4XD QW LWKRSD F\WERIE®DPRBOVWKH UHJLRQ
OHYH®E WKH %ODFN 6HD

. XEU\DNRY B WDQLFKARO®MRY '/

JHGHUDO 6WDWH %XGJHW 6FLHQWLILF ,QVWLWXWLRQ OVWWLWOALQH +\GUR
,QVWLWXWH RI (DUWK 6FLHQFHYVY 6DLQW 3HWHUVEXUJ 6WDWH 8QLYHI
&RRSHUDWLYH ,QVWLWXWH IRU ODULQH DQG $WPRVSKHULF 6WXGLHYV

12$$ $SWODQWLF 2FHDQRJUDSKLF DQG OHWHRURORJLFDO /DERUDWRU
&RUUHVSRQGHQRENRR $OSVUNAKEU X

$EVWUDAMHOOLWH DOWLPHWU\ PHDVXUHPHQWY VKRZ WKDW WKH PD
XQHYHQ :KLOPHWRHVEDVQBYHO ULVH IURP W R ZDV DERXW |
ULVH YDULHG IRRPHDU LHQWWHBOFSDUWPWHDW WKH EDVID®D G HULSK HU
QRUWKZHVWHUQ VKHOI DQG WR PP \HDU LQ WKH VRXWKHDNW HG®
GLIIHUHQFHV LQ WK HD®RMIPQF WHD®D Z/R¥MBQUR WEXSAEBKXDQJHV DQGNKH
PHVRVFDOH G\QDPLFV RI WKW HUPDEQWHQV L) LLADW LR @ RQ WKH F\FORQ
REVHUYHG LQUWUHQJWKHQHG GLYHUJHQFH LQ WKH FUH MM @ HRRHOKIDE
DQG VKHO! [BYHDEQDQIGHDEDVLQIY LQWHULRU $QG VHFRQG DQ H[WHG
UHVXOWHG LQ a PP \HDU KLJKHU UDWHV Rl VHD OHYHB GHPRQQWW|
WK D\® WIKFDGAB DPLF VHD OHYHO YDULDELOLW\ LQ WKH %ODFN 6HD FD
FXUO REWDLQHG IURP DQ DWPRVSKHULF UHDQDO\VLV 7RUVGD@IDRZA
HITHFWV LQ RUGHU RIRWGINUR I W HEBHQE WMIDQOINWHO FKDQJH LQ WKH SDV\
HUD

,QWURGXFWLRQ

7KH PHDQ VHD OHYHO 06/ ULVH LQ WKH %ODFN 6HD DV EKHOO L
EDVLQYV IUHVKZDWHU EKGSIHOW DRI RV KWMKW KADUPIDIO FBRUDXPHY GV DR
*RU\DFKNLQ DQG ,YDQRY -HYUHMHYD HW DO &D]RQBY H HUMC
FRPSRQHQWVY RI WKH %ODFN 6HD OHYHO EXREJHBWUKDM UE N WX GIORH VAV
$OWPDQ 6WDQHY HIWW @YD HW7MOPSOLV HW DO *RU\DFKNLQC
*UDHN HW DO ,O\LQ HW DO 9RONRY DQG /DQG R HIW W L P D 9
RI WKH %ODFN 6HD OHYHO ULVH RYHU WKH WK FHQWXU\PEDNDBIG R
%RIJXVODYVN\ HW DO 5HYD 7VLPSOLV DQG 6SHQEHHUUHHYV
ZLWK a PP \HIDDRRRDQVR6/ ULVH'BXQWIUWKKXUFBBHWHBGCRQ VDWHOOL
PHDVXUHPHQWYV GXUWIBRPDG WKH %ODFN 6HD 06/ WKH® URWHHDW D
&KXUFK HWS$NUDU HW AWK WKH WLGH JDXFREBGRE IR DNPHMWIUOHY HO
%ODFNDBHDQRW RARQW WDRIPAMJ\DFKNLQ DQG ,XBEQRXYNRY DQG 6WDELFKQ\
ZDV ULVLQJ DW D &y HBP KHDK WRQWHXFEHW HW BWDQHY HWaDHQDYH HW



oi

*RU\DFKNLQ HW DO 9LJR HW DO <LOGDREGH W D CHDW
*LQ]JEXUJ HW DO
7KH EEVGE VDWHOOLWH DOWLPEHWUD CPHH® WWKKUICHVP HQKWHY KDDYFHN 6 HD O
ZKLFK LV UHODWHG WR WKH G\QDPLF IDFWRB&WDOKDWHWHGBQVWULEXW |
HW DO 7KH PDLQ IHDWXUH RI WKH %ODFN &AX GHNQDW LER ZLL\Q W R B RFQB(
VORSH 7KH JHQHUDO F\FORQLF FLUFXODWLRQ UHVXGWYV KL KOH O R/ZHH

DORQJ WKH FRDVW %ODWRY HW DO 6LPRQRY DQG $OWPDQ

.RURWDHY HW DO W KDV EHHQ VKRZQ WKDW WK BHDH B V®REXCD Y

GULYHQ E\ FKDQJHV LQ WKH ZLQG FXUO DYHUDJHG RYHU WRUR WD WLY(
*UDMINV DO . XEU\DNRYQHWM. @WHU WKH F\FORQLF ZLQG FXUO

(NPDQ WUDQVSRUW LQFUHDVH DQG FDXVH GLYHUJHQFH LEGRDWHAVFHRI
FRPSHQVDWLQJ YHUWLFDO X QLKW FHN@WHUVRFWHKH VHD EULQJV FR
VXUIDFH ZKLOH ZDUP DQG IUHVKHU VXUIDFAKADW H®REZQ Z$SDOKIHIE W F
6WDQHY .RURWDHY .XEU\DNRYVXWPHQO RMQLIF EYFQG FXUO ZHDN
GLYHUGHE@ BHDMVGHWKH ZDWHU DFFXPXODWHG DORQJ WKH FRDVW IORZ\

