYLHZ RI <HKD ZLWK WKH SRVLWLRQWRI PDJQHW
IUDPHV RYHU LW

,Q WKH UHVXOW RI WKH PDJQHWRJUDPYXHRF R\OHS 66K H @& Bl @ BVW
WKH SUHVHQFH RI D PXOWLWXGH Rl SLWV WVFRKXOG DV VRP
EH LQWHUSUBMGYD ¥ RUWHRQYH U 6 KIMVOADLQOIWD Z B DRYU L WKW F
ORJLFDO H[FDYDWLRQV DV WKH VXUYH\ VKRZHG VHYHUDO [
WKH JURXQG DQG WKH UHVLGHQWY UHSRUWHG DQFLHQW IL



JLIXUHODJQHWRJUDP RI6GHKLSIDOQDWI WKH JUHHQ OLQH LC
OLQH WKH UHG OLQHV VKRZ WHUUDLQ VWHSV DQG WK
WKH H[FDYDWLR®Q WUHQFKHYV ,,

JLIXUHVKRZV D SLFWXUH RI WKH ROG H[FDYDWLRQ WL
PXOMDLHUHG VXEVWUXFWXUH OD\HUV DUH VKRZQ ZLWH
ZDOOV DUH PDGH Rl VWRQH UXEEOH FRQVLVWLQJ RI |
DFFRUGLQJ WR WKH VXVFHRW ISER\VMDWW U P HOXVX® H DH WY WL
GDWHG WR WKH $$SNWXELWWH CBQH® BRIGI 7KH VWUDWLJUDS
WR D PL[HG VXUIDFH OD\HU IROORZHG E\ $NVXPLWH V
UHPDLQV DQG KRXVH LQYHQWRU\ 7KH ORZHVW OD\HU

VWK FWXUH DQG PLJKWNMKPR QH VBRI WLIRMG 3BKLFK KDV WF
FKRVH WR FUHDWH D ' PRGHO RI WKH (57 GDWD QH[W
H[EDYDWHG VWUXFWXUH FRQWLQXHV WR WKH HDVW V|
WHKHLVWHQFH RI I XUW RHNGGXBWR QX R XKW VW U X FW X



JLIXUH([FDYDWHG WUHQFK ZKLFK LV QRZ UHILOOHG GLUHF

IRU (57 PHDVXUHPHQW 7KH WWR ZPWBGWWRKIHWEKR VWS FVB K B MW R
'$, DUFKLYH

7KH ' PHDVXUHPHQW PHWKRG ZH FKRVH IRU PRGHOOLQJ L
VXUYH\ OLQHV DQG FROODWLQJ WKHP DIWHUZDUGV )RU Wi
OLQJ ZH PHDVXUHG SDUDBOPHEOV'QDLQHVYQ (VKK RIRWWK W
GLUHFWLRQ XISWKLQJIPZLWK D WRWDO OHQJWK RI P IRU F
HOHFWURGHV 7KH ILUVW VXUYH\ OLQH Rl WKHVH SDUDO
UHILOOHG H[FDYDWLRQ WURGHKQ DMQUHQPKDZD\ IURP WKH

$V ZH H[SHFWHG WR GHWHFW ZDOOV LQ WKHSWRKIHOORZ GH
FRQILIXUDWLRQ IRU RXU SXUSRVH ‘H PHDVDHIGQQWKH SDUL
LQ WKRIHDVWW RI WKH SUHYLRXV OLQHV

$V WKHVH VHFWLRQY BHUHWHDW X RXWYV GXULQJ WKUHH GD
VHWV RI 7'5 PHDVXUHPHQWY LQ SDUDOOHO WR RXU GDLO\ P
SHUFHQWDJH VRLO WHPSHUDWXUH DQG WRSVRLO FRQGXFW
VLVWHQF\ Rl UHV L\DNVUIHYG W\RYBPIODXMHM FRREWHPSHUDWXUH P/
GXFWLYLW\ RI WKH WRSVRLO



7KH 7'5 PHDVXUHPHQWY UHYHDO D PD[LPXP FKDQJH L

D PD[LPXP WHPSHUDWXUH FKDQJH RI f& DQG
FRQGXFWLYLW\ RU WKB8PADBXULHPHQW WLPH ZLWK WK
PHQW HUURU RI * %\ PHDVXULQJ WKHVH YDOXHV W
WLYLW\ YDOXHYV DUH VLIJQLILFDQWO\ DIITHFWHG E\ WKF
WKH GDWD %\ FKHFNLRXPPDQIGP WKHPWQ@HQG RI WKH UH
DOO RI WKHVH VHFWLRQV ZH FDQ REVHUYH WKDW WKH
WKH FRQGXFWLYLW\ RI WKH WRSVRLO GLG QRW DIIHFW
GDWD ZLWKRXW DRDROQPDMRU FRUUHFW
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JLIXUH' PRGHO RI WKH (57 GDWD L Q0WWHJ HGJ VWENWHIX F
7KHD[[HVY VKRZ WKH OHQJWK RI WKH VXUYH\ OLQH HDF
WKM $ODQH LQGEBWHYHQWRP WKH VXUIDFH WR D GHSW
HDFRORXU UHSUHVHQWYKB ERDEFRWAYQWY YDWHHWLQJ

VKRZ WKH SRVLWLRQV DQG WKH OLQHDWDR® RDW K H
D GHSWK RI DURS@®G FRQ@MLQXLQJ IRU P B5HFWDQJC
OD\HU VKRZ WKH SRVLWLRQ RI WKH VHFRQG OD\HU
GHSWK DURXQG P

7KH UHVXOWRGMOKHG (57 GDWD RI WKLV DUHD FDOFX
YH\ OLLQHVKRZQ LQ )QJWWHV )LIXUH HDFK FRORXU UH
UHVLVWLYLW\ YDOXH DQG LW LV SORWWHG IURP WKH
HOHYHQ GHSWK OD\HUV 7ZR OD\HUV RI KLJKHU UHVLYV

DQGYP SRVVLEORDREHPRQLJLQ RQH VWDUWLQJ DW L



RWKHU RQH DW DURXQG P DUH DSSHDUHG LQ WKH UHVXO
ZLWK LWHUDWLRQV LV

7R KDYH D EHWWHU XQGHUVWDQGLQJ RURWMMFWOR@DO\ ZH
YLHZ RI WKH VDPH GDWD VHW ZLWK WKH VDPHIPMHDVXUHPH
JLIXUH GHPRQVWUDWSWDWQKN PRAHEEBERQJ LQ HOHYHQ SODQ
LQ ZKLFK ZH FDQ REVHUYH WKH VDPH KLIJKHWPUHVLVWLYH D
ZKLFK LV VXUURXQGHG E\ ORZHU UHVLVWLYH DQRPDOLHYV

JLIXUH ' PRGHO RI WKH ILUWW BD USHDWHDDWHKS RRORZ WKH
OHQJWK RI WKH VHFWLRQ DQG Y HUWIHF URRZNH W K K RIH WX®IWG
[] SODQHV LQ HYEDELQFP \

$IWHU FUHDWLQJ WKH ILUVW VXFFHVVIXO ' PRGHO EDVHG
FRYHULQJ VRPH XQGHUJURXQG VWUXFWXUHY ZH PHDVXUHC
XUHPHQWY LQ WKH WYRRWRHBDOYW WI WKH ILUVW SODFH WR
PRGHO WR EHWWHU FRPSUHKHQG WKH XQGHUJURXQG VXEV)
VXUYH\ ZH DSSOLHG WKH VDPH PHDVXULQJ FRQGLWLRQ DV
RI SDUDOOHO ' VXUYKUKWGEQHY SBIUPKIDHO QRUWK WR VRXYV

ZLWK P HOHFWURGHGLSRPEOWH F DQIG J& USIROKY W)W D YHH/
WKH ' PRGHO RI WKLV UHVXOW EDVHG RQ (57 GDWD 7KH G
LWHUDWLRQV LV HDRXK WRDRXUIJXBIBUHVHQWY D UHVLVWL

UHVLVWLYLW\ YDOXHV ZKLFK DUHYPQ 6KREZ Q EQ EFOEBFNZHH
OLQHV LQ WKH )LJYYWDHsH ADEREB M PDQ



6LPLODU WR WKH ILUVW PRGHO DGGLWWK®DGD\GZW 5 (
RI WKLV DUHD JKHKYIHIXUH YLVXDOI[]S®DWKN W B VECONNM
P\VSDFLQJ

JLIXUH' PRGHO Rl WKH VHFRQG DUHD EDMHGVRK® ZVW K H
OHQJWK RI WKH VXUYH\ OLQHV DQG HDFK SDQ@KOG DWRF
D GLIIHUHQW GHSWK 7KH EODFN OLQHV VWDUWLQJ I
GLUHRWBR@VLEOH VXEVWUXFWXUHV LQ GLIIHUHQW GH.

