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$QVZHAKDQN <RX IRU \RXU FRPPHQW YV F®WUNKN \? XIH) ZR0
VWXG\ LV TXDQWLWWDS\DLW HDIOVKH W BWR RIQQRILW\ Rl VHD OH
VHD GHFSRUW DQWFFQIQPQIXH %ODFN 6HD DQG LWV UHODW L

‘H GRQIW GLVEXVV WHK H R DRI ED@VID WARE HF W D Q@ G\KE Hs WLKYH
%®N 6HD G\QDPLFV EHFDXVH LW LV ZHOMH NSQURZYQ Gl RV
LQIRUPDWLRQ LQ WKH DUWLFOH W H[\Q DX LDHDWEH YE IOV F.
+HUH ZH SURYLGH WKH UHIHUH@FRW RQOWRHGREDMRAHHG) MARH
RI WKH IRASWEMW)G FXWEGRIDP VHD GRHNYUXAIG WKH PDQXV
SUH S D ZBHWRIRQY HUGI RMEB\R UWD QW WBIHNH QE B 3UDRQ DQG
3HQHYD HDVRQDO DQG LQWHUDQQXDO YDULDWLR!
PHWHRURORJLFDOODI®G FK\GU RIGFDIQAROLY RI DOWLPHWHU D
6HD - *HRSK 5HV ~ ZKLFK LV RQH RI WKH EDVLF VWXGL
WKH %ODRRBHDHU WKH UHVX®WNOR| WKHDBW DGNDQFHG
*UDHN HW DO FLWH® KRWVKWH WH[W

$00 PAWVHGLHY SURYLGH DQ H[SODQDWLRQ DERXW WKH VL
VHD OHYHO RQ WKH FKDQJH Rl WKH{ @ VAAORW KF ZFL DG RRXUFOF
D UHVXOW VHD OHYHO ULVHV RQ SHULSKHU\ DQG GHFUHD
LVVXH RI WKH %ODFN VHD G\QDPLFV LBMQG ZH GR QRW ZDQ

+RZHYHU ZH IHHO WKDW LWVH LWHIERDFRMRY VKW W IR DICOHAWX VAK |
SURYLGH WKH ILIJXUH WKDW EULQJYVY QR QHZ LQIRUPDWL
RXU RSIF&LRQAV LQ DJUHHPHQW ZLWK UHYLHZHU FRPPHQW

7TKBOHZ L@ UWLW@GHKMFURS WAKRQHWR HQGY Rl WKH GHODFW HG:
WKHRQHWRHQGY RI WKH % ODFZBL GFEKID GIMWY PREVWKH ILUVW
TXDQWLWLY R HVMWISIIFWLICRIQWMADIOH DQG P H VR WFKID@MH 6AL U F X
RQOWKH %ODFN VHD OHYHO ULVH DG/ WWHN R/I3IDQV LCROY HKGIM
PDQXVFULSW

$FFRUGLQJ WR <IRXWKARBPMQWHG YHUVLIR @ KROWDK @ W PRDEXXFAR
SDBRP SO HWRIGBHD WBHOLQH WKH PD/QRBWRGWBOWH RDD® UW LQ V
DOVR VLJQLILFDQWO\ H[W HGIGQOW WHFFKHDEHGIHWKH SDYW RI QK
GHGLFDWIHRS BIRWWRIHW KH ZL Q & FXQID R\@ MWPKH OBDJEIHYHO

%HORZ ZH SURYLWHKH QMY HH YWRGFHSPEHQWH S



SHYLHZBQIRUWXQDWHO\ WKH PDWHULDO LV SUHVHQWHC
DZDUH Rl WKH UHVHDUFK LQ WKLV ILHOG FRXOG JHW DQ
GDWD LQ WKH %ODFN 6HD DQG WKH XQAHUVWDQGLQJ EDV
$QVZHKLY LV QRW H[DFWO\ WUXH DV LW ZDV VKRZQ DER
SDSHUV LQWHUSUHWHG DOWLPHWU\ GDWD IRU WKH %ODF
ILUVW SDSHU GHVFULELQJ @WHPHQYNRNSBWIDHYNY HO WRIPWE
WKH WH[W 'XULQJ WKH GLVFXVVLRQ RI WKH %ODFN 6HD
UHDLPGRUWD QW WBIHY QE M 3UDRQ DQG ( / 3HQHYD
LOQWHUDQ@WXBQVYBUIMHD OHYHO DQG WKHLU GHSHQGHQF)\
IRUFLQJ $QDO\VLV RI DOWLPHWHU DQG VXUIDFH GDWD Il

ZKLFK LV RQH RI WQOHD WD W HRY VOMYGIICH Y QRWKH % ODFN
UHVXOWV RI WKH 6WDQHY HW DO  *UDBWHHDG B D QFRLIGH B
LQ WKH WH[W
$V WKH PDLQ JRDO KRl MOKYLH/VRUW\KIEN LNRKPEY HOQHG\H OW K HVL Q W
PRVWO\ GHGLFDWHG WR WKH VWZXIGH H\H RIL FAZKRI | 90 XHF M VWOHG
WKHNQDESPLF VHD OH YLH)O WIOH [YDED DAL VEHD L:Q WOPWLRQ/HD O
YDULDELGILWHNPRMMB W KWKSDWWURGXFWRRYHNIRPBYR VE LR

$FFRUGLQJ WR <RXU FRPPHQWYV ZH FKDQJH WKH ,QWURG X
WKH PDQXVFULSW JRDOV DQG WKH VWDWH RI DUW LQ WK
OLVWZHDRW L FRKIDEXIH WKH SDUW RI WKH PIDRBEOVHW IRSWV & H &I
RQ WKHBDOHBHG\QDPLF VHD OHYHO YDULDELOLW\

SHYLHZHGR QRW NQRZ ZKHWKHU WKH DXWKRUV DUH XQD
SXUSRVHO\ SUHVHQWHG FRPSOHWHO\ XQEDODQFHG SUHVI
WKH EDVLF LGHD Rl WKH UHODWLRQVKLSE¥HWZHG QURLR &L
ZKLFK LV NQRZQ VKRUW DIWHU WKH ILUVW VDWHOOLWH
G\QDPLFV RI FRDRRDXR DMH® OFHG O )LI G

$QVZHIOVR FDH) QRWO\ DJUHH ZLWK WKH UHYLHZHWYLRXW
UHVHDUFKHV RQ WKH G\QDPLF VHD HEMMHRQQDPIPULEDEHO L W
YDULDEHOSWRYLGH D VKRWHUSIYHMEZRXER X Q/GVEKRLEH. U K OV WKK
WKH EDVLF LGHD Rl WKH UHODW LRQMVX IOH EH W ZIQHD 1Z.IUQYGV

837KH PDLQ IHDWXUH RI WKH %9ODFN 6HD G\QDPLFV LV WK
RYHU WKH FRQWLQHQWDO VORSH $V D UHVXOW RI WKH F



RI WKH EDVLQ DQE&HKSHKHIS KH@WR Q2JW] HW DO .RUR\
VHDVRQDO YDULDELOLW\ Rl WKH %ODFN 6HD FLUFXODWLF
RYHU WKH EDVLQ 6WDQHY .RURWDHY *UDHN H\
FXKUO DQG WKHUHIRUH WKH RQVKRUH (NPDQ WUDQVSRUMW
WKH EDVLQ E\ PRYLQJ ZDWHU WR WKH EDVLQYV SHULSK}
VXFWLRQ LQ WKH FHQWHU RI WKH VHD H WXQJD FGH @WH. O
VXUIDFH ZDWHUV PRYH WRZDUGV WKH FRDVW .RURWD
UHGLVWULEXWLRQ RI PDVV DQG YROXPH UHVXOWV LQ D G
LQFUHDVH DORQJ WKH FRDVWDR @H Q GQ F\UROP IZH D MHK®V F \@
GHFUHDVHV DQG WKH ZDWHU DFFXPXODWHG DORQJ WK}
=DWVHSLQ HW DO . XEU\DNRYD .RURWDHY

7KH ILJXUH LV JLYHQ WR LOOXVW U DWHX EZKHVE O \DLUFH LIBUHX
XQGHUVWDQG WKH LPSDFW RI WK H) U QRX B XRSX RHRRIDK BV
LOOXVWUDWLYH SXUSRVHV 6RPH UHDGHUV FDQ EH XQIDI
VSHFLDOLVWYV W KDX\ HWR GND \RABN K\WKIDEH LMY LQ WKH WH[W

‘'H EHOLHYH W.RBW RZEBKRIKWKH WH[M[SHFWHG WKH VHDVRC(

'6/ LQ WKH FRDVWDO GHSWKV OHVV WKDQ PHWHUV LC
SDUWV RLQVBEHHERWIDWLYHO\ " FR BMVHOD WY AN QIRZQG 6 WDQH
.RURWDHY HW DO WKH VHDVRQDO WLPH VHULHV R

PHWHUV DQG FHQWUDO GHSWKV PRUH WKD@HO\ PRWWBHC
IL) ‘G

*H VLJQLILFDQWO\ H[WHQG WKH UHIHUHQFH OLVW DQG Z
GHGLFDWHG WR WKH LPSDFW RMFW&H BLQDBPERKUWOHB QD MKH
UHSODFH WKBVSKUDHWHWVHG WKH VHDVRQDO WLPH VHULHYV
WKDQ PHWHUV DQG FHQWUDO GHSWKV PRUH WKDQ

FRUUHODWHGWRRYWXH PHDQV RI (NPDQ G\QDPLFVUQ®ORFAU
WKH %ODFN 6HD OHDG WR FKDQJHV LQ '6/ DOVRIRQKW KZH.
FXUO LQFUHDVH WKH '6/ DW WKH EDVLQ SHUISYKB UN\HIV@ G W
'6/ LQ WRMLQYfY LQWHULRU DQG SWHL YORWD KIDOMLHV\D @L R
FRHIILFLHQWIINJ F WKDW ZDV VKRZQ LQ SUHYLRXV VWXG|