. XEU\DNRYD .RURWDHY

/IRQWHUP FKDQJHV RI WKH %ODFN VHD G\RIHQHNVW\PEID AW HR § HW KGi+
EDVLQ 3DUWLFXODUO\ 9LJR HW DO DQG ODWHU ODPEFW\BNRYFBQR
VHD OHYHO LWUBWNVNQIDVWHU WKDQ WKH VHD OHYHO EZ& WE¥HHNMQ W/
VSDWLDO VWUXFWXUH RI WKH %ODFN 6HD OHYHO WUM®BRY IKHUUHOR
‘H DOVR H[SORUH ZKHWKHU KLVWRULF WLGH JDXJH PHDRNUHFWHG VI
G\RPLF HIITHFWV LQ RUGHU WR REWPHDQEWMDNG HYH\OWHRDQVIHHY LI WVHKHH

7KH VHD OHYHO ULVH ODICQYIWRIOIODWROGLRUHOVOFRDVWDO HURVLR
LPSDFW RQ KXPDQ DFWLFRWVMND OQ R\QKH $@IFN 6HD $YVDU HW DO
LGHQWLILHG DV RQH RI WKH PDMRU SUREOHPV IRU WKH WODJFN 6HD
(VWLPDWHV VKRZ WKDW DQ LQFUHDVH FHWMBHDFREVYVWO E\HURVFLBRRAV XCE
., YDQRY $Q LQFUHDVH RI VHD OHYHO E\ FP ZLOO BHRMNMADWKE

$OOHQEDFK HW DO 7TKDW LV ZK\ WKH LQYHVWHOLYW LLRXQ WRK HVI
6HD DQG LWV UHDVRQV LV DQ LPSRUWDQW WDVN IRU WKH FRDVWDO L

'DWRG OHWKRGV
,Q WKLV VWXG\ ZH XVHG WKH UHJYRQDIH Y B & HDMRIPD D LDHOW I6P$1 W U R
SURGXEWDOBMRP QG GLVWHWYEXBIHGKEXXS&R(BW 2D P LVR RFHDQRE
7KH PDSV DUH EDVHG RQ PHDVXUHPHQWYVY E\ XS WR IRXU LBQWO O LW
VSDFLQJRI{H GDWD DUH URXWLQHO\ BB E U W MDMDHEGJHRRIS K QWLYF D P i IQ MDA
$ G\QDPLF DWPRVSKHULF FRUUHFWLRQ '$& LV DSSOLHG WR DWRER
DWPRVSKHULF SUHVVXUH DQG ZLQG IRUFLQJ &DUUHUH DQI&¥ /\PHUA RG
B\V RI D EDURWURSLF PRGHO RI /\QFK DQG *UD\ ZLWWK M/ K H
LQYHUWHG EDURPHWHU FRUUHFWLRQ DQG LW UHTRHQFDWYHMDO D HHIGX
HVSHFLDOO\ LQ FRORWB® WHILRQV O9RIIOH LW KDV EHHQ VXJIJHVWHG
QHFHVVDU\ LQ WKH DOPRVW HQFORVHG %ODFN 6HD *LQJEXWXRIHBO



WKDW RQ WKH LQWHUDQQXDO DQGHYR®@JHHWSRRHG VADR HFK MMQKIHH W6 O Q A
LQYHUWHG EDURPHWHU PDQQHU L H PEDU FKDQJH RI ©UWH/D/ OW HE

2YHU WKH UHFHQW \HDUV D JUHDRRBVRJB H DV XEQHHP @ SRR KDY @& K B K
EHQHILWHG WKH UHJLRQDO DOWLPHWU\ SURGXFWV VXFK RYWHWK®G W H
WKH FRDVWDO DUHDV RI WKH OHGLWHUUDQHDQ 6HD KDV UHPNG®DE
DIJUHMWHEHWZHHQ WLGH JDPRIBVWHERUICY WKRIE WOIDEN 6HD KON B ® \ORQ E
IDQGHUHURURWDHY HW DO BWDQHY HW DO *RU\DFKNL

$YVDU HW DO

7KH DEWR GXQDPLF WRWRHI % QIDW N-RFABMMMKE RI WK HBDRSHVIQWKHWLF
PHDQ G\QDPLF WRSRJUDSK\ Rl .XEUTBENRR @G BQ® @HIKGLRQDO FRP
WUIDFH JHRWWBRSWLAMARP S XWRBIOHEVROXWH G\QDRVE QWRBHRIVW BRS K

X J\vK v JvK

i [ ——
HTXDWLRQ\I/V\x W
ZKHKHVDEKROXWH G\QDPLIE\)W\RSRJ&JFDL‘B[KRQELSDWIB[PIHJNJIE)U’LWDWLRQD(

GHYEY WKMFDOOWH. DULDELOLW\ ZH XVH WKH IgDy(S(LWYXGH RI IJHRVWURSE

7K ¥ D UL D E L Oh @/DBAAND \BLKBIHHRR P SB WHZR B DBMADQHY HW DO U DWKIHH W
EDVRLYQH U D J H G PKHDIYEHD DRVANG. FVERU WIKEO H DIPWEIRQ@ WY [RUL Q H G [ Q GWKVM HEUDL VE L I
DQIAWIGHNQDPLF VHE GKBEBXH WR WKH UHGLVWULEXW%R © DRINEHS B/RQV AL \
RB/$SWR WHKHHIRRHQF\ YD U ICEL O BWRU \EX B PRWW VS D W LROURW DHOY IKRW H

W H6/ DW D SDUWLF X CLDAH OLRADGVD R QV K H G L | O-RIFHDQF &IOEHON\E K H GE DV\KL
PHDWHD OB&M&E [\ 6$ [ \+06/

,Q DGGLWLRQ WR VDWRORRPSX WD WLKPHH WILQ G BPXWWO RYHH XWWHHG% OD F
KRXUO\, Q3HULP ZLRMHWKBIWIKW 'HH HWVDKDV EHHQ KHKRZ®R WHKWDW &L Q
RYHU WK&HBROLLMAHEBDWKR/ LWX PHWHRURORJILPQG BHV VX UHEK MWVY DU LI
GLUHEWWEKDWD RWKHWWH DHBDEFD @&Y(3 :5DUPDVKRY HW DO