JLIXUH ' PRGHO RI WKH (57 GDWD L@ [WKH ¥R E RIQKGH DAHHC
Rl WKH VHFWLRQV DQG WKH YHUWLFDO D[HV VKRZ WK
[] SODQHV LQ HYBDFLQFP \

6.4. . QWHJUDWHG HDWIDW,IORVH U S U

,Q WKH ILUVW DDBDB )EDXHBVRQ WKH VKDSH RI WKH KL
DOLHV DQG WKHLU SRVLWLRQV ZLWK UHVSHFW WR HDF
UHSUHVHQW ZDOOV %\ FRQVLGHULQJ WK H ZKH ¥ KVZH.UH
LQ WKH UDQJH EHWZHHNMP DQRXPRPSMU®J LW ZLWK WKI
ZH FDQ FRQFOXGH WKDW WKH PDWHULDO XVHG IRU W
RWKHU ODUJHU VL]HG URFN IUDJPHQWV



%DVHG RQ WKH PDW MKLHILQ FROILWK B WH ZQ ®QG HORQJDWLRQ :
UHILOOHG DQG RSHQ WUHQFK H[FDYDWLRQV ZH GHGXFH W
EHORQJV WR WKH HDVW H[WHQVLRQ RI| &DPA@WD W KWIRWWIX$HS H D
HIEFDYDWLRQV ZH\REVHUYWXBZWUXBEWXUH RQH VWDUWLQJ
VKRZQ E\ OLQHV DQQLWKHHVHFRQG OD\HU VWDUWLQJ DW D
D UHFWDQJOH LTKHLIXBNHQFH RI WKH VHFRQG OD\HU LQ WK
WKDW ZH PDSGHBGNOMRBKEW X UH

ORUHRYHU WKH EOXH DQRPDO\ ZKLFK DSSHDUV DW DURXQ
VHQWDWLRQ RI KLJKO\ VDWXUDWHG VRLO DV WKH (57 PHD
UDLQ VHDVRQ DQG FRQVHTXHQWO\ LW LV HKSHKWHG WR KL
VXSSRUWY RXU DVVXPSWLRQ

,Q WKH VHFRQG MUHD WMHEKKUKHLIKHU UHVLVWLYLW\ YDOXHV

RUDQJH DQG UHG LQ WKH UDQPH EUINAVDHIHDE O U RN & K HDWDF
UHDVRQV DV WKH SUHYLRXV GDWD VHWY DUH ZDOOV

6LQWHLY SDUW RI WKH DUHD ZDV OLPLWHG IURP RQH VLGH
GHSUHVVLRQ RQ WKH RWKHU VLGH WKH PD[LPXP SRVVLEO
WKDW ZH FRXOG PHDVXUH ZDV VL[ 7KHUHIRUH WKH ILQDO
WKH ISIDEWHUQ Rl WKH VXEVWUXFWXUH +RZHYHU ZH FDQ U
ZDOOV IURP WKH DQRPDOLHV LQ ERWK KRUL]JRQWDO DQG °
ZKLFK WKHMHJBDRDOOH FDQ EFHUHEMAK RRW EDMMEO RU RWKHL
VLIHG UFRPHNQ WD

7KH DQRPDO\ YDOXHV RI DUHDV DQG GR QRW FRPSOHWH(
HLWKHU ZH DUH SORWWLQJ WZR GLITHUHQW VXEVWUXFWXU
LW LV FRPSOHWHO\ RU SDUWO\ PDGH RI GLITHUHQW PDWHUI

$IWHU WK UHWIMILRWHUQ RUGHU WR KDYH D EHWWHU YLHZ
WKHLU SRVLWLRQLQJ XQGHU WKH VXUIDFHG ZHRGEBRVEWN & G/
RQ D FRQVWDQW UHVLVWLYLW\ YDOXH LQ ' YROXPH )RU Wtk



FRORXU GHBREWWRUDWH WKH DQRPDO\VLIQRWKWEHVY W LAL
DOL]DWLRQ IURP GLIITHUHQW YLHZV IRU ERWK DUHDV
DUHD YPVDQG IRU DYRD LV

JLIXUH ' LVRXUIDFHG PRGHO RI WKH VXEVWUXFWXUH R
YDOXHYRIDQG DUHD ZLWK WKHYPHVLVWLYLW\ YDOXH F

$v D ILQDO VWHS ZH RYHUODLG WKH ' (57 PRGHOV RC
UHVXOWY RI ERWK&GAWRYIXEHWQQIWRHGEKWRFRYHU VLPLOD
RWKHU SUREDE& B @RED OLHDVGHRKQVWWUDWHY OD\HU Wi
XUHVDQG RI WKH ' PRGHO RYHU WKH PDIJQHWRJUDP D
WKH DOWULHG VWUXAWXUH RURBEXVKRZV OD\HU ILYH

JLIXUHVMQG RI WKH (57 PRGHO RYHU WKH PDIJQHWRJUDP
OD\HU IURP WR P RI WKH LQWHUFRQQHFWHG Z
SRLQW RXW VRPH RIHWKWE XIQWG MKIDMR X@IGVHH LQ ERWK P
$OWKRXIK ZH FRXOG QRW FRQFOXGH IURP WKH PDJQ}
KDYH JHRORJLFDO RU DUFKDHRORJLFDO SURSHUWLHYV



OD\HUV IURP GLIITHUKQPWERLWKRAWURED DK GZzE VXIIHVW WKD
KDYH DQ DUFKDHRORJLFDO RULJLQ 7KH DUFKDHRORJLFDO
WKHVH IHDWXUHVY DUH VWLOO XQGHU GHEDWH

JLIXUH ' PRGHOOKBBOWD’ RYHUODLG RQ WKH PDIQHWRJUDP

WUDWH WKH DUFKDHRORJLFDO EDVH VXEVWUXFWXUHV ZKLI
S0 LOOXVWUDWHY GHSWK OD\HU WKUHH IURP WR P
OD\HU IBPYH MWR P



65 'LVFXVVLRQ DQG &RQFOXVLRQ

7KHUH DUH VHYHUDO FRQVWUDLQWY ZKLFK OLPLWHG
WLRQ ,Q WKLV DUHD PRVWO\ MXVW VPDOO PHDVXULQ
DQG WKH SUHVHQFH RI PRGHUQ LQIUBVL\S H®E QYK V HD\Q 8 X
WULFDO SRZHU FDEOHV GLVWXUEHG RXU PDJQHWLF PF

ORUHRYHU WKH SUHVHQFH RI SOHQW\ RI KLJKO\ PDJQ
JHRORJ\ ILHOG ERXQGDULHYVY WKDW DUH KLJKO\ PDJQH
SURVSHAHDOULRO WKH JHRPDIJIQHWLF HTXDWRU ZKLFK SUR
VKDOORZ LQFOLQDWLRQ DQG ORZ WRWDO PDIJQHWLF IL
FRPSOLFDWHYV WKH PDIJIQHWLF LQWHUSUHWDWLRQ &RC
QRW VXIITWKHQWORULQWHUSUHWDWLRQ RI WKLV DUHD

*35 SURVSHFWLRQ ZKLFK ZDV FRQGXFWHG DV D WHVW
ZDV QRW IXOO\ VXFFHVVIXO EHFDXVH RI WKH XQHYHQ
DQG JUDYHOV WKDW FRYHU WKHBEG/RUY HUF MW KH BV R XIQRSF M
ILHOG IURP KHDY\ UDLQV DQG DYRLG PRLVWXUH HYDSR
HOQRXJK PRLVWXUH LQ WKH VRLO SURYLGHV D VXLWDE!

2QH Rl WKH FKDOOHQJHV ZH IDFWEH @ XN IOIGL QU IRD W M U
LQ WKLV VLWH LQ UHFHQW \HDUV FDQ EH VLPLODU WR
IRUH NQRZLQJ WKH GHSWK RI WKH VXEVWUXFWXUH FIL
WXUHV IURP DQFLHQW RQHV $0 W& R XJIKWPKOH @ IR W WF XS/UHF
RGV LQ DUFKDHRORJLFDO SURVSHFWLRQ LW GRHV QR
WKH VXEVWUXFWXUH

,Q WKH 7'5 UHVXOWY DV WKH ILUVW PHDVXUHPHQW Z
PRLVWXUH SHUFHQWDJHKZD VHHFARWKHRHONIKUHBRW W k
DQG WKHUHIRUH LQ WKH UHVXOW RI WKH VHFRQG PHELC
WHPSHUDWXUH ZKLFK zZDV FDXVHG E\ WKH HYDSRUDW.L
LV SURRI RI WKHGIMDIFWN MRKIDRMAVPEDQIJH WKH (57 UHVXOW
WKHUH LV QR QHHG WR FRUUHFW WKH GDWD IRU WKH |



$OWKRXJK RXU ZRUN ZDV GRQH LQ WKH UHODWLYHO\ GU\ VI
UDLQIDOOV ZH ZHUHUHVRO YW\R LROW @BV WXRERO V RI WK H

(57 GDWD LOOXVWUDWH XQGHUJURXQG VWUXFWXUDO ZDOO
PRGHO zZzDV P DZD\ IURP WKH RSHQ H[FDYDWLRQ WUHQFK D
ILOOHG H[FDYDWLRQ WUHQFK ZKLFKVBKRG HAWW X FWHRUHVLRG
WKH HDVW VLGH RI WKH H[EDYDWLRQ 7KHUHIRUH WKH VKL
IURP WKH $NVXPLWH SHULRG DQ GNP GWHSSHUORGHU IURP