SHYLHZHRZLQJ WKLV H[DPSOH , ILQG QRWKLQJ QHZ LQ
VLPSOH UHJUHVVLR ®FW BR®\K WK H NFPYRWDO DQG LQWHL
WKH ZLQG GDWD DORQH

$QVZIY IDU DV 2AWKIRHFARDR @ WRXKEM M3 DW LDORIR MVKE ZLQG F.
RQ WKH LQWHUDQQXDO WLPH VFDHHWO ZBN YRRWGORRUHR E|
UHIHUHQSHNYRRXV VWXG\ G HPHRERQV WIBIX VA LR KA IKIVW O W
REWDRQIWPGRUWDQW IRU WKH FRUUHFWLRQ RI WKH VHD C
PHDVXUHPHQWYV

SHYLHZAKH VWURQJ FRLQFLGHQFH EHWZHHQ EDVLQ EDW
LV ZHOO VHHQ ™ 7KH\ KDYH WR NQRZ WKDW WKLV LV RRW
WKH UROH RI WKH (NPDQ SXPSLQJ ZKLFK LWVLWBUDMWX\UHB
SFRLQFLGHQFH"™ UHIOHFWV WKH G\QDPLFV RI S\FQRFOLQH

$QVZHW DIJUHH WKDW 3&RLQFLGHQFPLODW WB\DWRRG S\DHUW |
+RZHYKM WHYLHZHU WRNOW FORBIGHWYHG QIRKABREHWDPLFV
S\FQRFOLQH LV WKH VHFRQGDU\ SURFHVV GHILQHG E\ ZLC
RI ZDWHU GLYHUJHQFH IURP WKH FHQWHU WR WKH SHULS
E\ WKH (NPDQ WUDQVSRUWLEODXNVRIWLREY BREZQZWRH FR{(
FRQVHTXH QWG S WSQROFFHRHQ W

ORUHRYHU LQ WKH VKHOI DUHDV IRUHNMWRSQH KBOWK I
FRUUHODWLRQ LV DOVR SRVLWLYH DQG KLJKKHIH ADVQQ®RR]
S\FQRFOLQH LQ WKLV VKDOORZ JRQH ,Q ZLQWHU WKHUH
OHYHO UHGLVWULEXWLRQ LV FDXVHG E\ EDURWURSLF PRV
7KDW LV ZK\ LQ PDQXVFULSW ZH ZURWH

37KH VHDVRQDO YDULDELOLWMLRIQWHRKHGWODHRN &M DF KD QFKX
DYHUDJHG RYHWBWWDK}FHEDVLQ .RURWDHY *UDHN HW D
F\FORQLF ZLQG FXUO DQG(NWRBUMUDWDY SWKW RQFKRDNH D
WKH FHQWHU RIPR/XKIHQ EDXDVQHE WR WKH EDVLQYV SHULSK
XSOLIW (NPDQ VXFWLRQ LQ WKH FHQWHU RI W KH WIHDF HE
ZKLOH OLJKW VXUIDFH ZDWHUV PRYH WRZDUGV WKH ARDV
UHGLVWULEXWLRQ RI PDVV DQG YROXPH UHVXOWV LQ D G
LQFUHDVH PRORQUVONKH ,Q VXPPHU WKH F\FORQLF ZLQG
GHFUHDVHV DQG WKH DADRNH U WIKAHF YEROO/MWRH@BRKZY/ EMVFING 1.\
=DWVHSLQ HW DO . XEU\DNRYD .RURWDHY



$QG DJDLQ 37KHUHIRUH WKH VSDWLDO GLVWULEXWLRQ R
H[SODLQHG E\ WZR IDFWRUV D WKH ULVH RI W IGX H H\DRQ \
FKDQJH RI ZDWHU PDVV YROXPH LQ WKH EDVLQ DQG E Wtk
RI WKH VHD GXH WR WKH VWUHQJWKHQLQJ RI WKH F\FORQ

,Q WKH UHYLVHG YHUVLRQURZ W WH RDKLXV B ISV RRAB) FOH]
FRHIILFLHQWY DUH KLJK RYHU WKH FRQWLQHQWDO VORSHEH
QRUWMK W VXHHOJ WKH FRQWLQHQWDO VORSH WKH ULVH RI
ORZHULRH BIFWRFOLQH WKDW GULYHV WKH 5LP FXUUHQ
VWUDWLILFDWLRQ LV ZHDN DW OHDVW LQ ZLQWHU PRC
FDXVHG E\ EDURWURSLF PRWLRQV

SHYLHZHRXOG DVN ZKDW QHZ WKH\ ZR X O6& D UQ®@R RK HED X\

$QVZHHYH PDLQ QHZ UHVXOWYVY RI WKH SDSHU DUH

7KHPSDFWKRI WRIQP ZLQG FXUO FKDQJH R Q %MOKH N Q6
ODWFADOH FLUFXODWLRQVBQ®HYFHOHDMHHRIQMWEKH FRDVWD

7KH LPSDFWKRQWHKWHRI WKH %ODFN VHD PHVRVFDOH FI
WKH EDVLQ

7KH UHFRQR®Y IRXFW KB WGEDXV LIHOGWDQDO\VLY GDWD
FRUUHFW SUHYLWXWY BO\ODENDWHD RHYHO ULVH LQ WKH EDV

6SDWLDO GLVWULEXWLRQ Rl WKH %ODFN 6HD G\QDPLF



$QVZHU WR 5HYLHZHU

7KLV SDSHU LQYHVWLJDWHY FKDQJHV LQ WKH %ODFN 6}
FKDQJHV DUH OLQNHG DV H[SHFWHG ZLWK WKH ZLQG |
YDULDELOLW\ IRU D SHVMRGWEHER UKHD DRUWLIR HW ULQW H U t
FDUHIXOO\ DQG GHWDLOHG HQRXJK DQG LQFOXGHV |
PLVLQWHUSUHWDWLRQV 7KHUHIRUH LW FDQQRW EH S
UHWKLQNLQJ DQG UHMLIMLRQJILWRUMFRRBHQGHG %XW W
EHFRPH D XVHIXO DGGLWLRQ WR WKH H[LVWLQJ OLWHUL

6XJIJHVWHG FKDQJHV

7KH WLWOH ZRXOG KDYH EHHQ EHWWHU LI LW ZDV VRF
LQVKH FLUFXODWLRQ RI %ODFN 6HD DV HYLGHQFHG IUR
DUH QHLWKHU EDVLQ ZLGH WUHQGY QRU FRDVWDO WUH

$QVZHHKH JRDO RI WKLV VWXG\ LV WR LQYHVWLJDWH W
IRFXV RQ LMHWWHIRWMDEVYVWORW GHGLFDWHG WR WKH VW,
ZKLFK zZDV LQYHVWLIJDWHG HDUOLH&WID@ WMYK H WQ XORCE H U

.RURWDHY . XEU\DNRY HW DO ,Q WKLV V
HYWDWHV RI WKH VSDWLDO YDULDELOLW\ RI WKH VHD

U H DV R QR/HRVHWRVAHQH KWD U HVW KA PIRMQIJHYV R WYXHDY & DOFQ
PHVRVFDOH G\QDPLFV 7KLV LV WKH PDLQGRQRDW D@/ \WH
XQGHUVWDQGLQJ RI WKH HIITHFWV RI WKH %ODFN VHD G

'XH WR <RXU FRPPHQWV ZH GHFLGHG WR FKDQJH WKH
G\QDPLFV RQ WKH UHJLRQDO VHD OHYHO WUHQGV LQ WI

HWQ DOWLPHWU\ GRHV QRW PHDVXUBIXD WV F\RKOR/X\CDRO |
WR VXEVWDQWLDWH D GLIIHUN®BPHVEDWZHHHO FRDW MO |
VKRXOG EH FKDQJHG

$QVZHKW UHVSHEWIXOO\ GLVDJUGW LPIHWKUW G R HWH FHB X XU
EXW WKHVH PHDVXUHPHQWY DUH OHVV DFFXUDWH EHL
IRRWSULQW 1HYHUWKHOHVV LQ WKH UHFHQW KRDWYW
PHDVXUHPHQWYV KDV EHMQ DFKEWWIBGW EK LFHJKR QDO DO!
WKH OHGLWHUUDQHDQ DQG %ODFN 6HD SURGXFWV 7K
OHGLWHUUDQHDQ 6HD KDV UHFHQWO\ EHHQ GHPRQVW.L
5HV 7KH QHRUMNKW B RMAWHIWVIN PORWOIUHPHQWYV L



NP GLVWDQFH IURP WKH FRDVW VHH ILJ 6 LQ WKH DW)
PDSSHG UHJLRQDO SURGXFW LV f RU a NP 5HJLRQ
VHD ORQRRDORHV 06/$ LV SURGXFHG E\ WKH &/6 6SDFI
GLVWULEXWHG E\ $YLVR ZLWK VXSSRUW IURP &QHV KW
EH SUHFLVH ZH VKRXOG FKDQJH WKH SKUDVH LQ WKH

PP \HDU LQ WKH FHQWR D®DIDUQVFPRBRVWDO DUHDYV |
VRXWKZHVWHUQ SDUW RI WKH VHD" WR 3SWHKKMH\NED D@ M
FHQWUDO SDUWP WHWRDU DW WKH SHULSKHU\ RI MKMW KD
VRXWKZHVWHUQ SDUW RI WKH VHD’
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)LJ /HTWDFN SRVLWLBQWRIPHBWULF PHDVXUHPHQWYV IUR
GDWDVHWWBDFRWSRVLWLBQWRIND K HWEBUROLPHD 7KH G|
FRDVW DQG QHDUHVW FRDVWDO SRLQW LV a NP

‘H VLJQLILFDQWIH VHFWRSQVRBHKIHB BWDY HWKH UHYLVHG YH
PDQXVFULSW DQG DG ® HBBDWRD WHB QXNEPXWQWY Rl PRG}

ILQHV ,I WKH H[SODQDWLRQ FRQFMWX®VUWNRH YSHUWRIK
EH WKH VDPH QRW D GLIIHUHQW WLPH SHULRG

$QVZHMW DIJUHH ZLWK WKH UHY LHIWHWU P7 K & FSKHDDAH R B VOIRH
FXUO RYHU WKH EDVLQ IURP W R VWUHQJWKHQHG
WKDW OHG WR DQ LQFUHDVH RI VHD OHYHORQ® NDKH VEIDN
VKRXOG EH FKDQJWEUWRLOFUMHDYH Rl WKH F\FORQLF
VWUHQJWKHQHG GLYHUJHQFH LQ WKH FHQWHU RI WKH
QHDU WKH FRDVW DQG D GHFUHDVH LQ WKH FHQWHU R