7R VWXG\ WKH YDULDELOLW\ Rl HGEXVBEDOLEXWRPNWH G ODKNS 58 [
HW DO HGG\ LGHQWLILFDWLRQ PHWKRG GHVFULE}MU LD EK WMBGIC
WKH PIGWKABAY UDGLXV DQG P D[L BWPHDUFKL WD GROMIK MIWHTXHQF\ R
REVHUYDW LR Q F % IIHVGWK M/ R W DVOIWVL® s RIKGIWY LV ORFDWHG ZLWKLQ DQ
DQWLF\FORQHV DUH ODUJHU DQG PRUH SRZHUIKYD DAXD 6 WDROQRRA@V 2
WKLV ZMWRQO\ FRQVLGHU WKH SURSHUWLHV Rl DQWLF\FORQHV

5HVXOWYV
L, QWHUDQQXDO YDULDHIDOOCWYHRDO WKH %ODFN

7KH YD UL DEK® 9D\ DRFFIN. ¥ HIX RAQ LY 06/ZDV ULVLQJ DW'D BPPWH R
SHU \HDU LQ DJUHHPHQW ZLWK $YVDU HW DO 06/TKLWH YIDQO XH FRI

HJ &DJ]HQDYH HWHD®WUHQG KDV QRW EHHQ FRQVWDQW \PHD\KIHY HQ
i



in

WKHRVDW@WQ D UDWH RP \HDU LQ DQG LQ LWRMBDLQ DW D |

RI ¢ PP \HDUJ ELPLODWHY RI VHD OHYHO FKDQJHKO XHLDOUHAIDKS \I
UHSRUWIH® HW DO <LOGIMQBGO EDVHG RQ WKH DQDO\VLV RI VD
GDWD

7KH VSDWLDO GLVWULEXWLRQ RI VHD OHYHOWWRHM GGV LLRIGW KLH %O D/
VHD OHYHO FKDQJKQIMREDWQ MDWHER\OOOL HU DQ MWUMHN RO WIKRHIWOQ R
HW DO .XEU\DNRY DQG 6WDQLFKQL\ 6HD OHYHO LQ FRDVWDO D
PP \HDU ZKLFK LV DSSWRRPHRDWHD\WHU WKDQ LQ WKH FRHQWDBW RI7 WK
ODUJHVW WUHQG HFHHOUQWY REVHUYBG HQOQWKMHUWRRWWHKH EDVLQ

GLIITIHUHQFHV LQLWKHOVHDUEBODMWAHG WR WKH UHGLVWULEXWLRQ RI ZDV
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JLXUH7KH EDDWIHUDJHG %ODFN 6HD OHYHO IURP VDWHOOLWH DOWLPH)\
DQG D OLQHDU WUHQGVLRPH WRWHUYDO E WLPH VG AR YW-RRROIWKHD Z
WUHQGV IRU FVSDWLDO GLVWULEXWYRD BHWKH WUHQGYV
PP \HDU



'LQGULYHQ G\QDPLF VHD OHYHO YDULDELOLW\

7KH PDLQ IHDWXUH RI WKH %ODFN 6HD G\QDPLFV LV WK H RQMLRGIQANVD
VORAKH SUHGRP L QIR MM\GF FIXAWRQRYHU WKMXEDDE® BL XV HOKEH Q B DWI
DQG GRZQZHOOLQJ PRWLRQV DQG DVVRFLDWHG GHHSHQH®Y BH S HQR
KRUL]JRQWDO GHQVLW)\ JUDWGQ RPN R FOK B WHBCHARZHH W IO DO R Q J .RUR\

7KH VHDVRQDO YDULDELOLW\ RI WKH %ODFN 6HD '6/ LVDQUWLYH® BYOW K

.RURWDHY HW BDQWHU WKH

ZLQG FXUO LQFUHDVHV DQG LQWHQ\

'6/ IDMQ WKH FHQWHU RI WKH EDVLQ DQG ULVHV DW WKH EDNUQHSMHUWL
ZHDNBQ® WKH ZDWHU DFFXPXOORHGEDERQIQWRHWARTEEDVLQTY LQWHU
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JLIXUH $YHUDJH '6/ GLVWULEXWLRQ LQ D )HEUXDU\ E K-
FHQWUDO SDUW GHSWKW UWIRYEH NWORDYJ WKH EDVLQYV SHUIPSKWMWAVGHS
7LPH VHULHY DUH GEERRWRNGQEN DYHUDJH

%\ WKH PHDQV RI (NPDQ G\QDPLFV IOXFWXDWLRQV LQ WKHZQOQR R
WKH ORQJHU WHPRHWRD@IKY 2V G FXUO LQFUHDVH WKH '6/ DW WKH E
EDVLQ BNQNHBHVXOW WRMLOAYQ QWKHULRU DQG SHULSKHU\ KDYH DQ
FRHIILFLHQW IINN F WKDWQZDPUWHYKRX® VWXGLHV B6WDQHY HW DO

n
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'LVSOD\HG LQ )LJXUH LV FRUUHODWLRQ PDS EHWZHHQ WKHUL®G
SRLQW IRU WKH WLPH VHGDNW RPRRWEMBUBJUD® RQO\ LQMVWALD®HXD C
FRUUHODWLRQ FRHIILFLHQWY DUH VLJQLILFDQWO\ SRVLWRYBQG WKH
DUH VLJQLILFDQWO\ QHIJDWLYH LQ WKHKBHHRYUBYBWLRQY RDWKM ERY
(2) Rl WKH DOMUWPHWAUVHD OHYHO ZKLFK KDV EHHQ DWWULEXWHG WR
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JLIXURBRUUHODWLRQ FRHIILFLHQQWY EHNGZ AHQGWREHI EDDQ® '6/ IRU WKH
VPRRWKHG ZGWWKPRYLQJ DYHUDJH RQO\ LQWHUDQQXDO VLJQDOV DUH
MEDWKYV PHWUHYV