7KH VHFRQG VHW RI SDUDOOHO ' VHFWLRQVEMWMKIRHDVXUHC(
QRUWKHDVW SDUW WR FKHFN WKH SRVVLELOLW\ RI WKH H[V
QRUWKHDVW $ FRPSDULVRQ RI WKH UHVLVWLYLW\ YDOXHV
PHQWY VKRZV D ORZ SUREDELOLW\ RI WKHWRQOKHHWLRQ R
FRQGLWLRQ RI WKH ILHOG DQG WKH OLPLWDWLRQ RI WLPH
DUHDV DQG WR SHUIRUP IXUWKHU LQYHVWLJIJDWLRQ

$FFRUGLQJ WR WKH UHVLVWLYLW\ YDOXHV LQ WKH ILUVW D
ZDOOV DUH PDGHWRI\ VWBYHO WP RRHBWKRFN ODDIMHQWY DQC
WKH VHER@W&HDUHUH P DG H ERJLHFNW KRHW JEDNYHH@® V] HRBU RWKHU C
URFN IUDJPHQWY 7KH KHLJKW RI WKH ZDOOV GHSHQGLQJ
DQG FP

7ZR DVVXPBWWKGVUHDVRQ IRU KDYLQJ WKLV KHLJKW RI WK
HLWKHU FDQ EH EHFDXVH RI WKHZD®B®@VS BHVHNFDIWLIR @ | RW R
ZRRGWRQH VWUXFWXUH WKDW LV FRPPRQ LQ VRPH RI WKH
WKH ZRRG LWXRWWHKGEH VQMRQHY UHPDLQHG $V WKHVH KRXV
WKH FRPPRQ SHRSOH DQG WKHUHIRUH DUH PDGH RI SXUF
PRUH SUREDEOH DQG WKH ORZ SUHVHUYDWLRQ ZDV FDXVHC
EHU\ 7KH DUFKWHRDW®RRXK RGOWKH WHPSOH DQG WKH SDODFH
\HDUV DQG LW LV GHQVHO\ RYHUEXLOW E\ PRGHUQ KRX)
WKH SUHYLRXV EXLOGLQJV RI WKH VHWWOHPHQWY DUH UH)>

,Q WKLV SDSHU ZH VKRZHG WK BW RYHMLY B OYOLRZ\H\G RAR DD 9
GHWHFWLREXIROWWRGHUJURXQG IHDWXUHY DQG VKRZHG WK



FLW\ WR WKH VRXWK DQG JDYH XV YDOXDEOH LQIRUPD
IHDWXUHV )XUWKHUPRUH WKLWVWIQN W UXAAHIQAF K HRO SR
WXUHV WKDW ZHUH GHWHFWHG YDJXHO\ E\ WKH PDJQH
UHVHDUFK LV QHHGHG WR JHW PRUH LQIRUPDWLRQ RQ

$V DQ DGGLWWRIQDOPSRIUGWD QW WR KLJKOLJKW WKDW W
WKH HOHFWURGHY DQG PHWDO IHQFHV ZKLFK ZHUH D
VWDWLRQ LV P QLQH WLPHVY PRUH WKDQ HOHFWUR
IRU QRW REVHUYLQJ WKH GLVW X JRDEMNL B | WHUQ RHX ¥ QV
WKH ORFDO SHRSOHXRDXBEHWGN WG YGHUDIOQJV ZKLFK O
GHVWUXFW RRQURHEDWRORILFDO VXEVWUXFWXUHV LQ
VWDWRBBUDWLRQ DQG LWV PDLQWHQDQFH DWNAWZR XC
DUFKDHRORJLFDO NQRZOHGJH :LWK [5¥ RIHPADWMRQ DK
FRQILUPHG WKH SURRI RQ WKH HI WHHINQ/\XIPRQV IR IFW\K H LS
DUHD HVSHFLDOO\ ZDOO VWUXFWXUHY DQG SURYLGHG
WRQ WR VWRS WKH IXUWKHU PRGHUQ FRQVWUXFWLRQ
ORJLFDO XQGHUJDRBQGKHVIKFRPSIDHMLQJ NQRZOHGJH
KLVWRU\ Rl <HKD $IWHU WKLV UHVHDUFK LQ W K H
DVFXOWXUDO KHULWDJH DUHD

$FNQRZOHGJHPHQWYV

7KH UHVHDUFK RI WKH B<® RDHQWLBRX® WK UROHDURBK @RG R
*HUPDQ MRLQW SURMHFW RI WKH 6DQDD EUDQFK RI W
$UFKDHRORJLFDO ,QVW IFW X &/® HRIQEQ WKHHUNILLWMA\GHLGFIX 16Q
WKH $XWKRULW\ RI 5HVHDUFK DQG &RQVHUYDWLRQ RI
WKH 7LJUD\ &XOWXUH DQG 7RXULVP %XUHDX 7&7% 7
"Y* KDV EHHQ IXQGLQJ WKH SWR MHRW BFWSUU@FRI D O

ORUHRYHU 0DQGDQD 3DUVL JUHDWO\ D/SISUIP PMALW W M
PLVVLRQ 6760 LQ WKH ,QVWLWXWH5H7 +RIUQOHGLMFHHUEN\D W |
(XURSHDQ &RRSHUDWLRQ LQ 6FLHQFH DQGEHFKQRO



&$ DQG WKDQNY2W/R WRE |®R& EHLQJ D JUHDW KRVW WR
PRUH DERXW WKH ' PRGHOOLQJ RI (57 GDWD VHWYV



7 9H Q LKW KG-H VISUWKDHRORJLF
JHR S K\RQ\FRZHR UTIFE0 G H V W
PHWURSWRQADY N B/ KCH. W \
LQILOJDPHWHKT

7KH IROORZLQJ FKDSWHU LMYV DELQIGHKW BINCEBIM MKHG ||
RQHZ JOREDO SHDVUSHKBWRVHRV LFEQQWSURYSBWERQBQ &R C
RQ $UFKDHRORJLFDO 3URVSHFWLRQ

71. +LVWRULFDO %DFNJURXQG

8 U X:ID U N (6 & 2Z R UKOHEU LW\LEBNIRH HAL MHUQ(® L GREMM ODLPHG
WRHKV KR UICR® GRHHVMD FLW\ +HUH WKH LQYHQWLRQ RI KDQ
DFWLRQ RI WKH ROGHVWDHPRNSRF RX P DQ NRROREV K&/&BIF H
7KHQQHU FLW\ FRYHUWD @ QGHZD RIBRBEXODWHRES OH
DOUHDG\ LQ %& 7KH GLDPHWHNPR WMKKHFHWFZR0QIDG
OHQJWHKNRDQIGXSVR P ZLG8UXADVQKDERQHIBUO\HD UV
WMOKMGEH QB X UWRFFXSBIWGRIG ZKHQ WKH (XSKUDWHYV 5L
ZD\ WRZDUGV ZHVW DQG VLQF HX QW RVONMHERGHHNRSH VLW H
D G RFEEXIG E UZ FVDK L J J XRIQM BLIX UHODJQHW FPRHDWH U HP HQW V
UHYHDWORSXDVWLFDWHG ZDWHU FDQDO V\WWHP ZKLFK
FLW\ TXDUWB U R WEM/RH H® ¥ R E MYIDBYRYH DDRPX DO IORRGL(

7.2. 3URVSHFWLQJ OHWKRG

ODJQHWRPHWHU SURVSHFWLQJ ZDV LQLWLDWHG LQ
DQG FDURDEGURHMD DQG )LJXUH)RWHKEKUYZH\
DS S QKIEH H HW HSBWD JQHW RP HFWHUVXP 6 FLQWUH[ 6PDUW



VSHFLDO WKH FDHYVLXPP DHRPNWRE HAWHUD \E RWRKV D S SIQ HIDE
PDJQHWRP HWHDLOGK@HD VRU FRQILIXUDWLRQ DQG D )RHUVYV
| O X [ JDUDHS L RFQVEEID 00 K B &/WHRY FRWQ | L J X UDRAKEREQ GLW LR QV

D URHV RDWQRSX G R\G X VDMQG VDOW\ VRLO 7R JHDERXWWHKKH LQIRL
GHSWK RI WKH FDQDOV DQG WHKH D6 RRL GWWO LZXWO ZH DS
V\VWZHLRV KD F WH.O H F WSFRAG(HDYIL F K D\OSDRRQ P WR P

JLIXUHSUXAWDQRUDPRIWLKHA FLANWKHOYWH FELIIXUDW

7.3. SHVXOWYV

2XU PDJQHWRPHWHU SURVSH FW LKRDQ D@REZ UFHRWHHIIY HIEQ DD @ H Y ZF
RI ZDWHUZBDWQDWKLSKDUERXUV DQG PROHV ZDWHU JDWHYV
JDYH DFFHVV WR GLIIHEZDOWH F LQHWIZAUWNW FWR'YV KW WKH FLW
WR VRXWK SURYLGHV ZDWHU IRU W& FAORMMG D\WYGRYURI JD U C
WHWWRQHU FLW\ IURP IORRGZDWHUV )LIXUH

7KH PDJQHWRPHWHU VXUYHWMRERVSRQ WHRB QR E BRWH LQVL
WR WKH FLWDIQOBWRPKM HU UHVXOWY UHYHDO RQH RI WKH ¥
WKH QRUWK JDWH D@® WDBHRXGL QQ WK H ZH/WHUQ SDUW RI W
VHWWOHPHQW D U HB I QUND EXBEHE BB I O RHD QAR X W K Z HV W