"HFK@IHG WKH DEVWUDFW DFFRUGLQJ WR <RXU FRPPHQ'



ILQHV +RZ GR \RX NQRZ WKDW WKH YDULDELOLW\ LV
EHIRUH DOWLPHWU\ DV \RX KDYH QR GDWD"

$QVZHH DJUHH ZLWK WKH UHYLHZHU 7KH SKUDNH HDKH
GHSHQGV VWURQDYHBRIWEH EQ®LRXUO DQG LV ZHOO U
,QWHULP ZLQGV IURP WR SUHVHQW LQFOXGLQJ WKH
7KH UHFRQVWUXFWLRQ FDQ EH XVHG WIRWFRUQHBPWF KHIV
ZKLFK DUH XVXDOO\ QHJOHFWHG LQ WKH DQDO\VLV RI
FKDQJHG WR 37KH '6/ YDULDELOLW\ LQ WKH %DDHWMDEHE
ZLQG FXUO ,Q WKH VWXG\ ZH WK RRZQWLKDWH WIXGIQ D ¥ DL
VFDOHV FDQ EH UHFRQVWUXFWHG ZLWK D UHDVRQDEOH
FXUO GDWD IURP DWPRVSKHULF UHDQDO\VLV %HIRU
PHDVXUHPHQWY DW WKH I HUERDNW DR WKGHEDAIHV Z
WKH BDAHULDJIJHG VHD OHYHO ULVH $V WKH '6/ WUHQGYV I
FKDQJH RI PHDQ ZDWHU YROXPH WKH\ VKRXOG EH VXE
EDVLYQHUDJHG WHB QEEHNY HKH PHWKRG SUHVHQWHG LQ W
KLVWRULFDO HVWLPDWHYV RI EDVLQDYHUDJHG VHD OHY
UHDQDO\VLV GDWD

"HFKDQJHG WKH DEVWUDFW DFFRUGLQJ WR <RXU FRPPH

/ILQHV K\ GR WG JPHHG FRUUHFWLRQV IRU ZKDW K
7KH\ SURYLGH GLUHFW PHDVXUHPHQWY RI VHD OHYHO
LQIRUPDWLRQ VWO RWRIR) WRH FRDVW WKLV VXJIHVWLRQ L)\

$QVZHW DIJUHH ZLWKUWRKLYHWWBIMHPHQW VKRXOG EH UH
HVWLPDWHV RYMMUWHHE®WMHD OHYHO ULVH IURP WLGH .
G\QDPLF HIIHFWV QRW WLGH JDXJHV WKHPVHOYHV '6/
OHYHO UL\HDVIXIUHHR® O\ DW WKH SHULSKHU\ RI WKH ED
XVLQJ JLYHQ LQ WKH VWXG\ PHWKRG 7KH Q WIJWDHWW
PHDVXUHPHQWY LV VLWXDWHG DW a NP GLVWDQFH U
7KH WHKWRLRQ RI WKH %ODFN VHD PDSSHG UHJLRQDO SU!
KDYH VKRZQ WKDW WKH GDWD LWQUBKN EQRHD\ONF KRR UMD
JDXJHV PHDVXUHPHQWY .RURWDHY HW DO 3HQHND biXh

*RU\DFKNLQ HW DO LQ UXVVLDQ .XEU\DN
9RONRY DQG /DQGHUHU



‘HFKDQJHG WKH DEVWUDFW DFFRGAE QDM R PR<IRWLERER B ?/R
PHDVXUHPHQWVLRHWRGN KB ©RW LR Q

7TKHUH LV VLIQLILFDQW OLWHUDWXUH FRQFHUQLQJ \
6WDQHY HW DO 7VLPSOLV HW DAXLFK DY @& B RQ

GLVFXVV VHD OHYHO ULVH LQ WKH %ODFN 6HD DQG D
VWHULF HIIHFWV 7KHVH DUH PRUH UHOHYDQW WKDQ D
OHYHO ULVH

$QVZHKMW DIJUHH ZLWK WHKHUHHUBDYLHAHAHRHUHQFHY VKRXOG EH
WR EHWWHU UHSUHVHQW WKH SUHYLRXV UHVHDUFK

$FFRUGLQJ WR <RXU FRPPHQWYV ZH FKDQDB\GYKGIL ] Q MDIRGXF W|
UHIHUHQFH OLVW

BHFWLRQ GDWD 160GV PARHBFHYEFRSBHONKHKLOH WKHU
IDQGHUHU ZKLFK DUJXHV WKDW WKH DOWLPHWU\ C
ZLWK WKH LPSRVHG '$& IRU SUHVVXUH DQG ZLQG WKH
WLGH JDXJH\WQDODRGIJWKKDW WXFK D FRUUHFWLRQ GRHV QfF
JDXJHV LQ 506 WHUPV RI PRQWKO\ YDOXHV 7KLV GRHV
SWUHQGV' LV WKH SUHVVXUH DQG ZLQG ILHOGV ZKLFK
PDQ@BGHG DV D FRUUHFWLRQ WR WKH VH OHYHO ILH
SK\WLFDO DUJXPHQW WKDW WKH FRQVWUDLQWY LPSRV}
QRW SHUPLW WKH XVH RI '$& LV WKH FRUUHFW RQH 7
SDUWO\ MXVWLI\ WKH XVH RI FRUUHFWLRQ DQG SUREDE
GRXEWV , KDYH LQ UHODWLRQ WR WKH DWPRVSKHULF F
DUH XVHG DQG ZKDW LV WKHLU XQFRUWIDEWIWR Q'R WK KR
'KLOH LW LV QRW OLNHO\ WR EH ODUJH LW ZLOO SURY|
FOHDUO\

$QVZHH VKRXOG SRLQW RXW WKDW WKH PDLQ SXUSRYV
DOWLPHWU\ GDWDLDW M)R WHKGXWF K WKKHOW® IURP WKH ED
WR WKH YDULDEOH KLJK IUHTXHQF\ DWPRVSKHULF IRU
FRUUHFWLRQ LV QHFHVVDU\ 7KH '$& FRPELQHV WKH KL.
WKH LQYRBWWBUED®W FRUUHFWLRQ :‘H DJUHH ZLWK WK}
SUHVVXUH RYHU WKH %ODFN 6HD LQFOXGLQJ WUHQGYV
LOWURGXFH VSXULRXV VHD OHYHO FKDQJHV +RZHYHU

DGGUHVVHG E\ DGGLQJ WKH ,% FRUUHFWLRQ EDFN



GDWD WR WLGH JDXJHV 7KH UHVXOW VKRZV WKDW
VLIQLILFDQWO\ LPSURYH WKH FRPSDULVRQ 7KH 506 G|
PRQWRRQWK FKDQJHV DV ZHOO DV WR WUHQGVYV 1RWH
9RONRY HW+DBIHUHQFHG LQ WKH PDQXVFULSW WKH FI
6WUDLWY DUH QRW DQ\PRUH HIIHFWLYH DW X\WKK.H K. QWKH U
6HD OHYHO UHVSRQGV WR VHD OHYHO SUHVVXUH FKDQ
XVH RI *;$ FRUUHFWLRQ ZRXOG EH QHFHVVDU\ IRU WLC
JDXJHV LQ RXU SDSHU 3OHDVH QFPWW WKDUR GXFXWV M/ KOC
FRUUHFWHG IRU LQVWUXPHQWDO HUURUV DQG JHRSK\
PDQXVFULSW DQG QRW QHFHVVDU\ IRU WKH REMHFWL
FRUUHFWLRQV DSSOLHG WR KW DLW LPDBI®/ EH SIRK@XGF I
WKDW LV UHIHUHQFHG RQ WKH $9,62 ZHE VLWH

,Q WKH UHYLVHG YHUVLRD VRIJQUKHF B Q QO FHVBMQ G WK
DOWLPHWU\ DDAV D\DH RWDFEIRXMR QD OWLPHW U\  GDHABIR DSAWR
PHDVXUHPHQWYV RI PR@GG L@ \D GRR BB WEMRQ ZLQN W KWL Gt
6HD

7KH JHQHUDO XQFHUWDLQWLHY RQ WKH DOWLPHWU\
XQFHUWDLQW)\ IRU JOREDO W UH QR UK DAL \E K HRQQ M WHI) FVH-EG
PP \U VHYHUDO VWDWHPHQWY DERXW ODUJHU XQFHUW
RI PP \U ZRXOG UHQGHU VRPH Rl WKH VXJJHVWHG V
WKRXJK RI FRXUVH WKH U VWHGHPR) VWURWHGUDG L

$QVZHW DIJUHH ZLWK WKH UHYLHZHU :H ZLOO DGG WKH
WUHQG XQFHUWDLQWLHY WR WKH UHYLVHG YHUVLRQ RI

‘H DGG WKH HVWLPDWHYV RUQMKKHVWHIQLG K@ FHHUSMD R Q WRLI |

7KH VDPH SRLQW DERXW XQFHUWDLQW\ DQG WUHQG\
7UHQGYV DUH VWDWHG ZLWKRXW PXFK FRQVLGHUDWLRQ

$QVZHKMW DIJUHH ZLWK WKH UHYLHZHU :H ZLOO DGG WKH
WKH UHYLVHG YHUVLRQ RI WKH SDSHU

‘H DGG WKH HVWLPDWHYV RUQMKKHVWHIQLY K@ FHHIWW D R Q WRL |



0\ XQGHUVWDQGLQJ RI WRH \WKWF% O D RN FE® DH\DXA X MWW
7KLV SDSHU GRHV QRW GHDO ZLWK WKLV DW DOO $UH
WKH\ DQ H[SUHVVLRQ RI VWUHQJWKHQLQJ RI VHDVRQDO