7KH FRUUHO HQWRYD FRH IKLBK RYHU WKH FRQWLQHQWDO VORSH RI
QRWMNW VKHOU WKH FRQWLQHQWDO VORSH WKH ULVH RI '6/ OHDGYV
S\FQRFOLQH WKDW GULYHV WKWKH.P BXIHDHQ VZK HY M K W WKW DIQ RD W L
PRQWKY WKH REVHUYHG '6/ YDULDELOLW)\ LV SULPDULORIFOXNY A E\\
VRXMDKWW DUHD RI WKH EDVLQ ZKLFK LV NQRZQHWDWBKHD QUIN D R WWIKH
.RURWDHY HW DO . XEU\DNRYH6WHKOQLEBWHQVH HGG\ GARDPH F§/ F
FKDQJHV FDXVHG E\ (NPDQ WUDQVSRUW

7KH LQWHUDQQXDO YDDYPEDOH®W\ZRD & KK E®VWVRQ WKH WLPH SHUL!
FRPSOH[ ZLWK VHYHUDO VKDUS PLQLPD LQ DQGJ $ONQ G
WKH VDPH WLRHHDWHMENE FXUO LV LQFUHDVLQJ RYHU WKH HQWLU
KLIXFFXUDF\ DOWLPHWU\ PHDVXUHPHQWWYHDUYBOXHDRODERHL:6§GQHDU
rd: &r’S V SHU \HDU ZKLFK FRQVWLWXW HWH DS-RX WH D UWRRIK W KR @I DIEU E
ZLQG FXUO LQWHKEWVLD VORR@QVLILFDWLRQ RI WKH EDVLQYV F\FORQLF FI
DOWLPHWU\ .XEU\DNRY HW DO 7KH P HDSL ¥ SIMEKIIEV ROV XL | T

EOXH FXUYH ZzZDV ULVLQJ DW DQ OF$SVY R HBD\WHUU CB\WMHORA RI WKH DY/
YDOXH



=1}

JLIXUH 7TKH LQWHUDQQXDCDYHUDJHG ZLQG FXUO DQG
EDVDYHUDJIHG VSHHG RI VXUIDFH JHRVWURSKLF FXUJIH @ RYL QIO X M HRUXD

$ SRVLWLYH QHJDWLYHQNWHGG®\RZEDQGE FXYOPVWQUGHLYHUJIJHQFH ZK
WKH FHQWHU Rl WKH EDVLQ DQG UDLVHV ORZHUV VH L DW M HDK Bl OFDQ
RI '6/ DW WZR ORFDWLRQV VKRZQ E\ FHRWQVMKHO )LJ f( RQ MK D @R U

EDVLQ f( fl 7KH WLPH VHULHV RID&HUDHGE GXUQRIKE BXQAUD WK
VWURQJO\ FRUUHODWHG IRU WKH ILUVW SRLQW RQWERMUIO MIK R \DHEIRWXR/
ZHHNXEWRY HW DO 7KH FRUUHODWLRQ FRHIILFLHQW\ IRRYW®&H

DYHUDJH VPRRWKLQJ D@G®\LWRYVQJ DRMHWKIH VPRRWKLQJ )RU WKH
IRU WBWLQYY LQWHULRU WKH UHODWLRQVKLS EHWZHHQ WKHNKHD
FRUUHODWLRRULWKH WLPH VHULH\G VP R R WIKIG DALMUKDIBH DIQIGH WL P H
VPRRWKHG ZODNKPRYLQJ DYHUDJH

7KH DYHUDJH UDQJH RI WKH LQW HUDQQWIDEREYR{\D O FWLRQ W AGRVEH I
WKH DPSOLWXGHV RD@K®J'&VKIHY BEDDUEGY SHULSKHU\)LGHBEWKRYX HD MM D \X

DPSOLWXGHV RI '6/ UHDFKHG FP LQ DQG FP LQ KH %D
FKDUD FWHDWR®/DLG DPSOLWWEHVYWO BRRHDAEBBY HMVOVDW LRQV LV DERXW
TKXMH VHDVRQDO YDULDELOLW\ RI '6/ H[SODLQ XS WR RI WK

LPSRUWDQW FRQWULEXWLRQ WR WKH WRWDO VHD OHYWMHWDNQ@DELO
*UDHN HW DO

7KH OLQHRU WKHIQE VWD QG ZLQG FXUO )LJ DUH XQLGLUHFWLRQD
RSSRVLWH LQLWWHAREREDLWPXP LQFUHDVH Rl WKH F\FORQLF ZLQG F;
ZLQWHU PRQWKYV )LJ $ VL Q WHHQY X IOl WF DMKLHR @ VRU RAKIHVWAMD DFN 6HD FL
SHULSKHU\ GHSWHKHOHMNFWHKYQQ ZLQWHU .XEU\DNRY HW DO 7
6HD FLUFXODWLRQ WR DGMXVW WR FKDQIZHVHNY WIKH JLDGDF XKD WV L
JUDSK Rl VHDVRQDO YDULDELOLW)\ ZHODHHFIKOMDK JWE KKK ® DYIKRX P D pL P\
WUHBEUXEV\aRQH PROQWKH RUSDBPH OPRQVEKWZHHQ '6/ DQG ZLQG FXI
ZDV REWDR@BGOLHU VWXG\ RI 6WLDQMDUHW PROVOKY DUH FKDUDFWE
PD[LPXP FRDVWDO YXOQHUDELOLW\ WR WKH '6/ ULVH ZKLFK UHDFKH\

)



JLIXUH TKRHWIHPHDQG WKH OLQHDU WUHQG V RIYHUDUHG EXQGE H\X UD
FXUYHV D E DW f(DQG f1 WKH EDVLQYV SHULSKRRU\WRRBG F
EDVLQ WKH WLPH VHULHV DUEGDRRRROYKHWEHDDBHZMWRHD VEDLHY DQG
PRYLQJ DYHUDJH