RI WKH SDODFH %HENWKHWRDX®& 'K WKLV KDUERE&U LV OLPLYV
D ZDWHU JDWH REYLRXVO\ WR UHJXODWH D MXQFWLRQ W]
EUDQFK WHRZPKHMIW WHEKWW BXWHKFWLRQ WHRWW B FH\®HQ W DIQURH/DK |



ZKLFK GXH WR DUFKRHUHRORUHAMX® MMVHOFKDQ EH GDWHG L
BUXNHULRG )LQNEHXWNKHU WR PW KRD QERBOMERY B B H
FLRXMW LFXOMX®DE MKRPSQHW ARRWN L JFEDLERAYV

JLIXUHODJQHWRJUDP RI WKH VXU ¥BDHBADKE)WRPHWHU
6FLQWUHGSBOFLDO DQG *HRFEHRWKLER Q)RR FRQILIXUDWL
QDPLFW7 LQ JUH\WFDEMROXBMWREPO7KH DYHUDJH WI
(DUWKRDJIJQHW WHRQWIOME LQ 8UXN LQFUHDVHG IURP W
Q7 WR Q7

$ VHFRQG ODUJH DUHD ZDV PHDVXUHG DW WKH VRXWK
VWUXFWXUMADROWKMW K EDVWLRQV WKDW DUH GHVFULE
WKH VRXWK WKH FLW\ ZOFOQ@ EG GV B H® Q{THI AU RAKHL BR X
ZDOO DQG DW UHJXODU LQWHUY DOH[FDW U VEDR/QW. R QG



XPHQWDWHRRHUH LQ WKH FLW\ DUH FOHDUOLQLVLEOH 7Kl
GLFDWH WKDW S D UWYQRIUWKHG ZRXOWHRQILMHW DUH PDGH RI
GHWDLO WKQWEHBDRUMNR WDNWERQGH U

([FDYDWLRQV XQGHUWDNHK®ZHYBDWIKOQU¥FKHG WKH SURRI
DGREH EULWNYSAHUHG E\ SRWWHU\ GHEULY DQG WKXV EHKI
EXUQHG EULFNV ,W LVZDOQRZD ¥ SFODUGH) W XWKRMWVWXHUDO VH ¢
WKDW ZHUH SUHYLRXVOF XQNQ RAZKW B/Q BLOMIKEDNG WLKG-H
LWKHQWIDWRPS2BPHDUO\ PZLGHKED QW VHOUW Q QH U
DQEXWHU VKHOOV RI WH PR MKHGE N ULDLENREVIMUYRRH.RQ WKDW
ZLWK WKH HI[HDY ®WKRIDW D E RSAWHRY W U X B UBURHY [EG H G

W KPHD J Q HW R MUKBHR X W KDNEMAL FK LV PHDIU®H DQG FDQ EH LQWHL
SUHWHG DV D IORRGJDWHO ZWHU H DAFRAQ BEQEDIDELE \

R XWVK U R\XKZHE 2 QW KR V IWGKHD W BIMO D QENW® ZBIQBW UHQJWKHQH G
YHU\ SUREDEO\ ZLWK ILUHG EULFNV ,Q IURBWDRI WKH IOR

VPDOO VLGH F B DR RXVMEKHSBPG R R JKLOB ZIDQU RV
ODEXH ORILQUIHGL EQBVP DKDA EQXNH VWUXFW XUH

74. (57 OHDVXUHPHQWYV

,Q VSULQJ IRU WKH ILUVW WLPH ZH DSSOLHG FRPSOHP
UDQJH Rl YHRHPWMA Q RUGHU WR JHW VRPH DGGLWLRQDO L
WLRQ GHWDLADO R | DIRAWWMXFWLRQ RI WKH FDQDO 2QH SU
ZHVWHUQ FDQDO/ KH JXHAMX OWYV FO H DUKOY LSSUARBRMGLYY XV Z L WK
FDQ@DO®OQ QWK URSRQM Q¥ IDROGRYR QXILDF-OOEHBRYHU WKH (57
PHWKRG L OWKH WHIEGMPHH® W D W L R @ KLRIDVAGHWRIOWINDG \F D Q D O
LQGLFDWHY DQ HGJLQJ Rl WKH FDQDO ZLWK EXUQHG PXGEL
FOHDUO\VERIQV LDAPV XPSWLRQ



JLIXUH$W WKGDWRISWRJIJUDP H[WUDFW R 3% KO NDDAKY G D Q
SDODFH WKH ORFOWLRWRRIOMKIHV PDUNHG LQ UHG %H
DFURVV WKHPFEQBBWURGH VSDFLQJ :HQQHU FRQILJIJXU

75. &RQFOXVLRQ

$O00 LQ DOO WKH PDPERWRPIHDWNHULRNDYKWH QWR VHWYV
IHUHQW RFWX$SDXIHWRWYNUQ SDUW RI WKHPFLW\ LKDXYSDV®R



PZLGH P @G P GHHS $WSRHYWUDIOWO\ VPDOOHU FDQDOV EL
IRU WMKIHLJDWLRQ RQ G HWOQBKW /RIIWKH ERUGHUHG FDQDO ZH
VWDJIHV VHW WEDUHE R XRIR QED V

'"HW D DQIDGR WD J Q H W RRIRISPO/H PEHIORVPHEG) Q HD\Y DRD\Y GV

| X UWEBHRHDV XU HPHKIRS R J UDG KRLUFPIDWH @/ KON DLODEOH
FKDHRORIWESAQVVDREORRVHU LQVLIKWY LQWR WKH GHYHOR
DQG IXQFWLRQ RI WKH FLW\ DQG 7K.+ © DDQIB/RRIMH WXAWX M K UH F
KRSHIXOO\ ZLOO EH FRQWLQXHG VRRQ DRJGNAMOR®FRIIHU D FI
WXUH RI 8UXN WKURXJK WLPH ODJQHWRPHWHU SURVSHFWL
DOO DFPHMMLEBHWKH FLW\ ([FOXGHG IURP ODUJH VFDOH S
GLVWULFW RI 8UXN DQIEEW KE\GMQYED BBWR R SODFH GXU
LOQWKH ODNBW YV



8 ERQFODVOLRQAXWORRN

,Q WKH IUDPHZRUN RI WKLV GLVVHUWDWLRQVWUHFUHV L
WXBBGH RI GLITHUHQW FRIQYW W H X AWD R QIR © DDMHMY\ O\
DQG PRIGNONKHWDHS ZBY VROV G UHVHDUFK AP GAEKUH. FENH W F
|HD WZLWMK WKH (57 RIHKBEWEE8 DQGBR KDUGO\ GHWHFWDEO/|
LFDO SURVSHFWKBJPPH@YKREXV Rl WKLV URVHWXGFK ZD
EULFN IHDWK YBW

2QH RI WKH PRVW VS HAWDKXO B UVRXWRVRREKR BRXZDV LQ
DEOH WRIBROWEFORDLD KRXGHEWKMRKPHWKRG $OWKRXJ}
UHVLVWLYLW\ YDOXH Rl WKH P X\GERILG NZ HRUDHWTXXLNWH DVQG
XVLQJ WKH \FRRRIRIDK.@HH\GY L Q Y H U VDE Q HP MEBRKRIGY KV PX\G
EULFN IHDWRXO\WG PMS, WKH VPRRWKHVW FKID@QIEHV LQ
PRGHO WKH VWRMPWXUH LQ

7KL&/HWHFWDR RXHZD@WGDR@HDR| WKH PRV W QKSR U WHDHQW
UWHDUFKHV LQ WRXGEIMFRY HHBPMRET PV \IKRE& O W®R P H

RXU PDLQHSUREMAEME PHQLG UHVLGHQFHVZ KOLF®& WKW L U
IRFXVHGSROHPHQLG (ASURWSREQY® KH KLVWR UG RDIOH SRO
PRQXPHQWDO D@/FEHD WAIFWKX/U® HN K RQ FRVQGXFWHG VHYH
GHQVH SDUDOOHO ' VXUYH\ OLQHV LQ RUGHU WR FROC
ZDOOV ZHRHKRDRE\ VLPQOMRHPBIWNIWUR EPE HD® REDW K H
PDWKHPDWLFDO SURSRUWLRBXSHRBYRIG W& HVKIHI ISIDS HaU-
PXGEULFN ZDOOV ZKLFK FDXVHY DOSRAIBWHG KMLR KWKUH
ULSKHW WRWHU PR G HCRENHGVK K DAD WE® X M \F BAKHOIBN |

UHWRWKH VWIXGEWXZBOH YDU\LQJ IFR QFDEEN RMKQ@IWH
WKH VWUXFWXUH @V EXUHAXIFSDEEXWXRWBW R Q VWKW D W
UHVLVWLYLW)\ Y DVOR KBIER JUXR XUHG F DIRR ADRPHD UW YV LV L



DV EDENHGNV 7KLV FRQFOXIVQ & QY EDWVVMKG SRVYWEIW R1 WKH H
FDYDWHRQ@HVHDUFK RQ WKH P X GVEKH REXDWD W R UHYDIOL J K QLK K
GDWD LQ PRUH DESOQEGDH FRWEHY RI GDWD SURFHVVLQJ L\
ORUHRWHKWR ZHONVWHDWHWKRG LV DQ LGHDO WRRO WR GHWHF
EXLO®IQWE W W UK F S BB W.IQH U Q LRHDILARIDV X V