$QVZHHUH 6HFWLRQYDJUDSKQG ILIXUH GHVFULEHV WKH
WKH %ODFN 6HD G\QDPLF VHD OHYHO 7KH LQFUHDVH R
VFDOH OHDGV WR WKH LQWHQVLILFDWLRQ RI WKH BDVL(
SHULSKHU\ DQG GHFUHDVHYV LQ WKH EDVLQ FHQWHU 7}
VFDOHV IRU WKH WLPH VHGDNWVRPRRWEKHBUDUIWK VCHH L.
L H WKLV HIITHFW LV DRBEMHUWWHKEG GIBW O HIDKUQ Y HIDY/IRD\DG R |
WKH HVWLPDWHYV RI WKH DYHUDJH '6/ WUHQGYV

'‘XH WR \RXU FRPPHQWYVY ZH GHFLGHG WR DGG WKH DQD
WUHIQBWKH P DQ@XWRVUL DV D OWKIDW VWREYZOQWBULQJ PRC
FKDUOAWHE\L WKH PD[LPXP FRDVWDO YXOQHUDELOLW\
a PP \HDU 7KDQN <RX ZH EHOLHYH LW LV D YDOXDEOH

7KH ILIJXUHV VKRXOG GHPRQVWUDWH WKH OINAFPL®Y B WUW
WKH FRDVD/WEKAHDLIQWKDQ FORVLQJ WKH FRQWRXULQJ 7KL
IRU )LJ D RU DQ\ RWKHU FRQWRXU SORW :LWK WKH %
KDYLQJ NP RI LQIRUPDWLRQ ORVW LV D VLIQLILFDQW St

$QVZHHY H PHQWLRQHG DERYH DOWLPHWU\ SURYLGHV |
DFFXUDF\ RI WKHVH PHDVXUHPHQWYVY KDV EHHQ LPSUR
JDXJHV O9RONRY DQG /DQGHUHU WXXIRI BN WGVD WY/ X DS
$9,62 SURGLMF MXVWLILHG 7KHUHIRUH ZH UHVSHFWIXOO
QRW WR OHDYH WKH QHDUVKRUH UHJLRQV EOD®WNDFFKE
PHDVXUHPHQWY LV VLWXDWHG DW a NP GLVWDHM KDWY F
VKRZQ WKDW WKH GDWD LQ WKH FORVHVW SRLQW RI I

JDXJHV PHDVXUHPHQWY .RURWDHY HW DO LQ 5XV
*RU\DFKNLQ HW DO LOOXVVLDQYVIXE HWHW N
9RONRY DQG /DQGHUHU ,Q WKLV VWXG\ ZH XVH W

DQRPDO\ SURGXFW ZLWKRXW DQ\ HIWUDSRODWLRQ 7KH
SURGXFW LV f RU a N P

,Q WKH UYHYMWHR® RI WKAH PDQQXWRAMWQIRUPDWLRQ DE
SURFHVVLQJ DQG LWV FRPSDULVRQ ZLWK WLGH JDXJHV



7KH VWUDLJKW OLQHV DW )LJXUH DQG E WUHQG\
DOVR D JRRG DOWHUQDWLYH

$QVZHH DUHH WKDW LQ WKHVH ILIJXUHV WKH OLQHDU W
WLPH +RZHYHU WKH PDLQ WDVN RI WKLV VWXG\ LV WR
VHD OHYHO WUHQGV GXULQJ WKH ZKROH L QYQI® WH ZIHWX
DSSUR[LPDWLRQ E\ OLQHDU IXQFWLRQ WR XQGHUVWDC(
SDUDPHWHUYV



 PSDFW RI EDVLOQ G\QOQDPLFV RO WKH UHJL
%YODFEN 6HD

. XEU\DNRY B WDQLFKARO®MRY '/

JHGHUDO 6WDWH %XGJHW 6FtIWGQWBEK\WLEV Y LYXWLRIWEHDRLQEHE 6HY
,QVWLWXWH RI (DUWK 6FLHQFHYVY 6DLQW 3HWHUVEXUJ 6WDWH 8QLYHI
&RRSHUDWLYH ,QVWLWXWH IRU ODULQH DQG $WPRVSKHULF 6WXGLHYV

12$$ $WODQWILFDBKHFQRQG OHWHRURORJLFDO /DERUDWRU\ OLDPL )/
&RUUHVSRQGHEQWRBENRR $O$WNAKE X (e

A

$EVWUIDRMWHOOLWH DOWLPHWU\ WHHDV QUWKXIGGIWR/I WKKREZ %/XMDAMN 6HD OH
XQHYHQ :KLOPHW\NKHHD EQHY YUIGROP WR ZDV DERKDWU WKW ERBD®HY H !
ULVH YDULHG IRRRPHDU LQ WKH FHQWRD OHBW UMWK M/ EED V IDAD) &G HRIM WK H
QRUWKZHVWRE®R FKAKDDU LQ MYUH UWRSWK W RIVWRA WHIEW HWSHDGE/LDO
GLITHUHQPFHR/H G\QDPIDFORAD OO HYHH®WD WR M B DUR WBKVEGGVEDQ FKD @IHY LG
PHVRVEDD®OHRIFWKH % QDEYOWMMEHUPWHQVLILFDWLRQ RI WKH F\FORQLF
REVHUYHG LOQOVWUHQJIJWKHQHG GLYHUJHOQF H Q@H BOKMHRFMHEIWAHHDLY HRUIRW K H |
FRDVWDO DQEBOWK B 03 HRFWHHIDWIHDHPHDIGRIV HBROKWHQVLRQ RI WKH %DW?
WKH PBGWLWW EQWHRYOWHG LOKALIJKARRWMBWHHOHYHO ULVH LQ WKH VRX
VHDXUWEKHGHPRQVWIWHWHO DPLF V HD WHYEHDO WWH % FDION EXKFBHVVIXO
UHFROVWUXFRHHGGCXREQ®IURIPE@ WPRVSKHU L F HH D@IMARXARW U HF W LIGIH W
JDXJH UHFRUGV IRU G\QDPLF HIIHFWYV RN HERRNEHOVWR @ HDHEH VE KNV S/BiV
SULRU WR VDWHOOLWH DOWLPHWU\ HUD

,QWURGXFWLRQ

TKRHDVHD OHYHO LOQ6/WHKHWHODEN 6HD DV ZHODVDRDLQOWKIDXKRHG
EDVUHQHWKZR @W/IHBRPM KHKHUPDO H[SDADWRQ RR GWEB RO DVRHY HW DO
*RU\DFKNLQ DQG -HDPWHRMHYD KW]BPQ@QDYH HW/RBHODWLYH _RR@W U HEXW
FRPSROQHOWY RI WK HX%XBDWN EGHIDD O HYEHCOW P EBPIWHRA L HUHVIN 6GEPIRWY RY D
$OWPDQ 6WDQHY HW DO3HQHYD HW7MVOPSOLVY HWRDODFKNLQ DQG ,YDQ

*UDHN HW DO ,O\LQ HW DO 9RONRY DQG /DQGHIHMW L P D WoH
RI ' WKBHDFN 6HD OHYHO ULVHEDWHOGWREOH URKRE BQWHR P\ WR PP \t
%RIXVODYVN\ HW DO SHYD /VLPSOLVY DQG 6SHOQEHUWHH

ZLWK PP \HWKRIJOREDLEMULQJI"WHAWXKIXUFK HW %BODVHG RQ VDWHOOL
PHDVXUHPHQWY GXWKMREDWIKAODFNG/HDY ULV IVOWUBWDWH RPP \HDU

&KXUFK HW$NYUDU HW #HBWK WKH WLGH JDXFREBEGRZE \NK W/WPWHMWDUOHYHC
%ODFNDBHDQRW RRQW WDRERMJ\DFKNLQ DQG . XYHWORXRY DQG 6WDBLFKQ\L
ZDV ULVLQJ DW D & HPP KHDK UDWHXFEIFHW DO 6WDQHY HWDIHQDYH HW




*RU\DFKNLQ HW DO 9LJR HW DO <LOGL] HW P® \HDU LC
LQ *LQJEXUJ HW DO

7TKH EDDVIGAH VDWHOOLWH D ORMDLYAHH WH Y HRBHOHN GolOWDRABNEIR\EMD. JXBIRYDH. OR U P
ZKLFK LV UHGDMHG WD PWWKRIU VHZNDKAZHANW WWHKGHL Z AW D@ KW HW DO.RURWDHY
HW DO 7KHPDLQ IHDWXUH RI WKH %ODFN 6HD G\QORYEY JVBKIRIOR & WLOR
VORKHIHOQ HUPOROQLF FUHVNXO0 WV NIIDD QR MW RU MWRKUH E DK L QRVBHIDGO HY H

D OR Q F R\DKD DAWR YO O 6LPROQRY DQG $OWPDQ 2JX] HW DO
.RURWDHY HWWDIODV EHHQ KWK R AHQDWREIM) WD DIOTEIDA W\ RI WKH %ODF!
GULYHQ E\ FKDQJHV LQ WKHWHKIP & DFXILD BeYOHDUNDRIH G R YOHQ 6WD

*UDHN HW DXEU\DNRY HW DOZLQWHU WKH F\FORQLF ZLQG FXUO
(NPDQ WUDQVSRUW LQFUHDVH DQG FDXVH GL®H WIHEEB Y GNR VWWKKAK FFR-DQV
FRPSHOQVDWLQJ YHUWLFDO XSOLIW (NPDQ \VFREVGLPRQ GHFSY K@ MAHHOQ WY
VXUIDFH ZOKEBBIIUHVXHUWFHLYD 3 XMKRZD UGV WWHKMHO FRDVRURWDHY
.XEU\DNRY HW DO ,Q VXPPHU WKH F\FORQLF ZLQG FXZBOWVHHKD |
DFEXPXODWHG DORQJ WKH FRDVW IORZYV EDFEN LOQWR WKH RBDRM D RY