JLIXUH ORQWKO\ GLVWULEXWLRQ RI WKH EOXH FXUYH Q@&WG FXUO
PP \HDU DW WKH EDVLQ SHULSKHU\

%DVHG RQ WKH DERYWKHRQYLWKWORQRWW KH %ODFN 6HD WUHQGYV
H[SODLQHG E\ WZR IDFWRUV D WKH ULVH RI WKH DYHUDBHR% @D WN
PDVV YROXPH LQ WKH EDVLQ DQG E WKH LQFUHDHNB ®XHNWKRQVG&GHYWW
RI WKH F\FORQLF ZLQG/ kMWD RYHMX\®KHREMKH) VHD OHYHO ULVH UHOL
VFDOH FLUFXODWLRQ DQG WKH (NPDQ GLYHUUBQFH ZIKQ PKKVEK/ R&E V L\ KA
06/ WUHQGYV IPDSEHTXDVM WR DSSURHLPDWHDW WKH EDVLQ SHULSKHU\

0



PP \HDU LQ WKH EDVLQYY LQWHULRU 7KH YDOXHRR I WKKIHEBMMUI HGQ G/
OHYHO ULMH\HDQU& HWHIRUH SOD\V DQ LPSRUWDQW UROH LQ VHD OHY

7KH LPSDFW RI PHVRVWERE B/HDHIQ MEWLIDQ &V RQ

6HYHU DQ |BBAFPD DUH REVHUYHG LQ WKH VSDWL /U K& W UAKEK O DR QHR
SRVLRALMHXP LV REVHUYHG LQ WKH VRXWKHDVWHUQ SDUW RI WKH I
FRUUHVSRQGV WR WKH SRVMWDMRICR @ D W\ K% DLV XRHL QIN®! \ENOFRRIRRDIHH Y H W
. XEU\DNRY 6WDRLFK®\ FRLQFLGHQFH RI WKH ORFDO PD[LPXP RI \
SRVLWLRQ VXJJHVWV WKDWVWAGIOA P QM AR LLIY ADINMIIRQH G W R

JLIXUHGSDWLDO GLVWULEXWLRQ RI D '6/ WUHQGWORQHM Q@V EQ WKH
7TUHQGV LQ WKH UDGLXV RI DQGVLFUAQRYHW LWQKH PD[LPXP RUELWDO Y
LQ

'LVSODWWGXWWHGD BHKH OLQHDE IWHRRBOFRELW D ® ¢ 6 QFOFE VKK HR% ODFN
HGGLHWWLPDWHG XVLQJ WKH $2MXGRKIK BQWQRD WH\EGKRGHQGY DUH UD)
HGG\ G\QDWLEWSROVLEOH WRPMEEQWWRIHIMGY RI W KRUBDNADRR LMQ G
D Q WL F\F ORRLHOF MGHDALHRDAMNKRAHIH QUHL YO VSDWLDO SDWWHUQ RI WKH
DLV ORFDWHG LQ WWH WUR@DRN VoODA/RPW KOH) WR R VEIORMWHW FRUMHU R
FRUUHVSRQGHGV2BWQ YA V8 KOVAK HW\DWR H GVG\HI U H T X HRLPAH @/ Y BVQ G HYIGRI FE
HGG\ UDGLXV DQG RUELWDO YHORFLW\ DUH REVHU YHQ \R @ XANBMMERHN W
%DWXPL DQWLF\FORQH ZD\G HYS$IFQ/QBQE HIP QV KR |RDMCS\ O\ WUSD U W

0



WKH EDQM QF \ PAIROEBIE Q GWHRQ YHUJHQW PRWLRQV ZKLFK&RQIHQG M Q=R
OHMWER/WKH FRQVHTXHQW ULVH RI WKH G\QBPHFS\DHDG®HYHO LQ WKH D

TKHQOWHUDQ Q XDRJ WEKIHL D RIMOLLFVR O R Q MWFK HGSR ERUAR § MIUKWDIVWH F DO HV SR Q G
ODUJHVW '6/ WUHQG LQ WK HLYRWRAREZFDMPNRR WWKUAA RCRDCFING &HQUE M H L U
LQWHAHWUHYRWZHDVLQJ ZLWK WRIPHG G K HV WGHRDOEHWHED WAR\P V WR a LQ
)LJ D 7KH PD[LPXP RUELWDO YMCR FLIBEPARVIVOWMRMAE SFOIDMBBV a WR

PV LQ)LJE 2EVHUYHG LQWHQR{EQDRQ WLRRIRIKEBQIWUJIHVW VHD OHYHO
VRXWKHDVW FRUQ HH Y1 UDIOH RRAVKBHRN ORHD O PD[LPD LQ WKH WUHQGV R
ZLWK WKH SRVLWLRQV RQ GY¥ F YR HWHGPB OB OMH YHREDMU '6/ PD[LPXOP QHD
LV FORVH WR D ORFDO PDJ[LPXP DL@QGVWKHDIREHADIG-AEIPVE K) Y B IHO XW Q RY W K
G\Q D P LY HWRUHH DVRRV\QK H REYBIW ¥ K GQ MOVWOMBBREDPWKHO WUHQGYV

JLXUHD )JUHTXHQF\ E WKH PD[LPRP RIUELWDRI YE)MRAFLBQ EQHEHULYHG
IRUP DOWLPHWU\ GDWD

SHFRQVWUXFWLRQ RV L&JYERMDELOLW\

%HIRUH WKH DGWNRWXRLRIQJI O OWMLLEH WD X 1LHOW RH H YAWX\PHDGE M HW IO HEED V|
OHYHOSWIOHP RQVWUBRDHNBMDBDR MM HBHBMDW X Q@ A OKBMOBVG\R MIRW UHIOH
FKDQJHV LQ WERKBWHRDXRWIHPHY HW/ROUHWWHHGH JDXJH WUHQGYV VKR!
IRU '6/ LQ RUG EH WVRHRIERANDW QA DREIMNWDBRIH G VH D DR GHHOV MAURSLERIHY WHKF W L R
ZH FRPSXWHG WKH OLQHDU UHJUHVYVLRBYHRHIHCG IZH Q@ & X&) OB WWHIHAHKQ
SRL@®WN : 0 )L ZKHUH O LV WKH HUURU WHUP