$GGLWLRQDOO\OEYV WR HS b XNE IXQU® BREHG WKH DSSOLFDELO]
RI WKWKRGE IRU WKH G KIWH AW QRVD R QKM RROD Y GHWHFWLR
RI WKH VKDSH DQG GHSWXORR VEK H QMK BVEODNEL Y HEX W H Q
WDWLRQ L QVIWKHI PWRBH KB RMARIRBAL, ORX 0 G WKMHIDA WLDO GHSWK
RI WKHXKDDE R HQO DBV HQWDWLRRLWKDRLWEBESHQHG
LWVDDAG WKH | LLGIKQ MKKIS WXV HG YW RUVDKORBOBH[WWLPH 1
WR WK XV, &B WHE W HBUD FE\D K DIGOX ZIKHXMMHIBID LQ RDOO

WKLV XDUER

LOVKH MDMGILMV LQ .XUGLWHRZ®G @ WEEHRUIA B\ PHWKR G
LQVIGHWHRQ RO P XOUMIG \D/QUEXIWB/RNW\HLME L O L VWDR K IRIHO \] L Q J
RI WKH LGQD GHDWB L(G7 UHVXOWWDQ ZDANGRQH RRMWKHLUVW SU
SUHVHQFH MIUF KCHHBSERUB IUF DQ WK DG LIRFDERQ GDWLQJ RI D
FRDO VD®GBHWHGUEBRPHDL Q WKW WSHDUW\WW X U YHHU\DRQJG D GLVFR
D &KDOFR QIQVW K* NSIBRKH VXIJIHVWLRQ RILWIGHSBHVHQFH
DUFKDHFR®MRBUFBAREDEO\ PXGEULFRKH\DH WG \RG BV UG VWO D
DQHZHVHDUFK SUR MHBDWWQNWRROR BEXBIDY. IQH RJU PIDEARDR/D

WKLV GHHSHU VHWWOHPHQW OD\HU

Q<HKBDVHG RQ WKHY BBI7LWIKMHIWHQVLRQ RINVKRLDAQHFFLHQW F|
DQG SNWXPLSWHR Y HG L\WR N-WX O WD Q8BDBKLGHG DGHTXDWH UHD!
WR WKH ORFDO DGPDRQLVXVWIDKHR @ RGRI VY RFROVWE XFWLRQ L
RQKLV UHVHDUEKKDVEDY DPMWRIRQIFHG DV D FXOWXUDO KHUL

$Q R WLKPHBLR U W D @ W \WUKH. WX G W VAHRUQWFID\X GRA@UADRKFO WV R WK H
3HLWLQJZXKUFRK W LY HW KK RFR P SD U L WK® EHRVBEKM/QD Q G
VPRRWRREVWUDLQHWEHWRREUVKRY FRP WRURYWEOWW RQH



VRPH ZDOOV ZHUH GHVWUR\HG RU WHPFRRRVGERRB VR X JK
VWUDLQH G MK V V RSRVNWEIGW WK H UHPQDQW RI WKH
KDSSHQH®/ ISBIHWR UH RI WK MV EZPID RV WBWIVIKW S/RHLDH G
EHQHDWKDWKKP HRORJLF DO WHRGHKGHFMPBIEK RKW | HD
WXHVVLQFH WKH\ DUH\YLFDBOSIUURVBHR®RRQEBQEGH W HF V
WUDGLWLRQDO DUFKIHKRIORJREBO MRFPR O WQ RMDWH L QLW
GHUJURXQG VWUXFWXUHV DV WKH\ DUH QRW QHFHVVD
LQJ WKH (57 PHWKRG DQG GNKIH FRO BL ODHDRSIKRPLFDO PH'
VDORUHRYWKRZHG WKDW WKH ' (57 UHV566W\HDXGIWW
WKHUHIRUHV WVQKWWHWACH KVDJH R1 WKH *35 LV QRW DS
VXEVWLWXWLRQ

SOWKRMIBK PHWKRG/LRH FRQVXPLQJ PHWKRG DQG WKF
PHQW DHWIQB WPOOOHU FR P S\DACEIHRW B FFNMAKRIK \RIG
WKDWSIRZIK® DQG SUDFW MAKOHD GPHHWHKRRUEK RRIKRIGIYI PDGH |
IHUHQW W\SH RI P D VDHIDHDIORR X@ HHOQERXE R @/\SH RI WK
LQYHUWMRKR B XVHG RRQFMX MR BMIME UHVXOWYV ZLWK C
ZKLFK FDWRRBEBEPRUH UHDOLV\QLRVPDS RK@EHUR U RKGIG
VWUXEWXUH

) XWXUH 3HUVSHFWLYH

, QVKLV VAFRO®\HRMMVAKIG O/ WK R X WDIEBGR PMWAIH SR GWW D ED Q
KLJK YDULHW)\ RRQSGRIVISBIHFQYWRQRFDWLRQV DRIGLRKHU G
FUHDWHY D XQLTXH RSSRUMWMXQLW\ IRU IXUWKHU UHVHI

$ IXWXUH UH VR XIRXOCOANGNRIDIORHF WH G | U RPUHQKD Y D W
PHULFDO PRGHOOLQWW Y EDRRRIS IRXVOER NP R @HH G
I[URWKH\WWHIHP H GWODIHMWIY HG %@ WIKHYVH PG®RYF X0 DW H
WKH H[DFW GHYLDWREPQ RV XNUKER MEWXIDWS IRFY VWL R QV R H
WKHVH IDQO® XBOVFATRARAMNH WKH PHNWHKRGHDRK ROQ M
RI WKH PDWHULDOV



W N@RIVKDW WKH PRLVWXUH RARW KWHH VW L OH KF @GS\ D URC
UHVLVWLYLW\ UHVXOWYV DWKHKHQRIUGH EHD WRK@IHF DB Q/ XK JK
WKH VHVIXOWKUH UHWRVMBKARN RCKH HITHFW RI WKH GLITHUHQW
UHVLVWIXOMMW ZBDYVRROW GR QYW KO\ LV DFSHS\LFDIE R H VSH
FILF VXUYRIQ RIQHHDOUHD G\ E@PISDW HJI\N WH & FRXIOIMY ZLWK H |
DQG ZLWK WROHPRGIREBOHG GDWDDWR KBIYIS HDUEXRIGMHHW WD Q G L
WKH GHYWIMMXD WN ZLWK UH D RHF WHNQRYRID HF R YAHRQ \E KW K
WKH LQVWUZXRHQ@W PRQLWRU WKH VRLR PRRSIXH H V8 FZW RAHKQ
WKH UHVLVWLYLW\ UHVXOW DR)GHDLRXD PRQ & K (BGFRIDOWH D V R
LQIRUPDWRREG VOWFHG LQWHUSUHWDWLRQV

,OKW GHWHFNMH REGEURFNG,PDWKHPDWLFDOO\ DQG SUDFWLF
PHWKRG LV FDSDEOH HOWKBEMY\M UQW BRIBEN@H S | X UWKH U
DQG SURGXFH LQ ODERUDWRWYR IPX G B@MEFHEYWNH WH QG\L IGH QN Q@ \
WLHVIID® OHEZWXUH WKH UHVHDWK YRQWH RD QBKIW R IEULFNV
SURFHVV KARBYDXYWH WKH GHOBHWOD QRO WR WKH UHVLVWL"
DQG ILQBD®RD@HXODWH WKH H[DFW SURSRUWLRQDOLW\ EHW



9 YXUWKHU WXRQWVMFDQG &RQIH

SUHVHQWDWLRQV

,Q SUHYLRXY FXDOWRRIH\CR | WKHSPDNVNQ LQ ZKLFR , DXWKEF

DXWKRUHG ,Q W KK HRROOKRW URSDBSIHEPH LIFKHRW SXEOLVKH
LQ WKLV GLVVHUWDWLRAQ

a) )DVVELQGHU -:(+ MMHF EHBDUVEUFKDHRORJLFDO *HR

b)

d)

LFV &DVH 6WXGLHV IURP %URQ]H $JH ,URQ $JH 6L
30DLQ .DNKHWL *HRUJLD ,Q WKH &DXFDVXV %UL
OHVRSRWDPLD DQG WKH $RQ@&PEDAWAESPWRQ WKU
.DXNDVXV %UsFNH ]ZLVFKHQ GHQ XUEDQHQ =HQWU|
WLVFKHQ 6WHSSBKIURVDXMHER G Y &KU B6RUHQWHQ G
OXVHXPV )UDQNIXUW DP GDLIQ
)DVVELQGHU -:3DUMKQ@6 %HFNHU ) :ROI 0 *DJRALC
3HUVLDQ 5HVLGHQFHV LQ WKH 6RXWKHUQ &I
WKH 3HULSKHU\ RIGWRISISFHXIHHB HDQU FKpRPpW UL H
GRL DUFKHRVFLHQFHYV
+DKQ 6 3DUWQGHDVME %YRERNK\DQ ¥ KKK QFMVBD V \
RI *ROG ODJQHWRPHWHU 3URVSHFWURBGRL WKH ¢
YXH G DUFKpRPpWRIH DUFKHRVFLHQFHYV
+DKQ 6 3DUVL 0 )DVVELRBHREKDIOORZ ,QRDLQDW]
$UFKDHRORJLFDO 0DJQHWRRKHWEQ G ERVSHHAYP RQH
WZR (WKERHDQ 6LWHV <HKD DQG OHOD]R (WKLRSL
,B*8 )DOO OHHWLQJ $*8
JLQFS )DVVELQGHU -:( %HFNHU ) 3DUVL O
%RGHQUDGDUXQWHUVXFKXQJ OLHIHUW QHXH (UN