/IRQWHUP FKDQJHV VRHDWE W) DAOBFFMNLPSDFW RQ WKH VSDWLDO KHWH
EDVLQ 3DUWLEFXODUO\ 9LJR HW DO DQG ODWHU ODPFW\BNRYFBQR
VHD OHYHO WIWIHMIDVWHU WKDRHWWH WV HRD WHKMHD VY OOW K@ WKE NV VEIDEED
VWUXFWXUH RI WKH %YODFN 6HD OHYHO WUHQGV DWWP\R Y HKOHDUWN IFRIR WA
SDSHU ZH LOQ YVESDWILIDOVHWUKHEWXUH RAEWKW WO EBPIDWHRQOWRH®\ OVDUAH.@
DOBBWPRVSKHULF IRUFLQJ :H DOVR H[SORUH ZKHWKHU KLWWRKHW B \WH.U
FDQ EH FRUUHFWHG IRU G\QDPLF HIITHFWV LQ RRHBZ® U/ MR GRHEYAHODL @ KEH
SDVW

7KH VHD OHYHO ULVH OMDICYIWRIOIODWRGLDUHOVOFRRDVWDO HURVLR
LPSDFW RQ KXPDQ DFWLYLWLHYVY LQ WKH %ODFEN 6HD FRDMWND® CER{M)
LGHOWLILHG DV ROQH RI WKH PDMRU SUREOHPV IRU WKH WODI&FN 6HD
(VWLPDWHYV VKRZ WKDW DQ LQFUHDVH RHWHDVORIIY HRDEW D BP HWHRWX E
L, YDORY YH IRIAUHD OHYHO E\ FP ZLOO UHGXFH WKH DUHD RI

$OOHQEDFK HW DO 7KDW LV ZK\ WKH LQYHVWHO WWVRQ @ WK
6HD DQG LWV UHDVRQOV KWH FRDOLWVSESROWIHGWLWDWNRRY W

‘DWD

,Q WKLV NWGMWHKHZUHJLRQDO VDWH®EDWHHY B W EPHRPBORBEY RI WR

_SURGXFV® BWRVQGLVWULBXWHEL. WK VXS&RWW A LVR REHDQRE
7TKH PDSWDbMUHB RQ PHDVXUHPHQWVDE®X R GROHB XGJD VO WHDWLW AHVW K D
VSDFLQJ RIH GDWD DUH URXWQYWOWXP R Q WHDRRVIHKE b RV OD D G

$ G\ODBWPRV FRHWIHFWLRY DSSOLHG WR DFFRXQOW RRUNWHKHYWBQORI
DWPRVSKHVVKXUHIROBRDIDUHUH DOG 7TVOHUG & FRPELOQHYV WKH KHUKRGHW

GDY™M D EDURWURSINDARGRHAG *UDWK WKH ORZIWHUBIRKGEQ R IRH V&/BEK\WV

LOQOYHUWHG EDURPBWGE U WRWUREWIF@ WL WK GIXKHHM MAVKIH BB DDYH QP O




HYSHFLDOO\ LQ BRDWWD HWHKORMHVLW KRRVIJEMME® WKH ,BDERRBMHFW

QHFHVVDU\ LQ WKH DOPRMW JHRX B 0O RMWHID OHFHENVGWW X G\ E\ 9ORIORARHYG H V

WKDW RQ WKH LOWHUDQQOXDO DQGCGHYRI®@JHH WS RIS VAR R H K MODIHH W@ (W)

LOYHUWHG EDURRHWIPEPDWERBQJIJH RI SUHVVXUH FRUUHVSRQGV WR D

2YHWKH UHFHQW \HDUV D JUHDW $BRYVWHFPHWOXUPPBRYW D K DWK H HHH
EHOHWWH®HILROQDO DOWLPHWU\ SURGXFWY VXFK DV WKH OH®@LWHU

WKH FRDVWDO DUHDV RI WKH OHGLWHUUDQHDQ 6HD KD\ WHBH®WYO E

DJUHHPHQW EHWZHHQ WO HBR DY M1 B WHKHR %IGWVDI@GW R E H H Q0 RGN R P DO

IDQGHUHURURWDHY HWWDQHY HW DORU\DFKNLQ HW DOXEU\DNRY HW
$YVDU HW DO

7KH DEVROXWH G\QRPWK MW BRSRIJRND KD IURP ZKLFK ZH GHULYB®& WK

FRP S XDWHIEEK P RI WK H BDRSFHAQ W KRHHDILF G\QDPLF WRSRJUDSK\ RI .XEU\
K DULDEL OhQIBHAND VUKBHHECR P SR WHBRVWVBWDEWDQHY HWWmMHN HW DO

L VEKXWHNDWYHUDJHG AKHDWEGHD DRNCHANGL RVBRU WIKXEHO R IDIPWEHRMW DL O HG D Q GW\KW HED

HITWBWIAWKSHQDPLF VH®/ GHDIGEM¥H WR WKH UHGL Y WWK E Q@ VWIHRIHF B WAHDW

HVSRRMBH WR WKIHHITRKHQF\ YDUL BOIDIFINK B MRH UV EMG PRWW VSDWLDOO

.RURWDHY HWHWHQ® DW D SDUWLFXODBHORANDRQVKH GLIORFHDQF&/ EHW

DQG WKPHEMNDQOB&MO [ \ 6 [ \+06/

,Q DGGLWLRQ WR VDWRORRPSK W B WLKP-H WILQ G5 BMPDO RY HH MW\EEHG% O D F
KRXUO\,Q38HULP ZLQGV DW  PHWH UV VK HKLD\K \E H R RAVRERDW HU LW ZL Q
RYHU WKH BFODDEHEBW K/ LW X PHWHRUR O R J DRIED \PRKE U HFP EHICONIVO\GR |
GLUHEWWRKDO RW KV WDH{BE8 83 :5FDUPDVKRY HW DO

5HVXOWV
6HHYHO WUHQGYV

7KH YD U LDEKLID W DFFIN. 6 HVIK RAQ LD 06/ZDV ULVLQJ DW'D PPWH RI
SHU \HDU LQ DJUHHPHQW ZLWK $YVDU HW DO 06/7TKIWH YIDQO XH FRI
HJ &D]HWDDX® 7KH WUHQG KDV QRW EHHQ FRQVWDQW \PHPD\ DY HQ

WKHQ LW ZDV GHFUHDVLER \B\WW LWODWH®E LQ LW FRQWLQX|
LQFUHDVH DJDLQ ‘DW PRIDHMHJIRI BLPLODWHY RI VHD OHYHO FKDQJH
SHUILKRGAH DOUHDG\ E9HDR UHVS FDLON &ICO BABQKSO EDVHG RQ WKH D¢
DOWLPHWU\ DQG JUDYLPHWU\ GDWD
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JLIUH7KH EDYHDJIJHG %ODFN 6HD OHYHO IURP VDWHOOLWH DOWLPHW
OLQHDU WUHQG IRUPHKHQWHUYDO E WLPHGDMHURRYLQRRRWAKHDG H IDWQ G
FVSDWLDO GLVWULEXWHRQRNYWEKMNWDHQGV P

7KH VSDWLDORGVWD UWHEXMALRQUHQGY LQ WK HWIL®BIF J)HAH 0R BRRYWAK DWK W K

VHD OHYHO FKDQRROLVRBEDWUBBPNQ VD QDWW HIYHEGLBIRXKD D O WILIPJHRW U\
HW DO .XEU\DNRY DQG 6WDQLFKQL\ D Q G6 NIRUHEDHE V HAD V QUERIDYYWNVDW U
PP \HDU ZKLFK LV DSSWRPHFRDWHD\WHU WKDQ LQ WKH FHRWBW RI7 KH
ODUJHVW WUHQG HFHHDBUQLY REVHUYHG LQ WKH VRXWKZHVWHUQ S
GLIITHUHQFHYVY LQ WKH VHD OHYHO ULVH DUH UHODWHG WR WKH UHGLYV

' LOGULYHQQDPLF VHD OHYHO YDULDELOLW\

7KH PDLQ IHDWXUH RI WKH %ODFN 6HD G\QDPLFV LV WK HRQMNRMHORND

VORSHH SUHGRPLODQWO\ F\FORQLF ZLQG W¥XU®ODRMHIL YWHKUH HQ FH QRGDVX|
DOG GRZQZHOOLQJ PRWLRQV DQG DVVRFLDWHG GHHSHQH®Y BRHGQ HUIR




KRULIROQWDO GHQVLW)\ JUDWQ RN ¥ DNVKRE\U DEAHEY HD\R/Z0K DORQJ .RUR)

7KH VHD'\DRIQADBLOLW\ RI WKH %ODEN 6HD '6/ LV GULYHQ E\ WKH VHDVF

.RURWDHY HW BODOWHU WKH ZLOQG FXUO LOQFUHDVHY DQG LQWHOQ\
'6/ IDOO LQ WKH FHODMWHU LR/IHW KKHVEWKHOQEDVLQ SHULSKHU\ )LJ D ,Q
ZHDNBQS8 WKH ZDWHU DFEXPXODWHG DORQJ WKHIERIEVW IORZV EDFN
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JLIXUH $YHUDJH '6/ GLVWULEXWLRC(C'6/ YDULDELOLW\ DYHUDJ
GHSWKV PRUH WKDQ PHWHUY DOQG DORQJ WKH EDVHOQLIW\EPWIHS
VPRRWKHGDEY PRYLQJ DYHUDJH

%\ WKH PHDQWGWIDRNPAVO IOXFWXDWLRQV LQ WKH ZLQG FXUO RYHU WHE
WKH ORQJHU WLPH VRDOKWY AMWOQWBGHRDIWKHQEQHDVH WKH '6/ DW WKH E
EDVLQ BNOONHHVXOW WRMUIUGWKHUWKMH DQG SHULSKHU\ KDYH DQ RSSR
FRHIILFLHOWIINN F WKDW ZDV VKRZQ LQ SUHYLRXV VWXGLHVY 6WDQH

'LVSOD\HG LQ )LJXUH LV FRUUHODWLRQ PDS EHWZI5H (M W KHH ZK QG
SRLOW IRU WKH WLPH VHGDAWRPRRINVNRMBUBDIB RQO\ LOWHUDQQXDC
FRUUHODWLRQ FRHIILFLHOWY DUH VLJQLILFDQWO\ SRVLWRYIBQIG WKE