7KHQ ZH UHFRQVWUXFWHG '6/ XVLQJ WKH UHJUHV\AHRQL FWHRQFLRQ W
WHUP RQ WKH LQWHUDQQXDO WLPH VFDOWHDWKRMRWIL®H VHWUW B YHD DK
DORQJ WKH FRDVW DQG RYHU ENK HHQRIUW R DK \OMN V QVKIOMO | PR JLQ WK F
SDUWLFXODU LQ WKH DUHD Rl WKH %DWRPL 2R MAKF RO RS $ID WHKHWHDU U
RI PHVRVFDOH G\QDPLFV D'UN S/ONHEOMLWHHGVDQG UHFRQVWUXFWHG '6
VRXWK &UNVRHDQ FRD f1 7KH FRUUHODWLRQ FRHIILFLHQWY EHWZH
WLPH VHULHV VEBPRWHKHG BRGGD\ )LE PRYLQJ DYHUDJHV UHVSHFW
VXJIJHVWV WKDW D VLPSOME OHQRIDRD B WXUH\W)ULRRWK WRS VHDVRQDO |
IURP WKH ZLQG GDWD DORQH



JLXUHD/LQHDU UHBBHMYERQ@WWZHHQDVKN EDHVEQILQG FXUO DQ@G '6/
E6WDQGDUG GHYLDWLRQV GUI MMKJHH QRR) BEB WWAHHEBE WY KH G O Q@ GPHIMARQ VW
'6/ WLRHULHV DUH VHERRVWKHBRZULWK DYHUDJH

JLXUH 7KH WLPH VHULHV 8H WK&HBHELPXUWMH DD G '6{ UHRRQVWUXF)
IURP WKH ZLQG FXWOKH XK H ¥HWYHHY DUH V@PRIRRRYHQJD YHWXI® DQG
D GD\ PRYLQJ DYHUDJH

6LQFH WKEWH®LP ZLQGY DUH DYDLODEOH IRU D ORQJHU SHULRG
UHJUHVVLRQ FRHIILFLHQWY FDQ EH XVHG WR UHFRQ VWA WHW R6
%ODFN 6HD OHYHO ULVH EDVHG RQ WLGH JDXJHV SRULHR®GPBWHD \WR HC
VRXWK &ULPHDR FRDNVW LV PP \HDU 7KHQ WKLV YDOXH VKRXOG E
UHFRUGYV WKDW DUH XVB®HWR JARP SKNVH O HKYHH EDRKIDQR JH LQ WKH % ODF

vl



PHWKRG DFFRXQWYV RQO\ |RAD GKDFLIHAXQRWLREY ODXUNHGRHV QRW DF
G\QDPLFV 1HYHUWKHOHVV EDVHG RQ RXU DQDO\VLV LWPRWWEDDR®I
WKH EDVLQYV LQWHULRU ZKLOH WKH FRDEWDN® D/ B \QBFPHEVY DULDEL

&RQFOXVLRQV

7KH FOLPDWLF FKD@FBOHRIDWE& HP BRIV EDW K HG YQUIDFANEVEHFD QW O\ LPSDF
WUHQGV LQ GLIIHDNQW®LSHUWBHREDIKKG KWOAD EDHHYE®I PP \HDU VHD O
W U HQBUWU R P PP \HDUQMQHWRIRW) PP \HDU LQ FRDVWDO DUHDV DQG
VRXWWHI UQ S DU WHRHK DAVKIH V\KHREZI) R\EK/DHW WHHE) ® RQWHQVLILFDWLRQ RI W
VWUHQ@WWKNMBHIHQFH LQ WKH FHQW HU LRRVWHIHD HOHMIKG! 2625 R BRDX \DHXA
RYHU WKH QR UWKZGY/BRWZHURY QUK B COH WHRGV HUL RU R IQ WDKGHG E\BMKRRI K DRV
FKDQJHV LQ WKH GLVWWLEXWHRRVBQOHLOWEDRNY OHG WR WKH ORFD
SDUW IDF{PDHIQVLRQ RI WKH %DWXPL DQWLF\FORQH UH\DX\WWWHG SRQUINQ
EDVLQ E\'a PP \HDU

7KH6/ DVVRFLDWHG ZLWK WKH UH@ILWXU QE WW HREORREDBGIEQ BDYR € D C
DQG LQWWUPB )RRIOMN PSOH WKH PD[LPXP WUHQG RI WKH ZLQG FXUC
PP \HDU LV REVHUY M&XANKP DIREWHW PRIV RI WKH '6/ FBELQL BE LIGILVAQMD ¢
DQG WRBWULEXWH XS WR RI WKH MORWDUOH BRIQQYWOZ VW R O B G MV H)
GHPRQVWUDWHG WKDW WKH '6/ YRARL D\IDKEDHD\UF DEH & H MMHDRRIQK\HW DX G\
'6/ TKHHFRQVWUKB® HEG XV H GIWWRR BRBIDRBLF W K D B VWU P P DWEDWIRDHABOH H
V H®H Y H @ DM WBRPWWW. BB JDXJH PHDVXUHPHQWYV

$FNQRZOHGJIJPHQWYV

. XEU\DSIBY ZDV VXSSRUWHG E\ 5)%5 DFFRUGLQJ WR WK®BUZBEBND BRI G
6 9 ZDV VXSSRUWHG E\ 56) WKH UHVBROUORRYIUDQWXSSRUWHG E\ W
6XUIDFH 7RSRJUDSK\ 6FLHQFH 7HDP SURQGDP\ WKBQBRDYH; 139GV RI
2FHDQRJUDSKLF DQG OHWHRURORJLFDO /DERUDWRU\

5HIHUHQFHYV

$NVR\ $ 2 ,QYHVWLJIJDWLRQ RI VHD OHYHO W UHRGE V1HD GRY KMKH
%ODFN VHD DQG WKH HOHADNVHUHR OH@/IL\W B O UIDDAQH BYSOLHG &OLPDWRORJ