.UHXWKHU :HJ LQ 3HLWLQJ 'DV $UFKIRORJLVFKH -]
,6 6l



f)

9)

h)

ILQEN 5 6FK|QHPDQQ / )DVVELQGHU 5|PL¥BFKWL 0 ,VVLI
6 WUHXKR | Y @OD¥ X W R S | H@WH HUEBRJILVFKH -DKU LQ
%D\HUQ 6 6l

)DVVELQGHWFN:(5 /6HFNHU ) 3DYMLUBFENVFKDQ]H PLW
$X%HQSRVWHQ SOUDRQFMARWPLHRMHIUP :DOG 'BWL :DOSHUWYV
$UFRORJLVFKH -D&U LQ %D6K

2VWQHU 6 )DVVELQGHU -:( 3DUVLODJQGHMIDFBUR-DSS ¢
VSHFWLRQ FORVH WR WKH PDJQHWLF HTXDWRU &DVH
$NVXP DQG <HKD (WKLRSLD M HRD *HUREKDG BB R YISHFAV L Y |
VSHEFWLRQ GRL

7KLHVVRQ - *RQGHW 6% HFWHELDPGHKHLEOHFNHU 0 2VW
3DUVL 0 (VSQURQ 6% $XIPODWIQHWLF VLIQDO SURVSHF\
LQ D IRUPHU $5RDPWHGI[BPSOH RVL*XMERLHZ D

*OREDO SHW VS FMWIFKHDHRORJLFDO SURGRHFEWLRQ

ORUHRYXHWWLYBIHVHQWDWLRQV LQ WKH IROORZLQJ FRQIHUH

a)
b)
c)
d)

e)

$PHULFDQ *HRSK\VLFDO 8QLRQ $*8
,QWHUQDWLR Q D§Q) RIRIDH R O MBQUEF EHFWLRQ ,&$3

1HDU 6XUIDFH *HRSK\VLFV *URXS 16**
(XUDWIEMMHLOXQJ GHV GHXWVFKHQ $UFKIRORJLVFKHQ ,Q
,OQWHUQDWLRQDO &RQIHUHOFIHRWEBPKDERIDRILFDO 3



SHIHUHQFHYV

$EHU + OHVKLQ&KL3WMWOVBI®QW D SURSHU SDWWHUQ IRU |
WURGH DUUD\ EDVHG RQ JHRORJLFDO VWUXFWXUH LQY
RUGHU WR JHW WKH KLJKHVW UHVROXWLRQ LBDJH RI
JHRORJLFDO FRQJUHVYVY ,VODPLF $]DG 8QLYHUVLW\

$LWNHQ O -ODJQHWLF 'PUAKRPHWUW\ GRL M
WE

$LWNHQ 0-3K\WLFV DQG DU BGKMNRMR PA[IRUEG H&ODUHQGR
SS

$OWDZHHO QOHFWULFDO UHVLVWLYLWIWRFAR TDOQDRN VG
WHP 3HVKGDU SODLQ SURMHFW SXEOLFDWLRQV

$OWDZHHO 0 ODMDVXG¥FDSH DQG JHRDUFKDHRORJ\ RI W
S3HVKGDU 30DLQ 3URMHFW 3XEOLFDWLRQV

SUFKLH *( 7KH HOHFWULFDO UHVLVWLYLW\ ORJ DV
FKDWBBEHLVWLFV 7UDQV $ , + (

$WJHPRJORX $ 7VRXUORV 3 3DYOLGHV 6 ,QYHVWL
WKH 1: SDUW RI WKH $PAQMWHRD ®HBDRPHQEQV RI D YHUWL
VRXQGLQJ 9(6 VXUYH\ -RXUQDO RI WKH# DONDQ *HR:

%HFEFNHU + DQGXRIHRDWRU FRQILJIXWDHH®R @ LRU KHVIRO
PDJQHWLF SURVSHFWLQJ ZLWX$EBKDHRP PILF@PHOWRPRIW
)DVVELQGHU -:( ,UOLQJHU :( HGV SUEHLWWHKHIWH G
'HQNPDOSIOHJH 0QEKHQ



%HFNHU + YDQ (VV 0 DQG )OWXEL®GEDQH :60WUXNWXUHQ
0DJQNQYG 6D W H COR WGHHUER \ICOWNHLRGAH KIIBQS®! LMW HO KR U Q
OXVHXYPQQKHL®8UXN -DKIHIDF®%WMYOH JWEDDGNHOOXQJ
B8UXN -DKOHIDFLBBWWHUVEHUJ

%XDNW 8 *<QWKHU 7 (GHFNWHULFDO UHVLPWWXIRGWVWRBRJUDS
DUFKDHRORJLFDOWHIRYBWERQBQ &RQIHUHQFH RQ &RPSXWH
AXDQWLWDWLYH OHWKRGV LQ $UFKDHRORJ\

&DJODU , 'XYDUFL ( *HRHOHFWULF VWUXFEWXUH RI LQO
ZHVW $QDWROLDLPGS G LIADW MRHFW RBXFELFNO: RI *HR G\

&DUH\ $0 3DLJH *% &DUU %- 'RIJDQ O JRUZDUG PRGHO
YHUVLRQ DUWLIDFWVODBYVKONMOMHRWIWIRFD @ UPHLVWLYLW\ WF
UDLQIDOO VLPXODWLRQWKARKEWDO RI $SSOLHG *HR

&DUVRQ ++ $ VHIWPDB S/AXWW HiHN DU\ $UFKDHRPHWU\

&KDPEHUV -( .XUDV 2 OHOGUXP 3, 2JIOHFRWs2LFRMD OBYLBWYW -
WLYLW\ WRPRJUDSK\ DSSOLHG WR JHROARMHYV WLG D RIRR¥RJ
DW D IRUPGIW Z2BNWEHREW\VHF V%

&RQVWDEOH 6& 3DUNHU 5/ &RIOQMVMWYHOML&Q D SPEAFDWPLFDO
ULWKP IRU JHQHUDWLQJ VPRRWK PRGHOV I[URP HOHFWURPD

+

&RQ\HUV /% URX®BQHWUDWLQJ UDGDU IRU DUFKDHRORJ\ $0

'DKOLQ 7 -RKDQVVRQ 6 /DQGOLQ 2 S5HVLVWLYLW\ VXU
VWUXFWXUH 3URFHHGLQJV RI 6\PSRVLXP RQ WKH $SSOLFD)
LQJ DQG (WD B GBRHRE @PRVFK %RVWRQ ORXVVDFKXVHWWYV

'"S%SQGUHD $& ODQ]JR $ +DUURZHU 0- +PNWARMVE DQG 7KH
$NVXPLWH VHWWOHPHQW-RXUQDDJED)LHOE&LRSAKDHRORJ\



'ROSKLQ /7 *HRSKW LEBKIDPIRWRBLFDO ¥WDQHRW GQ
5SHVHDUFK ,QWHQQRWDRQDRDOLI

(FNPHLHU ( SHPRWH VHQVLQJ DQGG6WRRION/ M@0 VHLG,
LPHQWYV LQ WKH 'LQND 6HWWOHPHQW &RPSOH[ DQG W
DQG QHZ GDWD VKHEBPU 30BHQ 3URMHFW 3XEOLFDWLRQ\

(GJHUWRQ +( 8QGHUBRWHU DXBKBHRORIUHHFH 09
VHXP $SSOLHG 6FLHQFH &HQWHU IRU $UPKBKRORBRGHSQ
SKLD 1HZVOHWWHU

)DELQGHU -:(6HHLQJ EHQHDWK WKH IDUPODQG VWHSS!
SURVSHFWLQJ DQG-RRDQBP DSIFKDIHRORILFDO 6FLHQF
GRL M MDV

J)DVVELQGHU ODJQHWRPHWU\ IRU@GYFRKDREEGIBELD RI *HR
FKDHRORJRSHELPORI (DUWK 6FLHQGBYVY 6HULHYV

)DVVELQGHIHFNHYWD QV\0 SURVSHPIVILREWILTH KN
'DUN/DF LABX RLOJDPHMXRVV I SHUPKpRORJLH

)DVVELQGHU -:( *RUND 7+ % B Q ARDWKR W R BiL 6 Bl @ H3UY
LQJ ZLWK D FHDVLXP PDJQHWRPHWHU LQ 1HZ WHFKQR
SOLQDU\ LQYHVWLJDWLRQV LQ 3DOSD DQG 1RVFD 3HU:
5HLQGHO 0 DQG :DJQHBSUWEQJIHME®YV %HUOLQ +HLGHC
GRL B ,6%1

J)DVVELQGHU -:( *RUND 7+ ODIQHWRPHWU\ QHDU

LQ $UFKDHRORJLF DX 3 RDESHE® Q REQUH QFHKRU DQG 0 $
% H U BiKG V 6% 1

)DVVELQGHUD QG XOHVHILKH PDJQHWRWPHNHRL 4D@NDIV
DQG *LW®]DU3IHVKGDU 30DLQ 3URMHFW 3XEOLFDWLRQ"