DUH VRDOWQ\ QHIDWLYH LQ WKH GHHIYKIOQWRUURO RWIWIOHPEEVLEY FRQ
(2) RI WKH DEHNVWUPHHWBUXHD OHYHO ZKLFK KDV EHHQ DWWULEXWHG WR
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JLIXUSERUUHODWERKBOFMRWH EHWEZHHQPDWHE EDYEEFEXUO DQG '6/ IRU WKH V
D GD\ PRYLQJ DYHUDJH RQO\ LOWHUDQQXDO VLJQDOV DUH UHWDLQ
PHWHUYV

/KH FRUUHODWLRQ FRHULWKHOFMRO WUBHOAWBO R VORSH RI WKH EDVL
QRIWIWMKW VXHOU WKH FROWLQHOQWDO VORSH WKH ULVH RI '6/ OHDGV
S\FORFOLQH WKDW GULYHV WKH 5LP ZKKRUWHH W U DONWIK HDWKIDROO RY ¥ K
PROWKY WKH REVHUYHG '6/ YDULDELOLW\ LV SULPDULORIFOANY A E&\\
VRXMKWW DUHD RI WKH EDVLQ ZKLFK LV NORZQ BDW WE&.HRWDRWDHRI| HWK

. XEU\DNRY 6WDQHEHKG\ WKH LOQWHQVH HGG\ GARID®PH F¥/ FAK®D @IOHVH
E\ (NPDQ WUDQVSRUW

7KH LOWHUDQQOXDO YDDYBEDOHW\ZRD &/ KKKIEWVRQ WKH WLPH SHUL|
FRPSOH[ ZLWK VHYHUDO VKDUS PLQLPD LQ DQGJ oY G
WKH VDPH WLRFHHDWHMMBEEW FXUO LV LOFUHDVLQJ RYHU WKH HQWLU|
KLIKFFXUDF\ DOWLPHWU\ PHDVXUHPHQWYHDUYHBOXWD RODWRHI1:6 GQHDU
ra; &r’<__V SHU \HDU ZKLFK FRQVWLWXW H\H DEFRX WH D UWRAIK W KIHR Ol DKEU E

ZLQG FXUO LOWKEWPVLD VOR@QVLILFDWLRQ RI WKH EDVLQYV F\FORQLF F|
DOWLPHWU\ .XEU\DNRY HW DO 7KH PHDQ EPHWH®@ REHIXM ID I

FXUYH ZDV ULVLQJ DW DQ DFPUREGHRDWHIDUD W HH RE\ SHH \HDU RI W

$ SRVLWLYH QHIDWLYH WUHQG RI ZL GG YWXWIH @ WH) HAKIW K HQR/Z ARV N
WKH FHOWHU RI WKH EDVLQ DQG UDLVHYVY ORZHUV VHDLN DOW M H®OK B OYRDQU

RI '6/ DW WZR ORFDWLRQV VKRZQ E\ FURVVHV LQ )Lf1 DRG WKHMWRRU

EDVLQ f( f1 7KH WLPH VHULHYV RIDVHUDHGEG GXUDIKE BXQAD WK




VWURQJO\ FRUUHODWHG IRU WKH ILUVW SRLOQW RQ ERDWKRW KHE ROKHW W
ZHHEMWZHHQ WKH WZR WLPH VHULHY FDQ EH LQWHUSUHWWKHD @ WH
SDUW RI WKH EDVLQ WR LWV SHULSKHU\ GXH WR (NPDQF®HWIDIFHIAQ W.
WKH ODJJHG WLPHRWYEDLIPRYIVQJ DYHUDJH VPRRWKL QED \DRRGY L§/J LIVY H |
VPRRWKLQJ )YRU WKH VHFRQG ORFDWLRQ FKDUDFWHQLWWHFVIHRR O\H
ZLQG FXUO LV LOQYHUVH )IIOWLRG LMHWUWKW RMH. FR WMHUQ HE DM PRRRRYW. IR H (

DYHUDJH DIR& WKH WLPH VHULH @ DAPRRWIOH GD ¥ HW B JH
5
b

JLIXUH /KH LOWHUDQQOX DYHUDJHG ZLOQG FXUO DOG W
DYHUDJHG VSHHG RI VXUIDFH JHRVWURSKLREHIXW BRY M/ BEOKXUH DRMKU Y H

/KH DYHUDJH UDQJH RI WKH LOQWHUDQQXDO RVFLOODMPLRIXQY FRORY
DJUHHPHOQOW ZLWK WKH DPSOLWXGHV RI WKH '6/ DYHUDJH® R YHD WRKH
DPSOLWXGHV RI '6/ UHDFRIG P L@ %DVHG RQ WLGH JD
VHDVROQDO DPSOLWXGHV RI VHD OHYHO DW PRVW FRDVW DKMV DVMKLH
VHDVRQDO YDULDELOLW)\ RI '6/ H[SODLQ XS WRUHIRRIHWRE NVHHWD DARH"
FROWULEXWLRQ WR WKH WRWDO VHD OHYHO YDULDELOLWUDG&NDBWHE

7KH OLQHDU WUHQGV RI WKH '6/ DQG ZLQG EFXUO )LJ ISKIHWH RXQ B¢
RSSRVLWH LOLWWHARIERB DMWY XP LOQFUHDVH RI WKH F\FORQLF ZLQG F.
ZLOQOWHU PRQWKYV )LJ $vV D UHVXOW WKH VWURQJHE¥WDMW) WHK®E& VEDL
SHULSKHUQHBW SWKKD Q PHWHUV RFEXUV LQ ZLQWHU .XEU\DNRY HW
6HD FLUFXODWLRQ WR DGMXVW WR FKDQJHV LQ WKH ZLOG FXWHHLYV
)L D 7KDW LV ZK\ RQ WKWLDEDSKW\l VHDWHRH VKX Y\V OW K IF KPIDJ V. PEXHPK L&
WKH PD[LPXP ZLOHEXKNBUWRKPGIGPROWK JHMDUO\ QWK DUH FKDUDF
WKH PD[LPXP FRDVWDO YXOQHUDELOLW\ WR WKH '6/ ULVH ZKLFK UHL
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JLIXUH 7KH WLPH VHULHY DQG WKH OLOQHDDWHUWUIQABG/ RIQ'G/FXUG
D E DW [(DQG f1 WKH EDVLQYVY SHULSKHU\ BDWLGE GVKMHWWL
VHULNWP DRWKHG D GDVZPRXLDJ DYHUDJH WLPBDAHRRHMID PEF HU WXHD ¢
OLQHYV

=

JLIXUH ORQOQWKO\ GLVWULEXWLRQ RI WKH EOXH FXUYGEYV ZBPB GHBNW A
WKH EDVLQ SHULSKHU\

%DVH®R) DERYH FROAWHHGNGDWLROQVGLVWULEXWLRQ RI WKH %ODFN
H[SODLQHG E\ WZR IDFWRUYN U0 BVWWKH6 H DVE HRIH® KEH PP \HDU GXH
PDVV YROXPH LQ WKH EDVLQ DQG E WKH LQFUHDVH RI (WWD @ QI KR
RI WKH F\FORQLF ZLQG FXUO RYHWUHQH HDWIMDK N KBHHOBBAFSHIEILOD M HVIDK ©f HW
VHD OHYBOLY WKH FHQWWBDO7TRBUB MWE @6/ )LJ D LV HTXDRP WHRDIDS S
DW WKH EDVLQ SHULSKHUPPQBDSBEQ RWKRHD RORVAL\Q TV LQWHU MRWH Q BKILY

PP \HDU 7KH '6/ WUHQG LV UHODWHGYAMROW KFHH W/FXWOHDQUMRCH Q DGJ VR



EDVLQ 7KH YDOXH RI WKH '6/ WUHQ®G WRKQ BEEHRAWRIMAIGY VHIPRAWYHO ULV
SOD\V DQQW IIROWIDLQ VHD OHYHO ULVH HVWLPDWHYV
7KH LPSDFW RI PHVRVEWBEHMPHODWUERWY RQ

6HYHUDDQ ]@BAPD DUH REVHUYHG LQ WKH VSDWG&DW UGB\ DEXW HR
SRVLWLYH PD[LPXP LV REVHULY H®UL\WY WIKWKIHREDKHQVWHQWHUHG DUF
FRUUHVSRQGV WR WKH SRWMNDLYRIQR Q D W\K% DLV@ X\RH. Q@ VITGFR IGRRVDHH Y H W
. XEU\DNRY 6WDRLFK®\ FRLQFLGHQFH RI WKH ORFDO PD[LPXP RI \
SRVLWLRQ VXJJHVWV WKDWVWAGIOA P QM AR LLIY ADINMIIRQH G W R

‘H XVHG DQ DXWRPDWHG 3ZLQGLQJ DQJOH" &KDLJQHDKXUHMHWHIBOLQ G
LQ .XEU\DNRY DQG 6WDQLFKQ\ D WR VWXG\ WKH Y OISUHMFRLLCSIW\AL
DQDO\WLV RI HGG\ FKDUDFWHULVWLFV DQGLWKWKY YIBDDWVRGORR DOGWL
GDWDRNVYCHIG LQ .XEU\DNRY DQG 6WDQLRMQGHIL@HELWWR W HG®IEXV HIZ@G
YHORFLW\ :H DOVR GHILQH WKH IUHTXHQBVRI W&B \WRREW B O YW MPLHR @K
JULG SRLQW LV ORFDMADXVHWKKHK DQDHGGIHD DOQOWLF\FOR@AW ORE HO/D
2JX] HW DXXEU\DNRY DQG 6WDQLFKOQ\ D KHUH ZH RQO\ FRQVLGHE

JLXUH6SDWLDO GLVWULEXWLRQ RI' D '6/ WUHQGYV E 7UHQGH QRO
LQ WKH UDGLXV RI DQWLG\FUR@HKW L@ WKH PD[LPXP RUELWDO YHORF



'LVSOD\HG LQ )LJUD QQXDWKYDUQWHEHLOLW\ RI D WKH IUHTXHQF\ RI DQ
RUELWDO YHORFLVDWRKHD®RLIFMFORQ@HV fl ORFDWHG ZKHUH WKH O
%RWK WKH QXPEHU RI HGGLHY GHWHFWHG DW WKLV SRUGWXBQB\ XR