$O0SDU % 9XOQHUDELOLW\ RI 7XHVYIHX RO WWHRPRIDEKRO RU\D W H

$OOHQEDFK . *DURQQD +HUROG & ORQLRXGL *LXOLBDQDFN
6HD EHDFKHY YXOQHUDELOLW\ WR VHD OHYHO ULVH (QYLURQPHQWDO

$YVDU 1 % XWRJOX 6 + (URO % -LQ 6 &HRUID WWAKOHO VB IDV K
ULVH ,Q ),* :RUNLQJ :HHN SS



$YVDU 1 % -LQ 6 XWRJOX + *XUEX] * 6HDI ORI /D WK DC
DOWLPHWU\ WLGH JDXJH DQG *36 REVHUYDWLRQV *HRGHV\ DQG *HRH

%RIXVODYVN\ 6 * . XEU\DNRY $ | ,9DVKBMWHRROR RI WXHVHPEDE
2FHDQRJUDSK\

%ODWRY $ 6 %XOJDNRY 1 3 ,YDQRY 9 $ .RVDUHRIKX\GURSKIML
ILHOGV LQ WRHGYWEBPHWWBRD|GDW /HQLQJUDG

&DJHQDYH $ %WRQQHIRQG 3 OHUFLHU ) 'RPLQK . 7RXWIRHR X
OHGLWHUUDQHDQ 6HD DQG %ODFN 6HD IURPRED @ HMAL B/GID QO W IDRJH V&K

&D]JHQDYH $ /IORYR®RQWHPSRUDU\ VHD OHYHO ULVH $QQXDO UHYL

&DUUQqUH / I\DUG ) ORGHOLQJ WKH EDURWURSLFZUGQGES SIRQE
SUHVVXUHRREPIUQYRQV ZLWKRBEKYWUNDB® B RWMOHU V

&KDLJQHDX $ *L]JROPH $ *UDGRV & OHVRVFDOG@WALGIGHDHW L
DOJRULWKPV D@G MHSRRU D BWWRVHUQVY 3URJUHVY LQ 2FHDQRJUDSK\

&KXUFK - $ 'KLWH 3% -/DREROANP D.Q OLWURYLFD - (VWL
GLVWULEXWLRQ RI VHD OHYHUO ULRGE H-RXUHQDWKRI FOLPDWH

&KXUFK &OBUN &BJHQDYHJHFRU\ -HYUHMHMBH WP D QU WL I L HO GL C0Q $
*$ 1HUHP1X@®Q 3D\QH IIHIIHU 6WDPPH8QQLNULVKQDQ $6 &OLPDW
7KH 3K\VLFDO B6FLHQFH %DVLV &RQWULEXWLRQ RI :RUNLQJ *URX
,QWHUJRYHUQR® @GWDPDIVK REDQJH HG E\ 6WRFNHIULIJDRU 40Q $'0OHIL
%RVFKXQJ - 1DXHOV $ LD < %H[ 9 OLGJOH\ 30 &DPEULGJH

'HH " 3 8SSDOD 6 O 6LPPRQV $ - EDMWKLIBUG 3 93RCDLUW )
(5¢$ ,QWHULP UHDQDO\WLV &RQILIXUDWLRQ DQG SHUIRUPDQ®HRIRWWHK
5R\DO OHWHRURORJLFDO 6RFLHW\

*DUPDVKRY $ 9 . XEU\DNRY $ WDQ@KFRNXURY 90 MROBNQRY < 1
&RPSDULQJ VDWHOOLWH DQG PHWHRURORJLFEDYXCHGWIMD RV PIRY
DQG 2FHDQLF 3K\VLFV

*LQJEXUJ $ .RVWLDQR\ $ FHEGIGHYHFRHW 1 $ 6DWHOOLWH DOWL
%ODFN @RDVWDO S8BWLPHWIBULQJIJHU %HUOLQ +HLGHOEHUJ

*RU\DFKNLQ < 1 , YDQRY 9 $ /HPHVKNR ( O /ILSFKH@NR®R/ UQ QD V
WRHVDQDO\VLV RI ZDWHU EBKRIVQ FB R 2 AHTHQ R OWDIFSIKE H D

*RU\DFKNLQ < 1 ,YDQRY 9 $ 7KH %ODFN 6HD /HY D& WFSRD 3
5XVVLDQ



*UD\HN 6 G6WDQHY ( 9 .DRDGMWKHJBMVSRQVH RI %ODFN 6HD OHYH(
GDWD DQG QXPHULFDO PRGHOOLQJ 2FHDQ G\QDPLFV

,O\LQ <X 3 B5HSHWLQ /1 %HORNRS\WRY 91 *RU\DFKNIQQFKR\1
6 9 RUWRORILFDO FRQGLWLRQV Rl WKH VHDV*RG BRILDPILOH 46T DN
LQ 5XVVLDQ

-HYUHMHYD 6 *ULQVWHG $ ORRUH -& +ROJDWH 6 1RQ QUHFRRIG W
*HRSK\V 5HYV GRL -&
.RURWDHY * . 6DHQNR 2 $ .REOLQVN\ & - '"HPLVKHY W% *

PHWKRGRORJ\ DQG VRPH UHVXOWY RI WKH DVVLPLODWLR®@ RI WHH
%ODFN 6HFLHEXHIDMWRGBHY 6SDFH

.RURWDHY * . 6DHQNR 2 % .REOLQVN\ & - 6DWHOOLO®HYBO
-RXUQDO RI *HRSK\VLFDO 5HVHDUFK

.RURWDHY * 2JX] 7 1LNLIRURY $ @HDG/RQDREQIQQWVHIDQQXDO DQG
WKH %ODFN 6HD XSSHU OD\HU FLUFXODWLRQ GHULYHG IURP D
GRL -&

.RVI\DQ 5 .XNOHY 6 .KDQXNDHY % . R AVKKIH ARD V8VV HURBURGEGC
(DVWHUQ %ODFMRXHQDEMH RIRRRDVWDO &RQVHUYDWLRQ

. XEU\DNRY $ $ 6WDQLFKQ\ 6 9 OHDQ '\QDPLF 7RSRJUDS
DOWLPHWU\ GULIWHU PHDB\WDWWBHRHQ WY OFLGI EFGURORJ\

. XEU\DNRY $ § 6WDQLFKQ\L 6 9 7TKH %ODFN 6MWMH ODYWHLP NV
5XVVLDQ OHWHRURORJ\ DQG +\GURORJ\

. XEU\DNRY $ $ BWDQLFKQ\ 6 HEGLHW L QOMAKRN BIODMH N 6HD [URP \
2FHDQRORJ\

. XEU\DNRY $ $ BWDQLFKHDVRQ®O DQEB LQWHUDQQXDO YDULDELOL
GHSHQGHQFH RQ FKDUDVFWBHOMH VA IUFRXSRB WDREHYBIDUHFK 3DUW , 2FHD
3DSHUYV