)DVVELQGHU -:( $4DQGXOHVHL 0D JEAHKWM BRERWEBNHHFW QDR Q DW
WKH 'LQND 6HWW QIQFEH D & RESTHMKGDU 30DLQ 3URMHFW 3}
FDWLRQV

J)DVVELQGHU -:( $4aDQGXOHVHLKKHFRBUROMRNHUINHU VXU
YH\ RI WKH 'LQND 6HWSWUKBHQVV RQIRRSESOURMHFW 3XEOLFDWL

)DVVELQGHU -:( 2VWQHU 6 6FKHLERSIKWHB DO SWRWIS BFWLR
FDPSDLJQ ODJQHWRPHWU\ DQG (DUWK 5HVLVWDQFH 7R
FKDHRORRIF®W VUWH 8QS X EIOWNKW B UDISHR BW$QWLTXLWLHV

)DVVELQGHU -:( 2VWQHU 6 6FXH)EQOWPNHQ LFH3DQ W.KH
GHVHUW S$UFKDHRORJLFD @ JRRG K VWL BPUERDLRGERZRH O G
FLW\ RI .LQJ *LODDHPHYBREDO SHBQSHFAKDHRORJILFDO SURYV
WLRQ GRL

)DVVELQGHU -:( +DKQ 6 3DUVL 0 %HFNHU ) :ROI 0 *DJRA&L
3HUVLDQ 5HVLGHQFHV LQ WKH 6RXWKWHE &BXEBKMNY\ FOWH)
WKH $FKDHPHBHGXKPSLDUFKpRPpW GRL DUFKDHR
VFLHQFHYV

)DVVELQGHU -:( %HFNHU ) #KEBHBDBYLFOO *HRSK\VLFV
6WXGURK %URQ]H $JH ,URQ $JH 6LWHV30® MX H 3MHH QL D Q
*HRUJLD ,Q WKH &DXFDVXV %ULGJH EHWZHHQ WKH XUEDQ
SRQWLF VWH'SSHMWP LQOMQRLXP %& 'HU .DXNDVXV %UsFNH ]
XUEDQHQ =HQWUHQ OHVRSRWDPLHQV XQ-® KBUMMHSRQWLVFKH
Y &KU B6FULIWHQ GHV $UFKIRORJL\LEKH® O XV H YR\ WUHIEQ E\ X
6YHQG +DQVHQ /LDQH *BARYHAKO ,68MHLQHU

JLQNEH& QHU S8UXNDPSDJQH 'LHDUFKIRORJLVFKH
2EHUIOIFKHQX QAXHYBXERKQ J



)XUWZIQJOHU $ .QDX% ) (JROGFKIRORJILXNFKBIWUSHGL)
.DFKHWLH®UDVLD $QW+TXD

)XUWZIQJOHU $ .QDX% ) (JROGFKIRORJILNFEKBIWUSHGL)
.DFKHWLHQ9RUE HXIUDKWLD $ QW+ T XD

*DPNUHOLG]H ,3 E *HRDRDFRFORBHELD RI (XURSHD
UHJLRQDO JHRORJ\

*HUODFK 1HXH )RUWHKENQVARHIXUXIGMKKRE LQ 6WHF
%XUNKDUGUORIJW ,Q NDLVHUOLFKHP $XIWUPHG LGN HR GH X

XQWHU (QQR /LWWPDQQ (WKQRJUDSKLVFKH NLUFI
KLVWRULVFKH 8QWHUVXFKXQJHQ )RUVFKXQJHQ ]XU
XOWXUH®

*HWDQHK ¥ 6BIUQHFROD /&8LPHQKURBDO PR&NOOLQJ F
VXPLWH VHWWOHPHQW DW WKH DUFKDHRORJLFDO VLW
XVLQJ LQWHJIJUDWHG JHRIFK\NHRD® JW FF®& QRQLUEXWHIH FW L R

GRL DUS

*LUDXG - 6 XUIDFH VXUYH\ RI WKH 'LQNDHVKW /WD HP
30DLQ BURMHFW 3XEOLFDWLRQV

*ULINTLWKYV '+ %DUNHGIBPHQVLR®RO UHVLVWLYLW\ LPD.
LQ DUHBRPROH[ JHRRORIQDO RI $SSOLHG ®HRSK\VLFV
GRL -

*«QWKHU 7 5¢FNHU & BISUB8HPAHQVLRQDO ORGHOOLQJ D
RI '& SHVLVWLYLW)\ 'DWD ,QFROQOYRWNWR Q J *HRFEERK\WD S K\ C

+

+DK& 3DUVL 0 )DVVELQXBDWO:HQJIHV DQRDUEMWRE M VRH U
VXUYHQ <HKD DQG OHOP FRUHSKXULRWLER Q



+DVKHPL = 7KH H[FD¥BVWIRQUDL@ BURMHFW 3XEOLFDW

+XOLQWDQHKMU & 7DEEDJK $ 9LRBWOMLWWY EHQHDWK WKH
ZKHUH &RQUDG 6FKOXPEHUJHU FDUULHG RXW WKH ILUVW
LPHQW (KK IDCLEBH\ 6 XUIDFH *HRSK\VLFV

.QDX% ) 'HU 3DODVMQGR®LHXBPEOWH GHU $FKDLPHQL/C
WUDQVNDXNDVLVEFKHQ ,EHHLGXQ $SWEKIR®RUDWQF KB ® L7W WD Q

.QDX% ) $QFLHQW 3HUVUD @QLF® REW FIDCOFD V X V

GRL ,$

.QDX% ) *DIJRWKDLEBDHY |, _.DUDFDPLUOL $67¢ SHUVLVFKH
/IH %RUJQH ( 6XVFHSWLELOLWpP PDJQPWLTXH DQRUPD
*HRSK\V

JHLFKHU -'LH 9LOOD 5XVWLFD YRQ 3HLWLQUWHKXKURQLN C
HLQHY DQWLNHQ /DQGJIXWHV

JLJKWIRRW '5 TD@GDWLBRRPQYRU\ HFRORJRXEDIUGEROPHQW
$ULG (QYLURQPHQWYV

ILQFN 5 )DVVELQGHU -:( '"HWHUPLQDWLRQ RI WKH LQI
DQRG VDPSOH JWHRQEQIHAHNVROYPDWLQJ UDGDU D FDVH VWXG\ RI I
IRZHU %DYDULD $WGFEROWKORIIRDRIDEDO 6FLHQFHYV

/IRNH 0+ %DUNHWBDFWILFDO WHFKQLTXHV IRU " UHVLVWLYL
LAHWVLRQ *HRSK\WLFDO SB8URVSHFWLQJ

IRNH 0+ %DUNHUS®DSLG BHMDWHY LQYHUVLRQ RI DSSDUHQW
SVHXYNGFEWLRQV AHVMZQAIRIDXXRNG *HRSK\WVLFDO B3URVSHFWLQJ



/IRNH 0+ 'DKOLQ 7 $ FRPSBIUHZWRRQ RD GNBKZAXERIYAY V
PHWKROGNVILOWLYLW\ LPDJLI)D RRYSHYOLRG *HREKQVLFV
GRL 6 P2 <]

IRNH 0+ &KDPEHUV -( 5XFNHU ") .XUDWHRH QWD KELHY\HRO®R
PHQWW KIH) GLUHAWW JHRHOHFWUIRPOU DPDRL @3 SFKAHWIGF
SK\VLFV

OHOLNDG]H * -XNRYD 1 7RGDG]H 0 9HSNKYDG]H 6 .DS
-LPVKHODG]H 7 9LWYDU 7 (YDOXDWLRQ RI UHFKDL
$ODQRUL EDVLQV XVLQJ K\GURFKHPLFDO DQG LVRWRSE
JDQ *HRSK\VLFDO VRFLHW\

OF*KHH 06 /X\HQG\N %3 %RHJHPHQ '( IRFDWLRQ
VKLSZUHFN E\ PRGHUQ BRI WNAIED & DRKNR DXRH V¥ DAULR) H
FHHGLQJV RI WKH ODULQH 7THFKQRORJ\ 6RFLHW\ WK
" &

2VWQHU 6 )DVVELQGHU -:( 3DUVLO®JQGHWIDFKURVBHF
FORVH WR WKH PDJQHWLF HTXDWRU &DVH ¥WKBLHV L
(WKLRSLD 1HZ *ORERQ $HBKNBHRWRYHFDO SURFRISHFWLF

3DSDGRSRXORV 1* 7VRXUORV 3 7VNZARSDNHQV LADQDIQ \D §
7KUBHPHQVLRQDO 5HVLVWLYLW)\ ,P,R¥HIWSUBKBRDQHRO
RORJLFDO 3URVSHFVBIRRQ DUS