LQFUHDVLQJ E\ SHU \HDU SHRJ) \HDQ WWRP \YQILJ VD 7KH P
YHORFLW\ RI DQWLF\FORQHYV DOVR LQFUHDVHG IURP PV LQ W F
YLIUHD )JUHTXHQF\ E WKH P D][LP XP DRI KRINVD.OD WO RFDY G f1 GHULY

DOWLPHWU\ GDWD

2XU DQDO\VLV VKRZV WKDW WKH REVHUYHG WUHQGV DW IS RLRW U HO/M
WKH\ DUH UHODWHG WR DQ H[SDQVLRQ RI WKH XADW)PE DQW LIEWRO RQ
GLVSODFHPHQW WR WKEHUZH VWO X WRMBNEICDQRHVMUHTXHQF\ UDGLXV D
DQWLF\EDRQHY EWGRWUHRIGWKHVH SDWH REWHUYHG LQ WKH VRXWKHL
QHDU WKH ZHVWHUQ SHULSKHDWRD WRKH) & DVWKPIQBGQWLF\FORQH

%DVHG RQ WKH REVHUYDWILSRYYV IZRQV K I IWHK/HV SMDRDXWP ID Q@ QWLF\FORQH \
VWURGBUHDVH RI '6/ DQG WR PD[LPXP VHD OHYHO WU BB GNRW®HWK B RF
PD[IRQ WKH WUHQGV RI WKH IUHTXHQF\ RI DVW L B\FWDHRIMHG F\RHL I FOLHGY
H[DPSOH D ORFDO '6/ PP(LPE QHDU)LJ D LV FORVH WR D ORFDO
IUHTXHQF\ RI DQWLF\FORQHV LQ WKH ZHVWHUQ SDUW QRIBLWD W H& DLOA
ODUJHU QXPEHU RI DQWLF\FORQHV KD@ YN LR} IWKKHN @ WSLRL\ © /R/Q ILFHH &
LQ WKH EDVLQ

SHFRQVWUXFWLRQ RV LEJYERMMDELOLW)\

%HIRUH WKH DGWNRWXRMLRIQJI O OWLLEH WD X LHOW RH H YAWX\PHDGE M HW IO HEED V|
OHYHOSWAHWMHR QVWUDRRDOMBBPREH Y HRHBMDW X Q@ A OKBMOBVG\RMIRW UHIOH
FKDQJHV LQ WRKBWAQDFRWWBREHY HW/ROUHWWHHGH JDXJH WUHQGV VKR!
IRW/LQ RWERHREWWMWHU RIIVWK ADBMNWEDIHG VHD DR GHOV MAURSLERIHY WHKF W L R

ZH FRPSXWHG WKH OLQHDU UHJUHVYVLPBRFHRHIHCG IZH Q@ & X8/ OB WWHIHAHQ
SRL®WN : 0)LI_ ZKHUWKH HUURU WHUP




JLXUHD/LQHDU UHRHMWVINR@EWWZHHQ WKWHDBBGLDLQG FXUO Q& '6/ '6/
6WDQGDUG GHYLDWLRQV RI WKH HUURU VWGHWURYWE H Q G| IHHURRIDMRANYEIEKW |
VHULHV DUH VP RRWK P ® Y2H Q\IKTH

7TKHQ ZH UHFRQVWUXFWHG '6/ XVLQJ WKH UHBWDWQWGEROPGFEBHYILBWHRW
WHBR WKH LQWHUDQQXDO WLPH VFDOH WHMHUWLARPYH. ¢ H WLYHHW DUHH DRI
DORQJ WKHRFRDOWKBXZHVWMHUBRBINQHODO O\ O H\QV WEKKNIRY MRRIPA DEXIDOL Q

SDUWLFXODU LQ WKH DUHWRH WK H RAUD/WIKPH ZB QRSB OHR@W O\ GXH WR

RlI PHVRVFDOHLE S(IDRH BV J DUH WatHH DYoWE. PEHOVWUVHFRQVWUXFWHG '6
VRXWK &ULPHDQ FRDVWH FRUUHOPWLRQ FRHIILFLHOQWY EHWZHHQ WK

WLPH VHULHY VEERRWHHADEG GD\)LJ ERYLQJ DYHUDJHV2XUHD Q BBWLL

VXJJHVWUVLWE®RPUHHDILU HW IER@IFDGHMOIBRWK WKH VHDVRQDO DQG LQWHU
IURP WKH ZLQG GDWD DORQH

6LQFH WKEWH$®LP ZLQGY DUH DYDLR®EWHQIRRH D OWR®DHU DSHULPHWU
UHJUHVVLRQ FRHIILFLHQWY FDQ EH XVHG WR UHFRQ VWMDY WHW R6
%ODFN 6HD OHYHO ULVH EDVHG RQ WLGH JDXJHYV_9RWUIDRISOBNEID B U WNKKH-
VRXWK &ULPHDR(FRDYY PP \HOUH®BLWYDOXH VKRXOGREHYVWOEW U D/EG F

UHFRUGV WKDW D UHENDMWE ®HWER/IFR PBEKYMBIHWKH % OMD AMNKBKOG EKLYRWF

PHWKRG DEGRXQWKXDQJHV IVFDWOKHFQDBXBDWLRQ EXW GRHV QRW DI
G\QDPLAYHUWEKBYHGEWRQ RXW DQDAHVYVYRQDEWH WHRVBVVFRPH © KDDAPRWYV |
WKH EDVLQZKLBMEMHRIRWDO VHD/ PRYMOYBDUILYHIOOEWMPEQ G\QDPLF




JLXUH7KH WLPH VHULHVGRIUWYXHIGD'®@ W ULPHHGWEXUYH DQG '6/ UHFRQVWUX
FXUYWHWKH WLPH VHULHV DUHGP\RRRYKKG DY HAILWMK BQGPEYZQWRYHUDJ

&RQFOXVLRQV

7KH FOLPDWLF FKD@FBYDHID®&HP BRIV ED\W K HG %QUIDFEVAHFD QW O\ LPSDF
WUHQGV LQ GLIIHDHQE LDMHU W RDNREBBKHG KIHD EHHYH QQ F U HDPY LIQD UE \V H
O H Y\HWDHYQDAW R P PP \HDIQ WOWRIRKW PP \HDU LQ FRDVWDO DUHDV DQC
VRXWKZHVWHUQ :SDK WY R | WKRKHKY REVHW WHE D RQWHQVLILFDWLRQ RI W
VWUHQJWKHQHG GLYHUJHQFH LQ WKH FHQWHU R IDW RBKED%B® R RK/VF K
DQG RYHU WKH QRDOX DH G\R FWIHDVEHWIE® HULRU RQ \UK & LENDYREE K DHV
KDQJHV LQ WKH GLVWULEXWLRQ DQG LQWHQVLW\ RI PHWRVHQOW H
SDUWLRHYDWHIWEQVLRQ RI WKH %DWXPL DQWLF\FORQH UHVXOWHG L
SDUW Rl WKH EDVLQ E\'a PP \HDU

7KH6/ DVVRFLDWHG ZLWK WKH UHGQGILWKU DE WW HNREQOERRFREND BABEIQ B DWW € W C
DOG LOWWUPRPKH WRDOMNPSOH WKH PD[LPXP WUHQG RI WKH ZLQG FXUC
PP \HDU LV REVHUYHG 7K} DIRBVWOHW PERDW RV WKH '6/ ¥BUWL GE ILIGIUNHQ D ¢
DOG WRAWULEXWH XS WRQQXRD WK MR ¥WBOAWIPHDO ZL WK 6M/ BOMM H\
GHPRQVWUDWHG DUK DD @ KBRH '8 H F RQA QW OXKIBMBIG UFRHWAMMORWKH ZLQG
'6/_7TKHHFROQVWUKDP® HEGE XV HEKWRR BERBIDFELF W R D B VWU P P DMEDWIIRDHAEOH H
VHDHYHEGDMNNVERRPQW. GE JDXJH PHDVXUHPHQWYV

$FNQRZOHGJIJPHQWYV



.XEU\DNRY $ $ ZDV VXSSRUWHG E\ 5)%5 DFFRUGLQJIJPR®BWYE & NJHWHD(
6 9 ZDV VXSSRUWHG E\ 56) WKH UHVBRORRYJUDYWXSSRUWHG E\ W
6XUIDFH 7RSRJUDSK\ 6FLHQFH 7HDP SURJUDP JUDQW 11; $2 * DQ!
2FHDQRJUDSKLF DQG OHWHRURORJLFDO /DERUDWRU\

5HIHUMQFH

$NVR\ § 2 ,QYHVWLIJDWLRQ RI VHD OHYHO WUHR®GV1IHD GRW KNHKH
%ODFEN VHD DQG WKH HDVWHUQ OHGLWHUUDQHDQ VHD 7TKHRUHWLFDO

$O0SDU % 9XOQHUDELODWRHO HUMAMWHEX MEHEDH W RAPRRU SK RO R J\

$OOHQEDFK . *DURQQOD +tHUROG & ORQLRXGL | *LXOLBOIDFN
6HD EHDFKHY YXOQHUDELOLW\ WR VHD OHYHO ULVH (QYLURQPHQWDO

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

$YVDU 1 % -LQ 6 XWRJOX + *XUEX] * 6HDVAHRHAOV B WK
DOWLPHWU\ WLGH JDXJH DQG *36 REVHUYDWLRQV *HRGHV\ DQG *HR(

%RIXVODYVN\ 6 * .XEU\DNRY $ | ,YDVKFKHQNR , . 3K\VLFDBDU
2FHDQRJUDSK\

%ODWRYX®IBNRY 1 3 ,YDORY 9 $ .RVDUHY §$ 1 IXMLONQQ 9
ILHOGV LQO WRHGYWEOPHWIBRD|GDW /HQLQJUDG

&DJHOQDYH $ WROOQOHIRQG 3 OHUFLHU ) 'RPLOK . V RIX® DK
OHGLWHUUDQHDQ 6HD DQG %ODFEFN 6HD IURPRED® HAIASL B/GIDE& W IDRH V&K