. XEU\DNRY $ % 6WDQLFKQ\ 6 R9 %DWHKXPL\@QDRDFPMIFFAFORQH IURP V|
+\GURSK\VLFDO -RXUQDO S

. XEU\DNRY $ $ 6WDQLFKQ\ 6 9 =DWVHSLQ $ *WHUR HNPHQBWY R C
%ODFN 6HD G\QDPLFV DQG WKHLWHRIDBW R Q | VDO [POH 16 QHWHHPRA \ V

. XEU\DNRYD ( $ .RURWOHPKDQLVP Rl +RULPRICGNGTORDYYH EHWZHHQ
‘DWHUV Rl &RQWLQHQWDO 60RSH DQG &NBWWD\® 3HWAWRR 5 KHH. B O REN2E
9RO 1R  iSS

io



/IH 7TUDRQ B 1DGDO 1 'XFHW $Q LPSURYHG PDSSLQJ PHWKRGY RI
2FHDQLF 7THFKQ) ROGRL

INQFK ' 5 *Ub\v ¥ HTXDWDLREY PRGHO IRU ILQLWH&ROGBRWHWVW
IOXLGV
ODUFRV O 3DVFXDO § 3IXMRO ,PSURYHG VDWHQOWMXH

OHGLWHUUDQHDQ 6HD $ FRPSDULMWRQSDIAMMKSWYBBUIBKXIHY $GYDQFHV

2JX] 7 9 6 /DWXQ 0 $ /DWLI 9 9 90ODGLPLURY + | YBXKFKENRYOD®
(UHPHHY DQG 8 8QOXDWD &LUFXODWLRQ LQ WKH VXH®DBaH D Q
5HV 3DUW ¢

BHQHYD ( 6WDQHY ( %HORNRS\WRY 9 /IH TUDRQ 3 &WUDLWYV
HYWLPDWHG PURMHRUEBORJLFDO DQG DOWLPHWHU GERXDQVABDRRQ@DC
6\VWHPV

3DODQLVDP\ + &D]JHQDYH $ 'HOFURL[ 7 OH\VVLJQIDFLWF 2FH D
VHD OHYHO GXULQJ WKH DOWLPHWU\ HUD WKH FRQWULEXWURQEROD
2FHDQ '"\QDPLFV

3UDQGL 3 &D]JHQDYH $ DQG %HFNHU 0 ,V FRDVWDO P$ F®PSLDU DWHR
EHWZHHQ WLGH JDXJHV DQG VDWH ®OR SKA VDG WY O PFHWUHD R U/ HSVSNV HU V

+

SHYD< $ ,QWHUDQQXDO RVFL O O DFIHD@R RR IW KRH % R B F3X \6WIDD
6FLHQFHYV
BWDQHY (9 2Q0 WKH PHFKDQLVPV RI WKIHSHYDHFN 6HD FLUFXODWLF

6WDQHY ( 9 /H 7UDRMD J ¢ 3HQHD OHYHO YDULDWLRQV DQG WK
DQG K\GURORJLFDO IRUFLQJ $QDO\WLV RI DOWLFRHWIQD D QG *WRLEIKD
SHVHRBERB QV&

6WDQHY ( 9 SBHQHYD5HJUVRQDO VHD OHYHO UHVSRQVH WR JOR
HIDPSOOHREDO DQG 30DQHWDU\ &KDQJH

6WDQHY ( 9 6WDQHYD - %XOOLVWHU - / OXUUDWFQRFOLQH
SDUDPHWHRILIBROLYRHFWLRQ QXPHULFDO VLPXODWLRQVY DQG YDOLGI
GDWHMHS 6HD 5HVHDUFK 3DUW , 2FHDQRJUDSKLF SHVHDUFK 3DSHUV

6WDQHYD - 9 'LHWULFK ' ( 6WDQHY ( 9 DORERDYWDO HGG\ PH
DQ HGBVROYLQJ %ODFN 6HD JH®&KXUDO (r IRU OADL W HRE VARIERNO

7VLPSOLV 0 1 6SHQFRUIRODHEWLRQ DQG DQDO\WLV RI PRQWKO\
OHGLWHUUDQHDQ D®R&WRKH RO BRND WWDO SHVHDUFK

in



7VLPSOLV 0 1 -RVH\ 6 % 5L[HQ O 6WDQHY ( 9 %O RENW
6HPRXURIDHRSK\VLFDO 5HVHIRUFK 2FHDQV

9LJR *DUFLD ' &KDR % ) &KDQJH RI VHD OHYHO WUWHD®G RIQOWHE
S5HVHDHUFK+9 SS

9RONRY ' / /DUQLFRO * 'RUDQL&HXWKH TXDQPW\ RI VDWHOOLWH
VKHORXVWQDO RI *HRSK\VLFDO B8HVHDUFK 2FHDQV

9RONRY ' / IDQGHUHU ) : ,QWHUQDO DQG H[KVHY@DE& N RAH
&OLPDWH '"\QDPLFV

9RONRY " / -RKQV : ( HORQHQNR 7 9 "\QDPLFWRBHV S
LQWUDVHDVRQDO IOXFWXDWLRQV RI WKH OHGLWHUUDQHDQ VHD OHY'

<LOGL] + $QGHUVHQ 26LPDYLOLFRJIMYN $2 6HD OHYHO YDULD
SHULRG IURP *5%$&( DOWLPHWU\ DQG WLGH JDXJH GDWD *
(*8 $

=DWVHSLQ $ * .UHPHQHWVNL\ 9 9% 3RWOWVUDRLFKQ\* 6 5DPWQHU ,QI10
ILHOG RQ ZDWHU FLUFXODWLRQ LQ WKH %ODFN 6HD &RRSODHORYFRX
D