SDSDGRSRXORY 1P+L7WRXUORV 3 7VRNDV *1 *HR
YHVWLIJDWLRQ RI WXPXOL E\ PHDQV RI VXUIDFH G HOH
RI $SSORISG\VH FV

3DUVL 0 )DVVELQGHU -:( 3DSDGRSRXORV 1*5HFKHLEC
YHDOLQJ WKH +LGGHQ BWUXFWXUH Rl WKH $QFLHQW &



7TRPRJUDSK\ 1HZ *ORED® SHKDFHHRFRORIYHDO SURVSHFWLRQ
GRL

3DUVL 0 )DVVELQGHU -:( SHPRWH VHQVLQJ DQG VRLO
7KH (OHFWULFDO 5HVLVWLYLSWNRKEPRJIJUDBIKY JBRMHEWY B )
OLFDWLRQV

3bUuVvL 0 /LQFN 5 )DVWH®@QOHWKOLIKWLQIJ WKH 3RWHQWLD
(57 E\ &RPSDULQJ LWV 5HVXOWYV ZLWK *35 DA WEH ([FDYDV
LQ3IHYXH G DUFKpRPpWGRH DUFKDHRVFLHQFHV

3LUR 6 &HUDXGR * =DOW®HUDWHG JHRSK\VLFDO DQG DUFK
YHVWLIJDWLRQV RI $TXL QitRacologizaPRovieQi®nQH ,WDO\
GRL DUS

SDGQHU . F 7KH SHVKGDU 30DLQ 3URMHFW LQ LWV IRXU
JUDPBHVIXBGDA®@ 3URMHFW 3XEOLFDWLRQV

5DGQHU . .UHSSQHU )- &RRIFWXNWURGY DQIB IXWXUH OLQHYV
3HVIXG 30DLQ 3URMHEW 3XEOLFDWLRQV

5DGQHU . .UHSSQHU )- &R Q F GXWIKEQO D D@ SUHRIWIS F\F W
3XEOLFDWLRQV

5RIJHUV 5% .HDQ :) ORQLWRULQJ JURXQG ZDWHU FRQW
SRVDO VLWH XVLQJ VXUIDFH UHVLVWL£YLW\ PHWKRGV *URX

6DQFHWIUUGHQEXUJ + 7KH 4XHVW IRU DQ (OXVLYF
+ PQFIMAUGHQEXUJ GV.XKUHQWUH BU®R BHHWEB®BHW\RI WKH
*URQLQJHQ $FKDHPHQLGS$FKDWRHQ LYSU NAMKRELD

SHHWHUV



6DUULYV $0XOWL RU ODQLIROG *HR&RPAFWBUIDRSOHF WY

DQG 4XDQWLWDWLYH PHWKRGW \LRI BURFKKNDHHERROSRARRQEHILY

HQFH RQ &RPSXWHU $SSOLFDWLRQV DQG 4XDQWLWDW
H,6%1

6FKOHLIHU*KRVW IHDWMDHOVIRUSURSURSULDWH PDQDJH
IRU GLVFXVVLRQ 1HZVOHWWHU RI MRORJQWHOU QDR BRI
%UDGIRWG

6FKOXPEHUJHU & BUHPLQUHV H[SpUSR\W AW L&DDW
WUDFpHV DX ©RXIDIFKWHEFERQIWAY BEBWHBRE W 5H I
OXVpH GH &UqYHFRHXU HQ $XJH &DOYDGRV )UDQFH

6FKPLGW $ (DUWK UHVLVWDQFH IR\DQ@QKPRDHRDRIJI
<RUN 7RURQWR&. 30\PRXWK

6FROODU , 'HLQGHU % v&aSOIBHWXK DUFKDHRORJLFDO PDJ
SK\VLFV =

6FROODU , 7DEEDJK $ +HV¥HFEDHRORILFDO SURVSHF
PRWH VEOPEQLGJH 8QL YHDPEHWI\GIHWHMWZ <RUN 3RUW &
ERXUQH\ 6\GQH

6TXLWISHDWDZ HHO 0 $PLFRQ@HHOWWHK B -5RKGH - $
OLWKLF NLOQ LQHWKB DARBYDDI@QDEDPRMHFW 3XEOLFDWLEF

7TDEEDJK $ (OHFWULFDO UHVLVWLYLS/\*DQBEHMK@WH F
*ROGEHUJ 9 75 +ROMDQAEGMG 5 6 6WHUQEHUBFORGHWGLD RI
RDUFKDHRORGRL

7TKLHVVRQ - .HVVRXUL 3 6FKDPSHU & 7DEEDG@R $
PDLQ HOHFWURPDJQHW VK GIHDYLHE B ¥ UGHDCU LF @ HBIR S K\ V
LFV GRL



7KLHVVRQ - *RQGHW 6 )DVVELQGHU -:( %HFNHU ) 6FKHLEC
%RXUJREMURQ 6 .DQLXWHQHWLF VLIJQDO SURVSHFWLQJ L
$FKDHPIBQIOMWKH B Rl *XPEDWL 7+ UBKD HROR I LEQ G
3URVSHFWLRQ@ ,6BD0DRRG $UFKDHRSUHVV  2[IRUG

GRL

7TULQNYV , /DUVVRQ / *DEOHU 0 1DX ( 1HXEDXHU : .XFHUD
+ /IDUSH DDBWFKDHRORJLFDO SURVSHFWLRQ RI WKH ,URQ ¢
SDNBMHGHQYDQFLQUFODHUKYVRO X WLRIQDEHDIHRSK\VLFDO SUF
VSHFWLRQ

7VRNDV *1 9DQ GH ORRUWMWOD BSIHWBDIUJBRH]BYV(* =DKRX
*HRSK\OLFWOUYH\ DV DQ DLG WR H[FDYDWLRQ DW OLWUR
+HVSHULD

7TVRXUORV 3 3DSDGRSRERPKHORVRNBY &RPSDULVRQ RI PHDV
XULQJ VWUDWHHOHW¥WRUWRDIOHUHV LV WLRNXVURIMBBOLGI RI WXP)>
*HRSK\VLFV

9DQ 39 3DUN 6. +DPLOWRQ 3 ORQLWRULQJ OHDNYV IUR
VLVWLYLWAHRSW K\RLGW +

‘HVHQEHUJ 9HLO ,,, 'LH 9RUJHVFKLFKWH GIHLKRQAMFKHQ 6|
GHU %YRQQHU -DKUE*FKHU

'RROOH\ &/ 8U ([FDYDWLRQMRYUKROSQLYHUVLW\ 3UHVV

\QQ -& $ UHYLHZ RI JHRSK\VLFDORORNKRGWRXVHIGDIHR O U F
RJ\

<L 0 .LP+- BRQJ < &KRKBQJ 6XK - 7KUBHPHR®DO
LPDJLQJ RI VXEVXUIDFH VWUXPFWRSKW XYURY SHPW. VWLYLW\



SEFNQRZOHGJPHQWYV

JLUVW RI DOO , ZDQW WR W K D&HNUP IZER SR GKIPHRGU P H| WF
KLJKO\ H[FLW{IQEHWERXSISR UW HG P\H3WIKQR XMKXVWHG P\ R
LRQ RQ QHZ LGHDV , DP YHU\ JUDWHIXO IRU DOO WKH
WLFLSDWH LQ GLIIHUHQW PRGIHRH QFOIY SGVREBW LY
DFKLHYHG GXH WR RXU YDVW QXP HHWH R) HDWEYWH & R 2D @
O D E RIMDDAFHHZ X QVBH\Y HBLLDIGI UHRYEY DQG , DP DSSUHFLDWL
OHVVRQV LQ P\ 3K' MRXUQH\

, ZD@YWR GHHSO\ WKDRSRXONRW ZEKKDLBW B FIRRHR IWVEK W H
,06)257+ OWDE *UH MWFHHD WBREFRHHWPWW KRG VXSSRUWHG PH
DQEEDWLBQWZHUHG DOO RI P\ THKNRWHRQ@WY W Q, \WR HV K D\®KX
WKH &267 DFWLRIFKMESERUWHG RHKLMDIQWHIW OO\ IRU

, IXUWKHU ZDQW WR ZKKBDK\NS LENLY. EQVXWIKKAHGY DOZD\V
DYDLODEOH ZKHQHYHWUXKIVG @ PN VRBLRQRQYV YDVWO\ |
VWDQG WKH DUFKDHRORJLIFQWX E SRIDW HEG RIHQ G RRXQFZ B

, ZRXOG OL NMKWEDMIODEENVHLOXQJ RI WKH *HUWBQ $UF
'$, HVSHFLDOO\ 3URI 6YHQG +DQVHQVFRKFRODINUKG S GL
WKH ILUVW JHRSK\VLFZVWKZKR VKR B@RQRKHSGE DQG VXSS
LHV

, ZDQW WR HVSHFLDOO\ WKDQN 6DQGUD +DKQ ZKR ZD
FUWLF DI & IDPWH WK PAHR O @ 1D (RIBKIHWQR® HRQH F:BIQZ K QR WH
WKURKIKXFK WRIJHWKHU DQG\ ZHLBHHEZXWRQHVBKHBRXO G
WKH VDPH LI VKH ZDV QRW WKHUH



, WKDQN OLFK DX (RMWKBDOBRMQ \DWBURKRI DEBGRU EHLQJ
WKH EHVW RREHAR @D WBIQRUIPATRYQHB , DP WKDQNIXO IRU DOO
DQG FROOHDJXHV ZKR PDGH P\ GD\V LQ WKH LQVWLWXWH F

, KLJKO\ WKDQN P\ SDUHQWYV ZKR QHYHU GRXEWHG WKH ZI
PH$QG ILQYDOQOWSHFWDR RMKDRQQF pRIL & E WM WML R®R X V
FROQGLWRRAWDMBSRUW RYHU WKH ODVW \HDUYV