&DJHQDYH $ /IORYHO : &RQWHPSRUDU\ VHD OHYHO ULVH $Q

&DUUQqUH [/ IN\DUDRGHOLQJ WKH EDURWURSLF UHVSRQVH RI WKH
SUHVVXUHRREBPIUQYVYRQV ZLWHRBEKMHWUNDAWERYNDUFK /HWWHUYV

&KDLJOQHDX $ *LIROPH $ OHMVBBRMOK HGGLHV RII 3HUX LQ DOWLF
DOJRULWKPV D@EH MSR DL BWWRVHUQY 3URJUHVY LQ 2FHDQRJUDSK\

&KXUFK - §$ KLWH 1 - &ROHPDQ 5 /IDPEHEN . 0 L MIWDIYA. F D
GLVWULEXWLRQ RI VHD OHYHUO URG H-RXUHQDWKRI FOLPDWH

&KXUFK &OBUN &BHODYHJHFRU\ -HYUHMHMBPHWPD QUHUBLILHOG. OQK

*$ 1IHUHP1X3®Q 3D\QOH 3HIIHU 6WDPPHYQQLNULVKQDQ $6 &OLPDW
7KH 3K\WLFDO 6FLHQFH %DVLV &ROQOWULEXWLRQ RI :RUNLQJ *URX
L, OQWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJH7IH@RE\ BGWRENHQ
%RVFKXQJ - 1DXHOV $ ;LD < %H[ 9 O0LGJOH\ 3 0 &DPEULGJH




'HH " 3 8SSDOD 6 0 6LPPROQV $ - %HUULVIRUG 3 SROTKHE
(5¢ OWHULP UHRQIDOXWIDMWIGRQ DQG SHUIRUPDQFH RI WKH GDWD DVVI
5R\DO OHWHRURORJLFDO 6RFLHW\

*DUPDVKRY $ 9 .XEU\DNRY $ $ 6KRNXURY 0 9 6WDOQLIFK®\, 6
&RPYLQJ VDWHOOLWH DQG PHWHRURORJLFDO,|GEWW LR ZHMPR W
DQOQG 2FHDQLF 3K\VLFV

*LQIEXUJ $ | .RVWLDQR\ $ * 6KHUHPHW 1 $ /H E®IICRHDYW 16R GV L
%OFN 6 HKIRDQYWDO SBWLPHWIBULQJIJHU %HUOLQ +HLGHOEHUJ

*RU\VDFEKNLQ < 1 ,YDORY 9 $ /HPHVKNR ( O /[LSFKH@NR/ UQ QD V
WR WKH DQDO\WLV RI ZDWHSYKEDICHDOFAFRIDWRHUBSRFN 6HD

*RU\DFKNLQ < 1 ,YDQRY 9 $ 7KH %ODFN 6HD /HY DY WFSRD 3
5XVVLDQ
*UD\HN 6  6WDOQHY ( 9 .DOGLODURY 5 20 W RH FIH/IS RIGOWHL |

GDWD DQG QXPHULFDO PRGHOOLQJ 2FHDQ G\QDPLFV

L,OVMLQ <X 3 S5HSHWLQ /1 %HORNRS\WRY 91 *RU\DFKNIOQ FK®R\1
6 9 OHWHRURORJLFDO FROQGLWLRQV RI WEXGKAMHKDLNR R ISNL DG KD \

LQO 5XVVLDQ

-HYUHMHYD 6 *ULQVWHG $ ORRUH -& +ROJDWH 6 1RQ QLHFHRIIG W
*HRSK\V 5HV & GRL -&
.RURWDHY * . 6DHREMR QYN & - 'HPLVKHY 6 * .Q\WK 9 9

PHWKRGRORJ\ DQG VRPH UHVXOWY RI WKH DVVLPLODWLR®@ RI WHKH
%ODFEN 6HD JHQ HWAV K LEIH\K OB IERIQ

.RURWDHY HQNRG6R2 $ .REOLQVN\ & - 6DWHOOLWH DOWLPHWL
-RXUQDO RI *HRSK\VLFDO 5HVHDUFK

.RURWDHY * 2JX] 7 ILNLIRURY $ DOG & .REOLQVN\ ULDEH DY R/Q
WK#®HODFEN 6HD XSSHU OD\HU FLUFXODWLRQ GHULYHG IURP DOW
GRL -&

.RVI\DQ 5 XNOHY 6 .KDOXNDHY % .RFKHUJLQ § H 1R8BWKEC
(DVWHUQ %ODFNMRXHODMH RIRRRDVWDO &RQVHUYDWLRQ

.XEU\DNRY $ $ 6WDQLFKQ\ 6 9 OHDQ '"\QDPLF 7RSRJUDS
DOWLPHWU\ GULIWHU PHDVXUHPHQWY DQG K\GURORJ\ GDWD 2FHDQ ¢

.XEU\DNRY $ $FKQBWD& 9 7KH %YODFN 6HD OHYHO WUHQGV IU
5XVVLDQ OHWHRURORJ\ DQG +\GURORJ\




. XEU\DNRY $ § 6WDQLFKQ\ 6 9 D OHVRVFDOH HG®UHVGDYI

2FHIRORJ\

.XEU\DNRY $ $ 6WDQLFKQ\ 6 9 E 6HDVRODO DAGAIKHVHDOQ

GHSHQGHQFH RQ FKDUDVWBOH VAN IUFRKSRD WDKRFHOBIDWH K 3DUW , 2FHD(

3DSHUV

.XEU\DNRY $ $ 6WDQLFKQ\ 6 9 F '\QDPLFV Rl %DWK®H D

+\GURSK\VLFDO -RXUQDO S

.XEU\DNRY $ $ 6WDQLFKQ\ 6 9 =DWVHSLQ $ *WHUY.RWHIPOIHVYIHRAMN E

%ODFN 6HD G\QDPLFV DQG WKHLU LREDBRW AR KA IVWOH [PPH I6 QHVHHIPR/V \V W H

.XEU\DNRYD ( $ .RURWDHY * . L,QIOXHQFH RI HHEWQO B D OGHP

WKH %ODFEN 6MBHD\WD® RZFCOIDRNOLRRIQ

/H 7TUDRQ B 1DGDO 1 'XFHW $Q LPSURYHG PDSSLQJ P HWWKROGV [ 4
2FHDQLF 7HFKQROGRL

INQFK ' 5 *UD\ : *ZDYH HSTXDWLRQ PRGHO IRU ILOLWRPISXRWPHYW
IOXLGV
ODUFRV 0 3DVFEXDO § 3IXMRO |, ,PSURYHG VDWH®@OWMKH

OHGLWHUUDQHDQ 6HD $ FRPSDWHAMRDQZEWKXFW ISGHIVWHDXFKY $GYDQ

2JX] 7 9 6 /DWXQ 0 $ /DWLI 9 9 90ODGLPLURY + | YBKFKENRYOD

(UHPHHY DQG 8 8QOXDWD &LUFXODWLROQ LQ WKH VXHSDEHDD Q

5HVY 3DUW #

SBHOHYD ( 6WDQHY ( %HORNRS\WRY 9 /H 7UDRQ 3 G&GWUDLWY)

HYWLPDWHG PURWHRURBORILFDO DQG DOWLPHWHU GERXDOVEBDRRQ@DC

6\VIR\H

3DODQLVDP\ + &DJHQDYH $ '"HOFURLJ[ 7 OH\VVLIQMHFLW F 2FHD¢

VHD OHYHO GXULQJ WKH DOWLPHWU\ HUD WKH FROWUIHEXWURQERIO

2FHDQ '\(FIWP

3UDQGL 3 &DJHQDYH $ DQG %HFNHU O .V FRDVWDO P$ IF®&PHIDU DWHK

EHWZHHQ WLGH JDXJHV DQG VDWHOIORSKAVDEGW O PFHWUH\D RIFHK U/ HSVSNV HU V

+

5HYD < $ ,QWHUDQOQOXDO RVFLOQCEMILBRRYRRY RVIKW KWO BDXWVEHB

6FLHQFHYV

6WDQHY (9 2Q0 WKH PHFKDQLVPV RI WKIHSHKIDFEN 6HD FLUFXODWLEF




6WDQHY ( 9 /H 73BDRAIYDB K / 6HD OHYHO YDULDWLRQV DQG W

DOG K\GURORJLFDO IRUFLQJ $QDO\WLYV RI DOWLFRHWIOWD D QG *WRIEIKD

SHVHRBEHB QVE&

6WDOQHY (9 (3HQHYD 5HJLRQDO VHD OHYHO UHVSROQVH WR JO

HIDPSOWHREDO DQG 30DQHWDU\ &KDQJH

/7VLPSOLV 0 1 6SHOFHU 1 ( &ROOHFWLRQ DQG DWR\VL

OHGLWHUU K@HDQDIFR&MIPD O RI &RDVWDO 5HVHDUFK

/7VLPSOLV 0 1 -RVH\ 6 $ S5L[HQ O 6WDQHY (9 %O RENW

6HBRXUQDO RI *HRSK\VLFDO BBHVHDUFK 2FHDQV

9LJR *DUFLD ' &KRRVED)OMKBIQIWUHOG LQ WKH OHGLWHUUDQHD

SHVHDHUFK+9 SS

9RONRY ' / /DUQLFRO * 'RUDQGHX - ,PSURDL LRYHW KFHR Q@ WD C

VKHORXKVQIHRRK\VLFDO 5HVHDBFK 2FHDQV

9RONRY ' / IDQGHUHU ) : LOQWHUQDO DQG H[KMH UH@DE N RAH

&OLPDWH "\QDPLFV

9RONRY " [/ -RKQV : ( %HORQHQNR 7 9 KH %ODWN BHBD WHOUE

LOWUDVHDVRQOQDO IOXFWXDWLRQV RI WKH OHGLWHUUDQHDQ VHD OHY'

<LOGL] + $QGHUVHQ 2 % .LOLFRJOX $ 6LPDY 0O H PHQDFN 6HD

SHULRG IURP *5$&( DOWLPHWU\ DQG WLGH JDXJH GDWD *lI

(*8 $

=DWVHSLOQ $ * .UHPHQHWVNL\ 9 9 3R\DUNRY 6 * OCRWQHH R& Z%

ILHOG RQ ZDWHU PFIQIFXNO B WD R QRIPGE OWHKH QYHVWLIDWLRQ RI WKH 1RU\

D



